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I. Proposal Description  
 
This is an application for approval to modify a degraded section of Richards and East Creek to 
address a flooding and stormwater problem within a section of stream impacted by high 
volume flood events common to urban environments.  This proposal is the third phase of the 
Sunset and Richards Creek Flood Control and Sediment Management Plan and is designed 
to comprehensively address chronic flooding, promote channel stability, improve fish passage, 
and improve channel and wetland habitat conditions. The Sunset and Richards Creek Flood 
Control and Sediment Management Plan is included as Attachment 1. A graphic depicting 
the location of each Phase is included as Figure 1 below. 
 
Phase 1 improvements were constructed in 2009 under permit number 08-128529-LO 
including the replacement of the culvert and sediment trap at SE 30th Street as well as 
channel modifications upstream and downstream to provide a stable streambed transition to 
the culvert inlet and outlet. The Phase 1 permit staff report and plans are included as 
Attachment 2.  
 
Phase 2 improvements were approved in 2010 under permit number 10-121739-LO and 
include channel regarding and enlargement for a stable, wetted channel; installation of log 
grade control and habitat structures (wood) to prevent head-cut migration and provide stable, 
physical habitat; construction of an engineered containment berm (stream bank) to contain 
flood events and limit the extent of flooding into neighboring properties; removal of non-native 
invasive vegetation within project vicinity; re-vegetation of project area with native plants, 
including mitigation enhancement areas; and construction of a wetland bench within the 
proposed channel to promote the re-establishment of wetland species and provide high-flow 
low-velocity shelter areas for fish. Phase 2 improvements are anticipated to be built in the 
summer of 2012. Phase 2 permit staff report and plans are included as Attachment 3. 
 
Phase 3 will continue the channel and habitat improvements and flood control measures that 
were initiated with Phase 1 and 2. Primarily characterized as a habitat improvement and flood 
control project, the project design includes the following elements: 

 
 Channel regarding and enlargement for a stable, wetted channel; 
 Installation of log grade control and habitat structures (wood and rock) to prevent 

head-cut migration and provide stable, physical habitat; 
 Construction of a sheet pile flood control wall to contain flood events and limit the 

extent of flooding into neighboring properties; 
 Removal of non-native invasive vegetation within project vicinity; 
 Re-vegetation of project area with native plants, including mitigation enhancement 

areas; 
 Construction of a wetland bench within the proposed channel to promote the 

reestablishment of wetland species and provide high-flow low-velocity shelter 
areas for fish. 

 
The habitat improvement and flood control work proposed will be located within the 
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channel of East Creek, within the associated stream buffer, within adjacent associated 
wetlands, and within a regulated floodplain, all considered protected critical areas. 
Construction mobilization and designed improvements will temporarily impact the stream’s 
riparian areas, associated wetland systems, and floodplain, and will have permanent 
impacts to the stream channel and associated wetlands. Due to the presence of stream 
and wetland critical areas and regulated floodplain, the project is regulated by the city of 
Bellevue Land Use Code (LUC) Critical Areas Overlay District requirements found in LUC 
20.25H.  
 
The proposed habitat improvement and flood control work is allowed by LUC 
20.25H.055.B subject to compliance with applicable performance standards. Proposed in-
stream work constitutes modifications of the stream channel and is allowed under LUC 
20.25H.080.B which specifies that the stream channel may be only be modified through a 
critical areas report in conjunction with a stream stabilization measure or a  habitat 
improvement project where there is a net benefit in ecological function.  
 
In response to this requirement, the applicant has obtained the services of a qualified 
professional who has prepared a critical areas report and has identified, in addition to 
required impact mitigation, how habitat improvements can be achieved. The critical areas 
report contains a complete project summary and outlines potential impacts and actions 
being taken to avoid or when unavoidable provide mitigation as abatement. The project 
critical areas report is included as Attachment 4. Project plans are included as 
Attachment 5. The applicant has also prepared and submitted a Basis of Design 
document that outlines alternatives considered and technical requirements to correct 
flooding issues while not negatively impacting ecological processes of natural flood 
events. The Basis of Design is included as Attachment 6. 

 

II. Site Description, Zoning, Land Use and Critical Areas 
 
A. Site Description 

The project extends from the terminus of Phase 2 at the historic intersection of 
Richards and East Creeks and continues through East Creek to the stream’s culvert 
undercrossing at Kamber Road, although all of the work will take place within the 
channel of East Creek. Richards Creek will only be influenced by the backwater effect 
of re-grading East Creek. A map of the project area is included as Figure 1 below. 
Channel modification, site access, and re-vegetation activities associated with channel 
and wetland modifications will occur on private parcels outside of the right of way. The 
site is characterized by commercial and industrial development on parcels of land that 
were filled and drained to create useable land from a larger wetland complex. The 
overall site is flat and is prone to flooding due to the limited capacity of the 
Sunset/Richards/East/Valley Creek stream system. Stream channels are frequently 
backwatered and wetland conditions exist within the streams causing for an 
intertwined wetland and stream network throughout the unfilled remnant portions of the 
project vicinity. 
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Figure 1 – Project Vicinity 

 
 
A complete description of the conditions of Richards and East Creek is available in the 
project critical areas report included as Attachment 4.  

 
Buffers surrounding the project area wetlands generally consist of native mixed 
deciduous forest with shrub and herbaceous understory. Existing buffers provide 
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moderate wildlife habitat and moderate water quality functions. Nearby office and 
industrial uses, parking lots, and road networks limit the areas habitat functions due to 
traffic and human disturbances. A complete description of the wetland conditions 
within the project area is available in the project critical areas report included as 
Attachment 4.  

 
B. Zoning and Land Use Context 

The proposed activities would be conducted on properties zoned Light-Industrial (LI). 
The general dimensional standards in LUC 20.20.010 do not apply, because there is 
no structural development proposed.  The existing uses on the affected properties are 
permitted and there is no proposed change in use of the properties. The project site 
and surrounding properties are designated light-industrial in the Comprehensive Plan 
and are developed with light industrial and warehouse uses. The proposed habitat and 
flood control project will not affect existing land uses and will offer improved flood 
protection for existing development. 
 
 

C. Critical Areas Functions and Values  
 
i. Streams and Riparian Areas 

 
a. Stream and Riparian Area Functions:  
A healthy aquatic environment relies on processes sustained by dynamic 
interaction between the stream and the adjacent riparian area.  Riparian 
vegetation in floodplains and along stream banks provides a buffer to help 
mitigate the impacts of urbanization. Healthy riparian areas support healthy 
stream conditions. 
 
Upland and wetland riparian areas retain sediments, nutrients, pesticides, 
pathogens, and other pollutants that may be present in runoff, protecting 
water quality in streams. The roots of riparian plants also hold soil and 
prevent erosion and sedimentation that may affect spawning success or 
other behaviors, such as feeding. 
 
Both upland and wetland riparian areas reduce the effects of flood flows. 
Riparian areas and wetlands reduce and desynchronize peak crests and 
flow rates of floods. Upland and wetland areas can infiltrate floodflows, 
which in turn, are released to the stream as baseflow. 
 
Vegetated riparian areas also provide a source of large woody debris that 
helps create and maintain diverse in-stream habitat, as well as create 
woody debris jams that store sediments and moderate flood velocities. 
 
b. Existing Stream conditions: 
Richards and East Creeks support a variety of native fish species, including 
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anadromous salmonids and also provide food sources to aquatic species 
including macroinvertebrates, leaf litter, and other organic inputs. Existing 
in-stream habitat is poor with limited rearing pools; gravel substrates that 
have been imbedded with sediment. Upstream of the project area there is a 
large, impassible water fall that continually moves upstream as incision of 
the stream progresses. Although there are areas where vegetation has 
been damaged or eliminated due to erosion, there are still large swaths of 
overhanging, native vegetation that primarily consist of willows, red-osier 
dogwood (Cornus sericea), and red alder (Alnus rubra). There are small 
patches of English ivy, Japanese Knotweed (Polygonum japonica), and to a 
greater extent, Himalayan Blackberry (Rubus armeniacus). A complete 
description of the conditions of project area stream reaches is available in 
the project critical areas report included as Attachment 4. 

 
c. Stream Impacts: 
Permanent and temporary impacts to affected stream segments and the 
adjacent riparian area resulting from construction have been identified on 
the project plans (Attachment 5) and are identified in Table 1 below. 
Temporary impacts will be restored as part of the project in accordance with 
an approved restoration plan. Temporary impacts will result from 
excavating the stream channel to deepen it and laying back the stream 
banks and installing rock and logs with rootwads. Large woody debris and 
grade control structures will also be placed within the stream channel. Once 
the construction is complete, the stream will be returned to its slightly 
modified course. The stream channel will be lower and wider than in its 
current condition. All stream impacts will be mitigated such that functions 
are replaced at a minimum ratio of one-to-one. To limit temporary impacts 
to downstream resources, the channel will be dewatered during 
construction, and all flow will be bypassed directly to the downstream outlet 
culvert. Therefore no permanent effects to downstream resources are 
expected.  
 

Table 1 – Impacts To Project Area Stream Resources 

 
Resource Temporary Impacts Permanent Impacts 

East Creek Channel (waterward OHWM) 

Stream Buffers 
6,932 square feet (0.16 acres) 

18,396 square feet (0.42 acres) a 
None 

None 

Total 25,328 square feet (0.58 acres) None 

OHWM: Ordinary High Water Mark 
 

A complete summary of potential impacts to affected stream segments 
including mitigation measures is available in the project critical areas report 
included as Attachment 4. 
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ii. Wetlands 
 

a. Wetland Functions: 
Wetlands provide important functions and values for both the human and 
biological environment—these functions include flood control, water quality 
improvement, and nutrient production.  The benefits provided depend on 
their size and location within a basin, as well as their diversity and quality. 
While Bellevue’s wetlands provide various beneficial functions, not all 
wetlands perform all functions, nor do they perform all functions equally 
well.  However, the combined effect of functional processes of wetlands 
within basins provides benefits to both natural and human environments.  
For example, wetlands provide significant stormwater control, even if they 
are degraded and comprise only a small percentage of area within a basin. 
 
b. Existing Wetland Conditions: 
Project biologists identified and delineated one large wetland in the project 
area listed as wetland A (Table 2 below). The location of project area 
wetland resources is mapped in the project plan set included as 
Attachment 5.  Detailed descriptions of the wetlands are provided in the 
Critical Areas Report (Attachment 4).   
 

Table 2 – Project Area Wetland Resources 
 

 
Function 

Rating of Site 
Potential a 

Rating of Landscape 
Potential a 

Rating of 
Value a, 

 
Score b 

Improving Water Quality 

Hydrologic 

Habitat 

Moderate 

High 

Moderate 

Moderate 

Moderate 

Moderate 

Moderate 

High 

High 

20 
26 

 

19 

Total Score    65 
a    Qualitative ratings are based on Hruby (2011). 
b    Score based on Hruby (2004). 

 
Wetland A is dominated by a forested community of red alder (Alnus rubra) 
and black cottonwood (Populus balsamifera) with a shrub understory of 
willow (Salix sitchensis, Salix lucida spp. lasiandra), red-osier dogwood 
(Cornus sericea), salmonberry (Rubus spectabilis); and an herbaceous 
understory of lady fern (Athyrium filix-femina), big leaf sedge (Carex 
amplifolia), slough sedge (Carex obnupta), giant horsetail (Equisetum 
telmateia), creeping buttercup (Ranunculus repens), small fruited bulrush 
(Scirpus microcarpus), and piggyback plant (Tolmiea menziesii). Non-native 
vegetation is also prevalent in the project area and includes Himalayan 
blackberry, Japanese knotweed, and English ivy. The buffer surrounding 
the wetland consists primarily of parking lots, and low-lying, large 
commercial buildings. Existing buffers provide flood control, limited wildlife 
habitat, and water quality functions.  
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Wetland functions for the wetland within the project area were evaluated 
according to data in the Ecology wetland rating forms (Hruby 2004), and 
supplemental qualitative ratings (high, medium, low) were determined 
based on Ecology guidance (Ecology 2008a). This methodology entails 
rating the entire wetland unit which includes a substantial amount of 
wetland that is outside the project site. Conditions within the project site are 
more degraded than in the rest of the wetland to the east of the project 
area. Therefore, the portion of the wetland in the project area may not be 
providing as high a level of functions as the rest of the wetlands. A 
summary of the function scores, the total wetland score, and the associated 
rating (category) for Wetland A is provided in Table 2 above. A complete 
description of the project areas wetland conditions is available in the project 
critical areas report included as Attachment 4. 

 
c. Wetland Impacts 
Temporary impacts to wetlands along the stream will result from excavating 
the banks along the stream, installation of rock and rootwads along the 
reconstructed channel and rebuilding the stream banks. Permanent impacts 
to wetlands will result from filling in the wetland in order to build up the 
stream banks to prevent flooding of adjacent buildings and excavating the 
wetland to create more instream habitat. The reconstructed wetland and 
riparian area will be revegetated and will perform equivalent or better 
functions as those provided by existing wetlands. 
 
In addition to the functional lift that will be provided by restoring the stream 
and wetland areas, compensatory mitigation for permanent wetland impacts 
will also occur. To compensate for .07 acres of permanent wetland impact 
to Wetland A, approximately 0.29 acre of wetland will be reestablished and 
rehabilitated along the riparian areas within the project area. This results in 
a mitigation ratio exceeding the required 2:1 ratio established in LUC 
20.25H.105.C. A summary of impacts and proposed mitigation are provided 
in Tables 3 and 4 below. 

 
Table 3 – Project Area Wetland Resources – Temporary and Permanent Impacts  

 

Resource Temporary Impacts Permanent Impacts 

Wetland A 

Wetland Buffers 
9,475 square feet (0.22 acres) 

2,106 square feet (0.05 acres) 
3,036 square feet (0.07 acres) 

None 

Total 11,581 square feet (0.27 acres) 3,036 square feet (0.07 acres) 

 
Table 4 – Project Area Wetland Resources – Permanent Impact Mitigation  

 
Mitigation Measure Area Location

Reestablishment 3,885 square feet (0.09 acres) West of realigned channel 
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Rehabilitation (direct) 8,705 square feet (0.20 acres) West and East of realigned 

Rehabilitation (indirect) 47,338 square feet (1.09 acres) Increased flooding in Wetland A

Total 59,928 square feet (1.38 acres)  

 
A complete description of potential impacts to project area wetland 
conditions including mitigation measures is available in the project critical 
areas report included as Attachment 4. 

 
iii. Areas of Special Flood Hazard 

 
a. Areas of Special Flood Hazard Functions: 
The value of floodplains can be described in terms of both the hydrologic 
and ecological functions that they provide. Flooding of occurs when either 
runoff exceeds the capacity of rivers and streams to convey water within 
their banks, or when engineered stormwater systems become 
overwhelmed. Studies have linked urbanization with increased peak 
discharge and channel degradation (Dunne and Leopold 1978; Booth and 
Jackson 1997; Konrad 2000). Floodplains diminish the effects of 
urbanization by temporarily storing water and mediating flow to downstream 
reaches. The capacity of a floodplain to buffer upstream fluctuations in 
discharge may vary according to valley confinement, gradient, local relief, 
and flow resistance provided by vegetation. Development within the 
floodplain can dramatically affect the storage capacity of a floodplain, 
impact the hydrologic regime of a basin and present a risk to public health 
and safety and to property and infrastructure. 
 
b. Existing Area of Special Flood Hazard Conditions: 
A special flood hazard area is defined in LUC 20.25H.175 as land subject to 
the 100-year flood including areas identified on Flood Insurance Rate Maps 
(FIRM) as within the base floodplain. The project area falls within a special 
flood hazard area because it lies within the 100-year floodplain. Flood 
Hazard Areas within the project vicinity are depicted on the project plans 
included as Attachment 5. 
 
c. Impacts To Areas of Special Flood Hazard: 
The project will have beneficial effects to flood hazard areas. Flooding of 
adjacent properties will be prevented and BFE will be lowered. The project 
will result in greater channel conveyance storage than in the current 
condition as well as improve poor fish habitat and riparian habitat. The 
project will also prevent further downcutting of the stream bed, further 
preventing flashy hydroperiods and flooding. The project is designed to 
reduce the frequency and level of flooding of adjacent properties, although 
in an effort to balance the objective of reducing the impact of flood events 
with the objective of improving fish passage and habitat, the selected grade 
of the primary control structure is set to a point that will continue to cause 
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flooding of a portion of a parking lot on an adjacent property. To allow the 
use of a fixed elevation that balances objectives, in conjunction with Log 
grade structures that will be placed within the streambed to prevent further 
incision of the stream, a 150 foot long vinyl sheet pile flood control wall will 
be installed along the east portion of Wetland A immediately upstream from 
the upper most log control structure. The wall is anticipated to prevent the 
flooding of the parking area and will provide additional beneficial flooding to 
Wetland A through displacement.  

 
iv. Habitat Associated With Species of Local Importance 

 
a. Habitat Functions: 
Urbanization, the increase in human settlement density and associated 
intensification of land use, has a profound and lasting effect on the natural 
environment and wildlife habitat (McKinney 2002, Blair 2004, Marzluff 2005  
Munns 2006), is a major cause of native species local extinctions (Czech et 
al  2000), and is likely to become the primary cause of extinctions in the 
coming century (Marzluff et al. 2001a).  
 
Cities are typically located along rivers, on coastlines, or near large bodies 
of water. The associated floodplains and riparian systems make up a 
relatively  small percentage of land cover in the western United States, yet 
they provide habitat for rich wildlife communities (Knopf et al. 1988), which 
in turn provide a source for urban habitat patches or reserves. 
Consequently, urban areas can support rich wildlife communities. In fact, 
species richness peaks for some groups, including songbirds, at an 
intermediate level of development (Blair 1999, Marzluff 2005). 
 
Protected wild areas alone cannot be depended on to conserve wildlife 
species. Impacts from catastrophic events, environmental changes, and 
evolutionary processes (genetic drift, inbreeding, colonization) can be 
magnified when a taxonomic group or unit is confined to a specific area, 
and no one area or group of areas is likely to support the biological 
processes necessary to maintain biodiversity over a range of geographic 
scales (Shaughnessy and O’Neil 2001). As well, typological approaches to 
taxonomy or the use of indicators present the risk that evolutionary potential 
will be lost when depending on reserves for preservation (Rojas 2007). 
Urban habitat is a vital link in the process of wildlife conservation in the U.S. 
 
b. Existing Habitat Features 
To evaluate habitat conditions in the project area and vicinity, biologists 
surveyed the area to identify dominant species, forest maturity, 
concentrations of native an invasive plant populations, other habitat 
features (e.g., snags, logs), habitat potential to support protected wildlife 
species and indications of use by these species. In addition, Herrera 
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reviewed information provided by WDFW’s Priority Habitats and Species 
(PHS) Program (WDFW 2010a), fish usage information from the 
Salmonscape mapping program (WDFW 2010b), and fish survey data 
collected as part of the City of Bellevue stream inventory (Watershed 
Company 2001). There are no PHS areas or documented occurrences of 
protected species in the project vicinity (WDFW 2010a), except for coho 
and Chinook salmon, and pileated woodpeckers. Project biologists 
concluded that out of all of the species listed in LUC 20.25H.055 as 
Species of Local Importance, only Chinook salmon, coho salmon, green 
heron, pileated woodpecker, and red-tailed hawk may use the project area 
or the area downstream of the project. 

 
c. Impacts to Habitat Features: 
There will be no permanent impacts to the habitat features identified above.  
While there will be a temporal loss of forested habitat that may affect the 
pileated woodpecker, the future condition of the project area will provide 
improved forest habitat. Non-native invasive species will be removed and 
native species diversity and structural diversity will be increased. The 
addition of large wood to the stream channel will enhance in-stream habitat 
and create habitat diversity and cover for fish. Also, restored riparian and 
wetland habitat will provide shade for the stream, potential food sources 
(aquatic insects and other fauna) for fish and other aquatic species. All 
temporarily disturbed vegetation will be restored following construction. 
Work will occur in the summer, after pileated woodpecker breeding is 
complete. The addition of LWD as part of the project will enhance pileated 
woodpecker foraging habitat, as downed logs are a common feeding 
location for this species. Noise impacts from the project are not expected to 
be of sufficient magnitude or duration to disturb wildlife species. Sensitive 
species may move away from construction activity during active work 
periods, but are expected to return once work is completed. During 
construction the channel will be dewatered and all flow bypassed to the 
outlet culvert. After construction, water quality will be monitored and turbid 
water will be discharged to the sewer. Only after turbidity has been reduced 
to meet water quality standards will the flow be directed to downstream 
receiving waters. Therefore no effect on downstream water quality will 
occur. 

 

III. Consistency with Land Use Code Requirements: 
 

A. Zoning District Dimensional Requirements: 
This is a proposal to modify stream channel conditions and improve riparian habitat. 
Work is limited to grading, the placement of wood and rock, and planting of native 
vegetation. Standard single family district development standards do not apply.   
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B. Consistency with Critical Areas Performance Standards LUC 20.25H: 
 
i. Performance Standards for Construction Staging LUC 20.25H.055.C.1 
Construction staging associated with an allowed use is considered an allowed 
activity in critical areas, critical area buffers, or critical area structure setbacks 
provided the applicable performance standards are adhered to. 
   
The work shall be consistent with all applicable City of Bellevue codes and 
standards.  Site preparation activities include the contractor mobilizing to the 
project site, developing staging areas, establishing site access routes and traffic 
control, marking the work and clearing limits, and installing temporary erosion and 
sediment control (TESC) best management practices (BMPs). Space at the project 
site is limited and it is anticipated that the contractor will establish staging in the 
parking lot of a nearby business. Access to the project area will occur via Kamber 
Road and parking lots adjacent to the stream channel. The applicant is required to 
apply for and obtain a Right-of-Way Use Permit for the mobilization and use of this 
access point.  The applicant is also required to apply for and obtain a Clearing and 
Grading Permit to address temporary erosion and sedimentation control associated 
with the access route and the temporary construction impacts associated with the 
in-stream work.  This permit also includes review and approval of a stream 
dewatering plan and turbidity monitoring during the course of the project.  Because 
these permits must be applied for and obtained prior to the commencement of any 
construction activities, the applicable review department will ensure that all 
applicable codes and standards are being met. The removal of significant trees for 
the purpose of staging is prohibited.   
  
All areas of temporary disturbance associated with the work shall be restored to 
pre-project conditions, pursuant to a restoration plan meeting the requirements of 
LUC 20.25H.210.  A restoration plan has been prepared that seeks to restore all 
areas of temporary disturbance. The restoration plan is included as part of the 
Critical Areas Report (Attachment 4) 
 
ii. Performance Standards for Public Flood Protection Measures LUC 

20.25H.055.C.2 and LUC 20.25H.055.C.3.c 
The proposed stream channel modification to regrade and reduce flooding and 
protect against stream erosion may be approved in accordance with these 
subsections if: 
 

-There is no technically feasible alternative to in-stream modification; and 
-Flood control measures are designed by a qualified professional. 
 

The applicant has submitted as part of the Critical Areas report an analysis of 
alternatives considered and has demonstrated that the option selected is the 
optimal action in consideration of the site conditions and project objective. To 
achieve the objective, the applicant has provided a flood protection plan designed 
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by a qualified professional and is proposing soft stabilization measures including 
the use of logs and root wads to stabilize the stream after regrading.  The applicant 
is also proposing the use of vegetative enhancements in conjunction with 
replanting along the banks to increase the plant species diversity and to establish 
more desirable bank stabilizing species in the area.   
 

 
iii. Performance Standards for Habitat Improvement Projects LUC 

20.25H.055.C.3.j 
The project is also classified as a habitat improvement project.  It is classified as 
such because it has been approved by the Director in accordance with the 
provisions of an approved Critical Areas Report.  The primary habitat improvement 
is the addition of large woody debris to the stream channel to improve habitat 
diversity and incorporate a source of organic material to improve overall long term 
stream conditions. 
 
iv. Performance Standards for Stream Critical Areas LUC 20.25H.080.A and 

LUC 20.25H.080.B 
The proposed project has met the criteria of an “allowed use” under LUC 
20.25H.055.  It includes activities consistent with the uses of a habitat improvement 
project and public flood protection measures.  An approved Critical Areas Report 
has been prepared and submitted to support the design of the project and its 
desired objectives.   

 
v. Performance Standards for Wetland Critical Areas LUC 20.25H.100 
Applicable performance standards have been considered and incorporated into the 
design of proposed project. There is no current or additional lighting associated 
with the project that will affect stream or wetlands.  The project is not proposing the 
creation of any noise generating activities other than those temporary noises 
associated with the construction activity.  There will be no new impervious surface 
as part of the project.  Wetland area that will be temporarily and permanently 
disturbed will be restored.  The site will be actively monitored and maintained for a 
period of 5 years to ensure success of the restoration effort.  The use of pesticides, 
insecticides and fertilizers within 150 feet of the edge of the stream buffer shall be 
in accordance with the City of Bellevue’s “Environmental Best Management 
Practices,” now or as hereafter amended. 
 
vi. Performance Standards for Areas of Special Flood Hazard LUC 

20.25H.180.C and LUC 20.25H.180.D.5 
Where use or development is allowed pursuant to LUC 20.25H.055, compliance 
with the performance standards set forth in LUC 20.25H.180.C and LUC 
20.25H.180.D.5 must be demonstrated. 
 
The proposed project will maintain established flood elevations within the area of 
special flood hazard equal to or less than those currently in place. As a habitat 
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improvement project, pool height will be modified to an optimal level in an effort to 
provide enhanced fish passage. This adjusted pool height will not affect flood 
storage or flow capacity.  The area of special flood hazard will maintain its 
hydraulic connectivity to the source of flooding.  The construction is proposed to 
occur all in the same season/work window.  The proposed project has been 
evaluated by a qualified engineer and demonstrates that the compensatory storage 
will not be adversely affected. 

 
C. Consistency with Critical Areas Report LUC 20.25.230: 

The applicant supplied a complete critical areas report prepared by a qualified 
professional.  The report meets the minimum requirements in LUC 20.25H.250. 
demonstrates that the proposed stream channel modifications will lead to a reduction 
in flooding, and improvement in in-stream habitat and fish passage, and will enhance 
riparian areas within project limits. The report is included as Attachment 4 to this staff 
report. 
 

D. Consistency with Critical Areas Report – Additional provisions LUC 20.25H.090: 
Additional provisions required in a critical areas report for streams are required when 
the applicant is proposing to reduce the regulatory critical area buffer for the stream.  
The proposal includes no request to reduce or modify the prescribed critical area 
buffer or structure setback from Richards or East Creek. 
 

E. Consistency with Critical Areas Report – Additional provisions LUC 20.25H.110: 
The Land Use Code specifies additional provisions for critical areas reports for 
wetlands.  This information includes an analysis of wetlands and wetland buffers that 
may occur within 300 feet of the project area.   This section requires a discussion of 
avoidance and minimization measures, which is included in the applicant’s critical 
areas report (Attachment 4) and basis of design (Attachment 6). 
 

IV. Public Notice and Comment 
 
Application Date: August 26, 2011 
Public Notice (500 feet):  September 15, 2011 
Minimum Comment Period: September 29, 2011 

 
The Notice of Application for this project was published in the City of Bellevue weekly 
permit bulletin on September 15, 2011. It was mailed to agencies, tribes, and property 
owners within 500 feet of the project site. One public comment letter was received 
from the Muckleshoot Indian Tribe Fisheries Division. The letter included several 
technical questions and comments related to the following issues: 
 
 Questions related to the removal of significant trees as part of the project design; 
 Suggestions related to the quantity and type of wood being placed in the stream as 

a stream stabilization measure and habitat improvement; 
 Questions on an identified fish passage barrier (head-cut); 
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 Comments on the design of the grade control structures proposed; 
 Comments on the use of sheet pile flood wall in the floodplain; 
 Questions and comments on how the project will be monitored to ensure grade 

control structures do not become fish passage barriers; 
 Comments on the mitigation plan plant species selection; 
 Comments and questions related to alternatives considered and the alternative 

selected; 
  Comments on the number of trees to be removed. 

 
The comment letter and City response to the comments is included as Attachment 7. 
No changes to the project design were made as a result of the comments received, 
although additional information and design rationale was requested and provided. 

 

V. Summary of Technical Reviews 
 
Clearing and Grading: 
The Clearing and Grading Division of the Development Services Department has 
reviewed the proposed development for compliance with Clearing and Grading codes 
and standards.  The Clearing and Grading staff found no issues with the proposed 
development. 

 
Transportation: 
A representative of the Transportation Department was notified of the project proposal.  
Their review determined that a Right-of-Way Use Permit is required for the use of the 
public right-of-way for construction staging and access.  This permit must be obtained 
prior to commencement of project activity. 

 

VI. State Environmental Policy Act (SEPA) 
 
The environmental review indicates no probability of significant adverse environmental 
impacts occurring as a result of the proposal.  The Environmental Checklist submitted 
with the application adequately discloses expected environmental impacts associated 
with the project. The City codes and requirements, including the Clear and Grade 
Code, Utility Code, Land Use Code, Noise Ordinance, Building Code and other 
construction codes are expected to mitigate potential environmental impacts. 
Therefore, issuance of a Determination of Non-Significance (DNS) is the appropriate 
threshold determination under the State Environmental Policy Act (SEPA) 
requirements.  
 

A. Earth and Water 
A temporary erosion and sedimentation control plan is included in the project plans, 
and addresses all requirements for restoring the site to its current condition as well as 
erosion and sedimentation management practices.  Erosion and sediment control best 
management practices include the use of a dewatering plan to dry out as much as 
feasible during the proposed construction activity.  The proposal also includes the 
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installation of silt fencing around the work area and covering exposed soils to prevent 
migration of soils to the adjacent stream and wetland. Final approval of the temporary 
erosion and sedimentation control plan will happen with the required Clearing and 
Grading Permit. The applicant will also be required to submit information regarding the 
use of pesticides, insecticides, and fertilizers to avoid impacts to water resources.  See 
Section IX for related conditions of approval. 
 

B. Animals 
The project site is located around and within a regulated stream and is part of a habitat 
corridor.  To improve in stream habitat, the applicant is proposing to place large woody 
debris in the stream channel to improve habitat complexity and improve organic 
compound inputs.  The mature vegetation on the site may provide habitat to several 
species listed in the critical areas report.  However, impacts are anticipated to be 
limited due to the temporary status of construction associated with the project and the 
beneficial long term objectives of the stream enhancement.  The restoration plan for 
areas of temporary disturbance and mitigation plan for permanent disturbance has 
been designed to further enhance the vegetation structure on the site, which is 
expected to have a positive impact on the wildlife resource. The applicant is required 
to submit a final restoration and mitigation plan as part of the Clearing and Grading 
Permit application. See Section IX for related conditions of approval. 
 

C. Plants 
Mitigation for temporary and permanent disturbance will be approved pursuant to an 
approved mitigation and enhancement plan. A complete restoration plan with 
monitoring performance standards and contingency plan has been submitted as part of 
the critical areas report (Attachment 4).  It will be implemented as a condition of the 
subsequent clearing and grading permit. See Section IX for related conditions of 
approval. 
 

D. Noise 
Construction noise will be limited by the City’s Noise Ordinance (Chapter 9.18 BCC) 
which regulates construction hours and noise levels. See Section IX for a related 
condition of approval. 

 

VII. Decision Criteria 
 

A. Critical Areas Report Decision Criteria- General Criteria LUC 20.25H.255 
The Director may approve, or approve with modifications, the proposed modification 
where the applicant demonstrates:  
 

18. The modifications and performance standards included in the proposal 
lead to levels of protection of critical area functions and values at least as 
protective as application of the regulations and standards of this code; 

 
Finding:  The applicant has provided a complete critical areas report that 



11-122119-LO 
Richards/East Creek Flood Control and Habitat Improvement Project 
Page 16 of 24 
 

demonstrates that the proposal leads to levels of protection of critical area functions 
and values that area at least as protective as the regulations and standards of this 
code.  Through the critical areas report process, it is clear that habitat functions will 
likely be improved, the riparian functions will improve in the long term through the 
incorporation of additional native plants. The inclusion of large woody debris will 
enhance the Instream habitat in the project reach.   
 

19.  Adequate resources to ensure completion of any required mitigation and 
monitoring efforts;  

 
Finding:  The applicant, the City of Bellevue, has adequate resources to complete the 
required mitigation and monitoring efforts as part of larger project to improve the 
Sunset/Richards/East Creek areas.  
 

20. The modifications and performance standards included in the proposal 
are not detrimental to the functions and values of critical area and critical 
area buffers off-site; and 

 
Finding:  The proposal complies with all of the applicable performance standards for 
streams, wetlands, habitat areas, and areas of special flood hazard and includes an 
appropriate mitigation and restoration plan to offset identified short and long term 
impacts. 
 

21. The resulting development is compatible with other uses and 
development in the same land use district. 

 
Finding:  The construction of the stream modification and habitat improvement work is 
consistent with the surrounding land uses.  There is no change in use on the site or 
any of the adjacent sites. 

 
B. Critical Areas Land Use Permit Decision Criteria 20.30P 

The Director may approve or approve with modifications an application for a critical 
areas land use permit if: 
 
1. The proposal obtains all other permits required by the Land Use Code;  
 
Finding:  The proposed activity is required to obtain a clearing and grading permit and 
right-of-way use permit from the City of Bellevue.  The activity is also required to obtain 
permission from the Washington State Departments of Ecology and Fish & Wildlife, as 
well as the Army Corps of Engineers.   
 
2. The proposal utilizes to the maximum extent possible the best available 

construction, design and development techniques which result in the least 
impact on the critical area and critical area buffer; 
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Finding:  The proposal has been designed by qualified professionals from Herrera 
Environmental Consultants with consultation with City of Bellevue and Washington 
Department of Fish and Wildlife Habitat Biologists, in order to ensure the best available 
design and techniques have been incorporated.   
 
3. The proposal incorporates the performance standards of Part 20.25H to the 

maximum extent applicable, and ; 
 
Finding:  Section III above discusses how project designs incorporate applicable 
performance standards. 
 
4. The proposal will be served by adequate public facilities including street, fire 

protection, and utilities; and; 
 
Finding:  The area is adequately serviced by public facilities.  The proposal will not 
change the need for public facilities.  
 
5. The proposal includes a mitigation or restoration plan consistent with the 

requirements of LUC Section 20.25H.210; and  
 
Finding:  A mitigation and restoration plan consistent with the requirement of LUC 
20.25H.210 has been prepared and submitted along with the project’s critical areas 
report. The applicant is required to submit a final restoration and mitigation plan as part 
of the Clearing and Grading Permit application. See Section IX for related conditions of 
approval. 

 
6. The proposal complies with other applicable requirements of this code. 
 
Finding:  As discussed in Section IV & V of this report, the proposal complies with all 
other applicable requirements of the Land Use Code.  

 

VIII. Conclusion and Decision 
After conducting the various administrative reviews associated with this proposal, 
including Land Use Code consistency, SEPA, City Code and Standard compliance 
reviews, the Development Services Director does hereby approve with conditions 
the proposal to modify the channels of Richards and East Creeks for flood control and 
habitat improvements.  
 
Note- Expiration of Approval: In accordance with LUC 20.30P.150 a Critical Areas 
Land Use Permit automatically expires and is void if the applicant fails to file for a 
Clearing and Grading Permit or other necessary development permits within one year 
of the effective date of the approval.   
 
 



11-122119-LO 
Richards/East Creek Flood Control and Habitat Improvement Project 
Page 18 of 24 
 
IX. Conditions of Approval 

 
The applicant shall comply with all applicable Bellevue City Codes and Ordinances 
including but not limited to: 
 
Applicable Ordinances Contact Person 
Clearing and Grading Code- BCC 23.76 Savina Uzunow, 425-452-7860 
Land Use Code- BCC 20.25H David Pyle, 425-452-2973 
Noise Control- BCC 9.18 David Pyle, 425-452-2973 
Transportation Code Transportation, 425-452-4236 
  

 
The following conditions are imposed under the Bellevue City Code or SEPA 
authority referenced: 
 

1. Clearing and Grading Permit: Before commencing any construction activity the 
applicant must apply for and obtain a Clearing and Grading Permit. On-going turbidity 
monitoring and submittal of turbidity monitoring data sheets will be required as part of 
the clearing and grading permit inspection process. 
 
Authority: Bellevue City Code Section 23.76.025 
Reviewer: Savina Uzunow, Development Services Department 
 

2. Restoration for Areas of Temporary Disturbance:  A restoration plan for all areas of 
temporary disturbance is required to be submitted for review and approval by the City 
of Bellevue prior to the issuance of the Clearing and Grading Permit. The plan shall 
include the documentation of existing site conditions and shall identify avoidance of 
impacts. Where avoidance is not possible the plan shall identify restoration measures 
to be taken to return the site to its existing conditions per LUC 20.25H.220.H.   
 
Authority:  Land Use Code 20.25H.220.H 
Reviewer:  David Pyle, Development Services Department 
 

3. Mitigation, Maintenance, and Monitoring Plan: To ensure the proposed restoration 
plan is successful, the mitigation, maintenance, and monitoring plan submitted as part 
of this application shall be submitted as part of the underlying clearing and grading 
permit required to implement the project. Mitigation plans shall be updated to include 
the addition of conifers in areas where soils are appropriate. Any modifications to the 
mitigation ratios included with the mitigation plans submitted under this application 
must be approved prior to issuance of the clearing and grading permit. In order to 
ensure the mitigation plan successfully establishes, the mitigation plan shall be 
updated to include the following performance standards for a period of five years 
following installation:   
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Year 1:  100% survival of all installed plants & 0% invasive coverage. 
 

Year 2:  90% survival of all installed plants & <10% invasive coverage. 
 
Year 3:  85% survival of all installed plants, >35% native coverage & <10% 

invasive coverage. 
 
Year 4 : >50% native coverage & <15% invasive coverage. 
 
Year 5: >70% native coverage & <15% invasive coverage. 

 
Authority: Land Use Code 20.25H.220, 20.25H.180.C.5 

   Comprehensive Plan Policies EN-1, EN-10, EN-28, EN-30 
Reviewer: David Pyle, Land Use 

 
4. Mitigation Installation: Mitigation installation shall commence immediately following 

permit issuance where technically feasible and shall be installed according to the 
mitigation plans submitted as part of this application within one year of project 
completion. 

 
Authority: Land Use Code 20.25H.220, 20.25H.180.C.5 
Reviewer: David Pyle, Land Use 

 
5. Mitigation Maintenance: Maintenance of mitigation plantings shall include, at a 

minimum, three entries per year. During each entry, plant growth will be evaluated, 
soils amended as needed, and invasives will be suppressed.   

 
Authority: Land Use Code 20.25H.220, 20.25H.180.C.5 
Reviewer: David Pyle, Land Use 

 
6. Submittal of Mitigation Maintenance and Monitoring Reports:  As part of the 

required five years of mitigation maintenance and monitoring, the applicant shall 
submit annual monitoring reports to the Development Services Department Land Use 
Division at the end of the growing season by no later than November 30 for each year 
monitored. 
 
Authority: Land Use Code 20.25H.220.D 
Reviewer: David Pyle, Land Use 
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7. Rainy Season Restrictions: Due to the proximity to Richards and East Creeks and 
associated wetlands, no clearing and grading activity may occur during the rainy 
season, which is defined as November 1 through April 30 without written authorization 
of the Development Services Department.  Should approval be granted for work during 
the rainy season, increased erosion and sedimentation measures, representing the 
best available technology must be implemented prior to beginning or resuming site 
work. 
 
Authority:  Bellevue City Code 23.76.093.A,  
Reviewer: Savina Uzunow, Development Services Department 
 

8. In-Water Work Window:  Work in the active channel approved by the underlying 
Clearing and Grading Permit must be completed during an in-water work window of 
July 1 through August 31, unless otherwise authorized in writing by the Washington 
State Department of Fish and Wildlife. 

 
Authority: Land Use Code 20.25H.160 
Reviewer: David Pyle, Land Use 
 

9. Pesticides, Insecticides, and Fertilizers: The applicant must submit as part of the 
required Clearing and Grading Permit information regarding the use of pesticides, 
insecticides, and fertilizers in accordance with the City of Bellevue’s “Environmental 
Best Management Practices”. 
 
Authority: Land Use Code 20.25H.220.H 
Reviewer:  David Pyle, Development Services Department 
 

10. Noise Control: Noise related to construction is exempt from the provisions of BCC 
9.18 between the hours of 7 am to 6 pm Monday through Friday and 9 am to 6 pm on 
Saturdays, except for Federal holidays and as further defined by the Bellevue City 
Code. Noise emanating from construction is prohibited on Sundays or legal holidays 
unless expanded hours of operation are specifically authorized in advance.  Requests 
for construction hour extension must be done in advance with submittal of a 
construction noise expanded exempt hours permit. 
 
Authority:  Bellevue City Code 9.18 
Reviewer:  David Pyle, Development Services Department 
 

11. Right-of-Way Use:  The proposed project will likely require the use of a portion of the 
right-of-way adjacent to the subject property, specifically as a haul route for excavated 
material and imported fill and materials.  If required, a right-of-way use permit from the 
Transportation Department should be obtained. 
 
Authority: Bellevue City Code 14.30 
Reviewer: David Pyle, Development Services Department 
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12. Obtain All Other Applicable State and/or Federal Permits:  Before issuance of 
construction permit, all applicable state and federal permits must be presented to the 
Development Services Department. 
 
Authority: Land Use Code 20.25H.180.C.2 
Reviewer:  David Pyle, Development Services Department 
 

13. Temporary Erosion and Sedimentation Control Plan:  Prior to the initiation of any 
clearing or grading activities, a Temporary Erosion and Sedimentation Control Plan 
must be approved as part of a Clearing and Grading permit and all clearing limits and 
the location of temporary erosion and sedimentation control measures shall be field 
staked for approval by the on-site clearing and grading inspector’s approval. 
 
Authority: Bellevue City Code 23.76.060 and 23.76.090 
Reviewer: David Pyle, Land Use 
 

14. Dewatering Plan:  To ensure the work area is free of moving water and turbid water 
generated during construction is not able to flow downstream from the work site, a 
satisfactory dewatering plan must be submitted and approved as part of the underlying 
clearing and grading permit. 

 
Authority: Bellevue City Code 23.76 
Reviewer: Savina Uzunow, Development Services Department 
 

15. Turbidity Monitoring Plan:  A turbidity monitoring plan that meets the requirements of 
BCC 23.76 must be submitted and approved as part of the underlying clearing and 
grading permit. 

 
Authority: Bellevue City Code 23.76 
Reviewer: David Pyle, Land Use 
 

16. Storm Water Pollution Prevention Plan:  To ensure contaminated stormwater or 
construction-related runoff does not pollute adjacent surface water, a construction 
stormwater pollution prevention plan (CSWPPP) is required for all clearing and grading 
permit applications for industrial, commercial, multi-family, plat and short plat 
developments.  The CSWPPP outline should be generally consistent with the SWPPP 
requirements of the National Pollutant Discharge Elimination System (NPDES) 
General Storm water Permit for Construction Activities. 
 
Turbidity and pH monitoring will be required during the site grading.  A monitoring plan 
must be submitted as part of the CSWPPP with the Clearing & Grading permit 
application or during review of the Clearing and Grading permit application. 
 
Authority:  Clearing and Grading Code BCC 23.76 
Reviewer:  Savina Uzunow, Development Services Department 
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17. Tree Protection:  As part of the Clearing and Grading submittal, the applicant shall 
provide a Tree Protection Plan that implements the City of Bellevue Drawing Number 
TP-1, Tree Protection Procedures during Construction; for every inch diameter of tree, 
fencing would be 1 foot from the tree trunk. This radius may be modified to 
accommodate site access which utilizes existing parking and access roads, and 
modified for stream access necessary for installation of log structures. Additional 
measures will be employed to protect roots where the radius was modified, such as 
the temporary placement of hog fuel. Tree protection fencing must be installed prior to 
construction. 
 
Authority: Bellevue City Code 23.76 
Reviewer: David Pyle, Land Use  
 

18. Stream Channel Maintenance and Monitoring Plan: To ensure successful 
performance of the proposed channel modifications, the applicant shall submit a final 
stream channel modification maintenance and monitoring plan identifying channel 
restoration goals and monitoring metrics for a period five years.  Following completion 
of stream channel improvements, the applicant shall complete an as-built survey of the 
channel to serve as a baseline for future monitoring efforts. 

 
Authority: Land Use Code 20.25H.220, 20.25H.180.C.5 

   Comprehensive Plan Policies EN-1, EN-10, EN-28, EN-30 
Reviewer: David Pyle, Land Use 
 

19. Submittal of Stream Channel Maintenance and Monitoring Reports:  As part of the 
required five years of stream channel maintenance and monitoring, the applicant shall 
submit annual monitoring reports to the Development Services Department Land Use 
Division by no later than November 30 for each year monitored demonstrating 
compliance with restoration goals outlined in the Stream Channel Maintenance and 
Monitoring Report. 
 
Authority: Land Use Code 20.25H.220.D 
Reviewer: David Pyle, Land Use 
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Executive Summary 

The Richards Creek, Sunset Creek, and East Creek channel network in the vicinity of SE 30th 
Street and Kamber Road has been directly impacted by channel realignment, channel 
confinement, and increased rates of sediment production associated with land development both 
local to the project area and in the upper watershed.  These impacts include recurrent flooding 
and sedimentation problems, channel instability, and degraded habitat conditions.  
Recommended flood control and sedimentation management alternatives are provided in this 
report to address the following problem areas.  This report also presents the technical basis of 
design for the recommended culvert and channel improvements summarized below. 

Flooding and Sedimentation in Sunset Creek in the vicinity of SE 30th Street  

To address recurrent flooding and ongoing sedimentation in Sunset Creek at SE 30th Street, a 
replacement culvert and adjacent channel modifications are recommended and are being 
implemented in two phases.  Channel modifications under both phases include the following 
project components that will improve the aquatic habitat conditions of Sunset Creek: 

� Construction of a two-stage channel
� Biostabilization of stream banks
� The removal of invasive species  
� Replanting with native vegetation. 

Phase I 
Phase I includes a replacement culvert at SE 30th Street and channel modifications upstream and 
downstream to provide a stable streambed transition to the culvert inlet and outlet.  The design of 
the replacement culvert includes a sedimentation structure that will provide the City of Bellevue 
Utilities Department greater flexibility in managing the delivery of sediment to SE 30th Street 
and the channel network downstream.  The culvert is designed to improve fish passage through 
the SE 30th Street crossing, and the channel improvements on either side of SE 30th Street are 
designed to improve instream habitat.   

Phase I design constraints, including the confined channel alignment, change in bed profile at the 
replacement culvert location, and the SE 30th Street road elevation, necessitate an exemption 
from the  City of Bellevue Engineering Standards that require the 100-year flow to be conveyed 
through culverts with one foot of freeboard.  The proposed replacement can convey the 100-year 
peak flow in the creek, but not with one foot of freeboard below the top of the culvert structure.  
The replacement culvert and stream channel modifications on the upstream and downstream 
sides of the road will greatly reduce the threat of flooding at this location while concentrating 
sediment removal activity within the culvert structure as opposed to the nearby stream channel. 

Phase I is currently in the design and permitting process, on schedule for construction during the 
summer of 2009.
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Phase II
Phase II includes approximately 400 feet of additional channel modifications from the 
downstream end of Phase I to the confluence of Sunset Creek and Richards Creek.  Phase II 
channel modifications include construction of a containment berm to limit the extent of flooding 
into neighboring properties.  Phase II is currently in the design and permitting process, on 
schedule for construction during the summer of 2010.   

Channel and Habitat Degradation in Richards Creek and East Creek

Downstream (north) of the confluence with Sunset Creek, Richards Creek has cut a new channel 
through a wetland area and largely abandoned its former channel.  As a result, Richards Creek 
joins East Creek upstream of Kamber Road, whereas its historical connection to East Creek was 
downstream of Kamber Road.  The added flow in the East Creek channel upstream of Kamber 
Road, and in what is termed the “flow-split channel” in this report, causes concern for erosion 
and sedimentation downstream of the flow split location. 

Recommendations for Phase III of the flood control and sediment management plan for the 
project area address ongoing channel degradation and sedimentation within the channel network 
downstream of the Sunset Creek and Richards Creek confluence.

Phase III (Alternative 3)
Grade control structures to reduce channel erosion and other channel modifications within the 
flow-split channel and East Creek are recommended to address ongoing channel degradation and 
provide conditions that promote fish passage, hydraulic complexity, floodplain activation and 
sediment storage.  Phase III (Alternative 3) has been has been identified by the City of Bellevue 
Utilities Department as a future capital improvement project, pending availability of funds and 
potential property acquisition.  Phase III (Alternative 3) as evaluated in this report would result 
in increased flood flow elevations in the stream corridor downstream of the Richards Creek flow 
split.  It is recommended that the design process for Phase III incorporate two-dimensional 
hydraulic modeling to evaluate the complex hydraulic flow patterns affecting the flow-split 
channel and another secondary channel that convey Richards Creek flow into East Creek via a 
forested wetland area.

Phase III (Alternative 4)

Another alternative to managing flooding and sedimentation in the project area is referred to as 
Phase III (Alternative 4) in this report. This alternative includes continued maintenance of 
beaver dams downstream of Kamber Road to minimize the dams’ backwater influence that 
promotes sediment accumulation and increases flooding risks at Kamber Road.  This alternative 
is recommended regardless of whether the City is able to dedicate funding for Alternative 3.  
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Sediment Source Control and Storage Recommendations 

In addition to managing flooding and sedimentation in the channel network in the vicinity of SE 
30th Street and Kamber Road, the City may be able to address sources of sediment in the upper 
Sunset Creek watershed pending availability of funding to do so.  Actions that could be taken for 
sediment source control in the upper watershed are collectively described as Phase IV of the 
flood control and sediment management plan described in this report.  Recommendations for 
Phase IV of a comprehensive plan are briefly described below.

Phase IV
Phase IV recommendations include bank stabilization and channel grade control measures in 
three reaches upstream of the project area to address ongoing sediment delivery from the upper 
Sunset Creek watershed.  Additionally, a geomorphic assessment of the East Creek channel 
network is recommended to determine the relative contribution of sediment generated by 
reported channel degradation and develop appropriate treatment recommendations.  
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Introduction  

The City of Bellevue retained Herrera Environmental Consultants (Herrera) to evaluate 
conceptual design alternatives for culvert and channel improvements to support flood control and 
sediment management improvements for stream channels in the vicinity of SE 30th Street and 
Kamber Road.  This area includes parts of Sunset Creek, Richards Creek, and East Creek within 
the vicinity of SE 30th Street and Kamber Road to the east of Richards Road and is termed the 
flood control and sediment management plan project area in this report (Figure 1).

This technical report documents the analysis of recommended flood control and sedimentation 
management alternatives and details how these alternatives may be implemented to improve 
conditions of ongoing sedimentation and flooding in channels within the project area 
downstream of SE 30th Street. This report also serves as the basis of design documentation for 
the first two phases of flood control and sediment management: 

� Phase I:  Culvert Replacement and Stream Channel Modifications on 
Sunset Creek at SE 30th Street.

� Phase II:  Additional Stream Channel Modifications on Sunset Creek 
between SE 30th Street and the confluence with Richards Creek.

Report Organization
The information presented following this introduction provides the background for the 
development of flood control and sediment management plan alternatives, and includes: 

� Description of Project Area
� Recurrent Flooding and Sedimentation Problems in the Project Area 
� Geomorphic Context of the Project Area 
� Channel and Habitat Characteristics in the Project Area 
� Constraints to Address in Solving Flooding and Sedimentation Problems 
� Flood and Sediment Control Project Objectives. 

Following this background and contextual information, the recommended flood and sediment 
control alternatives are presented along with pertinent design guidelines and requirements.  
Hydraulic and sediment transport analyses of the alternatives, design details for the proposed 
replacement culvert and channel modifications, and sediment reduction recommendations for the 
upper watershed are presented in the sections entitled:

� Analysis of Flood and Sediment Control Alternatives 
� Replacement Culvert and Channel Modification Design
� Upper Watershed Sediment Source Control and Storage 

Recommendations.
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Figure 1.  Vicinity map of the Richards Creek, Sunset Creek, and East Creek confluence area watersheds
                  and the location of the flood control and sediment management plan project area. 
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The sediment source control and storage measures presented at the end of this report are based 
on findings of the Sunset Creek Geomorphic Assessment and Sedimentation Analysis (Herrera 
2008).  The results of this study also provide the basis of understanding for the geomorphic 
context of the project area, including historical and present-day characteristics of sediment 
delivery and deposition. 

Description of Project Area
The flood control and sediment management plan project area, referred to as the “project area” 
within this report, contains a complex network of channels and confluences.  Within the last few 
years, changes in the alignment of the mainstem channel of Richards Creek have occurred 
between SE 30th Street and Kamber Road, and standard nomenclature to describe the current 
channel network has not formally been adopted in relation to those changes.  Naming 
conventions for the channel network that are used throughout this report are shown in Figure 2. 

At the south end of the project area, Sunset Creek flows north under SE 30th Street.  
Approximately 450 feet north of SE 30th Street, Sunset Creek joins Richards Creek, which flows 
generally from the southwest to northeast.  Richards Creek flows to the north downstream from 
this confluence.  Within 200 feet the stream alignment turns sharply to the east.  Approximately 
350 further downstream (east) the channel is split, or bifurcated, into two channel alignments.  

From this flow split location, some of the stream flow turns sharply to the north and the 
remainder of the flow heads to the northeast.  The alignment that heads directly north was until 
recently the main flow path for Richards Creek.  Over the last five years an increasing proportion 
of stream flow has begun to occupy the channel alignment that trends to the northeast, or the 
“flow-split channel” (Figure 2). At the present time the flow-split channel conveys nearly all of 
the flow during low stream flow conditions and the vast majority of stream flow during flooding 
events.  The channel alignment that previously conveyed Richards Creek to the north has been 
effectively abandoned and is referred to in this report as the historical Richards Creek alignment.  

The flow-split channel joins East Creek approximately 400 feet downstream from the Richards 
Creek flow split.  Downstream of this confluence, East Creek typically conveys the combined 
discharge of Sunset Creek, Richards Creek, and East Creek.  The East Creek channel is conveyed 
through a large box culvert that was recently installed beneath Kamber Road approximately 
400 feet downstream of its confluence with the flow-split channel.  The confluence of the 
historical Richards Creek alignment with Richards Creek is located 700 feet downstream of 
Kamber Road.   

Recurrent Flooding and Sedimentation Problems in the Project 
Area

Flooding and sedimentation are recurrent problems within the project area (Figure 3).  Sunset 
Creek has overtopped its banks and flooded SE 30th Street at least six times since January 1, 
2005 (Ward 2007).  This flooding has impacted local businesses and neighborhood access.   
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Persistent sediment deposition within the Sunset Creek channel immediately upstream of SE 
30th Street, through the SE 30th Street stream culverts, and in the channel downstream of the 
street crossing aggravates conditions that lead to flooding. In the last 30 years, sediment 
deposition between SE 30th Street and the Richards Creek flow split located approximately 
1,000 feet downstream has caused channel bed aggradation of between three and four feet depth 
(Herrera 2008).  This is equivalent to an average deposition rate of approximately 40 cubic yards 
annually within the Sunset Creek and Richards Creek channels between SE 30th Street and the 
flow split.  The long term, chronic aggradation has lowered the effective channel bed slope 
through the existing 42-inch diameter twin culverts beneath SE 30th Street, which further 
reduces the local sediment transport capacity.  Due to natural channel stabilization and efforts to 
reduce sediment supply from upstream sources (see Sediment Source Control Options and 
Recommendations later in this report), the average annual delivery is estimated to be lower than 
the long term average annual rate of 40 cubic yards (Herrera 2008).  Ongoing deposition, 
however, has required annual removal of sediment on the order of 20 cubic yards from the 
Sunset Creek channel immediately upstream and downstream of the culverts beneath SE 30th
Street in order to maintain the stream flow conveyance capacity in this reach (Table 1).

Table 1. Record of recent maintenance dredging from Sunset Creek at SE 30th Street.

Year of Dredging Volume of Sediment Removed
Downstream of Culverts (cubic yards)

Volume of Sediment Removed 
Upstream of Culverts (cubic yards)) 

2004 15-20 --a

2005 20 1.5
2006 10 0.75
2007 15-20 --a

Notes:
a volume of sediment removal upstream of culverts not reported.

Downstream of SE 30th Street, sediment deposition within the East Creek channel at Kamber 
Road occurred rapidly between 2005 and October 2007 following the replacement of a 36-inch 
diameter culvert with a 29-foot wide, three-sided box culvert intended to reduce flooding and 
improve fish passage.  Based on channel bed elevations derived from topographic channel cross-
sections from November 2005 and April 2007, sediment deposition was occurring at a rate of 
approximately 200 cubic yards annually at the Kamber Road crossing.  This aggradation 
significantly reduced the conveyance capacity at this location, leading to conditions promoting 
flooding.  In September 2007, approximately 50 cubic yards of sediment were removed under the 
City’s existing programmatic Hydraulic Project Approval culvert maintenance permit authorized 
by the Washington Department of Fish and Wildlife.  Concurrent with sediment removal, 
backwater conditions that were contributing to the sediment deposition at Kamber Road were 
addressed by deconstructing beaver dams located downstream.  This action temporarily restored 
flood conveyance by initiating downcutting through accumulated sediments that were not 
removed as part of the emergency sediment removal, both within the channel below Kamber 
Road and immediately downstream. 
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The most recent flooding in the project area occurred as a result of the storm event of December 
2-3, 2007.  During this event, the 24-hour rainfall total was measured at 4.7 inches in the upper 
Sunset Creek watershed, which exceeds the 100-year recurrence interval precipitation total
(Noeske 2008).  Flooding occurred at SE 30th Street and also at Kamber Road at both the East 
Creek crossing and in the vicinity of the historical Richards Creek crossing during this storm.  
Flooding of SE 30th Street and Kamber Road at the East Creek crossing in this storm event was 
caused by insufficient flow capacity at the respective road crossings.  Flooding of Kamber Road 
by flow conveyed in the historical Richards Creek channel was caused by overbank flow in the 
vicinity of the flow split that was routed to Kamber Road through a parking lot on private 
property. 

Geomorphic Context of Project Area
The flood control and sediment management project area is located in an area that was 
historically an alluvial fan between the upper Sunset Creek watershed and the lower gradient 
channel of Richards Creek that flows to the north.  Alluvial fans develop where streams emerge 
from steep reaches in which they are confined to relatively straight and narrow channels and 
flow into areas where sediment transport capacity decreases because of increases in channel 
width, reductions in channel gradient, or other influences.  The reduced channel confinement at 
the upper (south) end of the project area, in combination with the significant decrease in channel 
gradient that occurs from upstream of SE 30th Street to the confluence of the historical Richards 
Creek alignment with East Creek, causes a significant decrease in sediment transport capacity 
(Figure 4).  Reduced sediment transport capacity, in conjunction with high rates of sediment 
delivery from the upper watershed, has resulted in the ongoing channel aggradation and 
conditions that exacerbate flooding.  Significant alterations to channels within the project area, 
for purposes of land development, have further aggravated local sedimentation and flooding. 

The historical channel configuration of Sunset Creek, Richards Creek, and East Creek within the 
project area was significantly different than it is at the present time.  Before development of the 
project area occurred, Sunset Creek crossed SE 30th Street approximately 600 feet to the east of 
the current channel alignment and joined East Creek upstream of the present location of Kamber 
Road (Figure 5).  The combined flow from these channels flowed north to a confluence with 
Richards Creek downstream of the present location of Kamber Road.  Under these pre-
development conditions, the channels within the project area were free to move laterally and 
shift course as sediment deposition filled channels and locally reduced sediment transport 
capacity.  Such abrupt changes in channel location are typical of channels on alluvial fans, where 
channel alignments are impermanent and the repeated process of channel relocation and 
sediment deposition form the characteristic fan-shaped deposits.  During the development that 
occurred during the 1960s, when land was being graded and buildings adjacent to the channel 
network were being constructed, Sunset Creek, Richards Creek, and East Creek were realigned 
to their present day locations.  To maintain the altered channel locations, the banks of these 
streams were armored in several areas.  This channelization ended the natural process of 
dynamic sediment deposition and channel relocation and concentrated sediment deposition along 
the constructed channel alignments, without ability for the channels to shift in response to the 
sediment deposition. 
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Figure 4. Longitudinal channel bed profile and average channel gradients along Sunset Creek, Richards Creek, and East 
Creek through the project area.
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Figure 5.  Approximate location of historical Sunset Creek and Richards Creek channel alignments within
                 the flood control and sediment management plan project area.
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Channel and Habitat Characteristics in the Project Area  

The physical and habitat conditions within channels of the Richards Creek, Sunset Creek, and 
East Creek confluence area are largely controlled by the confined, channelized alignments and 
high rates of sediment delivery.  In the limited area where the channel is unconfined, the 
mainstem Richards Creek alignment has recently relocated through an undeveloped forested 
wetland area, initiating significant responses in channel form (the flow-split channel shown in 
Figure 2).  Habitat conditions are similarly varied, and a range of habitat types exist within the 
confined and more natural reaches of the project area.

The Sunset Creek and Richards Creek systems are inhabited by both resident and migratory 
salmonid species.  Resident and adfluvial cutthroat trout are known to use the system.  Large 
adfluvial cutthroat (in excess of 25 inches) have been observed spawning in the project area in 
recent years, and evidence of spring spawning was observed in April of 2008.  Chinook salmon 
and steelhead are known to have used this system historically as well, with distribution extending 
in Sunset Creek up to and perhaps beyond (south of) SE 30th Street.  These species have not 
been observed in the system in recent years, potentially due to passage barriers imposed by 
extensive beaver dam complexes in downstream reaches (Paulsen 2007).

Sunset Creek

At the upstream extent of the project area, between SE 30th Street and the confluence with
Richards Creek, Sunset Creek is predominantly gravel-bedded and confined within rockery walls 
that were likely placed at the time the stream was channelized and the adjacent properties were 
developed.  The channel is straight with a typical top width of approximately 12 feet.  Ongoing 
bed aggradation has occurred in this reach due to decreased sediment transport capacity in 
comparison to upstream reaches.  Over the last 30 years, bed elevations in this reach of Sunset 
Creek have risen from two to four feet.  The straight, plane-bed channel pattern provides little 
hydraulic or habitat complexity during low flow conditions.  Additionally, the wide, shallow 
channel presents a barrier to fish passage.  High-flow channels in the confined floodplain above 
the rockery walls run adjacent to building foundations in numerous locations.  Mixed-age 
deciduous vegetation in the narrow riparian corridor provides moderate cover but little potential 
for the recruitment of large woody debris.  At the SE 30th Street culverts, ongoing sediment 
deposition requires annual dredging to maintain conveyance.  Downwelling within the pool 
created by the deposited sediments creates favorable spawning habitat conditions immediately 
downstream where upwelling occurs. 

Richards Creek

Downstream of the confluence with Sunset Creek, the Richards Creek channel widens briefly (to 
approximately 25 feet) as it flows north before again being confined within rockery walls that 
were likely installed when the stream was channelized.  In the wider, upper portion of this reach 

Attachment 1 - Sediment Management Plan



Flood Control and Sediment Management Plan – Sunset Creek

ab /06-03501-002_sunset_creek_flood_control_and_sediment_management_plan

October 22, 2008 11 Herrera Environmental Consultants

the stream exhibits increased habitat complexity, and flow is split around small vegetated islands 
in plane-bed and braided, predominantly gravel-bedded, channels.  Approximately 200 feet 
downstream of the confluence of Sunset Creek and Richards Creek, and almost 600 feet 
downstream of SE 30th Street, the channel makes an abrupt bend to the east (following property 
lines).  Downstream of the bend, the bed of the confined Richards Creek channel has aggraded 
up to four feet over the last 30 years.  The lower portion of this reach (downstream of the bend) 
is characterized by alternating pools and depositional bars.  The substrate remains predominantly 
gravel-bedded but contains increased sand compared to upstream locations.  The pools here may 
be used as rearing habitat by resident and juvenile migratory salmonids and larger resident trout. 

The downstream end of this reach, at the flow split (see Figure 2), is where recent changes in 
channel alignment have altered the primary flow path of Richards Creek.  Instead of flowing 
along the historical (post-channelization) Richards Creek alignment to the north from this 
location, Richards Creek now flows to the east through a wetland to a relatively new confluence 
with East Creek, along what has been termed the “flow-split channel” for this report.  Nearly all 
of the flow in Richards Creek now crosses Kamber Road in the new East Creek culvert.  This 
flow shift is an important factor for the City’s flood control goals at Kamber Road, as now all 
flows from Richards Creek, Sunset Creek, and East Creek cross Kamber Road at a single 
location. 

Flow-Split Channel

The flow-split channel has exhibited a range of channel responses due to increased flows along 
this alignment over the past few years.  Up until November of 2007, the channel in the upper 
portion of this reach provided a broad diversity of habitat types, including rearing pools, 
substrates suitable for spawning, and abundant vegetative cover.  Locally recruited woody debris 
provided hydraulic complexity and grade control in a number of locations.  During the winter of 
2007/2008, likely during the storm event of December 3, 2007, high flows wiped out the grade 
control features and the incised channel conditions that have typified the downstream channel 
have propagated to the location of the flow split.  As described below, the downstream end of the 
flow-split channel, where it approaches the confluence with East Creek, is characterized by 
extensive downcutting to the underlying clay substrate.  Habitat suitability for spawning and 
rearing in this segment is poor.   

Historical Richards Creek

From the time the channel network in the project area was channelized until just the last few 
years, the historical Richards Creek alignment conveyed the majority of Sunset Creek and 
Richards Creek discharges north from the location of the flow split, past Kamber Road, and on to 
the confluence with East Creek.  Long-term bed aggradation within this channel likely promoted 
increasing proportions of flow to the flow-split channel and secondary channel in the adjacent 
wetland (see Figure 2), exacerbating deposition in the historical Richards Creek alignment.  
Today this channel is largely filled with sand and gravel deposits for a distance of approximately
200 feet immediately downstream of the flow split.  The historical channel transmits effectively 
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no base flow and limited discharges during peak flow events.  Downstream of Kamber Road, the 
historical Richards Creek channel form remains and is inundated by backwater from 
downstream.  This portion of the channel is also likely to transmit flow only during peak flow 
events.

East Creek

Upstream and downstream of the confluence with the flow-split channel, East Creek is 
characterized by extensive widening and downcutting into the underlying clay substrate.  Due to 
the channel confinement and lack of hydraulic complexity, there is little deposition of sediment 
in the channel until it approaches Kamber Road, where the channel was modified in association 
with the culvert replacement in 2005.  Upstream of Kamber Road, East Creek widens and 
includes grade control structures that provide the opportunity for hydraulic complexity when 
backwater conditions are not promoting widespread deposition.  Downstream of Kamber Road
the channel width remains similar to that of the box culvert width (29 feet) for the approximately 
100-foot channel length that was modified in association with the culvert replacement.  From this 
point to the confluence with the historical Richards Creek alignment, the active channel has little 
hydraulic complexity and is subject to backwater conditions from downstream flow obstructions 
such as beaver dams.  During periods of high flow, overbank flows inundate the floodplain 
surface between East Creek and the historical Richards Creek alignment.

Constraints in Addressing Flooding and Sedimentation Problems

A number of site conditions impose constraints on alternatives that address flooding and 
sedimentation within the project area, including the following: 

� Property ownership:  With the exception of a 20-foot wide easement 
running south from SE 30th Street along the Sunset Creek corridor, all 
property within the project area is privately held. Private ownership of the 
channel corridor and historical floodplain and alluvial fan areas constrain 
the geographic extent of potential flood and sediment control alternatives. 

� Utilities at SE 30th Street:  Utilities within the SE 30th Street right of way 
at the Sunset Creek culvert location include: sewer, natural gas, water, 
underground power, and underground telephone.  Realignment of the 
natural gas, water, underground power, and underground telephone is 
proposed at SE 30th Street as part of Phase I of the proposed work.  
Realignment of the sewer line is cost prohibitive and the alignment of this 
utility, including a manhole just to the east of the existing Sunset Creek 
culvert location, defines the east margin of culvert replacement 
alternatives. 
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� Sediment Delivery: Sediment delivery to the project reach is expected to 
continue indefinitely.  Even if continued treatment of upstream sediment 
sources reduces sediment delivery rates to natural levels, the confinement 
of channels in the project area, particularly Sunset Creek, inhibits the 
natural process of deposition and channel relocation that is typical of 
alluvial fan settings.  As a result, sediment delivery to the project area that 
is in excess of the channel’s capacity to transport sediment will continue to 
result in channel bed aggradation and contribute to flooding.  

� Aquatic Habitat and Species Considerations: Two aquatic species listed 
under the Endangered Species Act (i.e., Puget Sound Chinook salmon 
[Oncorhynchus tshawytscha] and Puget Sound steelhead [O. mykiss]), are 
known to occur within the project area.  In addition, coho salmon 
(O. kisutch), currently listed as a species of concern, may also occur 
within the project area.  Although the project area does not contain 
designated critical habitat for any listed species, the design and 
implementation of project alternatives to reduce flooding and manage 
sedimentation must also provide improved aquatic habitat conditions. 

� Funding Availability:  The City of Bellevue is committed to addressing 
flooding and sedimentation in the project area in a manner that is 
sustainable and provides enhanced habitat conditions for aquatic and 
riparian species.  The most sustainable approach to restoring natural 
processes and habitat conditions within the project area would be to 
purchase those private properties that are affected by flooding and that 
constrain the channel network, and return these properties to a more 
natural condition.  At the present time, the financial resources available to 
the City of Bellevue do not support this property buy-out approach.  Flood 
and sediment control alternatives considered herein fall within the scale of 
a project that the City may feasibly implement. 

Flood Control and Sediment Management Project Objectives
The objectives of flood control and sediment management alternatives within the project 
area are the following:

� Reduce impacts of flooding at SE 30th Street. 

� Reduce impacts of sediment removal activities in the active channel of 
Sunset Creek at SE 30th Street. 

� Improve aquatic and riparian habitat conditions within Sunset Creek by 
increasing channel complexity, removing invasive species, and 
revegetating with native plants.
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� Reduce impacts of flooding within the project area downstream of SE 30th
Street.

� Reduce future potential for flooding at Kamber Road. 

� Provide improved aquatic and riparian habitat conditions within the 
project area where feasible.

� Reduce sediment delivery to the project area.
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Flood Control and Sediment Management 
Alternatives and Guidelines

Recommended Alternatives 
The recommended alternatives described below were developed to provide improved conditions 
relating to flooding and sediment control within the project area.  The alternatives were 
developed under four implementation phases.  A brief description of each phase and its 
associated alternative or alternatives follows: 

� Phase I (Alternative 1): Culvert replacement on Sunset Creek at SE 30th 
Street and channel modifications approximately 110 feet upstream and 
100 feet downstream to provide a stable streambed transition to the 
culvert inlet and outlet.

� Phase II (Alternative 2): Approximately 400 feet of channel 
modifications from the downstream end of Phase I to the confluence of 
Sunset Creek and Richards Creek.

� Phase III (Alternative 3): Implementation of grade control structures 
and channel modifications within the flow-split channel and East Creek.

� Phase III (Alternative 4): Continued maintenance of beaver dams 
downstream of Kamber Road to minimize backwater influence and 
sediment accumulation at Kamber Road. 

� Phase IV: Sediment source control and storage recommendations in the 
Sunset Creek watershed upstream of the project area.

At the date of the draft publication of this Flood Control and Sediment Management Plan, Phases 
I and II are funded for design, permitting and construction.  Phase I is scheduled for construction 
in the summer of 2009.  Phase II is scheduled for construction in the summer of 2010.  Phase III 
(Alternative 3) has been identified as a potential future capital improvement project by the City 
of Bellevue, pending availability of funds for design and construction and potentially for 
property acquisition as well.  A more detailed description of each alternative is provided below.   

Phase I (Alternative 1) 
The primary objective of Alternative 1 is to optimize the flood conveyance capacity of Sunset 
Creek at SE 30th Street by replacing the existing twin 42-inch diameter culverts.  Evaluation of 
this alternative with an understanding of the high rates of sediment delivery to the project area 
identified that simply replacing the culverts with a larger hydraulic opening would not solve the 
persistent aggradation that has occurred within the Sunset Creek channel over at least the last 
30 years.  Designing a channel that could transport sediment delivered to the Sunset Creek 
crossing of SE 30th Street to locations downstream was ruled out due to the decreasing gradient 
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of channels downstream and the limited opportunities for large scale aggradation within the 
project area that would not exacerbate flooding conditions.   

Based on these considerations it was determined that a replacement culvert incorporating a 
sediment retention structure at the downstream end and simulating natural stream conditions at 
the upstream end would be the best mechanism, given the site conditions and constraints, to 
provide improved flood conveyance, fish passage to the upstream channel, and sediment control 
in a manner that would limit disturbance to the active channel. Culvert geometry was 
determined through an iterative analysis of site constraints (i.e., utility alignments and road 
surface elevations), flow conveyance, fish passage, sediment transport continuity upstream of the 
sediment retention structure, and depositional conditions within the sediment retention structure.
Based on the resulting culvert dimensions needed to address these constraints, it was determined 
that channel modifications upstream and downstream of the culvert are required to match the 
channel bed surface with the culvert inlet and outlet invert elevations (Figure 6).   

Background documentation used during the design process for this alternative included a
geotechnical evaluation of the culvert replacement site (Appendix A) and a structural and 
phasing analysis of Sunset Creek culvert replacement options (Appendix B).  Design plans 
complete to the 60 percent level are presented in Appendix C.  

Channel Modifications 
Upstream of SE 30th Street the average channel gradient of Sunset Creek is approximately 
2.5 percent.  Under the existing conditions, however, the combination of sediment aggradation 
extending upstream of SE 30th Street and sediment removal activities performed to maintain 
flow conveyance near the upstream entrance to these culverts has caused steepening of a short 
section of the channel just upstream of the road.  The channel gradient averages 9 percent for a 
distance of 30 feet upstream of the twin culverts, with a gradient of up to 18 percent within the 
10 feet upstream of the culvert inlets.  Based on the existing channel gradient and the inlet invert 
of the replacement culvert, the channel bed needs to be gradually lowered for a greater distance 
approaching the new culvert.  The design grade of the modified channel is 4.0 percent for a 
distance of 120 feet upstream.  Eight grade-control structures constructed using large woody 
debris and river boulders are proposed to provide a stable channel.  With the grade-control 
structures, the gradient of the modified channel between grade-control structures will not exceed 
2.5 percent and vertical drops are designed not to exceed 4 inches in height for fish passage.
Reshaped channel banks will be biostabilized using photodegradable erosion control fabric and 
thoroughly planted with site-appropriate native species.

Downstream of the replacement culvert, the channel bed and banks will be modified for a 
distance of 100 feet to create a stable transition of the existing streambed to the replacement 
culvert outlet.  Modifications will include sediment removal from within the channel and 
installation of two grade-control structures, one composed of large woody debris and one of 
boulders.  In addition to providing grade control, the wood structure will back water into the 
sedimentation structure for purposes of fish passage and sediment deposition within the culvert 
structure. Similar to upstream of SE 30th Street, reshaped channel banks will be biostabilized
using photodegradable erosion control fabric and thoroughly planted with site-appropriate native 
species.   
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Sedimentation Structure
The sediment storage capacity of the sediment retention (sedimentation) structure portion of the 
replacement culvert is designed to accommodate approximately 50 cubic yards of sediment.  
This volume was determined primarily through a consideration of estimated historical, existing, 
and potential future sediment delivery and transport rates, combined with practical sediment 
removal frequency for City of Bellevue maintenance crews.  Additional secondary 
considerations included site constraints, cost implications and environmental impacts associated 
with operations and maintenance activities.

Theoretically, if a reach of channel is depositional, there is more sediment entering the reach 
than there is being transported downstream out of it, and the rate of sediment delivery exceeds 
the channel’s sediment transport capacity.  The rate of aggradation, or sediment deposition, 
within the Sunset Creek and Richards Creek channels between SE 30th Street and the flow split
is estimated to average 40 cubic yards of sediment annually over the last 30-year period (Herrera
2008).  This indicates that, over that period, the rate of sediment delivery has exceeded the 
sediment transport capacity of the channel by an average of 40 cubic yards annually.  Due to 
treatment measures implemented in the upper watershed during the 1980s and 1990s (discussed 
in greater detail in the Upper Watershed Sediment Source Control and Storage 
Recommendations section) and based on volumes of sediment removed during maintenance 
activities over the last five years, the current rate of sediment delivery to the channel at SE 30th
Street is estimated to be less than 40 cubic yards on an average annual basis.  It is likely closer to 
an average of 20 to 25 cubic yards of sediment annually.  

Sediment delivery rates are highly variable and episodic by nature.  To accommodate for annual 
variability in sediment delivery, the capacity of the sedimentation structure is designed to 
accommodate delivery rates up to two times the estimated current rate.  Given this design
volume, sediment removal activities are forecast to be required every two years on average.  
Protocols for structure maintenance based on actual deposition rates and channel monitoring are 
discussed later in this report.   

Phase II (Alternative 2) 

The primary objective of Alternative 2 is to optimize the flood conveyance capacity of Sunset 
Creek from the downstream project extents of Alternative 1 to the confluence of Sunset Creek 
and Richards Creek through channel modifications and construction of a flood containment berm 
(Figure 6). 

Channel Modifications 
Alternative 2 channel modifications include removal of sediment that has accumulated within the 
Sunset Creek channel over the last 30-year period, removal of riprap on the channel banks, 
installation of large woody debris and river boulder grade control structures, biostabilization and 
replanting of stream banks and the riparian corridor, and modification of the channel 

Attachment 1 - Sediment Management Plan



Flood Control and Sediment Management Plan – Sunset Creek

ab /06-03501-002_sunset_creek_flood_control_and_sediment_management_plan

October 22, 2008 19 Herrera Environmental Consultants

cross-sectional area to a two-stage channel (incorporating a low flow channel and higher flow 
terraces).  Aggradation of the channel bed promoted lateral movement of the channel alignment 
through this reach, such that in some locations, the channel presently abuts the concrete footings 
of buildings at the channel margin.  In these locations the channel will be relocated to a more 
central position within the channel corridor between buildings. 

Flood Containment Berm
Where the Sunset Creek channel is not confined within adjacent buildings, a flood containment 
berm is proposed to contain the 100-year recurrence interval flood within the channel corridor.  
The proposed flood berm is approximately 150 feet in length and rises to an average height of 
12 inches above the parking lot located east of the channel corridor.  Hydraulic modeling of 
flood flows in the modified channel cross-section was used to design the height of this berm 
(Appendix D).

Phase III  

Phase III is inclusive of channel modifications and improvements downstream of the flow split 
along the flow-split channel and East Creek channel alignments.  Phase III is separated into two 
distinct alternatives. 

Alternative 3

Alternative 3 includes grade-control structures and channel modifications within the flow-split 
and East Creek channels between the flow split and Kamber Road (Figure 6).  Within this reach, 
ongoing channel incision is degrading the channel, producing sediment through channel 
enlargement, reducing instream sediment storage, physically destroying aquatic habitat, and 
decreasing the frequency of overbank flooding into the adjacent wetland.  Two grade control 
structures comprised of large woody debris and boulders would be constructed in the flow-split 
channel upstream of the confluence with East Creek, and six similar structures would be 
constructed downstream of the confluence. These structures would reduce significant changes in 
channel gradient caused by channel incision, increase instream sediment storage, provide 
increased hydraulic diversity, and increase the frequency that flood flows access the adjacent 
wetland floodplain.  Channel modifications would likely include biostabilization of banks where 
they have been over-steepened by channel incision, modification of the channel cross-sectional 
area to a two-stage channel, and replanting of stream banks impacted during construction 
activities.   

Alternative 4
Alternative 4 includes maintenance of beaver dams downstream of Kamber Road, in the wetland 
complex downstream of the confluence of East Creek and the historical Richards Creek channel
(Figure 6).  Beaver dams in this area can impose significant backwater conditions extending 
upstream in East Creek to the Kamber Road crossing, exacerbating conditions that promote 
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significant sedimentation and decreased flow conveyance.  Beaver dam maintenance activities 
conducted during the course of this investigation have shown to be effective at maintaining the 
design bed grade of the East Creek crossing at Kamber Road, facilitating both flow conveyance 
and sediment transport at this location.

Phase IV 

Basin reconnaissance completed during the preparation of the Sunset Creek Geomorphic 
Assessment and Sedimentation Analysis (Herrera 2008) provided the basis for recommendations 
for addressing ongoing sediment sources and providing increased sediment storage capacity in 
the upper Sunset Creek watershed.  The recommendations are presented in detail in the section 
entitled Upper Watershed Sediment Source Control and Storage Recommendations, found later 
in this report.

Design Guidelines and Criteria

Culvert and open channel design guidelines that were utilized for the development of Phase I 
(Alternative 1) and Phase II (Alternative 2) of the Flood Control and Sediment Management Plan 
are detailed below.

Open Channel Requirements

Sunset Creek channel modification designs for Phase I (Alternative 1) and Phase II 
(Alternative 2) were guided by City of Bellevue Surface Water Engineering Standards, Section 
D4-04.4 (Bellevue 1998).  The conveyance requirements set forth therein state that the channel 
shall be designed to accommodate the peak runoff rate from a 100-year, 24-hour storm with a 
minimum of one-half (0.5) foot of freeboard below the top of the bank. 

Culvert Requirements

Design of the replacement Sunset Creek culvert for Phase I (Alternative 1) was guided by flow 
conveyance requirements set forth in the City of Bellevue Surface Water Engineering Standards, 
Section D4-04.6 (Bellevue 1998) and by the Washington Department of Fish and Wildlife’s 
(WDFW) Culvert Design Guidelines (2003).   

City of Bellevue Surface Water Engineering Standards 
City of Bellevue Surface Water Engineering Standards state that the hydraulic capacity of the 
culvert shall be determined by analyzing inlet, outlet, and barrel controls.  Additional culvert 
design requirements state that the culvert shall:

� Span the bank full width of the channel 
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� Be lined with material that is similar to the adjacent channel bed

� Have a similar slope to the existing channel 

� Have a sufficient capacity and one-foot freeboard to pass the 100-year, 
24-hour design storm. 

Requirements in the City of Bellevue Surface Water Engineering Standards related to the culvert 
geometry are discussed in the section below.  Culvert requirements related to flow conveyance 
are evaluated in the section of this report that presents results of the hydraulic analysis. 

WDFW Culvert Design Guidelines
The culvert design process was informed by the guidelines set forth for “stream simulation” 
culverts (WDFW 2003).  This method was employed to promote sediment transport continuity 
from the upstream channel to the sedimentation trap in the downstream portion of the 
replacement culvert, and to promote fish passage in both directions through the culvert.  Slope 
ratio, culvert width, culvert bed configuration and design, and bed-retention sill design 
guidelines were considered during the design process.  The 60 percent design details for each of 
these design criteria for the Phase I (Alternative 1) culvert replacement are evaluated in the 
Culvert Replacement and Channel Modification Design section later in this report. 

Additionally, the replacement culvert is designed to meet the requirements of the Washington 
State Hydraulic Code Rules for Water Crossing Structures (WAC 220-110-070).  
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Analysis of Flood Control and Sediment 
Management Alternatives  

Hydraulic and sediment transport analyses were completed to evaluate the expected flow and 
sedimentation conditions for each of the alternatives described in the previous section.  The 
following sections describe the hydraulic and sediment transport analysis methods and 
assumptions. 

Methods of Hydraulic Analysis 

A hydraulic analysis of the project area was performed to evaluate design options for the 
proposed replacement culvert and channel modifications.  The hydraulic model includes the 
channel networks of Sunset Creek, Richards Creek, and East Creek from SE 30th Street to the 
confluence of the historic Richards Creek channel and East Creek downstream of Kamber Road.  
The specific objectives of the hydraulic analysis included the following: 

� Estimate and evaluate flow depths, velocities, and shear stresses under 
existing and potential alternative design scenarios to address flooding and 
sedimentation in the project area. 

� Support design and sizing calculations for the proposed replacement 
culvert and instream structures

� Compare channel responses under existing and potential alternative design 
scenarios. 

The hydraulic analysis was performed using version 4.0.0 Beta of the Hydrologic Engineering 
Center - River Analysis System (HEC-RAS) model. HEC-RAS is a one-dimensional, stepped, 
backwater numerical software model developed by the U.S. Army Corps of Engineers (USACE) 
Hydrologic Engineering Center (HEC) for river analysis and simulation.  This model is 
commonly used as a flood hazard mapping tool by the Federal Emergency Management Agency 
(FEMA) for the development of Flood Insurance Rate Maps (FIRMs), as well as for other river 
and stream engineering applications.  HEC-RAS can simulate steady and unsteady, gradually 
varied flow.  The computational procedure of the one-dimensional HEC-RAS model is based on 
the solution of the energy equation and energy losses between channel/floodplain cross-sections.  
The model calculates the water surface elevation in a step-wise manner from one cross section to 
the next (in the upstream direction) based on the hydraulic roughness of the channel and 
floodplain and on cross sectional area of flow. 
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Model Geometry

The Sunset Creek model geometry incorporates the channel network of Sunset Creek, extending 
from Interstate 90 (I-90) to the confluence with Richards Creek, located downstream of SE 30th
Street, continues downstream to the flow split with the historical Richards Creek channel and 
through the flow-split channel, continues past the confluence with East Creek and the Kamber 
Road crossing, and then downstream past the confluence of East Creek with the historical 
Richards Creek channel.  Figure 7 outlines the channel network simulated within the HEC-RAS 
model.  Table 2 describes the stream reach segments as they were developed within the Sunset 
Creek model.   

Table 2. Sunset Creek stream reach segments.

HEC-
RAS 

River ID

HEC-
RAS 

Reach ID

Downstream 
River Station 

(ft)

Upstream 
River 

Station (ft)

Corresponding 
Flow Input 

Reach Description

Sunset 
Creek

SE 30th 48.9477 3272.859 S, R5, R4b, 
R3b, R2b

Incorporates the Sunset Creek channel from 
I-90 to the confluence with Richards Creek 
and includes Richards Creek to the flow 
split, the flow-split channel, and the East 
Creek channel from the confluence of the 
flow-split channel and East Creek down to 
the confluence with the historical Richards 
Creek channel

Richards 
Creek

Historical 240.4131 1507.208 R3a, R2a Historical Richards Creek Channel from 
flow split to confluence with East Creek 
downstream of Kamber Road

Richards 
Creek

Lower 26.62222 85.48712 R1 Richards Creek from confluence with East 
Creek to Bannerwood Park

Topographic and cross-section survey data used as input for the Sunset Creek hydraulic model of 
existing conditions geometry were provided by the City of Bellevue.  Details of the channel 
cross-section and topographic data, the development of Manning’s hydraulic roughness values 
for each cross-section, and location and labeling of cross sections in each of the modeled stream 
reaches is provided in Appendix C.   

Hydrologic Data

Stream discharges used in the hydraulic analysis include the 1.01-, 2-, 10-, 25-, and 100-year 
recurrence interval flows from the Richards Creek Basin Plan (Entranco 1999).  Flows from the 
Richards Creek Basin Plan were generated using the Hydrologic Simulation Program – 
FORTRAN (HSPF) model to simulate rainfall runoff processes for 28 subbasins within the 
Richards Creek basin.  Flows from the subbasins that contribute to the channel network modeled 
in the hydraulic analysis for the basin plan were selected as hydrologic inputs to the Sunset 
Creek HEC-RAS model (Table 3).
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Table 3. 1.01-year, 2-year, 10-year, 25-year, and 100-year recurrence interval flows and 
used in hydraulic modeling.

HEC-RAS 
Profile River (Stream) Reach

River Station 
(RS)

Flows (cfs)

1.01-year 2-year 10-year 25-year 100-year

1 Richards Creek Historical 1507.208 15.05 22.65 35.4 44.55 61.8
2 Richards Creek Lower 85.48712 120.25 181 297 376 525
3 Sunset Creek SE 30th 3272.859 52.48 79 126 157 212
4 Sunset Creek SE 30th 2098.229 100.32 151 236 297 412
5 Sunset Creek SE 30th 1535.154 85.27 128.35 200.6 252.45 350.2
6 Sunset Creek SE 30th 1177.949 100.55 151.35 236.6 297.45 413.2

cfs – cubic feet per second

Methods of Sediment Transport Analysis
Sediment transport conditions were evaluated to provide input to the replacement culvert and 
channel modification design.  Specific objectives of the sediment transport analysis included: 

� Determine the characteristics and volume of sediment expected to deposit 
in the replacement culvert sedimentation structure under Phase I 
(Alternative 1).

� Evaluate the continuity of sediment transport within channels to be 
modified for Phase I (Alternative 1) and Phase II (Alternative 2)
improvements. 

The following sections describe the methods and assumptions used to complete the sediment 
transport analysis for these objectives.  A discussion of uncertainty associated with sediment 
transport calculations is also provided.  

Depositional Characteristics of Sedimentation Trap

The intent of the sedimentation trap within the replacement culvert at SE 30th Street is to capture 
the sediment that exceeds the transport capacity of channels downstream of SE 30th Street and 
results in channel aggradation and increased flooding hazards.  Between SE 30th Street and the 
Richards Creek flow split approximately 1,000 feet downstream, the rate of aggradation has 
averaged 40 cubic yards annually within the Sunset Creek and Richards Creek channels.  The 
grain-size distribution of surface and subsurface sediment within the project area was evaluated 
using surface pebble counts and subsurface bulk sediment sampling (Herrera 2008).  Figure 8 
shows the sediment sampling locations.  Grain-size distributions from select streambed substrate 
samples are provided in Appendix E. 
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The character of streambed sediment within Sunset Creek and Richards Creek is primarily 
gravel, with sand (particles less than 2 millimeters [mm] mean diameter) composing between 
22 and 40 percent of the substrate by mass (Herrera 2008).  Cobbles (particles with a mean 
diameter greater than 64 mm but not larger than 256 mm) compose no more than 5 percent of the 
streambeds.  This distribution of sediment sizes also characterizes the sediment that is removed 
annually from the Sunset Creek channel at SE 30th Street by a City of Bellevue maintenance 
crew to maintain the conveyance capacity of the existing culvert inlets and outlets. 

The geometry of the proposed sedimentation structure within the replacement culvert at SE 30th 
Street is very similar to the geometry of the existing channel that has developed.  Following 
long-term aggradation of the channel bed, the aggraded channel now has created consistent 
backwater condition at the downstream end of the existing twin culverts.  The ongoing 
maintenance activities provide a recurrent “trap” just downstream of SE 30th Street where 
sediments accumulate during winter storms.  The challenge associated with design of the 
proposed sedimentation structure is that the hydraulic characteristics that promote flow 
conveyance (and also fish passage) including increased culvert widths and a backwater grade 
control structure at the downstream end of the replacement culvert, may also lead to depositional 
characteristics that promote the deposition of sand.  

In addition to the portion of bedload sediment that is composed of sand (22 to 40 percent), sand 
and other fine-grained sediments (silt and clay) have been observed in suspension during storm 
events.  An analysis of the expected mobility of sand-sized (and smaller) particles in suspension 
was completed to determine what size of sand-sized particles may also be expected to 
accumulate in the new sedimentation structure.  

Suspended Sediment Transport of Fine-Grained Sediment
The basic premise for evaluating the suspended sediment transport of fine-grained sediments is 
based on the assumption that a particle will stay in suspension as long as the shear velocity ( *u ) 
associated with the hydraulic characteristics of the flow conditions exceeds the settling velocity
( sv ) of the particle.  

Particle settling velocity ( sv ) was calculated for sand- and silt-sized particles according to 
Stokes’ Law:

Where vs = Settling velocity, m/sec 
R = ��s- �w����w
�s = Particle density, 2600 kg/m3

�w = Fluid density, 1000 kg/m3

 g = Gravitational acceleration, 9.81 m/sec2

 D = Particle diameter, m
� = Kinematic viscosity, 1.306 x 10-6 @ 10° C. 

�18

2RgDvs �
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The shear velocity ( *u ) in Sunset Creek through the proposed Phase I (Alternative 1) 
replacement culvert and Phase I and Phase II modified channels was calculated using output 
from the hydraulic model according to the following equation: 

Where b�  = w� gRHS, basal channel shear stress
RH = Hydraulic radius, m
S = Energy gradient, m/m. 

Particle suspension through the replacement culvert and sedimentation structure was evaluated 
for the 1.01-, 2-, and 10-year recurrence interval flows at select cross-section stations in the 
project area.  Particle suspension was evaluated using the estimates of shear velocity ( *u ) and 
settling velocity ( sv ) through the relationship presented by Niño (1995) and similar to those of 
van Rijn (1984). 

Where:   

And:   

In combination with the hydraulic modeling results, the results of this analysis help predict the 
range of depositional conditions that may occur within the replacement culvert and have also 
been used to develop the adaptive management approach to operations and maintenance of the 
sedimentation structure.

Bedload Sediment Transport Continuity within Modified Channels
A sediment transport analysis of existing and modified channel geometries, at different locations 
within the channel network, was completed to evaluate and inform the design of channel 
modifications and predict future patterns of sediment transport and deposition.  This analysis was 
performed using the Bedload Assessment of Gravel–Bedded Streams (BAGS) software package 
developed for the U.S. Forest Service Stream Systems Technology Center.  This package 
produces estimates of sediment transport rates in gravel-bedded rivers using grain size, flow, and 
channel geometry information.   

�
�

�

�
�

�

	

�






45.0

5.4

0.22

3
2

3
4

*
p

p

s
R

R

v
u

32
3211

11

�
��

�

p

p

p

R
R

R

�
3RgDRp �

 � wwsR ��� 
�

w

bu
�
�

�*

Attachment 1 - Sediment Management Plan



Flood Control and Sediment Management Plan – Sunset Creek

ab /06-03501-002_sunset_creek_flood_control_and_sediment_management_plan

Herrera Environmental Consultants 30 October 22, 2008

Five different transport formulas may be used in BAGS to calculate transport rates, depending on 
the available data.  For this analysis, two relations were used, and are referred to by their 
respective literature citations: Parker (1990) and Wilcock and Crowe (2003).  Each formula 
expresses transport rate as a function of shear stress, which is a function of flow depth and 
channel slope, as developed in different empirical settings.   

Sediment transport is a highly nonlinear process, meaning that small changes in input variables
can produce large variation in transport rates.  In the absence of calibration based on field 
measurement of bedload transport, there is considerable uncertainty in any particular sediment 
transport calculation.  For this reason, the transport rates calculated in this analysis were used to 
describe relative transport capacities under existing conditions, and following implementation of 
Phase 1 (Alternative 1) and Phase II (Alternative 2) improvements at different locations within 
the channel network of the project area.   

Estimates of transport rates were made at three cross-section locations along Sunset Creek 
between SE 30th Street and the confluence of Sunset Creek and Richards Creek, approximately 
475 feet downstream (Figure 8).  Discharge inputs at the modeled cross-section stations include 
the 1.01-, 2-, and 10-year recurrence interval flows (see Table 2), and were based on hydrologic 
modeling results presented in the Richards Creek Basin Plan (Entranco 1999).  Channel 
cross-sectional data available from survey efforts completed for this project in 2006 and 2007 
were used to describe existing channel geometry.  Phase I (Alternative 1) and Phase II 
(Alternative 2) channel geometries were based on the proposed channel geometries from the 
HEC-RAS model. 

Grain-size distributions of surface and subsurface sediment from these locations were used as 
input to the sediment transport formulae for existing conditions (Herrera 2008). Because the 
new sedimentation structure is intended to capture a large portion of the coarse-grained sediment 
delivered to the channel downstream of SE 30th Street, the grain-size distributions of bedload 
sediment under the proposed conditions were modified by truncating the existing grain-size 
distributions above 32 mm and recalculating the percentages composed of the smaller-grained 
fractions. This modified grain-size is based on the observation that the existing “trap” that has 
formed as a result of channel aggradation downstream of the existing culverts has limited the 
downstream transport of particles greater than 32 mm in diameter.  The grain-size distributions 
for the existing and proposed channels and additional inputs to the sediment transport model, 
including the channel gradients, channel cross-sectional topography, and overbank flow-
roughness parameters are included in Appendix E. 

Results of Hydraulic and Sediment Transport Analysis
The following sections provide the results of the hydraulic and sediment transport analyses.

Hydraulic Analysis Results
The water surface elevations, water surface gradients, channel velocities, and channel shear 
stress values predicted by the HEC-RAS model for the existing and proposed channel geometries 
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are presented in Appendix D.  Figures 9, 10, and 11 show the 1.01-, 2-, 10-, 25-, and 100-year
recurrence interval flow water surface profiles from upstream of SE 30th Street to the confluence 
of Sunset Creek and Richards Creek for the existing condition, Phase I (Alternative 1), and Phase 
II (Alternative 2) model geometries, respectively.  Figure 12 illustrates the difference in the
2-year and 100-year recurrence interval flow profiles between the existing conditions, Phase I 
(Alternative 1), and Phase II (Alternative 2) model geometries over the same channel area.
Figures 13 and 14 show the 1.01-, 2-, 10-, 25-, and 100-year recurrence interval flow water 
surface profiles from the Richards Creek flow split to the confluence of the historical Richards 
Creek channel and East Creek for the existing condition and Phase III (Alternative 3) model 
geometries. 

Model Accuracy and Precision
Model Accuracy
The accuracy of the hydraulic model was evaluated using measurements of stream water surface 
elevation (stage) under the existing conditions and as observed by City staff during flooding, and 
comparing these data and observations to output of the existing conditions hydraulic model 
geometry.  Discharge and stage measurements were completed on Sunset Creek downstream of 
SE 30th Street, on Richards Creek downstream of the Sunset Creek and Richards Creek 
confluence, and on East Creek downstream of Kamber Road.  Historical observations of flooding 
and photos taken during the December 3, 2007 storm event at SE 30th Street and Kamber Road 
were provided by the City of Bellevue and were used to evaluate the model representation of 
high flow events.  Details of the evaluation of the model accuracy are provided in Appendix D. 

Channel geometry of two of the modeled reach segments was altered significantly since the date 
of the latest survey.  At the first location, between the Richards Creek flow split and the 
confluence of the flow-split channel with East Creek, a series of small woody debris 
accumulations that created bed grade controls within the flow-split channel were washed out 
during the winter of 2007/2008, likely during the high flow event of December 3, 2007.  
Downstream of this location, where Kamber Road crosses East Creek, maintenance removal of 
sediment in September 2007, and subsequent erosional processes following lowering of 
backwater conditions resulting from removal of downstream beaver dams, have lowered the 
local stream bed elevations.  Due to these changes in bed geometry, hydraulic modeling results at 
these locations are no longer representative of current conditions.  

Model Precision  
The HEC-RAS model results must be interpreted with an understanding of the limits of the 
model precision.  The precision is largely influenced by the water surface tolerance, which was 
set to 0.01 feet (this is the default and recommended setting).  The model uses this tolerance to 
compare the assumed water surface elevation against the computed water surface elevation in 
order to converge to a numerical solution.  Differences between existing and proposed conditions 
that are less than or equal to 0.01 feet are not considered numerically significant and may be only 
an artifact of the model’s convergence calculations.
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Figure 9. Profile plot of HEC-RAS model output for the Existing Conditions model geometry for the 1.01-, 2-, 10-, 25-, and 
100-year recurrence interval flows from upstream of SE 30th Street to the Sunset Creek and Richards Creek  
confluence.
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Figure 10. Profile plot of HEC-RAS model output for the Phase I (Alternative 1) model geometry for the 1.01-, 2-, 10-, 25-, 
and 100-year recurrence interval flows from upstream of SE 30th Street to the Sunset Creek and Richards Creek  
confluence. 
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Figure 11. Profile plot of HEC-RAS model output for the Phase II (Alternative 2) model geometry for the 1.01-, 2-, 10-, 25-, 
and 100-year recurrence interval flows from upstream of SE 30th Street to the Sunset Creek and Richards Creek 
confluence. 
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Figure 12. Profile plot of HEC-RAS model output for the Existing Conditions, Phase I (Alternative 1) and Phase II 
(Alternative 2) model geometries for the 2-year and 100-year recurrence interval flows from upstream of SE 30th
Street to the Sunset Creek and Richards Creek confluence.
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Figure 13. Profile plot of HEC-RAS model output for the Existing Conditions model geometry for the 1.01-, 2-, 10-, 25-, and 
100-year recurrence interval flows from the flow split to the historical Richards Creek and East Creek confluence.
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Figure 14. Profile plot of HEC-RAS model output for the Existing Conditions and Phase III (Alternative 3) model geometry 
for the 1.01-year and 100-year recurrence interval flows from the flow split to the historical Richards Creek and 
East Creek confluence.
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Hydraulic Changes Due to the Alternatives Evaluated
The results presented in Figures 9 through 14 illustrate the existing conditions and the changes in 
channel bed and water surface elevation associated with the alternatives evaluated.  A summary 
of the hydraulic model results for the existing conditions, Phase I (Alternative 1), Phase II 
(Alternative 2), and Phase III (Alternative 3) model geometries is provided below. 

Existing Conditions 
Results of the hydraulic analysis of existing conditions illustrate the high risk of flooding during 
moderate peak flow events at both SE 30th Street and Kamber Road.  The model results at SE 
30th Street indicate flooding during the 1.01-year flood flow, which is consistent with the 
observed frequency of flooding in recent years (Figure 9).  The bulge in the bed profile between 
SE 30th Street (at approximately Station 2600) to the confluence of Sunset Creek and Richards 
Creek (at approximately Station 2180) illustrates the aggradation that has occurred along this 
reach over the last 30 years.  

The model results at Kamber Road indicate that a “free” water surface (i.e., water surface that 
remains below the top of the culvert opening) is lost in flood flows through the culvert in that 
location at flow magnitudes less than the 2-year flow, and flooding of the road may occur at 
flows in the range of the 10-year event.  As mentioned above in the discussion of model 
accuracy, the removal of sediment at the culvert crossing at Kamber Road due to maintenance in 
September 2007 and through erosional processes following removal of downstream beaver dams 
renders the bed geometry and model output at this location obsolete (Figure 14).  The results do,
however, reinforce the potential flood impacts of sediment deposition at this location and the 
importance of limiting backwater conditions in an effort to minimize sedimentation and maintain 
the designed flood conveyance capacity of the box culvert beneath Kamber Road [see Phase III 
(Alternative 4)].

Phase I (Alternative 1)
Phase I hydraulic model results illustrate the geometry of the replacement culvert and channel 
modification both upstream and downstream of SE 30th Street (Figure 10).  Figure 10 also shows 
the decrease in flood flow water surface profiles resulting from Phase I improvements.  This 
decrease in flood risk is evident as the replacement culvert is estimated to pass the 2-year flow 
with a free water surface and flows up the 100-year event are not predicted to overtop the road.  
The downstream limit of bed modifications proposed under Phase I construction activities is also 
evident at approximately Station 2480.   

The limit of Phase I streambed modifications and the height of the downstream bed will result in
temporary backwater conditions through the replacement culvert.  The backwater condition will 
be resolved with the construction of the proposed Phase II channel modifications.  The 
streambed topography creating backwater through the culvert may also be eliminated naturally 
by a geomorphic response of the channel during high flows following the onset of bedload 
sediment capture at the replacement culvert.  It is conceivable that streambed sediment 
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mobilization will occur downstream of the limits of the Phase I improvements at the channel’s 
topographic high point due to increased flow conveyance through the replacement culvert, 
coupled with decreased rates of coarse sediment delivery as a result of sediment capture in the 
new culvert. If this occurs, the downstream bed elevation will be lowered, reducing backwater 
into the culvert.  If, however, the initial peak flows through the replacement culvert are relatively 
low in magnitude, yet with high concentrations of sand in transport, there is the potential for 
aggradation of the bed through the replacement culvert to the upstream extent of the Phase I 
channel modifications.  An evaluation of the sediment transport conditions that would contribute 
to this condition are provided in the Sediment Transport Analysis Results section below.

Although the risk of severe aggradation occurring prior to the implementation of Phase II 
channel modifications is considered low, such aggradation would have an effect on flow profiles 
at the replacement culvert, as illustrated in Figure 15.  These model results are based on a very 
conservative modification of the bed topography, in terms of hydraulic analysis, as the modified 
bed topography represents aggradation of the entire channel bed up to 2.5 feet over a distance of 
approximately 200 feet, from the upstream end of the replacement culvert to a distance 140 feet 
downstream.  This represents a total of over 220 cubic yards of sediment deposition following 
construction of Phase I, including filling up the storage capacity provided by the sedimentation 
structure.  Although increases of the bed elevation under this potential scenario would result in 
temporary increases in water surface elevation for all flood flow profiles, none of the flows are 
predicted to overtop SE 30th Street.  Thus, these conditions would still represent an overall 
decrease in flood risks at the replacement culvert site when compared to the existing conditions 
(Figure 15).  

Phase II (Alternative 2)
Model results presented in Figure 11 represent the long-term water surface profile conditions 
sought in Sunset Creek from upstream of SE 30th Street to the Sunset Creek and Richards Creek 
confluence following implementation of Phase II channel improvements.  Figure 12 illustrates 
the improvements in the 2-year and 100-year recurrence interval flow profiles between existing 
conditions, Phase I (Alternative 1), and Phase II (Alternative 2) conditions over the same channel 
area. At SE 30th Street, the replacement culvert is designed to provide conveyance of the 25-
year flow event with 0.2 feet of freeboard and provide conveyance of the 100-year flow without 
flooding of the road.  These hydraulic conditions do not fully satisfy the City of Bellevue 
Engineering Standards which state that culverts should pass the 100-year flow with one foot of 
freeboard.  However, given the site constraints, including the change in bed profile at the culvert 
location and the limited channel width, the Engineering Standards cannot be fully met without 
raising the surface elevation of SE 30th Street by 1.5 feet where it crosses Sunset Creek. The 
consequences of raising the roadway by 1.5 feet at the replacement culvert location, aside from 
added project cost, include: 

� Increasing the project limits and re-grading the approach along SE 30th
Street. 
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Figure 15. Profile plot of HEC-RAS model output for the potential aggradation scenario following Phase I for the 2-year and 
100-year recurrence interval flows from upstream of SE 30th Street to the Sunset Creek and Richards Creek 
confluence showing both the aggradation scenario and Phase I constructed bed geometry.
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� Re-grading driveway entrances to properties to the northwest, northeast, 
and southeast.  This work would require agreements with the property 
owners. 

� Resolving modified surface drainage flow paths resulting from local super 
elevation of the roadway. 

Downstream of SE 30th Street, the proposed Phase II channel modifications and flood 
containment berm between the channel and a parking lot between Stations 2313 and 2175 are 
estimated to provide conveyance of the 100-year flow with a minimum of 0.75-foot of freeboard 
along Sunset Creek to the confluence with Richards Creek, consistent with City of Bellevue 
Engineering Standards (see Appendix D).  

Phase III 

Alternative 3
Figure 14 illustrates the proposed Alternative 3 bed modifications between the Richards Creek 
flow split and Kamber Road compared against the existing conditions.  Comparison of the 
1.01-year and 100-year flow profiles illustrates how the proposed grade control structures can be 
utilized to provide local increases in water surface elevation to restore floodplain reconnection.

The impacts of increases in water surface elevation in this reach on neighboring properties were 
not evaluated.  It is anticipated that channel modifications resulting in increases in water surface 
elevations would also require construction of flood berms at the boundary of adjacent parcels.

As discussed above, the modeled bed topography of the flow-split channel between the Richards 
Creek flow split and the East Creek confluence no longer represents the existing conditions, as 
naturally occurring grade control features composed of small woody debris did not persist 
through the winter of 2007/2008.  As such, the location of grade control structures will need to 
be re-evaluated at the onset of Alternative 3 design activities based on the channel conditions at 
that time.  

Because of the complex floodplain flow dynamics between the flow split and the East Creek 
confluence, including the secondary channel from the historical Richards Creek alignment to the 
flow-split channel that was not included in the model geometry, it is recommended that the
Alternative 3 design process include a two-dimensional hydraulic analysis of these features.

Alternative 4
Figure 16 shows the modeled differences in the 2-year and 100-year water surface profiles for 
the Alternative 3 channel modifications.  These differences result from an increase in the 
downstream reach boundary condition normal depth (gradient) from 0.0013 in Phase III 
Alternative 3 to 0.003 in Phase III Alternative 4, which approximates the effect of reducing the 
backwater influence from downstream beaver dams.  
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Figure 16. Profile plot of HEC-RAS model output for the Phase III Alternative 3 and Alternative 4 model geometry for the 2-
year and 100-year recurrence interval flows from the flow split to the historical Richards Creek and East Creek 
confluence. 
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The results presented in Figure 16 also indicate limitations in the accuracy of the model at 
Kamber Road.  The model output does not predict that downstream changes in the reach 
boundary conditions will affect water surface profiles at Kamber Road or upstream.  
Observations of water surface elevations and depositional conditions, both during significant 
backwater conditions and following beaver dam maintenance activities consistent with 
Alternative 4, have shown that changes in the water surface elevation downstream of the model 
geometry influence flow conditions at Kamber Road.  These inconsistencies between model 
output and observed conditions are likely due to complex hydraulic geometry that is not 
adequately represented by the model geometry, particularly in the transition from the wide 
modified channel in the vicinity of the Kamber Road box culvert to the narrow channel 
downstream.  

Sediment Transport Analysis Results
The analysis of sediment transport conditions associated with the sedimentation structure within 
the replacement culvert at SE 30th Street and the continuity of sediment transport conditions 
within modified channels in the project area was conducted iteratively during the design 
development process for the project alternatives.  The results of those analyses provide an 
indication of the future sediment transport and depositional characteristics of Phase I (Alternative 
1) and Phase II (Alternative 2).  Results from the analysis of fine-grained sediment transport 
through the replacement culvert, and bedload transport through Sunset Creek from SE 30th
Street to the confluence with Richards Creek are provided in the following sections.

Suspended Transport of Fine-Grained Sediment
Analysis of suspended transport of fine-grained sediment was conducted to predict the character 
of sediment that can be expected to be trapped within the sedimentation structure in the 
replacement culvert at SE 30th Street (Phase I). The primary intent of the sedimentation 
structure design is to capture coarse-grained sediments, including cobble and gravel, in addition 
to medium- and coarse-grained sand, particle sizes that range from up to 256 mm to as small as 
0.25 mm.  This range of sediment sizes is typical of the streambed material downstream of SE 
30th Street and is the material that is delivered to the channel at rates in excess of the channel’s 
sediment transport capacity.  The risk in the sedimentation structure design is that the deposition 
of finer sediment, including fine sand and smaller particles less than 0.25 mm in diameter, will 
occur at rates that will result in an excess accumulation of sediment within the culvert structure,
particularly since high rates of sand accumulation have been observed in East Creek at Kamber 
Road under backwater conditions.

Settling velocities for sand-sized particles, their settling velocities, and the necessary shear 
velocities required to keep the particles in suspension were calculated in metric units and 
converted to English units.  These velocities are presented in Table 4.  These shear velocity 
values were compared to calculated shear velocities at select cross-section station locations using 
hydraulic model output in order to predict the largest particle size that would remain in
suspension for the 1.01-, 2-, and 10-year flows under existing conditions, and following 
construction of Phase I and Phase II culvert and channel improvements (Table 5). Results of the 
calculations for existing conditions were compared to observations of depositional patterns 
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within the project area in order to predict how the calculated suspended transport conditions will 
translate into future patterns of deposition indicated by the calculation results for Phase I and 
Phase II site conditions.  

Table 4. Settling velocities for sand based on Stokes’ settling equation, and calculated 
shear velocities necessary to maintain particles in suspension.

Sediment Class
Maximum Particle Size

(mm)
Settling Velocity

(ft/sec) 
Necessary Shear Velocity for 

Entrainment (ft/sec)  a

Very coarse sand 2 8.8 3.9
Coarse sand 1 2.2 0.99
Medium sand 0.5 0.55 0.25
Fine sand 0.25 0.14 0.099

a Necessary shear velocity for entrainment calculated according to the method presented by Niño (1995). 

The maximum grain sizes predicted to be transported in suspension through the replacement 
culvert (Stations 2611 and 2578) range from 0.2 mm to 0.5 mm under Phase I, and from 0.3 mm 
to 0.5 mm under Phase II.  These sizes compare to maximum values of 0.5 mm to 0.6 mm that 
are estimated to be transported in suspension through the existing 42-inch diameter culverts 
under the existing conditions.  Although the grain sizes estimated to remain in suspended 
transport through the replacement culvert are the smallest grain sizes calculated at any location 
evaluated in the channel network, the magnitude of differences between the calculation results 
for existing, Phase I, and Phase II conditions does not indicate that significant deposition of fine 
sediment is expected in the replacement culvert and adjacent channel sections under the 
proposed conditions.   

In addition, the maximum grain sizes predicted to be transported in suspension under existing 
conditions in the 1.01- to 10-year flow events at Station 2643, just upstream of SE 30th Street, 
are also comparable to the estimates within the replacement culvert in Phases I and II and the 
extent of channel modifications under Phase I.  The lack of flow conveyance through the existing 
culverts frequently creates a backwater condition at this station, however the sediments that 
accumulate here are predominantly gravel and cobble and do not appear to contain any more 
sand than at downstream sample locations within Sunset Creek.  This indicates that the flow 
conditions proposed under Phase I and Phase II are not likely to promote significant fine-grained 
sediment deposition within the replacement culvert. 

Bedload Sediment Transport Continuity within Modified Channels
An analysis of bedload sediment transport was completed at three locations on Sunset Creek 
between SE 30th Street and the confluence with Richards Creek to evaluate the continuity of 
sediment transport conditions and predict future conditions of deposition and transport in the 
modified channels.  Because the sediment transport relations are not calibrated, and calculated
rates of sediment transport may vary by orders of magnitude from actual rates, there is 
considerable uncertainty in the absolute sediment transport rates calculated.  The sediment 
transport rates presented below, therefore, are for use in comparing relative transport rates at 
different locations along the channel between the existing, Phase I, and Phase II channel 
conditions.  
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Table 5. Calculated channel shear stress, channel shear velocity, and predicted maximum grain size in suspension for select cross-sections 
(stations) under existing, Phase I, and Phase II conditions.

Station Flow

Existing Conditions Phase I Conditions Phase II Conditions

Channel 
Shear Stress

(lb/ ft2) 

Channel 
Shear 

Velocity 
(ft/sec)

Predicted Maximum 
Grain Size in 

Suspension (mm)

Channel 
Shear Stress

(lb/ ft2) 

Channel 
Shear 

Velocity 
(ft/sec)

Predicted Maximum 
Grain Size in 

Suspension (mm)

Channel 
Shear Stress

(lb/ ft2) 

Channel 
Shear 

Velocity 
(ft/sec)

Predicted Maximum 
Grain Size in 

Suspension (mm)

2794 1.01-year 3.01 1.25 1.1 2.13 1.05 1.0 2.14 1.05 1.0
2-year 3.04 1.25 1.1 2.29 1.09 1.0 2.30 1.09 1.1

10-year 3.68 1.38 1.2 2.95 1.23 1.1 2.95 1.23 1.1
2702 1.01-year 0.50 0.51 0.7 3.45 1.33 1.2 2.27 1.08 1.0

2-year 0.51 0.51 0.7 3.61 1.36 1.2 3.39 1.32 1.2
10-year 0.63 0.57 0.8 3.71 1.38 1.2 4.16 1.46 1.2

2676 1.01-year 0.38 0.44 0.7 1.3 0.82 0.9 3.76 1.39 1.2
2-year 0.46 0.49 0.7 1.42 0.86 0.9 2.88 1.22 1.1

10-year 0.63 0.57 0.8 1.71 0.94 1.0 3.42 1.33 1.2
2643 1.01-year 0.07 0.19 0.4 0.21 0.33 0.6 1.02 0.73 0.9

2-year 0.12 0.25 0.5 0.31 0.40 0.6 1.13 0.76 0.9
10-year 0.21 0.33 0.6 0.49 0.50 0.7 1.10 0.75 0.9

Upstream end of Culvert at SE 30th Street
2611 1.01-year -- -- -- 0.01 0.07 0.2 0.02 0.10 0.3

2-year -- -- -- 0.02 0.10 0.3 0.04 0.14 0.4

10-year -- -- -- 0.04 0.14 0.4 0.06 0.18 0.4

2578 1.01-year 0.10 0.23 0.5 0.02 0.10 0.3 0.05 0.16 0.3

2-year 0.18 0.30 0.6 0.04 0.14 0.4 0.08 0.20 0.4

10-year 0.33 0.41 0.6 0.08 0.20 0.5 0.12 0.25 0.5
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Table 5 (continued). Calculated channel shear stress, channel shear velocity, and predicted maximum grain size in suspension for select 
cross-sections (stations) under existing, Phase I, and Phase II conditions. 

Station Flow 

Existing Conditions Phase I Conditions Phase II Conditions 

Channel 
Shear Stress 

(lb/ ft2)

Channel 
Shear 

Velocity 
(ft/sec)

Predicted Maximum 
Grain Size in 

Suspension (mm) 

Channel 
Shear Stress 

(lb/ ft2)

Channel 
Shear 

Velocity 
(ft/sec)

Predicted 
Maximum Grain 

Size in Suspension 
(mm) 

Channel 
Shear Stress 

(lb/ ft2)

Channel 
Shear 

Velocity 
(ft/sec)

Predicted 
Maximum Grain 

Size in Suspension 
(mm) 

Downstream end of Culvert at SE 30th Street
2539 1.01-year 0.71 0.60 0.8 0.13 0.26 0.5 0.48 0.50 0.7
 2-year 1.00 0.72 0.9 0.21 0.33 0.6 0.62 0.57 0.8
 10-year 1.54 0.89 1.0 0.36 0.43 0.7 0.81 0.65 0.8
2527 1.01-year 0.66 0.58 0.8 0.11 0.24 0.5 0.43 0.47 0.7
 2-year 0.88 0.67 0.8 0.18 0.30 0.6 0.55 0.53 0.7
 10-year 1.22 0.79 0.9 0.30 0.39 0.6 0.71 0.60 0.8
2513 1.01-year 0.58 0.55 0.7 0.14 0.27 0.5 0.62 0.57 0.8
 2-year 0.73 0.61 0.8 0.23 0.34 0.6 0.80 0.64 0.8
 10-year 0.92 0.69 0.8 0.39 0.45 0.7 1.03 0.73 0.9
2492 1.01-year 1.01 0.72 0.9 0.16 0.29 0.5 0.68 0.59 0.8
 2-year 1.03 0.73 0.9 0.26 0.37 0.6 0.81 0.65 0.8
 10-year 0.85 0.66 0.8 0.42 0.47 0.7 0.98 0.71 0.8
2429 1.01-year 0.57 0.54 0.7 0.57 0.54 0.7 0.66 0.58 0.8
 2-year 0.70 0.60 0.8 0.70 0.60 0.8 0.85 0.66 0.8
 10-year 0.97 0.71 0.8 0.97 0.71 0.8 1.16 0.77 0.9
2379 1.01-year 0.75 0.62 0.8 0.75 0.62 0.8 0.54 0.53 0.7
 2-year 0.85 0.66 0.8 0.85 0.66 0.8 0.68 0.59 0.8
 10-year 1.15 0.77 0.9 1.15 0.77 0.9 0.89 0.68 0.8

Attachment 1 - Sediment Management Plan



Flood Control and Sediment Management Plan – Sunset Creek

ab /06-03501-002_sunset_creek_flood_control_and_sediment_management_plan

October 22, 2008 47 Herrera Environmental Consultants

Bedload sediment transport capacity rates for the existing, Phase I, and Phase II channel 
conditions using the Parker (1990) and Wilcock and Crowe (2003) transport equations are 
presented in Table 6. These results show relatively equivalent rates of sediment transport at 
Stations 2429 and 2205 in the existing, Phase I, and Phase II conditions but inconsistent results at 
Station 2527, which is located within the Phase I channel modifications, approximately 
50 downstream from the replacement culvert outlet. At this location sediment transport rates 
following Phase I channel modifications are estimated to be effectively zero, and rates following 
Phase II channel modifications are predicted to be an order of magnitude lower than under the
existing conditions.   

Table 6. Estimated bedload sediment transport capacity rates for existing, Phase I, and 
Phase II conditions for the 1.01-, 2- and 10-year flow rates based on existing 
channel surface grain-size distributions.

Station

Sediment Transport Rate  (kg/min)
Existing Conditions Phase I Conditions Phase II Conditions

1.01-year 2-year 10-year 1.01-year 2-year 10-year 1.01-year 2-year 10-year

Parker (1990)
2527 13.2 45.0 137 2.13 x 10-8 3.54 x 10-7 6.78 x 10-6 0.75 3.76 14.6
2429 29.6 91.1 259 29.6 91.1 259 113 218 484
2205 118 285 652 118 285 652 83.6 196 394

Wilcock and Crowe (2003)
2527 5.62 20.9 69.4 1.32 x 10-5 7.56 x 10-5 4.66 x 10-4 0.317 1.70 7.62
2429 9.12 30.4 92.4 9.12 30.4 92.4 40.3 91.1 172
2205 48.1 117.1 272 48.1 117 272 36.1 83.5 178

The decrease in calculated Phase I sediment transport rates at Station 2527 are due to backwater 
conditions imposed by the high point in the channel profile downstream from the limits of Phase 
I channel modifications.  Because of this anticipated backwater condition, the modified channel 
downstream of SE 30th Street following Phase I will be largely depositional until the high point 
in the channel downstream is lowered, either by Phase II channel modifications or due to 
geomorphic response of the channel to reduced sediment delivery.  As discussed in the Hydraulic 
Analysis Results section above, the sediment storage capacity of the sedimentation structure and 
modified channel following construction of Phase I improvements will exceed 200 cubic yards.  
The likelihood of sediment delivery to the channel at over 10 times the rate that typically 
accumulates in the existing condition until Phase II channel improvements are constructed, or 
natural geomorphic channel response occurs near Station 2527, is considered highly unlikely. 

Sediment transport rates at Station 2527 under Phase II conditions are approximately an order of 
magnitude lower than those predicted under the existing conditions.  These results indicate that 
low rates of sediment transport at this location could potentially result in depositional conditions 
and discontinuity of bedload transport.  The sediment transport results presented in Table 6,
however, are based on the existing grain-size distribution of sediment that is presently 
transported through the existing culverts.   
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Using the existing grain size distributions from the Sunset Creek channel provides conservative 
(low) estimates of sediment transport rates under the modified channel scenarios.  The reason for 
this is that during typical years, the sedimentation structure will capture approximately 50 cubic 
yards of sediment, including the largest particles delivered.  During years when sediment 
delivery rates exceed the sedimentation structure capacity, either due to significant delivery rates, 
or by design following adaptive management of the sediment structure (see the Protocols for 
Channel Monitoring and Replacement Culvert Sedimentation Structure Maintenance section 
below) the bedload sediment likely to be transported downstream of the sedimentation structure 
will be finer than the bedload sediment in the channel today. This is because the coarsest
particles will be retained within the sedimentation structure.  

Table 7 presents modified sediment transport capacity rates incorporating truncated grain size 
distributions (above 32 mm) for calculations associated with Phase I and Phase II conditions.  
These results show close to zero transport rate at Station 2527 following Phase I, similar to the 
calculations described above that assumed existing sediment grain size distributions, but 
otherwise Phase II bedload transport rates that are slightly greater than the transport rates under 
the existing conditions.  Given that the rates of sediment delivery to the Sunset Creek channel 
have exceeded the sediment transport capacity by approximately 40 cubic yards annually for the 
past 30 years, a modified channel with similar transport capacity rates and a sedimentation
structure that captures the excessive sediment delivery is expected to maintain an equilibrium 
channel profile in the future, albeit with ongoing maintenance obligations at the sedimentation 
structure. 

Table 7. Estimated bedload sediment transport capacity rates for existing, Phase I, and 
Phase II conditions for the 1.01-, 2- and 10-year flow rates with potential future 
bedload sediment grain-size distributions.

Station

Sediment Transport Rate  (kg/min)
Existing Conditions a Phase I Proposed Conditions b Phase II Proposed Conditions b

1.01-year 2-year 10-year 1.01-year 2-year 10-year 1.01-year 2-year 10-year

Parker (1990)
2527 13.2 45.0 137 3.33 x 10-5 0.000602 0.0122 15.3 44.9 119
2429 29.6 91.1 259 63.9 171 438 201 394 734
2205 118 285 652 192 420 879 143 308 597

Wilcock and Crowe (2003)
2527 5.62 20.9 69.4 0.000894 0.00513 0.0320 6.89 20.4 55.3
2429 9.12 30.4 92.4 19.2 54.6 147 66.7 141 255
2205 48.1 117.1 272 72.8 164 358 56.4 122 253

a Existing conditions bedload sediment transport rates calculated using the existing surface grain-size distributions from 
station locations.

b Proposed conditions bedload sediment transport rates calculated using the existing surface grain-size distributions from 
station locations truncated above 32mm.

.
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Replacement Culvert and Channel Modification 
Design 

The following sections provide a description of the design calculations and materials associated 
with the proposed replacement culvert and channel modifications under Phase I (Alternative 1) 
and Phase II (Alternative 2), and proposed protocols for channel monitoring and replacement 
culvert sedimentation structure maintenance.  Engineering design plans (60 percent level of 
design completion) for Phase I are attached as Appendix C. 

Replacement Culvert Design 
The proposed replacement culvert design includes removal of two existing 42-inch diameter 
corrugated metal pipes and installation of a much larger structure containing a sedimentation trap 
with approximately 50 cubic yards of storage capacity at the downstream end and a simulated 
stream within the culvert at the upstream end to provide fish passage through the culvert to the 
channel upstream.  As presented earlier, the replacement structure is designed to prevent 
flooding of SE 30th Street during the 100-year event and to provide storage for sediment that 
exceeds the transport capacity of downstream channels in a location outside of the active channel 
to minimize disturbances associated with maintenance activities. 

Evaluations with respect to WDFW (2003) design criteria for slope ratio, culvert width, and 
culvert bed configuration and design, including bed-retention sill design, are provided below.

Slope Ratio
The slope ratio is a measure of the difference between the culvert bed slope, Sculv and the natural 
channel slope, Sch, where: 

Slope Ratio

For the proposed Phase I (Alternative 1) culvert replacement this ratio is 1.1. This ratio is based 
on a bed slope of 4.3 percent within the stream simulation portion of the culvert (Sculv), and a 
slope of 4.0 percent within the  modified channel upstream (Sch).  This ratio is within the range 
recommended for stream simulation culverts (WDFW 2003). 

Culvert Width

WDFW (2003) recommends that culvert width, Wculvert bed, be determined according to the 
following equation: 

Wculvert bed = 1.2Wch + 2 (in feet)

Where: Wch = The width of the bankfull channel. 

ch

culv

S
S

�
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This design guideline is intended to provide adequate width for natural channel forming 
processes in self-forming alluvial channels where the width of the bankfull channel, Wch, may be 
evaluated using parameters associated with the active channel width, the ordinary high water 
width, and the bankfull width. 

The Sunset Creek channel upstream of SE 30th Street is a constructed channel, confined within a 
narrow corridor with little room for planform variations.  As such, the existing channel width is 
not indicative of a natural channel geometry that would occur at this location in the absence of 
significant modification.  Because of these confined and constructed conditions, consistent with 
the characteristics of an incised channel, there is relatively little variation in flow width with 
changes in stage and typical “bankfull channel” indicators are not appropriate as the channel is 
not self-forming and does not access the adjacent floodplain even during peak flow events (see
Appendix D).  Channel width was therefore evaluated using indicators including changes in bank 
vegetation, active erosion along channel banks, and the extent of deposition features within the 
channel.  Based on these indicators the channel width was estimated to range between 9 and 
12 feet.  These observed widths correspond to the average wetted channel width of 11.3 feet 
predicted by the modeled 1.01-year recurrence interval flow for the channel for a distance of 
600 feet upstream of the culvert (see Appendix D).   

Based on the these measured and predicted indicators of channel width, and the flow conveyance 
and sediment transport analysis, the design width of the culvert, Wculvert bed, was set at 13 feet.

Culvert Bed Configuration and Design

The 4.3 percent design gradient of the stream simulation portion of the replacement culvert is 
near the threshold criteria of a 4.0 percent gradient that dictates whether Scenario 1 or Scenario 2 
of the WDFW guidelines are recommended (WDFW 2003).  The unique function and geometry 
of the culvert and sedimentation structure, and the potential for future changes in sediment 
delivery to the culvert, require elements of both Scenarios as well as utilization of bed retention 
sills.  

The design geometry of the culvert includes bed retention sills to ensure that the natural bed 
materials placed in the stream simulation portion of the culvert are not transported downstream 
into the sedimentation structure.  The designed bed of the stream simulation portion of the 
replacement culvert includes placing rounded river boulder upstream of each sill.  These 
boulders will function similarly to the well graded rock bands recommended by WDFW (2003) 
under Scenario 1 and will function to from a natural channel structure and maintain the channel 
gradient.   

Boulder and Sill Geometry
The bed-retention sills are designed consistent with WDFW (2003) guidelines.  The minimum 
height of the sills at the culvert centerline is designed to be 0.5 feet, with the crest height 0.5 feet 
below the designed streambed.  The minimum 1-foot height of the sill and streambed material 
placed upstream of each sill is equivalent to 20 percent of the culvert inlet height of 5 feet.  The 
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crest of the sills will be V-shaped, with a slope of 10:1 laterally.  Upstream of each sill, 12 to 
36-inch diameter streambed boulders will be placed and arranged to maintain the 10:1 lateral 
slope and a 0.5 foot depth of streambed material above the sill crest.  The maximum drop 
between adjacent sills is 0.31 feet. 

Culvert Bed Material
Streambed material designed to be stable within the culvert will provide a natural channel bottom 
layer above the sills and fill the culvert bottom between the sills and river boulders.  The 
gradation of stable streambed material within the culvert was determined according to the 
following equation provided in WDFW (2003) and based on Bathurst (1987): 

Where: D84 = The intermediate axis of the 84th percentile particle in the sediment grain-size 
distribution (ft).

Seg = Energy slope of the proposed culvert. 
qc = The critical unit discharge (design discharge divided by culvert width) at which 

incipient motion of D84 occurs (cubic feet per second [cfs]/foot).
 g = The acceleration due to gravity (32.2 ft/sec2) 

The modeled energy gradient in the culvert under the 100-year flow condition is estimated to 
range between 0.000375 and 0.000540, or 0.0375 percent and 0.0540 percent.  This gradient is 
considerably less than the design gradient of 3.6 percent of the stream simulation portion of the 
culvert and the channel upstream.  Within 20 feet upstream of the culvert inlet, the energy 
gradient approaches 0.8 percent.  To provide a factor of safety for greater stability, an energy 
gradient of one percent was used in this calculation. The critical unit discharge is equivalent to 
16.3 cfs per foot and is calculated as the 100-year recurrence interval flow of 212 cfs divided by 
the 13-foot opening width of the replacement culvert.   

The stable D84 particle diameter calculated according to this method is 0.26 feet or 80 mm.  A 
factor of safety of 1.5 was applied to this diameter, increasing stability of the streambed material,
to determine the design D84 particle diameter of 0.39 feet or 120mm.  Based on this grain-size 
distribution parameter the culvert streambed material is specified as “8-inch diameter Streambed 
Cobble” as set forth in section 9-03.11(2) of the Washington State Department of Transportation
Standard Specifications (WSDOT 2008) (Table 8).

Channel Modification Design 
Under Phase I, the Sunset Creek channel upstream and downstream of the replacement culvert 
structure will need to be modified in order to match the upstream and downstream culvert invert 
elevations that are necessary to achieve maximum flow conveyance and sediment retention.  
Under Phase II, the channel modifications at the downstream end of Phase I will be continued to 
the confluence with Richards Creek.
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Table 8. Culvert bed material gradation. 

Approximate Particle  Size Percent Passing 

8-inch 100
5-inch 70 max.
3-inch 40 max.
3/4-inch 10 max. 

Channel Bed Material 

A number of bed materials are specified for areas of the channel that will be modified.  Upstream 
of SE 30th Street, under Phase I, streambed boulders designed to be stable and immobile are 
specified for placement at the base of the modified channel.  Downstream of SE 30th Street, 
streambed cobbles designed to be stable and immobile are specified for placement at the base of 
the modified channel.  Streambed gravel material is specified for placement over the streambed 
boulders and cobbles. 

Streambed Boulders 
Specifications for streambed boulders designed for placement at the base of the modified Phase I 
(Alternative 1) channel were determined according to the method presented above for Culvert 
Bed Material as provided in WDFW (2003) and based on Bathurst (1987).

The maximum modeled energy gradient of the modified channel upstream of SE 30th Street 
is 0.045 or 4.5 percent.  To provide a factor of safety against mobility, an energy gradient of 
5-percent was used in this calculation.  The maximum critical unit discharge is equivalent to 
16.3 cfs per foot and is calculated as the 100-year recurrence interval flow of 212 cfs divided by 
the approximately 13-foot minimum top width of the modified channel during the modeled 
100-year flow event.

The stable D84 particle diameter calculated according to this method is 0.86 feet or 263 mm.  A 
factor of safety of 1.5 is applied to this diameter for increased stability to determine the design 
D84 particle diameter of 1.29 feet or 395 mm.  Based on this stability criteria, the streambed 
boulders for the base of the channel upstream of SE 30th Street are specified as “One Man 
Streambed Boulders”, 12 to 18 inches in diameter , as per section 9-03.11(3) of the Washington 
State Department of Transportation Standard Specifications (WSDOT 2008). 

Streambed Cobbles 
Streambed Cobbles are specified in the design for both Phase I (Alternative 1) and Phase II 
(Alternative 2) to line the modified channel downstream of SE 30th Street.  The gradation for 
streambed cobbles was determined according to the method presented above for Culvert Bed 
Material as provided in WDFW (2003) and based on Bathurst (1987).
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The maximum modeled energy gradient of the modified channel between SE 30th Street and the 
confluence of Sunset Creek and Richards Creek is 0.025 or 2.5 percent.  The maximum critical 
unit discharge is equivalent to 17.6 cfs per foot and is calculated as the 100-year recurrence 
interval flow of 212 cfs divided by the approximately 12-foot minimum top width of the 
modified channel during the modeled 100-year flow event.   

The stable D84 particle diameter calculated according to this method is 0.54 feet or 165 mm.  A 
factor of safety of 1.5 is applied to this diameter for increased stability to determine the design 
D84 particle diameter of 0.52 feet or 248 mm.  Based on this grain-size distribution parameter the 
culvert streambed material is specified as “10-inch diameter Streambed Cobble” as set forth in 
section 9-03.11(2) of the Washington State Department of Transportation Standard 
Specifications (WSDOT 2008) (Table 9). 

Table 9. Phase I and Phase II streambed cobble material gradation. 

Approximate Particle  Size Percent Passing 

10-inch 100
6-inch 70 max.
4-inch 40 max.
3/4-inch 10 max. 

Streambed Gravel 
Streambed gravel gradations for Phase I and Phase II channel modifications are based on 
observed grain-size distributions in the existing channel (Appendix E).  Based on these grain-size 
distributions, the channel streambed gravel material is specified as “Streambed Sediment” as set 
forth in section 9-03.11(1) of the Washington State Department of Transportation Standard 
Specifications (WSDOT 2008) (Table 10). 

Table 10. Streambed gravel bed material gradation. 

Sieve Size Percent Passing 

2 1/2” square 100
2” square 65-95
1” square 50-85
U.S. No. 4 26-44
U.S. No. 40 16 max.
U.S. No. 200 5.0 -9.0 

Grade Control Structures 

Grade control structures are proposed in conjunction with Phase I (Alternative 1) and Phase II 
(Alternative 2) channel modifications.  In Phase I, eight grade control structures are proposed 
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upstream of SE 30th Street and two are proposed downstream of SE 30th Street.  The design of 
the grade control structures upstream of SE 30th Street is based on step-pool channel geometry 
in natural channels and incorporates design parameters for both log sills and boulder control 
structures (WDFW 2003).  The design of grade control structures proposed downstream of SE 
30th Street under Phase I include one log sill and one boulder control structure. 

Grade Control Structure Geometry
The design of the grade control structures upstream of SE 30th Street is based on step-pool 
channel geometry in natural channels.  Field measurements and flume experiments indicate that 
stepped pools evolve towards a condition of maximum flow resistance because maximum 
resistance implies maximum stability (Abrahams et al. 1995, Zimmerman and Church 2001).  
The maximum stability of step-pool structures is associated with the relationship:

Where: HS = The total step height  
LS = Step-pool unit wavelength (“crest to crest” length)

 S = Channel bed gradient 

Based on a channel gradient of 0.036, the design of the grade control structures upstream of SE 
30th Street includes total step heights of 1.5 feet and a wavelength of 13 feet so that HS/ LS /S
equals 3.  Grade control structures upstream of SE 30th Street are designed with a maximum 
4-inch drop and pool depths are designed to be approximately one foot. 

Boulder Stability

Sizing of boulders for grade control structures was completed using the same approach as 
described above for streambed boulders except the energy gradient was increased to 0.083, or 
8.3 percent, to reflect the vertical drop of 4 inches over a distance of approximately 4 feet at each 
grade control structure.

The stable D84 particle diameter calculated according to this method is 1.26 feet or 384 mm.  A 
factor of safety of 1.5 was applied to this diameter for increased stability to determine the design 
D84 particle diameter of 1.89 feet or 576 mm.  Based on this size, boulders for the porous boulder 
weir structures, pools, and pool tailouts are specified as “Two Man Streambed Boulders”, 18 to 
28 inches in diameter, as set forth in section 9-03.11(3) of the Washington State Department of 
Transportation Standard Specifications (WSDOT 2008). 

Log Anchoring to Counteract Buoyancy
Log buoyancy was calculated by assuming an upward vertical force on each log caused by the 
log’s submergence and the anchoring needed to counteract that buoyancy was calculated by 
assuming a downward vertical force due to the weight of each log and the weight of the 
overburden or ballast directly above the log.  These calculations assume unsaturated woody 
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material and a specific void ratio for the overburden material.  Over time, the factor of safety is 
expected to increase as the log weight increases due to saturation.  These calculations also 
assume only the percentage of each log directly under the ballast is subjected to the distributed 
load from the weight of the overburden.  The sensitivity of anchoring to counteract log buoyancy 
was analyzed by altering the specific gravity, depth, and compaction characteristics of the 
overburden and the percentage of each log that is not subject to the overburden weight.  The log 
anchoring factor of safety for all logs in the initial, unsaturated state is greater than 2.5.

Protocols for Channel Monitoring and Replacement Culvert 
Sedimentation Structure Maintenance

The sedimentation structure within the replacement culvert proposed under Phase I will provide 
greater capacity and greater flexibility to manage the rate of sediment delivery and accumulation 
in Sunset Creek downstream of SE 30th Street.  The proposed structure will have sufficient 
storage capacity to capture the majority of the bedload sediment in flux during years when 
delivery rates are low to average.  The long-term reduction of bedload sediment delivery 
downstream of SE 30th Street will create the potential for undesirable geomorphic impacts on 
downstream channel conditions.  Specifically, reduced sediment supply to downstream reaches 
that results in loss of salmonid spawning opportunity must be avoided.  The Kelsey Creek 
watershed is generally considered to be spawning limited, due to the relative lack of suitable 
spawning substrate that has not been impacted by fine sediment accumulation.  The substrate 
distribution in lower Sunset Creek and at the Richards Creek confluence is suitable for salmonid 
spawning, but the channel configuration and substrate stability are undesirable.  Maintaining 
suitable substrate conditions while improving the channel configuration to support a range of 
habitat functions is the desired outcome.

Accordingly, the City will need to implement an active monitoring and adaptive management 
strategy and commit to operating and maintaining the culvert structure in ways that ensure that 
desirable habitat conditions are maintained.  Adaptive management tools incorporated into this 
plan include monitoring of the channel configuration in downstream reaches, sediment removal 
protocols that are iterative with observed sediment delivery rates, and, if and when necessary, 
substrate augmentation.  The adaptive management plan will also include monitoring and 
management of restored vegetation.  The City of Bellevue Utilities Department Engineering 
Division will lead these activities to ensure proper function of the sedimentation structure and 
prevent adverse impacts to aquatic habitat downstream of SE 30th Street. 

Active monitoring of channel responses to sediment management will be used to develop 
adaptive management protocols.  These protocols will be used to respond to channel conditions 
should very high or low amounts of sediment delivery initiate excessive channel degradation or 
aggradation.  The design volume of the sediment trap in the replacement culvert beneath SE 30th 
Street is based on calculated sediment transport rates and estimates of sediment delivery to the 
project reach using long-term estimates of channel aggradation.  The intent of the structure 
design is not to trap all course sediment delivered to the project area.  Rather, its design objective 
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is to trap the largest sediments and the approximate volume that has caused ongoing channel 
aggradation downstream of SE 30th Street, while maintaining a sufficient flux of gravels as 
needed to provide desirable substrate conditions in the downstream channels.  To achieve this 
intent, the maintenance protocol will need to be iteratively developed following installation of 
the structure, as understanding of sediment delivery rates and channel response increases.  If over 
a period of time following implementation, observed rates of sediment delivery vary sufficiently 
from the rates developed from historical estimates, or depositional patterns are significantly 
different than predicted, additional measures such as gravel nourishment or sediment removal 
from downstream locations may be warranted.  

The monitoring protocol includes establishment of four to five permanent monitoring locations 
approximately every 200 to 250 feet along the channel length beginning 100 feet downstream of 
the replacement culvert.  The following monitoring activities will be conducted at each location:

� Channel cross-sectional geometry will be surveyed. 

� The composition of streambed sediment will be surveyed using a 
combination of surface pebble counts and subsurface bulk sampling and 
sieve analysis.

Channel surveying and streambed sediment sampling will be performed annually for a period of 
five years and semi-annually for the following 10 years to establish management protocols.  At 
that time future monitoring needs can be reevaluated. 

Baseline sedimentation structure monitoring protocols will consist of the following: 

� Scheduled visual inspections of remaining sediment storage capacity in 
the culvert and additional inspections following significant storm events.
The design of the replacement culvert includes access hatches and lids 
readily accessible on the street above to promote ease of inspections and 
maintenance.

� Documentation of the timing and quantity of all sediment removed from
the structure.

� Bulk sieve analysis of sediment removed to document grain size 
distribution of captured sediment.

Current rates of deposition in the channel near SE 30th Street and further downstream near the 
confluence with Richards Creek indicate that annual to semi-annual sediment removal from the 
culvert should be expected in the near term.  If sediment production and delivery from the 
upstream basin decreases as a result of additional channel stabilization and sediment reduction 
measures, the frequency of sediment removal is expected to decrease.  Should sediment 
production in the upper basin reduce to a level such that maintenance of the sedimentation 
structure is no longer necessary, the replacement culvert structure is designed to function as a 
stream simulation culvert without need for further modifications. 
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Upper Watershed Sediment Source Control and 
Storage Recommendations  

Rates of sediment delivery to the project area exceed the capacity of the channel network to 
transport sediment and contribute to recurrent flooding.  A number of factors contribute to the 
relationship between sediment delivery and transport capacity within the project area including: 

� The position of the site on a historical alluvial fan between the high 
gradient upper watershed to the south and the low gradient streams to the 
north 

� Confinement of the channel to a single and fixed alignment, limiting the 
extent where streambed aggradation can occur

� Sediment production from the upper watershed.

At the present time, adjacent land uses limit the opportunity to restore the natural distributary 
channel pattern and dynamic processes of channel relocation that once occurred in the vicinity of 
the project area.  Although much of the sediment production in the upper watershed is produced 
from indistinct sources, there are a range of opportunities to treat discrete sediment sources and 
also provide capacity for increased sediment storage upstream of the project area. 

Summary of Sediment Production Mechanisms
Mechanisms of sediment production and routing in the upper Sunset Creek watershed were 
evaluated in the Sunset Creek Geomorphic Assessment and Sedimentation Analysis (Herrera 
2008).  High rates of sediment production from the upper watershed result from changes in land 
use related to development and associated increases in impervious surfaces and volumes of 
stormwater runoff.  The increased stream discharges that resulted from development in the 
Sunset Creek watershed have caused channel enlargement through much of the channel network 
upstream of the project area.  These changes in channel form have resulted in increased sediment 
production in the upper watershed and have increased the rate of sediment delivery to the project 
area.   

Further, the channel incision and widening caused by increased magnitudes and volumes of 
stormwater runoff disconnected the channel from adjacent floodplain areas and reduced the 
ability of floodplain areas to store sediment.  Sediment storage within the channel and adjacent 
floodplain areas has been further reduced in many parts of the Sunset Creek watershed where 
changes in land use have degraded riparian vegetation conditions.  These degraded conditions 
result in reduced potential for recruitment of large woody debris (LWD), which provides 
hydraulic complexity, channel grade control and sediment storage.

In response to channel instability and bank erosion, bank protection and grade control measures 
have been implemented by the City of Bellevue and private landowners in many locations, 
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however moderate levels of bank erosion remain widespread.  There are three particular
subreaches of Sunset Creek in the watershed upstream of the project area where treatment of 
ongoing bank erosion and channel instability could result in decreased rates of sediment delivery 
to the channel and increases in in-channel sediment storage (Figure 17).  Descriptions of the 
three highest priority treatment reaches, presented from upstream to downstream, and 
recommendations for reducing sediment inputs and increasing sediment storage at each, based on 
a conceptual level design evaluation, are detailed below.

High Priority Sediment Sources and Control Locations
Reaches in the Sunset Creek watershed are numbered from 1 (downstream) to 7 (upstream).  The 
three highest priority treatment reaches, and recommendations for reducing sediment inputs and 
increasing sediment storage, are presented below from upstream to downstream. 

Treatment Reach #6 

Upstream of SE Newport Way, two bank-erosion sites contribute to sediment production and 
slope instability.   

Site #6.1 
Approximately 500 feet upstream of SE Newport Way, instream LWD is lacking and as a result, 
channel downcutting is causing erosion of the channel’s right bank.  This erosion is over-
steepening the bank and undermining the toe of a steep hillslope.  Erosion at this location is 
affecting approximately 60 feet of the channel, and the eroding bank is up to 10 feet in height 
(Figure 18).  Continued erosion into the right bank could lead to larger and more significant mass 
wasting and hillslope instability. The channel in this section is approximately 12 feet wide and a 
floodplain surface at the channel’s left bank and approximately 10 feet in width appears to be 
isolated from the stream due to channel downcutting. 

The recommended method for treating channel instability and bank erosion at this location is by 
strategically placing logs to provide grade control and deflect flows away from the eroding bank.  
If properly placed and anchored, logs can redirect flow from the eroding bank, and grade control 
logs across the channel bottom would also provide sediment storage capacity thereby increasing 
the upstream bed elevation, decreasing the height of the cut bank, and reducing the instability of 
the hillslope toe.  Three sets of grade-control and flow-deflection log placements, at 
approximately 15 to 20 feet spacing and beginning just downstream of the eroding bank should 
be sufficient to increase channel instability and decrease bank erosion.

The placement of the grade-control and flow-deflection logs should be complementary so that 
two logs placed together have increased stability than would occur if logs were placed
individually.  The conceptual design developed for this site includes a grade-control log wedged 
within the channel, at an angle approximately 30 degrees from perpendicular to the channel 
orientation, with the downstream end of the log set into the eroding bank.  For this geometry the 
grade-control log should be approximately 14 to 15 feet in length.  Because the flow would be  
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perpendicular to the direction of the grade control log, the log’s orientation would direct flows 
away from the eroding bank.  A flow-deflection log should be placed upstream of the grade 
control log, adjacent to the bank.  If the flow-deflection log includes a root wad, the rootwad 
could be placed at the downstream end, overlapping the grade-control log. If the flow deflection 
log is without a root wad, the downstream end of the flow-deflection log should be placed to abut 
into the upstream side of the grade-control log. 

Figure 18. Right bank erosion at Site 6.1.  Continued erosion at this location could lead to 
larger and more significant mass wasting and hillslope instability.  Photo taken 
January 8, 2007. 

Logs for the design described above may be sourced from the immediate site.  A 20-inch 
diameter Douglas fir tree located at the top of the eroding bank could serve as a local source for 
LWD pieces.  This tree is already leaning at approximately 20 degrees and will be recruited to 
the channel as the bank is further undercut.  Once felled, this tree could be cut into multiple log 
pieces for placement.  An additional piece of LWD, approximately the same diameter and 20 feet 
long, is largely suspended over the channel with one end in the channel and the other at the top 
of the eroding right bank.  This piece could be repositioned for incorporation into a grade-control 
and flow-deflection structure.  If alternative or additional materials are necessary, the likely 
construction access route is from Eastgate Park to the northwest.  An alternative access route 
may be possible down the steep hillslope to the east.  This route would require a temporary 
easement through private property off of 148th Avenue SE and has not been evaluated.

Site #6.2 
Downstream of Site #6.1 and approximately 400 upstream of SE Newport Way, a section of 
Sunset Creek is confined and has incised approximately three feet for a length of 30 feet.  The 
channel is approximately 8 feet wide with an actively eroding vertical left bank and an inset 
floodplain to the right of the channel (facing downstream).  Due to the incision, the floodplain 
surface appears to be somewhat disconnected from the channel.  Above the left bank and the 
floodplain to the right, adjacent hillslopes are gently sloped.  Similar to Site #6.1 described 
above, the channel in this location is lacking significant LWD.   

Two to three log grade-control structures, each up to 12 inches in height, are recommended to 
stop downcutting, promote sediment deposition to raise the channel bed, promote inundation of 
the inset floodplain at lower magnitude flows, and reduce the height of the eroding bank.  Grade 
control placements should begin downstream of the incised channel and include another 
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placement or two upstream at 15 to 20 foot intervals.  Grade-control placements in this location 
would likely require excavation to adequately anchor the logs and achieve an appropriate factor 
of safety against buoyancy and movement to ensure long-term success.  As at Site #6.1, the 
principal construction access route is from Eastgate Park. 

Treatment Reach #3 
In the Sunset Creek ravine, located immediately upstream of I-90, increases in the cross-
sectional area of the channel have long resulted in toe erosion of steep ravine hillslopes, and 
increased rates of landslides and sediment delivery to the channel network.  In the mid- to late-
1980s the City installed a number of rock gabion and riprap grade-control structures through the 
length of the ravine.  These structures are spaced at approximately 100 to 200 foot intervals 
along the channel, span the width of the ravine, and create, on average, 2- to 3-foot steps in the 
channel profile.  Additional gabion structures were also installed at the base of the largest slides 
in the upper end of the ravine reach.

In 1998, the City took further action by constructing a high flow bypass pipeline to divert flood 
flows around the upper ravine where hillslopes have been most susceptible to erosion.  The 
intake for the flow bypass is located at 138th Street SE and the flow bypass discharges to Sunset 
Creek approximately 400 feet upstream of the I-90 culvert inlet.  The bypass was designed to 
reduce the magnitude of a 2-year recurrence interval flow in the ravine from 57 cubic feet per 
second (cfs) to 23 cfs, and the magnitude of a 100-year event from 149 cfs to 51 cfs (Entranco 
1999).  The stabilization and flow control measures effectively reduced both the rate of sediment 
delivery to the channel and the rate of downstream transport.  Yet, because of the patterns of 
sediment transport downstream, and the rates of sedimentation in the vicinity of SE 30th Street 
and Kamber Road, it is clear that considerable sediment remains in transport through this ravine 
reach.  Additional bank-protection and grade-control structures could be implemented within this 
reach to address locations of ongoing and recurrent erosion and provide additional sediment 
storage capacity within the channel. 

Riprap grade-control structures placed in the Sunset Creek ravine reach have provided significant 
sediment storage capacity and have also inhibited the process of channel downcutting that was 
initiated by greater peak discharges following basin land development.  Deformation of a number 
of the riprap grade-control structures, however, has occurred since their placement.  The 
deformation appears to have resulted from toe scour at the downstream face of the structures and 
from the downstream transport of central pieces of riprap from the structures’ crests, and likely 
occurred prior to the implementation of the flow bypass when peak flow magnitudes were at 
their greatest levels.  Where this deformation has occurred such that the height of a grade control 
structure is reduced, the sediment storage capacity upstream of the structure is reduced.  Where 
the deformation has resulted in a downstream “U” or “V” assemblage of riprap, flows passing 
over the deformed structure are directed to the outside of the channel and are eroding banks, in 
some cases at the toes of steep slopes.   

The following sites present good opportunities for addressing ongoing bank erosion and 
increasing the sediment storage capacity of the Sunset Creek channel through the ravine reach. 
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Site #3.1 
Downstream of the flow bypass return, there are good opportunities to construct additional 
channel-spanning grade-control structures to increase the sediment storage capacity of the 
channel.  Grade-control structures could be assembled out of LWD and boulders, or riprap if that 
is permittable, and would require heavy equipment for construction.  Access to the Sunset Creek 
channel between the flow bypass return and the culvert inlet at the upstream end of I-90 is 
readily available from SE 36th Street (Figure 19). 

Figure 19. Site 3.1 location for channel-spanning grade-control structures to increase 
channel sediment-storage capacity.  Photo taken January 5, 2007, looking 
downstream. 
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Sites #3.2 – 3.4 
These three sites are typical of the deformed riprap grade-control structures described above, 
where sediment storage capacity has been reduced and altered riprap geometries have redirected 
flows into adjacent downstream banks.  At these locations bank protection and grade-control 
structures assembled out of LWD and boulders, or riprap if permittable, are recommended to 
address eroding banks and increase local sediment storage capacity.  Construction of the 
structures would require mobilizing heavy equipment and materials up, or adjacent to, the 
channel.  This access becomes increasingly complex with increased distance from SE 36th Street 
and would also require removal of vegetation, although very few significant trees (defined as 
trees greater than 8 inches in diameter per City of Bellevue Land Use Code 20.50.046) were 
noted along potential access routes. 

Site #3.5 
Left bank erosion (facing downstream) at this site is occurring at the base of a steep slope, 
potentially increasing the potential for a hillslope failure.  Although previously stabilized by 
riprap grade-control structures, the local channel gradient approaches nearly 10 percent.  High 
velocities resulting from the steep gradient and the orientation of flows towards the bank have 
promoted the erosive conditions.   

A range of treatments are recommended at this site to reduce further erosion of the bank.  These 
treatments include direct placements of LWD to deflect flows from the bank, LWD channel 
roughening structures to reduce flow velocities, and grade-control structures made of wood or 
riprap to reduce local channel gradients and provide additional sediment storage capacity.  
Construction requirements and access challenges at this site are similar to downstream sites 
(Sites #3.2 – 3.4 described above). 

Site #3.6 
Right bank erosion at this site is occurring at the toe of a steep slope as a result of left bank 
revetments protecting a King County sewer manhole at the channel margin and a deformed 
riprap grade-control structure downstream (Figure 20).  Gabion revetments lining the left bank 
upstream of the eroding bank area both confine the channel and direct flows into the eroding 
bank.  Deformation of the downstream riprap grade-control structure has locally lowered the 
channel bed elevation, increasing the height of the eroding bank. 

Treatments recommended at this structure are similar to those at Site #2.5 and include LWD 
bank protection to deflect flows from the bank, LWD channel roughening structures to reduce 
flow velocities, and grade-control structures made of wood or riprap to promote local 
aggradation, thereby reducing the height of the eroded bank. Construction requirements and 
access challenges at this site are similar to downstream sites (Sites #3.2 – 3.5 described above). 

Site #3.7 
The Sunset Creek ravine terminates at the upstream end at a culvert outfall beneath facilities at 
Tyee Middle School.  At this location there a number of steep exposures of glacial till that have 
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formed as a result of slope failures following channel downcutting.  The equilibrium profile of 
these exposures has not been evaluated but these near-vertical slopes will certainly continue to 
erode and retreat.  This process will continue to contribute sediment to the channel and could 
potentially threaten the ball fields and fencing associated with the middle school at the top of the 
slopes.  A geotechnical slope stability analysis is recommended to determine if remedial 
measures should be taken to stabilize or reduce the gradient of these slopes. 

Figure 20. Right bank erosion at Site 3.6 is occurring as a result of left bank revetments 
protecting a metro manhole at the left channel margin.  Photo taken September 
17, 2008. 

Treatment Reach #2 

Located in a reach of Sunset Creek between SE 32nd Street and I-90, two bank erosion sites 
contribute to sediment production and slope instability, and debris from historical industrial 
activities at neighboring properties litters the channel and riparian corridor. 

Site #2.1 
At the midpoint of this reach two sharp channel meanders direct flows into eroding banks.  The 
downstream eroding bank, at the left side of the channel, is eroding into an approximately 8-foot 
high bank below a gently graded hillslope.  This hillslope surface once served as the bedding for 
a concrete pipeline apparently used to transmit water diverted from the channel at the I-90 
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culvert outlet to a pump house located approximately 100 feet west of the channel near SE 32nd 
Street.  Just upstream of this bank, the right bank is eroding into the toe of a steep hillslope.  At 
the top of the 8-foot eroding bank an approximately one-foot layer of asphalt mantles the 
hillslope (Figure 21).  Ongoing erosion into this hillslope has undermined the asphalt layer and 
multiple pieces of asphalt up to two-feet across litter the channel below this bank.  

Figure 21. Left bank erosion at Site 2.1 in reach 2.  Photo taken January 5, 2007. 

LWD bank-protection and grade-control structures made of wood or riprap are recommended to 
deflect flows away from these eroding banks and locally aggrade the channel bed to reduce the 
height of the eroding banks and promote inundation of adjacent inset floodplain surfaces.  
Additional grade-control structures throughout the reach would provide increased sediment 
storage and increased inundation of, and sediment deposition upon, floodplain surfaces located 
between the eroding banks and SE 32nd Street.  Construction access to the subreach is possible 
from SE 32nd Street.  Additional access routes may be possible from adjacent properties. 

Though not specific to sediment production or storage, additional treatments that would benefit 
this subreach, include: 

� Invasive species removal  
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� Revegetation

� Removal of industrial debris including concrete, metal and plastic pipe, 
rubber tubing, concrete rubble, and tires

� Removal of an abandoned and decrepit pump house operation and related 
infrastructure including an above-ground 5,000-gallon fuel tank. 
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Hydraulic Model Analysis Documentation 

This appendix describes and documents the modeling approach, the data inputs, and the 
calibration procedure used to develop and validate the hydraulic model used for the analysis of 
flood control and sediment management alternatives for Sunset Creek. 

Methods of Hydraulic Model Analysis
The hydraulic analysis was performed using version 4.0.0 Beta of the Hydrologic Engineering 
Center - River Analysis System (HEC-RAS) model. HEC-RAS is a one-dimensional, stepped, 
backwater numerical software model developed by the U.S. Army Corps of Engineers (USACE) 
Hydrologic Engineering Center (HEC) for river analysis and simulation.  It is commonly used as
a flood hazard mapping tool by the Federal Emergency Management Agency (FEMA) and state 
and local agencies throughout the country for the development of Flood Insurance Rate Maps 
(FIRMs).  HEC-RAS can simulate steady and unsteady, gradually varied flow.  The 
computational procedure of the one-dimensional HEC-RAS model is based on the solution of the 
energy equation and energy losses between successive channel/floodplain cross-sections.  The 
model calculates the water surface elevation in a step-wise manner from one cross section to the 
next based on the hydraulic roughness of the channel and floodplain and on cross sectional area 
of flow.

The HEC-RAS model created for the Sunset Creek project was developed as a steady flow 
model.  Steady flow models include a fixed flow input, and the flow depths and velocities do not 
vary over time.  Steady flow input information was derived from the Richards Creek Basin Plan
(Entranco 2000).  Cross-sectional geometry and channel information for the Sunset Creek, 
Richards Creek, and East Creek channel network in the vicinity of SE 30th Street and Kamber 
Road was developed from cross-sectional surveys completed between 2006 and 2007 (Bellevue 
2007).  Because the primary project area is along Sunset Creek and the SE 30th Street crossing 
of Sunset Creek, the steady HEC-RAS model is referred to in this report as the “Sunset Creek 
model”. 

Sunset Creek Model Analysis Approach 
The approach for the Sunset Creek model analysis was as follows:

� Perform a hydraulic analysis of existing conditions to estimate and 
evaluate flow depths, velocities, and shear stresses under existing 
conditions and to understand existing flooding and sedimentation 
challenges in the project area. 

� Iteratively modify the geometry in the existing conditions model to 
simulate Phase I proposed conditions in order to both significantly 
increase flow conveyance with a replacement SE 30th Street culvert, as 
well as to maintain adequate shear stress to the sediment trap within the 
culvert. 
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� Perform a hydraulic analysis of conditions resulting from project Phases I, 
II, and III by adding the channel and bank roughness structures, the 
replacement culvert and sediment trap, a two-stage channel, and grade 
control structures to the Sunset Creek model.

� Compare the results under existing conditions with those resulting from 
project Phases I, II, and III to assess the extent of changes in water surface 
elevation, shear stress, and velocity. 

� Adjust the design/size/location of the structures and channel modifications
to assess changes in upstream or downstream water surface elevation or 
velocity, optimize design, and extract design information to support 
channel stability, berm location and design, and flood reduction. 

Five model plans were developed to carry out this approach and to meet the modeling objectives 
described in the introduction of this report.  Each of these model plans represents a unique 
combination of steady flow and channel geometry information specific to the existing conditions, 
or Phase I, II, or III alternative conditions. Table D-1 below outlines each model plan, the 
specific steady flow and model geometry files referenced, and describes the model scenario that 
each plan was designed to represent and analyze. 

Existing Conditions Model Results and Calibration
The proposed culvert and channel improvements will reduce the impacts of flooding, 
sedimentation, and sediment removal activities around SE 30th Street and in downstream areas.  
To achieve these objectives, the project must not induce channel erosion, bank instability, and 
flood risks in the project area that are greater than existing conditions.  Therefore, a 
characterization of the existing hydraulic conditions was necessary to provide a basis for 
comparison. 

Model Extents

The length of the Sunset Creek and Richards Creek channel network simulated with the Sunset 
Creek model extends along Sunset Creek from 625 feet upstream of SE 30th Street to the 
confluence with Richards Creek, located downstream of SE 30th Street.  The Richards Creek 
channel then continues downstream to a flow split with the historical Richards Creek alignment, 
past the confluence with East Creek and the Kamber Road crossing, down to the lower Richards 
Creek channel.  The Richards Creek channel upstream of the confluence with Sunset Creek and 
the East Creek channel upstream of the confluence with the Richards Creek flow-split channel 
were not included in the Sunset Creek model evaluated for this project.  Figures 2 and 6 of this 
report depict the entire channel network included in the Sunset Creek hydraulic model.  Figures 
D-1 through Figure D-5 provide a detailed view of the channel network simulated within the 
HEC-RAS model, from upstream to downstream.  Table D-2 lists the stream reach segments as 
they were developed within the Sunset Creek model. 
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Table D-1. Summary of HEC-RAS model plans used for the Sunset Creek hydraulic
analysis. 

Plan Name Steady Flows Model Geometry Description

Final Existing 
Conditions

Final Steady 
Flood Flows

Existing_geometry_Final_1 Representation of existing conditions, prior 
to the culvert replacement and 
implementation of any proposed design 
alternatives. Existing cross-sectional 
geometry derived from cross-section 
surveys; Manning's n values based on 
observations and Cowan method; steady 
flow information from Richards Creek Basin 
Plan report (Entranco 2000). 

Phase I Oct2008 Final Steady 
Flood Flows

Alternative_1_Phase_1 Representation of conditions after 
construction of the proposed Phase I
improvements.  Existing cross-sectional 
geometry altered to include the replacement 
culvert and sediment trap as well as root 
wads, weirs, and upstream and downstream 
channel grading changes; Manning's n
values based on proposed changes to channel 
roughness, derived using Cowan method; 
steady flow information from Richards 
Creek Basin Plan report (Entranco 2000). 

Phase II Oct2008 Final Steady 
Flood Flows

Alternative_2a_Phase_2_1.01bench Representation of conditions after 
construction of the proposed Phase I and 
Phase II alternatives.  Geometry includes 
Phase I alterations, and Phase II alterations 
to represent additional channel re-grading 
downstream of the replacement culvert; 
steady flow information from Richards 
Creek Basin Plan report (Entranco 2000). 

Phase III Alt 3 
Oct2008

Final Steady 
Flood Flows

Alternative_3_Phase_3_1.01bench Representation of conditions after 
construction of the proposed Phase I, II, and 
III alternatives, assuming a continued 
downstream boundary condition controlled 
by the backwater induced by the beaver dam. 
Geometry includes both Phase I and Phase II 
alterations as well as Phase III channel re-
grading of the East Creek and flow-split 
channels; steady flow information from 
Richards Creek Basin Plan report (Entranco
2000). 

Phase III Alt 4 
No Beavers 
Oct2008

Final Steady 
Flood Flows 
no beavers

Alternative_4_Phase_3_1.01bench Representation of conditions after 
construction of the proposed Phase I, II, and 
III alternatives, assuming a downstream 
boundary condition consistent with no 
beaver dam present. Geometry includes 
Phase I, Phase II, and Phase III alterations; 
steady flow information from Richards 
Creek Basin Plan report (Entranco 2000) 
adjusted to set the downstream boundary 
condition relevant to a water surface slope 
when no beaver dam is present. 
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Table D-2. Sunset Creek stream reach segments.

HEC-RAS 
River ID

HEC-RAS 
Reach ID

Downstream 
River Station 

(ft)

Upstream River 
Station 

(ft)

Corresponding 
Flow Input 

Reach Description

Sunset 
Creek

SE 30th 48.9477 3272.859 S, R5, R4b, 
R3b, R2b

Incorporates the Sunset Creek 
channel from 625 feet upstream 
of SE 30th Street to the 
confluence with Richards Creek 
and includes Richards Creek to 
the flow split, the flow-split 
channel, and the East Creek 
channel from the confluence of 
the flow-split channel and East 
Creek down to the confluence 
with the historical Richards
Creek channel

Richards 
Creek

Historical 240.4131 1507.208 R3a, R2a Historical Richards Creek 
channel from flow split to 
confluence with East Creek 
downstream of Kamber Road

Richards 
Creek

Lower 26.62222 85.48712 R1 Richards Creek from 
confluence of East Creek with 
historical Richards Creek
channel downstream to 
Bannerwood Park

Cross-Section Data

Topographic and cross-section survey data for constructing the Sunset Creek hydraulic model 
geometry were provided by the City of Bellevue and include the following:  

� Entranco HEC-RAS model geometry (Entranco 2000) 
� 2006 City of Bellevue survey (Bellevue 2007) 
� 2006 Peterson survey (Bellevue 2007) 
� 2007 City of Bellevue survey (Bellevue 2007) 
� 2000 Puget Sound Lidar Consortium (PSLC) light detection and ranging 

(LiDAR) data (PSLC 2000). 

Model cross-sections derived from digital elevation models were based either on the City of 
Bellevue survey data from 2005, 2006, and 2007 or from the Peterson Survey from 2006 
(Bellevue 2007).  The 2000 PSLC LiDAR data (PSLC 2000) were used to extend cross-sections 
where the survey extent in floodplain areas was not sufficient.  The topographic data source for 
each cross-section used for the Sunset Creek model is presented in the title of each cross section 
in the model, and also indicated for each figure showing the cross-sectional geometry later in this 
appendix.  Table D-3 provides a summary of each cross section used within the Sunset Creek 
model for the existing conditions analysis and cites the original data source. 
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Table D-3. Cross section data sources for the Sunset Creek model of existing conditions. 

HEC-RAS River 
ID

HEC-RAS Reach 
ID

River Station 
(ft) Source

Cross Section Survey Year 
and Description

Sunset Creek SE 30th 3272.859 Bellevue 2007 2006 #75

Sunset Creek SE 30th 3251.92 Bellevue 2007 2006 #74

Sunset Creek SE 30th 3230.282 Bellevue 2007 2006 #73

Sunset Creek SE 30th 3207.655 Bellevue 2007 2006 #72

Sunset Creek SE 30th 3193.525 Bellevue 2007 2006 #71

Sunset Creek SE 30th 3181.277 Bellevue 2007 2006 #70

Sunset Creek SE 30th 3171.478 Bellevue 2007 2006 #69

Sunset Creek SE 30th 3160.526 Bellevue 2007 2006 #68

Sunset Creek SE 30th 3145.921 Bellevue 2007 2006 #67

Sunset Creek SE 30th 3119.845 Bellevue 2007 2006 #66

Sunset Creek SE 30th 3103.342 Bellevue 2007 2006 #65

Sunset Creek SE 30th 3082.734 Bellevue 2007 2006 #64

Sunset Creek SE 30th 3066.484 Bellevue 2007 2006 #63

Sunset Creek SE 30th 3034.622 Bellevue 2007 2006 #62

Sunset Creek SE 30th 3020.31 Bellevue 2007 2006 #61

Sunset Creek SE 30th 2982.026 Bellevue 2007 2006 #59

Sunset Creek SE 30th 2969.117 Bellevue 2007 2006 #58

Sunset Creek SE 30th 2939.869 Bellevue 2007 2006 #57

Sunset Creek SE 30th 2904.859 Bellevue 2007 2006 #56

Sunset Creek SE 30th 2887.542 Bellevue 2007 2006 #55

Sunset Creek SE 30th 2869.669 Bellevue 2007 2006 #54

Sunset Creek SE 30th 2850.365 Bellevue 2007 2006 #53

Sunset Creek SE 30th 2823.726 Bellevue 2007 2006 #52

Sunset Creek SE 30th 2794.948 Bellevue 2007 2006 #51

Sunset Creek SE 30th 2760.247 Bellevue 2007 2006 #50

Sunset Creek SE 30th 2717.8 Bellevue 2007 2006 #49

Sunset Creek SE 30th 2702.718 Bellevue 2007 2006 #48

Sunset Creek SE 30th 2676.488 Bellevue 2007 2006 #47

Sunset Creek SE 30th 2651.525 Bellevue 2007 2006 #46

Sunset Creek SE 30th 2643.063 Bellevue 2007 2006B #12

Sunset Creek SE 30th 2608.794 Bellevue 2007 2-42" CMP @ SE 30th St.

Sunset Creek SE 30th 2578.872 Bellevue 2007 2006B #11
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HEC-RAS River 
ID

HEC-RAS Reach 
ID

River Station 
(ft) Source

Cross Section Survey Year 
and Description

Sunset Creek SE 30th 2539.81 Bellevue 2007 2006 #44

Sunset Creek SE 30th 2527.427 Bellevue 2007 2007 #35

Sunset Creek SE 30th 2513.681 Bellevue 2007 2006 #43

Sunset Creek SE 30th 2492.185 Bellevue 2007 2006 #42

Sunset Creek SE 30th 2464.334 Bellevue 2007 2006 #41

Sunset Creek SE 30th 2429.853 Bellevue 2007 2007 #32

Sunset Creek SE 30th 2407.706 Bellevue 2007 2006 #39

Sunset Creek SE 30th 2379.636 Bellevue 2007 2006 #38

Sunset Creek SE 30th 2361.19 Bellevue 2007 2006 #37

Sunset Creek SE 30th 2341.739 Bellevue 2007 2006 #36

Sunset Creek SE 30th 2313.296 Bellevue 2007 2006 #35

Sunset Creek SE 30th 2297.254 Bellevue 2007 2006 #34

Sunset Creek SE 30th 2285.55 Bellevue 2007 2006 #33

Sunset Creek SE 30th 2261.889 Bellevue 2007 2006 #32

Sunset Creek SE 30th 2238.42 Bellevue 2007 2006 #31

Sunset Creek SE 30th 2205.456 Bellevue 2007 2006 #30

Sunset Creek SE 30th 2189.813 Bellevue 2007 2006B #7

Sunset Creek SE 30th 2175.255 Bellevue 2007 2006 #29

Sunset Creek SE 30th 2121.292 Bellevue 2007 2006 #28

Sunset Creek SE 30th 2107.746 Bellevue 2007 2007 #31

Sunset Creek SE 30th 2098.229 Bellevue 2007 2007 #30

Sunset Creek SE 30th 2070.489 Bellevue 2007 2006 #25

Sunset Creek SE 30th 2050.566 Bellevue 2007 2007 #29

Sunset Creek SE 30th 2036.451 Bellevue 2007 2006 #24

Sunset Creek SE 30th 2016.641 Bellevue 2007 2006 #23

Sunset Creek SE 30th 1988.07 Bellevue 2007 2006 #22

Sunset Creek SE 30th 1968.444 Bellevue 2007 2006 #21 (channel & right 
bank)/2006B #4 (left bank)

Sunset Creek SE 30th 1954.61 Bellevue 2007 2006 #20

Sunset Creek SE 30th 1928.749 Bellevue 2007 2006 #19 (channel & right 
bank)/2006B #3 (left bank 
point)

Sunset Creek SE 30th 1881.347 Bellevue 2007 2006 #18

Sunset Creek SE 30th 1868.66 Bellevue 2007 2006 #17
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HEC-RAS River 
ID

HEC-RAS Reach 
ID

River Station 
(ft) Source

Cross Section Survey Year 
and Description

Sunset Creek SE 30th 1856.084 Bellevue 2007 2006 #16

Sunset Creek SE 30th 1817.494 Bellevue 2007 2007 #28

Sunset Creek SE 30th 1805.019 Bellevue 2007 2006 #14(overbank)/2007 
#27(channel)

Sunset Creek SE 30th 1791.536 Bellevue 2007 2007 #26

Sunset Creek SE 30th 1777.213 Bellevue 2007 2006 #13

Sunset Creek SE 30th 1749.718 Bellevue 2007 2006 #12

Sunset Creek SE 30th 1689.563 Bellevue 2007 2006 #10

Sunset Creek SE 30th 1668.393 Bellevue 2007 2006 #9

Sunset Creek SE 30th 1626.318 Bellevue 2007 2006 #8

Sunset Creek SE 30th 1613.357 Bellevue 2007 2006 #7

Sunset Creek SE 30th 1592.728 Bellevue 2007 2006 #6

Sunset Creek SE 30th 1583.59 Bellevue 2007 2006B #1

Sunset Creek SE 30th 1583.5 Bellevue 2007 Flow Split to historical 
Richards Creek alignment

Sunset Creek SE 30th 1576.451 Bellevue 2007 2006 #5

Sunset Creek SE 30th 1535.154 Bellevue 2007 2006 #4

Sunset Creek SE 30th 1520.645 Bellevue 2007 2006 #3

Sunset Creek SE 30th 1493.465 Bellevue 2007 2007 #25

Sunset Creek SE 30th 1474.062 Bellevue 2007 2006 #2

Sunset Creek SE 30th 1400.25 Bellevue 2007 2007 #24

Sunset Creek SE 30th 1312.582 Bellevue 2007 2007 #23

Sunset Creek SE 30th 1208.49 Bellevue 2007 2007 #21

Sunset Creek SE 30th 1177.949 Bellevue 2007 2007 #19

Sunset Creek SE 30th 1012.233 Bellevue 2007 2007 #18

Sunset Creek SE 30th 852.3866 Bellevue 2007 2007 #17

Sunset Creek SE 30th 834.4796 Bellevue 2007 2007 #16

Sunset Creek SE 30th 816.2844 Bellevue 2007 2007 #15

Sunset Creek SE 30th 795.8286 Bellevue 2007 2007 #14

Sunset Creek SE 30th 772.6812 Bellevue 2007 2007 #13

Sunset Creek SE 30th 742.021 Bellevue 2007 2007 #11

Sunset Creek SE 30th 704.0906 Bellevue 2007 Bridge

Sunset Creek SE 30th 637.1669 Bellevue 2007 2007 #10

Sunset Creek SE 30th 616.5581 Bellevue 2007 2007 #9
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HEC-RAS River 
ID

HEC-RAS Reach 
ID

River Station 
(ft) Source

Cross Section Survey Year 
and Description

Sunset Creek SE 30th 596.5916 Bellevue 2007 2007 #8

Sunset Creek SE 30th 572.9708 Bellevue 2007 2007 #7

Sunset Creek SE 30th 554.7107 Bellevue 2007 2007 #6

Sunset Creek SE 30th 543.1325 Bellevue 2007 2007 #5

Sunset Creek SE 30th 529.8341 Bellevue 2007 2007 #4

Sunset Creek SE 30th 420.6496 Bellevue 2007 2007 #2

Sunset Creek SE 30th 48.9477 Bellevue 2007 2007 #1

Richards Creek Historical 1507.208 Entranco 2000 Based on Entranco section Z

Richards Creek Historical 1481.097 Entranco 2000 Based on Entranco section Y

Richards Creek Historical 1291.987 Entranco 2000 Based on Entranco section X

Richards Creek Historical 999.2128 Entranco 2000 Based on Entranco section W

Richards Creek Historical 968.151 Entranco 2000 Based on Entranco section V

Richards Creek Historical 913.9713 Entranco 2000 3 36" dia. CMP along 
Richards @ Kamber Rd.

Richards Creek Historical 875.7664 Entranco 2000 Based on Entranco section U

Richards Creek Historical 843.4692 Entranco 2000 Based on Entranco section T

Richards Creek Historical 240.4131 Entranco 2000 Based on Entranco section S

Richards Creek Lower 85.48712 Entrnco 2000 Copy of East Creek Sta. 48.9 
(elevations adjusted by (-)
0.104 ft

Richards Creek Lower 26.62222 Entranco 2000 Copy of 85.5 (elevations 
adjusted by (-) 0.077 ft
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Manning’s Roughness Values
The Cowan method was used to develop and refine the Manning’s n coefficients to simulate the 
contributed influence of channel bedform, sinuosity, substrate, and vegetation on the channel and 
overbank roughness.  The formula is as follows:

Where: n0 = The portion of the n value that represents the channel material in a straight, 
uniform smooth reach  

 n1 = The additional value added to correct for the effect of channel surface 
irregularities 

 n2 = The additional value for variations in shape and size of the channel cross section 
through the reach 

 n3 = The additional value for obstructions (such as beaver dams, debris dams, stumps, 
downed trees, and root wads extending into the channel)  

 n4 = The additional value for vegetation in the channel  
 m5 = The correction factor for the meandering of the channel. 

Table D-4 outlines the range of values to reference when selecting the most appropriate value for 
each parameter (Chow 1959). 

Table D-4. Range of values to use for coefficients in Cowan's equation.

Channel Conditions Values
Material Involved Earth

n0

0.02
Rock cut 0.025
Fine gravel 0.024
Coarse gravel 0.028-0.03 

Degree of Irregularity Smooth

n1

0
Minor 0.005
Moderate 0.01
Severe 0.02 

Variations of Channel Cross Section Gradual
n2

0
Alternating occasionally 0.005
Alternating frequently 0.010-0.015 

Relative Effect of Obstructions Negligible

n3

0
Minor 0.010-0.015
Appreciable 0.020-0.030
Severe 0.040-0.060 

Vegetation Low

n4

0.005-0.010
Medium 0.010-0.025
High 0.025-0.050
Very high 0.050-0.100 

Degree of Meandering Minor
m5

1
Appreciable 1.15 
Severe 1.3 

543210 *)( mnnnnnn �����

Attachment 1 - Sediment Management Plan



Flood Control and Sediment Management Plan – Sunset Creek

ab    /appendix d - hydraulic model documentation

October 22, 2008 D-15 Herrera Environmental Consultants

Hydrologic Data
Discharges used in the hydraulic analyses correspond to the 1.01-year, 2-year, 10-year, 25-year, 
and 100-year recurrence interval flows from the Richards Creek Basin Plan (Entranco 2000).  
Flows from the Richards Creek Basin Plan were generated using the Hydrologic Simulation 
Program – FORTRAN (HSPF) model to simulate rainfall runoff processes for 28 subbasins 
within the Richards Creek basin.  Flows from the subbasins that contribute to the channel 
network modeled in the hydraulic analysis were selected as hydrologic inputs to the Sunset 
Creek HEC-RAS model (Table D-5).

Fish passage flows were included in this analysis to provide representative low flow conditions 
for model calibration and validation.  These fish passage flows were derived using the method 
described for ungaged catchments in Appendix C of Fish Passage Design at Road Culverts
(WDFW 2003).  The procedure calculates a fish passage design flow as a 10 percent exceedance 
flow for the months of January and May.  January represents the month of highest flow when 
adult salmonids are passing upstream, and May represents the most critical month for the 
upstream passage of juvenile salmonids.  Other months are also important, but January and May 
represent the two extreme combinations for design considerations.  Fish passage design flows are 
calculated using the following equation for urban streams with a drainage area comprising 
greater than 20 percent effective impervious surfaces: 

Qfp=aAbPc

Where: Qfp = Fish passage design flow (cubic feet per second [cfs])  
 A = Drainage area in (square miles) 
 P = Mean annual precipitation (inches).

Drainage areas were based on subbasin areas provided in the Richards Creek Basin Plan
(Entranco 2000).  A mean annual precipitation depth of 35.96 inches was derived from National 
Weather Service data for Bellevue, Washington 
(http://www.idcide.com/weather/wa/bellevue.htm).  

January fish passage design flows were calculated using the following inputs:

� a = 0.052  
� b = 0.96  
� c = 1.28. 

May fish passage design flows were calculated using the following inputs: 

� a = 0.003  
� b = 1.10  
� c = 1.60. 

The standard errors for the January and May calculations are 40.7 percent, and 43.3 percent, 
respectively.  The mean and confidence interval flows for each subbasin used to generate 
hydrologic inputs for the hydraulic analysis are presented in Table D-5.  The high values from 
January were selected for use in the model as they represent the conditions under which high 
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velocities may inhibit fish passage.  The low values from May were used as they represent 
conditions under which flow depth may inhibit fish passage.  Table D-6 presents the final 
1.01-year, 2-year, 10-year, 25-year, and 100-year recurrence interval flows and low and high fish 
passage flows used in hydraulic modeling of existing conditions. 

Model Calibration 
The existing conditions hydraulic model was calibrated using visual observations and streamflow 
data from three onsite gage locations to evaluate the accuracy of the model in predicting water 
surface elevations.  Figure D-6 indicates the locations of the three streamflow gages used for 
calibration of the Sunset Creek hydraulic model.  Low flow data from stage/discharge 
measurements made during April and May 2007 were used to calibrate the model for WDFW 
fish passage flow at two onsite gage locations (station 1 and station 2).  The 2-year, 25-year, and 
100-year recurrence interval flows were used to calibrate the model based on a previous 
hydraulic model of the project area (Entranco 2000).  The resulting quality of calibration was 
dependent on channel changes that occurred between 1999 and 2007.  The stage/discharge 
relationship developed by the City of Bellevue on East Creek just downstream from Kamber 
Road (station 3) was also used to calibrate flows at the downstream end of the model.  
Calibration measurements using these gages were also compared to “on the ground” observations 
made by both Herrera and City of Bellevue employees (Ward 2008) of storm flows and their 
relative geographic extent of flood inundation.  

Stage/Discharge Data 
Flow measurements and water surface elevations were collected by Herrera staff at two 
streamflow gaging locations in the project reach during late winter and spring 2007.  The first 
gage location, station 1, was located approximately 65 feet downstream of SE 30th Street, near 
model cross section 2513.681.  The second gage location, station 2, was located approximately 
265 feet downstream of the Sunset Creek confluence with Richards Creek, near model cross 
section 1817.494.  Only base flow and low level storm flow data were collected because no 
major storms occurred during the time that gaging was conducted.  As such, the resultant data 
was deemed not sufficient for the development of a robust stage/discharge relationship up to any 
significant flood flow.  Instead, streamflow data collected from stations 1 and 2 were used to 
calibrate the low fish passage flows (see Table D-5).  Figures D-7 and D-8 illustrate the 
relationships between the measured flows from these two gages compared to the modeled flow 
from the previous Entranco hydraulic model (Entranco 2000).  The City of Bellevue established 
a gage location on East Creek (station 3) just downstream of Kamber Road, near model cross 
section 543.4692.  The stage/discharge relationship developed for this site was used to compare 
water surface elevations for the cross section locations downstream of Kamber Road and to 
check that the optimized flow split between the flow-split channel and the Richards Creek 
historical channel was adequate.  Further discussion of the flow optimization methodology is 
presented below. 
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Table D-5. Flood event and fish passage flows for the subbasins from the Richards Creek Basin Plan (Entranco 2000) used to determine hydrologic inputs to the hydraulic analysis. 

Location Herrera Reach HSPF Subbasin HSPF Reach 

Tributary Area a Peak Flows (cfs) b WDFW Fish Passage Flows (cfs) c

(acres) (sq mi) 1.01-year 2-year 10-year 25-year 100-year 
January May 

Mean C.I. d Mean C.I. d

East Creek               

Immediately upstream from confluence with Richards Flow-split 
channel E E2 205 187.7 0.29 16 23 36 45 63 1.6 0.9 to 2.2 0.2 0.1 to 0.3 

Sunset Creek               

Sunset Creek from I-90 to the confluence with Richards Creek S S1 21 884.5 1.4 53 79 126 157 212 7 4.1 to 9.8 1.3 0.7 to 1.9 

Richards Creek               

Richards Creek from SE 30th Street downstream to confluence with 
Sunset Creek R6 R2b 14 487.8 0.8 48 72 110 140 200 3.9 2.3 to 5.5 0.7 0.4 to 1 

Richards Creek from confluence with Sunset Creek to flow split e R5 -- -- 1372.3 2.1 101 151 236 297 412 10.6 6.3 to 14.9 2.1 1.2 to 3.1 

Richards Creek from confluence with Richards Flow-split channel 
to Bannerwood Park R1 R2a 2 1992.3 3.1 121 181 297 376 525 15.2 9 to 21.3 3.2 1.8 to 4.6 

a Tributary areas from Richards Creek Basin Plan (Entranco 2000). 
b Predicted peak flows from Richards Creek Basin Plan (Entranco 2000). Peak annual flows are based on log-Pearson type III analyses using the maximum peak flow simulated for each year of the 49-year period. 
c Calculated using regression equation for fish passage design flow (10 percent exceedance flow) in Washington for urban streams (>20% effective impervious drainage area) in Region 2. 
d Confidence interval flows were calculated by adjusting the mean January and May flow values up and down by 40.7 percent, and 43.3 percent, respectively. 
e Area and flow data not available in the basin plan.  Values for tributary subbasins R6 and S summed to estimate values.  
cfs- cubic feet per second 
sq mi- square miles 
WDFW- Washington Department of Fish and Wildlife  

Attachment 1 - Sediment Management Plan



 

Attachment 1 - Sediment Management Plan



Flood Control and Sediment Management Plan – Sunset Creek

ab    /appendix d - hydraulic model documentation

October 22, 2008 D-19 Herrera Environmental Consultants

Table D-6. 1.01-year, 2-year, 10-year, 25-year, and 100-year recurrence interval flows and 
low and high fish passage flows used in hydraulic modeling of existing 
conditions.

HEC-RAS 
Profile River Reach

River 
Station 
(RS) 

Flows (cfs)

1.01-year 2-year 10-year 25-year 100-year Qfp-high Qfp-low 

1 Richards Creek  Historical  1507.208 15.05 22.65 35.4 44.55 61.8 0.0001 0.0001
2 Richards Creek  Lower     85.48712 120.25 181 297 376 525 21.3 1.5
3 Sunset Creek    SE 30th    3272.859 52.48 79 126 157 212 9.8 0.7
4 Sunset Creek    SE 30th    2098.229 100.32 151 236 297 412 14.9 1.2 
5 Sunset Creek    SE 30th    1535.154 85.27 128.35 200.6 252.45 350.2 14.8999 1.1999
6 Sunset Creek    SE 30th    1177.949 100.55 151.35 236.6 297.45 413.2 17.1 1.5 

Flow Split Optimization
Approximately 550 feet downstream of the confluence of Sunset Creek and Richards Creek, the 
flow in Richards Creek is split, or bifurcated, into two channel alignments.  One channel 
alignment heads directly north and historically functioned as the main flow path for Richards 
Creek.  However, over the last five years, an increasing proportion of streamflow has begun to 
occupy the channel alignment that trends to the north-east, called the ‘flow-split channel’ 
throughout this report. At the present time the flow-split channel conveys nearly all of the 
Richards Creek flow during low stream flow conditions and the vast majority of stream flow 
during flooding events.  The historical channel alignment that previously conveyed Richards 
Creek to the north is only utilized during peak flow events. 

A flow optimization procedure was completed within HEC-RAS to assess the proportion of 
storm flows routed down the historical Richards Creek alignment and the flow-split channel 
during flooding events.  The model was run with the flow split optimization to derive an initial 
flood proportion.  The model-derived flow split values were then compared to both visual 
channel observations and comparisons of modeled water surfaces for each channel alignment 
directly downstream of the flow split location.  Several iterations of the model steady flow inputs 
were analyzed, with a goal of obtaining a consistent water surface elevation for both channel 
alignments downstream of the flow split.  Following this procedure, it was eventually determined 
that for flood flows in excess of the flow corresponding to the 1.01-year recurrence interval, 
approximately 15 percent of the total flow upstream of the flow split would be conveyed to the 
historical Richards Creek channel alignment, and approximately 85 percent of the total flow 
would be conveyed to the flow-split channel alignment.  The final steady flow file used in 
HEC-RAS for both the existing conditions and alternative model analyses reflects this flow 
proportion.  

Existing Conditions Model Results
The predicted water surface elevations, water surface gradients, flow velocities, and channel 
shear stress values for the existing conditions geometry are presented at the end of this appendix.  
Figure 9 of this report illustrates the 1.01-, 2-, 10-, 25-, and 100-year recurrence interval flow 
water surface profiles from upstream of SE 30th Street to the confluence of Sunset Creek and 
Richards Creek for the existing conditions model.  
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Figure D-7. Station 1 stage/discharge relationship used to calibrate low flows used in the 
Sunset Creek model.

Figure D-8. Station 2 stage/discharge relationship used to calibrate low flows used in the 
Sunset Creek model.
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The hydraulic analysis results for existing conditions illustrate a high risk of flooding during 
moderate peak flow events at both SE 30th Street and Kamber Road.  The channel gradient 
upstream of SE 30th Street is about 4.3 percent and the channel gradient downstream of SE 30th
Street is about 0.8 percent.  The existing twin 42-inch diameter culverts beneath SE 30th Street 
are about half-way filled with sediment and even in low flow conditions, experience backwaters 
from about 80 feet downstream of the culvert back through the culvert, due to the aggradation 
that the reach has experienced.  The Sunset Creek model of the existing conditions indicates that 
storm flows with magnitudes at or greater than the 1.01-year recurrence interval flood will flood 
the SE 30th Street roadway 

The results at the Kamber Road culvert indicate that a free water surface (i.e., water surface that 
remains below the top of the culvert) is lost for flood flows including and in excess of the 2-year 
flow.  These results indicate that flooding of Kamber Road may occur for flows near or greater 
than the 10-year event.  

Alternative Evaluation 

This section describes the hydraulic evaluation that was completed to enable comparisons of the 
flood control and sedimentation benefits for several culvert and channel improvement 
alternatives.  The four alternatives discussed below were simulated with the Sunset Creek HEC-
RAS model. The final alternative, Phase III Alternative 3, represents the recommended 
combination of the design characteristics from the first three alternatives evaluated. 

Phase I Alternative 1

The objective of the Phase 1 Alternative 1 improvements is to optimize flood conveyance 
capacity and to reduce sedimentation impacts in Sunset Creek from SE 30th Street to 
downstream of the confluence with Richards Creek.  The SE 30th Street crossing is located in a 
natural depositional area within the Sunset Creek channel profile. 

Phase 1 Alternative 1 involves the replacement of the existing twin 42-inch diameter culverts 
under SE 30th Street with a larger culvert incorporating a sedimentation structure (called a 
sediment trap below), channel modifications just upstream SE 30th Street to add roughness and 
maintain channel diversity, as well as channel modifications downstream of SE 30th Street to 
support fish passage through the reach and promote channel stability. 

Sediment Trap and Culvert Structure Details

The structural dimensions of the culvert and sediment trap were developed iteratively within the
HEC-RAS Sunset Creek model, using the context of possible dimensions imposed by existing 
utilities (mainly the large King County sewer that lies just east of the culvert alignment), flood 
flow conveyance, and fish passage.  After several iterations, the proposed structure was 
determined to have a total length of 59.2 feet, an interior width of 13 feet, and to include both a 
stream simulation portion and a sedimentation portion.  Using a stream simulation approach, the 
upstream segment of the culvert for a length of 29.2 feet within the structure was set to have a 
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bed slope of 4.3 percent and to maintain the flow and sediment transport capacity of the reach 
upstream of the culvert in order to convey sediment to the sediment trap at the downstream end
of the structure.  The 28–foot-long downstream segment of the structure was designed to act as a 
sedimentation structure, with a depth of four feet and a storage volume of 54 cubic yards.  The 
ceiling of the structure was maintained at a constant elevation of 69.3 feet.  Sheet C-7 of the 
design plans in Appendix C illustrates the proposed structural dimensions and relative elevations.

Upstream Channel Modifications 
Phase I Alternative 1 includes modifications to the channel bed elevations and cross section 
geometries extending for a distance of 120 feet upstream of the proposed culvert replacement 
structure.  Through this reach, the modeled channel bed profile was revised to maintain a more 
consistent gradient of 4.3 percent.  The design of this modified channel reach includes grade-
control logs, bank logs and root wads to stabilize the bank toes, provide a low flow channel, and 
to create a floodplain bench to add channel diversity and flow attenuation during higher flow 
events.  Using the Cowan’s method, the Manning’s n coefficients for this modified channel reach 
were revised to represent increased roughness at the cross sections where logs and root-wads will 
be placed.  Sheets C-11 and C-13 of the design plans in Appendix C illustrate the proposed 
channel profile and cross section modifications to the reach upstream of the proposed sediment 
trap and culvert structure.  A two-stage channel was also developed for the modified reach 
upstream of SE 30th Street, and the bench elevation was set at a height that would enable the 
1.01-year flow to inundate it with a few inches of water depth. 

Downstream Channel Modifications 

Phase I Alternative 1 also includes channel modifications extending for a distance of 100 feet 
downstream of the proposed culvert replacement structure.  The design includes a log grade-
control structure located about five feet downstream of the culvert structure.  The sill of the log 
grade-control was placed at an elevation of 64.5 feet to induce a backwater depth of 6 inches into 
the culvert outlet, enabling low-flow fish passage through the culvert structure.  The log grade-
control structure will have a “V”- shaped form, to further promote fish passage during low flow 
conditions.  A second grade-control structure, a boulder weir, is included in the design plans 
about 35 feet downstream of the log weir to promote channel bed stability and a consistent grade 
between the two grade-control structures.  Using Cowan’s method, the Manning’s n coefficients 
for the modified channel reach downstream of SE 30th Street were revised to represent increased 
roughness at the cross sections where the log and boulder grade-control structures will be placed. 

Downstream of these grade-control structures, the HEC-RAS cross sectional geometry was 
adjusted to represent the effect of suction dredging to a distance of approximately 100 feet 
downstream of the culvert replacement structure.  Dredging of the aggraded channel bottom is 
included in the design to restore the channel grade to the approximate elevation that it was 
decades ago when the channel was constructed in this location.  The channel geometry in the 
HEC-RAS model was revised in this 100-foot reach to include a two-stage channel with 
approximately five feet of bottom width at the lower stage. The cross section thalweg elevations 
were adjusted to gradually taper into the existing channel elevation at a point 100 feet 
downstream of the culvert. Sheets C-12 and C-13 of the design plans in Appendix C illustrate 
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the proposed channel profile and cross section modifications to the reach downstream of the 
proposed culvert structure. 

Phase I Alternative 1 Results
Modeling the combined Phase I Alternative 1 geometry changes yielded significant 
improvements to flood flow conveyance and sedimentation.  Figure 10 of this report illustrates 
the geometry of the replacement culvert and channel modifications both upstream and 
downstream of SE 30th Street.  Although the 10-year, 25-year, and 100-year recurrence interval 
flows do not pass freely through the culvert, the model indicates that those flows will no longer 
inundate the roadway with the proposed replacement culvert in place.  The energy grade line 
through the modified reach is also fairly stable and model results indicate that the low-flow 
channel will consistently contain adequate flows for fish passage.  The model was also run to 
simulate the channel geometry with a full sediment trap within the replacement culvert.  Even 
after the sediment trap has reached capacity, the proposed culvert is capable of passing flows up 
to the 100-year event without flooding the roadway.  The tabulated model results for each cross 
section, as well as graphs of the channel cross sections are attached at the end of this appendix.  

The model results for the Phase I Alternative I channel modifications indicate a temporary 
backwater condition through the replacement culvert.  However, this backwater condition will be 
resolved with the construction of the proposed Phase II channel modifications (see discussion 
below).  The hydraulic analysis also included an assessment of the risk that could be caused by 
potential severe channel bed aggradation (sedimentation of the lowered channel profile, causing 
the profile to rise considerably) prior to the implementation of the Phase II channel 
modifications.  Although the likelihood of such aggradation is considered low, the effect on 
design flow water surface profiles at the replacement culvert are illustrated in Figure 15 of this 
report.  These model results are based on a very conservative modification of the bed 
topography, in terms of hydraulic analysis, as the modified bed topography represents 
aggradation of the entire channel bed for a depth up to 2.5 feet over a distance of approximately 
200 feet, from the upstream end of the replacement culvert to a distance 140 feet downstream of 
the culvert.  This represents a total of over 220 cubic yards of sediment, including the storage 
provided by the sediment trap within the culvert.  Although increases of the bed elevation under 
this potential scenario would result in temporary increases in water surface elevation for all flood
flow profiles, none of the flows are predicted to overtop SE 30th Street.  Therefore, these 
conditions would still represent an overall decrease in flood risks at the replacement culvert site 
when compared to the existing conditions.  

Phase II Alternative 2

Channel Modifications 
The HEC-RAS model for the Phase II Alternative 2 modifications incorporated the modifications 
from Phase I Alternative 1 as described above, and also accounted for a greater length of  
removal of the excess sediment that has deposited in the reach of Sunset Creek from the SE 30th
Street culvert downstream to the confluence with Richards Creek.  Within the Sunset Creek 
HEC-RAS model, the channel profile was modified to maintain a consistent gradient of about 
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0.93 percent from the boulder weir in Phase I down to the cross section (2098.229) located just 
upstream of the confluence with Richards Creek. The model cross sections through this reach 
were also modified to maintain a two-stage channel and to shift the channel centerline and 
thalweg away from the adjacent buildings that confine the floodplain.  The low flow channel 
dimensions were fine-tuned throughout this reach in order to maintain bed shear stress for 
sediment transport, flow conveyance, and transport of sand-sized particles. The bench elevation 
for the two-stage channel was also set at a height that would enable the 1.01-year flow to 
inundate it with a few inches of water depth.  Finally, a flood containment berm was added to the 
top of the right bank in the model between cross sections 2175.255 and 2313.296 to evaluate 
whether the 100-year peak flood flow could be contained within the modified Sunset Creek 
channel to the confluence with Richards Creek with a minimum of 9 inches of freeboard.  The 
top of the berm elevation was iteratively adjusted for optimum freeboard design.   

Phase II Alternative 2 Results

The Phase II Alternative 2 model results for each channel cross section, as well as graphs of the 
channel cross sections, are attached at the end of this appendix. The model results for Phase II 
Alternative 2 indicate a consistently smooth energy grade line from upstream of the culvert 
replacement structure downstream to the confluence of Sunset Creek with Richards Creek. 
These results show that removal of excess sediment and the adjustment of the channel profile 
will promote increased flow conveyance through the culvert structure at SE 30th Street as well,
improving upon flood control benefits that can be achieved with Phase I alone.  The Phase II 
Alternative II model indicates that flows up to and including the 25-year recurrence interval flow 
will pass through the replacement culvert with a free water surface.  Although the model shows 
that the 100-year recurrence interval flow will backwater upstream of the road crossing, it still 
will not flood the roadway.  In fact, the Phase II Alternative 2 100-year water surface elevation is 
estimated to be approximately 0.6 feet lower at the upstream culvert entrance compared to the 
Phase I Alternative 1 water surface elevation.   

Downstream of SE 30th Street, the combination of channel modifications and a flood 
containment berm constructed above the right bank between the channel and a parking lot 
between Stations 2313 and 2175 will provide conveyance of the 100-year flow with a minimum 
of 9 inches of freeboard along Sunset Creek to the confluence with Richards Creek, consistent 
with City of Bellevue Engineering Standards. 

Phase III Alternative 3

Channel Modifications 
The Phase III Alternative 3 model modifications build upon the Phase II Alternative 2 model, 
with the addition of grade-control steps to provide a consistent channel profile along the flow-
split channel and East Creek between model cross sections 1312.582 and 852.3866.  The channel 
profile was also raised in this reach of the channel network to assess the impacts of increased 
floodplain interaction and potential overbank flood storage. 
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Phase III Alternative 3 Results
The Phase III Alternative 3 model results for each cross section, as well as graphs of the channel 
cross sections, are attached at the end of this appendix.  Although the model indicates that the 
water surface profile would increase by a maximum of 0.7 feet near cross section 1210.31, the 
overall impact is a much more consistent water surface profile from the flow-split channel
downstream to Kamber Road.  Figure 14 of this report compares the proposed Phase III 
Alternative 3 bed modifications between the Richards Creek flow split and East Creek at Kamber 
Road to existing conditions.  Comparisons of the modeled 1.01-year and 100-year water surface 
profiles illustrate how the grade control structures can be utilized to provide local increases in 
water surface elevation to restore floodplain reconnection.

Phase III Alternative 4
Downstream Boundary Condition Modifications
The Phase III Alternative 4 model modifications build upon the Phase III Alternative 3 model, 
specifically to assess the impacts of a modified downstream boundary condition that could be 
realized with removal of beaver dams downstream of the confluence of East Creek and the 
historical Richards Creek channel.  Beaver dams that are currently present in the wetland 
complex downstream of this confluence  cause significant backwater conditions upstream in East 
Creek at the Kamber Road crossing, and are associated with significant sedimentation and 
decreased flow conveyance.  Therefore, the City of Bellevue is interested to understand if beaver 
dam maintenance activities could be effective at maintaining a consistent channel gradient that 
could facilitate both flow conveyance and sediment transport through the East Creek crossing at 
Kamber Road.

The Phase III Alternative 4 HEC-RAS model plan evaluated this option by adjusting the 
downstream boundary condition to have a normal depth with a slope of 0.003 (or 0.3 percent) 
instead of the normal depth with a slope of 0.0013 (or 0.13 percent) that was used to simulate 
existing conditions.  

Phase III Alternative 4 Results
The Phase III Alternative 4 model results for each cross section, as well as graphs of the channel 
cross sections, are attached at the end of this appendix.  Figure 16 of this report illustrates the 
modeled differences in the 2-year and 100-year water surface profiles, reflecting the Phase III
Alternative 4 channel modifications.  However, these results indicate limitations in the accuracy 
of the model at Kamber Road.  The model output does not predict that downstream changes in 
the reach boundary conditions will affect water surface profiles at Kamber Road or further 
upstream in East Creek. Observations of water surface elevations and depositional conditions, 
both during significant back water conditions and following recent maintenance activities 
consistent with the Phase III Alternative 4 analysis, have shown that changes in the downstream 
water surface boundary condition influence flow conditions at Kamber Road.  These 
inconsistencies between model output and observed conditions are likely due to hydraulic 
complexities and channel geometries that are not adequately represented by the model, 
particularly in the transition from the wide channel in the vicinity of the Kamber Road culvert to 
the narrow channel downstream. 
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Figure D-9. Final Existing Conditions cross section plot for river station 2717.8. 
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Figure D-10. Final Existing Conditions cross section plot for river station 2676.488. 
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Figure D-11. Final Existing Conditions cross section plot for river station 2539.81. 
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Figure D-12. Final Existing Conditions cross section plot for river station 2539.81. 
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Figure D-13. Final Existing Conditions cross section plot for river station 2464.334.
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Figure D-14. Final Existing Conditions cross section plot for river station 2297.254.
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Figure D-15. Final Existing Conditions cross section plot for river station 1312.582.
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Figure D-16. Final Existing Conditions cross section plot for river station 1177.949.
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Figure D-17. Final Existing Conditions cross section plot for river station 852.3866.
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Figure D-18. Comparison of Phase I Alternative 1 and Final Existing cross section plots for river station 2717.8. 
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Figure D-19. Comparison of Phase I Alternative 1 and Final Existing cross section plots for river station 2676.488. 
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Figure D-20. Comparison of Phase I Alternative 1 and Final Existing cross section plots for river station 2539.81. 
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Figure D-21. Comparison of Phase I Alternative 1 and Final Existing cross section plots for river station 2464.334.
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Figure D-22. Comparison of Phase II Alternative 2 and Final Existing cross section plots for river station 2464.334.
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Figure D-23. Comparison of Phase II Alternative 2 and Final Existing cross section plots for river station 2297.254.
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Figure D-24. Comparison of Phase III Alternative 3 and Final Existing cross section plots for river station 1312.582.
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Figure D-25. Comparison of Phase III Alternative 3 and Final Existing cross section plots for river station 1177.949.
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Figure D-26. Comparison of Phase III Alternative 3 and Final Existing cross section plots for river station 1177.949. 

Attachment 1 - Sediment Management Plan



 

Attachment 1 - Sediment Management Plan



FINAL EXISTING CONDITIONS OUTPUT TABLE 

Attachment 1 - Sediment Management Plan



 

Attachment 1 - Sediment Management Plan



06-03501-0002 Final Existing Conditions Output Table Herrera Environmental Consultants

River Reach River Sta Profile Q Total Min Ch El W.S. Elev Crit W.S. Max Chl Dpth E.G. Slope Vel Chnl Flow Area Top Width Froude # Chl Hydr Radius C Shear Chan
(cfs) (ft) (ft) (ft) (ft) (ft/ft) (ft/s) (sq ft) (ft) (ft) (lb/sq ft)

Sunset Creek SE 30th 3272.859 1.01-year 52.48 82.49 85.22 83.99 2.73 0.006909 2.99 17.54 7.87 0.35 1.53 0.66
Sunset Creek SE 30th 3272.859 2-year 79 82.49 85.87 84.38 3.38 0.007726 3.46 22.83 8.32 0.37 1.77 0.86
Sunset Creek SE 30th 3272.859 10-year 126 82.49 86.72 84.96 4.23 0.009492 4.19 30.1 8.9 0.4 2.06 1.22
Sunset Creek SE 30th 3272.859 25-year 157 82.49 87.13 85.3 4.64 0.010441 4.63 34.08 10.3 0.42 2.24 1.46
Sunset Creek SE 30th 3272.859 100-year 212 82.49 87.79 85.83 5.3 0.011482 5.24 41.64 12.71 0.45 2.52 1.81

Sunset Creek SE 30th 3251.92 1.01-year 52.48 82.52 84.68 84.21 2.16 0.024525 5.08 10.33 5.78 0.67 1.2 1.84
Sunset Creek SE 30th 3251.92 2-year 79 82.52 85.22 84.69 2.7 0.027799 5.84 13.53 6.22 0.7 1.39 2.41
Sunset Creek SE 30th 3251.92 10-year 126 82.52 86 85.54 3.48 0.031764 6.33 19.9 8.8 0.74 1.5 2.97
Sunset Creek SE 30th 3251.92 25-year 157 82.52 86.34 85.88 3.82 0.033201 6.84 22.96 9.05 0.76 1.64 3.39
Sunset Creek SE 30th 3251.92 100-year 212 82.52 86.88 86.38 4.36 0.035496 7.59 27.92 9.43 0.78 1.84 4.08

Sunset Creek SE 30th 3230.282 1.01-year 52.48 81.37 84.02 83.73 2.65 0.030615 5.49 9.55 6.31 0.79 1.09 2.08
Sunset Creek SE 30th 3230.282 2-year 79 81.37 84.46 84.23 3.09 0.033662 6.29 12.56 7.21 0.84 1.24 2.61
Sunset Creek SE 30th 3230.282 10-year 126 81.37 85.18 84.92 3.81 0.034461 6.77 18.62 9.27 0.84 1.45 3.12
Sunset Creek SE 30th 3230.282 25-year 157 81.37 85.54 85.24 4.17 0.03394 7.15 21.97 9.59 0.83 1.61 3.42
Sunset Creek SE 30th 3230.282 100-year 212 81.37 86.11 85.72 4.74 0.033218 7.67 27.63 10.1 0.82 1.86 3.85

Sunset Creek SE 30th 3207.655 1.01-year 52.48 81.58 83.02 83.02 1.44 0.045494 6.27 8.36 6.93 1.01 0.98 2.8
Sunset Creek SE 30th 3207.655 2-year 79 81.58 83.43 83.43 1.85 0.044215 7.02 11.25 7.41 1.01 1.19 3.29
Sunset Creek SE 30th 3207.655 10-year 126 81.58 84.06 84.06 2.48 0.044338 7.75 16.25 8.79 1 1.42 3.92
Sunset Creek SE 30th 3207.655 25-year 157 81.58 84.37 84.37 2.79 0.044896 8.25 19.02 9.07 1 1.57 4.39
Sunset Creek SE 30th 3207.655 100-year 212 81.58 84.86 84.86 3.28 0.045967 8.98 23.6 9.51 1 1.78 5.12

Sunset Creek SE 30th 3193.525 1.01-year 52.48 81.39 82.96 82.47 1.57 0.012631 3.2 16.4 13.89 0.52 0.99 0.78
Sunset Creek SE 30th 3193.525 2-year 79 81.39 83.44 82.75 2.05 0.010801 3.36 23.53 15.91 0.49 1.2 0.81
Sunset Creek SE 30th 3193.525 10-year 126 81.39 84.14 83.16 2.75 0.008933 3.52 35.78 18.79 0.45 1.5 0.84
Sunset Creek SE 30th 3193.525 25-year 157 81.39 84.54 83.39 3.15 0.00785 3.62 43.42 19.42 0.43 1.74 0.85
Sunset Creek SE 30th 3193.525 100-year 212 81.39 85.16 83.75 3.77 0.00686 3.82 55.51 19.91 0.4 2.11 0.9

Sunset Creek SE 30th 3181.277 1.01-year 52.48 80.83 82.23 82.23 1.4 0.049653 6.06 8.66 7.7 1.01 0.97 3.01
Sunset Creek SE 30th 3181.277 2-year 79 80.83 82.63 82.61 1.8 0.047241 6.68 11.83 8.35 0.99 1.19 3.51
Sunset Creek SE 30th 3181.277 10-year 126 80.83 83.26 83.16 2.43 0.04141 7.2 17.49 9.4 0.93 1.5 3.89
Sunset Creek SE 30th 3181.277 25-year 157 80.83 83.58 83.46 2.75 0.039203 7.67 20.55 10.44 0.92 1.73 4.22
Sunset Creek SE 30th 3181.277 100-year 212 80.83 84.06 83.99 3.23 0.035379 8.35 26.15 12.35 0.91 2.12 4.68

Sunset Creek SE 30th 3171.478 1.01-year 52.48 79.8 82.09 81.5 2.29 0.017938 4.34 12.08 6.96 0.58 1.29 1.44
Sunset Creek SE 30th 3171.478 2-year 79 79.8 82.53 81.92 2.73 0.020229 5.19 15.34 7.97 0.63 1.55 1.96
Sunset Creek SE 30th 3171.478 10-year 126 79.8 83.09 82.55 3.29 0.022901 6.46 20.2 9.36 0.7 1.96 2.8
Sunset Creek SE 30th 3171.478 25-year 157 79.8 83.37 82.91 3.57 0.024983 7.2 22.91 10.06 0.74 2.16 3.37
Sunset Creek SE 30th 3171.478 100-year 212 79.8 83.77 83.5 3.97 0.0285 8.38 27.21 11.07 0.81 2.46 4.38

Sunset Creek SE 30th 3160.526 1.01-year 52.48 79.96 81.89 81.42 1.93 0.018375 4.34 12.09 7.93 0.62 1.24 1.42
Sunset Creek SE 30th 3160.526 2-year 79 79.96 82.32 81.81 2.36 0.020239 5.05 15.65 8.81 0.66 1.47 1.86
Sunset Creek SE 30th 3160.526 10-year 126 79.96 82.89 82.38 2.93 0.022223 6.07 21.16 10.52 0.7 1.82 2.53
Sunset Creek SE 30th 3160.526 25-year 157 79.96 83.18 82.72 3.22 0.022836 6.66 24.36 11.4 0.73 2.05 2.92
Sunset Creek SE 30th 3160.526 100-year 212 79.96 83.62 83.23 3.66 0.023797 7.55 29.71 12.74 0.76 2.4 3.56

Sunset Creek SE 30th 3145.921 1.01-year 52.48 78.83 81.92 80.46 3.09 0.003732 2.52 21.19 10.58 0.29 1.92 0.45
Sunset Creek SE 30th 3145.921 2-year 79 78.83 82.37 80.86 3.54 0.004594 3.15 26.22 11.91 0.33 2.29 0.66
Sunset Creek SE 30th 3145.921 10-year 126 78.83 82.97 81.42 4.14 0.005759 4.01 33.92 13.69 0.38 2.78 1
Sunset Creek SE 30th 3145.921 25-year 157 78.83 83.29 81.74 4.46 0.006411 4.49 38.41 14.63 0.41 3.04 1.22
Sunset Creek SE 30th 3145.921 100-year 212 78.83 83.77 82.27 4.94 0.007307 5.21 45.89 16.07 0.45 3.44 1.57

Sunset Creek SE 30th 3119.845 1.01-year 52.48 79.67 81.65 81.05 1.98 0.011764 3.56 14.77 10.26 0.51 1.32 0.97
Sunset Creek SE 30th 3119.845 2-year 79 79.67 82.05 81.4 2.38 0.011998 4.21 19.08 11.5 0.54 1.67 1.25
Sunset Creek SE 30th 3119.845 10-year 126 79.67 82.57 81.89 2.9 0.013116 5.17 25.47 13.13 0.59 2.13 1.74
Sunset Creek SE 30th 3119.845 25-year 157 79.67 82.82 82.17 3.15 0.014262 5.77 28.89 13.92 0.62 2.35 2.1
Sunset Creek SE 30th 3119.845 100-year 212 79.67 83.2 82.63 3.53 0.016027 6.69 34.41 15.12 0.68 2.69 2.69

Sunset Creek SE 30th 3103.342 1.01-year 52.48 79.66 81.46 80.89 1.8 0.011936 3.47 15.11 10.95 0.52 1.24 0.92
Sunset Creek SE 30th 3103.342 2-year 79 79.66 81.86 81.22 2.2 0.01343 4.03 19.62 12.1 0.56 1.44 1.21
Sunset Creek SE 30th 3103.342 10-year 126 79.66 82.36 81.7 2.7 0.01577 4.81 26.17 13.61 0.61 1.7 1.67
Sunset Creek SE 30th 3103.342 25-year 157 79.66 82.61 81.98 2.95 0.016334 5.31 29.67 14.35 0.63 1.92 1.95
Sunset Creek SE 30th 3103.342 100-year 212 79.66 82.99 82.39 3.33 0.017504 6.1 35.2 15.45 0.67 2.24 2.45

Sunset Creek SE 30th 3082.734 1.01-year 52.48 79.61 81.15 80.76 1.54 0.015717 3.74 14.02 11.68 0.6 1.11 1.09
Sunset Creek SE 30th 3082.734 2-year 79 79.61 81.52 81.06 1.91 0.015628 4.26 18.63 13.16 0.61 1.37 1.33
Sunset Creek SE 30th 3082.734 10-year 126 79.61 82 81.5 2.39 0.015851 5.1 25.43 15.76 0.64 1.78 1.76
Sunset Creek SE 30th 3082.734 25-year 157 79.61 82.23 81.76 2.62 0.01654 5.61 29.26 17.06 0.67 1.99 2.06
Sunset Creek SE 30th 3082.734 100-year 212 79.61 82.61 82.16 3 0.016909 6.32 36.13 19.16 0.7 2.34 2.47

Sunset Creek SE 30th 3066.484 1.01-year 52.48 79.15 80.44 80.44 1.29 0.045593 5.66 9.27 9.44 1.01 0.91 2.59
Sunset Creek SE 30th 3066.484 2-year 79 79.15 80.77 80.77 1.62 0.041061 6.3 12.68 11.37 0.98 1.17 2.99
Sunset Creek SE 30th 3066.484 10-year 126 79.15 81.27 81.27 2.12 0.032155 6.97 19.39 15.18 0.92 1.63 3.27
Sunset Creek SE 30th 3066.484 25-year 157 79.15 81.55 81.55 2.4 0.028891 7.28 23.84 16.54 0.89 1.88 3.4
Sunset Creek SE 30th 3066.484 100-year 212 79.15 81.92 81.92 2.77 0.027733 7.96 30.23 17.83 0.9 2.23 3.85

Sunset Creek SE 30th 3034.622 1.01-year 52.48 77.36 78.8 78.83 1.44 0.053489 6 8.75 8.57 1.05 0.94 3.13
Sunset Creek SE 30th 3034.622 2-year 79 77.36 79.11 79.19 1.75 0.057465 6.84 11.54 9.56 1.1 1.1 3.94
Sunset Creek SE 30th 3034.622 10-year 126 77.36 79.48 79.7 2.12 0.068201 8.2 15.36 10.77 1.21 1.29 5.48
Sunset Creek SE 30th 3034.622 25-year 157 77.36 79.7 79.98 2.34 0.071417 8.82 17.81 11.47 1.25 1.39 6.22
Sunset Creek SE 30th 3034.622 100-year 212 77.36 80.11 80.4 2.75 0.068713 9.35 22.66 12.75 1.24 1.59 6.81
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River Reach River Sta Profile Q Total Min Ch El W.S. Elev Crit W.S. Max Chl Dpth E.G. Slope Vel Chnl Flow Area Top Width Froude # Chl Hydr Radius C Shear Chan
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Sunset Creek SE 30th 3020.31 1.01-year 52.48 76.74 78.69 78.18 1.95 0.011941 3.74 14.04 11.02 0.58 1.14 0.85
Sunset Creek SE 30th 3020.31 2-year 79 76.74 79.07 78.53 2.33 0.012354 4.22 18.74 13.76 0.63 1.24 0.96
Sunset Creek SE 30th 3020.31 10-year 126 76.74 79.57 79.08 2.83 0.012503 4.77 26.69 17.98 0.67 1.45 1.13
Sunset Creek SE 30th 3020.31 25-year 157 76.74 79.84 79.34 3.1 0.012582 5.03 31.75 19.91 0.68 1.59 1.25
Sunset Creek SE 30th 3020.31 100-year 212 76.74 80.22 79.74 3.48 0.012788 5.51 39.63 21.2 0.67 1.94 1.55

Sunset Creek SE 30th 2982.026 1.01-year 52.48 76.27 77.64 77.64 1.37 0.041864 5.49 9.57 10.28 1 0.86 2.24
Sunset Creek SE 30th 2982.026 2-year 79 76.27 77.97 77.97 1.7 0.041566 5.98 13.22 12.11 1.01 1 2.6
Sunset Creek SE 30th 2982.026 10-year 126 76.27 78.42 78.42 2.15 0.042101 6.55 19.23 14.7 1.01 1.2 3.15
Sunset Creek SE 30th 2982.026 25-year 157 76.27 78.66 78.66 2.39 0.042096 6.84 22.94 16.1 1.01 1.3 3.42
Sunset Creek SE 30th 2982.026 100-year 212 76.27 79.03 79.03 2.76 0.041059 7.23 29.3 18.1 1 1.48 3.78

Sunset Creek SE 30th 2969.117 1.01-year 52.48 75.88 76.97 77.07 1.09 0.065542 5.54 9.48 14.93 1.22 0.62 2.54
Sunset Creek SE 30th 2969.117 2-year 79 75.88 77.13 77.29 1.25 0.07752 6.56 12.04 16.63 1.36 0.71 3.42
Sunset Creek SE 30th 2969.117 10-year 126 75.88 77.99 77.62 2.11 0.016637 4.66 27.04 18.12 0.67 1.39 1.44
Sunset Creek SE 30th 2969.117 25-year 157 75.88 78.3 77.81 2.42 0.014764 4.81 32.64 18.59 0.64 1.61 1.49
Sunset Creek SE 30th 2969.117 100-year 212 75.88 78.72 78.12 2.84 0.014239 5.23 40.57 19.24 0.63 1.9 1.69

Sunset Creek SE 30th 2939.869 1.01-year 52.48 73.61 76.82 75.69 3.21 0.0053 2.32 22.64 14.71 0.33 1.38 0.46
Sunset Creek SE 30th 2939.869 2-year 79 73.61 77.25 76.05 3.64 0.006354 2.69 29.37 16.87 0.36 1.56 0.62
Sunset Creek SE 30th 2939.869 10-year 126 73.61 77.81 76.54 4.2 0.007148 3.22 39.19 18.18 0.39 1.91 0.85
Sunset Creek SE 30th 2939.869 25-year 157 73.61 78.11 76.8 4.5 0.007632 3.51 44.79 18.85 0.4 2.09 1
Sunset Creek SE 30th 2939.869 100-year 212 73.61 78.51 77.2 4.9 0.008977 4.04 52.43 19.74 0.44 2.32 1.3

Sunset Creek SE 30th 2904.859 1.01-year 52.48 74.07 76.39 75.43 2.32 0.035375 2.86 18.34 15.88 0.47 1.03 2.28
Sunset Creek SE 30th 2904.859 2-year 79 74.07 76.76 75.8 2.69 0.035069 3.22 24.51 17.55 0.48 1.25 2.74
Sunset Creek SE 30th 2904.859 10-year 126 74.07 77.28 76.48 3.21 0.034618 3.67 34.34 19.94 0.49 1.54 3.34
Sunset Creek SE 30th 2904.859 25-year 157 74.07 77.58 76.7 3.51 0.033762 3.86 41.26 28.12 0.49 1.7 3.59
Sunset Creek SE 30th 2904.859 100-year 212 74.07 77.99 77.03 3.92 0.029905 4.01 54.84 34.28 0.48 1.98 3.69

Sunset Creek SE 30th 2887.542 1.01-year 52.48 73.52 76 75.02 2.48 0.01689 2.48 21.14 16.68 0.39 1.13 1.19
Sunset Creek SE 30th 2887.542 2-year 79 73.52 76.35 75.58 2.83 0.018422 2.91 27.14 17.78 0.42 1.36 1.56
Sunset Creek SE 30th 2887.542 10-year 126 73.52 76.85 75.94 3.33 0.020043 3.46 36.45 19.36 0.44 1.66 2.08
Sunset Creek SE 30th 2887.542 25-year 157 73.52 77.14 76.13 3.62 0.020645 3.73 42.11 20.26 0.46 1.83 2.36
Sunset Creek SE 30th 2887.542 100-year 212 73.52 77.55 76.47 4.03 0.020457 4.12 54.03 31.33 0.46 2.14 2.74

Sunset Creek SE 30th 2869.669 1.01-year 52.48 73.86 74.99 74.99 1.13 0.1141 5.38 9.76 11.01 1.01 0.84 6
Sunset Creek SE 30th 2869.669 2-year 79 73.86 75.46 75.31 1.6 0.076869 5.09 15.52 13.76 0.84 1.07 5.13
Sunset Creek SE 30th 2869.669 10-year 126 73.86 76.06 75.72 2.2 0.05229 5.13 24.66 16.55 0.73 1.46 4.78
Sunset Creek SE 30th 2869.669 25-year 157 73.86 76.37 75.95 2.51 0.045845 5.28 30.09 18.65 0.7 1.69 4.84
Sunset Creek SE 30th 2869.669 100-year 212 73.86 76.83 76.3 2.97 0.037398 5.55 40.53 26.67 0.65 2.13 4.96

Sunset Creek SE 30th 2850.365 1.01-year 52.48 72.12 74.8 73.51 2.68 0.008517 2.47 21.9 12.17 0.29 1.83 0.97
Sunset Creek SE 30th 2850.365 2-year 79 72.12 75.2 73.85 3.08 0.010492 3.08 27.19 14.33 0.34 2.17 1.42
Sunset Creek SE 30th 2850.365 10-year 126 72.12 75.73 74.37 3.61 0.013528 3.94 34.68 18.54 0.39 2.6 2.2
Sunset Creek SE 30th 2850.365 25-year 157 72.12 76 74.67 3.88 0.015279 4.43 38.79 20.56 0.42 2.83 2.7
Sunset Creek SE 30th 2850.365 100-year 212 72.12 76.4 75.15 4.28 0.018215 5.21 45.01 23.53 0.47 3.16 3.6

Sunset Creek SE 30th 2823.726 1.01-year 52.48 72.56 74.33 73.76 1.77 0.027126 3.37 15.7 13.65 0.51 1.25 2.12
Sunset Creek SE 30th 2823.726 2-year 79 72.56 74.66 74.08 2.1 0.02991 3.97 21.01 17.43 0.55 1.5 2.79
Sunset Creek SE 30th 2823.726 10-year 126 72.56 75.09 74.62 2.53 0.031842 4.75 28.98 19.94 0.59 1.87 3.72
Sunset Creek SE 30th 2823.726 25-year 157 72.56 75.33 74.85 2.77 0.032204 5.15 33.94 21.52 0.6 2.09 4.2
Sunset Creek SE 30th 2823.726 100-year 212 72.56 75.68 75.2 3.12 0.033137 5.75 42.05 23.88 0.62 2.42 5

Sunset Creek SE 30th 2794.948 1.01-year 52.48 71.19 73.3 72.93 2.11 0.041455 3.96 13.71 14 0.62 1.16 3.01
Sunset Creek SE 30th 2794.948 2-year 79 71.19 73.74 73.29 2.55 0.03285 4.14 21.11 19.29 0.57 1.48 3.04
Sunset Creek SE 30th 2794.948 10-year 126 71.19 74.19 73.8 3 0.03146 4.73 30.56 22.79 0.58 1.87 3.68
Sunset Creek SE 30th 2794.948 25-year 157 71.19 74.38 74.01 3.19 0.034206 5.22 34.91 24.23 0.61 2.04 4.36
Sunset Creek SE 30th 2794.948 100-year 212 71.19 74.67 74.32 3.48 0.037454 5.93 42.3 26.49 0.66 2.31 5.39

Sunset Creek SE 30th 2760.247 1.01-year 52.48 70.04 72.19 71.78 2.15 0.021386 4.59 11.44 7.83 0.67 1.22 1.63
Sunset Creek SE 30th 2760.247 2-year 79 70.04 72.61 72.19 2.57 0.022586 5.28 15.51 13.21 0.7 1.46 2.06
Sunset Creek SE 30th 2760.247 10-year 126 70.04 73.18 72.94 3.14 0.019203 5.72 26.18 23.05 0.66 1.87 2.25
Sunset Creek SE 30th 2760.247 25-year 157 70.04 73.47 73.26 3.43 0.017131 5.84 32.95 24.53 0.64 2.11 2.25
Sunset Creek SE 30th 2760.247 100-year 212 70.04 73.91 73.59 3.87 0.014582 5.99 44.35 26.84 0.61 2.47 2.25

Sunset Creek SE 30th 2717.8 1.01-year 52.48 69.4 71.4 71.02 2 0.018327 4.1 12.8 10.21 0.65 1.15 1.31
Sunset Creek SE 30th 2717.8 2-year 79 69.4 71.93 71.36 2.53 0.015364 4.22 18.73 12.06 0.6 1.4 1.35
Sunset Creek SE 30th 2717.8 10-year 126 69.4 72.59 71.86 3.19 0.014027 4.6 27.49 15.99 0.58 1.75 1.53
Sunset Creek SE 30th 2717.8 25-year 157 69.4 72.91 72.13 3.51 0.012799 4.87 33.54 21.43 0.57 2.04 1.63
Sunset Creek SE 30th 2717.8 100-year 212 69.4 73.45 72.56 4.05 0.010375 5.05 47.55 30.52 0.53 2.52 1.63

Sunset Creek SE 30th 2702.718 1.01-year 52.48 69.19 71.35 70.61 2.16 0.006362 2.65 19.84 14.94 0.4 1.25 0.5
Sunset Creek SE 30th 2702.718 2-year 79 69.19 71.92 70.91 2.73 0.00504 2.75 28.73 16.42 0.37 1.61 0.51
Sunset Creek SE 30th 2702.718 10-year 126 69.19 72.59 71.31 3.4 0.004965 3.14 40.14 17.5 0.37 2.03 0.63
Sunset Creek SE 30th 2702.718 25-year 157 69.19 72.92 71.54 3.73 0.005283 3.42 45.96 18.03 0.38 2.22 0.73
Sunset Creek SE 30th 2702.718 100-year 212 69.19 73.44 71.9 4.25 0.005713 3.82 55.56 18.86 0.39 2.5 0.89

Sunset Creek SE 30th 2676.488 1.01-year 52.48 68.81 71.24 70.09 2.43 0.00396 2.27 23.13 13.49 0.31 1.56 0.38
Sunset Creek SE 30th 2676.488 2-year 79 68.81 71.82 70.41 3.01 0.003948 2.52 31.33 15.15 0.31 1.85 0.46
Sunset Creek SE 30th 2676.488 10-year 126 68.81 72.48 70.86 3.67 0.004588 3 41.95 17.05 0.34 2.18 0.63
Sunset Creek SE 30th 2676.488 25-year 157 68.81 72.79 71.13 3.98 0.00512 3.31 47.48 17.97 0.36 2.34 0.75
Sunset Creek SE 30th 2676.488 100-year 212 68.81 73.3 71.52 4.49 0.005754 3.72 57.07 21.97 0.38 2.57 0.92

Attachment 1 - Sediment Management Plan



06-03501-0002 Final Existing Conditions Output Table Herrera Environmental Consultants
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Sunset Creek SE 30th 2651.525 1.01-year 52.48 67.48 71.25 68.73 3.77 0.000734 1.18 44.3 18.1 0.13 2.19 0.1
Sunset Creek SE 30th 2651.525 2-year 79 67.48 71.82 69.06 4.34 0.000906 1.43 55.19 19.71 0.15 2.5 0.14
Sunset Creek SE 30th 2651.525 10-year 126 67.48 72.48 69.53 5 0.001215 1.83 68.68 20.97 0.18 2.93 0.22
Sunset Creek SE 30th 2651.525 25-year 157 67.48 72.81 69.8 5.33 0.001359 2.05 78.77 47.92 0.19 3.17 0.27
Sunset Creek SE 30th 2651.525 100-year 212 67.48 73.36 70.2 5.88 0.001053 1.98 114.11 74.37 0.17 3.66 0.24

Sunset Creek SE 30th 2643.063 1.01-year 52.48 66.06 71.25 67.28 5.19 0.000479 1.06 49.64 14.57 0.1 2.49 0.07
Sunset Creek SE 30th 2643.063 2-year 79 66.06 71.82 67.63 5.76 0.000683 1.37 58.53 16.51 0.12 2.81 0.12
Sunset Creek SE 30th 2643.063 10-year 126 66.06 72.47 68.17 6.41 0.001079 1.85 70.09 18.64 0.15 3.16 0.21
Sunset Creek SE 30th 2643.063 25-year 157 66.06 72.79 68.49 6.73 0.001355 2.14 76.04 19.02 0.17 3.32 0.28
Sunset Creek SE 30th 2643.063 100-year 212 66.06 73.3 69.05 7.24 0.001798 2.59 85.69 19.02 0.19 3.57 0.4

Sunset Creek SE 30th 2608.794 Culvert

Sunset Creek SE 30th 2578.872 1.01-year 52.48 64.12 69.28 65.29 5.16 0.000613 1.19 44.59 11.38 0.1 2.56 0.1
Sunset Creek SE 30th 2578.872 2-year 79 64.12 69.74 65.65 5.62 0.001005 1.61 50.29 14.25 0.13 2.79 0.18
Sunset Creek SE 30th 2578.872 10-year 126 64.12 70.31 66.19 6.19 0.001697 2.25 59.97 20.07 0.17 3.11 0.33
Sunset Creek SE 30th 2578.872 25-year 157 64.12 70.61 66.51 6.49 0.002113 2.6 66.59 23.67 0.19 3.28 0.43
Sunset Creek SE 30th 2578.872 100-year 212 64.12 71.08 67.02 6.96 0.002697 3.1 78.98 28.22 0.22 3.55 0.6

Sunset Creek SE 30th 2539.81 1.01-year 52.48 66.61 69.08 68.12 2.47 0.006284 3.27 18.2 13.08 0.39 1.81 0.71
Sunset Creek SE 30th 2539.81 2-year 79 66.61 69.45 68.59 2.84 0.007555 3.98 23.47 15.12 0.44 2.11 1
Sunset Creek SE 30th 2539.81 10-year 126 66.61 69.88 69.17 3.27 0.010055 5.09 30.37 16.96 0.52 2.46 1.54
Sunset Creek SE 30th 2539.81 25-year 157 66.61 70.07 69.47 3.46 0.012071 5.81 33.79 18.55 0.57 2.62 1.97
Sunset Creek SE 30th 2539.81 100-year 212 66.61 70.37 69.85 3.76 0.014879 6.85 39.71 20.94 0.64 2.86 2.66

Sunset Creek SE 30th 2527.427 1.01-year 52.48 66.69 69 68.15 2.31 0.006738 3.23 17.82 15.3 0.41 1.58 0.66
Sunset Creek SE 30th 2527.427 2-year 79 66.69 69.37 68.54 2.68 0.007484 3.83 24.28 19.66 0.45 1.89 0.88
Sunset Creek SE 30th 2527.427 10-year 126 66.69 69.8 69.16 3.11 0.008711 4.65 33.61 22.27 0.5 2.25 1.22
Sunset Creek SE 30th 2527.427 25-year 157 66.69 70.01 69.46 3.32 0.009707 5.15 38.21 22.84 0.53 2.42 1.47
Sunset Creek SE 30th 2527.427 100-year 212 66.69 70.32 69.87 3.63 0.011234 5.93 46.44 28.4 0.58 2.68 1.88

Sunset Creek SE 30th 2513.681 1.01-year 52.48 66.48 68.93 67.96 2.45 0.007372 2.76 19.33 16.44 0.4 1.27 0.58
Sunset Creek SE 30th 2513.681 2-year 79 66.48 69.3 68.47 2.82 0.007625 3.18 26.86 34.16 0.42 1.54 0.73
Sunset Creek SE 30th 2513.681 10-year 126 66.48 69.76 68.92 3.28 0.007608 3.7 39.41 40.56 0.44 1.94 0.92
Sunset Creek SE 30th 2513.681 25-year 157 66.48 69.97 69.24 3.49 0.007933 4.02 46.27 43.31 0.45 2.12 1.05
Sunset Creek SE 30th 2513.681 100-year 212 66.48 70.32 69.63 3.84 0.007894 4.38 58.43 44.84 0.46 2.43 1.2

Sunset Creek SE 30th 2492.185 1.01-year 52.48 67.13 68.66 68.18 1.53 0.012461 3.41 15.41 13.79 0.55 1.09 0.85
Sunset Creek SE 30th 2492.185 2-year 79 67.13 69.02 68.51 1.89 0.011656 3.86 21.3 19.89 0.55 1.39 1.01
Sunset Creek SE 30th 2492.185 10-year 126 67.13 69.54 68.94 2.41 0.008839 4.09 38.79 42.47 0.51 1.87 1.03
Sunset Creek SE 30th 2492.185 25-year 157 67.13 69.81 69.28 2.68 0.007309 4.05 50.55 42.47 0.47 2.12 0.97
Sunset Creek SE 30th 2492.185 100-year 212 67.13 70.2 69.66 3.07 0.006265 4.16 66.99 42.47 0.45 2.48 0.97

Sunset Creek SE 30th 2464.334 1.01-year 52.48 66.47 68.2 67.83 1.73 0.017898 3.77 13.93 12.19 0.61 1.1 1.23
Sunset Creek SE 30th 2464.334 2-year 79 66.47 68.58 68.12 2.11 0.016828 4.25 19.33 16.31 0.6 1.41 1.48
Sunset Creek SE 30th 2464.334 10-year 126 66.47 69.05 68.59 2.58 0.017434 4.98 28.3 21.47 0.62 1.77 1.93
Sunset Creek SE 30th 2464.334 25-year 157 66.47 69.27 68.85 2.8 0.018273 5.43 33.46 26.29 0.65 1.96 2.24
Sunset Creek SE 30th 2464.334 100-year 212 66.47 69.61 69.31 3.14 0.018373 5.99 43.48 32.21 0.66 2.26 2.59

Sunset Creek SE 30th 2429.853 1.01-year 52.48 66.05 67.9 67.23 1.85 0.007127 2.71 19.88 16.76 0.4 1.28 0.57
Sunset Creek SE 30th 2429.853 2-year 79 66.05 68.31 67.5 2.26 0.006992 3.09 27.43 20.07 0.41 1.61 0.7
Sunset Creek SE 30th 2429.853 10-year 126 66.05 68.78 67.9 2.73 0.007716 3.74 38.45 28.92 0.44 2.01 0.97
Sunset Creek SE 30th 2429.853 25-year 157 66.05 68.98 68.13 2.93 0.008643 4.18 44.22 29.86 0.47 2.18 1.18
Sunset Creek SE 30th 2429.853 100-year 212 66.05 69.27 68.52 3.22 0.009971 4.84 53.02 29.86 0.51 2.44 1.52

Sunset Creek SE 30th 2407.706 1.01-year 52.48 65.66 67.2 67.18 1.54 0.050024 5.41 9.7 10.14 0.97 0.9 2.81
Sunset Creek SE 30th 2407.706 2-year 79 65.66 67.49 67.49 1.83 0.055912 6.15 12.85 11.41 1.01 1.07 3.72
Sunset Creek SE 30th 2407.706 10-year 126 65.66 68.08 68.08 2.42 0.035381 6.11 23.27 26.99 0.83 1.53 3.38
Sunset Creek SE 30th 2407.706 25-year 157 65.66 68.32 68.32 2.66 0.031455 6.25 30.63 31.58 0.8 1.73 3.4
Sunset Creek SE 30th 2407.706 100-year 212 65.66 68.59 68.59 2.93 0.031333 6.82 39.24 31.58 0.82 1.98 3.88

Sunset Creek SE 30th 2379.636 1.01-year 52.48 65.03 66.82 66.35 1.79 0.011821 2.88 18.23 17.64 0.49 1.02 0.75
Sunset Creek SE 30th 2379.636 2-year 79 65.03 67.2 66.61 2.17 0.010089 3.17 25.26 19.24 0.47 1.35 0.85
Sunset Creek SE 30th 2379.636 10-year 126 65.03 67.63 66.95 2.6 0.010673 3.82 34.07 22.65 0.5 1.73 1.15
Sunset Creek SE 30th 2379.636 25-year 157 65.03 67.84 67.15 2.81 0.011446 4.24 38.98 25.69 0.53 1.92 1.37
Sunset Creek SE 30th 2379.636 100-year 212 65.03 68.13 67.45 3.1 0.012803 4.92 47.18 30.11 0.57 2.2 1.76

Sunset Creek SE 30th 2361.19 1.01-year 52.48 64.42 66.75 65.77 2.33 0.003291 2.31 24.33 17.71 0.31 1.57 0.32
Sunset Creek SE 30th 2361.19 2-year 79 64.42 67.12 66.06 2.7 0.003979 2.78 31.28 20 0.34 1.84 0.46
Sunset Creek SE 30th 2361.19 10-year 126 64.42 67.53 66.48 3.11 0.005537 3.55 39.95 22.43 0.4 2.13 0.74
Sunset Creek SE 30th 2361.19 25-year 157 64.42 67.72 66.73 3.3 0.006582 3.99 44.2 22.57 0.44 2.26 0.93
Sunset Creek SE 30th 2361.19 100-year 212 64.42 67.98 67.1 3.56 0.008521 4.73 50.35 25.52 0.5 2.44 1.3

Sunset Creek SE 30th 2341.739 1.01-year 52.48 64.47 66.46 65.91 1.99 0.015418 3.96 13.91 14.01 0.56 1.33 1.28
Sunset Creek SE 30th 2341.739 2-year 79 64.47 66.78 66.34 2.31 0.016281 4.59 20.7 26.6 0.59 1.59 1.61
Sunset Creek SE 30th 2341.739 10-year 126 64.47 66.99 66.99 2.52 0.024569 6.05 26.8 30.91 0.74 1.77 2.71
Sunset Creek SE 30th 2341.739 25-year 157 64.47 67.2 67.2 2.73 0.023365 6.29 33.69 34.59 0.73 1.95 2.84
Sunset Creek SE 30th 2341.739 100-year 212 64.47 67.45 67.45 2.98 0.02399 6.84 42.56 34.59 0.75 2.16 3.24

Sunset Creek SE 30th 2313.296 1.01-year 52.48 64.36 65.6 65.6 1.24 0.03887 5.25 10.46 14.89 0.93 0.94 2.27
Sunset Creek SE 30th 2313.296 2-year 79 64.36 65.99 65.99 1.63 0.056799 4.69 18.59 31.31 0.92 0.77 2.73
Sunset Creek SE 30th 2313.296 10-year 126 64.36 66.45 66.22 2.09 0.022822 4.04 34.09 33.3 0.63 1.22 1.74
Sunset Creek SE 30th 2313.296 25-year 157 64.36 66.7 66.34 2.34 0.017603 4 42.32 33.3 0.57 1.46 1.6
Sunset Creek SE 30th 2313.296 100-year 212 64.36 67.07 66.54 2.71 0.013966 4.11 54.56 33.3 0.53 1.81 1.58
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River Reach River Sta Profile Q Total Min Ch El W.S. Elev Crit W.S. Max Chl Dpth E.G. Slope Vel Chnl Flow Area Top Width Froude # Chl Hydr Radius C Shear Chan
(cfs) (ft) (ft) (ft) (ft) (ft/ft) (ft/s) (sq ft) (ft) (ft) (lb/sq ft)

Sunset Creek SE 30th 2297.254 1.01-year 52.48 62.97 65.57 64.4 2.6 0.003703 2.18 30.74 29.44 0.27 1.98 0.46
Sunset Creek SE 30th 2297.254 2-year 79 62.97 65.91 64.75 2.94 0.004278 2.59 41.16 31.13 0.29 2.31 0.62
Sunset Creek SE 30th 2297.254 10-year 126 62.97 66.36 65.17 3.39 0.00516 3.19 55.75 84.25 0.33 2.74 0.88
Sunset Creek SE 30th 2297.254 25-year 157 62.97 66.6 65.43 3.63 0.005718 3.54 63.93 86.24 0.35 2.96 1.06
Sunset Creek SE 30th 2297.254 100-year 212 62.97 66.96 65.86 3.99 0.006276 3.99 76.84 86.24 0.38 3.31 1.3

Sunset Creek SE 30th 2285.55 1.01-year 52.48 63.26 65.57 64.58 2.31 0.002258 1.3 46.24 33.75 0.17 1.39 0.2
Sunset Creek SE 30th 2285.55 2-year 79 63.26 65.92 64.72 2.66 0.002488 1.54 58.22 34.76 0.18 1.65 0.26
Sunset Creek SE 30th 2285.55 10-year 126 63.26 66.39 64.94 3.13 0.002542 1.77 78.44 100.84 0.19 2.01 0.32
Sunset Creek SE 30th 2285.55 25-year 157 63.26 66.63 65.06 3.37 0.002312 1.79 90.89 100.84 0.19 2.2 0.32
Sunset Creek SE 30th 2285.55 100-year 212 63.26 67.01 65.26 3.75 0.001991 1.8 110.12 100.84 0.18 2.49 0.31

Sunset Creek SE 30th 2261.889 1.01-year 52.48 63.31 65.44 64.72 2.13 0.004929 2.35 31.44 92.25 0.31 1.5 0.46
Sunset Creek SE 30th 2261.889 2-year 79 63.31 65.77 64.95 2.46 0.005531 2.79 41.16 95.88 0.34 1.78 0.61
Sunset Creek SE 30th 2261.889 10-year 126 63.31 66.21 65.27 2.9 0.006161 3.34 55.45 97.98 0.37 2.16 0.83
Sunset Creek SE 30th 2261.889 25-year 157 63.31 66.44 65.45 3.13 0.006507 3.65 63.11 97.98 0.39 2.36 0.96
Sunset Creek SE 30th 2261.889 100-year 212 63.31 66.8 65.74 3.49 0.007047 4.12 74.91 97.98 0.41 2.67 1.17

Sunset Creek SE 30th 2238.42 1.01-year 52.48 63.48 65.28 64.66 1.8 0.007533 2.53 26.26 90.2 0.37 1.4 0.66
Sunset Creek SE 30th 2238.42 2-year 79 63.48 65.59 64.95 2.11 0.007916 2.95 34.84 92.49 0.39 1.69 0.84
Sunset Creek SE 30th 2238.42 10-year 126 63.48 66 65.27 2.52 0.008879 3.58 46.72 97.36 0.43 2.08 1.15
Sunset Creek SE 30th 2238.42 25-year 157 63.48 66.21 65.44 2.73 0.009416 3.92 53.14 97.36 0.45 2.28 1.34
Sunset Creek SE 30th 2238.42 100-year 212 63.48 66.54 65.7 3.06 0.010293 4.47 62.92 97.36 0.48 2.59 1.67

Sunset Creek SE 30th 2205.456 1.01-year 52.48 63.19 65 64.55 1.81 0.008604 2.79 25.06 89.89 0.42 1.36 0.73
Sunset Creek SE 30th 2205.456 2-year 79 63.19 65.28 64.77 2.09 0.009445 3.31 33.12 93.14 0.45 1.63 0.96
Sunset Creek SE 30th 2205.456 10-year 126 63.19 65.65 65.08 2.46 0.010778 4.02 44.96 96.12 0.5 1.98 1.34
Sunset Creek SE 30th 2205.456 25-year 157 63.19 65.84 65.19 2.65 0.01136 4.39 51.41 96.12 0.52 2.17 1.54
Sunset Creek SE 30th 2205.456 100-year 212 63.19 66.13 65.58 2.94 0.012404 4.97 61.12 96.12 0.55 2.46 1.9

Sunset Creek SE 30th 2189.813 1.01-year 52.48 63.33 64.84 64.55 1.76 0.009729 2.3 22.76 26.3 0.38 1.1 0.67
Sunset Creek SE 30th 2189.813 2-year 79 63.33 65.11 64.72 2.03 0.010621 2.77 30.06 27.67 0.41 1.36 0.9
Sunset Creek SE 30th 2189.813 10-year 126 63.33 65.48 64.99 2.4 0.011004 3.29 41.61 83.85 0.43 1.71 1.17
Sunset Creek SE 30th 2189.813 25-year 157 63.33 65.69 65.16 2.61 0.010237 3.42 48.81 83.85 0.43 1.91 1.22
Sunset Creek SE 30th 2189.813 100-year 212 63.33 66 65.5 2.92 0.00956 3.64 59.37 83.85 0.42 2.21 1.32

Sunset Creek SE 30th 2175.255 1.01-year 52.48 62.85 64.4 64.38 1.55 0.043402 4.65 15.02 25.47 0.74 1.1 2.98
Sunset Creek SE 30th 2175.255 2-year 79 62.85 64.58 64.58 1.73 0.050518 5.51 19.7 25.88 0.82 1.26 3.98
Sunset Creek SE 30th 2175.255 10-year 126 62.85 64.88 64.88 2.03 0.053164 6.42 27.34 82.34 0.87 1.53 5.07
Sunset Creek SE 30th 2175.255 25-year 157 62.85 65.03 65.03 2.18 0.056152 6.98 31.33 86.77 0.91 1.66 5.83
Sunset Creek SE 30th 2175.255 100-year 212 62.85 65.37 65.28 2.52 0.047632 7.22 40.82 90.25 0.86 1.98 5.88

Sunset Creek SE 30th 2121.292 1.01-year 52.48 61.77 63.42 63.08 1.65 0.012059 2.87 18.3 23.14 0.57 0.75 0.56
Sunset Creek SE 30th 2121.292 2-year 79 61.77 63.76 63.31 1.99 0.008338 3.01 26.71 26 0.5 1.05 0.55
Sunset Creek SE 30th 2121.292 10-year 126 61.77 64.22 63.6 2.45 0.006583 3.35 38.87 26.87 0.47 1.48 0.61
Sunset Creek SE 30th 2121.292 25-year 157 61.77 64.56 63.75 2.79 0.005203 3.4 48.23 27.53 0.43 1.8 0.59
Sunset Creek SE 30th 2121.292 100-year 212 61.77 65.18 64 3.41 0.003618 3.41 65.75 28.72 0.38 2.39 0.54

Sunset Creek SE 30th 2107.746 1.01-year 52.48 61.82 62.85 62.85 1.03 0.029233 5.24 10.02 11.85 1 0.8 1.46
Sunset Creek SE 30th 2107.746 2-year 79 61.82 63.12 63.12 1.3 0.028792 5.93 13.35 12.76 1 1.02 1.83
Sunset Creek SE 30th 2107.746 10-year 126 61.82 63.85 63.63 2.03 0.012136 5.22 28.04 24.73 0.69 1.65 1.25
Sunset Creek SE 30th 2107.746 25-year 157 61.82 64.33 63.84 2.51 0.007265 4.74 40.33 26.36 0.56 2.09 0.95
Sunset Creek SE 30th 2107.746 100-year 212 61.82 65.04 64.14 3.22 0.004472 4.46 59.71 27.99 0.46 2.75 0.77

Sunset Creek SE 30th 2098.229 1.01-year 100.32 60.13 62.65 62.12 2.52 0.010475 3.15 32.57 42.26 0.54 0.99 0.65
Sunset Creek SE 30th 2098.229 2-year 151 60.13 63.04 62.51 2.91 0.007654 3.32 49.35 42.91 0.49 1.36 0.65
Sunset Creek SE 30th 2098.229 10-year 236 60.13 63.64 62.88 3.51 0.005318 3.49 75.38 43.89 0.43 1.92 0.64
Sunset Creek SE 30th 2098.229 25-year 297 60.13 64.04 63.06 3.91 0.004469 3.6 92.74 44.54 0.41 2.29 0.64
Sunset Creek SE 30th 2098.229 100-year 412 60.13 64.71 63.38 4.58 0.003592 3.79 123.02 45.64 0.38 2.92 0.66

Sunset Creek SE 30th 2070.489 1.01-year 100.32 60.45 62.56 61.73 2.11 0.003482 2.02 49.67 39.18 0.32 1.23 0.27
Sunset Creek SE 30th 2070.489 2-year 151 60.45 62.98 61.98 2.53 0.003054 2.26 68.63 47.19 0.31 1.62 0.31
Sunset Creek SE 30th 2070.489 10-year 236 60.45 63.6 62.31 3.15 0.002468 2.51 98.67 48.8 0.29 2.23 0.34
Sunset Creek SE 30th 2070.489 25-year 297 60.45 64.01 62.49 3.56 0.00222 2.65 118.56 49.83 0.28 2.62 0.36
Sunset Creek SE 30th 2070.489 100-year 412 60.45 64.69 62.82 4.24 0.001935 2.88 153.29 51.47 0.28 3.29 0.4

Sunset Creek SE 30th 2050.566 1.01-year 100.32 59.65 62.37 61.97 2.72 0.009256 2.98 33.92 34.24 0.51 0.99 0.57
Sunset Creek SE 30th 2050.566 2-year 151 59.65 62.82 62.19 3.17 0.006281 3.1 51.85 45.37 0.44 1.4 0.55
Sunset Creek SE 30th 2050.566 10-year 236 59.65 63.49 62.51 3.84 0.004056 3.18 82.72 47.24 0.38 2.01 0.51
Sunset Creek SE 30th 2050.566 25-year 297 59.65 63.9 62.75 4.25 0.003383 3.26 102.68 48.41 0.36 2.4 0.51
Sunset Creek SE 30th 2050.566 100-year 412 59.65 64.6 63.07 4.95 0.002728 3.43 137.18 50.17 0.33 3.04 0.52

Sunset Creek SE 30th 2036.451 1.01-year 100.32 60.13 62.26 61.72 2.13 0.008428 2.83 38.52 47.32 0.48 1.04 0.55
Sunset Creek SE 30th 2036.451 2-year 151 60.13 62.77 62.03 2.64 0.004602 2.7 63.41 49 0.37 1.54 0.44
Sunset Creek SE 30th 2036.451 10-year 236 60.13 63.47 62.39 3.34 0.003026 2.78 98.07 51.26 0.32 2.19 0.41
Sunset Creek SE 30th 2036.451 25-year 297 60.13 63.89 62.57 3.76 0.002585 2.87 120.11 52.64 0.31 2.6 0.42
Sunset Creek SE 30th 2036.451 100-year 412 60.13 64.6 62.85 4.47 0.002145 3.05 157.45 52.87 0.29 3.27 0.44

Sunset Creek SE 30th 2016.641 1.01-year 100.32 59.66 62.2 61.35 2.54 0.003075 2.06 50.21 42.43 0.31 1.32 0.25
Sunset Creek SE 30th 2016.641 2-year 151 59.66 62.74 61.64 3.08 0.002219 2.18 73.92 45.1 0.28 1.83 0.25
Sunset Creek SE 30th 2016.641 10-year 236 59.66 63.43 61.94 3.77 0.00181 2.42 106.01 46.8 0.26 2.5 0.28
Sunset Creek SE 30th 2016.641 25-year 297 59.66 63.86 62.14 4.2 0.001683 2.58 126.14 47.83 0.26 2.9 0.3
Sunset Creek SE 30th 2016.641 100-year 412 59.66 64.57 62.47 4.91 0.001548 2.84 160.54 49.55 0.26 3.57 0.35
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River Reach River Sta Profile Q Total Min Ch El W.S. Elev Crit W.S. Max Chl Dpth E.G. Slope Vel Chnl Flow Area Top Width Froude # Chl Hydr Radius C Shear Chan
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Sunset Creek SE 30th 1988.07 1.01-year 100.32 59.15 62.15 61.01 3 0.001716 1.9 60.17 42 0.24 1.79 0.19
Sunset Creek SE 30th 1988.07 2-year 151 59.15 62.69 61.27 3.54 0.001511 2.11 83.51 43.62 0.24 2.3 0.22
Sunset Creek SE 30th 1988.07 10-year 236 59.15 63.39 61.63 4.24 0.001441 2.43 114.86 45.7 0.24 2.95 0.27
Sunset Creek SE 30th 1988.07 25-year 297 59.15 63.82 61.84 4.67 0.001424 2.63 134.61 46.96 0.24 3.35 0.3
Sunset Creek SE 30th 1988.07 100-year 412 59.15 64.53 62.24 5.38 0.001405 2.94 168.55 49.05 0.25 4.01 0.35

Sunset Creek SE 30th 1968.444 1.01-year 100.32 59.73 62.1 61.04 2.37 0.001844 2.08 57.87 41.14 0.26 1.88 0.22
Sunset Creek SE 30th 1968.444 2-year 151 59.73 62.65 61.33 2.92 0.001616 2.3 81.33 44.08 0.26 2.41 0.24
Sunset Creek SE 30th 1968.444 10-year 236 59.73 63.35 61.71 3.62 0.001517 2.63 112.72 45.23 0.26 3.1 0.29
Sunset Creek SE 30th 1968.444 25-year 297 59.73 63.78 61.92 4.05 0.001501 2.84 132.2 46.26 0.26 3.51 0.33
Sunset Creek SE 30th 1968.444 100-year 412 59.73 64.48 62.27 4.75 0.001487 3.19 165.42 47.96 0.27 4.2 0.39

Sunset Creek SE 30th 1954.61 1.01-year 100.32 59.63 61.99 61.33 2.36 0.008212 3.06 43.17 38.25 0.38 1.89 0.97
Sunset Creek SE 30th 1954.61 2-year 151 59.63 62.57 61.66 2.94 0.005902 3.07 67.43 43.67 0.33 2.43 0.9
Sunset Creek SE 30th 1954.61 10-year 236 59.63 63.29 62.03 3.66 0.00473 3.23 99.74 45.74 0.31 3.1 0.92
Sunset Creek SE 30th 1954.61 25-year 297 59.63 63.73 62.3 4.1 0.004372 3.37 119.83 46.98 0.31 3.51 0.96
Sunset Creek SE 30th 1954.61 100-year 412 59.63 64.44 62.62 4.81 0.003986 3.61 154.17 49.03 0.3 4.17 1.04

Sunset Creek SE 30th 1928.749 1.01-year 100.32 59.16 61.96 60.54 2.8 0.001812 1.53 68.09 38.44 0.19 2.04 0.23
Sunset Creek SE 30th 1928.749 2-year 151 59.16 62.54 60.77 3.38 0.001734 1.77 91.52 42.78 0.19 2.61 0.28
Sunset Creek SE 30th 1928.749 10-year 236 59.16 63.26 61.1 4.1 0.001786 2.11 122.71 43.96 0.2 3.32 0.37
Sunset Creek SE 30th 1928.749 25-year 297 59.16 63.69 61.31 4.53 0.001837 2.32 141.81 44.64 0.21 3.74 0.43
Sunset Creek SE 30th 1928.749 100-year 412 59.16 64.4 61.66 5.24 0.001915 2.65 173.95 45.74 0.22 4.44 0.53

Sunset Creek SE 30th 1881.347 1.01-year 100.32 58.45 61.71 60.37 3.26 0.005655 3.04 36.16 22.84 0.34 2.28 0.81
Sunset Creek SE 30th 1881.347 2-year 151 58.45 62.25 60.8 3.8 0.006073 3.59 50.66 36.83 0.36 2.77 1.05
Sunset Creek SE 30th 1881.347 10-year 236 58.45 62.96 61.48 4.51 0.005834 4.04 78.11 39.28 0.37 3.4 1.24
Sunset Creek SE 30th 1881.347 25-year 297 58.45 63.39 61.9 4.94 0.005589 4.25 95.35 40.41 0.36 3.79 1.32
Sunset Creek SE 30th 1881.347 100-year 412 58.45 64.1 62.64 5.65 0.005316 4.6 124.4 40.94 0.36 4.43 1.47

Sunset Creek SE 30th 1868.66 1.01-year 100.32 59.05 61.67 60.65 2.62 0.004449 2.64 45.34 33.4 0.33 1.96 0.54
Sunset Creek SE 30th 1868.66 2-year 151 59.05 62.24 61.01 3.19 0.003885 2.91 64.72 35.17 0.32 2.5 0.61
Sunset Creek SE 30th 1868.66 10-year 236 59.05 62.95 61.52 3.9 0.003739 3.35 90.37 36.56 0.32 3.17 0.74
Sunset Creek SE 30th 1868.66 25-year 297 59.05 63.38 61.76 4.33 0.003734 3.63 105.99 36.56 0.33 3.58 0.84
Sunset Creek SE 30th 1868.66 100-year 412 59.05 64.07 62.15 5.02 0.003805 4.1 131.53 36.56 0.34 4.25 1.01

Sunset Creek SE 30th 1856.084 1.01-year 100.32 58.51 61.54 60.64 3.03 0.009194 3.18 36.92 28.3 0.39 1.96 1.13
Sunset Creek SE 30th 1856.084 2-year 151 58.51 62.12 61.06 3.61 0.007785 3.44 53.97 30.95 0.37 2.51 1.22
Sunset Creek SE 30th 1856.084 10-year 236 58.51 62.83 61.6 4.32 0.007328 3.91 77.03 34.26 0.38 3.18 1.45
Sunset Creek SE 30th 1856.084 25-year 297 58.51 63.25 61.86 4.74 0.007228 4.21 92.07 36.27 0.38 3.58 1.62
Sunset Creek SE 30th 1856.084 100-year 412 58.51 63.96 62.31 5.45 0.00691 4.61 117.72 36.27 0.38 4.25 1.83

Sunset Creek SE 30th 1817.494 1.01-year 100.32 58.15 61.26 59.86 3.11 0.004924 3.33 30.99 17.77 0.36 2.1 0.65
Sunset Creek SE 30th 1817.494 2-year 151 58.15 61.77 60.34 3.62 0.005847 4.07 41.58 23.46 0.41 2.5 0.91
Sunset Creek SE 30th 1817.494 10-year 236 58.15 62.37 61.03 4.22 0.00705 5.03 56.84 25.61 0.46 2.98 1.31
Sunset Creek SE 30th 1817.494 25-year 297 58.15 62.73 61.59 4.58 0.007687 5.58 66.11 25.61 0.49 3.27 1.57
Sunset Creek SE 30th 1817.494 100-year 412 58.15 63.33 62.25 5.18 0.008613 6.47 81.33 25.61 0.53 3.75 2.01

Sunset Creek SE 30th 1805.019 1.01-year 100.32 58.22 61.22 59.92 3 0.004481 3.25 37.73 28.54 0.36 2.11 0.59
Sunset Creek SE 30th 1805.019 2-year 151 58.22 61.74 60.37 3.52 0.004649 3.74 53.63 32.01 0.37 2.54 0.74
Sunset Creek SE 30th 1805.019 10-year 236 58.22 62.39 61.23 4.17 0.004871 4.34 76.07 53.24 0.39 3.06 0.93
Sunset Creek SE 30th 1805.019 25-year 297 58.22 62.78 61.56 4.56 0.00479 4.6 92.15 60.85 0.4 3.38 1.01
Sunset Creek SE 30th 1805.019 100-year 412 58.22 63.46 62.1 5.24 0.004327 4.84 122.76 67.33 0.39 3.94 1.06

Sunset Creek SE 30th 1791.536 1.01-year 100.32 58.58 61.12 60.26 2.54 0.005998 3.49 32.84 26.2 0.43 1.87 0.7
Sunset Creek SE 30th 1791.536 2-year 151 58.58 61.65 60.74 3.07 0.005534 3.91 47.64 28.57 0.43 2.35 0.81
Sunset Creek SE 30th 1791.536 10-year 236 58.58 62.25 61.28 3.67 0.005915 4.65 64.98 28.57 0.46 2.91 1.07
Sunset Creek SE 30th 1791.536 25-year 297 58.58 62.61 61.59 4.03 0.006259 5.14 75.08 28.57 0.48 3.23 1.26
Sunset Creek SE 30th 1791.536 100-year 412 58.58 63.18 62.03 4.6 0.006856 5.94 91.41 28.57 0.52 3.76 1.61

Sunset Creek SE 30th 1777.213 1.01-year 100.32 58.04 61.1 59.79 3.06 0.00334 2.79 43.51 29.94 0.32 2.13 0.44
Sunset Creek SE 30th 1777.213 2-year 151 58.04 61.64 60.25 3.6 0.003268 3.15 60.86 60.16 0.32 2.6 0.53
Sunset Creek SE 30th 1777.213 10-year 236 58.04 62.27 60.89 4.23 0.003557 3.74 83.05 66.33 0.35 3.14 0.7
Sunset Creek SE 30th 1777.213 25-year 297 58.04 62.64 61.24 4.6 0.003738 4.09 96.39 66.54 0.36 3.47 0.81
Sunset Creek SE 30th 1777.213 100-year 412 58.04 63.24 61.67 5.2 0.004003 4.65 118.39 66.89 0.38 3.99 1

Sunset Creek SE 30th 1749.718 1.01-year 100.32 57.73 60.91 59.77 3.18 0.005586 3.47 33.31 20.49 0.39 2.1 0.73
Sunset Creek SE 30th 1749.718 2-year 151 57.73 61.39 60.31 3.66 0.006433 4.19 44.81 47.1 0.43 2.51 1.01
Sunset Creek SE 30th 1749.718 10-year 236 57.73 61.91 60.9 4.18 0.008186 5.27 60.57 63.78 0.5 2.96 1.51
Sunset Creek SE 30th 1749.718 25-year 297 57.73 62.21 61.31 4.48 0.009052 5.87 70.54 64.03 0.54 3.22 1.82
Sunset Creek SE 30th 1749.718 100-year 412 57.73 62.72 61.95 4.99 0.010215 6.79 87.2 64.43 0.58 3.66 2.34

Sunset Creek SE 30th 1689.563 1.01-year 100.32 57.21 60.02 59.59 2.81 0.020876 5.42 18.92 17.83 0.7 1.56 2.03
Sunset Creek SE 30th 1689.563 2-year 151 57.21 60.43 60.37 3.22 0.020473 6.14 29.13 26.36 0.72 1.9 2.43
Sunset Creek SE 30th 1689.563 10-year 236 57.21 61.02 60.84 3.81 0.016972 6.53 45.24 28.17 0.68 2.4 2.55
Sunset Creek SE 30th 1689.563 25-year 297 57.21 61.38 61.07 4.17 0.015528 6.76 55.52 29.26 0.67 2.71 2.62
Sunset Creek SE 30th 1689.563 100-year 412 57.21 61.97 61.51 4.76 0.013881 7.16 73.28 43.57 0.65 3.2 2.78

Sunset Creek SE 30th 1668.393 1.01-year 100.32 56.93 59.91 59.04 2.98 0.008146 4.05 28.94 25.06 0.47 1.94 0.99
Sunset Creek SE 30th 1668.393 2-year 151 56.93 60.35 59.81 3.42 0.008396 4.62 40.03 26.29 0.5 2.31 1.21
Sunset Creek SE 30th 1668.393 10-year 236 56.93 60.91 60.31 3.98 0.008645 5.32 55.37 27.91 0.52 2.79 1.51
Sunset Creek SE 30th 1668.393 25-year 297 56.93 61.26 60.56 4.33 0.008706 5.71 65.25 28.9 0.53 3.09 1.68
Sunset Creek SE 30th 1668.393 100-year 412 56.93 61.84 61.01 4.91 0.008713 6.31 82.48 30.55 0.54 3.58 1.95
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Sunset Creek SE 30th 1626.318 1.01-year 100.32 56.89 59.64 58.71 2.75 0.006398 3.64 31.21 23.61 0.43 1.9 0.76
Sunset Creek SE 30th 1626.318 2-year 151 56.89 60.03 59.27 3.14 0.007479 4.38 40.51 24.76 0.48 2.23 1.04
Sunset Creek SE 30th 1626.318 10-year 236 56.89 60.51 59.87 3.62 0.009048 5.39 52.72 26.21 0.54 2.65 1.49
Sunset Creek SE 30th 1626.318 25-year 297 56.89 60.8 60.15 3.91 0.009898 5.99 60.41 27.07 0.58 2.9 1.79
Sunset Creek SE 30th 1626.318 100-year 412 56.89 61.3 60.62 4.41 0.010777 6.86 74.37 28.58 0.62 3.33 2.24

Sunset Creek SE 30th 1613.357 1.01-year 100.32 56.46 59.63 58.27 3.17 0.003357 2.9 37.14 23.32 0.33 2.08 0.44
Sunset Creek SE 30th 1613.357 2-year 151 56.46 60 58.69 3.54 0.004389 3.65 46.19 24.85 0.39 2.4 0.66
Sunset Creek SE 30th 1613.357 10-year 236 56.46 60.47 59.4 4.01 0.0059 4.69 58.04 26.32 0.46 2.8 1.03
Sunset Creek SE 30th 1613.357 25-year 297 56.46 60.74 59.77 4.28 0.006805 5.32 65.4 27.19 0.5 3.03 1.29
Sunset Creek SE 30th 1613.357 100-year 412 56.46 61.23 60.29 4.77 0.00793 6.25 78.89 28.73 0.55 3.45 1.71

Sunset Creek SE 30th 1592.728 1.01-year 100.32 56.02 59.65 57.91 3.63 0.001149 1.69 62.89 33.09 0.19 2.23 0.16
Sunset Creek SE 30th 1592.728 2-year 151 56.02 60.04 58.23 4.02 0.001518 2.15 75.99 33.8 0.23 2.6 0.25
Sunset Creek SE 30th 1592.728 10-year 236 56.02 60.54 58.66 4.52 0.002077 2.81 92.89 34.71 0.28 3.07 0.4
Sunset Creek SE 30th 1592.728 25-year 297 56.02 60.83 58.92 4.81 0.00242 3.22 103.26 35.25 0.3 3.35 0.51
Sunset Creek SE 30th 1592.728 100-year 412 56.02 61.35 59.38 5.33 0.002877 3.85 121.91 36.21 0.34 3.85 0.69

Sunset Creek SE 30th 1583.59 1.01-year 100.32 56.87 59.48 58.8 2.61 0.008049 3.48 32.65 32.1 0.47 1.59 0.8
Sunset Creek SE 30th 1583.59 2-year 151 56.87 59.81 59.2 2.94 0.00914 4.19 43.62 33.2 0.52 1.91 1.09
Sunset Creek SE 30th 1583.59 10-year 236 56.87 60.21 59.7 3.34 0.011291 5.25 56.96 34.5 0.6 2.28 1.61
Sunset Creek SE 30th 1583.59 25-year 297 56.87 60.43 59.97 3.56 0.012715 5.91 64.84 35.25 0.64 2.5 1.98
Sunset Creek SE 30th 1583.59 100-year 412 56.87 60.87 60.38 4 0.013713 6.8 80.49 36.69 0.68 2.91 2.49

Sunset Creek SE 30th 1583.5 Lat Struct

Sunset Creek SE 30th 1576.451 1.01-year 100.32 56.81 59.39 58.71 2.58 0.01288 3.58 28.97 25.93 0.53 1.27 1.02
Sunset Creek SE 30th 1576.451 2-year 151 56.81 59.69 59.18 2.88 0.015583 4.33 37.2 28.01 0.6 1.47 1.43
Sunset Creek SE 30th 1576.451 10-year 236 56.81 60.02 59.67 3.21 0.020105 5.52 46.94 31.92 0.7 1.76 2.2
Sunset Creek SE 30th 1576.451 25-year 297 56.81 60.17 59.92 3.36 0.024449 6.39 51.81 33.88 0.78 1.89 2.89
Sunset Creek SE 30th 1576.451 100-year 412 56.81 60.36 60.36 3.55 0.034449 8.04 58.39 36.3 0.94 2.06 4.43

Sunset Creek SE 30th 1535.154 1.01-year 85.27 56.74 58.88 58.13 2.14 0.005952 2.09 44.51 64.82 0.32 1.3 0.48
Sunset Creek SE 30th 1535.154 2-year 128.35 56.74 59.18 58.35 2.44 0.006312 2.43 65.06 75.59 0.34 1.55 0.61
Sunset Creek SE 30th 1535.154 10-year 200.6 56.74 59.54 58.67 2.8 0.006603 2.81 96.09 107.2 0.36 1.86 0.77
Sunset Creek SE 30th 1535.154 25-year 252.45 56.74 59.75 58.95 3.01 0.006459 2.98 118.93 107.2 0.36 2.06 0.83
Sunset Creek SE 30th 1535.154 100-year 350.2 56.74 60.09 59.26 3.35 0.006347 3.26 155.06 107.2 0.37 2.39 0.95

Sunset Creek SE 30th 1520.645 1.01-year 85.27 56.07 58.86 57.6 2.79 0.001622 1.56 72.98 107.62 0.21 1.52 0.15
Sunset Creek SE 30th 1520.645 2-year 128.35 56.07 59.16 57.84 3.09 0.001767 1.81 105.43 109.75 0.23 1.79 0.2
Sunset Creek SE 30th 1520.645 10-year 200.6 56.07 59.52 58.19 3.45 0.00202 2.16 144.8 109.75 0.25 2.11 0.27
Sunset Creek SE 30th 1520.645 25-year 252.45 56.07 59.73 58.4 3.66 0.002178 2.38 167.84 109.75 0.26 2.3 0.31
Sunset Creek SE 30th 1520.645 100-year 350.2 56.07 60.06 58.97 3.99 0.002455 2.74 204.17 109.75 0.28 2.6 0.4

Sunset Creek SE 30th 1493.465 1.01-year 85.27 56.01 58.7 57.64 2.69 0.004145 2.89 40.53 62.58 0.35 1.9 0.49
Sunset Creek SE 30th 1493.465 2-year 128.35 56.01 58.95 58.02 2.94 0.005351 3.54 61.32 88.29 0.41 2.12 0.71
Sunset Creek SE 30th 1493.465 10-year 200.6 56.01 59.27 58.92 3.26 0.006281 4.18 89.8 88.29 0.45 2.42 0.95
Sunset Creek SE 30th 1493.465 25-year 252.45 56.01 59.46 59.1 3.45 0.006746 4.54 106.66 88.29 0.47 2.59 1.09
Sunset Creek SE 30th 1493.465 100-year 350.2 56.01 59.76 59.35 3.75 0.007605 5.14 132.59 88.29 0.51 2.86 1.36

Sunset Creek SE 30th 1474.062 1.01-year 85.27 56.81 58.67 58.2 1.86 0.003919 2.28 70.18 110.27 0.33 1.37 0.33
Sunset Creek SE 30th 1474.062 2-year 128.35 56.81 58.94 58.39 2.13 0.003902 2.54 99.13 110.27 0.34 1.61 0.39
Sunset Creek SE 30th 1474.062 10-year 200.6 56.81 59.27 58.59 2.46 0.004071 2.92 135.6 110.27 0.36 1.92 0.49
Sunset Creek SE 30th 1474.062 25-year 252.45 56.81 59.46 58.74 2.65 0.004232 3.16 156.98 110.27 0.37 2.1 0.55
Sunset Creek SE 30th 1474.062 100-year 350.2 56.81 59.76 58.94 2.95 0.004639 3.59 189.85 110.27 0.4 2.38 0.69

Sunset Creek SE 30th 1400.25 1.01-year 85.27 56.09 57.96 57.61 1.87 0.014145 4.19 31.41 78.66 0.61 1.34 1.19
Sunset Creek SE 30th 1400.25 2-year 128.35 56.09 58.15 58.15 2.06 0.016614 4.89 46.97 83.59 0.67 1.51 1.57
Sunset Creek SE 30th 1400.25 10-year 200.6 56.09 58.38 58.38 2.29 0.019637 5.79 65.88 83.59 0.74 1.71 2.1
Sunset Creek SE 30th 1400.25 25-year 252.45 56.09 58.52 58.52 2.43 0.02105 6.28 77.39 83.59 0.78 1.84 2.42
Sunset Creek SE 30th 1400.25 100-year 350.2 56.09 58.85 58.73 2.76 0.018143 6.45 105.04 83.59 0.74 2.14 2.42

Sunset Creek SE 30th 1312.582 1.01-year 85.27 54.16 56.24 55.93 2.08 0.0213 5.36 15.98 11.67 0.75 1.36 1.81
Sunset Creek SE 30th 1312.582 2-year 128.35 54.16 56.73 56.72 2.57 0.013865 5.05 46.93 86.52 0.62 1.73 1.5
Sunset Creek SE 30th 1312.582 10-year 200.6 54.16 57.34 56.99 3.18 0.006623 4.16 100.75 87.46 0.45 2.25 0.93
Sunset Creek SE 30th 1312.582 25-year 252.45 54.16 57.8 57.13 3.64 0.004257 3.71 140.95 87.46 0.37 2.64 0.7
Sunset Creek SE 30th 1312.582 100-year 350.2 54.16 58.59 57.35 4.43 0.002582 3.35 209.85 87.46 0.3 3.31 0.53

Sunset Creek SE 30th 1208.49 1.01-year 85.27 51.7 54.69 53.8 2.99 0.011975 4.59 18.56 8.69 0.55 1.56 1.17
Sunset Creek SE 30th 1208.49 2-year 128.35 51.7 55.76 54.36 4.06 0.007418 3.96 43.63 47.17 0.45 1.82 0.84
Sunset Creek SE 30th 1208.49 10-year 200.6 51.7 56.96 55.65 5.26 0.002698 3.01 107.59 54.66 0.29 2.6 0.44
Sunset Creek SE 30th 1208.49 25-year 252.45 51.7 57.5 55.97 5.8 0.002206 3.01 137.02 54.66 0.27 3.02 0.42
Sunset Creek SE 30th 1208.49 100-year 350.2 51.7 58.34 56.34 6.64 0.001853 3.15 183.05 54.66 0.26 3.67 0.42

Sunset Creek SE 30th 1177.949 1.01-year 100.55 51.42 54.73 53.05 3.31 0.001847 2.77 36.25 13.04 0.29 2.11 0.24
Sunset Creek SE 30th 1177.949 2-year 151.35 51.42 55.49 53.47 4.07 0.001659 3.06 67.13 50.14 0.29 2.67 0.28
Sunset Creek SE 30th 1177.949 10-year 236.6 51.42 56.27 54.07 4.85 0.001625 3.46 106.13 50.15 0.29 3.26 0.33
Sunset Creek SE 30th 1177.949 25-year 297.45 51.42 56.72 54.46 5.3 0.001634 3.7 128.59 50.15 0.3 3.6 0.37
Sunset Creek SE 30th 1177.949 100-year 413.2 51.42 57.46 55.54 6.04 0.001653 4.1 165.82 50.15 0.31 4.16 0.43

Sunset Creek SE 30th 1012.233 1.01-year 100.55 49.75 53.92 52.37 4.17 0.012251 4.21 23.87 7.7 0.42 1.6 1.23
Sunset Creek SE 30th 1012.233 2-year 151.35 49.75 54.61 53 4.86 0.014792 4.99 32.94 19.55 0.46 1.82 1.68
Sunset Creek SE 30th 1012.233 10-year 236.6 49.75 55.32 53.89 5.57 0.015391 5.74 47.5 21.31 0.49 2.18 2.09
Sunset Creek SE 30th 1012.233 25-year 297.45 49.75 55.73 54.97 5.98 0.015626 6.14 56.34 22.3 0.5 2.38 2.32
Sunset Creek SE 30th 1012.233 100-year 413.2 49.75 56.4 55.54 6.65 0.015675 6.72 72.28 25.48 0.51 2.72 2.66
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Sunset Creek SE 30th 852.3866 1.01-year 100.55 50.09 52.62 51.63 2.53 0.006318 3.4 29.59 14.77 0.42 1.78 0.7
Sunset Creek SE 30th 852.3866 2-year 151.35 50.09 53.16 52.04 3.07 0.00678 3.98 39.22 20.86 0.45 2.16 0.91
Sunset Creek SE 30th 852.3866 10-year 236.6 50.09 54.19 52.6 4.1 0.004971 4.03 66.57 32.49 0.39 2.84 0.88
Sunset Creek SE 30th 852.3866 25-year 297.45 50.09 54.65 53 4.56 0.004727 4.18 81.9 33.02 0.39 3.14 0.93
Sunset Creek SE 30th 852.3866 100-year 413.2 50.09 55.42 53.69 5.33 0.004455 4.42 107.51 33.91 0.38 3.61 1

Sunset Creek SE 30th 834.4796 1.01-year 100.55 50.42 52.35 52.05 1.93 0.01469 4.18 24.06 20.51 0.68 1.14 1.04
Sunset Creek SE 30th 834.4796 2-year 151.35 50.42 53.04 52.37 2.62 0.007447 3.91 39.73 25.09 0.51 1.75 0.81
Sunset Creek SE 30th 834.4796 10-year 236.6 50.42 54.14 52.8 3.72 0.003764 3.62 71.26 32.4 0.38 2.65 0.62
Sunset Creek SE 30th 834.4796 25-year 297.45 50.42 54.61 53.07 4.19 0.003505 3.79 86.83 33.42 0.37 3.02 0.66
Sunset Creek SE 30th 834.4796 100-year 413.2 50.42 55.37 53.54 4.95 0.003281 4.09 112.53 33.91 0.36 3.6 0.74

Sunset Creek SE 30th 816.2844 1.01-year 100.55 50.18 52.24 51.75 2.06 0.008119 3.12 32.26 26.81 0.5 1.17 0.59
Sunset Creek SE 30th 816.2844 2-year 151.35 50.18 53.02 52.01 2.84 0.004056 2.78 54.43 30.02 0.36 1.73 0.44
Sunset Creek SE 30th 816.2844 10-year 236.6 50.18 54.15 52.38 3.97 0.002 2.58 96.79 43.1 0.27 2.69 0.34
Sunset Creek SE 30th 816.2844 25-year 297.45 50.18 54.63 52.61 4.45 0.001856 2.72 117.38 43.46 0.26 3.08 0.36
Sunset Creek SE 30th 816.2844 100-year 413.2 50.18 55.4 53 5.22 0.001737 2.95 151.26 44.04 0.26 3.71 0.4

Sunset Creek SE 30th 795.8286 1.01-year 100.55 50.27 52.19 51.34 1.92 0.00315 2.32 44.91 31.92 0.32 1.49 0.29
Sunset Creek SE 30th 795.8286 2-year 151.35 50.27 53 51.59 2.73 0.001784 2.23 72.03 35.08 0.26 2.18 0.24
Sunset Creek SE 30th 795.8286 10-year 236.6 50.27 54.14 51.96 3.87 0.001152 2.25 114.08 37.65 0.21 3.11 0.22
Sunset Creek SE 30th 795.8286 25-year 297.45 50.27 54.62 52.18 4.35 0.001187 2.44 131.93 37.82 0.22 3.47 0.26
Sunset Creek SE 30th 795.8286 100-year 413.2 50.27 55.38 52.55 5.11 0.001271 2.78 161.13 38.09 0.23 4.05 0.32

Sunset Creek SE 30th 772.6812 1.01-year 100.55 49.8 52.11 51.34 2.31 0.00363 2.31 43.79 31.6 0.34 1.35 0.31
Sunset Creek SE 30th 772.6812 2-year 151.35 49.8 52.96 51.57 3.16 0.001804 2.16 72.62 36.28 0.25 2.08 0.23
Sunset Creek SE 30th 772.6812 10-year 236.6 49.8 54.12 51.89 4.32 0.001109 2.15 115.02 45.55 0.21 3.03 0.21
Sunset Creek SE 30th 772.6812 25-year 297.45 49.8 54.59 52.11 4.79 0.001113 2.35 132.48 46.93 0.21 3.44 0.24
Sunset Creek SE 30th 772.6812 100-year 413.2 49.8 55.36 52.47 5.56 0.001142 2.68 160.86 49.35 0.22 4.13 0.29

Sunset Creek SE 30th 742.021 1.01-year 100.55 49.76 52.02 51.21 2.26 0.003164 2.1 47.78 33.86 0.31 1.33 0.26
Sunset Creek SE 30th 742.021 2-year 151.35 49.76 52.92 51.43 3.16 0.001523 1.91 79.33 41.34 0.23 2.05 0.19
Sunset Creek SE 30th 742.021 10-year 236.6 49.76 54.1 51.73 4.34 0.000905 1.94 122.07 51.49 0.19 3.11 0.18
Sunset Creek SE 30th 742.021 25-year 297.45 49.76 54.57 51.93 4.81 0.000921 2.14 139.3 53.01 0.19 3.55 0.2
Sunset Creek SE 30th 742.021 100-year 413.2 49.76 55.34 52.27 5.58 0.000966 2.47 167.27 53.01 0.2 4.27 0.26

Sunset Creek SE 30th 704.0906 Bridge

Sunset Creek SE 30th 637.1669 1.01-year 100.55 49 51.91 50.27 2.91 0.000848 1.45 70.2 47.21 0.17 2.09 0.11
Sunset Creek SE 30th 637.1669 2-year 151.35 49 52.51 50.53 3.51 0.000908 1.72 88.85 47.46 0.18 2.59 0.15
Sunset Creek SE 30th 637.1669 10-year 236.6 49 53.12 50.86 4.12 0.001179 2.21 108.51 50.82 0.21 3.12 0.23
Sunset Creek SE 30th 637.1669 25-year 297.45 49 53.46 51.05 4.46 0.001351 2.52 121.12 55.09 0.23 3.42 0.29
Sunset Creek SE 30th 637.1669 100-year 413.2 49 54.01 51.41 5.01 0.001627 3.02 142.47 55.09 0.26 3.92 0.4

Sunset Creek SE 30th 616.5581 1.01-year 100.55 48.88 51.91 49.89 3.03 0.000323 1.03 110.99 63.74 0.11 2.53 0.05
Sunset Creek SE 30th 616.5581 2-year 151.35 48.88 52.51 50.12 3.63 0.00037 1.24 138.24 68.09 0.12 3.03 0.07
Sunset Creek SE 30th 616.5581 10-year 236.6 48.88 53.13 50.44 4.25 0.000508 1.6 166.47 68.5 0.14 3.53 0.11
Sunset Creek SE 30th 616.5581 25-year 297.45 48.88 53.48 50.61 4.6 0.000595 1.83 182.93 71.65 0.16 3.84 0.14
Sunset Creek SE 30th 616.5581 100-year 413.2 48.88 54.04 50.91 5.16 0.000742 2.22 211.02 73.22 0.18 4.35 0.2

Sunset Creek SE 30th 596.5916 1.01-year 100.55 48.52 51.89 49.66 3.37 0.000467 1.22 86.58 39.79 0.13 2.65 0.08
Sunset Creek SE 30th 596.5916 2-year 151.35 48.52 52.49 49.91 3.97 0.000583 1.52 105.26 41.8 0.14 3.12 0.11
Sunset Creek SE 30th 596.5916 10-year 236.6 48.52 53.09 50.27 4.57 0.000843 2.01 124.53 43.09 0.18 3.62 0.19
Sunset Creek SE 30th 596.5916 25-year 297.45 48.52 53.42 50.49 4.9 0.001019 2.33 135.73 44.4 0.2 3.92 0.25
Sunset Creek SE 30th 596.5916 100-year 413.2 48.52 53.95 50.89 5.43 0.001329 2.88 154.47 46.49 0.23 4.39 0.36

Sunset Creek SE 30th 572.9708 1.01-year 100.55 47.8 51.79 50.11 3.99 0.007538 2.48 40.59 22.01 0.31 1.85 0.87
Sunset Creek SE 30th 572.9708 2-year 151.35 47.8 52.36 50.59 4.56 0.007033 2.83 57.4 34.91 0.31 2.37 1.04
Sunset Creek SE 30th 572.9708 10-year 236.6 47.8 52.92 51.28 5.12 0.007889 3.42 77.89 37.52 0.34 2.89 1.42
Sunset Creek SE 30th 572.9708 25-year 297.45 47.8 53.24 51.64 5.44 0.008498 3.78 89.82 38.6 0.36 3.18 1.69
Sunset Creek SE 30th 572.9708 100-year 413.2 47.8 53.73 52.3 5.93 0.009453 4.37 109.03 38.6 0.39 3.64 2.15

Sunset Creek SE 30th 554.7107 1.01-year 100.55 47.62 51.53 49.85 3.91 0.008664 3.51 29.65 16.97 0.36 2.05 1.11
Sunset Creek SE 30th 554.7107 2-year 151.35 47.62 52.02 50.4 4.4 0.010876 4.35 43.97 52.7 0.41 2.38 1.62
Sunset Creek SE 30th 554.7107 10-year 236.6 47.62 52.65 51.17 5.03 0.009955 4.65 78.01 55.51 0.4 2.81 1.75
Sunset Creek SE 30th 554.7107 25-year 297.45 47.62 53.01 52.36 5.39 0.009395 4.77 98.04 57.1 0.4 3.05 1.79
Sunset Creek SE 30th 554.7107 100-year 413.2 47.62 53.57 52.75 5.95 0.008626 4.95 134.54 116.88 0.39 3.44 1.85

Sunset Creek SE 30th 543.1325 1.01-year 100.55 47.65 51.52 49.72 3.87 0.003274 2.92 35.23 50.97 0.3 2.2 0.45
Sunset Creek SE 30th 543.1325 2-year 151.35 47.65 52.04 50.19 4.39 0.003644 3.37 63.54 55.1 0.32 2.55 0.58
Sunset Creek SE 30th 543.1325 10-year 236.6 47.65 52.64 50.87 4.99 0.003872 3.88 98.61 117.31 0.34 3 0.73
Sunset Creek SE 30th 543.1325 25-year 297.45 47.65 52.98 51.29 5.33 0.003881 4.1 121.75 117.31 0.35 3.26 0.79
Sunset Creek SE 30th 543.1325 100-year 413.2 47.65 53.53 52.3 5.88 0.003888 4.45 158.79 117.31 0.36 3.68 0.89

Sunset Creek SE 30th 529.8341 1.01-year 100.55 47.8 51.47 49.72 3.67 0.003859 2.94 34.89 19.26 0.31 2.17 0.52
Sunset Creek SE 30th 529.8341 2-year 151.35 47.8 51.99 50.2 4.19 0.004265 3.39 59.3 104.45 0.33 2.5 0.67
Sunset Creek SE 30th 529.8341 10-year 236.6 47.8 52.59 50.88 4.79 0.004205 3.77 94.29 110.85 0.34 2.97 0.78
Sunset Creek SE 30th 529.8341 25-year 297.45 47.8 52.94 51.3 5.14 0.004211 3.99 115.69 114.45 0.34 3.24 0.85
Sunset Creek SE 30th 529.8341 100-year 413.2 47.8 53.48 52.33 5.68 0.004245 4.35 152.44 120.21 0.35 3.66 0.97

Sunset Creek SE 30th 420.6496 1.01-year 100.55 47.11 51.29 48.76 4.18 0.001295 1.95 52.9 25.45 0.19 2.57 0.21
Sunset Creek SE 30th 420.6496 2-year 151.35 47.11 51.75 49.16 4.64 0.001814 2.47 75.05 54.14 0.23 2.87 0.32
Sunset Creek SE 30th 420.6496 10-year 236.6 47.11 52.3 49.73 5.19 0.002274 3.04 110.85 118.2 0.26 3.31 0.47
Sunset Creek SE 30th 420.6496 25-year 297.45 47.11 52.62 50.1 5.51 0.002461 3.33 132.78 118.2 0.28 3.56 0.55
Sunset Creek SE 30th 420.6496 100-year 413.2 47.11 53.14 50.75 6.03 0.002707 3.75 168.33 118.2 0.3 3.97 0.67
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06-03501-0002 Final Existing Conditions Output Table Herrera Environmental Consultants

River Reach River Sta Profile Q Total Min Ch El W.S. Elev Crit W.S. Max Chl Dpth E.G. Slope Vel Chnl Flow Area Top Width Froude # Chl Hydr Radius C Shear Chan
(cfs) (ft) (ft) (ft) (ft) (ft/ft) (ft/s) (sq ft) (ft) (ft) (lb/sq ft)

Sunset Creek SE 30th 48.9477 1.01-year 100.55 47.18 50.65 49.5 3.47 0.002442 2.13 71.26 131.31 0.26 1.84 0.28
Sunset Creek SE 30th 48.9477 2-year 151.35 47.18 50.98 49.88 3.8 0.002464 2.37 98.48 131.31 0.27 2.15 0.33
Sunset Creek SE 30th 48.9477 10-year 236.6 47.18 51.5 50.55 4.32 0.002216 2.56 140.71 131.31 0.27 2.62 0.36
Sunset Creek SE 30th 48.9477 25-year 297.45 47.18 51.8 50.7 4.62 0.002179 2.72 165.11 131.31 0.27 2.9 0.39
Sunset Creek SE 30th 48.9477 100-year 413.2 47.18 52.3 50.92 5.12 0.00215 2.98 205.72 131.31 0.27 3.36 0.45

Richards Creek Historical 1507.208 1.01-year 15.05 57.05 58.62 57.65 1.57 0.002703 0.91 16.56 17.45 0.16 0.89 0.15
Richards Creek Historical 1507.208 2-year 22.65 57.05 58.81 57.8 1.76 0.003796 1.13 20.06 19 0.19 0.98 0.23
Richards Creek Historical 1507.208 10-year 35.4 57.05 59.03 58 1.98 0.005265 1.45 24.62 23.46 0.23 1.14 0.37
Richards Creek Historical 1507.208 25-year 44.55 57.05 59.13 58.13 2.08 0.006525 1.69 27.09 26.94 0.26 1.21 0.49
Richards Creek Historical 1507.208 100-year 61.8 57.05 59.27 58.31 2.22 0.00875 2.09 31.13 30.61 0.31 1.34 0.73

Richards Creek Historical 1481.097 1.01-year 15.05 57.41 58.45 58.08 1.04 0.012687 1.84 10.58 30.74 0.37 0.74 0.58
Richards Creek Historical 1481.097 2-year 22.65 57.41 58.65 58.32 1.24 0.009489 1.77 20.33 70.02 0.32 0.88 0.52
Richards Creek Historical 1481.097 10-year 35.4 57.41 58.91 58.51 1.5 0.005139 1.48 44.41 115.25 0.24 1.09 0.35
Richards Creek Historical 1481.097 25-year 44.55 57.41 59 58.61 1.59 0.004818 1.51 56.33 131.14 0.24 1.18 0.36
Richards Creek Historical 1481.097 100-year 61.8 57.41 59.14 58.72 1.73 0.004481 1.57 76.03 145.39 0.24 1.32 0.37

Richards Creek Historical 1291.987 1.01-year 15.05 55.48 56.38 56.05 0.9 0.009455 1.94 7.75 12.07 0.43 0.63 0.37
Richards Creek Historical 1291.987 2-year 22.65 55.48 56.5 56.19 1.02 0.012864 2.44 9.29 12.84 0.5 0.71 0.57
Richards Creek Historical 1291.987 10-year 35.4 55.48 56.41 56.38 0.93 0.046361 4.38 8.09 12.25 0.95 0.65 1.87
Richards Creek Historical 1291.987 25-year 44.55 55.48 56.5 56.5 1.02 0.050988 4.83 9.21 12.8 1 0.7 2.24
Richards Creek Historical 1291.987 100-year 61.8 55.48 56.68 56.68 1.2 0.049454 5.28 11.71 13.74 1.01 0.83 2.56

Richards Creek Historical 999.2128 1.01-year 15.05 51.78 52.33 52.21 0.55 0.021643 2.41 6.26 14.62 0.65 0.42 0.57
Richards Creek Historical 999.2128 2-year 22.65 51.78 52.53 52.32 0.75 0.014271 2.42 9.35 15.49 0.55 0.59 0.53
Richards Creek Historical 999.2128 10-year 35.4 51.78 53.02 52.47 1.24 0.005472 2.03 17.43 17.57 0.36 0.97 0.33
Richards Creek Historical 999.2128 25-year 44.55 51.78 54.1 52.56 2.32 0.000868 1.14 38.96 21.98 0.15 1.7 0.09
Richards Creek Historical 999.2128 100-year 61.8 51.78 56.66 52.72 4.88 0.000065 0.49 191.13 214.45 0.04 3.44 0.01

Richards Creek Historical 968.151 1.01-year 15.05 51.3 52.1 51.71 0.8 0.00443 1.44 10.46 15.61 0.31 0.66 0.18
Richards Creek Historical 968.151 2-year 22.65 51.3 52.38 51.82 1.08 0.003527 1.53 14.82 16.66 0.29 0.87 0.19
Richards Creek Historical 968.151 10-year 35.4 51.3 52.95 51.97 1.65 0.001863 1.41 25.07 18.89 0.22 1.28 0.15
Richards Creek Historical 968.151 25-year 44.55 51.3 54.09 52.06 2.79 0.000439 0.91 49.03 22.93 0.11 2.02 0.06
Richards Creek Historical 968.151 100-year 61.8 51.3 56.66 52.22 5.36 0.000067 0.53 116.81 217.23 0.05 3.8 0.02

Richards Creek Historical 913.9713 Culvert

Richards Creek Historical 875.7664 1.01-year 15.05 49.6 50.72 49.88 1.12 0.000498 0.6 24.93 27.65 0.11 0.88 0.03
Richards Creek Historical 875.7664 2-year 22.65 49.6 51.06 49.97 1.46 0.000432 0.65 34.86 30.91 0.11 1.1 0.03
Richards Creek Historical 875.7664 10-year 35.4 49.6 51.58 50.09 1.98 0.000351 0.68 52.33 35.78 0.1 1.42 0.03
Richards Creek Historical 875.7664 25-year 44.55 49.6 51.89 50.17 2.29 0.000327 0.7 63.72 38.62 0.1 1.6 0.03
Richards Creek Historical 875.7664 100-year 61.8 49.6 52.4 50.29 2.8 0.000295 0.73 84.69 122.23 0.09 1.89 0.03

Richards Creek Historical 843.4692 1.01-year 15.05 49.48 50.71 49.76 1.23 0.000354 0.53 28.16 29.03 0.1 0.95 0.02
Richards Creek Historical 843.4692 2-year 22.65 49.48 51.05 49.85 1.57 0.000328 0.59 38.63 32.37 0.09 1.17 0.02
Richards Creek Historical 843.4692 10-year 35.4 49.48 51.57 49.97 2.09 0.000279 0.62 56.91 37.17 0.09 1.49 0.03
Richards Creek Historical 843.4692 25-year 44.55 49.48 51.88 50.05 2.4 0.000266 0.65 68.73 45.43 0.09 1.67 0.03
Richards Creek Historical 843.4692 100-year 61.8 49.48 52.39 50.17 2.91 0.000246 0.68 90.4 144.04 0.08 1.96 0.03

Richards Creek Historical 240.4131 1.01-year 15.05 45.9 50.71 46.6 4.81 0.000001 0.1 402.64 212.34 0.01 3.72 0
Richards Creek Historical 240.4131 2-year 22.65 45.9 51.05 46.73 5.15 0.000001 0.13 477.21 225.63 0.01 4.02 0
Richards Creek Historical 240.4131 10-year 35.4 45.9 51.57 46.92 5.67 0.000002 0.17 600.43 238.56 0.01 4.49 0
Richards Creek Historical 240.4131 25-year 44.55 45.9 51.88 47.05 5.98 0.000002 0.19 673.56 238.56 0.01 4.76 0
Richards Creek Historical 240.4131 100-year 61.8 45.9 52.39 47.25 6.49 0.000002 0.22 795.71 238.56 0.02 5.21 0

Richards Creek Lower 85.48712 1.01-year 120.25 47.08 50.66 49.54 3.58 0.001315 2.1 131.45 256.31 0.25 1.94 0.16
Richards Creek Lower 85.48712 2-year 181 47.08 50.99 50.28 3.91 0.001313 2.31 184.23 256.31 0.26 2.25 0.18
Richards Creek Lower 85.48712 10-year 297 47.08 51.51 50.56 4.43 0.00131 2.62 265.35 256.31 0.27 2.72 0.22
Richards Creek Lower 85.48712 25-year 376 47.08 51.82 50.7 4.74 0.001309 2.8 312.53 256.31 0.27 3 0.25
Richards Creek Lower 85.48712 100-year 525 47.08 52.32 50.93 5.24 0.001308 3.07 391.18 256.31 0.28 3.46 0.28

Richards Creek Lower 26.62222 1.01-year 120.25 47 50.58 49.45 3.58 0.0013 2.09 132.08 256.31 0.25 1.94 0.16
Richards Creek Lower 26.62222 2-year 181 47 50.92 50.2 3.92 0.001301 2.3 184.88 256.31 0.26 2.25 0.18
Richards Creek Lower 26.62222 10-year 297 47 51.44 50.48 4.44 0.0013 2.62 266.03 256.31 0.27 2.73 0.22
Richards Creek Lower 26.62222 25-year 376 47 51.74 50.62 4.74 0.001301 2.79 313.23 256.31 0.27 3 0.24
Richards Creek Lower 26.62222 100-year 525 47 52.24 50.85 5.24 0.001301 3.07 391.89 256.31 0.28 3.46 0.28
Sunset Creek SE 30th 420.6496 25-year 297.45 47.11 52.62 50.1 5.51 0.002455 3.33 132.7 118.2 0.28 3.56 0.55
Sunset Creek SE 30th 420.6496 100-year 413.2 47.11 53.14 50.75 6.03 0.0027 3.76 168.24 118.2 0.3 3.97 0.67

Sunset Creek SE 30th 48.9477 1.01-year 100.55 47.18 50.65 49.5 3.47 0.002442 2.13 71.26 131.31 0.26 1.84 0.28
Sunset Creek SE 30th 48.9477 2-year 151.35 47.18 50.98 49.88 3.8 0.002464 2.37 98.48 131.31 0.27 2.15 0.33
Sunset Creek SE 30th 48.9477 10-year 236.6 47.18 51.5 50.55 4.32 0.002216 2.56 140.71 131.31 0.27 2.62 0.36
Sunset Creek SE 30th 48.9477 25-year 297.45 47.18 51.8 50.7 4.62 0.002179 2.72 165.11 131.31 0.27 2.9 0.39
Sunset Creek SE 30th 48.9477 100-year 413.2 47.18 52.3 50.92 5.12 0.00215 2.98 205.72 131.31 0.27 3.36 0.45

Richards Creek Historical 1507.208 1.01-year 15.05 57.05 58.62 57.65 1.57 0.002703 0.91 16.56 17.45 0.16 0.89 0.15
Richards Creek Historical 1507.208 2-year 22.65 57.05 58.81 57.8 1.76 0.003796 1.13 20.06 19 0.19 0.98 0.23
Richards Creek Historical 1507.208 10-year 35.4 57.05 59.03 58 1.98 0.005265 1.45 24.62 23.46 0.23 1.14 0.37
Richards Creek Historical 1507.208 25-year 44.55 57.05 59.13 58.13 2.08 0.006525 1.69 27.09 26.94 0.26 1.21 0.49
Richards Creek Historical 1507.208 100-year 61.8 57.05 59.27 58.31 2.22 0.00875 2.09 31.13 30.61 0.31 1.34 0.73
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06-03501-0002 Final Existing Conditions Output Table Herrera Environmental Consultants

River Reach River Sta Profile Q Total Min Ch El W.S. Elev Crit W.S. Max Chl Dpth E.G. Slope Vel Chnl Flow Area Top Width Froude # Chl Hydr Radius C Shear Chan
(cfs) (ft) (ft) (ft) (ft) (ft/ft) (ft/s) (sq ft) (ft) (ft) (lb/sq ft)

Richards Creek Historical 1481.097 1.01-year 15.05 57.41 58.45 58.08 1.04 0.012687 1.84 10.58 30.74 0.37 0.74 0.58
Richards Creek Historical 1481.097 2-year 22.65 57.41 58.65 58.32 1.24 0.009489 1.77 20.33 70.02 0.32 0.88 0.52
Richards Creek Historical 1481.097 10-year 35.4 57.41 58.91 58.51 1.5 0.005139 1.48 44.41 115.25 0.24 1.09 0.35
Richards Creek Historical 1481.097 25-year 44.55 57.41 59 58.61 1.59 0.004818 1.51 56.33 131.14 0.24 1.18 0.36
Richards Creek Historical 1481.097 100-year 61.8 57.41 59.14 58.72 1.73 0.004481 1.57 76.03 145.39 0.24 1.32 0.37

Richards Creek Historical 1291.987 1.01-year 15.05 55.48 56.38 56.05 0.9 0.009455 1.94 7.75 12.07 0.43 0.63 0.37
Richards Creek Historical 1291.987 2-year 22.65 55.48 56.5 56.19 1.02 0.012864 2.44 9.29 12.84 0.5 0.71 0.57
Richards Creek Historical 1291.987 10-year 35.4 55.48 56.41 56.38 0.93 0.046361 4.38 8.09 12.25 0.95 0.65 1.87
Richards Creek Historical 1291.987 25-year 44.55 55.48 56.5 56.5 1.02 0.050988 4.83 9.21 12.8 1 0.7 2.24
Richards Creek Historical 1291.987 100-year 61.8 55.48 56.68 56.68 1.2 0.049454 5.28 11.71 13.74 1.01 0.83 2.56

Richards Creek Historical 999.2128 1.01-year 15.05 51.78 52.33 52.21 0.55 0.021643 2.41 6.26 14.62 0.65 0.42 0.57
Richards Creek Historical 999.2128 2-year 22.65 51.78 52.53 52.32 0.75 0.014271 2.42 9.35 15.49 0.55 0.59 0.53
Richards Creek Historical 999.2128 10-year 35.4 51.78 53.02 52.47 1.24 0.005472 2.03 17.43 17.57 0.36 0.97 0.33
Richards Creek Historical 999.2128 25-year 44.55 51.78 54.1 52.56 2.32 0.000868 1.14 38.96 21.98 0.15 1.7 0.09
Richards Creek Historical 999.2128 100-year 61.8 51.78 56.66 52.72 4.88 0.000065 0.49 191.13 214.45 0.04 3.44 0.01

Richards Creek Historical 968.151 1.01-year 15.05 51.3 52.1 51.71 0.8 0.00443 1.44 10.46 15.61 0.31 0.66 0.18
Richards Creek Historical 968.151 2-year 22.65 51.3 52.38 51.82 1.08 0.003527 1.53 14.82 16.66 0.29 0.87 0.19
Richards Creek Historical 968.151 10-year 35.4 51.3 52.95 51.97 1.65 0.001863 1.41 25.07 18.89 0.22 1.28 0.15
Richards Creek Historical 968.151 25-year 44.55 51.3 54.09 52.06 2.79 0.000439 0.91 49.03 22.93 0.11 2.02 0.06
Richards Creek Historical 968.151 100-year 61.8 51.3 56.66 52.22 5.36 0.000067 0.53 116.81 217.23 0.05 3.8 0.02

Richards Creek Historical 913.9713 Culvert

Richards Creek Historical 875.7664 1.01-year 15.05 49.6 50.72 49.88 1.12 0.000498 0.6 24.93 27.65 0.11 0.88 0.03
Richards Creek Historical 875.7664 2-year 22.65 49.6 51.06 49.97 1.46 0.000432 0.65 34.86 30.91 0.11 1.1 0.03
Richards Creek Historical 875.7664 10-year 35.4 49.6 51.58 50.09 1.98 0.000351 0.68 52.33 35.78 0.1 1.42 0.03
Richards Creek Historical 875.7664 25-year 44.55 49.6 51.89 50.17 2.29 0.000327 0.7 63.72 38.62 0.1 1.6 0.03
Richards Creek Historical 875.7664 100-year 61.8 49.6 52.4 50.29 2.8 0.000295 0.73 84.69 122.23 0.09 1.89 0.03

Richards Creek Historical 843.4692 1.01-year 15.05 49.48 50.71 49.76 1.23 0.000354 0.53 28.16 29.03 0.1 0.95 0.02
Richards Creek Historical 843.4692 2-year 22.65 49.48 51.05 49.85 1.57 0.000328 0.59 38.63 32.37 0.09 1.17 0.02
Richards Creek Historical 843.4692 10-year 35.4 49.48 51.57 49.97 2.09 0.000279 0.62 56.91 37.17 0.09 1.49 0.03
Richards Creek Historical 843.4692 25-year 44.55 49.48 51.88 50.05 2.4 0.000266 0.65 68.73 45.43 0.09 1.67 0.03
Richards Creek Historical 843.4692 100-year 61.8 49.48 52.39 50.17 2.91 0.000246 0.68 90.4 144.04 0.08 1.96 0.03

Richards Creek Historical 240.4131 1.01-year 15.05 45.9 50.71 46.6 4.81 0.000001 0.1 402.64 212.34 0.01 3.72 0
Richards Creek Historical 240.4131 2-year 22.65 45.9 51.05 46.73 5.15 0.000001 0.13 477.21 225.63 0.01 4.02 0
Richards Creek Historical 240.4131 10-year 35.4 45.9 51.57 46.92 5.67 0.000002 0.17 600.43 238.56 0.01 4.49 0
Richards Creek Historical 240.4131 25-year 44.55 45.9 51.88 47.05 5.98 0.000002 0.19 673.56 238.56 0.01 4.76 0
Richards Creek Historical 240.4131 100-year 61.8 45.9 52.39 47.25 6.49 0.000002 0.22 795.71 238.56 0.02 5.21 0

Richards Creek Lower 85.48712 1.01-year 120.25 47.08 50.66 49.54 3.58 0.001315 2.1 131.45 256.31 0.25 1.94 0.16
Richards Creek Lower 85.48712 2-year 181 47.08 50.99 50.28 3.91 0.001313 2.31 184.23 256.31 0.26 2.25 0.18
Richards Creek Lower 85.48712 10-year 297 47.08 51.51 50.56 4.43 0.00131 2.62 265.35 256.31 0.27 2.72 0.22
Richards Creek Lower 85.48712 25-year 376 47.08 51.82 50.7 4.74 0.001309 2.8 312.53 256.31 0.27 3 0.25
Richards Creek Lower 85.48712 100-year 525 47.08 52.32 50.93 5.24 0.001308 3.07 391.18 256.31 0.28 3.46 0.28

Richards Creek Lower 26.62222 1.01-year 120.25 47 50.58 49.45 3.58 0.0013 2.09 132.08 256.31 0.25 1.94 0.16
Richards Creek Lower 26.62222 2-year 181 47 50.92 50.2 3.92 0.001301 2.3 184.88 256.31 0.26 2.25 0.18
Richards Creek Lower 26.62222 10-year 297 47 51.44 50.48 4.44 0.0013 2.62 266.03 256.31 0.27 2.73 0.22
Richards Creek Lower 26.62222 25-year 376 47 51.74 50.62 4.74 0.001301 2.79 313.23 256.31 0.27 3 0.24
Richards Creek Lower 26.62222 100-year 525 47 52.24 50.85 5.24 0.001301 3.07 391.89 256.31 0.28 3.46 0.28
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06-03501-002 Phase I Alternative 1 Output Table Herrera Environmental Consultants

River Reach River Sta Profile Q Total Min Ch El W.S. Elev Crit W.S. Max Chl Dpth E.G. Slope Vel Chnl Flow Area Top Width Froude # Chl Hydr Radius C Shear Chan
(cfs) (ft) (ft) (ft) (ft) (ft/ft) (ft/s) (sq ft) (ft) (ft) (lb/sq ft)

Sunset Creek SE 30th 3272.859 1.01-year 52.48 82.49 85.22 83.99 2.73 0.006909 2.99 17.54 7.87 0.35 1.53 0.66
Sunset Creek SE 30th 3272.859 2-year 79 82.49 85.87 84.38 3.38 0.007726 3.46 22.83 8.32 0.37 1.77 0.86
Sunset Creek SE 30th 3272.859 10-year 126 82.49 86.72 84.96 4.23 0.009492 4.19 30.1 8.9 0.4 2.06 1.22
Sunset Creek SE 30th 3272.859 25-year 157 82.49 87.13 85.3 4.64 0.010441 4.63 34.08 10.3 0.42 2.24 1.46
Sunset Creek SE 30th 3272.859 100-year 212 82.49 87.79 85.83 5.3 0.011482 5.24 41.64 12.71 0.45 2.52 1.81

Sunset Creek SE 30th 3251.92 1.01-year 52.48 82.52 84.68 84.21 2.16 0.024525 5.08 10.33 5.78 0.67 1.2 1.84
Sunset Creek SE 30th 3251.92 2-year 79 82.52 85.22 84.69 2.7 0.027799 5.84 13.53 6.22 0.7 1.39 2.41
Sunset Creek SE 30th 3251.92 10-year 126 82.52 86 85.54 3.48 0.031764 6.33 19.9 8.8 0.74 1.5 2.97
Sunset Creek SE 30th 3251.92 25-year 157 82.52 86.34 85.88 3.82 0.033201 6.84 22.96 9.05 0.76 1.64 3.39
Sunset Creek SE 30th 3251.92 100-year 212 82.52 86.88 86.38 4.36 0.035496 7.59 27.92 9.43 0.78 1.84 4.08

Sunset Creek SE 30th 3230.282 1.01-year 52.48 81.37 84.02 83.73 2.65 0.030615 5.49 9.55 6.31 0.79 1.09 2.08
Sunset Creek SE 30th 3230.282 2-year 79 81.37 84.46 84.23 3.09 0.033662 6.29 12.56 7.21 0.84 1.24 2.61
Sunset Creek SE 30th 3230.282 10-year 126 81.37 85.18 84.92 3.81 0.034461 6.77 18.62 9.27 0.84 1.45 3.12
Sunset Creek SE 30th 3230.282 25-year 157 81.37 85.54 85.24 4.17 0.03394 7.15 21.97 9.59 0.83 1.61 3.42
Sunset Creek SE 30th 3230.282 100-year 212 81.37 86.11 85.72 4.74 0.033218 7.67 27.63 10.1 0.82 1.86 3.85

Sunset Creek SE 30th 3207.655 1.01-year 52.48 81.58 83.02 83.02 1.44 0.045494 6.27 8.36 6.93 1.01 0.98 2.8
Sunset Creek SE 30th 3207.655 2-year 79 81.58 83.43 83.43 1.85 0.044215 7.02 11.25 7.41 1.01 1.19 3.29
Sunset Creek SE 30th 3207.655 10-year 126 81.58 84.06 84.06 2.48 0.044338 7.75 16.25 8.79 1 1.42 3.92
Sunset Creek SE 30th 3207.655 25-year 157 81.58 84.37 84.37 2.79 0.044896 8.25 19.02 9.07 1 1.57 4.39
Sunset Creek SE 30th 3207.655 100-year 212 81.58 84.86 84.86 3.28 0.045967 8.98 23.6 9.51 1 1.78 5.12

Sunset Creek SE 30th 3193.525 1.01-year 52.48 81.39 82.96 82.47 1.57 0.012631 3.2 16.4 13.89 0.52 0.99 0.78
Sunset Creek SE 30th 3193.525 2-year 79 81.39 83.44 82.75 2.05 0.010801 3.36 23.53 15.91 0.49 1.2 0.81
Sunset Creek SE 30th 3193.525 10-year 126 81.39 84.14 83.16 2.75 0.008933 3.52 35.78 18.79 0.45 1.5 0.84
Sunset Creek SE 30th 3193.525 25-year 157 81.39 84.54 83.39 3.15 0.00785 3.62 43.42 19.42 0.43 1.74 0.85
Sunset Creek SE 30th 3193.525 100-year 212 81.39 85.16 83.75 3.77 0.00686 3.82 55.51 19.91 0.4 2.11 0.9

Sunset Creek SE 30th 3181.277 1.01-year 52.48 80.83 82.23 82.23 1.4 0.049653 6.06 8.66 7.7 1.01 0.97 3.01
Sunset Creek SE 30th 3181.277 2-year 79 80.83 82.63 82.61 1.8 0.047241 6.68 11.83 8.35 0.99 1.19 3.51
Sunset Creek SE 30th 3181.277 10-year 126 80.83 83.26 83.16 2.43 0.04141 7.2 17.49 9.4 0.93 1.5 3.89
Sunset Creek SE 30th 3181.277 25-year 157 80.83 83.58 83.46 2.75 0.039203 7.67 20.55 10.44 0.92 1.73 4.22
Sunset Creek SE 30th 3181.277 100-year 212 80.83 84.06 83.99 3.23 0.035379 8.35 26.15 12.35 0.91 2.12 4.68

Sunset Creek SE 30th 3171.478 1.01-year 52.48 79.8 82.09 81.5 2.29 0.017938 4.34 12.08 6.96 0.58 1.29 1.44
Sunset Creek SE 30th 3171.478 2-year 79 79.8 82.53 81.92 2.73 0.020229 5.19 15.34 7.97 0.63 1.55 1.96
Sunset Creek SE 30th 3171.478 10-year 126 79.8 83.09 82.55 3.29 0.022901 6.46 20.2 9.36 0.7 1.96 2.8
Sunset Creek SE 30th 3171.478 25-year 157 79.8 83.37 82.91 3.57 0.024983 7.2 22.91 10.06 0.74 2.16 3.37
Sunset Creek SE 30th 3171.478 100-year 212 79.8 83.77 83.5 3.97 0.0285 8.38 27.21 11.07 0.81 2.46 4.38

Sunset Creek SE 30th 3160.526 1.01-year 52.48 79.96 81.89 81.42 1.93 0.018375 4.34 12.09 7.93 0.62 1.24 1.42
Sunset Creek SE 30th 3160.526 2-year 79 79.96 82.32 81.81 2.36 0.020239 5.05 15.65 8.81 0.66 1.47 1.86
Sunset Creek SE 30th 3160.526 10-year 126 79.96 82.89 82.38 2.93 0.022223 6.07 21.16 10.52 0.7 1.82 2.53
Sunset Creek SE 30th 3160.526 25-year 157 79.96 83.18 82.72 3.22 0.022836 6.66 24.36 11.4 0.73 2.05 2.92
Sunset Creek SE 30th 3160.526 100-year 212 79.96 83.62 83.23 3.66 0.023797 7.55 29.71 12.74 0.76 2.4 3.56

Sunset Creek SE 30th 3145.921 1.01-year 52.48 78.83 81.92 80.46 3.09 0.003732 2.52 21.19 10.58 0.29 1.92 0.45
Sunset Creek SE 30th 3145.921 2-year 79 78.83 82.37 80.86 3.54 0.004594 3.15 26.22 11.91 0.33 2.29 0.66
Sunset Creek SE 30th 3145.921 10-year 126 78.83 82.97 81.42 4.14 0.005759 4.01 33.92 13.69 0.38 2.78 1
Sunset Creek SE 30th 3145.921 25-year 157 78.83 83.29 81.74 4.46 0.006411 4.49 38.41 14.63 0.41 3.04 1.22
Sunset Creek SE 30th 3145.921 100-year 212 78.83 83.77 82.27 4.94 0.007307 5.21 45.89 16.07 0.45 3.44 1.57

Sunset Creek SE 30th 3119.845 1.01-year 52.48 79.67 81.65 81.05 1.98 0.011764 3.56 14.77 10.26 0.51 1.32 0.97
Sunset Creek SE 30th 3119.845 2-year 79 79.67 82.05 81.4 2.38 0.011998 4.21 19.08 11.5 0.54 1.67 1.25
Sunset Creek SE 30th 3119.845 10-year 126 79.67 82.57 81.89 2.9 0.013116 5.17 25.47 13.13 0.59 2.13 1.74
Sunset Creek SE 30th 3119.845 25-year 157 79.67 82.82 82.17 3.15 0.014262 5.77 28.89 13.92 0.62 2.35 2.1
Sunset Creek SE 30th 3119.845 100-year 212 79.67 83.2 82.63 3.53 0.016027 6.69 34.41 15.12 0.68 2.69 2.69

Sunset Creek SE 30th 3103.342 1.01-year 52.48 79.66 81.46 80.89 1.8 0.011936 3.47 15.11 10.95 0.52 1.24 0.92
Sunset Creek SE 30th 3103.342 2-year 79 79.66 81.86 81.22 2.2 0.01343 4.03 19.62 12.1 0.56 1.44 1.21
Sunset Creek SE 30th 3103.342 10-year 126 79.66 82.36 81.7 2.7 0.01577 4.81 26.17 13.61 0.61 1.7 1.67
Sunset Creek SE 30th 3103.342 25-year 157 79.66 82.61 81.98 2.95 0.016334 5.31 29.67 14.35 0.63 1.92 1.95
Sunset Creek SE 30th 3103.342 100-year 212 79.66 82.99 82.39 3.33 0.017504 6.1 35.2 15.45 0.67 2.24 2.45

Sunset Creek SE 30th 3082.734 1.01-year 52.48 79.61 81.15 80.76 1.54 0.015717 3.74 14.02 11.68 0.6 1.11 1.09
Sunset Creek SE 30th 3082.734 2-year 79 79.61 81.52 81.06 1.91 0.015628 4.26 18.63 13.16 0.61 1.37 1.33
Sunset Creek SE 30th 3082.734 10-year 126 79.61 82 81.5 2.39 0.015851 5.1 25.43 15.76 0.64 1.78 1.76
Sunset Creek SE 30th 3082.734 25-year 157 79.61 82.23 81.76 2.62 0.01654 5.61 29.26 17.06 0.67 1.99 2.06
Sunset Creek SE 30th 3082.734 100-year 212 79.61 82.61 82.16 3 0.016909 6.32 36.13 19.16 0.7 2.34 2.47

Sunset Creek SE 30th 3066.484 1.01-year 52.48 79.15 80.44 80.44 1.29 0.045593 5.66 9.27 9.44 1.01 0.91 2.59
Sunset Creek SE 30th 3066.484 2-year 79 79.15 80.77 80.77 1.62 0.041061 6.3 12.68 11.37 0.98 1.17 2.99
Sunset Creek SE 30th 3066.484 10-year 126 79.15 81.27 81.27 2.12 0.032155 6.97 19.39 15.18 0.92 1.63 3.27
Sunset Creek SE 30th 3066.484 25-year 157 79.15 81.55 81.55 2.4 0.028891 7.28 23.84 16.54 0.89 1.88 3.4
Sunset Creek SE 30th 3066.484 100-year 212 79.15 81.92 81.92 2.77 0.027733 7.96 30.23 17.83 0.9 2.23 3.85

Sunset Creek SE 30th 3034.622 1.01-year 52.48 77.36 78.8 78.83 1.44 0.053489 6 8.75 8.57 1.05 0.94 3.13
Sunset Creek SE 30th 3034.622 2-year 79 77.36 79.11 79.19 1.75 0.057465 6.84 11.54 9.56 1.1 1.1 3.94
Sunset Creek SE 30th 3034.622 10-year 126 77.36 79.48 79.7 2.12 0.068201 8.2 15.36 10.77 1.21 1.29 5.48
Sunset Creek SE 30th 3034.622 25-year 157 77.36 79.7 79.98 2.34 0.071417 8.82 17.81 11.47 1.25 1.39 6.22
Sunset Creek SE 30th 3034.622 100-year 212 77.36 80.11 80.4 2.75 0.068713 9.35 22.66 12.75 1.24 1.59 6.81
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06-03501-002 Phase I Alternative 1 Output Table Herrera Environmental Consultants

River Reach River Sta Profile Q Total Min Ch El W.S. Elev Crit W.S. Max Chl Dpth E.G. Slope Vel Chnl Flow Area Top Width Froude # Chl Hydr Radius C Shear Chan
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Sunset Creek SE 30th 3020.31 1.01-year 52.48 76.74 78.69 78.18 1.95 0.011941 3.74 14.04 11.02 0.58 1.14 0.85
Sunset Creek SE 30th 3020.31 2-year 79 76.74 79.07 78.53 2.33 0.012354 4.22 18.74 13.76 0.63 1.24 0.96
Sunset Creek SE 30th 3020.31 10-year 126 76.74 79.57 79.08 2.83 0.012503 4.77 26.69 17.98 0.67 1.45 1.13
Sunset Creek SE 30th 3020.31 25-year 157 76.74 79.84 79.34 3.1 0.012582 5.03 31.75 19.91 0.68 1.59 1.25
Sunset Creek SE 30th 3020.31 100-year 212 76.74 80.22 79.74 3.48 0.012788 5.51 39.63 21.2 0.67 1.94 1.55

Sunset Creek SE 30th 2982.026 1.01-year 52.48 76.27 77.64 77.64 1.37 0.041864 5.49 9.57 10.28 1 0.86 2.24
Sunset Creek SE 30th 2982.026 2-year 79 76.27 77.97 77.97 1.7 0.041566 5.98 13.22 12.11 1.01 1 2.6
Sunset Creek SE 30th 2982.026 10-year 126 76.27 78.42 78.42 2.15 0.042101 6.55 19.23 14.7 1.01 1.2 3.15
Sunset Creek SE 30th 2982.026 25-year 157 76.27 78.66 78.66 2.39 0.042096 6.84 22.94 16.1 1.01 1.3 3.42
Sunset Creek SE 30th 2982.026 100-year 212 76.27 79.03 79.03 2.76 0.041059 7.23 29.3 18.1 1 1.48 3.78

Sunset Creek SE 30th 2969.117 1.01-year 52.48 75.88 76.97 77.07 1.09 0.065542 5.54 9.48 14.93 1.22 0.62 2.54
Sunset Creek SE 30th 2969.117 2-year 79 75.88 77.13 77.29 1.25 0.07752 6.56 12.04 16.63 1.36 0.71 3.42
Sunset Creek SE 30th 2969.117 10-year 126 75.88 77.99 77.62 2.11 0.016637 4.66 27.04 18.12 0.67 1.39 1.44
Sunset Creek SE 30th 2969.117 25-year 157 75.88 78.3 77.81 2.42 0.014764 4.81 32.64 18.59 0.64 1.61 1.49
Sunset Creek SE 30th 2969.117 100-year 212 75.88 78.72 78.12 2.84 0.014239 5.23 40.57 19.24 0.63 1.9 1.69

Sunset Creek SE 30th 2939.869 1.01-year 52.48 73.61 76.82 75.69 3.21 0.0053 2.32 22.64 14.71 0.33 1.38 0.46
Sunset Creek SE 30th 2939.869 2-year 79 73.61 77.25 76.05 3.64 0.006353 2.69 29.37 16.87 0.36 1.56 0.62
Sunset Creek SE 30th 2939.869 10-year 126 73.61 77.81 76.54 4.2 0.007148 3.22 39.19 18.18 0.39 1.91 0.85
Sunset Creek SE 30th 2939.869 25-year 157 73.61 78.11 76.8 4.5 0.007632 3.51 44.79 18.85 0.4 2.09 1
Sunset Creek SE 30th 2939.869 100-year 212 73.61 78.51 77.2 4.9 0.008977 4.04 52.43 19.74 0.44 2.32 1.3

Sunset Creek SE 30th 2904.859 1.01-year 52.48 74.07 76.39 75.43 2.32 0.035368 2.86 18.34 15.88 0.47 1.03 2.28
Sunset Creek SE 30th 2904.859 2-year 79 74.07 76.76 75.8 2.69 0.035055 3.22 24.51 17.55 0.48 1.25 2.74
Sunset Creek SE 30th 2904.859 10-year 126 74.07 77.28 76.48 3.21 0.034618 3.67 34.34 19.94 0.49 1.54 3.34
Sunset Creek SE 30th 2904.859 25-year 157 74.07 77.58 76.7 3.51 0.033762 3.86 41.26 28.12 0.49 1.7 3.59
Sunset Creek SE 30th 2904.859 100-year 212 74.07 77.99 77.03 3.92 0.029905 4.01 54.84 34.28 0.48 1.98 3.69

Sunset Creek SE 30th 2887.542 1.01-year 52.48 73.52 76 75.02 2.48 0.016879 2.48 21.15 16.68 0.39 1.13 1.19
Sunset Creek SE 30th 2887.542 2-year 79 73.52 76.35 75.58 2.83 0.018402 2.91 27.15 17.78 0.41 1.36 1.56
Sunset Creek SE 30th 2887.542 10-year 126 73.52 76.85 75.94 3.33 0.020043 3.46 36.45 19.36 0.44 1.66 2.08
Sunset Creek SE 30th 2887.542 25-year 157 73.52 77.14 76.13 3.62 0.020645 3.73 42.11 20.26 0.46 1.83 2.36
Sunset Creek SE 30th 2887.542 100-year 212 73.52 77.55 76.47 4.03 0.020458 4.12 54.02 31.33 0.46 2.14 2.74

Sunset Creek SE 30th 2869.669 1.01-year 52.48 73.86 74.99 74.99 1.13 0.1141 5.38 9.76 11.01 1.01 0.84 6
Sunset Creek SE 30th 2869.669 2-year 79 73.86 75.45 75.31 1.59 0.077457 5.1 15.48 13.75 0.85 1.07 5.16
Sunset Creek SE 30th 2869.669 10-year 126 73.86 76.06 75.72 2.2 0.052374 5.13 24.65 16.55 0.73 1.46 4.78
Sunset Creek SE 30th 2869.669 25-year 157 73.86 76.37 75.95 2.51 0.045904 5.28 30.08 18.64 0.7 1.69 4.84
Sunset Creek SE 30th 2869.669 100-year 212 73.86 76.83 76.3 2.97 0.037413 5.55 40.53 26.66 0.65 2.13 4.96

Sunset Creek SE 30th 2850.365 1.01-year 52.48 72.12 74.78 73.51 2.66 0.008736 2.49 21.71 12.12 0.3 1.82 0.99
Sunset Creek SE 30th 2850.365 2-year 79 72.12 75.2 73.85 3.08 0.01057 3.08 27.12 14.28 0.34 2.16 1.43
Sunset Creek SE 30th 2850.365 10-year 126 72.12 75.73 74.37 3.61 0.013553 3.95 34.65 18.53 0.39 2.6 2.2
Sunset Creek SE 30th 2850.365 25-year 157 72.12 76 74.67 3.88 0.015301 4.43 38.77 20.55 0.42 2.83 2.7
Sunset Creek SE 30th 2850.365 100-year 212 72.12 76.4 75.15 4.28 0.018224 5.21 45 23.52 0.47 3.16 3.6

Sunset Creek SE 30th 2823.726 1.01-year 52.48 72.56 74.28 73.76 1.72 0.030413 3.5 15.05 12.75 0.54 1.22 2.31
Sunset Creek SE 30th 2823.726 2-year 79 72.56 74.63 74.08 2.07 0.031689 4.05 20.53 17.35 0.56 1.48 2.92
Sunset Creek SE 30th 2823.726 10-year 126 72.56 75.07 74.62 2.51 0.032689 4.79 28.7 19.84 0.59 1.86 3.79
Sunset Creek SE 30th 2823.726 25-year 157 72.56 75.31 74.85 2.75 0.03308 5.19 33.61 21.42 0.61 2.08 4.29
Sunset Creek SE 30th 2823.726 100-year 212 72.56 75.67 75.2 3.11 0.033877 5.79 41.7 23.79 0.63 2.4 5.08

Sunset Creek SE 30th 2794.948 1.01-year 52.48 71.19 73.48 72.93 2.29 0.026466 3.4 16.43 16.14 0.5 1.29 2.14
Sunset Creek SE 30th 2794.948 2-year 79 71.19 73.91 73.29 2.72 0.022648 3.64 24.42 20.59 0.48 1.62 2.29
Sunset Creek SE 30th 2794.948 10-year 126 71.19 74.34 73.8 3.15 0.023419 4.28 34.12 23.97 0.51 2.01 2.94
Sunset Creek SE 30th 2794.948 25-year 157 71.19 74.52 74.01 3.33 0.026305 4.77 38.53 25.36 0.54 2.17 3.57
Sunset Creek SE 30th 2794.948 100-year 212 71.19 74.86 74.32 3.67 0.027583 5.34 47.48 27.94 0.57 2.48 4.27

Sunset Creek SE 30th 2760.247 1.01-year 52.48 70.04 71.78 71.78 1.74 0.048937 6.25 8.4 7.05 1.01 1.02 3.11
Sunset Creek SE 30th 2760.247 2-year 79 70.04 72.19 72.19 2.15 0.048803 6.92 11.41 7.83 1.01 1.22 3.71
Sunset Creek SE 30th 2760.247 10-year 126 70.04 72.94 72.94 2.9 0.031018 6.76 20.98 19.47 0.83 1.68 3.25
Sunset Creek SE 30th 2760.247 25-year 157 70.04 73.26 73.26 3.22 0.025632 6.75 27.92 23.44 0.77 1.93 3.1
Sunset Creek SE 30th 2760.247 100-year 212 70.04 73.59 73.59 3.55 0.025171 7.29 35.9 25.15 0.78 2.2 3.46

Sunset Creek SE 30th 2717.8 1.01-year 52.48 68.16 70.01 69.54 1.85 0.041141 3.97 13.22 11.12 0.64 1.03 2.64
Sunset Creek SE 30th 2717.8 2-year 79 68.16 70.32 69.97 2.16 0.044974 4.72 16.73 11.64 0.69 1.22 3.44
Sunset Creek SE 30th 2717.8 10-year 126 68.16 70.79 70.42 2.63 0.047176 5.63 22.36 12.43 0.74 1.5 4.42
Sunset Creek SE 30th 2717.8 25-year 157 68.16 71.08 70.68 2.92 0.046411 6.04 26.01 12.91 0.75 1.66 4.81
Sunset Creek SE 30th 2717.8 100-year 212 68.16 71.54 71.09 3.38 0.044965 6.6 32.14 13.69 0.76 1.91 5.35

Sunset Creek SE 30th 2702.718 1.01-year 52.48 67.5 69.17 68.88 1.67 0.061046 4.65 11.28 10.94 0.81 0.91 3.45
Sunset Creek SE 30th 2702.718 2-year 79 67.5 69.56 69.32 2.06 0.04975 5.03 15.7 11.63 0.76 1.16 3.61
Sunset Creek SE 30th 2702.718 10-year 126 67.5 70.17 69.75 2.67 0.038815 5.44 23.17 12.71 0.71 1.53 3.71
Sunset Creek SE 30th 2702.718 25-year 157 67.5 70.51 70.01 3.01 0.035882 5.7 27.56 13.31 0.7 1.72 3.85
Sunset Creek SE 30th 2702.718 100-year 212 67.5 71.03 70.41 3.53 0.03306 6.11 34.71 14.23 0.69 1.99 4.11

Sunset Creek SE 30th 2676.488 1.01-year 52.48 66.34 68.54 67.73 2.2 0.016763 3.07 17.07 11.62 0.45 1.25 1.3
Sunset Creek SE 30th 2676.488 2-year 79 66.34 69.06 68.16 2.72 0.014684 3.38 23.37 12.48 0.44 1.55 1.42
Sunset Creek SE 30th 2676.488 10-year 126 66.34 69.75 68.62 3.41 0.014239 3.9 32.32 13.62 0.45 1.92 1.71
Sunset Creek SE 30th 2676.488 25-year 157 66.34 70.09 68.86 3.75 0.014742 4.23 37.1 14.19 0.46 2.09 1.93
Sunset Creek SE 30th 2676.488 100-year 212 66.34 70.61 69.27 4.27 0.015594 4.74 44.73 15.05 0.48 2.34 2.28

Sunset Creek SE 30th 2651.525 1.01-year 52.48 65.23 68.42 66.59 3.19 0.004261 1.84 28.58 14.64 0.23 1.66 0.44
Sunset Creek SE 30th 2651.525 2-year 79 65.23 68.95 66.97 3.72 0.004596 2.16 36.62 15.74 0.25 1.96 0.56
Sunset Creek SE 30th 2651.525 10-year 126 65.23 69.63 67.51 4.4 0.005276 2.63 47.93 17.17 0.28 2.31 0.76
Sunset Creek SE 30th 2651.525 25-year 157 65.23 69.98 67.93 4.75 0.005807 2.91 53.9 17.88 0.3 2.48 0.9
Sunset Creek SE 30th 2651.525 100-year 212 65.23 70.5 68.32 5.27 0.006582 3.34 63.47 18.96 0.32 2.74 1.12
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Sunset Creek SE 30th 2643.063 1.01-year 52.48 64.86 68.4 66.26 3.54 0.001902 1.79 29.38 12.66 0.21 1.78 0.21
Sunset Creek SE 30th 2643.063 2-year 79 64.86 68.92 66.66 4.06 0.002418 2.19 36.13 13.25 0.23 2.04 0.31
Sunset Creek SE 30th 2643.063 10-year 126 64.86 69.59 67.43 4.73 0.003312 2.79 45.23 14.01 0.27 2.35 0.49
Sunset Creek SE 30th 2643.063 25-year 157 64.86 69.91 67.69 5.05 0.003944 3.15 49.85 14.38 0.3 2.5 0.61
Sunset Creek SE 30th 2643.063 100-year 212 64.86 70.4 68.12 5.54 0.004993 3.72 57.04 14.94 0.34 2.7 0.84

Sunset Creek SE 30th 2640.568 1.01-year 52.48 64.75 68.41 65.54 3.66 0.000159 1.1 47.6 13 0.1 2.34 0.02
Sunset Creek SE 30th 2640.568 2-year 79 64.75 68.94 65.79 4.19 0.000247 1.45 54.43 13 0.12 2.55 0.04
Sunset Creek SE 30th 2640.568 10-year 126 64.75 69.61 66.17 4.86 0.000399 1.99 63.21 13.58 0.16 2.86 0.07
Sunset Creek SE 30th 2640.568 25-year 157 64.75 69.94 66.4 5.19 0.000497 2.33 67.51 14.2 0.18 3.05 0.09
Sunset Creek SE 30th 2640.568 100-year 212 64.75 70.44 66.76 5.69 0.000668 2.87 73.99 15.13 0.21 3.35 0.14

Sunset Creek SE 30th 2625.968 Bridge

Sunset Creek SE 30th 2611.37 1.01-year 52.48 63.5 68.42 64.29 4.92 0.00007 0.82 63.92 13 0.07 2.8 0.01
Sunset Creek SE 30th 2611.37 2-year 79 63.5 68.95 64.54 5.45 0.000119 1.12 70.79 13 0.08 2.96 0.02
Sunset Creek SE 30th 2611.37 10-year 126 63.5 69.62 64.92 6.12 0.000214 1.58 79.52 13.6 0.11 3.23 0.04
Sunset Creek SE 30th 2611.37 25-year 157 63.5 69.94 65.15 6.44 0.000279 1.87 83.77 14.24 0.13 3.41 0.06
Sunset Creek SE 30th 2611.37 100-year 212 63.5 70.43 65.51 6.93 0.0004 2.35 90.11 16.02 0.16 3.66 0.09

Sunset Creek SE 30th 2610.895 Bridge

Sunset Creek SE 30th 2610.42 1.01-year 52.48 63.5 68.42 64.29 4.92 0.000048 0.82 63.92 13 0.07 2.8 0.01
Sunset Creek SE 30th 2610.42 2-year 79 63.5 68.95 64.54 5.45 0.000083 1.12 70.79 13 0.08 2.96 0.02
Sunset Creek SE 30th 2610.42 10-year 126 63.5 69.61 64.92 6.11 0.000149 1.59 79.48 13.62 0.11 3.23 0.03
Sunset Creek SE 30th 2610.42 25-year 157 63.5 69.94 65.15 6.44 0.000194 1.87 83.77 14.29 0.13 3.41 0.04
Sunset Creek SE 30th 2610.42 100-year 212 63.5 70.43 65.51 6.93 0.000278 2.35 90.09 16.12 0.16 3.66 0.06

Sunset Creek SE 30th 2610.395 Bridge

Sunset Creek SE 30th 2610.37 1.01-year 52.48 63.5 68.42 64.29 4.92 0.000048 0.82 63.92 13 0.07 2.8 0.01
Sunset Creek SE 30th 2610.37 2-year 79 63.5 68.95 64.54 5.45 0.000083 1.12 70.79 13 0.08 2.96 0.02
Sunset Creek SE 30th 2610.37 10-year 126 63.5 69.61 64.92 6.11 0.000149 1.59 79.48 13.62 0.11 3.23 0.03
Sunset Creek SE 30th 2610.37 25-year 157 63.5 69.94 65.15 6.44 0.000194 1.87 83.77 14.3 0.13 3.41 0.04
Sunset Creek SE 30th 2610.37 100-year 212 63.5 70.43 65.51 6.93 0.000278 2.35 90.09 16.12 0.16 3.66 0.06

Sunset Creek SE 30th 2596.365 Bridge

Sunset Creek SE 30th 2582.37 1.01-year 52.48 64 68.41 64.79 4.41 0.000065 0.91 57.36 13 0.08 2.63 0.01
Sunset Creek SE 30th 2582.37 2-year 79 64 68.94 65.05 4.94 0.000108 1.23 64.2 13 0.1 2.81 0.02
Sunset Creek SE 30th 2582.37 10-year 126 64 69.6 65.42 5.6 0.000189 1.73 72.75 14.87 0.13 3.08 0.04
Sunset Creek SE 30th 2582.37 25-year 157 64 69.92 65.65 5.92 0.000244 2.04 76.94 17 0.15 3.26 0.05
Sunset Creek SE 30th 2582.37 100-year 212 64 70.39 66.01 6.39 0.000345 2.55 83.03 20.79 0.18 3.52 0.08

Sunset Creek SE 30th 2582.335 Bridge

Sunset Creek SE 30th 2582.32 1.01-year 52.48 64 68.41 64.79 4.41 0.000065 0.91 57.36 13 0.08 2.63 0.01
Sunset Creek SE 30th 2582.32 2-year 79 64 68.94 65.05 4.94 0.000108 1.23 64.2 13 0.1 2.81 0.02
Sunset Creek SE 30th 2582.32 10-year 126 64 69.6 65.42 5.6 0.000189 1.73 72.75 14.88 0.13 3.08 0.04
Sunset Creek SE 30th 2582.32 25-year 157 64 69.92 65.65 5.92 0.000244 2.04 76.93 17 0.15 3.26 0.05
Sunset Creek SE 30th 2582.32 100-year 212 64 70.39 66.01 6.39 0.000345 2.55 83.03 20.8 0.18 3.52 0.08

Sunset Creek SE 30th 2581.843 Bridge

Sunset Creek SE 30th 2581.368 1.01-year 52.48 64 68.41 64.79 4.41 0.000094 0.91 57.36 13 0.08 2.63 0.02
Sunset Creek SE 30th 2581.368 2-year 79 64 68.94 65.05 4.94 0.000156 1.23 64.2 13 0.1 2.81 0.03
Sunset Creek SE 30th 2581.368 10-year 126 64 69.6 65.43 5.6 0.000273 1.73 72.75 14.98 0.13 3.08 0.05
Sunset Creek SE 30th 2581.368 25-year 157 64 69.92 65.65 5.92 0.000351 2.04 76.93 17.14 0.15 3.26 0.07
Sunset Creek SE 30th 2581.368 100-year 212 64 70.39 66.01 6.39 0.000497 2.55 83.01 21.01 0.18 3.52 0.11

Sunset Creek SE 30th 2578.872 1.01-year 52.48 64 68.41 64.79 4.41 0.000124 0.78 66.87 17.33 0.07 2.99 0.02
Sunset Creek SE 30th 2578.872 2-year 79 64 68.94 65.03 4.94 0.000195 1.04 75.91 17.84 0.09 3.31 0.04
Sunset Creek SE 30th 2578.872 10-year 126 64 69.6 65.4 5.6 0.00033 1.44 87.37 18.49 0.11 3.7 0.08
Sunset Creek SE 30th 2578.872 25-year 157 64 69.93 65.61 5.93 0.000428 1.69 93.05 18.81 0.13 3.88 0.1
Sunset Creek SE 30th 2578.872 100-year 212 64 70.4 65.96 6.4 0.000593 2.09 101.51 21.19 0.15 4.2 0.16

Sunset Creek SE 30th 2576.368 1.01-year 52.48 64.5 68.4 65.55 3.9 0.000831 1.11 47.21 15.43 0.11 2.47 0.13
Sunset Creek SE 30th 2576.368 2-year 79 64.5 68.92 65.84 4.42 0.001227 1.42 55.47 16.27 0.14 2.71 0.21
Sunset Creek SE 30th 2576.368 10-year 126 64.5 69.57 66.27 5.07 0.001756 1.9 67.11 19.79 0.17 3.21 0.35
Sunset Creek SE 30th 2576.368 25-year 157 64.5 69.89 66.53 5.39 0.002098 2.19 73.69 21.68 0.18 3.46 0.45
Sunset Creek SE 30th 2576.368 100-year 212 64.5 70.36 66.93 5.86 0.002669 2.64 84.37 24.42 0.21 3.83 0.64

Sunset Creek SE 30th 2541.368 1.01-year 52.48 64.3 68.35 65.69 4.05 0.001192 1.43 36.65 12.32 0.15 2.22 0.17
Sunset Creek SE 30th 2541.368 2-year 79 64.3 68.85 66.04 4.55 0.00179 1.84 42.93 13.03 0.18 2.43 0.27
Sunset Creek SE 30th 2541.368 10-year 126 64.3 69.46 66.56 5.16 0.00264 2.46 51.93 17.45 0.22 2.82 0.46
Sunset Creek SE 30th 2541.368 25-year 157 64.3 69.75 66.85 5.45 0.003173 2.84 57.37 20.01 0.25 3.03 0.6
Sunset Creek SE 30th 2541.368 100-year 212 64.3 70.16 67.33 5.86 0.004062 3.42 66.04 21.7 0.28 3.34 0.85

Sunset Creek SE 30th 2539.81 1.01-year 52.48 64.28 68.35 65.68 4.07 0.000929 1.44 36.39 12.11 0.15 2.22 0.13
Sunset Creek SE 30th 2539.81 2-year 79 64.28 68.85 66.02 4.57 0.001398 1.86 42.54 12.79 0.18 2.42 0.21
Sunset Creek SE 30th 2539.81 10-year 126 64.28 69.45 66.54 5.17 0.00208 2.5 51.06 15.93 0.22 2.81 0.36
Sunset Creek SE 30th 2539.81 25-year 157 64.28 69.74 66.84 5.46 0.002521 2.88 55.88 17.47 0.25 3.01 0.47
Sunset Creek SE 30th 2539.81 100-year 212 64.28 70.15 67.31 5.87 0.003292 3.5 63.2 19.12 0.29 3.31 0.68
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06-03501-002 Phase I Alternative 1 Output Table Herrera Environmental Consultants

River Reach River Sta Profile Q Total Min Ch El W.S. Elev Crit W.S. Max Chl Dpth E.G. Slope Vel Chnl Flow Area Top Width Froude # Chl Hydr Radius C Shear Chan
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Sunset Creek SE 30th 2527.427 1.01-year 52.48 64.16 68.35 65.55 4.19 0.000765 1.33 39.57 13.29 0.14 2.29 0.11
Sunset Creek SE 30th 2527.427 2-year 79 64.16 68.84 65.9 4.68 0.001094 1.71 46.5 15.83 0.16 2.57 0.18
Sunset Creek SE 30th 2527.427 10-year 126 64.16 69.44 66.41 5.28 0.001564 2.28 57.77 21.57 0.2 3.03 0.3
Sunset Creek SE 30th 2527.427 25-year 157 64.16 69.73 66.7 5.57 0.001868 2.61 64.2 22.63 0.22 3.25 0.38
Sunset Creek SE 30th 2527.427 100-year 212 64.16 70.14 67.16 5.98 0.002398 3.14 73.7 26.33 0.26 3.57 0.53

Sunset Creek SE 30th 2513.681 1.01-year 52.48 64.02 68.32 65.66 4.3 0.001053 1.51 34.8 11.7 0.15 2.16 0.14
Sunset Creek SE 30th 2513.681 2-year 79 64.02 68.8 66.02 4.78 0.00162 1.94 40.73 14.17 0.19 2.32 0.23
Sunset Creek SE 30th 2513.681 10-year 126 64.02 69.39 66.57 5.37 0.002372 2.55 52.43 35.62 0.24 2.64 0.39
Sunset Creek SE 30th 2513.681 25-year 157 64.02 69.68 66.88 5.66 0.002711 2.87 60.3 39.54 0.26 2.85 0.48
Sunset Creek SE 30th 2513.681 100-year 212 64.02 70.09 67.37 6.07 0.003184 3.32 73.62 44.84 0.28 3.15 0.63

Sunset Creek SE 30th 2492.185 1.01-year 52.48 63.81 68.3 65.29 4.49 0.001146 1.51 34.71 11.31 0.15 2.18 0.16
Sunset Creek SE 30th 2492.185 2-year 79 63.81 68.77 65.71 4.96 0.001856 1.94 40.8 15.02 0.2 2.24 0.26
Sunset Creek SE 30th 2492.185 10-year 126 63.81 69.34 66.32 5.53 0.002559 2.54 54.44 39.04 0.24 2.64 0.42
Sunset Creek SE 30th 2492.185 25-year 157 63.81 69.62 66.66 5.81 0.002793 2.79 66.31 42.47 0.25 2.85 0.5
Sunset Creek SE 30th 2492.185 100-year 212 63.81 70.04 67.19 6.23 0.003008 3.1 84.07 42.47 0.26 3.15 0.59

Sunset Creek SE 30th 2481.368 1.01-year 52.48 63.7 68.29 65.27 4.59 0.001352 1.53 34.21 11.24 0.16 2.17 0.18
Sunset Creek SE 30th 2481.368 2-year 79 63.7 68.74 65.71 5.04 0.002208 1.98 40.26 15.87 0.2 2.3 0.32
Sunset Creek SE 30th 2481.368 10-year 126 63.7 69.3 66.33 5.6 0.003218 2.62 52.02 32.53 0.24 2.65 0.53
Sunset Creek SE 30th 2481.368 25-year 157 63.7 69.57 66.69 5.87 0.003663 2.94 62.31 38.47 0.26 2.85 0.65
Sunset Creek SE 30th 2481.368 100-year 212 63.7 69.98 67.25 6.28 0.004202 3.36 77.72 38.48 0.29 3.15 0.83

Sunset Creek SE 30th 2464.334 1.01-year 52.48 65.8 68.14 67.25 2.34 0.007215 2.83 18.54 11.65 0.4 1.39 0.63
Sunset Creek SE 30th 2464.334 2-year 79 65.8 68.55 67.59 2.75 0.008068 3.36 24.17 16.03 0.42 1.69 0.85
Sunset Creek SE 30th 2464.334 10-year 126 65.8 69.04 68.07 3.24 0.009874 4.15 33.38 21.38 0.47 2.04 1.26
Sunset Creek SE 30th 2464.334 25-year 157 65.8 69.27 68.35 3.47 0.011047 4.63 38.6 26.2 0.5 2.21 1.53
Sunset Creek SE 30th 2464.334 100-year 212 65.8 69.6 68.83 3.8 0.012181 5.27 48.59 32.21 0.54 2.5 1.9

Sunset Creek SE 30th 2429.853 1.01-year 52.48 66.05 67.9 67.23 1.85 0.007127 2.71 19.88 16.76 0.4 1.28 0.57
Sunset Creek SE 30th 2429.853 2-year 79 66.05 68.31 67.5 2.26 0.006992 3.09 27.43 20.07 0.41 1.61 0.7
Sunset Creek SE 30th 2429.853 10-year 126 66.05 68.78 67.9 2.73 0.007716 3.74 38.45 28.92 0.44 2.01 0.97
Sunset Creek SE 30th 2429.853 25-year 157 66.05 68.98 68.13 2.93 0.008643 4.18 44.22 29.86 0.47 2.18 1.18
Sunset Creek SE 30th 2429.853 100-year 212 66.05 69.27 68.52 3.22 0.009971 4.84 53.02 29.86 0.51 2.44 1.52

Sunset Creek SE 30th 2407.706 1.01-year 52.48 65.66 67.2 67.18 1.54 0.050024 5.41 9.7 10.14 0.97 0.9 2.81
Sunset Creek SE 30th 2407.706 2-year 79 65.66 67.49 67.49 1.83 0.055912 6.15 12.85 11.41 1.01 1.07 3.72
Sunset Creek SE 30th 2407.706 10-year 126 65.66 68.08 68.08 2.42 0.035381 6.11 23.27 26.99 0.83 1.53 3.38
Sunset Creek SE 30th 2407.706 25-year 157 65.66 68.32 68.32 2.66 0.031455 6.25 30.63 31.58 0.8 1.73 3.4
Sunset Creek SE 30th 2407.706 100-year 212 65.66 68.59 68.59 2.93 0.031333 6.82 39.24 31.58 0.82 1.98 3.88

Sunset Creek SE 30th 2379.636 1.01-year 52.48 65.03 66.82 66.35 1.79 0.011821 2.88 18.23 17.64 0.49 1.02 0.75
Sunset Creek SE 30th 2379.636 2-year 79 65.03 67.2 66.61 2.17 0.010089 3.17 25.26 19.24 0.47 1.35 0.85
Sunset Creek SE 30th 2379.636 10-year 126 65.03 67.63 66.95 2.6 0.010673 3.82 34.07 22.65 0.5 1.73 1.15
Sunset Creek SE 30th 2379.636 25-year 157 65.03 67.84 67.15 2.81 0.011446 4.24 38.98 25.69 0.53 1.92 1.37
Sunset Creek SE 30th 2379.636 100-year 212 65.03 68.13 67.45 3.1 0.012803 4.92 47.18 30.11 0.57 2.2 1.76

Sunset Creek SE 30th 2361.19 1.01-year 52.48 64.42 66.75 65.77 2.33 0.003291 2.31 24.33 17.71 0.31 1.57 0.32
Sunset Creek SE 30th 2361.19 2-year 79 64.42 67.12 66.06 2.7 0.003979 2.78 31.28 20 0.34 1.84 0.46
Sunset Creek SE 30th 2361.19 10-year 126 64.42 67.53 66.48 3.11 0.005537 3.55 39.95 22.43 0.4 2.13 0.74
Sunset Creek SE 30th 2361.19 25-year 157 64.42 67.72 66.73 3.3 0.006582 3.99 44.2 22.57 0.44 2.26 0.93
Sunset Creek SE 30th 2361.19 100-year 212 64.42 67.98 67.1 3.56 0.008521 4.73 50.35 25.52 0.5 2.44 1.3

Sunset Creek SE 30th 2341.739 1.01-year 52.48 64.47 66.46 65.91 1.99 0.015418 3.96 13.91 14.01 0.56 1.33 1.28
Sunset Creek SE 30th 2341.739 2-year 79 64.47 66.78 66.34 2.31 0.016281 4.59 20.7 26.6 0.59 1.59 1.61
Sunset Creek SE 30th 2341.739 10-year 126 64.47 66.99 66.99 2.52 0.024569 6.05 26.8 30.91 0.74 1.77 2.71
Sunset Creek SE 30th 2341.739 25-year 157 64.47 67.2 67.2 2.73 0.023365 6.29 33.69 34.59 0.73 1.95 2.84
Sunset Creek SE 30th 2341.739 100-year 212 64.47 67.45 67.45 2.98 0.02399 6.84 42.56 34.59 0.75 2.16 3.24

Sunset Creek SE 30th 2313.296 1.01-year 52.48 64.36 65.6 65.6 1.24 0.03887 5.25 10.46 14.89 0.93 0.94 2.27
Sunset Creek SE 30th 2313.296 2-year 79 64.36 65.99 65.99 1.63 0.056799 4.69 18.59 31.31 0.92 0.77 2.73
Sunset Creek SE 30th 2313.296 10-year 126 64.36 66.45 66.22 2.09 0.022822 4.04 34.09 33.3 0.63 1.22 1.74
Sunset Creek SE 30th 2313.296 25-year 157 64.36 66.7 66.34 2.34 0.017603 4 42.32 33.3 0.57 1.46 1.6
Sunset Creek SE 30th 2313.296 100-year 212 64.36 67.07 66.54 2.71 0.013966 4.11 54.56 33.3 0.53 1.81 1.58

Sunset Creek SE 30th 2297.254 1.01-year 52.48 62.97 65.57 64.4 2.6 0.003703 2.18 30.74 29.44 0.27 1.98 0.46
Sunset Creek SE 30th 2297.254 2-year 79 62.97 65.91 64.75 2.94 0.004278 2.59 41.16 31.13 0.29 2.31 0.62
Sunset Creek SE 30th 2297.254 10-year 126 62.97 66.36 65.17 3.39 0.00516 3.19 55.75 84.25 0.33 2.74 0.88
Sunset Creek SE 30th 2297.254 25-year 157 62.97 66.6 65.43 3.63 0.005718 3.54 63.93 86.24 0.35 2.96 1.06
Sunset Creek SE 30th 2297.254 100-year 212 62.97 66.96 65.86 3.99 0.006276 3.99 76.84 86.24 0.38 3.31 1.3

Sunset Creek SE 30th 2285.55 1.01-year 52.48 63.26 65.57 64.58 2.31 0.002258 1.3 46.24 33.75 0.17 1.39 0.2
Sunset Creek SE 30th 2285.55 2-year 79 63.26 65.92 64.72 2.66 0.002488 1.54 58.22 34.76 0.18 1.65 0.26
Sunset Creek SE 30th 2285.55 10-year 126 63.26 66.39 64.94 3.13 0.002542 1.77 78.44 100.84 0.19 2.01 0.32
Sunset Creek SE 30th 2285.55 25-year 157 63.26 66.63 65.06 3.37 0.002312 1.79 90.89 100.84 0.19 2.2 0.32
Sunset Creek SE 30th 2285.55 100-year 212 63.26 67.01 65.26 3.75 0.001991 1.8 110.12 100.84 0.18 2.49 0.31

Sunset Creek SE 30th 2261.889 1.01-year 52.48 63.31 65.44 64.72 2.13 0.004929 2.35 31.44 92.25 0.31 1.5 0.46
Sunset Creek SE 30th 2261.889 2-year 79 63.31 65.77 64.95 2.46 0.005531 2.79 41.16 95.88 0.34 1.78 0.61
Sunset Creek SE 30th 2261.889 10-year 126 63.31 66.21 65.27 2.9 0.006161 3.34 55.45 97.98 0.37 2.16 0.83
Sunset Creek SE 30th 2261.889 25-year 157 63.31 66.44 65.45 3.13 0.006507 3.65 63.11 97.98 0.39 2.36 0.96
Sunset Creek SE 30th 2261.889 100-year 212 63.31 66.8 65.74 3.49 0.007047 4.12 74.91 97.98 0.41 2.67 1.17
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Sunset Creek SE 30th 2238.42 1.01-year 52.48 63.48 65.28 64.66 1.8 0.007533 2.53 26.26 90.2 0.37 1.4 0.66
Sunset Creek SE 30th 2238.42 2-year 79 63.48 65.59 64.95 2.11 0.007916 2.95 34.84 92.49 0.39 1.69 0.84
Sunset Creek SE 30th 2238.42 10-year 126 63.48 66 65.27 2.52 0.008879 3.58 46.72 97.36 0.43 2.08 1.15
Sunset Creek SE 30th 2238.42 25-year 157 63.48 66.21 65.44 2.73 0.009416 3.92 53.14 97.36 0.45 2.28 1.34
Sunset Creek SE 30th 2238.42 100-year 212 63.48 66.54 65.7 3.06 0.010293 4.47 62.92 97.36 0.48 2.59 1.67

Sunset Creek SE 30th 2205.456 1.01-year 52.48 63.19 65 64.55 1.81 0.008604 2.79 25.06 89.89 0.42 1.36 0.73
Sunset Creek SE 30th 2205.456 2-year 79 63.19 65.28 64.77 2.09 0.009445 3.31 33.12 93.14 0.45 1.63 0.96
Sunset Creek SE 30th 2205.456 10-year 126 63.19 65.65 65.08 2.46 0.010778 4.02 44.96 96.12 0.5 1.98 1.34
Sunset Creek SE 30th 2205.456 25-year 157 63.19 65.84 65.19 2.65 0.01136 4.39 51.41 96.12 0.52 2.17 1.54
Sunset Creek SE 30th 2205.456 100-year 212 63.19 66.13 65.58 2.94 0.012404 4.97 61.12 96.12 0.55 2.46 1.9

Sunset Creek SE 30th 2189.813 1.01-year 52.48 63.33 64.84 64.55 1.76 0.009729 2.3 22.76 26.3 0.38 1.1 0.67
Sunset Creek SE 30th 2189.813 2-year 79 63.33 65.11 64.72 2.03 0.010621 2.77 30.06 27.67 0.41 1.36 0.9
Sunset Creek SE 30th 2189.813 10-year 126 63.33 65.48 64.99 2.4 0.011004 3.29 41.61 83.85 0.43 1.71 1.17
Sunset Creek SE 30th 2189.813 25-year 157 63.33 65.69 65.16 2.61 0.010237 3.42 48.81 83.85 0.43 1.91 1.22
Sunset Creek SE 30th 2189.813 100-year 212 63.33 66 65.5 2.92 0.00956 3.64 59.37 83.85 0.42 2.21 1.32

Sunset Creek SE 30th 2175.255 1.01-year 52.48 62.85 64.4 64.38 1.55 0.043402 4.65 15.02 25.47 0.74 1.1 2.98
Sunset Creek SE 30th 2175.255 2-year 79 62.85 64.58 64.58 1.73 0.050518 5.51 19.7 25.88 0.82 1.26 3.98
Sunset Creek SE 30th 2175.255 10-year 126 62.85 64.88 64.88 2.03 0.053164 6.42 27.34 82.34 0.87 1.53 5.07
Sunset Creek SE 30th 2175.255 25-year 157 62.85 65.03 65.03 2.18 0.056152 6.98 31.33 86.77 0.91 1.66 5.83
Sunset Creek SE 30th 2175.255 100-year 212 62.85 65.37 65.28 2.52 0.047632 7.22 40.82 90.25 0.86 1.98 5.88

Sunset Creek SE 30th 2121.292 1.01-year 52.48 61.77 63.42 63.08 1.65 0.012059 2.87 18.3 23.14 0.57 0.75 0.56
Sunset Creek SE 30th 2121.292 2-year 79 61.77 63.76 63.31 1.99 0.008338 3.01 26.71 26 0.5 1.05 0.55
Sunset Creek SE 30th 2121.292 10-year 126 61.77 64.22 63.6 2.45 0.006583 3.35 38.87 26.87 0.47 1.48 0.61
Sunset Creek SE 30th 2121.292 25-year 157 61.77 64.56 63.75 2.79 0.005203 3.4 48.23 27.53 0.43 1.8 0.59
Sunset Creek SE 30th 2121.292 100-year 212 61.77 65.18 64 3.41 0.003618 3.41 65.75 28.72 0.38 2.39 0.54

Sunset Creek SE 30th 2107.746 1.01-year 52.48 61.82 62.85 62.85 1.03 0.029233 5.24 10.02 11.85 1 0.8 1.46
Sunset Creek SE 30th 2107.746 2-year 79 61.82 63.12 63.12 1.3 0.028792 5.93 13.35 12.76 1 1.02 1.83
Sunset Creek SE 30th 2107.746 10-year 126 61.82 63.85 63.63 2.03 0.012136 5.22 28.04 24.73 0.69 1.65 1.25
Sunset Creek SE 30th 2107.746 25-year 157 61.82 64.33 63.84 2.51 0.007265 4.74 40.33 26.36 0.56 2.09 0.95
Sunset Creek SE 30th 2107.746 100-year 212 61.82 65.04 64.14 3.22 0.004472 4.46 59.71 27.99 0.46 2.75 0.77

Sunset Creek SE 30th 2098.229 1.01-year 100.32 60.13 62.65 62.12 2.52 0.010475 3.15 32.57 42.26 0.54 0.99 0.65
Sunset Creek SE 30th 2098.229 2-year 151 60.13 63.04 62.51 2.91 0.007654 3.32 49.35 42.91 0.49 1.36 0.65
Sunset Creek SE 30th 2098.229 10-year 236 60.13 63.64 62.88 3.51 0.005318 3.49 75.38 43.89 0.43 1.92 0.64
Sunset Creek SE 30th 2098.229 25-year 297 60.13 64.04 63.06 3.91 0.004469 3.6 92.74 44.54 0.41 2.29 0.64
Sunset Creek SE 30th 2098.229 100-year 412 60.13 64.71 63.38 4.58 0.003592 3.79 123.02 45.64 0.38 2.92 0.66

Sunset Creek SE 30th 2070.489 1.01-year 100.32 60.45 62.56 61.73 2.11 0.003482 2.02 49.67 39.18 0.32 1.23 0.27
Sunset Creek SE 30th 2070.489 2-year 151 60.45 62.98 61.98 2.53 0.003054 2.26 68.63 47.19 0.31 1.62 0.31
Sunset Creek SE 30th 2070.489 10-year 236 60.45 63.6 62.31 3.15 0.002468 2.51 98.67 48.8 0.29 2.23 0.34
Sunset Creek SE 30th 2070.489 25-year 297 60.45 64.01 62.49 3.56 0.00222 2.65 118.56 49.83 0.28 2.62 0.36
Sunset Creek SE 30th 2070.489 100-year 412 60.45 64.69 62.82 4.24 0.001935 2.88 153.29 51.47 0.28 3.29 0.4

Sunset Creek SE 30th 2050.566 1.01-year 100.32 59.65 62.37 61.97 2.72 0.009256 2.98 33.92 34.24 0.51 0.99 0.57
Sunset Creek SE 30th 2050.566 2-year 151 59.65 62.82 62.19 3.17 0.006281 3.1 51.85 45.37 0.44 1.4 0.55
Sunset Creek SE 30th 2050.566 10-year 236 59.65 63.49 62.51 3.84 0.004056 3.18 82.72 47.24 0.38 2.01 0.51
Sunset Creek SE 30th 2050.566 25-year 297 59.65 63.9 62.75 4.25 0.003383 3.26 102.68 48.41 0.36 2.4 0.51
Sunset Creek SE 30th 2050.566 100-year 412 59.65 64.6 63.07 4.95 0.002728 3.43 137.18 50.17 0.33 3.04 0.52

Sunset Creek SE 30th 2036.451 1.01-year 100.32 60.13 62.26 61.72 2.13 0.008428 2.83 38.52 47.32 0.48 1.04 0.55
Sunset Creek SE 30th 2036.451 2-year 151 60.13 62.77 62.03 2.64 0.004602 2.7 63.41 49 0.37 1.54 0.44
Sunset Creek SE 30th 2036.451 10-year 236 60.13 63.47 62.39 3.34 0.003026 2.78 98.07 51.26 0.32 2.19 0.41
Sunset Creek SE 30th 2036.451 25-year 297 60.13 63.89 62.57 3.76 0.002585 2.87 120.11 52.64 0.31 2.6 0.42
Sunset Creek SE 30th 2036.451 100-year 412 60.13 64.6 62.85 4.47 0.002145 3.05 157.45 52.87 0.29 3.27 0.44

Sunset Creek SE 30th 2016.641 1.01-year 100.32 59.66 62.2 61.35 2.54 0.003075 2.06 50.21 42.43 0.31 1.32 0.25
Sunset Creek SE 30th 2016.641 2-year 151 59.66 62.74 61.64 3.08 0.002219 2.18 73.92 45.1 0.28 1.83 0.25
Sunset Creek SE 30th 2016.641 10-year 236 59.66 63.43 61.94 3.77 0.00181 2.42 106.01 46.8 0.26 2.5 0.28
Sunset Creek SE 30th 2016.641 25-year 297 59.66 63.86 62.14 4.2 0.001683 2.58 126.14 47.83 0.26 2.9 0.3
Sunset Creek SE 30th 2016.641 100-year 412 59.66 64.57 62.47 4.91 0.001548 2.84 160.54 49.55 0.26 3.57 0.35

Sunset Creek SE 30th 1988.07 1.01-year 100.32 59.15 62.15 61.01 3 0.001716 1.9 60.17 42 0.24 1.79 0.19
Sunset Creek SE 30th 1988.07 2-year 151 59.15 62.69 61.27 3.54 0.001511 2.11 83.51 43.62 0.24 2.3 0.22
Sunset Creek SE 30th 1988.07 10-year 236 59.15 63.39 61.63 4.24 0.001441 2.43 114.86 45.7 0.24 2.95 0.27
Sunset Creek SE 30th 1988.07 25-year 297 59.15 63.82 61.84 4.67 0.001424 2.63 134.61 46.96 0.24 3.35 0.3
Sunset Creek SE 30th 1988.07 100-year 412 59.15 64.53 62.24 5.38 0.001405 2.94 168.55 49.05 0.25 4.01 0.35

Sunset Creek SE 30th 1968.444 1.01-year 100.32 59.73 62.1 61.04 2.37 0.001844 2.08 57.87 41.14 0.26 1.88 0.22
Sunset Creek SE 30th 1968.444 2-year 151 59.73 62.65 61.33 2.92 0.001616 2.3 81.33 44.08 0.26 2.41 0.24
Sunset Creek SE 30th 1968.444 10-year 236 59.73 63.35 61.71 3.62 0.001517 2.63 112.72 45.23 0.26 3.1 0.29
Sunset Creek SE 30th 1968.444 25-year 297 59.73 63.78 61.92 4.05 0.001501 2.84 132.2 46.26 0.26 3.51 0.33
Sunset Creek SE 30th 1968.444 100-year 412 59.73 64.48 62.27 4.75 0.001487 3.19 165.42 47.96 0.27 4.2 0.39

Sunset Creek SE 30th 1954.61 1.01-year 100.32 59.63 61.99 61.33 2.36 0.008212 3.06 43.17 38.25 0.38 1.89 0.97
Sunset Creek SE 30th 1954.61 2-year 151 59.63 62.57 61.66 2.94 0.005902 3.07 67.43 43.67 0.33 2.43 0.9
Sunset Creek SE 30th 1954.61 10-year 236 59.63 63.29 62.03 3.66 0.00473 3.23 99.74 45.74 0.31 3.1 0.92
Sunset Creek SE 30th 1954.61 25-year 297 59.63 63.73 62.3 4.1 0.004372 3.37 119.83 46.98 0.31 3.51 0.96
Sunset Creek SE 30th 1954.61 100-year 412 59.63 64.44 62.62 4.81 0.003986 3.61 154.17 49.03 0.3 4.17 1.04

Sunset Creek SE 30th 1928.749 1.01-year 100.32 59.16 61.96 60.54 2.8 0.001812 1.53 68.09 38.44 0.19 2.04 0.23
Sunset Creek SE 30th 1928.749 2-year 151 59.16 62.54 60.77 3.38 0.001734 1.77 91.52 42.78 0.19 2.61 0.28
Sunset Creek SE 30th 1928.749 10-year 236 59.16 63.26 61.1 4.1 0.001786 2.11 122.71 43.96 0.2 3.32 0.37
Sunset Creek SE 30th 1928.749 25-year 297 59.16 63.69 61.31 4.53 0.001837 2.32 141.81 44.64 0.21 3.74 0.43
Sunset Creek SE 30th 1928.749 100-year 412 59.16 64.4 61.66 5.24 0.001915 2.65 173.95 45.74 0.22 4.44 0.53
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06-03501-002 Phase I Alternative 1 Output Table Herrera Environmental Consultants

River Reach River Sta Profile Q Total Min Ch El W.S. Elev Crit W.S. Max Chl Dpth E.G. Slope Vel Chnl Flow Area Top Width Froude # Chl Hydr Radius C Shear Chan
(cfs) (ft) (ft) (ft) (ft) (ft/ft) (ft/s) (sq ft) (ft) (ft) (lb/sq ft)

Sunset Creek SE 30th 1881.347 1.01-year 100.32 58.45 61.71 60.37 3.26 0.005655 3.04 36.16 22.84 0.34 2.28 0.81
Sunset Creek SE 30th 1881.347 2-year 151 58.45 62.25 60.8 3.8 0.006073 3.59 50.66 36.83 0.36 2.77 1.05
Sunset Creek SE 30th 1881.347 10-year 236 58.45 62.96 61.48 4.51 0.005834 4.04 78.11 39.28 0.37 3.4 1.24
Sunset Creek SE 30th 1881.347 25-year 297 58.45 63.39 61.9 4.94 0.005589 4.25 95.35 40.41 0.36 3.79 1.32
Sunset Creek SE 30th 1881.347 100-year 412 58.45 64.1 62.64 5.65 0.005316 4.6 124.4 40.94 0.36 4.43 1.47

Sunset Creek SE 30th 1868.66 1.01-year 100.32 59.05 61.67 60.65 2.62 0.004449 2.64 45.34 33.4 0.33 1.96 0.54
Sunset Creek SE 30th 1868.66 2-year 151 59.05 62.24 61.01 3.19 0.003885 2.91 64.72 35.17 0.32 2.5 0.61
Sunset Creek SE 30th 1868.66 10-year 236 59.05 62.95 61.52 3.9 0.003739 3.35 90.37 36.56 0.32 3.17 0.74
Sunset Creek SE 30th 1868.66 25-year 297 59.05 63.38 61.76 4.33 0.003734 3.63 105.99 36.56 0.33 3.58 0.84
Sunset Creek SE 30th 1868.66 100-year 412 59.05 64.07 62.15 5.02 0.003805 4.1 131.53 36.56 0.34 4.25 1.01

Sunset Creek SE 30th 1856.084 1.01-year 100.32 58.51 61.54 60.64 3.03 0.009194 3.18 36.92 28.3 0.39 1.96 1.13
Sunset Creek SE 30th 1856.084 2-year 151 58.51 62.12 61.06 3.61 0.007785 3.44 53.97 30.95 0.37 2.51 1.22
Sunset Creek SE 30th 1856.084 10-year 236 58.51 62.83 61.6 4.32 0.007328 3.91 77.03 34.26 0.38 3.18 1.45
Sunset Creek SE 30th 1856.084 25-year 297 58.51 63.25 61.86 4.74 0.007228 4.21 92.07 36.27 0.38 3.58 1.62
Sunset Creek SE 30th 1856.084 100-year 412 58.51 63.96 62.31 5.45 0.00691 4.61 117.72 36.27 0.38 4.25 1.83

Sunset Creek SE 30th 1817.494 1.01-year 100.32 58.15 61.26 59.86 3.11 0.004924 3.33 30.99 17.77 0.36 2.1 0.65
Sunset Creek SE 30th 1817.494 2-year 151 58.15 61.77 60.34 3.62 0.005847 4.07 41.58 23.46 0.41 2.5 0.91
Sunset Creek SE 30th 1817.494 10-year 236 58.15 62.37 61.03 4.22 0.00705 5.03 56.84 25.61 0.46 2.98 1.31
Sunset Creek SE 30th 1817.494 25-year 297 58.15 62.73 61.59 4.58 0.007687 5.58 66.11 25.61 0.49 3.27 1.57
Sunset Creek SE 30th 1817.494 100-year 412 58.15 63.33 62.25 5.18 0.008613 6.47 81.33 25.61 0.53 3.75 2.01

Sunset Creek SE 30th 1805.019 1.01-year 100.32 58.22 61.22 59.92 3 0.004481 3.25 37.73 28.54 0.36 2.11 0.59
Sunset Creek SE 30th 1805.019 2-year 151 58.22 61.74 60.37 3.52 0.004649 3.74 53.63 32.01 0.37 2.54 0.74
Sunset Creek SE 30th 1805.019 10-year 236 58.22 62.39 61.23 4.17 0.004871 4.34 76.07 53.24 0.39 3.06 0.93
Sunset Creek SE 30th 1805.019 25-year 297 58.22 62.78 61.56 4.56 0.00479 4.6 92.15 60.85 0.4 3.38 1.01
Sunset Creek SE 30th 1805.019 100-year 412 58.22 63.46 62.1 5.24 0.004327 4.84 122.76 67.33 0.39 3.94 1.06

Sunset Creek SE 30th 1791.536 1.01-year 100.32 58.58 61.12 60.26 2.54 0.005998 3.49 32.84 26.2 0.43 1.87 0.7
Sunset Creek SE 30th 1791.536 2-year 151 58.58 61.65 60.74 3.07 0.005534 3.91 47.64 28.57 0.43 2.35 0.81
Sunset Creek SE 30th 1791.536 10-year 236 58.58 62.25 61.28 3.67 0.005915 4.65 64.98 28.57 0.46 2.91 1.07
Sunset Creek SE 30th 1791.536 25-year 297 58.58 62.61 61.59 4.03 0.006259 5.14 75.08 28.57 0.48 3.23 1.26
Sunset Creek SE 30th 1791.536 100-year 412 58.58 63.18 62.03 4.6 0.006856 5.94 91.41 28.57 0.52 3.76 1.61

Sunset Creek SE 30th 1777.213 1.01-year 100.32 58.04 61.1 59.79 3.06 0.00334 2.79 43.51 29.94 0.32 2.13 0.44
Sunset Creek SE 30th 1777.213 2-year 151 58.04 61.64 60.25 3.6 0.003268 3.15 60.86 60.16 0.32 2.6 0.53
Sunset Creek SE 30th 1777.213 10-year 236 58.04 62.27 60.89 4.23 0.003557 3.74 83.05 66.33 0.35 3.14 0.7
Sunset Creek SE 30th 1777.213 25-year 297 58.04 62.64 61.24 4.6 0.003738 4.09 96.39 66.54 0.36 3.47 0.81
Sunset Creek SE 30th 1777.213 100-year 412 58.04 63.24 61.67 5.2 0.004003 4.65 118.39 66.89 0.38 3.99 1

Sunset Creek SE 30th 1749.718 1.01-year 100.32 57.73 60.91 59.77 3.18 0.005586 3.47 33.31 20.49 0.39 2.1 0.73
Sunset Creek SE 30th 1749.718 2-year 151 57.73 61.39 60.31 3.66 0.006433 4.19 44.81 47.1 0.43 2.51 1.01
Sunset Creek SE 30th 1749.718 10-year 236 57.73 61.91 60.9 4.18 0.008186 5.27 60.57 63.78 0.5 2.96 1.51
Sunset Creek SE 30th 1749.718 25-year 297 57.73 62.21 61.31 4.48 0.009052 5.87 70.54 64.03 0.54 3.22 1.82
Sunset Creek SE 30th 1749.718 100-year 412 57.73 62.72 61.95 4.99 0.010215 6.79 87.2 64.43 0.58 3.66 2.34

Sunset Creek SE 30th 1689.563 1.01-year 100.32 57.21 60.02 59.59 2.81 0.020876 5.42 18.92 17.83 0.7 1.56 2.03
Sunset Creek SE 30th 1689.563 2-year 151 57.21 60.43 60.37 3.22 0.020473 6.14 29.13 26.36 0.72 1.9 2.43
Sunset Creek SE 30th 1689.563 10-year 236 57.21 61.02 60.84 3.81 0.016972 6.53 45.24 28.17 0.68 2.4 2.55
Sunset Creek SE 30th 1689.563 25-year 297 57.21 61.38 61.07 4.17 0.015528 6.76 55.52 29.26 0.67 2.71 2.62
Sunset Creek SE 30th 1689.563 100-year 412 57.21 61.97 61.51 4.76 0.013881 7.16 73.28 43.57 0.65 3.2 2.78

Sunset Creek SE 30th 1668.393 1.01-year 100.32 56.93 59.91 59.04 2.98 0.008146 4.05 28.94 25.06 0.47 1.94 0.99
Sunset Creek SE 30th 1668.393 2-year 151 56.93 60.35 59.81 3.42 0.008396 4.62 40.03 26.29 0.5 2.31 1.21
Sunset Creek SE 30th 1668.393 10-year 236 56.93 60.91 60.31 3.98 0.008645 5.32 55.37 27.91 0.52 2.79 1.51
Sunset Creek SE 30th 1668.393 25-year 297 56.93 61.26 60.56 4.33 0.008706 5.71 65.25 28.9 0.53 3.09 1.68
Sunset Creek SE 30th 1668.393 100-year 412 56.93 61.84 61.01 4.91 0.008713 6.31 82.48 30.55 0.54 3.58 1.95

Sunset Creek SE 30th 1626.318 1.01-year 100.32 56.89 59.64 58.71 2.75 0.006398 3.64 31.21 23.61 0.43 1.9 0.76
Sunset Creek SE 30th 1626.318 2-year 151 56.89 60.03 59.27 3.14 0.007479 4.38 40.51 24.76 0.48 2.23 1.04
Sunset Creek SE 30th 1626.318 10-year 236 56.89 60.51 59.87 3.62 0.009048 5.39 52.72 26.21 0.54 2.65 1.49
Sunset Creek SE 30th 1626.318 25-year 297 56.89 60.8 60.15 3.91 0.009898 5.99 60.41 27.07 0.58 2.9 1.79
Sunset Creek SE 30th 1626.318 100-year 412 56.89 61.3 60.62 4.41 0.010777 6.86 74.37 28.58 0.62 3.33 2.24

Sunset Creek SE 30th 1613.357 1.01-year 100.32 56.46 59.63 58.27 3.17 0.003357 2.9 37.14 23.32 0.33 2.08 0.44
Sunset Creek SE 30th 1613.357 2-year 151 56.46 60 58.69 3.54 0.004389 3.65 46.19 24.85 0.39 2.4 0.66
Sunset Creek SE 30th 1613.357 10-year 236 56.46 60.47 59.4 4.01 0.0059 4.69 58.04 26.32 0.46 2.8 1.03
Sunset Creek SE 30th 1613.357 25-year 297 56.46 60.74 59.77 4.28 0.006805 5.32 65.4 27.19 0.5 3.03 1.29
Sunset Creek SE 30th 1613.357 100-year 412 56.46 61.23 60.29 4.77 0.00793 6.25 78.89 28.73 0.55 3.45 1.71

Sunset Creek SE 30th 1592.728 1.01-year 100.32 56.02 59.65 57.91 3.63 0.001149 1.69 62.89 33.09 0.19 2.23 0.16
Sunset Creek SE 30th 1592.728 2-year 151 56.02 60.04 58.23 4.02 0.001518 2.15 75.99 33.8 0.23 2.6 0.25
Sunset Creek SE 30th 1592.728 10-year 236 56.02 60.54 58.66 4.52 0.002077 2.81 92.89 34.71 0.28 3.07 0.4
Sunset Creek SE 30th 1592.728 25-year 297 56.02 60.83 58.92 4.81 0.00242 3.22 103.26 35.25 0.3 3.35 0.51
Sunset Creek SE 30th 1592.728 100-year 412 56.02 61.35 59.38 5.33 0.002877 3.85 121.91 36.21 0.34 3.85 0.69

Sunset Creek SE 30th 1583.59 1.01-year 100.32 56.87 59.48 58.8 2.61 0.008049 3.48 32.65 32.1 0.47 1.59 0.8
Sunset Creek SE 30th 1583.59 2-year 151 56.87 59.81 59.2 2.94 0.00914 4.19 43.62 33.2 0.52 1.91 1.09
Sunset Creek SE 30th 1583.59 10-year 236 56.87 60.21 59.7 3.34 0.011291 5.25 56.96 34.5 0.6 2.28 1.61
Sunset Creek SE 30th 1583.59 25-year 297 56.87 60.43 59.97 3.56 0.012715 5.91 64.84 35.25 0.64 2.5 1.98
Sunset Creek SE 30th 1583.59 100-year 412 56.87 60.87 60.38 4 0.013713 6.8 80.49 36.69 0.68 2.91 2.49

Sunset Creek SE 30th 1583.5 Lat Struct
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River Reach River Sta Profile Q Total Min Ch El W.S. Elev Crit W.S. Max Chl Dpth E.G. Slope Vel Chnl Flow Area Top Width Froude # Chl Hydr Radius C Shear Chan
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Sunset Creek SE 30th 1576.451 1.01-year 100.32 56.81 59.39 58.71 2.58 0.01288 3.58 28.97 25.93 0.53 1.27 1.02
Sunset Creek SE 30th 1576.451 2-year 151 56.81 59.69 59.18 2.88 0.015583 4.33 37.2 28.01 0.6 1.47 1.43
Sunset Creek SE 30th 1576.451 10-year 236 56.81 60.02 59.67 3.21 0.020105 5.52 46.94 31.92 0.7 1.76 2.2
Sunset Creek SE 30th 1576.451 25-year 297 56.81 60.17 59.92 3.36 0.024449 6.39 51.81 33.88 0.78 1.89 2.89
Sunset Creek SE 30th 1576.451 100-year 412 56.81 60.36 60.36 3.55 0.034449 8.04 58.39 36.3 0.94 2.06 4.43

Sunset Creek SE 30th 1535.154 1.01-year 85.27 56.74 58.88 58.13 2.14 0.005952 2.09 44.51 64.82 0.32 1.3 0.48
Sunset Creek SE 30th 1535.154 2-year 128.35 56.74 59.18 58.35 2.44 0.006312 2.43 65.06 75.59 0.34 1.55 0.61
Sunset Creek SE 30th 1535.154 10-year 200.6 56.74 59.54 58.67 2.8 0.006603 2.81 96.09 107.2 0.36 1.86 0.77
Sunset Creek SE 30th 1535.154 25-year 252.45 56.74 59.75 58.95 3.01 0.006459 2.98 118.93 107.2 0.36 2.06 0.83
Sunset Creek SE 30th 1535.154 100-year 350.2 56.74 60.09 59.26 3.35 0.006347 3.26 155.06 107.2 0.37 2.39 0.95

Sunset Creek SE 30th 1520.645 1.01-year 85.27 56.07 58.86 57.6 2.79 0.001622 1.56 72.98 107.62 0.21 1.52 0.15
Sunset Creek SE 30th 1520.645 2-year 128.35 56.07 59.16 57.84 3.09 0.001767 1.81 105.43 109.75 0.23 1.79 0.2
Sunset Creek SE 30th 1520.645 10-year 200.6 56.07 59.52 58.19 3.45 0.00202 2.16 144.8 109.75 0.25 2.11 0.27
Sunset Creek SE 30th 1520.645 25-year 252.45 56.07 59.73 58.4 3.66 0.002178 2.38 167.84 109.75 0.26 2.3 0.31
Sunset Creek SE 30th 1520.645 100-year 350.2 56.07 60.06 58.97 3.99 0.002455 2.74 204.17 109.75 0.28 2.6 0.4

Sunset Creek SE 30th 1493.465 1.01-year 85.27 56.01 58.7 57.64 2.69 0.004145 2.89 40.53 62.58 0.35 1.9 0.49
Sunset Creek SE 30th 1493.465 2-year 128.35 56.01 58.95 58.02 2.94 0.005351 3.54 61.32 88.29 0.41 2.12 0.71
Sunset Creek SE 30th 1493.465 10-year 200.6 56.01 59.27 58.92 3.26 0.006281 4.18 89.8 88.29 0.45 2.42 0.95
Sunset Creek SE 30th 1493.465 25-year 252.45 56.01 59.46 59.1 3.45 0.006746 4.54 106.66 88.29 0.47 2.59 1.09
Sunset Creek SE 30th 1493.465 100-year 350.2 56.01 59.76 59.35 3.75 0.007605 5.14 132.59 88.29 0.51 2.86 1.36

Sunset Creek SE 30th 1474.062 1.01-year 85.27 56.81 58.67 58.2 1.86 0.003919 2.28 70.18 110.27 0.33 1.37 0.33
Sunset Creek SE 30th 1474.062 2-year 128.35 56.81 58.94 58.39 2.13 0.003902 2.54 99.13 110.27 0.34 1.61 0.39
Sunset Creek SE 30th 1474.062 10-year 200.6 56.81 59.27 58.59 2.46 0.004071 2.92 135.6 110.27 0.36 1.92 0.49
Sunset Creek SE 30th 1474.062 25-year 252.45 56.81 59.46 58.74 2.65 0.004232 3.16 156.98 110.27 0.37 2.1 0.55
Sunset Creek SE 30th 1474.062 100-year 350.2 56.81 59.76 58.94 2.95 0.004639 3.59 189.85 110.27 0.4 2.38 0.69

Sunset Creek SE 30th 1400.25 1.01-year 85.27 56.09 57.96 57.61 1.87 0.014145 4.19 31.41 78.66 0.61 1.34 1.19
Sunset Creek SE 30th 1400.25 2-year 128.35 56.09 58.15 58.15 2.06 0.016614 4.89 46.97 83.59 0.67 1.51 1.57
Sunset Creek SE 30th 1400.25 10-year 200.6 56.09 58.38 58.38 2.29 0.019637 5.79 65.88 83.59 0.74 1.71 2.1
Sunset Creek SE 30th 1400.25 25-year 252.45 56.09 58.52 58.52 2.43 0.02105 6.28 77.39 83.59 0.78 1.84 2.42
Sunset Creek SE 30th 1400.25 100-year 350.2 56.09 58.85 58.73 2.76 0.018143 6.45 105.04 83.59 0.74 2.14 2.42

Sunset Creek SE 30th 1312.582 1.01-year 85.27 54.16 56.24 55.93 2.08 0.0213 5.36 15.98 11.67 0.75 1.36 1.81
Sunset Creek SE 30th 1312.582 2-year 128.35 54.16 56.73 56.72 2.57 0.013865 5.05 46.93 86.52 0.62 1.73 1.5
Sunset Creek SE 30th 1312.582 10-year 200.6 54.16 57.34 56.99 3.18 0.006623 4.16 100.75 87.46 0.45 2.25 0.93
Sunset Creek SE 30th 1312.582 25-year 252.45 54.16 57.8 57.13 3.64 0.004257 3.71 140.95 87.46 0.37 2.64 0.7
Sunset Creek SE 30th 1312.582 100-year 350.2 54.16 58.59 57.35 4.43 0.002582 3.35 209.85 87.46 0.3 3.31 0.53

Sunset Creek SE 30th 1208.49 1.01-year 85.27 51.7 54.69 53.8 2.99 0.011975 4.59 18.56 8.69 0.55 1.56 1.17
Sunset Creek SE 30th 1208.49 2-year 128.35 51.7 55.76 54.36 4.06 0.007418 3.96 43.63 47.17 0.45 1.82 0.84
Sunset Creek SE 30th 1208.49 10-year 200.6 51.7 56.96 55.65 5.26 0.002698 3.01 107.59 54.66 0.29 2.6 0.44
Sunset Creek SE 30th 1208.49 25-year 252.45 51.7 57.5 55.97 5.8 0.002206 3.01 137.02 54.66 0.27 3.02 0.42
Sunset Creek SE 30th 1208.49 100-year 350.2 51.7 58.34 56.34 6.64 0.001853 3.15 183.05 54.66 0.26 3.67 0.42

Sunset Creek SE 30th 1177.949 1.01-year 100.55 51.42 54.73 53.05 3.31 0.001847 2.77 36.25 13.04 0.29 2.11 0.24
Sunset Creek SE 30th 1177.949 2-year 151.35 51.42 55.49 53.47 4.07 0.001658 3.06 67.13 50.15 0.29 2.67 0.28
Sunset Creek SE 30th 1177.949 10-year 236.6 51.42 56.27 54.07 4.85 0.001625 3.46 106.13 50.15 0.29 3.26 0.33
Sunset Creek SE 30th 1177.949 25-year 297.45 51.42 56.72 54.46 5.3 0.001634 3.7 128.59 50.15 0.3 3.6 0.37
Sunset Creek SE 30th 1177.949 100-year 413.2 51.42 57.46 55.54 6.04 0.001653 4.1 165.82 50.15 0.31 4.16 0.43

Sunset Creek SE 30th 1012.233 1.01-year 100.55 49.75 53.92 52.37 4.17 0.012251 4.21 23.87 7.7 0.42 1.6 1.23
Sunset Creek SE 30th 1012.233 2-year 151.35 49.75 54.61 53 4.86 0.01479 4.99 32.94 19.55 0.46 1.82 1.68
Sunset Creek SE 30th 1012.233 10-year 236.6 49.75 55.32 53.89 5.57 0.015391 5.74 47.5 21.31 0.49 2.18 2.09
Sunset Creek SE 30th 1012.233 25-year 297.45 49.75 55.73 54.97 5.98 0.015626 6.14 56.34 22.3 0.5 2.38 2.32
Sunset Creek SE 30th 1012.233 100-year 413.2 49.75 56.4 55.54 6.65 0.015676 6.72 72.28 25.48 0.51 2.72 2.66

Sunset Creek SE 30th 852.3866 1.01-year 100.55 50.09 52.62 51.63 2.53 0.006319 3.4 29.59 14.77 0.42 1.78 0.7
Sunset Creek SE 30th 852.3866 2-year 151.35 50.09 53.16 52.04 3.07 0.006783 3.98 39.21 20.86 0.45 2.16 0.91
Sunset Creek SE 30th 852.3866 10-year 236.6 50.09 54.19 52.6 4.1 0.004972 4.03 66.56 32.49 0.39 2.84 0.88
Sunset Creek SE 30th 852.3866 25-year 297.45 50.09 54.65 53 4.56 0.004729 4.18 81.89 33.02 0.39 3.14 0.93
Sunset Creek SE 30th 852.3866 100-year 413.2 50.09 55.42 53.69 5.33 0.004455 4.42 107.5 33.91 0.38 3.61 1

Sunset Creek SE 30th 834.4796 1.01-year 100.55 50.42 52.35 52.05 1.93 0.014703 4.18 24.05 20.5 0.68 1.14 1.05
Sunset Creek SE 30th 834.4796 2-year 151.35 50.42 53.04 52.37 2.62 0.007453 3.92 39.71 25.08 0.51 1.75 0.81
Sunset Creek SE 30th 834.4796 10-year 236.6 50.42 54.14 52.8 3.72 0.003765 3.62 71.25 32.4 0.38 2.65 0.62
Sunset Creek SE 30th 834.4796 25-year 297.45 50.42 54.61 53.07 4.19 0.003506 3.79 86.81 33.42 0.37 3.02 0.66
Sunset Creek SE 30th 834.4796 100-year 413.2 50.42 55.37 53.54 4.95 0.003281 4.09 112.52 33.91 0.36 3.6 0.74

Sunset Creek SE 30th 816.2844 1.01-year 100.55 50.18 52.24 51.75 2.06 0.008129 3.12 32.25 26.81 0.5 1.16 0.59
Sunset Creek SE 30th 816.2844 2-year 151.35 50.18 53.02 52.01 2.84 0.00406 2.78 54.42 30.01 0.36 1.73 0.44
Sunset Creek SE 30th 816.2844 10-year 236.6 50.18 54.15 52.38 3.97 0.002001 2.58 96.78 43.1 0.27 2.69 0.34
Sunset Creek SE 30th 816.2844 25-year 297.45 50.18 54.63 52.61 4.45 0.001856 2.72 117.37 43.46 0.26 3.08 0.36
Sunset Creek SE 30th 816.2844 100-year 413.2 50.18 55.4 53 5.22 0.001737 2.95 151.26 44.04 0.26 3.71 0.4

Sunset Creek SE 30th 795.8286 1.01-year 100.55 50.27 52.19 51.34 1.92 0.003154 2.32 44.89 31.92 0.32 1.49 0.29
Sunset Creek SE 30th 795.8286 2-year 151.35 50.27 53 51.59 2.73 0.001786 2.23 72.01 35.08 0.26 2.18 0.24
Sunset Creek SE 30th 795.8286 10-year 236.6 50.27 54.14 51.96 3.87 0.001153 2.25 114.07 37.65 0.21 3.1 0.22
Sunset Creek SE 30th 795.8286 25-year 297.45 50.27 54.62 52.18 4.35 0.001187 2.45 131.92 37.82 0.22 3.47 0.26
Sunset Creek SE 30th 795.8286 100-year 413.2 50.27 55.38 52.55 5.11 0.001271 2.78 161.13 38.09 0.23 4.05 0.32
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06-03501-002 Phase I Alternative 1 Output Table Herrera Environmental Consultants

River Reach River Sta Profile Q Total Min Ch El W.S. Elev Crit W.S. Max Chl Dpth E.G. Slope Vel Chnl Flow Area Top Width Froude # Chl Hydr Radius C Shear Chan
(cfs) (ft) (ft) (ft) (ft) (ft/ft) (ft/s) (sq ft) (ft) (ft) (lb/sq ft)

Sunset Creek SE 30th 772.6812 1.01-year 100.55 49.8 52.11 51.34 2.31 0.003636 2.31 43.77 31.6 0.34 1.35 0.31
Sunset Creek SE 30th 772.6812 2-year 151.35 49.8 52.96 51.57 3.16 0.001805 2.16 72.6 36.27 0.25 2.08 0.23
Sunset Creek SE 30th 772.6812 10-year 236.6 49.8 54.12 51.89 4.32 0.001109 2.15 115.01 45.55 0.21 3.03 0.21
Sunset Creek SE 30th 772.6812 25-year 297.45 49.8 54.59 52.11 4.79 0.001113 2.35 132.47 46.93 0.21 3.44 0.24
Sunset Creek SE 30th 772.6812 100-year 413.2 49.8 55.36 52.47 5.56 0.001142 2.68 160.86 49.35 0.22 4.13 0.29

Sunset Creek SE 30th 742.021 1.01-year 100.55 49.76 52.02 51.21 2.26 0.00317 2.11 47.75 33.86 0.31 1.33 0.26
Sunset Creek SE 30th 742.021 2-year 151.35 49.76 52.92 51.43 3.16 0.001525 1.91 79.31 41.32 0.23 2.05 0.19
Sunset Creek SE 30th 742.021 10-year 236.6 49.76 54.1 51.73 4.34 0.000905 1.94 122.06 51.49 0.19 3.11 0.18
Sunset Creek SE 30th 742.021 25-year 297.45 49.76 54.57 51.93 4.81 0.000922 2.14 139.29 53.01 0.19 3.55 0.2
Sunset Creek SE 30th 742.021 100-year 413.2 49.76 55.34 52.27 5.58 0.000966 2.47 167.27 53.01 0.2 4.27 0.26

Sunset Creek SE 30th 704.0906 Bridge

Sunset Creek SE 30th 637.1669 1.01-year 100.55 49 51.91 50.27 2.91 0.000849 1.45 70.16 47.21 0.17 2.09 0.11
Sunset Creek SE 30th 637.1669 2-year 151.35 49 52.5 50.53 3.5 0.000909 1.72 88.83 47.46 0.18 2.59 0.15
Sunset Creek SE 30th 637.1669 10-year 236.6 49 53.12 50.86 4.12 0.001179 2.21 108.49 50.81 0.21 3.12 0.23
Sunset Creek SE 30th 637.1669 25-year 297.45 49 53.46 51.05 4.46 0.001352 2.52 121.1 55.09 0.23 3.42 0.29
Sunset Creek SE 30th 637.1669 100-year 413.2 49 54.01 51.41 5.01 0.001628 3.02 142.45 55.09 0.26 3.92 0.4

Sunset Creek SE 30th 616.5581 1.01-year 100.55 48.88 51.91 49.89 3.03 0.000324 1.03 110.94 63.73 0.11 2.53 0.05
Sunset Creek SE 30th 616.5581 2-year 151.35 48.88 52.51 50.12 3.63 0.000371 1.24 138.21 68.09 0.12 3.03 0.07
Sunset Creek SE 30th 616.5581 10-year 236.6 48.88 53.13 50.44 4.25 0.000508 1.6 166.44 68.49 0.14 3.53 0.11
Sunset Creek SE 30th 616.5581 25-year 297.45 48.88 53.48 50.61 4.6 0.000595 1.83 182.9 71.65 0.16 3.84 0.14
Sunset Creek SE 30th 616.5581 100-year 413.2 48.88 54.03 50.91 5.15 0.000743 2.22 210.99 73.22 0.18 4.35 0.2

Sunset Creek SE 30th 596.5916 1.01-year 100.55 48.52 51.89 49.66 3.37 0.000467 1.23 86.54 39.78 0.13 2.65 0.08
Sunset Creek SE 30th 596.5916 2-year 151.35 48.52 52.49 49.91 3.97 0.000583 1.52 105.24 41.8 0.14 3.12 0.11
Sunset Creek SE 30th 596.5916 10-year 236.6 48.52 53.09 50.27 4.57 0.000843 2.01 124.51 43.08 0.18 3.62 0.19
Sunset Creek SE 30th 596.5916 25-year 297.45 48.52 53.42 50.49 4.9 0.001019 2.33 135.71 44.4 0.2 3.92 0.25
Sunset Creek SE 30th 596.5916 100-year 413.2 48.52 53.95 50.89 5.43 0.00133 2.88 154.44 46.49 0.23 4.39 0.36

Sunset Creek SE 30th 572.9708 1.01-year 100.55 47.8 51.78 50.11 3.98 0.007554 2.48 40.57 21.98 0.31 1.85 0.87
Sunset Creek SE 30th 572.9708 2-year 151.35 47.8 52.36 50.59 4.56 0.00704 2.83 57.37 34.91 0.31 2.37 1.04
Sunset Creek SE 30th 572.9708 10-year 236.6 47.8 52.92 51.28 5.12 0.007896 3.42 77.87 37.51 0.34 2.89 1.43
Sunset Creek SE 30th 572.9708 25-year 297.45 47.8 53.24 51.64 5.44 0.008505 3.79 89.79 38.6 0.36 3.18 1.69
Sunset Creek SE 30th 572.9708 100-year 413.2 47.8 53.73 52.3 5.93 0.009462 4.37 108.99 38.6 0.39 3.64 2.15

Sunset Creek SE 30th 554.7107 1.01-year 100.55 47.62 51.53 49.85 3.91 0.008682 3.52 29.63 16.92 0.36 2.05 1.11
Sunset Creek SE 30th 554.7107 2-year 151.35 47.62 52.02 50.4 4.4 0.010903 4.36 43.89 52.69 0.41 2.38 1.62
Sunset Creek SE 30th 554.7107 10-year 236.6 47.62 52.65 51.17 5.03 0.009976 4.65 77.93 55.5 0.4 2.81 1.75
Sunset Creek SE 30th 554.7107 25-year 297.45 47.62 53.01 52.36 5.39 0.009413 4.78 97.97 57.09 0.4 3.05 1.79
Sunset Creek SE 30th 554.7107 100-year 413.2 47.62 53.57 52.75 5.95 0.00864 4.95 134.46 116.88 0.39 3.44 1.85

Sunset Creek SE 30th 543.1325 1.01-year 100.55 47.65 51.51 49.72 3.86 0.003279 2.92 35.14 50 0.3 2.2 0.45
Sunset Creek SE 30th 543.1325 2-year 151.35 47.65 52.04 50.19 4.39 0.003653 3.38 63.45 55.09 0.32 2.55 0.58
Sunset Creek SE 30th 543.1325 10-year 236.6 47.65 52.64 50.87 4.99 0.00388 3.88 98.52 117.31 0.34 3 0.73
Sunset Creek SE 30th 543.1325 25-year 297.45 47.65 52.98 51.29 5.33 0.003888 4.11 121.66 117.31 0.35 3.26 0.79
Sunset Creek SE 30th 543.1325 100-year 413.2 47.65 53.53 52.3 5.88 0.003893 4.45 158.7 117.31 0.36 3.68 0.89

Sunset Creek SE 30th 529.8341 1.01-year 100.55 47.8 51.47 49.72 3.67 0.003867 2.94 34.86 19.2 0.31 2.17 0.52
Sunset Creek SE 30th 529.8341 2-year 151.35 47.8 51.99 50.2 4.19 0.004277 3.39 59.21 104.43 0.33 2.5 0.67
Sunset Creek SE 30th 529.8341 10-year 236.6 47.8 52.59 50.88 4.79 0.004214 3.77 94.2 110.83 0.34 2.97 0.78
Sunset Creek SE 30th 529.8341 25-year 297.45 47.8 52.93 51.3 5.13 0.004219 4 115.6 114.44 0.34 3.23 0.85
Sunset Creek SE 30th 529.8341 100-year 413.2 47.8 53.48 52.33 5.68 0.004251 4.35 152.34 120.19 0.35 3.66 0.97

Sunset Creek SE 30th 420.6496 1.01-year 100.55 47.11 51.29 48.76 4.18 0.001291 1.95 52.86 25.41 0.19 2.57 0.21
Sunset Creek SE 30th 420.6496 2-year 151.35 47.11 51.75 49.16 4.64 0.001809 2.48 74.98 54.07 0.23 2.87 0.32
Sunset Creek SE 30th 420.6496 10-year 236.6 47.11 52.3 49.73 5.19 0.002267 3.05 110.76 118.2 0.26 3.31 0.47
Sunset Creek SE 30th 420.6496 25-year 297.45 47.11 52.62 50.1 5.51 0.002455 3.33 132.7 118.2 0.28 3.56 0.55
Sunset Creek SE 30th 420.6496 100-year 413.2 47.11 53.14 50.75 6.03 0.0027 3.76 168.24 118.2 0.3 3.97 0.67

Sunset Creek SE 30th 48.9477 1.01-year 100.55 47.18 50.65 49.5 3.47 0.002442 2.13 71.26 131.31 0.26 1.84 0.28
Sunset Creek SE 30th 48.9477 2-year 151.35 47.18 50.98 49.88 3.8 0.002464 2.37 98.48 131.31 0.27 2.15 0.33
Sunset Creek SE 30th 48.9477 10-year 236.6 47.18 51.5 50.55 4.32 0.002216 2.56 140.71 131.31 0.27 2.62 0.36
Sunset Creek SE 30th 48.9477 25-year 297.45 47.18 51.8 50.7 4.62 0.002179 2.72 165.11 131.31 0.27 2.9 0.39
Sunset Creek SE 30th 48.9477 100-year 413.2 47.18 52.3 50.92 5.12 0.00215 2.98 205.72 131.31 0.27 3.36 0.45

Richards Creek Historical 1507.208 1.01-year 15.05 57.05 58.62 57.65 1.57 0.002703 0.91 16.56 17.45 0.16 0.89 0.15
Richards Creek Historical 1507.208 2-year 22.65 57.05 58.81 57.8 1.76 0.003796 1.13 20.06 19 0.19 0.98 0.23
Richards Creek Historical 1507.208 10-year 35.4 57.05 59.03 58 1.98 0.005265 1.45 24.62 23.46 0.23 1.14 0.37
Richards Creek Historical 1507.208 25-year 44.55 57.05 59.13 58.13 2.08 0.006525 1.69 27.09 26.94 0.26 1.21 0.49
Richards Creek Historical 1507.208 100-year 61.8 57.05 59.27 58.31 2.22 0.00875 2.09 31.13 30.61 0.31 1.34 0.73

Richards Creek Historical 1481.097 1.01-year 15.05 57.41 58.45 58.08 1.04 0.012687 1.84 10.58 30.74 0.37 0.74 0.58
Richards Creek Historical 1481.097 2-year 22.65 57.41 58.65 58.32 1.24 0.009489 1.77 20.33 70.02 0.32 0.88 0.52
Richards Creek Historical 1481.097 10-year 35.4 57.41 58.91 58.51 1.5 0.005139 1.48 44.41 115.25 0.24 1.09 0.35
Richards Creek Historical 1481.097 25-year 44.55 57.41 59 58.61 1.59 0.004818 1.51 56.33 131.14 0.24 1.18 0.36
Richards Creek Historical 1481.097 100-year 61.8 57.41 59.14 58.72 1.73 0.004481 1.57 76.03 145.39 0.24 1.32 0.37

Richards Creek Historical 1291.987 1.01-year 15.05 55.48 56.38 56.05 0.9 0.009455 1.94 7.75 12.07 0.43 0.63 0.37
Richards Creek Historical 1291.987 2-year 22.65 55.48 56.5 56.19 1.02 0.012864 2.44 9.29 12.84 0.5 0.71 0.57
Richards Creek Historical 1291.987 10-year 35.4 55.48 56.41 56.38 0.93 0.046361 4.38 8.09 12.25 0.95 0.65 1.87
Richards Creek Historical 1291.987 25-year 44.55 55.48 56.5 56.5 1.02 0.050988 4.83 9.21 12.8 1 0.7 2.24
Richards Creek Historical 1291.987 100-year 61.8 55.48 56.68 56.68 1.2 0.049454 5.28 11.71 13.74 1.01 0.83 2.56
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06-03501-002 Phase I Alternative 1 Output Table Herrera Environmental Consultants

River Reach River Sta Profile Q Total Min Ch El W.S. Elev Crit W.S. Max Chl Dpth E.G. Slope Vel Chnl Flow Area Top Width Froude # Chl Hydr Radius C Shear Chan
(cfs) (ft) (ft) (ft) (ft) (ft/ft) (ft/s) (sq ft) (ft) (ft) (lb/sq ft)

Richards Creek Historical 999.2128 1.01-year 15.05 51.78 52.33 52.21 0.55 0.021643 2.41 6.26 14.62 0.65 0.42 0.57
Richards Creek Historical 999.2128 2-year 22.65 51.78 52.53 52.32 0.75 0.014271 2.42 9.35 15.49 0.55 0.59 0.53
Richards Creek Historical 999.2128 10-year 35.4 51.78 53.02 52.47 1.24 0.005472 2.03 17.43 17.57 0.36 0.97 0.33
Richards Creek Historical 999.2128 25-year 44.55 51.78 54.1 52.56 2.32 0.000868 1.14 38.96 21.98 0.15 1.7 0.09
Richards Creek Historical 999.2128 100-year 61.8 51.78 56.66 52.72 4.88 0.000065 0.49 191.13 214.45 0.04 3.44 0.01

Richards Creek Historical 968.151 1.01-year 15.05 51.3 52.1 51.71 0.8 0.00443 1.44 10.46 15.61 0.31 0.66 0.18
Richards Creek Historical 968.151 2-year 22.65 51.3 52.38 51.82 1.08 0.003527 1.53 14.82 16.66 0.29 0.87 0.19
Richards Creek Historical 968.151 10-year 35.4 51.3 52.95 51.97 1.65 0.001863 1.41 25.07 18.89 0.22 1.28 0.15
Richards Creek Historical 968.151 25-year 44.55 51.3 54.09 52.06 2.79 0.000439 0.91 49.03 22.93 0.11 2.02 0.06
Richards Creek Historical 968.151 100-year 61.8 51.3 56.66 52.22 5.36 0.000067 0.53 116.81 217.23 0.05 3.8 0.02

Richards Creek Historical 913.9713 Culvert

Richards Creek Historical 875.7664 1.01-year 15.05 49.6 50.72 49.88 1.12 0.000498 0.6 24.93 27.65 0.11 0.88 0.03
Richards Creek Historical 875.7664 2-year 22.65 49.6 51.06 49.97 1.46 0.000432 0.65 34.86 30.91 0.11 1.1 0.03
Richards Creek Historical 875.7664 10-year 35.4 49.6 51.58 50.09 1.98 0.000351 0.68 52.33 35.78 0.1 1.42 0.03
Richards Creek Historical 875.7664 25-year 44.55 49.6 51.89 50.17 2.29 0.000327 0.7 63.72 38.62 0.1 1.6 0.03
Richards Creek Historical 875.7664 100-year 61.8 49.6 52.4 50.29 2.8 0.000295 0.73 84.69 122.23 0.09 1.89 0.03

Richards Creek Historical 843.4692 1.01-year 15.05 49.48 50.71 49.76 1.23 0.000354 0.53 28.16 29.03 0.1 0.95 0.02
Richards Creek Historical 843.4692 2-year 22.65 49.48 51.05 49.85 1.57 0.000328 0.59 38.63 32.37 0.09 1.17 0.02
Richards Creek Historical 843.4692 10-year 35.4 49.48 51.57 49.97 2.09 0.000279 0.62 56.91 37.17 0.09 1.49 0.03
Richards Creek Historical 843.4692 25-year 44.55 49.48 51.88 50.05 2.4 0.000266 0.65 68.73 45.43 0.09 1.67 0.03
Richards Creek Historical 843.4692 100-year 61.8 49.48 52.39 50.17 2.91 0.000246 0.68 90.4 144.04 0.08 1.96 0.03

Richards Creek Historical 240.4131 1.01-year 15.05 45.9 50.71 46.6 4.81 0.000001 0.1 402.64 212.34 0.01 3.72 0
Richards Creek Historical 240.4131 2-year 22.65 45.9 51.05 46.73 5.15 0.000001 0.13 477.21 225.63 0.01 4.02 0
Richards Creek Historical 240.4131 10-year 35.4 45.9 51.57 46.92 5.67 0.000002 0.17 600.43 238.56 0.01 4.49 0
Richards Creek Historical 240.4131 25-year 44.55 45.9 51.88 47.05 5.98 0.000002 0.19 673.56 238.56 0.01 4.76 0
Richards Creek Historical 240.4131 100-year 61.8 45.9 52.39 47.25 6.49 0.000002 0.22 795.71 238.56 0.02 5.21 0

Richards Creek Lower 85.48712 1.01-year 120.25 47.08 50.66 49.54 3.58 0.001315 2.1 131.45 256.31 0.25 1.94 0.16
Richards Creek Lower 85.48712 2-year 181 47.08 50.99 50.28 3.91 0.001313 2.31 184.23 256.31 0.26 2.25 0.18
Richards Creek Lower 85.48712 10-year 297 47.08 51.51 50.56 4.43 0.00131 2.62 265.35 256.31 0.27 2.72 0.22
Richards Creek Lower 85.48712 25-year 376 47.08 51.82 50.7 4.74 0.001309 2.8 312.53 256.31 0.27 3 0.25
Richards Creek Lower 85.48712 100-year 525 47.08 52.32 50.93 5.24 0.001308 3.07 391.18 256.31 0.28 3.46 0.28

Richards Creek Lower 26.62222 1.01-year 120.25 47 50.58 49.45 3.58 0.0013 2.09 132.08 256.31 0.25 1.94 0.16
Richards Creek Lower 26.62222 2-year 181 47 50.92 50.2 3.92 0.001301 2.3 184.88 256.31 0.26 2.25 0.18
Richards Creek Lower 26.62222 10-year 297 47 51.44 50.48 4.44 0.0013 2.62 266.03 256.31 0.27 2.73 0.22
Richards Creek Lower 26.62222 25-year 376 47 51.74 50.62 4.74 0.001301 2.79 313.23 256.31 0.27 3 0.24
Richards Creek Lower 26.62222 100-year 525 47 52.24 50.85 5.24 0.001301 3.07 391.89 256.31 0.28 3.46 0.28
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06-03501-002 Phase I Alternative 1 Aggradation Output Table Herrera Environmental Consultants

River Reach River Sta Profile Q Total Min Ch El W.S. Elev Crit W.S. Max Chl Dpth E.G. Slope Vel Chnl Flow Area Top Width Froude # Chl Hydr Radius C Shear Chan
(cfs) (ft) (ft) (ft) (ft) (ft/ft) (ft/s) (sq ft) (ft) (ft) (lb/sq ft)

Sunset Creek SE 30th 3272.859 1.01-year 52.48 82.49 85.22 83.99 2.73 0.006909 2.99 17.54 7.87 0.35 1.53 0.66
Sunset Creek SE 30th 3272.859 2-year 79 82.49 85.87 84.38 3.38 0.007726 3.46 22.83 8.32 0.37 1.77 0.86
Sunset Creek SE 30th 3272.859 10-year 126 82.49 86.72 84.96 4.23 0.009492 4.19 30.1 8.9 0.4 2.06 1.22
Sunset Creek SE 30th 3272.859 25-year 157 82.49 87.13 85.3 4.64 0.010441 4.63 34.08 10.3 0.42 2.24 1.46
Sunset Creek SE 30th 3272.859 100-year 212 82.49 87.79 85.83 5.3 0.011482 5.24 41.64 12.71 0.45 2.52 1.81

Sunset Creek SE 30th 3251.92 1.01-year 52.48 82.52 84.68 84.21 2.16 0.024525 5.08 10.33 5.78 0.67 1.2 1.84
Sunset Creek SE 30th 3251.92 2-year 79 82.52 85.22 84.69 2.7 0.027799 5.84 13.53 6.22 0.7 1.39 2.41
Sunset Creek SE 30th 3251.92 10-year 126 82.52 86 85.54 3.48 0.031764 6.33 19.9 8.8 0.74 1.5 2.97
Sunset Creek SE 30th 3251.92 25-year 157 82.52 86.34 85.88 3.82 0.033201 6.84 22.96 9.05 0.76 1.64 3.39
Sunset Creek SE 30th 3251.92 100-year 212 82.52 86.88 86.38 4.36 0.035496 7.59 27.92 9.43 0.78 1.84 4.08

Sunset Creek SE 30th 3230.282 1.01-year 52.48 81.37 84.02 83.73 2.65 0.030615 5.49 9.55 6.31 0.79 1.09 2.08
Sunset Creek SE 30th 3230.282 2-year 79 81.37 84.46 84.23 3.09 0.033662 6.29 12.56 7.21 0.84 1.24 2.61
Sunset Creek SE 30th 3230.282 10-year 126 81.37 85.18 84.92 3.81 0.034461 6.77 18.62 9.27 0.84 1.45 3.12
Sunset Creek SE 30th 3230.282 25-year 157 81.37 85.54 85.24 4.17 0.03394 7.15 21.97 9.59 0.83 1.61 3.42
Sunset Creek SE 30th 3230.282 100-year 212 81.37 86.11 85.72 4.74 0.033218 7.67 27.63 10.1 0.82 1.86 3.85

Sunset Creek SE 30th 3207.655 1.01-year 52.48 81.58 83.02 83.02 1.44 0.045494 6.27 8.36 6.93 1.01 0.98 2.8
Sunset Creek SE 30th 3207.655 2-year 79 81.58 83.43 83.43 1.85 0.044215 7.02 11.25 7.41 1.01 1.19 3.29
Sunset Creek SE 30th 3207.655 10-year 126 81.58 84.06 84.06 2.48 0.044338 7.75 16.25 8.79 1 1.42 3.92
Sunset Creek SE 30th 3207.655 25-year 157 81.58 84.37 84.37 2.79 0.044896 8.25 19.02 9.07 1 1.57 4.39
Sunset Creek SE 30th 3207.655 100-year 212 81.58 84.86 84.86 3.28 0.045967 8.98 23.6 9.51 1 1.78 5.12

Sunset Creek SE 30th 3193.525 1.01-year 52.48 81.39 82.96 82.47 1.57 0.012631 3.2 16.4 13.89 0.52 0.99 0.78
Sunset Creek SE 30th 3193.525 2-year 79 81.39 83.44 82.75 2.05 0.010801 3.36 23.53 15.91 0.49 1.2 0.81
Sunset Creek SE 30th 3193.525 10-year 126 81.39 84.14 83.16 2.75 0.008933 3.52 35.78 18.79 0.45 1.5 0.84
Sunset Creek SE 30th 3193.525 25-year 157 81.39 84.54 83.39 3.15 0.00785 3.62 43.42 19.42 0.43 1.74 0.85
Sunset Creek SE 30th 3193.525 100-year 212 81.39 85.16 83.75 3.77 0.00686 3.82 55.51 19.91 0.4 2.11 0.9

Sunset Creek SE 30th 3181.277 1.01-year 52.48 80.83 82.23 82.23 1.4 0.049653 6.06 8.66 7.7 1.01 0.97 3.01
Sunset Creek SE 30th 3181.277 2-year 79 80.83 82.63 82.61 1.8 0.047241 6.68 11.83 8.35 0.99 1.19 3.51
Sunset Creek SE 30th 3181.277 10-year 126 80.83 83.26 83.16 2.43 0.04141 7.2 17.49 9.4 0.93 1.5 3.89
Sunset Creek SE 30th 3181.277 25-year 157 80.83 83.58 83.46 2.75 0.039203 7.67 20.55 10.44 0.92 1.73 4.22
Sunset Creek SE 30th 3181.277 100-year 212 80.83 84.06 83.99 3.23 0.035379 8.35 26.15 12.35 0.91 2.12 4.68

Sunset Creek SE 30th 3171.478 1.01-year 52.48 79.8 82.09 81.5 2.29 0.017938 4.34 12.08 6.96 0.58 1.29 1.44
Sunset Creek SE 30th 3171.478 2-year 79 79.8 82.53 81.92 2.73 0.020229 5.19 15.34 7.97 0.63 1.55 1.96
Sunset Creek SE 30th 3171.478 10-year 126 79.8 83.09 82.55 3.29 0.022901 6.46 20.2 9.36 0.7 1.96 2.8
Sunset Creek SE 30th 3171.478 25-year 157 79.8 83.37 82.91 3.57 0.024983 7.2 22.91 10.06 0.74 2.16 3.37
Sunset Creek SE 30th 3171.478 100-year 212 79.8 83.77 83.5 3.97 0.0285 8.38 27.21 11.07 0.81 2.46 4.38

Sunset Creek SE 30th 3160.526 1.01-year 52.48 79.96 81.89 81.42 1.93 0.018375 4.34 12.09 7.93 0.62 1.24 1.42
Sunset Creek SE 30th 3160.526 2-year 79 79.96 82.32 81.81 2.36 0.020239 5.05 15.65 8.81 0.66 1.47 1.86
Sunset Creek SE 30th 3160.526 10-year 126 79.96 82.89 82.38 2.93 0.022223 6.07 21.16 10.52 0.7 1.82 2.53
Sunset Creek SE 30th 3160.526 25-year 157 79.96 83.18 82.72 3.22 0.022836 6.66 24.36 11.4 0.73 2.05 2.92
Sunset Creek SE 30th 3160.526 100-year 212 79.96 83.62 83.23 3.66 0.023797 7.55 29.71 12.74 0.76 2.4 3.56

Sunset Creek SE 30th 3145.921 1.01-year 52.48 78.83 81.92 80.46 3.09 0.003732 2.52 21.19 10.58 0.29 1.92 0.45
Sunset Creek SE 30th 3145.921 2-year 79 78.83 82.37 80.86 3.54 0.004594 3.15 26.22 11.91 0.33 2.29 0.66
Sunset Creek SE 30th 3145.921 10-year 126 78.83 82.97 81.42 4.14 0.005759 4.01 33.92 13.69 0.38 2.78 1
Sunset Creek SE 30th 3145.921 25-year 157 78.83 83.29 81.74 4.46 0.006411 4.49 38.41 14.63 0.41 3.04 1.22
Sunset Creek SE 30th 3145.921 100-year 212 78.83 83.77 82.27 4.94 0.007307 5.21 45.89 16.07 0.45 3.44 1.57

Sunset Creek SE 30th 3119.845 1.01-year 52.48 79.67 81.65 81.05 1.98 0.011764 3.56 14.77 10.26 0.51 1.32 0.97
Sunset Creek SE 30th 3119.845 2-year 79 79.67 82.05 81.4 2.38 0.011998 4.21 19.08 11.5 0.54 1.67 1.25
Sunset Creek SE 30th 3119.845 10-year 126 79.67 82.57 81.89 2.9 0.013116 5.17 25.47 13.13 0.59 2.13 1.74
Sunset Creek SE 30th 3119.845 25-year 157 79.67 82.82 82.17 3.15 0.014262 5.77 28.89 13.92 0.62 2.35 2.1
Sunset Creek SE 30th 3119.845 100-year 212 79.67 83.2 82.63 3.53 0.016027 6.69 34.41 15.12 0.68 2.69 2.69

Sunset Creek SE 30th 3103.342 1.01-year 52.48 79.66 81.46 80.89 1.8 0.011936 3.47 15.11 10.95 0.52 1.24 0.92
Sunset Creek SE 30th 3103.342 2-year 79 79.66 81.86 81.22 2.2 0.01343 4.03 19.62 12.1 0.56 1.44 1.21
Sunset Creek SE 30th 3103.342 10-year 126 79.66 82.36 81.7 2.7 0.01577 4.81 26.17 13.61 0.61 1.7 1.67
Sunset Creek SE 30th 3103.342 25-year 157 79.66 82.61 81.98 2.95 0.016334 5.31 29.67 14.35 0.63 1.92 1.95
Sunset Creek SE 30th 3103.342 100-year 212 79.66 82.99 82.39 3.33 0.017504 6.1 35.2 15.45 0.67 2.24 2.45

Sunset Creek SE 30th 3082.734 1.01-year 52.48 79.61 81.15 80.76 1.54 0.015717 3.74 14.02 11.68 0.6 1.11 1.09
Sunset Creek SE 30th 3082.734 2-year 79 79.61 81.52 81.06 1.91 0.015628 4.26 18.63 13.16 0.61 1.37 1.33
Sunset Creek SE 30th 3082.734 10-year 126 79.61 82 81.5 2.39 0.015851 5.1 25.43 15.76 0.64 1.78 1.76
Sunset Creek SE 30th 3082.734 25-year 157 79.61 82.23 81.76 2.62 0.01654 5.61 29.26 17.06 0.67 1.99 2.06
Sunset Creek SE 30th 3082.734 100-year 212 79.61 82.61 82.16 3 0.016909 6.32 36.13 19.16 0.7 2.34 2.47

Sunset Creek SE 30th 3066.484 1.01-year 52.48 79.15 80.44 80.44 1.29 0.045593 5.66 9.27 9.44 1.01 0.91 2.59
Sunset Creek SE 30th 3066.484 2-year 79 79.15 80.77 80.77 1.62 0.041061 6.3 12.68 11.37 0.98 1.17 2.99
Sunset Creek SE 30th 3066.484 10-year 126 79.15 81.27 81.27 2.12 0.032155 6.97 19.39 15.18 0.92 1.63 3.27
Sunset Creek SE 30th 3066.484 25-year 157 79.15 81.55 81.55 2.4 0.028891 7.28 23.84 16.54 0.89 1.88 3.4
Sunset Creek SE 30th 3066.484 100-year 212 79.15 81.92 81.92 2.77 0.027733 7.96 30.23 17.83 0.9 2.23 3.85

Sunset Creek SE 30th 3034.622 1.01-year 52.48 77.36 78.8 78.83 1.44 0.053489 6 8.75 8.57 1.05 0.94 3.13
Sunset Creek SE 30th 3034.622 2-year 79 77.36 79.11 79.19 1.75 0.057465 6.84 11.54 9.56 1.1 1.1 3.94
Sunset Creek SE 30th 3034.622 10-year 126 77.36 79.48 79.7 2.12 0.068201 8.2 15.36 10.77 1.21 1.29 5.48
Sunset Creek SE 30th 3034.622 25-year 157 77.36 79.7 79.98 2.34 0.071417 8.82 17.81 11.47 1.25 1.39 6.22
Sunset Creek SE 30th 3034.622 100-year 212 77.36 80.11 80.4 2.75 0.068713 9.35 22.66 12.75 1.24 1.59 6.81
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06-03501-002 Phase I Alternative 1 Aggradation Output Table Herrera Environmental Consultants

River Reach River Sta Profile Q Total Min Ch El W.S. Elev Crit W.S. Max Chl Dpth E.G. Slope Vel Chnl Flow Area Top Width Froude # Chl Hydr Radius C Shear Chan
(cfs) (ft) (ft) (ft) (ft) (ft/ft) (ft/s) (sq ft) (ft) (ft) (lb/sq ft)

Sunset Creek SE 30th 3020.31 1.01-year 52.48 76.74 78.69 78.18 1.95 0.011941 3.74 14.04 11.02 0.58 1.14 0.85
Sunset Creek SE 30th 3020.31 2-year 79 76.74 79.07 78.53 2.33 0.012354 4.22 18.74 13.76 0.63 1.24 0.96
Sunset Creek SE 30th 3020.31 10-year 126 76.74 79.57 79.08 2.83 0.012503 4.77 26.69 17.98 0.67 1.45 1.13
Sunset Creek SE 30th 3020.31 25-year 157 76.74 79.84 79.34 3.1 0.012582 5.03 31.75 19.91 0.68 1.59 1.25
Sunset Creek SE 30th 3020.31 100-year 212 76.74 80.22 79.74 3.48 0.012788 5.51 39.63 21.2 0.67 1.94 1.55

Sunset Creek SE 30th 2982.026 1.01-year 52.48 76.27 77.64 77.64 1.37 0.041864 5.49 9.57 10.28 1 0.86 2.24
Sunset Creek SE 30th 2982.026 2-year 79 76.27 77.97 77.97 1.7 0.041566 5.98 13.22 12.11 1.01 1 2.6
Sunset Creek SE 30th 2982.026 10-year 126 76.27 78.42 78.42 2.15 0.042101 6.55 19.23 14.7 1.01 1.2 3.15
Sunset Creek SE 30th 2982.026 25-year 157 76.27 78.66 78.66 2.39 0.042096 6.84 22.94 16.1 1.01 1.3 3.42
Sunset Creek SE 30th 2982.026 100-year 212 76.27 79.03 79.03 2.76 0.041059 7.23 29.3 18.1 1 1.48 3.78

Sunset Creek SE 30th 2969.117 1.01-year 52.48 75.88 76.97 77.07 1.09 0.065542 5.54 9.48 14.93 1.22 0.62 2.54
Sunset Creek SE 30th 2969.117 2-year 79 75.88 77.13 77.29 1.25 0.07752 6.56 12.04 16.63 1.36 0.71 3.42
Sunset Creek SE 30th 2969.117 10-year 126 75.88 77.99 77.62 2.11 0.016637 4.66 27.04 18.12 0.67 1.39 1.44
Sunset Creek SE 30th 2969.117 25-year 157 75.88 78.3 77.81 2.42 0.014764 4.81 32.64 18.59 0.64 1.61 1.49
Sunset Creek SE 30th 2969.117 100-year 212 75.88 78.72 78.12 2.84 0.014239 5.23 40.57 19.24 0.63 1.9 1.69

Sunset Creek SE 30th 2939.869 1.01-year 52.48 73.61 76.82 75.69 3.21 0.0053 2.32 22.64 14.71 0.33 1.38 0.46
Sunset Creek SE 30th 2939.869 2-year 79 73.61 77.25 76.05 3.64 0.006353 2.69 29.37 16.87 0.36 1.56 0.62
Sunset Creek SE 30th 2939.869 10-year 126 73.61 77.81 76.54 4.2 0.007148 3.22 39.19 18.18 0.39 1.91 0.85
Sunset Creek SE 30th 2939.869 25-year 157 73.61 78.11 76.8 4.5 0.007632 3.51 44.79 18.85 0.4 2.09 1
Sunset Creek SE 30th 2939.869 100-year 212 73.61 78.51 77.2 4.9 0.008977 4.04 52.43 19.74 0.44 2.32 1.3

Sunset Creek SE 30th 2904.859 1.01-year 52.48 74.07 76.39 75.43 2.32 0.035368 2.86 18.34 15.88 0.47 1.03 2.28
Sunset Creek SE 30th 2904.859 2-year 79 74.07 76.76 75.8 2.69 0.035055 3.22 24.51 17.55 0.48 1.25 2.74
Sunset Creek SE 30th 2904.859 10-year 126 74.07 77.28 76.48 3.21 0.034618 3.67 34.34 19.94 0.49 1.54 3.34
Sunset Creek SE 30th 2904.859 25-year 157 74.07 77.58 76.7 3.51 0.033762 3.86 41.26 28.12 0.49 1.7 3.59
Sunset Creek SE 30th 2904.859 100-year 212 74.07 77.99 77.03 3.92 0.029905 4.01 54.84 34.28 0.48 1.98 3.69

Sunset Creek SE 30th 2887.542 1.01-year 52.48 73.52 76 75.02 2.48 0.016879 2.48 21.15 16.68 0.39 1.13 1.19
Sunset Creek SE 30th 2887.542 2-year 79 73.52 76.35 75.58 2.83 0.018402 2.91 27.15 17.78 0.41 1.36 1.56
Sunset Creek SE 30th 2887.542 10-year 126 73.52 76.85 75.94 3.33 0.020043 3.46 36.45 19.36 0.44 1.66 2.08
Sunset Creek SE 30th 2887.542 25-year 157 73.52 77.14 76.13 3.62 0.020645 3.73 42.11 20.26 0.46 1.83 2.36
Sunset Creek SE 30th 2887.542 100-year 212 73.52 77.55 76.47 4.03 0.020458 4.12 54.02 31.33 0.46 2.14 2.74

Sunset Creek SE 30th 2869.669 1.01-year 52.48 73.86 74.99 74.99 1.13 0.1141 5.38 9.76 11.01 1.01 0.84 6
Sunset Creek SE 30th 2869.669 2-year 79 73.86 75.45 75.31 1.59 0.077459 5.1 15.48 13.75 0.85 1.07 5.16
Sunset Creek SE 30th 2869.669 10-year 126 73.86 76.06 75.72 2.2 0.052374 5.13 24.65 16.55 0.73 1.46 4.78
Sunset Creek SE 30th 2869.669 25-year 157 73.86 76.37 75.95 2.51 0.045904 5.28 30.08 18.64 0.7 1.69 4.84
Sunset Creek SE 30th 2869.669 100-year 212 73.86 76.83 76.3 2.97 0.037413 5.55 40.53 26.66 0.65 2.13 4.96

Sunset Creek SE 30th 2850.365 1.01-year 52.48 72.12 74.78 73.51 2.66 0.008736 2.49 21.71 12.12 0.3 1.82 0.99
Sunset Creek SE 30th 2850.365 2-year 79 72.12 75.2 73.85 3.08 0.01057 3.08 27.12 14.28 0.34 2.16 1.43
Sunset Creek SE 30th 2850.365 10-year 126 72.12 75.73 74.37 3.61 0.013553 3.95 34.65 18.53 0.39 2.6 2.2
Sunset Creek SE 30th 2850.365 25-year 157 72.12 76 74.67 3.88 0.015301 4.43 38.77 20.55 0.42 2.83 2.7
Sunset Creek SE 30th 2850.365 100-year 212 72.12 76.4 75.15 4.28 0.018224 5.21 45 23.52 0.47 3.16 3.6

Sunset Creek SE 30th 2823.726 1.01-year 52.48 72.56 74.28 73.76 1.72 0.030403 3.5 15.06 12.75 0.54 1.22 2.31
Sunset Creek SE 30th 2823.726 2-year 79 72.56 74.63 74.08 2.07 0.031696 4.05 20.53 17.34 0.56 1.48 2.92
Sunset Creek SE 30th 2823.726 10-year 126 72.56 75.07 74.62 2.51 0.032689 4.79 28.7 19.84 0.59 1.86 3.79
Sunset Creek SE 30th 2823.726 25-year 157 72.56 75.31 74.85 2.75 0.033081 5.19 33.61 21.42 0.61 2.08 4.29
Sunset Creek SE 30th 2823.726 100-year 212 72.56 75.67 75.2 3.11 0.033877 5.79 41.7 23.79 0.63 2.4 5.08

Sunset Creek SE 30th 2794.948 1.01-year 52.48 71.19 73.48 72.93 2.29 0.026541 3.4 16.41 16.13 0.5 1.29 2.14
Sunset Creek SE 30th 2794.948 2-year 79 71.19 73.91 73.29 2.72 0.022601 3.63 24.43 20.59 0.48 1.62 2.28
Sunset Creek SE 30th 2794.948 10-year 126 71.19 74.34 73.8 3.15 0.023419 4.28 34.12 23.97 0.51 2.01 2.94
Sunset Creek SE 30th 2794.948 25-year 157 71.19 74.52 74.01 3.33 0.026284 4.77 38.54 25.36 0.54 2.18 3.57
Sunset Creek SE 30th 2794.948 100-year 212 71.19 74.86 74.32 3.67 0.027583 5.34 47.48 27.94 0.57 2.48 4.27

Sunset Creek SE 30th 2760.247 1.01-year 52.48 70.04 71.78 71.78 1.74 0.048942 6.25 8.4 7.05 1.01 1.02 3.11
Sunset Creek SE 30th 2760.247 2-year 79 70.04 72.19 72.19 2.15 0.048735 6.92 11.42 7.83 1.01 1.22 3.7
Sunset Creek SE 30th 2760.247 10-year 126 70.04 72.94 72.94 2.9 0.031018 6.76 20.98 19.47 0.83 1.68 3.25
Sunset Creek SE 30th 2760.247 25-year 157 70.04 73.26 73.26 3.22 0.025632 6.75 27.92 23.44 0.77 1.93 3.1
Sunset Creek SE 30th 2760.247 100-year 212 70.04 73.59 73.59 3.55 0.025171 7.29 35.9 25.15 0.78 2.2 3.46

Sunset Creek SE 30th 2717.8 1.01-year 52.48 68.16 69.97 69.53 1.81 0.045432 4.28 12.26 10.54 0.7 0.99 2.8
Sunset Creek SE 30th 2717.8 2-year 79 68.16 70.28 70.01 2.12 0.048804 5.06 15.61 10.98 0.75 1.18 3.61
Sunset Creek SE 30th 2717.8 10-year 126 68.16 70.82 70.46 2.66 0.045144 5.79 21.77 11.74 0.75 1.5 4.23
Sunset Creek SE 30th 2717.8 25-year 157 68.16 71.15 70.72 2.99 0.04275 6.12 25.67 12.2 0.74 1.68 4.48
Sunset Creek SE 30th 2717.8 100-year 212 68.16 71.69 71.14 3.53 0.038666 6.52 32.52 12.97 0.73 1.96 4.72

Sunset Creek SE 30th 2702.718 1.01-year 52.48 67.5 69.23 68.88 1.73 0.050955 4.39 11.95 11.05 0.74 0.95 3.02
Sunset Creek SE 30th 2702.718 2-year 79 67.5 69.73 69.32 2.23 0.034335 4.46 17.72 11.93 0.64 1.27 2.72
Sunset Creek SE 30th 2702.718 10-year 126 67.5 70.44 69.77 2.94 0.025414 4.72 26.69 13.19 0.58 1.68 2.67
Sunset Creek SE 30th 2702.718 25-year 157 67.5 70.82 70.01 3.32 0.023397 4.93 31.83 13.86 0.57 1.89 2.76
Sunset Creek SE 30th 2702.718 100-year 212 67.5 71.44 70.41 3.94 0.020645 5.2 40.77 14.96 0.56 2.2 2.84

Sunset Creek SE 30th 2676.488 1.01-year 52.48 66.34 68.96 67.73 2.62 0.007731 2.38 22.04 12.3 0.31 1.49 0.72
Sunset Creek SE 30th 2676.488 2-year 79 66.34 69.49 68.16 3.15 0.007867 2.74 28.8 13.18 0.33 1.78 0.88
Sunset Creek SE 30th 2676.488 10-year 126 66.34 70.22 68.6 3.88 0.008247 3.24 38.93 14.4 0.35 2.16 1.11
Sunset Creek SE 30th 2676.488 25-year 157 66.34 70.6 68.86 4.26 0.008659 3.53 44.54 15.03 0.36 2.34 1.26
Sunset Creek SE 30th 2676.488 100-year 212 66.34 71.23 69.27 4.89 0.008905 3.9 54.32 16.07 0.37 2.63 1.46
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River Reach River Sta Profile Q Total Min Ch El W.S. Elev Crit W.S. Max Chl Dpth E.G. Slope Vel Chnl Flow Area Top Width Froude # Chl Hydr Radius C Shear Chan
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Sunset Creek SE 30th 2651.525 1.01-year 52.48 66.05 68.83 67.37 2.78 0.004638 1.91 27.5 15.07 0.25 1.62 0.47
Sunset Creek SE 30th 2651.525 2-year 79 66.05 69.37 67.82 3.32 0.004739 2.2 35.88 16.26 0.26 1.93 0.57
Sunset Creek SE 30th 2651.525 10-year 126 66.05 70.1 68.22 4.05 0.004954 2.6 48.51 17.92 0.28 2.33 0.72
Sunset Creek SE 30th 2651.525 25-year 157 66.05 70.48 68.46 4.43 0.005195 2.83 55.49 18.77 0.29 2.52 0.82
Sunset Creek SE 30th 2651.525 100-year 212 66.05 71.12 68.84 5.07 0.005281 3.12 67.91 20.19 0.3 2.84 0.94

Sunset Creek SE 30th 2643.063 1.01-year 52.48 66.05 68.79 67.47 2.74 0.002823 2.07 25.4 12.75 0.26 1.65 0.29
Sunset Creek SE 30th 2643.063 2-year 79 66.05 69.31 67.76 3.26 0.003263 2.45 32.25 13.42 0.28 1.94 0.4
Sunset Creek SE 30th 2643.063 10-year 126 66.05 70.03 68.19 3.98 0.003942 2.99 42.21 14.33 0.31 2.3 0.57
Sunset Creek SE 30th 2643.063 25-year 157 66.05 70.39 68.44 4.34 0.004425 3.3 47.52 14.8 0.32 2.47 0.68
Sunset Creek SE 30th 2643.063 100-year 212 66.05 71.01 68.84 4.96 0.004968 3.73 56.83 15.58 0.34 2.75 0.85

Sunset Creek SE 30th 2640.568 1.01-year 52.48 66.05 68.8 66.85 2.75 0.000364 1.47 35.8 13 0.16 1.93 0.04
Sunset Creek SE 30th 2640.568 2-year 79 66.05 69.33 67.09 3.28 0.000493 1.85 42.64 13.06 0.18 2.19 0.07
Sunset Creek SE 30th 2640.568 10-year 126 66.05 70.05 67.47 4 0.000647 2.42 52 14.4 0.21 2.67 0.11
Sunset Creek SE 30th 2640.568 25-year 157 66.05 70.42 67.7 4.37 0.000751 2.77 56.76 15.08 0.23 2.91 0.14
Sunset Creek SE 30th 2640.568 100-year 212 66.05 71.03 68.07 4.98 0.000884 3.28 64.76 16.23 0.26 3.32 0.18

Sunset Creek SE 30th 2625.968 Bridge

Sunset Creek SE 30th 2611.37 1.01-year 52.48 66.05 68.79 66.84 2.74 0.000368 1.47 35.66 13 0.16 1.93 0.04
Sunset Creek SE 30th 2611.37 2-year 79 66.05 69.31 67.09 3.26 0.000504 1.86 42.37 13.02 0.18 2.17 0.07
Sunset Creek SE 30th 2611.37 10-year 126 66.05 69.97 67.47 3.92 0.000691 2.47 50.98 14.34 0.22 2.61 0.11
Sunset Creek SE 30th 2611.37 25-year 157 66.05 70.29 67.7 4.24 0.000825 2.85 55.16 15.52 0.24 2.83 0.15
Sunset Creek SE 30th 2611.37 100-year 212 66.05 70.8 68.07 4.75 0.001033 3.43 61.75 18.21 0.28 3.17 0.2

Sunset Creek SE 30th 2610.895 Bridge

Sunset Creek SE 30th 2610.42 1.01-year 52.48 66.05 68.79 66.84 2.74 0.000255 1.47 35.65 13 0.16 1.93 0.03
Sunset Creek SE 30th 2610.42 2-year 79 66.05 69.31 67.09 3.26 0.00035 1.86 42.36 13.02 0.18 2.17 0.05
Sunset Creek SE 30th 2610.42 10-year 126 66.05 69.97 67.47 3.92 0.000481 2.47 50.95 14.39 0.22 2.61 0.08
Sunset Creek SE 30th 2610.42 25-year 157 66.05 70.29 67.7 4.24 0.000575 2.85 55.12 15.59 0.24 2.83 0.1
Sunset Creek SE 30th 2610.42 100-year 212 66.05 70.79 68.07 4.74 0.000721 3.44 61.67 18.38 0.28 3.16 0.14

Sunset Creek SE 30th 2610.395 Bridge

Sunset Creek SE 30th 2610.37 1.01-year 52.48 66.05 68.79 66.84 2.74 0.000255 1.47 35.65 13 0.16 1.93 0.03
Sunset Creek SE 30th 2610.37 2-year 79 66.05 69.31 67.09 3.26 0.00035 1.86 42.36 13.02 0.18 2.17 0.05
Sunset Creek SE 30th 2610.37 10-year 126 66.05 69.97 67.47 3.92 0.000481 2.47 50.95 14.39 0.22 2.61 0.08
Sunset Creek SE 30th 2610.37 25-year 157 66.05 70.29 67.7 4.24 0.000575 2.85 55.11 15.59 0.24 2.83 0.1
Sunset Creek SE 30th 2610.37 100-year 212 66.05 70.79 68.07 4.74 0.000721 3.44 61.67 18.39 0.28 3.16 0.14

Sunset Creek SE 30th 2596.365 Bridge

Sunset Creek SE 30th 2582.37 1.01-year 52.48 66.05 68.79 66.84 2.74 0.000258 1.48 35.56 13 0.16 1.93 0.03
Sunset Creek SE 30th 2582.37 2-year 79 66.05 69.3 67.09 3.25 0.000353 1.87 42.23 13 0.18 2.17 0.05
Sunset Creek SE 30th 2582.37 10-year 126 66.05 69.92 67.47 3.87 0.000503 2.51 50.27 16.99 0.22 2.58 0.08
Sunset Creek SE 30th 2582.37 25-year 157 66.05 70.21 67.7 4.16 0.000614 2.9 54.05 19.22 0.25 2.77 0.11
Sunset Creek SE 30th 2582.37 100-year 212 66.05 70.64 68.07 4.59 0.000804 3.55 59.68 23.76 0.29 3.06 0.15

Sunset Creek SE 30th 2582.335 Bridge

Sunset Creek SE 30th 2582.32 1.01-year 52.48 66.05 68.79 66.84 2.74 0.000258 1.48 35.56 13 0.16 1.93 0.03
Sunset Creek SE 30th 2582.32 2-year 79 66.05 69.3 67.09 3.25 0.000353 1.87 42.23 13 0.18 2.17 0.05
Sunset Creek SE 30th 2582.32 10-year 126 66.05 69.92 67.47 3.87 0.000503 2.51 50.27 16.99 0.22 2.58 0.08
Sunset Creek SE 30th 2582.32 25-year 157 66.05 70.21 67.7 4.16 0.000614 2.91 54.04 19.23 0.25 2.77 0.11
Sunset Creek SE 30th 2582.32 100-year 212 66.05 70.64 68.07 4.59 0.000804 3.55 59.67 23.77 0.29 3.06 0.15

Sunset Creek SE 30th 2581.843 Bridge

Sunset Creek SE 30th 2581.368 1.01-year 52.48 66.05 68.78 66.84 2.73 0.000371 1.48 35.55 13 0.16 1.92 0.04
Sunset Creek SE 30th 2581.368 2-year 79 66.05 69.3 67.1 3.25 0.000509 1.87 42.22 13 0.18 2.17 0.07
Sunset Creek SE 30th 2581.368 10-year 126 66.05 69.91 67.47 3.86 0.000726 2.51 50.24 17.12 0.22 2.58 0.12
Sunset Creek SE 30th 2581.368 25-year 157 66.05 70.2 67.7 4.15 0.000886 2.91 54 19.36 0.25 2.77 0.15
Sunset Creek SE 30th 2581.368 100-year 212 66.05 70.63 68.06 4.58 0.001163 3.56 59.59 23.97 0.29 3.06 0.22

Sunset Creek SE 30th 2578.872 1.01-year 52.48 66.05 68.79 66.83 2.74 0.00048 1.28 41.06 16.99 0.14 2.08 0.06
Sunset Creek SE 30th 2578.872 2-year 79 66.05 69.3 67.07 3.25 0.000608 1.58 49.88 17.74 0.16 2.45 0.09
Sunset Creek SE 30th 2578.872 10-year 126 66.05 69.93 67.44 3.88 0.000867 2.07 60.72 18.65 0.2 2.88 0.16
Sunset Creek SE 30th 2578.872 25-year 157 66.05 70.22 67.65 4.17 0.001042 2.38 65.96 19.87 0.22 3.11 0.2
Sunset Creek SE 30th 2578.872 100-year 212 66.05 70.67 67.99 4.62 0.001307 2.87 73.91 24.34 0.25 3.47 0.28

Sunset Creek SE 30th 2576.368 1.01-year 52.48 66.05 68.77 67 2.72 0.002151 1.52 34.42 15.85 0.18 1.92 0.26
Sunset Creek SE 30th 2576.368 2-year 79 66.05 69.29 67.28 3.24 0.002515 1.85 42.99 18.08 0.2 2.3 0.36
Sunset Creek SE 30th 2576.368 10-year 126 66.05 69.9 67.7 3.85 0.003083 2.36 55.31 21.75 0.23 2.84 0.55
Sunset Creek SE 30th 2576.368 25-year 157 66.05 70.2 67.93 4.15 0.00352 2.67 61.91 23.48 0.25 3.1 0.68
Sunset Creek SE 30th 2576.368 100-year 212 66.05 70.64 68.31 4.59 0.004168 3.14 72.77 25.38 0.28 3.49 0.91

Sunset Creek SE 30th 2541.368 1.01-year 52.48 66.05 68.65 67.16 2.6 0.003291 2.04 25.67 12.53 0.25 1.75 0.36
Sunset Creek SE 30th 2541.368 2-year 79 66.05 69.13 67.48 3.08 0.004031 2.48 31.97 14.43 0.28 2.04 0.51
Sunset Creek SE 30th 2541.368 10-year 126 66.05 69.7 67.97 3.65 0.004948 3.16 41.6 19.62 0.32 2.51 0.78
Sunset Creek SE 30th 2541.368 25-year 157 66.05 69.95 68.24 3.9 0.005702 3.58 46.73 20.82 0.35 2.73 0.97
Sunset Creek SE 30th 2541.368 100-year 212 66.05 70.32 68.67 4.27 0.006873 4.23 54.86 22.36 0.39 3.05 1.31

Attachment 1 - Sediment Management Plan



06-03501-002 Phase I Alternative 1 Aggradation Output Table Herrera Environmental Consultants

River Reach River Sta Profile Q Total Min Ch El W.S. Elev Crit W.S. Max Chl Dpth E.G. Slope Vel Chnl Flow Area Top Width Froude # Chl Hydr Radius C Shear Chan
(cfs) (ft) (ft) (ft) (ft) (ft/ft) (ft/s) (sq ft) (ft) (ft) (lb/sq ft)

Sunset Creek SE 30th 2539.81 1.01-year 52.48 66.05 68.64 67.17 2.59 0.002588 2.08 25.27 12.3 0.26 1.74 0.28
Sunset Creek SE 30th 2539.81 2-year 79 66.05 69.12 67.49 3.07 0.003182 2.52 31.39 13.78 0.29 2.02 0.4
Sunset Creek SE 30th 2539.81 10-year 126 66.05 69.68 67.98 3.63 0.00397 3.23 40.11 17.41 0.33 2.49 0.62
Sunset Creek SE 30th 2539.81 25-year 157 66.05 69.93 68.25 3.88 0.004643 3.69 44.43 17.66 0.36 2.7 0.78
Sunset Creek SE 30th 2539.81 100-year 212 66.05 70.28 68.68 4.23 0.005794 4.42 51.14 20.21 0.41 3 1.09

Sunset Creek SE 30th 2527.427 1.01-year 52.48 66.05 68.62 67.15 2.57 0.002329 1.95 26.94 13.81 0.25 1.74 0.25
Sunset Creek SE 30th 2527.427 2-year 79 66.05 69.1 67.46 3.05 0.002524 2.34 34.58 18.22 0.26 2.16 0.34
Sunset Creek SE 30th 2527.427 10-year 126 66.05 69.66 67.92 3.61 0.003021 2.95 46.28 22.54 0.3 2.66 0.5
Sunset Creek SE 30th 2527.427 25-year 157 66.05 69.91 68.18 3.86 0.003455 3.32 51.94 22.84 0.32 2.88 0.62
Sunset Creek SE 30th 2527.427 100-year 212 66.05 70.27 68.59 4.22 0.004193 3.93 61.09 28.4 0.36 3.2 0.84

Sunset Creek SE 30th 2513.681 1.01-year 52.48 66.05 68.56 67.22 2.51 0.003324 2.25 23.32 12.14 0.29 1.65 0.34
Sunset Creek SE 30th 2513.681 2-year 79 66.05 69.02 67.56 2.97 0.004009 2.69 29.97 18.57 0.32 1.91 0.48
Sunset Creek SE 30th 2513.681 10-year 126 66.05 69.58 68.05 3.53 0.004476 3.25 43.2 38.29 0.35 2.34 0.65
Sunset Creek SE 30th 2513.681 25-year 157 66.05 69.83 68.32 3.78 0.004796 3.57 50.72 41.51 0.36 2.56 0.77
Sunset Creek SE 30th 2513.681 100-year 212 66.05 70.21 68.78 4.16 0.005122 4 63.58 44.84 0.38 2.89 0.92

Sunset Creek SE 30th 2492.185 1.01-year 52.48 66.05 68.4 67.43 2.35 0.007724 2.85 18.41 12.39 0.41 1.33 0.64
Sunset Creek SE 30th 2492.185 2-year 79 66.05 68.85 67.8 2.8 0.007957 3.26 24.51 15.9 0.43 1.61 0.8
Sunset Creek SE 30th 2492.185 10-year 126 66.05 69.4 68.38 3.35 0.007403 3.75 39.37 41.55 0.43 2.09 0.97
Sunset Creek SE 30th 2492.185 25-year 157 66.05 69.7 68.65 3.65 0.006489 3.8 51.79 42.47 0.41 2.35 0.95
Sunset Creek SE 30th 2492.185 100-year 212 66.05 70.11 69.2 4.06 0.005646 3.91 69.58 42.47 0.39 2.73 0.96

Sunset Creek SE 30th 2481.368 1.01-year 52.48 66.05 68.33 67.35 2.28 0.007353 2.77 18.95 11.41 0.38 1.47 0.67
Sunset Creek SE 30th 2481.368 2-year 79 66.05 68.75 67.7 2.7 0.008863 3.25 24.76 16.01 0.41 1.69 0.94
Sunset Creek SE 30th 2481.368 10-year 126 66.05 69.29 68.2 3.24 0.009658 3.92 35.75 31.01 0.45 2.12 1.28
Sunset Creek SE 30th 2481.368 25-year 157 66.05 69.56 68.51 3.51 0.009459 4.16 45.93 38.47 0.45 2.36 1.39
Sunset Creek SE 30th 2481.368 100-year 212 66.05 69.96 68.98 3.91 0.008886 4.44 61.52 38.48 0.45 2.72 1.51

Sunset Creek SE 30th 2464.334 1.01-year 52.48 66.05 68.16 67.42 2.11 0.009084 3.05 17.22 11.77 0.44 1.32 0.75
Sunset Creek SE 30th 2464.334 2-year 79 66.05 68.56 67.75 2.51 0.009723 3.58 22.8 16.12 0.46 1.62 0.98
Sunset Creek SE 30th 2464.334 10-year 126 66.05 69.05 68.21 3 0.011428 4.36 31.95 21.41 0.51 1.97 1.41
Sunset Creek SE 30th 2464.334 25-year 157 66.05 69.27 68.5 3.22 0.012584 4.84 37.15 26.24 0.54 2.15 1.69
Sunset Creek SE 30th 2464.334 100-year 212 66.05 69.6 68.97 3.55 0.01357 5.46 47.14 32.21 0.57 2.44 2.07

Sunset Creek SE 30th 2429.853 1.01-year 52.48 66.05 67.9 67.23 1.85 0.007127 2.71 19.88 16.76 0.4 1.28 0.57
Sunset Creek SE 30th 2429.853 2-year 79 66.05 68.31 67.5 2.26 0.006992 3.09 27.43 20.07 0.41 1.61 0.7
Sunset Creek SE 30th 2429.853 10-year 126 66.05 68.78 67.9 2.73 0.007716 3.74 38.45 28.92 0.44 2.01 0.97
Sunset Creek SE 30th 2429.853 25-year 157 66.05 68.98 68.13 2.93 0.008643 4.18 44.22 29.86 0.47 2.18 1.18
Sunset Creek SE 30th 2429.853 100-year 212 66.05 69.27 68.52 3.22 0.009971 4.84 53.02 29.86 0.51 2.44 1.52

Sunset Creek SE 30th 2407.706 1.01-year 52.48 65.66 67.2 67.18 1.54 0.050024 5.41 9.7 10.14 0.97 0.9 2.81
Sunset Creek SE 30th 2407.706 2-year 79 65.66 67.49 67.49 1.83 0.055912 6.15 12.85 11.41 1.01 1.07 3.72
Sunset Creek SE 30th 2407.706 10-year 126 65.66 68.08 68.08 2.42 0.035381 6.11 23.27 26.99 0.83 1.53 3.38
Sunset Creek SE 30th 2407.706 25-year 157 65.66 68.32 68.32 2.66 0.031455 6.25 30.63 31.58 0.8 1.73 3.4
Sunset Creek SE 30th 2407.706 100-year 212 65.66 68.59 68.59 2.93 0.031333 6.82 39.24 31.58 0.82 1.98 3.88

Sunset Creek SE 30th 2379.636 1.01-year 52.48 65.03 66.82 66.35 1.79 0.011821 2.88 18.23 17.64 0.49 1.02 0.75
Sunset Creek SE 30th 2379.636 2-year 79 65.03 67.2 66.61 2.17 0.010089 3.17 25.26 19.24 0.47 1.35 0.85
Sunset Creek SE 30th 2379.636 10-year 126 65.03 67.63 66.95 2.6 0.010673 3.82 34.07 22.65 0.5 1.73 1.15
Sunset Creek SE 30th 2379.636 25-year 157 65.03 67.84 67.15 2.81 0.011446 4.24 38.98 25.69 0.53 1.92 1.37
Sunset Creek SE 30th 2379.636 100-year 212 65.03 68.13 67.45 3.1 0.012803 4.92 47.18 30.11 0.57 2.2 1.76

Sunset Creek SE 30th 2361.19 1.01-year 52.48 64.42 66.75 65.77 2.33 0.003291 2.31 24.33 17.71 0.31 1.57 0.32
Sunset Creek SE 30th 2361.19 2-year 79 64.42 67.12 66.06 2.7 0.003979 2.78 31.28 20 0.34 1.84 0.46
Sunset Creek SE 30th 2361.19 10-year 126 64.42 67.53 66.48 3.11 0.005537 3.55 39.95 22.43 0.4 2.13 0.74
Sunset Creek SE 30th 2361.19 25-year 157 64.42 67.72 66.73 3.3 0.006582 3.99 44.2 22.57 0.44 2.26 0.93
Sunset Creek SE 30th 2361.19 100-year 212 64.42 67.98 67.1 3.56 0.008521 4.73 50.35 25.52 0.5 2.44 1.3

Sunset Creek SE 30th 2341.739 1.01-year 52.48 64.47 66.46 65.91 1.99 0.015418 3.96 13.91 14.01 0.56 1.33 1.28
Sunset Creek SE 30th 2341.739 2-year 79 64.47 66.78 66.34 2.31 0.016281 4.59 20.7 26.6 0.59 1.59 1.61
Sunset Creek SE 30th 2341.739 10-year 126 64.47 66.99 66.99 2.52 0.024569 6.05 26.8 30.91 0.74 1.77 2.71
Sunset Creek SE 30th 2341.739 25-year 157 64.47 67.2 67.2 2.73 0.023365 6.29 33.69 34.59 0.73 1.95 2.84
Sunset Creek SE 30th 2341.739 100-year 212 64.47 67.45 67.45 2.98 0.02399 6.84 42.56 34.59 0.75 2.16 3.24

Sunset Creek SE 30th 2313.296 1.01-year 52.48 64.36 65.6 65.6 1.24 0.03887 5.25 10.46 14.89 0.93 0.94 2.27
Sunset Creek SE 30th 2313.296 2-year 79 64.36 65.99 65.99 1.63 0.056799 4.69 18.59 31.31 0.92 0.77 2.73
Sunset Creek SE 30th 2313.296 10-year 126 64.36 66.45 66.22 2.09 0.022822 4.04 34.09 33.3 0.63 1.22 1.74
Sunset Creek SE 30th 2313.296 25-year 157 64.36 66.7 66.34 2.34 0.017603 4 42.32 33.3 0.57 1.46 1.6
Sunset Creek SE 30th 2313.296 100-year 212 64.36 67.07 66.54 2.71 0.013966 4.11 54.56 33.3 0.53 1.81 1.58

Sunset Creek SE 30th 2297.254 1.01-year 52.48 62.97 65.57 64.4 2.6 0.003703 2.18 30.74 29.44 0.27 1.98 0.46
Sunset Creek SE 30th 2297.254 2-year 79 62.97 65.91 64.75 2.94 0.004278 2.59 41.16 31.13 0.29 2.31 0.62
Sunset Creek SE 30th 2297.254 10-year 126 62.97 66.36 65.17 3.39 0.00516 3.19 55.75 84.25 0.33 2.74 0.88
Sunset Creek SE 30th 2297.254 25-year 157 62.97 66.6 65.43 3.63 0.005718 3.54 63.93 86.24 0.35 2.96 1.06
Sunset Creek SE 30th 2297.254 100-year 212 62.97 66.96 65.86 3.99 0.006276 3.99 76.84 86.24 0.38 3.31 1.3

Sunset Creek SE 30th 2285.55 1.01-year 52.48 63.26 65.57 64.58 2.31 0.002258 1.3 46.24 33.75 0.17 1.39 0.2
Sunset Creek SE 30th 2285.55 2-year 79 63.26 65.92 64.72 2.66 0.002488 1.54 58.22 34.76 0.18 1.65 0.26
Sunset Creek SE 30th 2285.55 10-year 126 63.26 66.39 64.94 3.13 0.002542 1.77 78.44 100.84 0.19 2.01 0.32
Sunset Creek SE 30th 2285.55 25-year 157 63.26 66.63 65.06 3.37 0.002312 1.79 90.89 100.84 0.19 2.2 0.32
Sunset Creek SE 30th 2285.55 100-year 212 63.26 67.01 65.26 3.75 0.001991 1.8 110.12 100.84 0.18 2.49 0.31
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06-03501-002 Phase I Alternative 1 Aggradation Output Table Herrera Environmental Consultants

River Reach River Sta Profile Q Total Min Ch El W.S. Elev Crit W.S. Max Chl Dpth E.G. Slope Vel Chnl Flow Area Top Width Froude # Chl Hydr Radius C Shear Chan
(cfs) (ft) (ft) (ft) (ft) (ft/ft) (ft/s) (sq ft) (ft) (ft) (lb/sq ft)

Sunset Creek SE 30th 2261.889 1.01-year 52.48 63.31 65.44 64.72 2.13 0.004929 2.35 31.44 92.25 0.31 1.5 0.46
Sunset Creek SE 30th 2261.889 2-year 79 63.31 65.77 64.95 2.46 0.005531 2.79 41.16 95.88 0.34 1.78 0.61
Sunset Creek SE 30th 2261.889 10-year 126 63.31 66.21 65.27 2.9 0.006161 3.34 55.45 97.98 0.37 2.16 0.83
Sunset Creek SE 30th 2261.889 25-year 157 63.31 66.44 65.45 3.13 0.006507 3.65 63.11 97.98 0.39 2.36 0.96
Sunset Creek SE 30th 2261.889 100-year 212 63.31 66.8 65.74 3.49 0.007047 4.12 74.91 97.98 0.41 2.67 1.17

Sunset Creek SE 30th 2238.42 1.01-year 52.48 63.48 65.28 64.66 1.8 0.007533 2.53 26.26 90.2 0.37 1.4 0.66
Sunset Creek SE 30th 2238.42 2-year 79 63.48 65.59 64.95 2.11 0.007916 2.95 34.84 92.49 0.39 1.69 0.84
Sunset Creek SE 30th 2238.42 10-year 126 63.48 66 65.27 2.52 0.008879 3.58 46.72 97.36 0.43 2.08 1.15
Sunset Creek SE 30th 2238.42 25-year 157 63.48 66.21 65.44 2.73 0.009416 3.92 53.14 97.36 0.45 2.28 1.34
Sunset Creek SE 30th 2238.42 100-year 212 63.48 66.54 65.7 3.06 0.010293 4.47 62.92 97.36 0.48 2.59 1.67

Sunset Creek SE 30th 2205.456 1.01-year 52.48 63.19 65 64.55 1.81 0.008604 2.79 25.06 89.89 0.42 1.36 0.73
Sunset Creek SE 30th 2205.456 2-year 79 63.19 65.28 64.77 2.09 0.009445 3.31 33.12 93.14 0.45 1.63 0.96
Sunset Creek SE 30th 2205.456 10-year 126 63.19 65.65 65.08 2.46 0.010778 4.02 44.96 96.12 0.5 1.98 1.34
Sunset Creek SE 30th 2205.456 25-year 157 63.19 65.84 65.19 2.65 0.01136 4.39 51.41 96.12 0.52 2.17 1.54
Sunset Creek SE 30th 2205.456 100-year 212 63.19 66.13 65.58 2.94 0.012404 4.97 61.12 96.12 0.55 2.46 1.9

Sunset Creek SE 30th 2189.813 1.01-year 52.48 63.33 64.84 64.55 1.76 0.009729 2.3 22.76 26.3 0.38 1.1 0.67
Sunset Creek SE 30th 2189.813 2-year 79 63.33 65.11 64.72 2.03 0.010621 2.77 30.06 27.67 0.41 1.36 0.9
Sunset Creek SE 30th 2189.813 10-year 126 63.33 65.48 64.99 2.4 0.011004 3.29 41.61 83.85 0.43 1.71 1.17
Sunset Creek SE 30th 2189.813 25-year 157 63.33 65.69 65.16 2.61 0.010237 3.42 48.81 83.85 0.43 1.91 1.22
Sunset Creek SE 30th 2189.813 100-year 212 63.33 66 65.5 2.92 0.00956 3.64 59.37 83.85 0.42 2.21 1.32

Sunset Creek SE 30th 2175.255 1.01-year 52.48 62.85 64.4 64.38 1.55 0.043402 4.65 15.02 25.47 0.74 1.1 2.98
Sunset Creek SE 30th 2175.255 2-year 79 62.85 64.58 64.58 1.73 0.050518 5.51 19.7 25.88 0.82 1.26 3.98
Sunset Creek SE 30th 2175.255 10-year 126 62.85 64.88 64.88 2.03 0.053164 6.42 27.34 82.34 0.87 1.53 5.07
Sunset Creek SE 30th 2175.255 25-year 157 62.85 65.03 65.03 2.18 0.056152 6.98 31.33 86.77 0.91 1.66 5.83
Sunset Creek SE 30th 2175.255 100-year 212 62.85 65.37 65.28 2.52 0.047632 7.22 40.82 90.25 0.86 1.98 5.88

Sunset Creek SE 30th 2121.292 1.01-year 52.48 61.77 63.42 63.08 1.65 0.012059 2.87 18.3 23.14 0.57 0.75 0.56
Sunset Creek SE 30th 2121.292 2-year 79 61.77 63.76 63.31 1.99 0.008338 3.01 26.71 26 0.5 1.05 0.55
Sunset Creek SE 30th 2121.292 10-year 126 61.77 64.22 63.6 2.45 0.006583 3.35 38.87 26.87 0.47 1.48 0.61
Sunset Creek SE 30th 2121.292 25-year 157 61.77 64.56 63.75 2.79 0.005203 3.4 48.23 27.53 0.43 1.8 0.59
Sunset Creek SE 30th 2121.292 100-year 212 61.77 65.18 64 3.41 0.003618 3.41 65.75 28.72 0.38 2.39 0.54

Sunset Creek SE 30th 2107.746 1.01-year 52.48 61.82 62.85 62.85 1.03 0.029233 5.24 10.02 11.85 1 0.8 1.46
Sunset Creek SE 30th 2107.746 2-year 79 61.82 63.12 63.12 1.3 0.028792 5.93 13.35 12.76 1 1.02 1.83
Sunset Creek SE 30th 2107.746 10-year 126 61.82 63.85 63.63 2.03 0.012136 5.22 28.04 24.73 0.69 1.65 1.25
Sunset Creek SE 30th 2107.746 25-year 157 61.82 64.33 63.84 2.51 0.007265 4.74 40.33 26.36 0.56 2.09 0.95
Sunset Creek SE 30th 2107.746 100-year 212 61.82 65.04 64.14 3.22 0.004472 4.46 59.71 27.99 0.46 2.75 0.77

Sunset Creek SE 30th 2098.229 1.01-year 100.32 60.13 62.65 62.12 2.52 0.010475 3.15 32.57 42.26 0.54 0.99 0.65
Sunset Creek SE 30th 2098.229 2-year 151 60.13 63.04 62.51 2.91 0.007654 3.32 49.35 42.91 0.49 1.36 0.65
Sunset Creek SE 30th 2098.229 10-year 236 60.13 63.64 62.88 3.51 0.005318 3.49 75.38 43.89 0.43 1.92 0.64
Sunset Creek SE 30th 2098.229 25-year 297 60.13 64.04 63.06 3.91 0.004469 3.6 92.74 44.54 0.41 2.29 0.64
Sunset Creek SE 30th 2098.229 100-year 412 60.13 64.71 63.38 4.58 0.003592 3.79 123.02 45.64 0.38 2.92 0.66

Sunset Creek SE 30th 2070.489 1.01-year 100.32 60.45 62.56 61.73 2.11 0.003482 2.02 49.67 39.18 0.32 1.23 0.27
Sunset Creek SE 30th 2070.489 2-year 151 60.45 62.98 61.98 2.53 0.003054 2.26 68.63 47.19 0.31 1.62 0.31
Sunset Creek SE 30th 2070.489 10-year 236 60.45 63.6 62.31 3.15 0.002468 2.51 98.67 48.8 0.29 2.23 0.34
Sunset Creek SE 30th 2070.489 25-year 297 60.45 64.01 62.49 3.56 0.00222 2.65 118.56 49.83 0.28 2.62 0.36
Sunset Creek SE 30th 2070.489 100-year 412 60.45 64.69 62.82 4.24 0.001935 2.88 153.29 51.47 0.28 3.29 0.4

Sunset Creek SE 30th 2050.566 1.01-year 100.32 59.65 62.37 61.97 2.72 0.009256 2.98 33.92 34.24 0.51 0.99 0.57
Sunset Creek SE 30th 2050.566 2-year 151 59.65 62.82 62.19 3.17 0.006281 3.1 51.85 45.37 0.44 1.4 0.55
Sunset Creek SE 30th 2050.566 10-year 236 59.65 63.49 62.51 3.84 0.004056 3.18 82.72 47.24 0.38 2.01 0.51
Sunset Creek SE 30th 2050.566 25-year 297 59.65 63.9 62.75 4.25 0.003383 3.26 102.68 48.41 0.36 2.4 0.51
Sunset Creek SE 30th 2050.566 100-year 412 59.65 64.6 63.07 4.95 0.002728 3.43 137.18 50.17 0.33 3.04 0.52

Sunset Creek SE 30th 2036.451 1.01-year 100.32 60.13 62.26 61.72 2.13 0.008428 2.83 38.52 47.32 0.48 1.04 0.55
Sunset Creek SE 30th 2036.451 2-year 151 60.13 62.77 62.03 2.64 0.004602 2.7 63.41 49 0.37 1.54 0.44
Sunset Creek SE 30th 2036.451 10-year 236 60.13 63.47 62.39 3.34 0.003026 2.78 98.07 51.26 0.32 2.19 0.41
Sunset Creek SE 30th 2036.451 25-year 297 60.13 63.89 62.57 3.76 0.002585 2.87 120.11 52.64 0.31 2.6 0.42
Sunset Creek SE 30th 2036.451 100-year 412 60.13 64.6 62.85 4.47 0.002145 3.05 157.45 52.87 0.29 3.27 0.44

Sunset Creek SE 30th 2016.641 1.01-year 100.32 59.66 62.2 61.35 2.54 0.003075 2.06 50.21 42.43 0.31 1.32 0.25
Sunset Creek SE 30th 2016.641 2-year 151 59.66 62.74 61.64 3.08 0.002219 2.18 73.92 45.1 0.28 1.83 0.25
Sunset Creek SE 30th 2016.641 10-year 236 59.66 63.43 61.94 3.77 0.00181 2.42 106.01 46.8 0.26 2.5 0.28
Sunset Creek SE 30th 2016.641 25-year 297 59.66 63.86 62.14 4.2 0.001683 2.58 126.14 47.83 0.26 2.9 0.3
Sunset Creek SE 30th 2016.641 100-year 412 59.66 64.57 62.47 4.91 0.001548 2.84 160.54 49.55 0.26 3.57 0.35

Sunset Creek SE 30th 1988.07 1.01-year 100.32 59.15 62.15 61.01 3 0.001716 1.9 60.17 42 0.24 1.79 0.19
Sunset Creek SE 30th 1988.07 2-year 151 59.15 62.69 61.27 3.54 0.001511 2.11 83.51 43.62 0.24 2.3 0.22
Sunset Creek SE 30th 1988.07 10-year 236 59.15 63.39 61.63 4.24 0.001441 2.43 114.86 45.7 0.24 2.95 0.27
Sunset Creek SE 30th 1988.07 25-year 297 59.15 63.82 61.84 4.67 0.001424 2.63 134.61 46.96 0.24 3.35 0.3
Sunset Creek SE 30th 1988.07 100-year 412 59.15 64.53 62.24 5.38 0.001405 2.94 168.55 49.05 0.25 4.01 0.35

Sunset Creek SE 30th 1968.444 1.01-year 100.32 59.73 62.1 61.04 2.37 0.001844 2.08 57.87 41.14 0.26 1.88 0.22
Sunset Creek SE 30th 1968.444 2-year 151 59.73 62.65 61.33 2.92 0.001616 2.3 81.33 44.08 0.26 2.41 0.24
Sunset Creek SE 30th 1968.444 10-year 236 59.73 63.35 61.71 3.62 0.001517 2.63 112.72 45.23 0.26 3.1 0.29
Sunset Creek SE 30th 1968.444 25-year 297 59.73 63.78 61.92 4.05 0.001501 2.84 132.2 46.26 0.26 3.51 0.33
Sunset Creek SE 30th 1968.444 100-year 412 59.73 64.48 62.27 4.75 0.001487 3.19 165.42 47.96 0.27 4.2 0.39
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River Reach River Sta Profile Q Total Min Ch El W.S. Elev Crit W.S. Max Chl Dpth E.G. Slope Vel Chnl Flow Area Top Width Froude # Chl Hydr Radius C Shear Chan
(cfs) (ft) (ft) (ft) (ft) (ft/ft) (ft/s) (sq ft) (ft) (ft) (lb/sq ft)

Sunset Creek SE 30th 1954.61 1.01-year 100.32 59.63 61.99 61.33 2.36 0.008212 3.06 43.17 38.25 0.38 1.89 0.97
Sunset Creek SE 30th 1954.61 2-year 151 59.63 62.57 61.66 2.94 0.005902 3.07 67.43 43.67 0.33 2.43 0.9
Sunset Creek SE 30th 1954.61 10-year 236 59.63 63.29 62.03 3.66 0.00473 3.23 99.74 45.74 0.31 3.1 0.92
Sunset Creek SE 30th 1954.61 25-year 297 59.63 63.73 62.3 4.1 0.004372 3.37 119.83 46.98 0.31 3.51 0.96
Sunset Creek SE 30th 1954.61 100-year 412 59.63 64.44 62.62 4.81 0.003986 3.61 154.17 49.03 0.3 4.17 1.04

Sunset Creek SE 30th 1928.749 1.01-year 100.32 59.16 61.96 60.54 2.8 0.001812 1.53 68.09 38.44 0.19 2.04 0.23
Sunset Creek SE 30th 1928.749 2-year 151 59.16 62.54 60.77 3.38 0.001734 1.77 91.52 42.78 0.19 2.61 0.28
Sunset Creek SE 30th 1928.749 10-year 236 59.16 63.26 61.1 4.1 0.001786 2.11 122.71 43.96 0.2 3.32 0.37
Sunset Creek SE 30th 1928.749 25-year 297 59.16 63.69 61.31 4.53 0.001837 2.32 141.81 44.64 0.21 3.74 0.43
Sunset Creek SE 30th 1928.749 100-year 412 59.16 64.4 61.66 5.24 0.001915 2.65 173.95 45.74 0.22 4.44 0.53

Sunset Creek SE 30th 1881.347 1.01-year 100.32 58.45 61.71 60.37 3.26 0.005655 3.04 36.16 22.84 0.34 2.28 0.81
Sunset Creek SE 30th 1881.347 2-year 151 58.45 62.25 60.8 3.8 0.006073 3.59 50.66 36.83 0.36 2.77 1.05
Sunset Creek SE 30th 1881.347 10-year 236 58.45 62.96 61.48 4.51 0.005834 4.04 78.11 39.28 0.37 3.4 1.24
Sunset Creek SE 30th 1881.347 25-year 297 58.45 63.39 61.9 4.94 0.005589 4.25 95.35 40.41 0.36 3.79 1.32
Sunset Creek SE 30th 1881.347 100-year 412 58.45 64.1 62.64 5.65 0.005316 4.6 124.4 40.94 0.36 4.43 1.47

Sunset Creek SE 30th 1868.66 1.01-year 100.32 59.05 61.67 60.65 2.62 0.004449 2.64 45.34 33.4 0.33 1.96 0.54
Sunset Creek SE 30th 1868.66 2-year 151 59.05 62.24 61.01 3.19 0.003885 2.91 64.72 35.17 0.32 2.5 0.61
Sunset Creek SE 30th 1868.66 10-year 236 59.05 62.95 61.52 3.9 0.003739 3.35 90.37 36.56 0.32 3.17 0.74
Sunset Creek SE 30th 1868.66 25-year 297 59.05 63.38 61.76 4.33 0.003734 3.63 105.99 36.56 0.33 3.58 0.84
Sunset Creek SE 30th 1868.66 100-year 412 59.05 64.07 62.15 5.02 0.003805 4.1 131.53 36.56 0.34 4.25 1.01

Sunset Creek SE 30th 1856.084 1.01-year 100.32 58.51 61.54 60.64 3.03 0.009194 3.18 36.92 28.3 0.39 1.96 1.13
Sunset Creek SE 30th 1856.084 2-year 151 58.51 62.12 61.06 3.61 0.007785 3.44 53.97 30.95 0.37 2.51 1.22
Sunset Creek SE 30th 1856.084 10-year 236 58.51 62.83 61.6 4.32 0.007328 3.91 77.03 34.26 0.38 3.18 1.45
Sunset Creek SE 30th 1856.084 25-year 297 58.51 63.25 61.86 4.74 0.007228 4.21 92.07 36.27 0.38 3.58 1.62
Sunset Creek SE 30th 1856.084 100-year 412 58.51 63.96 62.31 5.45 0.00691 4.61 117.72 36.27 0.38 4.25 1.83

Sunset Creek SE 30th 1817.494 1.01-year 100.32 58.15 61.26 59.86 3.11 0.004924 3.33 30.99 17.77 0.36 2.1 0.65
Sunset Creek SE 30th 1817.494 2-year 151 58.15 61.77 60.34 3.62 0.005847 4.07 41.58 23.46 0.41 2.5 0.91
Sunset Creek SE 30th 1817.494 10-year 236 58.15 62.37 61.03 4.22 0.00705 5.03 56.84 25.61 0.46 2.98 1.31
Sunset Creek SE 30th 1817.494 25-year 297 58.15 62.73 61.59 4.58 0.007687 5.58 66.11 25.61 0.49 3.27 1.57
Sunset Creek SE 30th 1817.494 100-year 412 58.15 63.33 62.25 5.18 0.008613 6.47 81.33 25.61 0.53 3.75 2.01

Sunset Creek SE 30th 1805.019 1.01-year 100.32 58.22 61.22 59.92 3 0.004481 3.25 37.73 28.54 0.36 2.11 0.59
Sunset Creek SE 30th 1805.019 2-year 151 58.22 61.74 60.37 3.52 0.004649 3.74 53.63 32.01 0.37 2.54 0.74
Sunset Creek SE 30th 1805.019 10-year 236 58.22 62.39 61.23 4.17 0.004871 4.34 76.07 53.24 0.39 3.06 0.93
Sunset Creek SE 30th 1805.019 25-year 297 58.22 62.78 61.56 4.56 0.00479 4.6 92.15 60.85 0.4 3.38 1.01
Sunset Creek SE 30th 1805.019 100-year 412 58.22 63.46 62.1 5.24 0.004327 4.84 122.76 67.33 0.39 3.94 1.06

Sunset Creek SE 30th 1791.536 1.01-year 100.32 58.58 61.12 60.26 2.54 0.005998 3.49 32.84 26.2 0.43 1.87 0.7
Sunset Creek SE 30th 1791.536 2-year 151 58.58 61.65 60.74 3.07 0.005534 3.91 47.64 28.57 0.43 2.35 0.81
Sunset Creek SE 30th 1791.536 10-year 236 58.58 62.25 61.28 3.67 0.005915 4.65 64.98 28.57 0.46 2.91 1.07
Sunset Creek SE 30th 1791.536 25-year 297 58.58 62.61 61.59 4.03 0.006259 5.14 75.08 28.57 0.48 3.23 1.26
Sunset Creek SE 30th 1791.536 100-year 412 58.58 63.18 62.03 4.6 0.006856 5.94 91.41 28.57 0.52 3.76 1.61

Sunset Creek SE 30th 1777.213 1.01-year 100.32 58.04 61.1 59.79 3.06 0.00334 2.79 43.51 29.94 0.32 2.13 0.44
Sunset Creek SE 30th 1777.213 2-year 151 58.04 61.64 60.25 3.6 0.003268 3.15 60.86 60.16 0.32 2.6 0.53
Sunset Creek SE 30th 1777.213 10-year 236 58.04 62.27 60.89 4.23 0.003557 3.74 83.05 66.33 0.35 3.14 0.7
Sunset Creek SE 30th 1777.213 25-year 297 58.04 62.64 61.24 4.6 0.003738 4.09 96.39 66.54 0.36 3.47 0.81
Sunset Creek SE 30th 1777.213 100-year 412 58.04 63.24 61.67 5.2 0.004003 4.65 118.39 66.89 0.38 3.99 1

Sunset Creek SE 30th 1749.718 1.01-year 100.32 57.73 60.91 59.77 3.18 0.005586 3.47 33.31 20.49 0.39 2.1 0.73
Sunset Creek SE 30th 1749.718 2-year 151 57.73 61.39 60.31 3.66 0.006433 4.19 44.81 47.1 0.43 2.51 1.01
Sunset Creek SE 30th 1749.718 10-year 236 57.73 61.91 60.9 4.18 0.008186 5.27 60.57 63.78 0.5 2.96 1.51
Sunset Creek SE 30th 1749.718 25-year 297 57.73 62.21 61.31 4.48 0.009052 5.87 70.54 64.03 0.54 3.22 1.82
Sunset Creek SE 30th 1749.718 100-year 412 57.73 62.72 61.95 4.99 0.010215 6.79 87.2 64.43 0.58 3.66 2.34

Sunset Creek SE 30th 1689.563 1.01-year 100.32 57.21 60.02 59.59 2.81 0.020876 5.42 18.92 17.83 0.7 1.56 2.03
Sunset Creek SE 30th 1689.563 2-year 151 57.21 60.43 60.37 3.22 0.020473 6.14 29.13 26.36 0.72 1.9 2.43
Sunset Creek SE 30th 1689.563 10-year 236 57.21 61.02 60.84 3.81 0.016972 6.53 45.24 28.17 0.68 2.4 2.55
Sunset Creek SE 30th 1689.563 25-year 297 57.21 61.38 61.07 4.17 0.015528 6.76 55.52 29.26 0.67 2.71 2.62
Sunset Creek SE 30th 1689.563 100-year 412 57.21 61.97 61.51 4.76 0.013881 7.16 73.28 43.57 0.65 3.2 2.78

Sunset Creek SE 30th 1668.393 1.01-year 100.32 56.93 59.91 59.04 2.98 0.008146 4.05 28.94 25.06 0.47 1.94 0.99
Sunset Creek SE 30th 1668.393 2-year 151 56.93 60.35 59.81 3.42 0.008396 4.62 40.03 26.29 0.5 2.31 1.21
Sunset Creek SE 30th 1668.393 10-year 236 56.93 60.91 60.31 3.98 0.008645 5.32 55.37 27.91 0.52 2.79 1.51
Sunset Creek SE 30th 1668.393 25-year 297 56.93 61.26 60.56 4.33 0.008706 5.71 65.25 28.9 0.53 3.09 1.68
Sunset Creek SE 30th 1668.393 100-year 412 56.93 61.84 61.01 4.91 0.008713 6.31 82.48 30.55 0.54 3.58 1.95

Sunset Creek SE 30th 1626.318 1.01-year 100.32 56.89 59.64 58.71 2.75 0.006398 3.64 31.21 23.61 0.43 1.9 0.76
Sunset Creek SE 30th 1626.318 2-year 151 56.89 60.03 59.27 3.14 0.007479 4.38 40.51 24.76 0.48 2.23 1.04
Sunset Creek SE 30th 1626.318 10-year 236 56.89 60.51 59.87 3.62 0.009048 5.39 52.72 26.21 0.54 2.65 1.49
Sunset Creek SE 30th 1626.318 25-year 297 56.89 60.8 60.15 3.91 0.009898 5.99 60.41 27.07 0.58 2.9 1.79
Sunset Creek SE 30th 1626.318 100-year 412 56.89 61.3 60.62 4.41 0.010777 6.86 74.37 28.58 0.62 3.33 2.24

Sunset Creek SE 30th 1613.357 1.01-year 100.32 56.46 59.63 58.27 3.17 0.003357 2.9 37.14 23.32 0.33 2.08 0.44
Sunset Creek SE 30th 1613.357 2-year 151 56.46 60 58.69 3.54 0.004389 3.65 46.19 24.85 0.39 2.4 0.66
Sunset Creek SE 30th 1613.357 10-year 236 56.46 60.47 59.4 4.01 0.0059 4.69 58.04 26.32 0.46 2.8 1.03
Sunset Creek SE 30th 1613.357 25-year 297 56.46 60.74 59.77 4.28 0.006805 5.32 65.4 27.19 0.5 3.03 1.29
Sunset Creek SE 30th 1613.357 100-year 412 56.46 61.23 60.29 4.77 0.00793 6.25 78.89 28.73 0.55 3.45 1.71
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06-03501-002 Phase I Alternative 1 Aggradation Output Table Herrera Environmental Consultants

River Reach River Sta Profile Q Total Min Ch El W.S. Elev Crit W.S. Max Chl Dpth E.G. Slope Vel Chnl Flow Area Top Width Froude # Chl Hydr Radius C Shear Chan
(cfs) (ft) (ft) (ft) (ft) (ft/ft) (ft/s) (sq ft) (ft) (ft) (lb/sq ft)

Sunset Creek SE 30th 1592.728 1.01-year 100.32 56.02 59.65 57.91 3.63 0.001149 1.69 62.89 33.09 0.19 2.23 0.16
Sunset Creek SE 30th 1592.728 2-year 151 56.02 60.04 58.23 4.02 0.001518 2.15 75.99 33.8 0.23 2.6 0.25
Sunset Creek SE 30th 1592.728 10-year 236 56.02 60.54 58.66 4.52 0.002077 2.81 92.89 34.71 0.28 3.07 0.4
Sunset Creek SE 30th 1592.728 25-year 297 56.02 60.83 58.92 4.81 0.00242 3.22 103.26 35.25 0.3 3.35 0.51
Sunset Creek SE 30th 1592.728 100-year 412 56.02 61.35 59.38 5.33 0.002877 3.85 121.91 36.21 0.34 3.85 0.69

Sunset Creek SE 30th 1583.59 1.01-year 100.32 56.87 59.48 58.8 2.61 0.008049 3.48 32.65 32.1 0.47 1.59 0.8
Sunset Creek SE 30th 1583.59 2-year 151 56.87 59.81 59.2 2.94 0.00914 4.19 43.62 33.2 0.52 1.91 1.09
Sunset Creek SE 30th 1583.59 10-year 236 56.87 60.21 59.7 3.34 0.011291 5.25 56.96 34.5 0.6 2.28 1.61
Sunset Creek SE 30th 1583.59 25-year 297 56.87 60.43 59.97 3.56 0.012715 5.91 64.84 35.25 0.64 2.5 1.98
Sunset Creek SE 30th 1583.59 100-year 412 56.87 60.87 60.38 4 0.013713 6.8 80.49 36.69 0.68 2.91 2.49

Sunset Creek SE 30th 1583.5 Lat Struct

Sunset Creek SE 30th 1576.451 1.01-year 100.32 56.81 59.39 58.71 2.58 0.01288 3.58 28.97 25.93 0.53 1.27 1.02
Sunset Creek SE 30th 1576.451 2-year 151 56.81 59.69 59.18 2.88 0.015583 4.33 37.2 28.01 0.6 1.47 1.43
Sunset Creek SE 30th 1576.451 10-year 236 56.81 60.02 59.67 3.21 0.020105 5.52 46.94 31.92 0.7 1.76 2.2
Sunset Creek SE 30th 1576.451 25-year 297 56.81 60.17 59.92 3.36 0.024449 6.39 51.81 33.88 0.78 1.89 2.89
Sunset Creek SE 30th 1576.451 100-year 412 56.81 60.36 60.36 3.55 0.034449 8.04 58.39 36.3 0.94 2.06 4.43

Sunset Creek SE 30th 1535.154 1.01-year 85.27 56.74 58.88 58.13 2.14 0.005952 2.09 44.51 64.82 0.32 1.3 0.48
Sunset Creek SE 30th 1535.154 2-year 128.35 56.74 59.18 58.35 2.44 0.006312 2.43 65.06 75.59 0.34 1.55 0.61
Sunset Creek SE 30th 1535.154 10-year 200.6 56.74 59.54 58.67 2.8 0.006603 2.81 96.09 107.2 0.36 1.86 0.77
Sunset Creek SE 30th 1535.154 25-year 252.45 56.74 59.75 58.95 3.01 0.006459 2.98 118.93 107.2 0.36 2.06 0.83
Sunset Creek SE 30th 1535.154 100-year 350.2 56.74 60.09 59.26 3.35 0.006347 3.26 155.06 107.2 0.37 2.39 0.95

Sunset Creek SE 30th 1520.645 1.01-year 85.27 56.07 58.86 57.6 2.79 0.001622 1.56 72.98 107.62 0.21 1.52 0.15
Sunset Creek SE 30th 1520.645 2-year 128.35 56.07 59.16 57.84 3.09 0.001767 1.81 105.43 109.75 0.23 1.79 0.2
Sunset Creek SE 30th 1520.645 10-year 200.6 56.07 59.52 58.19 3.45 0.00202 2.16 144.8 109.75 0.25 2.11 0.27
Sunset Creek SE 30th 1520.645 25-year 252.45 56.07 59.73 58.4 3.66 0.002178 2.38 167.84 109.75 0.26 2.3 0.31
Sunset Creek SE 30th 1520.645 100-year 350.2 56.07 60.06 58.97 3.99 0.002455 2.74 204.17 109.75 0.28 2.6 0.4

Sunset Creek SE 30th 1493.465 1.01-year 85.27 56.01 58.7 57.64 2.69 0.004145 2.89 40.53 62.58 0.35 1.9 0.49
Sunset Creek SE 30th 1493.465 2-year 128.35 56.01 58.95 58.02 2.94 0.005351 3.54 61.32 88.29 0.41 2.12 0.71
Sunset Creek SE 30th 1493.465 10-year 200.6 56.01 59.27 58.92 3.26 0.006282 4.18 89.8 88.29 0.45 2.42 0.95
Sunset Creek SE 30th 1493.465 25-year 252.45 56.01 59.46 59.1 3.45 0.006746 4.54 106.66 88.29 0.47 2.59 1.09
Sunset Creek SE 30th 1493.465 100-year 350.2 56.01 59.76 59.35 3.75 0.007605 5.14 132.59 88.29 0.51 2.86 1.36

Sunset Creek SE 30th 1474.062 1.01-year 85.27 56.81 58.67 58.2 1.86 0.003919 2.28 70.18 110.27 0.33 1.37 0.33
Sunset Creek SE 30th 1474.062 2-year 128.35 56.81 58.94 58.39 2.13 0.003902 2.54 99.13 110.27 0.34 1.61 0.39
Sunset Creek SE 30th 1474.062 10-year 200.6 56.81 59.27 58.59 2.46 0.004071 2.92 135.6 110.27 0.36 1.92 0.49
Sunset Creek SE 30th 1474.062 25-year 252.45 56.81 59.46 58.74 2.65 0.004232 3.16 156.98 110.27 0.37 2.1 0.55
Sunset Creek SE 30th 1474.062 100-year 350.2 56.81 59.76 58.94 2.95 0.004639 3.59 189.85 110.27 0.4 2.38 0.69

Sunset Creek SE 30th 1400.25 1.01-year 85.27 56.09 57.96 57.61 1.87 0.014145 4.19 31.41 78.66 0.61 1.34 1.19
Sunset Creek SE 30th 1400.25 2-year 128.35 56.09 58.15 58.15 2.06 0.016614 4.89 46.97 83.59 0.67 1.51 1.57
Sunset Creek SE 30th 1400.25 10-year 200.6 56.09 58.38 58.38 2.29 0.019637 5.79 65.88 83.59 0.74 1.71 2.1
Sunset Creek SE 30th 1400.25 25-year 252.45 56.09 58.52 58.52 2.43 0.02105 6.28 77.39 83.59 0.78 1.84 2.42
Sunset Creek SE 30th 1400.25 100-year 350.2 56.09 58.85 58.73 2.76 0.018145 6.45 105.04 83.59 0.74 2.14 2.42

Sunset Creek SE 30th 1312.582 1.01-year 85.27 54.16 56.24 55.93 2.08 0.0213 5.36 15.98 11.67 0.75 1.36 1.81
Sunset Creek SE 30th 1312.582 2-year 128.35 54.16 56.73 56.72 2.57 0.013868 5.05 46.92 86.52 0.62 1.73 1.5
Sunset Creek SE 30th 1312.582 10-year 200.6 54.16 57.34 56.99 3.18 0.006623 4.16 100.76 87.46 0.45 2.25 0.93
Sunset Creek SE 30th 1312.582 25-year 252.45 54.16 57.8 57.13 3.64 0.004257 3.71 140.94 87.46 0.37 2.64 0.7
Sunset Creek SE 30th 1312.582 100-year 350.2 54.16 58.59 57.35 4.43 0.002582 3.35 209.85 87.46 0.3 3.31 0.53

Sunset Creek SE 30th 1208.49 1.01-year 85.27 51.7 54.69 53.8 2.99 0.011975 4.59 18.56 8.69 0.55 1.56 1.17
Sunset Creek SE 30th 1208.49 2-year 128.35 51.7 55.76 54.36 4.06 0.007412 3.96 43.65 47.18 0.45 1.82 0.84
Sunset Creek SE 30th 1208.49 10-year 200.6 51.7 56.96 55.65 5.26 0.002698 3.01 107.59 54.66 0.29 2.6 0.44
Sunset Creek SE 30th 1208.49 25-year 252.45 51.7 57.5 55.97 5.8 0.002206 3.01 137.02 54.66 0.27 3.02 0.42
Sunset Creek SE 30th 1208.49 100-year 350.2 51.7 58.34 56.34 6.64 0.001853 3.15 183.04 54.66 0.26 3.67 0.42

Sunset Creek SE 30th 1177.949 1.01-year 100.55 51.42 54.73 53.05 3.31 0.001847 2.77 36.25 13.04 0.29 2.11 0.24
Sunset Creek SE 30th 1177.949 2-year 151.35 51.42 55.49 53.47 4.07 0.001658 3.06 67.15 50.15 0.29 2.67 0.28
Sunset Creek SE 30th 1177.949 10-year 236.6 51.42 56.27 54.07 4.85 0.001624 3.46 106.14 50.15 0.29 3.26 0.33
Sunset Creek SE 30th 1177.949 25-year 297.45 51.42 56.72 54.46 5.3 0.001634 3.7 128.59 50.15 0.3 3.6 0.37
Sunset Creek SE 30th 1177.949 100-year 413.2 51.42 57.46 55.54 6.04 0.001653 4.1 165.81 50.15 0.31 4.16 0.43

Sunset Creek SE 30th 1012.233 1.01-year 100.55 49.75 53.92 52.37 4.17 0.012251 4.21 23.87 7.7 0.42 1.6 1.23
Sunset Creek SE 30th 1012.233 2-year 151.35 49.75 54.61 53 4.86 0.014766 4.99 32.97 19.55 0.46 1.82 1.68
Sunset Creek SE 30th 1012.233 10-year 236.6 49.75 55.32 53.89 5.57 0.015381 5.74 47.51 21.31 0.49 2.18 2.09
Sunset Creek SE 30th 1012.233 25-year 297.45 49.75 55.73 54.97 5.98 0.01563 6.14 56.33 22.3 0.5 2.38 2.33
Sunset Creek SE 30th 1012.233 100-year 413.2 49.75 56.4 55.54 6.65 0.015683 6.72 72.27 25.48 0.51 2.72 2.67

Sunset Creek SE 30th 852.3866 1.01-year 100.55 50.09 52.62 51.63 2.53 0.006322 3.4 29.58 14.77 0.42 1.78 0.7
Sunset Creek SE 30th 852.3866 2-year 151.35 50.09 53.16 52.04 3.07 0.006831 3.99 39.1 20.79 0.45 2.16 0.92
Sunset Creek SE 30th 852.3866 10-year 236.6 50.09 54.18 52.6 4.09 0.005023 4.05 66.26 32.44 0.39 2.84 0.89
Sunset Creek SE 30th 852.3866 25-year 297.45 50.09 54.64 53 4.55 0.0048 4.2 81.41 33 0.39 3.13 0.94
Sunset Creek SE 30th 852.3866 100-year 413.2 50.09 55.41 53.69 5.32 0.004473 4.42 107.36 33.89 0.38 3.61 1.01

Sunset Creek SE 30th 834.4796 1.01-year 100.55 50.42 52.35 52.05 1.93 0.01474 4.18 24.04 20.5 0.68 1.14 1.05
Sunset Creek SE 30th 834.4796 2-year 151.35 50.42 53.03 52.37 2.61 0.007551 3.93 39.53 25.04 0.51 1.74 0.82
Sunset Creek SE 30th 834.4796 10-year 236.6 50.42 54.13 52.8 3.71 0.003809 3.64 70.94 32.34 0.38 2.65 0.63
Sunset Creek SE 30th 834.4796 25-year 297.45 50.42 54.59 53.07 4.17 0.003563 3.81 86.3 33.41 0.37 3.01 0.67
Sunset Creek SE 30th 834.4796 100-year 413.2 50.42 55.37 53.54 4.95 0.003295 4.09 112.38 33.89 0.36 3.6 0.74
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06-03501-002 Phase I Alternative 1 Aggradation Output Table Herrera Environmental Consultants

River Reach River Sta Profile Q Total Min Ch El W.S. Elev Crit W.S. Max Chl Dpth E.G. Slope Vel Chnl Flow Area Top Width Froude # Chl Hydr Radius C Shear Chan
(cfs) (ft) (ft) (ft) (ft) (ft/ft) (ft/s) (sq ft) (ft) (ft) (lb/sq ft)

Sunset Creek SE 30th 816.2844 1.01-year 100.55 50.18 52.24 51.75 2.06 0.008159 3.12 32.21 26.8 0.5 1.16 0.59
Sunset Creek SE 30th 816.2844 2-year 151.35 50.18 53.01 52.01 2.83 0.00411 2.79 54.18 29.98 0.37 1.73 0.44
Sunset Creek SE 30th 816.2844 10-year 236.6 50.18 54.14 52.38 3.96 0.002024 2.59 96.36 43.09 0.27 2.68 0.34
Sunset Creek SE 30th 816.2844 25-year 297.45 50.18 54.61 52.61 4.43 0.001886 2.73 116.71 43.45 0.27 3.07 0.36
Sunset Creek SE 30th 816.2844 100-year 413.2 50.18 55.4 53 5.22 0.001743 2.96 151.07 44.04 0.26 3.7 0.4

Sunset Creek SE 30th 795.8286 1.01-year 100.55 50.27 52.19 51.34 1.92 0.003165 2.32 44.83 31.91 0.32 1.48 0.29
Sunset Creek SE 30th 795.8286 2-year 151.35 50.27 52.99 51.59 2.72 0.001807 2.24 71.73 35.05 0.26 2.17 0.25
Sunset Creek SE 30th 795.8286 10-year 236.6 50.27 54.13 51.96 3.86 0.001164 2.25 113.7 37.65 0.21 3.1 0.22
Sunset Creek SE 30th 795.8286 25-year 297.45 50.27 54.6 52.18 4.33 0.001203 2.46 131.34 37.81 0.22 3.46 0.26
Sunset Creek SE 30th 795.8286 100-year 413.2 50.27 55.38 52.55 5.11 0.001275 2.79 160.96 38.09 0.23 4.05 0.32

Sunset Creek SE 30th 772.6812 1.01-year 100.55 49.8 52.11 51.34 2.31 0.003653 2.31 43.7 31.58 0.34 1.35 0.31
Sunset Creek SE 30th 772.6812 2-year 151.35 49.8 52.95 51.57 3.15 0.001828 2.16 72.29 36.23 0.25 2.07 0.24
Sunset Creek SE 30th 772.6812 10-year 236.6 49.8 54.11 51.89 4.31 0.00112 2.16 114.64 45.55 0.21 3.02 0.21
Sunset Creek SE 30th 772.6812 25-year 297.45 49.8 54.58 52.11 4.78 0.001129 2.36 131.9 46.88 0.21 3.43 0.24
Sunset Creek SE 30th 772.6812 100-year 413.2 49.8 55.36 52.47 5.56 0.001146 2.68 160.69 49.34 0.22 4.13 0.3

Sunset Creek SE 30th 742.021 1.01-year 100.55 49.76 52.02 51.21 2.26 0.003189 2.11 47.66 33.85 0.31 1.33 0.26
Sunset Creek SE 30th 742.021 2-year 151.35 49.76 52.91 51.43 3.15 0.001545 1.92 78.98 41.14 0.23 2.04 0.2
Sunset Creek SE 30th 742.021 10-year 236.6 49.76 54.09 51.73 4.33 0.000915 1.94 121.68 51.43 0.19 3.1 0.18
Sunset Creek SE 30th 742.021 25-year 297.45 49.76 54.55 51.93 4.79 0.000934 2.14 138.71 53.01 0.19 3.54 0.21
Sunset Creek SE 30th 742.021 100-year 413.2 49.76 55.33 52.27 5.57 0.000969 2.47 167.11 53.01 0.2 4.26 0.26

Sunset Creek SE 30th 704.0906 Bridge

Sunset Creek SE 30th 637.1669 1.01-year 100.55 49 51.9 50.27 2.9 0.000853 1.45 70.06 47.21 0.17 2.09 0.11
Sunset Creek SE 30th 637.1669 2-year 151.35 49 52.5 50.53 3.5 0.000918 1.73 88.54 47.45 0.18 2.59 0.15
Sunset Creek SE 30th 637.1669 10-year 236.6 49 53.1 50.86 4.1 0.001204 2.22 107.77 50.54 0.21 3.1 0.23
Sunset Creek SE 30th 637.1669 25-year 297.45 49 53.43 51.05 4.43 0.00139 2.54 119.92 54.92 0.23 3.4 0.29
Sunset Creek SE 30th 637.1669 100-year 413.2 49 53.95 51.41 4.95 0.001696 3.06 140.47 55.09 0.26 3.87 0.41

Sunset Creek SE 30th 616.5581 1.01-year 100.55 48.88 51.91 49.89 3.03 0.000325 1.03 110.79 63.7 0.11 2.53 0.05
Sunset Creek SE 30th 616.5581 2-year 151.35 48.88 52.5 50.12 3.62 0.000374 1.24 137.79 68.09 0.12 3.02 0.07
Sunset Creek SE 30th 616.5581 10-year 236.6 48.88 53.11 50.44 4.23 0.000518 1.61 165.49 68.31 0.14 3.51 0.11
Sunset Creek SE 30th 616.5581 25-year 297.45 48.88 53.45 50.61 4.57 0.000611 1.84 181.43 71.38 0.16 3.82 0.15
Sunset Creek SE 30th 616.5581 100-year 413.2 48.88 53.98 50.91 5.1 0.000771 2.25 208.45 73.22 0.18 4.3 0.21

Sunset Creek SE 30th 596.5916 1.01-year 100.55 48.52 51.89 49.66 3.37 0.000469 1.23 86.44 39.76 0.13 2.65 0.08
Sunset Creek SE 30th 596.5916 2-year 151.35 48.52 52.48 49.91 3.96 0.000588 1.52 104.95 41.79 0.14 3.12 0.11
Sunset Creek SE 30th 596.5916 10-year 236.6 48.52 53.07 50.27 4.55 0.000858 2.03 123.81 43 0.18 3.6 0.19
Sunset Creek SE 30th 596.5916 25-year 297.45 48.52 53.39 50.49 4.87 0.001044 2.35 134.65 44.27 0.2 3.89 0.25
Sunset Creek SE 30th 596.5916 100-year 413.2 48.52 53.9 50.89 5.38 0.00138 2.91 152.55 46.28 0.23 4.34 0.37

Sunset Creek SE 30th 572.9708 1.01-year 100.55 47.8 51.78 50.11 3.98 0.007601 2.49 40.48 21.88 0.31 1.84 0.87
Sunset Creek SE 30th 572.9708 2-year 151.35 47.8 52.35 50.59 4.55 0.007157 2.85 56.98 34.86 0.31 2.36 1.06
Sunset Creek SE 30th 572.9708 10-year 236.6 47.8 52.9 51.28 5.1 0.008165 3.46 76.88 37.39 0.35 2.87 1.46
Sunset Creek SE 30th 572.9708 25-year 297.45 47.8 53.2 51.64 5.4 0.008915 3.85 88.28 38.6 0.37 3.14 1.75
Sunset Creek SE 30th 572.9708 100-year 413.2 47.8 53.67 52.3 5.87 0.01014 4.47 106.42 38.6 0.4 3.57 2.26

Sunset Creek SE 30th 554.7107 1.01-year 100.55 47.62 51.53 49.85 3.91 0.008734 3.52 29.54 16.78 0.36 2.05 1.12
Sunset Creek SE 30th 554.7107 2-year 151.35 47.62 52 50.4 4.38 0.011306 4.42 42.63 52.59 0.42 2.37 1.67
Sunset Creek SE 30th 554.7107 10-year 236.6 47.62 52.6 51.17 4.98 0.010878 4.81 74.77 55.25 0.42 2.77 1.88
Sunset Creek SE 30th 554.7107 25-year 297.45 47.62 52.94 52.36 5.32 0.010413 4.97 93.85 56.77 0.42 3 1.95
Sunset Creek SE 30th 554.7107 100-year 413.2 47.62 53.48 52.75 5.86 0.009824 5.21 127.97 116.88 0.41 3.37 2.07

Sunset Creek SE 30th 543.1325 1.01-year 100.55 47.65 51.51 49.72 3.86 0.003292 2.93 34.88 47.13 0.3 2.2 0.45
Sunset Creek SE 30th 543.1325 2-year 151.35 47.65 52.02 50.19 4.37 0.003779 3.42 62.18 54.96 0.33 2.53 0.6
Sunset Creek SE 30th 543.1325 10-year 236.6 47.65 52.58 50.87 4.93 0.004189 4 94.75 117.31 0.36 2.96 0.77
Sunset Creek SE 30th 543.1325 25-year 297.45 47.65 52.91 51.29 5.26 0.004277 4.26 116.67 117.31 0.36 3.21 0.86
Sunset Creek SE 30th 543.1325 100-year 413.2 47.65 53.43 52.3 5.78 0.004344 4.64 152.13 117.31 0.37 3.61 0.98

Sunset Creek SE 30th 529.8341 1.01-year 100.55 47.8 51.46 49.72 3.66 0.003891 2.95 34.75 19.02 0.31 2.16 0.53
Sunset Creek SE 30th 529.8341 2-year 151.35 47.8 51.96 50.2 4.16 0.004456 3.44 57.79 104.16 0.34 2.48 0.69
Sunset Creek SE 30th 529.8341 10-year 236.6 47.8 52.53 50.88 4.73 0.00459 3.9 90.52 110.19 0.35 2.92 0.84
Sunset Creek SE 30th 529.8341 25-year 297.45 47.8 52.85 51.3 5.05 0.004675 4.15 110.51 113.6 0.36 3.17 0.93
Sunset Creek SE 30th 529.8341 100-year 413.2 47.8 53.38 52.33 5.58 0.004781 4.55 145.06 119.09 0.37 3.58 1.07

Sunset Creek SE 30th 420.6496 1.01-year 100.55 47.11 51.29 48.76 4.18 0.001273 1.95 52.77 25.3 0.19 2.57 0.2
Sunset Creek SE 30th 420.6496 2-year 151.35 47.11 51.73 49.16 4.62 0.001736 2.43 74.11 53.2 0.23 2.86 0.31
Sunset Creek SE 30th 420.6496 10-year 236.6 47.11 52.27 49.73 5.16 0.002053 2.9 108.53 118.2 0.25 3.28 0.42
Sunset Creek SE 30th 420.6496 25-year 297.45 47.11 52.58 50.1 5.47 0.002156 3.12 129.9 118.2 0.26 3.53 0.47
Sunset Creek SE 30th 420.6496 100-year 413.2 47.11 53.09 50.74 5.98 0.002268 3.45 164.84 118.2 0.27 3.93 0.56

Sunset Creek SE 30th 48.9477 1.01-year 100.55 47.18 50.65 49.5 3.47 0.002442 2.13 71.26 131.31 0.26 1.84 0.28
Sunset Creek SE 30th 48.9477 2-year 151.35 47.18 50.98 49.88 3.8 0.002464 2.37 98.48 131.31 0.27 2.15 0.33
Sunset Creek SE 30th 48.9477 10-year 236.6 47.18 51.5 50.55 4.32 0.002216 2.56 140.71 131.31 0.27 2.62 0.36
Sunset Creek SE 30th 48.9477 25-year 297.45 47.18 51.8 50.7 4.62 0.002179 2.72 165.11 131.31 0.27 2.9 0.39
Sunset Creek SE 30th 48.9477 100-year 413.2 47.18 52.3 50.92 5.12 0.00215 2.98 205.72 131.31 0.27 3.36 0.45
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06-03501-002 Phase I Alternative 1 Aggradation Output Table Herrera Environmental Consultants

River Reach River Sta Profile Q Total Min Ch El W.S. Elev Crit W.S. Max Chl Dpth E.G. Slope Vel Chnl Flow Area Top Width Froude # Chl Hydr Radius C Shear Chan
(cfs) (ft) (ft) (ft) (ft) (ft/ft) (ft/s) (sq ft) (ft) (ft) (lb/sq ft)

Richards Creek Historical 1507.208 1.01-year 15.05 57.05 58.62 57.65 1.57 0.002703 0.91 16.56 17.45 0.16 0.89 0.15
Richards Creek Historical 1507.208 2-year 22.65 57.05 58.81 57.8 1.76 0.003796 1.13 20.06 19 0.19 0.98 0.23
Richards Creek Historical 1507.208 10-year 35.4 57.05 59.03 58 1.98 0.005265 1.45 24.62 23.46 0.23 1.14 0.37
Richards Creek Historical 1507.208 25-year 44.55 57.05 59.13 58.13 2.08 0.006525 1.69 27.09 26.94 0.26 1.21 0.49
Richards Creek Historical 1507.208 100-year 61.8 57.05 59.27 58.31 2.22 0.00875 2.09 31.13 30.61 0.31 1.34 0.73

Richards Creek Historical 1481.097 1.01-year 15.05 57.41 58.45 58.08 1.04 0.012687 1.84 10.58 30.74 0.37 0.74 0.58
Richards Creek Historical 1481.097 2-year 22.65 57.41 58.65 58.32 1.24 0.009489 1.77 20.33 70.02 0.32 0.88 0.52
Richards Creek Historical 1481.097 10-year 35.4 57.41 58.91 58.51 1.5 0.005139 1.48 44.41 115.25 0.24 1.09 0.35
Richards Creek Historical 1481.097 25-year 44.55 57.41 59 58.61 1.59 0.004818 1.51 56.33 131.14 0.24 1.18 0.36
Richards Creek Historical 1481.097 100-year 61.8 57.41 59.14 58.72 1.73 0.004481 1.57 76.03 145.39 0.24 1.32 0.37

Richards Creek Historical 1291.987 1.01-year 15.05 55.48 56.38 56.05 0.9 0.009455 1.94 7.75 12.07 0.43 0.63 0.37
Richards Creek Historical 1291.987 2-year 22.65 55.48 56.5 56.19 1.02 0.012864 2.44 9.29 12.84 0.5 0.71 0.57
Richards Creek Historical 1291.987 10-year 35.4 55.48 56.41 56.38 0.93 0.046361 4.38 8.09 12.25 0.95 0.65 1.87
Richards Creek Historical 1291.987 25-year 44.55 55.48 56.5 56.5 1.02 0.050988 4.83 9.21 12.8 1 0.7 2.24
Richards Creek Historical 1291.987 100-year 61.8 55.48 56.68 56.68 1.2 0.049454 5.28 11.71 13.74 1.01 0.83 2.56

Richards Creek Historical 999.2128 1.01-year 15.05 51.78 52.33 52.21 0.55 0.021643 2.41 6.26 14.62 0.65 0.42 0.57
Richards Creek Historical 999.2128 2-year 22.65 51.78 52.53 52.32 0.75 0.014271 2.42 9.35 15.49 0.55 0.59 0.53
Richards Creek Historical 999.2128 10-year 35.4 51.78 53.02 52.47 1.24 0.005472 2.03 17.43 17.57 0.36 0.97 0.33
Richards Creek Historical 999.2128 25-year 44.55 51.78 54.1 52.56 2.32 0.000868 1.14 38.96 21.98 0.15 1.7 0.09
Richards Creek Historical 999.2128 100-year 61.8 51.78 56.66 52.72 4.88 0.000065 0.49 191.13 214.45 0.04 3.44 0.01

Richards Creek Historical 968.151 1.01-year 15.05 51.3 52.1 51.71 0.8 0.00443 1.44 10.46 15.61 0.31 0.66 0.18
Richards Creek Historical 968.151 2-year 22.65 51.3 52.38 51.82 1.08 0.003527 1.53 14.82 16.66 0.29 0.87 0.19
Richards Creek Historical 968.151 10-year 35.4 51.3 52.95 51.97 1.65 0.001863 1.41 25.07 18.89 0.22 1.28 0.15
Richards Creek Historical 968.151 25-year 44.55 51.3 54.09 52.06 2.79 0.000439 0.91 49.03 22.93 0.11 2.02 0.06
Richards Creek Historical 968.151 100-year 61.8 51.3 56.66 52.22 5.36 0.000067 0.53 116.81 217.23 0.05 3.8 0.02

Richards Creek Historical 913.9713 Culvert

Richards Creek Historical 875.7664 1.01-year 15.05 49.6 50.72 49.88 1.12 0.000498 0.6 24.93 27.65 0.11 0.88 0.03
Richards Creek Historical 875.7664 2-year 22.65 49.6 51.06 49.97 1.46 0.000432 0.65 34.86 30.91 0.11 1.1 0.03
Richards Creek Historical 875.7664 10-year 35.4 49.6 51.58 50.09 1.98 0.000351 0.68 52.33 35.78 0.1 1.42 0.03
Richards Creek Historical 875.7664 25-year 44.55 49.6 51.89 50.17 2.29 0.000327 0.7 63.72 38.62 0.1 1.6 0.03
Richards Creek Historical 875.7664 100-year 61.8 49.6 52.4 50.29 2.8 0.000295 0.73 84.69 122.23 0.09 1.89 0.03

Richards Creek Historical 843.4692 1.01-year 15.05 49.48 50.71 49.76 1.23 0.000354 0.53 28.16 29.03 0.1 0.95 0.02
Richards Creek Historical 843.4692 2-year 22.65 49.48 51.05 49.85 1.57 0.000328 0.59 38.63 32.37 0.09 1.17 0.02
Richards Creek Historical 843.4692 10-year 35.4 49.48 51.57 49.97 2.09 0.000279 0.62 56.91 37.17 0.09 1.49 0.03
Richards Creek Historical 843.4692 25-year 44.55 49.48 51.88 50.05 2.4 0.000266 0.65 68.73 45.43 0.09 1.67 0.03
Richards Creek Historical 843.4692 100-year 61.8 49.48 52.39 50.17 2.91 0.000246 0.68 90.4 144.04 0.08 1.96 0.03

Richards Creek Historical 240.4131 1.01-year 15.05 45.9 50.71 46.6 4.81 0.000001 0.1 402.64 212.34 0.01 3.72 0
Richards Creek Historical 240.4131 2-year 22.65 45.9 51.05 46.73 5.15 0.000001 0.13 477.21 225.63 0.01 4.02 0
Richards Creek Historical 240.4131 10-year 35.4 45.9 51.57 46.92 5.67 0.000002 0.17 600.43 238.56 0.01 4.49 0
Richards Creek Historical 240.4131 25-year 44.55 45.9 51.88 47.05 5.98 0.000002 0.19 673.56 238.56 0.01 4.76 0
Richards Creek Historical 240.4131 100-year 61.8 45.9 52.39 47.25 6.49 0.000002 0.22 795.71 238.56 0.02 5.21 0

Richards Creek Lower 85.48712 1.01-year 120.25 47.08 50.66 49.54 3.58 0.001315 2.1 131.45 256.31 0.25 1.94 0.16
Richards Creek Lower 85.48712 2-year 181 47.08 50.99 50.28 3.91 0.001313 2.31 184.23 256.31 0.26 2.25 0.18
Richards Creek Lower 85.48712 10-year 297 47.08 51.51 50.56 4.43 0.00131 2.62 265.35 256.31 0.27 2.72 0.22
Richards Creek Lower 85.48712 25-year 376 47.08 51.82 50.7 4.74 0.001309 2.8 312.53 256.31 0.27 3 0.25
Richards Creek Lower 85.48712 100-year 525 47.08 52.32 50.93 5.24 0.001308 3.07 391.18 256.31 0.28 3.46 0.28

Richards Creek Lower 26.62222 1.01-year 120.25 47 50.58 49.45 3.58 0.0013 2.09 132.08 256.31 0.25 1.94 0.16
Richards Creek Lower 26.62222 2-year 181 47 50.92 50.2 3.92 0.001301 2.3 184.88 256.31 0.26 2.25 0.18
Richards Creek Lower 26.62222 10-year 297 47 51.44 50.48 4.44 0.0013 2.62 266.03 256.31 0.27 2.73 0.22
Richards Creek Lower 26.62222 25-year 376 47 51.74 50.62 4.74 0.001301 2.79 313.23 256.31 0.27 3 0.24
Richards Creek Lower 26.62222 100-year 525 47 52.24 50.85 5.24 0.001301 3.07 391.89 256.31 0.28 3.46 0.28
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06-03501-002 Phase II Alternative 2 Output Table Herrera Environmental Consultants

River Reach River Sta Profile Q Total Min Ch El W.S. Elev Crit W.S. Max Chl Dpth E.G. Slope Vel Chnl Flow Area Top Width Froude # Chl Hydr Radius C Shear Chan
(cfs) (ft) (ft) (ft) (ft) (ft/ft) (ft/s) (sq ft) (ft) (ft) (lb/sq ft)

Sunset Creek SE 30th 3272.859 1.01-year 52.48 82.49 85.22 83.99 2.73 0.006909 2.99 17.54 7.87 0.35 1.53 0.66
Sunset Creek SE 30th 3272.859 2-year 79 82.49 85.87 84.38 3.38 0.007726 3.46 22.83 8.32 0.37 1.77 0.86
Sunset Creek SE 30th 3272.859 10-year 126 82.49 86.72 84.96 4.23 0.009492 4.19 30.1 8.9 0.4 2.06 1.22
Sunset Creek SE 30th 3272.859 25-year 157 82.49 87.13 85.3 4.64 0.010441 4.63 34.08 10.3 0.42 2.24 1.46
Sunset Creek SE 30th 3272.859 100-year 212 82.49 87.79 85.83 5.3 0.011482 5.24 41.64 12.71 0.45 2.52 1.81

Sunset Creek SE 30th 3251.92 1.01-year 52.48 82.52 84.68 84.21 2.16 0.024525 5.08 10.33 5.78 0.67 1.2 1.84
Sunset Creek SE 30th 3251.92 2-year 79 82.52 85.22 84.69 2.7 0.027799 5.84 13.53 6.22 0.7 1.39 2.41
Sunset Creek SE 30th 3251.92 10-year 126 82.52 86 85.54 3.48 0.031764 6.33 19.9 8.8 0.74 1.5 2.97
Sunset Creek SE 30th 3251.92 25-year 157 82.52 86.34 85.88 3.82 0.033201 6.84 22.96 9.05 0.76 1.64 3.39
Sunset Creek SE 30th 3251.92 100-year 212 82.52 86.88 86.38 4.36 0.035496 7.59 27.92 9.43 0.78 1.84 4.08

Sunset Creek SE 30th 3230.282 1.01-year 52.48 81.37 84.02 83.73 2.65 0.030615 5.49 9.55 6.31 0.79 1.09 2.08
Sunset Creek SE 30th 3230.282 2-year 79 81.37 84.46 84.23 3.09 0.033662 6.29 12.56 7.21 0.84 1.24 2.61
Sunset Creek SE 30th 3230.282 10-year 126 81.37 85.18 84.92 3.81 0.034461 6.77 18.62 9.27 0.84 1.45 3.12
Sunset Creek SE 30th 3230.282 25-year 157 81.37 85.54 85.24 4.17 0.03394 7.15 21.97 9.59 0.83 1.61 3.42
Sunset Creek SE 30th 3230.282 100-year 212 81.37 86.11 85.72 4.74 0.033218 7.67 27.63 10.1 0.82 1.86 3.85

Sunset Creek SE 30th 3207.655 1.01-year 52.48 81.58 83.02 83.02 1.44 0.045494 6.27 8.36 6.93 1.01 0.98 2.8
Sunset Creek SE 30th 3207.655 2-year 79 81.58 83.43 83.43 1.85 0.044215 7.02 11.25 7.41 1.01 1.19 3.29
Sunset Creek SE 30th 3207.655 10-year 126 81.58 84.06 84.06 2.48 0.044338 7.75 16.25 8.79 1 1.42 3.92
Sunset Creek SE 30th 3207.655 25-year 157 81.58 84.37 84.37 2.79 0.044896 8.25 19.02 9.07 1 1.57 4.39
Sunset Creek SE 30th 3207.655 100-year 212 81.58 84.86 84.86 3.28 0.045967 8.98 23.6 9.51 1 1.78 5.12

Sunset Creek SE 30th 3193.525 1.01-year 52.48 81.39 82.96 82.47 1.57 0.012631 3.2 16.4 13.89 0.52 0.99 0.78
Sunset Creek SE 30th 3193.525 2-year 79 81.39 83.44 82.75 2.05 0.010801 3.36 23.53 15.91 0.49 1.2 0.81
Sunset Creek SE 30th 3193.525 10-year 126 81.39 84.14 83.16 2.75 0.008933 3.52 35.78 18.79 0.45 1.5 0.84
Sunset Creek SE 30th 3193.525 25-year 157 81.39 84.54 83.39 3.15 0.00785 3.62 43.42 19.42 0.43 1.74 0.85
Sunset Creek SE 30th 3193.525 100-year 212 81.39 85.16 83.75 3.77 0.00686 3.82 55.51 19.91 0.4 2.11 0.9

Sunset Creek SE 30th 3181.277 1.01-year 52.48 80.83 82.23 82.23 1.4 0.049653 6.06 8.66 7.7 1.01 0.97 3.01
Sunset Creek SE 30th 3181.277 2-year 79 80.83 82.63 82.61 1.8 0.047241 6.68 11.83 8.35 0.99 1.19 3.51
Sunset Creek SE 30th 3181.277 10-year 126 80.83 83.26 83.16 2.43 0.04141 7.2 17.49 9.4 0.93 1.5 3.89
Sunset Creek SE 30th 3181.277 25-year 157 80.83 83.58 83.46 2.75 0.039203 7.67 20.55 10.44 0.92 1.73 4.22
Sunset Creek SE 30th 3181.277 100-year 212 80.83 84.06 83.99 3.23 0.035379 8.35 26.15 12.35 0.91 2.12 4.68

Sunset Creek SE 30th 3171.478 1.01-year 52.48 79.8 82.09 81.5 2.29 0.017938 4.34 12.08 6.96 0.58 1.29 1.44
Sunset Creek SE 30th 3171.478 2-year 79 79.8 82.53 81.92 2.73 0.020229 5.19 15.34 7.97 0.63 1.55 1.96
Sunset Creek SE 30th 3171.478 10-year 126 79.8 83.09 82.55 3.29 0.022901 6.46 20.2 9.36 0.7 1.96 2.8
Sunset Creek SE 30th 3171.478 25-year 157 79.8 83.37 82.91 3.57 0.024983 7.2 22.91 10.06 0.74 2.16 3.37
Sunset Creek SE 30th 3171.478 100-year 212 79.8 83.77 83.5 3.97 0.0285 8.38 27.21 11.07 0.81 2.46 4.38

Sunset Creek SE 30th 3160.526 1.01-year 52.48 79.96 81.89 81.42 1.93 0.018375 4.34 12.09 7.93 0.62 1.24 1.42
Sunset Creek SE 30th 3160.526 2-year 79 79.96 82.32 81.81 2.36 0.020239 5.05 15.65 8.81 0.66 1.47 1.86
Sunset Creek SE 30th 3160.526 10-year 126 79.96 82.89 82.38 2.93 0.022223 6.07 21.16 10.52 0.7 1.82 2.53
Sunset Creek SE 30th 3160.526 25-year 157 79.96 83.18 82.72 3.22 0.022836 6.66 24.36 11.4 0.73 2.05 2.92
Sunset Creek SE 30th 3160.526 100-year 212 79.96 83.62 83.23 3.66 0.023797 7.55 29.71 12.74 0.76 2.4 3.56

Sunset Creek SE 30th 3145.921 1.01-year 52.48 78.83 81.92 80.46 3.09 0.003732 2.52 21.19 10.58 0.29 1.92 0.45
Sunset Creek SE 30th 3145.921 2-year 79 78.83 82.37 80.86 3.54 0.004594 3.15 26.22 11.91 0.33 2.29 0.66
Sunset Creek SE 30th 3145.921 10-year 126 78.83 82.97 81.42 4.14 0.005759 4.01 33.92 13.69 0.38 2.78 1
Sunset Creek SE 30th 3145.921 25-year 157 78.83 83.29 81.74 4.46 0.006411 4.49 38.41 14.63 0.41 3.04 1.22
Sunset Creek SE 30th 3145.921 100-year 212 78.83 83.77 82.27 4.94 0.007307 5.21 45.89 16.07 0.45 3.44 1.57

Sunset Creek SE 30th 3119.845 1.01-year 52.48 79.67 81.65 81.05 1.98 0.011764 3.56 14.77 10.26 0.51 1.32 0.97
Sunset Creek SE 30th 3119.845 2-year 79 79.67 82.05 81.4 2.38 0.011998 4.21 19.08 11.5 0.54 1.67 1.25
Sunset Creek SE 30th 3119.845 10-year 126 79.67 82.57 81.89 2.9 0.013116 5.17 25.47 13.13 0.59 2.13 1.74
Sunset Creek SE 30th 3119.845 25-year 157 79.67 82.82 82.17 3.15 0.014262 5.77 28.89 13.92 0.62 2.35 2.1
Sunset Creek SE 30th 3119.845 100-year 212 79.67 83.2 82.63 3.53 0.016027 6.69 34.41 15.12 0.68 2.69 2.69

Sunset Creek SE 30th 3103.342 1.01-year 52.48 79.66 81.46 80.89 1.8 0.011936 3.47 15.11 10.95 0.52 1.24 0.92
Sunset Creek SE 30th 3103.342 2-year 79 79.66 81.86 81.22 2.2 0.01343 4.03 19.62 12.1 0.56 1.44 1.21
Sunset Creek SE 30th 3103.342 10-year 126 79.66 82.36 81.7 2.7 0.01577 4.81 26.17 13.61 0.61 1.7 1.67
Sunset Creek SE 30th 3103.342 25-year 157 79.66 82.61 81.98 2.95 0.016334 5.31 29.67 14.35 0.63 1.92 1.95
Sunset Creek SE 30th 3103.342 100-year 212 79.66 82.99 82.39 3.33 0.017504 6.1 35.2 15.45 0.67 2.24 2.45

Sunset Creek SE 30th 3082.734 1.01-year 52.48 79.61 81.15 80.76 1.54 0.015717 3.74 14.02 11.68 0.6 1.11 1.09
Sunset Creek SE 30th 3082.734 2-year 79 79.61 81.52 81.06 1.91 0.015628 4.26 18.63 13.16 0.61 1.37 1.33
Sunset Creek SE 30th 3082.734 10-year 126 79.61 82 81.5 2.39 0.015851 5.1 25.43 15.76 0.64 1.78 1.76
Sunset Creek SE 30th 3082.734 25-year 157 79.61 82.23 81.76 2.62 0.01654 5.61 29.26 17.06 0.67 1.99 2.06
Sunset Creek SE 30th 3082.734 100-year 212 79.61 82.61 82.16 3 0.016909 6.32 36.13 19.16 0.7 2.34 2.47

Sunset Creek SE 30th 3066.484 1.01-year 52.48 79.15 80.44 80.44 1.29 0.045593 5.66 9.27 9.44 1.01 0.91 2.59
Sunset Creek SE 30th 3066.484 2-year 79 79.15 80.77 80.77 1.62 0.041061 6.3 12.68 11.37 0.98 1.17 2.99
Sunset Creek SE 30th 3066.484 10-year 126 79.15 81.27 81.27 2.12 0.032155 6.97 19.39 15.18 0.92 1.63 3.27
Sunset Creek SE 30th 3066.484 25-year 157 79.15 81.55 81.55 2.4 0.028891 7.28 23.84 16.54 0.89 1.88 3.4
Sunset Creek SE 30th 3066.484 100-year 212 79.15 81.92 81.92 2.77 0.027733 7.96 30.23 17.83 0.9 2.23 3.85

Sunset Creek SE 30th 3034.622 1.01-year 52.48 77.36 78.8 78.83 1.44 0.053489 6 8.75 8.57 1.05 0.94 3.13
Sunset Creek SE 30th 3034.622 2-year 79 77.36 79.11 79.19 1.75 0.057465 6.84 11.54 9.56 1.1 1.1 3.94
Sunset Creek SE 30th 3034.622 10-year 126 77.36 79.48 79.7 2.12 0.068201 8.2 15.36 10.77 1.21 1.29 5.48
Sunset Creek SE 30th 3034.622 25-year 157 77.36 79.7 79.98 2.34 0.071417 8.82 17.81 11.47 1.25 1.39 6.22
Sunset Creek SE 30th 3034.622 100-year 212 77.36 80.11 80.4 2.75 0.068713 9.35 22.66 12.75 1.24 1.59 6.81

Attachment 1 - Sediment Management Plan



06-03501-002 Phase II Alternative 2 Output Table Herrera Environmental Consultants

River Reach River Sta Profile Q Total Min Ch El W.S. Elev Crit W.S. Max Chl Dpth E.G. Slope Vel Chnl Flow Area Top Width Froude # Chl Hydr Radius C Shear Chan
(cfs) (ft) (ft) (ft) (ft) (ft/ft) (ft/s) (sq ft) (ft) (ft) (lb/sq ft)

Sunset Creek SE 30th 3020.31 1.01-year 52.48 76.74 78.69 78.18 1.95 0.011941 3.74 14.04 11.02 0.58 1.14 0.85
Sunset Creek SE 30th 3020.31 2-year 79 76.74 79.07 78.53 2.33 0.012354 4.22 18.74 13.76 0.63 1.24 0.96
Sunset Creek SE 30th 3020.31 10-year 126 76.74 79.57 79.08 2.83 0.012503 4.77 26.69 17.98 0.67 1.45 1.13
Sunset Creek SE 30th 3020.31 25-year 157 76.74 79.84 79.34 3.1 0.012582 5.03 31.75 19.91 0.68 1.59 1.25
Sunset Creek SE 30th 3020.31 100-year 212 76.74 80.22 79.74 3.48 0.012788 5.51 39.63 21.2 0.67 1.94 1.55

Sunset Creek SE 30th 2982.026 1.01-year 52.48 76.27 77.64 77.64 1.37 0.041864 5.49 9.57 10.28 1 0.86 2.24
Sunset Creek SE 30th 2982.026 2-year 79 76.27 77.97 77.97 1.7 0.041566 5.98 13.22 12.11 1.01 1 2.6
Sunset Creek SE 30th 2982.026 10-year 126 76.27 78.42 78.42 2.15 0.042101 6.55 19.23 14.7 1.01 1.2 3.15
Sunset Creek SE 30th 2982.026 25-year 157 76.27 78.66 78.66 2.39 0.042096 6.84 22.94 16.1 1.01 1.3 3.42
Sunset Creek SE 30th 2982.026 100-year 212 76.27 79.03 79.03 2.76 0.041059 7.23 29.3 18.1 1 1.48 3.78

Sunset Creek SE 30th 2969.117 1.01-year 52.48 75.88 76.97 77.07 1.09 0.065542 5.54 9.48 14.93 1.22 0.62 2.54
Sunset Creek SE 30th 2969.117 2-year 79 75.88 77.13 77.29 1.25 0.07752 6.56 12.04 16.63 1.36 0.71 3.42
Sunset Creek SE 30th 2969.117 10-year 126 75.88 77.99 77.62 2.11 0.016637 4.66 27.04 18.12 0.67 1.39 1.44
Sunset Creek SE 30th 2969.117 25-year 157 75.88 78.3 77.81 2.42 0.014764 4.81 32.64 18.59 0.64 1.61 1.49
Sunset Creek SE 30th 2969.117 100-year 212 75.88 78.72 78.12 2.84 0.014239 5.23 40.57 19.24 0.63 1.9 1.69

Sunset Creek SE 30th 2939.869 1.01-year 52.48 73.61 76.82 75.69 3.21 0.0053 2.32 22.64 14.71 0.33 1.38 0.46
Sunset Creek SE 30th 2939.869 2-year 79 73.61 77.25 76.05 3.64 0.006353 2.69 29.37 16.87 0.36 1.56 0.62
Sunset Creek SE 30th 2939.869 10-year 126 73.61 77.81 76.54 4.2 0.007148 3.22 39.19 18.18 0.39 1.91 0.85
Sunset Creek SE 30th 2939.869 25-year 157 73.61 78.11 76.8 4.5 0.007632 3.51 44.79 18.85 0.4 2.09 1
Sunset Creek SE 30th 2939.869 100-year 212 73.61 78.51 77.2 4.9 0.008977 4.04 52.43 19.74 0.44 2.32 1.3

Sunset Creek SE 30th 2904.859 1.01-year 52.48 74.07 76.39 75.43 2.32 0.035368 2.86 18.34 15.88 0.47 1.03 2.28
Sunset Creek SE 30th 2904.859 2-year 79 74.07 76.76 75.8 2.69 0.035055 3.22 24.51 17.55 0.48 1.25 2.74
Sunset Creek SE 30th 2904.859 10-year 126 74.07 77.28 76.48 3.21 0.034618 3.67 34.34 19.94 0.49 1.54 3.34
Sunset Creek SE 30th 2904.859 25-year 157 74.07 77.58 76.7 3.51 0.033762 3.86 41.26 28.12 0.49 1.7 3.59
Sunset Creek SE 30th 2904.859 100-year 212 74.07 77.99 77.03 3.92 0.029905 4.01 54.84 34.28 0.48 1.98 3.69

Sunset Creek SE 30th 2887.542 1.01-year 52.48 73.52 76 75.02 2.48 0.016879 2.48 21.15 16.68 0.39 1.13 1.19
Sunset Creek SE 30th 2887.542 2-year 79 73.52 76.35 75.58 2.83 0.018402 2.91 27.15 17.78 0.41 1.36 1.56
Sunset Creek SE 30th 2887.542 10-year 126 73.52 76.85 75.94 3.33 0.020043 3.46 36.45 19.36 0.44 1.66 2.08
Sunset Creek SE 30th 2887.542 25-year 157 73.52 77.14 76.13 3.62 0.020645 3.73 42.11 20.26 0.46 1.83 2.36
Sunset Creek SE 30th 2887.542 100-year 212 73.52 77.55 76.47 4.03 0.020458 4.12 54.02 31.33 0.46 2.14 2.74

Sunset Creek SE 30th 2869.669 1.01-year 52.48 73.86 74.99 74.99 1.13 0.1141 5.38 9.76 11.01 1.01 0.84 6
Sunset Creek SE 30th 2869.669 2-year 79 73.86 75.45 75.31 1.59 0.077457 5.1 15.48 13.75 0.85 1.07 5.16
Sunset Creek SE 30th 2869.669 10-year 126 73.86 76.06 75.72 2.2 0.052374 5.13 24.65 16.55 0.73 1.46 4.78
Sunset Creek SE 30th 2869.669 25-year 157 73.86 76.37 75.95 2.51 0.045904 5.28 30.08 18.64 0.7 1.69 4.84
Sunset Creek SE 30th 2869.669 100-year 212 73.86 76.83 76.3 2.97 0.037413 5.55 40.53 26.66 0.65 2.13 4.96

Sunset Creek SE 30th 2850.365 1.01-year 52.48 72.12 74.78 73.51 2.66 0.008734 2.49 21.71 12.12 0.3 1.82 0.99
Sunset Creek SE 30th 2850.365 2-year 79 72.12 75.2 73.85 3.08 0.01057 3.08 27.12 14.28 0.34 2.16 1.43
Sunset Creek SE 30th 2850.365 10-year 126 72.12 75.73 74.37 3.61 0.013553 3.95 34.65 18.53 0.39 2.6 2.2
Sunset Creek SE 30th 2850.365 25-year 157 72.12 76 74.67 3.88 0.015301 4.43 38.77 20.55 0.42 2.83 2.7
Sunset Creek SE 30th 2850.365 100-year 212 72.12 76.4 75.15 4.28 0.018224 5.21 45 23.52 0.47 3.16 3.6

Sunset Creek SE 30th 2823.726 1.01-year 52.48 72.56 74.28 73.76 1.72 0.030371 3.5 15.06 12.76 0.54 1.22 2.31
Sunset Creek SE 30th 2823.726 2-year 79 72.56 74.63 74.08 2.07 0.03169 4.05 20.53 17.35 0.56 1.48 2.92
Sunset Creek SE 30th 2823.726 10-year 126 72.56 75.07 74.62 2.51 0.032689 4.79 28.7 19.84 0.59 1.86 3.79
Sunset Creek SE 30th 2823.726 25-year 157 72.56 75.31 74.85 2.75 0.03308 5.19 33.61 21.42 0.61 2.08 4.29
Sunset Creek SE 30th 2823.726 100-year 212 72.56 75.67 75.2 3.11 0.033877 5.79 41.7 23.79 0.63 2.4 5.08

Sunset Creek SE 30th 2794.948 1.01-year 52.48 71.19 73.47 72.93 2.28 0.026753 3.41 16.36 16.09 0.51 1.29 2.16
Sunset Creek SE 30th 2794.948 2-year 79 71.19 73.91 73.29 2.72 0.022637 3.63 24.42 20.59 0.48 1.62 2.28
Sunset Creek SE 30th 2794.948 10-year 126 71.19 74.34 73.8 3.15 0.023419 4.28 34.12 23.97 0.51 2.01 2.94
Sunset Creek SE 30th 2794.948 25-year 157 71.19 74.52 74.01 3.33 0.026317 4.78 38.53 25.36 0.54 2.17 3.57
Sunset Creek SE 30th 2794.948 100-year 212 71.19 74.86 74.32 3.67 0.027583 5.34 47.48 27.94 0.57 2.48 4.27

Sunset Creek SE 30th 2760.247 1.01-year 52.48 70.04 71.78 71.78 1.74 0.048883 6.25 8.4 7.05 1.01 1.02 3.1
Sunset Creek SE 30th 2760.247 2-year 79 70.04 72.19 72.19 2.15 0.048803 6.92 11.41 7.83 1.01 1.22 3.71
Sunset Creek SE 30th 2760.247 10-year 126 70.04 72.94 72.94 2.9 0.031018 6.76 20.98 19.47 0.83 1.68 3.25
Sunset Creek SE 30th 2760.247 25-year 157 70.04 73.26 73.26 3.22 0.025632 6.75 27.92 23.44 0.77 1.93 3.1
Sunset Creek SE 30th 2760.247 100-year 212 70.04 73.59 73.59 3.55 0.025171 7.29 35.9 25.15 0.78 2.2 3.46

Sunset Creek SE 30th 2717.8 1.01-year 52.48 68.16 69.95 69.54 1.79 0.048405 4.18 12.55 11.02 0.69 0.99 2.99
Sunset Creek SE 30th 2717.8 2-year 79 68.16 70.31 69.97 2.15 0.046019 4.76 16.61 11.62 0.7 1.22 3.5
Sunset Creek SE 30th 2717.8 10-year 126 68.16 70.79 70.42 2.63 0.046934 5.62 22.4 12.43 0.74 1.5 4.4
Sunset Creek SE 30th 2717.8 25-year 157 68.16 71.06 70.68 2.9 0.047497 6.08 25.81 12.89 0.76 1.65 4.9
Sunset Creek SE 30th 2717.8 100-year 212 68.16 71.5 71.09 3.34 0.047432 6.72 31.57 13.62 0.78 1.88 5.58

Sunset Creek SE 30th 2702.718 1.01-year 52.48 67.5 69.37 68.88 1.87 0.034923 3.89 13.5 11.29 0.63 1.04 2.27
Sunset Creek SE 30th 2702.718 2-year 79 67.5 69.59 69.32 2.09 0.045781 4.9 16.13 11.7 0.74 1.19 3.39
Sunset Creek SE 30th 2702.718 10-year 126 67.5 70.08 69.75 2.58 0.045004 5.71 22.06 12.56 0.76 1.48 4.16
Sunset Creek SE 30th 2702.718 25-year 157 67.5 70.37 70.01 2.87 0.044172 6.11 25.7 13.06 0.77 1.64 4.53
Sunset Creek SE 30th 2702.718 100-year 212 67.5 70.85 70.41 3.35 0.04122 6.58 32.2 13.91 0.76 1.9 4.89

Sunset Creek SE 30th 2676.488 1.01-year 52.48 66.34 67.98 67.73 1.64 0.06808 4.84 10.85 10.69 0.85 0.89 3.76
Sunset Creek SE 30th 2676.488 2-year 79 66.34 68.56 68.16 2.22 0.036744 4.58 17.26 11.64 0.66 1.26 2.88
Sunset Creek SE 30th 2676.488 10-year 126 66.34 69.11 68.62 2.77 0.034664 5.26 23.96 12.56 0.67 1.58 3.42
Sunset Creek SE 30th 2676.488 25-year 157 66.34 69.49 68.86 3.15 0.030777 5.43 28.9 13.19 0.65 1.79 3.43
Sunset Creek SE 30th 2676.488 100-year 212 66.34 70.14 69.27 3.8 0.025381 5.6 37.83 14.27 0.61 2.12 3.36
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06-03501-002 Phase II Alternative 2 Output Table Herrera Environmental Consultants

River Reach River Sta Profile Q Total Min Ch El W.S. Elev Crit W.S. Max Chl Dpth E.G. Slope Vel Chnl Flow Area Top Width Froude # Chl Hydr Radius C Shear Chan
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Sunset Creek SE 30th 2651.525 1.01-year 52.48 65.23 67.11 66.59 1.88 0.02436 4.01 13.07 8.91 0.58 1.25 1.91
Sunset Creek SE 30th 2651.525 2-year 79 65.23 67.77 66.97 2.54 0.030738 4.04 19.54 13.29 0.59 1.27 2.45
Sunset Creek SE 30th 2651.525 10-year 126 65.23 68.64 67.51 3.41 0.01769 3.95 31.88 15.1 0.48 1.79 1.97
Sunset Creek SE 30th 2651.525 25-year 157 65.23 69.14 67.93 3.91 0.014316 3.96 39.67 16.14 0.44 2.06 1.84
Sunset Creek SE 30th 2651.525 100-year 212 65.23 69.9 68.32 4.67 0.011391 4.03 52.57 17.72 0.41 2.45 1.74

Sunset Creek SE 30th 2643.063 1.01-year 52.48 64.86 66.99 66.26 2.13 0.012101 3.81 13.79 7.97 0.51 1.35 1.02
Sunset Creek SE 30th 2643.063 2-year 79 64.86 67.61 66.66 2.75 0.013404 4 19.76 11.77 0.54 1.35 1.13
Sunset Creek SE 30th 2643.063 10-year 126 64.86 68.51 67.43 3.65 0.009535 4.08 30.88 12.8 0.46 1.84 1.1
Sunset Creek SE 30th 2643.063 25-year 157 64.86 69.01 67.69 4.15 0.00869 4.2 37.38 13.36 0.44 2.09 1.13
Sunset Creek SE 30th 2643.063 100-year 212 64.86 69.76 68.12 4.9 0.008109 4.44 47.7 14.21 0.43 2.43 1.23

Sunset Creek SE 30th 2640.568 1.01-year 52.48 64.75 67.07 65.54 2.32 0.000602 1.74 30.18 13 0.2 1.71 0.06
Sunset Creek SE 30th 2640.568 2-year 79 64.75 67.7 65.79 2.95 0.000676 2.06 38.3 13 0.21 2.03 0.09
Sunset Creek SE 30th 2640.568 10-year 126 64.75 68.59 66.17 3.84 0.000802 2.52 49.91 13 0.23 2.41 0.12
Sunset Creek SE 30th 2640.568 25-year 157 64.75 69.08 66.4 4.33 0.000886 2.79 56.33 13 0.24 2.6 0.14
Sunset Creek SE 30th 2640.568 100-year 212 64.75 69.83 66.76 5.08 0.000977 3.21 66.01 13.99 0.25 2.99 0.18

Sunset Creek SE 30th 2625.968 Bridge

Sunset Creek SE 30th 2611.37 1.01-year 52.48 63.5 67.09 64.29 3.59 0.000168 1.12 46.68 13 0.1 2.31 0.02
Sunset Creek SE 30th 2611.37 2-year 79 63.5 67.72 64.54 4.22 0.000242 1.44 54.84 13 0.12 2.56 0.04
Sunset Creek SE 30th 2611.37 10-year 126 63.5 68.62 64.92 5.12 0.00036 1.89 66.53 13 0.15 2.86 0.06
Sunset Creek SE 30th 2611.37 25-year 157 63.5 69.11 65.15 5.61 0.000434 2.15 72.99 13 0.16 3.01 0.08
Sunset Creek SE 30th 2611.37 100-year 212 63.5 69.83 65.51 6.33 0.00054 2.57 82.34 14.02 0.18 3.35 0.11

Sunset Creek SE 30th 2610.895 Bridge

Sunset Creek SE 30th 2610.42 1.01-year 52.48 63.5 67.09 64.29 3.59 0.000117 1.12 46.68 13 0.1 2.31 0.02
Sunset Creek SE 30th 2610.42 2-year 79 63.5 67.72 64.54 4.22 0.000168 1.44 54.84 13 0.12 2.56 0.03
Sunset Creek SE 30th 2610.42 10-year 126 63.5 68.62 64.92 5.12 0.00025 1.89 66.52 13 0.15 2.86 0.04
Sunset Creek SE 30th 2610.42 25-year 157 63.5 69.11 65.15 5.61 0.000301 2.15 72.98 13 0.16 3.01 0.06
Sunset Creek SE 30th 2610.42 100-year 212 63.5 69.83 65.51 6.33 0.000375 2.58 82.32 14.05 0.18 3.35 0.08

Sunset Creek SE 30th 2610.395 Bridge

Sunset Creek SE 30th 2610.37 1.01-year 52.48 63.5 67.09 64.29 3.59 0.000117 1.12 46.68 13 0.1 2.31 0.02
Sunset Creek SE 30th 2610.37 2-year 79 63.5 67.72 64.54 4.22 0.000168 1.44 54.84 13 0.12 2.56 0.03
Sunset Creek SE 30th 2610.37 10-year 126 63.5 68.62 64.92 5.12 0.00025 1.89 66.52 13 0.15 2.86 0.04
Sunset Creek SE 30th 2610.37 25-year 157 63.5 69.11 65.15 5.61 0.000301 2.15 72.98 13 0.16 3.01 0.06
Sunset Creek SE 30th 2610.37 100-year 212 63.5 69.83 65.51 6.33 0.000375 2.58 82.32 14.05 0.18 3.35 0.08

Sunset Creek SE 30th 2596.365 Bridge

Sunset Creek SE 30th 2582.37 1.01-year 52.48 64 67.08 64.79 3.08 0.000182 1.31 40.03 13 0.13 2.09 0.02
Sunset Creek SE 30th 2582.37 2-year 79 64 67.7 65.05 3.7 0.000243 1.64 48.14 13 0.15 2.36 0.04
Sunset Creek SE 30th 2582.37 10-year 126 64 68.6 65.42 4.6 0.000336 2.11 59.75 13 0.17 2.69 0.06
Sunset Creek SE 30th 2582.37 25-year 157 64 69.09 65.65 5.09 0.000394 2.37 66.15 13 0.19 2.85 0.07
Sunset Creek SE 30th 2582.37 100-year 212 64 69.78 66.01 5.78 0.00048 2.82 75.19 16.09 0.21 3.19 0.1

Sunset Creek SE 30th 2582.335 Bridge

Sunset Creek SE 30th 2582.32 1.01-year 52.48 64 67.08 64.79 3.08 0.000182 1.31 40.03 13 0.13 2.09 0.02
Sunset Creek SE 30th 2582.32 2-year 79 64 67.7 65.05 3.7 0.000243 1.64 48.14 13 0.15 2.36 0.04
Sunset Creek SE 30th 2582.32 10-year 126 64 68.6 65.42 4.6 0.000336 2.11 59.75 13 0.17 2.69 0.06
Sunset Creek SE 30th 2582.32 25-year 157 64 69.09 65.65 5.09 0.000394 2.37 66.15 13 0.19 2.85 0.07
Sunset Creek SE 30th 2582.32 100-year 212 64 69.78 66.01 5.78 0.000481 2.82 75.16 16.08 0.21 3.18 0.1

Sunset Creek SE 30th 2581.843 Bridge

Sunset Creek SE 30th 2581.368 1.01-year 52.48 64 67.08 64.79 3.08 0.000262 1.31 40.03 13 0.13 2.09 0.03
Sunset Creek SE 30th 2581.368 2-year 79 64 67.7 65.05 3.7 0.00035 1.64 48.14 13 0.15 2.36 0.05
Sunset Creek SE 30th 2581.368 10-year 126 64 68.6 65.43 4.6 0.000484 2.11 59.74 13 0.17 2.69 0.08
Sunset Creek SE 30th 2581.368 25-year 157 64 69.09 65.65 5.09 0.000567 2.37 66.15 13 0.19 2.85 0.1
Sunset Creek SE 30th 2581.368 100-year 212 64 69.78 66.01 5.78 0.000693 2.82 75.14 16.22 0.21 3.18 0.14

Sunset Creek SE 30th 2578.872 1.01-year 52.48 64 67.08 64.79 3.08 0.000368 1.17 44.71 16.02 0.12 2.25 0.05
Sunset Creek SE 30th 2578.872 2-year 79 64 67.71 65.03 3.71 0.000489 1.44 54.92 16.63 0.14 2.58 0.08
Sunset Creek SE 30th 2578.872 10-year 126 64 68.6 65.4 4.6 0.000624 1.8 70.11 17.51 0.16 3.11 0.12
Sunset Creek SE 30th 2578.872 25-year 157 64 69.1 65.61 5.1 0.000694 2 78.63 18 0.16 3.41 0.15
Sunset Creek SE 30th 2578.872 100-year 212 64 69.8 65.96 5.8 0.000837 2.34 90.78 18.68 0.18 3.81 0.2

Sunset Creek SE 30th 2576.368 1.01-year 52.48 64.5 67.04 65.55 2.54 0.003514 1.9 27.69 13.24 0.23 1.78 0.39
Sunset Creek SE 30th 2576.368 2-year 79 64.5 67.66 65.84 3.16 0.003851 2.18 36.16 14.23 0.24 2.11 0.51
Sunset Creek SE 30th 2576.368 10-year 126 64.5 68.54 66.27 4.04 0.004244 2.55 49.41 15.66 0.25 2.54 0.67
Sunset Creek SE 30th 2576.368 25-year 157 64.5 69.04 66.53 4.54 0.004418 2.74 57.3 16.6 0.26 2.78 0.77
Sunset Creek SE 30th 2576.368 100-year 212 64.5 69.73 66.93 5.23 0.004381 3.08 70.16 20.69 0.27 3.33 0.91

Sunset Creek SE 30th 2541.368 1.01-year 52.48 64.3 66.81 65.69 2.51 0.006401 2.71 19.38 10.11 0.34 1.53 0.61
Sunset Creek SE 30th 2541.368 2-year 79 64.3 67.4 66.04 3.1 0.006972 3.09 25.53 10.95 0.36 1.81 0.79
Sunset Creek SE 30th 2541.368 10-year 126 64.3 68.24 66.56 3.94 0.007581 3.57 35.29 12.16 0.37 2.18 1.03
Sunset Creek SE 30th 2541.368 25-year 157 64.3 68.71 66.85 4.41 0.007885 3.81 41.16 12.83 0.38 2.37 1.17
Sunset Creek SE 30th 2541.368 100-year 212 64.3 69.38 67.33 5.08 0.008044 4.24 50.54 16.7 0.39 2.76 1.39
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06-03501-002 Phase II Alternative 2 Output Table Herrera Environmental Consultants

River Reach River Sta Profile Q Total Min Ch El W.S. Elev Crit W.S. Max Chl Dpth E.G. Slope Vel Chnl Flow Area Top Width Froude # Chl Hydr Radius C Shear Chan
(cfs) (ft) (ft) (ft) (ft) (ft/ft) (ft/s) (sq ft) (ft) (ft) (lb/sq ft)

Sunset Creek SE 30th 2539.81 1.01-year 52.48 64.28 66.8 65.68 2.52 0.005041 2.72 19.29 9.97 0.34 1.53 0.48
Sunset Creek SE 30th 2539.81 2-year 79 64.28 67.38 66.02 3.1 0.005495 3.12 25.32 10.78 0.36 1.8 0.62
Sunset Creek SE 30th 2539.81 10-year 126 64.28 68.23 66.54 3.95 0.005983 3.61 34.88 11.94 0.37 2.17 0.81
Sunset Creek SE 30th 2539.81 25-year 157 64.28 68.7 66.84 4.42 0.006229 3.86 40.62 12.58 0.38 2.36 0.92
Sunset Creek SE 30th 2539.81 100-year 212 64.28 69.36 67.31 5.08 0.006415 4.31 49.56 15.31 0.39 2.74 1.1

Sunset Creek SE 30th 2527.427 1.01-year 52.48 64.16 66.75 65.55 2.59 0.004357 2.55 20.55 10.63 0.32 1.56 0.43
Sunset Creek SE 30th 2527.427 2-year 79 64.16 67.33 65.9 3.17 0.004761 2.93 26.99 11.6 0.34 1.84 0.55
Sunset Creek SE 30th 2527.427 10-year 126 64.16 68.18 66.41 4.02 0.005129 3.37 37.36 13.01 0.35 2.22 0.71
Sunset Creek SE 30th 2527.427 25-year 157 64.16 68.65 66.7 4.49 0.005249 3.6 43.65 14.07 0.36 2.43 0.8
Sunset Creek SE 30th 2527.427 100-year 212 64.16 69.32 67.16 5.16 0.00496 3.97 55.18 20.31 0.36 2.94 0.91

Sunset Creek SE 30th 2513.681 1.01-year 52.48 64.02 66.63 65.66 2.61 0.006964 3.08 17.03 9.26 0.4 1.43 0.62
Sunset Creek SE 30th 2513.681 2-year 79 64.02 67.19 66.02 3.17 0.00757 3.52 22.43 10.06 0.42 1.69 0.8
Sunset Creek SE 30th 2513.681 10-year 126 64.02 68 66.56 3.98 0.008132 4.05 31.12 11.24 0.43 2.03 1.03
Sunset Creek SE 30th 2513.681 25-year 157 64.02 68.46 66.87 4.44 0.008439 4.31 36.39 11.98 0.44 2.2 1.16
Sunset Creek SE 30th 2513.681 100-year 212 64.02 69.12 67.36 5.1 0.008866 4.71 46.09 29.37 0.45 2.47 1.36

Sunset Creek SE 30th 2492.185 1.01-year 52.48 63.81 66.45 65.46 2.64 0.008364 3.22 16.28 10.06 0.45 1.3 0.68
Sunset Creek SE 30th 2492.185 2-year 79 63.81 67.02 65.9 3.21 0.008106 3.56 22.21 10.92 0.44 1.59 0.81
Sunset Creek SE 30th 2492.185 10-year 126 63.81 67.84 66.52 4.03 0.007933 3.98 31.7 12.17 0.43 1.98 0.98
Sunset Creek SE 30th 2492.185 25-year 157 63.81 68.29 66.81 4.48 0.007931 4.2 37.42 12.87 0.43 2.18 1.08
Sunset Creek SE 30th 2492.185 100-year 212 63.81 68.95 67.26 5.14 0.007895 4.59 46.81 18.11 0.44 2.53 1.25

Sunset Creek SE 30th 2481.368 1.01-year 52.48 63.7 66.31 65.37 2.61 0.012788 3.45 15.23 9.63 0.48 1.25 1
Sunset Creek SE 30th 2481.368 2-year 79 63.7 66.88 65.81 3.18 0.012635 3.78 20.9 10.44 0.47 1.54 1.22
Sunset Creek SE 30th 2481.368 10-year 126 63.7 67.7 66.48 4 0.012743 4.21 29.91 11.61 0.46 1.92 1.53
Sunset Creek SE 30th 2481.368 25-year 157 63.7 68.15 66.79 4.45 0.012942 4.45 35.31 12.25 0.46 2.12 1.71
Sunset Creek SE 30th 2481.368 100-year 212 63.7 68.8 67.24 5.1 0.013137 4.86 44.21 16.62 0.47 2.45 2.01

Sunset Creek SE 30th 2464.334 1.01-year 52.48 63.54 66.02 65.24 2.48 0.016416 3.8 13.8 8.77 0.53 1.21 1.24
Sunset Creek SE 30th 2464.334 2-year 79 63.54 66.58 65.78 3.04 0.016439 4.19 18.87 9.5 0.52 1.48 1.52
Sunset Creek SE 30th 2464.334 10-year 126 63.54 67.37 66.32 3.83 0.016923 4.69 26.84 10.55 0.52 1.83 1.93
Sunset Creek SE 30th 2464.334 25-year 157 63.54 67.81 66.62 4.27 0.017396 4.98 31.56 11.12 0.52 2.01 2.18
Sunset Creek SE 30th 2464.334 100-year 212 63.54 68.42 67.11 4.88 0.018294 5.48 39.02 14.59 0.53 2.29 2.61

Sunset Creek SE 30th 2429.853 1.01-year 52.48 63.22 65.71 64.62 2.49 0.007757 2.95 17.79 10.5 0.4 1.36 0.66
Sunset Creek SE 30th 2429.853 2-year 79 63.22 66.26 65.04 3.04 0.008311 3.33 23.75 11.27 0.4 1.65 0.85
Sunset Creek SE 30th 2429.853 10-year 126 63.22 67.03 65.65 3.81 0.009229 3.82 32.95 12.47 0.41 2.01 1.16
Sunset Creek SE 30th 2429.853 25-year 157 63.22 67.46 65.93 4.24 0.009782 4.09 38.36 13.14 0.42 2.2 1.34
Sunset Creek SE 30th 2429.853 100-year 212 63.22 68.07 66.37 4.85 0.01001 4.52 47.9 18.01 0.43 2.55 1.59

Sunset Creek SE 30th 2407.706 1.01-year 52.48 63.01 65.37 64.6 2.36 0.015283 3.84 13.68 8.62 0.54 1.23 1.17
Sunset Creek SE 30th 2407.706 2-year 79 63.01 65.87 65.13 2.86 0.016981 4.37 18.1 9.28 0.55 1.47 1.55
Sunset Creek SE 30th 2407.706 10-year 126 63.01 66.56 65.68 3.55 0.019474 5.08 24.82 10.2 0.57 1.77 2.15
Sunset Creek SE 30th 2407.706 25-year 157 63.01 66.92 65.99 3.91 0.02111 5.48 28.64 10.69 0.59 1.92 2.53
Sunset Creek SE 30th 2407.706 100-year 212 63.01 67.44 66.48 4.43 0.024318 6.16 34.41 11.39 0.62 2.13 3.24

Sunset Creek SE 30th 2379.636 1.01-year 52.48 62.75 65.18 64.11 2.43 0.006687 2.65 19.8 13.33 0.38 1.3 0.54
Sunset Creek SE 30th 2379.636 2-year 79 62.75 65.69 64.48 2.94 0.006831 2.94 26.88 14.6 0.38 1.59 0.68
Sunset Creek SE 30th 2379.636 10-year 126 62.75 66.4 65.09 3.65 0.00717 3.32 37.91 16.38 0.38 1.98 0.89
Sunset Creek SE 30th 2379.636 25-year 157 62.75 66.78 65.33 4.03 0.00743 3.54 44.3 17.47 0.39 2.18 1.01
Sunset Creek SE 30th 2379.636 100-year 212 62.75 67.35 65.72 4.6 0.007393 3.9 54.88 19.78 0.39 2.57 1.18

Sunset Creek SE 30th 2361.19 1.01-year 52.48 62.58 64.92 64.13 2.34 0.012606 3.56 14.73 9.67 0.51 1.25 0.98
Sunset Creek SE 30th 2361.19 2-year 79 62.58 65.38 64.63 2.8 0.013799 4.08 19.36 10.52 0.53 1.49 1.28
Sunset Creek SE 30th 2361.19 10-year 126 62.58 66.02 65.17 3.44 0.014921 4.76 26.61 12.81 0.55 1.83 1.71
Sunset Creek SE 30th 2361.19 25-year 157 62.58 66.36 65.44 3.78 0.015248 5.12 31.35 14.98 0.56 2.04 1.94
Sunset Creek SE 30th 2361.19 100-year 212 62.58 66.91 65.9 4.33 0.015091 5.54 40.47 18.45 0.56 2.37 2.23

Sunset Creek SE 30th 2341.739 1.01-year 52.48 62.4 64.62 63.99 2.22 0.014546 3.89 13.5 10.11 0.59 1.13 1.03
Sunset Creek SE 30th 2341.739 2-year 79 62.4 65.07 64.5 2.67 0.014885 4.33 18.23 11 0.59 1.38 1.28
Sunset Creek SE 30th 2341.739 10-year 126 62.4 65.69 64.99 3.29 0.015709 4.93 25.53 12.26 0.6 1.7 1.67
Sunset Creek SE 30th 2341.739 25-year 157 62.4 66.02 65.26 3.62 0.016651 5.31 29.59 12.9 0.62 1.86 1.93
Sunset Creek SE 30th 2341.739 100-year 212 62.4 66.56 65.7 4.16 0.016244 5.72 38.33 21.12 0.61 2.18 2.21

Sunset Creek SE 30th 2313.296 1.01-year 52.48 62.13 64.24 63.58 2.11 0.013079 3.76 13.95 10.54 0.58 1.13 0.92
Sunset Creek SE 30th 2313.296 2-year 79 62.13 64.67 63.98 2.54 0.013495 4.21 18.75 11.38 0.58 1.38 1.17
Sunset Creek SE 30th 2313.296 10-year 126 62.13 65.27 64.58 3.14 0.01487 4.88 25.81 12.51 0.6 1.7 1.58
Sunset Creek SE 30th 2313.296 25-year 157 62.13 65.55 64.85 3.42 0.015936 5.32 29.85 16.98 0.62 1.87 1.86
Sunset Creek SE 30th 2313.296 100-year 212 62.13 66.07 65.27 3.94 0.021872 5.42 41.98 28.25 0.67 1.77 2.41

Sunset Creek SE 30th 2297.254 1.01-year 52.48 61.98 64.14 63.24 2.16 0.009569 2.52 20.84 17.77 0.41 1.11 0.66
Sunset Creek SE 30th 2297.254 2-year 79 61.98 64.62 63.57 2.64 0.008908 2.65 29.78 19.99 0.38 1.4 0.78
Sunset Creek SE 30th 2297.254 10-year 126 61.98 65.25 64.12 3.27 0.008775 2.9 43.45 23.13 0.37 1.79 0.98
Sunset Creek SE 30th 2297.254 25-year 157 61.98 65.57 64.33 3.59 0.008509 3.08 51.55 29.48 0.37 2.03 1.08
Sunset Creek SE 30th 2297.254 100-year 212 61.98 66.07 64.64 4.09 0.007536 3.32 66.72 31.92 0.36 2.5 1.17

Sunset Creek SE 30th 2285.55 1.01-year 52.48 61.88 64.02 63.15 2.14 0.010206 2.56 20.52 17.87 0.42 1.09 0.69
Sunset Creek SE 30th 2285.55 2-year 79 61.88 64.51 63.47 2.63 0.009562 2.64 29.91 20.82 0.39 1.36 0.81
Sunset Creek SE 30th 2285.55 10-year 126 61.88 65.15 64.04 3.27 0.009385 2.83 44.5 24.7 0.37 1.7 1
Sunset Creek SE 30th 2285.55 25-year 157 61.88 65.48 64.24 3.6 0.009387 2.97 52.86 26.8 0.37 1.9 1.11
Sunset Creek SE 30th 2285.55 100-year 212 61.88 65.99 64.56 4.11 0.007799 3.14 70.28 34.96 0.35 2.38 1.16
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06-03501-002 Phase II Alternative 2 Output Table Herrera Environmental Consultants

River Reach River Sta Profile Q Total Min Ch El W.S. Elev Crit W.S. Max Chl Dpth E.G. Slope Vel Chnl Flow Area Top Width Froude # Chl Hydr Radius C Shear Chan
(cfs) (ft) (ft) (ft) (ft) (ft/ft) (ft/s) (sq ft) (ft) (ft) (lb/sq ft)

Sunset Creek SE 30th 2261.889 1.01-year 52.48 61.65 63.78 62.91 2.13 0.009712 2.61 20.12 16.04 0.41 1.18 0.72
Sunset Creek SE 30th 2261.889 2-year 79 61.65 64.27 63.24 2.62 0.009308 2.78 28.45 18 0.39 1.48 0.86
Sunset Creek SE 30th 2261.889 10-year 126 61.65 64.91 63.77 3.26 0.008921 3.1 41.23 23.73 0.38 1.92 1.07
Sunset Creek SE 30th 2261.889 25-year 157 61.65 65.23 63.99 3.58 0.008338 3.3 49.41 26.57 0.38 2.22 1.16
Sunset Creek SE 30th 2261.889 100-year 212 61.65 65.77 64.33 4.12 0.007247 3.53 64.88 30.01 0.36 2.73 1.23

Sunset Creek SE 30th 2238.42 1.01-year 52.48 61.44 63.61 62.6 2.17 0.006768 2.29 22.9 17.19 0.35 1.26 0.53
Sunset Creek SE 30th 2238.42 2-year 79 61.44 64.11 62.92 2.67 0.006762 2.48 31.87 19.16 0.34 1.56 0.66
Sunset Creek SE 30th 2238.42 10-year 126 61.44 64.75 63.36 3.31 0.006286 2.8 45.92 24.5 0.33 2.07 0.81
Sunset Creek SE 30th 2238.42 25-year 157 61.44 65.09 63.66 3.65 0.005972 3 54.43 26.01 0.33 2.38 0.89
Sunset Creek SE 30th 2238.42 100-year 212 61.44 65.65 63.99 4.21 0.005424 3.26 69.57 28.51 0.33 2.9 0.98

Sunset Creek SE 30th 2205.456 1.01-year 52.48 61.13 63.36 62.39 2.23 0.008068 2.44 21.51 15.91 0.37 1.27 0.64
Sunset Creek SE 30th 2205.456 2-year 79 61.13 63.84 62.73 2.71 0.00827 2.66 29.74 17.86 0.36 1.55 0.8
Sunset Creek SE 30th 2205.456 10-year 126 61.13 64.49 63.24 3.36 0.008668 2.99 42.25 23.94 0.36 1.94 1.05
Sunset Creek SE 30th 2205.456 25-year 157 61.13 64.85 63.46 3.72 0.007841 3.16 51.23 26.42 0.36 2.27 1.11
Sunset Creek SE 30th 2205.456 100-year 212 61.13 65.44 63.81 4.31 0.006588 3.35 67.77 29.64 0.34 2.82 1.16

Sunset Creek SE 30th 2189.813 1.01-year 52.48 60.98 63.24 62.25 2.26 0.007643 2.39 21.99 16.03 0.36 1.29 0.61
Sunset Creek SE 30th 2189.813 2-year 79 60.98 63.72 62.57 2.74 0.007968 2.62 30.19 17.96 0.36 1.57 0.78
Sunset Creek SE 30th 2189.813 10-year 126 60.98 64.36 63.09 3.38 0.008769 2.97 42.44 20.51 0.36 1.92 1.05
Sunset Creek SE 30th 2189.813 25-year 157 60.98 64.73 63.31 3.75 0.007976 3.12 51.26 25.73 0.35 2.24 1.11
Sunset Creek SE 30th 2189.813 100-year 212 60.98 65.34 63.66 4.36 0.00656 3.29 68.09 30.21 0.33 2.81 1.15

Sunset Creek SE 30th 2175.255 1.01-year 52.48 60.85 63.13 62.12 2.28 0.007336 2.35 22.37 16.12 0.35 1.3 0.6
Sunset Creek SE 30th 2175.255 2-year 79 60.85 63.61 62.44 2.76 0.007775 2.59 30.49 18.03 0.35 1.58 0.77
Sunset Creek SE 30th 2175.255 10-year 126 60.85 64.23 62.96 3.38 0.00874 2.96 42.5 20.52 0.36 1.92 1.05
Sunset Creek SE 30th 2175.255 25-year 157 60.85 64.6 63.18 3.75 0.008876 3.11 50.46 22.02 0.36 2.12 1.18
Sunset Creek SE 30th 2175.255 100-year 212 60.85 65.24 63.53 4.39 0.007955 3.25 65.92 27.53 0.35 2.55 1.26

Sunset Creek SE 30th 2121.292 1.01-year 52.48 60.34 62.85 61.71 2.51 0.004023 2.25 23.31 15.4 0.32 1.41 0.35
Sunset Creek SE 30th 2121.292 2-year 79 60.34 63.29 62.06 2.95 0.004524 2.59 30.63 20.1 0.34 1.66 0.47
Sunset Creek SE 30th 2121.292 10-year 126 60.34 63.94 62.57 3.6 0.003743 2.89 47.61 28.1 0.33 2.26 0.53
Sunset Creek SE 30th 2121.292 25-year 157 60.34 64.35 62.8 4.01 0.003192 2.96 59.25 28.74 0.31 2.64 0.53
Sunset Creek SE 30th 2121.292 100-year 212 60.34 65.04 63.17 4.7 0.002515 3.04 79.36 29.8 0.28 3.27 0.51

Sunset Creek SE 30th 2107.746 1.01-year 52.48 60.22 62.81 61.6 2.59 0.002806 2.1 24.96 16.36 0.3 1.42 0.25
Sunset Creek SE 30th 2107.746 2-year 79 60.22 63.25 61.94 3.03 0.00287 2.42 33.62 25.29 0.31 1.77 0.32
Sunset Creek SE 30th 2107.746 10-year 126 60.22 63.91 62.45 3.69 0.002441 2.72 50.78 26.53 0.3 2.39 0.36
Sunset Creek SE 30th 2107.746 25-year 157 60.22 64.33 62.69 4.11 0.002163 2.83 61.85 27.2 0.29 2.77 0.37
Sunset Creek SE 30th 2107.746 100-year 212 60.22 65.02 63.02 4.8 0.001796 2.96 80.97 27.99 0.27 3.41 0.38

Sunset Creek SE 30th 2098.229 1.01-year 100.32 60.13 62.65 62.12 2.52 0.010475 3.15 32.57 42.26 0.54 0.99 0.65
Sunset Creek SE 30th 2098.229 2-year 151 60.13 63.04 62.51 2.91 0.007654 3.32 49.35 42.91 0.49 1.36 0.65
Sunset Creek SE 30th 2098.229 10-year 236 60.13 63.64 62.88 3.51 0.005318 3.49 75.38 43.89 0.43 1.92 0.64
Sunset Creek SE 30th 2098.229 25-year 297 60.13 64.04 63.06 3.91 0.004469 3.6 92.74 44.54 0.41 2.29 0.64
Sunset Creek SE 30th 2098.229 100-year 412 60.13 64.71 63.38 4.58 0.003592 3.79 123.02 45.64 0.38 2.92 0.66

Sunset Creek SE 30th 2070.489 1.01-year 100.32 60.45 62.56 61.73 2.11 0.003482 2.02 49.67 39.18 0.32 1.23 0.27
Sunset Creek SE 30th 2070.489 2-year 151 60.45 62.98 61.98 2.53 0.003054 2.26 68.63 47.19 0.31 1.62 0.31
Sunset Creek SE 30th 2070.489 10-year 236 60.45 63.6 62.31 3.15 0.002468 2.51 98.67 48.8 0.29 2.23 0.34
Sunset Creek SE 30th 2070.489 25-year 297 60.45 64.01 62.49 3.56 0.00222 2.65 118.56 49.83 0.28 2.62 0.36
Sunset Creek SE 30th 2070.489 100-year 412 60.45 64.69 62.82 4.24 0.001935 2.88 153.29 51.47 0.28 3.29 0.4

Sunset Creek SE 30th 2050.566 1.01-year 100.32 59.65 62.37 61.97 2.72 0.009256 2.98 33.92 34.24 0.51 0.99 0.57
Sunset Creek SE 30th 2050.566 2-year 151 59.65 62.82 62.19 3.17 0.006281 3.1 51.85 45.37 0.44 1.4 0.55
Sunset Creek SE 30th 2050.566 10-year 236 59.65 63.49 62.51 3.84 0.004056 3.18 82.72 47.24 0.38 2.01 0.51
Sunset Creek SE 30th 2050.566 25-year 297 59.65 63.9 62.75 4.25 0.003383 3.26 102.68 48.41 0.36 2.4 0.51
Sunset Creek SE 30th 2050.566 100-year 412 59.65 64.6 63.07 4.95 0.002728 3.43 137.18 50.17 0.33 3.04 0.52

Sunset Creek SE 30th 2036.451 1.01-year 100.32 60.13 62.26 61.72 2.13 0.008428 2.83 38.52 47.32 0.48 1.04 0.55
Sunset Creek SE 30th 2036.451 2-year 151 60.13 62.77 62.03 2.64 0.004602 2.7 63.41 49 0.37 1.54 0.44
Sunset Creek SE 30th 2036.451 10-year 236 60.13 63.47 62.39 3.34 0.003026 2.78 98.07 51.26 0.32 2.19 0.41
Sunset Creek SE 30th 2036.451 25-year 297 60.13 63.89 62.57 3.76 0.002585 2.87 120.11 52.64 0.31 2.6 0.42
Sunset Creek SE 30th 2036.451 100-year 412 60.13 64.6 62.85 4.47 0.002145 3.05 157.45 52.87 0.29 3.27 0.44

Sunset Creek SE 30th 2016.641 1.01-year 100.32 59.66 62.2 61.35 2.54 0.003075 2.06 50.21 42.43 0.31 1.32 0.25
Sunset Creek SE 30th 2016.641 2-year 151 59.66 62.74 61.64 3.08 0.002219 2.18 73.92 45.1 0.28 1.83 0.25
Sunset Creek SE 30th 2016.641 10-year 236 59.66 63.43 61.94 3.77 0.00181 2.42 106.01 46.8 0.26 2.5 0.28
Sunset Creek SE 30th 2016.641 25-year 297 59.66 63.86 62.14 4.2 0.001683 2.58 126.14 47.83 0.26 2.9 0.3
Sunset Creek SE 30th 2016.641 100-year 412 59.66 64.57 62.47 4.91 0.001548 2.84 160.54 49.55 0.26 3.57 0.35

Sunset Creek SE 30th 1988.07 1.01-year 100.32 59.15 62.15 61.01 3 0.001716 1.9 60.17 42 0.24 1.79 0.19
Sunset Creek SE 30th 1988.07 2-year 151 59.15 62.69 61.27 3.54 0.001511 2.11 83.51 43.62 0.24 2.3 0.22
Sunset Creek SE 30th 1988.07 10-year 236 59.15 63.39 61.63 4.24 0.001441 2.43 114.86 45.7 0.24 2.95 0.27
Sunset Creek SE 30th 1988.07 25-year 297 59.15 63.82 61.84 4.67 0.001424 2.63 134.61 46.96 0.24 3.35 0.3
Sunset Creek SE 30th 1988.07 100-year 412 59.15 64.53 62.24 5.38 0.001405 2.94 168.55 49.05 0.25 4.01 0.35

Sunset Creek SE 30th 1968.444 1.01-year 100.32 59.73 62.1 61.04 2.37 0.001844 2.08 57.87 41.14 0.26 1.88 0.22
Sunset Creek SE 30th 1968.444 2-year 151 59.73 62.65 61.33 2.92 0.001616 2.3 81.33 44.08 0.26 2.41 0.24
Sunset Creek SE 30th 1968.444 10-year 236 59.73 63.35 61.71 3.62 0.001517 2.63 112.72 45.23 0.26 3.1 0.29
Sunset Creek SE 30th 1968.444 25-year 297 59.73 63.78 61.92 4.05 0.001501 2.84 132.2 46.26 0.26 3.51 0.33
Sunset Creek SE 30th 1968.444 100-year 412 59.73 64.48 62.27 4.75 0.001487 3.19 165.42 47.96 0.27 4.2 0.39
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Sunset Creek SE 30th 1954.61 1.01-year 100.32 59.63 61.99 61.33 2.36 0.008212 3.06 43.17 38.25 0.38 1.89 0.97
Sunset Creek SE 30th 1954.61 2-year 151 59.63 62.57 61.66 2.94 0.005902 3.07 67.43 43.67 0.33 2.43 0.9
Sunset Creek SE 30th 1954.61 10-year 236 59.63 63.29 62.03 3.66 0.00473 3.23 99.74 45.74 0.31 3.1 0.92
Sunset Creek SE 30th 1954.61 25-year 297 59.63 63.73 62.3 4.1 0.004372 3.37 119.83 46.98 0.31 3.51 0.96
Sunset Creek SE 30th 1954.61 100-year 412 59.63 64.44 62.62 4.81 0.003986 3.61 154.17 49.03 0.3 4.17 1.04

Sunset Creek SE 30th 1928.749 1.01-year 100.32 59.16 61.96 60.54 2.8 0.001812 1.53 68.09 38.44 0.19 2.04 0.23
Sunset Creek SE 30th 1928.749 2-year 151 59.16 62.54 60.77 3.38 0.001734 1.77 91.52 42.78 0.19 2.61 0.28
Sunset Creek SE 30th 1928.749 10-year 236 59.16 63.26 61.1 4.1 0.001786 2.11 122.71 43.96 0.2 3.32 0.37
Sunset Creek SE 30th 1928.749 25-year 297 59.16 63.69 61.31 4.53 0.001837 2.32 141.81 44.64 0.21 3.74 0.43
Sunset Creek SE 30th 1928.749 100-year 412 59.16 64.4 61.66 5.24 0.001915 2.65 173.95 45.74 0.22 4.44 0.53

Sunset Creek SE 30th 1881.347 1.01-year 100.32 58.45 61.71 60.37 3.26 0.005655 3.04 36.16 22.84 0.34 2.28 0.81
Sunset Creek SE 30th 1881.347 2-year 151 58.45 62.25 60.8 3.8 0.006073 3.59 50.66 36.83 0.36 2.77 1.05
Sunset Creek SE 30th 1881.347 10-year 236 58.45 62.96 61.48 4.51 0.005834 4.04 78.11 39.28 0.37 3.4 1.24
Sunset Creek SE 30th 1881.347 25-year 297 58.45 63.39 61.9 4.94 0.005589 4.25 95.35 40.41 0.36 3.79 1.32
Sunset Creek SE 30th 1881.347 100-year 412 58.45 64.1 62.64 5.65 0.005316 4.6 124.4 40.94 0.36 4.43 1.47

Sunset Creek SE 30th 1868.66 1.01-year 100.32 59.05 61.67 60.65 2.62 0.004449 2.64 45.34 33.4 0.33 1.96 0.54
Sunset Creek SE 30th 1868.66 2-year 151 59.05 62.24 61.01 3.19 0.003885 2.91 64.72 35.17 0.32 2.5 0.61
Sunset Creek SE 30th 1868.66 10-year 236 59.05 62.95 61.52 3.9 0.003739 3.35 90.37 36.56 0.32 3.17 0.74
Sunset Creek SE 30th 1868.66 25-year 297 59.05 63.38 61.76 4.33 0.003734 3.63 105.99 36.56 0.33 3.58 0.84
Sunset Creek SE 30th 1868.66 100-year 412 59.05 64.07 62.15 5.02 0.003805 4.1 131.53 36.56 0.34 4.25 1.01

Sunset Creek SE 30th 1856.084 1.01-year 100.32 58.51 61.54 60.64 3.03 0.009194 3.18 36.92 28.3 0.39 1.96 1.13
Sunset Creek SE 30th 1856.084 2-year 151 58.51 62.12 61.06 3.61 0.007785 3.44 53.97 30.95 0.37 2.51 1.22
Sunset Creek SE 30th 1856.084 10-year 236 58.51 62.83 61.6 4.32 0.007328 3.91 77.03 34.26 0.38 3.18 1.45
Sunset Creek SE 30th 1856.084 25-year 297 58.51 63.25 61.86 4.74 0.007228 4.21 92.07 36.27 0.38 3.58 1.62
Sunset Creek SE 30th 1856.084 100-year 412 58.51 63.96 62.31 5.45 0.00691 4.61 117.72 36.27 0.38 4.25 1.83

Sunset Creek SE 30th 1817.494 1.01-year 100.32 58.15 61.26 59.86 3.11 0.004924 3.33 30.99 17.77 0.36 2.1 0.65
Sunset Creek SE 30th 1817.494 2-year 151 58.15 61.77 60.34 3.62 0.005847 4.07 41.58 23.46 0.41 2.5 0.91
Sunset Creek SE 30th 1817.494 10-year 236 58.15 62.37 61.03 4.22 0.00705 5.03 56.84 25.61 0.46 2.98 1.31
Sunset Creek SE 30th 1817.494 25-year 297 58.15 62.73 61.59 4.58 0.007687 5.58 66.11 25.61 0.49 3.27 1.57
Sunset Creek SE 30th 1817.494 100-year 412 58.15 63.33 62.25 5.18 0.008613 6.47 81.33 25.61 0.53 3.75 2.01

Sunset Creek SE 30th 1805.019 1.01-year 100.32 58.22 61.22 59.92 3 0.004481 3.25 37.73 28.54 0.36 2.11 0.59
Sunset Creek SE 30th 1805.019 2-year 151 58.22 61.74 60.37 3.52 0.004649 3.74 53.63 32.01 0.37 2.54 0.74
Sunset Creek SE 30th 1805.019 10-year 236 58.22 62.39 61.23 4.17 0.004871 4.34 76.07 53.24 0.39 3.06 0.93
Sunset Creek SE 30th 1805.019 25-year 297 58.22 62.78 61.56 4.56 0.00479 4.6 92.15 60.85 0.4 3.38 1.01
Sunset Creek SE 30th 1805.019 100-year 412 58.22 63.46 62.1 5.24 0.004327 4.84 122.76 67.33 0.39 3.94 1.06

Sunset Creek SE 30th 1791.536 1.01-year 100.32 58.58 61.12 60.26 2.54 0.005998 3.49 32.84 26.2 0.43 1.87 0.7
Sunset Creek SE 30th 1791.536 2-year 151 58.58 61.65 60.74 3.07 0.005534 3.91 47.64 28.57 0.43 2.35 0.81
Sunset Creek SE 30th 1791.536 10-year 236 58.58 62.25 61.28 3.67 0.005915 4.65 64.98 28.57 0.46 2.91 1.07
Sunset Creek SE 30th 1791.536 25-year 297 58.58 62.61 61.59 4.03 0.006259 5.14 75.08 28.57 0.48 3.23 1.26
Sunset Creek SE 30th 1791.536 100-year 412 58.58 63.18 62.03 4.6 0.006856 5.94 91.41 28.57 0.52 3.76 1.61

Sunset Creek SE 30th 1777.213 1.01-year 100.32 58.04 61.1 59.79 3.06 0.00334 2.79 43.51 29.94 0.32 2.13 0.44
Sunset Creek SE 30th 1777.213 2-year 151 58.04 61.64 60.25 3.6 0.003268 3.15 60.86 60.16 0.32 2.6 0.53
Sunset Creek SE 30th 1777.213 10-year 236 58.04 62.27 60.89 4.23 0.003557 3.74 83.05 66.33 0.35 3.14 0.7
Sunset Creek SE 30th 1777.213 25-year 297 58.04 62.64 61.24 4.6 0.003738 4.09 96.39 66.54 0.36 3.47 0.81
Sunset Creek SE 30th 1777.213 100-year 412 58.04 63.24 61.67 5.2 0.004003 4.65 118.39 66.89 0.38 3.99 1

Sunset Creek SE 30th 1749.718 1.01-year 100.32 57.73 60.91 59.77 3.18 0.005586 3.47 33.31 20.49 0.39 2.1 0.73
Sunset Creek SE 30th 1749.718 2-year 151 57.73 61.39 60.31 3.66 0.006433 4.19 44.81 47.1 0.43 2.51 1.01
Sunset Creek SE 30th 1749.718 10-year 236 57.73 61.91 60.9 4.18 0.008186 5.27 60.57 63.78 0.5 2.96 1.51
Sunset Creek SE 30th 1749.718 25-year 297 57.73 62.21 61.31 4.48 0.009052 5.87 70.54 64.03 0.54 3.22 1.82
Sunset Creek SE 30th 1749.718 100-year 412 57.73 62.72 61.95 4.99 0.010215 6.79 87.2 64.43 0.58 3.66 2.34

Sunset Creek SE 30th 1689.563 1.01-year 100.32 57.21 60.02 59.59 2.81 0.020876 5.42 18.92 17.83 0.7 1.56 2.03
Sunset Creek SE 30th 1689.563 2-year 151 57.21 60.43 60.37 3.22 0.020473 6.14 29.13 26.36 0.72 1.9 2.43
Sunset Creek SE 30th 1689.563 10-year 236 57.21 61.02 60.84 3.81 0.016972 6.53 45.24 28.17 0.68 2.4 2.55
Sunset Creek SE 30th 1689.563 25-year 297 57.21 61.38 61.07 4.17 0.015528 6.76 55.52 29.26 0.67 2.71 2.62
Sunset Creek SE 30th 1689.563 100-year 412 57.21 61.97 61.51 4.76 0.013881 7.16 73.28 43.57 0.65 3.2 2.78

Sunset Creek SE 30th 1668.393 1.01-year 100.32 56.93 59.91 59.04 2.98 0.008146 4.05 28.94 25.06 0.47 1.94 0.99
Sunset Creek SE 30th 1668.393 2-year 151 56.93 60.35 59.81 3.42 0.008396 4.62 40.03 26.29 0.5 2.31 1.21
Sunset Creek SE 30th 1668.393 10-year 236 56.93 60.91 60.31 3.98 0.008645 5.32 55.37 27.91 0.52 2.79 1.51
Sunset Creek SE 30th 1668.393 25-year 297 56.93 61.26 60.56 4.33 0.008706 5.71 65.25 28.9 0.53 3.09 1.68
Sunset Creek SE 30th 1668.393 100-year 412 56.93 61.84 61.01 4.91 0.008713 6.31 82.48 30.55 0.54 3.58 1.95

Sunset Creek SE 30th 1626.318 1.01-year 100.32 56.89 59.64 58.71 2.75 0.006398 3.64 31.21 23.61 0.43 1.9 0.76
Sunset Creek SE 30th 1626.318 2-year 151 56.89 60.03 59.27 3.14 0.007479 4.38 40.51 24.76 0.48 2.23 1.04
Sunset Creek SE 30th 1626.318 10-year 236 56.89 60.51 59.87 3.62 0.009048 5.39 52.72 26.21 0.54 2.65 1.49
Sunset Creek SE 30th 1626.318 25-year 297 56.89 60.8 60.15 3.91 0.009898 5.99 60.41 27.07 0.58 2.9 1.79
Sunset Creek SE 30th 1626.318 100-year 412 56.89 61.3 60.62 4.41 0.010777 6.86 74.37 28.58 0.62 3.33 2.24

Sunset Creek SE 30th 1613.357 1.01-year 100.32 56.46 59.63 58.27 3.17 0.003357 2.9 37.14 23.32 0.33 2.08 0.44
Sunset Creek SE 30th 1613.357 2-year 151 56.46 60 58.69 3.54 0.004389 3.65 46.19 24.85 0.39 2.4 0.66
Sunset Creek SE 30th 1613.357 10-year 236 56.46 60.47 59.4 4.01 0.0059 4.69 58.04 26.32 0.46 2.8 1.03
Sunset Creek SE 30th 1613.357 25-year 297 56.46 60.74 59.77 4.28 0.006805 5.32 65.4 27.19 0.5 3.03 1.29
Sunset Creek SE 30th 1613.357 100-year 412 56.46 61.23 60.29 4.77 0.00793 6.25 78.89 28.73 0.55 3.45 1.71
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06-03501-002 Phase II Alternative 2 Output Table Herrera Environmental Consultants

River Reach River Sta Profile Q Total Min Ch El W.S. Elev Crit W.S. Max Chl Dpth E.G. Slope Vel Chnl Flow Area Top Width Froude # Chl Hydr Radius C Shear Chan
(cfs) (ft) (ft) (ft) (ft) (ft/ft) (ft/s) (sq ft) (ft) (ft) (lb/sq ft)

Sunset Creek SE 30th 1592.728 1.01-year 100.32 56.02 59.65 57.91 3.63 0.001149 1.69 62.89 33.09 0.19 2.23 0.16
Sunset Creek SE 30th 1592.728 2-year 151 56.02 60.04 58.23 4.02 0.001518 2.15 75.99 33.8 0.23 2.6 0.25
Sunset Creek SE 30th 1592.728 10-year 236 56.02 60.54 58.66 4.52 0.002077 2.81 92.89 34.71 0.28 3.07 0.4
Sunset Creek SE 30th 1592.728 25-year 297 56.02 60.83 58.92 4.81 0.00242 3.22 103.26 35.25 0.3 3.35 0.51
Sunset Creek SE 30th 1592.728 100-year 412 56.02 61.35 59.38 5.33 0.002877 3.85 121.91 36.21 0.34 3.85 0.69

Sunset Creek SE 30th 1583.59 1.01-year 100.32 56.87 59.48 58.8 2.61 0.008049 3.48 32.65 32.1 0.47 1.59 0.8
Sunset Creek SE 30th 1583.59 2-year 151 56.87 59.81 59.2 2.94 0.00914 4.19 43.62 33.2 0.52 1.91 1.09
Sunset Creek SE 30th 1583.59 10-year 236 56.87 60.21 59.7 3.34 0.011291 5.25 56.96 34.5 0.6 2.28 1.61
Sunset Creek SE 30th 1583.59 25-year 297 56.87 60.43 59.97 3.56 0.012715 5.91 64.84 35.25 0.64 2.5 1.98
Sunset Creek SE 30th 1583.59 100-year 412 56.87 60.87 60.38 4 0.013713 6.8 80.49 36.69 0.68 2.91 2.49

Sunset Creek SE 30th 1583.5 Lat Struct

Sunset Creek SE 30th 1576.451 1.01-year 100.32 56.81 59.39 58.71 2.58 0.01288 3.58 28.97 25.93 0.53 1.27 1.02
Sunset Creek SE 30th 1576.451 2-year 151 56.81 59.69 59.18 2.88 0.015583 4.33 37.2 28.01 0.6 1.47 1.43
Sunset Creek SE 30th 1576.451 10-year 236 56.81 60.02 59.67 3.21 0.020105 5.52 46.94 31.92 0.7 1.76 2.2
Sunset Creek SE 30th 1576.451 25-year 297 56.81 60.17 59.92 3.36 0.024449 6.39 51.81 33.88 0.78 1.89 2.89
Sunset Creek SE 30th 1576.451 100-year 412 56.81 60.36 60.36 3.55 0.034449 8.04 58.39 36.3 0.94 2.06 4.43

Sunset Creek SE 30th 1535.154 1.01-year 85.27 56.74 58.88 58.13 2.14 0.005952 2.09 44.51 64.82 0.32 1.3 0.48
Sunset Creek SE 30th 1535.154 2-year 128.35 56.74 59.18 58.35 2.44 0.006312 2.43 65.06 75.59 0.34 1.55 0.61
Sunset Creek SE 30th 1535.154 10-year 200.6 56.74 59.54 58.67 2.8 0.006603 2.81 96.09 107.2 0.36 1.86 0.77
Sunset Creek SE 30th 1535.154 25-year 252.45 56.74 59.75 58.95 3.01 0.006459 2.98 118.93 107.2 0.36 2.06 0.83
Sunset Creek SE 30th 1535.154 100-year 350.2 56.74 60.09 59.26 3.35 0.006347 3.26 155.06 107.2 0.37 2.39 0.95

Sunset Creek SE 30th 1520.645 1.01-year 85.27 56.07 58.86 57.6 2.79 0.001622 1.56 72.98 107.62 0.21 1.52 0.15
Sunset Creek SE 30th 1520.645 2-year 128.35 56.07 59.16 57.84 3.09 0.001767 1.81 105.43 109.75 0.23 1.79 0.2
Sunset Creek SE 30th 1520.645 10-year 200.6 56.07 59.52 58.19 3.45 0.00202 2.16 144.8 109.75 0.25 2.11 0.27
Sunset Creek SE 30th 1520.645 25-year 252.45 56.07 59.73 58.4 3.66 0.002178 2.38 167.84 109.75 0.26 2.3 0.31
Sunset Creek SE 30th 1520.645 100-year 350.2 56.07 60.06 58.97 3.99 0.002455 2.74 204.17 109.75 0.28 2.6 0.4

Sunset Creek SE 30th 1493.465 1.01-year 85.27 56.01 58.7 57.64 2.69 0.004145 2.89 40.53 62.58 0.35 1.9 0.49
Sunset Creek SE 30th 1493.465 2-year 128.35 56.01 58.95 58.02 2.94 0.005351 3.54 61.32 88.29 0.41 2.12 0.71
Sunset Creek SE 30th 1493.465 10-year 200.6 56.01 59.27 58.92 3.26 0.006281 4.18 89.8 88.29 0.45 2.42 0.95
Sunset Creek SE 30th 1493.465 25-year 252.45 56.01 59.46 59.1 3.45 0.006746 4.54 106.66 88.29 0.47 2.59 1.09
Sunset Creek SE 30th 1493.465 100-year 350.2 56.01 59.76 59.35 3.75 0.007605 5.14 132.59 88.29 0.51 2.86 1.36

Sunset Creek SE 30th 1474.062 1.01-year 85.27 56.81 58.67 58.2 1.86 0.003919 2.28 70.18 110.27 0.33 1.37 0.33
Sunset Creek SE 30th 1474.062 2-year 128.35 56.81 58.94 58.39 2.13 0.003902 2.54 99.13 110.27 0.34 1.61 0.39
Sunset Creek SE 30th 1474.062 10-year 200.6 56.81 59.27 58.59 2.46 0.004071 2.92 135.6 110.27 0.36 1.92 0.49
Sunset Creek SE 30th 1474.062 25-year 252.45 56.81 59.46 58.74 2.65 0.004232 3.16 156.98 110.27 0.37 2.1 0.55
Sunset Creek SE 30th 1474.062 100-year 350.2 56.81 59.76 58.94 2.95 0.004639 3.59 189.85 110.27 0.4 2.38 0.69

Sunset Creek SE 30th 1400.25 1.01-year 85.27 56.09 57.96 57.61 1.87 0.014145 4.19 31.41 78.66 0.61 1.34 1.19
Sunset Creek SE 30th 1400.25 2-year 128.35 56.09 58.15 58.15 2.06 0.016614 4.89 46.97 83.59 0.67 1.51 1.57
Sunset Creek SE 30th 1400.25 10-year 200.6 56.09 58.38 58.38 2.29 0.019637 5.79 65.88 83.59 0.74 1.71 2.1
Sunset Creek SE 30th 1400.25 25-year 252.45 56.09 58.52 58.52 2.43 0.02105 6.28 77.39 83.59 0.78 1.84 2.42
Sunset Creek SE 30th 1400.25 100-year 350.2 56.09 58.85 58.73 2.76 0.018143 6.45 105.04 83.59 0.74 2.14 2.42

Sunset Creek SE 30th 1312.582 1.01-year 85.27 54.16 56.24 55.93 2.08 0.0213 5.36 15.98 11.67 0.75 1.36 1.81
Sunset Creek SE 30th 1312.582 2-year 128.35 54.16 56.73 56.72 2.57 0.013865 5.05 46.93 86.52 0.62 1.73 1.5
Sunset Creek SE 30th 1312.582 10-year 200.6 54.16 57.34 56.99 3.18 0.006623 4.16 100.75 87.46 0.45 2.25 0.93
Sunset Creek SE 30th 1312.582 25-year 252.45 54.16 57.8 57.13 3.64 0.004257 3.71 140.95 87.46 0.37 2.64 0.7
Sunset Creek SE 30th 1312.582 100-year 350.2 54.16 58.59 57.35 4.43 0.002582 3.35 209.85 87.46 0.3 3.31 0.53

Sunset Creek SE 30th 1208.49 1.01-year 85.27 51.7 54.69 53.8 2.99 0.011975 4.59 18.56 8.69 0.55 1.56 1.17
Sunset Creek SE 30th 1208.49 2-year 128.35 51.7 55.76 54.36 4.06 0.007418 3.96 43.63 47.17 0.45 1.82 0.84
Sunset Creek SE 30th 1208.49 10-year 200.6 51.7 56.96 55.65 5.26 0.002698 3.01 107.59 54.66 0.29 2.6 0.44
Sunset Creek SE 30th 1208.49 25-year 252.45 51.7 57.5 55.97 5.8 0.002206 3.01 137.02 54.66 0.27 3.02 0.42
Sunset Creek SE 30th 1208.49 100-year 350.2 51.7 58.34 56.34 6.64 0.001853 3.15 183.05 54.66 0.26 3.67 0.42

Sunset Creek SE 30th 1177.949 1.01-year 100.55 51.42 54.73 53.05 3.31 0.001847 2.77 36.25 13.04 0.29 2.11 0.24
Sunset Creek SE 30th 1177.949 2-year 151.35 51.42 55.49 53.47 4.07 0.001659 3.06 67.13 50.14 0.29 2.67 0.28
Sunset Creek SE 30th 1177.949 10-year 236.6 51.42 56.27 54.07 4.85 0.001625 3.46 106.13 50.15 0.29 3.26 0.33
Sunset Creek SE 30th 1177.949 25-year 297.45 51.42 56.72 54.46 5.3 0.001634 3.7 128.59 50.15 0.3 3.6 0.37
Sunset Creek SE 30th 1177.949 100-year 413.2 51.42 57.46 55.54 6.04 0.001653 4.1 165.82 50.15 0.31 4.16 0.43

Sunset Creek SE 30th 1012.233 1.01-year 100.55 49.75 53.92 52.37 4.17 0.012251 4.21 23.87 7.7 0.42 1.6 1.23
Sunset Creek SE 30th 1012.233 2-year 151.35 49.75 54.61 53 4.86 0.014792 4.99 32.94 19.55 0.46 1.82 1.68
Sunset Creek SE 30th 1012.233 10-year 236.6 49.75 55.32 53.89 5.57 0.015391 5.74 47.5 21.31 0.49 2.18 2.09
Sunset Creek SE 30th 1012.233 25-year 297.45 49.75 55.73 54.97 5.98 0.015626 6.14 56.34 22.3 0.5 2.38 2.32
Sunset Creek SE 30th 1012.233 100-year 413.2 49.75 56.4 55.54 6.65 0.015675 6.72 72.28 25.48 0.51 2.72 2.66

Sunset Creek SE 30th 852.3866 1.01-year 100.55 50.09 52.62 51.63 2.53 0.006318 3.4 29.59 14.77 0.42 1.78 0.7
Sunset Creek SE 30th 852.3866 2-year 151.35 50.09 53.16 52.04 3.07 0.00678 3.98 39.22 20.86 0.45 2.16 0.91
Sunset Creek SE 30th 852.3866 10-year 236.6 50.09 54.19 52.6 4.1 0.004971 4.03 66.57 32.49 0.39 2.84 0.88
Sunset Creek SE 30th 852.3866 25-year 297.45 50.09 54.65 53 4.56 0.004727 4.18 81.9 33.02 0.39 3.14 0.93
Sunset Creek SE 30th 852.3866 100-year 413.2 50.09 55.42 53.69 5.33 0.004455 4.42 107.51 33.91 0.38 3.61 1

Sunset Creek SE 30th 834.4796 1.01-year 100.55 50.42 52.35 52.05 1.93 0.01469 4.18 24.06 20.51 0.68 1.14 1.04
Sunset Creek SE 30th 834.4796 2-year 151.35 50.42 53.04 52.37 2.62 0.007447 3.91 39.73 25.09 0.51 1.75 0.81
Sunset Creek SE 30th 834.4796 10-year 236.6 50.42 54.14 52.8 3.72 0.003764 3.62 71.26 32.4 0.38 2.65 0.62
Sunset Creek SE 30th 834.4796 25-year 297.45 50.42 54.61 53.07 4.19 0.003505 3.79 86.83 33.42 0.37 3.02 0.66
Sunset Creek SE 30th 834.4796 100-year 413.2 50.42 55.37 53.54 4.95 0.003281 4.09 112.53 33.91 0.36 3.6 0.74
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06-03501-002 Phase II Alternative 2 Output Table Herrera Environmental Consultants

River Reach River Sta Profile Q Total Min Ch El W.S. Elev Crit W.S. Max Chl Dpth E.G. Slope Vel Chnl Flow Area Top Width Froude # Chl Hydr Radius C Shear Chan
(cfs) (ft) (ft) (ft) (ft) (ft/ft) (ft/s) (sq ft) (ft) (ft) (lb/sq ft)

Sunset Creek SE 30th 816.2844 1.01-year 100.55 50.18 52.24 51.75 2.06 0.008119 3.12 32.26 26.81 0.5 1.17 0.59
Sunset Creek SE 30th 816.2844 2-year 151.35 50.18 53.02 52.01 2.84 0.004056 2.78 54.43 30.02 0.36 1.73 0.44
Sunset Creek SE 30th 816.2844 10-year 236.6 50.18 54.15 52.38 3.97 0.002 2.58 96.79 43.1 0.27 2.69 0.34
Sunset Creek SE 30th 816.2844 25-year 297.45 50.18 54.63 52.61 4.45 0.001856 2.72 117.38 43.46 0.26 3.08 0.36
Sunset Creek SE 30th 816.2844 100-year 413.2 50.18 55.4 53 5.22 0.001737 2.95 151.26 44.04 0.26 3.71 0.4

Sunset Creek SE 30th 795.8286 1.01-year 100.55 50.27 52.19 51.34 1.92 0.00315 2.32 44.91 31.92 0.32 1.49 0.29
Sunset Creek SE 30th 795.8286 2-year 151.35 50.27 53 51.59 2.73 0.001784 2.23 72.03 35.08 0.26 2.18 0.24
Sunset Creek SE 30th 795.8286 10-year 236.6 50.27 54.14 51.96 3.87 0.001152 2.25 114.08 37.65 0.21 3.11 0.22
Sunset Creek SE 30th 795.8286 25-year 297.45 50.27 54.62 52.18 4.35 0.001187 2.44 131.93 37.82 0.22 3.47 0.26
Sunset Creek SE 30th 795.8286 100-year 413.2 50.27 55.38 52.55 5.11 0.001271 2.78 161.13 38.09 0.23 4.05 0.32

Sunset Creek SE 30th 772.6812 1.01-year 100.55 49.8 52.11 51.34 2.31 0.00363 2.31 43.79 31.6 0.34 1.35 0.31
Sunset Creek SE 30th 772.6812 2-year 151.35 49.8 52.96 51.57 3.16 0.001804 2.16 72.62 36.28 0.25 2.08 0.23
Sunset Creek SE 30th 772.6812 10-year 236.6 49.8 54.12 51.89 4.32 0.001109 2.15 115.02 45.55 0.21 3.03 0.21
Sunset Creek SE 30th 772.6812 25-year 297.45 49.8 54.59 52.11 4.79 0.001113 2.35 132.48 46.93 0.21 3.44 0.24
Sunset Creek SE 30th 772.6812 100-year 413.2 49.8 55.36 52.47 5.56 0.001142 2.68 160.86 49.35 0.22 4.13 0.29

Sunset Creek SE 30th 742.021 1.01-year 100.55 49.76 52.02 51.21 2.26 0.003164 2.1 47.78 33.86 0.31 1.33 0.26
Sunset Creek SE 30th 742.021 2-year 151.35 49.76 52.92 51.43 3.16 0.001523 1.91 79.33 41.34 0.23 2.05 0.19
Sunset Creek SE 30th 742.021 10-year 236.6 49.76 54.1 51.73 4.34 0.000905 1.94 122.07 51.49 0.19 3.11 0.18
Sunset Creek SE 30th 742.021 25-year 297.45 49.76 54.57 51.93 4.81 0.000921 2.14 139.3 53.01 0.19 3.55 0.2
Sunset Creek SE 30th 742.021 100-year 413.2 49.76 55.34 52.27 5.58 0.000966 2.47 167.27 53.01 0.2 4.27 0.26

Sunset Creek SE 30th 704.0906 Bridge

Sunset Creek SE 30th 637.1669 1.01-year 100.55 49 51.91 50.27 2.91 0.000848 1.45 70.2 47.21 0.17 2.09 0.11
Sunset Creek SE 30th 637.1669 2-year 151.35 49 52.51 50.53 3.51 0.000908 1.72 88.85 47.46 0.18 2.59 0.15
Sunset Creek SE 30th 637.1669 10-year 236.6 49 53.12 50.86 4.12 0.001179 2.21 108.51 50.82 0.21 3.12 0.23
Sunset Creek SE 30th 637.1669 25-year 297.45 49 53.46 51.05 4.46 0.001351 2.52 121.12 55.09 0.23 3.42 0.29
Sunset Creek SE 30th 637.1669 100-year 413.2 49 54.01 51.41 5.01 0.001627 3.02 142.47 55.09 0.26 3.92 0.4

Sunset Creek SE 30th 616.5581 1.01-year 100.55 48.88 51.91 49.89 3.03 0.000323 1.03 110.99 63.74 0.11 2.53 0.05
Sunset Creek SE 30th 616.5581 2-year 151.35 48.88 52.51 50.12 3.63 0.00037 1.24 138.24 68.09 0.12 3.03 0.07
Sunset Creek SE 30th 616.5581 10-year 236.6 48.88 53.13 50.44 4.25 0.000508 1.6 166.47 68.5 0.14 3.53 0.11
Sunset Creek SE 30th 616.5581 25-year 297.45 48.88 53.48 50.61 4.6 0.000595 1.83 182.93 71.65 0.16 3.84 0.14
Sunset Creek SE 30th 616.5581 100-year 413.2 48.88 54.04 50.91 5.16 0.000742 2.22 211.02 73.22 0.18 4.35 0.2

Sunset Creek SE 30th 596.5916 1.01-year 100.55 48.52 51.89 49.66 3.37 0.000467 1.22 86.58 39.79 0.13 2.65 0.08
Sunset Creek SE 30th 596.5916 2-year 151.35 48.52 52.49 49.91 3.97 0.000583 1.52 105.26 41.8 0.14 3.12 0.11
Sunset Creek SE 30th 596.5916 10-year 236.6 48.52 53.09 50.27 4.57 0.000843 2.01 124.53 43.09 0.18 3.62 0.19
Sunset Creek SE 30th 596.5916 25-year 297.45 48.52 53.42 50.49 4.9 0.001019 2.33 135.73 44.4 0.2 3.92 0.25
Sunset Creek SE 30th 596.5916 100-year 413.2 48.52 53.95 50.89 5.43 0.001329 2.88 154.47 46.49 0.23 4.39 0.36

Sunset Creek SE 30th 572.9708 1.01-year 100.55 47.8 51.79 50.11 3.99 0.007538 2.48 40.59 22.01 0.31 1.85 0.87
Sunset Creek SE 30th 572.9708 2-year 151.35 47.8 52.36 50.59 4.56 0.007033 2.83 57.4 34.91 0.31 2.37 1.04
Sunset Creek SE 30th 572.9708 10-year 236.6 47.8 52.92 51.28 5.12 0.007889 3.42 77.89 37.52 0.34 2.89 1.42
Sunset Creek SE 30th 572.9708 25-year 297.45 47.8 53.24 51.64 5.44 0.008498 3.78 89.82 38.6 0.36 3.18 1.69
Sunset Creek SE 30th 572.9708 100-year 413.2 47.8 53.73 52.3 5.93 0.009453 4.37 109.03 38.6 0.39 3.64 2.15

Sunset Creek SE 30th 554.7107 1.01-year 100.55 47.62 51.53 49.85 3.91 0.008664 3.51 29.65 16.97 0.36 2.05 1.11
Sunset Creek SE 30th 554.7107 2-year 151.35 47.62 52.02 50.4 4.4 0.010876 4.35 43.97 52.7 0.41 2.38 1.62
Sunset Creek SE 30th 554.7107 10-year 236.6 47.62 52.65 51.17 5.03 0.009955 4.65 78.01 55.51 0.4 2.81 1.75
Sunset Creek SE 30th 554.7107 25-year 297.45 47.62 53.01 52.36 5.39 0.009395 4.77 98.04 57.1 0.4 3.05 1.79
Sunset Creek SE 30th 554.7107 100-year 413.2 47.62 53.57 52.75 5.95 0.008626 4.95 134.54 116.88 0.39 3.44 1.85

Sunset Creek SE 30th 543.1325 1.01-year 100.55 47.65 51.52 49.72 3.87 0.003274 2.92 35.23 50.97 0.3 2.2 0.45
Sunset Creek SE 30th 543.1325 2-year 151.35 47.65 52.04 50.19 4.39 0.003644 3.37 63.54 55.1 0.32 2.55 0.58
Sunset Creek SE 30th 543.1325 10-year 236.6 47.65 52.64 50.87 4.99 0.003872 3.88 98.61 117.31 0.34 3 0.73
Sunset Creek SE 30th 543.1325 25-year 297.45 47.65 52.98 51.29 5.33 0.003881 4.1 121.75 117.31 0.35 3.26 0.79
Sunset Creek SE 30th 543.1325 100-year 413.2 47.65 53.53 52.3 5.88 0.003888 4.45 158.79 117.31 0.36 3.68 0.89

Sunset Creek SE 30th 529.8341 1.01-year 100.55 47.8 51.47 49.72 3.67 0.003859 2.94 34.89 19.26 0.31 2.17 0.52
Sunset Creek SE 30th 529.8341 2-year 151.35 47.8 51.99 50.2 4.19 0.004265 3.39 59.3 104.45 0.33 2.5 0.67
Sunset Creek SE 30th 529.8341 10-year 236.6 47.8 52.59 50.88 4.79 0.004205 3.77 94.29 110.85 0.34 2.97 0.78
Sunset Creek SE 30th 529.8341 25-year 297.45 47.8 52.94 51.3 5.14 0.004211 3.99 115.69 114.45 0.34 3.24 0.85
Sunset Creek SE 30th 529.8341 100-year 413.2 47.8 53.48 52.33 5.68 0.004245 4.35 152.44 120.21 0.35 3.66 0.97

Sunset Creek SE 30th 420.6496 1.01-year 100.55 47.11 51.29 48.76 4.18 0.001295 1.95 52.9 25.45 0.19 2.57 0.21
Sunset Creek SE 30th 420.6496 2-year 151.35 47.11 51.75 49.16 4.64 0.001814 2.47 75.05 54.14 0.23 2.87 0.32
Sunset Creek SE 30th 420.6496 10-year 236.6 47.11 52.3 49.73 5.19 0.002274 3.04 110.85 118.2 0.26 3.31 0.47
Sunset Creek SE 30th 420.6496 25-year 297.45 47.11 52.62 50.1 5.51 0.002461 3.33 132.78 118.2 0.28 3.56 0.55
Sunset Creek SE 30th 420.6496 100-year 413.2 47.11 53.14 50.75 6.03 0.002707 3.75 168.33 118.2 0.3 3.97 0.67

Sunset Creek SE 30th 48.9477 1.01-year 100.55 47.18 50.65 49.5 3.47 0.002442 2.13 71.26 131.31 0.26 1.84 0.28
Sunset Creek SE 30th 48.9477 2-year 151.35 47.18 50.98 49.88 3.8 0.002464 2.37 98.48 131.31 0.27 2.15 0.33
Sunset Creek SE 30th 48.9477 10-year 236.6 47.18 51.5 50.55 4.32 0.002216 2.56 140.71 131.31 0.27 2.62 0.36
Sunset Creek SE 30th 48.9477 25-year 297.45 47.18 51.8 50.7 4.62 0.002179 2.72 165.11 131.31 0.27 2.9 0.39
Sunset Creek SE 30th 48.9477 100-year 413.2 47.18 52.3 50.92 5.12 0.00215 2.98 205.72 131.31 0.27 3.36 0.45
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06-03501-002 Phase II Alternative 2 Output Table Herrera Environmental Consultants

River Reach River Sta Profile Q Total Min Ch El W.S. Elev Crit W.S. Max Chl Dpth E.G. Slope Vel Chnl Flow Area Top Width Froude # Chl Hydr Radius C Shear Chan
(cfs) (ft) (ft) (ft) (ft) (ft/ft) (ft/s) (sq ft) (ft) (ft) (lb/sq ft)

Richards Creek Historical 1507.208 1.01-year 15.05 57.05 58.62 57.65 1.57 0.002703 0.91 16.56 17.45 0.16 0.89 0.15
Richards Creek Historical 1507.208 2-year 22.65 57.05 58.81 57.8 1.76 0.003796 1.13 20.06 19 0.19 0.98 0.23
Richards Creek Historical 1507.208 10-year 35.4 57.05 59.03 58 1.98 0.005265 1.45 24.62 23.46 0.23 1.14 0.37
Richards Creek Historical 1507.208 25-year 44.55 57.05 59.13 58.13 2.08 0.006525 1.69 27.09 26.94 0.26 1.21 0.49
Richards Creek Historical 1507.208 100-year 61.8 57.05 59.27 58.31 2.22 0.00875 2.09 31.13 30.61 0.31 1.34 0.73

Richards Creek Historical 1481.097 1.01-year 15.05 57.41 58.45 58.08 1.04 0.012687 1.84 10.58 30.74 0.37 0.74 0.58
Richards Creek Historical 1481.097 2-year 22.65 57.41 58.65 58.32 1.24 0.009489 1.77 20.33 70.02 0.32 0.88 0.52
Richards Creek Historical 1481.097 10-year 35.4 57.41 58.91 58.51 1.5 0.005139 1.48 44.41 115.25 0.24 1.09 0.35
Richards Creek Historical 1481.097 25-year 44.55 57.41 59 58.61 1.59 0.004818 1.51 56.33 131.14 0.24 1.18 0.36
Richards Creek Historical 1481.097 100-year 61.8 57.41 59.14 58.72 1.73 0.004481 1.57 76.03 145.39 0.24 1.32 0.37

Richards Creek Historical 1291.987 1.01-year 15.05 55.48 56.38 56.05 0.9 0.009455 1.94 7.75 12.07 0.43 0.63 0.37
Richards Creek Historical 1291.987 2-year 22.65 55.48 56.5 56.19 1.02 0.012864 2.44 9.29 12.84 0.5 0.71 0.57
Richards Creek Historical 1291.987 10-year 35.4 55.48 56.41 56.38 0.93 0.046361 4.38 8.09 12.25 0.95 0.65 1.87
Richards Creek Historical 1291.987 25-year 44.55 55.48 56.5 56.5 1.02 0.050988 4.83 9.21 12.8 1 0.7 2.24
Richards Creek Historical 1291.987 100-year 61.8 55.48 56.68 56.68 1.2 0.049454 5.28 11.71 13.74 1.01 0.83 2.56

Richards Creek Historical 999.2128 1.01-year 15.05 51.78 52.33 52.21 0.55 0.021643 2.41 6.26 14.62 0.65 0.42 0.57
Richards Creek Historical 999.2128 2-year 22.65 51.78 52.53 52.32 0.75 0.014271 2.42 9.35 15.49 0.55 0.59 0.53
Richards Creek Historical 999.2128 10-year 35.4 51.78 53.02 52.47 1.24 0.005472 2.03 17.43 17.57 0.36 0.97 0.33
Richards Creek Historical 999.2128 25-year 44.55 51.78 54.1 52.56 2.32 0.000868 1.14 38.96 21.98 0.15 1.7 0.09
Richards Creek Historical 999.2128 100-year 61.8 51.78 56.66 52.72 4.88 0.000065 0.49 191.13 214.45 0.04 3.44 0.01

Richards Creek Historical 968.151 1.01-year 15.05 51.3 52.1 51.71 0.8 0.00443 1.44 10.46 15.61 0.31 0.66 0.18
Richards Creek Historical 968.151 2-year 22.65 51.3 52.38 51.82 1.08 0.003527 1.53 14.82 16.66 0.29 0.87 0.19
Richards Creek Historical 968.151 10-year 35.4 51.3 52.95 51.97 1.65 0.001863 1.41 25.07 18.89 0.22 1.28 0.15
Richards Creek Historical 968.151 25-year 44.55 51.3 54.09 52.06 2.79 0.000439 0.91 49.03 22.93 0.11 2.02 0.06
Richards Creek Historical 968.151 100-year 61.8 51.3 56.66 52.22 5.36 0.000067 0.53 116.81 217.23 0.05 3.8 0.02

Richards Creek Historical 913.9713 Culvert

Richards Creek Historical 875.7664 1.01-year 15.05 49.6 50.72 49.88 1.12 0.000498 0.6 24.93 27.65 0.11 0.88 0.03
Richards Creek Historical 875.7664 2-year 22.65 49.6 51.06 49.97 1.46 0.000432 0.65 34.86 30.91 0.11 1.1 0.03
Richards Creek Historical 875.7664 10-year 35.4 49.6 51.58 50.09 1.98 0.000351 0.68 52.33 35.78 0.1 1.42 0.03
Richards Creek Historical 875.7664 25-year 44.55 49.6 51.89 50.17 2.29 0.000327 0.7 63.72 38.62 0.1 1.6 0.03
Richards Creek Historical 875.7664 100-year 61.8 49.6 52.4 50.29 2.8 0.000295 0.73 84.69 122.23 0.09 1.89 0.03

Richards Creek Historical 843.4692 1.01-year 15.05 49.48 50.71 49.76 1.23 0.000354 0.53 28.16 29.03 0.1 0.95 0.02
Richards Creek Historical 843.4692 2-year 22.65 49.48 51.05 49.85 1.57 0.000328 0.59 38.63 32.37 0.09 1.17 0.02
Richards Creek Historical 843.4692 10-year 35.4 49.48 51.57 49.97 2.09 0.000279 0.62 56.91 37.17 0.09 1.49 0.03
Richards Creek Historical 843.4692 25-year 44.55 49.48 51.88 50.05 2.4 0.000266 0.65 68.73 45.43 0.09 1.67 0.03
Richards Creek Historical 843.4692 100-year 61.8 49.48 52.39 50.17 2.91 0.000246 0.68 90.4 144.04 0.08 1.96 0.03

Richards Creek Historical 240.4131 1.01-year 15.05 45.9 50.71 46.6 4.81 0.000001 0.1 402.64 212.34 0.01 3.72 0
Richards Creek Historical 240.4131 2-year 22.65 45.9 51.05 46.73 5.15 0.000001 0.13 477.21 225.63 0.01 4.02 0
Richards Creek Historical 240.4131 10-year 35.4 45.9 51.57 46.92 5.67 0.000002 0.17 600.43 238.56 0.01 4.49 0
Richards Creek Historical 240.4131 25-year 44.55 45.9 51.88 47.05 5.98 0.000002 0.19 673.56 238.56 0.01 4.76 0
Richards Creek Historical 240.4131 100-year 61.8 45.9 52.39 47.25 6.49 0.000002 0.22 795.71 238.56 0.02 5.21 0

Richards Creek Lower 85.48712 1.01-year 120.25 47.08 50.66 49.54 3.58 0.001315 2.1 131.45 256.31 0.25 1.94 0.16
Richards Creek Lower 85.48712 2-year 181 47.08 50.99 50.28 3.91 0.001313 2.31 184.23 256.31 0.26 2.25 0.18
Richards Creek Lower 85.48712 10-year 297 47.08 51.51 50.56 4.43 0.00131 2.62 265.35 256.31 0.27 2.72 0.22
Richards Creek Lower 85.48712 25-year 376 47.08 51.82 50.7 4.74 0.001309 2.8 312.53 256.31 0.27 3 0.25
Richards Creek Lower 85.48712 100-year 525 47.08 52.32 50.93 5.24 0.001308 3.07 391.18 256.31 0.28 3.46 0.28

Richards Creek Lower 26.62222 1.01-year 120.25 47 50.58 49.45 3.58 0.0013 2.09 132.08 256.31 0.25 1.94 0.16
Richards Creek Lower 26.62222 2-year 181 47 50.92 50.2 3.92 0.001301 2.3 184.88 256.31 0.26 2.25 0.18
Richards Creek Lower 26.62222 10-year 297 47 51.44 50.48 4.44 0.0013 2.62 266.03 256.31 0.27 2.73 0.22
Richards Creek Lower 26.62222 25-year 376 47 51.74 50.62 4.74 0.001301 2.79 313.23 256.31 0.27 3 0.24
Richards Creek Lower 26.62222 100-year 525 47 52.24 50.85 5.24 0.001301 3.07 391.89 256.31 0.28 3.46 0.28
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06-03501-002 Phase III Alternative 3 Output Table Herrera Environmental Consultants

River Reach River Sta Profile Q Total Min Ch El W.S. Elev Crit W.S. Max Chl Dpth E.G. Slope Vel Chnl Flow Area Top Width Froude # Chl Hydr Radius C Shear Chan
(cfs) (ft) (ft) (ft) (ft) (ft/ft) (ft/s) (sq ft) (ft) (ft) (lb/sq ft)

Sunset Creek SE 30th 3272.859 1.01-year 52.48 82.49 85.22 83.99 2.73 0.006909 2.99 17.54 7.87 0.35 1.53 0.66
Sunset Creek SE 30th 3272.859 2-year 79 82.49 85.87 84.38 3.38 0.007726 3.46 22.83 8.32 0.37 1.77 0.86
Sunset Creek SE 30th 3272.859 10-year 126 82.49 86.72 84.96 4.23 0.009492 4.19 30.1 8.9 0.4 2.06 1.22
Sunset Creek SE 30th 3272.859 25-year 157 82.49 87.13 85.3 4.64 0.010441 4.63 34.08 10.3 0.42 2.24 1.46
Sunset Creek SE 30th 3272.859 100-year 212 82.49 87.79 85.83 5.3 0.011482 5.24 41.64 12.71 0.45 2.52 1.81

Sunset Creek SE 30th 3251.92 1.01-year 52.48 82.52 84.68 84.21 2.16 0.024525 5.08 10.33 5.78 0.67 1.2 1.84
Sunset Creek SE 30th 3251.92 2-year 79 82.52 85.22 84.69 2.7 0.027799 5.84 13.53 6.22 0.7 1.39 2.41
Sunset Creek SE 30th 3251.92 10-year 126 82.52 86 85.54 3.48 0.031764 6.33 19.9 8.8 0.74 1.5 2.97
Sunset Creek SE 30th 3251.92 25-year 157 82.52 86.34 85.88 3.82 0.033201 6.84 22.96 9.05 0.76 1.64 3.39
Sunset Creek SE 30th 3251.92 100-year 212 82.52 86.88 86.38 4.36 0.035496 7.59 27.92 9.43 0.78 1.84 4.08

Sunset Creek SE 30th 3230.282 1.01-year 52.48 81.37 84.02 83.73 2.65 0.030615 5.49 9.55 6.31 0.79 1.09 2.08
Sunset Creek SE 30th 3230.282 2-year 79 81.37 84.46 84.23 3.09 0.033662 6.29 12.56 7.21 0.84 1.24 2.61
Sunset Creek SE 30th 3230.282 10-year 126 81.37 85.18 84.92 3.81 0.034461 6.77 18.62 9.27 0.84 1.45 3.12
Sunset Creek SE 30th 3230.282 25-year 157 81.37 85.54 85.24 4.17 0.03394 7.15 21.97 9.59 0.83 1.61 3.42
Sunset Creek SE 30th 3230.282 100-year 212 81.37 86.11 85.72 4.74 0.033218 7.67 27.63 10.1 0.82 1.86 3.85

Sunset Creek SE 30th 3207.655 1.01-year 52.48 81.58 83.02 83.02 1.44 0.045494 6.27 8.36 6.93 1.01 0.98 2.8
Sunset Creek SE 30th 3207.655 2-year 79 81.58 83.43 83.43 1.85 0.044215 7.02 11.25 7.41 1.01 1.19 3.29
Sunset Creek SE 30th 3207.655 10-year 126 81.58 84.06 84.06 2.48 0.044338 7.75 16.25 8.79 1 1.42 3.92
Sunset Creek SE 30th 3207.655 25-year 157 81.58 84.37 84.37 2.79 0.044896 8.25 19.02 9.07 1 1.57 4.39
Sunset Creek SE 30th 3207.655 100-year 212 81.58 84.86 84.86 3.28 0.045967 8.98 23.6 9.51 1 1.78 5.12

Sunset Creek SE 30th 3193.525 1.01-year 52.48 81.39 82.96 82.47 1.57 0.012631 3.2 16.4 13.89 0.52 0.99 0.78
Sunset Creek SE 30th 3193.525 2-year 79 81.39 83.44 82.75 2.05 0.010801 3.36 23.53 15.91 0.49 1.2 0.81
Sunset Creek SE 30th 3193.525 10-year 126 81.39 84.14 83.16 2.75 0.008933 3.52 35.78 18.79 0.45 1.5 0.84
Sunset Creek SE 30th 3193.525 25-year 157 81.39 84.54 83.39 3.15 0.00785 3.62 43.42 19.42 0.43 1.74 0.85
Sunset Creek SE 30th 3193.525 100-year 212 81.39 85.16 83.75 3.77 0.00686 3.82 55.51 19.91 0.4 2.11 0.9

Sunset Creek SE 30th 3181.277 1.01-year 52.48 80.83 82.23 82.23 1.4 0.049653 6.06 8.66 7.7 1.01 0.97 3.01
Sunset Creek SE 30th 3181.277 2-year 79 80.83 82.63 82.61 1.8 0.047241 6.68 11.83 8.35 0.99 1.19 3.51
Sunset Creek SE 30th 3181.277 10-year 126 80.83 83.26 83.16 2.43 0.04141 7.2 17.49 9.4 0.93 1.5 3.89
Sunset Creek SE 30th 3181.277 25-year 157 80.83 83.58 83.46 2.75 0.039203 7.67 20.55 10.44 0.92 1.73 4.22
Sunset Creek SE 30th 3181.277 100-year 212 80.83 84.06 83.99 3.23 0.035379 8.35 26.15 12.35 0.91 2.12 4.68

Sunset Creek SE 30th 3171.478 1.01-year 52.48 79.8 82.09 81.5 2.29 0.017938 4.34 12.08 6.96 0.58 1.29 1.44
Sunset Creek SE 30th 3171.478 2-year 79 79.8 82.53 81.92 2.73 0.020229 5.19 15.34 7.97 0.63 1.55 1.96
Sunset Creek SE 30th 3171.478 10-year 126 79.8 83.09 82.55 3.29 0.022901 6.46 20.2 9.36 0.7 1.96 2.8
Sunset Creek SE 30th 3171.478 25-year 157 79.8 83.37 82.91 3.57 0.024983 7.2 22.91 10.06 0.74 2.16 3.37
Sunset Creek SE 30th 3171.478 100-year 212 79.8 83.77 83.5 3.97 0.0285 8.38 27.21 11.07 0.81 2.46 4.38

Sunset Creek SE 30th 3160.526 1.01-year 52.48 79.96 81.89 81.42 1.93 0.018375 4.34 12.09 7.93 0.62 1.24 1.42
Sunset Creek SE 30th 3160.526 2-year 79 79.96 82.32 81.81 2.36 0.020239 5.05 15.65 8.81 0.66 1.47 1.86
Sunset Creek SE 30th 3160.526 10-year 126 79.96 82.89 82.38 2.93 0.022223 6.07 21.16 10.52 0.7 1.82 2.53
Sunset Creek SE 30th 3160.526 25-year 157 79.96 83.18 82.72 3.22 0.022836 6.66 24.36 11.4 0.73 2.05 2.92
Sunset Creek SE 30th 3160.526 100-year 212 79.96 83.62 83.23 3.66 0.023797 7.55 29.71 12.74 0.76 2.4 3.56

Sunset Creek SE 30th 3145.921 1.01-year 52.48 78.83 81.92 80.46 3.09 0.003732 2.52 21.19 10.58 0.29 1.92 0.45
Sunset Creek SE 30th 3145.921 2-year 79 78.83 82.37 80.86 3.54 0.004594 3.15 26.22 11.91 0.33 2.29 0.66
Sunset Creek SE 30th 3145.921 10-year 126 78.83 82.97 81.42 4.14 0.005759 4.01 33.92 13.69 0.38 2.78 1
Sunset Creek SE 30th 3145.921 25-year 157 78.83 83.29 81.74 4.46 0.006411 4.49 38.41 14.63 0.41 3.04 1.22
Sunset Creek SE 30th 3145.921 100-year 212 78.83 83.77 82.27 4.94 0.007307 5.21 45.89 16.07 0.45 3.44 1.57

Sunset Creek SE 30th 3119.845 1.01-year 52.48 79.67 81.65 81.05 1.98 0.011764 3.56 14.77 10.26 0.51 1.32 0.97
Sunset Creek SE 30th 3119.845 2-year 79 79.67 82.05 81.4 2.38 0.011998 4.21 19.08 11.5 0.54 1.67 1.25
Sunset Creek SE 30th 3119.845 10-year 126 79.67 82.57 81.89 2.9 0.013116 5.17 25.47 13.13 0.59 2.13 1.74
Sunset Creek SE 30th 3119.845 25-year 157 79.67 82.82 82.17 3.15 0.014262 5.77 28.89 13.92 0.62 2.35 2.1
Sunset Creek SE 30th 3119.845 100-year 212 79.67 83.2 82.63 3.53 0.016027 6.69 34.41 15.12 0.68 2.69 2.69

Sunset Creek SE 30th 3103.342 1.01-year 52.48 79.66 81.46 80.89 1.8 0.011936 3.47 15.11 10.95 0.52 1.24 0.92
Sunset Creek SE 30th 3103.342 2-year 79 79.66 81.86 81.22 2.2 0.01343 4.03 19.62 12.1 0.56 1.44 1.21
Sunset Creek SE 30th 3103.342 10-year 126 79.66 82.36 81.7 2.7 0.01577 4.81 26.17 13.61 0.61 1.7 1.67
Sunset Creek SE 30th 3103.342 25-year 157 79.66 82.61 81.98 2.95 0.016334 5.31 29.67 14.35 0.63 1.92 1.95
Sunset Creek SE 30th 3103.342 100-year 212 79.66 82.99 82.39 3.33 0.017504 6.1 35.2 15.45 0.67 2.24 2.45

Sunset Creek SE 30th 3082.734 1.01-year 52.48 79.61 81.15 80.76 1.54 0.015717 3.74 14.02 11.68 0.6 1.11 1.09
Sunset Creek SE 30th 3082.734 2-year 79 79.61 81.52 81.06 1.91 0.015628 4.26 18.63 13.16 0.61 1.37 1.33
Sunset Creek SE 30th 3082.734 10-year 126 79.61 82 81.5 2.39 0.015851 5.1 25.43 15.76 0.64 1.78 1.76
Sunset Creek SE 30th 3082.734 25-year 157 79.61 82.23 81.76 2.62 0.01654 5.61 29.26 17.06 0.67 1.99 2.06
Sunset Creek SE 30th 3082.734 100-year 212 79.61 82.61 82.16 3 0.016909 6.32 36.13 19.16 0.7 2.34 2.47

Sunset Creek SE 30th 3066.484 1.01-year 52.48 79.15 80.44 80.44 1.29 0.045593 5.66 9.27 9.44 1.01 0.91 2.59
Sunset Creek SE 30th 3066.484 2-year 79 79.15 80.77 80.77 1.62 0.041061 6.3 12.68 11.37 0.98 1.17 2.99
Sunset Creek SE 30th 3066.484 10-year 126 79.15 81.27 81.27 2.12 0.032155 6.97 19.39 15.18 0.92 1.63 3.27
Sunset Creek SE 30th 3066.484 25-year 157 79.15 81.55 81.55 2.4 0.028891 7.28 23.84 16.54 0.89 1.88 3.4
Sunset Creek SE 30th 3066.484 100-year 212 79.15 81.92 81.92 2.77 0.027733 7.96 30.23 17.83 0.9 2.23 3.85

Sunset Creek SE 30th 3034.622 1.01-year 52.48 77.36 78.8 78.83 1.44 0.053489 6 8.75 8.57 1.05 0.94 3.13
Sunset Creek SE 30th 3034.622 2-year 79 77.36 79.11 79.19 1.75 0.057465 6.84 11.54 9.56 1.1 1.1 3.94
Sunset Creek SE 30th 3034.622 10-year 126 77.36 79.48 79.7 2.12 0.068201 8.2 15.36 10.77 1.21 1.29 5.48
Sunset Creek SE 30th 3034.622 25-year 157 77.36 79.7 79.98 2.34 0.071417 8.82 17.81 11.47 1.25 1.39 6.22
Sunset Creek SE 30th 3034.622 100-year 212 77.36 80.11 80.4 2.75 0.068713 9.35 22.66 12.75 1.24 1.59 6.81
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06-03501-002 Phase III Alternative 3 Output Table Herrera Environmental Consultants

River Reach River Sta Profile Q Total Min Ch El W.S. Elev Crit W.S. Max Chl Dpth E.G. Slope Vel Chnl Flow Area Top Width Froude # Chl Hydr Radius C Shear Chan
(cfs) (ft) (ft) (ft) (ft) (ft/ft) (ft/s) (sq ft) (ft) (ft) (lb/sq ft)

Sunset Creek SE 30th 3020.31 1.01-year 52.48 76.74 78.69 78.18 1.95 0.011941 3.74 14.04 11.02 0.58 1.14 0.85
Sunset Creek SE 30th 3020.31 2-year 79 76.74 79.07 78.53 2.33 0.012354 4.22 18.74 13.76 0.63 1.24 0.96
Sunset Creek SE 30th 3020.31 10-year 126 76.74 79.57 79.08 2.83 0.012503 4.77 26.69 17.98 0.67 1.45 1.13
Sunset Creek SE 30th 3020.31 25-year 157 76.74 79.84 79.34 3.1 0.012582 5.03 31.75 19.91 0.68 1.59 1.25
Sunset Creek SE 30th 3020.31 100-year 212 76.74 80.22 79.74 3.48 0.012788 5.51 39.63 21.2 0.67 1.94 1.55

Sunset Creek SE 30th 2982.026 1.01-year 52.48 76.27 77.64 77.64 1.37 0.041864 5.49 9.57 10.28 1 0.86 2.24
Sunset Creek SE 30th 2982.026 2-year 79 76.27 77.97 77.97 1.7 0.041566 5.98 13.22 12.11 1.01 1 2.6
Sunset Creek SE 30th 2982.026 10-year 126 76.27 78.42 78.42 2.15 0.042101 6.55 19.23 14.7 1.01 1.2 3.15
Sunset Creek SE 30th 2982.026 25-year 157 76.27 78.66 78.66 2.39 0.042096 6.84 22.94 16.1 1.01 1.3 3.42
Sunset Creek SE 30th 2982.026 100-year 212 76.27 79.03 79.03 2.76 0.041059 7.23 29.3 18.1 1 1.48 3.78

Sunset Creek SE 30th 2969.117 1.01-year 52.48 75.88 76.97 77.07 1.09 0.065542 5.54 9.48 14.93 1.22 0.62 2.54
Sunset Creek SE 30th 2969.117 2-year 79 75.88 77.13 77.29 1.25 0.07752 6.56 12.04 16.63 1.36 0.71 3.42
Sunset Creek SE 30th 2969.117 10-year 126 75.88 77.99 77.62 2.11 0.016637 4.66 27.04 18.12 0.67 1.39 1.44
Sunset Creek SE 30th 2969.117 25-year 157 75.88 78.3 77.81 2.42 0.014764 4.81 32.64 18.59 0.64 1.61 1.49
Sunset Creek SE 30th 2969.117 100-year 212 75.88 78.72 78.12 2.84 0.014239 5.23 40.57 19.24 0.63 1.9 1.69

Sunset Creek SE 30th 2939.869 1.01-year 52.48 73.61 76.82 75.69 3.21 0.0053 2.32 22.64 14.71 0.33 1.38 0.46
Sunset Creek SE 30th 2939.869 2-year 79 73.61 77.25 76.05 3.64 0.006353 2.69 29.37 16.87 0.36 1.56 0.62
Sunset Creek SE 30th 2939.869 10-year 126 73.61 77.81 76.54 4.2 0.007148 3.22 39.19 18.18 0.39 1.91 0.85
Sunset Creek SE 30th 2939.869 25-year 157 73.61 78.11 76.8 4.5 0.007632 3.51 44.79 18.85 0.4 2.09 1
Sunset Creek SE 30th 2939.869 100-year 212 73.61 78.51 77.2 4.9 0.008977 4.04 52.43 19.74 0.44 2.32 1.3

Sunset Creek SE 30th 2904.859 1.01-year 52.48 74.07 76.39 75.43 2.32 0.035368 2.86 18.34 15.88 0.47 1.03 2.28
Sunset Creek SE 30th 2904.859 2-year 79 74.07 76.76 75.8 2.69 0.035055 3.22 24.51 17.55 0.48 1.25 2.74
Sunset Creek SE 30th 2904.859 10-year 126 74.07 77.28 76.48 3.21 0.034618 3.67 34.34 19.94 0.49 1.54 3.34
Sunset Creek SE 30th 2904.859 25-year 157 74.07 77.58 76.7 3.51 0.033762 3.86 41.26 28.12 0.49 1.7 3.59
Sunset Creek SE 30th 2904.859 100-year 212 74.07 77.99 77.03 3.92 0.029905 4.01 54.84 34.28 0.48 1.98 3.69

Sunset Creek SE 30th 2887.542 1.01-year 52.48 73.52 76 75.02 2.48 0.016879 2.48 21.15 16.68 0.39 1.13 1.19
Sunset Creek SE 30th 2887.542 2-year 79 73.52 76.35 75.58 2.83 0.018402 2.91 27.15 17.78 0.41 1.36 1.56
Sunset Creek SE 30th 2887.542 10-year 126 73.52 76.85 75.94 3.33 0.020043 3.46 36.45 19.36 0.44 1.66 2.08
Sunset Creek SE 30th 2887.542 25-year 157 73.52 77.14 76.13 3.62 0.020645 3.73 42.11 20.26 0.46 1.83 2.36
Sunset Creek SE 30th 2887.542 100-year 212 73.52 77.55 76.47 4.03 0.020458 4.12 54.02 31.33 0.46 2.14 2.74

Sunset Creek SE 30th 2869.669 1.01-year 52.48 73.86 74.99 74.99 1.13 0.1141 5.38 9.76 11.01 1.01 0.84 6
Sunset Creek SE 30th 2869.669 2-year 79 73.86 75.45 75.31 1.59 0.077457 5.1 15.48 13.75 0.85 1.07 5.16
Sunset Creek SE 30th 2869.669 10-year 126 73.86 76.06 75.72 2.2 0.052374 5.13 24.65 16.55 0.73 1.46 4.78
Sunset Creek SE 30th 2869.669 25-year 157 73.86 76.37 75.95 2.51 0.045904 5.28 30.08 18.64 0.7 1.69 4.84
Sunset Creek SE 30th 2869.669 100-year 212 73.86 76.83 76.3 2.97 0.037413 5.55 40.53 26.66 0.65 2.13 4.96

Sunset Creek SE 30th 2850.365 1.01-year 52.48 72.12 74.78 73.51 2.66 0.008734 2.49 21.71 12.12 0.3 1.82 0.99
Sunset Creek SE 30th 2850.365 2-year 79 72.12 75.2 73.85 3.08 0.01057 3.08 27.12 14.28 0.34 2.16 1.43
Sunset Creek SE 30th 2850.365 10-year 126 72.12 75.73 74.37 3.61 0.013553 3.95 34.65 18.53 0.39 2.6 2.2
Sunset Creek SE 30th 2850.365 25-year 157 72.12 76 74.67 3.88 0.015301 4.43 38.77 20.55 0.42 2.83 2.7
Sunset Creek SE 30th 2850.365 100-year 212 72.12 76.4 75.15 4.28 0.018224 5.21 45 23.52 0.47 3.16 3.6

Sunset Creek SE 30th 2823.726 1.01-year 52.48 72.56 74.28 73.76 1.72 0.030371 3.5 15.06 12.76 0.54 1.22 2.31
Sunset Creek SE 30th 2823.726 2-year 79 72.56 74.63 74.08 2.07 0.03169 4.05 20.53 17.35 0.56 1.48 2.92
Sunset Creek SE 30th 2823.726 10-year 126 72.56 75.07 74.62 2.51 0.032689 4.79 28.7 19.84 0.59 1.86 3.79
Sunset Creek SE 30th 2823.726 25-year 157 72.56 75.31 74.85 2.75 0.03308 5.19 33.61 21.42 0.61 2.08 4.29
Sunset Creek SE 30th 2823.726 100-year 212 72.56 75.67 75.2 3.11 0.033877 5.79 41.7 23.79 0.63 2.4 5.08

Sunset Creek SE 30th 2794.948 1.01-year 52.48 71.19 73.47 72.93 2.28 0.026753 3.41 16.36 16.09 0.51 1.29 2.16
Sunset Creek SE 30th 2794.948 2-year 79 71.19 73.91 73.29 2.72 0.022637 3.63 24.42 20.59 0.48 1.62 2.28
Sunset Creek SE 30th 2794.948 10-year 126 71.19 74.34 73.8 3.15 0.023419 4.28 34.12 23.97 0.51 2.01 2.94
Sunset Creek SE 30th 2794.948 25-year 157 71.19 74.52 74.01 3.33 0.026317 4.78 38.53 25.36 0.54 2.17 3.57
Sunset Creek SE 30th 2794.948 100-year 212 71.19 74.86 74.32 3.67 0.027583 5.34 47.48 27.94 0.57 2.48 4.27

Sunset Creek SE 30th 2760.247 1.01-year 52.48 70.04 71.78 71.78 1.74 0.048883 6.25 8.4 7.05 1.01 1.02 3.1
Sunset Creek SE 30th 2760.247 2-year 79 70.04 72.19 72.19 2.15 0.048803 6.92 11.41 7.83 1.01 1.22 3.71
Sunset Creek SE 30th 2760.247 10-year 126 70.04 72.94 72.94 2.9 0.031018 6.76 20.98 19.47 0.83 1.68 3.25
Sunset Creek SE 30th 2760.247 25-year 157 70.04 73.26 73.26 3.22 0.025632 6.75 27.92 23.44 0.77 1.93 3.1
Sunset Creek SE 30th 2760.247 100-year 212 70.04 73.59 73.59 3.55 0.025171 7.29 35.9 25.15 0.78 2.2 3.46

Sunset Creek SE 30th 2717.8 1.01-year 52.48 68.16 69.95 69.54 1.79 0.048405 4.18 12.55 11.02 0.69 0.99 2.99
Sunset Creek SE 30th 2717.8 2-year 79 68.16 70.31 69.97 2.15 0.046019 4.76 16.61 11.62 0.7 1.22 3.5
Sunset Creek SE 30th 2717.8 10-year 126 68.16 70.79 70.42 2.63 0.046934 5.62 22.4 12.43 0.74 1.5 4.4
Sunset Creek SE 30th 2717.8 25-year 157 68.16 71.06 70.68 2.9 0.047497 6.08 25.81 12.89 0.76 1.65 4.9
Sunset Creek SE 30th 2717.8 100-year 212 68.16 71.5 71.09 3.34 0.047432 6.72 31.57 13.62 0.78 1.88 5.58

Sunset Creek SE 30th 2702.718 1.01-year 52.48 67.5 69.37 68.88 1.87 0.034923 3.89 13.5 11.29 0.63 1.04 2.27
Sunset Creek SE 30th 2702.718 2-year 79 67.5 69.59 69.32 2.09 0.045781 4.9 16.13 11.7 0.74 1.19 3.39
Sunset Creek SE 30th 2702.718 10-year 126 67.5 70.08 69.75 2.58 0.045004 5.71 22.06 12.56 0.76 1.48 4.16
Sunset Creek SE 30th 2702.718 25-year 157 67.5 70.37 70.01 2.87 0.044172 6.11 25.7 13.06 0.77 1.64 4.53
Sunset Creek SE 30th 2702.718 100-year 212 67.5 70.85 70.41 3.35 0.04122 6.58 32.2 13.91 0.76 1.9 4.89

Sunset Creek SE 30th 2676.488 1.01-year 52.48 66.34 67.98 67.73 1.64 0.06808 4.84 10.85 10.69 0.85 0.89 3.76
Sunset Creek SE 30th 2676.488 2-year 79 66.34 68.56 68.16 2.22 0.036744 4.58 17.26 11.64 0.66 1.26 2.88
Sunset Creek SE 30th 2676.488 10-year 126 66.34 69.11 68.62 2.77 0.034664 5.26 23.96 12.56 0.67 1.58 3.42
Sunset Creek SE 30th 2676.488 25-year 157 66.34 69.49 68.86 3.15 0.030777 5.43 28.9 13.19 0.65 1.79 3.43
Sunset Creek SE 30th 2676.488 100-year 212 66.34 70.14 69.27 3.8 0.025381 5.6 37.83 14.27 0.61 2.12 3.36
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06-03501-002 Phase III Alternative 3 Output Table Herrera Environmental Consultants

River Reach River Sta Profile Q Total Min Ch El W.S. Elev Crit W.S. Max Chl Dpth E.G. Slope Vel Chnl Flow Area Top Width Froude # Chl Hydr Radius C Shear Chan
(cfs) (ft) (ft) (ft) (ft) (ft/ft) (ft/s) (sq ft) (ft) (ft) (lb/sq ft)

Sunset Creek SE 30th 2651.525 1.01-year 52.48 65.23 67.11 66.59 1.88 0.02436 4.01 13.07 8.91 0.58 1.25 1.91
Sunset Creek SE 30th 2651.525 2-year 79 65.23 67.77 66.97 2.54 0.030738 4.04 19.54 13.29 0.59 1.27 2.45
Sunset Creek SE 30th 2651.525 10-year 126 65.23 68.64 67.51 3.41 0.01769 3.95 31.88 15.1 0.48 1.79 1.97
Sunset Creek SE 30th 2651.525 25-year 157 65.23 69.14 67.93 3.91 0.014316 3.96 39.67 16.14 0.44 2.06 1.84
Sunset Creek SE 30th 2651.525 100-year 212 65.23 69.9 68.32 4.67 0.011391 4.03 52.57 17.72 0.41 2.45 1.74

Sunset Creek SE 30th 2643.063 1.01-year 52.48 64.86 66.99 66.26 2.13 0.012101 3.81 13.79 7.97 0.51 1.35 1.02
Sunset Creek SE 30th 2643.063 2-year 79 64.86 67.61 66.66 2.75 0.013404 4 19.76 11.77 0.54 1.35 1.13
Sunset Creek SE 30th 2643.063 10-year 126 64.86 68.51 67.43 3.65 0.009535 4.08 30.88 12.8 0.46 1.84 1.1
Sunset Creek SE 30th 2643.063 25-year 157 64.86 69.01 67.69 4.15 0.00869 4.2 37.38 13.36 0.44 2.09 1.13
Sunset Creek SE 30th 2643.063 100-year 212 64.86 69.76 68.12 4.9 0.008109 4.44 47.7 14.21 0.43 2.43 1.23

Sunset Creek SE 30th 2640.568 1.01-year 52.48 64.75 67.07 65.54 2.32 0.000602 1.74 30.18 13 0.2 1.71 0.06
Sunset Creek SE 30th 2640.568 2-year 79 64.75 67.7 65.79 2.95 0.000676 2.06 38.3 13 0.21 2.03 0.09
Sunset Creek SE 30th 2640.568 10-year 126 64.75 68.59 66.17 3.84 0.000802 2.52 49.91 13 0.23 2.41 0.12
Sunset Creek SE 30th 2640.568 25-year 157 64.75 69.08 66.4 4.33 0.000886 2.79 56.33 13 0.24 2.6 0.14
Sunset Creek SE 30th 2640.568 100-year 212 64.75 69.83 66.76 5.08 0.000977 3.21 66.01 13.99 0.25 2.99 0.18

Sunset Creek SE 30th 2625.968 Bridge

Sunset Creek SE 30th 2611.37 1.01-year 52.48 63.5 67.09 64.29 3.59 0.000168 1.12 46.68 13 0.1 2.31 0.02
Sunset Creek SE 30th 2611.37 2-year 79 63.5 67.72 64.54 4.22 0.000242 1.44 54.84 13 0.12 2.56 0.04
Sunset Creek SE 30th 2611.37 10-year 126 63.5 68.62 64.92 5.12 0.00036 1.89 66.53 13 0.15 2.86 0.06
Sunset Creek SE 30th 2611.37 25-year 157 63.5 69.11 65.15 5.61 0.000434 2.15 72.99 13 0.16 3.01 0.08
Sunset Creek SE 30th 2611.37 100-year 212 63.5 69.83 65.51 6.33 0.00054 2.57 82.34 14.02 0.18 3.35 0.11

Sunset Creek SE 30th 2610.895 Bridge

Sunset Creek SE 30th 2610.42 1.01-year 52.48 63.5 67.09 64.29 3.59 0.000117 1.12 46.68 13 0.1 2.31 0.02
Sunset Creek SE 30th 2610.42 2-year 79 63.5 67.72 64.54 4.22 0.000168 1.44 54.84 13 0.12 2.56 0.03
Sunset Creek SE 30th 2610.42 10-year 126 63.5 68.62 64.92 5.12 0.00025 1.89 66.52 13 0.15 2.86 0.04
Sunset Creek SE 30th 2610.42 25-year 157 63.5 69.11 65.15 5.61 0.000301 2.15 72.98 13 0.16 3.01 0.06
Sunset Creek SE 30th 2610.42 100-year 212 63.5 69.83 65.51 6.33 0.000375 2.58 82.32 14.05 0.18 3.35 0.08

Sunset Creek SE 30th 2610.395 Bridge

Sunset Creek SE 30th 2610.37 1.01-year 52.48 63.5 67.09 64.29 3.59 0.000117 1.12 46.68 13 0.1 2.31 0.02
Sunset Creek SE 30th 2610.37 2-year 79 63.5 67.72 64.54 4.22 0.000168 1.44 54.84 13 0.12 2.56 0.03
Sunset Creek SE 30th 2610.37 10-year 126 63.5 68.62 64.92 5.12 0.00025 1.89 66.52 13 0.15 2.86 0.04
Sunset Creek SE 30th 2610.37 25-year 157 63.5 69.11 65.15 5.61 0.000301 2.15 72.98 13 0.16 3.01 0.06
Sunset Creek SE 30th 2610.37 100-year 212 63.5 69.83 65.51 6.33 0.000375 2.58 82.32 14.05 0.18 3.35 0.08

Sunset Creek SE 30th 2596.365 Bridge

Sunset Creek SE 30th 2582.37 1.01-year 52.48 64 67.08 64.79 3.08 0.000182 1.31 40.03 13 0.13 2.09 0.02
Sunset Creek SE 30th 2582.37 2-year 79 64 67.7 65.05 3.7 0.000243 1.64 48.14 13 0.15 2.36 0.04
Sunset Creek SE 30th 2582.37 10-year 126 64 68.6 65.42 4.6 0.000336 2.11 59.75 13 0.17 2.69 0.06
Sunset Creek SE 30th 2582.37 25-year 157 64 69.09 65.65 5.09 0.000394 2.37 66.15 13 0.19 2.85 0.07
Sunset Creek SE 30th 2582.37 100-year 212 64 69.78 66.01 5.78 0.00048 2.82 75.19 16.09 0.21 3.19 0.1

Sunset Creek SE 30th 2582.335 Bridge

Sunset Creek SE 30th 2582.32 1.01-year 52.48 64 67.08 64.79 3.08 0.000182 1.31 40.03 13 0.13 2.09 0.02
Sunset Creek SE 30th 2582.32 2-year 79 64 67.7 65.05 3.7 0.000243 1.64 48.14 13 0.15 2.36 0.04
Sunset Creek SE 30th 2582.32 10-year 126 64 68.6 65.42 4.6 0.000336 2.11 59.75 13 0.17 2.69 0.06
Sunset Creek SE 30th 2582.32 25-year 157 64 69.09 65.65 5.09 0.000394 2.37 66.15 13 0.19 2.85 0.07
Sunset Creek SE 30th 2582.32 100-year 212 64 69.78 66.01 5.78 0.000481 2.82 75.16 16.08 0.21 3.18 0.1

Sunset Creek SE 30th 2581.843 Bridge

Sunset Creek SE 30th 2581.368 1.01-year 52.48 64 67.08 64.79 3.08 0.000262 1.31 40.03 13 0.13 2.09 0.03
Sunset Creek SE 30th 2581.368 2-year 79 64 67.7 65.05 3.7 0.00035 1.64 48.14 13 0.15 2.36 0.05
Sunset Creek SE 30th 2581.368 10-year 126 64 68.6 65.43 4.6 0.000484 2.11 59.74 13 0.17 2.69 0.08
Sunset Creek SE 30th 2581.368 25-year 157 64 69.09 65.65 5.09 0.000567 2.37 66.15 13 0.19 2.85 0.1
Sunset Creek SE 30th 2581.368 100-year 212 64 69.78 66.01 5.78 0.000693 2.82 75.14 16.22 0.21 3.18 0.14

Sunset Creek SE 30th 2578.872 1.01-year 52.48 64 67.08 64.79 3.08 0.000368 1.17 44.71 16.02 0.12 2.25 0.05
Sunset Creek SE 30th 2578.872 2-year 79 64 67.71 65.03 3.71 0.000489 1.44 54.92 16.63 0.14 2.58 0.08
Sunset Creek SE 30th 2578.872 10-year 126 64 68.6 65.4 4.6 0.000624 1.8 70.11 17.51 0.16 3.11 0.12
Sunset Creek SE 30th 2578.872 25-year 157 64 69.1 65.61 5.1 0.000694 2 78.63 18 0.16 3.41 0.15
Sunset Creek SE 30th 2578.872 100-year 212 64 69.8 65.96 5.8 0.000837 2.34 90.78 18.68 0.18 3.81 0.2

Sunset Creek SE 30th 2576.368 1.01-year 52.48 64.5 67.04 65.55 2.54 0.003514 1.9 27.69 13.24 0.23 1.78 0.39
Sunset Creek SE 30th 2576.368 2-year 79 64.5 67.66 65.84 3.16 0.003851 2.18 36.16 14.23 0.24 2.11 0.51
Sunset Creek SE 30th 2576.368 10-year 126 64.5 68.54 66.27 4.04 0.004244 2.55 49.41 15.66 0.25 2.54 0.67
Sunset Creek SE 30th 2576.368 25-year 157 64.5 69.04 66.53 4.54 0.004418 2.74 57.3 16.6 0.26 2.78 0.77
Sunset Creek SE 30th 2576.368 100-year 212 64.5 69.73 66.93 5.23 0.004381 3.08 70.16 20.69 0.27 3.33 0.91

Sunset Creek SE 30th 2541.368 1.01-year 52.48 64.3 66.81 65.69 2.51 0.006401 2.71 19.38 10.11 0.34 1.53 0.61
Sunset Creek SE 30th 2541.368 2-year 79 64.3 67.4 66.04 3.1 0.006972 3.09 25.53 10.95 0.36 1.81 0.79
Sunset Creek SE 30th 2541.368 10-year 126 64.3 68.24 66.56 3.94 0.007581 3.57 35.29 12.16 0.37 2.18 1.03
Sunset Creek SE 30th 2541.368 25-year 157 64.3 68.71 66.85 4.41 0.007885 3.81 41.16 12.83 0.38 2.37 1.17
Sunset Creek SE 30th 2541.368 100-year 212 64.3 69.38 67.33 5.08 0.008044 4.24 50.54 16.7 0.39 2.76 1.39

Sunset Creek SE 30th 2539.81 1.01-year 52.48 64.28 66.8 65.68 2.52 0.005041 2.72 19.29 9.97 0.34 1.53 0.48
Sunset Creek SE 30th 2539.81 2-year 79 64.28 67.38 66.02 3.1 0.005495 3.12 25.32 10.78 0.36 1.8 0.62
Sunset Creek SE 30th 2539.81 10-year 126 64.28 68.23 66.54 3.95 0.005983 3.61 34.88 11.94 0.37 2.17 0.81
Sunset Creek SE 30th 2539.81 25-year 157 64.28 68.7 66.84 4.42 0.006229 3.86 40.62 12.58 0.38 2.36 0.92
Sunset Creek SE 30th 2539.81 100-year 212 64.28 69.36 67.31 5.08 0.006415 4.31 49.56 15.31 0.39 2.74 1.1
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Sunset Creek SE 30th 2527.427 1.01-year 52.48 64.16 66.75 65.55 2.59 0.004357 2.55 20.55 10.63 0.32 1.56 0.43
Sunset Creek SE 30th 2527.427 2-year 79 64.16 67.33 65.9 3.17 0.004761 2.93 26.99 11.6 0.34 1.84 0.55
Sunset Creek SE 30th 2527.427 10-year 126 64.16 68.18 66.41 4.02 0.005129 3.37 37.36 13.01 0.35 2.22 0.71
Sunset Creek SE 30th 2527.427 25-year 157 64.16 68.65 66.7 4.49 0.005249 3.6 43.65 14.07 0.36 2.43 0.8
Sunset Creek SE 30th 2527.427 100-year 212 64.16 69.32 67.16 5.16 0.00496 3.97 55.18 20.31 0.36 2.94 0.91

Sunset Creek SE 30th 2513.681 1.01-year 52.48 64.02 66.63 65.66 2.61 0.006964 3.08 17.03 9.26 0.4 1.43 0.62
Sunset Creek SE 30th 2513.681 2-year 79 64.02 67.19 66.02 3.17 0.00757 3.52 22.43 10.06 0.42 1.69 0.8
Sunset Creek SE 30th 2513.681 10-year 126 64.02 68 66.56 3.98 0.008132 4.05 31.12 11.24 0.43 2.03 1.03
Sunset Creek SE 30th 2513.681 25-year 157 64.02 68.46 66.87 4.44 0.008439 4.31 36.39 11.98 0.44 2.2 1.16
Sunset Creek SE 30th 2513.681 100-year 212 64.02 69.12 67.36 5.1 0.008866 4.71 46.09 29.37 0.45 2.47 1.36

Sunset Creek SE 30th 2492.185 1.01-year 52.48 63.81 66.45 65.46 2.64 0.008364 3.22 16.28 10.06 0.45 1.3 0.68
Sunset Creek SE 30th 2492.185 2-year 79 63.81 67.02 65.9 3.21 0.008106 3.56 22.21 10.92 0.44 1.59 0.81
Sunset Creek SE 30th 2492.185 10-year 126 63.81 67.84 66.52 4.03 0.007933 3.98 31.7 12.17 0.43 1.98 0.98
Sunset Creek SE 30th 2492.185 25-year 157 63.81 68.29 66.81 4.48 0.007931 4.2 37.42 12.87 0.43 2.18 1.08
Sunset Creek SE 30th 2492.185 100-year 212 63.81 68.95 67.26 5.14 0.007895 4.59 46.81 18.11 0.44 2.53 1.25

Sunset Creek SE 30th 2481.368 1.01-year 52.48 63.7 66.31 65.37 2.61 0.012788 3.45 15.23 9.63 0.48 1.25 1
Sunset Creek SE 30th 2481.368 2-year 79 63.7 66.88 65.81 3.18 0.012635 3.78 20.9 10.44 0.47 1.54 1.22
Sunset Creek SE 30th 2481.368 10-year 126 63.7 67.7 66.48 4 0.012743 4.21 29.91 11.61 0.46 1.92 1.53
Sunset Creek SE 30th 2481.368 25-year 157 63.7 68.15 66.79 4.45 0.012942 4.45 35.31 12.25 0.46 2.12 1.71
Sunset Creek SE 30th 2481.368 100-year 212 63.7 68.8 67.24 5.1 0.013137 4.86 44.21 16.62 0.47 2.45 2.01

Sunset Creek SE 30th 2464.334 1.01-year 52.48 63.54 66.02 65.24 2.48 0.016416 3.8 13.8 8.77 0.53 1.21 1.24
Sunset Creek SE 30th 2464.334 2-year 79 63.54 66.58 65.78 3.04 0.016439 4.19 18.87 9.5 0.52 1.48 1.52
Sunset Creek SE 30th 2464.334 10-year 126 63.54 67.37 66.32 3.83 0.016923 4.69 26.84 10.55 0.52 1.83 1.93
Sunset Creek SE 30th 2464.334 25-year 157 63.54 67.81 66.62 4.27 0.017396 4.98 31.56 11.12 0.52 2.01 2.18
Sunset Creek SE 30th 2464.334 100-year 212 63.54 68.42 67.11 4.88 0.018294 5.48 39.02 14.59 0.53 2.29 2.61

Sunset Creek SE 30th 2429.853 1.01-year 52.48 63.22 65.71 64.62 2.49 0.007757 2.95 17.79 10.5 0.4 1.36 0.66
Sunset Creek SE 30th 2429.853 2-year 79 63.22 66.26 65.04 3.04 0.008311 3.33 23.75 11.27 0.4 1.65 0.85
Sunset Creek SE 30th 2429.853 10-year 126 63.22 67.03 65.65 3.81 0.009229 3.82 32.95 12.47 0.41 2.01 1.16
Sunset Creek SE 30th 2429.853 25-year 157 63.22 67.46 65.93 4.24 0.009782 4.09 38.36 13.14 0.42 2.2 1.34
Sunset Creek SE 30th 2429.853 100-year 212 63.22 68.07 66.37 4.85 0.01001 4.52 47.9 18.01 0.43 2.55 1.59

Sunset Creek SE 30th 2407.706 1.01-year 52.48 63.01 65.37 64.6 2.36 0.015283 3.84 13.68 8.62 0.54 1.23 1.17
Sunset Creek SE 30th 2407.706 2-year 79 63.01 65.87 65.13 2.86 0.016981 4.37 18.1 9.28 0.55 1.47 1.55
Sunset Creek SE 30th 2407.706 10-year 126 63.01 66.56 65.68 3.55 0.019474 5.08 24.82 10.2 0.57 1.77 2.15
Sunset Creek SE 30th 2407.706 25-year 157 63.01 66.92 65.99 3.91 0.02111 5.48 28.64 10.69 0.59 1.92 2.53
Sunset Creek SE 30th 2407.706 100-year 212 63.01 67.44 66.48 4.43 0.024318 6.16 34.41 11.39 0.62 2.13 3.24

Sunset Creek SE 30th 2379.636 1.01-year 52.48 62.75 65.18 64.11 2.43 0.006687 2.65 19.8 13.33 0.38 1.3 0.54
Sunset Creek SE 30th 2379.636 2-year 79 62.75 65.69 64.48 2.94 0.006831 2.94 26.88 14.6 0.38 1.59 0.68
Sunset Creek SE 30th 2379.636 10-year 126 62.75 66.4 65.09 3.65 0.00717 3.32 37.91 16.38 0.38 1.98 0.89
Sunset Creek SE 30th 2379.636 25-year 157 62.75 66.78 65.33 4.03 0.00743 3.54 44.3 17.47 0.39 2.18 1.01
Sunset Creek SE 30th 2379.636 100-year 212 62.75 67.35 65.72 4.6 0.007393 3.9 54.88 19.78 0.39 2.57 1.18

Sunset Creek SE 30th 2361.19 1.01-year 52.48 62.58 64.92 64.13 2.34 0.012606 3.56 14.73 9.67 0.51 1.25 0.98
Sunset Creek SE 30th 2361.19 2-year 79 62.58 65.38 64.63 2.8 0.013799 4.08 19.36 10.52 0.53 1.49 1.28
Sunset Creek SE 30th 2361.19 10-year 126 62.58 66.02 65.17 3.44 0.014921 4.76 26.61 12.81 0.55 1.83 1.71
Sunset Creek SE 30th 2361.19 25-year 157 62.58 66.36 65.44 3.78 0.015248 5.12 31.35 14.98 0.56 2.04 1.94
Sunset Creek SE 30th 2361.19 100-year 212 62.58 66.91 65.9 4.33 0.015091 5.54 40.47 18.45 0.56 2.37 2.23

Sunset Creek SE 30th 2341.739 1.01-year 52.48 62.4 64.62 63.99 2.22 0.014546 3.89 13.5 10.11 0.59 1.13 1.03
Sunset Creek SE 30th 2341.739 2-year 79 62.4 65.07 64.5 2.67 0.014885 4.33 18.23 11 0.59 1.38 1.28
Sunset Creek SE 30th 2341.739 10-year 126 62.4 65.69 64.99 3.29 0.015709 4.93 25.53 12.26 0.6 1.7 1.67
Sunset Creek SE 30th 2341.739 25-year 157 62.4 66.02 65.26 3.62 0.016651 5.31 29.59 12.9 0.62 1.86 1.93
Sunset Creek SE 30th 2341.739 100-year 212 62.4 66.56 65.7 4.16 0.016244 5.72 38.33 21.12 0.61 2.18 2.21

Sunset Creek SE 30th 2313.296 1.01-year 52.48 62.13 64.24 63.58 2.11 0.013079 3.76 13.95 10.54 0.58 1.13 0.92
Sunset Creek SE 30th 2313.296 2-year 79 62.13 64.67 63.98 2.54 0.013495 4.21 18.75 11.38 0.58 1.38 1.17
Sunset Creek SE 30th 2313.296 10-year 126 62.13 65.27 64.58 3.14 0.01487 4.88 25.81 12.51 0.6 1.7 1.58
Sunset Creek SE 30th 2313.296 25-year 157 62.13 65.55 64.85 3.42 0.015936 5.32 29.85 16.98 0.62 1.87 1.86
Sunset Creek SE 30th 2313.296 100-year 212 62.13 66.07 65.27 3.94 0.021872 5.42 41.98 28.25 0.67 1.77 2.41

Sunset Creek SE 30th 2297.254 1.01-year 52.48 61.98 64.14 63.24 2.16 0.009569 2.52 20.84 17.77 0.41 1.11 0.66
Sunset Creek SE 30th 2297.254 2-year 79 61.98 64.62 63.57 2.64 0.008908 2.65 29.78 19.99 0.38 1.4 0.78
Sunset Creek SE 30th 2297.254 10-year 126 61.98 65.25 64.12 3.27 0.008775 2.9 43.45 23.13 0.37 1.79 0.98
Sunset Creek SE 30th 2297.254 25-year 157 61.98 65.57 64.33 3.59 0.008509 3.08 51.55 29.48 0.37 2.03 1.08
Sunset Creek SE 30th 2297.254 100-year 212 61.98 66.07 64.64 4.09 0.007536 3.32 66.72 31.92 0.36 2.5 1.17

Sunset Creek SE 30th 2285.55 1.01-year 52.48 61.88 64.02 63.15 2.14 0.010206 2.56 20.52 17.87 0.42 1.09 0.69
Sunset Creek SE 30th 2285.55 2-year 79 61.88 64.51 63.47 2.63 0.009562 2.64 29.91 20.82 0.39 1.36 0.81
Sunset Creek SE 30th 2285.55 10-year 126 61.88 65.15 64.04 3.27 0.009385 2.83 44.5 24.7 0.37 1.7 1
Sunset Creek SE 30th 2285.55 25-year 157 61.88 65.48 64.24 3.6 0.009387 2.97 52.86 26.8 0.37 1.9 1.11
Sunset Creek SE 30th 2285.55 100-year 212 61.88 65.99 64.56 4.11 0.007799 3.14 70.28 34.96 0.35 2.38 1.16

Sunset Creek SE 30th 2261.889 1.01-year 52.48 61.65 63.78 62.91 2.13 0.009712 2.61 20.12 16.04 0.41 1.18 0.72
Sunset Creek SE 30th 2261.889 2-year 79 61.65 64.27 63.24 2.62 0.009308 2.78 28.45 18 0.39 1.48 0.86
Sunset Creek SE 30th 2261.889 10-year 126 61.65 64.91 63.77 3.26 0.008921 3.1 41.23 23.73 0.38 1.92 1.07
Sunset Creek SE 30th 2261.889 25-year 157 61.65 65.23 63.99 3.58 0.008338 3.3 49.41 26.57 0.38 2.22 1.16
Sunset Creek SE 30th 2261.889 100-year 212 61.65 65.77 64.33 4.12 0.007247 3.53 64.88 30.01 0.36 2.73 1.23

Sunset Creek SE 30th 2238.42 1.01-year 52.48 61.44 63.61 62.6 2.17 0.006768 2.29 22.9 17.19 0.35 1.26 0.53
Sunset Creek SE 30th 2238.42 2-year 79 61.44 64.11 62.92 2.67 0.006762 2.48 31.87 19.16 0.34 1.56 0.66
Sunset Creek SE 30th 2238.42 10-year 126 61.44 64.75 63.36 3.31 0.006286 2.8 45.92 24.5 0.33 2.07 0.81
Sunset Creek SE 30th 2238.42 25-year 157 61.44 65.09 63.66 3.65 0.005972 3 54.43 26.01 0.33 2.38 0.89
Sunset Creek SE 30th 2238.42 100-year 212 61.44 65.65 63.99 4.21 0.005424 3.26 69.57 28.51 0.33 2.9 0.98
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06-03501-002 Phase III Alternative 3 Output Table Herrera Environmental Consultants

River Reach River Sta Profile Q Total Min Ch El W.S. Elev Crit W.S. Max Chl Dpth E.G. Slope Vel Chnl Flow Area Top Width Froude # Chl Hydr Radius C Shear Chan
(cfs) (ft) (ft) (ft) (ft) (ft/ft) (ft/s) (sq ft) (ft) (ft) (lb/sq ft)

Sunset Creek SE 30th 2205.456 1.01-year 52.48 61.13 63.36 62.39 2.23 0.008068 2.44 21.51 15.91 0.37 1.27 0.64
Sunset Creek SE 30th 2205.456 2-year 79 61.13 63.84 62.73 2.71 0.00827 2.66 29.74 17.86 0.36 1.55 0.8
Sunset Creek SE 30th 2205.456 10-year 126 61.13 64.49 63.24 3.36 0.008668 2.99 42.25 23.94 0.36 1.94 1.05
Sunset Creek SE 30th 2205.456 25-year 157 61.13 64.85 63.46 3.72 0.007841 3.16 51.23 26.42 0.36 2.27 1.11
Sunset Creek SE 30th 2205.456 100-year 212 61.13 65.44 63.81 4.31 0.006588 3.35 67.77 29.64 0.34 2.82 1.16

Sunset Creek SE 30th 2189.813 1.01-year 52.48 60.98 63.24 62.25 2.26 0.007643 2.39 21.99 16.03 0.36 1.29 0.61
Sunset Creek SE 30th 2189.813 2-year 79 60.98 63.72 62.57 2.74 0.007968 2.62 30.19 17.96 0.36 1.57 0.78
Sunset Creek SE 30th 2189.813 10-year 126 60.98 64.36 63.09 3.38 0.008769 2.97 42.44 20.51 0.36 1.92 1.05
Sunset Creek SE 30th 2189.813 25-year 157 60.98 64.73 63.31 3.75 0.007976 3.12 51.26 25.73 0.35 2.24 1.11
Sunset Creek SE 30th 2189.813 100-year 212 60.98 65.34 63.66 4.36 0.00656 3.29 68.09 30.21 0.33 2.81 1.15

Sunset Creek SE 30th 2175.255 1.01-year 52.48 60.85 63.13 62.12 2.28 0.007336 2.35 22.37 16.12 0.35 1.3 0.6
Sunset Creek SE 30th 2175.255 2-year 79 60.85 63.61 62.44 2.76 0.007775 2.59 30.49 18.03 0.35 1.58 0.77
Sunset Creek SE 30th 2175.255 10-year 126 60.85 64.23 62.96 3.38 0.00874 2.96 42.5 20.52 0.36 1.92 1.05
Sunset Creek SE 30th 2175.255 25-year 157 60.85 64.6 63.18 3.75 0.008876 3.11 50.46 22.02 0.36 2.12 1.18
Sunset Creek SE 30th 2175.255 100-year 212 60.85 65.24 63.53 4.39 0.007955 3.25 65.92 27.53 0.35 2.55 1.26

Sunset Creek SE 30th 2121.292 1.01-year 52.48 60.34 62.85 61.71 2.51 0.004023 2.25 23.31 15.4 0.32 1.41 0.35
Sunset Creek SE 30th 2121.292 2-year 79 60.34 63.29 62.06 2.95 0.004524 2.59 30.63 20.1 0.34 1.66 0.47
Sunset Creek SE 30th 2121.292 10-year 126 60.34 63.94 62.57 3.6 0.003743 2.89 47.61 28.1 0.33 2.26 0.53
Sunset Creek SE 30th 2121.292 25-year 157 60.34 64.35 62.8 4.01 0.003192 2.96 59.25 28.74 0.31 2.64 0.53
Sunset Creek SE 30th 2121.292 100-year 212 60.34 65.04 63.17 4.7 0.002515 3.04 79.36 29.8 0.28 3.27 0.51

Sunset Creek SE 30th 2107.746 1.01-year 52.48 60.22 62.81 61.6 2.59 0.002806 2.1 24.96 16.36 0.3 1.42 0.25
Sunset Creek SE 30th 2107.746 2-year 79 60.22 63.25 61.94 3.03 0.00287 2.42 33.62 25.29 0.31 1.77 0.32
Sunset Creek SE 30th 2107.746 10-year 126 60.22 63.91 62.45 3.69 0.002441 2.72 50.78 26.53 0.3 2.39 0.36
Sunset Creek SE 30th 2107.746 25-year 157 60.22 64.33 62.69 4.11 0.002163 2.83 61.85 27.2 0.29 2.77 0.37
Sunset Creek SE 30th 2107.746 100-year 212 60.22 65.02 63.02 4.8 0.001796 2.96 80.97 27.99 0.27 3.41 0.38

Sunset Creek SE 30th 2098.229 1.01-year 100.32 60.13 62.65 62.12 2.52 0.010475 3.15 32.57 42.26 0.54 0.99 0.65
Sunset Creek SE 30th 2098.229 2-year 151 60.13 63.04 62.51 2.91 0.007654 3.32 49.35 42.91 0.49 1.36 0.65
Sunset Creek SE 30th 2098.229 10-year 236 60.13 63.64 62.88 3.51 0.005318 3.49 75.38 43.89 0.43 1.92 0.64
Sunset Creek SE 30th 2098.229 25-year 297 60.13 64.04 63.06 3.91 0.004469 3.6 92.74 44.54 0.41 2.29 0.64
Sunset Creek SE 30th 2098.229 100-year 412 60.13 64.71 63.38 4.58 0.003592 3.79 123.02 45.64 0.38 2.92 0.66

Sunset Creek SE 30th 2070.489 1.01-year 100.32 60.45 62.56 61.73 2.11 0.003482 2.02 49.67 39.18 0.32 1.23 0.27
Sunset Creek SE 30th 2070.489 2-year 151 60.45 62.98 61.98 2.53 0.003054 2.26 68.63 47.19 0.31 1.62 0.31
Sunset Creek SE 30th 2070.489 10-year 236 60.45 63.6 62.31 3.15 0.002468 2.51 98.67 48.8 0.29 2.23 0.34
Sunset Creek SE 30th 2070.489 25-year 297 60.45 64.01 62.49 3.56 0.00222 2.65 118.56 49.83 0.28 2.62 0.36
Sunset Creek SE 30th 2070.489 100-year 412 60.45 64.69 62.82 4.24 0.001935 2.88 153.29 51.47 0.28 3.29 0.4

Sunset Creek SE 30th 2050.566 1.01-year 100.32 59.65 62.37 61.97 2.72 0.009256 2.98 33.92 34.24 0.51 0.99 0.57
Sunset Creek SE 30th 2050.566 2-year 151 59.65 62.82 62.19 3.17 0.006281 3.1 51.85 45.37 0.44 1.4 0.55
Sunset Creek SE 30th 2050.566 10-year 236 59.65 63.49 62.51 3.84 0.004056 3.18 82.72 47.24 0.38 2.01 0.51
Sunset Creek SE 30th 2050.566 25-year 297 59.65 63.9 62.75 4.25 0.003383 3.26 102.68 48.41 0.36 2.4 0.51
Sunset Creek SE 30th 2050.566 100-year 412 59.65 64.6 63.07 4.95 0.002728 3.43 137.18 50.17 0.33 3.04 0.52

Sunset Creek SE 30th 2036.451 1.01-year 100.32 60.13 62.26 61.72 2.13 0.008428 2.83 38.52 47.32 0.48 1.04 0.55
Sunset Creek SE 30th 2036.451 2-year 151 60.13 62.77 62.03 2.64 0.004602 2.7 63.41 49 0.37 1.54 0.44
Sunset Creek SE 30th 2036.451 10-year 236 60.13 63.47 62.39 3.34 0.003026 2.78 98.07 51.26 0.32 2.19 0.41
Sunset Creek SE 30th 2036.451 25-year 297 60.13 63.89 62.57 3.76 0.002585 2.87 120.11 52.64 0.31 2.6 0.42
Sunset Creek SE 30th 2036.451 100-year 412 60.13 64.6 62.85 4.47 0.002145 3.05 157.45 52.87 0.29 3.27 0.44

Sunset Creek SE 30th 2016.641 1.01-year 100.32 59.66 62.2 61.35 2.54 0.003075 2.06 50.21 42.43 0.31 1.32 0.25
Sunset Creek SE 30th 2016.641 2-year 151 59.66 62.74 61.64 3.08 0.002219 2.18 73.92 45.1 0.28 1.83 0.25
Sunset Creek SE 30th 2016.641 10-year 236 59.66 63.43 61.94 3.77 0.00181 2.42 106.01 46.8 0.26 2.5 0.28
Sunset Creek SE 30th 2016.641 25-year 297 59.66 63.86 62.14 4.2 0.001683 2.58 126.14 47.83 0.26 2.9 0.3
Sunset Creek SE 30th 2016.641 100-year 412 59.66 64.57 62.47 4.91 0.001548 2.84 160.54 49.55 0.26 3.57 0.35

Sunset Creek SE 30th 1988.07 1.01-year 100.32 59.15 62.15 61.01 3 0.001716 1.9 60.17 42 0.24 1.79 0.19
Sunset Creek SE 30th 1988.07 2-year 151 59.15 62.69 61.27 3.54 0.001511 2.11 83.51 43.62 0.24 2.3 0.22
Sunset Creek SE 30th 1988.07 10-year 236 59.15 63.39 61.63 4.24 0.001441 2.43 114.86 45.7 0.24 2.95 0.27
Sunset Creek SE 30th 1988.07 25-year 297 59.15 63.82 61.84 4.67 0.001424 2.63 134.61 46.96 0.24 3.35 0.3
Sunset Creek SE 30th 1988.07 100-year 412 59.15 64.53 62.24 5.38 0.001405 2.94 168.55 49.05 0.25 4.01 0.35

Sunset Creek SE 30th 1968.444 1.01-year 100.32 59.73 62.1 61.04 2.37 0.001844 2.08 57.87 41.14 0.26 1.88 0.22
Sunset Creek SE 30th 1968.444 2-year 151 59.73 62.65 61.33 2.92 0.001616 2.3 81.33 44.08 0.26 2.41 0.24
Sunset Creek SE 30th 1968.444 10-year 236 59.73 63.35 61.71 3.62 0.001517 2.63 112.72 45.23 0.26 3.1 0.29
Sunset Creek SE 30th 1968.444 25-year 297 59.73 63.78 61.92 4.05 0.001501 2.84 132.2 46.26 0.26 3.51 0.33
Sunset Creek SE 30th 1968.444 100-year 412 59.73 64.48 62.27 4.75 0.001487 3.19 165.42 47.96 0.27 4.2 0.39

Sunset Creek SE 30th 1954.61 1.01-year 100.32 59.63 61.99 61.33 2.36 0.008212 3.06 43.17 38.25 0.38 1.89 0.97
Sunset Creek SE 30th 1954.61 2-year 151 59.63 62.57 61.66 2.94 0.005902 3.07 67.43 43.67 0.33 2.43 0.9
Sunset Creek SE 30th 1954.61 10-year 236 59.63 63.29 62.03 3.66 0.00473 3.23 99.74 45.74 0.31 3.1 0.92
Sunset Creek SE 30th 1954.61 25-year 297 59.63 63.73 62.3 4.1 0.004372 3.37 119.83 46.98 0.31 3.51 0.96
Sunset Creek SE 30th 1954.61 100-year 412 59.63 64.44 62.62 4.81 0.003986 3.61 154.17 49.03 0.3 4.17 1.04

Sunset Creek SE 30th 1928.749 1.01-year 100.32 59.16 61.96 60.54 2.8 0.001812 1.53 68.09 38.44 0.19 2.04 0.23
Sunset Creek SE 30th 1928.749 2-year 151 59.16 62.54 60.77 3.38 0.001734 1.77 91.52 42.78 0.19 2.61 0.28
Sunset Creek SE 30th 1928.749 10-year 236 59.16 63.26 61.1 4.1 0.001786 2.11 122.71 43.96 0.2 3.32 0.37
Sunset Creek SE 30th 1928.749 25-year 297 59.16 63.69 61.31 4.53 0.001837 2.32 141.81 44.64 0.21 3.74 0.43
Sunset Creek SE 30th 1928.749 100-year 412 59.16 64.4 61.66 5.24 0.001915 2.65 173.95 45.74 0.22 4.44 0.53

Sunset Creek SE 30th 1881.347 1.01-year 100.32 58.45 61.71 60.37 3.26 0.005655 3.04 36.16 22.84 0.34 2.28 0.81
Sunset Creek SE 30th 1881.347 2-year 151 58.45 62.25 60.8 3.8 0.006073 3.59 50.66 36.83 0.36 2.77 1.05
Sunset Creek SE 30th 1881.347 10-year 236 58.45 62.96 61.48 4.51 0.005834 4.04 78.11 39.28 0.37 3.4 1.24
Sunset Creek SE 30th 1881.347 25-year 297 58.45 63.39 61.9 4.94 0.005589 4.25 95.35 40.41 0.36 3.79 1.32
Sunset Creek SE 30th 1881.347 100-year 412 58.45 64.1 62.64 5.65 0.005316 4.6 124.4 40.94 0.36 4.43 1.47
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06-03501-002 Phase III Alternative 3 Output Table Herrera Environmental Consultants

River Reach River Sta Profile Q Total Min Ch El W.S. Elev Crit W.S. Max Chl Dpth E.G. Slope Vel Chnl Flow Area Top Width Froude # Chl Hydr Radius C Shear Chan
(cfs) (ft) (ft) (ft) (ft) (ft/ft) (ft/s) (sq ft) (ft) (ft) (lb/sq ft)

Sunset Creek SE 30th 1868.66 1.01-year 100.32 59.05 61.67 60.65 2.62 0.004449 2.64 45.34 33.4 0.33 1.96 0.54
Sunset Creek SE 30th 1868.66 2-year 151 59.05 62.24 61.01 3.19 0.003885 2.91 64.72 35.17 0.32 2.5 0.61
Sunset Creek SE 30th 1868.66 10-year 236 59.05 62.95 61.52 3.9 0.003739 3.35 90.37 36.56 0.32 3.17 0.74
Sunset Creek SE 30th 1868.66 25-year 297 59.05 63.38 61.76 4.33 0.003734 3.63 105.99 36.56 0.33 3.58 0.84
Sunset Creek SE 30th 1868.66 100-year 412 59.05 64.07 62.15 5.02 0.003805 4.1 131.53 36.56 0.34 4.25 1.01

Sunset Creek SE 30th 1856.084 1.01-year 100.32 58.51 61.54 60.64 3.03 0.009194 3.18 36.92 28.3 0.39 1.96 1.13
Sunset Creek SE 30th 1856.084 2-year 151 58.51 62.12 61.06 3.61 0.007785 3.44 53.97 30.95 0.37 2.51 1.22
Sunset Creek SE 30th 1856.084 10-year 236 58.51 62.83 61.6 4.32 0.007328 3.91 77.03 34.26 0.38 3.18 1.45
Sunset Creek SE 30th 1856.084 25-year 297 58.51 63.25 61.86 4.74 0.007228 4.21 92.07 36.27 0.38 3.58 1.62
Sunset Creek SE 30th 1856.084 100-year 412 58.51 63.96 62.31 5.45 0.00691 4.61 117.72 36.27 0.38 4.25 1.83

Sunset Creek SE 30th 1817.494 1.01-year 100.32 58.15 61.26 59.86 3.11 0.004924 3.33 30.99 17.77 0.36 2.1 0.65
Sunset Creek SE 30th 1817.494 2-year 151 58.15 61.77 60.34 3.62 0.005847 4.07 41.58 23.46 0.41 2.5 0.91
Sunset Creek SE 30th 1817.494 10-year 236 58.15 62.37 61.03 4.22 0.00705 5.03 56.84 25.61 0.46 2.98 1.31
Sunset Creek SE 30th 1817.494 25-year 297 58.15 62.73 61.59 4.58 0.007687 5.58 66.11 25.61 0.49 3.27 1.57
Sunset Creek SE 30th 1817.494 100-year 412 58.15 63.33 62.25 5.18 0.008613 6.47 81.33 25.61 0.53 3.75 2.01

Sunset Creek SE 30th 1805.019 1.01-year 100.32 58.22 61.22 59.92 3 0.004481 3.25 37.73 28.54 0.36 2.11 0.59
Sunset Creek SE 30th 1805.019 2-year 151 58.22 61.74 60.37 3.52 0.004649 3.74 53.63 32.01 0.37 2.54 0.74
Sunset Creek SE 30th 1805.019 10-year 236 58.22 62.39 61.23 4.17 0.004871 4.34 76.07 53.24 0.39 3.06 0.93
Sunset Creek SE 30th 1805.019 25-year 297 58.22 62.78 61.56 4.56 0.00479 4.6 92.15 60.85 0.4 3.38 1.01
Sunset Creek SE 30th 1805.019 100-year 412 58.22 63.46 62.1 5.24 0.004327 4.84 122.76 67.33 0.39 3.94 1.06

Sunset Creek SE 30th 1791.536 1.01-year 100.32 58.58 61.12 60.26 2.54 0.005998 3.49 32.84 26.2 0.43 1.87 0.7
Sunset Creek SE 30th 1791.536 2-year 151 58.58 61.65 60.74 3.07 0.005535 3.91 47.64 28.57 0.43 2.35 0.81
Sunset Creek SE 30th 1791.536 10-year 236 58.58 62.25 61.28 3.67 0.005915 4.65 64.98 28.57 0.46 2.91 1.07
Sunset Creek SE 30th 1791.536 25-year 297 58.58 62.61 61.59 4.03 0.006259 5.14 75.08 28.57 0.48 3.23 1.26
Sunset Creek SE 30th 1791.536 100-year 412 58.58 63.18 62.03 4.6 0.006856 5.94 91.41 28.57 0.52 3.76 1.61

Sunset Creek SE 30th 1777.213 1.01-year 100.32 58.04 61.1 59.79 3.06 0.00334 2.79 43.51 29.94 0.32 2.13 0.44
Sunset Creek SE 30th 1777.213 2-year 151 58.04 61.64 60.25 3.6 0.003268 3.15 60.86 60.16 0.32 2.6 0.53
Sunset Creek SE 30th 1777.213 10-year 236 58.04 62.27 60.89 4.23 0.003557 3.74 83.05 66.33 0.35 3.14 0.7
Sunset Creek SE 30th 1777.213 25-year 297 58.04 62.64 61.24 4.6 0.003738 4.09 96.39 66.54 0.36 3.47 0.81
Sunset Creek SE 30th 1777.213 100-year 412 58.04 63.24 61.67 5.2 0.004003 4.65 118.39 66.89 0.38 3.99 1

Sunset Creek SE 30th 1749.718 1.01-year 100.32 57.73 60.91 59.77 3.18 0.005585 3.47 33.31 20.49 0.39 2.1 0.73
Sunset Creek SE 30th 1749.718 2-year 151 57.73 61.39 60.31 3.66 0.006434 4.19 44.81 47.1 0.43 2.51 1.01
Sunset Creek SE 30th 1749.718 10-year 236 57.73 61.91 60.9 4.18 0.008186 5.27 60.57 63.78 0.5 2.96 1.51
Sunset Creek SE 30th 1749.718 25-year 297 57.73 62.21 61.31 4.48 0.009052 5.87 70.54 64.03 0.54 3.22 1.82
Sunset Creek SE 30th 1749.718 100-year 412 57.73 62.72 61.95 4.99 0.010215 6.79 87.2 64.43 0.58 3.66 2.34

Sunset Creek SE 30th 1689.563 1.01-year 100.32 57.21 60.02 59.59 2.81 0.020854 5.42 18.93 17.87 0.7 1.56 2.03
Sunset Creek SE 30th 1689.563 2-year 151 57.21 60.43 60.37 3.22 0.020473 6.14 29.13 26.36 0.72 1.9 2.43
Sunset Creek SE 30th 1689.563 10-year 236 57.21 61.02 60.84 3.81 0.016972 6.53 45.24 28.17 0.68 2.4 2.55
Sunset Creek SE 30th 1689.563 25-year 297 57.21 61.38 61.07 4.17 0.015528 6.76 55.52 29.26 0.67 2.71 2.62
Sunset Creek SE 30th 1689.563 100-year 412 57.21 61.97 61.51 4.76 0.013881 7.16 73.28 43.57 0.65 3.2 2.78

Sunset Creek SE 30th 1668.393 1.01-year 100.32 56.93 59.91 59.04 2.98 0.008129 4.05 28.97 25.06 0.47 1.94 0.98
Sunset Creek SE 30th 1668.393 2-year 151 56.93 60.35 59.81 3.42 0.008396 4.62 40.03 26.29 0.5 2.31 1.21
Sunset Creek SE 30th 1668.393 10-year 236 56.93 60.91 60.31 3.98 0.008645 5.32 55.37 27.91 0.52 2.79 1.51
Sunset Creek SE 30th 1668.393 25-year 297 56.93 61.26 60.56 4.33 0.008706 5.71 65.25 28.9 0.53 3.09 1.68
Sunset Creek SE 30th 1668.393 100-year 412 56.93 61.84 61.01 4.91 0.008713 6.31 82.48 30.55 0.54 3.58 1.95

Sunset Creek SE 30th 1626.318 1.01-year 100.32 56.89 59.65 58.71 2.76 0.006373 3.63 31.26 23.61 0.43 1.9 0.76
Sunset Creek SE 30th 1626.318 2-year 151 56.89 60.03 59.27 3.14 0.007479 4.38 40.51 24.76 0.48 2.23 1.04
Sunset Creek SE 30th 1626.318 10-year 236 56.89 60.51 59.87 3.62 0.009047 5.39 52.72 26.21 0.54 2.65 1.49
Sunset Creek SE 30th 1626.318 25-year 297 56.89 60.8 60.15 3.91 0.009898 5.99 60.41 27.07 0.58 2.9 1.79
Sunset Creek SE 30th 1626.318 100-year 412 56.89 61.3 60.62 4.41 0.010777 6.86 74.37 28.58 0.62 3.33 2.24

Sunset Creek SE 30th 1613.357 1.01-year 100.32 56.46 59.63 58.27 3.17 0.003347 2.9 37.19 23.33 0.33 2.08 0.43
Sunset Creek SE 30th 1613.357 2-year 151 56.46 60 58.69 3.54 0.004389 3.65 46.19 24.85 0.39 2.4 0.66
Sunset Creek SE 30th 1613.357 10-year 236 56.46 60.47 59.4 4.01 0.0059 4.69 58.04 26.32 0.46 2.8 1.03
Sunset Creek SE 30th 1613.357 25-year 297 56.46 60.74 59.77 4.28 0.006805 5.32 65.4 27.19 0.5 3.03 1.29
Sunset Creek SE 30th 1613.357 100-year 412 56.46 61.23 60.29 4.77 0.00793 6.25 78.89 28.73 0.55 3.45 1.71

Sunset Creek SE 30th 1592.728 1.01-year 100.32 56.02 59.65 57.91 3.63 0.001146 1.69 62.95 33.09 0.19 2.23 0.16
Sunset Creek SE 30th 1592.728 2-year 151 56.02 60.04 58.23 4.02 0.001518 2.15 75.99 33.8 0.23 2.6 0.25
Sunset Creek SE 30th 1592.728 10-year 236 56.02 60.54 58.66 4.52 0.002077 2.81 92.89 34.71 0.28 3.07 0.4
Sunset Creek SE 30th 1592.728 25-year 297 56.02 60.83 58.92 4.81 0.00242 3.22 103.26 35.25 0.3 3.35 0.51
Sunset Creek SE 30th 1592.728 100-year 412 56.02 61.35 59.38 5.33 0.002877 3.85 121.91 36.21 0.34 3.85 0.69

Sunset Creek SE 30th 1583.59 1.01-year 100.32 56.87 59.48 58.8 2.61 0.007996 3.47 32.75 32.11 0.47 1.59 0.8
Sunset Creek SE 30th 1583.59 2-year 151 56.87 59.81 59.2 2.94 0.009139 4.19 43.62 33.2 0.52 1.91 1.09
Sunset Creek SE 30th 1583.59 10-year 236 56.87 60.21 59.7 3.34 0.01129 5.25 56.96 34.5 0.6 2.28 1.61
Sunset Creek SE 30th 1583.59 25-year 297 56.87 60.43 59.97 3.56 0.012715 5.91 64.84 35.25 0.64 2.5 1.98
Sunset Creek SE 30th 1583.59 100-year 412 56.87 60.87 60.38 4 0.013713 6.8 80.49 36.69 0.68 2.91 2.49

Sunset Creek SE 30th 1583.5 Lat Struct

Sunset Creek SE 30th 1576.451 1.01-year 100.32 56.81 59.39 58.71 2.58 0.012871 3.58 28.98 25.93 0.53 1.27 1.02
Sunset Creek SE 30th 1576.451 2-year 151 56.81 59.69 59.18 2.88 0.015583 4.33 37.2 28.01 0.6 1.47 1.43
Sunset Creek SE 30th 1576.451 10-year 236 56.81 60.02 59.67 3.21 0.0201 5.52 46.94 31.92 0.7 1.76 2.2
Sunset Creek SE 30th 1576.451 25-year 297 56.81 60.17 59.92 3.36 0.024449 6.39 51.81 33.88 0.78 1.89 2.89
Sunset Creek SE 30th 1576.451 100-year 412 56.81 60.36 60.36 3.55 0.034449 8.04 58.39 36.3 0.94 2.06 4.43
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06-03501-002 Phase III Alternative 3 Output Table Herrera Environmental Consultants

River Reach River Sta Profile Q Total Min Ch El W.S. Elev Crit W.S. Max Chl Dpth E.G. Slope Vel Chnl Flow Area Top Width Froude # Chl Hydr Radius C Shear Chan
(cfs) (ft) (ft) (ft) (ft) (ft/ft) (ft/s) (sq ft) (ft) (ft) (lb/sq ft)

Sunset Creek SE 30th 1535.154 1.01-year 85.27 56.74 58.93 58.13 2.19 0.005318 2.02 47.26 66.37 0.3 1.34 0.44
Sunset Creek SE 30th 1535.154 2-year 128.35 56.74 59.18 58.35 2.44 0.006315 2.43 65.04 75.58 0.34 1.55 0.61
Sunset Creek SE 30th 1535.154 10-year 200.6 56.74 59.53 58.67 2.79 0.006614 2.81 96.01 107.2 0.36 1.86 0.77
Sunset Creek SE 30th 1535.154 25-year 252.45 56.74 59.75 58.95 3.01 0.006459 2.98 118.93 107.2 0.36 2.06 0.83
Sunset Creek SE 30th 1535.154 100-year 350.2 56.74 60.1 59.26 3.36 0.006199 3.23 156.44 107.2 0.36 2.41 0.93

Sunset Creek SE 30th 1520.645 1.01-year 85.27 56.07 58.91 57.6 2.84 0.001449 1.5 77.84 109.73 0.2 1.56 0.14
Sunset Creek SE 30th 1520.645 2-year 128.35 56.07 59.16 57.84 3.09 0.001768 1.81 105.41 109.75 0.23 1.79 0.2
Sunset Creek SE 30th 1520.645 10-year 200.6 56.07 59.52 58.19 3.45 0.002023 2.16 144.72 109.75 0.25 2.11 0.27
Sunset Creek SE 30th 1520.645 25-year 252.45 56.07 59.73 58.4 3.66 0.002178 2.38 167.84 109.75 0.26 2.3 0.31
Sunset Creek SE 30th 1520.645 100-year 350.2 56.07 60.07 58.97 4 0.002407 2.72 205.62 109.75 0.28 2.61 0.39

Sunset Creek SE 30th 1493.465 1.01-year 85.27 56.01 58.76 57.64 2.75 0.003732 2.79 44.72 88.29 0.34 1.95 0.45
Sunset Creek SE 30th 1493.465 2-year 128.35 56.01 58.95 58.02 2.94 0.005356 3.54 61.29 88.29 0.41 2.12 0.71
Sunset Creek SE 30th 1493.465 10-year 200.6 56.01 59.27 58.92 3.26 0.006302 4.18 89.66 88.29 0.45 2.42 0.95
Sunset Creek SE 30th 1493.465 25-year 252.45 56.01 59.46 59.1 3.45 0.006746 4.54 106.66 88.29 0.47 2.59 1.09
Sunset Creek SE 30th 1493.465 100-year 350.2 56.01 59.78 59.35 3.77 0.007278 5.06 134.89 88.29 0.5 2.89 1.31

Sunset Creek SE 30th 1474.062 1.01-year 85.27 56.81 58.75 58.2 1.94 0.003103 2.1 77.95 110.27 0.3 1.43 0.28
Sunset Creek SE 30th 1474.062 2-year 128.35 56.81 58.94 58.39 2.13 0.003906 2.54 99.08 110.27 0.34 1.61 0.39
Sunset Creek SE 30th 1474.062 10-year 200.6 56.81 59.27 58.59 2.46 0.004086 2.92 135.43 110.27 0.36 1.92 0.49
Sunset Creek SE 30th 1474.062 25-year 252.45 56.81 59.46 58.74 2.65 0.004232 3.16 156.98 110.27 0.37 2.1 0.55
Sunset Creek SE 30th 1474.062 100-year 350.2 56.81 59.79 58.94 2.98 0.004434 3.54 192.74 110.27 0.39 2.4 0.66

Sunset Creek SE 30th 1400.25 1.01-year 85.27 56.09 57.61 57.61 1.52 0.03905 6.08 14.03 12.5 1 1.05 2.56
Sunset Creek SE 30th 1400.25 2-year 128.35 56.09 58.15 58.15 2.06 0.016614 4.89 46.97 83.59 0.67 1.51 1.57
Sunset Creek SE 30th 1400.25 10-year 200.6 56.09 58.38 58.38 2.29 0.019637 5.79 65.88 83.59 0.74 1.71 2.1
Sunset Creek SE 30th 1400.25 25-year 252.45 56.09 58.52 58.52 2.43 0.02105 6.28 77.39 83.59 0.78 1.84 2.42
Sunset Creek SE 30th 1400.25 100-year 350.2 56.09 58.73 58.73 2.64 0.023625 7.11 95.29 83.59 0.84 2.03 3

Sunset Creek SE 30th 1312.582 1.01-year 85.27 54.16 56.28 55.5 2.12 0.007801 3.28 26.48 24.35 0.45 1.53 0.75
Sunset Creek SE 30th 1312.582 2-year 128.35 54.16 56.81 55.87 2.65 0.004929 3.15 66.25 87.46 0.38 2.03 0.63
Sunset Creek SE 30th 1312.582 10-year 200.6 54.16 57.45 56.66 3.29 0.003088 2.96 122 87.46 0.31 2.63 0.51
Sunset Creek SE 30th 1312.582 25-year 252.45 54.16 57.83 56.86 3.67 0.002577 2.95 155.49 87.46 0.29 2.99 0.48
Sunset Creek SE 30th 1312.582 100-year 350.2 54.16 58.5 57.11 4.34 0.002022 2.96 213.74 87.46 0.27 3.62 0.46

Sunset Creek SE 30th 1261.44 1.01-year 85.27 53.71 55.75 55.06 2.05 0.013004 3.45 24.75 16.19 0.49 1.44 1.17
Sunset Creek SE 30th 1261.44 2-year 128.35 53.71 56.28 55.43 2.57 0.010454 3.75 39.87 52.27 0.46 1.93 1.26
Sunset Creek SE 30th 1261.44 10-year 200.6 53.71 57.07 55.95 3.36 0.004781 3.15 102.52 82.84 0.33 2.68 0.8
Sunset Creek SE 30th 1261.44 25-year 252.45 53.71 57.51 56.59 3.81 0.003497 2.97 139.14 82.84 0.29 3.09 0.68
Sunset Creek SE 30th 1261.44 100-year 350.2 53.71 58.24 56.86 4.53 0.002466 2.85 199.47 82.84 0.25 3.78 0.58

Sunset Creek SE 30th 1259.44* 1.01-year 85.27 53.21 55.79 54.59 2.58 0.004873 2.71 31.45 17.43 0.34 1.77 0.54
Sunset Creek SE 30th 1259.44* 2-year 128.35 53.21 56.31 54.96 3.1 0.00473 3.14 48.16 58.31 0.35 2.25 0.67
Sunset Creek SE 30th 1259.44* 10-year 200.6 53.21 57.06 55.49 3.85 0.003055 3.01 107.85 81.88 0.3 2.94 0.56
Sunset Creek SE 30th 1259.44* 25-year 252.45 53.21 57.5 55.81 4.29 0.002482 2.95 143.4 81.88 0.27 3.34 0.52
Sunset Creek SE 30th 1259.44* 100-year 350.2 53.21 58.22 56.71 5.01 0.001918 2.93 202.89 81.88 0.25 4.01 0.48

Sunset Creek SE 30th 1210.31 1.01-year 85.27 53.26 55.38 54.6 2.13 0.011323 3.27 26.05 16.51 0.46 1.49 1.05
Sunset Creek SE 30th 1210.31 2-year 128.35 53.26 55.93 54.97 2.67 0.009087 3.57 39.89 35.83 0.43 2 1.13
Sunset Creek SE 30th 1210.31 10-year 200.6 53.26 56.71 55.47 3.46 0.005528 3.44 81.54 58.22 0.36 2.74 0.95
Sunset Creek SE 30th 1210.31 25-year 252.45 53.26 57.18 55.85 3.92 0.004311 3.35 108.53 58.22 0.32 3.18 0.86
Sunset Creek SE 30th 1210.31 100-year 350.2 53.26 57.94 56.49 4.68 0.003255 3.33 152.88 58.22 0.29 3.89 0.79

Sunset Creek SE 30th 1208.31* 1.01-year 85.27 52.76 55.41 54.12 2.66 0.004222 2.58 33.13 18.44 0.32 1.83 0.48
Sunset Creek SE 30th 1208.31* 2-year 128.35 52.76 55.96 54.5 3.2 0.004078 2.98 48.5 39.97 0.33 2.33 0.59
Sunset Creek SE 30th 1208.31* 10-year 200.6 52.76 56.72 55.02 3.96 0.003161 3.12 89.98 57.1 0.3 3.03 0.6
Sunset Creek SE 30th 1208.31* 25-year 252.45 52.76 57.17 55.33 4.42 0.002746 3.17 115.93 57.1 0.29 3.45 0.59
Sunset Creek SE 30th 1208.31* 100-year 350.2 52.76 57.93 55.95 5.17 0.002309 3.28 159.04 57.1 0.27 4.14 0.6

Sunset Creek SE 30th 1177.949 1.01-year 100.55 52.79 55.26 54.14 2.48 0.004585 2.74 42.21 36.57 0.34 1.91 0.55
Sunset Creek SE 30th 1177.949 2-year 151.35 52.79 55.82 54.52 3.04 0.003855 2.96 64.41 40.15 0.32 2.45 0.59
Sunset Creek SE 30th 1177.949 10-year 236.6 52.79 56.56 55.15 3.78 0.003385 3.28 94.1 40.15 0.32 3.14 0.66
Sunset Creek SE 30th 1177.949 25-year 297.45 52.79 56.99 55.47 4.21 0.003309 3.51 111.35 40.15 0.32 3.55 0.73
Sunset Creek SE 30th 1177.949 100-year 413.2 52.79 57.71 55.87 4.93 0.003255 3.91 140.21 40.15 0.33 4.22 0.86

Sunset Creek SE 30th 1159.18 1.01-year 100.55 52.8 55.01 54.29 2.21 0.01378 3.67 27.36 16.82 0.51 1.53 1.32
Sunset Creek SE 30th 1159.18 2-year 151.35 52.8 55.54 54.69 2.73 0.011771 4.1 39.87 30.67 0.49 2.03 1.49
Sunset Creek SE 30th 1159.18 10-year 236.6 52.8 56.32 55.25 3.51 0.00816 4.19 71.28 43.4 0.43 2.76 1.41
Sunset Creek SE 30th 1159.18 25-year 297.45 52.8 56.77 55.64 3.97 0.006882 4.24 91.09 43.4 0.41 3.19 1.37
Sunset Creek SE 30th 1159.18 100-year 413.2 52.8 57.52 56.23 4.72 0.005727 4.41 123.56 43.4 0.38 3.9 1.39

Sunset Creek SE 30th 1157.18 1.01-year 100.55 52.3 55.04 53.82 2.74 0.005434 2.94 34.19 17.7 0.36 1.86 0.63
Sunset Creek SE 30th 1157.18 2-year 151.35 52.3 55.57 54.24 3.27 0.00552 3.46 47.19 31.79 0.38 2.35 0.81
Sunset Creek SE 30th 1157.18 10-year 236.6 52.3 56.32 54.81 4.02 0.004882 3.86 75.6 39.4 0.37 3.03 0.92
Sunset Creek SE 30th 1157.18 25-year 297.45 52.3 56.76 55.16 4.46 0.004604 4.07 92.96 39.4 0.37 3.44 0.99
Sunset Creek SE 30th 1157.18 100-year 413.2 52.3 57.48 55.94 5.18 0.004343 4.45 121.48 39.4 0.37 4.1 1.11

Sunset Creek SE 30th 1108.05 1.01-year 100.55 52.35 54.56 53.84 2.21 0.013668 3.66 27.45 16.84 0.51 1.53 1.31
Sunset Creek SE 30th 1108.05 2-year 151.35 52.35 55.09 54.24 2.74 0.011937 4.09 38.87 27.02 0.49 2.01 1.5
Sunset Creek SE 30th 1108.05 10-year 236.6 52.35 55.88 54.78 3.52 0.008646 4.29 67.18 42.28 0.44 2.75 1.48
Sunset Creek SE 30th 1108.05 25-year 297.45 52.35 56.35 55.17 4 0.007102 4.3 87.27 42.28 0.41 3.19 1.42
Sunset Creek SE 30th 1108.05 100-year 413.2 52.35 57.1 55.83 4.75 0.005857 4.46 119.12 42.28 0.39 3.9 1.43
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06-03501-002 Phase III Alternative 3 Output Table Herrera Environmental Consultants

River Reach River Sta Profile Q Total Min Ch El W.S. Elev Crit W.S. Max Chl Dpth E.G. Slope Vel Chnl Flow Area Top Width Froude # Chl Hydr Radius C Shear Chan
(cfs) (ft) (ft) (ft) (ft) (ft/ft) (ft/s) (sq ft) (ft) (ft) (lb/sq ft)

Sunset Creek SE 30th 1106.05* 1.01-year 100.55 51.85 54.6 53.37 2.75 0.005424 2.92 34.41 17.06 0.36 1.85 0.63
Sunset Creek SE 30th 1106.05* 2-year 151.35 51.85 55.13 53.78 3.28 0.005519 3.44 46.37 28.11 0.38 2.33 0.8
Sunset Creek SE 30th 1106.05* 10-year 236.6 51.85 55.89 54.35 4.04 0.004919 3.86 74.62 43.14 0.37 3.03 0.93
Sunset Creek SE 30th 1106.05* 25-year 297.45 51.85 56.35 54.69 4.5 0.004438 4.01 94.58 43.14 0.36 3.46 0.96
Sunset Creek SE 30th 1106.05* 100-year 413.2 51.85 57.1 55.36 5.25 0.003998 4.29 126.7 43.14 0.36 4.14 1.03

Sunset Creek SE 30th 1056.91 1.01-year 100.55 51.9 54.12 53.39 2.22 0.013496 3.65 27.58 16.87 0.5 1.54 1.3
Sunset Creek SE 30th 1056.91 2-year 151.35 51.9 54.66 53.79 2.76 0.011912 4.06 38.5 24.82 0.49 2 1.49
Sunset Creek SE 30th 1056.91 10-year 236.6 51.9 55.45 54.32 3.55 0.008915 4.34 62.41 34.28 0.45 2.74 1.53
Sunset Creek SE 30th 1056.91 25-year 297.45 51.9 55.9 54.68 4.01 0.007909 4.5 79.51 41.18 0.43 3.17 1.57
Sunset Creek SE 30th 1056.91 100-year 413.2 51.9 56.68 55.27 4.78 0.00641 4.65 116.7 55.19 0.4 3.9 1.56

Sunset Creek SE 30th 1054.91* 1.01-year 100.55 51.4 54.15 52.91 2.75 0.005358 2.91 34.61 17.14 0.36 1.85 0.62
Sunset Creek SE 30th 1054.91* 2-year 151.35 51.4 54.69 53.33 3.3 0.005502 3.41 45.97 25.71 0.38 2.32 0.8
Sunset Creek SE 30th 1054.91* 10-year 236.6 51.4 55.47 53.9 4.07 0.00498 3.88 69.93 34.72 0.38 3.03 0.94
Sunset Creek SE 30th 1054.91* 25-year 297.45 51.4 55.92 54.24 4.52 0.004781 4.14 86.93 41.63 0.38 3.44 1.03
Sunset Creek SE 30th 1054.91* 100-year 413.2 51.4 56.68 54.91 5.28 0.004303 4.44 123.54 55.17 0.37 4.14 1.11

Sunset Creek SE 30th 1005.78 1.01-year 100.55 51.45 53.68 52.94 2.23 0.013128 3.61 27.86 16.94 0.5 1.55 1.27
Sunset Creek SE 30th 1005.78 2-year 151.35 51.45 54.23 53.34 2.78 0.011693 4.01 38.57 23.39 0.49 2 1.46
Sunset Creek SE 30th 1005.78 10-year 236.6 51.45 55.05 53.87 3.61 0.008499 4.26 63.47 37.48 0.44 2.77 1.47
Sunset Creek SE 30th 1005.78 25-year 297.45 51.45 55.53 54.22 4.09 0.007171 4.33 82.22 41.09 0.41 3.22 1.44
Sunset Creek SE 30th 1005.78 100-year 413.2 51.45 56.32 54.83 4.87 0.005725 4.44 118.5 51.19 0.38 3.96 1.41

Sunset Creek SE 30th 1003.78* 1.01-year 100.55 50.95 53.72 52.47 2.77 0.005234 2.88 34.94 17.24 0.36 1.86 0.61
Sunset Creek SE 30th 1003.78* 2-year 151.35 50.95 54.27 52.88 3.32 0.005419 3.37 46.01 24.15 0.37 2.32 0.78
Sunset Creek SE 30th 1003.78* 10-year 236.6 50.95 55.08 53.44 4.13 0.004758 3.81 71.05 37.65 0.37 3.06 0.91
Sunset Creek SE 30th 1003.78* 25-year 297.45 50.95 55.55 53.79 4.6 0.004404 4 89.39 41.24 0.36 3.49 0.96
Sunset Creek SE 30th 1003.78* 100-year 413.2 50.95 56.32 54.4 5.37 0.003905 4.26 125.01 51.02 0.35 4.2 1.02

Sunset Creek SE 30th 954.652 1.01-year 100.55 50.99 53.27 52.48 2.28 0.012283 3.52 28.55 17.1 0.48 1.57 1.2
Sunset Creek SE 30th 954.652 2-year 151.35 50.99 53.83 52.88 2.83 0.01107 3.92 39.26 22.64 0.47 2.01 1.39
Sunset Creek SE 30th 954.652 10-year 236.6 50.99 54.7 53.42 3.71 0.007695 4.11 64.6 35.61 0.42 2.84 1.36
Sunset Creek SE 30th 954.652 25-year 297.45 50.99 55.19 53.75 4.19 0.006588 4.2 82.6 38.39 0.4 3.29 1.35
Sunset Creek SE 30th 954.652 100-year 413.2 50.99 55.97 54.35 4.98 0.005437 4.37 115.24 45 0.37 4.03 1.37

Sunset Creek SE 30th 952.651* 1.01-year 100.55 50.49 53.3 52.01 2.81 0.004965 2.82 35.67 17.4 0.35 1.88 0.58
Sunset Creek SE 30th 952.651* 2-year 151.35 50.49 53.86 52.42 3.37 0.005185 3.31 46.68 23.28 0.37 2.33 0.75
Sunset Creek SE 30th 952.651* 10-year 236.6 50.49 54.72 52.99 4.23 0.004363 3.69 72.14 36.08 0.35 3.12 0.85
Sunset Creek SE 30th 952.651* 25-year 297.45 50.49 55.2 53.33 4.7 0.004066 3.88 89.81 38.43 0.35 3.56 0.9
Sunset Creek SE 30th 952.651* 100-year 413.2 50.49 55.97 53.92 5.48 0.003697 4.18 121.98 44.91 0.34 4.27 0.98

Sunset Creek SE 30th 903.519 1.01-year 100.55 50.54 52.9 52.03 2.36 0.010777 3.35 29.98 17.43 0.45 1.62 1.09
Sunset Creek SE 30th 903.519 2-year 151.35 50.54 53.46 52.43 2.92 0.009883 3.76 40.86 22.55 0.45 2.06 1.27
Sunset Creek SE 30th 903.519 10-year 236.6 50.54 54.41 52.97 3.86 0.006509 3.88 67.84 34.82 0.39 2.95 1.2
Sunset Creek SE 30th 903.519 25-year 297.45 50.54 54.89 53.29 4.34 0.005734 4 85.18 36.97 0.37 3.4 1.22
Sunset Creek SE 30th 903.519 100-year 413.2 50.54 55.67 53.88 5.12 0.004911 4.22 115.44 41 0.35 4.14 1.27

Sunset Creek SE 30th 901.518* 1.01-year 100.55 50.04 52.93 51.56 2.89 0.004484 2.71 37.11 17.71 0.33 1.92 0.54
Sunset Creek SE 30th 901.518* 2-year 151.35 50.04 53.49 51.97 3.45 0.004729 3.19 48.25 23.07 0.35 2.38 0.7
Sunset Creek SE 30th 901.518* 10-year 236.6 50.04 54.42 52.54 4.38 0.003772 3.5 75.29 35.18 0.33 3.23 0.76
Sunset Creek SE 30th 901.518* 25-year 297.45 50.04 54.89 52.88 4.85 0.003585 3.71 92.38 36.99 0.33 3.67 0.82
Sunset Creek SE 30th 901.518* 100-year 413.2 50.04 55.67 53.45 5.63 0.003352 4.03 122.3 40.95 0.33 4.37 0.92

Sunset Creek SE 30th 852.3866 1.01-year 100.55 50.09 52.65 51.57 2.56 0.005699 2.99 33.66 18.26 0.39 1.73 0.62
Sunset Creek SE 30th 852.3866 2-year 151.35 50.09 53.21 51.98 3.12 0.005331 3.42 45.32 23.81 0.39 2.23 0.74
Sunset Creek SE 30th 852.3866 10-year 236.6 50.09 54.21 52.52 4.12 0.003613 3.56 74.69 35.1 0.34 3.17 0.71
Sunset Creek SE 30th 852.3866 25-year 297.45 50.09 54.68 52.83 4.59 0.003391 3.75 91.19 36.03 0.34 3.6 0.76
Sunset Creek SE 30th 852.3866 100-year 413.2 50.09 55.44 53.41 5.35 0.003153 4.08 119.38 38.43 0.34 4.31 0.85

Sunset Creek SE 30th 834.4796 1.01-year 100.55 50.42 52.35 52.05 1.93 0.01469 4.18 24.06 20.51 0.68 1.14 1.04
Sunset Creek SE 30th 834.4796 2-year 151.35 50.42 53.04 52.37 2.62 0.007446 3.91 39.73 25.09 0.51 1.75 0.81
Sunset Creek SE 30th 834.4796 10-year 236.6 50.42 54.14 52.8 3.72 0.003764 3.62 71.26 32.4 0.38 2.65 0.62
Sunset Creek SE 30th 834.4796 25-year 297.45 50.42 54.61 53.07 4.19 0.003505 3.79 86.83 33.42 0.37 3.02 0.66
Sunset Creek SE 30th 834.4796 100-year 413.2 50.42 55.37 53.54 4.95 0.003281 4.09 112.53 33.91 0.36 3.6 0.74

Sunset Creek SE 30th 816.2844 1.01-year 100.55 50.18 52.24 51.75 2.06 0.008119 3.12 32.26 26.81 0.5 1.17 0.59
Sunset Creek SE 30th 816.2844 2-year 151.35 50.18 53.02 52.01 2.84 0.004056 2.78 54.43 30.02 0.36 1.73 0.44
Sunset Creek SE 30th 816.2844 10-year 236.6 50.18 54.15 52.38 3.97 0.002 2.58 96.79 43.1 0.27 2.69 0.34
Sunset Creek SE 30th 816.2844 25-year 297.45 50.18 54.63 52.61 4.45 0.001856 2.72 117.38 43.46 0.26 3.08 0.36
Sunset Creek SE 30th 816.2844 100-year 413.2 50.18 55.4 53 5.22 0.001737 2.95 151.26 44.04 0.26 3.71 0.4

Sunset Creek SE 30th 795.8286 1.01-year 100.55 50.27 52.19 51.34 1.92 0.00315 2.32 44.91 31.92 0.32 1.49 0.29
Sunset Creek SE 30th 795.8286 2-year 151.35 50.27 53 51.59 2.73 0.001784 2.23 72.03 35.08 0.26 2.18 0.24
Sunset Creek SE 30th 795.8286 10-year 236.6 50.27 54.14 51.96 3.87 0.001152 2.25 114.08 37.65 0.21 3.11 0.22
Sunset Creek SE 30th 795.8286 25-year 297.45 50.27 54.62 52.18 4.35 0.001187 2.44 131.93 37.82 0.22 3.47 0.26
Sunset Creek SE 30th 795.8286 100-year 413.2 50.27 55.38 52.55 5.11 0.001271 2.78 161.13 38.09 0.23 4.05 0.32

Sunset Creek SE 30th 772.6812 1.01-year 100.55 49.8 52.11 51.34 2.31 0.00363 2.31 43.79 31.6 0.34 1.35 0.31
Sunset Creek SE 30th 772.6812 2-year 151.35 49.8 52.96 51.57 3.16 0.001804 2.16 72.62 36.28 0.25 2.08 0.23
Sunset Creek SE 30th 772.6812 10-year 236.6 49.8 54.12 51.89 4.32 0.001109 2.15 115.02 45.55 0.21 3.03 0.21
Sunset Creek SE 30th 772.6812 25-year 297.45 49.8 54.59 52.11 4.79 0.001113 2.35 132.48 46.93 0.21 3.44 0.24
Sunset Creek SE 30th 772.6812 100-year 413.2 49.8 55.36 52.47 5.56 0.001142 2.68 160.86 49.35 0.22 4.13 0.29
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06-03501-002 Phase III Alternative 3 Output Table Herrera Environmental Consultants

River Reach River Sta Profile Q Total Min Ch El W.S. Elev Crit W.S. Max Chl Dpth E.G. Slope Vel Chnl Flow Area Top Width Froude # Chl Hydr Radius C Shear Chan
(cfs) (ft) (ft) (ft) (ft) (ft/ft) (ft/s) (sq ft) (ft) (ft) (lb/sq ft)

Sunset Creek SE 30th 742.021 1.01-year 100.55 49.76 52.02 51.21 2.26 0.003164 2.1 47.78 33.86 0.31 1.33 0.26
Sunset Creek SE 30th 742.021 2-year 151.35 49.76 52.92 51.43 3.16 0.001523 1.91 79.33 41.34 0.23 2.05 0.19
Sunset Creek SE 30th 742.021 10-year 236.6 49.76 54.1 51.73 4.34 0.000905 1.94 122.07 51.49 0.19 3.11 0.18
Sunset Creek SE 30th 742.021 25-year 297.45 49.76 54.57 51.93 4.81 0.000921 2.14 139.3 53.01 0.19 3.55 0.2
Sunset Creek SE 30th 742.021 100-year 413.2 49.76 55.34 52.27 5.58 0.000966 2.47 167.27 53.01 0.2 4.27 0.26

Sunset Creek SE 30th 704.0906 Bridge

Sunset Creek SE 30th 637.1669 1.01-year 100.55 49 51.91 50.27 2.91 0.000848 1.45 70.2 47.21 0.17 2.09 0.11
Sunset Creek SE 30th 637.1669 2-year 151.35 49 52.51 50.53 3.51 0.000908 1.72 88.85 47.46 0.18 2.59 0.15
Sunset Creek SE 30th 637.1669 10-year 236.6 49 53.12 50.86 4.12 0.001179 2.21 108.51 50.82 0.21 3.12 0.23
Sunset Creek SE 30th 637.1669 25-year 297.45 49 53.46 51.05 4.46 0.001351 2.52 121.12 55.09 0.23 3.42 0.29
Sunset Creek SE 30th 637.1669 100-year 413.2 49 54.01 51.41 5.01 0.001627 3.02 142.47 55.09 0.26 3.92 0.4

Sunset Creek SE 30th 616.5581 1.01-year 100.55 48.88 51.91 49.89 3.03 0.000323 1.03 110.99 63.74 0.11 2.53 0.05
Sunset Creek SE 30th 616.5581 2-year 151.35 48.88 52.51 50.12 3.63 0.00037 1.24 138.24 68.09 0.12 3.03 0.07
Sunset Creek SE 30th 616.5581 10-year 236.6 48.88 53.13 50.44 4.25 0.000508 1.6 166.47 68.5 0.14 3.53 0.11
Sunset Creek SE 30th 616.5581 25-year 297.45 48.88 53.48 50.61 4.6 0.000595 1.83 182.93 71.65 0.16 3.84 0.14
Sunset Creek SE 30th 616.5581 100-year 413.2 48.88 54.04 50.91 5.16 0.000742 2.22 211.02 73.22 0.18 4.35 0.2

Sunset Creek SE 30th 596.5916 1.01-year 100.55 48.52 51.89 49.66 3.37 0.000467 1.22 86.58 39.79 0.13 2.65 0.08
Sunset Creek SE 30th 596.5916 2-year 151.35 48.52 52.49 49.91 3.97 0.000583 1.52 105.26 41.8 0.14 3.12 0.11
Sunset Creek SE 30th 596.5916 10-year 236.6 48.52 53.09 50.27 4.57 0.000843 2.01 124.53 43.09 0.18 3.62 0.19
Sunset Creek SE 30th 596.5916 25-year 297.45 48.52 53.42 50.49 4.9 0.001019 2.33 135.73 44.4 0.2 3.92 0.25
Sunset Creek SE 30th 596.5916 100-year 413.2 48.52 53.95 50.89 5.43 0.001329 2.88 154.47 46.49 0.23 4.39 0.36

Sunset Creek SE 30th 572.9708 1.01-year 100.55 47.8 51.79 50.11 3.99 0.007538 2.48 40.59 22.01 0.31 1.85 0.87
Sunset Creek SE 30th 572.9708 2-year 151.35 47.8 52.36 50.59 4.56 0.007033 2.83 57.4 34.91 0.31 2.37 1.04
Sunset Creek SE 30th 572.9708 10-year 236.6 47.8 52.92 51.28 5.12 0.007889 3.42 77.89 37.52 0.34 2.89 1.42
Sunset Creek SE 30th 572.9708 25-year 297.45 47.8 53.24 51.64 5.44 0.008498 3.78 89.82 38.6 0.36 3.18 1.69
Sunset Creek SE 30th 572.9708 100-year 413.2 47.8 53.73 52.3 5.93 0.009453 4.37 109.03 38.6 0.39 3.64 2.15

Sunset Creek SE 30th 554.7107 1.01-year 100.55 47.62 51.53 49.85 3.91 0.008664 3.51 29.65 16.97 0.36 2.05 1.11
Sunset Creek SE 30th 554.7107 2-year 151.35 47.62 52.02 50.4 4.4 0.010876 4.35 43.97 52.7 0.41 2.38 1.62
Sunset Creek SE 30th 554.7107 10-year 236.6 47.62 52.65 51.17 5.03 0.009955 4.65 78.01 55.51 0.4 2.81 1.75
Sunset Creek SE 30th 554.7107 25-year 297.45 47.62 53.01 52.36 5.39 0.009395 4.77 98.04 57.1 0.4 3.05 1.79
Sunset Creek SE 30th 554.7107 100-year 413.2 47.62 53.57 52.75 5.95 0.008626 4.95 134.54 116.88 0.39 3.44 1.85

Sunset Creek SE 30th 543.1325 1.01-year 100.55 47.65 51.52 49.72 3.87 0.003274 2.92 35.23 50.97 0.3 2.2 0.45
Sunset Creek SE 30th 543.1325 2-year 151.35 47.65 52.04 50.19 4.39 0.003644 3.37 63.54 55.1 0.32 2.55 0.58
Sunset Creek SE 30th 543.1325 10-year 236.6 47.65 52.64 50.87 4.99 0.003872 3.88 98.61 117.31 0.34 3 0.73
Sunset Creek SE 30th 543.1325 25-year 297.45 47.65 52.98 51.29 5.33 0.003881 4.1 121.75 117.31 0.35 3.26 0.79
Sunset Creek SE 30th 543.1325 100-year 413.2 47.65 53.53 52.3 5.88 0.003888 4.45 158.79 117.31 0.36 3.68 0.89

Sunset Creek SE 30th 529.8341 1.01-year 100.55 47.8 51.47 49.72 3.67 0.003859 2.94 34.89 19.26 0.31 2.17 0.52
Sunset Creek SE 30th 529.8341 2-year 151.35 47.8 51.99 50.2 4.19 0.004265 3.39 59.3 104.45 0.33 2.5 0.67
Sunset Creek SE 30th 529.8341 10-year 236.6 47.8 52.59 50.88 4.79 0.004205 3.77 94.29 110.85 0.34 2.97 0.78
Sunset Creek SE 30th 529.8341 25-year 297.45 47.8 52.94 51.3 5.14 0.004211 3.99 115.69 114.45 0.34 3.24 0.85
Sunset Creek SE 30th 529.8341 100-year 413.2 47.8 53.48 52.33 5.68 0.004245 4.35 152.44 120.21 0.35 3.66 0.97

Sunset Creek SE 30th 420.6496 1.01-year 100.55 47.11 51.29 48.76 4.18 0.001295 1.95 52.9 25.45 0.19 2.57 0.21
Sunset Creek SE 30th 420.6496 2-year 151.35 47.11 51.75 49.16 4.64 0.001814 2.47 75.05 54.14 0.23 2.87 0.32
Sunset Creek SE 30th 420.6496 10-year 236.6 47.11 52.3 49.73 5.19 0.002274 3.04 110.85 118.2 0.26 3.31 0.47
Sunset Creek SE 30th 420.6496 25-year 297.45 47.11 52.62 50.1 5.51 0.002461 3.33 132.79 118.2 0.28 3.56 0.55
Sunset Creek SE 30th 420.6496 100-year 413.2 47.11 53.14 50.75 6.03 0.002707 3.75 168.33 118.2 0.3 3.97 0.67

Sunset Creek SE 30th 48.9477 1.01-year 100.55 47.18 50.65 49.5 3.47 0.002442 2.13 71.26 131.31 0.26 1.84 0.28
Sunset Creek SE 30th 48.9477 2-year 151.35 47.18 50.99 49.88 3.81 0.002463 2.37 98.49 131.31 0.27 2.15 0.33
Sunset Creek SE 30th 48.9477 10-year 236.6 47.18 51.5 50.55 4.32 0.002215 2.56 140.72 131.31 0.27 2.62 0.36
Sunset Creek SE 30th 48.9477 25-year 297.45 47.18 51.8 50.7 4.62 0.002179 2.72 165.12 131.31 0.27 2.9 0.39
Sunset Creek SE 30th 48.9477 100-year 413.2 47.18 52.3 50.92 5.12 0.00215 2.98 205.72 131.31 0.27 3.36 0.45

Richards Creek Historical 1507.208 1.01-year 15.05 57.05 58.62 57.65 1.57 0.002703 0.91 16.56 17.45 0.16 0.89 0.15
Richards Creek Historical 1507.208 2-year 22.65 57.05 58.81 57.8 1.76 0.003796 1.13 20.06 19 0.19 0.98 0.23
Richards Creek Historical 1507.208 10-year 35.4 57.05 59.03 58 1.98 0.005265 1.45 24.62 23.46 0.23 1.14 0.37
Richards Creek Historical 1507.208 25-year 44.55 57.05 59.13 58.13 2.08 0.006525 1.69 27.09 26.94 0.26 1.21 0.49
Richards Creek Historical 1507.208 100-year 61.8 57.05 59.27 58.31 2.22 0.00875 2.09 31.13 30.61 0.31 1.34 0.73

Richards Creek Historical 1481.097 1.01-year 15.05 57.41 58.45 58.08 1.04 0.012687 1.84 10.58 30.74 0.37 0.74 0.58
Richards Creek Historical 1481.097 2-year 22.65 57.41 58.65 58.32 1.24 0.009489 1.77 20.33 70.02 0.32 0.88 0.52
Richards Creek Historical 1481.097 10-year 35.4 57.41 58.91 58.51 1.5 0.005138 1.48 44.41 115.25 0.24 1.09 0.35
Richards Creek Historical 1481.097 25-year 44.55 57.41 59 58.61 1.59 0.004818 1.51 56.33 131.14 0.24 1.18 0.36
Richards Creek Historical 1481.097 100-year 61.8 57.41 59.14 58.72 1.73 0.004481 1.57 76.03 145.39 0.24 1.32 0.37

Richards Creek Historical 1291.987 1.01-year 15.05 55.48 56.38 56.05 0.9 0.009455 1.94 7.75 12.07 0.43 0.63 0.37
Richards Creek Historical 1291.987 2-year 22.65 55.48 56.5 56.19 1.02 0.012864 2.44 9.29 12.84 0.5 0.71 0.57
Richards Creek Historical 1291.987 10-year 35.4 55.48 56.41 56.38 0.93 0.046374 4.38 8.09 12.25 0.95 0.65 1.87
Richards Creek Historical 1291.987 25-year 44.55 55.48 56.5 56.5 1.02 0.050988 4.83 9.21 12.8 1 0.7 2.24
Richards Creek Historical 1291.987 100-year 61.8 55.48 56.68 56.68 1.2 0.049454 5.28 11.71 13.74 1.01 0.83 2.56

Richards Creek Historical 999.2128 1.01-year 15.05 51.78 52.33 52.21 0.55 0.021643 2.41 6.26 14.62 0.65 0.42 0.57
Richards Creek Historical 999.2128 2-year 22.65 51.78 52.53 52.32 0.75 0.014271 2.42 9.35 15.49 0.55 0.59 0.53
Richards Creek Historical 999.2128 10-year 35.4 51.78 53.02 52.47 1.24 0.005472 2.03 17.43 17.57 0.36 0.97 0.33
Richards Creek Historical 999.2128 25-year 44.55 51.78 54.1 52.56 2.32 0.000868 1.14 38.96 21.98 0.15 1.7 0.09
Richards Creek Historical 999.2128 100-year 61.8 51.78 56.66 52.72 4.88 0.000065 0.49 191.13 214.45 0.04 3.44 0.01
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06-03501-002 Phase III Alternative 3 Output Table Herrera Environmental Consultants

River Reach River Sta Profile Q Total Min Ch El W.S. Elev Crit W.S. Max Chl Dpth E.G. Slope Vel Chnl Flow Area Top Width Froude # Chl Hydr Radius C Shear Chan
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Richards Creek Historical 968.151 1.01-year 15.05 51.3 52.1 51.71 0.8 0.00443 1.44 10.46 15.61 0.31 0.66 0.18
Richards Creek Historical 968.151 2-year 22.65 51.3 52.38 51.82 1.08 0.003527 1.53 14.82 16.66 0.29 0.87 0.19
Richards Creek Historical 968.151 10-year 35.4 51.3 52.95 51.97 1.65 0.001863 1.41 25.07 18.89 0.22 1.28 0.15
Richards Creek Historical 968.151 25-year 44.55 51.3 54.09 52.06 2.79 0.000439 0.91 49.03 22.93 0.11 2.02 0.06
Richards Creek Historical 968.151 100-year 61.8 51.3 56.66 52.22 5.36 0.000067 0.53 116.81 217.23 0.05 3.8 0.02

Richards Creek Historical 913.9713 Culvert

Richards Creek Historical 875.7664 1.01-year 15.05 49.6 50.72 49.88 1.12 0.000498 0.6 24.93 27.65 0.11 0.88 0.03
Richards Creek Historical 875.7664 2-year 22.65 49.6 51.06 49.97 1.46 0.000432 0.65 34.86 30.91 0.11 1.1 0.03
Richards Creek Historical 875.7664 10-year 35.4 49.6 51.58 50.09 1.98 0.00035 0.68 52.33 35.78 0.1 1.42 0.03
Richards Creek Historical 875.7664 25-year 44.55 49.6 51.89 50.17 2.29 0.000327 0.7 63.72 38.62 0.1 1.6 0.03
Richards Creek Historical 875.7664 100-year 61.8 49.6 52.4 50.29 2.8 0.000295 0.73 84.69 122.23 0.09 1.89 0.03

Richards Creek Historical 843.4692 1.01-year 15.05 49.48 50.71 49.76 1.23 0.000354 0.53 28.16 29.03 0.1 0.95 0.02
Richards Creek Historical 843.4692 2-year 22.65 49.48 51.05 49.85 1.57 0.000327 0.59 38.63 32.37 0.09 1.17 0.02
Richards Creek Historical 843.4692 10-year 35.4 49.48 51.57 49.97 2.09 0.000279 0.62 56.91 37.17 0.09 1.49 0.03
Richards Creek Historical 843.4692 25-year 44.55 49.48 51.88 50.05 2.4 0.000266 0.65 68.74 45.44 0.09 1.67 0.03
Richards Creek Historical 843.4692 100-year 61.8 49.48 52.39 50.17 2.91 0.000246 0.68 90.4 144.04 0.08 1.96 0.03

Richards Creek Historical 240.4131 1.01-year 15.05 45.9 50.71 46.6 4.81 0.000001 0.1 402.64 212.34 0.01 3.72 0
Richards Creek Historical 240.4131 2-year 22.65 45.9 51.05 46.73 5.15 0.000001 0.13 477.23 225.63 0.01 4.02 0
Richards Creek Historical 240.4131 10-year 35.4 45.9 51.57 46.92 5.67 0.000002 0.17 600.44 238.56 0.01 4.49 0
Richards Creek Historical 240.4131 25-year 44.55 45.9 51.88 47.05 5.98 0.000002 0.19 673.57 238.56 0.01 4.76 0
Richards Creek Historical 240.4131 100-year 61.8 45.9 52.39 47.25 6.49 0.000002 0.22 795.71 238.56 0.02 5.21 0

Richards Creek Lower 85.48712 1.01-year 120.25 47.08 50.66 49.54 3.58 0.001315 2.1 131.45 256.31 0.25 1.94 0.16
Richards Creek Lower 85.48712 2-year 181 47.08 50.99 50.28 3.91 0.001312 2.31 184.25 256.31 0.26 2.25 0.18
Richards Creek Lower 85.48712 10-year 297 47.08 51.51 50.56 4.43 0.00131 2.62 265.35 256.31 0.27 2.72 0.22
Richards Creek Lower 85.48712 25-year 376 47.08 51.82 50.7 4.74 0.001309 2.8 312.53 256.31 0.27 3 0.25
Richards Creek Lower 85.48712 100-year 525 47.08 52.32 50.93 5.24 0.001308 3.07 391.18 256.31 0.28 3.46 0.28

Richards Creek Lower 26.62222 1.01-year 120.25 47 50.58 49.45 3.58 0.0013 2.09 132.08 256.31 0.25 1.94 0.16
Richards Creek Lower 26.62222 2-year 181 47 50.92 50.2 3.92 0.001301 2.3 184.88 256.31 0.26 2.25 0.18
Richards Creek Lower 26.62222 10-year 297 47 51.44 50.48 4.44 0.0013 2.62 266.03 256.31 0.27 2.73 0.22
Richards Creek Lower 26.62222 25-year 376 47 51.74 50.62 4.74 0.001301 2.79 313.23 256.31 0.27 3 0.24
Richards Creek Lower 26.62222 100-year 525 47 52.24 50.85 5.24 0.001301 3.07 391.89 256.31 0.28 3.46 0.28
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06-03501-002 Phase III Alternative 4 No Beavers Output Table Herrera Environmental Consultants

River Reach River Sta Profile Q Total Min Ch El W.S. Elev Crit W.S. Max Chl Dpth E.G. Slope Vel Chnl Flow Area Top Width Froude # Chl Hydr Radius C Shear Chan
(cfs) (ft) (ft) (ft) (ft) (ft/ft) (ft/s) (sq ft) (ft) (ft) (lb/sq ft)

Sunset Creek SE 30th 3272.859 1.01-year 52.48 82.49 85.22 83.99 2.73 0.006909 2.99 17.54 7.87 0.35 1.53 0.66
Sunset Creek SE 30th 3272.859 2-year 79 82.49 85.87 84.38 3.38 0.007726 3.46 22.83 8.32 0.37 1.77 0.86
Sunset Creek SE 30th 3272.859 10-year 126 82.49 86.72 84.96 4.23 0.009492 4.19 30.1 8.9 0.4 2.06 1.22
Sunset Creek SE 30th 3272.859 25-year 157 82.49 87.13 85.3 4.64 0.010441 4.63 34.08 10.3 0.42 2.24 1.46
Sunset Creek SE 30th 3272.859 100-year 212 82.49 87.79 85.83 5.3 0.011482 5.24 41.64 12.71 0.45 2.52 1.81

Sunset Creek SE 30th 3251.92 1.01-year 52.48 82.52 84.68 84.21 2.16 0.024525 5.08 10.33 5.78 0.67 1.2 1.84
Sunset Creek SE 30th 3251.92 2-year 79 82.52 85.22 84.69 2.7 0.027799 5.84 13.53 6.22 0.7 1.39 2.41
Sunset Creek SE 30th 3251.92 10-year 126 82.52 86 85.54 3.48 0.031764 6.33 19.9 8.8 0.74 1.5 2.97
Sunset Creek SE 30th 3251.92 25-year 157 82.52 86.34 85.88 3.82 0.033201 6.84 22.96 9.05 0.76 1.64 3.39
Sunset Creek SE 30th 3251.92 100-year 212 82.52 86.88 86.38 4.36 0.035496 7.59 27.92 9.43 0.78 1.84 4.08

Sunset Creek SE 30th 3230.282 1.01-year 52.48 81.37 84.02 83.73 2.65 0.030615 5.49 9.55 6.31 0.79 1.09 2.08
Sunset Creek SE 30th 3230.282 2-year 79 81.37 84.46 84.23 3.09 0.033662 6.29 12.56 7.21 0.84 1.24 2.61
Sunset Creek SE 30th 3230.282 10-year 126 81.37 85.18 84.92 3.81 0.034461 6.77 18.62 9.27 0.84 1.45 3.12
Sunset Creek SE 30th 3230.282 25-year 157 81.37 85.54 85.24 4.17 0.03394 7.15 21.97 9.59 0.83 1.61 3.42
Sunset Creek SE 30th 3230.282 100-year 212 81.37 86.11 85.72 4.74 0.033218 7.67 27.63 10.1 0.82 1.86 3.85

Sunset Creek SE 30th 3207.655 1.01-year 52.48 81.58 83.02 83.02 1.44 0.045494 6.27 8.36 6.93 1.01 0.98 2.8
Sunset Creek SE 30th 3207.655 2-year 79 81.58 83.43 83.43 1.85 0.044215 7.02 11.25 7.41 1.01 1.19 3.29
Sunset Creek SE 30th 3207.655 10-year 126 81.58 84.06 84.06 2.48 0.044338 7.75 16.25 8.79 1 1.42 3.92
Sunset Creek SE 30th 3207.655 25-year 157 81.58 84.37 84.37 2.79 0.044896 8.25 19.02 9.07 1 1.57 4.39
Sunset Creek SE 30th 3207.655 100-year 212 81.58 84.86 84.86 3.28 0.045967 8.98 23.6 9.51 1 1.78 5.12

Sunset Creek SE 30th 3193.525 1.01-year 52.48 81.39 82.96 82.47 1.57 0.012631 3.2 16.4 13.89 0.52 0.99 0.78
Sunset Creek SE 30th 3193.525 2-year 79 81.39 83.44 82.75 2.05 0.010801 3.36 23.53 15.91 0.49 1.2 0.81
Sunset Creek SE 30th 3193.525 10-year 126 81.39 84.14 83.16 2.75 0.008933 3.52 35.78 18.79 0.45 1.5 0.84
Sunset Creek SE 30th 3193.525 25-year 157 81.39 84.54 83.39 3.15 0.00785 3.62 43.42 19.42 0.43 1.74 0.85
Sunset Creek SE 30th 3193.525 100-year 212 81.39 85.16 83.75 3.77 0.00686 3.82 55.51 19.91 0.4 2.11 0.9

Sunset Creek SE 30th 3181.277 1.01-year 52.48 80.83 82.23 82.23 1.4 0.049653 6.06 8.66 7.7 1.01 0.97 3.01
Sunset Creek SE 30th 3181.277 2-year 79 80.83 82.63 82.61 1.8 0.047241 6.68 11.83 8.35 0.99 1.19 3.51
Sunset Creek SE 30th 3181.277 10-year 126 80.83 83.26 83.16 2.43 0.04141 7.2 17.49 9.4 0.93 1.5 3.89
Sunset Creek SE 30th 3181.277 25-year 157 80.83 83.58 83.46 2.75 0.039203 7.67 20.55 10.44 0.92 1.73 4.22
Sunset Creek SE 30th 3181.277 100-year 212 80.83 84.06 83.99 3.23 0.035379 8.35 26.15 12.35 0.91 2.12 4.68

Sunset Creek SE 30th 3171.478 1.01-year 52.48 79.8 82.09 81.5 2.29 0.017938 4.34 12.08 6.96 0.58 1.29 1.44
Sunset Creek SE 30th 3171.478 2-year 79 79.8 82.53 81.92 2.73 0.020229 5.19 15.34 7.97 0.63 1.55 1.96
Sunset Creek SE 30th 3171.478 10-year 126 79.8 83.09 82.55 3.29 0.022901 6.46 20.2 9.36 0.7 1.96 2.8
Sunset Creek SE 30th 3171.478 25-year 157 79.8 83.37 82.91 3.57 0.024983 7.2 22.91 10.06 0.74 2.16 3.37
Sunset Creek SE 30th 3171.478 100-year 212 79.8 83.77 83.5 3.97 0.0285 8.38 27.21 11.07 0.81 2.46 4.38

Sunset Creek SE 30th 3160.526 1.01-year 52.48 79.96 81.89 81.42 1.93 0.018375 4.34 12.09 7.93 0.62 1.24 1.42
Sunset Creek SE 30th 3160.526 2-year 79 79.96 82.32 81.81 2.36 0.020239 5.05 15.65 8.81 0.66 1.47 1.86
Sunset Creek SE 30th 3160.526 10-year 126 79.96 82.89 82.38 2.93 0.022223 6.07 21.16 10.52 0.7 1.82 2.53
Sunset Creek SE 30th 3160.526 25-year 157 79.96 83.18 82.72 3.22 0.022836 6.66 24.36 11.4 0.73 2.05 2.92
Sunset Creek SE 30th 3160.526 100-year 212 79.96 83.62 83.23 3.66 0.023797 7.55 29.71 12.74 0.76 2.4 3.56

Sunset Creek SE 30th 3145.921 1.01-year 52.48 78.83 81.92 80.46 3.09 0.003732 2.52 21.19 10.58 0.29 1.92 0.45
Sunset Creek SE 30th 3145.921 2-year 79 78.83 82.37 80.86 3.54 0.004594 3.15 26.22 11.91 0.33 2.29 0.66
Sunset Creek SE 30th 3145.921 10-year 126 78.83 82.97 81.42 4.14 0.005759 4.01 33.92 13.69 0.38 2.78 1
Sunset Creek SE 30th 3145.921 25-year 157 78.83 83.29 81.74 4.46 0.006411 4.49 38.41 14.63 0.41 3.04 1.22
Sunset Creek SE 30th 3145.921 100-year 212 78.83 83.77 82.27 4.94 0.007307 5.21 45.89 16.07 0.45 3.44 1.57

Sunset Creek SE 30th 3119.845 1.01-year 52.48 79.67 81.65 81.05 1.98 0.011764 3.56 14.77 10.26 0.51 1.32 0.97
Sunset Creek SE 30th 3119.845 2-year 79 79.67 82.05 81.4 2.38 0.011998 4.21 19.08 11.5 0.54 1.67 1.25
Sunset Creek SE 30th 3119.845 10-year 126 79.67 82.57 81.89 2.9 0.013116 5.17 25.47 13.13 0.59 2.13 1.74
Sunset Creek SE 30th 3119.845 25-year 157 79.67 82.82 82.17 3.15 0.014262 5.77 28.89 13.92 0.62 2.35 2.1
Sunset Creek SE 30th 3119.845 100-year 212 79.67 83.2 82.63 3.53 0.016027 6.69 34.41 15.12 0.68 2.69 2.69

Sunset Creek SE 30th 3103.342 1.01-year 52.48 79.66 81.46 80.89 1.8 0.011936 3.47 15.11 10.95 0.52 1.24 0.92
Sunset Creek SE 30th 3103.342 2-year 79 79.66 81.86 81.22 2.2 0.01343 4.03 19.62 12.1 0.56 1.44 1.21
Sunset Creek SE 30th 3103.342 10-year 126 79.66 82.36 81.7 2.7 0.01577 4.81 26.17 13.61 0.61 1.7 1.67
Sunset Creek SE 30th 3103.342 25-year 157 79.66 82.61 81.98 2.95 0.016334 5.31 29.67 14.35 0.63 1.92 1.95
Sunset Creek SE 30th 3103.342 100-year 212 79.66 82.99 82.39 3.33 0.017504 6.1 35.2 15.45 0.67 2.24 2.45

Sunset Creek SE 30th 3082.734 1.01-year 52.48 79.61 81.15 80.76 1.54 0.015717 3.74 14.02 11.68 0.6 1.11 1.09
Sunset Creek SE 30th 3082.734 2-year 79 79.61 81.52 81.06 1.91 0.015628 4.26 18.63 13.16 0.61 1.37 1.33
Sunset Creek SE 30th 3082.734 10-year 126 79.61 82 81.5 2.39 0.015851 5.1 25.43 15.76 0.64 1.78 1.76
Sunset Creek SE 30th 3082.734 25-year 157 79.61 82.23 81.76 2.62 0.01654 5.61 29.26 17.06 0.67 1.99 2.06
Sunset Creek SE 30th 3082.734 100-year 212 79.61 82.61 82.16 3 0.016909 6.32 36.13 19.16 0.7 2.34 2.47

Sunset Creek SE 30th 3066.484 1.01-year 52.48 79.15 80.44 80.44 1.29 0.045593 5.66 9.27 9.44 1.01 0.91 2.59
Sunset Creek SE 30th 3066.484 2-year 79 79.15 80.77 80.77 1.62 0.041061 6.3 12.68 11.37 0.98 1.17 2.99
Sunset Creek SE 30th 3066.484 10-year 126 79.15 81.27 81.27 2.12 0.032155 6.97 19.39 15.18 0.92 1.63 3.27
Sunset Creek SE 30th 3066.484 25-year 157 79.15 81.55 81.55 2.4 0.028891 7.28 23.84 16.54 0.89 1.88 3.4
Sunset Creek SE 30th 3066.484 100-year 212 79.15 81.92 81.92 2.77 0.027733 7.96 30.23 17.83 0.9 2.23 3.85

Sunset Creek SE 30th 3034.622 1.01-year 52.48 77.36 78.8 78.83 1.44 0.053489 6 8.75 8.57 1.05 0.94 3.13
Sunset Creek SE 30th 3034.622 2-year 79 77.36 79.11 79.19 1.75 0.057465 6.84 11.54 9.56 1.1 1.1 3.94
Sunset Creek SE 30th 3034.622 10-year 126 77.36 79.48 79.7 2.12 0.068201 8.2 15.36 10.77 1.21 1.29 5.48
Sunset Creek SE 30th 3034.622 25-year 157 77.36 79.7 79.98 2.34 0.071417 8.82 17.81 11.47 1.25 1.39 6.22
Sunset Creek SE 30th 3034.622 100-year 212 77.36 80.11 80.4 2.75 0.068713 9.35 22.66 12.75 1.24 1.59 6.81
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06-03501-002 Phase III Alternative 4 No Beavers Output Table Herrera Environmental Consultants

River Reach River Sta Profile Q Total Min Ch El W.S. Elev Crit W.S. Max Chl Dpth E.G. Slope Vel Chnl Flow Area Top Width Froude # Chl Hydr Radius C Shear Chan
(cfs) (ft) (ft) (ft) (ft) (ft/ft) (ft/s) (sq ft) (ft) (ft) (lb/sq ft)

Sunset Creek SE 30th 3020.31 1.01-year 52.48 76.74 78.69 78.18 1.95 0.011941 3.74 14.04 11.02 0.58 1.14 0.85
Sunset Creek SE 30th 3020.31 2-year 79 76.74 79.07 78.53 2.33 0.012354 4.22 18.74 13.76 0.63 1.24 0.96
Sunset Creek SE 30th 3020.31 10-year 126 76.74 79.57 79.08 2.83 0.012503 4.77 26.69 17.98 0.67 1.45 1.13
Sunset Creek SE 30th 3020.31 25-year 157 76.74 79.84 79.34 3.1 0.012582 5.03 31.75 19.91 0.68 1.59 1.25
Sunset Creek SE 30th 3020.31 100-year 212 76.74 80.22 79.74 3.48 0.012788 5.51 39.63 21.2 0.67 1.94 1.55

Sunset Creek SE 30th 2982.026 1.01-year 52.48 76.27 77.64 77.64 1.37 0.041864 5.49 9.57 10.28 1 0.86 2.24
Sunset Creek SE 30th 2982.026 2-year 79 76.27 77.97 77.97 1.7 0.041566 5.98 13.22 12.11 1.01 1 2.6
Sunset Creek SE 30th 2982.026 10-year 126 76.27 78.42 78.42 2.15 0.042101 6.55 19.23 14.7 1.01 1.2 3.15
Sunset Creek SE 30th 2982.026 25-year 157 76.27 78.66 78.66 2.39 0.042096 6.84 22.94 16.1 1.01 1.3 3.42
Sunset Creek SE 30th 2982.026 100-year 212 76.27 79.03 79.03 2.76 0.041059 7.23 29.3 18.1 1 1.48 3.78

Sunset Creek SE 30th 2969.117 1.01-year 52.48 75.88 76.97 77.07 1.09 0.065542 5.54 9.48 14.93 1.22 0.62 2.54
Sunset Creek SE 30th 2969.117 2-year 79 75.88 77.13 77.29 1.25 0.07752 6.56 12.04 16.63 1.36 0.71 3.42
Sunset Creek SE 30th 2969.117 10-year 126 75.88 77.99 77.62 2.11 0.016637 4.66 27.04 18.12 0.67 1.39 1.44
Sunset Creek SE 30th 2969.117 25-year 157 75.88 78.3 77.81 2.42 0.014764 4.81 32.64 18.59 0.64 1.61 1.49
Sunset Creek SE 30th 2969.117 100-year 212 75.88 78.72 78.12 2.84 0.014239 5.23 40.57 19.24 0.63 1.9 1.69

Sunset Creek SE 30th 2939.869 1.01-year 52.48 73.61 76.82 75.69 3.21 0.0053 2.32 22.64 14.71 0.33 1.38 0.46
Sunset Creek SE 30th 2939.869 2-year 79 73.61 77.25 76.05 3.64 0.006353 2.69 29.37 16.87 0.36 1.56 0.62
Sunset Creek SE 30th 2939.869 10-year 126 73.61 77.81 76.54 4.2 0.007148 3.22 39.19 18.18 0.39 1.91 0.85
Sunset Creek SE 30th 2939.869 25-year 157 73.61 78.11 76.8 4.5 0.007632 3.51 44.79 18.85 0.4 2.09 1
Sunset Creek SE 30th 2939.869 100-year 212 73.61 78.51 77.2 4.9 0.008977 4.04 52.43 19.74 0.44 2.32 1.3

Sunset Creek SE 30th 2904.859 1.01-year 52.48 74.07 76.39 75.43 2.32 0.035368 2.86 18.34 15.88 0.47 1.03 2.28
Sunset Creek SE 30th 2904.859 2-year 79 74.07 76.76 75.8 2.69 0.035055 3.22 24.51 17.55 0.48 1.25 2.74
Sunset Creek SE 30th 2904.859 10-year 126 74.07 77.28 76.48 3.21 0.034618 3.67 34.34 19.94 0.49 1.54 3.34
Sunset Creek SE 30th 2904.859 25-year 157 74.07 77.58 76.7 3.51 0.033762 3.86 41.26 28.12 0.49 1.7 3.59
Sunset Creek SE 30th 2904.859 100-year 212 74.07 77.99 77.03 3.92 0.029905 4.01 54.84 34.28 0.48 1.98 3.69

Sunset Creek SE 30th 2887.542 1.01-year 52.48 73.52 76 75.02 2.48 0.016879 2.48 21.15 16.68 0.39 1.13 1.19
Sunset Creek SE 30th 2887.542 2-year 79 73.52 76.35 75.58 2.83 0.018402 2.91 27.15 17.78 0.41 1.36 1.56
Sunset Creek SE 30th 2887.542 10-year 126 73.52 76.85 75.94 3.33 0.020043 3.46 36.45 19.36 0.44 1.66 2.08
Sunset Creek SE 30th 2887.542 25-year 157 73.52 77.14 76.13 3.62 0.020645 3.73 42.11 20.26 0.46 1.83 2.36
Sunset Creek SE 30th 2887.542 100-year 212 73.52 77.55 76.47 4.03 0.020458 4.12 54.02 31.33 0.46 2.14 2.74

Sunset Creek SE 30th 2869.669 1.01-year 52.48 73.86 74.99 74.99 1.13 0.1141 5.38 9.76 11.01 1.01 0.84 6
Sunset Creek SE 30th 2869.669 2-year 79 73.86 75.45 75.31 1.59 0.077457 5.1 15.48 13.75 0.85 1.07 5.16
Sunset Creek SE 30th 2869.669 10-year 126 73.86 76.06 75.72 2.2 0.052374 5.13 24.65 16.55 0.73 1.46 4.78
Sunset Creek SE 30th 2869.669 25-year 157 73.86 76.37 75.95 2.51 0.045904 5.28 30.08 18.64 0.7 1.69 4.84
Sunset Creek SE 30th 2869.669 100-year 212 73.86 76.83 76.3 2.97 0.037413 5.55 40.53 26.66 0.65 2.13 4.96

Sunset Creek SE 30th 2850.365 1.01-year 52.48 72.12 74.78 73.51 2.66 0.008734 2.49 21.71 12.12 0.3 1.82 0.99
Sunset Creek SE 30th 2850.365 2-year 79 72.12 75.2 73.85 3.08 0.01057 3.08 27.12 14.28 0.34 2.16 1.43
Sunset Creek SE 30th 2850.365 10-year 126 72.12 75.73 74.37 3.61 0.013553 3.95 34.65 18.53 0.39 2.6 2.2
Sunset Creek SE 30th 2850.365 25-year 157 72.12 76 74.67 3.88 0.015301 4.43 38.77 20.55 0.42 2.83 2.7
Sunset Creek SE 30th 2850.365 100-year 212 72.12 76.4 75.15 4.28 0.018224 5.21 45 23.52 0.47 3.16 3.6

Sunset Creek SE 30th 2823.726 1.01-year 52.48 72.56 74.28 73.76 1.72 0.030371 3.5 15.06 12.76 0.54 1.22 2.31
Sunset Creek SE 30th 2823.726 2-year 79 72.56 74.63 74.08 2.07 0.03169 4.05 20.53 17.35 0.56 1.48 2.92
Sunset Creek SE 30th 2823.726 10-year 126 72.56 75.07 74.62 2.51 0.032689 4.79 28.7 19.84 0.59 1.86 3.79
Sunset Creek SE 30th 2823.726 25-year 157 72.56 75.31 74.85 2.75 0.03308 5.19 33.61 21.42 0.61 2.08 4.29
Sunset Creek SE 30th 2823.726 100-year 212 72.56 75.67 75.2 3.11 0.033877 5.79 41.7 23.79 0.63 2.4 5.08

Sunset Creek SE 30th 2794.948 1.01-year 52.48 71.19 73.47 72.93 2.28 0.026753 3.41 16.36 16.09 0.51 1.29 2.16
Sunset Creek SE 30th 2794.948 2-year 79 71.19 73.91 73.29 2.72 0.022637 3.63 24.42 20.59 0.48 1.62 2.28
Sunset Creek SE 30th 2794.948 10-year 126 71.19 74.34 73.8 3.15 0.023419 4.28 34.12 23.97 0.51 2.01 2.94
Sunset Creek SE 30th 2794.948 25-year 157 71.19 74.52 74.01 3.33 0.026317 4.78 38.53 25.36 0.54 2.17 3.57
Sunset Creek SE 30th 2794.948 100-year 212 71.19 74.86 74.32 3.67 0.027583 5.34 47.48 27.94 0.57 2.48 4.27

Sunset Creek SE 30th 2760.247 1.01-year 52.48 70.04 71.78 71.78 1.74 0.048883 6.25 8.4 7.05 1.01 1.02 3.1
Sunset Creek SE 30th 2760.247 2-year 79 70.04 72.19 72.19 2.15 0.048803 6.92 11.41 7.83 1.01 1.22 3.71
Sunset Creek SE 30th 2760.247 10-year 126 70.04 72.94 72.94 2.9 0.031018 6.76 20.98 19.47 0.83 1.68 3.25
Sunset Creek SE 30th 2760.247 25-year 157 70.04 73.26 73.26 3.22 0.025632 6.75 27.92 23.44 0.77 1.93 3.1
Sunset Creek SE 30th 2760.247 100-year 212 70.04 73.59 73.59 3.55 0.025171 7.29 35.9 25.15 0.78 2.2 3.46

Sunset Creek SE 30th 2717.8 1.01-year 52.48 68.16 69.95 69.54 1.79 0.048405 4.18 12.55 11.02 0.69 0.99 2.99
Sunset Creek SE 30th 2717.8 2-year 79 68.16 70.31 69.97 2.15 0.046019 4.76 16.61 11.62 0.7 1.22 3.5
Sunset Creek SE 30th 2717.8 10-year 126 68.16 70.79 70.42 2.63 0.046934 5.62 22.4 12.43 0.74 1.5 4.4
Sunset Creek SE 30th 2717.8 25-year 157 68.16 71.06 70.68 2.9 0.047497 6.08 25.81 12.89 0.76 1.65 4.9
Sunset Creek SE 30th 2717.8 100-year 212 68.16 71.5 71.09 3.34 0.047432 6.72 31.57 13.62 0.78 1.88 5.58

Sunset Creek SE 30th 2702.718 1.01-year 52.48 67.5 69.37 68.88 1.87 0.034923 3.89 13.5 11.29 0.63 1.04 2.27
Sunset Creek SE 30th 2702.718 2-year 79 67.5 69.59 69.32 2.09 0.045781 4.9 16.13 11.7 0.74 1.19 3.39
Sunset Creek SE 30th 2702.718 10-year 126 67.5 70.08 69.75 2.58 0.045004 5.71 22.06 12.56 0.76 1.48 4.16
Sunset Creek SE 30th 2702.718 25-year 157 67.5 70.37 70.01 2.87 0.044172 6.11 25.7 13.06 0.77 1.64 4.53
Sunset Creek SE 30th 2702.718 100-year 212 67.5 70.85 70.41 3.35 0.04122 6.58 32.2 13.91 0.76 1.9 4.89

Sunset Creek SE 30th 2676.488 1.01-year 52.48 66.34 67.98 67.73 1.64 0.06808 4.84 10.85 10.69 0.85 0.89 3.76
Sunset Creek SE 30th 2676.488 2-year 79 66.34 68.56 68.16 2.22 0.036744 4.58 17.26 11.64 0.66 1.26 2.88
Sunset Creek SE 30th 2676.488 10-year 126 66.34 69.11 68.62 2.77 0.034664 5.26 23.96 12.56 0.67 1.58 3.42
Sunset Creek SE 30th 2676.488 25-year 157 66.34 69.49 68.86 3.15 0.030777 5.43 28.9 13.19 0.65 1.79 3.43
Sunset Creek SE 30th 2676.488 100-year 212 66.34 70.14 69.27 3.8 0.025381 5.6 37.83 14.27 0.61 2.12 3.36
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06-03501-002 Phase III Alternative 4 No Beavers Output Table Herrera Environmental Consultants

River Reach River Sta Profile Q Total Min Ch El W.S. Elev Crit W.S. Max Chl Dpth E.G. Slope Vel Chnl Flow Area Top Width Froude # Chl Hydr Radius C Shear Chan
(cfs) (ft) (ft) (ft) (ft) (ft/ft) (ft/s) (sq ft) (ft) (ft) (lb/sq ft)

Sunset Creek SE 30th 2651.525 1.01-year 52.48 65.23 67.11 66.59 1.88 0.02436 4.01 13.07 8.91 0.58 1.25 1.91
Sunset Creek SE 30th 2651.525 2-year 79 65.23 67.77 66.97 2.54 0.030738 4.04 19.54 13.29 0.59 1.27 2.45
Sunset Creek SE 30th 2651.525 10-year 126 65.23 68.64 67.51 3.41 0.01769 3.95 31.88 15.1 0.48 1.79 1.97
Sunset Creek SE 30th 2651.525 25-year 157 65.23 69.14 67.93 3.91 0.014316 3.96 39.67 16.14 0.44 2.06 1.84
Sunset Creek SE 30th 2651.525 100-year 212 65.23 69.9 68.32 4.67 0.011391 4.03 52.57 17.72 0.41 2.45 1.74

Sunset Creek SE 30th 2643.063 1.01-year 52.48 64.86 66.99 66.26 2.13 0.012101 3.81 13.79 7.97 0.51 1.35 1.02
Sunset Creek SE 30th 2643.063 2-year 79 64.86 67.61 66.66 2.75 0.013404 4 19.76 11.77 0.54 1.35 1.13
Sunset Creek SE 30th 2643.063 10-year 126 64.86 68.51 67.43 3.65 0.009535 4.08 30.88 12.8 0.46 1.84 1.1
Sunset Creek SE 30th 2643.063 25-year 157 64.86 69.01 67.69 4.15 0.00869 4.2 37.38 13.36 0.44 2.09 1.13
Sunset Creek SE 30th 2643.063 100-year 212 64.86 69.76 68.12 4.9 0.008109 4.44 47.7 14.21 0.43 2.43 1.23

Sunset Creek SE 30th 2640.568 1.01-year 52.48 64.75 67.07 65.54 2.32 0.000602 1.74 30.18 13 0.2 1.71 0.06
Sunset Creek SE 30th 2640.568 2-year 79 64.75 67.7 65.79 2.95 0.000676 2.06 38.3 13 0.21 2.03 0.09
Sunset Creek SE 30th 2640.568 10-year 126 64.75 68.59 66.17 3.84 0.000802 2.52 49.91 13 0.23 2.41 0.12
Sunset Creek SE 30th 2640.568 25-year 157 64.75 69.08 66.4 4.33 0.000886 2.79 56.33 13 0.24 2.6 0.14
Sunset Creek SE 30th 2640.568 100-year 212 64.75 69.83 66.76 5.08 0.000977 3.21 66.01 13.99 0.25 2.99 0.18

Sunset Creek SE 30th 2625.968 Bridge

Sunset Creek SE 30th 2611.37 1.01-year 52.48 63.5 67.09 64.29 3.59 0.000168 1.12 46.68 13 0.1 2.31 0.02
Sunset Creek SE 30th 2611.37 2-year 79 63.5 67.72 64.54 4.22 0.000242 1.44 54.84 13 0.12 2.56 0.04
Sunset Creek SE 30th 2611.37 10-year 126 63.5 68.62 64.92 5.12 0.00036 1.89 66.53 13 0.15 2.86 0.06
Sunset Creek SE 30th 2611.37 25-year 157 63.5 69.11 65.15 5.61 0.000434 2.15 72.99 13 0.16 3.01 0.08
Sunset Creek SE 30th 2611.37 100-year 212 63.5 69.83 65.51 6.33 0.00054 2.57 82.34 14.02 0.18 3.35 0.11

Sunset Creek SE 30th 2610.895 Bridge

Sunset Creek SE 30th 2610.42 1.01-year 52.48 63.5 67.09 64.29 3.59 0.000117 1.12 46.68 13 0.1 2.31 0.02
Sunset Creek SE 30th 2610.42 2-year 79 63.5 67.72 64.54 4.22 0.000168 1.44 54.84 13 0.12 2.56 0.03
Sunset Creek SE 30th 2610.42 10-year 126 63.5 68.62 64.92 5.12 0.00025 1.89 66.52 13 0.15 2.86 0.04
Sunset Creek SE 30th 2610.42 25-year 157 63.5 69.11 65.15 5.61 0.000301 2.15 72.98 13 0.16 3.01 0.06
Sunset Creek SE 30th 2610.42 100-year 212 63.5 69.83 65.51 6.33 0.000375 2.58 82.32 14.05 0.18 3.35 0.08

Sunset Creek SE 30th 2610.395 Bridge

Sunset Creek SE 30th 2610.37 1.01-year 52.48 63.5 67.09 64.29 3.59 0.000117 1.12 46.68 13 0.1 2.31 0.02
Sunset Creek SE 30th 2610.37 2-year 79 63.5 67.72 64.54 4.22 0.000168 1.44 54.84 13 0.12 2.56 0.03
Sunset Creek SE 30th 2610.37 10-year 126 63.5 68.62 64.92 5.12 0.00025 1.89 66.52 13 0.15 2.86 0.04
Sunset Creek SE 30th 2610.37 25-year 157 63.5 69.11 65.15 5.61 0.000301 2.15 72.98 13 0.16 3.01 0.06
Sunset Creek SE 30th 2610.37 100-year 212 63.5 69.83 65.51 6.33 0.000375 2.58 82.32 14.05 0.18 3.35 0.08

Sunset Creek SE 30th 2596.365 Bridge

Sunset Creek SE 30th 2582.37 1.01-year 52.48 64 67.08 64.79 3.08 0.000182 1.31 40.03 13 0.13 2.09 0.02
Sunset Creek SE 30th 2582.37 2-year 79 64 67.7 65.05 3.7 0.000243 1.64 48.14 13 0.15 2.36 0.04
Sunset Creek SE 30th 2582.37 10-year 126 64 68.6 65.42 4.6 0.000336 2.11 59.75 13 0.17 2.69 0.06
Sunset Creek SE 30th 2582.37 25-year 157 64 69.09 65.65 5.09 0.000394 2.37 66.15 13 0.19 2.85 0.07
Sunset Creek SE 30th 2582.37 100-year 212 64 69.78 66.01 5.78 0.00048 2.82 75.19 16.09 0.21 3.19 0.1

Sunset Creek SE 30th 2582.335 Bridge

Sunset Creek SE 30th 2582.32 1.01-year 52.48 64 67.08 64.79 3.08 0.000182 1.31 40.03 13 0.13 2.09 0.02
Sunset Creek SE 30th 2582.32 2-year 79 64 67.7 65.05 3.7 0.000243 1.64 48.14 13 0.15 2.36 0.04
Sunset Creek SE 30th 2582.32 10-year 126 64 68.6 65.42 4.6 0.000336 2.11 59.75 13 0.17 2.69 0.06
Sunset Creek SE 30th 2582.32 25-year 157 64 69.09 65.65 5.09 0.000394 2.37 66.15 13 0.19 2.85 0.07
Sunset Creek SE 30th 2582.32 100-year 212 64 69.78 66.01 5.78 0.000481 2.82 75.16 16.08 0.21 3.18 0.1

Sunset Creek SE 30th 2581.843 Bridge

Sunset Creek SE 30th 2581.368 1.01-year 52.48 64 67.08 64.79 3.08 0.000262 1.31 40.03 13 0.13 2.09 0.03
Sunset Creek SE 30th 2581.368 2-year 79 64 67.7 65.05 3.7 0.00035 1.64 48.14 13 0.15 2.36 0.05
Sunset Creek SE 30th 2581.368 10-year 126 64 68.6 65.43 4.6 0.000484 2.11 59.74 13 0.17 2.69 0.08
Sunset Creek SE 30th 2581.368 25-year 157 64 69.09 65.65 5.09 0.000567 2.37 66.15 13 0.19 2.85 0.1
Sunset Creek SE 30th 2581.368 100-year 212 64 69.78 66.01 5.78 0.000693 2.82 75.14 16.22 0.21 3.18 0.14

Sunset Creek SE 30th 2578.872 1.01-year 52.48 64 67.08 64.79 3.08 0.000368 1.17 44.71 16.02 0.12 2.25 0.05
Sunset Creek SE 30th 2578.872 2-year 79 64 67.71 65.03 3.71 0.000489 1.44 54.92 16.63 0.14 2.58 0.08
Sunset Creek SE 30th 2578.872 10-year 126 64 68.6 65.4 4.6 0.000624 1.8 70.11 17.51 0.16 3.11 0.12
Sunset Creek SE 30th 2578.872 25-year 157 64 69.1 65.61 5.1 0.000694 2 78.63 18 0.16 3.41 0.15
Sunset Creek SE 30th 2578.872 100-year 212 64 69.8 65.96 5.8 0.000837 2.34 90.78 18.68 0.18 3.81 0.2

Sunset Creek SE 30th 2576.368 1.01-year 52.48 64.5 67.04 65.55 2.54 0.003514 1.9 27.69 13.24 0.23 1.78 0.39
Sunset Creek SE 30th 2576.368 2-year 79 64.5 67.66 65.84 3.16 0.003851 2.18 36.16 14.23 0.24 2.11 0.51
Sunset Creek SE 30th 2576.368 10-year 126 64.5 68.54 66.27 4.04 0.004244 2.55 49.41 15.66 0.25 2.54 0.67
Sunset Creek SE 30th 2576.368 25-year 157 64.5 69.04 66.53 4.54 0.004418 2.74 57.3 16.6 0.26 2.78 0.77
Sunset Creek SE 30th 2576.368 100-year 212 64.5 69.73 66.93 5.23 0.004381 3.08 70.16 20.69 0.27 3.33 0.91

Sunset Creek SE 30th 2541.368 1.01-year 52.48 64.3 66.81 65.69 2.51 0.006401 2.71 19.38 10.11 0.34 1.53 0.61
Sunset Creek SE 30th 2541.368 2-year 79 64.3 67.4 66.04 3.1 0.006972 3.09 25.53 10.95 0.36 1.81 0.79
Sunset Creek SE 30th 2541.368 10-year 126 64.3 68.24 66.56 3.94 0.007581 3.57 35.29 12.16 0.37 2.18 1.03
Sunset Creek SE 30th 2541.368 25-year 157 64.3 68.71 66.85 4.41 0.007885 3.81 41.16 12.83 0.38 2.37 1.17
Sunset Creek SE 30th 2541.368 100-year 212 64.3 69.38 67.33 5.08 0.008044 4.24 50.54 16.7 0.39 2.76 1.39
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06-03501-002 Phase III Alternative 4 No Beavers Output Table Herrera Environmental Consultants

River Reach River Sta Profile Q Total Min Ch El W.S. Elev Crit W.S. Max Chl Dpth E.G. Slope Vel Chnl Flow Area Top Width Froude # Chl Hydr Radius C Shear Chan
(cfs) (ft) (ft) (ft) (ft) (ft/ft) (ft/s) (sq ft) (ft) (ft) (lb/sq ft)

Sunset Creek SE 30th 2539.81 1.01-year 52.48 64.28 66.8 65.68 2.52 0.005041 2.72 19.29 9.97 0.34 1.53 0.48
Sunset Creek SE 30th 2539.81 2-year 79 64.28 67.38 66.02 3.1 0.005495 3.12 25.32 10.78 0.36 1.8 0.62
Sunset Creek SE 30th 2539.81 10-year 126 64.28 68.23 66.54 3.95 0.005983 3.61 34.88 11.94 0.37 2.17 0.81
Sunset Creek SE 30th 2539.81 25-year 157 64.28 68.7 66.84 4.42 0.006229 3.86 40.62 12.58 0.38 2.36 0.92
Sunset Creek SE 30th 2539.81 100-year 212 64.28 69.36 67.31 5.08 0.006415 4.31 49.56 15.31 0.39 2.74 1.1

Sunset Creek SE 30th 2527.427 1.01-year 52.48 64.16 66.75 65.55 2.59 0.004357 2.55 20.55 10.63 0.32 1.56 0.43
Sunset Creek SE 30th 2527.427 2-year 79 64.16 67.33 65.9 3.17 0.004761 2.93 26.99 11.6 0.34 1.84 0.55
Sunset Creek SE 30th 2527.427 10-year 126 64.16 68.18 66.41 4.02 0.005129 3.37 37.36 13.01 0.35 2.22 0.71
Sunset Creek SE 30th 2527.427 25-year 157 64.16 68.65 66.7 4.49 0.005249 3.6 43.65 14.07 0.36 2.43 0.8
Sunset Creek SE 30th 2527.427 100-year 212 64.16 69.32 67.16 5.16 0.00496 3.97 55.18 20.31 0.36 2.94 0.91

Sunset Creek SE 30th 2513.681 1.01-year 52.48 64.02 66.63 65.66 2.61 0.006964 3.08 17.03 9.26 0.4 1.43 0.62
Sunset Creek SE 30th 2513.681 2-year 79 64.02 67.19 66.02 3.17 0.00757 3.52 22.43 10.06 0.42 1.69 0.8
Sunset Creek SE 30th 2513.681 10-year 126 64.02 68 66.56 3.98 0.008132 4.05 31.12 11.24 0.43 2.03 1.03
Sunset Creek SE 30th 2513.681 25-year 157 64.02 68.46 66.87 4.44 0.008439 4.31 36.39 11.98 0.44 2.2 1.16
Sunset Creek SE 30th 2513.681 100-year 212 64.02 69.12 67.36 5.1 0.008866 4.71 46.09 29.37 0.45 2.47 1.36

Sunset Creek SE 30th 2492.185 1.01-year 52.48 63.81 66.45 65.46 2.64 0.008364 3.22 16.28 10.06 0.45 1.3 0.68
Sunset Creek SE 30th 2492.185 2-year 79 63.81 67.02 65.9 3.21 0.008106 3.56 22.21 10.92 0.44 1.59 0.81
Sunset Creek SE 30th 2492.185 10-year 126 63.81 67.84 66.52 4.03 0.007933 3.98 31.7 12.17 0.43 1.98 0.98
Sunset Creek SE 30th 2492.185 25-year 157 63.81 68.29 66.81 4.48 0.007931 4.2 37.42 12.87 0.43 2.18 1.08
Sunset Creek SE 30th 2492.185 100-year 212 63.81 68.95 67.26 5.14 0.007895 4.59 46.81 18.11 0.44 2.53 1.25

Sunset Creek SE 30th 2481.368 1.01-year 52.48 63.7 66.31 65.37 2.61 0.012788 3.45 15.23 9.63 0.48 1.25 1
Sunset Creek SE 30th 2481.368 2-year 79 63.7 66.88 65.81 3.18 0.012635 3.78 20.9 10.44 0.47 1.54 1.22
Sunset Creek SE 30th 2481.368 10-year 126 63.7 67.7 66.48 4 0.012743 4.21 29.91 11.61 0.46 1.92 1.53
Sunset Creek SE 30th 2481.368 25-year 157 63.7 68.15 66.79 4.45 0.012942 4.45 35.31 12.25 0.46 2.12 1.71
Sunset Creek SE 30th 2481.368 100-year 212 63.7 68.8 67.24 5.1 0.013137 4.86 44.21 16.62 0.47 2.45 2.01

Sunset Creek SE 30th 2464.334 1.01-year 52.48 63.54 66.02 65.24 2.48 0.016416 3.8 13.8 8.77 0.53 1.21 1.24
Sunset Creek SE 30th 2464.334 2-year 79 63.54 66.58 65.78 3.04 0.016439 4.19 18.87 9.5 0.52 1.48 1.52
Sunset Creek SE 30th 2464.334 10-year 126 63.54 67.37 66.32 3.83 0.016923 4.69 26.84 10.55 0.52 1.83 1.93
Sunset Creek SE 30th 2464.334 25-year 157 63.54 67.81 66.62 4.27 0.017396 4.98 31.56 11.12 0.52 2.01 2.18
Sunset Creek SE 30th 2464.334 100-year 212 63.54 68.42 67.11 4.88 0.018294 5.48 39.02 14.59 0.53 2.29 2.61

Sunset Creek SE 30th 2429.853 1.01-year 52.48 63.22 65.71 64.62 2.49 0.007757 2.95 17.79 10.5 0.4 1.36 0.66
Sunset Creek SE 30th 2429.853 2-year 79 63.22 66.26 65.04 3.04 0.008311 3.33 23.75 11.27 0.4 1.65 0.85
Sunset Creek SE 30th 2429.853 10-year 126 63.22 67.03 65.65 3.81 0.009229 3.82 32.95 12.47 0.41 2.01 1.16
Sunset Creek SE 30th 2429.853 25-year 157 63.22 67.46 65.93 4.24 0.009782 4.09 38.36 13.14 0.42 2.2 1.34
Sunset Creek SE 30th 2429.853 100-year 212 63.22 68.07 66.37 4.85 0.01001 4.52 47.9 18.01 0.43 2.55 1.59

Sunset Creek SE 30th 2407.706 1.01-year 52.48 63.01 65.37 64.6 2.36 0.015283 3.84 13.68 8.62 0.54 1.23 1.17
Sunset Creek SE 30th 2407.706 2-year 79 63.01 65.87 65.13 2.86 0.016981 4.37 18.1 9.28 0.55 1.47 1.55
Sunset Creek SE 30th 2407.706 10-year 126 63.01 66.56 65.68 3.55 0.019474 5.08 24.82 10.2 0.57 1.77 2.15
Sunset Creek SE 30th 2407.706 25-year 157 63.01 66.92 65.99 3.91 0.02111 5.48 28.64 10.69 0.59 1.92 2.53
Sunset Creek SE 30th 2407.706 100-year 212 63.01 67.44 66.48 4.43 0.024318 6.16 34.41 11.39 0.62 2.13 3.24

Sunset Creek SE 30th 2379.636 1.01-year 52.48 62.75 65.18 64.11 2.43 0.006687 2.65 19.8 13.33 0.38 1.3 0.54
Sunset Creek SE 30th 2379.636 2-year 79 62.75 65.69 64.48 2.94 0.006831 2.94 26.88 14.6 0.38 1.59 0.68
Sunset Creek SE 30th 2379.636 10-year 126 62.75 66.4 65.09 3.65 0.00717 3.32 37.91 16.38 0.38 1.98 0.89
Sunset Creek SE 30th 2379.636 25-year 157 62.75 66.78 65.33 4.03 0.00743 3.54 44.3 17.47 0.39 2.18 1.01
Sunset Creek SE 30th 2379.636 100-year 212 62.75 67.35 65.72 4.6 0.007393 3.9 54.88 19.78 0.39 2.57 1.18

Sunset Creek SE 30th 2361.19 1.01-year 52.48 62.58 64.92 64.13 2.34 0.012606 3.56 14.73 9.67 0.51 1.25 0.98
Sunset Creek SE 30th 2361.19 2-year 79 62.58 65.38 64.63 2.8 0.013799 4.08 19.36 10.52 0.53 1.49 1.28
Sunset Creek SE 30th 2361.19 10-year 126 62.58 66.02 65.17 3.44 0.014921 4.76 26.61 12.81 0.55 1.83 1.71
Sunset Creek SE 30th 2361.19 25-year 157 62.58 66.36 65.44 3.78 0.015248 5.12 31.35 14.98 0.56 2.04 1.94
Sunset Creek SE 30th 2361.19 100-year 212 62.58 66.91 65.9 4.33 0.015091 5.54 40.47 18.45 0.56 2.37 2.23

Sunset Creek SE 30th 2341.739 1.01-year 52.48 62.4 64.62 63.99 2.22 0.014546 3.89 13.5 10.11 0.59 1.13 1.03
Sunset Creek SE 30th 2341.739 2-year 79 62.4 65.07 64.5 2.67 0.014885 4.33 18.23 11 0.59 1.38 1.28
Sunset Creek SE 30th 2341.739 10-year 126 62.4 65.69 64.99 3.29 0.015709 4.93 25.53 12.26 0.6 1.7 1.67
Sunset Creek SE 30th 2341.739 25-year 157 62.4 66.02 65.26 3.62 0.016651 5.31 29.59 12.9 0.62 1.86 1.93
Sunset Creek SE 30th 2341.739 100-year 212 62.4 66.56 65.7 4.16 0.016244 5.72 38.33 21.12 0.61 2.18 2.21

Sunset Creek SE 30th 2313.296 1.01-year 52.48 62.13 64.24 63.58 2.11 0.013079 3.76 13.95 10.54 0.58 1.13 0.92
Sunset Creek SE 30th 2313.296 2-year 79 62.13 64.67 63.98 2.54 0.013495 4.21 18.75 11.38 0.58 1.38 1.17
Sunset Creek SE 30th 2313.296 10-year 126 62.13 65.27 64.58 3.14 0.01487 4.88 25.81 12.51 0.6 1.7 1.58
Sunset Creek SE 30th 2313.296 25-year 157 62.13 65.55 64.85 3.42 0.015936 5.32 29.85 16.98 0.62 1.87 1.86
Sunset Creek SE 30th 2313.296 100-year 212 62.13 66.07 65.27 3.94 0.021872 5.42 41.98 28.25 0.67 1.77 2.41

Sunset Creek SE 30th 2297.254 1.01-year 52.48 61.98 64.14 63.24 2.16 0.009569 2.52 20.84 17.77 0.41 1.11 0.66
Sunset Creek SE 30th 2297.254 2-year 79 61.98 64.62 63.57 2.64 0.008908 2.65 29.78 19.99 0.38 1.4 0.78
Sunset Creek SE 30th 2297.254 10-year 126 61.98 65.25 64.12 3.27 0.008775 2.9 43.45 23.13 0.37 1.79 0.98
Sunset Creek SE 30th 2297.254 25-year 157 61.98 65.57 64.33 3.59 0.008509 3.08 51.55 29.48 0.37 2.03 1.08
Sunset Creek SE 30th 2297.254 100-year 212 61.98 66.07 64.64 4.09 0.007536 3.32 66.72 31.92 0.36 2.5 1.17

Sunset Creek SE 30th 2285.55 1.01-year 52.48 61.88 64.02 63.15 2.14 0.010206 2.56 20.52 17.87 0.42 1.09 0.69
Sunset Creek SE 30th 2285.55 2-year 79 61.88 64.51 63.47 2.63 0.009562 2.64 29.91 20.82 0.39 1.36 0.81
Sunset Creek SE 30th 2285.55 10-year 126 61.88 65.15 64.04 3.27 0.009385 2.83 44.5 24.7 0.37 1.7 1
Sunset Creek SE 30th 2285.55 25-year 157 61.88 65.48 64.24 3.6 0.009387 2.97 52.86 26.8 0.37 1.9 1.11
Sunset Creek SE 30th 2285.55 100-year 212 61.88 65.99 64.56 4.11 0.007799 3.14 70.28 34.96 0.35 2.38 1.16

Sunset Creek SE 30th 2261.889 1.01-year 52.48 61.65 63.78 62.91 2.13 0.009712 2.61 20.12 16.04 0.41 1.18 0.72
Sunset Creek SE 30th 2261.889 2-year 79 61.65 64.27 63.24 2.62 0.009308 2.78 28.45 18 0.39 1.48 0.86
Sunset Creek SE 30th 2261.889 10-year 126 61.65 64.91 63.77 3.26 0.008921 3.1 41.23 23.73 0.38 1.92 1.07
Sunset Creek SE 30th 2261.889 25-year 157 61.65 65.23 63.99 3.58 0.008338 3.3 49.41 26.57 0.38 2.22 1.16
Sunset Creek SE 30th 2261.889 100-year 212 61.65 65.77 64.33 4.12 0.007247 3.53 64.88 30.01 0.36 2.73 1.23
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Sunset Creek SE 30th 2238.42 1.01-year 52.48 61.44 63.61 62.6 2.17 0.006768 2.29 22.9 17.19 0.35 1.26 0.53
Sunset Creek SE 30th 2238.42 2-year 79 61.44 64.11 62.92 2.67 0.006762 2.48 31.87 19.16 0.34 1.56 0.66
Sunset Creek SE 30th 2238.42 10-year 126 61.44 64.75 63.36 3.31 0.006286 2.8 45.92 24.5 0.33 2.07 0.81
Sunset Creek SE 30th 2238.42 25-year 157 61.44 65.09 63.66 3.65 0.005972 3 54.43 26.01 0.33 2.38 0.89
Sunset Creek SE 30th 2238.42 100-year 212 61.44 65.65 63.99 4.21 0.005424 3.26 69.57 28.51 0.33 2.9 0.98

Sunset Creek SE 30th 2205.456 1.01-year 52.48 61.13 63.36 62.39 2.23 0.008068 2.44 21.51 15.91 0.37 1.27 0.64
Sunset Creek SE 30th 2205.456 2-year 79 61.13 63.84 62.73 2.71 0.00827 2.66 29.74 17.86 0.36 1.55 0.8
Sunset Creek SE 30th 2205.456 10-year 126 61.13 64.49 63.24 3.36 0.008668 2.99 42.25 23.94 0.36 1.94 1.05
Sunset Creek SE 30th 2205.456 25-year 157 61.13 64.85 63.46 3.72 0.007841 3.16 51.23 26.42 0.36 2.27 1.11
Sunset Creek SE 30th 2205.456 100-year 212 61.13 65.44 63.81 4.31 0.006588 3.35 67.77 29.64 0.34 2.82 1.16

Sunset Creek SE 30th 2189.813 1.01-year 52.48 60.98 63.24 62.25 2.26 0.007643 2.39 21.99 16.03 0.36 1.29 0.61
Sunset Creek SE 30th 2189.813 2-year 79 60.98 63.72 62.57 2.74 0.007968 2.62 30.19 17.96 0.36 1.57 0.78
Sunset Creek SE 30th 2189.813 10-year 126 60.98 64.36 63.09 3.38 0.008769 2.97 42.44 20.51 0.36 1.92 1.05
Sunset Creek SE 30th 2189.813 25-year 157 60.98 64.73 63.31 3.75 0.007976 3.12 51.26 25.73 0.35 2.24 1.11
Sunset Creek SE 30th 2189.813 100-year 212 60.98 65.34 63.66 4.36 0.00656 3.29 68.09 30.21 0.33 2.81 1.15

Sunset Creek SE 30th 2175.255 1.01-year 52.48 60.85 63.13 62.12 2.28 0.007336 2.35 22.37 16.12 0.35 1.3 0.6
Sunset Creek SE 30th 2175.255 2-year 79 60.85 63.61 62.44 2.76 0.007775 2.59 30.49 18.03 0.35 1.58 0.77
Sunset Creek SE 30th 2175.255 10-year 126 60.85 64.23 62.96 3.38 0.00874 2.96 42.5 20.52 0.36 1.92 1.05
Sunset Creek SE 30th 2175.255 25-year 157 60.85 64.6 63.18 3.75 0.008876 3.11 50.46 22.02 0.36 2.12 1.18
Sunset Creek SE 30th 2175.255 100-year 212 60.85 65.24 63.53 4.39 0.007955 3.25 65.92 27.53 0.35 2.55 1.26

Sunset Creek SE 30th 2121.292 1.01-year 52.48 60.34 62.85 61.71 2.51 0.004023 2.25 23.31 15.4 0.32 1.41 0.35
Sunset Creek SE 30th 2121.292 2-year 79 60.34 63.29 62.06 2.95 0.004524 2.59 30.63 20.1 0.34 1.66 0.47
Sunset Creek SE 30th 2121.292 10-year 126 60.34 63.94 62.57 3.6 0.003743 2.89 47.61 28.1 0.33 2.26 0.53
Sunset Creek SE 30th 2121.292 25-year 157 60.34 64.35 62.8 4.01 0.003192 2.96 59.25 28.74 0.31 2.64 0.53
Sunset Creek SE 30th 2121.292 100-year 212 60.34 65.04 63.17 4.7 0.002515 3.04 79.36 29.8 0.28 3.27 0.51

Sunset Creek SE 30th 2107.746 1.01-year 52.48 60.22 62.81 61.6 2.59 0.002806 2.1 24.96 16.36 0.3 1.42 0.25
Sunset Creek SE 30th 2107.746 2-year 79 60.22 63.25 61.94 3.03 0.00287 2.42 33.62 25.29 0.31 1.77 0.32
Sunset Creek SE 30th 2107.746 10-year 126 60.22 63.91 62.45 3.69 0.002441 2.72 50.78 26.53 0.3 2.39 0.36
Sunset Creek SE 30th 2107.746 25-year 157 60.22 64.33 62.69 4.11 0.002163 2.83 61.85 27.2 0.29 2.77 0.37
Sunset Creek SE 30th 2107.746 100-year 212 60.22 65.02 63.02 4.8 0.001796 2.96 80.97 27.99 0.27 3.41 0.38

Sunset Creek SE 30th 2098.229 1.01-year 100.32 60.13 62.65 62.12 2.52 0.010475 3.15 32.57 42.26 0.54 0.99 0.65
Sunset Creek SE 30th 2098.229 2-year 151 60.13 63.04 62.51 2.91 0.007654 3.32 49.35 42.91 0.49 1.36 0.65
Sunset Creek SE 30th 2098.229 10-year 236 60.13 63.64 62.88 3.51 0.005318 3.49 75.38 43.89 0.43 1.92 0.64
Sunset Creek SE 30th 2098.229 25-year 297 60.13 64.04 63.06 3.91 0.004469 3.6 92.74 44.54 0.41 2.29 0.64
Sunset Creek SE 30th 2098.229 100-year 412 60.13 64.71 63.38 4.58 0.003592 3.79 123.02 45.64 0.38 2.92 0.66

Sunset Creek SE 30th 2070.489 1.01-year 100.32 60.45 62.56 61.73 2.11 0.003482 2.02 49.67 39.18 0.32 1.23 0.27
Sunset Creek SE 30th 2070.489 2-year 151 60.45 62.98 61.98 2.53 0.003054 2.26 68.63 47.19 0.31 1.62 0.31
Sunset Creek SE 30th 2070.489 10-year 236 60.45 63.6 62.31 3.15 0.002468 2.51 98.67 48.8 0.29 2.23 0.34
Sunset Creek SE 30th 2070.489 25-year 297 60.45 64.01 62.49 3.56 0.00222 2.65 118.56 49.83 0.28 2.62 0.36
Sunset Creek SE 30th 2070.489 100-year 412 60.45 64.69 62.82 4.24 0.001935 2.88 153.29 51.47 0.28 3.29 0.4

Sunset Creek SE 30th 2050.566 1.01-year 100.32 59.65 62.37 61.97 2.72 0.009256 2.98 33.92 34.24 0.51 0.99 0.57
Sunset Creek SE 30th 2050.566 2-year 151 59.65 62.82 62.19 3.17 0.006281 3.1 51.85 45.37 0.44 1.4 0.55
Sunset Creek SE 30th 2050.566 10-year 236 59.65 63.49 62.51 3.84 0.004056 3.18 82.72 47.24 0.38 2.01 0.51
Sunset Creek SE 30th 2050.566 25-year 297 59.65 63.9 62.75 4.25 0.003383 3.26 102.68 48.41 0.36 2.4 0.51
Sunset Creek SE 30th 2050.566 100-year 412 59.65 64.6 63.07 4.95 0.002728 3.43 137.18 50.17 0.33 3.04 0.52

Sunset Creek SE 30th 2036.451 1.01-year 100.32 60.13 62.26 61.72 2.13 0.008428 2.83 38.52 47.32 0.48 1.04 0.55
Sunset Creek SE 30th 2036.451 2-year 151 60.13 62.77 62.03 2.64 0.004602 2.7 63.41 49 0.37 1.54 0.44
Sunset Creek SE 30th 2036.451 10-year 236 60.13 63.47 62.39 3.34 0.003026 2.78 98.07 51.26 0.32 2.19 0.41
Sunset Creek SE 30th 2036.451 25-year 297 60.13 63.89 62.57 3.76 0.002585 2.87 120.11 52.64 0.31 2.6 0.42
Sunset Creek SE 30th 2036.451 100-year 412 60.13 64.6 62.85 4.47 0.002145 3.05 157.45 52.87 0.29 3.27 0.44

Sunset Creek SE 30th 2016.641 1.01-year 100.32 59.66 62.2 61.35 2.54 0.003075 2.06 50.21 42.43 0.31 1.32 0.25
Sunset Creek SE 30th 2016.641 2-year 151 59.66 62.74 61.64 3.08 0.002219 2.18 73.92 45.1 0.28 1.83 0.25
Sunset Creek SE 30th 2016.641 10-year 236 59.66 63.43 61.94 3.77 0.00181 2.42 106.01 46.8 0.26 2.5 0.28
Sunset Creek SE 30th 2016.641 25-year 297 59.66 63.86 62.14 4.2 0.001683 2.58 126.14 47.83 0.26 2.9 0.3
Sunset Creek SE 30th 2016.641 100-year 412 59.66 64.57 62.47 4.91 0.001548 2.84 160.54 49.55 0.26 3.57 0.35

Sunset Creek SE 30th 1988.07 1.01-year 100.32 59.15 62.15 61.01 3 0.001716 1.9 60.17 42 0.24 1.79 0.19
Sunset Creek SE 30th 1988.07 2-year 151 59.15 62.69 61.27 3.54 0.001511 2.11 83.51 43.62 0.24 2.3 0.22
Sunset Creek SE 30th 1988.07 10-year 236 59.15 63.39 61.63 4.24 0.001441 2.43 114.86 45.7 0.24 2.95 0.27
Sunset Creek SE 30th 1988.07 25-year 297 59.15 63.82 61.84 4.67 0.001424 2.63 134.61 46.96 0.24 3.35 0.3
Sunset Creek SE 30th 1988.07 100-year 412 59.15 64.53 62.24 5.38 0.001405 2.94 168.55 49.05 0.25 4.01 0.35

Sunset Creek SE 30th 1968.444 1.01-year 100.32 59.73 62.1 61.04 2.37 0.001844 2.08 57.87 41.14 0.26 1.88 0.22
Sunset Creek SE 30th 1968.444 2-year 151 59.73 62.65 61.33 2.92 0.001616 2.3 81.33 44.08 0.26 2.41 0.24
Sunset Creek SE 30th 1968.444 10-year 236 59.73 63.35 61.71 3.62 0.001517 2.63 112.72 45.23 0.26 3.1 0.29
Sunset Creek SE 30th 1968.444 25-year 297 59.73 63.78 61.92 4.05 0.001501 2.84 132.2 46.26 0.26 3.51 0.33
Sunset Creek SE 30th 1968.444 100-year 412 59.73 64.48 62.27 4.75 0.001487 3.19 165.42 47.96 0.27 4.2 0.39

Sunset Creek SE 30th 1954.61 1.01-year 100.32 59.63 61.99 61.33 2.36 0.008212 3.06 43.17 38.25 0.38 1.89 0.97
Sunset Creek SE 30th 1954.61 2-year 151 59.63 62.57 61.66 2.94 0.005902 3.07 67.43 43.67 0.33 2.43 0.9
Sunset Creek SE 30th 1954.61 10-year 236 59.63 63.29 62.03 3.66 0.00473 3.23 99.74 45.74 0.31 3.1 0.92
Sunset Creek SE 30th 1954.61 25-year 297 59.63 63.73 62.3 4.1 0.004372 3.37 119.83 46.98 0.31 3.51 0.96
Sunset Creek SE 30th 1954.61 100-year 412 59.63 64.44 62.62 4.81 0.003986 3.61 154.17 49.03 0.3 4.17 1.04
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06-03501-002 Phase III Alternative 4 No Beavers Output Table Herrera Environmental Consultants

River Reach River Sta Profile Q Total Min Ch El W.S. Elev Crit W.S. Max Chl Dpth E.G. Slope Vel Chnl Flow Area Top Width Froude # Chl Hydr Radius C Shear Chan
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Sunset Creek SE 30th 1928.749 1.01-year 100.32 59.16 61.96 60.54 2.8 0.001812 1.53 68.09 38.44 0.19 2.04 0.23
Sunset Creek SE 30th 1928.749 2-year 151 59.16 62.54 60.77 3.38 0.001734 1.77 91.52 42.78 0.19 2.61 0.28
Sunset Creek SE 30th 1928.749 10-year 236 59.16 63.26 61.1 4.1 0.001786 2.11 122.71 43.96 0.2 3.32 0.37
Sunset Creek SE 30th 1928.749 25-year 297 59.16 63.69 61.31 4.53 0.001837 2.32 141.81 44.64 0.21 3.74 0.43
Sunset Creek SE 30th 1928.749 100-year 412 59.16 64.4 61.66 5.24 0.001915 2.65 173.95 45.74 0.22 4.44 0.53

Sunset Creek SE 30th 1881.347 1.01-year 100.32 58.45 61.71 60.37 3.26 0.005655 3.04 36.16 22.84 0.34 2.28 0.81
Sunset Creek SE 30th 1881.347 2-year 151 58.45 62.25 60.8 3.8 0.006073 3.59 50.66 36.83 0.36 2.77 1.05
Sunset Creek SE 30th 1881.347 10-year 236 58.45 62.96 61.48 4.51 0.005834 4.04 78.11 39.28 0.37 3.4 1.24
Sunset Creek SE 30th 1881.347 25-year 297 58.45 63.39 61.9 4.94 0.005589 4.25 95.35 40.41 0.36 3.79 1.32
Sunset Creek SE 30th 1881.347 100-year 412 58.45 64.1 62.64 5.65 0.005316 4.6 124.4 40.94 0.36 4.43 1.47

Sunset Creek SE 30th 1868.66 1.01-year 100.32 59.05 61.67 60.65 2.62 0.004449 2.64 45.34 33.4 0.33 1.96 0.54
Sunset Creek SE 30th 1868.66 2-year 151 59.05 62.24 61.01 3.19 0.003885 2.91 64.72 35.17 0.32 2.5 0.61
Sunset Creek SE 30th 1868.66 10-year 236 59.05 62.95 61.52 3.9 0.003739 3.35 90.37 36.56 0.32 3.17 0.74
Sunset Creek SE 30th 1868.66 25-year 297 59.05 63.38 61.76 4.33 0.003734 3.63 105.99 36.56 0.33 3.58 0.84
Sunset Creek SE 30th 1868.66 100-year 412 59.05 64.07 62.15 5.02 0.003805 4.1 131.53 36.56 0.34 4.25 1.01

Sunset Creek SE 30th 1856.084 1.01-year 100.32 58.51 61.54 60.64 3.03 0.009194 3.18 36.92 28.3 0.39 1.96 1.13
Sunset Creek SE 30th 1856.084 2-year 151 58.51 62.12 61.06 3.61 0.007785 3.44 53.97 30.95 0.37 2.51 1.22
Sunset Creek SE 30th 1856.084 10-year 236 58.51 62.83 61.6 4.32 0.007328 3.91 77.03 34.26 0.38 3.18 1.45
Sunset Creek SE 30th 1856.084 25-year 297 58.51 63.25 61.86 4.74 0.007228 4.21 92.07 36.27 0.38 3.58 1.62
Sunset Creek SE 30th 1856.084 100-year 412 58.51 63.96 62.31 5.45 0.00691 4.61 117.72 36.27 0.38 4.25 1.83

Sunset Creek SE 30th 1817.494 1.01-year 100.32 58.15 61.26 59.86 3.11 0.004924 3.33 30.99 17.77 0.36 2.1 0.65
Sunset Creek SE 30th 1817.494 2-year 151 58.15 61.77 60.34 3.62 0.005847 4.07 41.58 23.46 0.41 2.5 0.91
Sunset Creek SE 30th 1817.494 10-year 236 58.15 62.37 61.03 4.22 0.00705 5.03 56.84 25.61 0.46 2.98 1.31
Sunset Creek SE 30th 1817.494 25-year 297 58.15 62.73 61.59 4.58 0.007687 5.58 66.11 25.61 0.49 3.27 1.57
Sunset Creek SE 30th 1817.494 100-year 412 58.15 63.33 62.25 5.18 0.008613 6.47 81.33 25.61 0.53 3.75 2.01

Sunset Creek SE 30th 1805.019 1.01-year 100.32 58.22 61.22 59.92 3 0.004481 3.25 37.73 28.54 0.36 2.11 0.59
Sunset Creek SE 30th 1805.019 2-year 151 58.22 61.74 60.37 3.52 0.004649 3.74 53.63 32.01 0.37 2.54 0.74
Sunset Creek SE 30th 1805.019 10-year 236 58.22 62.39 61.23 4.17 0.004871 4.34 76.07 53.24 0.39 3.06 0.93
Sunset Creek SE 30th 1805.019 25-year 297 58.22 62.78 61.56 4.56 0.00479 4.6 92.15 60.85 0.4 3.38 1.01
Sunset Creek SE 30th 1805.019 100-year 412 58.22 63.46 62.1 5.24 0.004327 4.84 122.76 67.33 0.39 3.94 1.06

Sunset Creek SE 30th 1791.536 1.01-year 100.32 58.58 61.12 60.26 2.54 0.005998 3.49 32.84 26.2 0.43 1.87 0.7
Sunset Creek SE 30th 1791.536 2-year 151 58.58 61.65 60.74 3.07 0.005535 3.91 47.64 28.57 0.43 2.35 0.81
Sunset Creek SE 30th 1791.536 10-year 236 58.58 62.25 61.28 3.67 0.005915 4.65 64.98 28.57 0.46 2.91 1.07
Sunset Creek SE 30th 1791.536 25-year 297 58.58 62.61 61.59 4.03 0.006259 5.14 75.08 28.57 0.48 3.23 1.26
Sunset Creek SE 30th 1791.536 100-year 412 58.58 63.18 62.03 4.6 0.006856 5.94 91.41 28.57 0.52 3.76 1.61

Sunset Creek SE 30th 1777.213 1.01-year 100.32 58.04 61.1 59.79 3.06 0.00334 2.79 43.51 29.94 0.32 2.13 0.44
Sunset Creek SE 30th 1777.213 2-year 151 58.04 61.64 60.25 3.6 0.003268 3.15 60.86 60.16 0.32 2.6 0.53
Sunset Creek SE 30th 1777.213 10-year 236 58.04 62.27 60.89 4.23 0.003557 3.74 83.05 66.33 0.35 3.14 0.7
Sunset Creek SE 30th 1777.213 25-year 297 58.04 62.64 61.24 4.6 0.003738 4.09 96.39 66.54 0.36 3.47 0.81
Sunset Creek SE 30th 1777.213 100-year 412 58.04 63.24 61.67 5.2 0.004003 4.65 118.39 66.89 0.38 3.99 1

Sunset Creek SE 30th 1749.718 1.01-year 100.32 57.73 60.91 59.77 3.18 0.005585 3.47 33.31 20.49 0.39 2.1 0.73
Sunset Creek SE 30th 1749.718 2-year 151 57.73 61.39 60.31 3.66 0.006434 4.19 44.81 47.1 0.43 2.51 1.01
Sunset Creek SE 30th 1749.718 10-year 236 57.73 61.91 60.9 4.18 0.008186 5.27 60.57 63.78 0.5 2.96 1.51
Sunset Creek SE 30th 1749.718 25-year 297 57.73 62.21 61.31 4.48 0.009052 5.87 70.54 64.03 0.54 3.22 1.82
Sunset Creek SE 30th 1749.718 100-year 412 57.73 62.72 61.95 4.99 0.010215 6.79 87.2 64.43 0.58 3.66 2.34

Sunset Creek SE 30th 1689.563 1.01-year 100.32 57.21 60.02 59.59 2.81 0.020854 5.42 18.93 17.87 0.7 1.56 2.03
Sunset Creek SE 30th 1689.563 2-year 151 57.21 60.43 60.37 3.22 0.020473 6.14 29.13 26.36 0.72 1.9 2.43
Sunset Creek SE 30th 1689.563 10-year 236 57.21 61.02 60.84 3.81 0.016972 6.53 45.24 28.17 0.68 2.4 2.55
Sunset Creek SE 30th 1689.563 25-year 297 57.21 61.38 61.07 4.17 0.015528 6.76 55.52 29.26 0.67 2.71 2.62
Sunset Creek SE 30th 1689.563 100-year 412 57.21 61.97 61.51 4.76 0.013881 7.16 73.28 43.57 0.65 3.2 2.78

Sunset Creek SE 30th 1668.393 1.01-year 100.32 56.93 59.91 59.04 2.98 0.008129 4.05 28.97 25.06 0.47 1.94 0.98
Sunset Creek SE 30th 1668.393 2-year 151 56.93 60.35 59.81 3.42 0.008396 4.62 40.03 26.29 0.5 2.31 1.21
Sunset Creek SE 30th 1668.393 10-year 236 56.93 60.91 60.31 3.98 0.008645 5.32 55.37 27.91 0.52 2.79 1.51
Sunset Creek SE 30th 1668.393 25-year 297 56.93 61.26 60.56 4.33 0.008706 5.71 65.25 28.9 0.53 3.09 1.68
Sunset Creek SE 30th 1668.393 100-year 412 56.93 61.84 61.01 4.91 0.008713 6.31 82.48 30.55 0.54 3.58 1.95

Sunset Creek SE 30th 1626.318 1.01-year 100.32 56.89 59.65 58.71 2.76 0.006373 3.63 31.26 23.61 0.43 1.9 0.76
Sunset Creek SE 30th 1626.318 2-year 151 56.89 60.03 59.27 3.14 0.007479 4.38 40.51 24.76 0.48 2.23 1.04
Sunset Creek SE 30th 1626.318 10-year 236 56.89 60.51 59.87 3.62 0.009047 5.39 52.72 26.21 0.54 2.65 1.49
Sunset Creek SE 30th 1626.318 25-year 297 56.89 60.8 60.15 3.91 0.009898 5.99 60.41 27.07 0.58 2.9 1.79
Sunset Creek SE 30th 1626.318 100-year 412 56.89 61.3 60.62 4.41 0.010777 6.86 74.37 28.58 0.62 3.33 2.24

Sunset Creek SE 30th 1613.357 1.01-year 100.32 56.46 59.63 58.27 3.17 0.003347 2.9 37.19 23.33 0.33 2.08 0.43
Sunset Creek SE 30th 1613.357 2-year 151 56.46 60 58.69 3.54 0.004389 3.65 46.19 24.85 0.39 2.4 0.66
Sunset Creek SE 30th 1613.357 10-year 236 56.46 60.47 59.4 4.01 0.0059 4.69 58.04 26.32 0.46 2.8 1.03
Sunset Creek SE 30th 1613.357 25-year 297 56.46 60.74 59.77 4.28 0.006805 5.32 65.4 27.19 0.5 3.03 1.29
Sunset Creek SE 30th 1613.357 100-year 412 56.46 61.23 60.29 4.77 0.00793 6.25 78.89 28.73 0.55 3.45 1.71

Sunset Creek SE 30th 1592.728 1.01-year 100.32 56.02 59.65 57.91 3.63 0.001146 1.69 62.95 33.09 0.19 2.23 0.16
Sunset Creek SE 30th 1592.728 2-year 151 56.02 60.04 58.23 4.02 0.001518 2.15 75.99 33.8 0.23 2.6 0.25
Sunset Creek SE 30th 1592.728 10-year 236 56.02 60.54 58.66 4.52 0.002077 2.81 92.89 34.71 0.28 3.07 0.4
Sunset Creek SE 30th 1592.728 25-year 297 56.02 60.83 58.92 4.81 0.00242 3.22 103.26 35.25 0.3 3.35 0.51
Sunset Creek SE 30th 1592.728 100-year 412 56.02 61.35 59.38 5.33 0.002877 3.85 121.91 36.21 0.34 3.85 0.69
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Sunset Creek SE 30th 1583.59 1.01-year 100.32 56.87 59.48 58.8 2.61 0.007996 3.47 32.75 32.11 0.47 1.59 0.8
Sunset Creek SE 30th 1583.59 2-year 151 56.87 59.81 59.2 2.94 0.009139 4.19 43.62 33.2 0.52 1.91 1.09
Sunset Creek SE 30th 1583.59 10-year 236 56.87 60.21 59.7 3.34 0.01129 5.25 56.96 34.5 0.6 2.28 1.61
Sunset Creek SE 30th 1583.59 25-year 297 56.87 60.43 59.97 3.56 0.012715 5.91 64.84 35.25 0.64 2.5 1.98
Sunset Creek SE 30th 1583.59 100-year 412 56.87 60.87 60.38 4 0.013713 6.8 80.49 36.69 0.68 2.91 2.49

Sunset Creek SE 30th 1583.5 Lat Struct

Sunset Creek SE 30th 1576.451 1.01-year 100.32 56.81 59.39 58.71 2.58 0.012871 3.58 28.98 25.93 0.53 1.27 1.02
Sunset Creek SE 30th 1576.451 2-year 151 56.81 59.69 59.18 2.88 0.015583 4.33 37.2 28.01 0.6 1.47 1.43
Sunset Creek SE 30th 1576.451 10-year 236 56.81 60.02 59.67 3.21 0.0201 5.52 46.94 31.92 0.7 1.76 2.2
Sunset Creek SE 30th 1576.451 25-year 297 56.81 60.17 59.92 3.36 0.024449 6.39 51.81 33.88 0.78 1.89 2.89
Sunset Creek SE 30th 1576.451 100-year 412 56.81 60.36 60.36 3.55 0.034449 8.04 58.39 36.3 0.94 2.06 4.43

Sunset Creek SE 30th 1535.154 1.01-year 85.27 56.74 58.93 58.13 2.19 0.005318 2.02 47.26 66.37 0.3 1.34 0.44
Sunset Creek SE 30th 1535.154 2-year 128.35 56.74 59.18 58.35 2.44 0.006315 2.43 65.04 75.58 0.34 1.55 0.61
Sunset Creek SE 30th 1535.154 10-year 200.6 56.74 59.53 58.67 2.79 0.006614 2.81 96.01 107.2 0.36 1.86 0.77
Sunset Creek SE 30th 1535.154 25-year 252.45 56.74 59.75 58.95 3.01 0.006459 2.98 118.93 107.2 0.36 2.06 0.83
Sunset Creek SE 30th 1535.154 100-year 350.2 56.74 60.1 59.26 3.36 0.006199 3.23 156.44 107.2 0.36 2.41 0.93

Sunset Creek SE 30th 1520.645 1.01-year 85.27 56.07 58.91 57.6 2.84 0.001449 1.5 77.84 109.73 0.2 1.56 0.14
Sunset Creek SE 30th 1520.645 2-year 128.35 56.07 59.16 57.84 3.09 0.001768 1.81 105.41 109.75 0.23 1.79 0.2
Sunset Creek SE 30th 1520.645 10-year 200.6 56.07 59.52 58.19 3.45 0.002023 2.16 144.72 109.75 0.25 2.11 0.27
Sunset Creek SE 30th 1520.645 25-year 252.45 56.07 59.73 58.4 3.66 0.002178 2.38 167.84 109.75 0.26 2.3 0.31
Sunset Creek SE 30th 1520.645 100-year 350.2 56.07 60.07 58.97 4 0.002407 2.72 205.62 109.75 0.28 2.61 0.39

Sunset Creek SE 30th 1493.465 1.01-year 85.27 56.01 58.76 57.64 2.75 0.003732 2.79 44.72 88.29 0.34 1.95 0.45
Sunset Creek SE 30th 1493.465 2-year 128.35 56.01 58.95 58.02 2.94 0.005356 3.54 61.29 88.29 0.41 2.12 0.71
Sunset Creek SE 30th 1493.465 10-year 200.6 56.01 59.27 58.92 3.26 0.006302 4.18 89.66 88.29 0.45 2.42 0.95
Sunset Creek SE 30th 1493.465 25-year 252.45 56.01 59.46 59.1 3.45 0.006746 4.54 106.66 88.29 0.47 2.59 1.09
Sunset Creek SE 30th 1493.465 100-year 350.2 56.01 59.78 59.35 3.77 0.007278 5.06 134.89 88.29 0.5 2.89 1.31

Sunset Creek SE 30th 1474.062 1.01-year 85.27 56.81 58.75 58.2 1.94 0.003103 2.1 77.95 110.27 0.3 1.43 0.28
Sunset Creek SE 30th 1474.062 2-year 128.35 56.81 58.94 58.39 2.13 0.003906 2.54 99.08 110.27 0.34 1.61 0.39
Sunset Creek SE 30th 1474.062 10-year 200.6 56.81 59.27 58.59 2.46 0.004086 2.92 135.43 110.27 0.36 1.92 0.49
Sunset Creek SE 30th 1474.062 25-year 252.45 56.81 59.46 58.74 2.65 0.004232 3.16 156.98 110.27 0.37 2.1 0.55
Sunset Creek SE 30th 1474.062 100-year 350.2 56.81 59.79 58.94 2.98 0.004434 3.54 192.74 110.27 0.39 2.4 0.66

Sunset Creek SE 30th 1400.25 1.01-year 85.27 56.09 57.61 57.61 1.52 0.03905 6.08 14.03 12.5 1 1.05 2.56
Sunset Creek SE 30th 1400.25 2-year 128.35 56.09 58.15 58.15 2.06 0.016614 4.89 46.97 83.59 0.67 1.51 1.57
Sunset Creek SE 30th 1400.25 10-year 200.6 56.09 58.38 58.38 2.29 0.019637 5.79 65.88 83.59 0.74 1.71 2.1
Sunset Creek SE 30th 1400.25 25-year 252.45 56.09 58.52 58.52 2.43 0.02105 6.28 77.39 83.59 0.78 1.84 2.42
Sunset Creek SE 30th 1400.25 100-year 350.2 56.09 58.73 58.73 2.64 0.023625 7.11 95.29 83.59 0.84 2.03 3

Sunset Creek SE 30th 1312.582 1.01-year 85.27 54.16 56.28 55.5 2.12 0.007801 3.28 26.48 24.35 0.45 1.53 0.75
Sunset Creek SE 30th 1312.582 2-year 128.35 54.16 56.81 55.87 2.65 0.004929 3.15 66.25 87.46 0.38 2.03 0.63
Sunset Creek SE 30th 1312.582 10-year 200.6 54.16 57.45 56.66 3.29 0.003088 2.96 122 87.46 0.31 2.63 0.51
Sunset Creek SE 30th 1312.582 25-year 252.45 54.16 57.83 56.86 3.67 0.002578 2.95 155.48 87.46 0.29 2.99 0.48
Sunset Creek SE 30th 1312.582 100-year 350.2 54.16 58.5 57.11 4.34 0.002022 2.96 213.74 87.46 0.27 3.62 0.46

Sunset Creek SE 30th 1261.44 1.01-year 85.27 53.71 55.75 55.06 2.05 0.013004 3.45 24.75 16.19 0.49 1.44 1.17
Sunset Creek SE 30th 1261.44 2-year 128.35 53.71 56.28 55.43 2.57 0.010454 3.75 39.87 52.27 0.46 1.93 1.26
Sunset Creek SE 30th 1261.44 10-year 200.6 53.71 57.07 55.95 3.36 0.004782 3.15 102.52 82.84 0.33 2.68 0.8
Sunset Creek SE 30th 1261.44 25-year 252.45 53.71 57.51 56.59 3.81 0.003498 2.97 139.13 82.84 0.29 3.09 0.68
Sunset Creek SE 30th 1261.44 100-year 350.2 53.71 58.24 56.86 4.53 0.002467 2.85 199.46 82.84 0.25 3.78 0.58

Sunset Creek SE 30th 1259.44* 1.01-year 85.27 53.21 55.79 54.59 2.58 0.004873 2.71 31.45 17.43 0.34 1.77 0.54
Sunset Creek SE 30th 1259.44* 2-year 128.35 53.21 56.31 54.96 3.1 0.00473 3.14 48.16 58.31 0.35 2.25 0.67
Sunset Creek SE 30th 1259.44* 10-year 200.6 53.21 57.06 55.49 3.85 0.003055 3.01 107.85 81.88 0.3 2.94 0.56
Sunset Creek SE 30th 1259.44* 25-year 252.45 53.21 57.5 55.81 4.29 0.002483 2.95 143.39 81.88 0.27 3.34 0.52
Sunset Creek SE 30th 1259.44* 100-year 350.2 53.21 58.22 56.71 5.01 0.001918 2.93 202.88 81.88 0.25 4.01 0.48

Sunset Creek SE 30th 1210.31 1.01-year 85.27 53.26 55.38 54.6 2.13 0.011323 3.27 26.05 16.51 0.46 1.49 1.05
Sunset Creek SE 30th 1210.31 2-year 128.35 53.26 55.93 54.97 2.67 0.009087 3.57 39.89 35.83 0.43 2 1.13
Sunset Creek SE 30th 1210.31 10-year 200.6 53.26 56.71 55.47 3.46 0.005529 3.44 81.54 58.22 0.36 2.74 0.95
Sunset Creek SE 30th 1210.31 25-year 252.45 53.26 57.18 55.85 3.92 0.004313 3.35 108.52 58.22 0.32 3.18 0.86
Sunset Creek SE 30th 1210.31 100-year 350.2 53.26 57.94 56.49 4.68 0.003255 3.33 152.87 58.22 0.29 3.89 0.79

Sunset Creek SE 30th 1208.31* 1.01-year 85.27 52.76 55.41 54.12 2.66 0.004222 2.58 33.13 18.44 0.32 1.83 0.48
Sunset Creek SE 30th 1208.31* 2-year 128.35 52.76 55.96 54.5 3.2 0.004078 2.98 48.5 39.97 0.33 2.33 0.59
Sunset Creek SE 30th 1208.31* 10-year 200.6 52.76 56.72 55.02 3.96 0.003161 3.12 89.97 57.1 0.3 3.03 0.6
Sunset Creek SE 30th 1208.31* 25-year 252.45 52.76 57.17 55.33 4.42 0.002747 3.17 115.91 57.1 0.29 3.45 0.59
Sunset Creek SE 30th 1208.31* 100-year 350.2 52.76 57.93 55.95 5.17 0.002309 3.29 159.03 57.1 0.27 4.14 0.6

Sunset Creek SE 30th 1177.949 1.01-year 100.55 52.79 55.26 54.14 2.48 0.004585 2.74 42.21 36.57 0.34 1.91 0.55
Sunset Creek SE 30th 1177.949 2-year 151.35 52.79 55.82 54.52 3.04 0.003855 2.96 64.41 40.15 0.32 2.45 0.59
Sunset Creek SE 30th 1177.949 10-year 236.6 52.79 56.56 55.15 3.78 0.003386 3.28 94.1 40.15 0.32 3.14 0.66
Sunset Creek SE 30th 1177.949 25-year 297.45 52.79 56.99 55.47 4.21 0.00331 3.51 111.34 40.15 0.32 3.55 0.73
Sunset Creek SE 30th 1177.949 100-year 413.2 52.79 57.71 55.87 4.93 0.003256 3.91 140.2 40.15 0.33 4.22 0.86

Sunset Creek SE 30th 1159.18 1.01-year 100.55 52.8 55.01 54.29 2.21 0.01378 3.67 27.36 16.82 0.51 1.53 1.32
Sunset Creek SE 30th 1159.18 2-year 151.35 52.8 55.54 54.69 2.73 0.01177 4.1 39.87 30.67 0.49 2.03 1.49
Sunset Creek SE 30th 1159.18 10-year 236.6 52.8 56.32 55.25 3.51 0.008161 4.19 71.28 43.4 0.43 2.76 1.41
Sunset Creek SE 30th 1159.18 25-year 297.45 52.8 56.77 55.64 3.97 0.006885 4.24 91.08 43.4 0.41 3.19 1.37
Sunset Creek SE 30th 1159.18 100-year 413.2 52.8 57.52 56.23 4.72 0.005729 4.41 123.55 43.4 0.38 3.9 1.39
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Sunset Creek SE 30th 1157.18 1.01-year 100.55 52.3 55.04 53.82 2.74 0.005434 2.94 34.19 17.7 0.36 1.86 0.63
Sunset Creek SE 30th 1157.18 2-year 151.35 52.3 55.57 54.24 3.27 0.00552 3.46 47.19 31.79 0.38 2.35 0.81
Sunset Creek SE 30th 1157.18 10-year 236.6 52.3 56.32 54.81 4.02 0.004882 3.86 75.6 39.4 0.37 3.03 0.92
Sunset Creek SE 30th 1157.18 25-year 297.45 52.3 56.76 55.16 4.46 0.004606 4.08 92.94 39.4 0.37 3.44 0.99
Sunset Creek SE 30th 1157.18 100-year 413.2 52.3 57.48 55.94 5.18 0.004344 4.45 121.47 39.4 0.37 4.1 1.11

Sunset Creek SE 30th 1108.05 1.01-year 100.55 52.35 54.56 53.84 2.21 0.013668 3.66 27.45 16.84 0.51 1.53 1.31
Sunset Creek SE 30th 1108.05 2-year 151.35 52.35 55.09 54.24 2.74 0.011936 4.09 38.87 27.02 0.49 2.01 1.5
Sunset Creek SE 30th 1108.05 10-year 236.6 52.35 55.88 54.78 3.52 0.008648 4.29 67.18 42.28 0.44 2.75 1.48
Sunset Creek SE 30th 1108.05 25-year 297.45 52.35 56.35 55.17 4 0.007108 4.3 87.24 42.28 0.41 3.19 1.42
Sunset Creek SE 30th 1108.05 100-year 413.2 52.35 57.1 55.83 4.75 0.005859 4.46 119.1 42.28 0.39 3.9 1.43

Sunset Creek SE 30th 1106.05* 1.01-year 100.55 51.85 54.6 53.37 2.75 0.005424 2.92 34.41 17.06 0.36 1.85 0.63
Sunset Creek SE 30th 1106.05* 2-year 151.35 51.85 55.13 53.78 3.28 0.005519 3.44 46.37 28.11 0.38 2.33 0.8
Sunset Creek SE 30th 1106.05* 10-year 236.6 51.85 55.89 54.35 4.04 0.00492 3.86 74.61 43.14 0.37 3.03 0.93
Sunset Creek SE 30th 1106.05* 25-year 297.45 51.85 56.35 54.69 4.5 0.004441 4.01 94.55 43.14 0.36 3.46 0.96
Sunset Creek SE 30th 1106.05* 100-year 413.2 51.85 57.1 55.36 5.25 0.003999 4.29 126.68 43.14 0.36 4.14 1.03

Sunset Creek SE 30th 1056.91 1.01-year 100.55 51.9 54.12 53.39 2.22 0.013496 3.65 27.58 16.87 0.5 1.54 1.3
Sunset Creek SE 30th 1056.91 2-year 151.35 51.9 54.66 53.79 2.76 0.011911 4.06 38.5 24.82 0.49 2 1.49
Sunset Creek SE 30th 1056.91 10-year 236.6 51.9 55.45 54.32 3.55 0.008919 4.34 62.4 34.28 0.45 2.74 1.53
Sunset Creek SE 30th 1056.91 25-year 297.45 51.9 55.9 54.68 4 0.00792 4.51 79.46 41.16 0.43 3.17 1.57
Sunset Creek SE 30th 1056.91 100-year 413.2 51.9 56.68 55.27 4.78 0.006414 4.65 116.66 55.18 0.4 3.9 1.56

Sunset Creek SE 30th 1054.91* 1.01-year 100.55 51.4 54.15 52.91 2.75 0.005358 2.91 34.61 17.14 0.36 1.85 0.62
Sunset Creek SE 30th 1054.91* 2-year 151.35 51.4 54.69 53.33 3.3 0.005502 3.41 45.97 25.71 0.38 2.32 0.8
Sunset Creek SE 30th 1054.91* 10-year 236.6 51.4 55.47 53.9 4.07 0.004982 3.88 69.92 34.72 0.38 3.03 0.94
Sunset Creek SE 30th 1054.91* 25-year 297.45 51.4 55.92 54.24 4.52 0.004786 4.14 86.89 41.61 0.38 3.44 1.03
Sunset Creek SE 30th 1054.91* 100-year 413.2 51.4 56.67 54.91 5.28 0.004306 4.44 123.51 55.16 0.37 4.14 1.11

Sunset Creek SE 30th 1005.78 1.01-year 100.55 51.45 53.68 52.94 2.23 0.013129 3.61 27.86 16.94 0.5 1.55 1.27
Sunset Creek SE 30th 1005.78 2-year 151.35 51.45 54.23 53.34 2.78 0.011692 4.01 38.57 23.39 0.49 2 1.46
Sunset Creek SE 30th 1005.78 10-year 236.6 51.45 55.05 53.87 3.61 0.008505 4.26 63.45 37.48 0.44 2.77 1.47
Sunset Creek SE 30th 1005.78 25-year 297.45 51.45 55.53 54.22 4.09 0.007187 4.33 82.15 41.07 0.41 3.22 1.44
Sunset Creek SE 30th 1005.78 100-year 413.2 51.45 56.32 54.83 4.87 0.00573 4.44 118.46 51.18 0.38 3.96 1.42

Sunset Creek SE 30th 1003.78* 1.01-year 100.55 50.95 53.72 52.47 2.77 0.005234 2.88 34.94 17.24 0.36 1.86 0.61
Sunset Creek SE 30th 1003.78* 2-year 151.35 50.95 54.27 52.88 3.32 0.005418 3.37 46.01 24.15 0.37 2.32 0.78
Sunset Creek SE 30th 1003.78* 10-year 236.6 50.95 55.08 53.44 4.13 0.004761 3.81 71.03 37.65 0.37 3.06 0.91
Sunset Creek SE 30th 1003.78* 25-year 297.45 50.95 55.54 53.79 4.6 0.004412 4 89.32 41.22 0.36 3.49 0.96
Sunset Creek SE 30th 1003.78* 100-year 413.2 50.95 56.32 54.4 5.37 0.003908 4.26 124.97 51.01 0.35 4.2 1.02

Sunset Creek SE 30th 954.652 1.01-year 100.55 50.99 53.27 52.48 2.28 0.012284 3.52 28.55 17.1 0.48 1.57 1.2
Sunset Creek SE 30th 954.652 2-year 151.35 50.99 53.83 52.88 2.83 0.011067 3.92 39.27 22.64 0.47 2.01 1.39
Sunset Creek SE 30th 954.652 10-year 236.6 50.99 54.7 53.42 3.71 0.007704 4.11 64.57 35.59 0.42 2.84 1.36
Sunset Creek SE 30th 954.652 25-year 297.45 50.99 55.18 53.75 4.19 0.00661 4.2 82.5 38.38 0.4 3.29 1.36
Sunset Creek SE 30th 954.652 100-year 413.2 50.99 55.97 54.35 4.98 0.005444 4.37 115.19 44.99 0.37 4.03 1.37

Sunset Creek SE 30th 952.651* 1.01-year 100.55 50.49 53.3 52.01 2.81 0.004965 2.82 35.67 17.4 0.35 1.88 0.58
Sunset Creek SE 30th 952.651* 2-year 151.35 50.49 53.86 52.42 3.37 0.005184 3.31 46.68 23.28 0.37 2.33 0.75
Sunset Creek SE 30th 952.651* 10-year 236.6 50.49 54.72 52.99 4.23 0.004367 3.69 72.11 36.07 0.35 3.12 0.85
Sunset Creek SE 30th 952.651* 25-year 297.45 50.49 55.19 53.33 4.7 0.004078 3.88 89.71 38.42 0.35 3.55 0.9
Sunset Creek SE 30th 952.651* 100-year 413.2 50.49 55.97 53.92 5.48 0.003701 4.18 121.92 44.9 0.34 4.27 0.99

Sunset Creek SE 30th 903.519 1.01-year 100.55 50.54 52.9 52.03 2.36 0.010779 3.35 29.98 17.43 0.45 1.62 1.09
Sunset Creek SE 30th 903.519 2-year 151.35 50.54 53.46 52.43 2.92 0.009878 3.76 40.87 22.55 0.45 2.06 1.27
Sunset Creek SE 30th 903.519 10-year 236.6 50.54 54.4 52.97 3.86 0.006519 3.88 67.79 34.8 0.39 2.95 1.2
Sunset Creek SE 30th 903.519 25-year 297.45 50.54 54.88 53.29 4.34 0.00576 4.01 85.03 36.96 0.37 3.4 1.22
Sunset Creek SE 30th 903.519 100-year 413.2 50.54 55.67 53.88 5.12 0.004919 4.22 115.38 40.99 0.35 4.13 1.27

Sunset Creek SE 30th 901.518* 1.01-year 100.55 50.04 52.93 51.56 2.89 0.004484 2.71 37.1 17.71 0.33 1.92 0.54
Sunset Creek SE 30th 901.518* 2-year 151.35 50.04 53.49 51.97 3.45 0.004727 3.19 48.26 23.07 0.35 2.38 0.7
Sunset Creek SE 30th 901.518* 10-year 236.6 50.04 54.42 52.54 4.38 0.003777 3.5 75.25 35.17 0.33 3.23 0.76
Sunset Creek SE 30th 901.518* 25-year 297.45 50.04 54.89 52.88 4.85 0.003599 3.71 92.24 36.98 0.33 3.66 0.82
Sunset Creek SE 30th 901.518* 100-year 413.2 50.04 55.67 53.45 5.62 0.003356 4.04 122.23 40.94 0.33 4.37 0.92

Sunset Creek SE 30th 852.3866 1.01-year 100.55 50.09 52.65 51.57 2.56 0.0057 2.99 33.65 18.25 0.39 1.73 0.62
Sunset Creek SE 30th 852.3866 2-year 151.35 50.09 53.21 51.98 3.12 0.005327 3.42 45.34 23.81 0.39 2.23 0.74
Sunset Creek SE 30th 852.3866 10-year 236.6 50.09 54.21 52.52 4.12 0.00362 3.56 74.63 35.1 0.34 3.16 0.72
Sunset Creek SE 30th 852.3866 25-year 297.45 50.09 54.67 52.83 4.58 0.003408 3.76 91.02 36.02 0.34 3.6 0.77
Sunset Creek SE 30th 852.3866 100-year 413.2 50.09 55.43 53.41 5.34 0.003158 4.08 119.31 38.42 0.34 4.31 0.85

Sunset Creek SE 30th 834.4796 1.01-year 100.55 50.42 52.35 52.05 1.93 0.014712 4.18 24.05 20.5 0.68 1.14 1.05
Sunset Creek SE 30th 834.4796 2-year 151.35 50.42 53.04 52.37 2.62 0.007437 3.91 39.74 25.09 0.51 1.75 0.81
Sunset Creek SE 30th 834.4796 10-year 236.6 50.42 54.14 52.8 3.72 0.003772 3.63 71.21 32.39 0.38 2.65 0.62
Sunset Creek SE 30th 834.4796 25-year 297.45 50.42 54.6 53.07 4.18 0.003524 3.8 86.65 33.41 0.37 3.02 0.66
Sunset Creek SE 30th 834.4796 100-year 413.2 50.42 55.37 53.54 4.95 0.003287 4.09 112.46 33.9 0.36 3.6 0.74

Sunset Creek SE 30th 816.2844 1.01-year 100.55 50.18 52.24 51.75 2.06 0.008136 3.12 32.24 26.8 0.5 1.16 0.59
Sunset Creek SE 30th 816.2844 2-year 151.35 50.18 53.02 52.01 2.84 0.004051 2.78 54.46 30.02 0.36 1.73 0.44
Sunset Creek SE 30th 816.2844 10-year 236.6 50.18 54.15 52.38 3.97 0.002004 2.59 96.71 43.1 0.27 2.69 0.34
Sunset Creek SE 30th 816.2844 25-year 297.45 50.18 54.62 52.61 4.44 0.001865 2.72 117.16 43.45 0.26 3.08 0.36
Sunset Creek SE 30th 816.2844 100-year 413.2 50.18 55.4 53 5.22 0.00174 2.96 151.17 44.04 0.26 3.71 0.4

Attachment 1 - Sediment Management Plan



06-03501-002 Phase III Alternative 4 No Beavers Output Table Herrera Environmental Consultants

River Reach River Sta Profile Q Total Min Ch El W.S. Elev Crit W.S. Max Chl Dpth E.G. Slope Vel Chnl Flow Area Top Width Froude # Chl Hydr Radius C Shear Chan
(cfs) (ft) (ft) (ft) (ft) (ft/ft) (ft/s) (sq ft) (ft) (ft) (lb/sq ft)

Sunset Creek SE 30th 795.8286 1.01-year 100.55 50.27 52.19 51.34 1.92 0.003156 2.32 44.88 31.92 0.32 1.48 0.29
Sunset Creek SE 30th 795.8286 2-year 151.35 50.27 53 51.59 2.73 0.001782 2.23 72.06 35.09 0.25 2.18 0.24
Sunset Creek SE 30th 795.8286 10-year 236.6 50.27 54.14 51.96 3.87 0.001154 2.25 114.01 37.65 0.21 3.1 0.22
Sunset Creek SE 30th 795.8286 25-year 297.45 50.27 54.61 52.18 4.34 0.001192 2.45 131.73 37.82 0.22 3.47 0.26
Sunset Creek SE 30th 795.8286 100-year 413.2 50.27 55.38 52.55 5.11 0.001273 2.79 161.05 38.09 0.23 4.05 0.32

Sunset Creek SE 30th 772.6812 1.01-year 100.55 49.8 52.11 51.34 2.31 0.00364 2.31 43.75 31.59 0.34 1.35 0.31
Sunset Creek SE 30th 772.6812 2-year 151.35 49.8 52.96 51.57 3.16 0.001802 2.15 72.65 36.28 0.25 2.08 0.23
Sunset Creek SE 30th 772.6812 10-year 236.6 49.8 54.12 51.89 4.32 0.001111 2.15 114.96 45.55 0.21 3.03 0.21
Sunset Creek SE 30th 772.6812 25-year 297.45 49.8 54.59 52.11 4.79 0.001118 2.35 132.29 46.91 0.21 3.44 0.24
Sunset Creek SE 30th 772.6812 100-year 413.2 49.8 55.36 52.47 5.56 0.001144 2.68 160.78 49.34 0.22 4.13 0.29

Sunset Creek SE 30th 742.021 1.01-year 100.55 49.76 52.02 51.21 2.26 0.003175 2.11 47.73 33.85 0.31 1.33 0.26
Sunset Creek SE 30th 742.021 2-year 151.35 49.76 52.92 51.43 3.16 0.001521 1.91 79.37 41.36 0.23 2.05 0.19
Sunset Creek SE 30th 742.021 10-year 236.6 49.76 54.09 51.73 4.33 0.000907 1.94 122 51.48 0.19 3.11 0.18
Sunset Creek SE 30th 742.021 25-year 297.45 49.76 54.56 51.93 4.8 0.000926 2.14 139.1 53.01 0.19 3.55 0.21
Sunset Creek SE 30th 742.021 100-year 413.2 49.76 55.33 52.27 5.57 0.000967 2.47 167.2 53.01 0.2 4.27 0.26

Sunset Creek SE 30th 704.0906 Bridge

Sunset Creek SE 30th 637.1669 1.01-year 100.55 49 51.91 50.27 2.91 0.00085 1.45 70.14 47.21 0.17 2.09 0.11
Sunset Creek SE 30th 637.1669 2-year 151.35 49 52.51 50.53 3.51 0.000907 1.72 88.88 47.46 0.18 2.59 0.15
Sunset Creek SE 30th 637.1669 10-year 236.6 49 53.11 50.86 4.11 0.001183 2.21 108.38 50.77 0.21 3.11 0.23
Sunset Creek SE 30th 637.1669 25-year 297.45 49 53.45 51.05 4.45 0.001363 2.53 120.73 55.09 0.23 3.42 0.29
Sunset Creek SE 30th 637.1669 100-year 413.2 49 53.98 51.41 4.98 0.001657 3.04 141.58 55.09 0.26 3.9 0.4

Sunset Creek SE 30th 616.5581 1.01-year 100.55 48.88 51.91 49.89 3.03 0.000324 1.03 110.9 63.72 0.11 2.53 0.05
Sunset Creek SE 30th 616.5581 2-year 151.35 48.88 52.51 50.12 3.63 0.00037 1.24 138.28 68.1 0.12 3.03 0.07
Sunset Creek SE 30th 616.5581 10-year 236.6 48.88 53.13 50.44 4.25 0.00051 1.6 166.3 68.46 0.14 3.53 0.11
Sunset Creek SE 30th 616.5581 25-year 297.45 48.88 53.47 50.61 4.59 0.0006 1.83 182.43 71.56 0.16 3.83 0.14
Sunset Creek SE 30th 616.5581 100-year 413.2 48.88 54.01 50.91 5.13 0.000755 2.23 209.89 73.22 0.18 4.33 0.2

Sunset Creek SE 30th 596.5916 1.01-year 100.55 48.52 51.89 49.66 3.37 0.000468 1.23 86.52 39.78 0.13 2.65 0.08
Sunset Creek SE 30th 596.5916 2-year 151.35 48.52 52.49 49.91 3.97 0.000582 1.52 105.29 41.8 0.14 3.12 0.11
Sunset Creek SE 30th 596.5916 10-year 236.6 48.52 53.09 50.27 4.57 0.000845 2.02 124.4 43.07 0.18 3.62 0.19
Sunset Creek SE 30th 596.5916 25-year 297.45 48.52 53.41 50.49 4.89 0.001027 2.34 135.37 44.36 0.2 3.91 0.25
Sunset Creek SE 30th 596.5916 100-year 413.2 48.52 53.93 50.89 5.41 0.001351 2.89 153.62 46.4 0.23 4.37 0.37

Sunset Creek SE 30th 572.9708 1.01-year 100.55 47.8 51.78 50.11 3.98 0.007565 2.48 40.55 21.96 0.31 1.85 0.87
Sunset Creek SE 30th 572.9708 2-year 151.35 47.8 52.36 50.59 4.56 0.007021 2.83 57.43 34.92 0.31 2.37 1.04
Sunset Creek SE 30th 572.9708 10-year 236.6 47.8 52.92 51.28 5.12 0.007936 3.43 77.72 37.49 0.34 2.89 1.43
Sunset Creek SE 30th 572.9708 25-year 297.45 47.8 53.22 51.64 5.42 0.008632 3.8 89.31 38.6 0.36 3.17 1.71
Sunset Creek SE 30th 572.9708 100-year 413.2 47.8 53.7 52.3 5.9 0.009748 4.41 107.88 38.6 0.39 3.61 2.2

Sunset Creek SE 30th 554.7107 1.01-year 100.55 47.62 51.53 49.85 3.91 0.008694 3.52 29.6 16.89 0.36 2.05 1.11
Sunset Creek SE 30th 554.7107 2-year 151.35 47.62 52.03 50.4 4.41 0.010838 4.35 44.1 52.71 0.41 2.39 1.61
Sunset Creek SE 30th 554.7107 10-year 236.6 47.62 52.64 51.17 5.02 0.010099 4.68 77.48 55.47 0.41 2.81 1.77
Sunset Creek SE 30th 554.7107 25-year 297.45 47.62 52.99 52.36 5.37 0.009703 4.83 96.72 56.99 0.4 3.04 1.84
Sunset Creek SE 30th 554.7107 100-year 413.2 47.62 53.53 52.75 5.91 0.009122 5.06 131.7 116.88 0.4 3.41 1.94

Sunset Creek SE 30th 543.1325 1.01-year 100.55 47.65 51.51 49.72 3.86 0.003282 2.92 35.07 49.3 0.3 2.2 0.45
Sunset Creek SE 30th 543.1325 2-year 151.35 47.65 52.04 50.19 4.39 0.003632 3.37 63.66 55.12 0.32 2.55 0.58
Sunset Creek SE 30th 543.1325 10-year 236.6 47.65 52.63 50.87 4.98 0.003922 3.9 97.98 117.31 0.35 3 0.73
Sunset Creek SE 30th 543.1325 25-year 297.45 47.65 52.96 51.29 5.31 0.004001 4.15 120.15 117.31 0.35 3.25 0.81
Sunset Creek SE 30th 543.1325 100-year 413.2 47.65 53.49 52.3 5.84 0.00408 4.53 155.86 117.31 0.36 3.65 0.93

Sunset Creek SE 30th 529.8341 1.01-year 100.55 47.8 51.46 49.72 3.66 0.003873 2.94 34.83 19.16 0.31 2.16 0.52
Sunset Creek SE 30th 529.8341 2-year 151.35 47.8 51.99 50.2 4.19 0.004248 3.38 59.44 104.48 0.33 2.5 0.66
Sunset Creek SE 30th 529.8341 10-year 236.6 47.8 52.58 50.88 4.78 0.004265 3.79 93.68 110.74 0.34 2.96 0.79
Sunset Creek SE 30th 529.8341 25-year 297.45 47.8 52.91 51.3 5.11 0.00435 4.04 114.06 114.19 0.35 3.22 0.87
Sunset Creek SE 30th 529.8341 100-year 413.2 47.8 53.44 52.33 5.64 0.00447 4.44 149.2 119.72 0.36 3.62 1.01

Sunset Creek SE 30th 420.6496 1.01-year 100.55 47.11 51.29 48.76 4.18 0.0013 1.96 52.8 25.33 0.19 2.57 0.21
Sunset Creek SE 30th 420.6496 2-year 151.35 47.11 51.75 49.16 4.64 0.001807 2.47 75.24 54.33 0.23 2.87 0.32
Sunset Creek SE 30th 420.6496 10-year 236.6 47.11 52.28 49.73 5.17 0.002317 3.07 109.78 118.2 0.26 3.29 0.48
Sunset Creek SE 30th 420.6496 25-year 297.45 47.11 52.58 50.1 5.47 0.002576 3.38 130.07 118.2 0.28 3.53 0.57
Sunset Creek SE 30th 420.6496 100-year 413.2 47.11 53.07 50.75 5.96 0.002913 3.86 163.44 118.2 0.31 3.92 0.71

Sunset Creek SE 30th 48.9477 1.01-year 100.55 47.18 50.46 49.5 3.28 0.004085 2.58 56.19 131.31 0.34 1.67 0.43
Sunset Creek SE 30th 48.9477 2-year 151.35 47.18 50.74 49.88 3.56 0.004403 2.94 78.45 131.31 0.36 1.92 0.53
Sunset Creek SE 30th 48.9477 10-year 236.6 47.18 51.16 50.55 3.98 0.004202 3.24 112.41 131.31 0.36 2.31 0.61
Sunset Creek SE 30th 48.9477 25-year 297.45 47.18 51.39 50.7 4.21 0.004248 3.46 131.65 131.31 0.37 2.52 0.67
Sunset Creek SE 30th 48.9477 100-year 413.2 47.18 51.78 50.92 4.6 0.004331 3.82 163.51 131.31 0.38 2.88 0.78

Richards Creek Historical 1507.208 1.01-year 15.05 57.05 58.62 57.65 1.57 0.002703 0.91 16.56 17.45 0.16 0.89 0.15
Richards Creek Historical 1507.208 2-year 22.65 57.05 58.81 57.8 1.76 0.003796 1.13 20.06 19 0.19 0.98 0.23
Richards Creek Historical 1507.208 10-year 35.4 57.05 59.02 58 1.97 0.005499 1.47 24.22 22.91 0.24 1.12 0.39
Richards Creek Historical 1507.208 25-year 44.55 57.05 59.13 58.13 2.08 0.006525 1.69 27.09 26.94 0.26 1.21 0.49
Richards Creek Historical 1507.208 100-year 61.8 57.05 59.27 58.31 2.22 0.00875 2.09 31.13 30.61 0.31 1.34 0.73

Richards Creek Historical 1481.097 1.01-year 15.05 57.41 58.45 58.08 1.04 0.012687 1.84 10.58 30.74 0.37 0.74 0.58
Richards Creek Historical 1481.097 2-year 22.65 57.41 58.65 58.32 1.24 0.009489 1.77 20.33 70.02 0.32 0.88 0.52
Richards Creek Historical 1481.097 10-year 35.4 57.41 58.87 58.51 1.46 0.006409 1.61 40.06 108.82 0.27 1.05 0.42
Richards Creek Historical 1481.097 25-year 44.55 57.41 59 58.61 1.59 0.004818 1.51 56.33 131.14 0.24 1.18 0.36
Richards Creek Historical 1481.097 100-year 61.8 57.41 59.14 58.72 1.73 0.004481 1.57 76.03 145.39 0.24 1.32 0.37
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06-03501-002 Phase III Alternative 4 No Beavers Output Table Herrera Environmental Consultants

River Reach River Sta Profile Q Total Min Ch El W.S. Elev Crit W.S. Max Chl Dpth E.G. Slope Vel Chnl Flow Area Top Width Froude # Chl Hydr Radius C Shear Chan
(cfs) (ft) (ft) (ft) (ft) (ft/ft) (ft/s) (sq ft) (ft) (ft) (lb/sq ft)

Richards Creek Historical 1291.987 1.01-year 15.05 55.48 56.38 56.05 0.9 0.009455 1.94 7.75 12.07 0.43 0.63 0.37
Richards Creek Historical 1291.987 2-year 22.65 55.48 56.5 56.19 1.02 0.012864 2.44 9.29 12.84 0.5 0.71 0.57
Richards Creek Historical 1291.987 10-year 35.4 55.48 56.57 56.38 1.09 0.024577 3.49 10.15 13.24 0.7 0.75 1.15
Richards Creek Historical 1291.987 25-year 44.55 55.48 56.5 56.5 1.02 0.050988 4.83 9.21 12.8 1 0.7 2.24
Richards Creek Historical 1291.987 100-year 61.8 55.48 56.68 56.68 1.2 0.049454 5.28 11.71 13.74 1.01 0.83 2.56

Richards Creek Historical 999.2128 1.01-year 15.05 51.78 52.33 52.21 0.55 0.021643 2.41 6.26 14.62 0.65 0.42 0.57
Richards Creek Historical 999.2128 2-year 22.65 51.78 52.53 52.32 0.75 0.014271 2.42 9.35 15.49 0.55 0.59 0.53
Richards Creek Historical 999.2128 10-year 35.4 51.78 52.91 52.47 1.13 0.007803 2.29 15.44 17.09 0.42 0.88 0.43
Richards Creek Historical 999.2128 25-year 44.55 51.78 53.76 52.56 1.98 0.00159 1.41 31.52 20.71 0.2 1.46 0.15
Richards Creek Historical 999.2128 100-year 61.8 51.78 56.21 52.72 4.43 0.000142 0.66 100.91 107.95 0.06 3.03 0.03

Richards Creek Historical 968.151 1.01-year 15.05 51.3 52.1 51.71 0.8 0.00443 1.44 10.46 15.61 0.31 0.66 0.18
Richards Creek Historical 968.151 2-year 22.65 51.3 52.38 51.82 1.08 0.003527 1.53 14.82 16.66 0.29 0.87 0.19
Richards Creek Historical 968.151 10-year 35.4 51.3 52.81 51.97 1.51 0.002585 1.58 22.37 18.33 0.25 1.18 0.19
Richards Creek Historical 968.151 25-year 44.55 51.3 53.73 52.06 2.43 0.000733 1.09 41.02 21.87 0.14 1.78 0.08
Richards Creek Historical 968.151 100-year 61.8 51.3 56.21 52.22 4.91 0.000098 0.59 104.01 211.68 0.05 3.38 0.02

Richards Creek Historical 913.9713 Culvert

Richards Creek Historical 875.7664 1.01-year 15.05 49.6 50.58 49.88 0.98 0.00081 0.71 21.08 26.28 0.14 0.79 0.04
Richards Creek Historical 875.7664 2-year 22.65 49.6 50.86 49.97 1.26 0.000732 0.78 28.95 29.02 0.14 0.98 0.04
Richards Creek Historical 875.7664 10-year 35.4 49.6 51.29 50.09 1.69 0.000626 0.84 42.23 33.05 0.13 1.25 0.05
Richards Creek Historical 875.7664 25-year 44.55 49.6 51.54 50.17 1.94 0.000605 0.88 50.7 35.35 0.13 1.4 0.05
Richards Creek Historical 875.7664 100-year 61.8 49.6 51.95 50.29 2.35 0.000572 0.94 66.07 39.19 0.13 1.64 0.06

Richards Creek Historical 843.4692 1.01-year 15.05 49.48 50.56 49.76 1.08 0.000568 0.63 23.9 27.54 0.12 0.85 0.03
Richards Creek Historical 843.4692 2-year 22.65 49.48 50.84 49.85 1.36 0.000547 0.7 32.19 30.37 0.12 1.04 0.04
Richards Creek Historical 843.4692 10-year 35.4 49.48 51.27 49.97 1.79 0.000493 0.77 46.14 34.42 0.12 1.31 0.04
Richards Creek Historical 843.4692 25-year 44.55 49.48 51.52 50.05 2.04 0.000486 0.81 54.96 36.68 0.12 1.46 0.04
Richards Creek Historical 843.4692 100-year 61.8 49.48 51.93 50.17 2.45 0.000471 0.87 70.89 55.77 0.12 1.7 0.05

Richards Creek Historical 240.4131 1.01-year 15.05 45.9 50.56 46.6 4.66 0.000001 0.11 371.26 206.5 0.01 3.59 0
Richards Creek Historical 240.4131 2-year 22.65 45.9 50.84 46.73 4.94 0.000001 0.14 431.96 217.66 0.01 3.84 0
Richards Creek Historical 240.4131 10-year 35.4 45.9 51.27 46.92 5.37 0.000002 0.19 529.07 234.43 0.02 4.22 0
Richards Creek Historical 240.4131 25-year 44.55 45.9 51.52 47.05 5.62 0.000003 0.21 587.99 238.56 0.02 4.44 0
Richards Creek Historical 240.4131 100-year 61.8 45.9 51.93 47.25 6.03 0.000003 0.25 686.53 238.56 0.02 4.81 0

Richards Creek Lower 85.48712 1.01-year 120.25 47.08 50.47 49.54 3.39 0.002211 2.56 102.83 256.31 0.32 1.77 0.24
Richards Creek Lower 85.48712 2-year 181 47.08 50.75 50.28 3.67 0.002319 2.87 146.45 256.31 0.34 2.03 0.29
Richards Creek Lower 85.48712 10-year 297 47.08 51.17 50.56 4.09 0.002454 3.31 211.53 256.31 0.36 2.41 0.37
Richards Creek Lower 85.48712 25-year 376 47.08 51.41 50.7 4.33 0.002514 3.55 248.93 256.31 0.37 2.63 0.41
Richards Creek Lower 85.48712 100-year 525 47.08 51.81 50.93 4.73 0.002587 3.92 311.09 256.31 0.38 2.99 0.48

Richards Creek Lower 26.62222 1.01-year 120.25 47 50.29 49.45 3.29 0.003002 2.88 87.32 256.31 0.37 1.68 0.32
Richards Creek Lower 26.62222 2-year 181 47 50.57 50.2 3.57 0.003 3.16 131.03 256.31 0.38 1.94 0.36
Richards Creek Lower 26.62222 10-year 297 47 50.99 50.48 3.99 0.003001 3.57 196.15 256.31 0.39 2.32 0.43
Richards Creek Lower 26.62222 25-year 376 47 51.23 50.62 4.23 0.003004 3.79 233.5 256.31 0.4 2.54 0.48
Richards Creek Lower 26.62222 100-year 525 47 51.63 50.85 4.63 0.003001 4.14 295.65 256.31 0.41 2.9 0.54
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SUNSET CREEK FLOW GAGE (STATION 1) AND 
RICHARDS CREEK FLOW GAGE (STATION 2) 

HYDROGRAPHS
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ab    /appendix d - flow gage hydrographs

Herrera Environmental Consultants

Figure D-27. Hydrograph for Sunset Creek flow gage at Station 1. 
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ab    /appendix d - flow gage hydrographs

Herrera Environmental Consultants

Figure D-28. Hydrograph for Richards Creek flow gage at Station 2. 
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Flood Control and Sediment Management Plan – Sunset Creek

ab    /06-03501-002 apx e figures

October 22, 2008 E-1 Herrera Environmental Consultants

Figure E-1. Surface and subsurface grain-size distributions at sediment sample location 
SS#1.

Figure E-2. Surface and subsurface grain-size distribution sat sediment sample location 
SS#2.

Grain-Size Distributions: SS#1
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Flood Control and Sediment Management Plan – Sunset Creek

ab    /06-03501-002 apx e figures

Herrera Environmental Consultants E-2 October 22, 2008

Figure E-3. Surface and subsurface grain-size distributions at sediment sample location 
SS#3.

Figure E-4. Surface and subsurface grain-size distributions at sediment sample location 
SS#4.

Grain-Size Distributions: SS#3
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Flood Control and Sediment Management Plan – Sunset Creek

ab    /06-03501-002 apx e figures

October 22, 2008 E-3 Herrera Environmental Consultants

Figure E-5. Surface and subsurface grain-size distributions at sediment sample location 
SS#5.

Figure E-6. Surface grain-size distribution at sediment sample location SS#6.

Grain-Size Distribution: SS#6
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Flood Control and Sediment Management Plan – Sunset Creek

ab    /06-03501-002 apx e tables

October 22, 2008 E-5 Herrera Environmental Consultants

Table E-1. Input parameters for bedload transport calculations at Station 2527 under the existing conditions.

Friction slope from a model 0.00784 SURFACE GRAIN SIZE DISTRIBUTION
    Size (mm) % Finer   

Bankfull width N/A 2 0   
    4 6.5   

Min. water discharge 1.49 cms 8 11.1   
Max. water discharge 3.57 cms 11 13.9   

    16 22.2   
Left floodplain boundary 2.89 m 22 32.4   

Left floodplain Manning's n 0.06 32 51.9   
Right floodplain boundary 5.41 m 45 68.5   

Right floodplain Manning's n 0.06 64 89.8   
    90 99.1   

CROSS SECTION   128 100   
Lateral distance (m) Elevation (m)       

0 21.39112412 STATISTICS OF THE ABOVE GRAIN SIZE DISTRIBUTION:
1.106437454 21.36978786 Geometric mean (mm) 26.04
1.630699829 21.36064375 Geometric standard deviation 2.4
1.99341624 21.23262619 D10 (mm)   6.78

2.898683248 20.9125823 D16 (mm)   12.09
3.331504511 20.33345525 D25 (mm)   17.46
3.547915143 20.32735918 D50 (mm)   30.85
3.922823702 20.36698366 D65 (mm)   41.88
4.218483297 20.40051207 D75 (mm)   50.11
5.148134601 20.43404048 D84 (mm)   58.15
5.410265789 20.82723726 D90 (mm)   64.47
8.02548159 21.11984882       

8.656425262 21.18995367       
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Flood Control and Sediment Management Plan – Sunset Creek

ab    /06-03501-002 apx e tables

Herrera Environmental Consultants E-6 October 22, 2008

Table E-2. Input parameters for bedload transport calculations at Station 2527 under Phase I conditions.

Friction slope from a model 0.00109 SURFACE GRAIN SIZE DISTRIBUTION
    Size (mm) % Finer   

Bankfull width N/A 2 0   
    4 6.5   

Min. water discharge 1.49 cms 8 11.1   
Max. water discharge 3.57 cms 11 13.9   

    16 22.2   
Left floodplain boundary 2.17 m 22 32.4   

Left floodplain Manning's n 0.06 32 51.9   
Right floodplain boundary 6.35 m 45 68.5   

Right floodplain Manning's n 0.06 64 89.8   
    90 99.1   

CROSS SECTION   128 100   
Lateral distance (m) Elevation (m)       

0 21.39112412 STATISTICS OF THE ABOVE GRAIN SIZE DISTRIBUTION:
1.106437454 21.36978786 Geometric mean (mm) 26.04
1.630699829 21.36064375 Geometric standard deviation 2.4
2.173250427 20.9125823 D10 (mm)   6.78
3.163862473 19.5562058 D16 (mm)   12.09
4.687881005 19.5562058 D25 (mm)   17.46
4.91038771 19.86100951 D50 (mm)   30.85
5.36759327 19.86100951 D65 (mm)   41.88

6.358205316 20.9125823 D75 (mm)   50.11
8.02548159 21.11984882 D84 (mm)   58.15

8.656425262 21.18995367 D90 (mm)   64.47
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Flood Control and Sediment Management Plan – Sunset Creek

ab    /06-03501-002 apx e tables

October 22, 2008 E-7 Herrera Environmental Consultants

Table E-3. Input parameters for bedload transport calculations at Station 2527 under Phase II conditions.

Friction slope from a model 0.00476 SURFACE GRAIN SIZE DISTRIBUTION
    Size (mm) % Finer   

Bankfull width N/A 2 0   
    4 6.5   

Min. water discharge 1.49 cms 8 11.1   
Max. water discharge 3.57 cms 11 13.9   

    16 22.2   
Left floodplain boundary 2.17 m 22 32.4   

Left floodplain Manning's n 0.06 32 51.9   
Right floodplain boundary 6.35 m 45 68.5   

Right floodplain Manning's n 0.06 64 89.8   
    90 99.1   

CROSS SECTION   128 100   
Lateral distance (m) Elevation (m)       

0 21.39112412 STATISTICS OF THE ABOVE GRAIN SIZE DISTRIBUTION:
1.106437454 21.36978786 Geometric mean (mm) 26.04
1.630699829 21.36064375 Geometric standard deviation 2.4
2.173250427 20.9125823 D10 (mm)   6.78
3.163862473 19.5562058 D16 (mm)   12.09
4.687881005 19.5562058 D25 (mm)   17.46
4.91038771 19.86100951 D50 (mm)   30.85
5.36759327 19.86100951 D65 (mm)   41.88

6.358205316 20.9125823 D75 (mm)   50.11
8.02548159 21.11984882 D84 (mm)   58.15

8.656425262 21.18995367 D90 (mm)   64.47
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Flood Control and Sediment Management Plan – Sunset Creek

ab    /06-03501-002 apx e tables

Herrera Environmental Consultants E-8 October 22, 2008

Table E-4. Input parameters for bedload transport calculations at Station 2429 under existing and Phase I conditions.

Friction slope from a model 0.006992 SURFACE GRAIN SIZE DISTRIBUTION
Size (mm) % Finer

Bankfull width N/A 2 0   
    4 5.41   

Min. water discharge 1.49 cms 8 12.61   
Max. water discharge 3.57 cms 11 28.83   

    16 49.55   
Left floodplain boundary 2.6 m 22 63.06   

Left floodplain Manning's n 0.06 32 81.08   
Right floodplain boundary 6.8 m 45 90.09   

Right floodplain Manning's n 0.06 64 99.1   
    90 100   

CROSS SECTION         
Lateral distance (m) Elevation (m) STATISTICS OF THE ABOVE GRAIN SIZE DISTRIBUTION:

0 22.86027798 Geometric mean (mm) 16.32
0.003048037 20.97659108 Geometric standard deviation 2.12
2.603023653 20.87600585 D10 (mm)   6.22
2.86515484 20.24506218 D16 (mm)   8.55

3.386369178 20.23591807 D25 (mm)   10.2
3.657644477 20.22982199 D50 (mm)   16.17
4.380029261 20.13228481 D65 (mm)   22.9
4.943916118 20.21762985 D75 (mm)   28.2
5.529139234 20.312119 D84 (mm)   35.74
5.562667642 20.31821507 D90 (mm)   44.85
6.196659351 20.24811022       
6.842843209 20.57425018       
9.104486711 20.86990978       
9.107534748 22.86027798       
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Flood Control and Sediment Management Plan – Sunset Creek

ab    /06-03501-002 apx e tables

October 22, 2008 E-9 Herrera Environmental Consultants

Table E-5. Input parameters for bedload transport calculations at Station 2429 under Phase II conditions.

Friction slope from a model 0.008311 SURFACE GRAIN SIZE DISTRIBUTION
    Size (mm) % Finer   

Bankfull width N/A 2 0   
    4 5.41   

Min. water discharge 1.49 cms 8 12.61   
Max. water discharge 3.57 cms 11 28.83   

    16 49.55   
Left floodplain boundary 2.6 m 22 63.06   

Left floodplain Manning's n 0.06 32 81.08   
Right floodplain boundary 6.8 m 45 90.09   

Right floodplain Manning's n 0.06 64 99.1   
    90 100   

CROSS SECTION         
Lateral distance (m) Elevation (m) STATISTICS OF THE ABOVE GRAIN SIZE DISTRIBUTION:

0 22.86027798 Geometric mean (mm) 16.32
0.003048037 20.97659108 Geometric standard deviation 2.12
2.603023653 20.87600585 D10 (mm)   6.22
3.732321385 19.26969032 D16 (mm)   8.55
5.256339917 19.26969032 D25 (mm)   10.2
5.684915265 19.87929773 D50 (mm)   16.17
6.294522677 19.87929773 D65 (mm)   22.9
6.553813094 20.24811022 D75 (mm)   28.2
6.842843209 20.57425018 D84 (mm)   35.74
9.104486711 20.86990978 D90 (mm)   44.85 
9.107534748 22.86027798       
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Flood Control and Sediment Management Plan – Sunset Creek

ab    /06-03501-002 apx e tables

Herrera Environmental Consultants E-10 October 22, 2008

Table E-6. Input parameters for bedload transport calculations at Station 2205 under existing and Phase I conditions.

Friction slope from a model 0.009445 SURFACE GRAIN SIZE DISTRIBUTION
    Size (mm) % Finer   

Bankfull width N/A 2 0   
    4 10.81   

Min. water discharge 1.49 cms 8 18.92   
Max. water discharge 3.57 cms 11 33.33   

    16 45.95   
Left floodplain boundary 0. m 22 59.46   

Left floodplain Manning's n 0.06 32 82.88   
Right floodplain boundary 3.35 m 45 98.2   

Right floodplain Manning's n 0.097 64 100   
          

CROSS SECTION   STATISTICS OF THE ABOVE GRAIN SIZE DISTRIBUTION:
Lateral distance (m) Elevation (m) Geometric mean (mm) 14.8

0 21.33625945 Geometric standard deviation 2.25
0.003048037 19.62021458 D10 (mm)   3.8
0.637039746 19.36113143 D16 (mm)   6.23
1.32894416 19.26054621 D25 (mm)   9.15

1.783101683 19.28188247 D50 (mm)   17.6
2.036088759 19.29407462 D65 (mm)   24.04
2.48110217 19.3916118 D75 (mm)   28.21

3.352840771 19.58363814 D84 (mm)   32.81
7.062301878 19.62326262 D90 (mm)   37.49
7.574372104 19.69641551       
8.817971227 19.8762497       
9.939648866 19.93111436       
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Table E-7. Input parameters for bedload transport calculations at Station 2205 under Phase II conditions.

Friction slope from a model 0.00827 SURFACE GRAIN SIZE DISTRIBUTION
    Size (mm) % Finer   

Bankfull width N/A 2 0   
    4 10.81   

Min. water discharge 1.49 cms 8 18.92   
Max. water discharge 3.57 cms 11 33.33   

    16 45.95   
Left floodplain boundary 0.92 m 22 59.46   

Left floodplain Manning's n 0.097 32 82.88   
Right floodplain boundary 7.06 m 45 98.2   

Right floodplain Manning's n 0.097 64 100   
CROSS SECTION   STATISTICS OF THE ABOVE GRAIN SIZE DISTRIBUTION:

Lateral distance (m) Elevation (m) Geometric mean (mm) 14.8
0 21.33625945 Geometric standard deviation 2.25

0.003048037 19.64764692 D10 (mm)   3.8
0.917459156 19.64764692 D16 (mm)   6.23
1.728237015 19.24225799 D25 (mm)   9.15
2.337844428 19.24225799 D50 (mm)   17.6
3.557059254 18.63265057 D65 (mm)   24.04
5.081077786 18.63265057 D75 (mm)   28.21
7.062301878 19.62326262 D84 (mm)   32.81
7.574372104 19.69641551 D90 (mm)   37.49
8.507071446 19.83052914       
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Table E-8. Input parameters for bedload transport calculations at Station 2527 under Phase I conditions using grain-size 
distributions truncated above 32 mm.

Friction slope from a model 0.00109 SURFACE GRAIN SIZE DISTRIBUTION
    Size (mm) % Finer   

Bankfull width N/A 2 0   
    4 12.5   

Min. water discharge 1.49 cms 8 21.4   
Max. water discharge 3.57 cms 11 26.8   

    16 42.9   
Left floodplain boundary 2.17 m 22 62.5   

Left floodplain Manning's n 0.06 32 100   
Right floodplain boundary 6.35 m 45 100   

Right floodplain Manning's n 0.06 64 100   
    90 100   

CROSS SECTION   128 100   
Lateral distance (m) Elevation (m)       

0 21.39112412 STATISTICS OF THE ABOVE GRAIN SIZE DISTRIBUTION:
1.106437454 21.36978786 Geometric mean (mm) 13.81
1.630699829 21.36064375 Geometric standard deviation 2.13
2.173250427 20.9125823 D10 (mm)   3.48
3.163862473 19.5562058 D16 (mm)   5.25
4.687881005 19.5562058 D25 (mm)   9.89
4.91038771 19.86100951 D50 (mm)   17.96
5.36759327 19.86100951 D65 (mm)   22.56

6.358205316 20.9125823 D75 (mm)   24.93
8.02548159 21.11984882 D84 (mm)   27.27

8.656425262 21.18995367 D90 (mm)   28.96
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Table E-9. Input parameters for bedload transport calculations at Station 2527 under Phase II conditions using grain-size 
distributions truncated above 32 mm.

Friction slope from a model 0.00476 SURFACE GRAIN SIZE DISTRIBUTION
    Size (mm) % Finer   

Bankfull width N/A 2 0   
    4 12.5   

Min. water discharge 1.49 cms 8 21.4   
Max. water discharge 3.57 cms 11 26.8   

    16 42.9   
Left floodplain boundary 2.17 m 22 62.5   

Left floodplain Manning's n 0.06 32 100   
Right floodplain boundary 6.35 m 45 100   

Right floodplain Manning's n 0.06 64 100   
    90 100   

CROSS SECTION   128 100   
Lateral distance (m) Elevation (m)       

0 21.39112412 STATISTICS OF THE ABOVE GRAIN SIZE DISTRIBUTION:
1.106437454 21.36978786 Geometric mean (mm) 13.81
1.630699829 21.36064375 Geometric standard deviation 2.13
2.173250427 20.9125823 D10 (mm)   3.48
3.163862473 19.5562058 D16 (mm)   5.25
4.687881005 19.5562058 D25 (mm)   9.89
4.91038771 19.86100951 D50 (mm)   17.96
5.36759327 19.86100951 D65 (mm)   22.56

6.358205316 20.9125823 D75 (mm)   24.93
8.02548159 21.11984882 D84 (mm)   27.27

8.656425262 21.18995367 D90 (mm)   28.96
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Table E-10. Input parameters for bedload transport calculations at Station 2429 under Phase I conditions using grain-size 
distributions truncated above 32 mm.

Friction slope from a model 0.006992 SURFACE GRAIN SIZE DISTRIBUTION
    Size (mm) % Finer   

Bankfull width N/A 2 0   
    4 6.67   

Min. water discharge 1.49 cms 8 15.56   
Max. water discharge 3.57 cms 11 35.56   

    16 61.11   
Left floodplain boundary 2.6 m 22 77.78   

Left floodplain Manning's n 0.06 32 100   
Right floodplain boundary 6.8 m       

Right floodplain Manning's n 0.06 STATISTICS OF THE ABOVE GRAIN SIZE DISTRIBUTION:
    Geometric mean (mm) 12.79

CROSS SECTION   Geometric standard deviation 1.84
Lateral distance (m) Elevation (m) D10 (mm)   5.19

0 22.86027798 D16 (mm)   8.06
0.003048037 20.97659108 D25 (mm)   9.3
2.603023653 20.87600585 D50 (mm)   13.59
2.86515484 20.24506218 D65 (mm)   17.23

3.386369178 20.23591807 D75 (mm)   20.86
3.657644477 20.22982199 D84 (mm)   24.43
4.380029261 20.13228481 D90 (mm)   27.03
4.943916118 20.21762985       
5.529139234 20.312119       
5.562667642 20.31821507       
6.196659351 20.24811022       
6.842843209 20.57425018       
9.104486711 20.86990978       
9.107534748 22.86027798       
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Table E-11. Input parameters for bedload transport calculations at Station 2429 under Phase II conditions using grain-size 
distributions truncated above 32 mm.

Friction slope from a model 0.008311 SURFACE GRAIN SIZE DISTRIBUTION
    Size (mm) % Finer   

Bankfull width N/A 2 0   
    4 6.67   

Min. water discharge 1.49 cms 8 15.56   
Max. water discharge 3.57 cms 11 35.56   

    16 61.11   
Left floodplain boundary 2.6 m 22 77.78   

Left floodplain Manning's n 0.06 32 100   
Right floodplain boundary 6.8 m       

Right floodplain Manning's n 0.06 STATISTICS OF THE ABOVE GRAIN SIZE DISTRIBUTION:
    Geometric mean (mm) 12.79

CROSS SECTION   Geometric standard deviation 1.84
Lateral distance (m) Elevation (m) D10 (mm)   5.19

0 22.86027798 D16 (mm)   8.06
0.003048037 20.97659108 D25 (mm)   9.3
2.603023653 20.87600585 D50 (mm)   13.59
3.732321385 19.26969032 D65 (mm)   17.23
5.256339917 19.26969032 D75 (mm)   20.86
5.684915265 19.87929773 D84 (mm)   24.43
6.294522677 19.87929773 D90 (mm)   27.03
6.553813094 20.24811022       
6.842843209 20.57425018       
9.104486711 20.86990978       
9.107534748 22.86027798       
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Table E-12. Input parameters for bedload transport calculations at Station 2205 under Phase I conditions using grain-size 
distributions truncated above 32 mm.

Friction slope from a model 0.009445 SURFACE GRAIN SIZE DISTRIBUTION
    Size (mm) % Finer   

Bankfull width N/A 2 0   
    4 13.04   

Min. water discharge 1.49 cms 8 22.83   
Max. water discharge 3.57 cms 11 40.22   

    16 55.43   
Left floodplain boundary 0. m 22 71.74   

Left floodplain Manning's n 0.06 32 100   
Right floodplain boundary 3.35 m       

Right floodplain Manning's n 0.097 STATISTICS OF THE ABOVE GRAIN SIZE DISTRIBUTION:
    Geometric mean (mm) 12.09

CROSS SECTION   Geometric standard deviation 2.1
Lateral distance (m) Elevation (m) D10 (mm)   3.4

0 21.33625945 D16 (mm)   4.93
0.003048037 19.62021458 D25 (mm)   8.32
0.637039746 19.36113143 D50 (mm)   14
1.32894416 19.26054621 D65 (mm)   19.29

1.783101683 19.28188247 D75 (mm)   22.97
2.036088759 19.29407462 D84 (mm)   25.88
2.48110217 19.3916118 D90 (mm)   28.03

3.352840771 19.58363814       
7.062301878 19.62326262       
7.574372104 19.69641551       
8.817971227 19.8762497       
9.939648866 19.93111436       
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Table E-13. Input parameters for bedload transport calculations at Station 2205 under Phase II conditions using grain-size 
distributions truncated above 32 mm.

Friction slope from a model 0.00827 SURFACE GRAIN SIZE DISTRIBUTION
    Size (mm) % Finer   

Bankfull width N/A 2 0   
    4 13.04   

Min. water discharge 1.49 cms 8 22.83   
Max. water discharge 3.57 cms 11 40.22   

    16 55.43   
Left floodplain boundary 0.92 m 22 71.74   

Left floodplain Manning's n 0.097 32 100   
Right floodplain boundary 7.06 m       

Right floodplain Manning's n 0.097 STATISTICS OF THE ABOVE GRAIN SIZE DISTRIBUTION:
    Geometric mean (mm) 12.09

CROSS SECTION   Geometric standard deviation 2.1
Lateral distance (m) Elevation (m) D10 (mm)   3.4

0 21.33625945 D16 (mm)   4.93
0.003048037 19.64764692 D25 (mm)   8.32
0.917459156 19.64764692 D50 (mm)   14
1.728237015 19.24225799 D65 (mm)   19.29
2.337844428 19.24225799 D75 (mm)   22.97
3.557059254 18.63265057 D84 (mm)   25.88
5.081077786 18.63265057 D90 (mm)   28.03
7.062301878 19.62326262       
7.574372104 19.69641551       
8.507071446 19.83052914       
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June 27, 2008 

Heidi Bedwell 
City of Bellevue 
Department of Planning and Community Development 
450 110th Avenue NE 
P.O. Box 90012 
Bellevue, WA  90009 
 
Subject: SE 30th Street/Sunset Creek Flood Improvement Project – 

Phase 1:  Abbreviated Critical Areas Report 

Dear Heidi: 

On behalf of Brian Ward of the City of Bellevue Utilities Department, Herrera 
Environmental Consultants has prepared an abbreviated report intended to satisfy 
Critical Areas Report requirements for the proposed SE 30th Street/Sunset Creek 
Flood Improvement Project.  Per agreement between you and Brian, this report 
specifically identifies the components of existing permitting documentation that 
satisfy the Critical Areas Land Use Permit reporting requirements codified under 
LUC 20.25H.250.B.  Where necessary, the report provides additional supporting 
information and interpretation to fully comply with these requirements. 

The technical and permitting documents referenced in this report include: 

 The Joint Aquatic Resources Permitting Application (JARPA) 
submitted to the Washington Department of Fish and Wildlife 

 The Biological Assessment (BA) prepared to satisfy Endangered 
Species Act Consultation in conjunction with U.S. Army Corps of 
Engineers permitting requirements 

Copies of these documents are included as appendices to the enclosed Abbreviated 
Critical Areas Report. 

Please do not hesitate to contact Chase Barton or me if you have any questions or 
require additional information. 

Sincerely, 
 
Herrera Environmental Consultants, Inc. 
 
 
 
 
Eric Doyle 
Fisheries Biologist/Project Scientist 
 
Enclosure: Abbreviated Critical Areas Report 
 
cc: Brian Ward, Utilities 
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1 Introduction 

The City of Bellevue (the City) proposes to replace existing twin barrel 42-inch diameter culverts 
on Sunset Creek at SE 30th Street with an integrated fish-passable culvert and sediment capture 
structure.  Installation of the new structure will require modification of the stream channel 
upstream and downstream of SE 30th Street.  These modifications will include eight grade 
control structures upstream and two grade control structures downstream of the culvert, riprap 
removal and replacement with bioengineered bank protection structures, and stream and riparian 
habitat enhancement.  Channel and riparian modifications will take place over a segment of 
Sunset Creek extending from approximately 110 feet upstream to approximately 60 feet 
downstream of SE 30th Street. 

The culvert replacement project (hereafter referred to as the proposed action) is designed to 
address chronic flooding of Sunset Creek at SE 30th Street and adjacent businesses, and provide 
the ability to adaptively manage habitat conditions and flood conveyance capacity.  The 
integrated sediment trap will capture the majority of sediments transported to this reach of Sunset 
Creek in most years.  This will allow for maintenance dredging to be conducted within the 
enclosed structure rather than the active channel.  Sediment removal will be managed to optimize 
sediment delivery rates to the channel segment downstream of the structure, maintaining flood 
conveyance capacity and desirable habitat conditions. 

The proposed project is planned as Phase 1 of a multiple-phase Flood Control and Sediment 
Management Plan for Richards Creek, Sunset Creek, and East Creek that is currently in 
development.  The intent of this multi-phase effort is to provide a comprehensive solution to 
ongoing sediment management and flooding challenges in these drainages, and produce a net 
improvement in habitat conditions.  While considered part of this larger effort, Phase 1 has 
independent utility and is being implemented separately to address immediate needs. 

Under Bellevue Land Use Code (LUC) 20.25H.250, project proponents are required to prepare a 
Critical Areas Report (CAR) when the action they propose might affect the ecological functions 
and values provided by designated critical areas.  The CAR provides the information needed by 
the City’s Department of Planning and Community Development (PCD) to evaluate consistency 
with these requirements and determine if proposed restoration and mitigation adequately 
compensate for affected critical area functions and values. 

In lieu of preparing a full CAR, PCD staff indicated they will accept an abbreviated CAR 
supported by the other permitting documents prepared for the proposed action.  An abbreviated 
CAR is acceptable, providing that it clearly identifies the elements of the existing technical and 
permitting documentation that satisfy CAR requirements detailed in LUC 20.25H.250.B.  This 
report has been prepared in accordance with this agreement.  It identifies the pertinent elements 
of permitting documents that address CAR requirements, and provides additional supporting 
information where necessary. 

The existing technical and permitting documents referenced in this report include: 
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 The Joint Aquatic Resources Permit Application (JARPA) (Appendix A) 

 The Biological Assessment (BA) prepared to satisfy Endangered Species 
Act Consultation in conjunction with U.S. Army Corps of Engineers 
permitting requirements (Appendix B) 

The general location of the proposed action is shown on Figure 1 of the BA (see BA page 2).  
The construction limits for the proposed action are shown generally in BA Figure 2 (see BA page 
15), and more specifically in the project plans (see BA, Appendix B and/or the JARPA).  The 
extent of anticipated direct and indirect impacts associated with the proposed action are best 
represented by the aquatic component of the action area, as shown on BA Figure 3 (see BA 
page 39), and the clearing limits shown in plan sheet C-10 (see BA Appendix B).  For the 
purpose of this report, these combined effect limits are referred to hereafter as the impact area.  
(The remaining component of the action area outlined in red represents short-term construction 
noise impacts which are not a CAR reporting requirement.)  The majority of the impact area 
downstream of SE 30th Street represents anticipated gradual and long-term changes in habitat 
conditions expected to result from adaptive management of sediment delivery rates.  The design 
of the proposed action, construction methods, impact avoidance and minimization measures, best 
management practices (BMPs), and mitigation and monitoring are described in detail in the BA. 
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2 Critical Areas Report 

Consistent with LUC 20.25H.245, the supporting information upon which this report is based 
was developed by qualified professionals in the areas of hydrologic and hydraulic modeling, 
geomorphology, engineering and fisheries biology, using the best available science and 
guidance.  This report relates the pertinent elements in existing documentation to CAR 
information needs specified in LUC 20.25H.250.  For ease of reference, this information is 
presented following the stepwise listing of CAR reporting requirements provided in LUC 
20.25H.250.B. 

2.1 Identification and Classification of Critical Areas and Critical 
Area Buffers 

This subsection addresses LUC 20.25H.250.B. subsections 1 and 2.  Identified critical areas and 
critical area buffers within and adjacent to the impact area include the following: 

Streams and stream buffers:  The proposed action will be constructed in and/or have direct and 
indirect effects on the lower Sunset Creek and upper Richards Creek stream channels identified 
in BA Figures 2 and 3 (see BA pages 12 and 37).  Under the definitions provided in LUC 
20.25H.075.B, subsection 2, both stream systems are classified as Type F (fish bearing) 
waterbodies.  Under LUC 20.25H.075.C, subsection 1.a.ii, streams of this class have a 
designated buffer width of 50 feet.  Historic development of the area prior to institution of 
critical areas protections has encroached upon the stream buffer.  Buildings, roadways, and 
paved parking lots limit the existing and potential riparian zone to an average width of 10 to 
30 feet. 

Vegetation and channel conditions within these critical areas are described in the BA (see BA 
pages 5-8). 

Habitats associated with species of local importance:  Richards Creek and Sunset Creek are 
known and/or presumed habitat for Chinook and coho salmon, both of which are identified as 
species of local importance under LUC 20.25H.150.A.  Chinook salmon are currently listed as 
threatened under the Endangered Species Act (ESA) (64 CFR 14308-14328).  The buffers 
defined for fish bearing streams also apply to this critical area type.  Additional detail on habitat 
use by these species, as well as other species of importance, is provided in Section 2.3.2 of this 
report. 

No amphibian, avian, or mammal species of local importance were observed in the impact area 
during site surveys.  Habitat conditions are generally not suitable for these species due to natural 
characteristics or the degraded condition of the stream buffer.  Large trees that could serve as 
perch areas for raptors and woodpeckers are a possible exception, but these habitat elements will 
remain protected.  There are no wetlands (LUC 20.25H.095) or geologic hazard areas (LUC 
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20.25H.120) within the impact area, or on adjacent properties.  Neither Richards nor Sunset 
Creek are designated as shoreline critical areas under LUC 20.25H.115.  Critical areas adjacent 
to the site include the Richards Creek stream channel and associated buffer upstream of the 
Sunset Creek confluence (existing buffer conditions are similar to those described above for 
Sunset Creek). 

2.2 Regulations and Codes Proposed for Modification 

The proposed action is classified as an allowable use under LUC 20.25H.055.B (new or 
expanded culverts and bridges).  Under LUC 20.25H.055.C, subsection 2, this type of use is 
allowed providing certain performance standards are met.  Consistent with the CAR guidance, 
relevant performance standards are discussed in detail in Section 7 of this report. 

2.3 Habitat Assessment Report 

This subsection identifies the elements of existing documentation that satisfy Habitat Assessment 
Report (HAR) requirements specified under LUC 20.25H.165.A. 

2.3.1 Vegetation on and Adjacent to the Site 

Vegetation conditions in the stream’s buffer are described in the BA, under Vegetation and 
Wetlands (see BA page 5). 

2.3.2 Species of Local Importance with Primary Habitat Association 

Chinook salmon use of the impact area is described in detail in the BA (see BA page 40).  Coho 
spawning and rearing has been documented in the Richards and Sunset Creek channels up to and 
immediately upstream of SE 30th Street (Paulsen 2007; WDFW 2004, 2007a, 2007b).  Neither 
species has been documented in the impact area in recent years, as a result of two factors:  
depressed population abundance; and partial barriers to fish passage created by beaver activity in 
downstream areas of Richards Creek (Paulsen 2007). 

While not currently considered a species of local importance, steelhead trout are listed as 
threatened under the ESA (72 FR 26722-26735) and are of special concern from a state and 
federal permitting perspective.  This species has been historically documented in the Kelsey 
Creek system and could potentially occur in the impact area.  Potential habitat use is described in 
the BA (see BA page 42). 

The streams and associated stream buffers within the impact area described in the previous 
subsections comprise the primary habitats utilized by these species of local importance. 
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2.3.3 Federal, State, or Local Management Recommendations 

No specific federal or state level management recommendations have been developed for Sunset 
Creek and Richards Creek.  However, area biologists with WDFW and the Muckleshoot Tribe 
have both expressed a strong sentiment toward the maintenance and improvement of riparian 
functions and the protection of spawning habitat provided by Sunset Creek within the impact 
area (Fisher 2007; Walter 2007).  Lead City of Bellevue biologists have expressed similar 
concerns (Paulsen 2007). 

Sediment accumulation and chronic flooding in this area have been ongoing management 
concerns at the local level for several years.  The City has invested considerably in infrastructure 
to address sediment delivery from upstream source areas (i.e., the high-flow bypass system in 
upper Sunset Creek), and in comprehensive planning to address these issues (e.g., the Richards 
Creek Basin Plan [Entranco 1999], and the ongoing comprehensive flooding and sediment 
management planning effort discussed in Section 1 of this report).  The proposed action is 
consistent with these other city efforts. 

2.3.4 Direct and Indirect Impacts 

The anticipated direct and indirect impacts of the proposed action are described in detail in the 
BA (see BA pages 27-34).  The discussion includes consideration of the indirect effects of 
ongoing sediment management activities in the impact area on channel conditions, and the 
habitat benefits expected to result from the proposed action. 

2.3.5 Impact Avoidance, Minimization, and Mitigation Measures 

The proposed action incorporates two general categories of impact avoidance and minimization 
measures: 

1. Conceptual planning for the project based on the best available science 
and appropriate guidance 

2. Standard BMPs employed to avoid and minimize short-term, construction 
related direct effects. 

The conceptual planning element is discussed under Applicable Performance Standards 
(Section 2.6).  Construction BMPs and long-term maintenance related measures are discussed in 
the BA (see BA pages 20-22). 

With regard to mitigation requirements, the proposed project is considered to be self-mitigating 
because it will result in a net-increase in critical area functions and values.  Supporting 
information for this position is provided in Section 2.7. 

Attachment 2 - Phase 1 Project Plans and Staff Report



2.3.6 Ongoing Management Practices for Habitat Protection 

The proposed project includes a long-term monitoring and adaptive management plan to ensure 
that desired habitat conditions in the project impact area are maintained.  This component, which 
is critical to achieving the desired net improvement in critical areas functions and values, is 
detailed in the BA (see BA pages 22-24). 

2.4 Probable Cumulative Impacts 

With regard to cumulative impacts, the long-term indirect effects, effects of interrelated and 
interdependent actions, and project benefits described in the BA (see BA pages 29-34) provide 
the best measure of long-term anticipated project effects.  As noted in the introduction, the 
proposed action is considered to be Phase 1 of a broader plan to comprehensively address 
sediment loading, chronic flooding, and habitat conditions in the Sunset Creek/Richards 
Creek/East Creek confluence area.  The intent of the broader plan is to develop a comprehensive 
solution to sediment accumulation and flooding problems in this area while enhancing aquatic 
and riparian habitat conditions.  The combined cumulative effects of these actions are expected 
to be beneficial on balance, as they will:  1) reduce the need for routine maintenance dredging of 
the active channel; 2) decrease the frequency of flooding of adjacent impervious surfaces that 
contribute pulses of non-point source pollution during storm events, and 3) incorporate extensive 
channel and riparian habitat enhancements.  These combined elements should result in a net 
improvement in chronic flooding, a reduction in maintenance-related habitat disturbance, and 
improved habitat conditions. 

The proposed action is not expected to lead to additional cumulative effects.  It will not increase 
the traffic capacity of SE 30th Street, nor will it facilitate future development.  Therefore, there 
are no effects associated with land use changes that can be ascribed to the action. 

2.5 Critical Areas Functions and Values Protection Assessment 

This component of the CAR requires a pre- and post-project assessment of the level of protection 
afforded to critical area functions and values by the regulations and standards in the LUC.  This 
assessment must include the following components: 

 Existing functions and values provided by critical areas and critical area 
buffers 

 Projected future functions and values should the project be permitted 

 Projected future functions and values should the project not be permitted. 

These assessment elements are addressed in the following sections. 
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2.5.1 Existing Functions and Values Provided by Affected Critical Areas 

Existing conditions in the Sunset Creek/Richards Creek impact area are degraded.  The 
surrounding area was developed for commercial and light industrial uses during the 1960s and 
1970s, prior to the establishment of critical areas protections.  To accommodate this 
development, much of the existing channel network was relocated, straightened, and contained 
within riprap armored channels.  Property development was allowed to encroach upon the 
streams, limiting the effective riparian buffer to less than 20 feet on either side of the stream in 
most circumstances.  The remaining riparian buffer is composed of a sparse mix of ornamental, 
invasive, and native vegetation. 

Before historic hydromodification, stream channels within the project area would have naturally 
aggraded and shifted location across an alluvial fan, occupying the course of least resistance.  
Development related hydromodification halted the natural process of channel migration and 
restricted the natural process of sediment deposition to the established channel corridors.  
Concurrent development of headwater areas of the drainage proceeded without adequate 
stormwater detention, resulting in an increased sediment supply rate that has proven difficult to 
mitigate.  Sediment aggradation in the project vicinity currently exceeds transport capacity, 
resulting in chronic sediment deposition that reduces channel capacity and promotes flooding.  
As a consequence, the City must dredge the active channel annually to maintain flood 
conveyance.  While considered an allowable use under LUC 20.25H.055.B, this activity 
nonetheless contributes to chronic disturbance of the channel and channel buffer. 

The functions and values provided by the area proposed for modification are mixed.  Under 
natural conditions, this alluvial fan reach likely provided prime spawning habitat for resident and 
migratory fish, including salmon and steelhead.  Even in its current degraded state, the aggraded 
stream reach immediately downstream of SE 30th Street continues to provide important 
spawning habitat.  However, the inability of the channel to migrate in response to sediment 
deposition has created an overly wide and shallow channel condition that limits the quality and 
quantity of useable spawning habitat and presents a low flow passage barrier. 

Protecting and enhancing remaining spawning habitat in the Kelsey Creek watershed is 
considered a central objective of critical areas management by the City.  This system is spawning 
habitat limited (Paulsen 2007), meaning that salmonid productivity in the system is constrained 
by the amount of available habitat suitable for spawning.  Preserving existing spawning habitat 
and increasing its function will directly benefit species of local interest. 

2.5.2 Projected Future Conditions:  Proposed Action Permitted 

The proposed action is expected to improve critical area functions and values in the segments of 
Sunset Creek and Richards Creek within the impact area.  The expected improvements include 
the following, by critical area and critical area buffer category: 

 Streams and habitats used by species of local interest: 
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 Reduced maintenance dredging frequency in the active channel, 
reducing habitat disturbance 

 Simplified fish exclusion procedures and reduced need for fish 
capture and relocation during maintenance 

 Replacement of 154 lineal feet of riprap bank protection with 
bioengineered structures and channel modifications and addition of 
39 pieces of geomorphically functional large woody debris to the 
stream channel, resulting in increased hydraulic complexity and 
habitat diversity (see BA page 32) 

 Improved water quality (see BA pages 34, 43-53) 

 Improved fish passage under high and low flow conditions (see BA 
pages 33-34) 

 Maintenance of desirable spawning habitat conditions (see BA 
pages 43-53). 

 Stream buffers, and buffers for habitats used by species of local interest  
(see BA, Appendix B, Drawings P1-P3): 

 Restoration and enhancement of all areas disturbed by 
construction; 

 Removal of invasive and ornamental riparian vegetation and 
replacement with site appropriate native species; 

 Increased density and coverage of native vegetation, providing 
improved shade and cover, and increased recruitment of organic 
material and prey organisms (dense vegetation will also limit 
human access, reducing harrassment and disturbance of aquatic 
life). 

These habitat improvements will be maintained over the anticipated life of the project, and will 
be further enhanced by the subsequent phases of the proposed comprehensive flood control and 
sediment management plan for this portion of the Richards Creek drainage discussed elsewhere 
in this report. 

2.5.3 Projected Future Conditions:  Proposed Action Denied 

Should the proposed action not go forward, the protections afforded by existing critical areas 
regulations would be expected to maintain habitat conditions in a degraded state.  Routine annual 
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maintenance dredging of the active channel would continue, resulting in episodic habitat 
disturbance, including fish capture and handling during work area dewatering.  Chronic sediment 
aggradation upstream and downstream of the SE 30th Street culvert would continue to pose high 
flow and low flow barriers to fish passage.  Periodic water quality degradation associated with 
overland flooding of adjacent impervious surfaces would continue unabated.  Riparian vegetation 
would likely remain in its current degraded state, dominated by sparse ornamental and invasive 
species. 

2.6 Applicable Performance Standards 

Pertinent performance standards for culvert replacement are specified under LUC 20.25H.055.C.  
These standards require demonstration that the proposed action is the most technically feasible 
and appropriate solution to the problem at hand, and that the solution is designed consistent with 
applicable best available science and guidance. 

The proposed action presents the most technically feasible solution to sediment accumulation 
and flooding issues that characterize the SE 30th Street crossing of Sunset Creek.  As described 
in the BA summary of hydraulic and geomorphic characteristics (see BA pages 6-8), historic 
hydromodification of this channel segment has created a condition in which sediment deposition 
rates exceed transport capacity.  This causes chronic aggradation inside the culvert and 
immediately upstream and downstream that in turn contributes to chronic flooding.  The City has 
invested considerable resources in infrastructure to address sediment delivery from upstream 
source areas.  However, a detailed analysis of current and projected future conditions (currently 
in preparation) has indicated that sediment delivery rates will exceed transport capacity for the 
foreseeable future even if additional source control measures are implemented.  This will 
contribute to ongoing sediment deposition in the SE 30th Street vicinity, poor culvert 
performance, and continued chronic flooding.  Annual maintenance dredging required to 
minimize this flooding will maintain aquatic habitat conditions in a degraded state (LUC 
20.25H.055.C, subsection 2.a.v.). 

The proposed action will address these issues by increasing the hydraulic capacity of the culvert 
and adjacent channel and improving sediment management capability.  In combination with the 
improved habitat conditions provided by riparian enhancement and addition of instream wood 
structures, the ability to adaptively manage sediment delivery rates to the downstream channel 
will result in improved habitat conditions.  The channel will be allowed to gradually erode the 
existing sediment deposit until a more suitable width/depth ratio is reached.  Substrate conditions 
will be monitored to ensure desirable spawning habitat attributes are maintained.  As such, the 
long-term impacts of the proposed action are anticipated to be beneficial.  While short-term 
construction related impacts will occur, the BMPs and impact avoidance and minimization 
measures incorporated into the design will limit their duration and extent.  The site will be fully 
restored following project completion and riparian vegetation in stream buffer areas will be 
enhanced relative to current conditions (LUC 20.25H.055.C, subsections 2.b.i, ii, and viii). 
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Per the requirements of LUC 20.25H.055.C, subsection 3, the culvert replacement structure and 
related stream modifications have been designed by qualified professionals consistent with the 
best available science and the appropriate guidance.  As stated in the BA (see BA pages 24-25) 
the entire design is based on a comprehensive assessment of watershed, reach, and site specific 
hydrologic, hydraulic, and geomorphic conditions.  This approach is consistent with the 
Integrated Streambank Protection Guidelines prepared by the Washington State Aquatic Habitat 
Guidelines Program (WSAHGP 2003).  As discussed in the JARPA (see JARPA page 10), the 
culvert replacement structure has been designed in accordance with WDFW culvert design 
guidance (WDFW 2003), using the stream simulation method.  The culvert replacement is 
strictly intended to address flood control and sediment management issues at the existing road 
crossing.  It will not change the traffic capacity of the existing roadway or otherwise facilitate 
new development. 

2.7 Restoration and Mitigation Requirements 

Mitigation and restoration requirements associated with this type of project are defined based on 
the type of critical area affected.  As discussed, the proposed project will result in two categories 
of functional effects:  short-term construction related effects on the stream buffer; and long-term 
beneficial effects on the stream buffer and stream habitat conditions, including habitats used by 
species of local importance. 

With regard to short-term effects, all areas disturbed during construction of the proposed action 
will be fully restored and enhanced.  The construction plans incorporate measures to protect 
existing trees, avoid native vegetation, and concentrate disturbance in areas dominated by 
invasive or ornamental vegetation.  All disturbed areas will be replanted with site appropriate 
native species.  Existing invasive and ornamental vegetation will be removed.  The site 
revegetation plan, prepared in accordance with City requirements, is provided in Appendix B of 
the BA (see Drawings P1-P3). 

Per LUC 20.25H.085.A, mitigation is specifically intended to replace loss or degradation of 
critical area and buffer values and functions caused by a proposed action.  Mitigation 
requirements specific to streams and stream buffers include the following in the stated order of 
preference: 

1. On-site, through replacement of lost critical area buffer 

2. On-site, through enhancement of the functions and values of remaining 
critical area buffer 

3. Off-site, through replacement or enhancement, in the same sub-drainage 
basin 
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4. Off-site, through replacement or enhancement, out of the sub-drainage 
basin but in the same drainage basin. 

Per LUC 20.25H.085.B, lost values and functions shall be mitigated with a one-to-one ratio. 

Based on these requirements, the proposed action is considered to be self-mitigating.  No further 
mitigation should be required because:  1) the project will result in an immediate and long-term 
net-improvement in critical area values and functions, and 2) the project incorporates long-term 
monitoring and adaptive management to ensure that desirable conditions are maintained 
overtime.  Because no loss of critical area functions and values will result from the proposed 
action, no further mitigation measures should be required. 
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AGENCY USE ONLY                              JARPA FORM LAST UPDATED: March 19, 2007 

Agency Reference #:       Date Received:       

Circulated by:       (local govt. or agency)       

Office of Regulatory Assistance, JARPA  JARPA FORM LAST UPDATED: March 19, 2007  For help call 800-917-0043 or visit www.epermitting.org  1 

Project Tracking Number:    

 

Washington State JOINT AQUATIC RESOURCES PERMIT APPLICATION (JARPA) Form 
 

Step 1: Get Ready Step 2: Complete Form Step 3: Check Work Step 4: Copy and Send In

Go to www.epermitting.org 
for correct form and 
instructions. 

Use black ink.  
Check correct 
permit boxes. 

Use internet “Help” 
buttons to answer 
questions completely. 

Use final review 
checklist 
at www.epermitting.org

See JARPA Contacts 
at www.epermitting.org fo
correct mailing addresses. 

r 

. 
 

Fish Habitat Enhancement Projects per RCW 77.55.181.  You must submit copy of completed JARPA form and Fish Habitat     
Enhancement JARPA Addition to your Local Government Planning Dep’t and WA Dep’t of Fish and Wildlife (WDFW) Area Habitat 
Biologist on same day.  Note for Local Governments: You must submit comments to WDFW within 15 working days. 

Based on instructions at www.epermitting.org, I am sending copies of this application to the following:  (check all that apply) 

X Local Government for Shoreline:       Substantial Development       Conditional Use       Variance       Exemption       Revision 

                           X Floodplain Management     X Critical Areas Ordinance 

X Washington Department of Fish and Wildlife for Hydraulic Project Approval (Submit 2 copies to WDFW Region) 

X Washington Department of Ecology for 401 Water Quality Certification (to Regional Office-Federal Permit Unit) 

   Washington Department of Natural Resources for Aquatic Resources Use Authorization Notification 

X Corps of Engineers for:    X Section 404 permit      Section 10 permit 

   Coast Guard for:       General Bridge Act Permit       Private Aids to Navigation (for non-bridge projects) 
   Fo eet conditions of the most current r Department of Transportation projects only:  This project will be designed to m

Ecology/Department of Transportation Water Quality Implementing Agreement 

PROJECT TITLE:  SE 30th Street / Sunset Creek Culvert Replacement 
 

PROJECT DESCRIPTION:  
The City of Bellevue proposes to replace existing twin 42-inch diameter corrugated metal pipe culverts on Sunset Creek at 
SE 30th Street with a stream simulation and sedimentation structure, and modify the Sunset Creek channel upstream and 
downstream to match the culvert replacement structure invert elevations.  Proposed channel modifications include removing 
existing riprap along the channel banks and culvert headwalls, modifying the streambed grade, installing grade control and bank 
stabilization structures made primarily of boulders and large woody debris, and revegetating disturbed streambanks.  The culvert 
replacement project is designed to reduce ongoing flooding of SE 30th Street and adjacent properties and manage sediment 
transported in Sunset Creek to eliminate the need for annual dredging in the active channel upstream and downstream of the 
culvert openings.  The replacement culvert project is designed to transmit the 100-year flood without allowing flow to overtop 
SE 30th Street, store approximately 50 cubic yards of sediment within the culvert structure, and provide improved aquatic habitat 
and fish passage conditions. 

SECTION A - Use for all permits covered by this application.  Be sure to ALSO complete Section C (Signature Block) for all 
permit applications. 

 1. APPLICANT 
City of Bellevue Utilities, Brian Ward (Project Manager) 
MAILING ADDRESS 
450 110th Ave NE, 5th Floor, Bellevue, WA 98004 
WORK PHONE 
425-452-5206  

E-MAIL ADDRESS 
bward@bellevuewa.gov 

 HOME PHONE 
206-334-1500 

 FAX # 
425-452-5286 

If an agent is acting for the applicant during the permit process, complete #2.  Be sure agent signs Section C (Signature Block) for 
all permit applications 

 2. AUTHORIZED AGENT 
Herrera Environmental Consultants, Inc. (Chase Barton, Project Manager) 
MAILING ADDRESS 
2200 Sixth Avenue, Suite 1100, Seattle, Washington  98121 
WORK PHONE 
206-441-9080 

E-MAIL ADDRESS 
cbarton@herrerainc.com 

HOME PHONE 
206-910-4403 

FAX # 
206-441-9108 

 3. Relationship of applicant to property:          X  OWNER             PURCHASER          LESSEE                 

 4. Name, address and phone number of property owner(s) if other than applicant: 
E.S. Harrington, 13120 SE 30th Street, Bellevue, Washington  98005
Stead Building Partnership, 13200 SE 30th Street, Bellevue, Washington  98005 
SLC Investment LLC, 13201 SE 30th Street, Bellevue, Washington  98005 
SCC Property Holdings, 13111 SE 30th Street, Bellevue, Washington  98005 

 5. Location (street address, including city, county and zip code, where proposed activity exists or will occur) 
SE 30th Street, approximately 500 feet east of Richards Road SE, Bellevue, King County, Washington  98005

 Local government with jurisdiction (city or county) City of Bellevue 
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 Waterbody you are working in Sunset Creek  Tributary of Richards Creek  WRIA # 8 

 Is this waterbody on the 303(d) List         YES    X    NO 

If YES, what parameter(s)? 

  

 Shoreline designation /A N

 

 Zoning designation  Light Industrial  

¼ Section  Section Township Range Government Lot  DNR stream type if known Type F 
  

9 and 10 24 North 5 East 

 Latitude and Longitude:   47035’01”N, 122009’52”W Tax Parcel Number 5453300194, 5453300183, 
5453300244, 5458300291 

 6.  Describe (a) the current use of the property, (b) structures existing on the property, and (c) existing environmental conditions.  
Have you completed any portion of the proposed activity on this property?           YES          X   NO  
For any portion of the proposed activity already completed on this property, indicate month and year of completion.    

a & b) The project improvements are proposed to occur within existing city street right-of-way and adjacent privately owned 
parcels.  The culvert replacement site is located within the right-of-way of SE 30th Street along the same alignment as the 
existing twin 42-inch diameter culverts.  Upstream channel modifications are to occur primarily within an existing city right-of-
way for 132nd Avenue SE, which was never completed in this location.  Some channel modification, site access and 
revegetation activities associated with upstream channel modifications may also occur on private parcels (tax parcel numbers 
5453300244, 5453300291).  Downstream channel modifications are proposed on private parcels (tax parcel numbers 5453300194 
and 5453300183).  The taxpayers, property name, property type and present use of the private parcels associated with the 
proposed project activities are presented in Table 1.  Initial discussions have been initiated with private parcel owners by the 
City of Bellevue, and there is no indication of any opposition to the proposed project activities. 
 

Table 1. Property characteristics for private parcels associated with proposed project activities. 

Tax Parcel Number Taxpayer Property Name Property Type Present Use 

5453300244 SCC Property Holdings Shurgard Mini Storage Commercial Mini Warehouse 
5453300291 SLC Investment LLC Printed Circuits Assembly Corp. Commercial Industrial Park 
5453300194 Emmett S. Harrington  Shurgard Mini Storage Commercial Mini Warehouse 
5453300183 Stead Building Partnership Stead Building Commercial Warehouse 

 
c) Sunset Creek is located in the Kelsey Creek subarea of WRIA 8.  Approximately 400 feet downstream of the proposed culvert 
replacement location, Sunset Creek joins Richards Creek.  Approximately 850 feet downstream of the confluence of Sunset 
Creek and Richards Creek, Richards Creek is joined by East Creek.  From this confluence, Richards Creek flows north towards 
Kelsey Creek.  Upstream of the proposed project site, Sunset Creek originates from a highly developed watershed 
approximately one square mile in area that lies primarily to the south of Interstate 90 and east of Interstate 405.  Single family 
residential parcels dominate the watershed land use south of Interstate 90 and commercial properties are predominant in the 
vicinity of the proposed project site.  Significant watershed development began prior to 1961.  Presently, the effective 
impervious area of the Sunset Creek watershed is approximately 44 percent.  Sheet 1 shows the project vicinity map. 
 
The physical changes made to a watershed during urbanization can significantly alter its hydrologic regime and sediment 
supply characteristics.  In the Sunset Creek watershed, as has occurred in many other watersheds in the Puget Sound area, the 
addition of impervious surfaces associated with development resulted in increased peak flow magnitudes that in turn caused 
widespread adjustments in stream channel form, primarily in the form of channel incision and enlargement.  Locally, these 
changes destabilized the toes of steep hillslopes and increased the rate of sediment supply to the channel from bank erosion 
and landslides.  Although streambanks in many parts of the Sunset Creek channel network have been stabilized, bank erosion 
and slope instability continues in some reaches upstream of Interstate 90. 
 
The Sunset Creek ravine located immediately upstream of Interstate 90 has been the most highly productive sediment supply 
reach in the Sunset Creek channel network.  The City of Bellevue has completed multiple projects to address widespread 
landsliding within this reach.  Channel spanning grade control structures were installed in the mid to late 1980s and a flow 
bypass, routing peak flow discharges around the most unstable and highly sediment productive portion of the reach, was 
completed in 1998.  Although it is apparent that these projects have reduced the rate that sediment is delivered to the channel 
and transported downstream, considerable sediment is stored within the active channel network in the upper watershed.  This 
mobile sediment continues to be routed downstream of Interstate 90 where steep and largely confined channel segments route 
the sediment to the proposed culvert replacement location at SE 30th Street. 
 
Historical and recent channel survey data indicate that the bed elevation of Sunset Creek and Richards creeks has aggraded 
between three and four and a half feet within 1,000 feet of channel length downstream of SE 30th Street over the last 30 years.  It 
is estimated that an average of approximately 40 cubic yards of gravel (with some sand) have accumulated annually in this 
reach of Sunset and Richards creeks in that 30-year period.  It is likely that peak rates of sediment delivery to the SE 30th Street 
culverts and the channel network downstream occurred soon after widespread watershed development, and before efforts to 
reduce sediment production and transport from the upper watershed.  However, ongoing sedimentation in the twin culverts 
beneath SE 30th Street and in the stream channel downstream requires regular dredging activity to maintain culvert openings 
and provide flow conveyance.  Records of recent maintenance dredging completed by the City of Bellevue show that between 
10 and 22 cubic yards of sediment have been removed annually between 2004 and 2007 (Table 2).  Dredged areas typically 
aggrade following the first few storm events of the winter.  The volume of accumulated and dredged sediment represents a 
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reasonable estimate of the bedload sediment volume that is delivered annually to Sunset Creek at and below SE 30th Street.  
The total sediment in transport past SE 30th Street, including suspended sediment in storm flows, is likely an order of 
magnitude higher. 
 

Table 2. Records of recent maintenance dredging in Sunset Creek at SE 30th Street. 

Year of Dredging 

Volume of Sediment Removed 
Downstream of SE 30th Street Culverts

(yds3) 

Volume of Sediment Removed 
Upstream of SE 30th Street Culverts

(yds3) 

2004 15-20 –a 
2005 20 1.5 
2006 10 0.75 
2007 15-20 –a 

a  Volume of sediment removal upstream of culverts not reported. 
 
Ongoing aggradation at the proposed culvert replacement location at SE 30th Street, and within the Sunset, Richards, and East 
Creek channel network downstream, is a result of the site’s position on a historical alluvial fan where steep confined channels 
from the upper watershed transition to less confined, lower gradient channels.  Within this context, the proposed culvert 
replacement location at SE 30th Street coincides with a marked change in gradient.  Upstream of SE 30th Street to Interstate 90 
the average channel gradient of Sunset Creek exceeds 2.5 percent.  Downstream of SE 30th Street the channel gradient 
decreases to 1.2 percent; with the gradient decreasing to less than 0.9 percent at the confluence with Richards Creek and 
approximately 0.3 percent north of Kamber Road.  The significant decrease in channel gradient at the proposed culvert 
replacement location and within the channel network further downstream results in similar decreases in sediment transport 
capacity and drives the ongoing sediment aggradation that exacerbates flooding at SE 30th Street. 
 
Between 1963 and 1970, Sunset Creek was relocated to its present day alignment at SE 30th Street as part of the development in 
the area.  The current conditions of the Sunset Creek channel immediately upstream and downstream of SE 30th Street are 
largely controlled by the confined, channelized alignment, insufficient flow conveyance of the existing culverts, and high rates 
of sediment delivery.  Downstream of SE 30th Street, abundant deposits of gravel and sand occupy the entire channel width 
between vertical riprap banks that were constructed when the stream was relocated from its historic location and channelized at 
the edge of developing properties.  The relatively wide, shallow channel presents a fish passage barrier during low flow 
conditions in this area.  Upstream of SE 30th Street, the channel is confined within constructed banks armored with riprap and 
protected with riprap toes.  The substrate of the channel upstream of SE 30th Street is coarse and armored beyond the extent of 
backwater deposits associated with limited flow conveyance during moderate and high flow events.  Both upstream and 
downstream of SE 30th Street, within the extent of proposed channel modifications associated with the proposed culvert 
replacement structure, the straight, plane-bed channel pattern provides little hydraulic or habitat complexity.  A private habitat 
improvement project was completed in 2005 in Sunset Creek just upstream of the limits of the proposed channel modifications.  
That project included addition of large woody debris and modifications to the channel cross-section in an effort to provide a 
two-stage channel.  The proposed upstream channel modifications associated with the culvert replacement project will 
transition into this previously completed project reach. 
 
Despite the comprehensive channel modifications, limited riparian corridor and high rates of sediment delivery, resident and 
adfluvial trout (cutthroat) have been observed spawning in Sunset Creek downstream of the proposed culvert replacement 
location, and evidence of spring spawning was observed in April of this year.  Chinook salmon and steelhead are also known to 
have used the Sunset Creek and Richards Creek systems with distribution of these species extending into Sunset Creek up to 
and possibly beyond SE 30th Street.  These species have not been observed in Sunset Creek in recent years, potentially due to 
passage barriers imposed by extensive beaver dam complexes in downstream reaches.

 Is the property agricultural land?       YES        X  NO  Are you a USDA program participant?        YES   X   NO

 7a.  Describe the proposed work that needs aquatic permits:  Complete plans and specifications should be provided for all work 
waterward of the ordinary high water mark or line, including types of equipment to be used.  If applying for a shoreline permit, 
describe all work within and beyond 200 feet of the ordinary high water mark.  If you have provided attached materials to describe 
your project, you still must summarize the proposed work here.  Attach a separate sheet if additional space is needed. 

The proposed project includes replacing existing twin 42-inch diameter corrugated metal pipe culverts with a box culvert 
designed to simulate natural streamflow conditions to the highest degree possible.  The proposed box culvert design includes a 
sedimentation structure.  Channel modifications will be necessary upstream and downstream of the replacement structure to 
create a stable transition of the existing streambed to the replacement culvert inlet and outlet invert elevations.  Sheet 1 shows 
the project vicinity map.  The principal work activities associated with the culvert replacement and channel modifications 
include: 
 

1. Site preparation 
2. Preliminary excavation of roadway 
3. Install temporary flow bypass 
4. Conduct fish removal 
5. Dewater construction area 
6. Remove riprap from culvert inlet and outlet headwalls 
7. Remove and replace existing culverts 
8. Remove riprap from channel banks  
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9. Channel grading, excavation and sediment removal
10. Install grade control structures and bank protection 
11. Revegetate streambanks 
12. Reintroduce flow to channel 
13. Construct high flow and maintenance bypass culvert. 

 
A detailed description of each of these work activities follows.  Sheet 2 presents a schematic drawing of the proposed work 
area. 

1. Site preparation 
Site preparation activities include the contractor mobilizing to the project site, developing a staging area, establishing site 
access routes and traffic control, marking the work and clearing limits, and installing temporary erosion and sediment control 
(TESC) best management practices (BMPs).  Space at the project site is limited and it is anticipated that the contractor will 
establish staging in the parking lot of a nearby business.  The City of Bellevue is currently evaluating staging area alternatives.  
A staging area of approximately 100 feet by 100 feet is anticipated to be sufficient for the proposed project activities.  Access to 
the project site will be along SE 30th Street.  

2. Preliminary excavation of roadway 
Preliminary excavation of SE 30th Street will include removal of the road surfacing and sidewalks in the area where the culvert 
will be replaced and excavation of the trench where the temporary flow bypass will be routed under SE 30th Street.  The 
temporary flow bypass alignment is anticipated to be located immediately to the west of the replacement culvert adjacent to the 
future alignment of the maintenance bypass pipe.  Preliminary excavation may also include temporary relocations or 
realignments of utilities at the project site. 

3. Conduct fish removal 
Fish removal will be conducted by isolating the work area, removing as many fish as possible, then gradually dewatering the 
work area while continuing to remove any fish observed.  The work area will be isolated by installing block nets upstream and 
downstream of all work activities including the intake and discharge location for the temporary flow bypass.  If conditions allow, 
the upstream block net shall be placed first.  The downstream block net will then be used as a seine to herd fish from the 
upstream block net location downstream to the point selected for the downstream block net installation.  The site will be then be 
dewatered slowly enough to allow for continued removal of all fish species to avoid strandings.  Fish removal methods during 
dewatering will likely include dip netting and hand removal.  Fish handling will be kept to the minimum necessary to remove fish 
from the work site.  All fish and aquatic life removed from the project site will be released downstream of the downstream block 
net. 

4. Install temporary flow bypass 
In conjunction with fish removal activities, Sunset Creek will be diverted into a flow bypass pipe and routed past the work area 
for the duration of culvert replacement and channel modification work.  A coffer dam will be constructed approximately 250 feet 
upstream of SE 30th Street and stream flow will be routed into a flexible pipe to be secured to the west of the channel.  The 
bypass pipe will be 36 inches in diameter and capable of conveying flows up to 95 cubic feet per second (cfs).  This bypass 
conveyance capacity exceeds the 2-year recurrence interval flow in Sunset Creek (79 cfs).  The temporary bypass pipe will be 
routed beneath SE 30th Street and will extend for a distance of approximately 150 feet downstream of SE 30th Street where 
flows will be discharged to a temporary energy dissipater.  All coffer dam and energy dissipater materials will be completely 
removed from the site when the flow bypass is removed. 

5. Dewater construction area 
Following the installation of the temporary flow bypass any water remaining in the active channel or existing culverts will be 
pumped from the work area in accordance with permit requirements for discharge water quality.  Turbidity control BMPs will be 
implemented as necessary before this pumped water is released to Sunset Creek and/or its riparian corridor.  The culvert 
excavation will be dewatered as necessary based on the groundwater conditions encountered at the time of construction.  
Groundwater was encountered from 5 to 8 feet below the road surface during geotechnical borings advanced in April 2007. 

6. Remove riprap from culvert inlet and outlet headwalls and channel banks 
Riprap will be removed from the culvert inlet and outlet headwalls to facilitate further excavation and culvert replacement.  
Riprap will also be removed from the banks of Sunset Creek within 110 feet upstream and 60 feet downstream of the 
replacement culvert.  Riprap will be removed using an excavator and will be hauled from the site to a licensed disposal or 
material reuse facility.  Quantities and linear extents of riprap removal are presented in Table 3. 
 

Table 3. Riprap removal quantities. 

Location Bank Length (ft) Bank Area (ft2) 

Upstream   
Left Bank 10 30 
Above Culvert 14 42 

Downstream   
Left Bank 60 240 
Right Bank 60 240 
Above Culvert 10 50 

Totals 154 602 
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7. Remove and replace existing culverts 
Removal of the existing twin 42-inch diameter corrugated metal pipe culverts and installation of the replacement culvert 
structure will require additional excavation in the SE 30th Street corridor.  Excavation, culvert removal, and replacement will 
require traffic control, as only one lane of SE 30th Street will typically be closed at any given time.  All excavated material will be 
hauled from the project site to a licensed disposal or material reuse facility, or stockpiled onsite for use as backfill following 
installation of the replacement culvert structure.  The replacement culvert structure will be installed in approximately the same 
location as the existing culverts.  The replacement culvert will be constructed using precast concrete structures.  All 
replacement culvert construction activities will be constructed in the dry to minimize water quality impacts.  Construction of the 
replacement culvert will be coordinated with utility relocation in the SE 30th Street right-of-way.  Sheet 3 shows a profile of the 
existing and replacement culverts.  Sheet 5 shows plan and profile views of the replacement culvert design.  Sheet 6 presents 
cross section views of the proposed culvert design in the upper stream simulation section and in the lower sediment trap 
section. 

8. Channel grading, excavation and sediment removal 
The Sunset Creek channel will be modified to provide smooth and stable transitions from the existing streambed to the inlet and 
outlet invert elevations of the replacement culvert.  Upstream of the replacement culvert, the finished channel bed will be 
lowered an average of approximately 1.4 feet, and up to 2.5 feet locally, over a length of 110 feet and an average channel width of 
7 feet.  The streambed will be overexcavated an additional 2 feet for the placement of streambed material, boulders, and large 
woody debris.  Sheet 3 shows the extents of proposed channel grading upstream of SE 30th Street.  Streambed and bank 
material will be removed from the channel using an excavator.  Streambed material from the channel upstream of the 
replacement culvert may be reused as stable channel bed material after grade control structures are constructed if deemed 
suitable by the project engineer. Bank materials and any streambed material deemed unsuitable for reuse by the project 
engineer will be hauled from the site to a licensed disposal or material reuse facility. 
 
Downstream of the replacement culvert, the full width of the channel bed, at an average width of 10 feet, will be lowered up to 
2.5 feet for a distance of 60 feet downstream of the replacement culvert.  Sheet 3 shows the extents of proposed channel grading 
downstream of SE 30th Street.  As upstream, the streambed will be overexcavated an additional 2 feet for the placement of 
streambed material, boulders, and large woody debris. Bed material from this part of the channel will be removed with an 
excavator.  A portion of this material may be suitable for use as stable channel bed material if deemed so by the project engineer 
during construction.  Additional streambed material will be removed from the channel between 60 and 100 feet downstream of 
the replacement culvert.  This material will be removed from the center 4 to 5 feet of the channel using a suction dredge without 
disturbing existing streambanks or riparian vegetation. 
 
Stream channel bank and bed material removal and fill quantities within the ordinary high water line associated with channel 
modifications during construction are presented in Table 4.  Sheet 4 shows a typical cross section of the proposed channel 
modifications as well as the plan view extents of grade control structures on the upstream side of SE 30th Street.  Sheet 7 
shows a typical cross section of the proposed channel modifications as well as the plan view extents of grade control structures 
on the downstream side of SE 30th Street. 
 

Table 4. Sediment removal and fill quantities within the ordinary high water line. 

Impact Upstream of Culvert Downstream of Culvert 

Volume of excavation within existing OHWM (cy) a 111 145 
Volume of fill within existing OHWM (cy) b 58 47 
Area of fill within existing OHWM (arce) 0.02 0.02 
a Includes streambed material and riprap. 
b Includes streambed material and boulders. 

9. Install grade control structures, bank protection, and substrate material 
Grade control and bank protection structures will be constructed in order to create a stable transition of the existing streambed 
to the replacement culvert inlet and outlet invert elevations.  Grade control and bank protection structures will be primarily 
constructed using large woody debris and rounded to subrounded river boulders; large woody debris will be imbedded in the 
streambed and banks and surcharged with boulders as necessary to resist lateral drag and buoyant forces and provide a high 
factor of safety for channel stability.  One structure, the large woody debris grade control structure downstream of the 
replacement culvert outlet, will incorporate ecology blocks buried within the streambanks.  Here, where the channel corridor is 
narrow relative to the channel width, the large woody debris will be attached to the ecology blocks buried within the banks and 
located outside of the OHWM.  Typical dimensions for large woody debris are diameters of 18 to 24-inches and lengths of 15 to 
25-feet.  Typical boulder diameters are 12 to 18-inches.   
 
Eight grade control structures will be installed upstream of the replacement culvert.  The average gradient of Sunset Creek 
upstream of SE 30th Street is 2.5 percent.  Within 15 feet of SE 30th Street on the upstream side, however, the existing channel 
gradient is up to 30 percent.  The design grade of the channel for a distance of 110 feet upstream of the replacement culvert is 
4 percent, with no sections to exceed 5 percent between grade control structures and no vertical drops in excess of 4 inches to 
promote fish passage.  Sheet 8 shows plan and section design details of the proposed grade control structures upstream of 
SE 30th Street. 
 
Downstream of the replacement culvert one large woody debris grade control structure and one boulder grade control structure 
will be constructed.  The large woody debris grade control structure will be constructed 20 feet downstream of the replacement 
culvert and the boulder grade control structure will be located another 20 feet further downstream.  Sheet 9 shows plan and 
section design details of the proposed grade control structures downstream of SE 30th Street. 
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Two types of streambed material will be placed in areas where the channel is modified upstream and downstream of the 
replacement culvert.  The streambed surface will be composed of a 12-inch thick layer of streambed habitat gravel.  Below this 
layer, a 12-inch thick layer of cobble and gravel sized to resist scour and downstream transport will be used to maintain design 
channel elevations between grade control structures.  These materials will likely be placed by excavator with finish placement 
requiring hand grading. 

10. Revegetate streambanks 
All streambanks disturbed during channel modification will be revegetated with an appropriate range of native species.  Typical 
species that may be used to revegetated streambanks are presented in Table 5.  Replanting plans will be consistent with 
planting guidelines presented in the City of Bellevue’s Critical Areas Handbook (2007). 
 

Table 5. Typical species that may be used to revegetated Sunset Creek streambanks following channel modification. 

Vegetation Type Common Name Latin Name 

Trees   
 Oregon ash  Fraxinus latifolia  
 Pacific Willow  Salix lasiandra 
 Paper birch  Betula papyifera 
 Red alder Alnus rubra 
Shrubs   
 Vine maple  Acer circinatum 
 Red-osier dogwood  Cornus sericea  
 Salmonberry  Rubus spectablis 
 Pacific ninebark  Physocarpus capitatus  
Groundcover   
 Lady fern  Athyrium filix-femina 
 Sword fern  Polystichum munitum 
Emergent   
 Small-fruited bulrush  Scirpus microcarpus  

11. Reintroduce flow to channel 
Following completion of the culvert replacement and channel bed modifications, Sunset Creek flows will be reintroduced to the 
channel.  The timing of reintroduction will be coordinated with construction of the high flow and maintenance bypass culvert 
and outfall and completion of bank protection in the outfall location at the downstream end of the replacement culvert. 

12. Construct maintenance bypass culvert 
A 24-inch diameter maintenance bypass culvert will be constructed to the west of the replacement culvert structure.  The 
maintenance bypass culvert will provide a means to bypass streamflows during maintenance of the sedimentation structure.  
The inlet of the maintenance bypass culvert at the upstream end will be in the wall of the replacement culvert.  The outlet of the 
high flow and maintenance bypass culvert will discharge to an energy dissipation structure composed of large woody debris 
built into the left bank of the stream channel downstream of the replacement culvert.  Both the inlet and outlet of the culvert will 
be screened to preclude fish passage. 
 

PREPARATION OF DRAWINGS:  See sample drawings and guidance for completing the drawings.  ONE SET OF ORIGINAL OR GOOD QUALITY REPRODUCIBLE 
DRAWINGS MUST BE ATTACHED.  NOTE:  Applicants are encouraged to submit photographs of the project site, but these DO NOT substitute for drawings.  THE CORPS 
OF ENGINEERS AND COAST GUARD REQUIRE DRAWINGS ON 8-1/2 X 11 INCH SHEETS.  LARGER DRAWINGS MAY BE REQUIRED BY OTHER AGENCIES. 

 7b.  Describe the purpose of the proposed work and why you want or need to perform it at the site.  Please explain any specific needs 
that have influenced the design. 

The purpose of the proposed culvert replacement project is to improve flow conveyance and reduce flooding at SE 30th Street, 
manage sediment delivery to Sunset Creek north of SE 30th Street, and improve fish passage conditions at the culvert location.  
Flood control and sediment management alternatives at the project site are limited both by the highly confined channel corridor 
and the site’s location at a natural deposition zone in a watershed that generates and transports considerable sediment from 
upstream.  The proposed culvert replacement project is designed to address immediate, ongoing, and future conditions at the 
project location as well as complement flooding, sedimentation, and aquatic habitat resource management objectives in 
channels downstream. 
 
Since January 1, 2006 Sunset Creek has flooded at SE 30th Street at least six times, most recently on December 3, 2007.  
Flooding at SE 30th Street directly impacts neighboring businesses and restricts neighborhood access.  Sediment deposition at 
the project site reduces the conveyance capacity of the twin culverts beneath SE 30th Street, further exacerbating flooding.  
Recurring sediment deposition requires regular dredging of the active channel by the city.  Deposition of sediment that is 
transmitted downstream of SE 30th Street contributes to channel aggradation and aggravates flooding in other locations of the 
Sunset, Richards, and East Creek channel networks.  Under existing conditions, the sediment that accumulates upstream, 
downstream, and within the twin 42-inch diameter culverts at SE 30th Street inhibits fish passage by contributing to pressure 
flow conditions during flows as low as 10 cfs (equivalent to the 10 percent exceedance flow for January). 
 
Design of the proposed culvert replacement structure incorporates an understanding of the geomorphic, hydraulic, and 
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ecological conditions at the watershed and project-site scales.  Design of the replacement culvert followed a watershed and 
project reach assessment of geomorphic conditions, including a thorough evaluation of sediment delivery and transport at the 
project site, and was supported by a detailed hydraulic analysis of the Sunset Creek, Richards Creek, and East Creek system 
from SE 32nd Street to downstream of Kamber Road (SE 26th Street).  The design of the proposed culvert replacement structure 
and channel modifications considers the natural variability in sediment delivery to the project site and the potential channel 
responses to changes in sediment transport downstream of SE 30th Street.  The proposed culvert replacement structure will be 
supported by a monitoring and adaptive operations and maintenance plan that will be implemented by the City of Bellevue 
following project construction.  Detailed descriptions of replacement culvert design components and the monitoring and 
adaptive operations and maintenance plan are provided below. 

1. Replacement Culvert and Channel Modification Design 
The replacement culvert structure is designed to transmit the 100-year flood flow without allowing flow to overtop SE 30th 
Street, provide improved aquatic habitat and fish passage conditions compared to exiting conditions, and store approximately 
50 cubic yards of sediment in a structure that can be maintained with minimal detrimental impacts to aquatic habitat.  
Performance criteria for flow conveyance, fish passage, and sediment transport conditions were used to evaluate replacement 
structure designs. 
 
City of Bellevue design standards require culverts to pass the 100-year flood with an additional foot of freeboard.  Due to 
physical constraints at the project site, including the downstream channel width and road surface elevation, these design 
criteria could not be met.  The proposed geometry of the structure maximizes flow conveyance beneath SE 30th Street given the 
physical constraints of the downstream channel and the sediment transport and fish passage performance criteria discussed 
below.  The hydraulic opening of the replacement culvert is designed to be 13 feet wide and approximately 4.5 feet high. 
 
Fish passage criteria for the proposed replacement culvert are met by using a combination backwater and stream simulation 
culvert.  The dimensions of the main culvert opening maintain the width of the bank-full channel upstream of the culvert, 
consistent with design parameters for stream simulation culverts in confined channels (WDFW 2003).  The design slope of the 
stream simulation portion of the culvert is 3 percent, which is 1.2 times the average upstream channel gradient.  This satisfies 
part of the stream simulation culvert design criteria (WDFW 2003).  The bed of the stream simulation structure will be composed 
of a layer of streambed sediment that will likely be in flux over time from the upstream channel towards the sediment structure.  
Stable boulders will protrude through the design streambed surface to provide hydraulic complexity. 
 
The sedimentation structure was designed to accommodate storage of 50 cubic yards of sediment.  This volume was derived 
based on analysis of sediment delivery to the project site and ongoing dredging that the city has performed in recent years to 
maintain flow conveyance.  Sediment has accumulated in the channel downstream of SE 30th Street at an average rate of 
approximately 40 cubic yards annually in the past 30 years.  The current average annual accumulation rate is likely less than 
what it was 10 or 20 years ago due to upstream efforts to reduce sediment production and delivery.  Still, regular dredging of 10 
to 20 cubic yards of sediment is required on an almost annual basis to maintain flow conveyance.  The design sediment storage 
volume is intended to capture the majority of bedload sediment that is delivered to the project site in an average year with 
additional storage capacity for infrequent storms during which a greater volume of sediment is transported. 
 
The performance of the replacement culvert will be influenced by the streambed elevation of the downstream channel.  It is 
anticipated that some channel bed lowering will naturally occur downstream of SE 30th Street once bedload delivery is reduced 
by up to 50 cubic yards per year.  As a result, the replacement culvert is designed to achieve performance criteria in terms of 
flow conveyance, sedimentation, and fish passage under not only as-built conditions but anticipated future conditions as well. 
 
Following construction, the replacement culvert will be backwatered by the relatively high channel bed elevation downstream of 
the project area.  If the downstream channel degrades sufficiently to no longer backwater the replacement culvert, the fish 
passable conditions will be maintained by backwater through the sedimentation structure caused by the large woody debris 
grade control structure downstream of the culvert outlet and the stream simulation culvert design in the upstream half of the 
replacement culvert.  The channel modifications downstream of the replacement culvert are further designed to accommodate 
potential channel responses by incorporating a deformable porous boulder weir downstream of the large woody debris grade 
control structure.  Should the downstream channel degrade, the boulder weir will deform somewhat but will maintain fish 
passage to and past the large woody debris grade control structure and through the replacement culvert structure. 

2. Monitoring and Adaptive Operations and Maintenance Plan 
Installing a sedimentation structure into Sunset Creek at SE 30th Street will require active monitoring of the channel 
downstream of SE 30th Street and a commitment to operation and maintenance of the sedimentation structure.  The City of 
Bellevue will lead these activities to ensure proper function of the sedimentation structure and avoid impacts to aquatic habitat 
downstream of SE 30th Street. 
 
The following monitoring protocols will be implemented to identify the onset of geomorphic changes to the Sunset and Richards 
Creek channels downstream of SE 30th Street resulting from the altered dynamics of sediment delivery resulting from the 
sedimentation structure.  These protocols are intended to document geomorphic characteristics of the downstream channels 
and inform the City of Bellevue if modifications to the operations and maintenance schedule or more aggressive actions, such 
as gravel supplementation, are necessary to maintain substrate conditions that are beneficial for aquatic habitat. 
 
A channel monitoring protocol will be initiated by establishing four to five permanent monitoring locations approximately every 
200 to 250 feet beginning 100 feet downstream of the replacement culvert.  At each monitoring section: 
 

1. Channel cross-sectional geometry will be surveyed. 
2. The composition of streambed sediment will be monitored at established locations downstream of SE 30th Street using 
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a combination of surface pebble counts and subsurface bulk sampling and sieve analysis. 
 
Channel surveying and streambed sediment sampling will be performed annually for a period of 5 years and semi-annually for 
the following 10 years.  At that time future monitoring needs can be reevaluated. 
 
Baseline sedimentation structure monitoring protocols will consist of the following: 
 

1. Scheduled visual inspections of sedimentation structure capacity and additional inspections following significant storm 
events. 

2. Documentation of the timing and quantity of all sediment removed from the structure. 
3. Bulk sieve analysis of sediment removed to document grain size distribution of captured sediment. 

 
Based on the patterns and rates of sediment delivery to the site and the channel response downstream of SE 30th Street an 
adaptive policy for determining when sediment removal is necessary can be developed.  Current rates of deposition at SE 30th 
Street indicate that annual to semi-annual sediment removal should be expected in the near future.  As sediment production and 
delivery from the upstream watershed decrease as a result of additional channel stabilization and sediment reduction measures 
the frequency of sediment removal may decrease.  Should sediment production in the upper watershed reduce to a level such 
that maintenance of the sedimentation structure is no longer necessary, the sedimentation structure is designed to function as a 
stream simulation culvert without need for modifications. 
 
Removal of sediment from the sedimentation structure will be conducted so as to minimize impacts to aquatic species and 
downstream water quality.  During maintenance activities flow will be diverted through the maintenance bypass pipe by use of 
an adjustable gate at the upstream end of the sedimentation structure.  Sheet 2 shows the alignment of the bypass pipe on the 
west side of the replacement culvert structure.  Once flows are completely routed into the bypass pipe, fish will be excluded 
from the sedimentation structure using a seine that will then be installed as a downstream block net at the downstream end of 
the replacement culvert.  Dip netting will likely be used to complement the seining fish removal.  Once fish have been removed 
from the sedimentation cell to the downstream block net, sediment will be removed from the structure through use of a suction 
dredge operated from the street above and disposed of at an appropriate upland location.  Upon completion of sediment 
removal activities, the downstream block net will be removed and the gate at the upstream end of the culvert will be reopened to 
allow Sunset Creek to once again flow through the replacement culvert structure.  Sediment removal will not require heavy 
equipment operations within the stream channel. 

 7c.  Describe the potential impacts to characteristic uses of the water body.  These uses may include fish and aquatic life, water 
quality, water supply, recreation and aesthetics.  Identify proposed actions to avoid, minimize, and mitigate detrimental impacts 
and provide proper protection of fish and aquatic life.  Identify which guidance documents you have used.  Attach a separate 
sheet if additional space is needed. 

The proposed project involves the replacement of an existing culvert structure with an improved culvert structure combined 
with an integrated sediment trap.  Placement of this structure will require modification of the stream channel bed and bank 
modifications for grade control purposes. 
 
Primary impacts of concern associated with the proposed project include the following: 
 

• Construction related impacts on aquatic species and water quality 
• Culvert management effects on aquatic species and water quality 
• Effects on stream habitat conditions 
• Effects on fish passage. 

 
The proposed project has been planned and designed to avoid, minimize and mitigate these potential impacts to the greatest 
extent possible, and will result in a net improvement in existing habitat and water quality conditions.  Discussion of methods 
and guidance used to avoid and minimize impacts are described below. 

1. Construction related impacts on aquatic species and water quality 
The proposed project has the potential to cause construction-related impacts on water quality, principally in the form of 
increased suspended sediment loading from channel bed and bank disturbance.  The project plans include several BMPs and 
construction monitoring protocols designed to limit sediment loading and water quality impacts to the greatest extent possible.  
All channel and bank work will be conducted within a dewatered exclusion area, during the mid to late summer months when 
streamflow should be at its lowest.  Groundwater and stormwater pumped from the construction site will be filtered prior to 
discharge back to surface waters, or delivered to the sanitary sewer system for treatment.  Once construction is completed, the 
exclusion area will be rewatered slowly to limit the suspension of sediments from disturbed areas.  Turbidity levels will be 
monitored in Sunset Creek downstream of SE 30th Street throughout construction to ensure BMP effectiveness. 
------ 
Dewatering of the exclusion area will require the capture and relocation of fish and other aquatic organisms.  These activities 
will be conducted consistent with current Washington State Department of Transportation protocols for this practice, which are 
designed to minimize adverse effects. 
 
All machinery operating within the stream channel will utilize hydraulic fluid that is certified as non-toxic to aquatic life.  
Throughout construction a spill control and prevention plan will be in place to avoid and manage any spills of potentially 
hazardous materials. 
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2. Post-construction related effects on aquatic species and water quality 
The proposed project design includes a sediment trap integrated into the replacement culvert structure.  Several long-term 
benefits for aquatic life and water quality are anticipated with the replacement culvert.  The primary benefit provided by the 
sediment trap within the culvert structure is that it will allow for the majority of sediment removal activities to take place inside 
an enclosed structure, versus dredging of the active channel.  Second, the trap will provide increased sediment storage 
capacity, which is expected to decrease the frequency and/or the extent of sediment removal activities.  Currently, dredging of 
the active channel takes place on an annual basis, causing considerable habitat disturbance and related water quality impacts.  
While some dredging of the active channel may be required in the future, this will be limited to infrequent occasions when large 
sediment delivery events overwhelm trap capacity. 
 
The proposed replacement culvert structure design incorporates several design features that will simplify fish exclusion and 
relocation during sediment removal activities.  These features will promote the removal of fish from the sediment management 
area with less disturbance and handling, reducing stress and injury potential.  Because the sediment trap within the culvert is 
designed to be smaller in areal extent than the segment of channel that is currently dredged, the amount of habitat that fish are 
denied access to during maintenance activities will be reduced. 
 
Finally, the existing twin culverts that convey Sunset Creek across SE 30th Street provide insufficient flood conveyance 
capacity, contributing to routine flooding of adjacent roadways and parking lots.  These floodwaters commonly overwhelm 
storm drains and flow overland back into the stream system.  Because some of those local storm drains do not drain directly 
back to the stream system, this suggests that current flooding conditions contribute to elevated delivery of stormwater 
pollutants to Sunset Creek.  By reducing the frequency of flooding that overtops the street, the proposed project is likely to 
result in a slight incremental improvement in local water quality conditions during and following flood events. 

3. Effects on habitat conditions 
The proposed project will result in improved habitat conditions in the project area.  These improvements will occur because of 
increased habitat complexity provided by bioengineered grade control and bank stabilization structures, reduced frequency of 
sediment management activities in the active channel, and adaptive management of sediment delivery rates to downstream 
channels.  These three factors that are expected to positively influence habitat are described in more detail below. 
 
The bioengineered grade control and bank stabilization structures are necessary components of channel reconfiguration 
needed to support the culvert design.  The current channel gradient conditions have been imposed by backwater conditions 
induced by the existing culvert and sediment deposition in the channel downstream of SE 30th Street that occurs because 
elevated sediment delivery rates in the Sunset Creek watershed are out of equilibrium with sediment transport capacity in the 
channel.  The channel upstream and downstream of SE 30th Street must be returned to a more natural gradient to support fish 
passage and enhance sediment capture in the replacement culvert structure.  The channel profile modification work will involve 
excavation of accumulated sediment from the channel bed and the installation of grade control structures, removal of riprap, 
and bank contouring and stabilization.  Riprap will be removed from approximately 74 lineal feet of streambank and replaced 
with bioengineered bank protection structures composed primarily of LWD.  The grade control structures will also be 
constructed using LWD. 
 
The channel modification design is based on a comprehensive assessment of watershed, reach, and site specific hydrologic, 
hydraulic, and geomorphic conditions, and is consistent with WDFW Integrated Streambank Protection Guidelines.  The grade 
control and bank stabilization structures are specifically designed to mimic the habitat forming processes and functions 
provided by LWD in natural stream environments, and will significantly increase habitat complexity and improve fish passage in 
the project reach of Sunset Creek.  The proposed project is considered to be self-mitigating for these reasons. 
 
The Sunset Creek channel accumulates more sediment than it can effectively transport in its current hydromodified state.  This 
promotes an overly wide and shallow channel environment with limited habitat complexity.  These channel conditions provide 
poor flow conveyance, contributing to frequent flooding problems on SE 30th Street and adjacent businesses, and also 
contribute to low flow passage barrier conditions for adult salmonids and potentially for juvenile salmonids. 
 
Sediment management to maintain flood flow conveyance capacity in this reach of Sunset Creek is accomplished by routine 
annual dredging of the active channel downstream of the SE 30th Street culvert.  This requires regular disturbance of the active 
channel, interfering with the formation of beneficial habitat features.  A key advantage of the integrated sediment trap in the 
replacement culvert structure is that it will allow for the majority of sediment removal activities to be conducted within the 
structure using equipment parked on the roadway atop the culvert, avoiding streambank and channel disturbance.  Dredging of 
the active channel will only be required in rare circumstances when large sediment delivery events overwhelm sediment trap 
capacity. 
 
The integrated sediment trap in the replacement culvert structure will allow for more flexible and adaptive management of 
sediment flux through the lower reach of Sunset Creek downstream of the culvert, which should produce habitat benefits over 
the long-term.  The proposed project incorporates monitoring of bed elevations and substrate conditions in and downstream of 
the project reach in Sunset Creek, and an adaptive approach for metering sediment delivery rates to promote the formation of 
beneficial channel conditions.  Specifically, controlled sediment delivery downstream of SE 30th Street will allow for the existing 
sediment plug in the channel between SE 30th Street and the confluence of Sunset Creek with Richards Creek to gradually 
erode.  This in turn will increase flow conveyance capacity, and allow for the formation of a greater diversity of habitat features.  
The channel will be routinely monitored to ensure that substrate conditions desirable for salmonid spawning are maintained. 
 
Collectively, these project elements should produce improved habitat conditions within the project reach that are beneficial to a 
range of aquatic species. 
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4. Effects on fish passage 
The proposed project will result in improved conditions for fish passage in the project reach.  Currently, fish passage conditions 
in Sunset Creek are impaired by sediment deposition upstream and downstream of the SE 30th Street twin culverts.  The flatter 
gradient in the channel downstream of the culverts promotes the accumulation of a large plug of sediment that creates a low 
flow barrier to adult salmonid passage.  This sediment plug may also hinder the movement of juvenile salmonids under certain 
flow conditions.  This sediment plug extends beyond the limits of current dredging activities, meaning that this barrier condition 
will remain permanent without additional intervention.  By allowing for greater control of sediment delivery rates to the 
downstream channel, it is expected that the sediment trap will permit the evolution of channel conditions that are beneficial to 
fish passage. 
 
The existing twin culverts also limit fish passage upstream of SE 30th Street.  The culverts lack sufficient hydraulic capacity to 
convey flood flows that transport large sediments.  This creates a backwater effect upstream of the structure that promotes the 
accumulation of coarse bedload, increasing the channel gradient abruptly from approximately 2.5 percent to 10 percent 
approaching the upstream culvert entrance.  During high flow conditions, the high flow velocity in the culvert barrels in 
combination with shallow, high velocity flow conditions in this over-steepened segment may create a partial barrier condition. 
 
The proposed culvert integrates two fish passage components, a backwatered sediment trap at the downstream end, and a 
streambed simulation component at the upstream end.  The streambed simulation segment has been designed in accordance 
with current WDFW culvert design guidance (WDFW 2003).  This segment will mimic natural channel bed conditions at a more 
natural 2.5 percent channel slope.  The backwatered sediment trap component will provide quiescent flow conditions that will 
allow for unhindered fish passage.  The streambed simulation segment will provide for full fish passage for all species and life 
history stages likely to occur in this system during the flow conditions during which migratory and dispersal behavior is likely to 
take place. 
 
Collectively, the proposed culvert design and stream channel modifications address high flow and low flow passage barriers, 
and are expected to provide improved fish passage conditions throughout this reach of Sunset Creek. 

 7d.  For in-water construction work, will your project be in compliance with the State of Washington water quality standards for 
turbidity (WAC 173-201A-410)?        X   YES            NO 

 8.  Will the project be constructed in stages?               X   YES                NO 

Proposed starting date: Summer of 2009 

Estimated duration of activity: 50 to 70 working days for construction with up to 10 additional days for mobilization and 
setup of temporary erosion and sediment control measures. 

 9.  Check if any temporary or permanent structures will be placed: 

  X   Waterward of the ordinary high water mark or line for fresh or tidal waters  AND/OR 

      Waterward of the mean higher high water for tidal waters? 

 10.  Will fill material (rock, fill, bulkhead, or other material) be placed: 
   X   Waterward of the ordinary high water mark or line for fresh waters? 
 If  YES, VOLUME (cubic yards)  105      / AREA   0.04   (acres) 
        Waterward of the mean higher high water for tidal waters? 
 If  YES, VOLUME (cubic yards)              / AREA                (acres) 

 

 11.  Will material be placed in wetlands?          YES      X   NO  
If YES: 

 A. Impacted area in acres: 
 

 B. Has a delineation been completed?  If YES, please submit with application.       YES        NO 

 C. Has a wetland report been prepared?  If YES, please submit with application       YES        NO 

 D. Type and composition of fill material (e.g., sand, etc.) 
 

 E. Material source: 
 

 F. List all soil series (type of soil) located at the project site, and indicate if they are on the county’s list of hydric soils.  Soils 
information can be obtained from the natural Resources Conservation Service (NRCS). 

 

 G. WILL PROPOSED ACTIVITY CAUSE FLOODING OR DRAINING OF WETLANDS?         YES     X  NO 
If YES, IMPACTED AREA IS                  ACRES OF DRAINED WETLANDS. 

NOTE: If your project will impact greater than 1/10 of an acre of wetland, submit a mitigation plan to the Corps and Ecology for approval along with the JARPA form. 
NOTE: A 401 water quality certification may be required from Ecology in addition to an approved mitigation plan if your project wetland impacts are greater than 1/10 acre in size. 
Please submit the JARPA form and mitigation plan to Ecology for 401 certification review. 

 12.  Stormwater Compliance:  This project is (or will be) designed to meet ecology’s most current  
stormwater manual, or an Ecology approved local stormwater manual.    X  YES        NO 

  If YES – Which manual will your project be designed to meet? 2005 Stormwater Management Manual for Western Washington

Office of Regulatory Assistance, JARPA  JARPA FORM LAST UPDATED: March 19, 2007  For help call 800-917-0043 or visit www.epermitting.org  10 
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 If NO – For Clean Water Act Section 401 and 404 permits only – Please submit to Ecology for approval, along with this JARPA 
application, documentation that demonstrates the stormwater runoff from your project or activity will comply with the water quality 
standards, WAC 173-201(A) 

 13.  Will excavation or dredging be required in water or wetlands?      X  YES       NO   

 If YES: 
A.  Volume: 256 (cubic yards) /area 0.04 (acre)   
B.  Composition of material to be removed: Riprap and streambed material 

C.  Disposal site for excavated material: licensed disposal or reuse facility 

D.  Method of dredging: Excavator and suction dredge (sediment to be removed in the dry) 

 14.  Has the State Environmental Policy Act (SEPA) been completed      YES          X  NO 
SEPA Lead Agency:  City of Bellevue 
SEPA Decision: DNS, MDNS, EIS, Adoption, Exemption 

  

Decision Date (end of comment period) 

SUBMIT A COPY OF YOUR SEPA DECISION LETTER TO WDFW AS REQUIRED FOR A COMPLETE APPLICATION 

 15.  List other Applications, approvals or certifications from other federal, state or local agencies for any structures, construction 
discharges  or other activities described in the application (i.e. preliminary plat approval, health district approval, building permit, 
SEPA review, federal energy regulatory commission license (FERC), Forest practices application, etc.).  Also, indicate whether 
work has been completed and indicate all existing work on drawings.  NOTE: For use with Corps Nationwide Permits, identify 
whether your project has or will need an NPDES permit for discharging wastewater and/or stormwater.  

– Project does not require an NPDES permit. 
TYPE OF APPROVAL ISSUING AGENCY IDENTIFICATION 

NO. 
DATE OF 

APPLICATION 
DATE 

APPROVED 
COMPLETED?

Hydraulic Project Approval Washington Department of Fish and Wildlife     

Clean Water Act Section 404 U.S. Army Corps of Engineers     

Section 401 Water Quality Certification Washington State Department of Ecology     

SEPA review City of Bellevue     

Critical Areas City of Bellevue     

 16.  Has any agency denied approval for the activity you’re applying for or for any activity directly related to the activity described 
herein?  
      YES   X  NO 
If YES, explain:  

 

SECTION B - Use for Shoreline and Corps of Engineers permits only: 
 17a.  Total cost of project.  This means the fair market value of the project, including materials, labor, machine rentals, etc.  

 $995,000 

 17b.  If a project or any portion of a project receives funding from a federal agency, that agency is responsible for ESA consultation. 
Please indicate if you will receive federal funds and what federal agency is providing those funds. 

FEDERAL FUNDING     YES   X  NO   If YES, please list the federal agency.  

 18.  Local government with jurisdiction: City of Bellevue 

 19.  Provide names, addresses and telephone numbers of adjoining property owners, lessees, etc.    Please note:  Shoreline 
Management Compliance may require additional notice – consult your local government. 

NAME ADDRESS PHONE NUMBER 

      E.S. Harrington 13120 SE 30th Street, Bellevue, WA  98005  

      Stead Building Partnership 13200  SE 30th Street, Bellevue, WA  98005  

      SLC Investment LLC 13201 SE 30th Street, Bellevue, WA  98005  

      SCC Property Holdings 13111 SE 30th Street, Bellevue, WA  98005  

 

Office of Regulatory Assistance, JARPA  JARPA FORM LAST UPDATED: March 19, 2007  For help call 800-917-0043 or visit www.epermitting.org  11 
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June 27, 2008 

Heidi Bedwell 
City of Bellevue 
Department of Planning and Community Development 
450 110th Avenue NE 
P.O. Box 90012 
Bellevue, WA  90009 
 
Subject: SE 30th Street/Sunset Creek Flood Improvement Project – 

Phase 1:  Abbreviated Critical Areas Report 

Dear Heidi: 

On behalf of Brian Ward of the City of Bellevue Utilities Department, Herrera 
Environmental Consultants has prepared an abbreviated report intended to satisfy 
Critical Areas Report requirements for the proposed SE 30th Street/Sunset Creek 
Flood Improvement Project.  Per agreement between you and Brian, this report 
specifically identifies the components of existing permitting documentation that 
satisfy the Critical Areas Land Use Permit reporting requirements codified under 
LUC 20.25H.250.B.  Where necessary, the report provides additional supporting 
information and interpretation to fully comply with these requirements. 

The technical and permitting documents referenced in this report include: 

 The Joint Aquatic Resources Permitting Application (JARPA) 
submitted to the Washington Department of Fish and Wildlife 

 The Biological Assessment (BA) prepared to satisfy Endangered 
Species Act Consultation in conjunction with U.S. Army Corps of 
Engineers permitting requirements 

Copies of these documents are included as appendices to the enclosed Abbreviated 
Critical Areas Report. 

Please do not hesitate to contact Chase Barton or me if you have any questions or 
require additional information. 

Sincerely, 
 
Herrera Environmental Consultants, Inc. 
 
 
 
 
Eric Doyle 
Fisheries Biologist/Project Scientist 
 
Enclosure: Abbreviated Critical Areas Report 
 
cc: Brian Ward, Utilities 
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1 Introduction 

The City of Bellevue (the City) proposes to replace existing twin barrel 42-inch diameter culverts 
on Sunset Creek at SE 30th Street with an integrated fish-passable culvert and sediment capture 
structure.  Installation of the new structure will require modification of the stream channel 
upstream and downstream of SE 30th Street.  These modifications will include eight grade 
control structures upstream and two grade control structures downstream of the culvert, riprap 
removal and replacement with bioengineered bank protection structures, and stream and riparian 
habitat enhancement.  Channel and riparian modifications will take place over a segment of 
Sunset Creek extending from approximately 110 feet upstream to approximately 60 feet 
downstream of SE 30th Street. 

The culvert replacement project (hereafter referred to as the proposed action) is designed to 
address chronic flooding of Sunset Creek at SE 30th Street and adjacent businesses, and provide 
the ability to adaptively manage habitat conditions and flood conveyance capacity.  The 
integrated sediment trap will capture the majority of sediments transported to this reach of Sunset 
Creek in most years.  This will allow for maintenance dredging to be conducted within the 
enclosed structure rather than the active channel.  Sediment removal will be managed to optimize 
sediment delivery rates to the channel segment downstream of the structure, maintaining flood 
conveyance capacity and desirable habitat conditions. 

The proposed project is planned as Phase 1 of a multiple-phase Flood Control and Sediment 
Management Plan for Richards Creek, Sunset Creek, and East Creek that is currently in 
development.  The intent of this multi-phase effort is to provide a comprehensive solution to 
ongoing sediment management and flooding challenges in these drainages, and produce a net 
improvement in habitat conditions.  While considered part of this larger effort, Phase 1 has 
independent utility and is being implemented separately to address immediate needs. 

Under Bellevue Land Use Code (LUC) 20.25H.250, project proponents are required to prepare a 
Critical Areas Report (CAR) when the action they propose might affect the ecological functions 
and values provided by designated critical areas.  The CAR provides the information needed by 
the City’s Department of Planning and Community Development (PCD) to evaluate consistency 
with these requirements and determine if proposed restoration and mitigation adequately 
compensate for affected critical area functions and values. 

In lieu of preparing a full CAR, PCD staff indicated they will accept an abbreviated CAR 
supported by the other permitting documents prepared for the proposed action.  An abbreviated 
CAR is acceptable, providing that it clearly identifies the elements of the existing technical and 
permitting documentation that satisfy CAR requirements detailed in LUC 20.25H.250.B.  This 
report has been prepared in accordance with this agreement.  It identifies the pertinent elements 
of permitting documents that address CAR requirements, and provides additional supporting 
information where necessary. 

The existing technical and permitting documents referenced in this report include: 
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 The Joint Aquatic Resources Permit Application (JARPA) (Appendix A) 

 The Biological Assessment (BA) prepared to satisfy Endangered Species 
Act Consultation in conjunction with U.S. Army Corps of Engineers 
permitting requirements (Appendix B) 

The general location of the proposed action is shown on Figure 1 of the BA (see BA page 2).  
The construction limits for the proposed action are shown generally in BA Figure 2 (see BA page 
15), and more specifically in the project plans (see BA, Appendix B and/or the JARPA).  The 
extent of anticipated direct and indirect impacts associated with the proposed action are best 
represented by the aquatic component of the action area, as shown on BA Figure 3 (see BA 
page 39), and the clearing limits shown in plan sheet C-10 (see BA Appendix B).  For the 
purpose of this report, these combined effect limits are referred to hereafter as the impact area.  
(The remaining component of the action area outlined in red represents short-term construction 
noise impacts which are not a CAR reporting requirement.)  The majority of the impact area 
downstream of SE 30th Street represents anticipated gradual and long-term changes in habitat 
conditions expected to result from adaptive management of sediment delivery rates.  The design 
of the proposed action, construction methods, impact avoidance and minimization measures, best 
management practices (BMPs), and mitigation and monitoring are described in detail in the BA. 
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2 Critical Areas Report 

Consistent with LUC 20.25H.245, the supporting information upon which this report is based 
was developed by qualified professionals in the areas of hydrologic and hydraulic modeling, 
geomorphology, engineering and fisheries biology, using the best available science and 
guidance.  This report relates the pertinent elements in existing documentation to CAR 
information needs specified in LUC 20.25H.250.  For ease of reference, this information is 
presented following the stepwise listing of CAR reporting requirements provided in LUC 
20.25H.250.B. 

2.1 Identification and Classification of Critical Areas and Critical 
Area Buffers 

This subsection addresses LUC 20.25H.250.B. subsections 1 and 2.  Identified critical areas and 
critical area buffers within and adjacent to the impact area include the following: 

Streams and stream buffers:  The proposed action will be constructed in and/or have direct and 
indirect effects on the lower Sunset Creek and upper Richards Creek stream channels identified 
in BA Figures 2 and 3 (see BA pages 12 and 37).  Under the definitions provided in LUC 
20.25H.075.B, subsection 2, both stream systems are classified as Type F (fish bearing) 
waterbodies.  Under LUC 20.25H.075.C, subsection 1.a.ii, streams of this class have a 
designated buffer width of 50 feet.  Historic development of the area prior to institution of 
critical areas protections has encroached upon the stream buffer.  Buildings, roadways, and 
paved parking lots limit the existing and potential riparian zone to an average width of 10 to 
30 feet. 

Vegetation and channel conditions within these critical areas are described in the BA (see BA 
pages 5-8). 

Habitats associated with species of local importance:  Richards Creek and Sunset Creek are 
known and/or presumed habitat for Chinook and coho salmon, both of which are identified as 
species of local importance under LUC 20.25H.150.A.  Chinook salmon are currently listed as 
threatened under the Endangered Species Act (ESA) (64 CFR 14308-14328).  The buffers 
defined for fish bearing streams also apply to this critical area type.  Additional detail on habitat 
use by these species, as well as other species of importance, is provided in Section 2.3.2 of this 
report. 

No amphibian, avian, or mammal species of local importance were observed in the impact area 
during site surveys.  Habitat conditions are generally not suitable for these species due to natural 
characteristics or the degraded condition of the stream buffer.  Large trees that could serve as 
perch areas for raptors and woodpeckers are a possible exception, but these habitat elements will 
remain protected.  There are no wetlands (LUC 20.25H.095) or geologic hazard areas (LUC 
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20.25H.120) within the impact area, or on adjacent properties.  Neither Richards nor Sunset 
Creek are designated as shoreline critical areas under LUC 20.25H.115.  Critical areas adjacent 
to the site include the Richards Creek stream channel and associated buffer upstream of the 
Sunset Creek confluence (existing buffer conditions are similar to those described above for 
Sunset Creek). 

2.2 Regulations and Codes Proposed for Modification 

The proposed action is classified as an allowable use under LUC 20.25H.055.B (new or 
expanded culverts and bridges).  Under LUC 20.25H.055.C, subsection 2, this type of use is 
allowed providing certain performance standards are met.  Consistent with the CAR guidance, 
relevant performance standards are discussed in detail in Section 7 of this report. 

2.3 Habitat Assessment Report 

This subsection identifies the elements of existing documentation that satisfy Habitat Assessment 
Report (HAR) requirements specified under LUC 20.25H.165.A. 

2.3.1 Vegetation on and Adjacent to the Site 

Vegetation conditions in the stream’s buffer are described in the BA, under Vegetation and 
Wetlands (see BA page 5). 

2.3.2 Species of Local Importance with Primary Habitat Association 

Chinook salmon use of the impact area is described in detail in the BA (see BA page 40).  Coho 
spawning and rearing has been documented in the Richards and Sunset Creek channels up to and 
immediately upstream of SE 30th Street (Paulsen 2007; WDFW 2004, 2007a, 2007b).  Neither 
species has been documented in the impact area in recent years, as a result of two factors:  
depressed population abundance; and partial barriers to fish passage created by beaver activity in 
downstream areas of Richards Creek (Paulsen 2007). 

While not currently considered a species of local importance, steelhead trout are listed as 
threatened under the ESA (72 FR 26722-26735) and are of special concern from a state and 
federal permitting perspective.  This species has been historically documented in the Kelsey 
Creek system and could potentially occur in the impact area.  Potential habitat use is described in 
the BA (see BA page 42). 

The streams and associated stream buffers within the impact area described in the previous 
subsections comprise the primary habitats utilized by these species of local importance. 
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2.3.3 Federal, State, or Local Management Recommendations 

No specific federal or state level management recommendations have been developed for Sunset 
Creek and Richards Creek.  However, area biologists with WDFW and the Muckleshoot Tribe 
have both expressed a strong sentiment toward the maintenance and improvement of riparian 
functions and the protection of spawning habitat provided by Sunset Creek within the impact 
area (Fisher 2007; Walter 2007).  Lead City of Bellevue biologists have expressed similar 
concerns (Paulsen 2007). 

Sediment accumulation and chronic flooding in this area have been ongoing management 
concerns at the local level for several years.  The City has invested considerably in infrastructure 
to address sediment delivery from upstream source areas (i.e., the high-flow bypass system in 
upper Sunset Creek), and in comprehensive planning to address these issues (e.g., the Richards 
Creek Basin Plan [Entranco 1999], and the ongoing comprehensive flooding and sediment 
management planning effort discussed in Section 1 of this report).  The proposed action is 
consistent with these other city efforts. 

2.3.4 Direct and Indirect Impacts 

The anticipated direct and indirect impacts of the proposed action are described in detail in the 
BA (see BA pages 27-34).  The discussion includes consideration of the indirect effects of 
ongoing sediment management activities in the impact area on channel conditions, and the 
habitat benefits expected to result from the proposed action. 

2.3.5 Impact Avoidance, Minimization, and Mitigation Measures 

The proposed action incorporates two general categories of impact avoidance and minimization 
measures: 

1. Conceptual planning for the project based on the best available science 
and appropriate guidance 

2. Standard BMPs employed to avoid and minimize short-term, construction 
related direct effects. 

The conceptual planning element is discussed under Applicable Performance Standards 
(Section 2.6).  Construction BMPs and long-term maintenance related measures are discussed in 
the BA (see BA pages 20-22). 

With regard to mitigation requirements, the proposed project is considered to be self-mitigating 
because it will result in a net-increase in critical area functions and values.  Supporting 
information for this position is provided in Section 2.7. 
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2.3.6 Ongoing Management Practices for Habitat Protection 

The proposed project includes a long-term monitoring and adaptive management plan to ensure 
that desired habitat conditions in the project impact area are maintained.  This component, which 
is critical to achieving the desired net improvement in critical areas functions and values, is 
detailed in the BA (see BA pages 22-24). 

2.4 Probable Cumulative Impacts 

With regard to cumulative impacts, the long-term indirect effects, effects of interrelated and 
interdependent actions, and project benefits described in the BA (see BA pages 29-34) provide 
the best measure of long-term anticipated project effects.  As noted in the introduction, the 
proposed action is considered to be Phase 1 of a broader plan to comprehensively address 
sediment loading, chronic flooding, and habitat conditions in the Sunset Creek/Richards 
Creek/East Creek confluence area.  The intent of the broader plan is to develop a comprehensive 
solution to sediment accumulation and flooding problems in this area while enhancing aquatic 
and riparian habitat conditions.  The combined cumulative effects of these actions are expected 
to be beneficial on balance, as they will:  1) reduce the need for routine maintenance dredging of 
the active channel; 2) decrease the frequency of flooding of adjacent impervious surfaces that 
contribute pulses of non-point source pollution during storm events, and 3) incorporate extensive 
channel and riparian habitat enhancements.  These combined elements should result in a net 
improvement in chronic flooding, a reduction in maintenance-related habitat disturbance, and 
improved habitat conditions. 

The proposed action is not expected to lead to additional cumulative effects.  It will not increase 
the traffic capacity of SE 30th Street, nor will it facilitate future development.  Therefore, there 
are no effects associated with land use changes that can be ascribed to the action. 

2.5 Critical Areas Functions and Values Protection Assessment 

This component of the CAR requires a pre- and post-project assessment of the level of protection 
afforded to critical area functions and values by the regulations and standards in the LUC.  This 
assessment must include the following components: 

 Existing functions and values provided by critical areas and critical area 
buffers 

 Projected future functions and values should the project be permitted 

 Projected future functions and values should the project not be permitted. 

These assessment elements are addressed in the following sections. 
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2.5.1 Existing Functions and Values Provided by Affected Critical Areas 

Existing conditions in the Sunset Creek/Richards Creek impact area are degraded.  The 
surrounding area was developed for commercial and light industrial uses during the 1960s and 
1970s, prior to the establishment of critical areas protections.  To accommodate this 
development, much of the existing channel network was relocated, straightened, and contained 
within riprap armored channels.  Property development was allowed to encroach upon the 
streams, limiting the effective riparian buffer to less than 20 feet on either side of the stream in 
most circumstances.  The remaining riparian buffer is composed of a sparse mix of ornamental, 
invasive, and native vegetation. 

Before historic hydromodification, stream channels within the project area would have naturally 
aggraded and shifted location across an alluvial fan, occupying the course of least resistance.  
Development related hydromodification halted the natural process of channel migration and 
restricted the natural process of sediment deposition to the established channel corridors.  
Concurrent development of headwater areas of the drainage proceeded without adequate 
stormwater detention, resulting in an increased sediment supply rate that has proven difficult to 
mitigate.  Sediment aggradation in the project vicinity currently exceeds transport capacity, 
resulting in chronic sediment deposition that reduces channel capacity and promotes flooding.  
As a consequence, the City must dredge the active channel annually to maintain flood 
conveyance.  While considered an allowable use under LUC 20.25H.055.B, this activity 
nonetheless contributes to chronic disturbance of the channel and channel buffer. 

The functions and values provided by the area proposed for modification are mixed.  Under 
natural conditions, this alluvial fan reach likely provided prime spawning habitat for resident and 
migratory fish, including salmon and steelhead.  Even in its current degraded state, the aggraded 
stream reach immediately downstream of SE 30th Street continues to provide important 
spawning habitat.  However, the inability of the channel to migrate in response to sediment 
deposition has created an overly wide and shallow channel condition that limits the quality and 
quantity of useable spawning habitat and presents a low flow passage barrier. 

Protecting and enhancing remaining spawning habitat in the Kelsey Creek watershed is 
considered a central objective of critical areas management by the City.  This system is spawning 
habitat limited (Paulsen 2007), meaning that salmonid productivity in the system is constrained 
by the amount of available habitat suitable for spawning.  Preserving existing spawning habitat 
and increasing its function will directly benefit species of local interest. 

2.5.2 Projected Future Conditions:  Proposed Action Permitted 

The proposed action is expected to improve critical area functions and values in the segments of 
Sunset Creek and Richards Creek within the impact area.  The expected improvements include 
the following, by critical area and critical area buffer category: 

 Streams and habitats used by species of local interest: 
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 Reduced maintenance dredging frequency in the active channel, 
reducing habitat disturbance 

 Simplified fish exclusion procedures and reduced need for fish 
capture and relocation during maintenance 

 Replacement of 154 lineal feet of riprap bank protection with 
bioengineered structures and channel modifications and addition of 
39 pieces of geomorphically functional large woody debris to the 
stream channel, resulting in increased hydraulic complexity and 
habitat diversity (see BA page 32) 

 Improved water quality (see BA pages 34, 43-53) 

 Improved fish passage under high and low flow conditions (see BA 
pages 33-34) 

 Maintenance of desirable spawning habitat conditions (see BA 
pages 43-53). 

 Stream buffers, and buffers for habitats used by species of local interest  
(see BA, Appendix B, Drawings P1-P3): 

 Restoration and enhancement of all areas disturbed by 
construction; 

 Removal of invasive and ornamental riparian vegetation and 
replacement with site appropriate native species; 

 Increased density and coverage of native vegetation, providing 
improved shade and cover, and increased recruitment of organic 
material and prey organisms (dense vegetation will also limit 
human access, reducing harrassment and disturbance of aquatic 
life). 

These habitat improvements will be maintained over the anticipated life of the project, and will 
be further enhanced by the subsequent phases of the proposed comprehensive flood control and 
sediment management plan for this portion of the Richards Creek drainage discussed elsewhere 
in this report. 

2.5.3 Projected Future Conditions:  Proposed Action Denied 

Should the proposed action not go forward, the protections afforded by existing critical areas 
regulations would be expected to maintain habitat conditions in a degraded state.  Routine annual 
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maintenance dredging of the active channel would continue, resulting in episodic habitat 
disturbance, including fish capture and handling during work area dewatering.  Chronic sediment 
aggradation upstream and downstream of the SE 30th Street culvert would continue to pose high 
flow and low flow barriers to fish passage.  Periodic water quality degradation associated with 
overland flooding of adjacent impervious surfaces would continue unabated.  Riparian vegetation 
would likely remain in its current degraded state, dominated by sparse ornamental and invasive 
species. 

2.6 Applicable Performance Standards 

Pertinent performance standards for culvert replacement are specified under LUC 20.25H.055.C.  
These standards require demonstration that the proposed action is the most technically feasible 
and appropriate solution to the problem at hand, and that the solution is designed consistent with 
applicable best available science and guidance. 

The proposed action presents the most technically feasible solution to sediment accumulation 
and flooding issues that characterize the SE 30th Street crossing of Sunset Creek.  As described 
in the BA summary of hydraulic and geomorphic characteristics (see BA pages 6-8), historic 
hydromodification of this channel segment has created a condition in which sediment deposition 
rates exceed transport capacity.  This causes chronic aggradation inside the culvert and 
immediately upstream and downstream that in turn contributes to chronic flooding.  The City has 
invested considerable resources in infrastructure to address sediment delivery from upstream 
source areas.  However, a detailed analysis of current and projected future conditions (currently 
in preparation) has indicated that sediment delivery rates will exceed transport capacity for the 
foreseeable future even if additional source control measures are implemented.  This will 
contribute to ongoing sediment deposition in the SE 30th Street vicinity, poor culvert 
performance, and continued chronic flooding.  Annual maintenance dredging required to 
minimize this flooding will maintain aquatic habitat conditions in a degraded state (LUC 
20.25H.055.C, subsection 2.a.v.). 

The proposed action will address these issues by increasing the hydraulic capacity of the culvert 
and adjacent channel and improving sediment management capability.  In combination with the 
improved habitat conditions provided by riparian enhancement and addition of instream wood 
structures, the ability to adaptively manage sediment delivery rates to the downstream channel 
will result in improved habitat conditions.  The channel will be allowed to gradually erode the 
existing sediment deposit until a more suitable width/depth ratio is reached.  Substrate conditions 
will be monitored to ensure desirable spawning habitat attributes are maintained.  As such, the 
long-term impacts of the proposed action are anticipated to be beneficial.  While short-term 
construction related impacts will occur, the BMPs and impact avoidance and minimization 
measures incorporated into the design will limit their duration and extent.  The site will be fully 
restored following project completion and riparian vegetation in stream buffer areas will be 
enhanced relative to current conditions (LUC 20.25H.055.C, subsections 2.b.i, ii, and viii). 
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Per the requirements of LUC 20.25H.055.C, subsection 3, the culvert replacement structure and 
related stream modifications have been designed by qualified professionals consistent with the 
best available science and the appropriate guidance.  As stated in the BA (see BA pages 24-25) 
the entire design is based on a comprehensive assessment of watershed, reach, and site specific 
hydrologic, hydraulic, and geomorphic conditions.  This approach is consistent with the 
Integrated Streambank Protection Guidelines prepared by the Washington State Aquatic Habitat 
Guidelines Program (WSAHGP 2003).  As discussed in the JARPA (see JARPA page 10), the 
culvert replacement structure has been designed in accordance with WDFW culvert design 
guidance (WDFW 2003), using the stream simulation method.  The culvert replacement is 
strictly intended to address flood control and sediment management issues at the existing road 
crossing.  It will not change the traffic capacity of the existing roadway or otherwise facilitate 
new development. 

2.7 Restoration and Mitigation Requirements 

Mitigation and restoration requirements associated with this type of project are defined based on 
the type of critical area affected.  As discussed, the proposed project will result in two categories 
of functional effects:  short-term construction related effects on the stream buffer; and long-term 
beneficial effects on the stream buffer and stream habitat conditions, including habitats used by 
species of local importance. 

With regard to short-term effects, all areas disturbed during construction of the proposed action 
will be fully restored and enhanced.  The construction plans incorporate measures to protect 
existing trees, avoid native vegetation, and concentrate disturbance in areas dominated by 
invasive or ornamental vegetation.  All disturbed areas will be replanted with site appropriate 
native species.  Existing invasive and ornamental vegetation will be removed.  The site 
revegetation plan, prepared in accordance with City requirements, is provided in Appendix B of 
the BA (see Drawings P1-P3). 

Per LUC 20.25H.085.A, mitigation is specifically intended to replace loss or degradation of 
critical area and buffer values and functions caused by a proposed action.  Mitigation 
requirements specific to streams and stream buffers include the following in the stated order of 
preference: 

1. On-site, through replacement of lost critical area buffer 

2. On-site, through enhancement of the functions and values of remaining 
critical area buffer 

3. Off-site, through replacement or enhancement, in the same sub-drainage 
basin 
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4. Off-site, through replacement or enhancement, out of the sub-drainage 
basin but in the same drainage basin. 

Per LUC 20.25H.085.B, lost values and functions shall be mitigated with a one-to-one ratio. 

Based on these requirements, the proposed action is considered to be self-mitigating.  No further 
mitigation should be required because:  1) the project will result in an immediate and long-term 
net-improvement in critical area values and functions, and 2) the project incorporates long-term 
monitoring and adaptive management to ensure that desirable conditions are maintained 
overtime.  Because no loss of critical area functions and values will result from the proposed 
action, no further mitigation measures should be required. 
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AGENCY USE ONLY                              JARPA FORM LAST UPDATED: March 19, 2007 

Agency Reference #:       Date Received:       

Circulated by:       (local govt. or agency)       

Office of Regulatory Assistance, JARPA  JARPA FORM LAST UPDATED: March 19, 2007  For help call 800-917-0043 or visit www.epermitting.org  1 

Project Tracking Number:    

 

Washington State JOINT AQUATIC RESOURCES PERMIT APPLICATION (JARPA) Form 
 

Step 1: Get Ready Step 2: Complete Form Step 3: Check Work Step 4: Copy and Send In

Go to www.epermitting.org 
for correct form and 
instructions. 

Use black ink.  
Check correct 
permit boxes. 

Use internet “Help” 
buttons to answer 
questions completely. 

Use final review 
checklist 
at www.epermitting.org

See JARPA Contacts 
at www.epermitting.org fo
correct mailing addresses. 

r 

. 
 

Fish Habitat Enhancement Projects per RCW 77.55.181.  You must submit copy of completed JARPA form and Fish Habitat     
Enhancement JARPA Addition to your Local Government Planning Dep’t and WA Dep’t of Fish and Wildlife (WDFW) Area Habitat 
Biologist on same day.  Note for Local Governments: You must submit comments to WDFW within 15 working days. 

Based on instructions at www.epermitting.org, I am sending copies of this application to the following:  (check all that apply) 

X Local Government for Shoreline:       Substantial Development       Conditional Use       Variance       Exemption       Revision 

                           X Floodplain Management     X Critical Areas Ordinance 

X Washington Department of Fish and Wildlife for Hydraulic Project Approval (Submit 2 copies to WDFW Region) 

X Washington Department of Ecology for 401 Water Quality Certification (to Regional Office-Federal Permit Unit) 

   Washington Department of Natural Resources for Aquatic Resources Use Authorization Notification 

X Corps of Engineers for:    X Section 404 permit      Section 10 permit 

   Coast Guard for:       General Bridge Act Permit       Private Aids to Navigation (for non-bridge projects) 
   Fo eet conditions of the most current r Department of Transportation projects only:  This project will be designed to m

Ecology/Department of Transportation Water Quality Implementing Agreement 

PROJECT TITLE:  SE 30th Street / Sunset Creek Culvert Replacement 
 

PROJECT DESCRIPTION:  
The City of Bellevue proposes to replace existing twin 42-inch diameter corrugated metal pipe culverts on Sunset Creek at 
SE 30th Street with a stream simulation and sedimentation structure, and modify the Sunset Creek channel upstream and 
downstream to match the culvert replacement structure invert elevations.  Proposed channel modifications include removing 
existing riprap along the channel banks and culvert headwalls, modifying the streambed grade, installing grade control and bank 
stabilization structures made primarily of boulders and large woody debris, and revegetating disturbed streambanks.  The culvert 
replacement project is designed to reduce ongoing flooding of SE 30th Street and adjacent properties and manage sediment 
transported in Sunset Creek to eliminate the need for annual dredging in the active channel upstream and downstream of the 
culvert openings.  The replacement culvert project is designed to transmit the 100-year flood without allowing flow to overtop 
SE 30th Street, store approximately 50 cubic yards of sediment within the culvert structure, and provide improved aquatic habitat 
and fish passage conditions. 

SECTION A - Use for all permits covered by this application.  Be sure to ALSO complete Section C (Signature Block) for all 
permit applications. 

 1. APPLICANT 
City of Bellevue Utilities, Brian Ward (Project Manager) 
MAILING ADDRESS 
450 110th Ave NE, 5th Floor, Bellevue, WA 98004 
WORK PHONE 
425-452-5206  

E-MAIL ADDRESS 
bward@bellevuewa.gov 

 HOME PHONE 
206-334-1500 

 FAX # 
425-452-5286 

If an agent is acting for the applicant during the permit process, complete #2.  Be sure agent signs Section C (Signature Block) for 
all permit applications 

 2. AUTHORIZED AGENT 
Herrera Environmental Consultants, Inc. (Chase Barton, Project Manager) 
MAILING ADDRESS 
2200 Sixth Avenue, Suite 1100, Seattle, Washington  98121 
WORK PHONE 
206-441-9080 

E-MAIL ADDRESS 
cbarton@herrerainc.com 

HOME PHONE 
206-910-4403 

FAX # 
206-441-9108 

 3. Relationship of applicant to property:          X  OWNER             PURCHASER          LESSEE                 

 4. Name, address and phone number of property owner(s) if other than applicant: 
E.S. Harrington, 13120 SE 30th Street, Bellevue, Washington  98005
Stead Building Partnership, 13200 SE 30th Street, Bellevue, Washington  98005 
SLC Investment LLC, 13201 SE 30th Street, Bellevue, Washington  98005 
SCC Property Holdings, 13111 SE 30th Street, Bellevue, Washington  98005 

 5. Location (street address, including city, county and zip code, where proposed activity exists or will occur) 
SE 30th Street, approximately 500 feet east of Richards Road SE, Bellevue, King County, Washington  98005

 Local government with jurisdiction (city or county) City of Bellevue 
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 Waterbody you are working in Sunset Creek  Tributary of Richards Creek  WRIA # 8 

 Is this waterbody on the 303(d) List         YES    X    NO 

If YES, what parameter(s)? 

  

 Shoreline designation /A N

 

 Zoning designation  Light Industrial  

¼ Section  Section Township Range Government Lot  DNR stream type if known Type F 
  

9 and 10 24 North 5 East 

 Latitude and Longitude:   47035’01”N, 122009’52”W Tax Parcel Number 5453300194, 5453300183, 
5453300244, 5458300291 

 6.  Describe (a) the current use of the property, (b) structures existing on the property, and (c) existing environmental conditions.  
Have you completed any portion of the proposed activity on this property?           YES          X   NO  
For any portion of the proposed activity already completed on this property, indicate month and year of completion.    

a & b) The project improvements are proposed to occur within existing city street right-of-way and adjacent privately owned 
parcels.  The culvert replacement site is located within the right-of-way of SE 30th Street along the same alignment as the 
existing twin 42-inch diameter culverts.  Upstream channel modifications are to occur primarily within an existing city right-of-
way for 132nd Avenue SE, which was never completed in this location.  Some channel modification, site access and 
revegetation activities associated with upstream channel modifications may also occur on private parcels (tax parcel numbers 
5453300244, 5453300291).  Downstream channel modifications are proposed on private parcels (tax parcel numbers 5453300194 
and 5453300183).  The taxpayers, property name, property type and present use of the private parcels associated with the 
proposed project activities are presented in Table 1.  Initial discussions have been initiated with private parcel owners by the 
City of Bellevue, and there is no indication of any opposition to the proposed project activities. 
 

Table 1. Property characteristics for private parcels associated with proposed project activities. 

Tax Parcel Number Taxpayer Property Name Property Type Present Use 

5453300244 SCC Property Holdings Shurgard Mini Storage Commercial Mini Warehouse 
5453300291 SLC Investment LLC Printed Circuits Assembly Corp. Commercial Industrial Park 
5453300194 Emmett S. Harrington  Shurgard Mini Storage Commercial Mini Warehouse 
5453300183 Stead Building Partnership Stead Building Commercial Warehouse 

 
c) Sunset Creek is located in the Kelsey Creek subarea of WRIA 8.  Approximately 400 feet downstream of the proposed culvert 
replacement location, Sunset Creek joins Richards Creek.  Approximately 850 feet downstream of the confluence of Sunset 
Creek and Richards Creek, Richards Creek is joined by East Creek.  From this confluence, Richards Creek flows north towards 
Kelsey Creek.  Upstream of the proposed project site, Sunset Creek originates from a highly developed watershed 
approximately one square mile in area that lies primarily to the south of Interstate 90 and east of Interstate 405.  Single family 
residential parcels dominate the watershed land use south of Interstate 90 and commercial properties are predominant in the 
vicinity of the proposed project site.  Significant watershed development began prior to 1961.  Presently, the effective 
impervious area of the Sunset Creek watershed is approximately 44 percent.  Sheet 1 shows the project vicinity map. 
 
The physical changes made to a watershed during urbanization can significantly alter its hydrologic regime and sediment 
supply characteristics.  In the Sunset Creek watershed, as has occurred in many other watersheds in the Puget Sound area, the 
addition of impervious surfaces associated with development resulted in increased peak flow magnitudes that in turn caused 
widespread adjustments in stream channel form, primarily in the form of channel incision and enlargement.  Locally, these 
changes destabilized the toes of steep hillslopes and increased the rate of sediment supply to the channel from bank erosion 
and landslides.  Although streambanks in many parts of the Sunset Creek channel network have been stabilized, bank erosion 
and slope instability continues in some reaches upstream of Interstate 90. 
 
The Sunset Creek ravine located immediately upstream of Interstate 90 has been the most highly productive sediment supply 
reach in the Sunset Creek channel network.  The City of Bellevue has completed multiple projects to address widespread 
landsliding within this reach.  Channel spanning grade control structures were installed in the mid to late 1980s and a flow 
bypass, routing peak flow discharges around the most unstable and highly sediment productive portion of the reach, was 
completed in 1998.  Although it is apparent that these projects have reduced the rate that sediment is delivered to the channel 
and transported downstream, considerable sediment is stored within the active channel network in the upper watershed.  This 
mobile sediment continues to be routed downstream of Interstate 90 where steep and largely confined channel segments route 
the sediment to the proposed culvert replacement location at SE 30th Street. 
 
Historical and recent channel survey data indicate that the bed elevation of Sunset Creek and Richards creeks has aggraded 
between three and four and a half feet within 1,000 feet of channel length downstream of SE 30th Street over the last 30 years.  It 
is estimated that an average of approximately 40 cubic yards of gravel (with some sand) have accumulated annually in this 
reach of Sunset and Richards creeks in that 30-year period.  It is likely that peak rates of sediment delivery to the SE 30th Street 
culverts and the channel network downstream occurred soon after widespread watershed development, and before efforts to 
reduce sediment production and transport from the upper watershed.  However, ongoing sedimentation in the twin culverts 
beneath SE 30th Street and in the stream channel downstream requires regular dredging activity to maintain culvert openings 
and provide flow conveyance.  Records of recent maintenance dredging completed by the City of Bellevue show that between 
10 and 22 cubic yards of sediment have been removed annually between 2004 and 2007 (Table 2).  Dredged areas typically 
aggrade following the first few storm events of the winter.  The volume of accumulated and dredged sediment represents a 
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reasonable estimate of the bedload sediment volume that is delivered annually to Sunset Creek at and below SE 30th Street.  
The total sediment in transport past SE 30th Street, including suspended sediment in storm flows, is likely an order of 
magnitude higher. 
 

Table 2. Records of recent maintenance dredging in Sunset Creek at SE 30th Street. 

Year of Dredging 

Volume of Sediment Removed 
Downstream of SE 30th Street Culverts

(yds3) 

Volume of Sediment Removed 
Upstream of SE 30th Street Culverts

(yds3) 

2004 15-20 –a 
2005 20 1.5 
2006 10 0.75 
2007 15-20 –a 

a  Volume of sediment removal upstream of culverts not reported. 
 
Ongoing aggradation at the proposed culvert replacement location at SE 30th Street, and within the Sunset, Richards, and East 
Creek channel network downstream, is a result of the site’s position on a historical alluvial fan where steep confined channels 
from the upper watershed transition to less confined, lower gradient channels.  Within this context, the proposed culvert 
replacement location at SE 30th Street coincides with a marked change in gradient.  Upstream of SE 30th Street to Interstate 90 
the average channel gradient of Sunset Creek exceeds 2.5 percent.  Downstream of SE 30th Street the channel gradient 
decreases to 1.2 percent; with the gradient decreasing to less than 0.9 percent at the confluence with Richards Creek and 
approximately 0.3 percent north of Kamber Road.  The significant decrease in channel gradient at the proposed culvert 
replacement location and within the channel network further downstream results in similar decreases in sediment transport 
capacity and drives the ongoing sediment aggradation that exacerbates flooding at SE 30th Street. 
 
Between 1963 and 1970, Sunset Creek was relocated to its present day alignment at SE 30th Street as part of the development in 
the area.  The current conditions of the Sunset Creek channel immediately upstream and downstream of SE 30th Street are 
largely controlled by the confined, channelized alignment, insufficient flow conveyance of the existing culverts, and high rates 
of sediment delivery.  Downstream of SE 30th Street, abundant deposits of gravel and sand occupy the entire channel width 
between vertical riprap banks that were constructed when the stream was relocated from its historic location and channelized at 
the edge of developing properties.  The relatively wide, shallow channel presents a fish passage barrier during low flow 
conditions in this area.  Upstream of SE 30th Street, the channel is confined within constructed banks armored with riprap and 
protected with riprap toes.  The substrate of the channel upstream of SE 30th Street is coarse and armored beyond the extent of 
backwater deposits associated with limited flow conveyance during moderate and high flow events.  Both upstream and 
downstream of SE 30th Street, within the extent of proposed channel modifications associated with the proposed culvert 
replacement structure, the straight, plane-bed channel pattern provides little hydraulic or habitat complexity.  A private habitat 
improvement project was completed in 2005 in Sunset Creek just upstream of the limits of the proposed channel modifications.  
That project included addition of large woody debris and modifications to the channel cross-section in an effort to provide a 
two-stage channel.  The proposed upstream channel modifications associated with the culvert replacement project will 
transition into this previously completed project reach. 
 
Despite the comprehensive channel modifications, limited riparian corridor and high rates of sediment delivery, resident and 
adfluvial trout (cutthroat) have been observed spawning in Sunset Creek downstream of the proposed culvert replacement 
location, and evidence of spring spawning was observed in April of this year.  Chinook salmon and steelhead are also known to 
have used the Sunset Creek and Richards Creek systems with distribution of these species extending into Sunset Creek up to 
and possibly beyond SE 30th Street.  These species have not been observed in Sunset Creek in recent years, potentially due to 
passage barriers imposed by extensive beaver dam complexes in downstream reaches.

 Is the property agricultural land?       YES        X  NO  Are you a USDA program participant?        YES   X   NO

 7a.  Describe the proposed work that needs aquatic permits:  Complete plans and specifications should be provided for all work 
waterward of the ordinary high water mark or line, including types of equipment to be used.  If applying for a shoreline permit, 
describe all work within and beyond 200 feet of the ordinary high water mark.  If you have provided attached materials to describe 
your project, you still must summarize the proposed work here.  Attach a separate sheet if additional space is needed. 

The proposed project includes replacing existing twin 42-inch diameter corrugated metal pipe culverts with a box culvert 
designed to simulate natural streamflow conditions to the highest degree possible.  The proposed box culvert design includes a 
sedimentation structure.  Channel modifications will be necessary upstream and downstream of the replacement structure to 
create a stable transition of the existing streambed to the replacement culvert inlet and outlet invert elevations.  Sheet 1 shows 
the project vicinity map.  The principal work activities associated with the culvert replacement and channel modifications 
include: 
 

1. Site preparation 
2. Preliminary excavation of roadway 
3. Install temporary flow bypass 
4. Conduct fish removal 
5. Dewater construction area 
6. Remove riprap from culvert inlet and outlet headwalls 
7. Remove and replace existing culverts 
8. Remove riprap from channel banks  
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9. Channel grading, excavation and sediment removal
10. Install grade control structures and bank protection 
11. Revegetate streambanks 
12. Reintroduce flow to channel 
13. Construct high flow and maintenance bypass culvert. 

 
A detailed description of each of these work activities follows.  Sheet 2 presents a schematic drawing of the proposed work 
area. 

1. Site preparation 
Site preparation activities include the contractor mobilizing to the project site, developing a staging area, establishing site 
access routes and traffic control, marking the work and clearing limits, and installing temporary erosion and sediment control 
(TESC) best management practices (BMPs).  Space at the project site is limited and it is anticipated that the contractor will 
establish staging in the parking lot of a nearby business.  The City of Bellevue is currently evaluating staging area alternatives.  
A staging area of approximately 100 feet by 100 feet is anticipated to be sufficient for the proposed project activities.  Access to 
the project site will be along SE 30th Street.  

2. Preliminary excavation of roadway 
Preliminary excavation of SE 30th Street will include removal of the road surfacing and sidewalks in the area where the culvert 
will be replaced and excavation of the trench where the temporary flow bypass will be routed under SE 30th Street.  The 
temporary flow bypass alignment is anticipated to be located immediately to the west of the replacement culvert adjacent to the 
future alignment of the maintenance bypass pipe.  Preliminary excavation may also include temporary relocations or 
realignments of utilities at the project site. 

3. Conduct fish removal 
Fish removal will be conducted by isolating the work area, removing as many fish as possible, then gradually dewatering the 
work area while continuing to remove any fish observed.  The work area will be isolated by installing block nets upstream and 
downstream of all work activities including the intake and discharge location for the temporary flow bypass.  If conditions allow, 
the upstream block net shall be placed first.  The downstream block net will then be used as a seine to herd fish from the 
upstream block net location downstream to the point selected for the downstream block net installation.  The site will be then be 
dewatered slowly enough to allow for continued removal of all fish species to avoid strandings.  Fish removal methods during 
dewatering will likely include dip netting and hand removal.  Fish handling will be kept to the minimum necessary to remove fish 
from the work site.  All fish and aquatic life removed from the project site will be released downstream of the downstream block 
net. 

4. Install temporary flow bypass 
In conjunction with fish removal activities, Sunset Creek will be diverted into a flow bypass pipe and routed past the work area 
for the duration of culvert replacement and channel modification work.  A coffer dam will be constructed approximately 250 feet 
upstream of SE 30th Street and stream flow will be routed into a flexible pipe to be secured to the west of the channel.  The 
bypass pipe will be 36 inches in diameter and capable of conveying flows up to 95 cubic feet per second (cfs).  This bypass 
conveyance capacity exceeds the 2-year recurrence interval flow in Sunset Creek (79 cfs).  The temporary bypass pipe will be 
routed beneath SE 30th Street and will extend for a distance of approximately 150 feet downstream of SE 30th Street where 
flows will be discharged to a temporary energy dissipater.  All coffer dam and energy dissipater materials will be completely 
removed from the site when the flow bypass is removed. 

5. Dewater construction area 
Following the installation of the temporary flow bypass any water remaining in the active channel or existing culverts will be 
pumped from the work area in accordance with permit requirements for discharge water quality.  Turbidity control BMPs will be 
implemented as necessary before this pumped water is released to Sunset Creek and/or its riparian corridor.  The culvert 
excavation will be dewatered as necessary based on the groundwater conditions encountered at the time of construction.  
Groundwater was encountered from 5 to 8 feet below the road surface during geotechnical borings advanced in April 2007. 

6. Remove riprap from culvert inlet and outlet headwalls and channel banks 
Riprap will be removed from the culvert inlet and outlet headwalls to facilitate further excavation and culvert replacement.  
Riprap will also be removed from the banks of Sunset Creek within 110 feet upstream and 60 feet downstream of the 
replacement culvert.  Riprap will be removed using an excavator and will be hauled from the site to a licensed disposal or 
material reuse facility.  Quantities and linear extents of riprap removal are presented in Table 3. 
 

Table 3. Riprap removal quantities. 

Location Bank Length (ft) Bank Area (ft2) 

Upstream   
Left Bank 10 30 
Above Culvert 14 42 

Downstream   
Left Bank 60 240 
Right Bank 60 240 
Above Culvert 10 50 

Totals 154 602 
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7. Remove and replace existing culverts 
Removal of the existing twin 42-inch diameter corrugated metal pipe culverts and installation of the replacement culvert 
structure will require additional excavation in the SE 30th Street corridor.  Excavation, culvert removal, and replacement will 
require traffic control, as only one lane of SE 30th Street will typically be closed at any given time.  All excavated material will be 
hauled from the project site to a licensed disposal or material reuse facility, or stockpiled onsite for use as backfill following 
installation of the replacement culvert structure.  The replacement culvert structure will be installed in approximately the same 
location as the existing culverts.  The replacement culvert will be constructed using precast concrete structures.  All 
replacement culvert construction activities will be constructed in the dry to minimize water quality impacts.  Construction of the 
replacement culvert will be coordinated with utility relocation in the SE 30th Street right-of-way.  Sheet 3 shows a profile of the 
existing and replacement culverts.  Sheet 5 shows plan and profile views of the replacement culvert design.  Sheet 6 presents 
cross section views of the proposed culvert design in the upper stream simulation section and in the lower sediment trap 
section. 

8. Channel grading, excavation and sediment removal 
The Sunset Creek channel will be modified to provide smooth and stable transitions from the existing streambed to the inlet and 
outlet invert elevations of the replacement culvert.  Upstream of the replacement culvert, the finished channel bed will be 
lowered an average of approximately 1.4 feet, and up to 2.5 feet locally, over a length of 110 feet and an average channel width of 
7 feet.  The streambed will be overexcavated an additional 2 feet for the placement of streambed material, boulders, and large 
woody debris.  Sheet 3 shows the extents of proposed channel grading upstream of SE 30th Street.  Streambed and bank 
material will be removed from the channel using an excavator.  Streambed material from the channel upstream of the 
replacement culvert may be reused as stable channel bed material after grade control structures are constructed if deemed 
suitable by the project engineer. Bank materials and any streambed material deemed unsuitable for reuse by the project 
engineer will be hauled from the site to a licensed disposal or material reuse facility. 
 
Downstream of the replacement culvert, the full width of the channel bed, at an average width of 10 feet, will be lowered up to 
2.5 feet for a distance of 60 feet downstream of the replacement culvert.  Sheet 3 shows the extents of proposed channel grading 
downstream of SE 30th Street.  As upstream, the streambed will be overexcavated an additional 2 feet for the placement of 
streambed material, boulders, and large woody debris. Bed material from this part of the channel will be removed with an 
excavator.  A portion of this material may be suitable for use as stable channel bed material if deemed so by the project engineer 
during construction.  Additional streambed material will be removed from the channel between 60 and 100 feet downstream of 
the replacement culvert.  This material will be removed from the center 4 to 5 feet of the channel using a suction dredge without 
disturbing existing streambanks or riparian vegetation. 
 
Stream channel bank and bed material removal and fill quantities within the ordinary high water line associated with channel 
modifications during construction are presented in Table 4.  Sheet 4 shows a typical cross section of the proposed channel 
modifications as well as the plan view extents of grade control structures on the upstream side of SE 30th Street.  Sheet 7 
shows a typical cross section of the proposed channel modifications as well as the plan view extents of grade control structures 
on the downstream side of SE 30th Street. 
 

Table 4. Sediment removal and fill quantities within the ordinary high water line. 

Impact Upstream of Culvert Downstream of Culvert 

Volume of excavation within existing OHWM (cy) a 111 145 
Volume of fill within existing OHWM (cy) b 58 47 
Area of fill within existing OHWM (arce) 0.02 0.02 
a Includes streambed material and riprap. 
b Includes streambed material and boulders. 

9. Install grade control structures, bank protection, and substrate material 
Grade control and bank protection structures will be constructed in order to create a stable transition of the existing streambed 
to the replacement culvert inlet and outlet invert elevations.  Grade control and bank protection structures will be primarily 
constructed using large woody debris and rounded to subrounded river boulders; large woody debris will be imbedded in the 
streambed and banks and surcharged with boulders as necessary to resist lateral drag and buoyant forces and provide a high 
factor of safety for channel stability.  One structure, the large woody debris grade control structure downstream of the 
replacement culvert outlet, will incorporate ecology blocks buried within the streambanks.  Here, where the channel corridor is 
narrow relative to the channel width, the large woody debris will be attached to the ecology blocks buried within the banks and 
located outside of the OHWM.  Typical dimensions for large woody debris are diameters of 18 to 24-inches and lengths of 15 to 
25-feet.  Typical boulder diameters are 12 to 18-inches.   
 
Eight grade control structures will be installed upstream of the replacement culvert.  The average gradient of Sunset Creek 
upstream of SE 30th Street is 2.5 percent.  Within 15 feet of SE 30th Street on the upstream side, however, the existing channel 
gradient is up to 30 percent.  The design grade of the channel for a distance of 110 feet upstream of the replacement culvert is 
4 percent, with no sections to exceed 5 percent between grade control structures and no vertical drops in excess of 4 inches to 
promote fish passage.  Sheet 8 shows plan and section design details of the proposed grade control structures upstream of 
SE 30th Street. 
 
Downstream of the replacement culvert one large woody debris grade control structure and one boulder grade control structure 
will be constructed.  The large woody debris grade control structure will be constructed 20 feet downstream of the replacement 
culvert and the boulder grade control structure will be located another 20 feet further downstream.  Sheet 9 shows plan and 
section design details of the proposed grade control structures downstream of SE 30th Street. 
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Two types of streambed material will be placed in areas where the channel is modified upstream and downstream of the 
replacement culvert.  The streambed surface will be composed of a 12-inch thick layer of streambed habitat gravel.  Below this 
layer, a 12-inch thick layer of cobble and gravel sized to resist scour and downstream transport will be used to maintain design 
channel elevations between grade control structures.  These materials will likely be placed by excavator with finish placement 
requiring hand grading. 

10. Revegetate streambanks 
All streambanks disturbed during channel modification will be revegetated with an appropriate range of native species.  Typical 
species that may be used to revegetated streambanks are presented in Table 5.  Replanting plans will be consistent with 
planting guidelines presented in the City of Bellevue’s Critical Areas Handbook (2007). 
 

Table 5. Typical species that may be used to revegetated Sunset Creek streambanks following channel modification. 

Vegetation Type Common Name Latin Name 

Trees   
 Oregon ash  Fraxinus latifolia  
 Pacific Willow  Salix lasiandra 
 Paper birch  Betula papyifera 
 Red alder Alnus rubra 
Shrubs   
 Vine maple  Acer circinatum 
 Red-osier dogwood  Cornus sericea  
 Salmonberry  Rubus spectablis 
 Pacific ninebark  Physocarpus capitatus  
Groundcover   
 Lady fern  Athyrium filix-femina 
 Sword fern  Polystichum munitum 
Emergent   
 Small-fruited bulrush  Scirpus microcarpus  

11. Reintroduce flow to channel 
Following completion of the culvert replacement and channel bed modifications, Sunset Creek flows will be reintroduced to the 
channel.  The timing of reintroduction will be coordinated with construction of the high flow and maintenance bypass culvert 
and outfall and completion of bank protection in the outfall location at the downstream end of the replacement culvert. 

12. Construct maintenance bypass culvert 
A 24-inch diameter maintenance bypass culvert will be constructed to the west of the replacement culvert structure.  The 
maintenance bypass culvert will provide a means to bypass streamflows during maintenance of the sedimentation structure.  
The inlet of the maintenance bypass culvert at the upstream end will be in the wall of the replacement culvert.  The outlet of the 
high flow and maintenance bypass culvert will discharge to an energy dissipation structure composed of large woody debris 
built into the left bank of the stream channel downstream of the replacement culvert.  Both the inlet and outlet of the culvert will 
be screened to preclude fish passage. 
 

PREPARATION OF DRAWINGS:  See sample drawings and guidance for completing the drawings.  ONE SET OF ORIGINAL OR GOOD QUALITY REPRODUCIBLE 
DRAWINGS MUST BE ATTACHED.  NOTE:  Applicants are encouraged to submit photographs of the project site, but these DO NOT substitute for drawings.  THE CORPS 
OF ENGINEERS AND COAST GUARD REQUIRE DRAWINGS ON 8-1/2 X 11 INCH SHEETS.  LARGER DRAWINGS MAY BE REQUIRED BY OTHER AGENCIES. 

 7b.  Describe the purpose of the proposed work and why you want or need to perform it at the site.  Please explain any specific needs 
that have influenced the design. 

The purpose of the proposed culvert replacement project is to improve flow conveyance and reduce flooding at SE 30th Street, 
manage sediment delivery to Sunset Creek north of SE 30th Street, and improve fish passage conditions at the culvert location.  
Flood control and sediment management alternatives at the project site are limited both by the highly confined channel corridor 
and the site’s location at a natural deposition zone in a watershed that generates and transports considerable sediment from 
upstream.  The proposed culvert replacement project is designed to address immediate, ongoing, and future conditions at the 
project location as well as complement flooding, sedimentation, and aquatic habitat resource management objectives in 
channels downstream. 
 
Since January 1, 2006 Sunset Creek has flooded at SE 30th Street at least six times, most recently on December 3, 2007.  
Flooding at SE 30th Street directly impacts neighboring businesses and restricts neighborhood access.  Sediment deposition at 
the project site reduces the conveyance capacity of the twin culverts beneath SE 30th Street, further exacerbating flooding.  
Recurring sediment deposition requires regular dredging of the active channel by the city.  Deposition of sediment that is 
transmitted downstream of SE 30th Street contributes to channel aggradation and aggravates flooding in other locations of the 
Sunset, Richards, and East Creek channel networks.  Under existing conditions, the sediment that accumulates upstream, 
downstream, and within the twin 42-inch diameter culverts at SE 30th Street inhibits fish passage by contributing to pressure 
flow conditions during flows as low as 10 cfs (equivalent to the 10 percent exceedance flow for January). 
 
Design of the proposed culvert replacement structure incorporates an understanding of the geomorphic, hydraulic, and 
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ecological conditions at the watershed and project-site scales.  Design of the replacement culvert followed a watershed and 
project reach assessment of geomorphic conditions, including a thorough evaluation of sediment delivery and transport at the 
project site, and was supported by a detailed hydraulic analysis of the Sunset Creek, Richards Creek, and East Creek system 
from SE 32nd Street to downstream of Kamber Road (SE 26th Street).  The design of the proposed culvert replacement structure 
and channel modifications considers the natural variability in sediment delivery to the project site and the potential channel 
responses to changes in sediment transport downstream of SE 30th Street.  The proposed culvert replacement structure will be 
supported by a monitoring and adaptive operations and maintenance plan that will be implemented by the City of Bellevue 
following project construction.  Detailed descriptions of replacement culvert design components and the monitoring and 
adaptive operations and maintenance plan are provided below. 

1. Replacement Culvert and Channel Modification Design 
The replacement culvert structure is designed to transmit the 100-year flood flow without allowing flow to overtop SE 30th 
Street, provide improved aquatic habitat and fish passage conditions compared to exiting conditions, and store approximately 
50 cubic yards of sediment in a structure that can be maintained with minimal detrimental impacts to aquatic habitat.  
Performance criteria for flow conveyance, fish passage, and sediment transport conditions were used to evaluate replacement 
structure designs. 
 
City of Bellevue design standards require culverts to pass the 100-year flood with an additional foot of freeboard.  Due to 
physical constraints at the project site, including the downstream channel width and road surface elevation, these design 
criteria could not be met.  The proposed geometry of the structure maximizes flow conveyance beneath SE 30th Street given the 
physical constraints of the downstream channel and the sediment transport and fish passage performance criteria discussed 
below.  The hydraulic opening of the replacement culvert is designed to be 13 feet wide and approximately 4.5 feet high. 
 
Fish passage criteria for the proposed replacement culvert are met by using a combination backwater and stream simulation 
culvert.  The dimensions of the main culvert opening maintain the width of the bank-full channel upstream of the culvert, 
consistent with design parameters for stream simulation culverts in confined channels (WDFW 2003).  The design slope of the 
stream simulation portion of the culvert is 3 percent, which is 1.2 times the average upstream channel gradient.  This satisfies 
part of the stream simulation culvert design criteria (WDFW 2003).  The bed of the stream simulation structure will be composed 
of a layer of streambed sediment that will likely be in flux over time from the upstream channel towards the sediment structure.  
Stable boulders will protrude through the design streambed surface to provide hydraulic complexity. 
 
The sedimentation structure was designed to accommodate storage of 50 cubic yards of sediment.  This volume was derived 
based on analysis of sediment delivery to the project site and ongoing dredging that the city has performed in recent years to 
maintain flow conveyance.  Sediment has accumulated in the channel downstream of SE 30th Street at an average rate of 
approximately 40 cubic yards annually in the past 30 years.  The current average annual accumulation rate is likely less than 
what it was 10 or 20 years ago due to upstream efforts to reduce sediment production and delivery.  Still, regular dredging of 10 
to 20 cubic yards of sediment is required on an almost annual basis to maintain flow conveyance.  The design sediment storage 
volume is intended to capture the majority of bedload sediment that is delivered to the project site in an average year with 
additional storage capacity for infrequent storms during which a greater volume of sediment is transported. 
 
The performance of the replacement culvert will be influenced by the streambed elevation of the downstream channel.  It is 
anticipated that some channel bed lowering will naturally occur downstream of SE 30th Street once bedload delivery is reduced 
by up to 50 cubic yards per year.  As a result, the replacement culvert is designed to achieve performance criteria in terms of 
flow conveyance, sedimentation, and fish passage under not only as-built conditions but anticipated future conditions as well. 
 
Following construction, the replacement culvert will be backwatered by the relatively high channel bed elevation downstream of 
the project area.  If the downstream channel degrades sufficiently to no longer backwater the replacement culvert, the fish 
passable conditions will be maintained by backwater through the sedimentation structure caused by the large woody debris 
grade control structure downstream of the culvert outlet and the stream simulation culvert design in the upstream half of the 
replacement culvert.  The channel modifications downstream of the replacement culvert are further designed to accommodate 
potential channel responses by incorporating a deformable porous boulder weir downstream of the large woody debris grade 
control structure.  Should the downstream channel degrade, the boulder weir will deform somewhat but will maintain fish 
passage to and past the large woody debris grade control structure and through the replacement culvert structure. 

2. Monitoring and Adaptive Operations and Maintenance Plan 
Installing a sedimentation structure into Sunset Creek at SE 30th Street will require active monitoring of the channel 
downstream of SE 30th Street and a commitment to operation and maintenance of the sedimentation structure.  The City of 
Bellevue will lead these activities to ensure proper function of the sedimentation structure and avoid impacts to aquatic habitat 
downstream of SE 30th Street. 
 
The following monitoring protocols will be implemented to identify the onset of geomorphic changes to the Sunset and Richards 
Creek channels downstream of SE 30th Street resulting from the altered dynamics of sediment delivery resulting from the 
sedimentation structure.  These protocols are intended to document geomorphic characteristics of the downstream channels 
and inform the City of Bellevue if modifications to the operations and maintenance schedule or more aggressive actions, such 
as gravel supplementation, are necessary to maintain substrate conditions that are beneficial for aquatic habitat. 
 
A channel monitoring protocol will be initiated by establishing four to five permanent monitoring locations approximately every 
200 to 250 feet beginning 100 feet downstream of the replacement culvert.  At each monitoring section: 
 

1. Channel cross-sectional geometry will be surveyed. 
2. The composition of streambed sediment will be monitored at established locations downstream of SE 30th Street using 
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a combination of surface pebble counts and subsurface bulk sampling and sieve analysis. 
 
Channel surveying and streambed sediment sampling will be performed annually for a period of 5 years and semi-annually for 
the following 10 years.  At that time future monitoring needs can be reevaluated. 
 
Baseline sedimentation structure monitoring protocols will consist of the following: 
 

1. Scheduled visual inspections of sedimentation structure capacity and additional inspections following significant storm 
events. 

2. Documentation of the timing and quantity of all sediment removed from the structure. 
3. Bulk sieve analysis of sediment removed to document grain size distribution of captured sediment. 

 
Based on the patterns and rates of sediment delivery to the site and the channel response downstream of SE 30th Street an 
adaptive policy for determining when sediment removal is necessary can be developed.  Current rates of deposition at SE 30th 
Street indicate that annual to semi-annual sediment removal should be expected in the near future.  As sediment production and 
delivery from the upstream watershed decrease as a result of additional channel stabilization and sediment reduction measures 
the frequency of sediment removal may decrease.  Should sediment production in the upper watershed reduce to a level such 
that maintenance of the sedimentation structure is no longer necessary, the sedimentation structure is designed to function as a 
stream simulation culvert without need for modifications. 
 
Removal of sediment from the sedimentation structure will be conducted so as to minimize impacts to aquatic species and 
downstream water quality.  During maintenance activities flow will be diverted through the maintenance bypass pipe by use of 
an adjustable gate at the upstream end of the sedimentation structure.  Sheet 2 shows the alignment of the bypass pipe on the 
west side of the replacement culvert structure.  Once flows are completely routed into the bypass pipe, fish will be excluded 
from the sedimentation structure using a seine that will then be installed as a downstream block net at the downstream end of 
the replacement culvert.  Dip netting will likely be used to complement the seining fish removal.  Once fish have been removed 
from the sedimentation cell to the downstream block net, sediment will be removed from the structure through use of a suction 
dredge operated from the street above and disposed of at an appropriate upland location.  Upon completion of sediment 
removal activities, the downstream block net will be removed and the gate at the upstream end of the culvert will be reopened to 
allow Sunset Creek to once again flow through the replacement culvert structure.  Sediment removal will not require heavy 
equipment operations within the stream channel. 

 7c.  Describe the potential impacts to characteristic uses of the water body.  These uses may include fish and aquatic life, water 
quality, water supply, recreation and aesthetics.  Identify proposed actions to avoid, minimize, and mitigate detrimental impacts 
and provide proper protection of fish and aquatic life.  Identify which guidance documents you have used.  Attach a separate 
sheet if additional space is needed. 

The proposed project involves the replacement of an existing culvert structure with an improved culvert structure combined 
with an integrated sediment trap.  Placement of this structure will require modification of the stream channel bed and bank 
modifications for grade control purposes. 
 
Primary impacts of concern associated with the proposed project include the following: 
 

• Construction related impacts on aquatic species and water quality 
• Culvert management effects on aquatic species and water quality 
• Effects on stream habitat conditions 
• Effects on fish passage. 

 
The proposed project has been planned and designed to avoid, minimize and mitigate these potential impacts to the greatest 
extent possible, and will result in a net improvement in existing habitat and water quality conditions.  Discussion of methods 
and guidance used to avoid and minimize impacts are described below. 

1. Construction related impacts on aquatic species and water quality 
The proposed project has the potential to cause construction-related impacts on water quality, principally in the form of 
increased suspended sediment loading from channel bed and bank disturbance.  The project plans include several BMPs and 
construction monitoring protocols designed to limit sediment loading and water quality impacts to the greatest extent possible.  
All channel and bank work will be conducted within a dewatered exclusion area, during the mid to late summer months when 
streamflow should be at its lowest.  Groundwater and stormwater pumped from the construction site will be filtered prior to 
discharge back to surface waters, or delivered to the sanitary sewer system for treatment.  Once construction is completed, the 
exclusion area will be rewatered slowly to limit the suspension of sediments from disturbed areas.  Turbidity levels will be 
monitored in Sunset Creek downstream of SE 30th Street throughout construction to ensure BMP effectiveness. 
------ 
Dewatering of the exclusion area will require the capture and relocation of fish and other aquatic organisms.  These activities 
will be conducted consistent with current Washington State Department of Transportation protocols for this practice, which are 
designed to minimize adverse effects. 
 
All machinery operating within the stream channel will utilize hydraulic fluid that is certified as non-toxic to aquatic life.  
Throughout construction a spill control and prevention plan will be in place to avoid and manage any spills of potentially 
hazardous materials. 
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2. Post-construction related effects on aquatic species and water quality 
The proposed project design includes a sediment trap integrated into the replacement culvert structure.  Several long-term 
benefits for aquatic life and water quality are anticipated with the replacement culvert.  The primary benefit provided by the 
sediment trap within the culvert structure is that it will allow for the majority of sediment removal activities to take place inside 
an enclosed structure, versus dredging of the active channel.  Second, the trap will provide increased sediment storage 
capacity, which is expected to decrease the frequency and/or the extent of sediment removal activities.  Currently, dredging of 
the active channel takes place on an annual basis, causing considerable habitat disturbance and related water quality impacts.  
While some dredging of the active channel may be required in the future, this will be limited to infrequent occasions when large 
sediment delivery events overwhelm trap capacity. 
 
The proposed replacement culvert structure design incorporates several design features that will simplify fish exclusion and 
relocation during sediment removal activities.  These features will promote the removal of fish from the sediment management 
area with less disturbance and handling, reducing stress and injury potential.  Because the sediment trap within the culvert is 
designed to be smaller in areal extent than the segment of channel that is currently dredged, the amount of habitat that fish are 
denied access to during maintenance activities will be reduced. 
 
Finally, the existing twin culverts that convey Sunset Creek across SE 30th Street provide insufficient flood conveyance 
capacity, contributing to routine flooding of adjacent roadways and parking lots.  These floodwaters commonly overwhelm 
storm drains and flow overland back into the stream system.  Because some of those local storm drains do not drain directly 
back to the stream system, this suggests that current flooding conditions contribute to elevated delivery of stormwater 
pollutants to Sunset Creek.  By reducing the frequency of flooding that overtops the street, the proposed project is likely to 
result in a slight incremental improvement in local water quality conditions during and following flood events. 

3. Effects on habitat conditions 
The proposed project will result in improved habitat conditions in the project area.  These improvements will occur because of 
increased habitat complexity provided by bioengineered grade control and bank stabilization structures, reduced frequency of 
sediment management activities in the active channel, and adaptive management of sediment delivery rates to downstream 
channels.  These three factors that are expected to positively influence habitat are described in more detail below. 
 
The bioengineered grade control and bank stabilization structures are necessary components of channel reconfiguration 
needed to support the culvert design.  The current channel gradient conditions have been imposed by backwater conditions 
induced by the existing culvert and sediment deposition in the channel downstream of SE 30th Street that occurs because 
elevated sediment delivery rates in the Sunset Creek watershed are out of equilibrium with sediment transport capacity in the 
channel.  The channel upstream and downstream of SE 30th Street must be returned to a more natural gradient to support fish 
passage and enhance sediment capture in the replacement culvert structure.  The channel profile modification work will involve 
excavation of accumulated sediment from the channel bed and the installation of grade control structures, removal of riprap, 
and bank contouring and stabilization.  Riprap will be removed from approximately 74 lineal feet of streambank and replaced 
with bioengineered bank protection structures composed primarily of LWD.  The grade control structures will also be 
constructed using LWD. 
 
The channel modification design is based on a comprehensive assessment of watershed, reach, and site specific hydrologic, 
hydraulic, and geomorphic conditions, and is consistent with WDFW Integrated Streambank Protection Guidelines.  The grade 
control and bank stabilization structures are specifically designed to mimic the habitat forming processes and functions 
provided by LWD in natural stream environments, and will significantly increase habitat complexity and improve fish passage in 
the project reach of Sunset Creek.  The proposed project is considered to be self-mitigating for these reasons. 
 
The Sunset Creek channel accumulates more sediment than it can effectively transport in its current hydromodified state.  This 
promotes an overly wide and shallow channel environment with limited habitat complexity.  These channel conditions provide 
poor flow conveyance, contributing to frequent flooding problems on SE 30th Street and adjacent businesses, and also 
contribute to low flow passage barrier conditions for adult salmonids and potentially for juvenile salmonids. 
 
Sediment management to maintain flood flow conveyance capacity in this reach of Sunset Creek is accomplished by routine 
annual dredging of the active channel downstream of the SE 30th Street culvert.  This requires regular disturbance of the active 
channel, interfering with the formation of beneficial habitat features.  A key advantage of the integrated sediment trap in the 
replacement culvert structure is that it will allow for the majority of sediment removal activities to be conducted within the 
structure using equipment parked on the roadway atop the culvert, avoiding streambank and channel disturbance.  Dredging of 
the active channel will only be required in rare circumstances when large sediment delivery events overwhelm sediment trap 
capacity. 
 
The integrated sediment trap in the replacement culvert structure will allow for more flexible and adaptive management of 
sediment flux through the lower reach of Sunset Creek downstream of the culvert, which should produce habitat benefits over 
the long-term.  The proposed project incorporates monitoring of bed elevations and substrate conditions in and downstream of 
the project reach in Sunset Creek, and an adaptive approach for metering sediment delivery rates to promote the formation of 
beneficial channel conditions.  Specifically, controlled sediment delivery downstream of SE 30th Street will allow for the existing 
sediment plug in the channel between SE 30th Street and the confluence of Sunset Creek with Richards Creek to gradually 
erode.  This in turn will increase flow conveyance capacity, and allow for the formation of a greater diversity of habitat features.  
The channel will be routinely monitored to ensure that substrate conditions desirable for salmonid spawning are maintained. 
 
Collectively, these project elements should produce improved habitat conditions within the project reach that are beneficial to a 
range of aquatic species. 

Attachment 2 - Phase 1 Project Plans and Staff Report



4. Effects on fish passage 
The proposed project will result in improved conditions for fish passage in the project reach.  Currently, fish passage conditions 
in Sunset Creek are impaired by sediment deposition upstream and downstream of the SE 30th Street twin culverts.  The flatter 
gradient in the channel downstream of the culverts promotes the accumulation of a large plug of sediment that creates a low 
flow barrier to adult salmonid passage.  This sediment plug may also hinder the movement of juvenile salmonids under certain 
flow conditions.  This sediment plug extends beyond the limits of current dredging activities, meaning that this barrier condition 
will remain permanent without additional intervention.  By allowing for greater control of sediment delivery rates to the 
downstream channel, it is expected that the sediment trap will permit the evolution of channel conditions that are beneficial to 
fish passage. 
 
The existing twin culverts also limit fish passage upstream of SE 30th Street.  The culverts lack sufficient hydraulic capacity to 
convey flood flows that transport large sediments.  This creates a backwater effect upstream of the structure that promotes the 
accumulation of coarse bedload, increasing the channel gradient abruptly from approximately 2.5 percent to 10 percent 
approaching the upstream culvert entrance.  During high flow conditions, the high flow velocity in the culvert barrels in 
combination with shallow, high velocity flow conditions in this over-steepened segment may create a partial barrier condition. 
 
The proposed culvert integrates two fish passage components, a backwatered sediment trap at the downstream end, and a 
streambed simulation component at the upstream end.  The streambed simulation segment has been designed in accordance 
with current WDFW culvert design guidance (WDFW 2003).  This segment will mimic natural channel bed conditions at a more 
natural 2.5 percent channel slope.  The backwatered sediment trap component will provide quiescent flow conditions that will 
allow for unhindered fish passage.  The streambed simulation segment will provide for full fish passage for all species and life 
history stages likely to occur in this system during the flow conditions during which migratory and dispersal behavior is likely to 
take place. 
 
Collectively, the proposed culvert design and stream channel modifications address high flow and low flow passage barriers, 
and are expected to provide improved fish passage conditions throughout this reach of Sunset Creek. 

 7d.  For in-water construction work, will your project be in compliance with the State of Washington water quality standards for 
turbidity (WAC 173-201A-410)?        X   YES            NO 

 8.  Will the project be constructed in stages?               X   YES                NO 

Proposed starting date: Summer of 2009 

Estimated duration of activity: 50 to 70 working days for construction with up to 10 additional days for mobilization and 
setup of temporary erosion and sediment control measures. 

 9.  Check if any temporary or permanent structures will be placed: 

  X   Waterward of the ordinary high water mark or line for fresh or tidal waters  AND/OR 

      Waterward of the mean higher high water for tidal waters? 

 10.  Will fill material (rock, fill, bulkhead, or other material) be placed: 
   X   Waterward of the ordinary high water mark or line for fresh waters? 
 If  YES, VOLUME (cubic yards)  105      / AREA   0.04   (acres) 
        Waterward of the mean higher high water for tidal waters? 
 If  YES, VOLUME (cubic yards)              / AREA                (acres) 

 

 11.  Will material be placed in wetlands?          YES      X   NO  
If YES: 

 A. Impacted area in acres: 
 

 B. Has a delineation been completed?  If YES, please submit with application.       YES        NO 

 C. Has a wetland report been prepared?  If YES, please submit with application       YES        NO 

 D. Type and composition of fill material (e.g., sand, etc.) 
 

 E. Material source: 
 

 F. List all soil series (type of soil) located at the project site, and indicate if they are on the county’s list of hydric soils.  Soils 
information can be obtained from the natural Resources Conservation Service (NRCS). 

 

 G. WILL PROPOSED ACTIVITY CAUSE FLOODING OR DRAINING OF WETLANDS?         YES     X  NO 
If YES, IMPACTED AREA IS                  ACRES OF DRAINED WETLANDS. 

NOTE: If your project will impact greater than 1/10 of an acre of wetland, submit a mitigation plan to the Corps and Ecology for approval along with the JARPA form. 
NOTE: A 401 water quality certification may be required from Ecology in addition to an approved mitigation plan if your project wetland impacts are greater than 1/10 acre in size. 
Please submit the JARPA form and mitigation plan to Ecology for 401 certification review. 

 12.  Stormwater Compliance:  This project is (or will be) designed to meet ecology’s most current  
stormwater manual, or an Ecology approved local stormwater manual.    X  YES        NO 

  If YES – Which manual will your project be designed to meet? 2005 Stormwater Management Manual for Western Washington

Office of Regulatory Assistance, JARPA  JARPA FORM LAST UPDATED: March 19, 2007  For help call 800-917-0043 or visit www.epermitting.org  10 
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 If NO – For Clean Water Act Section 401 and 404 permits only – Please submit to Ecology for approval, along with this JARPA 
application, documentation that demonstrates the stormwater runoff from your project or activity will comply with the water quality 
standards, WAC 173-201(A) 

 13.  Will excavation or dredging be required in water or wetlands?      X  YES       NO   

 If YES: 
A.  Volume: 256 (cubic yards) /area 0.04 (acre)   
B.  Composition of material to be removed: Riprap and streambed material 

C.  Disposal site for excavated material: licensed disposal or reuse facility 

D.  Method of dredging: Excavator and suction dredge (sediment to be removed in the dry) 

 14.  Has the State Environmental Policy Act (SEPA) been completed      YES          X  NO 
SEPA Lead Agency:  City of Bellevue 
SEPA Decision: DNS, MDNS, EIS, Adoption, Exemption 

  

Decision Date (end of comment period) 

SUBMIT A COPY OF YOUR SEPA DECISION LETTER TO WDFW AS REQUIRED FOR A COMPLETE APPLICATION 

 15.  List other Applications, approvals or certifications from other federal, state or local agencies for any structures, construction 
discharges  or other activities described in the application (i.e. preliminary plat approval, health district approval, building permit, 
SEPA review, federal energy regulatory commission license (FERC), Forest practices application, etc.).  Also, indicate whether 
work has been completed and indicate all existing work on drawings.  NOTE: For use with Corps Nationwide Permits, identify 
whether your project has or will need an NPDES permit for discharging wastewater and/or stormwater.  

– Project does not require an NPDES permit. 
TYPE OF APPROVAL ISSUING AGENCY IDENTIFICATION 

NO. 
DATE OF 

APPLICATION 
DATE 

APPROVED 
COMPLETED?

Hydraulic Project Approval Washington Department of Fish and Wildlife     

Clean Water Act Section 404 U.S. Army Corps of Engineers     

Section 401 Water Quality Certification Washington State Department of Ecology     

SEPA review City of Bellevue     

Critical Areas City of Bellevue     

 16.  Has any agency denied approval for the activity you’re applying for or for any activity directly related to the activity described 
herein?  
      YES   X  NO 
If YES, explain:  

 

SECTION B - Use for Shoreline and Corps of Engineers permits only: 
 17a.  Total cost of project.  This means the fair market value of the project, including materials, labor, machine rentals, etc.  

 $995,000 

 17b.  If a project or any portion of a project receives funding from a federal agency, that agency is responsible for ESA consultation. 
Please indicate if you will receive federal funds and what federal agency is providing those funds. 

FEDERAL FUNDING     YES   X  NO   If YES, please list the federal agency.  

 18.  Local government with jurisdiction: City of Bellevue 

 19.  Provide names, addresses and telephone numbers of adjoining property owners, lessees, etc.    Please note:  Shoreline 
Management Compliance may require additional notice – consult your local government. 

NAME ADDRESS PHONE NUMBER 

      E.S. Harrington 13120 SE 30th Street, Bellevue, WA  98005  

      Stead Building Partnership 13200  SE 30th Street, Bellevue, WA  98005  

      SLC Investment LLC 13201 SE 30th Street, Bellevue, WA  98005  

      SCC Property Holdings 13111 SE 30th Street, Bellevue, WA  98005  

 

Office of Regulatory Assistance, JARPA  JARPA FORM LAST UPDATED: March 19, 2007  For help call 800-917-0043 or visit www.epermitting.org  11 
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I. Proposal Description  
This is an application for approval to modify a degraded section of Sunset and Richards 
Creek to address a flooding and stormwater problem within a section of stream impacted 
by high volume flood events common to urban environments.  This proposal is the second 
phase of the Sunset and Richards Creek Flood Control and Sediment Management Plan 
and is designed to comprehensively address chronic flooding, promote channel stability, 
and improve channel and wetland habitat conditions. The Sunset and Richards Creek 
Flood Control and Sediment Management Plan is included as Attachment 1. Phase 1 
improvements were constructed in 2009 under permit number 08-128529-LO including the 
replacement of the culvert and sediment trap at SE 30th Street as well as channel 
modifications upstream and downstream to provide a stable streambed transition to the 
culvert inlet and outlet. The Phase 1 permit staff report and plans are included as 
Attachment 2 to this staff report. 

Phase 2 will continue the channel and habitat improvements and flood control measures 
that were initiated in Phase 1 along a reach of Sunset Creek downstream (North) of SE 
30th Street as well as along a reach of Richards Creek upstream of the confluence with 
East Creek. Primarily characterized as a habitat improvement and flood control project, the 
project design includes the following elements: 

 Channel regarding and enlargement for a stable, wetted channel; 
 Installation of log grade control and habitat structures (wood) to prevent head-cut 

migration and provide stable, physical habitat; 
 Construction of an engineered containment berm (stream bank) to contain flood 

events and limit the extent of flooding into neighboring properties; 
 Removal of non-native invasive vegetation within project vicinity; 
 Re-vegetation of project area with native plants, including mitigation enhancement 

areas;
 Construction of a wetland bench within the proposed channel to promote the 

reestablishment of wetland species and provide high-flow low-velocity shelter 
areas for fish. 

The habitat improvement and flood control work proposed will be located within the 
channel of Sunset and Richards Creek, within the associated stream buffer, within 
adjacent associated wetlands, and within a regulated floodplain, all considered protected 
critical areas. Construction mobilization and designed improvements will temporarily 
impact the stream’s riparian areas, associated wetland systems, and floodplain, and will 
have permanent impacts to the stream channel and associated wetlands. Due to the 
presence of stream and wetland critical areas and regulated floodplain, the project is 
regulated by the city of Bellevue Land Use Code (LUC) Critical Areas Overlay District 
requirements found in LUC 20.25H. The proposed habitat improvement and flood control 
work is allowed by LUC 20.25H.055.B subject to compliance with applicable performance 
standards. Proposed in-stream work constitutes modifications of the stream channel and is 
allowed under LUC 20.25H.080.B which specifies that the stream channel may be only be 
modified through a critical areas report in conjunction with a stream stabilization measure 
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or a  habitat improvement project where there is a net benefit in ecological function. In 
response to this requirement, the applicant has obtained the services of a qualified 
professional who has prepared a critical areas report and has identified, in addition to 
required impact mitigation, how habitat improvements can be achieved. The critical areas 
report contains a complete project summary and outlines potential impacts and actions 
being taken to avoid or when unavoidable provide mitigation as abatement. The project 
critical areas report is included as Attachment 3. Project plans are included as 
Attachment 4.

II. Site Description, Zoning, Land Use and Critical Areas 

A. Site Description 
The project extends within the reach of Sunset Creek that flows north from the culvert 
outlet under SE 30th Street, through the confluence of Sunset and Richards Creek,  
and past the bend in Richards Creek. A map of the project area is included as Figure 
1 below. Channel modification, site access, and re-vegetation activities associated with 
channel and wetland modifications will occur on private parcels outside of the right of 
way. The site is characterized by commercial and industrial development on parcels of 
land that were filled and drained to create useable land from a larger wetland complex. 
The overall site is flat and is prone to flooding due to the limited capacity of the 
Sunset/Richards/Valley Creek stream system. Stream channels are frequently 
backwatered and wetland conditions exist within the streams causing for an 
intertwined wetland and stream network throughout the unfilled remnant portions of the 
project vicinity. 
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Figure 1 – Project Vicinity 

A complete description of the conditions of Sunset and Richards Creek is available in 
the project critical areas report included as Attachment 3.

Buffers surrounding the project area wetlands generally consist of native mixed 
deciduous forest with shrub and herbaceous understory. Existing buffers provide 
moderate wildlife habitat and moderate water quality functions. Nearby office and 
industrial uses, parking lots, and road networks limit the areas habitat functions due to 
traffic and human disturbances. A complete description of the wetland conditions 
within the project area is available in the project critical areas report included as 
Attachment 3.

B. Zoning and Land Use Context 
The proposed activities would be conducted on properties zoned Light-Industrial (LI). 
The general dimensional standards in LUC 20.20.010 do not apply, because there is 
no structural development proposed.  The existing uses on the affected properties are 
permitted and there is no proposed change in use of the properties. The project site 
and surrounding properties are designated light-industrial in the Comprehensive Plan 
and are developed with light industrial and warehouse uses. The proposed habitat and 
flood control project will not affect existing land uses and will offer improved flood 

Project Area 

Sunset Creek 

Richards Creek 
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protection for existing development. 

C. Critical Areas Functions and Values  

i. Streams and Riparian Areas 
a. Stream and Riparian Area Functions: 
A healthy aquatic environment relies on processes sustained by dynamic 
interaction between the stream and the adjacent riparian area.  Riparian 
vegetation in floodplains and along stream banks provides a buffer to help 
mitigate the impacts of urbanization. Healthy riparian areas support healthy 
stream conditions. 

Upland and wetland riparian areas retain sediments, nutrients, pesticides, 
pathogens, and other pollutants that may be present in runoff, protecting 
water quality in streams. The roots of riparian plants also hold soil and 
prevent erosion and sedimentation that may affect spawning success or 
other behaviors, such as feeding. 

Both upland and wetland riparian areas reduce the effects of flood flows. 
Riparian areas and wetlands reduce and desynchronize peak crests and 
flow rates of floods. Upland and wetland areas can infiltrate floodflows, 
which in turn, are released to the stream as baseflow. 

Vegetated riparian areas also provide a source of large woody debris that 
helps create and maintain diverse in-stream habitat, as well as create 
woody debris jams that store sediments and moderate flood velocities. 

b. Existing Stream conditions:
Sunset and Richards Creek support a variety of native fish species, 
including anadromous salmonids and also provide food sources to aquatic 
species including macroinvertebrates, leaf litter, and other organic inputs. 
Existing in-stream habitat is poor with limited rearing pools; gravel 
substrates that have been imbedded with sediment. In East Creek just 
downstream of the project area there is a large, impassible water fall that 
continually moves upstream as incision of the stream progresses. Although 
there are areas where vegetation has been damaged or eliminated due to 
erosion, there are still large swaths of overhanging, native vegetation that 
primarily consist of willows, red-osier dogwood (Cornus sericea), and red 
alder (Alnus rubra). There are small patches of English ivy, Japanese 
Knotweed (Polygonum japonica), and to a greater extent, Himalayan 
Blackberry (Rubus armeniacus). Japanese Knotweed is concentrated on 
the north and south sides of Richards Creek immediately east of the Optiva 
curve. A complete description of the conditions of project area stream 
reaches is available in the project critical areas report included as 
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Attachment 3.

c. Stream Impacts:
Permanent and temporary impacts to affected stream segments and the 
adjacent riparian area resulting from construction have been identified on 
the project plans (Attachment 4) and are identified Table 1 below. These 
temporary impacts will be restored as part of the project in accordance with 
an approved restoration plan. The temporary impacts will result from 
excavating the stream channel to deepen it and laying back the stream 
banks and installing rock and logs with rootwads. Large woody debris and 
grade control structures will also be placed within the stream channel. Once 
the construction is complete, the stream will be returned to its slightly 
modified course. The stream channel will be lower and wider than in its 
current condition. All stream impacts will be mitigated such that functions 
are replaced at a minimum ratio of one-to-one. To limit temporary impacts 
to downstream resources, the channel will be dewatered during 
construction, and all flow will be bypassed directly to the downstream outlet 
culvert. Therefore no permanent effects to downstream resources are 
expected.

Table 1 – Impacts To Project Area Stream Resources 

A complete summary of potential impacts to affected stream segments 
including mitigation measures is available in the project critical areas report 
included as Attachment 3.

ii. Wetlands 
a. Wetland Functions:
Wetlands provide important functions and values for both the human and 
biological environment—these functions include flood control, water quality 
improvement, and nutrient production.  The benefits provided depend on 
their size and location within a basin, as well as their diversity and quality. 
While Bellevue’s wetlands provide various beneficial functions, not all 
wetlands perform all functions, nor do they perform all functions equally 
well.  However, the combined effect of functional processes of wetlands 
within basins provides benefits to both natural and human environments.  
For example, wetlands provide significant stormwater control, even if they 
are degraded and comprise only a small percentage of area within a basin. 
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b. Existing Wetland Conditions:
Project biologists identified and delineated one large wetland in the project 
area listed as wetland A (Table 2 below). The location of project area 
wetland resources is mapped in the project plan set included as 
Attachment 4.  Detailed descriptions of the wetlands are provided in the 
Critical Areas Report (Attachment 3).

Table 2 – Project Area Wetland Resources 

Wetland A is dominated by a forested community of red alder (Alnus rubra)
and black cottonwood (Populus balsamifera) with a shrub understory of 
willow (Salix sitchensis, Salix lucida spp. lasiandra), red-osier dogwood 
(Cornus sericea), salmonberry (Rubus spectabilis); and an herbaceous 
understory of lady fern (Athyrium filix-femina), big leaf sedge (Carex 
amplifolia), slough sedge (Carex obnupta), giant horsetail (Equisetum 
telmateia), creeping buttercup (Ranunculus repens), small fruited bulrush 
(Scirpus microcarpus), and piggyback plant (Tolmiea menziesii). Non-native 
vegetation is also prevalent in the project area and includes Himalayan 
blackberry, Japanese knotweed, and English ivy. The buffer surrounding 
the wetland consists primarily of parking lots, and low-lying, large 
commercial buildings. Existing buffers provide flood control, limited wildlife 
habitat, and water quality functions.  

Wetland functions for the wetland within the project area were evaluated 
according to data in the Ecology wetland rating forms (Hruby 2004), and 
supplemental qualitative ratings (high, medium, low) were determined 
based on Ecology guidance (Ecology 2008a). This methodology entails 
rating the entire wetland unit which includes a substantial amount of 
wetland that is outside the project site. Conditions within the project site are 
more degraded than in the rest of the wetland to the east of the project 
area. Therefore, the portion of the wetland in the project area may not be 
providing as high a level of functions as the rest of the wetlands. A 
summary of the function scores, the total wetland score, and the associated 
rating (category) for Wetland A is provided in Table 2 above. A complete 
description of the project areas wetland conditions is available in the project 
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critical areas report included as Attachment 3.

c. Wetland Impacts
Temporary impacts to wetlands along the stream will result from excavating 
the banks along the stream, installation of rock and rootwads along the 
reconstructed channel and rebuilding the stream banks. Permanent impacts 
to wetlands will result from filling in the wetland in order to build up the 
stream banks to prevent flooding of adjacent buildings and excavating the 
wetland to create more instream habitat. The reconstructed wetland and 
riparian area will be revegetated and will perform equivalent or better 
functions as those provided by existing wetlands. 

In addition to the functional lift that will be provided by restoring the stream 
and wetland areas, compensatory mitigation for permanent wetland impacts 
will also occur. To compensate for the permanent wetland impacts of 0.036 
acre, approximately 0.08 acre of wetland will be enhanced within the project 
area. This results in a mitigation ratio of 2.25 acres enhanced wetland to 1 
acre wetland impact meeting the required 2:1 ration established in LUC 
20.25H.105.C. A summary of impacts, proposed mitigation, and pre and 
post project functional summaries are provided in Tables 3, 4, and 5 below. 

Table 3 – Project Area Wetland Resources – Temporary and Permanent Impacts  

Table 4 – Project Area Wetland Resources – Permanent Impact Mitigation  

Table 5 –Project Area Wetland Resources – Functional Affect 

A complete description of potential impacts to project area wetland 
conditions including mitigation measures is available in the project critical 
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areas report included as Attachment 3.

iii. Areas of Special Flood Hazard 
a. Areas of Special Flood Hazard Functions:
The value of floodplains can be described in terms of both the hydrologic 
and ecological functions that they provide. Flooding of occurs when either 
runoff exceeds the capacity of rivers and streams to convey water within 
their banks, or when engineered stormwater systems become 
overwhelmed. Studies have linked urbanization with increased peak 
discharge and channel degradation (Dunne and Leopold 1978; Booth and 
Jackson 1997; Konrad 2000). Floodplains diminish the effects of 
urbanization by temporarily storing water and mediating flow to downstream 
reaches. The capacity of a floodplain to buffer upstream fluctuations in 
discharge may vary according to valley confinement, gradient, local relief, 
and flow resistance provided by vegetation. Development within the 
floodplain can dramatically affect the storage capacity of a floodplain, 
impact the hydrologic regime of a basin and present a risk to public health 
and safety and to property and infrastructure. 

b. Existing Area of Special Flood Hazard Conditions:
A special flood hazard area is defined in LUC 20.25H.175 as land subject to 
the 100-year flood including areas identified on Flood Insurance Rate Maps 
(FIRM) as within the base floodplain. The project area falls within a special 
flood hazard area because it lies within the 100-year floodplain. Flood 
Hazard Areas within the project vicinity are depicted in Figure 2 below. 
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Figure 2 – Area of Special Flood Hazard 

c. Impacts To Areas of Special Flood Hazard:
The project will have beneficial effects to flood hazard areas. Flooding of 
adjacent properties will be prevented and BFE will be lowered. The project 
will result in greater channel conveyance storage than in the current 
condition as well as improve poor fish habitat and riparian habitat. The 
project will also prevent further downcutting of the stream bed, further 
preventing flashy hydroperiods and flooding. The project is designed to 
reduce the frequency and level of flooding of adjacent properties. Log grade 
structures will be placed within the streambed in order to prevent further 
incision of the stream. 

Area of Special Flood Hazard 
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iv. Habitat Associated With Species of Local Importance 
a. Habitat Functions:
Urbanization, the increase in human settlement density and associated 
intensification of land use, has a profound and lasting effect on the natural 
environment and wildlife habitat (McKinney 2002, Blair 2004, Marzluff 2005  
Munns 2006), is a major cause of native species local extinctions (Czech et 
al  2000), and is likely to become the primary cause of extinctions in the 
coming century (Marzluff et al. 2001a).  

Cities are typically located along rivers, on coastlines, or near large bodies 
of water. The associated floodplains and riparian systems make up a 
relatively  small percentage of land cover in the western United States, yet 
they provide habitat for rich wildlife communities (Knopf et al. 1988), which 
in turn provide a source for urban habitat patches or reserves. 
Consequently, urban areas can support rich wildlife communities. In fact, 
species richness peaks for some groups, including songbirds, at an 
intermediate level of development (Blair 1999, Marzluff 2005). 

Protected wild areas alone cannot be depended on to conserve wildlife 
species. Impacts from catastrophic events, environmental changes, and 
evolutionary processes (genetic drift, inbreeding, colonization) can be 
magnified when a taxonomic group or unit is confined to a specific area, 
and no one area or group of areas is likely to support the biological 
processes necessary to maintain biodiversity over a range of geographic 
scales (Shaughnessy and O’Neil 2001). As well, typological approaches to 
taxonomy or the use of indicators present the risk that evolutionary potential 
will be lost when depending on reserves for preservation (Rojas 2007). 
Urban habitat is a vital link in the process of wildlife conservation in the U.S. 

b. Existing Habitat Features
To evaluate habitat conditions in the project area and vicinity, biologists 
surveyed the area to identify dominant species, forest maturity, 
concentrations of native an invasive plant populations, other habitat 
features (e.g., snags, logs), habitat potential to support protected wildlife 
species and indications of use by these species. In addition, Herrera 
reviewed information provided by WDFW’s Priority Habitats and Species 
(PHS) Program (WDFW 2010a), fish usage information from the 
Salmonscape mapping program (WDFW 2010b), and fish survey data 
collected as part of the City of Bellevue stream inventory (Watershed 
Company 2001). There are no PHS areas or documented occurrences of 
protected species in the project vicinity (WDFW 2010a), except for coho 
and Chinook salmon, and pileated woodpeckers. Project biologist 
concluded that only Chinook salmon, coho salmon, green heron, pileated 
woodpecker, and red-tailed hawk may use the project area or the area 
downstream of the project. 

Attachment 3 - Phase 2 Project Plans and Staff Report



10-121739-LO 
Sunset/Richards Creek Flood Control and Habitat Improvement Project 
Page 11 of 24

c. Impacts to Habitat Features:
There will be no direct impacts to the habitat features identified above.  
While there will be a temporal loss of forested habitat that may affect the 
pileated woodpecker, the future condition of the project area will provide 
improved forest habitat. Non-native invasive species will be removed and 
native species diversity and structural diversity will be increased. The 
addition of large wood to the stream channel will enhance in-stream habitat 
and create habitat diversity and cover for fish. Also, restored riparian and 
wetland habitat will provide shade for the stream, potential food sources 
(aquatic insects and other fauna) for fish and other aquatic species. All 
temporarily disturbed vegetation will be restored following construction. 
Work will occur in the summer, after pileated woodpecker breeding is 
complete. The addition of LWD as part of the project will enhance pileated 
woodpecker foraging habitat, as downed logs are a common feeding 
location for this species. Noise impacts from the project are not expected to 
be of sufficient magnitude or duration to disturb wildlife species. Sensitive 
species may move away from construction activity during active work 
periods, but are expected to return once work is completed. During 
construction the channel will be dewatered and all flow bypassed to the 
outlet culvert. After construction, water quality will be monitored and turbid 
water will be discharged to the sewer. Only after turbidity has been reduced 
to meet water quality standards will the flow be directed to downstream 
receiving waters. Therefore no effect on downstream water quality will 
occur. 

III. Consistency with Land Use Code Requirements: 

A. Zoning District Dimensional Requirements: 
This is a proposal to modify stream channel conditions and improve riparian habitat. 
Work is limited to grading, the placement of wood and rock, and planting of native 
vegetation. Standard single family district development standards do not apply.   

B. Consistency with Critical Areas Performance Standards LUC 20.25H: 

i. Performance Standards for Construction Staging LUC 20.25H.055.C.1 
Construction staging associated with an allowed use is considered an allowed 
activity in critical areas, critical area buffers, or critical area structure setbacks 
provided the applicable performance standards are adhered to. 

The work shall be consistent with all applicable City of Bellevue codes and 
standards.  Site preparation activities include the contractor mobilizing to the 
project site, developing staging areas, establishing site access routes and traffic 
control, marking the work and clearing limits, and installing temporary erosion and 
sediment control (TESC) best management practices (BMPs). Space at the project 
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site is limited and it is anticipated that the contractor will establish staging in the 
parking lot of a nearby business Staging areas totaling approximately 10,000 
square feet are anticipated to be sufficient for the proposed project activities. 
Access to the project area will occur via SE 30th Street and parking lots adjacent to 
the stream channel on private property to the east of Sunset Creek and to the north 
of Richards Creek. The applicant is required to apply for and obtain a Right-of-Way 
Use Permit for the mobilization and use of this access point.  The applicant is also 
required to apply for and obtain a Clearing and Grading Permit to address 
temporary erosion and sedimentation control associated with the access route and 
the temporary construction impacts associated with the in-stream work.  This 
permit also includes review and approval of a stream dewatering plan and turbidity 
monitoring during the course of the project.  Because these permits must be 
applied for and obtained prior to the commencement of any construction activities, 
the applicable review department will ensure that all applicable codes and 
standards are being met. The removal of significant trees for the purpose of 
staging is prohibited.   

All areas of temporary disturbance associated with the work shall be restored to 
pre-project conditions, pursuant to a restoration plan meeting the requirements of 
LUC 20.25H.210.  A restoration plan has been prepared that seeks to restore all 
areas of temporary disturbance. The restoration plan is included as part of the 
Critical Areas Report (Attachment 3)

ii. Performance Standards for Public Flood Protection Measures LUC 
20.25H.055.C.2 and LUC 20.25H.055.C.3.c 

The proposed stream channel modification to regrade and reduce flooding and 
protect against stream erosion may be approved in accordance with these 
subsections if: 

-There is no technically feasible alternative to in-stream modification; and 
-Flood control measures are designed by a qualified professional. 

The applicant has submitted as part of the Critical Areas report an analysis of 
alternatives considered and has demonstrated that the option selected is the 
optimal action in consideration of the site conditions and project objective. To 
achieve the objective, the applicant has provided a flood protection plan designed 
by a qualified professional and is proposing soft stabilization measures including 
the use of logs and root wads to stabilize the stream after regrading.  The applicant 
is also proposing the use of vegetative enhancements in conjunction with 
replanting along the banks to increase the plant species diversity and to establish 
more desirable bank stabilizing species in the area.   
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iii. Performance Standards for Habitat Improvement Projects LUC 
20.25H.055.C.3.j

The project is also classified as a habitat improvement project.  It is classified as 
such because it has been approved by the Director in accordance with the 
provisions of an approved Critical Areas Report.  The primary habitat improvement 
is the addition of large woody debris to the stream channel to improve habitat 
diversity and incorporate a source of organic material to improve overall long term 
stream conditions. 

iv. Performance Standards for Stream Critical Areas LUC 20.25H.080.A and 
LUC 20.25H.080.B 

The proposed project has met the criteria of an “allowed use” under LUC 
20.25H.055.  It includes activities consistent with the uses of a habitat improvement 
project and public flood protection measures.  An approved Critical Areas Report 
has been prepared and submitted to support the design of the project and its 
desired objectives.   

v. Performance Standards for Wetland Critical Areas LUC 20.25H.100 
The following applicable performance standards have been considered and 
incorporated into the design of proposed project.  

There is no current or additional lighting associated with the project that will affect 
stream or wetlands.  The project is not proposing the creation of any noise 
generating activities other than those temporary noises associated with the 
construction activity.  There will be no new impervious surface as part of the 
project.  Wetland area that will be temporarily and permanently disturbed will be 
restored.  The site will be actively monitored and maintained for a period of 5 years 
to ensure success of the restoration effort.  The use of pesticides, insecticides and 
fertilizers within 150 feet of the edge of the stream buffer shall be in accordance 
with the City of Bellevue’s “Environmental Best Management Practices,” now or as 
hereafter amended. 

vi. Performance Standards for Areas of Special Flood Hazard LUC 
20.25H.180.C and LUC 20.25H.180.D.5 

Where use or development is allowed pursuant to LUC 20.25H.055, compliance 
with the performance standards set forth in LUC 20.25H.180.C and LUC 
20.25H.180.D.5 must be demonstrated. 

The proposed project will maintain established flood elevations within the area of 
special flood hazard equal to or less than those currently in place. As a habitat 
improvement project, pool height will be modified to an optimal level in an effort to 
provide enhanced fish passage. This adjusted pool height will not affect flood 
storage or flow capacity.  The area of special flood hazard will maintain its 
hydraulic connectivity to the source of flooding.  The construction is proposed to 
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occur all in the same season/work window.  The proposed project has been 
evaluated by a qualified engineer and demonstrates that the compensatory storage 
will not be adversely affected. 

C. Consistency with Critical Areas Report LUC 20.25.230: 
The applicant supplied a complete critical areas report prepared by a qualified 
professional.  The report met the minimum requirements in LUC 20.25H.250. The 
report is included as Attachment 3 to this staff report. 

D. Consistency with Critical Areas Report – Additional provisions LUC 20.25H.090: 
Additional provisions required in a critical areas report for streams are required when 
the applicant is proposing to reduce the regulatory critical area buffer for the stream.  
The proposal includes no request to reduce or modify the prescribed critical area 
buffer or structure setback from Sunset or Richards Creek. 

E. Consistency with Critical Areas Report – Additional provisions LUC 20.25H.110: 
The Land Use Code specifies additional provisions for critical areas reports for 
wetlands.  This information includes an analysis of wetlands and wetland buffers that 
may occur within 300 feet of the project area.   This section requires a discussion of 
avoidance and minimization measures, which is included in the applicant’s critical 
areas report. 

IV. Public Notice and Comment 

Application Date: September 10, 2010 
Public Notice (500 feet):  October 7, 2010 
Minimum Comment Period: October 21, 2010 

The Notice of Application for this project was published in the City of Bellevue weekly 
permit bulletin on October 7, 2010. It was mailed to agencies, tribes, and property 
owners within 500 feet of the project site. One public comment letter was received 
from the Muckleshoot Indian Tribe Fisheries Division. The letter included several 
technical questions and comments related to the following issues: 

 Questions related to the removal of significant trees as part of the project design; 
 Suggestions related to the quantity and type of wood being placed in the stream as 

a stream stabilization measure and habitat improvement; 
 Question on a downstream condition identified as a fish passage barrier.  

The comment letter is included as Attachment 5. Staff response to the comments is 
included as Attachment 6. No changes to the project design were made as a result of 
the comment received. 

V. Summary of Technical Reviews 
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Clearing and Grading: 
The Clearing and Grading Division of the Development Services Department has 
reviewed the proposed development for compliance with Clearing and Grading codes 
and standards.  The Clearing and Grading staff found no issues with the proposed 
development. 

Transportation:
A representative of the Transportation Department was notified of the project proposal.  
Their review determined that a Right-of-Way Use Permit is required for the use of the 
public right-of-way for construction staging and access.  This permit must be obtained 
prior to commencement of project activity. 

VI. State Environmental Policy Act (SEPA) 

The environmental review indicates no probability of significant adverse environmental 
impacts occurring as a result of the proposal.  The Environmental Checklist submitted 
with the application adequately discloses expected environmental impacts associated 
with the project. The City codes and requirements, including the Clear and Grade 
Code, Utility Code, Land Use Code, Noise Ordinance, Building Code and other 
construction codes are expected to mitigate potential environmental impacts. 
Therefore, issuance of a Determination of Non-Significance (DNS) is the appropriate 
threshold determination under the State Environmental Policy Act (SEPA) 
requirements.

A. Earth and Water 
A temporary erosion and sedimentation control plan is included in the project plans, 
and addresses all requirements for restoring the site to its current condition as well as 
erosion and sedimentation management practices.  Erosion and sediment control best 
management practices include the use of a dewatering plan to dry out as much as 
feasible during the proposed construction activity.  The proposal also includes the 
installation of silt fencing around the work area and covering exposed soils to prevent 
migration of soils to the adjacent stream and wetland. Final approval of the temporary 
erosion and sedimentation control plan will happen with the required Clearing and 
Grading Permit. The applicant will also be required to submit information regarding the 
use of pesticides, insecticides, and fertilizers to avoid impacts to water resources.  See
Section IX for related conditions of approval.

B. Animals 
The project site is located around and within a regulated stream and is part of a habitat 
corridor.  To improve in stream habitat, the applicant is proposing to place large woody 
debris in the stream channel to improve habitat complexity and improve organic 
compound inputs.  The mature vegetation on the site may provide habitat to several 
species listed in the critical areas report.  However, impacts are anticipated to be 
limited due to the temporary status construction associated with the project and the 
beneficial long term objectives of the stream enhancement.  The restoration plan for 
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areas of temporary disturbance has been designed to further enhance the vegetation 
structure on the site, which is expected to have a positive impact on the wildlife 
resource. 

C. Plants 
Mitigation for temporary and permanent disturbance will be approved pursuant to an 
approved mitigation and enhancement plan. A complete restoration plan with 
monitoring performance standards and contingency plan has been submitted as part of 
the critical areas report (Attachment 3).  It will be implemented as a condition of the 
subsequent clearing and grading permit. See Section IX for related conditions of 
approval.

D. Noise 
Construction noise will be limited by the City’s Noise Ordinance (Chapter 9.18 BCC) 
which regulates construction hours and noise levels. See Section IX for a related 
condition of approval.

VII. Decision Criteria 

A. Critical Areas Report Decision Criteria- General Criteria LUC 20.25H.255 
The Director may approve, or approve with modifications, the proposed modification 
where the applicant demonstrates:  

1. The modifications and performance standards included in the proposal 
lead to levels of protection of critical area functions and values at least as 
protective as application of the regulations and standards of this code; 

Finding:  The applicant has provided a complete critical areas report that 
demonstrates that the proposal leads to levels of protection of critical area functions 
and values that area at least as protective as the regulations and standards of this 
code.  Through the critical areas report process, it is clear that habitat functions will 
likely be improved, the riparian functions will improve in the long term through the 
incorporation of additional native plants. The inclusion of large woody debris will 
enhance the Instream habitat in the project reach.   

2.  Adequate resources to ensure completion of any required mitigation and 
monitoring efforts;

Finding:  The applicant, the City of Bellevue, has adequate resources to complete the 
required mitigation and monitoring efforts as part of larger project to improve the 
Sunset/Richards/East Creek areas.  
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3. The modifications and performance standards included in the proposal 
are not detrimental to the functions and values of critical area and critical 
area buffers off-site; and 

Finding:  The proposal complies with all of the applicable performance standards for 
streams, wetlands, habitat areas, and areas of special flood hazard and includes an 
appropriate mitigation and restoration plan to offset identified short and long term 
impacts.

4. The resulting development is compatible with other uses and 
development in the same land use district. 

Finding:  The construction of the stream modification and habitat improvement work is 
consistent with the surrounding land uses.  There is no change in use on the site or 
any of the adjacent sites. 

B. Critical Areas Land Use Permit Decision Criteria 20.30P 
The Director may approve or approve with modifications an application for a critical 
areas land use permit if: 

1. The proposal obtains all other permits required by the Land Use Code;  

Finding:  The proposed activity is required to obtain a clearing and grading permit and 
right-of-way use permit from the City of Bellevue.  The activity is also required to obtain 
permission from the Washington State Departments of Ecology and Fish & Wildlife, as 
well as the Army Corps of Engineers.   

2. The proposal utilizes to the maximum extent possible the best available 
construction, design and development techniques which result in the least 
impact on the critical area and critical area buffer; 

Finding:  The proposal has been designed by qualified professionals from Herrera 
Environmental Consultants with consultation with City of Bellevue and Washington 
Department of Fish and Wildlife Habitat Biologists, in order to ensure the best available 
design and techniques have been incorporated.   

3. The proposal incorporates the performance standards of Part 20.25H to the 
maximum extent applicable, and ; 

Finding:  Section III above discusses how, the proposal incorporates the applicable 
performance standards. 
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4. The proposal will be served by adequate public facilities including street, fire 
protection, and utilities; and; 

Finding:  The area is adequately serviced by public facilities.  The proposal will not 
change the need for public facilities.  

5. The proposal includes a mitigation or restoration plan consistent with the 
requirements of LUC Section 20.25H.210; and

Finding:  A mitigation and restoration plan consistent with the requirement of LUC 
20.25H.210 has been prepared and submitted along with the project’s critical areas 
report.

6. The proposal complies with other applicable requirements of this code. 

Finding:  As discussed in Section IV & V of this report, the proposal complies with all 
other applicable requirements of the Land Use Code.  

VIII. Conclusion and Decision 
After conducting the various administrative reviews associated with this proposal, 
including Land Use Code consistency, SEPA, City Code and Standard compliance 
reviews, the Development Services Director does hereby approve with conditions
the proposal to modify the channels of Sunset and Richards Creeks for flood control 
and habitat improvements.  

Note- Expiration of Approval: In accordance with LUC 20.30P.150 a Critical Areas 
Land Use Permit automatically expires and is void if the applicant fails to file for a 
Clearing and Grading Permit or other necessary development permits within one year 
of the effective date of the approval.

IX. Conditions of Approval 

The applicant shall comply with all applicable Bellevue City Codes and Ordinances 
including but not limited to: 

Applicable Ordinances Contact Person
Clearing and Grading Code- BCC 23.76 Savina Uzunow, 425-452-7860 
Land Use Code- BCC 20.25H David Pyle, 425-452-2973 
Noise Control- BCC 9.18 David Pyle, 425-452-2973 
Transportation Code Rohini Nair, 425-452-2569 

The following conditions are imposed under the Bellevue City Code or SEPA 
authority referenced: 
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1. Clearing and Grading Permit: Before commencing any construction activity the 
applicant must apply for and obtain a Clearing and Grading Permit. On-going turbidity 
monitoring and submittal of turbidity monitoring data sheets will be required as part of 
the clearing and grading permit inspection process. 

Authority: Bellevue City Code Section 23.76.025 
Reviewer: Savina Uzunow, Development Services Department 

2. Restoration for Areas of Temporary Disturbance:  A restoration plan for all areas of 
temporary disturbance is required to be submitted for review and approval by the City 
of Bellevue prior to the issuance of the Clearing and Grading Permit. The plan shall 
include the documentation of existing site conditions and shall identify avoidance of 
impacts. Where avoidance is not possible the plan shall identify restoration measures 
to be taken to return the site to its existing conditions per LUC 20.25H.220.H.

Authority:  Land Use Code 20.25H.220.H 
Reviewer:  David Pyle, Development Services Department 

3. Mitigation, Maintenance, and Monitoring Plan: To ensure the proposed restoration 
plan is successful, the mitigation, maintenance, and monitoring plan submitted as part 
of this application shall be submitted as part of the underlying clearing and grading 
permit required to implement the project. Any modifications to the mitigation plans 
submitted under this application must be approved prior to issuance of the clearing 
and grading permit. Mitigation plans must include an updated contingency plan to 
identify what measures will be taken if monitoring indicates non-compliant results. 

Authority: Land Use Code 20.25H.220, 20.25H.180.C.5 
   Comprehensive Plan Policies EN-1, EN-10, EN-28, EN-30 

Reviewer: David Pyle, Land Use 

4. Mitigation Installation: Mitigation installation shall commence immediately following 
permit issuance where technically feasible and shall be installed according to the 
mitigation plans submitted as part of this application within one year of project 
completion. 

Authority: Land Use Code 20.25H.220, 20.25H.180.C.5 
Reviewer: David Pyle, Land Use 

5. Mitigation Maintenance: Maintenance of mitigation plantings shall include, at a 
minimum, three entries per year. During each entry, plant growth will be evaluated, 
soils amended as needed, and invasives will be suppressed.   

Authority: Land Use Code 20.25H.220, 20.25H.180.C.5 
Reviewer: David Pyle, Land Use 
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6. Submittal of Mitigation Maintenance and Monitoring Reports:  As part of the 
required five years of mitigation maintenance and monitoring, the applicant shall 
submit annual monitoring reports to the Development Services Department Land Use 
Division at the end of the growing season by no later than December 31 for each year 
monitored.

Authority: Land Use Code 20.25H.220.D 
Reviewer: David Pyle, Land Use 

7. Rainy Season Restrictions: Due to the proximity to Sunset and Richards Creek and 
associated wetlands, no clearing and grading activity may occur during the rainy 
season, which is defined as November 1 through April 30 without written authorization 
of the Development Services Department.  Should approval be granted for work during 
the rainy season, increased erosion and sedimentation measures, representing the 
best available technology must be implemented prior to beginning or resuming site 
work.

Authority:  Bellevue City Code 23.76.093.A,  
Reviewer: Savina Uzunow, Development Services Department 

8. In-Water Work Window:  Work in the active channel approved by the underlying 
Clearing and Grading Permit must be completed during an in-water work window of 
July 1 through August 31, unless otherwise authorized in writing by the Washington 
State Department of Fish and Wildlife. 

Authority: Land Use Code 20.25H.160 
Reviewer: David Pyle, Land Use 

9. Pesticides, Insecticides, and Fertilizers: The applicant must submit as part of the 
required Clearing and Grading Permit information regarding the use of pesticides, 
insecticides, and fertilizers in accordance with the City of Bellevue’s “Environmental 
Best Management Practices”.

Authority: Land Use Code 20.25H.220.H 
Reviewer:  David Pyle, Development Services Department 

10. Noise Control: Noise related to construction is exempt from the provisions of BCC 
9.18 between the hours of 7 am to 6 pm Monday through Friday and 9 am to 6 pm on 
Saturdays, except for Federal holidays and as further defined by the Bellevue City 
Code. Noise emanating from construction is prohibited on Sundays or legal holidays 
unless expanded hours of operation are specifically authorized in advance.  Requests 
for construction hour extension must be done in advance with submittal of a 
construction noise expanded exempt hours permit. 

Authority:  Bellevue City Code 9.18 
Reviewer:  David Pyle, Development Services Department 
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11. Right-of-Way Use:  The proposed project will likely require the use of a portion of the 
right-of-way adjacent to the subject property, specifically as a haul route for excavated 
material and imported fill and materials.  If required, a right-of-way use permit from the 
Transportation Department should be obtained. 

Authority: Bellevue City Code 14.30 
Reviewer: Rohini Nair, Transportation Department 

12. Obtain All Other Applicable State and/or Federal Permits:  Before work can be 
allowed to proceed, all applicable state and federal permits must be presented to the 
Development Services Department. 

Authority: Land Use Code 20.25H.180.C.2 
Reviewer:  David Pyle, Development Services Department 

13. Temporary Erosion and Sedimentation Control Plan:  Prior to the initiation of any 
clearing or grading activities, a Temporary Erosion and Sedimentation Control Plan 
must be approved as part of a Clearing and Grading permit and all clearing limits and 
the location of temporary erosion and sedimentation control measures shall be field 
staked for approval by the on-site clearing and grading inspector’s approval.

Authority: Bellevue City Code 23.76.060 and 23.76.090 
Reviewer: David Pyle, Land Use 

14. Dewatering Plan:  To ensure the work area is free of moving water and turbid water 
generated during construction is not able to flow downstream from the work site, a 
satisfactory dewatering plan must be submitted and approved as part of the underlying 
clearing and grading permit. 

Authority: Bellevue City Code 23.76 
Reviewer: Savina Uzunow, Development Services Department 

15. Turbidity Monitoring Plan:  A turbidity monitoring plan that meets the requirements of 
BCC 23.76 must be submitted and approved as part of the underlying clearing and 
grading permit.

Authority: Bellevue City Code 23.76 
Reviewer: David Pyle, Land Use 
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16. Storm Water Pollution Prevention Plan:  To ensure contaminated stormwater or 
construction-related runoff does not pollute adjacent surface water, a construction 
stormwater pollution prevention plan (CSWPPP) is required for all clearing and grading 
permit applications for industrial, commercial, multi-family, plat and short plat 
developments.  The CSWPPP outline should be generally consistent with the SWPPP 
requirements of the National Pollutant Discharge Elimination System (NPDES) 
General Storm water Permit for Construction Activities. 

Turbidity and pH monitoring will be required during the site grading.  A monitoring plan 
must be submitted as part of the CSWPPP with the Clearing & Grading permit 
application or during review of the Clearing and Grading permit application. 

Authority:  Clearing and Grading Code BCC 23.76 
Reviewer:  Savina Uzunow, Development Services Department 
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June 27, 2008 

Heidi Bedwell 
City of Bellevue 
Department of Planning and Community Development 
450 110th Avenue NE 
P.O. Box 90012 
Bellevue, WA  90009 

Subject: SE 30th Street/Sunset Creek Flood Improvement Project – 
Phase 1:  Abbreviated Critical Areas Report 

Dear Heidi: 

On behalf of Brian Ward of the City of Bellevue Utilities Department, Herrera 
Environmental Consultants has prepared an abbreviated report intended to satisfy 
Critical Areas Report requirements for the proposed SE 30th Street/Sunset Creek 
Flood Improvement Project.  Per agreement between you and Brian, this report 
specifically identifies the components of existing permitting documentation that 
satisfy the Critical Areas Land Use Permit reporting requirements codified under 
LUC 20.25H.250.B.  Where necessary, the report provides additional supporting 
information and interpretation to fully comply with these requirements. 

The technical and permitting documents referenced in this report include: 

The Joint Aquatic Resources Permitting Application (JARPA) 
submitted to the Washington Department of Fish and Wildlife 

The Biological Assessment (BA) prepared to satisfy Endangered 
Species Act Consultation in conjunction with U.S. Army Corps of 
Engineers permitting requirements 

Copies of these documents are included as appendices to the enclosed Abbreviated 
Critical Areas Report. 

Please do not hesitate to contact Chase Barton or me if you have any questions or 
require additional information. 

Sincerely,

Herrera Environmental Consultants, Inc. 

Eric Doyle 
Fisheries Biologist/Project Scientist 

Enclosure: Abbreviated Critical Areas Report 

cc: Brian Ward, Utilities 
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1 Introduction 

The City of Bellevue (the City) proposes to replace existing twin barrel 42-inch diameter culverts 
on Sunset Creek at SE 30th Street with an integrated fish-passable culvert and sediment capture 
structure.  Installation of the new structure will require modification of the stream channel 
upstream and downstream of SE 30th Street.  These modifications will include eight grade 
control structures upstream and two grade control structures downstream of the culvert, riprap 
removal and replacement with bioengineered bank protection structures, and stream and riparian 
habitat enhancement.  Channel and riparian modifications will take place over a segment of 
Sunset Creek extending from approximately 110 feet upstream to approximately 60 feet 
downstream of SE 30th Street. 

The culvert replacement project (hereafter referred to as the proposed action) is designed to 
address chronic flooding of Sunset Creek at SE 30th Street and adjacent businesses, and provide 
the ability to adaptively manage habitat conditions and flood conveyance capacity.  The 
integrated sediment trap will capture the majority of sediments transported to this reach of Sunset 
Creek in most years.  This will allow for maintenance dredging to be conducted within the 
enclosed structure rather than the active channel.  Sediment removal will be managed to optimize 
sediment delivery rates to the channel segment downstream of the structure, maintaining flood 
conveyance capacity and desirable habitat conditions. 

The proposed project is planned as Phase 1 of a multiple-phase Flood Control and Sediment 
Management Plan for Richards Creek, Sunset Creek, and East Creek that is currently in 
development.  The intent of this multi-phase effort is to provide a comprehensive solution to 
ongoing sediment management and flooding challenges in these drainages, and produce a net 
improvement in habitat conditions.  While considered part of this larger effort, Phase 1 has 
independent utility and is being implemented separately to address immediate needs. 

Under Bellevue Land Use Code (LUC) 20.25H.250, project proponents are required to prepare a 
Critical Areas Report (CAR) when the action they propose might affect the ecological functions 
and values provided by designated critical areas.  The CAR provides the information needed by 
the City’s Department of Planning and Community Development (PCD) to evaluate consistency 
with these requirements and determine if proposed restoration and mitigation adequately 
compensate for affected critical area functions and values. 

In lieu of preparing a full CAR, PCD staff indicated they will accept an abbreviated CAR 
supported by the other permitting documents prepared for the proposed action.  An abbreviated 
CAR is acceptable, providing that it clearly identifies the elements of the existing technical and 
permitting documentation that satisfy CAR requirements detailed in LUC 20.25H.250.B.  This 
report has been prepared in accordance with this agreement.  It identifies the pertinent elements 
of permitting documents that address CAR requirements, and provides additional supporting 
information where necessary. 

The existing technical and permitting documents referenced in this report include: 
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The Joint Aquatic Resources Permit Application (JARPA) (Appendix A) 

The Biological Assessment (BA) prepared to satisfy Endangered Species 
Act Consultation in conjunction with U.S. Army Corps of Engineers 
permitting requirements (Appendix B) 

The general location of the proposed action is shown on Figure 1 of the BA (see BA page 2).
The construction limits for the proposed action are shown generally in BA Figure 2 (see BA page 
15), and more specifically in the project plans (see BA, Appendix B and/or the JARPA).  The 
extent of anticipated direct and indirect impacts associated with the proposed action are best 
represented by the aquatic component of the action area, as shown on BA Figure 3 (see BA 
page 39), and the clearing limits shown in plan sheet C-10 (see BA Appendix B).  For the 
purpose of this report, these combined effect limits are referred to hereafter as the impact area.  
(The remaining component of the action area outlined in red represents short-term construction 
noise impacts which are not a CAR reporting requirement.)  The majority of the impact area 
downstream of SE 30th Street represents anticipated gradual and long-term changes in habitat 
conditions expected to result from adaptive management of sediment delivery rates.  The design 
of the proposed action, construction methods, impact avoidance and minimization measures, best 
management practices (BMPs), and mitigation and monitoring are described in detail in the BA. 
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2 Critical Areas Report 

Consistent with LUC 20.25H.245, the supporting information upon which this report is based 
was developed by qualified professionals in the areas of hydrologic and hydraulic modeling, 
geomorphology, engineering and fisheries biology, using the best available science and 
guidance.  This report relates the pertinent elements in existing documentation to CAR 
information needs specified in LUC 20.25H.250.  For ease of reference, this information is 
presented following the stepwise listing of CAR reporting requirements provided in LUC 
20.25H.250.B.

2.1 Identification and Classification of Critical Areas and Critical 
Area Buffers 

This subsection addresses LUC 20.25H.250.B. subsections 1 and 2.  Identified critical areas and 
critical area buffers within and adjacent to the impact area include the following: 

Streams and stream buffers:  The proposed action will be constructed in and/or have direct and 
indirect effects on the lower Sunset Creek and upper Richards Creek stream channels identified 
in BA Figures 2 and 3 (see BA pages 12 and 37).  Under the definitions provided in LUC 
20.25H.075.B, subsection 2, both stream systems are classified as Type F (fish bearing) 
waterbodies.  Under LUC 20.25H.075.C, subsection 1.a.ii, streams of this class have a 
designated buffer width of 50 feet.  Historic development of the area prior to institution of 
critical areas protections has encroached upon the stream buffer.  Buildings, roadways, and 
paved parking lots limit the existing and potential riparian zone to an average width of 10 to 
30 feet. 

Vegetation and channel conditions within these critical areas are described in the BA (see BA 
pages 5-8). 

Habitats associated with species of local importance:  Richards Creek and Sunset Creek are 
known and/or presumed habitat for Chinook and coho salmon, both of which are identified as 
species of local importance under LUC 20.25H.150.A.  Chinook salmon are currently listed as 
threatened under the Endangered Species Act (ESA) (64 CFR 14308-14328).  The buffers 
defined for fish bearing streams also apply to this critical area type.  Additional detail on habitat 
use by these species, as well as other species of importance, is provided in Section 2.3.2 of this 
report.

No amphibian, avian, or mammal species of local importance were observed in the impact area 
during site surveys.  Habitat conditions are generally not suitable for these species due to natural 
characteristics or the degraded condition of the stream buffer.  Large trees that could serve as 
perch areas for raptors and woodpeckers are a possible exception, but these habitat elements will 
remain protected.  There are no wetlands (LUC 20.25H.095) or geologic hazard areas (LUC 
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20.25H.120) within the impact area, or on adjacent properties.  Neither Richards nor Sunset 
Creek are designated as shoreline critical areas under LUC 20.25H.115.  Critical areas adjacent 
to the site include the Richards Creek stream channel and associated buffer upstream of the 
Sunset Creek confluence (existing buffer conditions are similar to those described above for 
Sunset Creek). 

2.2 Regulations and Codes Proposed for Modification 

The proposed action is classified as an allowable use under LUC 20.25H.055.B (new or 
expanded culverts and bridges).  Under LUC 20.25H.055.C, subsection 2, this type of use is 
allowed providing certain performance standards are met.  Consistent with the CAR guidance, 
relevant performance standards are discussed in detail in Section 7 of this report. 

2.3 Habitat Assessment Report 

This subsection identifies the elements of existing documentation that satisfy Habitat Assessment 
Report (HAR) requirements specified under LUC 20.25H.165.A. 

2.3.1 Vegetation on and Adjacent to the Site 

Vegetation conditions in the stream’s buffer are described in the BA, under Vegetation and 
Wetlands (see BA page 5). 

2.3.2 Species of Local Importance with Primary Habitat Association 

Chinook salmon use of the impact area is described in detail in the BA (see BA page 40).  Coho 
spawning and rearing has been documented in the Richards and Sunset Creek channels up to and 
immediately upstream of SE 30th Street (Paulsen 2007; WDFW 2004, 2007a, 2007b).  Neither 
species has been documented in the impact area in recent years, as a result of two factors:
depressed population abundance; and partial barriers to fish passage created by beaver activity in 
downstream areas of Richards Creek (Paulsen 2007). 

While not currently considered a species of local importance, steelhead trout are listed as 
threatened under the ESA (72 FR 26722-26735) and are of special concern from a state and 
federal permitting perspective.  This species has been historically documented in the Kelsey 
Creek system and could potentially occur in the impact area.  Potential habitat use is described in 
the BA (see BA page 42). 

The streams and associated stream buffers within the impact area described in the previous 
subsections comprise the primary habitats utilized by these species of local importance. 
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2.3.3 Federal, State, or Local Management Recommendations 

No specific federal or state level management recommendations have been developed for Sunset 
Creek and Richards Creek.  However, area biologists with WDFW and the Muckleshoot Tribe 
have both expressed a strong sentiment toward the maintenance and improvement of riparian 
functions and the protection of spawning habitat provided by Sunset Creek within the impact 
area (Fisher 2007; Walter 2007).  Lead City of Bellevue biologists have expressed similar 
concerns (Paulsen 2007). 

Sediment accumulation and chronic flooding in this area have been ongoing management 
concerns at the local level for several years.  The City has invested considerably in infrastructure 
to address sediment delivery from upstream source areas (i.e., the high-flow bypass system in 
upper Sunset Creek), and in comprehensive planning to address these issues (e.g., the Richards 
Creek Basin Plan [Entranco 1999], and the ongoing comprehensive flooding and sediment 
management planning effort discussed in Section 1 of this report).  The proposed action is 
consistent with these other city efforts. 

2.3.4 Direct and Indirect Impacts 

The anticipated direct and indirect impacts of the proposed action are described in detail in the 
BA (see BA pages 27-34).  The discussion includes consideration of the indirect effects of 
ongoing sediment management activities in the impact area on channel conditions, and the 
habitat benefits expected to result from the proposed action. 

2.3.5 Impact Avoidance, Minimization, and Mitigation Measures 

The proposed action incorporates two general categories of impact avoidance and minimization 
measures: 

1. Conceptual planning for the project based on the best available science 
and appropriate guidance 

2. Standard BMPs employed to avoid and minimize short-term, construction 
related direct effects. 

The conceptual planning element is discussed under Applicable Performance Standards 
(Section 2.6).  Construction BMPs and long-term maintenance related measures are discussed in 
the BA (see BA pages 20-22). 

With regard to mitigation requirements, the proposed project is considered to be self-mitigating 
because it will result in a net-increase in critical area functions and values.  Supporting 
information for this position is provided in Section 2.7. 
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2.3.6 Ongoing Management Practices for Habitat Protection 

The proposed project includes a long-term monitoring and adaptive management plan to ensure 
that desired habitat conditions in the project impact area are maintained.  This component, which 
is critical to achieving the desired net improvement in critical areas functions and values, is 
detailed in the BA (see BA pages 22-24). 

2.4 Probable Cumulative Impacts 

With regard to cumulative impacts, the long-term indirect effects, effects of interrelated and 
interdependent actions, and project benefits described in the BA (see BA pages 29-34) provide 
the best measure of long-term anticipated project effects.  As noted in the introduction, the 
proposed action is considered to be Phase 1 of a broader plan to comprehensively address 
sediment loading, chronic flooding, and habitat conditions in the Sunset Creek/Richards 
Creek/East Creek confluence area.  The intent of the broader plan is to develop a comprehensive 
solution to sediment accumulation and flooding problems in this area while enhancing aquatic 
and riparian habitat conditions. The combined cumulative effects of these actions are expected 
to be beneficial on balance, as they will:  1) reduce the need for routine maintenance dredging of 
the active channel; 2) decrease the frequency of flooding of adjacent impervious surfaces that 
contribute pulses of non-point source pollution during storm events, and 3) incorporate extensive 
channel and riparian habitat enhancements.  These combined elements should result in a net 
improvement in chronic flooding, a reduction in maintenance-related habitat disturbance, and 
improved habitat conditions. 

The proposed action is not expected to lead to additional cumulative effects.  It will not increase 
the traffic capacity of SE 30th Street, nor will it facilitate future development.  Therefore, there 
are no effects associated with land use changes that can be ascribed to the action. 

2.5 Critical Areas Functions and Values Protection Assessment 

This component of the CAR requires a pre- and post-project assessment of the level of protection 
afforded to critical area functions and values by the regulations and standards in the LUC.  This 
assessment must include the following components: 

Existing functions and values provided by critical areas and critical area 
buffers

Projected future functions and values should the project be permitted 

Projected future functions and values should the project not be permitted. 

These assessment elements are addressed in the following sections. 
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2.5.1 Existing Functions and Values Provided by Affected Critical Areas 

Existing conditions in the Sunset Creek/Richards Creek impact area are degraded.  The 
surrounding area was developed for commercial and light industrial uses during the 1960s and 
1970s, prior to the establishment of critical areas protections.  To accommodate this 
development, much of the existing channel network was relocated, straightened, and contained 
within riprap armored channels.  Property development was allowed to encroach upon the 
streams, limiting the effective riparian buffer to less than 20 feet on either side of the stream in 
most circumstances.  The remaining riparian buffer is composed of a sparse mix of ornamental, 
invasive, and native vegetation. 

Before historic hydromodification, stream channels within the project area would have naturally 
aggraded and shifted location across an alluvial fan, occupying the course of least resistance.  
Development related hydromodification halted the natural process of channel migration and 
restricted the natural process of sediment deposition to the established channel corridors.
Concurrent development of headwater areas of the drainage proceeded without adequate 
stormwater detention, resulting in an increased sediment supply rate that has proven difficult to 
mitigate.  Sediment aggradation in the project vicinity currently exceeds transport capacity, 
resulting in chronic sediment deposition that reduces channel capacity and promotes flooding.  
As a consequence, the City must dredge the active channel annually to maintain flood 
conveyance.  While considered an allowable use under LUC 20.25H.055.B, this activity 
nonetheless contributes to chronic disturbance of the channel and channel buffer. 

The functions and values provided by the area proposed for modification are mixed.  Under 
natural conditions, this alluvial fan reach likely provided prime spawning habitat for resident and 
migratory fish, including salmon and steelhead.  Even in its current degraded state, the aggraded 
stream reach immediately downstream of SE 30th Street continues to provide important 
spawning habitat.  However, the inability of the channel to migrate in response to sediment 
deposition has created an overly wide and shallow channel condition that limits the quality and 
quantity of useable spawning habitat and presents a low flow passage barrier. 

Protecting and enhancing remaining spawning habitat in the Kelsey Creek watershed is 
considered a central objective of critical areas management by the City.  This system is spawning 
habitat limited (Paulsen 2007), meaning that salmonid productivity in the system is constrained 
by the amount of available habitat suitable for spawning.  Preserving existing spawning habitat 
and increasing its function will directly benefit species of local interest. 

2.5.2 Projected Future Conditions:  Proposed Action Permitted 

The proposed action is expected to improve critical area functions and values in the segments of 
Sunset Creek and Richards Creek within the impact area.  The expected improvements include 
the following, by critical area and critical area buffer category: 

Streams and habitats used by species of local interest: 
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Reduced maintenance dredging frequency in the active channel, 
reducing habitat disturbance 

Simplified fish exclusion procedures and reduced need for fish 
capture and relocation during maintenance 

Replacement of 154 lineal feet of riprap bank protection with 
bioengineered structures and channel modifications and addition of 
39 pieces of geomorphically functional large woody debris to the 
stream channel, resulting in increased hydraulic complexity and 
habitat diversity (see BA page 32) 

Improved water quality (see BA pages 34, 43-53) 

Improved fish passage under high and low flow conditions (see BA 
pages 33-34) 

Maintenance of desirable spawning habitat conditions (see BA 
pages 43-53). 

Stream buffers, and buffers for habitats used by species of local interest  
(see BA, Appendix B, Drawings P1-P3): 

Restoration and enhancement of all areas disturbed by 
construction;

Removal of invasive and ornamental riparian vegetation and 
replacement with site appropriate native species; 

Increased density and coverage of native vegetation, providing 
improved shade and cover, and increased recruitment of organic 
material and prey organisms (dense vegetation will also limit 
human access, reducing harrassment and disturbance of aquatic 
life). 

These habitat improvements will be maintained over the anticipated life of the project, and will 
be further enhanced by the subsequent phases of the proposed comprehensive flood control and 
sediment management plan for this portion of the Richards Creek drainage discussed elsewhere 
in this report. 

2.5.3 Projected Future Conditions:  Proposed Action Denied 

Should the proposed action not go forward, the protections afforded by existing critical areas 
regulations would be expected to maintain habitat conditions in a degraded state.  Routine annual 

lt    06-03501-001 abbreviated critical areas report.doc

Herrera Environmental Consultants 8 June 27, 2008

Attachment 3 - Phase 2 Project Plans and Staff Report



Abbreviated Critical Areas Report 

maintenance dredging of the active channel would continue, resulting in episodic habitat 
disturbance, including fish capture and handling during work area dewatering.  Chronic sediment 
aggradation upstream and downstream of the SE 30th Street culvert would continue to pose high 
flow and low flow barriers to fish passage.  Periodic water quality degradation associated with 
overland flooding of adjacent impervious surfaces would continue unabated.  Riparian vegetation 
would likely remain in its current degraded state, dominated by sparse ornamental and invasive 
species. 

2.6 Applicable Performance Standards 

Pertinent performance standards for culvert replacement are specified under LUC 20.25H.055.C.
These standards require demonstration that the proposed action is the most technically feasible 
and appropriate solution to the problem at hand, and that the solution is designed consistent with 
applicable best available science and guidance. 

The proposed action presents the most technically feasible solution to sediment accumulation 
and flooding issues that characterize the SE 30th Street crossing of Sunset Creek.  As described 
in the BA summary of hydraulic and geomorphic characteristics (see BA pages 6-8), historic 
hydromodification of this channel segment has created a condition in which sediment deposition 
rates exceed transport capacity.  This causes chronic aggradation inside the culvert and 
immediately upstream and downstream that in turn contributes to chronic flooding.  The City has 
invested considerable resources in infrastructure to address sediment delivery from upstream 
source areas.  However, a detailed analysis of current and projected future conditions (currently 
in preparation) has indicated that sediment delivery rates will exceed transport capacity for the 
foreseeable future even if additional source control measures are implemented.  This will 
contribute to ongoing sediment deposition in the SE 30th Street vicinity, poor culvert 
performance, and continued chronic flooding.  Annual maintenance dredging required to 
minimize this flooding will maintain aquatic habitat conditions in a degraded state (LUC 
20.25H.055.C, subsection 2.a.v.). 

The proposed action will address these issues by increasing the hydraulic capacity of the culvert 
and adjacent channel and improving sediment management capability.  In combination with the 
improved habitat conditions provided by riparian enhancement and addition of instream wood 
structures, the ability to adaptively manage sediment delivery rates to the downstream channel 
will result in improved habitat conditions.  The channel will be allowed to gradually erode the 
existing sediment deposit until a more suitable width/depth ratio is reached.  Substrate conditions 
will be monitored to ensure desirable spawning habitat attributes are maintained.  As such, the 
long-term impacts of the proposed action are anticipated to be beneficial.  While short-term 
construction related impacts will occur, the BMPs and impact avoidance and minimization 
measures incorporated into the design will limit their duration and extent.  The site will be fully 
restored following project completion and riparian vegetation in stream buffer areas will be 
enhanced relative to current conditions (LUC 20.25H.055.C, subsections 2.b.i, ii, and viii). 
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Per the requirements of LUC 20.25H.055.C, subsection 3, the culvert replacement structure and 
related stream modifications have been designed by qualified professionals consistent with the 
best available science and the appropriate guidance.  As stated in the BA (see BA pages 24-25) 
the entire design is based on a comprehensive assessment of watershed, reach, and site specific 
hydrologic, hydraulic, and geomorphic conditions.  This approach is consistent with the 
Integrated Streambank Protection Guidelines prepared by the Washington State Aquatic Habitat 
Guidelines Program (WSAHGP 2003).  As discussed in the JARPA (see JARPA page 10), the 
culvert replacement structure has been designed in accordance with WDFW culvert design 
guidance (WDFW 2003), using the stream simulation method.  The culvert replacement is 
strictly intended to address flood control and sediment management issues at the existing road 
crossing.  It will not change the traffic capacity of the existing roadway or otherwise facilitate 
new development. 

2.7 Restoration and Mitigation Requirements 

Mitigation and restoration requirements associated with this type of project are defined based on 
the type of critical area affected.  As discussed, the proposed project will result in two categories 
of functional effects:  short-term construction related effects on the stream buffer; and long-term 
beneficial effects on the stream buffer and stream habitat conditions, including habitats used by 
species of local importance. 

With regard to short-term effects, all areas disturbed during construction of the proposed action 
will be fully restored and enhanced.  The construction plans incorporate measures to protect 
existing trees, avoid native vegetation, and concentrate disturbance in areas dominated by 
invasive or ornamental vegetation.  All disturbed areas will be replanted with site appropriate 
native species.  Existing invasive and ornamental vegetation will be removed.  The site 
revegetation plan, prepared in accordance with City requirements, is provided in Appendix B of 
the BA (see Drawings P1-P3). 

Per LUC 20.25H.085.A, mitigation is specifically intended to replace loss or degradation of 
critical area and buffer values and functions caused by a proposed action.  Mitigation 
requirements specific to streams and stream buffers include the following in the stated order of 
preference:

1. On-site, through replacement of lost critical area buffer 

2. On-site, through enhancement of the functions and values of remaining 
critical area buffer 

3. Off-site, through replacement or enhancement, in the same sub-drainage 
basin
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4. Off-site, through replacement or enhancement, out of the sub-drainage 
basin but in the same drainage basin. 

Per LUC 20.25H.085.B, lost values and functions shall be mitigated with a one-to-one ratio. 

Based on these requirements, the proposed action is considered to be self-mitigating.  No further 
mitigation should be required because:  1) the project will result in an immediate and long-term 
net-improvement in critical area values and functions, and 2) the project incorporates long-term 
monitoring and adaptive management to ensure that desirable conditions are maintained 
overtime.  Because no loss of critical area functions and values will result from the proposed 
action, no further mitigation measures should be required. 
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Joint Aquatic Resources Permit 
Application
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AGENCY USE ONLY                              JARPA FORM LAST UPDATED: March 19, 2007 

Agency Reference #:       Date Received:       

Circulated by:       (local govt. or agency)       

Office of Regulatory Assistance, JARPA JARPA FORM LAST UPDATED: March 19, 2007  For help call 800-917-0043 or visit www.epermitting.org  1 

Project Tracking Number:  

Washington State JOINT AQUATIC RESOURCES PERMIT APPLICATION (JARPA) Form 

Step 1: Get Ready Step 2: Complete Form Step 3: Check Work Step 4: Copy and Send In

Go to www.epermitting.org
for correct form and 
instructions.

Use black ink.
Check correct 
permit boxes. 

Use internet “Help”
buttons to answer 
questions completely.

Use final review 
checklist 
at www.epermitting.org

See JARPA Contacts
at www.epermitting.org fo
correct mailing addresses. 

r

.

Fish Habitat Enhancement Projects per RCW 77.55.181.  You must submit copy of completed JARPA form and Fish Habitat    
Enhancement JARPA Addition to your Local Government Planning Dep’t and WA Dep’t of Fish and Wildlife (WDFW) Area Habitat
Biologist on same day. Note for Local Governments: You must submit comments to WDFW within 15 working days. 

Based on instructions at www.epermitting.org, I am sending copies of this application to the following:  (check all that apply)

X Local Government for Shoreline:       Substantial Development       Conditional Use       Variance       Exemption       Revision 

                           X Floodplain Management     X Critical Areas Ordinance 

X Washington Department of Fish and Wildlife for Hydraulic Project Approval (Submit 2 copies to WDFW Region) 

X Washington Department of Ecology for 401 Water Quality Certification (to Regional Office-Federal Permit Unit) 

Washington Department of Natural Resources for Aquatic Resources Use Authorization Notification

X Corps of Engineers for:    X Section 404 permit    Section 10 permit 

Coast Guard for:     General Bridge Act Permit       Private Aids to Navigation (for non-bridge projects) 
Fo eet conditions of the most current r Department of Transportation projects only:  This project will be designed to m

Ecology/Department of Transportation Water Quality Implementing Agreement 

PROJECT TITLE:  SE 30th Street / Sunset Creek Culvert Replacement 
 

PROJECT DESCRIPTION:  
The City of Bellevue proposes to replace existing twin 42-inch diameter corrugated metal pipe culverts on Sunset Creek at 
SE 30th Street with a stream simulation and sedimentation structure, and modify the Sunset Creek channel upstream and 
downstream to match the culvert replacement structure invert elevations.  Proposed channel modifications include removing 
existing riprap along the channel banks and culvert headwalls, modifying the streambed grade, installing grade control and bank
stabilization structures made primarily of boulders and large woody debris, and revegetating disturbed streambanks.  The culvert
replacement project is designed to reduce ongoing flooding of SE 30th Street and adjacent properties and manage sediment 
transported in Sunset Creek to eliminate the need for annual dredging in the active channel upstream and downstream of the 
culvert openings.  The replacement culvert project is designed to transmit the 100-year flood without allowing flow to overtop 
SE 30th Street, store approximately 50 cubic yards of sediment within the culvert structure, and provide improved aquatic habitat
and fish passage conditions.

SECTION A - Use for all permits covered by this application.  Be sure to ALSO complete Section C (Signature Block) for all 
permit applications. 

 1. APPLICANT
City of Bellevue Utilities, Brian Ward (Project Manager)
MAILING ADDRESS 
450 110th Ave NE, 5th Floor, Bellevue, WA 98004
WORK PHONE 
425-452-5206 

E-MAIL ADDRESS 
bward@bellevuewa.gov

 HOME PHONE 
206-334-1500

 FAX # 
425-452-5286

If an agent is acting for the applicant during the permit process, complete #2.  Be sure agent signs Section C (Signature Block) for
all permit applications 

 2. AUTHORIZED AGENT
Herrera Environmental Consultants, Inc. (Chase Barton, Project Manager)
MAILING ADDRESS 
2200 Sixth Avenue, Suite 1100, Seattle, Washington  98121
WORK PHONE 
206-441-9080

E-MAIL ADDRESS 
cbarton@herrerainc.com

HOME PHONE 
206-910-4403

FAX # 
206-441-9108

 3. Relationship of applicant to property:         X OWNER            PURCHASER    LESSEE          

 4. Name, address and phone number of property owner(s) if other than applicant:
E.S. Harrington, 13120 SE 30th Street, Bellevue, Washington  98005
Stead Building Partnership, 13200 SE 30th Street, Bellevue, Washington  98005 
SLC Investment LLC, 13201 SE 30th Street, Bellevue, Washington  98005 
SCC Property Holdings, 13111 SE 30th Street, Bellevue, Washington  98005 

 5. Location (street address, including city, county and zip code, where proposed activity exists or will occur) 
SE 30th Street, approximately 500 feet east of Richards Road SE, Bellevue, King County, Washington  98005

 Local government with jurisdiction (city or county) City of Bellevue
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 Waterbody you are working in Sunset Creek  Tributary of Richards Creek  WRIA # 8

 Is this waterbody on the 303(d) List      YES  X    NO 

If YES, what parameter(s)? 

  

 Shoreline designation /AN

 

 Zoning designation Light Industrial 

¼ Section  Section Township Range Government Lot  DNR stream type if known Type F
  

9 and 10 24 North 5 East 

 Latitude and Longitude: 47035’01”N, 122009’52”W Tax Parcel Number 5453300194, 5453300183, 
5453300244, 5458300291

 6.  Describe (a) the current use of the property, (b) structures existing on the property, and (c) existing environmental conditions.  
Have you completed any portion of the proposed activity on this property?       YES         X  NO  
For any portion of the proposed activity already completed on this property, indicate month and year of completion.   

a & b) The project improvements are proposed to occur within existing city street right-of-way and adjacent privately owned 
parcels.  The culvert replacement site is located within the right-of-way of SE 30th Street along the same alignment as the 
existing twin 42-inch diameter culverts.  Upstream channel modifications are to occur primarily within an existing city right-of-
way for 132nd Avenue SE, which was never completed in this location.  Some channel modification, site access and 
revegetation activities associated with upstream channel modifications may also occur on private parcels (tax parcel numbers 
5453300244, 5453300291).  Downstream channel modifications are proposed on private parcels (tax parcel numbers 5453300194 
and 5453300183).  The taxpayers, property name, property type and present use of the private parcels associated with the 
proposed project activities are presented in Table 1.  Initial discussions have been initiated with private parcel owners by the
City of Bellevue, and there is no indication of any opposition to the proposed project activities. 

Table 1. Property characteristics for private parcels associated with proposed project activities. 

Tax Parcel Number Taxpayer Property Name Property Type Present Use 

5453300244 SCC Property Holdings Shurgard Mini Storage Commercial Mini Warehouse 
5453300291 SLC Investment LLC Printed Circuits Assembly Corp. Commercial Industrial Park 
5453300194 Emmett S. Harrington  Shurgard Mini Storage Commercial Mini Warehouse 
5453300183 Stead Building Partnership Stead Building Commercial Warehouse 

c) Sunset Creek is located in the Kelsey Creek subarea of WRIA 8.  Approximately 400 feet downstream of the proposed culvert 
replacement location, Sunset Creek joins Richards Creek.  Approximately 850 feet downstream of the confluence of Sunset 
Creek and Richards Creek, Richards Creek is joined by East Creek.  From this confluence, Richards Creek flows north towards 
Kelsey Creek.  Upstream of the proposed project site, Sunset Creek originates from a highly developed watershed 
approximately one square mile in area that lies primarily to the south of Interstate 90 and east of Interstate 405.  Single family 
residential parcels dominate the watershed land use south of Interstate 90 and commercial properties are predominant in the 
vicinity of the proposed project site.  Significant watershed development began prior to 1961.  Presently, the effective 
impervious area of the Sunset Creek watershed is approximately 44 percent.  Sheet 1 shows the project vicinity map. 

The physical changes made to a watershed during urbanization can significantly alter its hydrologic regime and sediment 
supply characteristics.  In the Sunset Creek watershed, as has occurred in many other watersheds in the Puget Sound area, the 
addition of impervious surfaces associated with development resulted in increased peak flow magnitudes that in turn caused 
widespread adjustments in stream channel form, primarily in the form of channel incision and enlargement.  Locally, these 
changes destabilized the toes of steep hillslopes and increased the rate of sediment supply to the channel from bank erosion 
and landslides.  Although streambanks in many parts of the Sunset Creek channel network have been stabilized, bank erosion 
and slope instability continues in some reaches upstream of Interstate 90. 

The Sunset Creek ravine located immediately upstream of Interstate 90 has been the most highly productive sediment supply 
reach in the Sunset Creek channel network.  The City of Bellevue has completed multiple projects to address widespread 
landsliding within this reach.  Channel spanning grade control structures were installed in the mid to late 1980s and a flow 
bypass, routing peak flow discharges around the most unstable and highly sediment productive portion of the reach, was 
completed in 1998.  Although it is apparent that these projects have reduced the rate that sediment is delivered to the channel
and transported downstream, considerable sediment is stored within the active channel network in the upper watershed.  This 
mobile sediment continues to be routed downstream of Interstate 90 where steep and largely confined channel segments route 
the sediment to the proposed culvert replacement location at SE 30th Street. 

Historical and recent channel survey data indicate that the bed elevation of Sunset Creek and Richards creeks has aggraded 
between three and four and a half feet within 1,000 feet of channel length downstream of SE 30th Street over the last 30 years.  It 
is estimated that an average of approximately 40 cubic yards of gravel (with some sand) have accumulated annually in this 
reach of Sunset and Richards creeks in that 30-year period.  It is likely that peak rates of sediment delivery to the SE 30th Street
culverts and the channel network downstream occurred soon after widespread watershed development, and before efforts to 
reduce sediment production and transport from the upper watershed.  However, ongoing sedimentation in the twin culverts 
beneath SE 30th Street and in the stream channel downstream requires regular dredging activity to maintain culvert openings 
and provide flow conveyance.  Records of recent maintenance dredging completed by the City of Bellevue show that between 
10 and 22 cubic yards of sediment have been removed annually between 2004 and 2007 (Table 2).  Dredged areas typically 
aggrade following the first few storm events of the winter.  The volume of accumulated and dredged sediment represents a 
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reasonable estimate of the bedload sediment volume that is delivered annually to Sunset Creek at and below SE 30th Street.  
The total sediment in transport past SE 30th Street, including suspended sediment in storm flows, is likely an order of 
magnitude higher. 

Table 2. Records of recent maintenance dredging in Sunset Creek at SE 30th Street. 

Year of Dredging 

Volume of Sediment Removed 
Downstream of SE 30th Street Culverts

(yds3)

Volume of Sediment Removed 
Upstream of SE 30th Street Culverts

(yds3)

2004 15-20 –a

2005 20 1.5 
2006 10 0.75 
2007 15-20 –a

a  Volume of sediment removal upstream of culverts not reported. 

Ongoing aggradation at the proposed culvert replacement location at SE 30th Street, and within the Sunset, Richards, and East 
Creek channel network downstream, is a result of the site’s position on a historical alluvial fan where steep confined channels
from the upper watershed transition to less confined, lower gradient channels.  Within this context, the proposed culvert 
replacement location at SE 30th Street coincides with a marked change in gradient.  Upstream of SE 30th Street to Interstate 90
the average channel gradient of Sunset Creek exceeds 2.5 percent.  Downstream of SE 30th Street the channel gradient 
decreases to 1.2 percent; with the gradient decreasing to less than 0.9 percent at the confluence with Richards Creek and 
approximately 0.3 percent north of Kamber Road.  The significant decrease in channel gradient at the proposed culvert 
replacement location and within the channel network further downstream results in similar decreases in sediment transport 
capacity and drives the ongoing sediment aggradation that exacerbates flooding at SE 30th Street. 

Between 1963 and 1970, Sunset Creek was relocated to its present day alignment at SE 30th Street as part of the development in 
the area.  The current conditions of the Sunset Creek channel immediately upstream and downstream of SE 30th Street are 
largely controlled by the confined, channelized alignment, insufficient flow conveyance of the existing culverts, and high rates
of sediment delivery.  Downstream of SE 30th Street, abundant deposits of gravel and sand occupy the entire channel width 
between vertical riprap banks that were constructed when the stream was relocated from its historic location and channelized at
the edge of developing properties.  The relatively wide, shallow channel presents a fish passage barrier during low flow 
conditions in this area.  Upstream of SE 30th Street, the channel is confined within constructed banks armored with riprap and 
protected with riprap toes.  The substrate of the channel upstream of SE 30th Street is coarse and armored beyond the extent of
backwater deposits associated with limited flow conveyance during moderate and high flow events.  Both upstream and 
downstream of SE 30th Street, within the extent of proposed channel modifications associated with the proposed culvert 
replacement structure, the straight, plane-bed channel pattern provides little hydraulic or habitat complexity.  A private habitat
improvement project was completed in 2005 in Sunset Creek just upstream of the limits of the proposed channel modifications.  
That project included addition of large woody debris and modifications to the channel cross-section in an effort to provide a 
two-stage channel.  The proposed upstream channel modifications associated with the culvert replacement project will 
transition into this previously completed project reach. 

Despite the comprehensive channel modifications, limited riparian corridor and high rates of sediment delivery, resident and 
adfluvial trout (cutthroat) have been observed spawning in Sunset Creek downstream of the proposed culvert replacement 
location, and evidence of spring spawning was observed in April of this year.  Chinook salmon and steelhead are also known to 
have used the Sunset Creek and Richards Creek systems with distribution of these species extending into Sunset Creek up to 
and possibly beyond SE 30th Street.  These species have not been observed in Sunset Creek in recent years, potentially due to 
passage barriers imposed by extensive beaver dam complexes in downstream reaches.

 Is the property agricultural land?   YES       X NO  Are you a USDA program participant?    YES X NO

 7a.  Describe the proposed work that needs aquatic permits:  Complete plans and specifications should be provided for all work 
waterward of the ordinary high water mark or line, including types of equipment to be used.  If applying for a shoreline permit,
describe all work within and beyond 200 feet of the ordinary high water mark.  If you have provided attached materials to describe 
your project, you still must summarize the proposed work here.  Attach a separate sheet if additional space is needed.

The proposed project includes replacing existing twin 42-inch diameter corrugated metal pipe culverts with a box culvert 
designed to simulate natural streamflow conditions to the highest degree possible.  The proposed box culvert design includes a 
sedimentation structure.  Channel modifications will be necessary upstream and downstream of the replacement structure to 
create a stable transition of the existing streambed to the replacement culvert inlet and outlet invert elevations.  Sheet 1 shows 
the project vicinity map.  The principal work activities associated with the culvert replacement and channel modifications 
include: 

1. Site preparation 
2. Preliminary excavation of roadway 
3. Install temporary flow bypass 
4. Conduct fish removal 
5. Dewater construction area 
6. Remove riprap from culvert inlet and outlet headwalls 
7. Remove and replace existing culverts 
8. Remove riprap from channel banks  
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9. Channel grading, excavation and sediment removal
10. Install grade control structures and bank protection 
11. Revegetate streambanks 
12. Reintroduce flow to channel 
13. Construct high flow and maintenance bypass culvert. 

A detailed description of each of these work activities follows.  Sheet 2 presents a schematic drawing of the proposed work 
area. 

1. Site preparation 
Site preparation activities include the contractor mobilizing to the project site, developing a staging area, establishing site
access routes and traffic control, marking the work and clearing limits, and installing temporary erosion and sediment control 
(TESC) best management practices (BMPs).  Space at the project site is limited and it is anticipated that the contractor will 
establish staging in the parking lot of a nearby business.  The City of Bellevue is currently evaluating staging area alternatives.  
A staging area of approximately 100 feet by 100 feet is anticipated to be sufficient for the proposed project activities.  Access to 
the project site will be along SE 30th Street.  

2. Preliminary excavation of roadway 
Preliminary excavation of SE 30th Street will include removal of the road surfacing and sidewalks in the area where the culvert
will be replaced and excavation of the trench where the temporary flow bypass will be routed under SE 30th Street.  The 
temporary flow bypass alignment is anticipated to be located immediately to the west of the replacement culvert adjacent to the
future alignment of the maintenance bypass pipe.  Preliminary excavation may also include temporary relocations or 
realignments of utilities at the project site. 

3. Conduct fish removal 
Fish removal will be conducted by isolating the work area, removing as many fish as possible, then gradually dewatering the 
work area while continuing to remove any fish observed.  The work area will be isolated by installing block nets upstream and 
downstream of all work activities including the intake and discharge location for the temporary flow bypass.  If conditions allow, 
the upstream block net shall be placed first.  The downstream block net will then be used as a seine to herd fish from the 
upstream block net location downstream to the point selected for the downstream block net installation.  The site will be then be 
dewatered slowly enough to allow for continued removal of all fish species to avoid strandings.  Fish removal methods during 
dewatering will likely include dip netting and hand removal.  Fish handling will be kept to the minimum necessary to remove fish
from the work site.  All fish and aquatic life removed from the project site will be released downstream of the downstream block
net. 

4. Install temporary flow bypass 
In conjunction with fish removal activities, Sunset Creek will be diverted into a flow bypass pipe and routed past the work area
for the duration of culvert replacement and channel modification work.  A coffer dam will be constructed approximately 250 feet
upstream of SE 30th Street and stream flow will be routed into a flexible pipe to be secured to the west of the channel.  The 
bypass pipe will be 36 inches in diameter and capable of conveying flows up to 95 cubic feet per second (cfs).  This bypass 
conveyance capacity exceeds the 2-year recurrence interval flow in Sunset Creek (79 cfs).  The temporary bypass pipe will be 
routed beneath SE 30th Street and will extend for a distance of approximately 150 feet downstream of SE 30th Street where 
flows will be discharged to a temporary energy dissipater.  All coffer dam and energy dissipater materials will be completely 
removed from the site when the flow bypass is removed. 

5. Dewater construction area 
Following the installation of the temporary flow bypass any water remaining in the active channel or existing culverts will be 
pumped from the work area in accordance with permit requirements for discharge water quality.  Turbidity control BMPs will be 
implemented as necessary before this pumped water is released to Sunset Creek and/or its riparian corridor.  The culvert 
excavation will be dewatered as necessary based on the groundwater conditions encountered at the time of construction.  
Groundwater was encountered from 5 to 8 feet below the road surface during geotechnical borings advanced in April 2007. 

6. Remove riprap from culvert inlet and outlet headwalls and channel banks 
Riprap will be removed from the culvert inlet and outlet headwalls to facilitate further excavation and culvert replacement.  
Riprap will also be removed from the banks of Sunset Creek within 110 feet upstream and 60 feet downstream of the 
replacement culvert.  Riprap will be removed using an excavator and will be hauled from the site to a licensed disposal or 
material reuse facility.  Quantities and linear extents of riprap removal are presented in Table 3. 

Table 3. Riprap removal quantities. 

Location Bank Length (ft) Bank Area (ft2)

Upstream 
Left Bank 10 30 
Above Culvert 14 42 

Downstream 
Left Bank 60 240 
Right Bank 60 240 
Above Culvert 10 50 

Totals 154 602 
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7. Remove and replace existing culverts 
Removal of the existing twin 42-inch diameter corrugated metal pipe culverts and installation of the replacement culvert 
structure will require additional excavation in the SE 30th Street corridor.  Excavation, culvert removal, and replacement will
require traffic control, as only one lane of SE 30th Street will typically be closed at any given time.  All excavated material will be 
hauled from the project site to a licensed disposal or material reuse facility, or stockpiled onsite for use as backfill following 
installation of the replacement culvert structure.  The replacement culvert structure will be installed in approximately the same 
location as the existing culverts.  The replacement culvert will be constructed using precast concrete structures.  All 
replacement culvert construction activities will be constructed in the dry to minimize water quality impacts.  Construction of the 
replacement culvert will be coordinated with utility relocation in the SE 30th Street right-of-way.  Sheet 3 shows a profile of the 
existing and replacement culverts.  Sheet 5 shows plan and profile views of the replacement culvert design.  Sheet 6 presents 
cross section views of the proposed culvert design in the upper stream simulation section and in the lower sediment trap 
section. 

8. Channel grading, excavation and sediment removal 
The Sunset Creek channel will be modified to provide smooth and stable transitions from the existing streambed to the inlet and
outlet invert elevations of the replacement culvert.  Upstream of the replacement culvert, the finished channel bed will be 
lowered an average of approximately 1.4 feet, and up to 2.5 feet locally, over a length of 110 feet and an average channel width of 
7 feet.  The streambed will be overexcavated an additional 2 feet for the placement of streambed material, boulders, and large 
woody debris.  Sheet 3 shows the extents of proposed channel grading upstream of SE 30th Street.  Streambed and bank 
material will be removed from the channel using an excavator.  Streambed material from the channel upstream of the 
replacement culvert may be reused as stable channel bed material after grade control structures are constructed if deemed 
suitable by the project engineer. Bank materials and any streambed material deemed unsuitable for reuse by the project 
engineer will be hauled from the site to a licensed disposal or material reuse facility. 

Downstream of the replacement culvert, the full width of the channel bed, at an average width of 10 feet, will be lowered up to
2.5 feet for a distance of 60 feet downstream of the replacement culvert.  Sheet 3 shows the extents of proposed channel grading
downstream of SE 30th Street.  As upstream, the streambed will be overexcavated an additional 2 feet for the placement of 
streambed material, boulders, and large woody debris. Bed material from this part of the channel will be removed with an 
excavator.  A portion of this material may be suitable for use as stable channel bed material if deemed so by the project engineer
during construction.  Additional streambed material will be removed from the channel between 60 and 100 feet downstream of 
the replacement culvert.  This material will be removed from the center 4 to 5 feet of the channel using a suction dredge without
disturbing existing streambanks or riparian vegetation. 

Stream channel bank and bed material removal and fill quantities within the ordinary high water line associated with channel 
modifications during construction are presented in Table 4.  Sheet 4 shows a typical cross section of the proposed channel 
modifications as well as the plan view extents of grade control structures on the upstream side of SE 30th Street.  Sheet 7 
shows a typical cross section of the proposed channel modifications as well as the plan view extents of grade control structures
on the downstream side of SE 30th Street. 

Table 4. Sediment removal and fill quantities within the ordinary high water line. 

Impact Upstream of Culvert Downstream of Culvert 

Volume of excavation within existing OHWM (cy) a 111 145 
Volume of fill within existing OHWM (cy) b 58 47 
Area of fill within existing OHWM (arce) 0.02 0.02
a Includes streambed material and riprap. 
b Includes streambed material and boulders. 

9. Install grade control structures, bank protection, and substrate material 
Grade control and bank protection structures will be constructed in order to create a stable transition of the existing streambed 
to the replacement culvert inlet and outlet invert elevations.  Grade control and bank protection structures will be primarily 
constructed using large woody debris and rounded to subrounded river boulders; large woody debris will be imbedded in the 
streambed and banks and surcharged with boulders as necessary to resist lateral drag and buoyant forces and provide a high 
factor of safety for channel stability.  One structure, the large woody debris grade control structure downstream of the 
replacement culvert outlet, will incorporate ecology blocks buried within the streambanks.  Here, where the channel corridor is
narrow relative to the channel width, the large woody debris will be attached to the ecology blocks buried within the banks and
located outside of the OHWM.  Typical dimensions for large woody debris are diameters of 18 to 24-inches and lengths of 15 to 
25-feet.  Typical boulder diameters are 12 to 18-inches.   

Eight grade control structures will be installed upstream of the replacement culvert.  The average gradient of Sunset Creek 
upstream of SE 30th Street is 2.5 percent.  Within 15 feet of SE 30th Street on the upstream side, however, the existing channel
gradient is up to 30 percent.  The design grade of the channel for a distance of 110 feet upstream of the replacement culvert is
4 percent, with no sections to exceed 5 percent between grade control structures and no vertical drops in excess of 4 inches to
promote fish passage.  Sheet 8 shows plan and section design details of the proposed grade control structures upstream of 
SE 30th Street. 

Downstream of the replacement culvert one large woody debris grade control structure and one boulder grade control structure 
will be constructed.  The large woody debris grade control structure will be constructed 20 feet downstream of the replacement 
culvert and the boulder grade control structure will be located another 20 feet further downstream.  Sheet 9 shows plan and 
section design details of the proposed grade control structures downstream of SE 30th Street. 
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Two types of streambed material will be placed in areas where the channel is modified upstream and downstream of the 
replacement culvert.  The streambed surface will be composed of a 12-inch thick layer of streambed habitat gravel.  Below this 
layer, a 12-inch thick layer of cobble and gravel sized to resist scour and downstream transport will be used to maintain design
channel elevations between grade control structures.  These materials will likely be placed by excavator with finish placement 
requiring hand grading. 

10. Revegetate streambanks 
All streambanks disturbed during channel modification will be revegetated with an appropriate range of native species.  Typical
species that may be used to revegetated streambanks are presented in Table 5.  Replanting plans will be consistent with 
planting guidelines presented in the City of Bellevue’s Critical Areas Handbook (2007). 

Table 5. Typical species that may be used to revegetated Sunset Creek streambanks following channel modification. 

Vegetation Type Common Name Latin Name 

Trees 
Oregon ash Fraxinus latifolia
Pacific Willow  Salix lasiandra 
Paper birch  Betula papyifera 
Red alder Alnus rubra 

Shrubs 
Vine maple  Acer circinatum 
Red-osier dogwood Cornus sericea
Salmonberry Rubus spectablis 
Pacific ninebark  Physocarpus capitatus  

Groundcover 
Lady fern Athyrium filix-femina 
Sword fern Polystichum munitum 

Emergent 
Small-fruited bulrush  Scirpus microcarpus

11. Reintroduce flow to channel 
Following completion of the culvert replacement and channel bed modifications, Sunset Creek flows will be reintroduced to the 
channel.  The timing of reintroduction will be coordinated with construction of the high flow and maintenance bypass culvert 
and outfall and completion of bank protection in the outfall location at the downstream end of the replacement culvert. 

12. Construct maintenance bypass culvert 
A 24-inch diameter maintenance bypass culvert will be constructed to the west of the replacement culvert structure.  The 
maintenance bypass culvert will provide a means to bypass streamflows during maintenance of the sedimentation structure.  
The inlet of the maintenance bypass culvert at the upstream end will be in the wall of the replacement culvert.  The outlet of the 
high flow and maintenance bypass culvert will discharge to an energy dissipation structure composed of large woody debris 
built into the left bank of the stream channel downstream of the replacement culvert.  Both the inlet and outlet of the culvert will 
be screened to preclude fish passage. 

PREPARATION OF DRAWINGS:  See sample drawings and guidance for completing the drawings.  ONE SET OF ORIGINAL OR GOOD QUALITY REPRODUCIBLE 
DRAWINGS MUST BE ATTACHED.  NOTE:  Applicants are encouraged to submit photographs of the project site, but these DO NOT substitute for drawings.  THE CORPS 
OF ENGINEERS AND COAST GUARD REQUIRE DRAWINGS ON 8-1/2 X 11 INCH SHEETS.  LARGER DRAWINGS MAY BE REQUIRED BY OTHER AGENCIES.

 7b.  Describe the purpose of the proposed work and why you want or need to perform it at the site.  Please explain any specific needs 
that have influenced the design.

The purpose of the proposed culvert replacement project is to improve flow conveyance and reduce flooding at SE 30th Street, 
manage sediment delivery to Sunset Creek north of SE 30th Street, and improve fish passage conditions at the culvert location. 
Flood control and sediment management alternatives at the project site are limited both by the highly confined channel corridor
and the site’s location at a natural deposition zone in a watershed that generates and transports considerable sediment from 
upstream.  The proposed culvert replacement project is designed to address immediate, ongoing, and future conditions at the 
project location as well as complement flooding, sedimentation, and aquatic habitat resource management objectives in 
channels downstream. 

Since January 1, 2006 Sunset Creek has flooded at SE 30th Street at least six times, most recently on December 3, 2007.  
Flooding at SE 30th Street directly impacts neighboring businesses and restricts neighborhood access.  Sediment deposition at 
the project site reduces the conveyance capacity of the twin culverts beneath SE 30th Street, further exacerbating flooding.  
Recurring sediment deposition requires regular dredging of the active channel by the city.  Deposition of sediment that is 
transmitted downstream of SE 30th Street contributes to channel aggradation and aggravates flooding in other locations of the 
Sunset, Richards, and East Creek channel networks.  Under existing conditions, the sediment that accumulates upstream, 
downstream, and within the twin 42-inch diameter culverts at SE 30th Street inhibits fish passage by contributing to pressure 
flow conditions during flows as low as 10 cfs (equivalent to the 10 percent exceedance flow for January). 

Design of the proposed culvert replacement structure incorporates an understanding of the geomorphic, hydraulic, and 
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ecological conditions at the watershed and project-site scales.  Design of the replacement culvert followed a watershed and 
project reach assessment of geomorphic conditions, including a thorough evaluation of sediment delivery and transport at the 
project site, and was supported by a detailed hydraulic analysis of the Sunset Creek, Richards Creek, and East Creek system 
from SE 32nd Street to downstream of Kamber Road (SE 26th Street).  The design of the proposed culvert replacement structure 
and channel modifications considers the natural variability in sediment delivery to the project site and the potential channel 
responses to changes in sediment transport downstream of SE 30th Street.  The proposed culvert replacement structure will be 
supported by a monitoring and adaptive operations and maintenance plan that will be implemented by the City of Bellevue 
following project construction.  Detailed descriptions of replacement culvert design components and the monitoring and 
adaptive operations and maintenance plan are provided below. 

1. Replacement Culvert and Channel Modification Design 
The replacement culvert structure is designed to transmit the 100-year flood flow without allowing flow to overtop SE 30th 
Street, provide improved aquatic habitat and fish passage conditions compared to exiting conditions, and store approximately 
50 cubic yards of sediment in a structure that can be maintained with minimal detrimental impacts to aquatic habitat.  
Performance criteria for flow conveyance, fish passage, and sediment transport conditions were used to evaluate replacement 
structure designs. 

City of Bellevue design standards require culverts to pass the 100-year flood with an additional foot of freeboard.  Due to 
physical constraints at the project site, including the downstream channel width and road surface elevation, these design 
criteria could not be met.  The proposed geometry of the structure maximizes flow conveyance beneath SE 30th Street given the 
physical constraints of the downstream channel and the sediment transport and fish passage performance criteria discussed 
below.  The hydraulic opening of the replacement culvert is designed to be 13 feet wide and approximately 4.5 feet high. 

Fish passage criteria for the proposed replacement culvert are met by using a combination backwater and stream simulation 
culvert.  The dimensions of the main culvert opening maintain the width of the bank-full channel upstream of the culvert, 
consistent with design parameters for stream simulation culverts in confined channels (WDFW 2003).  The design slope of the 
stream simulation portion of the culvert is 3 percent, which is 1.2 times the average upstream channel gradient.  This satisfies
part of the stream simulation culvert design criteria (WDFW 2003).  The bed of the stream simulation structure will be composed
of a layer of streambed sediment that will likely be in flux over time from the upstream channel towards the sediment structure.
Stable boulders will protrude through the design streambed surface to provide hydraulic complexity. 

The sedimentation structure was designed to accommodate storage of 50 cubic yards of sediment.  This volume was derived 
based on analysis of sediment delivery to the project site and ongoing dredging that the city has performed in recent years to 
maintain flow conveyance.  Sediment has accumulated in the channel downstream of SE 30th Street at an average rate of 
approximately 40 cubic yards annually in the past 30 years.  The current average annual accumulation rate is likely less than 
what it was 10 or 20 years ago due to upstream efforts to reduce sediment production and delivery.  Still, regular dredging of 10
to 20 cubic yards of sediment is required on an almost annual basis to maintain flow conveyance.  The design sediment storage 
volume is intended to capture the majority of bedload sediment that is delivered to the project site in an average year with 
additional storage capacity for infrequent storms during which a greater volume of sediment is transported. 

The performance of the replacement culvert will be influenced by the streambed elevation of the downstream channel.  It is 
anticipated that some channel bed lowering will naturally occur downstream of SE 30th Street once bedload delivery is reduced 
by up to 50 cubic yards per year.  As a result, the replacement culvert is designed to achieve performance criteria in terms of
flow conveyance, sedimentation, and fish passage under not only as-built conditions but anticipated future conditions as well. 

Following construction, the replacement culvert will be backwatered by the relatively high channel bed elevation downstream of 
the project area.  If the downstream channel degrades sufficiently to no longer backwater the replacement culvert, the fish 
passable conditions will be maintained by backwater through the sedimentation structure caused by the large woody debris 
grade control structure downstream of the culvert outlet and the stream simulation culvert design in the upstream half of the 
replacement culvert.  The channel modifications downstream of the replacement culvert are further designed to accommodate 
potential channel responses by incorporating a deformable porous boulder weir downstream of the large woody debris grade 
control structure.  Should the downstream channel degrade, the boulder weir will deform somewhat but will maintain fish 
passage to and past the large woody debris grade control structure and through the replacement culvert structure. 

2. Monitoring and Adaptive Operations and Maintenance Plan 
Installing a sedimentation structure into Sunset Creek at SE 30th Street will require active monitoring of the channel 
downstream of SE 30th Street and a commitment to operation and maintenance of the sedimentation structure.  The City of 
Bellevue will lead these activities to ensure proper function of the sedimentation structure and avoid impacts to aquatic habitat
downstream of SE 30th Street. 

The following monitoring protocols will be implemented to identify the onset of geomorphic changes to the Sunset and Richards 
Creek channels downstream of SE 30th Street resulting from the altered dynamics of sediment delivery resulting from the 
sedimentation structure.  These protocols are intended to document geomorphic characteristics of the downstream channels 
and inform the City of Bellevue if modifications to the operations and maintenance schedule or more aggressive actions, such 
as gravel supplementation, are necessary to maintain substrate conditions that are beneficial for aquatic habitat. 

A channel monitoring protocol will be initiated by establishing four to five permanent monitoring locations approximately every
200 to 250 feet beginning 100 feet downstream of the replacement culvert.  At each monitoring section: 

1. Channel cross-sectional geometry will be surveyed. 
2. The composition of streambed sediment will be monitored at established locations downstream of SE 30th Street using 
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a combination of surface pebble counts and subsurface bulk sampling and sieve analysis. 

Channel surveying and streambed sediment sampling will be performed annually for a period of 5 years and semi-annually for 
the following 10 years.  At that time future monitoring needs can be reevaluated. 

Baseline sedimentation structure monitoring protocols will consist of the following: 

1. Scheduled visual inspections of sedimentation structure capacity and additional inspections following significant storm 
events. 

2. Documentation of the timing and quantity of all sediment removed from the structure. 
3. Bulk sieve analysis of sediment removed to document grain size distribution of captured sediment. 

Based on the patterns and rates of sediment delivery to the site and the channel response downstream of SE 30th Street an 
adaptive policy for determining when sediment removal is necessary can be developed.  Current rates of deposition at SE 30th 
Street indicate that annual to semi-annual sediment removal should be expected in the near future.  As sediment production and 
delivery from the upstream watershed decrease as a result of additional channel stabilization and sediment reduction measures 
the frequency of sediment removal may decrease.  Should sediment production in the upper watershed reduce to a level such 
that maintenance of the sedimentation structure is no longer necessary, the sedimentation structure is designed to function as a
stream simulation culvert without need for modifications. 

Removal of sediment from the sedimentation structure will be conducted so as to minimize impacts to aquatic species and 
downstream water quality.  During maintenance activities flow will be diverted through the maintenance bypass pipe by use of 
an adjustable gate at the upstream end of the sedimentation structure.  Sheet 2 shows the alignment of the bypass pipe on the 
west side of the replacement culvert structure.  Once flows are completely routed into the bypass pipe, fish will be excluded 
from the sedimentation structure using a seine that will then be installed as a downstream block net at the downstream end of 
the replacement culvert.  Dip netting will likely be used to complement the seining fish removal.  Once fish have been removed 
from the sedimentation cell to the downstream block net, sediment will be removed from the structure through use of a suction 
dredge operated from the street above and disposed of at an appropriate upland location.  Upon completion of sediment 
removal activities, the downstream block net will be removed and the gate at the upstream end of the culvert will be reopened to
allow Sunset Creek to once again flow through the replacement culvert structure.  Sediment removal will not require heavy 
equipment operations within the stream channel.

 7c.  Describe the potential impacts to characteristic uses of the water body.  These uses may include fish and aquatic life, water
quality, water supply, recreation and aesthetics.  Identify proposed actions to avoid, minimize, and mitigate detrimental impacts
and provide proper protection of fish and aquatic life.  Identify which guidance documents you have used.  Attach a separate 
sheet if additional space is needed.

The proposed project involves the replacement of an existing culvert structure with an improved culvert structure combined 
with an integrated sediment trap.  Placement of this structure will require modification of the stream channel bed and bank 
modifications for grade control purposes. 

Primary impacts of concern associated with the proposed project include the following: 

Construction related impacts on aquatic species and water quality 
Culvert management effects on aquatic species and water quality 
Effects on stream habitat conditions 
Effects on fish passage. 

The proposed project has been planned and designed to avoid, minimize and mitigate these potential impacts to the greatest 
extent possible, and will result in a net improvement in existing habitat and water quality conditions.  Discussion of methods 
and guidance used to avoid and minimize impacts are described below. 

1. Construction related impacts on aquatic species and water quality 
The proposed project has the potential to cause construction-related impacts on water quality, principally in the form of 
increased suspended sediment loading from channel bed and bank disturbance.  The project plans include several BMPs and 
construction monitoring protocols designed to limit sediment loading and water quality impacts to the greatest extent possible.
All channel and bank work will be conducted within a dewatered exclusion area, during the mid to late summer months when 
streamflow should be at its lowest.  Groundwater and stormwater pumped from the construction site will be filtered prior to 
discharge back to surface waters, or delivered to the sanitary sewer system for treatment.  Once construction is completed, the
exclusion area will be rewatered slowly to limit the suspension of sediments from disturbed areas.  Turbidity levels will be 
monitored in Sunset Creek downstream of SE 30th Street throughout construction to ensure BMP effectiveness. 
------
Dewatering of the exclusion area will require the capture and relocation of fish and other aquatic organisms.  These activities
will be conducted consistent with current Washington State Department of Transportation protocols for this practice, which are 
designed to minimize adverse effects. 

All machinery operating within the stream channel will utilize hydraulic fluid that is certified as non-toxic to aquatic life. 
Throughout construction a spill control and prevention plan will be in place to avoid and manage any spills of potentially 
hazardous materials. 
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2. Post-construction related effects on aquatic species and water quality 
The proposed project design includes a sediment trap integrated into the replacement culvert structure.  Several long-term 
benefits for aquatic life and water quality are anticipated with the replacement culvert.  The primary benefit provided by the 
sediment trap within the culvert structure is that it will allow for the majority of sediment removal activities to take place inside
an enclosed structure, versus dredging of the active channel.  Second, the trap will provide increased sediment storage 
capacity, which is expected to decrease the frequency and/or the extent of sediment removal activities.  Currently, dredging of
the active channel takes place on an annual basis, causing considerable habitat disturbance and related water quality impacts. 
While some dredging of the active channel may be required in the future, this will be limited to infrequent occasions when large
sediment delivery events overwhelm trap capacity. 

The proposed replacement culvert structure design incorporates several design features that will simplify fish exclusion and 
relocation during sediment removal activities.  These features will promote the removal of fish from the sediment management 
area with less disturbance and handling, reducing stress and injury potential.  Because the sediment trap within the culvert is
designed to be smaller in areal extent than the segment of channel that is currently dredged, the amount of habitat that fish are
denied access to during maintenance activities will be reduced. 

Finally, the existing twin culverts that convey Sunset Creek across SE 30th Street provide insufficient flood conveyance 
capacity, contributing to routine flooding of adjacent roadways and parking lots.  These floodwaters commonly overwhelm 
storm drains and flow overland back into the stream system.  Because some of those local storm drains do not drain directly 
back to the stream system, this suggests that current flooding conditions contribute to elevated delivery of stormwater 
pollutants to Sunset Creek.  By reducing the frequency of flooding that overtops the street, the proposed project is likely to 
result in a slight incremental improvement in local water quality conditions during and following flood events. 

3. Effects on habitat conditions 
The proposed project will result in improved habitat conditions in the project area.  These improvements will occur because of 
increased habitat complexity provided by bioengineered grade control and bank stabilization structures, reduced frequency of 
sediment management activities in the active channel, and adaptive management of sediment delivery rates to downstream 
channels.  These three factors that are expected to positively influence habitat are described in more detail below. 

The bioengineered grade control and bank stabilization structures are necessary components of channel reconfiguration 
needed to support the culvert design.  The current channel gradient conditions have been imposed by backwater conditions 
induced by the existing culvert and sediment deposition in the channel downstream of SE 30th Street that occurs because 
elevated sediment delivery rates in the Sunset Creek watershed are out of equilibrium with sediment transport capacity in the 
channel.  The channel upstream and downstream of SE 30th Street must be returned to a more natural gradient to support fish 
passage and enhance sediment capture in the replacement culvert structure.  The channel profile modification work will involve 
excavation of accumulated sediment from the channel bed and the installation of grade control structures, removal of riprap, 
and bank contouring and stabilization.  Riprap will be removed from approximately 74 lineal feet of streambank and replaced 
with bioengineered bank protection structures composed primarily of LWD.  The grade control structures will also be 
constructed using LWD. 

The channel modification design is based on a comprehensive assessment of watershed, reach, and site specific hydrologic, 
hydraulic, and geomorphic conditions, and is consistent with WDFW Integrated Streambank Protection Guidelines.  The grade 
control and bank stabilization structures are specifically designed to mimic the habitat forming processes and functions 
provided by LWD in natural stream environments, and will significantly increase habitat complexity and improve fish passage in 
the project reach of Sunset Creek.  The proposed project is considered to be self-mitigating for these reasons. 

The Sunset Creek channel accumulates more sediment than it can effectively transport in its current hydromodified state.  This 
promotes an overly wide and shallow channel environment with limited habitat complexity.  These channel conditions provide 
poor flow conveyance, contributing to frequent flooding problems on SE 30th Street and adjacent businesses, and also 
contribute to low flow passage barrier conditions for adult salmonids and potentially for juvenile salmonids. 

Sediment management to maintain flood flow conveyance capacity in this reach of Sunset Creek is accomplished by routine 
annual dredging of the active channel downstream of the SE 30th Street culvert.  This requires regular disturbance of the active
channel, interfering with the formation of beneficial habitat features.  A key advantage of the integrated sediment trap in the
replacement culvert structure is that it will allow for the majority of sediment removal activities to be conducted within the 
structure using equipment parked on the roadway atop the culvert, avoiding streambank and channel disturbance.  Dredging of 
the active channel will only be required in rare circumstances when large sediment delivery events overwhelm sediment trap 
capacity. 

The integrated sediment trap in the replacement culvert structure will allow for more flexible and adaptive management of 
sediment flux through the lower reach of Sunset Creek downstream of the culvert, which should produce habitat benefits over 
the long-term.  The proposed project incorporates monitoring of bed elevations and substrate conditions in and downstream of 
the project reach in Sunset Creek, and an adaptive approach for metering sediment delivery rates to promote the formation of 
beneficial channel conditions.  Specifically, controlled sediment delivery downstream of SE 30th Street will allow for the existing
sediment plug in the channel between SE 30th Street and the confluence of Sunset Creek with Richards Creek to gradually 
erode.  This in turn will increase flow conveyance capacity, and allow for the formation of a greater diversity of habitat features.  
The channel will be routinely monitored to ensure that substrate conditions desirable for salmonid spawning are maintained. 

Collectively, these project elements should produce improved habitat conditions within the project reach that are beneficial to a 
range of aquatic species. 

Attachment 3 - Phase 2 Project Plans and Staff Report



4. Effects on fish passage 
The proposed project will result in improved conditions for fish passage in the project reach.  Currently, fish passage conditions 
in Sunset Creek are impaired by sediment deposition upstream and downstream of the SE 30th Street twin culverts.  The flatter 
gradient in the channel downstream of the culverts promotes the accumulation of a large plug of sediment that creates a low 
flow barrier to adult salmonid passage.  This sediment plug may also hinder the movement of juvenile salmonids under certain 
flow conditions.  This sediment plug extends beyond the limits of current dredging activities, meaning that this barrier condition 
will remain permanent without additional intervention.  By allowing for greater control of sediment delivery rates to the 
downstream channel, it is expected that the sediment trap will permit the evolution of channel conditions that are beneficial to
fish passage. 

The existing twin culverts also limit fish passage upstream of SE 30th Street.  The culverts lack sufficient hydraulic capacity to 
convey flood flows that transport large sediments.  This creates a backwater effect upstream of the structure that promotes the
accumulation of coarse bedload, increasing the channel gradient abruptly from approximately 2.5 percent to 10 percent 
approaching the upstream culvert entrance.  During high flow conditions, the high flow velocity in the culvert barrels in 
combination with shallow, high velocity flow conditions in this over-steepened segment may create a partial barrier condition. 

The proposed culvert integrates two fish passage components, a backwatered sediment trap at the downstream end, and a 
streambed simulation component at the upstream end.  The streambed simulation segment has been designed in accordance 
with current WDFW culvert design guidance (WDFW 2003).  This segment will mimic natural channel bed conditions at a more 
natural 2.5 percent channel slope.  The backwatered sediment trap component will provide quiescent flow conditions that will 
allow for unhindered fish passage.  The streambed simulation segment will provide for full fish passage for all species and life
history stages likely to occur in this system during the flow conditions during which migratory and dispersal behavior is likely to 
take place. 

Collectively, the proposed culvert design and stream channel modifications address high flow and low flow passage barriers, 
and are expected to provide improved fish passage conditions throughout this reach of Sunset Creek.

 7d.  For in-water construction work, will your project be in compliance with the State of Washington water quality standards for 
turbidity (WAC 173-201A-410)?       X   YES        NO

 8.  Will the project be constructed in stages?              X   YES            NO 

Proposed starting date: Summer of 2009

Estimated duration of activity: 50 to 70 working days for construction with up to 10 additional days for mobilization and 
setup of temporary erosion and sediment control measures. 

 9.  Check if any temporary or permanent structures will be placed: 

 X   Waterward of the ordinary high water mark or line for fresh or tidal waters  AND/OR 

  Waterward of the mean higher high water for tidal waters? 

 10.  Will fill material (rock, fill, bulkhead, or other material) be placed: 
 X Waterward of the ordinary high water mark or line for fresh waters? 

 If  YES, VOLUME (cubic yards) 105      / AREA 0.04   (acres) 
    Waterward of the mean higher high water for tidal waters?

 If  YES, VOLUME (cubic yards) / AREA (acres) 

 11.  Will material be placed in wetlands?      YES X  NO
If YES:

 A. Impacted area in acres: 
 

 B. Has a delineation been completed?  If YES, please submit with application.   YES    NO 

 C. Has a wetland report been prepared?  If YES, please submit with application   YES   NO

 D. Type and composition of fill material (e.g., sand, etc.) 
 

 E. Material source: 
 

 F. List all soil series (type of soil) located at the project site, and indicate if they are on the county’s list of hydric soils.  Soils 
information can be obtained from the natural Resources Conservation Service (NRCS). 

 

 G. WILL PROPOSED ACTIVITY CAUSE FLOODING OR DRAINING OF WETLANDS?     YES    X NO
If YES, IMPACTED AREA IS                 ACRES OF DRAINED WETLANDS.

NOTE: If your project will impact greater than 1/10 of an acre of wetland, submit a mitigation plan to the Corps and Ecology for approval along with the JARPA form. 
NOTE: A 401 water quality certification may be required from Ecology in addition to an approved mitigation plan if your project wetland impacts are greater than 1/10 acre in size. 
Please submit the JARPA form and mitigation plan to Ecology for 401 certification review. 

 12.  Stormwater Compliance:  This project is (or will be) designed to meet ecology’s most current  
stormwater manual, or an Ecology approved local stormwater manual.   X YES NO 

  If YES – Which manual will your project be designed to meet?2005 Stormwater Management Manual for Western Washington
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 If NO – For Clean Water Act Section 401 and 404 permits only – Please submit to Ecology for approval, along with this JARPA 
application, documentation that demonstrates the stormwater runoff from your project or activity will comply with the water quality 
standards, WAC 173-201(A) 

 13.  Will excavation or dredging be required in water or wetlands?     X YES NO

 If YES:
A.  Volume: 256 (cubic yards) /area 0.04 (acre)

B.  Composition of material to be removed: Riprap and streambed material 

C.  Disposal site for excavated material: licensed disposal or reuse facility 

D.  Method of dredging: Excavator and suction dredge (sediment to be removed in the dry)

 14.  Has the State Environmental Policy Act (SEPA) been completed   YES         X NO
SEPA Lead Agency: City of Bellevue
SEPA Decision: DNS, MDNS, EIS, Adoption, Exemption 

  

Decision Date (end of comment period) 

SUBMIT A COPY OF YOUR SEPA DECISION LETTER TO WDFW AS REQUIRED FOR A COMPLETE APPLICATION 

 15.  List other Applications, approvals or certifications from other federal, state or local agencies for any structures, construction
discharges  or other activities described in the application (i.e. preliminary plat approval, health district approval, building permit, 
SEPA review, federal energy regulatory commission license (FERC), Forest practices application, etc.).  Also, indicate whether 
work has been completed and indicate all existing work on drawings.  NOTE: For use with Corps Nationwide Permits, identify 
whether your project has or will need an NPDES permit for discharging wastewater and/or stormwater. 

– Project does not require an NPDES permit. 
TYPE OF APPROVAL ISSUING AGENCY IDENTIFICATION 

NO.
DATE OF 

APPLICATION 
DATE 

APPROVED 
COMPLETED?

Hydraulic Project Approval Washington Department of Fish and Wildlife 

Clean Water Act Section 404 U.S. Army Corps of Engineers 

Section 401 Water Quality Certification Washington State Department of Ecology 

SEPA review City of Bellevue 

Critical Areas City of Bellevue

 16.  Has any agency denied approval for the activity you’re applying for or for any activity directly related to the activity described
herein?  

YES  X NO
If YES, explain:

 

SECTION B - Use for Shoreline and Corps of Engineers permits only:
 17a.  Total cost of project.  This means the fair market value of the project, including materials, labor, machine rentals, etc.

$995,000 

 17b.  If a project or any portion of a project receives funding from a federal agency, that agency is responsible for ESA consultation.
Please indicate if you will receive federal funds and what federal agency is providing those funds. 

FEDERAL FUNDING   YES  X NO   If YES, please list the federal agency.  

 18.  Local government with jurisdiction: City of Bellevue

 19.  Provide names, addresses and telephone numbers of adjoining property owners, lessees, etc. Please note:  Shoreline 
Management Compliance may require additional notice – consult your local government.

NAME ADDRESS PHONE NUMBER 

      E.S. Harrington 13120 SE 30th Street, Bellevue, WA  98005 

      Stead Building Partnership 13200  SE 30th Street, Bellevue, WA  98005 

      SLC Investment LLC 13201 SE 30th Street, Bellevue, WA  98005 

      SCC Property Holdings 13111 SE 30th Street, Bellevue, WA  98005 
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June 27, 2008 

Heidi Bedwell 
City of Bellevue 
Department of Planning and Community Development 
450 110th Avenue NE 
P.O. Box 90012 
Bellevue, WA  90009 

Subject: SE 30th Street/Sunset Creek Flood Improvement Project – 
Phase 1:  Abbreviated Critical Areas Report 

Dear Heidi: 

On behalf of Brian Ward of the City of Bellevue Utilities Department, Herrera 
Environmental Consultants has prepared an abbreviated report intended to satisfy 
Critical Areas Report requirements for the proposed SE 30th Street/Sunset Creek 
Flood Improvement Project.  Per agreement between you and Brian, this report 
specifically identifies the components of existing permitting documentation that 
satisfy the Critical Areas Land Use Permit reporting requirements codified under 
LUC 20.25H.250.B.  Where necessary, the report provides additional supporting 
information and interpretation to fully comply with these requirements. 

The technical and permitting documents referenced in this report include: 

The Joint Aquatic Resources Permitting Application (JARPA) 
submitted to the Washington Department of Fish and Wildlife 

The Biological Assessment (BA) prepared to satisfy Endangered 
Species Act Consultation in conjunction with U.S. Army Corps of 
Engineers permitting requirements 

Copies of these documents are included as appendices to the enclosed Abbreviated 
Critical Areas Report. 

Please do not hesitate to contact Chase Barton or me if you have any questions or 
require additional information. 

Sincerely,

Herrera Environmental Consultants, Inc. 

Eric Doyle 
Fisheries Biologist/Project Scientist 

Enclosure: Abbreviated Critical Areas Report 

cc: Brian Ward, Utilities 

lt  06-03501-001 abbreviated critical areas report.doc

Attachment 3 - Phase 2 Project Plans and Staff Report



Attachment 3 - Phase 2 Project Plans and Staff Report



ABBREVIATED CRITICAL AREAS REPORT 

SE 30th Street / Sunset Creek 
Flood Improvement Project

Prepared for 

City of Bellevue 
Utilities Department

June 27, 2008 

Attachment 3 - Phase 2 Project Plans and Staff Report



Attachment 3 - Phase 2 Project Plans and Staff Report



i

Contents

1 Introduction ...............................................................................................................................1

2 Critical Areas Report ................................................................................................................3

2.1 Identification and Classification of Critical Areas and Critical Area Buffers ...................3
2.2 Regulations and Codes Proposed for Modification ...........................................................4
2.3 Habitat Assessment Report ................................................................................................4

2.3.1 Vegetation on and Adjacent to the Site ............................................................4
2.3.2 Species of Local Importance with Primary Habitat Association ......................4
2.3.3 Federal, State, or Local Management Recommendations ................................5
2.3.4 Direct and Indirect Impacts ..............................................................................5
2.3.5 Impact Avoidance, Minimization, and Mitigation Measures ...........................5
2.3.6 Ongoing Management Practices for Habitat Protection ...................................6

2.4 Probable Cumulative Impacts ............................................................................................6
2.5 Critical Areas Functions and Values Protection Assessment ............................................6

2.5.1 Existing Functions and Values Provided by Affected Critical Areas ...............7
2.5.2 Projected Future Conditions:  Proposed Action Permitted ...............................7
2.5.3 Projected Future Conditions:  Proposed Action Denied ...................................8

2.6 Applicable Performance Standards ...................................................................................9
2.7 Restoration and Mitigation Requirements .......................................................................10

3 References ...............................................................................................................................13

Appendix A Joint Aquatic Resources Permit Application 
Appendix B Biological Assessment 

Attachment 3 - Phase 2 Project Plans and Staff Report



Attachment 3 - Phase 2 Project Plans and Staff Report



Abbreviated Critical Areas Report 

1 Introduction 

The City of Bellevue (the City) proposes to replace existing twin barrel 42-inch diameter culverts 
on Sunset Creek at SE 30th Street with an integrated fish-passable culvert and sediment capture 
structure.  Installation of the new structure will require modification of the stream channel 
upstream and downstream of SE 30th Street.  These modifications will include eight grade 
control structures upstream and two grade control structures downstream of the culvert, riprap 
removal and replacement with bioengineered bank protection structures, and stream and riparian 
habitat enhancement.  Channel and riparian modifications will take place over a segment of 
Sunset Creek extending from approximately 110 feet upstream to approximately 60 feet 
downstream of SE 30th Street. 

The culvert replacement project (hereafter referred to as the proposed action) is designed to 
address chronic flooding of Sunset Creek at SE 30th Street and adjacent businesses, and provide 
the ability to adaptively manage habitat conditions and flood conveyance capacity.  The 
integrated sediment trap will capture the majority of sediments transported to this reach of Sunset 
Creek in most years.  This will allow for maintenance dredging to be conducted within the 
enclosed structure rather than the active channel.  Sediment removal will be managed to optimize 
sediment delivery rates to the channel segment downstream of the structure, maintaining flood 
conveyance capacity and desirable habitat conditions. 

The proposed project is planned as Phase 1 of a multiple-phase Flood Control and Sediment 
Management Plan for Richards Creek, Sunset Creek, and East Creek that is currently in 
development.  The intent of this multi-phase effort is to provide a comprehensive solution to 
ongoing sediment management and flooding challenges in these drainages, and produce a net 
improvement in habitat conditions.  While considered part of this larger effort, Phase 1 has 
independent utility and is being implemented separately to address immediate needs. 

Under Bellevue Land Use Code (LUC) 20.25H.250, project proponents are required to prepare a 
Critical Areas Report (CAR) when the action they propose might affect the ecological functions 
and values provided by designated critical areas.  The CAR provides the information needed by 
the City’s Department of Planning and Community Development (PCD) to evaluate consistency 
with these requirements and determine if proposed restoration and mitigation adequately 
compensate for affected critical area functions and values. 

In lieu of preparing a full CAR, PCD staff indicated they will accept an abbreviated CAR 
supported by the other permitting documents prepared for the proposed action.  An abbreviated 
CAR is acceptable, providing that it clearly identifies the elements of the existing technical and 
permitting documentation that satisfy CAR requirements detailed in LUC 20.25H.250.B.  This 
report has been prepared in accordance with this agreement.  It identifies the pertinent elements 
of permitting documents that address CAR requirements, and provides additional supporting 
information where necessary. 

The existing technical and permitting documents referenced in this report include: 
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The Joint Aquatic Resources Permit Application (JARPA) (Appendix A) 

The Biological Assessment (BA) prepared to satisfy Endangered Species 
Act Consultation in conjunction with U.S. Army Corps of Engineers 
permitting requirements (Appendix B) 

The general location of the proposed action is shown on Figure 1 of the BA (see BA page 2).
The construction limits for the proposed action are shown generally in BA Figure 2 (see BA page 
15), and more specifically in the project plans (see BA, Appendix B and/or the JARPA).  The 
extent of anticipated direct and indirect impacts associated with the proposed action are best 
represented by the aquatic component of the action area, as shown on BA Figure 3 (see BA 
page 39), and the clearing limits shown in plan sheet C-10 (see BA Appendix B).  For the 
purpose of this report, these combined effect limits are referred to hereafter as the impact area.  
(The remaining component of the action area outlined in red represents short-term construction 
noise impacts which are not a CAR reporting requirement.)  The majority of the impact area 
downstream of SE 30th Street represents anticipated gradual and long-term changes in habitat 
conditions expected to result from adaptive management of sediment delivery rates.  The design 
of the proposed action, construction methods, impact avoidance and minimization measures, best 
management practices (BMPs), and mitigation and monitoring are described in detail in the BA. 
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2 Critical Areas Report 

Consistent with LUC 20.25H.245, the supporting information upon which this report is based 
was developed by qualified professionals in the areas of hydrologic and hydraulic modeling, 
geomorphology, engineering and fisheries biology, using the best available science and 
guidance.  This report relates the pertinent elements in existing documentation to CAR 
information needs specified in LUC 20.25H.250.  For ease of reference, this information is 
presented following the stepwise listing of CAR reporting requirements provided in LUC 
20.25H.250.B.

2.1 Identification and Classification of Critical Areas and Critical 
Area Buffers 

This subsection addresses LUC 20.25H.250.B. subsections 1 and 2.  Identified critical areas and 
critical area buffers within and adjacent to the impact area include the following: 

Streams and stream buffers:  The proposed action will be constructed in and/or have direct and 
indirect effects on the lower Sunset Creek and upper Richards Creek stream channels identified 
in BA Figures 2 and 3 (see BA pages 12 and 37).  Under the definitions provided in LUC 
20.25H.075.B, subsection 2, both stream systems are classified as Type F (fish bearing) 
waterbodies.  Under LUC 20.25H.075.C, subsection 1.a.ii, streams of this class have a 
designated buffer width of 50 feet.  Historic development of the area prior to institution of 
critical areas protections has encroached upon the stream buffer.  Buildings, roadways, and 
paved parking lots limit the existing and potential riparian zone to an average width of 10 to 
30 feet. 

Vegetation and channel conditions within these critical areas are described in the BA (see BA 
pages 5-8). 

Habitats associated with species of local importance:  Richards Creek and Sunset Creek are 
known and/or presumed habitat for Chinook and coho salmon, both of which are identified as 
species of local importance under LUC 20.25H.150.A.  Chinook salmon are currently listed as 
threatened under the Endangered Species Act (ESA) (64 CFR 14308-14328).  The buffers 
defined for fish bearing streams also apply to this critical area type.  Additional detail on habitat 
use by these species, as well as other species of importance, is provided in Section 2.3.2 of this 
report.

No amphibian, avian, or mammal species of local importance were observed in the impact area 
during site surveys.  Habitat conditions are generally not suitable for these species due to natural 
characteristics or the degraded condition of the stream buffer.  Large trees that could serve as 
perch areas for raptors and woodpeckers are a possible exception, but these habitat elements will 
remain protected.  There are no wetlands (LUC 20.25H.095) or geologic hazard areas (LUC 
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20.25H.120) within the impact area, or on adjacent properties.  Neither Richards nor Sunset 
Creek are designated as shoreline critical areas under LUC 20.25H.115.  Critical areas adjacent 
to the site include the Richards Creek stream channel and associated buffer upstream of the 
Sunset Creek confluence (existing buffer conditions are similar to those described above for 
Sunset Creek). 

2.2 Regulations and Codes Proposed for Modification 

The proposed action is classified as an allowable use under LUC 20.25H.055.B (new or 
expanded culverts and bridges).  Under LUC 20.25H.055.C, subsection 2, this type of use is 
allowed providing certain performance standards are met.  Consistent with the CAR guidance, 
relevant performance standards are discussed in detail in Section 7 of this report. 

2.3 Habitat Assessment Report 

This subsection identifies the elements of existing documentation that satisfy Habitat Assessment 
Report (HAR) requirements specified under LUC 20.25H.165.A. 

2.3.1 Vegetation on and Adjacent to the Site 

Vegetation conditions in the stream’s buffer are described in the BA, under Vegetation and 
Wetlands (see BA page 5). 

2.3.2 Species of Local Importance with Primary Habitat Association 

Chinook salmon use of the impact area is described in detail in the BA (see BA page 40).  Coho 
spawning and rearing has been documented in the Richards and Sunset Creek channels up to and 
immediately upstream of SE 30th Street (Paulsen 2007; WDFW 2004, 2007a, 2007b).  Neither 
species has been documented in the impact area in recent years, as a result of two factors:
depressed population abundance; and partial barriers to fish passage created by beaver activity in 
downstream areas of Richards Creek (Paulsen 2007). 

While not currently considered a species of local importance, steelhead trout are listed as 
threatened under the ESA (72 FR 26722-26735) and are of special concern from a state and 
federal permitting perspective.  This species has been historically documented in the Kelsey 
Creek system and could potentially occur in the impact area.  Potential habitat use is described in 
the BA (see BA page 42). 

The streams and associated stream buffers within the impact area described in the previous 
subsections comprise the primary habitats utilized by these species of local importance. 
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2.3.3 Federal, State, or Local Management Recommendations 

No specific federal or state level management recommendations have been developed for Sunset 
Creek and Richards Creek.  However, area biologists with WDFW and the Muckleshoot Tribe 
have both expressed a strong sentiment toward the maintenance and improvement of riparian 
functions and the protection of spawning habitat provided by Sunset Creek within the impact 
area (Fisher 2007; Walter 2007).  Lead City of Bellevue biologists have expressed similar 
concerns (Paulsen 2007). 

Sediment accumulation and chronic flooding in this area have been ongoing management 
concerns at the local level for several years.  The City has invested considerably in infrastructure 
to address sediment delivery from upstream source areas (i.e., the high-flow bypass system in 
upper Sunset Creek), and in comprehensive planning to address these issues (e.g., the Richards 
Creek Basin Plan [Entranco 1999], and the ongoing comprehensive flooding and sediment 
management planning effort discussed in Section 1 of this report).  The proposed action is 
consistent with these other city efforts. 

2.3.4 Direct and Indirect Impacts 

The anticipated direct and indirect impacts of the proposed action are described in detail in the 
BA (see BA pages 27-34).  The discussion includes consideration of the indirect effects of 
ongoing sediment management activities in the impact area on channel conditions, and the 
habitat benefits expected to result from the proposed action. 

2.3.5 Impact Avoidance, Minimization, and Mitigation Measures 

The proposed action incorporates two general categories of impact avoidance and minimization 
measures: 

1. Conceptual planning for the project based on the best available science 
and appropriate guidance 

2. Standard BMPs employed to avoid and minimize short-term, construction 
related direct effects. 

The conceptual planning element is discussed under Applicable Performance Standards 
(Section 2.6).  Construction BMPs and long-term maintenance related measures are discussed in 
the BA (see BA pages 20-22). 

With regard to mitigation requirements, the proposed project is considered to be self-mitigating 
because it will result in a net-increase in critical area functions and values.  Supporting 
information for this position is provided in Section 2.7. 
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2.3.6 Ongoing Management Practices for Habitat Protection 

The proposed project includes a long-term monitoring and adaptive management plan to ensure 
that desired habitat conditions in the project impact area are maintained.  This component, which 
is critical to achieving the desired net improvement in critical areas functions and values, is 
detailed in the BA (see BA pages 22-24). 

2.4 Probable Cumulative Impacts 

With regard to cumulative impacts, the long-term indirect effects, effects of interrelated and 
interdependent actions, and project benefits described in the BA (see BA pages 29-34) provide 
the best measure of long-term anticipated project effects.  As noted in the introduction, the 
proposed action is considered to be Phase 1 of a broader plan to comprehensively address 
sediment loading, chronic flooding, and habitat conditions in the Sunset Creek/Richards 
Creek/East Creek confluence area.  The intent of the broader plan is to develop a comprehensive 
solution to sediment accumulation and flooding problems in this area while enhancing aquatic 
and riparian habitat conditions. The combined cumulative effects of these actions are expected 
to be beneficial on balance, as they will:  1) reduce the need for routine maintenance dredging of 
the active channel; 2) decrease the frequency of flooding of adjacent impervious surfaces that 
contribute pulses of non-point source pollution during storm events, and 3) incorporate extensive 
channel and riparian habitat enhancements.  These combined elements should result in a net 
improvement in chronic flooding, a reduction in maintenance-related habitat disturbance, and 
improved habitat conditions. 

The proposed action is not expected to lead to additional cumulative effects.  It will not increase 
the traffic capacity of SE 30th Street, nor will it facilitate future development.  Therefore, there 
are no effects associated with land use changes that can be ascribed to the action. 

2.5 Critical Areas Functions and Values Protection Assessment 

This component of the CAR requires a pre- and post-project assessment of the level of protection 
afforded to critical area functions and values by the regulations and standards in the LUC.  This 
assessment must include the following components: 

Existing functions and values provided by critical areas and critical area 
buffers

Projected future functions and values should the project be permitted 

Projected future functions and values should the project not be permitted. 

These assessment elements are addressed in the following sections. 
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2.5.1 Existing Functions and Values Provided by Affected Critical Areas 

Existing conditions in the Sunset Creek/Richards Creek impact area are degraded.  The 
surrounding area was developed for commercial and light industrial uses during the 1960s and 
1970s, prior to the establishment of critical areas protections.  To accommodate this 
development, much of the existing channel network was relocated, straightened, and contained 
within riprap armored channels.  Property development was allowed to encroach upon the 
streams, limiting the effective riparian buffer to less than 20 feet on either side of the stream in 
most circumstances.  The remaining riparian buffer is composed of a sparse mix of ornamental, 
invasive, and native vegetation. 

Before historic hydromodification, stream channels within the project area would have naturally 
aggraded and shifted location across an alluvial fan, occupying the course of least resistance.  
Development related hydromodification halted the natural process of channel migration and 
restricted the natural process of sediment deposition to the established channel corridors.
Concurrent development of headwater areas of the drainage proceeded without adequate 
stormwater detention, resulting in an increased sediment supply rate that has proven difficult to 
mitigate.  Sediment aggradation in the project vicinity currently exceeds transport capacity, 
resulting in chronic sediment deposition that reduces channel capacity and promotes flooding.  
As a consequence, the City must dredge the active channel annually to maintain flood 
conveyance.  While considered an allowable use under LUC 20.25H.055.B, this activity 
nonetheless contributes to chronic disturbance of the channel and channel buffer. 

The functions and values provided by the area proposed for modification are mixed.  Under 
natural conditions, this alluvial fan reach likely provided prime spawning habitat for resident and 
migratory fish, including salmon and steelhead.  Even in its current degraded state, the aggraded 
stream reach immediately downstream of SE 30th Street continues to provide important 
spawning habitat.  However, the inability of the channel to migrate in response to sediment 
deposition has created an overly wide and shallow channel condition that limits the quality and 
quantity of useable spawning habitat and presents a low flow passage barrier. 

Protecting and enhancing remaining spawning habitat in the Kelsey Creek watershed is 
considered a central objective of critical areas management by the City.  This system is spawning 
habitat limited (Paulsen 2007), meaning that salmonid productivity in the system is constrained 
by the amount of available habitat suitable for spawning.  Preserving existing spawning habitat 
and increasing its function will directly benefit species of local interest. 

2.5.2 Projected Future Conditions:  Proposed Action Permitted 

The proposed action is expected to improve critical area functions and values in the segments of 
Sunset Creek and Richards Creek within the impact area.  The expected improvements include 
the following, by critical area and critical area buffer category: 

Streams and habitats used by species of local interest: 
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Reduced maintenance dredging frequency in the active channel, 
reducing habitat disturbance 

Simplified fish exclusion procedures and reduced need for fish 
capture and relocation during maintenance 

Replacement of 154 lineal feet of riprap bank protection with 
bioengineered structures and channel modifications and addition of 
39 pieces of geomorphically functional large woody debris to the 
stream channel, resulting in increased hydraulic complexity and 
habitat diversity (see BA page 32) 

Improved water quality (see BA pages 34, 43-53) 

Improved fish passage under high and low flow conditions (see BA 
pages 33-34) 

Maintenance of desirable spawning habitat conditions (see BA 
pages 43-53). 

Stream buffers, and buffers for habitats used by species of local interest  
(see BA, Appendix B, Drawings P1-P3): 

Restoration and enhancement of all areas disturbed by 
construction;

Removal of invasive and ornamental riparian vegetation and 
replacement with site appropriate native species; 

Increased density and coverage of native vegetation, providing 
improved shade and cover, and increased recruitment of organic 
material and prey organisms (dense vegetation will also limit 
human access, reducing harrassment and disturbance of aquatic 
life). 

These habitat improvements will be maintained over the anticipated life of the project, and will 
be further enhanced by the subsequent phases of the proposed comprehensive flood control and 
sediment management plan for this portion of the Richards Creek drainage discussed elsewhere 
in this report. 

2.5.3 Projected Future Conditions:  Proposed Action Denied 

Should the proposed action not go forward, the protections afforded by existing critical areas 
regulations would be expected to maintain habitat conditions in a degraded state.  Routine annual 
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maintenance dredging of the active channel would continue, resulting in episodic habitat 
disturbance, including fish capture and handling during work area dewatering.  Chronic sediment 
aggradation upstream and downstream of the SE 30th Street culvert would continue to pose high 
flow and low flow barriers to fish passage.  Periodic water quality degradation associated with 
overland flooding of adjacent impervious surfaces would continue unabated.  Riparian vegetation 
would likely remain in its current degraded state, dominated by sparse ornamental and invasive 
species. 

2.6 Applicable Performance Standards 

Pertinent performance standards for culvert replacement are specified under LUC 20.25H.055.C.
These standards require demonstration that the proposed action is the most technically feasible 
and appropriate solution to the problem at hand, and that the solution is designed consistent with 
applicable best available science and guidance. 

The proposed action presents the most technically feasible solution to sediment accumulation 
and flooding issues that characterize the SE 30th Street crossing of Sunset Creek.  As described 
in the BA summary of hydraulic and geomorphic characteristics (see BA pages 6-8), historic 
hydromodification of this channel segment has created a condition in which sediment deposition 
rates exceed transport capacity.  This causes chronic aggradation inside the culvert and 
immediately upstream and downstream that in turn contributes to chronic flooding.  The City has 
invested considerable resources in infrastructure to address sediment delivery from upstream 
source areas.  However, a detailed analysis of current and projected future conditions (currently 
in preparation) has indicated that sediment delivery rates will exceed transport capacity for the 
foreseeable future even if additional source control measures are implemented.  This will 
contribute to ongoing sediment deposition in the SE 30th Street vicinity, poor culvert 
performance, and continued chronic flooding.  Annual maintenance dredging required to 
minimize this flooding will maintain aquatic habitat conditions in a degraded state (LUC 
20.25H.055.C, subsection 2.a.v.). 

The proposed action will address these issues by increasing the hydraulic capacity of the culvert 
and adjacent channel and improving sediment management capability.  In combination with the 
improved habitat conditions provided by riparian enhancement and addition of instream wood 
structures, the ability to adaptively manage sediment delivery rates to the downstream channel 
will result in improved habitat conditions.  The channel will be allowed to gradually erode the 
existing sediment deposit until a more suitable width/depth ratio is reached.  Substrate conditions 
will be monitored to ensure desirable spawning habitat attributes are maintained.  As such, the 
long-term impacts of the proposed action are anticipated to be beneficial.  While short-term 
construction related impacts will occur, the BMPs and impact avoidance and minimization 
measures incorporated into the design will limit their duration and extent.  The site will be fully 
restored following project completion and riparian vegetation in stream buffer areas will be 
enhanced relative to current conditions (LUC 20.25H.055.C, subsections 2.b.i, ii, and viii). 
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Per the requirements of LUC 20.25H.055.C, subsection 3, the culvert replacement structure and 
related stream modifications have been designed by qualified professionals consistent with the 
best available science and the appropriate guidance.  As stated in the BA (see BA pages 24-25) 
the entire design is based on a comprehensive assessment of watershed, reach, and site specific 
hydrologic, hydraulic, and geomorphic conditions.  This approach is consistent with the 
Integrated Streambank Protection Guidelines prepared by the Washington State Aquatic Habitat 
Guidelines Program (WSAHGP 2003).  As discussed in the JARPA (see JARPA page 10), the 
culvert replacement structure has been designed in accordance with WDFW culvert design 
guidance (WDFW 2003), using the stream simulation method.  The culvert replacement is 
strictly intended to address flood control and sediment management issues at the existing road 
crossing.  It will not change the traffic capacity of the existing roadway or otherwise facilitate 
new development. 

2.7 Restoration and Mitigation Requirements 

Mitigation and restoration requirements associated with this type of project are defined based on 
the type of critical area affected.  As discussed, the proposed project will result in two categories 
of functional effects:  short-term construction related effects on the stream buffer; and long-term 
beneficial effects on the stream buffer and stream habitat conditions, including habitats used by 
species of local importance. 

With regard to short-term effects, all areas disturbed during construction of the proposed action 
will be fully restored and enhanced.  The construction plans incorporate measures to protect 
existing trees, avoid native vegetation, and concentrate disturbance in areas dominated by 
invasive or ornamental vegetation.  All disturbed areas will be replanted with site appropriate 
native species.  Existing invasive and ornamental vegetation will be removed.  The site 
revegetation plan, prepared in accordance with City requirements, is provided in Appendix B of 
the BA (see Drawings P1-P3). 

Per LUC 20.25H.085.A, mitigation is specifically intended to replace loss or degradation of 
critical area and buffer values and functions caused by a proposed action.  Mitigation 
requirements specific to streams and stream buffers include the following in the stated order of 
preference:

1. On-site, through replacement of lost critical area buffer 

2. On-site, through enhancement of the functions and values of remaining 
critical area buffer 

3. Off-site, through replacement or enhancement, in the same sub-drainage 
basin
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4. Off-site, through replacement or enhancement, out of the sub-drainage 
basin but in the same drainage basin. 

Per LUC 20.25H.085.B, lost values and functions shall be mitigated with a one-to-one ratio. 

Based on these requirements, the proposed action is considered to be self-mitigating.  No further 
mitigation should be required because:  1) the project will result in an immediate and long-term 
net-improvement in critical area values and functions, and 2) the project incorporates long-term 
monitoring and adaptive management to ensure that desirable conditions are maintained 
overtime.  Because no loss of critical area functions and values will result from the proposed 
action, no further mitigation measures should be required. 
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AGENCY USE ONLY                              JARPA FORM LAST UPDATED: March 19, 2007 

Agency Reference #:       Date Received:       

Circulated by:       (local govt. or agency)       

Office of Regulatory Assistance, JARPA JARPA FORM LAST UPDATED: March 19, 2007  For help call 800-917-0043 or visit www.epermitting.org  1 

Project Tracking Number:  

Washington State JOINT AQUATIC RESOURCES PERMIT APPLICATION (JARPA) Form 

Step 1: Get Ready Step 2: Complete Form Step 3: Check Work Step 4: Copy and Send In

Go to www.epermitting.org
for correct form and 
instructions.

Use black ink.
Check correct 
permit boxes. 

Use internet “Help”
buttons to answer 
questions completely.

Use final review 
checklist 
at www.epermitting.org

See JARPA Contacts
at www.epermitting.org fo
correct mailing addresses. 

r

.

Fish Habitat Enhancement Projects per RCW 77.55.181.  You must submit copy of completed JARPA form and Fish Habitat    
Enhancement JARPA Addition to your Local Government Planning Dep’t and WA Dep’t of Fish and Wildlife (WDFW) Area Habitat
Biologist on same day. Note for Local Governments: You must submit comments to WDFW within 15 working days. 

Based on instructions at www.epermitting.org, I am sending copies of this application to the following:  (check all that apply)

X Local Government for Shoreline:       Substantial Development       Conditional Use       Variance       Exemption       Revision 

                           X Floodplain Management     X Critical Areas Ordinance 

X Washington Department of Fish and Wildlife for Hydraulic Project Approval (Submit 2 copies to WDFW Region) 

X Washington Department of Ecology for 401 Water Quality Certification (to Regional Office-Federal Permit Unit) 

Washington Department of Natural Resources for Aquatic Resources Use Authorization Notification

X Corps of Engineers for:    X Section 404 permit    Section 10 permit 

Coast Guard for:     General Bridge Act Permit       Private Aids to Navigation (for non-bridge projects) 
Fo eet conditions of the most current r Department of Transportation projects only:  This project will be designed to m

Ecology/Department of Transportation Water Quality Implementing Agreement 

PROJECT TITLE:  SE 30th Street / Sunset Creek Culvert Replacement 
 

PROJECT DESCRIPTION:  
The City of Bellevue proposes to replace existing twin 42-inch diameter corrugated metal pipe culverts on Sunset Creek at 
SE 30th Street with a stream simulation and sedimentation structure, and modify the Sunset Creek channel upstream and 
downstream to match the culvert replacement structure invert elevations.  Proposed channel modifications include removing 
existing riprap along the channel banks and culvert headwalls, modifying the streambed grade, installing grade control and bank
stabilization structures made primarily of boulders and large woody debris, and revegetating disturbed streambanks.  The culvert
replacement project is designed to reduce ongoing flooding of SE 30th Street and adjacent properties and manage sediment 
transported in Sunset Creek to eliminate the need for annual dredging in the active channel upstream and downstream of the 
culvert openings.  The replacement culvert project is designed to transmit the 100-year flood without allowing flow to overtop 
SE 30th Street, store approximately 50 cubic yards of sediment within the culvert structure, and provide improved aquatic habitat
and fish passage conditions.

SECTION A - Use for all permits covered by this application.  Be sure to ALSO complete Section C (Signature Block) for all 
permit applications. 

 1. APPLICANT
City of Bellevue Utilities, Brian Ward (Project Manager)
MAILING ADDRESS 
450 110th Ave NE, 5th Floor, Bellevue, WA 98004
WORK PHONE 
425-452-5206 

E-MAIL ADDRESS 
bward@bellevuewa.gov

 HOME PHONE 
206-334-1500

 FAX # 
425-452-5286

If an agent is acting for the applicant during the permit process, complete #2.  Be sure agent signs Section C (Signature Block) for
all permit applications 

 2. AUTHORIZED AGENT
Herrera Environmental Consultants, Inc. (Chase Barton, Project Manager)
MAILING ADDRESS 
2200 Sixth Avenue, Suite 1100, Seattle, Washington  98121
WORK PHONE 
206-441-9080

E-MAIL ADDRESS 
cbarton@herrerainc.com

HOME PHONE 
206-910-4403

FAX # 
206-441-9108

 3. Relationship of applicant to property:         X OWNER            PURCHASER    LESSEE          

 4. Name, address and phone number of property owner(s) if other than applicant:
E.S. Harrington, 13120 SE 30th Street, Bellevue, Washington  98005
Stead Building Partnership, 13200 SE 30th Street, Bellevue, Washington  98005 
SLC Investment LLC, 13201 SE 30th Street, Bellevue, Washington  98005 
SCC Property Holdings, 13111 SE 30th Street, Bellevue, Washington  98005 

 5. Location (street address, including city, county and zip code, where proposed activity exists or will occur) 
SE 30th Street, approximately 500 feet east of Richards Road SE, Bellevue, King County, Washington  98005

 Local government with jurisdiction (city or county) City of Bellevue
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 Waterbody you are working in Sunset Creek  Tributary of Richards Creek  WRIA # 8

 Is this waterbody on the 303(d) List      YES  X    NO 

If YES, what parameter(s)? 

  

 Shoreline designation /AN

 

 Zoning designation Light Industrial 

¼ Section  Section Township Range Government Lot  DNR stream type if known Type F
  

9 and 10 24 North 5 East 

 Latitude and Longitude: 47035’01”N, 122009’52”W Tax Parcel Number 5453300194, 5453300183, 
5453300244, 5458300291

 6.  Describe (a) the current use of the property, (b) structures existing on the property, and (c) existing environmental conditions.  
Have you completed any portion of the proposed activity on this property?       YES         X  NO  
For any portion of the proposed activity already completed on this property, indicate month and year of completion.   

a & b) The project improvements are proposed to occur within existing city street right-of-way and adjacent privately owned 
parcels.  The culvert replacement site is located within the right-of-way of SE 30th Street along the same alignment as the 
existing twin 42-inch diameter culverts.  Upstream channel modifications are to occur primarily within an existing city right-of-
way for 132nd Avenue SE, which was never completed in this location.  Some channel modification, site access and 
revegetation activities associated with upstream channel modifications may also occur on private parcels (tax parcel numbers 
5453300244, 5453300291).  Downstream channel modifications are proposed on private parcels (tax parcel numbers 5453300194 
and 5453300183).  The taxpayers, property name, property type and present use of the private parcels associated with the 
proposed project activities are presented in Table 1.  Initial discussions have been initiated with private parcel owners by the
City of Bellevue, and there is no indication of any opposition to the proposed project activities. 

Table 1. Property characteristics for private parcels associated with proposed project activities. 

Tax Parcel Number Taxpayer Property Name Property Type Present Use 

5453300244 SCC Property Holdings Shurgard Mini Storage Commercial Mini Warehouse 
5453300291 SLC Investment LLC Printed Circuits Assembly Corp. Commercial Industrial Park 
5453300194 Emmett S. Harrington  Shurgard Mini Storage Commercial Mini Warehouse 
5453300183 Stead Building Partnership Stead Building Commercial Warehouse 

c) Sunset Creek is located in the Kelsey Creek subarea of WRIA 8.  Approximately 400 feet downstream of the proposed culvert 
replacement location, Sunset Creek joins Richards Creek.  Approximately 850 feet downstream of the confluence of Sunset 
Creek and Richards Creek, Richards Creek is joined by East Creek.  From this confluence, Richards Creek flows north towards 
Kelsey Creek.  Upstream of the proposed project site, Sunset Creek originates from a highly developed watershed 
approximately one square mile in area that lies primarily to the south of Interstate 90 and east of Interstate 405.  Single family 
residential parcels dominate the watershed land use south of Interstate 90 and commercial properties are predominant in the 
vicinity of the proposed project site.  Significant watershed development began prior to 1961.  Presently, the effective 
impervious area of the Sunset Creek watershed is approximately 44 percent.  Sheet 1 shows the project vicinity map. 

The physical changes made to a watershed during urbanization can significantly alter its hydrologic regime and sediment 
supply characteristics.  In the Sunset Creek watershed, as has occurred in many other watersheds in the Puget Sound area, the 
addition of impervious surfaces associated with development resulted in increased peak flow magnitudes that in turn caused 
widespread adjustments in stream channel form, primarily in the form of channel incision and enlargement.  Locally, these 
changes destabilized the toes of steep hillslopes and increased the rate of sediment supply to the channel from bank erosion 
and landslides.  Although streambanks in many parts of the Sunset Creek channel network have been stabilized, bank erosion 
and slope instability continues in some reaches upstream of Interstate 90. 

The Sunset Creek ravine located immediately upstream of Interstate 90 has been the most highly productive sediment supply 
reach in the Sunset Creek channel network.  The City of Bellevue has completed multiple projects to address widespread 
landsliding within this reach.  Channel spanning grade control structures were installed in the mid to late 1980s and a flow 
bypass, routing peak flow discharges around the most unstable and highly sediment productive portion of the reach, was 
completed in 1998.  Although it is apparent that these projects have reduced the rate that sediment is delivered to the channel
and transported downstream, considerable sediment is stored within the active channel network in the upper watershed.  This 
mobile sediment continues to be routed downstream of Interstate 90 where steep and largely confined channel segments route 
the sediment to the proposed culvert replacement location at SE 30th Street. 

Historical and recent channel survey data indicate that the bed elevation of Sunset Creek and Richards creeks has aggraded 
between three and four and a half feet within 1,000 feet of channel length downstream of SE 30th Street over the last 30 years.  It 
is estimated that an average of approximately 40 cubic yards of gravel (with some sand) have accumulated annually in this 
reach of Sunset and Richards creeks in that 30-year period.  It is likely that peak rates of sediment delivery to the SE 30th Street
culverts and the channel network downstream occurred soon after widespread watershed development, and before efforts to 
reduce sediment production and transport from the upper watershed.  However, ongoing sedimentation in the twin culverts 
beneath SE 30th Street and in the stream channel downstream requires regular dredging activity to maintain culvert openings 
and provide flow conveyance.  Records of recent maintenance dredging completed by the City of Bellevue show that between 
10 and 22 cubic yards of sediment have been removed annually between 2004 and 2007 (Table 2).  Dredged areas typically 
aggrade following the first few storm events of the winter.  The volume of accumulated and dredged sediment represents a 
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reasonable estimate of the bedload sediment volume that is delivered annually to Sunset Creek at and below SE 30th Street.  
The total sediment in transport past SE 30th Street, including suspended sediment in storm flows, is likely an order of 
magnitude higher. 

Table 2. Records of recent maintenance dredging in Sunset Creek at SE 30th Street. 

Year of Dredging 

Volume of Sediment Removed 
Downstream of SE 30th Street Culverts

(yds3)

Volume of Sediment Removed 
Upstream of SE 30th Street Culverts

(yds3)

2004 15-20 –a

2005 20 1.5 
2006 10 0.75 
2007 15-20 –a

a  Volume of sediment removal upstream of culverts not reported. 

Ongoing aggradation at the proposed culvert replacement location at SE 30th Street, and within the Sunset, Richards, and East 
Creek channel network downstream, is a result of the site’s position on a historical alluvial fan where steep confined channels
from the upper watershed transition to less confined, lower gradient channels.  Within this context, the proposed culvert 
replacement location at SE 30th Street coincides with a marked change in gradient.  Upstream of SE 30th Street to Interstate 90
the average channel gradient of Sunset Creek exceeds 2.5 percent.  Downstream of SE 30th Street the channel gradient 
decreases to 1.2 percent; with the gradient decreasing to less than 0.9 percent at the confluence with Richards Creek and 
approximately 0.3 percent north of Kamber Road.  The significant decrease in channel gradient at the proposed culvert 
replacement location and within the channel network further downstream results in similar decreases in sediment transport 
capacity and drives the ongoing sediment aggradation that exacerbates flooding at SE 30th Street. 

Between 1963 and 1970, Sunset Creek was relocated to its present day alignment at SE 30th Street as part of the development in 
the area.  The current conditions of the Sunset Creek channel immediately upstream and downstream of SE 30th Street are 
largely controlled by the confined, channelized alignment, insufficient flow conveyance of the existing culverts, and high rates
of sediment delivery.  Downstream of SE 30th Street, abundant deposits of gravel and sand occupy the entire channel width 
between vertical riprap banks that were constructed when the stream was relocated from its historic location and channelized at
the edge of developing properties.  The relatively wide, shallow channel presents a fish passage barrier during low flow 
conditions in this area.  Upstream of SE 30th Street, the channel is confined within constructed banks armored with riprap and 
protected with riprap toes.  The substrate of the channel upstream of SE 30th Street is coarse and armored beyond the extent of
backwater deposits associated with limited flow conveyance during moderate and high flow events.  Both upstream and 
downstream of SE 30th Street, within the extent of proposed channel modifications associated with the proposed culvert 
replacement structure, the straight, plane-bed channel pattern provides little hydraulic or habitat complexity.  A private habitat
improvement project was completed in 2005 in Sunset Creek just upstream of the limits of the proposed channel modifications.  
That project included addition of large woody debris and modifications to the channel cross-section in an effort to provide a 
two-stage channel.  The proposed upstream channel modifications associated with the culvert replacement project will 
transition into this previously completed project reach. 

Despite the comprehensive channel modifications, limited riparian corridor and high rates of sediment delivery, resident and 
adfluvial trout (cutthroat) have been observed spawning in Sunset Creek downstream of the proposed culvert replacement 
location, and evidence of spring spawning was observed in April of this year.  Chinook salmon and steelhead are also known to 
have used the Sunset Creek and Richards Creek systems with distribution of these species extending into Sunset Creek up to 
and possibly beyond SE 30th Street.  These species have not been observed in Sunset Creek in recent years, potentially due to 
passage barriers imposed by extensive beaver dam complexes in downstream reaches.

 Is the property agricultural land?   YES       X NO  Are you a USDA program participant?    YES X NO

 7a.  Describe the proposed work that needs aquatic permits:  Complete plans and specifications should be provided for all work 
waterward of the ordinary high water mark or line, including types of equipment to be used.  If applying for a shoreline permit,
describe all work within and beyond 200 feet of the ordinary high water mark.  If you have provided attached materials to describe 
your project, you still must summarize the proposed work here.  Attach a separate sheet if additional space is needed.

The proposed project includes replacing existing twin 42-inch diameter corrugated metal pipe culverts with a box culvert 
designed to simulate natural streamflow conditions to the highest degree possible.  The proposed box culvert design includes a 
sedimentation structure.  Channel modifications will be necessary upstream and downstream of the replacement structure to 
create a stable transition of the existing streambed to the replacement culvert inlet and outlet invert elevations.  Sheet 1 shows 
the project vicinity map.  The principal work activities associated with the culvert replacement and channel modifications 
include: 

1. Site preparation 
2. Preliminary excavation of roadway 
3. Install temporary flow bypass 
4. Conduct fish removal 
5. Dewater construction area 
6. Remove riprap from culvert inlet and outlet headwalls 
7. Remove and replace existing culverts 
8. Remove riprap from channel banks  
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9. Channel grading, excavation and sediment removal
10. Install grade control structures and bank protection 
11. Revegetate streambanks 
12. Reintroduce flow to channel 
13. Construct high flow and maintenance bypass culvert. 

A detailed description of each of these work activities follows.  Sheet 2 presents a schematic drawing of the proposed work 
area. 

1. Site preparation 
Site preparation activities include the contractor mobilizing to the project site, developing a staging area, establishing site
access routes and traffic control, marking the work and clearing limits, and installing temporary erosion and sediment control 
(TESC) best management practices (BMPs).  Space at the project site is limited and it is anticipated that the contractor will 
establish staging in the parking lot of a nearby business.  The City of Bellevue is currently evaluating staging area alternatives.  
A staging area of approximately 100 feet by 100 feet is anticipated to be sufficient for the proposed project activities.  Access to 
the project site will be along SE 30th Street.  

2. Preliminary excavation of roadway 
Preliminary excavation of SE 30th Street will include removal of the road surfacing and sidewalks in the area where the culvert
will be replaced and excavation of the trench where the temporary flow bypass will be routed under SE 30th Street.  The 
temporary flow bypass alignment is anticipated to be located immediately to the west of the replacement culvert adjacent to the
future alignment of the maintenance bypass pipe.  Preliminary excavation may also include temporary relocations or 
realignments of utilities at the project site. 

3. Conduct fish removal 
Fish removal will be conducted by isolating the work area, removing as many fish as possible, then gradually dewatering the 
work area while continuing to remove any fish observed.  The work area will be isolated by installing block nets upstream and 
downstream of all work activities including the intake and discharge location for the temporary flow bypass.  If conditions allow, 
the upstream block net shall be placed first.  The downstream block net will then be used as a seine to herd fish from the 
upstream block net location downstream to the point selected for the downstream block net installation.  The site will be then be 
dewatered slowly enough to allow for continued removal of all fish species to avoid strandings.  Fish removal methods during 
dewatering will likely include dip netting and hand removal.  Fish handling will be kept to the minimum necessary to remove fish
from the work site.  All fish and aquatic life removed from the project site will be released downstream of the downstream block
net. 

4. Install temporary flow bypass 
In conjunction with fish removal activities, Sunset Creek will be diverted into a flow bypass pipe and routed past the work area
for the duration of culvert replacement and channel modification work.  A coffer dam will be constructed approximately 250 feet
upstream of SE 30th Street and stream flow will be routed into a flexible pipe to be secured to the west of the channel.  The 
bypass pipe will be 36 inches in diameter and capable of conveying flows up to 95 cubic feet per second (cfs).  This bypass 
conveyance capacity exceeds the 2-year recurrence interval flow in Sunset Creek (79 cfs).  The temporary bypass pipe will be 
routed beneath SE 30th Street and will extend for a distance of approximately 150 feet downstream of SE 30th Street where 
flows will be discharged to a temporary energy dissipater.  All coffer dam and energy dissipater materials will be completely 
removed from the site when the flow bypass is removed. 

5. Dewater construction area 
Following the installation of the temporary flow bypass any water remaining in the active channel or existing culverts will be 
pumped from the work area in accordance with permit requirements for discharge water quality.  Turbidity control BMPs will be 
implemented as necessary before this pumped water is released to Sunset Creek and/or its riparian corridor.  The culvert 
excavation will be dewatered as necessary based on the groundwater conditions encountered at the time of construction.  
Groundwater was encountered from 5 to 8 feet below the road surface during geotechnical borings advanced in April 2007. 

6. Remove riprap from culvert inlet and outlet headwalls and channel banks 
Riprap will be removed from the culvert inlet and outlet headwalls to facilitate further excavation and culvert replacement.  
Riprap will also be removed from the banks of Sunset Creek within 110 feet upstream and 60 feet downstream of the 
replacement culvert.  Riprap will be removed using an excavator and will be hauled from the site to a licensed disposal or 
material reuse facility.  Quantities and linear extents of riprap removal are presented in Table 3. 

Table 3. Riprap removal quantities. 

Location Bank Length (ft) Bank Area (ft2)

Upstream 
Left Bank 10 30 
Above Culvert 14 42 

Downstream 
Left Bank 60 240 
Right Bank 60 240 
Above Culvert 10 50 

Totals 154 602 
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7. Remove and replace existing culverts 
Removal of the existing twin 42-inch diameter corrugated metal pipe culverts and installation of the replacement culvert 
structure will require additional excavation in the SE 30th Street corridor.  Excavation, culvert removal, and replacement will
require traffic control, as only one lane of SE 30th Street will typically be closed at any given time.  All excavated material will be 
hauled from the project site to a licensed disposal or material reuse facility, or stockpiled onsite for use as backfill following 
installation of the replacement culvert structure.  The replacement culvert structure will be installed in approximately the same 
location as the existing culverts.  The replacement culvert will be constructed using precast concrete structures.  All 
replacement culvert construction activities will be constructed in the dry to minimize water quality impacts.  Construction of the 
replacement culvert will be coordinated with utility relocation in the SE 30th Street right-of-way.  Sheet 3 shows a profile of the 
existing and replacement culverts.  Sheet 5 shows plan and profile views of the replacement culvert design.  Sheet 6 presents 
cross section views of the proposed culvert design in the upper stream simulation section and in the lower sediment trap 
section. 

8. Channel grading, excavation and sediment removal 
The Sunset Creek channel will be modified to provide smooth and stable transitions from the existing streambed to the inlet and
outlet invert elevations of the replacement culvert.  Upstream of the replacement culvert, the finished channel bed will be 
lowered an average of approximately 1.4 feet, and up to 2.5 feet locally, over a length of 110 feet and an average channel width of 
7 feet.  The streambed will be overexcavated an additional 2 feet for the placement of streambed material, boulders, and large 
woody debris.  Sheet 3 shows the extents of proposed channel grading upstream of SE 30th Street.  Streambed and bank 
material will be removed from the channel using an excavator.  Streambed material from the channel upstream of the 
replacement culvert may be reused as stable channel bed material after grade control structures are constructed if deemed 
suitable by the project engineer. Bank materials and any streambed material deemed unsuitable for reuse by the project 
engineer will be hauled from the site to a licensed disposal or material reuse facility. 

Downstream of the replacement culvert, the full width of the channel bed, at an average width of 10 feet, will be lowered up to
2.5 feet for a distance of 60 feet downstream of the replacement culvert.  Sheet 3 shows the extents of proposed channel grading
downstream of SE 30th Street.  As upstream, the streambed will be overexcavated an additional 2 feet for the placement of 
streambed material, boulders, and large woody debris. Bed material from this part of the channel will be removed with an 
excavator.  A portion of this material may be suitable for use as stable channel bed material if deemed so by the project engineer
during construction.  Additional streambed material will be removed from the channel between 60 and 100 feet downstream of 
the replacement culvert.  This material will be removed from the center 4 to 5 feet of the channel using a suction dredge without
disturbing existing streambanks or riparian vegetation. 

Stream channel bank and bed material removal and fill quantities within the ordinary high water line associated with channel 
modifications during construction are presented in Table 4.  Sheet 4 shows a typical cross section of the proposed channel 
modifications as well as the plan view extents of grade control structures on the upstream side of SE 30th Street.  Sheet 7 
shows a typical cross section of the proposed channel modifications as well as the plan view extents of grade control structures
on the downstream side of SE 30th Street. 

Table 4. Sediment removal and fill quantities within the ordinary high water line. 

Impact Upstream of Culvert Downstream of Culvert 

Volume of excavation within existing OHWM (cy) a 111 145 
Volume of fill within existing OHWM (cy) b 58 47 
Area of fill within existing OHWM (arce) 0.02 0.02
a Includes streambed material and riprap. 
b Includes streambed material and boulders. 

9. Install grade control structures, bank protection, and substrate material 
Grade control and bank protection structures will be constructed in order to create a stable transition of the existing streambed 
to the replacement culvert inlet and outlet invert elevations.  Grade control and bank protection structures will be primarily 
constructed using large woody debris and rounded to subrounded river boulders; large woody debris will be imbedded in the 
streambed and banks and surcharged with boulders as necessary to resist lateral drag and buoyant forces and provide a high 
factor of safety for channel stability.  One structure, the large woody debris grade control structure downstream of the 
replacement culvert outlet, will incorporate ecology blocks buried within the streambanks.  Here, where the channel corridor is
narrow relative to the channel width, the large woody debris will be attached to the ecology blocks buried within the banks and
located outside of the OHWM.  Typical dimensions for large woody debris are diameters of 18 to 24-inches and lengths of 15 to 
25-feet.  Typical boulder diameters are 12 to 18-inches.   

Eight grade control structures will be installed upstream of the replacement culvert.  The average gradient of Sunset Creek 
upstream of SE 30th Street is 2.5 percent.  Within 15 feet of SE 30th Street on the upstream side, however, the existing channel
gradient is up to 30 percent.  The design grade of the channel for a distance of 110 feet upstream of the replacement culvert is
4 percent, with no sections to exceed 5 percent between grade control structures and no vertical drops in excess of 4 inches to
promote fish passage.  Sheet 8 shows plan and section design details of the proposed grade control structures upstream of 
SE 30th Street. 

Downstream of the replacement culvert one large woody debris grade control structure and one boulder grade control structure 
will be constructed.  The large woody debris grade control structure will be constructed 20 feet downstream of the replacement 
culvert and the boulder grade control structure will be located another 20 feet further downstream.  Sheet 9 shows plan and 
section design details of the proposed grade control structures downstream of SE 30th Street. 
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Two types of streambed material will be placed in areas where the channel is modified upstream and downstream of the 
replacement culvert.  The streambed surface will be composed of a 12-inch thick layer of streambed habitat gravel.  Below this 
layer, a 12-inch thick layer of cobble and gravel sized to resist scour and downstream transport will be used to maintain design
channel elevations between grade control structures.  These materials will likely be placed by excavator with finish placement 
requiring hand grading. 

10. Revegetate streambanks 
All streambanks disturbed during channel modification will be revegetated with an appropriate range of native species.  Typical
species that may be used to revegetated streambanks are presented in Table 5.  Replanting plans will be consistent with 
planting guidelines presented in the City of Bellevue’s Critical Areas Handbook (2007). 

Table 5. Typical species that may be used to revegetated Sunset Creek streambanks following channel modification. 

Vegetation Type Common Name Latin Name 

Trees 
Oregon ash Fraxinus latifolia
Pacific Willow  Salix lasiandra 
Paper birch  Betula papyifera 
Red alder Alnus rubra 

Shrubs 
Vine maple  Acer circinatum 
Red-osier dogwood Cornus sericea
Salmonberry Rubus spectablis 
Pacific ninebark  Physocarpus capitatus  

Groundcover 
Lady fern Athyrium filix-femina 
Sword fern Polystichum munitum 

Emergent 
Small-fruited bulrush  Scirpus microcarpus

11. Reintroduce flow to channel 
Following completion of the culvert replacement and channel bed modifications, Sunset Creek flows will be reintroduced to the 
channel.  The timing of reintroduction will be coordinated with construction of the high flow and maintenance bypass culvert 
and outfall and completion of bank protection in the outfall location at the downstream end of the replacement culvert. 

12. Construct maintenance bypass culvert 
A 24-inch diameter maintenance bypass culvert will be constructed to the west of the replacement culvert structure.  The 
maintenance bypass culvert will provide a means to bypass streamflows during maintenance of the sedimentation structure.  
The inlet of the maintenance bypass culvert at the upstream end will be in the wall of the replacement culvert.  The outlet of the 
high flow and maintenance bypass culvert will discharge to an energy dissipation structure composed of large woody debris 
built into the left bank of the stream channel downstream of the replacement culvert.  Both the inlet and outlet of the culvert will 
be screened to preclude fish passage. 

PREPARATION OF DRAWINGS:  See sample drawings and guidance for completing the drawings.  ONE SET OF ORIGINAL OR GOOD QUALITY REPRODUCIBLE 
DRAWINGS MUST BE ATTACHED.  NOTE:  Applicants are encouraged to submit photographs of the project site, but these DO NOT substitute for drawings.  THE CORPS 
OF ENGINEERS AND COAST GUARD REQUIRE DRAWINGS ON 8-1/2 X 11 INCH SHEETS.  LARGER DRAWINGS MAY BE REQUIRED BY OTHER AGENCIES.

 7b.  Describe the purpose of the proposed work and why you want or need to perform it at the site.  Please explain any specific needs 
that have influenced the design.

The purpose of the proposed culvert replacement project is to improve flow conveyance and reduce flooding at SE 30th Street, 
manage sediment delivery to Sunset Creek north of SE 30th Street, and improve fish passage conditions at the culvert location. 
Flood control and sediment management alternatives at the project site are limited both by the highly confined channel corridor
and the site’s location at a natural deposition zone in a watershed that generates and transports considerable sediment from 
upstream.  The proposed culvert replacement project is designed to address immediate, ongoing, and future conditions at the 
project location as well as complement flooding, sedimentation, and aquatic habitat resource management objectives in 
channels downstream. 

Since January 1, 2006 Sunset Creek has flooded at SE 30th Street at least six times, most recently on December 3, 2007.  
Flooding at SE 30th Street directly impacts neighboring businesses and restricts neighborhood access.  Sediment deposition at 
the project site reduces the conveyance capacity of the twin culverts beneath SE 30th Street, further exacerbating flooding.  
Recurring sediment deposition requires regular dredging of the active channel by the city.  Deposition of sediment that is 
transmitted downstream of SE 30th Street contributes to channel aggradation and aggravates flooding in other locations of the 
Sunset, Richards, and East Creek channel networks.  Under existing conditions, the sediment that accumulates upstream, 
downstream, and within the twin 42-inch diameter culverts at SE 30th Street inhibits fish passage by contributing to pressure 
flow conditions during flows as low as 10 cfs (equivalent to the 10 percent exceedance flow for January). 

Design of the proposed culvert replacement structure incorporates an understanding of the geomorphic, hydraulic, and 
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ecological conditions at the watershed and project-site scales.  Design of the replacement culvert followed a watershed and 
project reach assessment of geomorphic conditions, including a thorough evaluation of sediment delivery and transport at the 
project site, and was supported by a detailed hydraulic analysis of the Sunset Creek, Richards Creek, and East Creek system 
from SE 32nd Street to downstream of Kamber Road (SE 26th Street).  The design of the proposed culvert replacement structure 
and channel modifications considers the natural variability in sediment delivery to the project site and the potential channel 
responses to changes in sediment transport downstream of SE 30th Street.  The proposed culvert replacement structure will be 
supported by a monitoring and adaptive operations and maintenance plan that will be implemented by the City of Bellevue 
following project construction.  Detailed descriptions of replacement culvert design components and the monitoring and 
adaptive operations and maintenance plan are provided below. 

1. Replacement Culvert and Channel Modification Design 
The replacement culvert structure is designed to transmit the 100-year flood flow without allowing flow to overtop SE 30th 
Street, provide improved aquatic habitat and fish passage conditions compared to exiting conditions, and store approximately 
50 cubic yards of sediment in a structure that can be maintained with minimal detrimental impacts to aquatic habitat.  
Performance criteria for flow conveyance, fish passage, and sediment transport conditions were used to evaluate replacement 
structure designs. 

City of Bellevue design standards require culverts to pass the 100-year flood with an additional foot of freeboard.  Due to 
physical constraints at the project site, including the downstream channel width and road surface elevation, these design 
criteria could not be met.  The proposed geometry of the structure maximizes flow conveyance beneath SE 30th Street given the 
physical constraints of the downstream channel and the sediment transport and fish passage performance criteria discussed 
below.  The hydraulic opening of the replacement culvert is designed to be 13 feet wide and approximately 4.5 feet high. 

Fish passage criteria for the proposed replacement culvert are met by using a combination backwater and stream simulation 
culvert.  The dimensions of the main culvert opening maintain the width of the bank-full channel upstream of the culvert, 
consistent with design parameters for stream simulation culverts in confined channels (WDFW 2003).  The design slope of the 
stream simulation portion of the culvert is 3 percent, which is 1.2 times the average upstream channel gradient.  This satisfies
part of the stream simulation culvert design criteria (WDFW 2003).  The bed of the stream simulation structure will be composed
of a layer of streambed sediment that will likely be in flux over time from the upstream channel towards the sediment structure.
Stable boulders will protrude through the design streambed surface to provide hydraulic complexity. 

The sedimentation structure was designed to accommodate storage of 50 cubic yards of sediment.  This volume was derived 
based on analysis of sediment delivery to the project site and ongoing dredging that the city has performed in recent years to 
maintain flow conveyance.  Sediment has accumulated in the channel downstream of SE 30th Street at an average rate of 
approximately 40 cubic yards annually in the past 30 years.  The current average annual accumulation rate is likely less than 
what it was 10 or 20 years ago due to upstream efforts to reduce sediment production and delivery.  Still, regular dredging of 10
to 20 cubic yards of sediment is required on an almost annual basis to maintain flow conveyance.  The design sediment storage 
volume is intended to capture the majority of bedload sediment that is delivered to the project site in an average year with 
additional storage capacity for infrequent storms during which a greater volume of sediment is transported. 

The performance of the replacement culvert will be influenced by the streambed elevation of the downstream channel.  It is 
anticipated that some channel bed lowering will naturally occur downstream of SE 30th Street once bedload delivery is reduced 
by up to 50 cubic yards per year.  As a result, the replacement culvert is designed to achieve performance criteria in terms of
flow conveyance, sedimentation, and fish passage under not only as-built conditions but anticipated future conditions as well. 

Following construction, the replacement culvert will be backwatered by the relatively high channel bed elevation downstream of 
the project area.  If the downstream channel degrades sufficiently to no longer backwater the replacement culvert, the fish 
passable conditions will be maintained by backwater through the sedimentation structure caused by the large woody debris 
grade control structure downstream of the culvert outlet and the stream simulation culvert design in the upstream half of the 
replacement culvert.  The channel modifications downstream of the replacement culvert are further designed to accommodate 
potential channel responses by incorporating a deformable porous boulder weir downstream of the large woody debris grade 
control structure.  Should the downstream channel degrade, the boulder weir will deform somewhat but will maintain fish 
passage to and past the large woody debris grade control structure and through the replacement culvert structure. 

2. Monitoring and Adaptive Operations and Maintenance Plan 
Installing a sedimentation structure into Sunset Creek at SE 30th Street will require active monitoring of the channel 
downstream of SE 30th Street and a commitment to operation and maintenance of the sedimentation structure.  The City of 
Bellevue will lead these activities to ensure proper function of the sedimentation structure and avoid impacts to aquatic habitat
downstream of SE 30th Street. 

The following monitoring protocols will be implemented to identify the onset of geomorphic changes to the Sunset and Richards 
Creek channels downstream of SE 30th Street resulting from the altered dynamics of sediment delivery resulting from the 
sedimentation structure.  These protocols are intended to document geomorphic characteristics of the downstream channels 
and inform the City of Bellevue if modifications to the operations and maintenance schedule or more aggressive actions, such 
as gravel supplementation, are necessary to maintain substrate conditions that are beneficial for aquatic habitat. 

A channel monitoring protocol will be initiated by establishing four to five permanent monitoring locations approximately every
200 to 250 feet beginning 100 feet downstream of the replacement culvert.  At each monitoring section: 

1. Channel cross-sectional geometry will be surveyed. 
2. The composition of streambed sediment will be monitored at established locations downstream of SE 30th Street using 
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a combination of surface pebble counts and subsurface bulk sampling and sieve analysis. 

Channel surveying and streambed sediment sampling will be performed annually for a period of 5 years and semi-annually for 
the following 10 years.  At that time future monitoring needs can be reevaluated. 

Baseline sedimentation structure monitoring protocols will consist of the following: 

1. Scheduled visual inspections of sedimentation structure capacity and additional inspections following significant storm 
events. 

2. Documentation of the timing and quantity of all sediment removed from the structure. 
3. Bulk sieve analysis of sediment removed to document grain size distribution of captured sediment. 

Based on the patterns and rates of sediment delivery to the site and the channel response downstream of SE 30th Street an 
adaptive policy for determining when sediment removal is necessary can be developed.  Current rates of deposition at SE 30th 
Street indicate that annual to semi-annual sediment removal should be expected in the near future.  As sediment production and 
delivery from the upstream watershed decrease as a result of additional channel stabilization and sediment reduction measures 
the frequency of sediment removal may decrease.  Should sediment production in the upper watershed reduce to a level such 
that maintenance of the sedimentation structure is no longer necessary, the sedimentation structure is designed to function as a
stream simulation culvert without need for modifications. 

Removal of sediment from the sedimentation structure will be conducted so as to minimize impacts to aquatic species and 
downstream water quality.  During maintenance activities flow will be diverted through the maintenance bypass pipe by use of 
an adjustable gate at the upstream end of the sedimentation structure.  Sheet 2 shows the alignment of the bypass pipe on the 
west side of the replacement culvert structure.  Once flows are completely routed into the bypass pipe, fish will be excluded 
from the sedimentation structure using a seine that will then be installed as a downstream block net at the downstream end of 
the replacement culvert.  Dip netting will likely be used to complement the seining fish removal.  Once fish have been removed 
from the sedimentation cell to the downstream block net, sediment will be removed from the structure through use of a suction 
dredge operated from the street above and disposed of at an appropriate upland location.  Upon completion of sediment 
removal activities, the downstream block net will be removed and the gate at the upstream end of the culvert will be reopened to
allow Sunset Creek to once again flow through the replacement culvert structure.  Sediment removal will not require heavy 
equipment operations within the stream channel.

 7c.  Describe the potential impacts to characteristic uses of the water body.  These uses may include fish and aquatic life, water
quality, water supply, recreation and aesthetics.  Identify proposed actions to avoid, minimize, and mitigate detrimental impacts
and provide proper protection of fish and aquatic life.  Identify which guidance documents you have used.  Attach a separate 
sheet if additional space is needed.

The proposed project involves the replacement of an existing culvert structure with an improved culvert structure combined 
with an integrated sediment trap.  Placement of this structure will require modification of the stream channel bed and bank 
modifications for grade control purposes. 

Primary impacts of concern associated with the proposed project include the following: 

Construction related impacts on aquatic species and water quality 
Culvert management effects on aquatic species and water quality 
Effects on stream habitat conditions 
Effects on fish passage. 

The proposed project has been planned and designed to avoid, minimize and mitigate these potential impacts to the greatest 
extent possible, and will result in a net improvement in existing habitat and water quality conditions.  Discussion of methods 
and guidance used to avoid and minimize impacts are described below. 

1. Construction related impacts on aquatic species and water quality 
The proposed project has the potential to cause construction-related impacts on water quality, principally in the form of 
increased suspended sediment loading from channel bed and bank disturbance.  The project plans include several BMPs and 
construction monitoring protocols designed to limit sediment loading and water quality impacts to the greatest extent possible.
All channel and bank work will be conducted within a dewatered exclusion area, during the mid to late summer months when 
streamflow should be at its lowest.  Groundwater and stormwater pumped from the construction site will be filtered prior to 
discharge back to surface waters, or delivered to the sanitary sewer system for treatment.  Once construction is completed, the
exclusion area will be rewatered slowly to limit the suspension of sediments from disturbed areas.  Turbidity levels will be 
monitored in Sunset Creek downstream of SE 30th Street throughout construction to ensure BMP effectiveness. 
------
Dewatering of the exclusion area will require the capture and relocation of fish and other aquatic organisms.  These activities
will be conducted consistent with current Washington State Department of Transportation protocols for this practice, which are 
designed to minimize adverse effects. 

All machinery operating within the stream channel will utilize hydraulic fluid that is certified as non-toxic to aquatic life. 
Throughout construction a spill control and prevention plan will be in place to avoid and manage any spills of potentially 
hazardous materials. 
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2. Post-construction related effects on aquatic species and water quality 
The proposed project design includes a sediment trap integrated into the replacement culvert structure.  Several long-term 
benefits for aquatic life and water quality are anticipated with the replacement culvert.  The primary benefit provided by the 
sediment trap within the culvert structure is that it will allow for the majority of sediment removal activities to take place inside
an enclosed structure, versus dredging of the active channel.  Second, the trap will provide increased sediment storage 
capacity, which is expected to decrease the frequency and/or the extent of sediment removal activities.  Currently, dredging of
the active channel takes place on an annual basis, causing considerable habitat disturbance and related water quality impacts. 
While some dredging of the active channel may be required in the future, this will be limited to infrequent occasions when large
sediment delivery events overwhelm trap capacity. 

The proposed replacement culvert structure design incorporates several design features that will simplify fish exclusion and 
relocation during sediment removal activities.  These features will promote the removal of fish from the sediment management 
area with less disturbance and handling, reducing stress and injury potential.  Because the sediment trap within the culvert is
designed to be smaller in areal extent than the segment of channel that is currently dredged, the amount of habitat that fish are
denied access to during maintenance activities will be reduced. 

Finally, the existing twin culverts that convey Sunset Creek across SE 30th Street provide insufficient flood conveyance 
capacity, contributing to routine flooding of adjacent roadways and parking lots.  These floodwaters commonly overwhelm 
storm drains and flow overland back into the stream system.  Because some of those local storm drains do not drain directly 
back to the stream system, this suggests that current flooding conditions contribute to elevated delivery of stormwater 
pollutants to Sunset Creek.  By reducing the frequency of flooding that overtops the street, the proposed project is likely to 
result in a slight incremental improvement in local water quality conditions during and following flood events. 

3. Effects on habitat conditions 
The proposed project will result in improved habitat conditions in the project area.  These improvements will occur because of 
increased habitat complexity provided by bioengineered grade control and bank stabilization structures, reduced frequency of 
sediment management activities in the active channel, and adaptive management of sediment delivery rates to downstream 
channels.  These three factors that are expected to positively influence habitat are described in more detail below. 

The bioengineered grade control and bank stabilization structures are necessary components of channel reconfiguration 
needed to support the culvert design.  The current channel gradient conditions have been imposed by backwater conditions 
induced by the existing culvert and sediment deposition in the channel downstream of SE 30th Street that occurs because 
elevated sediment delivery rates in the Sunset Creek watershed are out of equilibrium with sediment transport capacity in the 
channel.  The channel upstream and downstream of SE 30th Street must be returned to a more natural gradient to support fish 
passage and enhance sediment capture in the replacement culvert structure.  The channel profile modification work will involve 
excavation of accumulated sediment from the channel bed and the installation of grade control structures, removal of riprap, 
and bank contouring and stabilization.  Riprap will be removed from approximately 74 lineal feet of streambank and replaced 
with bioengineered bank protection structures composed primarily of LWD.  The grade control structures will also be 
constructed using LWD. 

The channel modification design is based on a comprehensive assessment of watershed, reach, and site specific hydrologic, 
hydraulic, and geomorphic conditions, and is consistent with WDFW Integrated Streambank Protection Guidelines.  The grade 
control and bank stabilization structures are specifically designed to mimic the habitat forming processes and functions 
provided by LWD in natural stream environments, and will significantly increase habitat complexity and improve fish passage in 
the project reach of Sunset Creek.  The proposed project is considered to be self-mitigating for these reasons. 

The Sunset Creek channel accumulates more sediment than it can effectively transport in its current hydromodified state.  This 
promotes an overly wide and shallow channel environment with limited habitat complexity.  These channel conditions provide 
poor flow conveyance, contributing to frequent flooding problems on SE 30th Street and adjacent businesses, and also 
contribute to low flow passage barrier conditions for adult salmonids and potentially for juvenile salmonids. 

Sediment management to maintain flood flow conveyance capacity in this reach of Sunset Creek is accomplished by routine 
annual dredging of the active channel downstream of the SE 30th Street culvert.  This requires regular disturbance of the active
channel, interfering with the formation of beneficial habitat features.  A key advantage of the integrated sediment trap in the
replacement culvert structure is that it will allow for the majority of sediment removal activities to be conducted within the 
structure using equipment parked on the roadway atop the culvert, avoiding streambank and channel disturbance.  Dredging of 
the active channel will only be required in rare circumstances when large sediment delivery events overwhelm sediment trap 
capacity. 

The integrated sediment trap in the replacement culvert structure will allow for more flexible and adaptive management of 
sediment flux through the lower reach of Sunset Creek downstream of the culvert, which should produce habitat benefits over 
the long-term.  The proposed project incorporates monitoring of bed elevations and substrate conditions in and downstream of 
the project reach in Sunset Creek, and an adaptive approach for metering sediment delivery rates to promote the formation of 
beneficial channel conditions.  Specifically, controlled sediment delivery downstream of SE 30th Street will allow for the existing
sediment plug in the channel between SE 30th Street and the confluence of Sunset Creek with Richards Creek to gradually 
erode.  This in turn will increase flow conveyance capacity, and allow for the formation of a greater diversity of habitat features.  
The channel will be routinely monitored to ensure that substrate conditions desirable for salmonid spawning are maintained. 

Collectively, these project elements should produce improved habitat conditions within the project reach that are beneficial to a 
range of aquatic species. 
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4. Effects on fish passage 
The proposed project will result in improved conditions for fish passage in the project reach.  Currently, fish passage conditions 
in Sunset Creek are impaired by sediment deposition upstream and downstream of the SE 30th Street twin culverts.  The flatter 
gradient in the channel downstream of the culverts promotes the accumulation of a large plug of sediment that creates a low 
flow barrier to adult salmonid passage.  This sediment plug may also hinder the movement of juvenile salmonids under certain 
flow conditions.  This sediment plug extends beyond the limits of current dredging activities, meaning that this barrier condition 
will remain permanent without additional intervention.  By allowing for greater control of sediment delivery rates to the 
downstream channel, it is expected that the sediment trap will permit the evolution of channel conditions that are beneficial to
fish passage. 

The existing twin culverts also limit fish passage upstream of SE 30th Street.  The culverts lack sufficient hydraulic capacity to 
convey flood flows that transport large sediments.  This creates a backwater effect upstream of the structure that promotes the
accumulation of coarse bedload, increasing the channel gradient abruptly from approximately 2.5 percent to 10 percent 
approaching the upstream culvert entrance.  During high flow conditions, the high flow velocity in the culvert barrels in 
combination with shallow, high velocity flow conditions in this over-steepened segment may create a partial barrier condition. 

The proposed culvert integrates two fish passage components, a backwatered sediment trap at the downstream end, and a 
streambed simulation component at the upstream end.  The streambed simulation segment has been designed in accordance 
with current WDFW culvert design guidance (WDFW 2003).  This segment will mimic natural channel bed conditions at a more 
natural 2.5 percent channel slope.  The backwatered sediment trap component will provide quiescent flow conditions that will 
allow for unhindered fish passage.  The streambed simulation segment will provide for full fish passage for all species and life
history stages likely to occur in this system during the flow conditions during which migratory and dispersal behavior is likely to 
take place. 

Collectively, the proposed culvert design and stream channel modifications address high flow and low flow passage barriers, 
and are expected to provide improved fish passage conditions throughout this reach of Sunset Creek.

 7d.  For in-water construction work, will your project be in compliance with the State of Washington water quality standards for 
turbidity (WAC 173-201A-410)?       X   YES        NO

 8.  Will the project be constructed in stages?              X   YES            NO 

Proposed starting date: Summer of 2009

Estimated duration of activity: 50 to 70 working days for construction with up to 10 additional days for mobilization and 
setup of temporary erosion and sediment control measures. 

 9.  Check if any temporary or permanent structures will be placed: 

 X   Waterward of the ordinary high water mark or line for fresh or tidal waters  AND/OR 

  Waterward of the mean higher high water for tidal waters? 

 10.  Will fill material (rock, fill, bulkhead, or other material) be placed: 
 X Waterward of the ordinary high water mark or line for fresh waters? 

 If  YES, VOLUME (cubic yards) 105      / AREA 0.04   (acres) 
    Waterward of the mean higher high water for tidal waters?

 If  YES, VOLUME (cubic yards) / AREA (acres) 

 11.  Will material be placed in wetlands?      YES X  NO
If YES:

 A. Impacted area in acres: 
 

 B. Has a delineation been completed?  If YES, please submit with application.   YES    NO 

 C. Has a wetland report been prepared?  If YES, please submit with application   YES   NO

 D. Type and composition of fill material (e.g., sand, etc.) 
 

 E. Material source: 
 

 F. List all soil series (type of soil) located at the project site, and indicate if they are on the county’s list of hydric soils.  Soils 
information can be obtained from the natural Resources Conservation Service (NRCS). 

 

 G. WILL PROPOSED ACTIVITY CAUSE FLOODING OR DRAINING OF WETLANDS?     YES    X NO
If YES, IMPACTED AREA IS                 ACRES OF DRAINED WETLANDS.

NOTE: If your project will impact greater than 1/10 of an acre of wetland, submit a mitigation plan to the Corps and Ecology for approval along with the JARPA form. 
NOTE: A 401 water quality certification may be required from Ecology in addition to an approved mitigation plan if your project wetland impacts are greater than 1/10 acre in size. 
Please submit the JARPA form and mitigation plan to Ecology for 401 certification review. 

 12.  Stormwater Compliance:  This project is (or will be) designed to meet ecology’s most current  
stormwater manual, or an Ecology approved local stormwater manual.   X YES NO 

  If YES – Which manual will your project be designed to meet?2005 Stormwater Management Manual for Western Washington
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 If NO – For Clean Water Act Section 401 and 404 permits only – Please submit to Ecology for approval, along with this JARPA 
application, documentation that demonstrates the stormwater runoff from your project or activity will comply with the water quality 
standards, WAC 173-201(A) 

 13.  Will excavation or dredging be required in water or wetlands?     X YES NO

 If YES:
A.  Volume: 256 (cubic yards) /area 0.04 (acre)

B.  Composition of material to be removed: Riprap and streambed material 

C.  Disposal site for excavated material: licensed disposal or reuse facility 

D.  Method of dredging: Excavator and suction dredge (sediment to be removed in the dry)

 14.  Has the State Environmental Policy Act (SEPA) been completed   YES         X NO
SEPA Lead Agency: City of Bellevue
SEPA Decision: DNS, MDNS, EIS, Adoption, Exemption 

  

Decision Date (end of comment period) 

SUBMIT A COPY OF YOUR SEPA DECISION LETTER TO WDFW AS REQUIRED FOR A COMPLETE APPLICATION 

 15.  List other Applications, approvals or certifications from other federal, state or local agencies for any structures, construction
discharges  or other activities described in the application (i.e. preliminary plat approval, health district approval, building permit, 
SEPA review, federal energy regulatory commission license (FERC), Forest practices application, etc.).  Also, indicate whether 
work has been completed and indicate all existing work on drawings.  NOTE: For use with Corps Nationwide Permits, identify 
whether your project has or will need an NPDES permit for discharging wastewater and/or stormwater. 

– Project does not require an NPDES permit. 
TYPE OF APPROVAL ISSUING AGENCY IDENTIFICATION 

NO.
DATE OF 

APPLICATION 
DATE 

APPROVED 
COMPLETED?

Hydraulic Project Approval Washington Department of Fish and Wildlife 

Clean Water Act Section 404 U.S. Army Corps of Engineers 

Section 401 Water Quality Certification Washington State Department of Ecology 

SEPA review City of Bellevue 

Critical Areas City of Bellevue

 16.  Has any agency denied approval for the activity you’re applying for or for any activity directly related to the activity described
herein?  

YES  X NO
If YES, explain:

 

SECTION B - Use for Shoreline and Corps of Engineers permits only:
 17a.  Total cost of project.  This means the fair market value of the project, including materials, labor, machine rentals, etc.

$995,000 

 17b.  If a project or any portion of a project receives funding from a federal agency, that agency is responsible for ESA consultation.
Please indicate if you will receive federal funds and what federal agency is providing those funds. 

FEDERAL FUNDING   YES  X NO   If YES, please list the federal agency.  

 18.  Local government with jurisdiction: City of Bellevue

 19.  Provide names, addresses and telephone numbers of adjoining property owners, lessees, etc. Please note:  Shoreline 
Management Compliance may require additional notice – consult your local government.

NAME ADDRESS PHONE NUMBER 

      E.S. Harrington 13120 SE 30th Street, Bellevue, WA  98005 

      Stead Building Partnership 13200  SE 30th Street, Bellevue, WA  98005 

      SLC Investment LLC 13201 SE 30th Street, Bellevue, WA  98005 

      SCC Property Holdings 13111 SE 30th Street, Bellevue, WA  98005 
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Disclaimer

Herrera Environmental Consultants, Inc. has prepared this report for use by 
the City of Bellevue. The results and conclusions in this report represent the 
professional opinion of Herrera Environmental Consultants, Inc. They are based 
in part upon (1) site reconnaissance, and (2) examination of public domain 
information concerning the study area. 

The work was performed according to critical area studies and reporting 
standards required by the City of Bellevue Code (Part 20.25H) and the accepted 
standards in the field of jurisdictional wetland determination and delineation 
using the Corps of Engineers Wetlands Delineation Manual (Environmental 
Laboratory 1987), the Interim Regional Supplement to the Corps of Engineers 
Wetlands Delineation Manual: Western Mountains, Valleys, and Coast Region 
(Environmental Laboratory 2008), and the Washington State Wetlands 
Identification and Delineation Manual (Ecology 1997). However, final 
determination of jurisdictional wetland boundaries pertinent to Section 404 of the 
Clean Water Act is the responsibility of the Seattle District of the U.S. Army 
Corps of Engineers. Various agencies of the state of Washington and local 
jurisdictions may require a review of final site development plans that could 
potentially affect zoning, buffer requirements, water quality, and/or habitat 
functions of lands in question. Therefore, the findings and conclusions in this 
report should be reviewed by appropriate regulatory agencies before any detailed 
site planning and/or construction activities. 
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1.0 Report Summary 

The City of Bellevue is proposing to construct the Sunset Creek/Richards Creek Flood Control 
and Habitat Improvement Project as the second phase of the Flood Control and Sediment 
Management Plan for Richards Creek, Sunset Creek, and East Creek (Herrera 2008). The 
independent, yet complimentary project phases recommended in this plan are intended to 
comprehensively address chronic flooding, promote channel stability, and improve channel and 
wetland habitat conditions within Richards, Sunset, and East Creeks. The first phase was 
constructed in 2009 and included a replacement culvert and sediment trap at SE 30th Street as 
well as channel modifications upstream and downstream to provide a stable streambed transition 
to the culvert inlet and outlet. The current Phase 2 project (“the project”) will continue the 
channel and habitat improvements and flood control measures along a reach of Sunset Creek 
downstream of SE 30th Street as well as along a reach of Richards Creek upstream of the 
confluence with East Creek. The project channel modifications include the following elements: 

Channel enlargement for a stable, wetted channel 

Installation of log grade control and habitat structures to prevent head-cut 
migration and provide stable, physical habitat 

Construction of a containment berm to limit the extent of flooding into 
neighboring properties 

Removal of non-native invasive vegetation 

Revegetation with native plants 

Construction of a wetland bench within the proposed channel to promote 
the reestablishment of wetland species and provide low-velocity shelter 
areas for fish 

The project will also protect an approximately 180-foot-long reach of Richards Creek that is 
characterized by mature canopy and complex physical habitat and located immediately 
downstream of the confluence with Sunset Creek. 

The current project is located within, and directly adjacent to, the channel of Sunset and Richards 
Creeks in the City of Bellevue (Figure 1). The project area is within the Kelsey Creek Basin of 
Water Resource Inventory Area (WRIA) 8 – the Cedar/Sammamish Watershed. The legal 
description of this location is the northwest 1/4 of Section 10, Township 24 North, Range 5 East 
(Figure 1). 

The critical areas affected include Sunset and Richards Creeks, one wetland, buffers for these 
aquatic resources, a special floodplain hazard area, and habitats for protected species. Effects on 
these critical areas are described below. 
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As a result of the proposed Sunset Creek/Richards Creek Flood Control and Habitat 
Improvement Project, there would be temporary effects on the 100-year floodplain, 
Sunset/Richards Creek streambed, temporary and permanent impacts to adjacent wetlands, and 
temporary impacts to the buffers of the stream and wetlands. These effects are summarized in 
Table 1 and described below. 

Table 1. Impacts to Sunset Creek/Richards Creek stream channel, wetlands, and buffers 
in the project area. 

Resource Temporary Impacts Permanent Impacts 

Sunset Creek channel (below OHWM) 2,033 square feet (0.047 acre) None 

Richards Creek Channel (below OHWM) 1,828 square feet (0.042 acre) None 

Wetland A 11,184 square feet (0.26 acre) 1,567 square feet (0.036 acre)

Stream and Wetland Buffers 8,270 square feet (0.19 acre) None 

Total 19,793 square feet (0.45 acre) 1,567 square feet (0.036 acre) 

OHWM: Ordinary High Water Mark 

The temporary impacts to the wetlands, streams, their buffers, and the floodplain would result 
from grading in the channel and the adjacent banks and wetlands. Also, log grade control 
structures and log rootwad bank stabilization measures will be installed. The wetlands and the 
wetland and stream buffers will be reconstructed and revegetated with native vegetation. 

The permanent impacts to the wetlands would result from converting wetland to instream habitat 
and from building up the stream bank in Richards Creek to prevent flooding from occurring. 
However, the combined functions of the wetlands, riparian areas, and their buffers would be 
improved from their existing condition due to removal of riprap banks, removal of invasive and 
non-native vegetation, installation of large wood that would create fish habitat diversity, planting 
of dense native vegetation within the wetlands and riparian areas, and more frequent flooding of 
the wetlands. The project will result in a functional lift of wetland and riparian functions 
including improved flood control, water quality, and fish and wildlife habitat. 

The streambed and banks will be restored during construction of the project. Spawning size 
gravel will be added to the stream, in order to improve fish habitat. To compensate for the 
permanent wetland impacts within the project area (0.036 acre) approximately 0.08 acre of 
wetland will be enhanced through non-native plant removal and planting of natives. This 
compensation is at a ratio of 2.25 acre of enhanced wetland to 1 acre of wetland impact. 
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2.0 Introduction

The Sunset Creek/Richards Creek Flood Control and Habitat Improvement Project (hereafter, 
“the project”) increases the capacity of the stream, prevents channel degradation, enhances 
connectivity between the stream and adjacent wetlands, and improves instream fish habitat 
diversity and cover. This project is Phase 2 of a three-phase project that is being completed by 
the City of Bellevue in accordance with the Flood Control and Sediment Management Plan for 
Richards Creek, Sunset Creek, and East Creek (Herrera 2008) in order to control flooding of the 
surrounding properties and improve the instream and riparian habitat for fish and other wildlife 
in Sunset, Richards, and East Creeks. 

2.1 Project History 

The historical channel configuration of Sunset Creek, Richards Creek, and East Creek within the 
project area was significantly different than it is at the present time. Under predevelopment 
conditions, the channels within the project area were free to move laterally and shift course as 
sediment deposition filled channels and locally reduced sediment transport capacity, which is 
typical of channels on alluvial fans (see historic channel locations on Figure 2). During the 
development that occurred during the 1960s, when land was being graded and buildings adjacent 
to the channel network were being constructed, Sunset Creek, Richards Creek, and East Creek 
were realigned (Figure 2). To maintain the altered channel locations, the banks of these streams 
were armored in several areas. This channelization ended the natural process of dynamic 
sediment deposition and channel relocation and concentrated sediment deposition along the 
constructed channel alignments, without ability for the channels to shift in response to the 
sediment deposition. 

The historic channel realignment, channel confinement, and increased rates of sediment 
production from land development throughout the watershed have directly resulted in recurrent 
flooding and sedimentation problems, channel instability, and degraded habitat conditions in the 
Richards Creek, Sunset Creek, and East Creek channel network near SE 30th Street and Kamber 
Road. To minimize flooding problems annual dredging activities removed approximately 
20 cubic yards of sediment from around SE 30th Street each year. However, in promotion 
of more sustainable long-term solutions, the City contracted with Herrera to prepare the 
Sunset Creek Flood Control and Sediment Management Plan in 2008. This plan provides a 
comprehensive analysis and proposed solutions to ongoing sediment management and flooding 
challenges in these drainages, while producing a net improvement in habitat conditions. 
Stemming from this plan, the City of Bellevue (City) began to pursue a phased series of projects 
(Figure 1) to address flooding, promote channel stability, and improve habitat conditions. 

The first phase of this work was constructed in 2009 on Sunset Creek (the most upstream 
portion of the phased proposed stream improvement area). Phase 1 (referred to as the SE 30th 
Street/Sunset Creek Flood Improvement Project) included replacement of twin 42-inch diameter  
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corrugated metal pipe culverts that convey Sunset Creek beneath SE 30th Street with a stream 
simulation and sedimentation culvert structure and channel modifications upstream and 
downstream of the roadway to stabilize the streambed transition to the new culvert inlet and 
outlet (Figure 2). The project discussed in this report, the Sunset Creek/Richards Creek Flood 
Control and Habitat Improvement Project, constitutes the second phase of work and continues 
with channel improvements and flood control measures along Sunset Creek downstream of 
Phase 1 to the confluence with Richards Creek. The project also entails stream improvements 
from the Optiva Curve (where Richards Creek turns sharply from north to east) to the historical 
Richards Creek flow split channel, approximately 300 feet upstream of the confluence with East 
Creek. The third phase of the project, referred to as East Creek Stream Channel Modification 
and Kelsey Creek Fish Passage Improvement project, will include flood control and habitat 
improvements downstream of Phase 2 in Richards and East Creeks (Figure 2). Both Phases 2 
and 3 are planned to be constructed in 2011. 

2.2 Project Setting 

The project is located within, and directly adjacent to, the channel of Sunset and Richards Creeks 
in the City of Bellevue (Figure 1). The project area is within the Kelsey Creek Basin of Water 
Resource Inventory Area (WRIA) 8 – the Cedar/Sammamish Watershed. The legal description 
of this location is the northwest 1/4 of Section 10, Township 24 North, Range 5 East. See 
Figure 2 for the location of the project area and distinct project phases as described in the flood 
control and sediment management plan. 

2.3 Project Description 

The (Phase 2) project channel modifications include the following elements (as shown in 
Appendix A Project Engineering Plans): 

Channel enlargement for a stable, wetted channel 

Installation of log grade control and habitat structures to prevent head-cut 
migration and provide stable, physical habitat and rebuilding of stream 
banks

Construction of a containment berm to limit the extent of flooding into 
neighboring properties 

Removal of non-native invasive vegetation 

Revegetation with native plants 

Construction of a wetland bench within the proposed channel to promote 
the reestablishment of wetland species and provide low-velocity shelter 
areas for fish 
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Wherever feasible, native vegetation and mature trees greater than 8 inches in diameter at breast 
height (dbh) will be retained. 

The project extends a total of about 900 feet downstream of the Phase 1 project (or about 
1,000 feet downstream of the SE 30th Street crossing), including channel work along 390 feet of 
Sunset Creek (to the confluence with Richards Creek) and about 380 feet of Richards Creek 
(downstream of the confluence with Sunset Creek) (Appendix A – Project Engineering Plans). 
These two stream reaches will be improved as discussed under the channel grading, grade 
control structures, bank stabilization structures, and rebuilt banks section (see Sheets C-1 through 
C-6, Appendix A). The project includes protection of an approximate 180 foot-long reach of 
Richards Creek, immediately downstream of its confluence with Sunset Creek, because the reach 
contains good instream fish habitat and diverse riparian habitat with a mature tree canopy. 

2.4 Project Construction – Elements and Sequencing 

The project is scheduled to be completed in the summer of 2011. All in-stream work will be 
conducted during the in-water work window established by the WDFW (July 1 to August 31). 
All in-stream work is expected to be conducted during one in-water work season. A total of 50 to 
75 working days are estimated to be needed to complete construction. 

The project consists of the following elements (exact sequencing may vary and some elements 
will occur concurrently): 

1. Site preparation and staging 

2. Install temporary flow bypass, fish removal and relocation 

3. Dewater construction area 

4. Channel grading, grade control structures, bank stabilization structures, 
and rebuild banks 

5. Restore wetlands and revegetate riparian area 

6. Reintroduce flow to channel 

Each of these elements is described in more detail in the following sections. 

2.4.1 Site Preparation and Staging 

Site preparation activities include the contractor mobilizing to the project site, developing 
staging areas, establishing site access routes and traffic control, marking the work and clearing 
limits, and installing temporary erosion and sediment control (TESC) best management practices 
(BMPs). Space at the project site is limited and it is anticipated that the contractor will establish 
staging in the parking lot of a nearby business (see Sheet C-2, Appendix A). Staging areas 

jr  09-04582-000 sunset-richards crk critical areas report.doc 

Herrera Environmental Consultants 8 September 7, 2010

Attachment 3 - Phase 2 Project Plans and Staff Report



Critical Areas Report––Sunset Creek/Richards Creek Flood Control & Habitat Improvement Project 

totaling approximately 10,000 square feet are anticipated to be sufficient for the proposed project 
activities. Access to the project area will occur via SE 30th Street and parking lots adjacent to the 
stream channel on private property to the east of Sunset Creek and to the north of Richards 
Creek.

Vegetation removal will be limited to areas necessary to regrade the stream channel and banks 
and provide access to the channel as necessary to install grade control and bank stabilization 
structures and to remove riprap banks. The majority of riparian vegetation that will be affected 
consists of native willows (Salix spp.), black cottonwood (Populus balsamifera), various native 
shrubs and invasive and non-native species such as English ivy (Hedera helix), reed canarygrass 
(Phalaris arundinacea), Japanese knotweed (Polygonum japonica), and Himalayan blackberry 
(Rubus armeniacus). The estimated grading limits are shown on Sheet C-1 (Appendix A). 

2.4.2 Install Bypass, Fish Removal and Relocation, Construction Site Dewatering 

Construction work below the ordinary high water mark (OHWM) will be required for removal 
and installation of requiring dewatering of the work area. Once excavation of the bypass pipe 
trench is complete, a temporary flow bypass pipe will be installed as shown on Sheets C-2 and 
WM-1 in Appendix A. This activity will proceed as described below.  

Two coffer dams and a gravity fed bypass pipe will be used to create the dewatered exclusion 
area. The first dam will be constructed approximately at the most upstream extent of the project 
area approximately 100 feet downstream of SE 30th Street. The stream flow will be routed into a 
pipe to be secured to the west side (left bank) of the channel. The dam will backwater flows into 
the gravity fed bypass pipe. The second dam will be constructed approximately 390 feet 
downstream of the upstream dam just before the confluence of Sunset and Richards Creek. Both 
coffer dams will be constructed using sandbags and plastic barrier sheeting installed manually. 
The bypass pipe will be 36 inches in diameter for Sunset Creek and capable of conveying flows 
up to 45 cubic feet per second (cfs). As there are no long-term flow gage records available, the 
bypass pipe conveyance capacity is estimated to approximate 72 percent of the modeled 1.01-
year storm flow in Sunset Creek (38 cfs, Herrera 2008). The pipe will discharge to a temporary 
energy dissipater downstream of the coffer dam. The same bypass and fish removal process will 
be applied to the Richards Creek portion of the project (see Sheet WM-1, Appendix A) using a 
bypass pipe that is 42 inches in diameter, placed on the south (right) bank, capable of conveying 
flows up 95 cfs (approximately 72 percent of the modeled 1.01-year flow, Herrera 2008). 

Concurrent with the installation of the bypass and dewatering of the channel, all fish and 
amphibians within the exclusion area will be captured and removed. Dewatering and fish 
relocation will be conducted following an accepted protocol developed for this activity by the 
Washington State Department of Transportation (WSDOT) (WSDOT 2009). The site will be 
allowed to drain to the limits of passive dewatering to facilitate fish removal. The remaining 
water within the exclusion area will either be pumped to the sanitary sewer system, or will be 
filtered using appropriate BMPs prior to return to the stream channel. To reduce the number of 
fish potentially affected by this activity, dewatering and fish relocation will be conducted as 
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close to the beginning of the WDFW-specified in-water work window as possible. The channel 
will remain dewatered and inaccessible to fish until construction is complete. 

The bypass pipe will be screened at the upstream end to prevent fish and other organisms from 
being entrained. The screening net will be situated for low pass-through velocity to avoid risk of 
impingement. The pipe is not expected to be passable to upstream movement, meaning the 
exclusion area will impose a partial barrier to fish passage during the in-water construction 
period. The coffer dams, bypass pipe, energy dissipater, and all related materials will be 
completely removed from the site when the project is completed. 

2.4.3 Channel Grading, Grade Control Structures, Bank Stabilization Structures, and 
Rebuild Banks 

The Sunset Creek and Richards Creek channels will be modified to provide more conveyance 
capacity and to slow the flow of the stream. Channel modifications will involve enlarging and re-
grading the stream channel, removing any existing riprap bank armoring, and constructing grade 
control and bank stabilization structures. For the Sunset Creek portion, the banks will be slightly 
set back and an average depth of between 2.5 to 3 feet of sediment will be removed to increase 
conveyance capacity and to move the active channel away from the footings of adjacent 
buildings. For the Richards Creek portion, the banks will also be set back and the channel bed 
dropped by about 0.75 feet on average to increase conveyance capacity. The finished channel 
bed slope will approximate 0.9 percent, which corresponds to an equilibrium gradient for 
sediment transport and deposition through the reach. To create habitat diversity for fish and to 
stabilize the streambanks, approximately 40 logs with rootwads and an engineered log jam will 
be constructed into the bank at intervals that allow fish passage and create pool/riffle habitat (see 
Sheets C-1 through C-6, Appendix A). Additionally, an estimated 24 log grade control structures 
are proposed to be installed to protect this channel gradient. The structures will be spaced at a 
frequency to promote fish passage and have been designed such that there is no more than a 
4 inch elevation difference between structures. These grade control structures will also help to 
halt a recent head-cut that has caused severe channel incision immediately downstream of the 
project reach and could continue upstream if no action is taken. 

Unused streambed and bank materials will be hauled to a licensed disposal or material recycling 
facility. The volumes of excavation and fill below the OHWM for channel grading, wetland 
bench construction, bank reconstruction, installation of grade control and bank stabilization 
structures are outlined in Table 2. Fill quantities above and below the OHWM are also provided 
in Table 2. 

Table 2. Excavation and fill quantities above and below the OHWM of Sunset and 
Richard creeks. 

Above OHWM Below OHWM 

Amount of Excavation 
(cu. yds.) 

Amount of Fill 
(cu. yds.) 

Amount of Excavation 
(cu. yds.) 

Amount of Fill 
(cu. yds.) 

548 41 315 67 
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2.4.4 Restore Wetlands and Revegetate Disturbed Riparian Area 

Stream banks, wetlands, and areas within the riparian corridor that have been disturbed during 
channel regrading and structure placement will be rebuilt and stabilized where they are disturbed. 
The disturbed area clearing limits are expected to extend from approximately 390 feet in the 
Sunset Creek portion of the project and 380 feet in the Richards Creek portion of the project. 
The combined area of wetland and stream and wetland buffers (riparian habitat) that will be 
temporarily disturbed is estimated at approximately 19,793 square feet (0.45 acre). 

Replanting plans are consistent with planting guidelines presented in the City of Bellevue’s 
Critical Areas Handbook (City of Bellevue 2003). Bank toes will be protected from stream 
erosion using large woody debris and boulders that are buried into the stream bank and 
integrated into grade control structures. Higher portions of the bank that are disturbed will be 
stabilized with 12-inch high lifts of soil wrapped in woven and non-woven coir fabric. Each coir 
lift will be staked and the top layer will be secured with an anchor trench. Once the banks have 
been stabilized, all disturbed areas will be amended with Topsoil Type A and revegetated with 
the native species according to the specifications provided on Sheets P-1 through P-4 in 
Appendix A. 

2.4.5 Reintroduce Flow 

Following completion of the channel bed, wetland, and bank modifications, the temporary coffer 
dam will be removed, flows will be re-established through the project area, and the temporary 
bypass pipe will be removed. This activity will be conducted consistently with the WSDOT 
(2009) standard protocol for this practice. 
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3.0 Critical Areas Assessment 

Consistent with LUC 20.25H.245, the supporting information upon which this report is based 
was developed by qualified professionals in the areas of wetlands and fisheries biology, and 
geomorphology using the best available science and guidance. This report provides Critical Area 
Report (CAR) information needs specified throughout LUC 20.25H. For ease of reference, 
information in this report includes sections for the following critical areas under this project: 
wetlands and streams (Section 3.3), special flood hazard areas (Section 3.4), and habitats 
associated with species of local importance (Section 3.5). The report covers information needs 
specified under general CAR reporting requirements LUC 20.25H.250.B 1 through 3 (see 
Sections 3.1 and 3.2 below). Also, the sections comply with technical reporting requirements 
specific to the critical areas and the general CAR reporting requirements provided in LUC 
20.25H.250.B 4 through 8. 

3.1 Identification and Classification of Critical Areas and Critical 
Area Buffers 

This subsection addresses LUC 20.25H.250.B. subsections 1 and 2. Identified critical areas and 
critical area buffers within and adjacent to the impact area include the following (Figure 2): 

Streams and stream buffers (Type F waters [LUC 20.25H.075]) 
Wetlands and wetland buffers (Category III [LUC 20.25H.095]) 
Areas of special flood hazards [LUC 20.25H.175]) 
Habitats associated with species of local importance [LUC 20.25H.150 

3.2 Regulations and Codes Proposed for Modification 
The proposed action is classified as an allowable use and development under four categories 
identified in LUC 20.25H.055.B: public flood protection measures, habitat improvement 
projects, instream structures, and stabilization measures. The project will address channel 
degradation and bank instability by providing stable streambed grade control and channel and bank 
modifications. The project will reduce flooding and erosion of commercial and industrial property 
(public flood protection measures) in the immediate vicinity of the project site while preserving and 
enhancing desirable habitat functions (habitat improvement projects). The uses are allowed if 
certain performance standards are met for each critical area identified in the project area as 
described below. 

3.3 Wetland and Stream Assessment 
The contents of this section satisfies CAR requirements for wetlands and streams specified 
under LUC 20.25H.110.B and CAR reporting requirements provided in LUC 20.25H.250.B 4 
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through 8. This section describes the conditions of wetlands and streams in the study area, 
wetland and stream ratings, and required buffer widths. 

During the wetland and stream assessment, the project study area and vicinity was inspected for 
the presence of wetlands and streams. 

The objectives of the study were to: 

Delineate (flag) all wetlands in the study area 

Classify all delineated wetlands using the U.S. Fish and Wildlife Service 
classification system (Cowardin et al. 1979) 

Classify all delineated wetlands using the hydrogeomorphic classification 
system (Brinson 1993) 

Classify all delineated wetlands and assess their functions using the 
Washington State Wetland Rating System for Western Washington–
Revised (Hruby 2004), which is the classification system required by the 
City of Bellevue Code [LUC 20.25H.095] 

Determine the applicable wetland buffer widths required by the City of 
Bellevue Code [LUC 20.25H.095]. 

Delineate (flag) the OHWM of all streams in the study area 

Classify all stream using the classification system required by the City of 
Bellevue Code [LUC 20.25H.075]

Determine the applicable stream buffer widths required by the City of 
Bellevue Code [LUC 20.25H.075] 

3.3.1 Methods and Materials 

Evaluating the presence, extent, and type of wetlands and streams requires a review of available 
information about the site (e.g., surveys, studies), followed by an onsite wetland and stream 
delineation. The following sections describe the research methods and field protocols for the 
wetland and stream evaluations. More information about the methodology used in the wetland 
delineation performed for this project is available in Appendix B. 

3.3.1.1 Review of Available Information 

A literature review was performed to determine the historical and current presence of wetlands 
and streams in and near the study area. The sources of information are: 
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Aerial photographs of the Sunset and Richards Creek project vicinity 
(Bellevue 2010) 

Topographic map of the project vicinity (Bellevue 2007) 

National Wetlands Inventory map of wetland areas in the project vicinity 
(USFWS 2010) 

City of Bellevue and King County wetland inventories (Bellevue 2010; 
King County 2010) 

Hydrography data (stream locations) for City of Bellevue (Bellevue 2010) 

A Catalog of Washington Streams and Salmon Utilization (WDF 1975) 

SalmonScape computer mapping system (WDFW 2010b) 

Washington State priority habitat and species (PHS) data (WDFW 2010a). 

Washington State Natural Heritage data (WDNR 2010) 

King County area soil survey maps for the project vicinity (NRCS 2010a) 

Soil descriptions for the project vicinity (NRCS 2010b) 

Hydric soils list for Washington (NRCS 2010c) 

3.3.1.2 Wetland Delineation 

This wetland delineation was performed in accordance with the Washington State Wetlands 
Identification and Delineation Manual (Ecology 1997) and the Interim Supplement to the U.S. 
Army Corps of Engineers Wetlands Delineation Manual: Western Mountains, Valleys, and Coast 
Region (Environmental Laboratory 2008), both of which are consistent with the 1987 Corps of 
Engineers Wetlands Delineation Manual (Environmental Laboratory 1987). 

The methods in these guidance manuals use a three-parameter approach for identifying and 
delineating wetlands, and rely on the presence of field indicators for hydrophytic vegetation, 
hydric soils, and hydrology. The methods for evaluating these three parameters are described in 
Appendix A. This wetland delineation was performed according to procedures specified under 
the routine wetland determination method (Ecology 1997). 

To identify potential wetlands, wetland biologists evaluated field conditions by traversing the 
study area and noting wetlands, streams and other aquatic features. The biologists evaluated 
conditions in the area within 300 feet of the study area boundary through observations from 
within the study area boundaries because they did not have permission to access these properties. 
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A test plot was established for each area that appeared to have potential wetland characteristics. 
For each test plot, data on dominant plant species, soil conditions in test plots, and evidence of 
hydrologic conditions were recorded on wetland determination data forms (Appendix C). Plants, 
soils, and hydrologic conditions were also analyzed and documented in adjacent upland areas. 
Based on collected data, a determination of wetland or upland was made for each area examined. 

Following confirmation of wetland conditions in a given area, the wetland boundary was 
delineated by placing sequentially-numbered, flagging along the wetland perimeter. Test plot 
locations were also marked with flagging. The locations of wetland boundaries and test plots 
were subsequently surveyed by the City of Bellevue. 

3.3.1.3 Wetland Classification, Rating, and Functional Assessment 
This section provides information on the methods used to classify the wetlands, determine rating 
categories, and assess functions provides by the wetlands. 

Wetland Classification 
Wetlands observed on the study area were classified according to the U.S. Fish and Wildlife 
Service classification system (Cowardin et al. 1979). This system is based on an evaluation of 
attributes such as vegetation class, hydrologic regime, salinity, and substrate. The wetlands were 
also classified according to the hydrogeomorphic (HGM) system, which is based on an 
evaluation of attributes such as the position of the wetland within the surrounding landscape, the 
source and location of water just before it enters the wetland, and the pattern of water movement 
in the wetland (Brinson 1993). 

Wetland Rating 
Wetlands were rated using the Washington State Wetland Rating System for Western 
Washington-Revised (Hruby 2004), hereafter referred to as the Ecology rating system. The 
Ecology rating system categorizes wetlands according to specific attributes such as rarity; 
sensitivity to disturbance; hydrologic, water quality, and habitat functions, and special 
characteristics (e.g., mature forested wetland, bog). The total score for all functions determines 
the wetland rating. The rating system consists of four categories, with Category I wetlands 
exhibiting outstanding functions and/or special characteristics and Category IV wetlands 
exhibiting minimal attributes and functions. The rating categories are used to identify permitted 
uses in the wetland and its buffer, to determine the width of buffers needed to protect the wetland 
from adjacent development, and to identify the mitigation ratios required to compensate for
potential impacts on wetlands. The City of Bellevue requires the use of the Ecology rating 
system [LUC 20.25H.095]. 

Wetland Functional Assessment 

Wetland functions are those processes that occur within a wetland, such as the storage of water, 
cycling of nutrients, and maintenance of diverse plant communities and habitat which benefits 
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wildlife. Wetland functions can be grouped into three broad categories: habitat functions, 
hydrologic functions, and water quality functions. 

Habitat functions include providing food, water, and shelter for fish, shellfish, birds, amphibians, 
and mammals. Wetlands also serve as a breeding ground and nursery for numerous species. 
Hydrologic functions include reducing the velocity of stormwater, recharging and discharging 
groundwater, and providing flood storage. Water quality functions include the potential for 
removing sediment, nutrients, heavy metals, and toxic organic compounds. 

Wetland functions were assessed using the Washington State Wetland Rating System for Western 
Washington-Revised (Hruby 2004), which is approved by the Washington State Department of 
Ecology for evaluating wetland functions in Washington. This system generates a score for each 
function based on the wetland’s potential and opportunity for providing the function. Using the 
scores on the wetland rating forms, a qualitative functional rating (high, moderate, or low) was 
derived for each of the functions (water quality, hydrology, and habitat) provided by each 
wetland, based on supplemental guidance provided by Ecology (2008a). 

3.3.1.4 Stream Delineation and Classification 

Streams are considered to be one type of regulated water body according to the City of Bellevue 
Code (LUC 20.25H.075). Stream boundaries and buffers were determined according to guidance 
in the Bellevue code. 

The ordinary high water marks (OHWMs) of streams within the study area were delineated using 
the definition provided in the WAC, Section 222-16-010, which has been adopted by the City of 
Bellevue. According to this definition, the OHWM of streams is “that mark that will be found by 
examining the bed and banks and ascertaining where the presence and action of waters are so 
common and usual, and so long continued in all ordinary years, as to mark upon the soil a 
character distinct from that of the abutting upland, in respect to vegetation.” In addition, methods 
in the publication Determining the Ordinary High Water mark on Streams in Washington State
(Ecology 2008) were applied. 

To delineate the OHWM, the bed and adjacent banks of streams in the study area were examined 
for indications of regular high water events. Factors considered when assessing changes in 
vegetation include: 

Scour (removal of vegetation and exposure of gravel, sand, or other soil 
substrate)

Drainage patterns 

Elevation of floodplain benches 

Changes in sediment texture across the floodplain 

Sediment layering 
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Sediment or vegetation deposition 

Changes in vegetation communities across the floodplain 

Herrera placed flagging on the site, indicating the horizontal and vertical location of the OHWM 
along the stream(s). The locations of OHWM flags were subsequently surveyed by CTS 
Engineers, Inc.

Streams on the site were classified using the criteria in the City of Bellevue Code (LUC 
20.25H.075). This system is based primarily on fish, wildlife, and human use, and consists of 
four stream types: Type S, F, N, or O. Type S streams are those surface waters which are 
inventoried as “Shorelines of the State” under the Shoreline Management Master Program for the 
City of Bellevue, pursuant to RCW Chapter 90.58. Type S waters contain salmonid fish habitat.
Type F streams are those surface waters which contain habitat for salmonid fish, game fish, and 
other anadromous fish. Type N streams are those surface waters which do not contain fish 
habitat, but are connected to Type F waters through an above-ground channel. Type O streams 
are those surface waters which do not contain fish habitat, and are not connected to Type F 
waters through an above-ground channel.

3.3.2 Results

This section discusses the results of the wetland and stream delineations, including a review of 
information obtained from various references, and an analysis of wetland and stream conditions 
in the study area as observed during field investigations. 

3.3.2.1 Analysis of Available Information 

The available existing information compiled for this wetland and stream delineation is 
summarized in the following subsections. 

Previously Mapped Wetlands and Streams 
The National Wetlands Inventory indicates palustrine scrub-shrub (PSS), and forested (PFO), 
seasonally-flooded wetlands located just downstream of the project area in the East Creek project 
area (Figure 3). 

The hydrography geographic information system (GIS) data for the study area indicates a stream 
(Sunset and Richards Creek) flowing north and east through the study area (Figure 2). The 
stream then continues east to its confluence with East Creek that flows to the north under a 
bridge under Kamber Road (Bellevue 2010). 
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Mapped Soils 
Two types of soil are mapped within the study area (NRCS 2010b) (Figure 4): 

Urban land 
Everett-Alderwood gravelly sandy loam (6 to 15 percent slopes) 

Urban land is soil that has been modified by disturbance of the natural layers with additions of 
fill material several feet thick, often to accommodate large industrial and housing development. 

Everett gravelly sandy loam is a somewhat excessively-drained soil formed glacial outwash 
terraces and terrace escarpments. This soil occurs primarily on uplands. A typical soil profile 
includes a 49 inch-deep topsoil composed of very dark brown (10 YR 2/2) or a dark yellowish 
brown (10 YR 3/4) very gravelly sandy loam, which lies over a dark brown (7.5YR 3/4) 
extremely gravelly coarse sandy loam and an olive brown (2.5Y 4/4) extremely gravelly sand. 
This soil is not considered a hydric soil by the NRCS (NRCS 2010b). 

Topography
The project area is relatively flat with a slope of 3 to 4 percent from the upstream end to the 
downstream end. The Sunset Creek portion of the project area ranges in elevation from 70 feet at 
the southern (upstream) end of the reach to 60 feet at the northern (downstream) end. The 
Richards Creek portion of the project ranges from 60 feet at the western (upstream) end to 
55 feet at the eastern (downstream) end of the reach. 

3.3.2.2 Analysis of Wetland and Stream Conditions 

Wetland and stream delineation field activities were conducted by Herrera biologists Kris Lepine 
and Erik Schwartz. The lead biologist (Kris Lepine) is certified by the Society of Wetland 
Scientists as a Professional Wetland Scientists (PWS). The wetland delineation was conducted 
on June 21, 2010. The weather conditions during the fieldwork consisted of: daytime high 
temperatures of approximately 65 degrees Fahrenheit (°F), with cloudy conditions. It was 
determined that the growing season (as defined in Appendix B) had begun, because plants were 
in full leaf out. 

Herrera biologists delineated wetlands and stream OHWM on both sides of the stream in the 
project area that were considered to be all part of one large wetland unit, referred to as Wetland 
A, that was connected to the wetlands delineated in the downstream East Creek project area 
(Table 3) and two connected streams, Sunset Creek and Richards Creek (Table 4). The locations 
and extents of the wetlands, stream and their buffers are shown in Figure 5 and on engineering 
plans in Appendix A. Detailed descriptions of the wetlands are provided in Table 5. The 
biologists completed wetland delineation data forms (Appendix C) and a Department of Ecology 
wetland rating form (Appendix D) for each of the wetlands delineated in the project area. 
Representative photographs of the wetlands in the project area are included in Table 5. 
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Table 3. Wetlands delineated in the study area. 

Wetland 
Name 

Wetland 
Size

(acre) 
USFWS 

Classification a
Hydrogeomorphic 

Classification b

Department of 
Ecology Rating 

Category c

City of Bellevue 
Buffer Width 

(feet) d

A >2.7 PFO Riverine/Depressional III 60 
a U.S. Fish and Wildlife Service classification is based on Cowardin et al. (1979): palustrine forested (PFO) 
b Hydrogeomorphic classification is based on Brinson (1993). 
c Wetland category is based on the Department of Ecology wetland rating system (Hruby 2004), which is required by the City of 

Bellevue. 
d Wetland buffer widths are based on the Department of Ecology wetland rating, per the City of Bellevue Code. 

Table 4. Sunset Creek/Richards Creek stream summary table. 

Stream Name Sunset/Richards Creek 
WRIA Stream Catalog # 08-0056 

Local Jurisdiction City of Bellevue 

DNR Stream Type Type F 

Local Stream Rating Type F  

Local Jurisdiction 
Buffer Width

100 

Documented 
Fish Use 

Documented presence of fall Chinook, coho, and sockeye (WDFW 2010). 

Connectivity
(where stream 
flows from/to) 

Sunset Creek flows north originating on the developed slopes south of I-90. Richards Creek joins 
Sunset Creek from the west approximately 500 feet downstream of SE 30th Street. Richards Creek 
turns at a 90 degree turn to the east at the Optiva Curve and flows east to East Creek. East Creek and 
Richards eventually discharge into Kelsey Creek which ultimately flows to Lake Washington via 
Mercer Slough. In addition, the stream is hydrologically connected to Wetland A.  

Location of Stream 
Relative to Project 
Corridor 

The project extends a total of about 900 feet downstream of the Phase 1 project (or about 1,000 feet 
downstream of the SE 30th Street crossing), including channel work along 390 feet of Sunset Creek (to 
the confluence with Richards Creek) and about 380 feet of Richards Creek (downstream of the 
confluence with Sunset Creek) (Appendix A – Project Engineering Plans). 

Riparian/Buffer 
Condition 

Existing in-stream habitat is poor with limited rearing pools; gravel substrates that have been 
imbedded with sediment. In East Creek just downstream of the project area there is a large, impassible 
water fall that continually moves upstream as incision of the stream progresses. Although there are 
areas where vegetation has been damaged or eliminated due to erosion, there are still large swaths of 
overhanging, native vegetation that primarily consist of willows, red-osier dogwood (Cornus sericea),
and red alder (Alnus rubra). There are small patches of English ivy, Japanese Knotweed (Polygonum 
japonica), and to a greater extent, Himalayan Blackberry (Rubus armeniacus). Japanese Knotweed is 
concentrated on the north and south sides of Richards Creek immediately east of the Optiva curve.
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Table 5. Summary for Wetland A. 

Wetland name Wetland A 
Location Northwest quadrant of the study area, from gravel spur road to north boundary 

Local jurisdiction City of Bellevue

WRIA 8

Wetland rating Category III 

City of Bellevue 
buffer width 

60 feet  

Cowardin 
classification

Palustrine 
forested 

Hydrogeomorphic 
classification

Riverine/ 

Depressional 
Wetland data form(s) Appendix C, 

DP WL A 

Upland data form(s) Appendix C, 
DP UPL-A 

Size of entire 
wetland 

The wetland was not delineated in entirety. It extends north, east, and west of the study area. The 
wetland area within the project area is approximately 0.29 acres in size and is part of a larger 
wetland that is more than 2.7 acres in size. 

Dominant 
vegetation 

Wetland A is dominated by a forested community of red alder (Alnus rubra) and black 
cottonwood (Populus balsamifera) with a shrub understory of willow (Salix sitchensis, Salix 
lucida spp. lasiandra), red-osier dogwood (Cornus sericea), salmonberry (Rubus spectabilis); and 
an herbaceous understory of lady fern (Athyrium filix-femina), big leaf sedge (Carex amplifolia),
slough sedge (Carex obnupta), giant horsetail (Equisetum telmateia), creeping buttercup 
(Ranunculus repens), small fruited bulrush (Scirpus microcarpus), and piggyback plant (Tolmiea 
menziesii). Non-native vegetation is also prevalent in the project area and includes Himalayan 
blackberry, Japanese knotweed, and English ivy.

Soils The soil for WL A-TP1 was examined to an 18-inch depth and exhibited hydric characteristics. 
The top 14 inches of soil was black (10YR 2/1) sandy muck overlying a 4 inch layer of gley soils 
(5B 5/1) with redoximorphic concentrations (7.5 YR 4/6, 2 percent in the matrix). This profile 
meets the criteria for the hydric soil indicator of sandy mucky mineral (S1). 

Hydrology WL A-TP1 exhibited soils saturated to the surface, and a water table at 18 inches. Hydrologic inputs 
to this wetland include precipitation, groundwater, runoff from surrounding uplands, and flooding 
from adjacent Sunset and Richards Creeks. The wetland outlet discharges into both East Creek 
and Richards Creek which flow north downstream of the project area. 

Rationale for 
delineation 

All three wetland parameters are met. 

Rationale for 
local rating 

The City of Bellevue Code classifies wetlands according to the current Department of Ecology 
rating system, which rates Wetland A as a Category III. 

Buffer condition The buffer surrounding the wetland consists primarily of parking lots, and low-lying, large 
commercial buildings. Existing buffers provide flood control, limited wildlife habitat, and water 
quality functions. 
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3.3.3 Probable Cumulative Impacts 

As a result of the proposed Sunset Creek/Richards Creek Flood Control and Habitat 
Improvement Project, there will be temporary effects on the Sunset Creek and Richards Creek 
streambeds, and temporary and permanent impacts to adjacent wetlands, and temporary impacts 
to the buffers of the stream and wetlands. These effects are summarized in Table 6, depicted 
graphically in Figure 6, and described in more detail below. 

Table 6. Impacts to Sunset Creek/Richards Creek stream channel, wetlands, and 
buffers. 

Resource Temporary Impacts Permanent Impacts 

Sunset Creek channel (below OHWM) 2,033 square feet (0.047 acre) None  

Richards Creek Channel 1,828 square feet (0.042 acre) None 

Wetland A 11,184 square feet (0.26 acre) 1,567 square feet (0.036 acre)

Stream and Wetland Buffers 8,270 square feet (0.19 acre) None 

Total 19,793 square feet (0.45 acre) 1,567 square feet (0.036 acre) 

OHWM: Ordinary High Water Mark 

The temporary impacts to Sunset and Richards Creeks channel beds will result from excavating 
the channel to deepen it and laying back the stream banks and installing rock and logs with 
rootwads. Also, large woody debris and grade control structures will be placed within the stream 
channel. Once the construction is complete, the stream will be returned to its slightly modified 
course. The stream channel will be lower and wider than in its current condition. 

The temporary impacts to the wetlands along the streams will result from excavating the banks 
along the stream, installation of rock and rootwads along the reconstructed channel and 
rebuilding the stream banks. Permanent impacts to wetlands will result from filling in the 
wetland in order to build up the stream banks to prevent flooding of adjacent buildings and 
excavating the wetland to create more instream habitat. The reconstructed wetland and riparian 
area will be revegetated and will perform equivalent or better functions as those provided by 
existing wetlands. 

In addition to the functional lift that will be provided by restoring the stream and wetland areas, 
compensatory mitigation for permanent wetland impacts will also occur. To compensate for the 
permanent wetland impacts of 0.036 acre, approximately 0.08 acre of wetland will be enhanced 
within the project area. This results in a mitigation ratio of 2.25 acres enhanced wetland to 1 acre 
wetland impact. 

The impacts to the stream and wetland buffers will be the result of temporary construction access 
and selective clearing. All cleared vegetation and disturbed soils will be restored to pre-project 
conditions. There will be no permanent impacts to wetland and stream buffers. 
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Critical Areas Report––Sunset Creek/Richards Creek Flood Control & Habitat Improvement Project 

3.3.4 Wetland and Stream Functions and Values Protection Assessment 
3.3.4.1 Existing Functions and Values Provided by Affected Wetlands and Streams 
Wetland Functions 

Wetland functions for the wetland within the project area was evaluated according to data in the 
Ecology wetland rating forms (Hruby 2004), and supplemental qualitative ratings (high, medium, 
low) were determined based on Ecology guidance (Ecology 2008a). This methodology entails 
rating the entire wetland unit which includes a substantial amount of wetland that is outside the 
project site. Conditions within the project site are more degraded than in the rest of the wetland 
to the east of the project area. Therefore, the portion of the wetland in the project area may not be 
providing as high a level of functions as the rest of the wetlands. A summary of the function 
scores, the total wetland score, and the associated rating (category) for Wetland A is provided 
(Table 7). Qualitative and quantitative scores for both potential and opportunity for Wetland A to 
provide water quality, hydrologic, and habitat functions is provided. 

Table 7. Wetland function scores. 

Wetland 
Name

Water Quality Functions – 
Qualitative Rating a

(numerical score in 
parentheses) 

Hydrologic Functions – 
Qualitative Rating a

(numerical score in 
parentheses) 

Habitat Functions – 
Qualitative Rating a

(numerical score in 
parentheses)

Total 
Score 

Department
of Ecology 

Rating 
Category bPotential Opportunity Potential Opportunity Potential Opportunity

A Moderate (8) Yes Moderate (6) Yes Moderate (12) Moderate (7) 47 III

a Qualitative ratings are based on the Department of Ecology “Using the Wetland Rating System in Compensatory Mitigation” 
focus sheet (Ecology 2008a) 

b  Wetland category is based on the Department of Ecology rating system (Hruby 2004). 

Wetland A, a riverine-open depressional wetland, has a moderate potential to improve water 
quality through persistent, ungrazed vegetation equal to or greater than 95 percent of the wetland 
area. Surface water primarily exits the wetland through surface flow into Sunset, Richard, and 
East Creeks. Because the surface flow is unconstricted, the effectiveness of dense vegetation as a 
sediment trap and water filter is somewhat lessened due to the lack of water retention within the 
wetland. The location of Wetland A provides opportunity to improve water quality—it is located 
in an area that is subject to untreated stormwater from adjacent commercial properties containing 
large, paved parking lots. The wetland has moderate potential to improve hydrologic functions, 
because the height of ponding within the wetland above the outlet (Richards Creek) is 
approximately 6 inches, and the ratio of surface water contribution to the area of wetland is less 
than 100 times the area of the unit. The wetland has the opportunity to reduce flooding and 
erosion because it drains to a stream that has documented flooding problems and it is located 
within a FEMA-designated floodplain. The portion of the wetland within the project area has 
aggraded 2 to 3 feet above the streambed and is less frequently flooded by the stream as the rest 
of the wetland. 

Wetland A is ranked as moderate in potential habitat functions because it contains only one 
vegetative community class (forested) and has limited vegetation structure diversity. Also it has 
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three hydroperiods: seasonally flooded, saturated, and a permanently flowing stream bisecting 
the wetland. The high diversity of plant species, moderate interspersion of habitat types, and 
presence of a variety of habitat features, (i.e., standing wood snags, large downed wood) 
increases the rating for habitat functions. However, non-native invasive species have taken over 
much of the project area, particularly Japanese knotweed along the Richards Creek segment. The 
opportunity for the wetland to improve habitat functions is moderate because the buffers are 
highly disturbed by the encroaching commercial development. Buildings and parking lots in 
some places along the project area are within only a few feet from the wetland edge. The 
condition of the buffers and adjacent riparian areas is described in more detail under the stream 
and riparian functions section. 

Stream and Riparian Functions 

Before historic hydromodification of the stream network in the project vicinity, stream channels 
within the project area would have naturally aggraded and shifted location across an alluvial fan, 
occupying the course of least resistance. Development related hydromodification halted the 
natural process of channel migration and restricted the natural process of sediment deposition to 
the established channel corridors. Concurrent development of headwater areas of the drainage 
proceeded without adequate stormwater detention, resulting in an increased sediment supply rate 
that has proven difficult to mitigate. Prior to installation of the Phase 1 sediment trap in 2009, 
sediment aggradation in the project vicinity exceeded transport capacity, resulting in chronic 
sediment deposition that reduced channel capacity and promoted flooding. As a consequence, the 
City had been dredging the Sunset Creek active channel annually to maintain flood conveyance. 
While considered an allowable use under LUC 20.25H.055.B, this activity nonetheless 
contributes to chronic disturbance of the channel and channel buffer. The functions and values 
provided by the area proposed for modification are mixed. Under natural conditions, this alluvial 
fan reach likely provided prime spawning habitat for resident and migratory fish, including 
salmon and steelhead. Even in its current degraded state, the aggraded stream reach downstream 
of SE 30th Street at its confluence with Richards Creek continues to provide important spawning 
habitat. However, the inability of the channel to migrate in response to sediment deposition has 
created an overly shallow channel condition that limits the quality and quantity of useable 
spawning habitat and presents a low flow passage barrier. Protecting and enhancing remaining 
spawning habitat in the Kelsey Creek watershed is considered a central objective of critical areas 
management by the City. Spawning habitat is limited in this system (Paulsen 2007), meaning that 
salmonid productivity in the system is constrained by the amount of available habitat suitable for 
spawning. Preserving existing spawning habitat and increasing its function will directly benefit 
species of local interest. The Phase 1 project has improved the riparian and Sunset Creek 
instream condition in the area surrounding the culvert replacement at SE 30th Street however, 
more improvements downstream are needed. In fact, the sediment trap constructed as part of 
Phase 1 will not function as designed until the Phase 2 project has been constructed. In the 
current condition, the sediment trap is backwatered by the aggraded sediment in the Phase 2 
Sunset Creek Reach and as such, is being filled by a higher percentage of fine-grained sediment 
than designed. Construction of the Phase 2 channel enlargement and increased conveyance 
capacity will encourage suspended sediment to remain in suspension per the Flood Control and 
Sediment Management Plan (Herrera 2008). 
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Existing riparian conditions in the Sunset Creek portion of the project area is degraded.  The 
surrounding area was developed for commercial and light industrial uses during the 1960s and 
1970s, prior to the establishment of critical areas protections. To accommodate this development, 
much of the existing channel network was relocated, straightened, and contained within riprap 
armored channels. Property development was allowed to encroach upon the streams, limiting the 
effective riparian buffer to less than 20 feet on either side of the stream in most of the project 
area. The remaining riparian buffer is composed of a mix of ornamental, invasive, and native 
vegetation.

Habitat in the stream and riparian area from the confluence of Richards Creek and Sunset Creek 
to approximately 25 feet downstream of the Optiva curve is high quality and higher functioning 
than in the rest of the project area. The riparian vegetation (although narrow) is primarily native 
and overhanging, and is a mix of large mature willow trees with an understory of native shrubs. 
The instream habitat contains spawning gravel that is relatively free of sediment. Also, the 
channel contains several pieces of woody debris that has formed a few pools and cover for fish 
and other aquatic organisms. Due to the relatively high quality riparian and fish habitat, this 
reach will be preserved and have no project impacts. 

The riparian area of the Richards Creek portion of the project is similar to that described for 
Sunset Creek. While there are more large trees in the reach of the stream, invasive species such 
as Japanese knotweed, reed canarygrass, and Himalayan blackberry comprise more than 
25 percent of the vegetation. 

The habitat value of the stream and the riparian area is low to moderate due to the close 
proximity of adjacent development, the large percentage of non-native vegetation, and the 
eroding stream channel and banks. These areas provide limited cover for small mammals and 
amphibians, and nesting, cover and food sources for urban birds. The stream in the project area 
also provides limited food sources for aquatic species including macroinvertebrates, leaf litter, 
and other organic inputs. The Sunset/Richards and East Creek stream system supports a variety 
of native fish species, including anadromous salmonids (coho, Chinook, and possibly steelhead 
trout). However, as discussed earlier fish passage has been blocked downstream of the project 
area by a waterfall formed due to downcutting of the stream channel. The instream and riparian 
functions are not properly functioning and would be improved due to the proposed project. 

3.3.4.2 Projected Future Conditions: Proposed Action Permitted 

If the project is approved, there will be temporary disturbances to the streambeds, wetlands, and 
their buffers due to grading in and along Sunset and Richards Creeks. These temporary impacts 
will be restored as part of the project. The primary vegetation that will be removed includes 
willow trees, cottonwoods, native shrubs, and non-native invasive shrubs. Where possible, 
vegetation will be salvaged and retained on site for replanting following project construction. 
Also, where feasible large trees (8 inch dbh or greater) will be retained (see Sheet C-2). 

A small amount of wetland will be permanently impacted and converted to upland riparian 
habitat or streambed. As mitigation for these impacts, wetland benches will be constructed along 
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the channel that will frequently be wetted by the overflow from the stream. This will achieve a 
more frequent connection of the stream to its floodplain wetlands and also provide higher levels 
of flood control and water quality functions than in the existing condition. Riparian areas 
(buffers) to the landward side of the wetlands will be reconstructed and revegetated. The removal 
of non-native vegetation and replacement with native vegetation will have a positive benefit of 
providing more diverse habitat for native birds and other animals. Planted vegetation in both 
wetland and riparian areas will provide bank stability, shading of the stream, and food sources 
for fish and other aquatic organisms. The restored riparian areas (wetland buffer) will provide the 
same improved habitat and water quality functions as the wetlands. The combined restoration of 
wetlands and riparian areas will result in an improvement of wetland functions within the project 
area. 

If the project is approved there will be temporary modifications to the instream habitat of Sunset 
and Richards Creeks. The channels will be restored and improved through installation of log 
grade structures and logs with rootwads. The log structures and logs with rootwads are designed 
to enhance stream functions in Sunset and Richards Creeks by stabilizing the channel, reducing 
the risk of downcutting and erosion, and creating habitat diversity and cover for fish and other 
aquatic organisms. 

3.3.4.3 Projected Future Conditions: Proposed Action Denied 

If the project is denied, there will be no temporary or permanent impacts to the Sunset and 
Richards Creeks or the adjacent wetlands and buffers. Sunset and Richards Creeks will remain at 
risk of major channel downcutting, increased numbers of non-native invasive plants, and 
flooding of adjacent properties at higher levels and with more frequency. 

3.3.4.4 Applicable Performance Standards 

Public flood protection measures, instream structures, habitat improvement projects and 
stabilization measures are allowed in wetland or wetland critical area buffers if specified 
performance standards are incorporated in design of the development per LUC 20.25H.100. The 
following performance standard is applicable to this project: 

The outer edge of the wetland critical area buffer shall be planted with 
dense vegetation to limit pet or human use 

Also these projects are allowed in Type S or F streams and stream buffers if the following 
applicable performance standards are met (LUC 20.25H.080): 

The outer edge of the stream critical area buffer shall be planted with 
dense vegetation to limit pet or human use 

The performance standards listed above that apply to this project are the same for both wetlands 
and streams. After construction is complete, native plants will be densely planted within the 
combined wetland/stream buffer. Shrubs will be planted at 3 feet on center, so that dense 
vegetative cover will be established. 
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Pursuant to Bellevue LUC 20.25H.055.C3.d: “Instream structures may be permitted only in 
accordance with a design prepared by a qualified professional and where the applicant 
demonstrates measurable benefits, such as decreased erosion, peak flow reduction, improved 
water quality, stream stabilization or improved habitat from the proposal. The applicant shall 
obtain any required state or federal permits prior to undertaking development”. As discussed 
above under the Projected Future Conditions: Proposed Action Permitted section, the proposed 
project will decrease erosion through soft armoring and densely planting the banks, provide more 
flood capacity in the stream channel, improve water quality over time, and improve habitat 
through creating diverse fish habitat and removing non-native invasive species. 

Also stabilization measures will use “soft stabilization” techniques as described above and 
therefore will meet the performance standards for stabilization measures set forth in LUC 
20.25H.055.C3.m. 

Habitat improvement projects are allowed within wetland, streams, and their buffers if they are 
public-sponsored projects and demonstrate improved functions and values in these areas. The 
following sections provide a discussion of the functional improvement that would result from the 
project.

3.3.5 Impact Avoidance, Minimization, and Mitigation Measures 

The project impacts were evaluated during the design process to first avoid and then minimize 
impacts to Sunset and Richards Creeks, the wetlands, and their buffers. Impacts to the wetlands, 
streambed, and riparian areas were avoided by preserving the area of the project that contained 
the highest quality and highest functioning habitat within the project area to remain undisturbed. 
Alternative “soft-site” restoration design techniques were incorporated into the project design to 
minimize impacts and to improve functions. These include: 

Adding woody debris to the channel 

Using wood in grade control structures 

Coir matting and aggressive wetland and riparian planting efforts 

Establishment of a wetland bench area that connects the stream to the 
floodplain

Aggressively removing non-native vegetation and revegetating with native 
vegetation in all disturbed areas 

3.3.6 Wetland and Stream Mitigation for Temporary and Permanent Impacts 

This section describes conceptual mitigation for both temporary impacts to streams and buffer 
and for temporary and permanent impacts to wetlands and buffers. A detailed wetland mitigation 
plan will be provided under separate cover. According to LUC20.25H.105 permanent impacts to 
wetlands may be mitigated through wetland enhancement of existing degraded wetlands if it will 
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increase the functions of the degraded wetland. The following section discusses both the acreage 
of wetland enhancement and the functional lift that will occur due to the mitigation actions. 

Temporary impacts to wetlands and their buffers will be provided through invasive species 
removal and replanting. 

Compensatory mitigation for permanent impacts to wetlands will be provided by enhancing 
wetlands within the project area. Approximately 0.08 acre of wetland will be enhanced through 
non-native plant removal and replanting with native vegetation (Table 8). Compensation will 
occur at a ratio of 2.25 acres of enhancement to 1 acre of wetland impact. 

Table 8. Impacts to wetlands and mitigation within the project area. 

Resource Permanent Impacts Mitigation 
Mitigation Ratio 

Enhanced Wetland: Wetland Impact

Wetland A 1,567 square feet (0.036 acre) 3,522 square feet (0.08 acre) 2.25:1 

Additionally, the project and enhancement of the mitigation wetland will maintain or improve 
all the functions of the wetland and improve stream habitat as well. Flood control, instream 
structures, bank stabilization, and habitat improvement projects are allowed uses in wetlands, 
streams, and their buffers, if they provide improved functions and values. One of the goals of the 
project and of the wetland and stream mitigation is to provide an improvement to functions and 
values of the wetland and streams and their buffers. Table 9 shows that in the current condition 
the wetland provides moderate water quality, moderate hydrologic, and moderate habitat 
functions. The water quality functions of the wetland will stay the same. The hydrologic 
functions will be improved because the wetland will be engaged by the stream channel more 
frequently and because the wetland will be able to store more water for longer periods. Once the 
vegetation has had a chance to become established and maintenance is completed to eradicate the 
non-native invasive species, the habitat value will also improve. Conifers that do not exist in the 
riparian and wetland areas at this time will be planted and will improve species richness and 
diversity. The wetland benches will also occasionally provide resting habitat and habitat 
diversity for fish during high flow periods. 

Table 9. Wetland function and values scores comparison between existing and proposed 
wetlands. 

Wetland 
Rating Before 

and After 
Project 

Water Quality Functions – 
Qualitative Rating a

(numerical score in parentheses)

Hydrologic Functions – 
Qualitative Rating a

(numerical score in parentheses)

Habitat Functions – Qualitative 
Rating a

(numerical score in parentheses)

Potential Opportunity Potential Opportunity Potential Opportunity

Rating before Moderate Yes Moderate Yes Moderate Moderate
Rating after Moderate Yes High Yes High Moderate
Rating change No Change No Change Moderate to High No Change Moderate to High No Change 
a Qualitative ratings are based on the Department of Ecology “Using the Wetland Rating System in Compensatory Mitigation” 

focus sheet (Ecology 2008a). 
b  Wetland category is based on the Department of Ecology rating system (Hruby 2004). 
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3.4 Special Flood Hazard Area Assessment 

The contents of this subsection satisfies requirements specified under CAR reporting 
requirements provided in LUC 20.25H.250.B 4 through 8. 

3.4.1 Introduction 

Flood hazard areas are those subject to 100-year floods (identified on FEMA Flood Insurance 
Rate Maps). These areas are designated to protect development from flooding and to protect the 
inherent functions of floodplains. Undeveloped floodplains store water and slow the downstream 
delivery of flood flows, reducing the impacts of a flood and recharging wetlands, streams and 
underground aquifers. Floodplain development reduces the floodplain’s water storage capacity 
and puts valued property and infrastructure in the path of floodwaters. Runoff from impervious 
surfaces changes flood size and frequency and can degrade water quality. 

The project area falls within a special flood hazard area because it lies within the 100-year 
floodplain (City of Bellevue 2010) (Figure 7). The City of Bellevue Code (LUC 20.25H.180) 
restricts development in the flood hazard areas. Since this project does not propose development 
in the project, most of the code does not apply. The provision in the code that will be affected 
beneficially by the project is that no rise in the Base Flood Elevation (BFE) must occur as a 
result of the project. This project will create more flow capacity and flood storage and therefore 
will result in a decrease in the BFE, thus meeting the requirements of the code. 

3.4.2 Probable Cumulative Impacts 

The project will have beneficial effects to flood hazard areas. The project will result in greater 
channel conveyance storage than in the current condition as well as improve poor fish habitat 
and riparian habitat. The project will also prevent further downcutting of the stream bed, further 
preventing flashy hydroperiods and flooding. 

3.4.2.1 Existing Functions and Values Provided by Affected Critical Area 

Flood hazard areas are those subject to 100-year floods (identified on FEMA Flood Insurance 
Rate Maps). These areas are designated to protect development from flooding and to protect the 
inherent functions of floodplains. Undeveloped floodplains store water and slow the downstream 
delivery of flood flows, reducing the impacts of a flood and recharging wetlands, streams and 
underground aquifers. Floodplain development reduces the floodplain’s water storage capacity 
and puts valued property and infrastructure in the path of floodwaters. Runoff from impervious 
surfaces changes flood size and frequency and can degrade water quality. 

3.4.2.2 Projected Future Conditions: Proposed Action Permitted 

Flooding of adjacent properties will be prevented and BFE will be lowered. Instream 
improvements will prevent the channel from further downcutting and therefore create a stable 
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stream system that does not flash flood and then dry out. The project is designed to reduce the 
frequency and level of flooding of adjacent properties. Log grade structures will be placed within 
the streambed in order to prevent further incision of the stream. 

3.4.2.3 Projected Future Conditions: Proposed Action Denied 
Flooding of adjacent properties will continue to occur. The stream will continue to down cut 
from the downstream extent of the project area and continue upstream, causing more flooding 
and flashy hydroperiods. The flood storage capacity of the stream may be reduced as the channel 
incises and becomes narrower. 

3.4.3 Regulatory Implications 
3.4.3.1 Applicable Performance Standards 
Public flood protection measures, instream structures, habitat improvement projects and 
stabilization measures are allowed in special flood hazard areas because they will meet the 
performance standards described in LUC 20.25H.180.C. The applicable performance standards 
include: obtaining an elevation certificate following construction to indicate that the BFE has not 
been exceeded and the project will not result in a rise in BFE. 

Another performance measure related to flood control projects in flood hazard areas is provided 
in LUC 20.25H.180.D.5. This code provision states that public flood protection projects may 
increase BFE as long as the project would also produce measurable benefits, such as decreased 
sedimentation, peak flow reduction, improved water quality, improved aquatic and riparian 
habitat. The project will actually lower the BFE, but all of these benefits would also result from 
the project. 

3.4.3.2 Restoration and Mitigation Requirements 
One of the main objectives of the proposed project is to prevent flooding in this flood hazard 
area. The elements of the project as described in this report are flood mitigation measures that 
will be implemented to improve conveyance capacity and to prevent flooding of adjacent 
properties.

3.5 Habitat Assessment 

The contents of this subsection satisfies habitat assessment report requirements specified under 
LUC 20.25H.165.A and CAR reporting requirements provided in LUC 20.25H.250.B 4 
through 8. 

3.5.1 Introduction 

Species of local importance are specifically recognized local populations of native species that 
are at risk of being lost from Bellevue—western pond turtle, Oregon spotted frog, western toad,  
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Chinook salmon, bull trout, coho salmon, river lamprey, bald eagle, peregrine falcon, common 
loon, pileated woodpecker, Vaux’s swift, merlin, western grebe, great blue heron, osprey, green 
heron, red-tailed hawk, western big-eared bat, Keen’s myotis (bat), long-legged myotis (bat), and 
long-eared myotis (bat)—and whose presence can be an indicator of environmental health. Only 
Chinook salmon, coho salmon, green heron, pileated woodpecker, and red-tailed hawk may use 
the project area or the area downstream of the project. 

To evaluate habitat conditions in the project area and vicinity, biologists surveyed the area to 
identify dominant species, forest maturity, concentrations of native an invasive plant populations, 
other habitat features (e.g., snags, logs), habitat potential to support protected wildlife species 
and indications of use by these species. In addition, Herrera reviewed information provided by 
WDFW’s Priority Habitats and Species (PHS) Program (WDFW 2010a), fish usage information 
from the Salmonscape mapping program (WDFW 2010b), and fish survey data collected in 2008 
(Watershed Company 2001). 

There are no PHS areas or documented occurrences of protected species in the project vicinity 
(WDFW 2010a), except for coho and Chinook salmon, and pileated woodpeckers. 

3.5.2 Vegetation On and Adjacent to the Site 

The project area is located in a stream channel that flows between buildings and parking lots, but 
still has some habitat diversity and mature trees. Dominant tree species include Pacific willow, 
sitka willow, red alder, and black cottonwood. The most common understory shrub species 
includes willows and red-osier dogwood, and Himalayan blackberry. The dominant herbaceous 
species is reed canarygrass. As stated earlier, invasive non-native plants such as English ivy and 
Japanese knotweed are also found in patches within the project area. The forested wetland and 
riparian areas extend off-site to the east and north, where East Creek is located. The Phase 1 
planted areas on Sunset Creek are located south of the site. 

3.5.3 Species of Local Importance with Primary Habitat Association 

Chinook salmon use of the impact area is described in detail in the Biological Assessment (BA). 
Puget Sound Chinook Salmon are known to have historically used this system. Before 
hydrological modification and subsequent changes in downstream habitat conditions, known or 
likely distribution in Sunset Creek extended up to (and perhaps beyond) SE 30th Street. 

Coho spawning and rearing has been documented in the Richards and Sunset Creek channels up 
to and immediately upstream of SE 30th Street (Paulsen 2007; WDFW 2007a, 2007b). Neither 
species has been documented in the impact area in recent years, as a result of two factors: 
depressed population abundance; and partial barriers to fish passage created by beaver activity in 
downstream areas of Richards Creek (Paulsen 2007). 

While not currently considered a species of local importance, steelhead trout are listed as 
threatened under the ESA (72 FR 26722-26735) and are of special concern from a state and 
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federal permitting perspective. This species has been historically documented in the Kelsey 
Creek system and could potentially occur in the impact area. Before hydrological modification 
and subsequent changes in downstream habitat conditions, steelhead had a known or likely 
distribution in Sunset Creek extended up to (and perhaps beyond) SE 30th Street. 

There is no habitat for bald eagles, peregrine falcons, merlins, osprey, or red-tailed hawks due to 
the closed canopy and dense vegetation that would preclude access. However, some habitat for 
red-tailed hawk may exist on the periphery of the project area or in the wetlands surrounding 
East Creek to the east of the project area. 

There is no habitat for common loons, purple martins, or western grebes which requires lake-
shore habitat. 

There is possible nesting habitat for Vaux’s swifts in hollows of snags at the site, however, there 
are only two snags within the project area, so it is unlikely this species would use the site. 

Since the buildings and parking lots are so close, there is poor habitat for great blue and green 
herons. They can hunt along riparian corridors, however they are more likely to be found in the 
wetlands to the east or the north where the water ponds and is more quiescent. There is no 
breeding or congregation habitat for these species within the project area. 

There is poor habitat for the protected bat species (western big-eared bat, Keen’s Myotis, long-
legged Myotis, and Long-eared Myotis) since there are only two snags in which they could 
potentially roost. These bats roost in cavities in large trees and sangs which are present and 
forage over a variety of habitats for prey (insects). These bats prefer roosting in conifers, which 
are not present in the project area. 

There is poor habitat for Oregon spotted frogs, western pond turtles, and western toads in the 
project area, and they are not likely to be in the project area. Better habitat with pools and more 
quiescent waters is present immediately downstream near East Creek, so these amphibians may 
be near the east end of the project. 

Habitat for pileated woodpeckers for foraging is present but limited, due to only two snags. The 
snags at the Optiva Curve will be retained and will continue to provide potential foraging for the 
woodpecker. They also forage on standing live trees. Habitat is limited since they often forage on 
conifers and they do not exist in the project area. Pileated woodpecker workings were observed 
in the snags in the project area. 

3.5.4 Federal, State, or Local Management Recommendations 

The project will improve the stream, wetland, and their buffers. These improvements would meet 
the recommendations provided by WDFW for priority habitats and species. Any conditions that 
are specified by federal and state agencies for this project will be followed. 
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3.5.5 Direct and Indirect Impacts 

Direct and temporary impacts to habitat would occur due to the project. Approximately 0.26 acre 
of forested wetlands and 0.19 acre of forested stream and wetland buffer will be temporarily 
cleared and graded, and then reconstructed due to this project. If any of the sensitive species are 
in the project area at the time of construction they would move away from during active work 
periods, but are expected to return once work is completed and vegetation has been established. 
Twenty one (21) mature trees that are greater than 8 inches dbh will be retained, where possible. 
The wetlands and buffer areas will be restored as discussed above and shown on Sheets P-1 
through P-4 in Appendix A. Non-native vegetation will be removed. Since most species of local 
importance, except pileated woodpeckers are not likely to occur in the project area due to lack of 
habitat, they will not be affected by the project. Work will occur in the summer, after pileated 
woodpecker breeding is complete. The addition of large woody debris in the stream as part of the 
project will enhance pileated woodpecker foraging habitat, as downed logs are a common 
feeding location for this species. 

Also, approximately 0.089 acre of stream habitat will be graded, reconstructed, and improved. 
During construction the channel will be dewatered and all flow bypassed to the outlet culvert. 
Fish that may be in the project areas will be relocated following WDFW (2009) protocols. After 
construction, water quality will be monitored and turbid water will be discharged to the sewer. 
Only after turbidity has been reduced to meet water quality standards will the flow be directed to 
downstream receiving waters. Therefore no effect on downstream water quality is anticipated to 
occur. 

3.5.6 Probable Cumulative Impacts 

There are no cumulative impacts anticipated as a result of the proposed project, since the project 
area will be fully restored to an improved condition. 

3.5.6.1 Projected Future Conditions: Proposed Action Permitted 

While there will be a temporal loss of forested habitat that may affect the pileated woodpecker, 
the future condition of the project area will provide improved forest habitat. Non-native invasive 
species will be removed and native species diversity and structural diversity will be increased. 
The addition of large wood to the stream channel will enhance in-stream habitat and create 
habitat diversity and cover for fish. Also, restored riparian and wetland habitat will provide shade 
for the stream, potential food sources (aquatic insects and other fauna) for fish and other aquatic 
species. 

3.5.6.2 Projected Future Conditions: Proposed Action Denied 

If the project is denied, the channel will continue to be at risk of down cutting, which will 
degrade habitat functions in the project area, as well as downstream. In addition, there will 
continue to be no wood in the channel, limiting the habitat potential for this area. Also, non-
native invasive species in wetland and riparian areas would be expected to increase. 
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3.5.7 Impact Avoidance, Minimization, and Mitigation Measures 

The project impacts were evaluated during the design process to reduce impacts to Sunset and 
Richards Creeks, the wetlands, and their buffers. The same mitigation measures described for 
wetlands and streams would apply for wildlife habitat areas. 

3.6 Conclusions 

The proposed Sunset and Richards Creek flood control and habitat improvement project will 
improve flood control, stabilize the stream’s channel and banks, and provide long-term habitat 
protection within the project area and downstream. In addition, the placement of large wood in 
the stream will enhance habitat conditions in the stream. Also, downcutting of the stream will be 
prevented by installation of log grade control structures. The instream improvements will also 
improve and restore fish passability. The reconstruction and restoration of wetland and riparian 
areas will provide improved flood control and wildlife habitat functions. 

Although there will be temporary effects to wetlands, riparian areas, and the stream, these areas 
will be restored to an improved condition compared to their current condition. Permanent impact 
to wetlands will be compensated for through enhancement of wetlands that have been degraded 
by non-native invasive plant species and adjacent development. 
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Wetland Delineation Methods 

This wetland delineation was performed in accordance with the Washington State Wetlands 
Identification and Delineation Manual (Ecology 1997) and the Interim Regional Supplement to 
the Corps of Engineers Wetlands Delineation Manual: Western Mountains, Valleys, and Coast 
Region (Environmental Laboratory 2008), both of which are consistent with the 1987 Corps of 
Engineers Wetlands Delineation Manual (Environmental Laboratory 1987). These methods use a 
three-parameter approach for identifying and delineating wetlands. This approach is based on the 
presence of field indicators for hydrophytic vegetation, hydric soils, and hydrology. This wetland 
delineation was performed according to procedures specified for the routine wetland 
determination method (Ecology 1997). 

Hydrophytic Vegetation 
Hydrophytic vegetation is characterized by the ability to grow, effectively compete, reproduce, 
and persist in anaerobic soil conditions that have resulted from periodic or long-term saturation. 
Numerous field indicators of hydrophytic vegetation may be used, although the most common 
indicator is defined as more than 50 percent of the dominant species in each vegetation stratum 
having a wetland indicator status of obligate wetland (OBL), facultative wetland (FACW), or 
facultative (FAC). The plant indicator status categories are explained in Table B-1. 

Table B-1. Plant indicator status categories. 

Indicator Status 
Indicator 
Symbol Definition 

Obligate wetland plants OBL Plants that occur almost always (estimated probability >99 percent) in 
wetlands under natural conditions but also occur rarely (estimated 
probability <1 percent) in upland areas

Facultative wetland plants FACW Plants that usually occur (estimated probability >67 percent) in wetlands 
under natural conditions but also occur (estimated probability 1 percent to 
33 percent) in upland areas

Facultative plants FAC Plants with a similar likelihood (estimated probability 33 percent to 67 
percent) of occurring in both wetlands and upland areas 

Facultative upland plants FACU Plants that sometimes occur (estimated probability 1 percent to 33 percent) 
in wetlands but occur more often (estimated probability >67 percent to 99 
percent) in upland areas

Obligate upland plants UPL Plants that rarely occur (estimated probability <1 percent) in wetlands 
under natural conditions 

DRY
UPLFACUFACFACWOBL

WET

Source: Environmental Laboratory (1987). 

Dominant species are those that contribute more than other species to the character of a plant 
community. To determine dominance, first a complete list of plant species that occur in the 
sampling area is compiled and divided into four strata: tree, sapling/shrub, herb, and woody vine. 
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Next, a vegetation sampling plot is determined by the field biologist to accurately characterize 
the plant community in the area to be evaluated. These sampling plots are typically circular areas 
that are centered on the location of the test pit (used to sample soils). The radius of the circle is 
determined in the field on the basis of site conditions. In large wetlands, a typical sampling 
radius would be 2 to 5 meters for tree and sapling/shrub species and 1 meter for herbaceous 
species. In a small or narrow wetland (or upland area), the radius might be reduced to accurately 
sample wetland (upland) areas and avoid overlapping an adjacent community with different 
vegetation, soils, or hydrologic conditions (Environmental Laboratory 2008). A plant is included 
in the tree stratum if it is a woody plant with a diameter at breast height (dbh) of at least 3 inches; 
in the sapling/shrub stratum if it is a woody plant less than 3 inches dbh; in the herb stratum if it 
is an herbaceous (nonwoody) plant; and in the woody vine stratum if it is a woody vine of any 
height (Environmental Laboratory 2008). To be included in the sampling, 50 percent or more of 
the plant base must be within the radius of the sampling plot. For a tree to be included, more than 
50 percent of the trunk (diameter) must be within the sampling radius. 

For each sampling plot, the plant species within each stratum are listed on the wetland 
determination data form, in decreasing order of their areal coverage. Starting with the plant 
species at the top of the stratum list (the highest percentage of coverage) and proceeding down 
the list (in descending order of coverage); the percentages are cumulatively totaled until the sum 
reaches 50 percent. The plant species that constitute this first 50 percent of areal coverage are 
considered the dominant species in the stratum. In addition, a plant species that constitutes 
20 percent or more of the areal coverage in the stratum is also considered a dominant species 
(Environmental Laboratory 1987). The wetland determination data form includes this dominance 
test and the prevalence test for assessing whether the criteria for hydrophytic vegetation are met 
at each sampling plot (Environmental Laboratory 2008). 

Plant species were identified using Flora of the Pacific Northwest (Hitchcock and Cronquist 
1987) and A Field Guide to the Common Wetland Plants of Western Washington and 
Northwestern Oregon (Cooke 1997). The indicator status of each plant species is based on a list 
of plant species that occur in wetlands in the Pacific Northwest (USFWS 1993). Biologists 
referred to the national Plants Database produced by the U.S. Department of Agriculture (NRCS 
2009a) to determine whether the scientific names of plants have changed since the publication of 
the national list of plant species that occur in wetlands (Reed 1988, 1993); any name changes 
were noted according to the Plants Database. 

Other evidence of hydrophytic vegetation includes observation of plant species growing in areas 
of prolonged inundation or soil saturation, and visual evidence of physiological, morphological, 
or reproductive adaptations. The section in the supplement to the Corps of Engineers manual that 
discusses problematic hydrophytic vegetation further explains how to interpret these situations 
(Environmental Laboratory 2008). 

Hydric Soils 

A hydric soil is a soil that is saturated, flooded, or inundated long enough during the growing 
season to develop anaerobic conditions that favor the growth and regeneration of hydrophytic 
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vegetation (SCS 1988). Hydric soils data were obtained by digging test pits at least 20 inches 
deep and 4 inches wide. 

Hydric soil conditions were evaluated using indicators outlined in Field Indicators of Hydric 
Soils in the United States (NRCS 2006) and adopted by the Interim Regional Supplement to the 
Corps of Engineers Wetlands Delineation Manual: Western Mountains, Valleys, and Coast 
Region (Environmental Laboratory 2008). These indicators are divided into three groups: all 
soils, sandy soils, and loamy and clayey soils. The “all soils” indicators can apply to any soil, 
regardless of texture; the “sandy soils” indicators are used in soil layers with textures of loamy 
fine sand or coarser; the “loamy and clayey soils” indicators are used for soil layers of loamy 
very fine sand and finer.

Hydric soil indicators applicable to the Western Mountains, Valleys, and Coast region include 
but are not limited to the presence of organic soils (i.e., histosols or histic epipedons), sulfidic 
material (i.e., hydrogen sulfide), depleted, gleyed, or reduced soil matrices, the presence of iron 
or manganese concretions, and color (Environmental Laboratory 2008). Soil color (i.e., hue, 
value, and chroma) was evaluated using Munsell Soil Color Charts (Munsell Color 2000). 

Hydric soils were further confirmed by verifying their inclusion on the hydric soils list (NRCS 
2009b).

Wetland Hydrology 

Wetland hydrology is indicated by soils that are periodically inundated or saturated to the surface 
for a sufficient duration during the growing season. A sufficient duration is defined as at least 
12.5 percent of the total growing season days that are consecutively inundated or saturated to the 
surface. The growing season is the period of consecutive frost-free days or the longest period 
during which the soil temperature stays above biological zero (41 degrees Fahrenheit [ F]) at 
12 inches below the surface. As a general rule, the growing season for western Washington 
lowlands consists of 245 days, extending from March 1 to October 31 (Ecology 1997). 
Therefore, a sufficient duration of inundation would be a minimum of 31 days. 

Two indicators of biological activity can be used to determine whether the growing season has 
begun and is ongoing (Environmental Laboratory 2008). The first indicator is the occurrence of 
aboveground growth and development of at least two nonevergreen vascular plant species within 
the wetland. Examples of this growth include the emergence or elongation of leaves on woody 
plants and the emergence or opening of flowers. The second indicator is soil temperature of at 
least 41 F at a depth of 12 inches, which can be measured once during a single site visit. 

For this wetland delineation, hydrologic indicators were examined within the soil test pits in the 
field. Hydrologic indicators include the presence of surface water, standing water in the test pit at 
a depth of 12 inches or less, saturation in the root zone, watermarks, drift lines, sediment 
deposits, drainage patterns within wetlands, oxidized rhizospheres surrounding living roots, and 
water-stained leaves. 
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WETLAND DETERMINATION DATA FORM – Western Mountains, Valleys, and Coast Region

Project Site: Richards Creek City/County: King Sampling Date: 06-21-2010 

Applicant/Owner: City of Bellevue State: WA Sampling Point: TP-1

Investigator(s): Kris Lepine, Erik Schwartz Section, Township, Range: 9, 24N, 5E 

Landform (hillslope, terrace, etc.): riverine Local relief (concave, convex, none): concave Slope (percent): 1

Subregion (LRR): A Lat: 47°35’7.62”N Long: 122°9’51.71”W Datum:       

Soil Map Unit Name: Urban Land NWI classification: PFO

Are climatic / hydrologic conditions on the site typical for this time of year? Yes No      (If no, explain in Remarks.) 

Are Vegetation , Soil , Or Hydrology , significantly disturbed? Are “Normal Circumstances” present? Yes No 

Are Vegetation , Soil , Or Hydrology , naturally problematic? (If needed, explain any answers in Remarks.) 

SUMMARY OF FINDINGS – Attach site map showing sampling point locations, transects, important features, etc.

Hydrophytic Vegetation Present? Yes No 

Is the Sampled Area within a Wetland? YES NOHydric Soil Present? Yes No 

Wetland Hydrology Present? Yes No 

Remarks:      

VEGETATION – Use scientific names of plants 

Tree Stratum (Plot Size: 5 meters)
Absolute  
percent
Cover

Dominant
Species?

Indicator 
Status

Dominance Test Worksheet: 

1.   Alnus rubra 30 Y FAC Number of Dominant Species That Are 
OBL, FACW, or FAC: 

6 (A)
2. Salix sitchensis 20 Y FACW 

3.   Salix lucida 10 FACW+ Total Number of Dominant Species Across 
All Strata: 

8 (B)
4.                     

60 = Total Cover Percent of Dominant Species That Are 
OBL, FACW, or FAC: 

75 (A/B) 
Sapling/Shrub Stratum (Plot Size: 5 meters)

1.   Rubus spectabilis 10 Y FAC+ Prevalence Index worksheet: 

2. Rubus armeniacus 5 Y FACU Total  percent Cover of: Multiply by:

3. Acer circinatum* 5       FAC- OBL species x1 = 

4.   Oemlaria cerasiformis 2       FACU FACW species x2 = 

5.                          FAC species x3 = 

22 = Total Cover FACU species x4 = 

Herb Stratum (Plot Size: 1 meter) UPL species x5 = 

1.   Equisetum hyemale 5 Y FACW Column Totals: (A) (B)

2.     Glyceria borealis 5 Y OBL Prevalence Index = B/A = 

3.     Cardamine occidentalis 3       FACW+ Hydrophytic Vegetation Indicators: 

4.     Rumex obtusifolius 2       FAC       Dominance Test is >50 percent 

5.                  Prevalence Index is <3.01

6.            
      

Morphological Adaptations1 (Provide supporting data in 
Remarks or on a separate sheet) 7.                       

8.                             Wetland Non-Vascular Plants1

9.                       Problematic Hydrophytic Vegetation1 (Explain) 

10.                   1Indicators of hydric soil and wetland hydrology must be present, unless 
disturbed or problematic. 17 = Total Cover

Woody Vine Stratum (Plot Size:      )

Hydrophytic Vegetation 
Present? 

Yes No 

1.   Hedera helix 2 Y NI

2.   Solanum dulcamara 2 Y FAC+

4 = Total Cover 

 percent Bare Ground in Herb 
Stratum =  

80

Remarks:  Acer circinatum rooted outside of wetland. 
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Project Site: Richards Creek 

SOIL            Sampling Point: TP-1

Profile Description: (Describe to the depth needed to document the indicator or confirm the absence of indicators.) 

Depth  Matrix Redox Features 

(inches) 
Color

(moist) percen
t

Color
(Moist) percen

t

Type1 Loc2 Texture Remarks 

0-14 10YR 2/1 100                   Sandy muck       

14-18+ 5B 5/1 100 7.5YR 4/6   2 C M Sand       

                                                                         

                                                                         

                                                                         

                                                                         

                                                                         

                                                                         
1Type: C= Concentration, D=Depletion, RM=Reduced Matrix, CS=Covered or Coated Sand Grains.   2Location: PL=Pore Lining, M=Matrix 

Hydric Soil Indicators: (Applicable to all LRRs, unless otherwise noted.)                                                      Indicators for Problematic Hydric Soils3:

Histosol (A1) Sandy Redox (S5) 2 cm Muck (A10) 

Histic Epipedon (A2) Stripped Matrix (S6) Red Parent Material (TF2) 

Black Histic (A3) Loamy Mucky Mineral (F1) (except MLRA 1) Other (Explain in Remarks) 

Hydrogen Sulfide (A4)  Loamy Gleyed Matrix (F2) 

Depleted Below Dark Surface (A11) Depleted Matrix (F3) 

3Indicators of hydrophytic vegetation and wetland 
hydrology must be present, unless disturbed or problematic. 

Thick Dark Surface (A12) Redox Dark Surface (F6) 

Sandy Mucky Mineral (S1) Depleted Dark Surface (F7) 

Sandy Gleyed Matrix (S4) Redox Depressions (F8) 

Restrictive Layer (if present): 
Hydric Soil Present? Yes No Type:       

Depth (inches):       

Remarks:       

HYDROLOGY 
Wetland Hydrology Indicators:

Primary Indicators (minimum of one required; check all that apply) Secondary Indicators (2 or more required) 

Surface Water (A1) Water-Stained Leaves (B9)  Water-Stained Leaves (B9)  

High Water Table (A2) (except MLRA 1, 2, 4A, and 4B) (MLRA 1, 2, 4A, and 4B)

Saturation (A3) Salt Crust (B11) Drainage Patterns (B10) 

Water Marks (B1) Aquatic Invertebrates (B13) Dry-Season Water Table (C2) 

Sediment Deposits (B2) Hydrogen Sulfide Odor (C1) Saturation Visible on Aerial Imagery (C9) 

Drift Deposits (B3) Oxidized Rhizospheres along Living Roots (C3) Geomorphic Position (D2) 

Algal Mat or Crust (B4) Presence of Reduced Iron (C4) Shallow Aquitard (D3) 

Iron Deposits (B5) Recent Iron Reduction in Tilled Soils (C6) FAC-Neutral Test (D5) 

Surface Soil Cracks (B6) Stunted or Stresses Plants (D1) (LRR A) Raised Ant Mounds (D6) (LRR A)

Inundation Visible on Aerial Imagery (B7) Other (Explain in Remarks) Frost-Heave Hummocks (D7) 

Sparsely Vegetated Concave Surface (B8) 

Field Observations:

Surface Water Present? Yes No Depth (inches):       

Wetland Hydrology Present? Yes No Water Table Present? Yes No Depth (inches): 18 

Saturation Present? 
(includes capillary fringe) 

Yes No Depth (inches): 0 

Describe Recorded Data (stream gauge, monitoring well, aerial photos, previous inspections), if available:        

Remarks:       
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WETLAND DETERMINATION DATA FORM – Western Mountains, Valleys, and Coast Region

Project Site: 
East Creek and Richards Creek Fish Passage Improvement 
and Stream Modification Project 

City/County: Bellevue Sampling Date: 4-27-10 

Applicant/Owner: City of Bellevue State: WA Sampling Point: WLA –TP2 

Investigator(s): Kris Lepine, George Iftner, Katheryn Seckel Section, Township, Range: S 10, T 24 N, R 5 E 

Landform (hillslope, terrace, etc.): Terrace Local relief (concave, convex, none): none Slope (%): 3%

Subregion (LRR): A Lat: 47.585 Long: -122.162 Datum:       

Soil Map Unit Name: Urban land  NWI classification: PSSC

Are climatic / hydrologic conditions on the site typical for this time of year? Yes No      (If no, explain in Remarks.) 

Are Vegetation , Soil , Or Hydrology , significantly disturbed? Are “Normal Circumstances” present? Yes No

Are Vegetation , Soil , Or Hydrology , naturally problematic? (If needed, explain any answers in Remarks.) 

SUMMARY OF FINDINGS – Attach site map showing sampling point locations, transects, important features, etc. 

Hydrophytic Vegetation Present? Yes No

Is the Sampled Area within a Wetland? YES NOHydric Soil Present? Yes No

Wetland Hydrology Present? Yes No

Remarks:  None of the parameters were met.  

VEGETATION – Use scientific names of plants 

Tree Stratum (Plot Size: 5 meters)
Absolute 
% Cover

Dominant
Species?

Indicator 
Status

Dominance Test Worksheet: 

1.   Alnus rubra 30 Y FAC Number of Dominant Species That Are 
OBL, FACW, or FAC: 

3 (A)
2. Sorbus scopulina 10 Y FACW 

3.   Pseudotsuga menziesii 5 N FACU Total Number of Dominant Species Across 
All Strata: 

8 (B)
4.                     

45 = Total Cover Percent of Dominant Species That Are 
OBL, FACW, or FAC: 

37 (A/B) 
Sapling/Shrub Stratum (Plot Size: 5 meters)

1.   Oemleria cerasiformis 5 Y FACU Prevalence Index worksheet: 

2. Ilex aquifolium 5 Y FACU Total % Cover of: Multiply by:

3. Rubus armeniacus 5 Y FACU OBL species x1 = 

4.                     FACW species x2 = 

5.                     FAC species x3 = 

15 = Total Cover FACU species x4 = 

Herb Stratum (Plot Size: 1 meter) UPL species x5 = 

1.   Equisetum telmateia 5 Y FACW Column Totals: (A) (B)

2.   Polystichum munitum 5 Y FACU Prevalence Index = B/A = 

3.    Hydrophytic Vegetation Indicators: 

4.    Dominance Test is >50% 

5.         Prevalence Index is <3.01

6.    
      

Morphological Adaptations1 (Provide supporting data in 
Remarks or on a separate sheet) 7.    

8.                             Wetland Non-Vascular Plants1

9.                       Problematic Hydrophytic Vegetation1 (Explain) 

10.                   

11.                   1Indicators of hydric soil and wetland hydrology must be present, 
unless disturbed or problematic. 10 = Total Cover

Woody Vine Stratum (Plot Size:      )

Hydrophytic Vegetation 
Present? 

Yes No 

1.   Hedera helix 50 Y NL

2.                     

50 = Total Cover 

% Bare Ground in Herb Stratum =  0

Remarks:  The criteria for hydrophytic vegetation indicators are not met.   

US Army Corps of Engineers Western Mountains, Valley, and Coast – Interim Version 
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Project Site: East Creek and Richards Creek Fish Passage Improvement and Stream Modification Project 

SOIL           Sampling Point: WLA – TP2

Profile Description: (Describe to the depth needed to document the indicator or confirm the absence of indicators.) 

Depth Matrix Redox Features 

(inches) 
Color

(moist) 
%

Color
(Moist) 

% Type1 Loc2 Texture Remarks 

0-5 10YR 3/2 100 Silty clay loam No redox 

5-16 10YR 5/2 100                             Sandy clay loam No redox 

                                                                   

                                                                   

                                                                   

                                                                   

                                                                   

                                                                   
1Type: C= Concentration, D=Depletion, RM=Reduced Matrix, CS=Covered or Coated Sand Grains.   2Location: PL=Pore Lining, M=Matrix 

Hydric Soil Indicators: (Applicable to all LRRs, unless otherwise noted.)                                                      Indicators for Problematic Hydric Soils3:

Histosol (A1) Sandy Redox (S5) 2 cm Muck (A10) 

Histic Epipedon (A2) Stripped Matrix (S6) Red Parent Material (TF2) 

Black Histic (A3) Loamy Mucky Mineral (F1) (except MLRA 1) Other (Explain in Remarks) 

Hydrogen Sulfide (A4)  Loamy Gleyed Matrix (F2) 

Depleted Below Dark Surface (A11) Depleted Matrix (F3) 

3Indicators of hydrophytic vegetation and wetland 
hydrology must be present, unless disturbed or 
problematic. 

Thick Dark Surface (A12) Redox Dark Surface (F6) 

Sandy Mucky Mineral (S1) Depleted Dark Surface (F7) 

Sandy Gleyed Matrix (S4) Redox Depressions (F8) 

Restrictive Layer (if present): 

Hydric Soil Present? Yes NoType: N/A 

Depth (inches): N/A 

Remarks: No hydric soil indicators were met 

HYDROLOGY 
Wetland Hydrology Indicators:

Primary Indicators (minimum of one required; check all that apply) Secondary Indicators (2 or more required) 

Surface Water (A1) Water-Stained Leaves (B9)  Water-Stained Leaves (B9)  

High Water Table (A2) (except MLRA 1, 2, 4A, and 4B) (MLRA 1, 2, 4A, and 4B)

Saturation (A3) Salt Crust (B11) Drainage Patterns (B10) 

Water Marks (B1) Aquatic Invertebrates (B13) Dry-Season Water Table (C2) 

Sediment Deposits (B2) Hydrogen Sulfide Odor (C1) Saturation Visible on Aerial Imagery (C9) 

Drift Deposits (B3) Oxidized Rhizospheres along Living Roots (C3) Geomorphic Position (D2) 

Algal Mat or Crust (B4) Presence of Reduced Iron (C4) Shallow Aquitard (D3) 

Iron Deposits (B5) Recent Iron Reduction in Tilled Soils (C6) FAC-Neutral Test (D5) 

Surface Soil Cracks (B6) Stunted or Stresses Plants (D1) (LRR A) Raised Ant Mounds (D6) (LRR A)

Inundation Visible on Aerial Imagery (B7) Other (Explain in Remarks) Frost-Heave Hummocks (D7) 

Sparsely Vegetated Concave Surface (B8) 

Field Observations:

Surface Water Present? Yes No Depth (inches): 

Wetland Hydrology Present? Yes No Water Table Present? Yes No Depth (inches): 

Saturation Present? 
(includes capillary fringe) 

Yes No Depth (inches): 

Describe Recorded Data (stream gauge, monitoring well, aerial photos, previous inspections), if available:        

Remarks: No wetland hydrology indicators were present.   

US Army Corps of Engineers Western Mountains, Valley, and Coast – Interim Version 
jr   09-04582-000 apx-c2 wetland data form tp2.doc 
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A

4/27/10

Rated by Yes No Date: 6/18/08

SEC: 10 TWNSHP: 24 N RNGE: 5 E

Figure 6 >3

Category based on FUNCTIONS provided by wetland:

I II III IV

16
12
20
48

Category based on SPECIAL CHARACTERISTICS of wetland

I II

Final Category (choose the "highest" category from above)            III

Category III = Score 30-50
Category IV = Score <30

Score for Habitat Functions
TOTAL score for functions

Wetland A

Category II = Score 51-69
Score for Water Quality Functions

SUMMARY OF RATING

Category I = Score >=70
Score for Hydrologic Functions

Does not Apply

Wetland name or number:  

Date of site visit: 

Map of wetland unit: Estimated size:

: Katheryn Seckel Trained by Ecology?  

Is S/T/R in Appendix D?  Yes         No 

WETLAND RATING FORM - WESTERN WASHINGTON

Name of wetland (if known):

Version 2 - Updated July 2006 to increase accuracy and reproducibility among users
Updated Oct. 2008 with the new WDFW definitions for priority habitats

Wetland Class

Depressional
Natural Heritage Wetland

Check if unit has 
multiple HGM classes 
present

Coastal Lagoon

None of the above
Interdunal

Mature Forest

Estuarine

Bog Lake-fringe

Check the appropriate type and class of wetland being rated.

Wetland Type

Freshwater Tidal
Flats

Riverine

Old Growth Forest
Slope

Comments:

Wetland Rating Form - Western Washington 1 Herrera Environmental Consultants, Inc.
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Does the wetland unit being rated meet any of the criteria below?

YES NO
SP1.

SP2.

SP3.

SP4.

Does the wetland unit contain individuals of Priority species listed by the 
WDFW for the state?
Does the wetland unit have a local significance in addition to its functions?   For 
example, the wetland has been identified in the Shoreline Master Program, the 
Critical Areas Ordinance, or in a local management plan as having special 
significance.

To complete the next part of the data sheet, you will need to determine the Hydrogeomorphic Class of 
the wetland being rated .

The hydrogeomorphic classification groups wetlands into those that function in similar ways. This simplifies the 
questions needed to answer how well the wetland functions. The Hydrogeomorphic Class of a wetland can be 
determined using the key below. See p. 24 for more detailed instructions on classifying wetlands.

Has the wetland unit been documented as habitat for any state listed Threatened 
or Endangered animal  species?
For the purposes of this rating system, "documented" means the wetland is on the 
appropriate state database.  Note:  Wetlands with State listed plant species are categorized 
as Category I Natural Heritage Wetlands (see p. 19 of data form).

For the purposes of this rating system, "documented" means the wetland is on the 
appropriate state or federal database.

If you answer YES to any of the questions below, you will need to protect the wetland 
according to the regulations regarding the special characteristics found in the wetland.

Check List for Wetlands That May Need Special Protection (in addition to the 
protection recommended for its category)

Has the wetland unit been documented as a habitat for any federally listed 
Threatened or Endangered animal or plant  species (T/E species)?

determined using the key below. See p. 24 for more detailed instructions on classifying wetlands.

Wetland Rating Form - Western Washington 2 Herrera Environmental Consultants, Inc.
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1.
NO - go to 2 YES - the wetland class is Tidal Fringe

NO - Saltwater Tidal Fringe (Estuarine)

2.

NO - go to 3 YES - the wetland class is Flats

3.

NO - go to 4 YES - the wetland class is Lake-fringe (Lacustrine Fringe)

4.

If the hydrologic criteria listed in each question do not apply to the entire unit being rated, you probably have a unit 
with multiple HGM classes.  In this case, indentify which hydrologic criteria in questions 1-7 apply and go to 
Question 8.

At least 30% of the open water area is deeper than 6.6 feet (2 m)?

Does the entire wetland unit meet all of the following criteria?

If YES, is the salinity of the water during periods of annual low flow below 0.5 ppt (parts per thousand)?

If your wetland can be classified as a Freshwater Tidal Fringe, use the forms for Riverine wetlands. If it 
is Saltwater Tidal Fringe, it is rated as an Estuarine wetland. Wetlands that were called estuarine in the 
first and second editions of the rating system are called Saltwater Tidal Fringe in the Hydrogeomorphic 
Classification. Estuarine wetlands were categorized separately in the earlier editions, and this separation is 
being kept in this revision. To maintain consistency between editions, the term "Estuarine" wetland is 
being kept. Please note, however, that the characteristics that define Category I and II estuarine wetlands 
have changed (see p. xx).

If your wetland can be classified as a "Flats" wetland, use the form for Depressional wetlands.

The vegetated part of the wetland is on the shores of a body of permanent open water (without any 
vegetation on the surface) at least 20 acres (8 ha) in size;

Does the entire wetland unit meet both of the following criteria?

YES - Freshwater Tidal Fringe

The entire wetland unit is flat and precipitation is only source (>90%) of water to it.  Groundwater and surface 
water runoff are NOT sources of water to the unit.

Classification of Vegetated Wetlands in Western Washington

Are the water levels in the entire unit usually controlled by tides (i.e., except during floods)?

NO - go to 5 YES - the wetland class is Slope

The wetland is on a slope (slope can be very gradual ).
The water flows through the wetland in one direction (unidirectional) and usually comes from seeps. It 
may flow subsurface, as sheetflow, or in a swale without distinct banks.

NOTE: Surface water does not pond in these type of wetlands except occasionally in very small and 
shallow depressions or behind hummocks (depressions are usually <3 feet in diameter and less than 1 
foot deep).

The water leaves the wetland without being impounded.

Wetland Rating Form - Western Washington 3 Herrera Environmental Consultants, Inc.
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5.

NO - go to 6 YES - the wetland class is Riverine

6.

NO - go to 7 YES - the wetland class is Depressional

7.

NO - go to 8 YES - the wetland class is Depressional

8.

Depressional + Lake-fringe Depressional
Saltwater Tidal Fringe and any other class of freshwater wetland Treat as ESTUARINE

Depressional + Riverine along stream within boundary Depressional

Slope + Depressional Depressional
Slope + Lake-fringe

Class to Use in Rating

Is the entire wetland unit located in a very flat area with no obvious depression and no overbank flooding? The unit 
does not pond surface water more than a few inches.  The unit seems to be maintained by high ground water in the 
area. The wetland may be ditched, but has no obvious natural outlet.

Your wetland unit seems to be difficult to classify and probably contains several different HGM classes. For 
example, seeps at the base of a slope may grade into a riverine floodplain, or a small stream within a depressional 
wetland has a zone of flooding along its sides. GO BACK AND IDENTIFY WHICH OF THE HYDROLOGIC 
REGIMES DESCRIBED IN QUESTIONS 1-7 APPLY TO DIFFERENT AREAS IN THE UNIT (make a rough 
sketch to help you decide).  Use the following table to identify the appropriate class to use for the rating system if 
you have several HGM classes within your wetland.  NOTE: Use this table only if the class that is recommended in 
the second column represents 10% or more of the total area of the wetland being rated. If the area of the second 
class is less than 10% of the unit, classify the wetland using the class that represent more than 90% of the total area.

The unit is in a valley, or stream channel, where it gets inundated by overbank flooding from that stream 
or river.

The overbank flooding occurs once every two years.

Lake-fringe

Slope + Riverine Riverine

Does the entire wetland unit meet all of the following criteria?  

Is the entire wetland unit in a topographic depression in which water ponds, or is saturated to the surface, at some 
time of the year?  This means that any outlet, if present, is higher than the interior of the wetland.

HGM Classes Within a Delineated Wetland Boundary

Saltwater Tidal Fringe and any other class of freshwater wetland Treat as ESTUARINE
under wetlands with 
special characteristics

If you are unable still to determine which of the above criteria apply to your wetland, or you have more than 2 HGM 
classes within a wetland boundary, classify the wetland as Depressional for the rating.

Wetland Rating Form - Western Washington 4 Herrera Environmental Consultants, Inc.
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D 1. Points

D 1.1
Points = 3
Points = 2

Points = 1

Points = 1

Figure __

D 1.2

Points = 4
Points = 0

D 1.3
Points = 5
Points = 3
Points = 1
Points = 0

Figure __

D 1.4

Points = 4
P i t 2

Provide photo or drawing

Characteristics of persistent vegetation (emergent, shrub, and/or forest Cowardin class):

Unit is a flat depression (Q. 7 on key) or in the Flats class, with permenent 
surface outflow and no obvious natural outlet and/or outlet is a man-made 
ditch.  (If ditch is not permanently flowing, treat unit as "intermittently 
flowing.")

NO

0

5

Map of Cowardin vegetation classes

A ll d d i >1/4 t t l f tl d

Does the wetland unit have the potential to improve water quality? (see p. 38)

Characteristics of surface water flows out of the wetland:

2

1Unit has an unconstricted, or slightly constricted, surface outlet (permanently 
flowing ).

Area seasonally ponded is >1/2 total area of wetland.

Wetland has persistent, ungrazed vegetation >=1/10 of area.

WATER QUALITY FUNCTIONS - Indicators that wetland functions to improve water quality.

Wetland has persistent, ungrazed vegetation >=95% of area.
Wetland has persistent, ungrazed vegetation >=1/2 of area.

The soil 2 inches below the surface (or duff layer) is clay or organic (use NRCS definitions):

D     Depressional and Flats Wetlands

Wetland has persistent, ungrazed vegetation <1/10 of area

Characteristics of seasonal ponding or inundation.

Unit is a depression with no surface water leaving it (no outlet)

Unit has an intermittently flowing, or highly constricted permanently flowing 
outlet.

This is the area of the wetland that is ponded for at least 2 months, but dries out sometime 
during the year. Do not count the area that is permanently ponded. Estimate area as the 
average condition 5 out of 10 years.

YES

Points = 2
Points = 0

Figure __

D 2.

Multiplier
2

Other:
Wetland is fed by ground water high in phosphorus or nitrogen.

Untreated stormwater discharges to wetland.

A stream or culvert discharges into wetland that drains developed areas, residential areas, 
farmed fields, roads, or clear-cut logging.

Total for D 1

Residential, urban areas, golf courses are within 150 feet of wetland.

Tilled fields or orchards within 150 feet of wetland.

Does the wetland unit have the opportunity to improve water quality? (see p. 44)
Answer YES if you know or believe there are pollutants in ground water or surface water coming into 
the wetland that would otherwise reduce water quality in streams, lakes, or ground water downgradient 
from the wetland. Note which of the following conditions provide the sources of pollutants:

Grazing in the wetland or within 150 feet.

Area seasonally ponded is >1/4 total area of wetland.

Map of hydroperiods

16TOTAL - Water Quality Functions

Add the points in the boxes above 8

Multiply the score from D 1. by D 2.

YES - multiplier is 2

Add score to table on p. 1

Area seasonally ponded is <1/4 total area of wetland.

NO - multiplier is 1

Wetland Rating Form - Western Washington 5 Herrera Environmental Consultants, Inc.

Attachment 3 - Phase 2 Project Plans and Staff Report



D 3. Points

D 3.1
Points = 4
Points = 2

Points = 1

Points = 0

D 3.2

Points = 7
Points = 5
Points = 5
Points = 3
Points = 1

Points = 0

D 3.3

Points = 5
Points = 3

Points = 0
Points = 5

HYDROLOGIC FUNCTIONS - Indicators that wetland functions to reduce flooding/stream degradation.

Unit is a depression with no surface water leaving it (no outlet).

Marks of ponding are 3 feet or more above the surface or bottom of outlet.

D     Depressional and Flats Wetlands

Wetland is flat (yes to Q. 2 or Q. 7 on key) but has small depressions on the 
surface that trap water.

Unit has an unconstricted, or slightly constricted, surface outlet 
(permanently flowing ).

3The wetland is a "headwater" wetland.

0

Characteristics of surface water flows out of the wetland:

3

Estimate the height of ponding above the bottom of the outlet.  For units with no outlet 
measure from the surface of permanent water or deepest part (if dry).

Marks of ponding between 2 feet to <3 feet from surface or bottom of outlet.

Marks of ponding are less than 0.5 feet.

Entire unit is in the Flats class (basin=wetland)

Marks are at least 0.5 feet to <2 feet from surface or bottom of outlet.

Contribution of wetland to storage in the watershed.

The area of the basin is <10 times the area of the unit.

Depth of storage during wet periods.

Does wetland unit have the potential to reduce flooding/erosion? (see p. 46)

Unit has an intermittently flowing, OR highly constricted permanently 
flowing outlet.
Unit is a "flat" depression (Q. 7 on key), or in the Flats class, with 
permanent surface outflow and no obvious natural outlet and/or outlet 
is a man-made ditch.  (If ditch is not permanently flowing, treat unit at 
"intermittently flowing.")

The area of the basin is >100 times the area of the unit.

Estimate the ratio of the area of upstream basin contributing surface water to the wetland to 
the area of the wetland itself.

The area of the basin is 10 to 100 times the area of the unit.

Points = 5

D 4.

Multiplier

Other:

2

Wetland is in a headwater of a river or stream that has flooding problems.

TOTAL - Hydrologic Functions
Add score to table on p. 1

12

Does wetland unit have the opportunity to reduce flooding/erosion? (see p. 49)
Answer YES if the unit is in a location in the watershed where the flood storage, or reduction 
in water velocity, helps protect downstream property and aquatic resources from flooding or 
excessive and/or erosive flows.

6Total for D 3 Add the points in the boxes above

Entire unit is in the Flats class (basin=wetland)

Note which of the following indicators of opportunity apply:

Answer NO if the water coming into the wetland is controlled by a structure such as flood 
gate, tide gate, flap valve, reservoir, etc. OR you estimate that more than 90% of the water in 
the wetland is from groundwater in areas where damaging groundwater flooding does not 
occur.

Wetland has no outlet and impounds surface runoff water that might otherwise flow 
into a river or stream that has flooding problems.

Wetland drains to a river or stream that has flooding problems.

Multiply the score from D 3. by D 4.

YES - multiplier is 2 NO - multiplier is 1

Wetland Rating Form - Western Washington 6 Herrera Environmental Consultants, Inc.
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H 1. Points

H 1.1

Points = 4
Points = 2
Points = 1
Points = 0

Figure __

H 1.2

Points = 3
Points = 2
Points = 1
Points = 01 type present

Forested (areas where trees have >30% cover)

Seasonally flooded or inundated
2 types presentOccasionally flooded or inundated

Saturated only
Permanently flowing stream or river in, or adjacent to, the wetland

2

Check the types of vegetation classes present (as defined by Cowardin).  Size threshold for 
class is 1/4 acre or more than 10% of the area if unit is smaller than 2.5 acres.

Aquatic bed

Vegetation structure (see p. 72)

Check the types of water regimes (hydroperiods) present within the wetland. The water 
regime has to cover more than 10% of the wetland if less than 2.5 acres in size or 1/4 acre to 
count (see text for descriptions of hydroperiods).

Permanently flooded or inundated

4 structures or more
3 structures

4 or more types present

1 structure

Hydroperiods (see p. 73)

Map of Cowardin classes

Scrub/shrub (areas where shrubs have >30% cover)

The forested class has 3 out of 5 strata (canopy, sub-canopy, shrubs, herbaceous, 
moss/ground-cover) that each cover 20% within the forested polygon

2 structures

3 types present

Does the wetland unit have the potential to provide habitat for many species?

These questions apply to wetlands of all HGM classes

1

Add the number of vegetation types that qualify.  If you have:

If the unit has a forested class, check if:

Emergent plants

HABITAT FUNCTIONS - Indicators that wetland functions to provide important habitat.

Figure __

H 1.3

>19 species Points = 2
5-19 species Points = 1
<5 species Points = 0

5

Lake-fringe wetland = 2 points
Freshwater tidal wetland = 2 points

Count the number of plant species in the wetland that cover at least 10 sq. ft. (different 
patches of the same species can be combined to meet the size threshold). You do not have to 
name the species. Do not include Eurasian Milfoil, reed canarygrass, purple loosestrife, 
Canadian Thistle.

Richness of Plant Species (see p. 75)

If you counted:

Total for page

Seasonally flowing stream in, or adjacent to, the wetland

Map of hydroperiods

List species below if you want to:

2
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H 1.4 Points

[riparian 
braided 
channels]

H 1.5

3

Large, downed, woody debris within the wetland (>4 inches in diameter and 6 feet 
long).

High = 3 points

Special Habitat Features (see p. 77)

Moderate = 2 points

At least 1/4 acre of thin-stemmed presistent vegetation or woody branches are present 
in areas that are permanently or seasonally inundated (structures for egg-laying by 
amphibians )

None = 0 points Low = 1 point

Stable steep banks of fine material that might be used by beaver/muskrat for denning 
(>30° slope) OR signs of recent beaver activity are present (cut shrubs or trees that 
have not yet turned brown/gray ).

NOTE:  If you have four or more vegetation types or three vegetation types and open water, 
the rating is always "high". Use map of Cowardin vegetation classes.

Check the habitat features that are present in the wetland. The number of checks is the 
number of points you put into the next column.

Standing snags (diameter at the bottom >4 inches) in the wetland.
Undercut banks are present for at least 6.6 feet (2 m) and/or overhanging vegetation 
extends at least 3.3 feet (1 m) over a stream (or ditch) in or contiguous with the 
wetland, for at least 33 feet (10 m).

Interspersion of Habitats (see p. 76)
Decide from the diagrams below whether interspersion between Cowardin vegetation classes 
(described in H 1.1) or the classes and unvegetated areas (can include open water or 
mudflats) is high, medium, low, or none.

5

Invasive plants cover less than 25% of the wetland area in each stratum of plants.

H 1. TOTAL Score - potential for providing habitat
Add the scores from H1.1, H1.2, H1.3, H1.4, H1.5

Comments:

Note:  The 20% stated in early printings of the manual on page 78 is an error.

amphibians ).

13
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H 2. Points

H 2.1

Points = 5

Points = 4

Points = 4

Points = 3

Points = 3

Points = 2

Points = 2

Points = 1
Points = 0

Points = 1
Figure __

H 2.2
H 2.2.1

0

Is the wetland part of a relatively undisturbed/unbroken vegetated corridor (riparian or upland)

Heavy grazing in buffer.
Vegetated buffers are <2 m wide (6.6 feet) for more than 95% of the 
circumference (e.g., tilled fields, paving, basalt bedrock extend to edge 
of wetland).
Buffer does not meet any of the criteria above.

Corridors and Connections (see p. 81)

Aerial photo showing buffers

100 m (330 feet) of relatively undisturbed vegetated areas, rocky areas, 
or open water >95% of circumference. No structures are within 
undisturbed part of buffer (relatively undisturbed also means no 
grazing, no landscaping, no daily human use ).

100 m (330 feet) of relatively undisturbed vegetated areas, rocky areas, 
or open water >50% of circumference.
50 m (170 feet) of relatively undisturbed vegetated areas, rocky areas, or 
open water >95% circumference.
100 m (330 feet) of relatively undisturbed vegetated areas, rocky areas, 
or open water for >25% circumference.

If buffer does not meet any of the criteria above:

50 m (170 feet) of relatively undisturbed vegetated areas, rocky areas, or 
open water for >50% circumference.

No paved areas (except paved trails) or buildings within 25 m (80 feet) 
of wetland >95% circumference. Light to moderate grazing, or lawns 
are OK.
No paved areas or buildings within 50 m of wetland for >50% 
circumference. Light to moderate grazing, or lawns are OK.

Choose the description that best represents condition of buffer of wetland unit.  The highest 
scoring criterion that applies to the wetland is to be used in the rating. See text for definition 
of "undisturbed."

Does the wetland unit have the opportunity to provide habitat for many species?

Buffers (see p. 80)

. .

H 2.2.2

H 2.2.3

0

NO = go to H 2.2.2

NO = go to H 2.2.3YES = 2 points (go to H 2.3 )

Is the wetland part of a relatively undisturbed/unbroken vegetated corridor (either riparian or 
upland) at least 50 feet wide, has at least 30% cover of shrubs or forest, and connects to 
estuaries, other wetlands, or undisturbed uplands that are at least 25 acres in size OR a Lake-
fringe wetland, if it does not have an undisturbed corridor as in the question above?

YES = 4 points (go to H 2.3 )

s t e wet a d pa t o a e at ve y u d stu bed/u b o e vegetated co do ( pa a o up a d)
at least 150 feet wide, has at least 30% cover of shrubs, forest, or native undisturbed prairie, 
that connects to estuaries, other wetlands, or undisturbed uplands that are at least 250 acres in 
size? (Dams in riparian corridors, heavily used gravel roads, and paved roads are 
considered breaks in the corridor. )

within 3 miles of a large field or pasture > 40 acres in size OR

Is the wetland:

within 1 mile of a lake greater than 20 acres in size?
YES = 1 point NO = 0 points

within 5 miles (8 km) of a brackish or salt water estuary OR

Total for page

0
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H 2.3 Points

Biodiversity Areas and Corridors: Areas of habitat that are relatively important to 
various species of native fish and wildlife (full descriptions in WDFW PHS report p. 
152 ).

Which of the following priority habitats are within 330 feet (100 m) of the wetland unit? 
NOTE: the connections do not have to be relatively undisturbed. These are DFW definitions. 
Check with your local DFW biologist if there are any questions

Old-growth/Mature forests: (Old growth west of Cascade crest) Stands of at least 2 
tree species, forming a multi-layered canopy with occasional small openings; with at 
least 20 trees/ha (8/acre) >81 cm (32 in) dbh or > 200 years of age. (Mature forests) 
Stands with average diameters exceeding 53 cm (21 in) dbh; crown cover may be less 
than 100%; decay, decadance, numbers of snags, and quantity of large downed 
material is generally less than that found in old-growth; 80 - 200 years old west of the 
Cascade crest.

Oregon white Oak: Woodland stands of pure oak or oak/conifer associations where 
canopy coverage of the oak component is 25% (full descrptions in WDFW PHS 
report p. 158 ).

Westside Prairies: Herbaceous, non-forested plant communities that can either take 
the form of a dry prairie or a wet prairie (full descriptions in WDFW PHS report p. 
161 ).

Aspen stands: Pure or mixed stands of aspen >0.4 ha (1 acre).

Near or Adjacent to Other Priority Habitats Listed by WDFW (see p. 82)

4

Herbaceous Balds: Variable size patches of grass and forbs on shallow soils over 
bedrock.

Riparian: The area adjacent to aquatic systems with flowing water that contains 
elements of both aquatic and terrestrial ecosystems which mutually influence each 
other.

Instream: The combination of physical, biological, and chemical processes and 
conditions that interact to provide functional life hsitory requirements for instream 
fish and wildlife resources.

Nearshore: Relatively undisturbed nearshore habitats These include Coastal

3+ priority habitats = 4 points
2 priority habitats = 3 points

Caves: Naturally occurring cavity, recess, void, or system of interconnected passages 
under the earth in soils, rock, ice, or other geological formations and is large enough 
to contain a human.

         No habitats = 0 points
If wetland has:

Snags and Logs: Trees are considered snags if they are dead or dying and exhibit 
sufficient decay characteristics to enable cavity excavation/use by wildlife. Priority 
snags have a diameter at breast height of > 51 cm (20 in) in western Washington and 
are > 2 m (6.5 ft) in height. Priority logs are > 30 cm (12 in) in diameter at the largest 
end, and > 6 m (20 ft) long.

         1 priority habitat = 1 point

Note: all vegetated wetlands are by definition a priority habitat but are not included in this list.  
Nearby wetlands are addressed in question H 2.4

Talus: Homogenous areas of rock rubble ranging in average size 0.15 - 2.0 m (0.5 - 
6.5 ft), composed of basalt, andesite, and/or sedimentary rock, including riprap slides 
and mine tailings. May be associated with cliffs.

Cliffs: Greater than 7.6 m (25 ft) high and occuring below 5,000 ft.

Nearshore: Relatively undisturbed nearshore habitats. These include Coastal
Nearshore, Open Coastal Nearshore, and Puget Sound Nearshore. (full descriptions 
of habitats and the definition of relatively undisturbed are in WDFW report pp. 167-
169 and glossary in Appendix A).
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H 2.4 Points

Points = 5

Points = 5

Points = 3

Points = 3

Points = 2
Points = 0

20Total Score for Habitat Functions - add the points for H1 and H2, and record the result on p. 1

There are at least 3 other wetlands within 1/2 mile, and the connections 
between them are relatively undisturbed (light grazing between wetlands 
OK, as is lake shore with some boating, but connections should NOT be 
bisected by paved roads, fill, fields, or other development).

There are at least 3 other wetlands within 1/2 mile, BUT the connections 
between them are disturbed.

3

There are no wetlands within 1/2 mile.
H 2. TOTAL Score - opportunity for providing habitat
Add the scores from H2.1, H2.2, H2.3, H2.4

The wetland is Lake-fringe on a lake with disturbance, and there are 3 
other Lake-fringe wetlands within 1/2 mile.
There is at least 1 wetland within 1/2 mile.

The wetland is Lake-fringe on a lake with little disturbance and there 
are 3 other Lake-fringe wetlands within 1/2 mile.

Choose the one  description of the landscape around the wetland that best fits.
Wetland Landscape (see p. 84)

7
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SC 1.0

SC 1.1

SC 1.2

Check off any criteria that apply to the wetland. Check the appropriate Category when the appropriate 
criteria are met.

Please determine if the wetland meets the attributes described below and choose the appropriate answers and 
Category.

Wetland Type

With a salinity greater than 0.5 ppt.
NO - not an estuarine wetland

Estuarine Wetlands (see p. 86)
Does the wetland unit meet the following criteria for Estuarine wetlands?

The dominant water regime is tidal,
Vegetated, and

YES = Go to SC 1.1

YES = Category I

Is the wetland unit at least 1 acre in size and meeting at least two of the following three 
conditions?

The wetland is relatively undisturbed (has no diking, ditching, filling, cultivation, 
grazing, and has <10% cover of non-native plant species. If the non-native Spartina 
spp. are the only species that cover >10% of the wetland, then the wetland should be 
given a dual rating (I/II). The area of  Spartina would be rated a Category II while the 
relatively undisturbed upper marsh with native species would be a Category I. Do not, 
however, exclude the area of Spartina  in determining the size threshold of 1 acre.

Is the wetland unit within a National Wildlife Refuge, National Park, National Estuary 
Reserve, Natural Area Preserve, State Park, or Educational, Environmental, or Scientific 
Reserve designated under WAC 332-30-151?

NO = Go to SC 1.2

At least 3/4 of the landward edge of the wetland has a 100 foot buffer of shrub, forest, 
or ungrazed or unmowed grassland.

Category

CATEGORIZATION BASED ON SPECIAL CHARACTERISTICS

g g
The wetland has at least two of the following features: tidal channels, depressions 
with open water, or continguous freshwater wetlands.

YES = Category I NO = Category II
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SC 2.0 Category

SC 2.1

NO

SC 2.2

SC 3.0

1.

2.

3.

NO - not a Heritage wetland

Has DNR identified the wetland as a high quality undisturbed wetland or as a site with state 
Threatened or Endangered plant species?

YES - is a bog for purpose of rating NO - go to Q. 4

Does the unit have more than 70% cover of mosses at ground level, AND other 
plants, if present, consist of the "bog" species listed in Table 3 as a significant 
component of the vegetation (>30% of total shrub and herbaceous cover consists of 
species in Table 3)?

NO - go to Q. 2
Does the unit have organic soils, either peats or mucks, that are <16 inches deep over 
bedrock, or an impermeable hardpan such as clay or volcanic ash, or that are floating 
on a lake or pond?

Does the unit have organic soil horizons (i.e., layers of organic soil), either peats or 
mucks, that compose 16 inches or more of the first 32 inches of the soil profile? (See 
Appendix B for a field key to identify organic oils.)

Bogs ( see p. 87)
Does the wetland unit (or any part of the unit) meet both the criteria for soils and vegetation in 
bogs? Use the key below to identify if the wetland is a bog. If you answer Yes, you will still 
need to rate the wetland based on its function.

YES = Category I

Is the wetland unit being rated in a Section/Township/Range that contains a Natural Heritage 
wetland? (This question is used to screen out most sites before you need to contact 
WNHP/DNR.)

Natural Heritage Wetlands (see p. 87)
Natural Heritage wetlands have been identified by the Washington Natural Heritage 
Program/DNR as either high quality undisturbed wetlands or wetlands that support state 
Threatened, Endangered, or Sensitive plant species.

YES - go to Q. 3 NO - not a bog for purpose of rating

S/T/R information from Appendix D                    or accessed from WNHP/DNR web site
YES  - contact WNHP/DNR (see p. 79)  and go to SC 3.2

YES - go to Q. 3

4. Is the unit forested (>30% cover) with sitka spruce, subalpine fir, western redcedar, 
western hemlock, lodgepole pine, quaking aspen, Englemann's spruce, or western 
white pine, WITH any of the species (or combination of species) on bog species plant 
list in Table 3 as a significant component of the ground cover (>30% coverage of 
total shrub/herbaceous cover )?

NO - not a bog for purpose of rating

g p p g
NOTE: If you are uncertain about the extent of mosses in the understory 
you may substitute that criterion by measuring the pH of the water that 
seeps into a hole dug at least 16" deep. If the pH is less than 5.0 and the 
"bog" plant species in Table 3 are present, the wetland is a bog.

g Q

YES - Category I
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SC 4.0 Category

SC 5.0

SC 5.1

YES = Category I     NO - not a forested wetland w/ special characteristics

YES = go to SC 5.1

Does the wetland unit have at least 1 acre of forest that meets one of these criteria for the 
Department of Fish and Wildlife's forests as priority habitat? If you answer Yes,  you will still 
need to rate the wetland based on its functions.

Old-growth forests: (west of Cascade Crest) Stands of at least 2 tree species, 
forming a multi-layered canopy with occasional small openings; with at least 8 
trees/acre (20/hectare) that are at least 200 years of age OR have a diameter at breast 
height (dbh) of 32 inches (81 cm) or more.

NO - not a wetland in a coastal lagoon

Does the wetland meet all of the following 3 conditions?
The wetland is relatively undisturbed (has no diking, ditching, filling, cultivation,

The lagoon in which the wetland is located contains surface water that is saline or 
brackish (>.5 ppt) during most of the year in at leat a portion of the lagoon (needs to 
be measured near the bottom ).

Forested Wetlands (see p. 90)

NOTE: The criterion for dbh is based on measurements for upland 
forests. 200-year-old trees in wetlands will often have a smaller dbh 
because their growth rates are often smaller. The DFW criterion is an 
"OR" so old-growth forests do not necessarily have to have trees of this 
diameter.

Mature forests: (west of the Cascade Crest) Stands where the largest trees are 80 - 
200 years old OR have average diameters (dbh) exceeding 21 inches (53 cm); crown 
cover may be less than 100%; decay, decadence, numbers of snags, and quantity of 
large downed material is generally less than that found in old-growth.

Wetlands in Coastal Lagoons (see p. 91)
Does the wetland meet all of the following criteria of a wtland in a coastal lagoon?

The wetland lies in a depression adjacent to marine waters that is wholly or partially 
separated from marine waters by sandbanks, gravel banks, shingle, or, less frequently, 
rocks.

NO = Category II

At least 3/4 of the landward edge of the wetland has a 100 foot buffer of shrub, forest, 
or ungrazed or unmowed grassland.
The wetland is larger than 1/10 acre (4,350 square feet).

YES = Category I

The wetland is relatively undisturbed (has no diking, ditching, filling, cultivation,
grazing), and has less than 20% cover of invasive plant species (see list of invasive 
species on p. 74).
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SC 6.0 Category

SC 6.1

SC 6.2

N/A

YES = Category II NO - go to SC 6.2

Is the wetland unit between 0.1 and 1 acre, or is it in a mosaic of wetlands that is between 0.1 
and 1 acre?

YES = Category III

Category of wetland based on Special Characteristics
Choose the "highest" rating if wetland falls into several categories, and record on p. 1.

Is wetland 1 acre or larger, or is it in a mosaic of wetlands that is 1 acre or larger?

If you answered NO for all types, enter "Not Applicable" on p. 1.

Interdunal Wetlands (see p. 93)

 Ocean Shores-Copalis - lands west of SR 1115 and SR 109.

If you answer YES, you will still need to rate the wetland based on its functions.

Is the wetland unit west of the 1889 line (also called the Western Boundary of Upland 
Ownership or WBUO)?
YES - go to SC 6.1 NO - not an interdunal wetland for rating

 Long Beach Peninsula - lands west of SR 103
 Grayland-Westport - lands west of SR 105

In practical terms, that means the following geographic areas:
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Pyle, David

From: Karen Walter [KWalter@muckleshoot.nsn.us]
Sent: Friday, December 03, 2010 2:48 PM
To: Pyle, David
Subject: RE: City of Bellevue Utilities Sunset/Richards Creek Flood Control and Habitat Improvement 

Project, 10-121739-LO, Optional Determination of Non-Significance Notice Materials 

David,
Thank you for sending the City's responses. We have no further questions at this time.

Best regards,
Karen Walter
MITFD

Original Message
From: DPyle@bellevuewa.gov [mailto:DPyle@bellevuewa.gov]
Sent: Thursday, October 28, 2010 3:48 PM
To: Karen Walter
Cc: ASantos@bellevuewa.gov; MCross@bellevuewa.gov; MPaine@bellevuewa.gov
Subject: RE: City of Bellevue Utilities Sunset/Richards Creek Flood Control and Habitat
Improvement Project, 10 121739 LO, Optional Deteremination of Non Significance Notice
Materials

Karen

Please find attached a letter in response to the questions previously presented on project
10 121739 LO the Richards/Sunset Creek Flood Control and Habitat Improvement Project.

Please let me know if you have any questions.

David Pyle
Senior Land Use Planner
City of Bellevue
dpyle@bellevuewa.gov
(425)452 2973 (Office)
(425)452 5225 (Fax)
www.bellevuewa.gov

Original Message
From: Karen Walter [mailto:KWalter@muckleshoot.nsn.us]
Sent: Thursday, October 21, 2010 4:58 PM
To: Pyle, David
Subject: City of Bellevue Utilities Sunset/Richards Creek Flood Control and Habitat
Improvement Project, 10 121739 LO, Optional Deteremination of Non Significance Notice
Materials

David,
The Muckleshoot Indian Tribe Fisheries Division has reviewed the Optional Determination of
Non Significance Notice Materials for the above referenced project. We have some questions
and initial comments about this project as noted below:
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1. Per the project drawing Sheet C 2, there is one 12" dbh red alder that will be removed.
What is the fate of this tree? It should be placed back into the Sunset or Richards Creek as
partial mitigation for its removal.

2. How many trees that are 4 inches in diameter and less than 8 inches in diameter that will
be removed? Trees that are 4 inches in diameter and 6 feet in length meet the minimum size
criteria to be considered as wood by most of the scientific literature and they too should be
placed back into the stream as partial mitigation.

3. The revetment wood jam should have more trees with rootwads than shown. Currently, only 3
of the 10 logs will have rootwads. In addition, rock should be minimized for this log jam
and more wood added if needed for ballast.

4. What technical information/analysis/rationale was used to determine the log structures
proposed for habitat enhancement?

5. The Critical Areas Report briefly mentions a waterfall downstream of the project (Phase
II) that is a fish passage barrier. We would like more information about this waterfall that
was used to determine its barrier status. There is no mention of this waterfall in the
Flood Control and Sediment Management Report from 2008. In addition, we would like to know
how fish will benefit from the fish enhancement features of Phase II if the downstream
waterfall is a fish passage barrier.

We appreciate the opportunity to review this proposal and look forward to the City's
responses. We may have further comments subsequently.

Thank you,
Karen Walter
Watersheds and Land Use Team Leader

Muckleshoot Indian Tribe Fisheries Division
39015 172nd Ave SE
Auburn, WA 98092
253 876 3116

Attachment 3 - Phase 2 Project Plans and Staff Report



City of 
Bellevue Post Office Box 90012  Bellevue, Washington  98009 9012 

Development Services Department    (425) 452-6800    Fax (425) 452-5225    TDD (425) 452-4636 
Lobby floor of City Hall, 450 110th Avenue NE, Bellevue, WA 98004 

October 28, 2010 

Karen Walter 
Muckleshoot Indian Tribe Fisheries Division 
39015 - 172nd Avenue SE  
Auburn, Washington  98092-9763 

RE: 10-121739-LO – City of Bellevue Utilities Department Sunset/Richards Creek Flood Control 
and Habitat Improvement Project 

Karen-

I am writing to respond to your questions submitted regarding project 10-121739-LO. We have 
considered your comments and have provided a response as follows: 

1. Per the project drawing Sheet C-2, there is one 12" dbh red alder that will be removed. 
What is the fate of this tree? It should be placed back into the Sunset or Richards Creek as 
partial mitigation for its removal. 

Wood in excess of that being removed will be placed in the stream in an effort to improve in stream 
and riparian habitat. The source of the wood is not regulated by city codes and the use of native 
volunteer wood is not required. Tree removal is typically mitigated through replacement. In this case 
additional mitigation beyond replanting is provided through the incorporation of wood in the stream 
channel.

2. How many trees that are 4 inches in diameter and less than 8 inches in diameter that will 
be removed?  Trees that are 4 inches in diameter and 6 feet in length meet the minimum size 
criteria to be considered as wood by most of the scientific literature and they too should be 
placed back into the stream as partial mitigation. 

Trees sized between smaller than 8 inches were not required for identification on the site plans and 
may be removed when a mitigation plan is proposed to restore the area impacted to an equivalent 
or better condition. In this case, clearing is required to re-grade the stream and adjacent riparian 
areas in an effort to stabilize the streambed and address conditions that amplify flood hazard 
potential. To mitigate for the impact of clearing and grading within the stream and adjacent riparian 
area the project proposal includes a restoration plan and habitat improvement plan that includes the 
placement of wood in stream (in excess of that being removed), and the planting of the adjacent 
riparian area. Replanting and wood placement is done at an advanced ratio to address impacts 
associated with construction and provide for future sources of wood and organic inputs to the 
stream system. In this case the source of the wood is not regulated, and trees removed are not 
required to be directly placed in the stream. Tree and plant materials will be imported to the project 
site based on the project design.  

3. The revetment wood jam should have more trees with rootwads than shown.  Currently, 
only 3 of the 10 logs will have rootwads.   In addition, rock should be minimized for this log 
jam and more wood added if needed for ballast. 

Because logs are buoyant and rootwads add buoyancy, the log revetment structure was designed 
to include rootwads where they could maximize benefits for fish habitat, while at the same time not 
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off-setting the balance of buoyancy and soil overburden required to achieve a necessary factor of 
safety. Rock has been included in the design for the very same reason of trying to counter-balance 
the logs’ buoyant forces. The 90% design can revisit the addition of more rootwad pieces included 
by trying to lower the structure under the bank to obtain greater soil overburden depths, or by 
attaching the logs to ecology block deadman anchors buried below the structure. In addition, should 
the 90% design find that additional ballast is still necessary, rounded streambed boulders will be 
incorporated instead of rock.

4. What technical information/analysis/rationale was used to determine the log structures 
proposed for habitat enhancement? 

Observations made during channel monitoring of Sunset and Richards Creek, and also 
documented in the Flood Control and Sediment Management Plan, have found that the existing 
channel and floodplain are artificially confined by development and armored banks. This 
confinement restricts sinuosity and physical habitat complexity and in general, pools for rearing 
habitat are scarce. However, localized obstructions such as small woody debris, branches, and 
roots have been found to encourage local scour pool formation and gravel sorting within Sunset and 
Richards Creeks. Therefore, the proposed habitat log structures have been designed to mimic 
these existing localized obstructions, by locally encouraging sinuosity, scour pools, and gravel 
sorting within the proposed channel floodplain throughout the restored Phase 2 reach. At the same 
time, the habitat log structures will provide structural stability to the proposed channel bench (two-
staged channel), and the additional roughness from the log structures has been reflected in the 
hydraulic modeling analysis (Flood Control and Sediment Management Plan) to ensure that reach-
wide goals for sediment transport and reducing flooding are maintained.

5.  The Critical Areas Report briefly mentions a waterfall downstream of the project (Phase II) 
that is a fish passage barrier.  We would like more information about this waterfall that was 
used to determine its barrier status.   There is  no mention of this waterfall in the Flood 
Control and Sediment Management Report from 2008.  In addition, we would like to know 
how fish will benefit from the fish enhancement features of Phase II if the downstream 
waterfall is a fish passage barrier. 

The waterfall barrier identified on pages 22 and 33 of the project Critical Areas Report dated 
September 7, 2010 was identified during field evaluation and downstream analysis related to the 
project currently under review. This barrier was not identified as part of the Flood Control and 
Sediment Management Report as the problem had not yet been identified. After identification, the 
Utilities Department has initiated a correction of this barrier through a separate project (Phase III) 
that will be submitted for permit review in the winter of 2010/2011. After implementation of Phase III, 
fish will benefit from the improvements made as part of Phase II as passage will be restored. 

I hope this helps answer your questions. Please let me know if you need additional information. 

Sincerely,

Sent Via Email 

David Pyle 
Land Use Planner 

Cc: Abe Santos, COB Utilities Department 
      Mark Cross, COB Utilities Department 
      Michael Paine, COB Development Services Department 
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DEVELOPMENT SERVICES DEPARTMENT 
ENVIRONMENTAL COORDINATOR 
450 110th Ave NE., P.O. BOX 90012 
BELLEVUE, WA 98009-9012

OPTIONAL DETERMINATION OF NON-SIGNIFICANCE (DNS) NOTICE MATERIALS

The attached materials are being sent to you pursuant to the requirements for the Optional DNS 

Process (WAC 197-11-355).  A DNS on the attached proposal is likely.  This may be the only 

opportunity to comment on environmental impacts of the proposal.  Mitigation measures from 

standard codes will apply.  Project review may require mitigation regardless of whether an EIS is 

prepared.   A copy of the subsequent threshold determination for this proposal may be obtained upon 

request. 

File No.  10-121739-LO 

Project Name/Address: City of Bellevue Utilities Sunset/Richards Creek Flood Control 
and Habitat Improvement Project SEPA Checklist 

13200 SE 30th Street (Generally) 

Planner:  David Pyle / dpyle@bellevuewa.gov 
   
Phone Number:   425-452-2973 

Minimum Comment Period:  October 21, 2010

Materials included in this Notice: 

 Blue Bulletin 

 Checklist 

 Vicinity Map 

 Plans 

 Other:   
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ENVIRONMENTAL CHECKLIST 

Sunset Creek/Richards Creek 
Flood Control and Habitat Improvement 

Project

Prepared for 

City of Bellevue 
Department of Utilities 

September 2010 

Reviewed By: David Pyle 09/08/2010

City of Bellevue File Number 10-121739-LO
10/07/2010

City of Bellevue Utilities Department Sunset/Richards Creek Flood
Control and Habitat Improvement Project

Project SEPA Checklist
13200 SE 30th Street (Generally)

SEPA Checklist Reviewed By:
David Pyle, Land Use Planner

425-452-2973 - dpyle@bellevuewa.gov

Applicant is City of Bellevue Utilities Department
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Note:
Some pages in this document have been purposefully skipped or blank pages inserted so that this 
document will copy correctly when duplexed. 

Reviewed By: David Pyle 09/08/2010
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ENVIRONMENTAL CHECKLIST 

Sunset Creek/Richards Creek 
Flood Control and Habitat Improvement 

Project
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City of Bellevue 
Department of Utilities 
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Bellevue, Washington  98009 

Prepared by 

Herrera Environmental Consultants, Inc. 
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Seattle, Washington  98121 
Telephone:  206/441-9080 

September 7, 2010 
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Environmental Checklist 

A. Background 

1. Name of proposed project if applicable: 
Sunset Creek/Richards Creek Flood Control and Habitat Improvement Project 

2. Name of applicant: 
City of Bellevue 

3. Address and phone number of applicant and contact person: 
Abe Santos 
City of Bellevue – Department of Utilities 
450 – 110th Avenue NE 
P.O. Box 90012 
Bellevue WA 98009 
425-452-6456

4. Date checklist prepared: 
September 7, 2010 

5. Agency requesting checklist: 
City of Bellevue – Department of Planning and Community Development 

6. Proposed timing or schedule (including phasing, if applicable): 
The project is proposed for construction in the summer of 2011. 

7. Do you have any plans for future additions, expansion, or further activity related to 
or connected with this proposal?  If yes, explain. 
The Sunset Creek/Richards Creek Flood Control and Habitat Improvement Project 
(hereafter, “the project”) increases the capacity of the stream, prevents channel 
degradation, enhances connectivity between the stream and adjacent wetlands, and 
improves instream fish habitat diversity and cover. This project is Phase 2 of a three-
phase project that is being completed by the City of Bellevue in accordance with the 
Flood Control and Sediment Management Plan for Richards Creek, Sunset Creek, and 
East Creek (Herrera 2008) in order to control flooding of the surrounding properties and 
improve the instream and riparian habitat for fish and other wildlife in Sunset, Richards, 
and East Creeks. The project vicinity is shown in Appendix A, Figure 1. The locations of 
the three phases are shown in Appendix A, Figure 2. 

jr    /09-04582-000 sunset-richards crk phase ii sepa checklist.doc

September 7, 2010 1 Herrera Environmental Consultants
Reviewed By: David Pyle 09/08/2010

Applicant is City of Bellevue Utilities Department

City of Bellevue Development Services Department - Office of SEPA administrator.
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Historically, the channel configurations of Sunset Creek, Richards Creek, and East 
Creek within the project area were free to move laterally and shift course as sediment 
deposition filled channels and locally reduced sediment transport capacity, which is 
typical for channels on alluvial fans (see historic channel locations Appendix A, 
Figure 2). However, Sunset Creek, Richards Creek, and East Creek were realigned 
during development in the 1960s, when land was graded and buildings were constructed 
adjacent to the channel network (Figure 2). To maintain the altered channel locations, the 
banks of these streams were armored in several areas. This channelization ended the 
natural process of dynamic sediment deposition and channel relocation and concentrated 
sediment deposition along the constructed channel alignments, without ability for the 
channels to shift in response to the sediment deposition. 

Since development has occurred, the Richards Creek, Sunset Creek, and East Creek 
channel network in the vicinity of SE 30th Street and Kamber Road has been directly 
impacted by channel realignment, channel confinement, and increased rates of sediment 
production associated with land development both local to the project area and in the 
upper watershed. These impacts include recurrent flooding and sedimentation problems, 
channel instability, and degraded habitat conditions. 

The City of Bellevue is pursuing a number of projects over a phased timeline to address 
flooding, promote channel stability, and improve habitat conditions. In 2008, the City 
contracted with Herrera Environmental Consultants, Inc. (Herrera) to prepare the 
Sunset Creek Flood Control and Sediment Management Plan. This plan provides a 
comprehensive analysis and proposed solutions to ongoing sediment management and 
flooding challenges in these drainages, while producing a net improvement in habitat 
conditions.

The first phase of this work was constructed in 2009 on Sunset Creek (the most upstream 
portion of the phased proposed stream improvement area). Phase 1 (referred to as 
SE 30th Street/Sunset Creek Flood Improvement Project) included a replacement culvert 
and sediment trap at SE 30th Street and channel modifications upstream and downstream 
to provide a stable streambed transition to the culvert inlet and outlet. The Phase 1 project 
was considered to have independent utility from future phases, and was permitted and 
implemented as a separate effort to address immediate needs. 

The project discussed in this checklist, the Sunset Creek/Richards Creek Flood Control 
and Habitat Improvement Project, represents the second phase of work and continues 
with channel improvements and flood control measures along Sunset Creek downstream 
of Phase 1 to the confluence with Richards Creek. The project also entails stream 
improvements from the Optiva Curve (where Richards Creek turns sharply from north to 
east) to the historical Richards Creek flow split channel, approximately 300 feet upstream 
of the confluence with East Creek. 

The third phase, East Creek Stream Channel Modification and Kelsey Creek Fish Passage 
Improvement project, will include flood control, channel stabilization, and channel and 
wetland habitat improvements downstream of Phase 2 in Richards and East Creeks 
(Appendix A, Figure 2). Both Phases 2 and 3 are planned to be constructed in 2011. 
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8. List any environmental information you know about that has been prepared, or will 
be prepared, directly related to this proposal. 

Joint Aquatic Resource Permit Application (JARPA) Pending

Sunset Creek Flood Control and Sediment  Complete
Management Plan (Geomorphic Assessment and 
Basis of Design Report) 

Biological Assessment Pending

Critical Areas Report Complete

Wetland mitigation plan Pending

9. Do you know whether applications are pending for governmental approvals of other 
proposals directly affecting the property covered by your proposal?  If yes, explain. 
No other relevant projects or permit applications have been identified. 

10. List any government approvals or permits that will be needed for your proposal, if 
known. 

Hydraulic Project Approval – Washington Department of Fish and 
Wildlife 

Clean Water Act Section 404 permit (under Nationwide Permit 3) 
– U.S. Army Corps of Engineers 

Clean Water Act Section 401 Water Quality Certification – 
Washington State Department of Ecology 

Endangered Species Act concurrence – National Marine Fisheries 
Service (no U.S. Fish and Wildlife Service jurisdiction species 
occur in the action area) 

Critical Area Land Use Permit – City of Bellevue 

Clearing and Grading Permit – City of Bellevue 

11. Give brief, complete description of your proposal, including the proposed uses and 
the size of the project and site.  There are several questions later in this checklist 
that ask you to describe certain aspects of your proposal.  You do not need to repeat 
those answers on this page.  (Lead agencies may modify this form to include 
additional specific information on project description.) 
The project background and setting are described, respectively, in parts A-7 and A-13 of 
this checklist. The project channel modifications include the following elements: 

Channel enlargement for a stable, wetted channel 
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Installation of log grade control and habitat structures to prevent 
head-cut migration and provide stable, physical habitat 

Construction of a containment berm to limit the extent of flooding 
into neighboring properties 

Removal of invasive vegetation 

Revegetation with native plants 

Construction of a wetland bench within the proposed channel to 
promote the reestablishment of wetland species and provide low-
velocity shelter areas for fish 

Where feasible, native vegetation and mature trees greater than 8 inches in diameter at 
breast height (dbh) will be retained. The project includes site preparation, temporary flow 
diversion for fish exclusion, and temporary erosion and sediment control (Design Plan 
Sheets). 

The project extends a total of about 900 feet downstream of the Phase 1 project (or about 
1000 feet downstream of the SE 30th Street crossing), including channel work along 
390 feet of Sunset Creek (to the confluence with Richards Creek) and about 380 feet of 
Richards Creek (downstream of the confluence with Sunset Creek) (Plan Sheets). The 
project includes protection of an approximate 180-foot-long reach of Richards Creek, 
immediately downstream of its confluence with Sunset Creek, because it contains good 
instream fish habitat and diverse riparian habitat with a mature tree canopy. 

For the Sunset Creek portion, the banks will be slightly set back and an average depth of 
between 2.5 to 3 feet of sediment will be removed to increase conveyance capacity and to 
move the active channel away from the footings of adjacent buildings. 

For the Richards Creek portion, the banks will also be set back and the channel bed 
dropped by about 0.75 feet on average to increase conveyance capacity. The finished 
channel bed slope will be approximately 0.9 percent, which corresponds to an 
equilibrium gradient for sediment transport and deposition through the reach. Log grade 
control structures are being installed to protect this channel gradient, and they will be 
spaced at a frequency to promote fish passage, and have been designed such that there is 
no more than a 4-inch elevation difference between structures. These grade control 
structures will also help to halt a recent head-cut that has caused severe channel incision 
immediately downstream of the project reach and which could continue upstream if no 
action is taken. 

12. Location of the proposal.  Give sufficient information for a person to understand the 
precise location of your proposed project, including a street address, if any, and 
section, township, and range, if known.  If a proposal would occur over a range of 
area, provide the range or boundaries of the site(s).  Provide a legal description, site 
plan, vicinity map, and topographic map, if reasonably available.  While you should 
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submit any plans required by the agency, you are not required to duplicate maps or 
detailed plans submitted with any permit applications related to this checklist. 
The project is located within, and adjacent to, the channel of Sunset and Richards Creeks 
in the City of Bellevue (Figure 1). The project area is within the Kelsey Creek Basin of 
Water Resource Inventory Area (WRIA) 8 – the Cedar/Sammamish Watershed. The legal 
description of this location is the northwest 1/4 of Section 10, Township 24 North, Range 
5 East. See Appendix A, Figure 2 for the location of the project area and distinct project 
phases as described in the flood control and sediment management plan.  

B. Environmental Elements 

1. Earth 

a. General description of the site (check one): 

X flat
rolling
hilly
steep slopes
mountainous
other:

b. What is the steepest slope on the site (approximate percent slope)? 
The gradient of the Sunset Creek channel typically ranges from 5 percent upstream of 
SE 30th Street to about 1 percent within the project area. Stream bank gradients are up to 
45 degrees, and riprap-armored stream banks are nearly vertical. Other areas in the 
vicinity of the project are nearly flat. 

c. What general types of soils are found on the site (for example, clay, sand, gravel, peat, 
muck)?  If you know the classification of agricultural soils, specify them and note any 
prime farmland. 
Soil at the project site is classified as urban land, indicating that the road corridor was 
constructed in highly disturbed or fill soils. Soils in the project vicinity are 
Everett-Alderwood gravelly sandy loam, Everett gravelly sandy loam, and Seattle muck. 

d. Are there surface indications or history of unstable soils in the immediate vicinity?  If 
so, describe. 

No (per King County sensitive areas map). 
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e. Describe the purpose, type, and approximate quantities of any filling or grading 
proposed. Indicate source of fill. 

Channel and adjacent floodplain modifications involve excavation of 548 cubic yards of 
material above the ordinary high water mark (OHWM) and approximately 315 cubic 
yards below the OHWM (described in item B-3, below), and the placement of 41 cubic 
yards of fill above the OHWM and 67 cubic yards below the OHWM.  

Table 1. Estimated volumes of excavation and fill above and below the OHWM 
for project construction. 

Above OHWM Below OHWM 

Amount of Excavation 
(cu. yds.) 

Amount of Fill 
(cu. yds.) 

Amount of Excavation 
(cu. yds.) 

Amount of Fill 
(cu. yds.) 

548 41 315 67 

Fill will be in the form of washed, rounded river boulders and streambed gravel and 
cobble. Non-regulated fill in the form of structural logs, some with rootwads, will be 
incorporated into the channel bed and banks. All fill material will be recovered from 
onsite sources or imported from a licensed commercial source. Additional details 
regarding project construction, including channel grading, are provided in the Critical 
Areas Report prepared for the project.  

f. Could erosion occur as a result of clearing, construction, or use?  If so, generally 
describe. 

Clearing of riparian vegetation will be required for site access and to construct the 
project. Water quality impacts will be controlled through use of construction best 
management practices (BMPs), including temporary dewatering of the stream reach 
through the construction site (see Sheets ESC-1 and 2, and WM-1 in Design Plan Sheets). 
All disturbed areas will be restored with bioengineered bank stabilization techniques and 
appropriate native vegetation upon completion of construction. 

g. About what percentage of the site will be covered with impervious surfaces after project 
construction (for example, asphalt or buildings)? 

No change in impervious surface area will result from the proposed project. 

h. Proposed measures to reduce or control erosion, or other impacts on the earth, if any: 

Proposed BMPs are described below. 

General Requirements 

The proposed project will implement BMPs to avoid or minimize erosion-related 
impacts in accordance with regulatory requirements. The City of Bellevue will 
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require its construction contractor to implement and maintain BMPs for temporary 
erosion and sediment control (TESC). These BMPs will be consistent with the 
Washington State Department of Ecology’s 2005 Stormwater Management Manual 
for Western Washington (Ecology 2005) and are considered an integral part of the 
effect determinations made in the biological evaluation of the proposed project.

Construction Timing 

All construction activities associated with stream channel grading, streamflow 
bypass, and installation of channel grade control structures will take place during the 
approved in-water work window for the project area (July 1 to August 31). Activities 
that may result in unavoidable short-term sediment releases to the stream will be 
scheduled to commence after July 1 to avoid adverse effects on sensitive fish life 
history stages. 

Temporary Erosion and Sediment Control 

TESC measures will be in place before work begins, and additional TESC measures 
will be implemented as work elements occur in different areas of the site. The TESC 
plan will include appropriate BMPs to be implemented throughout construction that 
will retain dust, soil, and stormwater runoff on site and prevent pollutants and turbid 
discharges from entering Sunset Creek.  

Turbidity will be monitored during those construction activities with potential to 
release sediments to the stream. If measured turbidity 100 feet downstream of 
construction is more than 5 nephelometric turbidity units (NTU) greater than the 
background level, the activities causing the turbidity increase will be discontinued 
until additional measures necessary to achieve the required performance objectives 
can be implemented. TESC measures will be upgraded and added as necessary in 
response to unexpected storm events and changing site conditions (e.g., operation of 
additional pumps or relocation of silt fences). 

The TESC plan will be maintained on site, and a recorded log of BMP 
implementation and TESC measure performance will be updated weekly. The plan 
and the log will be available on site for the duration of the project. Documentation 
will include (at a minimum) records of all BMP implementation and performance 
monitoring by the contractor’s TESC lead as appropriate for the site conditions 
experienced during construction. Dewatering of the work area within the stream is 
planned as a major element of water quality protection during construction. Details on 
the dewatering plan are discussed later in this checklist. 

Fueling and Lubrication 

Fueling and use of lubricating oils and hydraulic fluids will be conducted offsite or at 
a designated staging area located at least 150 feet away from aquatic resources. All 
equipment working around aquatic resources, and that require hydraulic fluids, will 
use biodegradable hydraulic fluids. 
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The construction contractor will be required to develop a site-specific spill 
prevention, control, and countermeasures (SPCC) plan consistent with state law. The 
SPCC plan will address hazardous materials, fueling and maintenance of equipment, 
and spill containment and notification. 

Removal of Best Management Practices 

After the project is complete and disturbed soils are stabilized, all BMPs will be 
removed according to the following procedures: 

Evaluate the site to determine if the BMP is no longer needed (i.e., 
the area has been stabilized and the potential for sediment-laden 
water to exit the area has passed). 

Remove sediment buildup behind the BMP structures and dispose 
of sediments at an approved location offsite. 

Remove the BMP materials for reuse or recycling, if applicable. 

Site Restoration and Revegetation 

The boundaries of the clearing limits will be visibly flagged by a continuous tape or 
bright orange fencing before construction begins. As previously described, all 
disturbed areas within the clearing limits will be replanted with native trees and 
shrubs appropriate for the site. Soil in stream access points and other areas that have 
been compacted by heavy machinery will be tilled before replanting to enhance 
restoration and encourage infiltration of runoff. 

2. Air 

a. What types of emissions to the air would result from the proposal (for example, dust, 
automobile exhaust, odors, industrial wood smoke) during construction and when the 
project is completed?  If any, generally describe and give approximate quantities if 
known.

Heavy equipment used during construction of this project will emit exhaust and create 
dust that could contribute to suspended particulates during project construction. However, 
these emissions will be short term. The proposed project area is located in an urbanized 
environment characterized by light industrial land uses.

The air quality impacts resulting from construction related heavy equipment use are 
expected to be indistinguishable from levels produced by typical levels of truck and other 
vehicle traffic in the affected neighborhood. Consequently, as long as construction 
equipment is properly maintained and operated to minimize emissions, no significant air 
quality impacts are expected to result from construction activities.  
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b. Are there any offsite sources of emissions or odor that may affect your proposal?  If so, 
generally describe. 

No.

c. Proposed measures to reduce or control emissions or other impacts on air, if any: 

Emissions from construction equipment and trucks can be reduced by using newer, well 
maintained equipment. Avoiding prolonged periods of vehicle idling also would reduce 
emissions. Construction contractors must comply with Puget Sound Clean Air Agency 
regulations requiring reasonable precautions to minimize odor and dust impacts. Best 
management practices for the control of windborne construction dust (such as applying 
water to the roadway) will be used, if needed. 

3. Water 
a. Surface water: 

1) Is there any surface water body on or in the immediate vicinity of the site 
(including year-round and seasonal streams, saltwater, lakes, ponds, or 
wetlands)?  If yes, describe and provide names. If appropriate, name the stream 
or river it flows into. 
Sunset Creek flows into Richards Creek, a tributary stream within the Kelsey 
Creek watershed. Kelsey Creek is a tributary to Lake Washington. Streams and 
wetlands in the vicinity of the project include Sunset Creek, Richards Creek, and 
associated wetlands described in detail in the Critical Areas Report prepared for 
the project. As described in item A-11, above, the project work area includes 
approximately 770 feet of stream channel within approximately 1000 feet of the 
SE 30th Street Crossing. The first segment (390 feet) is along Sunset Creek above 
the confluence of Richards Creek, while the second segment (380 feet) is 
downstream of the confluence, and downstream of the sharp turn in Richards 
Creek. The project area encompasses the dewatered exclusion areas (Design Plan 
Sheets, Sheet 15 of 19) and wetland impact areas located immediately adjacent to 
the streams. Dewatering areas and wetland impact areas are discussed in more 
detail in the Critical Areas Report prepared for the project.

2) Will the project require any work over, in, or adjacent to (within 200 feet of) the 
described waters?  If yes, please describe and attach available plans. 
The proposed project will require work including vegetation clearing, excavation, 
fill, flow control and habitat structure installation, and revegetation in 
Sunset/Richards Creek and immediately adjacent sensitive areas (floodplain and 
wetland), as described in items 11, and 3.a.(3) of the checklist. The project plan 
sheets are provided under separate cover.
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3) Estimate the amount of fill and dredge material that would be placed in or 
removed from surface water or wetlands and indicate the area of the site that 
would be affected.  Indicate the source of fill material. 
The existing channel bed and adjacent riprap and fill material will need to be 
excavated before channel grading and installation of grade control, bank 
protection, and habitat structures. The excavation dimensions will allow for 
installation of a pipe that will act as the temporary stream bypass adjacent to the 
channel. Volumes of excavation and fill below the OHWM for channel grading 
and installation of grade control and bank protection structures are summarized in 
Table 2.

Table 2. Estimated volumes of excavation and fill below the OHWM of 
the stream for project construction.  

Impact Sunset Creek Richards Creek 

Volume of excavation below existing OHWM (cy) a 220 95

Volume of fill below existing OHWM (cy) b 7 60 
a Includes streambed material and riprap 
b Includes streambed material and boulders 
cy: cubic yards 

Additional information regarding wetland impact areas, estimated at 0.26 acre of 
temporary impact and 0.036 acres of permanent impact is provided in the Critical
Areas Report prepared for the project. 

Grading of the channel will extend approximately 770 feet along the stream 
within the project area. Channel grading will include excavation of the existing 
channel bed, reshaping of banks, installation of log and boulder grade control 
structures, installation of stable channel substrate material consisting of cobble 
and gravel, and installation of gravel streambed material. This activity will be 
conducted in-the-dry after the streamflow bypass is in place and the project site is 
dewatered to minimize undesirable water quality effects. All in-water work will 
take place during the in-water work window.  

Recovered riprap will either be stored on City property for use in future permitted 
projects, or will be provided to a permitted commercial facility for reuse. Any fill 
in the channel will be either boulders incorporated in grade control structures, a 
cobble mixture that will be placed in the channel bed to resist scour, or a gravel 
“fish” mixture that will be placed to form the streambed surface. These rock 
materials would be imported from a permitted commercial source. Boulders will 
be rounded and will be imported from a permitted commercial source. The grade 
control structures will be keyed into each bank to a distance that is equivalent to 
approximately one-third the width of the channel that is spanned. 

Stream banks will be rebuilt and stabilized in all areas where they are disturbed. 
Bank toes will be protected from stream erosion using large woody debris and 
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boulders that are buried into the stream bank as grade control structures. Higher 
portions of the bank that are disturbed will be stabilized with coir-wrapped lifts of 
soil. The coir fabric will be staked and the top layer will be secured with an 
anchor trench. These areas will then be replanted with native vegetation.  

All fill materials will be imported from a licensed commercial source. All 
excavated materials that are not backfilled will be retained on City of Bellevue 
property for use in future permitted actions, or disposed of at a permitted 
commercial facility. 

4) Will the proposal require surface water withdrawals or diversions?  Give 
general description, purpose, and approximate quantities if known. 
The two segments of channel within the project area will be temporarily 
dewatered. Streams will be diverted using sandbag and membrane coffer dams 
into a gravity or pump fed bypass pipe. Flows will be discharged back into the 
stream channel downstream of the work area.  

Channel dewatering/rewatering and fish capture and relocation will be conducted 
consistent with WSDOT standard practices. The temporary flow bypass pipes will 
be a 36-inch diameter pipe (Sunset Creek) and 42-inch diameter pipe (Richards 
Creek) sized to carry up to approximately 45 and 95 cubic feet per second (cfs), 
respectively, which approximates 72 percent of the 1.01-year recurrence interval 
flow in Sunset Creek (53 and 101 cfs, respectively). Flow diversion details are 
shown in Design Plan Sheets, Sheet 15.

5) Does the proposal lie within a 100-year floodplain?  If so, note location on the 
site plan. 
Yes. The 100-year floodplain has been designated along Sunset Creek. The 
Critical Areas Report provides a figure that shows the 100-year floodplain and has 
more details about the potential impacts to the floodplain.  

6) Does the proposal involve any discharges of waste materials to surface waters?  
If so, describe the type of waste and anticipated volume of discharge. 
No waste materials will be discharged to surface waters as a result of the proposed 
project. Minor surface erosion of restored bed and bank areas will occur during 
site rewatering, and during the “first flush” of the project area during initial 
exposure to storm flows.  

b. Ground water: 
1) Will ground water be withdrawn, or will water be discharged to ground water?  

Give general description, purpose, and approximate quantities if known. 
Not applicable. 
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2) Describe waste material that will be discharged into the ground from septic 
tanks or other sources, if any (for example, domestic sewage; industrial waste, 
containing the following chemicals; agricultural waste; etc.). Describe the 
general size of the system, the number of such systems, the number of houses to 
be served (if applicable), or the number of animals or humans the system(s) are 
expected to serve. 
Not applicable. 

c. Water runoff (including stormwater): 
1) Describe the source of runoff (including stormwater) and method of collection 

and disposal, if any (include quantities, if known). Where will this water flow?  
Will this water flow into other waters?  If so, describe. 
The proposed project is designed to improve conveyance in Sunset Creek 
downstream of SE 30th Street and limit reoccurring flooding of the surrounding 
properties. The project will neither increase nor reduce impervious surface area in 
the project vicinity or modify existing stormwater collection or disposal systems. 
Runoff from adjacent buildings and parking lots into the stream is expected to 
stay the same until additional development occurs.  

2) Could waste materials enter ground or surface waters?  If so, generally 
describe. 
Potential spills from construction activities and equipment could enter surface or 
ground water; however, a Spill Prevention Plan (SPCC) will be in place to prevent 
or reduce impacts from accidental spills.  

d. Proposed measures to reduce or control surface, ground, and runoff water impacts, if 
any:

All construction work will be conducted within a dewatered exclusion area and on 
adjacent streambanks and uplands. Stormwater or alluvial flow entering the work area 
will be pumped into the municipal sewer system, or will be treated using a filtration 
system to remove suspended sediments and other pollutants before discharge back to 
surface waters. 

During construction, an SPCC plan will be in place to prevent or reduce impacts from 
accidental spills, consistent with City of Bellevue requirements for construction activities 
near critical areas. 

jr    /09-04582-000 sunset-richards crk phase ii sepa checklist.doc

Herrera Environmental Consultants 12 September 7, 2010
Reviewed By: David Pyle 09/08/2010

No waste materials are anticipated or allowed to be discharged from any
source, accept for those incidental to typical construction practices and are
planned for management through project site management BMPs.

Attachment 3 - Phase 2 Project Plans and Staff Report



4. Plants 

a. Check types of vegetation found on the site: 

X deciduous tree: 
X alder 
X maple 

aspen 
X others: Black cottonwood, Sitka willow, Pacific willow 

X evergreen tree: 
X fir
X cedar 
X pine

others:
X shrubs 
X grass

pasture
crop or grain

X wet soil plants:
cattail 

X buttercup
bulrush 
skunk cabbage 

X others: lady fern, big leaf sedge, slough sedge, giant horsetail, small fruited bulrush 

water plants: 
water lily 
eelgrass 
milfoil 
others:

X other types of vegetation: Japanese knotweed, reed canarygrass, and Himalayan 

blackberry 

b. What kind and amount of vegetation will be removed or altered? 
The proposed project will result in temporary disturbance of approximately 0.45 acres of 
riparian vegetation. This disturbance is necessary to access the channel with construction 
equipment. The area to be disturbed includes a corridor that averages approximately 
30 feet wide along the two segments described previously (Sunset Creek and Richards 
Creek), and indicated by clearing limits shown in Design Plan Sheets, Sheet 5.

Site access and construction will be managed to limit impacts to native vegetation to the 
greatest extent practicable. Following completion of the project, all disturbed areas will 
be replanted with site appropriate native vegetation (Design Plan Sheets, Sheets 16 
through 19). Bioengineering methods used to stabilize reconfigured streambanks will 
emphasize the use of native vegetation, consistent with Washington State Integrated 
Streambank Protection Guidelines. 
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Currently, the affected area is poorly vegetated, characterized predominantly by a 
mixture of invasive and ornamental species. This vegetation will be replaced by native 
species that, in combination with riprap removal and bank reshaping, should increase 
habitat and riparian function. 

c. List threatened or endangered species known to be on or near the site. 
No listed threatened or endangered plant species are known to be on or near the site.

d. Proposed landscaping, use of native plants, or other measures to preserve or enhance 
vegetation on the site, if any: 
See response 4b above. 

5. Animals 
a. List the names of any birds and animals that have been observed on or near the site or 

are known to be on or near the site: 
Birds: Songbirds 

Mammals: Raccoon, opossum, other urban mammals

Fish: Salmon, steelhead, resident and adfluvial cutthroat trout

b. List any threatened or endangered species known to be on or near the site. 
Puget Sound Chinook Salmon and Puget Sound steelhead are known to have historically 
used this system. Before hydrological modification and subsequent changes in 
downstream habitat conditions, known or likely distribution in Sunset Creek extended up 
to (and perhaps beyond) SE 30th Street.

c. Is the site part of a migration route?  If so, explain. 
Sunset and Richards Creeks are a migratory corridor and a preferential spawning location 
used by native, anadromous, and adfluvial salmonids. Chinook salmon and steelhead 
have not been observed in the system in recent years, potentially due to passage barriers 
imposed by extensive beaver dam complexes in downstream reaches of Richards Creek 
(Paulsen 2007). The affected reach of Sunset Creek is currently used by migratory 
adfluvial cutthroat trout for spawning. 

d. Proposed measures to preserve or enhance wildlife, if any: 
During construction, the project includes several standard construction BMPs to avoid 
and minimize adverse impacts on fish and wildlife. The proposed project is intended to 
address chronic sediment and flooding issues, stabilize banks, and improve instream, 
wetland, and riparian habitat. Details of these improvements are discussed below.  

First, the proposed project will improve fish passage in Sunset Creek. Sediment 
accumulation has aggraded this channel segment to the extent that it poses a barrier to 
fish passage under low flow conditions. Combined with the improved sediment 
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management capacity afforded by Phase 1 of this project, the proposed Phase 2 channel 
improvements will eliminate this low flow passage barrier.  

Second, the proposed channel and bank reconfiguration, and riparian restoration elements 
(reduced non-native invasive vegetation, and planted native vegetation) will result in 
improved habitat conditions. The project design incorporates large wood elements with 
root wads and strategically placed substrate integrated with vegetative treatments. The 
reconfigured channel will result in a decreased width/depth ratio, increased roughness, 
and increased pool density. In combination with riparian enhancements, these elements 
are expected to increase habitat complexity and productivity in the affected reach. 
Enhanced riparian conditions will also increase the value of this habitat for birds and 
wildlife species and its use as a migratory corridor (recognizing that these uses are 
probably limited in this urbanized environment). Before and during grading, non-native 
vegetation will be removed and replanted with a diverse selection of native vegetation. 
This will provide both shade for the stream (improving stream habitat conditions) and 
more diverse food and habitat structure for birds and small mammals. Conifers are absent 
from this area in the current condition. Where feasible, conifers will be planted to add 
additional diversity to restored plant community. 

Finally, regarding construction BMPs, the proposed project has been designed to avoid 
and minimize adverse impacts on fish and wildlife. The primary concern in this respect is 
the potential for adverse effects on fish and aquatic habitats during construction. The in-
water construction component of this project will take place entirely within the in-water 
work window for the Richards Creek system. The work area will be dewatered using a 
temporary flow bypass to avoid construction-related water quality impacts. The bypass 
and all related materials will be removed upon completion of the project.  

Dewatering/rewatering, and fish capture and relocation will be conducted using an 
accepted protocol for these practices (i.e., the WSDOT standard protocol). Alluvial water 
and stormwater that collects in the work area during construction will be pumped to the 
municipal sewer system, or will be treated before discharge to surface waters to avoid 
suspended sediment effects. Turbidity monitoring will be conducted throughout 
construction to ensure BMP effectiveness. The performance threshold for monitoring is 
5 NTUs or more above background levels. Should measured turbidity increase above this 
threshold, construction activities causing elevated turbidity will be halted and the BMPs 
will be addressed as necessary to achieve the desired performance. Consistent with City 
of Bellevue requirements, the construction contractor will have TESC and SPCC plans in 
place to avoid any water quality impacts, and will be required to diligently review and 
update those plans as site conditions warrant. 

6. Energy and Natural Resources 

a. What kinds of energy (for example, electricity, natural gas, oil, wood stove, solar) will 
be used to meet the completed project's energy needs?  Describe whether it will be used 
for heating, manufacturing, etc. 
Not applicable. 
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b. Will your project affect the potential use of solar energy by adjacent properties?  If so, 
generally describe. 
No.

c. What kinds of energy conservation features are included in the plans of this proposal?  
List other proposed measures to reduce or control energy impacts, if any: 
Not applicable. 

7. Environmental Health 

a. Are there any environmental health hazards, including exposure to toxic chemicals or 
risk of fire and explosion, spill, or hazardous waste, that could occur as a result of this 
proposal?  If so, describe. 
Environmental health hazards could occur from accidental spills of chemicals during 
project construction, and construction accidents related to the use of heavy equipment. 
Small amounts of materials likely to be present during construction include gasoline and 
diesel fuels, hydraulic fluids, oils, lubricants, and other chemical products. A spill of 
chemicals could potentially occur during construction as a result of either equipment 
failure or worker error. During construction, heavy equipment and fuels will be stored at 
a nearby location. Spills could also occur during refueling, from stored fuels, or from 
improperly disposed waste materials. Standard construction practices and safety measures 
will be employed to minimize the risk of spills or accidents. 

1) Describe special emergency services that might be required. 
Emergency response during an incident would be the responsibility of the 
contractor. The contractor would require the assistance of the Washington 
Department of Ecology, Washington Department of Fish and Wildlife, or other 
agencies depending on the severity of the spill and the risk to people and the 
environment. It is expected that the contractor will rely on local emergency 
services for any accident related injuries. 

2) Proposed measures to reduce or control environmental health hazards, if any:
The contractor will develop and implement a SPCC plan according to City of 
Bellevue requirements, as defined in the bid documents. The SPCC plan will 
address hazardous materials, fueling and maintenance of equipment, and spill 
containment and notification. Any potentially hazardous waste discovered during 
project activities would be handled in accordance with Environmental Protection 
Agency, Department of Ecology, and local health regulations.  

b. Noise 
1) What types of noise existing in the area may affect your project (for example, 

traffic, equipment operation, other)? 
None. Typical background noise levels in this urbanized environment are 
estimated to be 80 to 85 A-weighted decibels (dBA). 
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2) What types and levels of noise will be created by or associated with the project 
on a short-term or long-term basis (for example, traffic, construction, 
operation, other)?  Indicate what hours noise will come from the site. 
Heavy equipment used during project related materials transportation, staging, 
and construction will produce noise levels above ambient background. Estimated 
peak noise levels will range between 90 and 96 dBA. After completion of the 
project, occasional noise from equipment used for on-going routine maintenance 
and repair will occur. These noise levels will be consistent with those produced by 
current maintenance dredging activities. Once complete, the proposed project will 
have no effect on ambient noise conditions. 

3) Proposed measures to reduce or control noise impacts, if any: 
The contractor will adhere to all applicable federal, state, and local noise 
regulations governing construction activities.

8. Land and Shoreline Use 

a. What is the current use of the site and adjacent properties? 
The project site is surrounded by commercial and industrial buildings and associated 
parking lots.

b. Has the site been used for agriculture?  If so, describe. 
No.

c. Describe any structures on the site. 
The Sunset Creek channel and riparian buffer is bordered on both banks by commercial/ 
light industrial buildings and associated parking lots. 

d. Will any structures be demolished?  If so, what? 
No.

e. What is the current zoning classification of the site? 
Light industrial (City of Bellevue 2007). 

f. What is the current comprehensive plan designation of the site? 
Light industrial (City of Bellevue, undated).

g. If applicable, what is the current shoreline master program designation of the site? 
Not applicable. 

h. Has any part of the site been classified as an environmentally sensitive area?  If so, 
specify. 
Environmentally sensitive areas include: 1) 100-year floodplain of Sunset Creek, 
2) streams and wetlands and their buffers, and 3) habitats associated with species of local 
importance (stream and riparian areas).  
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i. Approximately how many people will reside or work in the completed project? 
None.

j. Approximately how many people will the completed project displace? 
None.

k. Proposed measures to avoid or reduce displacement impacts, if any: 
Not applicable. 

l. Proposed measures to ensure that the proposal is compatible with existing and 
projected land uses and plans, if any: 
Not applicable. 

9. Housing 

a. Approximately how many units will be provided, if any?  Indicate whether high, 
middle, or low-income housing. 
Not applicable. 

b. Approximately how many units will be eliminated, if any?  Indicate whether high, 
middle, or low-income housing. 
Not applicable. 

c. Proposed measures to reduce or control housing impacts, if any: 
Not applicable. 

10. Aesthetics 

a. What is the tallest height of any proposed structure, not including antennas; what is 
the principal exterior building material proposed? 
Not applicable. 

b. What views in the immediate vicinity will be altered or obstructed? 
None. Aside from temporary and minor changes in vegetation structure, views will not be 
altered or obstructed. 

c. Proposed measures to reduce or control aesthetic impacts, if any: 
Not applicable. 
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11. Light and Glare 
a. What type of light or glare will the proposal produce?  What time of day will it mainly 

occur?
Not applicable. 

b. Could light or glare from the finished project be a safety hazard or interfere with 
views? 
Not applicable. 

c. What existing offsite sources of light or glare may affect your proposal? 
Not applicable. 

d. Proposed measures to reduce or control light and glare impacts, if any: 
Not applicable. 

12. Recreation 
a. What designated and informal recreational opportunities are in the immediate vicinity? 

The Sunset Ravine Open Space is located approximately 0.25 miles south of the project, 
and the Mercer Slough Nature Park is about 0.8 miles west of the project. No known 
formal or informal recreation occurs in the immediate vicinity of the project.

b. Will the proposed project displace any existing recreational uses?  If so, describe. 
The proposed project will not permanently displace any existing recreational uses.

c. Proposed measures to reduce or control impacts on recreation, including recreational 
opportunities to be provided by the project or applicant, if any: 
Not applicable. 

13. Historic and Cultural Preservation 
a. Are there any places or objects listed on, or proposed for, national, state, or local 

preservation registers known to be on or next to the site?  If so, generally describe. 
No cultural resources or listed historic properties are known to exist in the project 
vicinity.

b. Generally describe any landmarks or evidence of historic, archaeological, scientific, or 
cultural importance known to be on or next to the site. 
The project area is characterized by light industrial and commercial properties developed 
during the 1960s and 1970s. Historic development planning documents and existing 
conditions present no evidence of important cultural resources. 
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c. Proposed measures to reduce or control impacts, if any: 
Should evidence of cultural remains, either historic or prehistoric, be encountered during 
excavation, work in that immediate area will be suspended, and the find will be examined 
and documented by a professional archaeologist. Decisions regarding appropriate 
mitigation and further action will be made at that time.  

14. Transportation 

a. Identify public streets and highways serving the site, and describe proposed access to 
the existing street system. Show on site plans, if any: 
The project site will be accessed from SE 30th Street and Kamber Road and parking lots 
on private property adjacent to the stream channel (see Design Plan Sheets, Sheet 5). 

b. Is the site currently served by public transit?  If not, what is the approximate distance 
to the nearest transit stop? 
Yes, the nearest transit stop is at the intersection of SE 32nd Street and Richards Road, 
approximately 0.18 miles southwest of the project area.  

c. How many parking spaces will the completed project have?  How many will the project 
eliminate? 
Not applicable. 

d. Will the proposal require any new roads or streets, or improvements to existing roads 
or streets, not including driveways?  If so, generally describe (indicate whether public 
or private). 
No.

e. Will the project use (or occur in the immediate vicinity of) water, rail, or air 
transportation?  If so, generally describe. 
Not applicable. 

f. How many vehicular trips per day will be generated by the completed project?  If 
known, indicate when peak volumes will occur. 
None.

g. Proposed measures to reduce or control transportation impacts, if any: 
Not applicable. 
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Disclaimer 

Herrera Environmental Consultants, Inc. has prepared this report for use by 
the City of Bellevue. The results and conclusions in this report represent the 
professional opinion of Herrera Environmental Consultants, Inc. They are based 
in part upon (1) site reconnaissance, and (2) examination of public domain 
information concerning the study area. 

The work was performed according to critical area studies and reporting standards 
required by the City of Bellevue Land Use Code (Part 20.25H) and the accepted 
standards in the field of jurisdictional wetland determination and delineation 
using the Corps of Engineers Wetlands Delineation Manual (Environmental 
Laboratory 1987) and the Regional Supplement to the Corps of Engineers 
Wetlands Delineation Manual: Western Mountains, Valleys, and Coast Region 
(Environmental Laboratory 2010). In addition, work was conducted according 
to accepted standards for determining the ordinary high water mark (OHWM) 
of streams using the definition set forth in Washington Administrative Code 
173-22-030(11) and Determining the Ordinary High Water Mark on Streams in 
Washington State (Olson and Stockdale 2010). However, final determination of 
jurisdictional wetland and OHWM boundaries pertinent to Section 404 of the 
Clean Water Act is the responsibility of the Seattle District of the U.S. Army 
Corps of Engineers. Various agencies of the State of Washington and local 
jurisdictions may require a review of final site development plans that could 
potentially affect zoning, buffer requirements, water quality, and/or habitat 
functions of lands in question. Therefore, the findings and conclusions in this 
report should be reviewed by appropriate regulatory agencies before any detailed 
site planning and/or construction activities. 
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1.0 Executive Summary 

The City of Bellevue Utilities Department proposes to construct the East Creek/Richards Creek 
stream modification project as the third phase of the Flood Control and Sediment Management 
Plan for Richards Creek, Sunset Creek, and East Creek (Herrera 2008). The independent, yet 
complimentary project phases recommended in this plan are intended to comprehensively 
address chronic flooding, improve bank stability, and improve instream and wetland habitat 
conditions within and surrounding Richards, Sunset, and East Creeks. The first phase was 
constructed in 2009 and included a replacement culvert with built in sediment trap at SE 30th 
Street as well as channel modifications upstream and downstream to provide a stable streambed 
transition to the culvert inlet and outlet. The second phase will continue the channel and habitat 
improvements and flood control measures along a reach of Sunset Creek downstream of SE 30th 
Street as well as along a reach of Richards Creek upstream of the confluence with East Creek. 
The second phase is planned for construction during 2011. 

The proposed third phase described in this report will address channel degradation and bank 
instability by providing stable streambed control and channel and bank modifications in East 
Creek located between Kamber Road (also known as SE 26th Street) and the confluence with 
Richards Creek. The project goals are to: 

1. Reduce flooding and erosion of commercial and industrial property in the 
vicinity of the project site 

2. Preserve and enhance desirable instream, wetland, and riparian habitat 
functions 

This phase is planned for construction during 2012. The project includes the following elements: 

 Channel enlargement to alleviate flooding  

 Installation of grade control, bank stabilization, and habitat structures 
consisting of large woody materials to prevent head-cut migration and 
eroding banks; provide stable, physical habitat, and restore riverine 
wetland processes 

 Construction of a flood control sheet pile wall adjacent to a developed 
neighboring property 

 Removal of non-native invasive vegetation and revegetation with native 
plants 

 Reestablishment and rehabilitation of wetland habitat including riverine 
benches along the proposed channel to mitigate wetland impacts and 
provide refuge for fish during high flows 
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The Phase 3 project will address ongoing channel incision in East Creek through restoration 
measures that will effectively raise the elevation of the streambed with grade controls. Upstream 
of East Creek, the project will indirectly restore an incised segment of Richards Creek over time 
by allowing for sediment to deposit in the stream channel and reverse the trend of incision. These 
measures would inherently increase the frequency and magnitude of overbank flooding of 
adjacent developed properties that necessitates flood reduction measures including an enlarged 
stream channel and flood control sheet pile wall. 

The proposed project is located within, and directly adjacent to, the channel of East Creek in the 
City of Bellevue. The project area is within the Kelsey Creek Basin of Water Resource Inventory 
Area (WRIA) 8 – the Cedar/Sammamish Watershed.  

The critical areas that will be affected include East Creek, adjacent wetlands, and upland buffers 
for these aquatic resources (see Table ES-1). In addition, temporary effects will occur to an area 
of special flood hazard (100-year floodplain) and habitat associated with species of local 
importance.  

Table ES-1. Impacts on East Creek and wetlands in the project area. 

Resource Temporary Impacts Permanent Impacts 

East Creek Channel (waterward OHWM) 6,932 square feet (0.16 acres) None 

Wetlands 9,475 square feet (0.22 acres) 3,036 square feet (0.07 acres) 

Upland Buffer 2,106 square feet (0.05 acres) None 

Total 18,513 square feet (0.43 acres) 3,036 square feet (0.07 acres) 

OHWM: Ordinary High Water Mark 

 
Temporary impacts on East Creek, wetlands, buffers, and the 100-year floodplain will result 
from grading and installation of large woody materials in the channel and the adjacent banks and 
wetlands. The stream channel, wetlands, and buffers will be reconstructed and vegetated with 
native vegetation. To improve fish habitat, large woody material and spawning size gravel will 
be added to the stream. 

Permanent impacts on wetlands will result from converting wetland to instream habitat in East 
Creek (for example installing gravel substrate) to provide additional fish habitat, and channel 
capacity to minimize flooding. In addition, some permanent impact on wetlands will result from 
construction of the flood control sheet pile wall. 

The project will compensate for permanent impacts on Wetland A by reestablishing and 
rehabilitating wetlands. Wetlands will be reestablished directly west of the channel improvements 
including flat, bench habitat intended for high-flow flooding. Direct wetland rehabilitation in the 
project area will benefit existing wetlands on the east side of the channel improvements that will 
also include development of bench habitat. Indirect wetland rehabilitation will improve large 
areas of Wetland A upstream of the channel improvements area where frequency and magnitude 
of flooding will be increased. 
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Wetlands will be reestablished in the project area at an acreage replacement ratio of 
approximately 1-to-1, which is less than the required 3-to-1 ratio according to Bellevue Land 
Use Code (LUC). However, the Bellevue LUC 20.25H.105.E, also states that wetland 
enhancement (which includes rehabilitation) is appropriate if it is demonstrated that functions of 
degraded wetlands will be increased. To this end, proposed wetland mitigation includes 
rehabilitation at an acreage replacement ratio of approximately 18-to-1. 

The project will substantially improve functions within the larger wetland system located directly 
upstream of the project reach. By raising the elevation of the channel and providing grade 
control, the project will eliminate and restore the severe channel incision that has occurred along 
East Creek and Richards Creek within the wetland. Therefore, the project will restore riverine 
functions within the wetland that have largely ceased to exist due to severe channel incision that 
largely confines flows within the channel. Within the project area, wetland and riparian functions 
will improve including improved flood control, water quality, and fish and wildlife habitat. 

The combined functions of the reconstructed stream channel and riparian corridor (wetlands and 
buffers) within the project reach will be improved from their existing condition due to removal 
of invasive and non-native vegetation, installation of large woody materials and gravels that 
improve fish habitat, planting of dense native vegetation, and more frequent flooding of 
wetlands. 
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2.0 Introduction 

The East Creek/Richards Creek stream modification project (hereafter, “the project”) proposed 
by the City of Bellevue Utilities Department (City) will address channel degradation and bank 
instability by providing stable streambed control, and channel and bank modifications in East 
Creek located between Kamber Road (also known as SE 26th Street) and the confluence with 
Richards Creek. The project goals are to: 

3. Reduce flooding and erosion of commercial and industrial property in the 
vicinity of the project site 

4.  Preserve and enhance desirable instream, wetland, and riparian habitat 
functions 

In addition, the project will enhance connectivity between the stream and adjacent wetlands, and 
improve instream fish habitat diversity and cover. This project is the final phase of a three-phase 
project that is being completed by the City in accordance with the Flood Control and Sediment 
Management Plan for Richards Creek, Sunset Creek, and East Creek (Herrera 2008). 

2.1 Project Setting 

The project is located within, and directly adjacent to, the channel of East Creek in the City of 
Bellevue, just upstream of Kamber Road (Figure 1). Throughout this report, the “project area” 
refers to the area depicted on Figure 2 and is largely confined to those areas where construction 
will occur. The “study area” includes the project area, that portion of Richards Creek and 
adjacent wetlands that extend upstream to the downstream extents of the Phase 2 project area, 
and adjacent industrial and commercial properties. The study area is within the Kelsey Creek 
Basin of Water Resource Inventory Area (WRIA) 8 – the Cedar/Sammamish Watershed in the 
northwest quarter of Section 10, Township 24 North, and Range 5 East. See Figure 2 for the 
location of the project area and distinct project phases as described in Sunset Creek Flood 
Control and Sediment Management Plan (Herrera 2008). 

The study area is a mix of undeveloped and developed private property. The developed 
properties are generally occupied by light industrial and high-technology commercial businesses. 
The undeveloped properties include a large wetland system which Richards Creek and East 
Creek flow through. The developed properties appear to be built on fill.  

Downstream of the project, (north of Kamber Road), East Creek flows into a riparian corridor 
averaging approximately 600 feet in width and discharges into Kelsey Creek approximately 
0.75 miles north of Kamber Road. The Kelsey Creek watershed flows into Mercer Slough, which 
flows into Lake Washington. Upstream of Interstate 405 (I-405), Kelsey Creek is considered a 
303d listed impaired water according to the Washington State Department of Ecology (Ecology)  
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and is listed for low dissolved oxygen levels and high temperature and fecal coliform levels 
(Ecology 2008). Downstream of I-405, the Mercer Slough is listed for fecal coliform. 

2.2 Project History 

The historical channel configuration of Sunset Creek, Richards Creek, and East Creek within the 
vicinity of the study area was significantly different than it is at the present time. Under 
predevelopment conditions, the channels within the study area were free to move laterally and 
shift course as sediment deposits filled channels and locally reduced sediment transport capacity, 
which is typical of channels on alluvial fans (see historic channel locations on Figure 2). During 
the development that occurred during the 1960s, when land was being graded and commercial 
buildings adjacent to the channel network were being constructed, Sunset Creek, Richards Creek, 
and East Creek were realigned (Figure 2). To maintain the altered channel locations, the banks of 
these streams were armored in several areas. This channelization ended the natural process of 
dynamic sediment deposition and channel relocation and concentrated sediment deposition along 
the constructed channel alignments. 

Channel realignment, channel confinement, and increased rates of sediment production from 
land development throughout the watershed have directly resulted in recurrent flooding and 
sedimentation problems, channel instability, and degraded habitat conditions in the Richards 
Creek, Sunset Creek, and East Creek channel network between SE 30th Street and Kamber 
Road. To minimize flooding problems, annual dredging activities removed approximately 
twenty cubic yards of sediment from the streams each year. To obtain more sustainable long-
term solutions, the City contracted with Herrera Environmental Consultants (Herrera) to prepare 
the Sunset Creek Flood Control and Sediment Management Plan (Herrera 2008). This plan 
provides a comprehensive analysis and proposed solutions to ongoing sediment management and 
flooding challenges in these drainages, while producing a net improvement in habitat conditions. 
Based on this plan, the City began to pursue a phased series of projects (Figure 2) to address 
flooding, promote channel stability, and improve habitat conditions. 

The first phase of this work was constructed in 2009 on Sunset Creek (the most upstream 
project). Phase 1 (referred to as the SE 30th Street/Sunset Creek Flood Improvement Project) 
included replacement of twin 42-inch diameter corrugated metal pipe culverts that convey Sunset 
Creek beneath SE 30th Street with a specialized fish-passable and sediment trapping culvert; and 
habitat enhancing channel modifications upstream and downstream of the roadway to stabilize 
the streambed transition to the new culvert inlet and outlet. 

The Sunset Creek/Richards Creek Flood Control and Habitat Improvement Project constitutes 
the second phase of work and continues with channel improvements and flood control measures 
along Sunset Creek downstream of Phase 1 to the confluence with Richards Creek. The project 
also entails stream improvements from the Optiva Curve (where Richards Creek turns sharply 
from north to east) to the historical Richards Creek flow split channel, approximately 300 feet 
upstream of the confluence with East Creek (Figure 2). Phase 2 is planned for construction in 
2012. 

Attachment 4 - Critical Areas Report



Critical Areas Report––East Creek/Richards Creek Stream Modification 

jr  09-04503-000 critical areas report 

August 23, 2011 9 Herrera Environmental Consultants 

The project discussed in this report, the East Creek/Richards Creek stream modification project, 
constitutes the third phase of work and continues with channel improvements and flood control 
measures along East Creek downstream of Phase 2 between Kamber Road and the East Creek 
confluence (Figure 2). Phase 3 is also planned for construction in 2012. The Phase 3 project 
addresses ongoing incision taking place within the East Creek and Richards Creek channels. The 
East Creek channel is conveyed through a large box culvert that was installed in 2007 beneath 
Kamber Road approximately 400 feet downstream of the confluence between East Creek and 
Richards Creek. At approximately the same time, a number of beaver dams were removed 
downstream of the Kamber Road culvert. Both of these actions reinforced the current flow 
geometry and caused the East Creek and Richards Creek channels to become incised. 

2.3 Project Description 

The project consists of channel improvements along East Creek, adjacent riparian restoration, 
a flood control sheet pile wall, and localized bank stabilization (roughening structure) on East 
Creek (see Figure 2 and project plans in Appendix A). These project elements are described 
briefly below and describe in more detail under the Project Construction section. Construction 
access for all of these components is from adjacent commercial properties. 

2.3.1 Channel Improvements 

The proposed channel improvements start at Kamber Road and extend approximately 430 feet 
upstream and involve enlarging, slightly realigning, and re-grading the stream channel; and 
constructing grade control and bank stabilization structures. Channel improvements will 
passively restore channel incision upstream of the project limits within East Creek and Richards 
Creek over time as sediment is deposited and fills up the channel to the elevation of the proposed 
upstream grade control structure. Upstream of this location, approximately three feet depth of 
channel will fill in over time. The project will reverse the trend of incision, allow for the channel 
and upstream banks to stabilize, and provide greater hydrologic connectivity between the 
channel and adjacent wetlands. 

To alleviate flooding, channel improvements will involve excavating and widening the East 
Creek channel. Grade control structures consisting of large woody materials will be constructed 
at regular intervals throughout the project reach to stabilize the stream, prevent head-cut 
migration, and allow for fish-passage. 

Bank toes will be protected from stream erosion using large woody material and boulders that 
are buried into the stream bank and integrated into grade control structures. Bioengineered 
stabilization of the project reach will incorporate wood, boulders, cobbles, gravels, coir fabric, 
and native vegetation to provide both stability and improved habitat complexity. Placed gravels 
will restore salmon spawning substrate to the project reach. Suitable spawning substrate is 
anticipated to remain in the reach after construction. 
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2.3.2 Riparian Restoration 

The riparian area adjacent to the East Creek project reach will be restored. Throughout the 
project reach, non-native invasive vegetation will be removed and replanted with native plants. 
Riparian wetland habitat will be restored including riverine benches along both sides of the 
proposed channel to mitigate wetland impacts and provide refuge for fish during high flows. The 
entire project limits will be vegetated with a native wetland grass seed mix and native live stakes, 
emergents, shrubs, and trees. The planted vegetation will improve plant diversity and the roots 
will provide bank stabilization through soil cohesion as they spread over time. 

2.3.3 Flood Control Sheet Pile Wall 

Construction of a flood control sheet pile wall is proposed to prevent flooding of an adjacent 
commercial property located to the east of East Creek and directly south of the channel 
improvements reach (Figure 2). The approximate 2-foot tall wall will be constructed of 
interconnecting steel sheet piles that are driven into the earth. The wall will be approximately 
150 feet long and aligned 2 feet west of an existing property fence. 

2.3.4 Wood Roughening Structure 

The localized wood roughening structure on the upstream reach of East Creek is intended to 
protect the corner of a commercial property from erosion, which is located approximately 15 feet 
from the edge of the channel. The structure is located about 70 feet south of the flood control 
sheet pile wall. The structure will have the added benefit of improving habitat in East Creek by 
introducing root wads into the channel. 

2.4 Hydraulic Analysis 

A hydraulic analysis was conducted to determine the flooding risk to adjacent properties and to 
demonstrate the hydrologic impacts of the proposed stream channel and bank modifications 
(Herrera 2011). Results of hydraulic modeling were also used to define invert elevations of grade 
control structures, analyze potential bed scour at wood structures, and to establish 100-year water 
depths for calculating ballast requirements to offset wood structure buoyancy. 

Based on hydraulic modeling results, under existing conditions, the parking lots located east of 
the project reach experience extensive flooding under several flooding scenarios (e.g., 2-year, 
10-year, and 100-year). Proposed channel improvements will reduce flooding frequency of these 
parking lots to the 100-year flood event only. The proposed flood control sheet pile wall is 
intended to eliminate flooding that results from these events. The channel improvements will 
lessen flooding of the parking lot to the north, but not eliminate it, even for the 2-year event. 

In addition, hydraulic modeling results indicate that under proposed conditions of the Phase 2 
and 3 projects, water surface elevations will increase within the existing wetland starting directly 
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downstream of the Phase 2 project extents. Frequency of flooding will increase for smaller flood 
events as the channel becomes less incised. Increased flooding of the wetland is one of the goals 
of the project in order to restore riverine flooding functions within the wetland. 

2.5 Project Construction 

The project is scheduled to be constructed in 2012. All in-stream work will be conducted during 
the in-water work window established by the Washington Department of Fish and Wildlife 
(WDFW), which is anticipated to extend from July 1 to August 31. All in-stream work is 
expected to be conducted during one in-water work season. Project plans are provided in 
Appendix A. 

2.5.1 Project Elements Sequencing  

The project consists of the following elements (exact sequencing may vary and some elements 
will occur concurrently): 

1. Site preparation and staging 
2. Installation of temporary flow bypasses, fish removal and relocation 
3. Channel excavation and grading 
4. Installation of grade control and bank stabilization structures 
5. Bank construction 
6. Flood control sheet pile wall construction 
7. Wetland restoration and revegetation of riparian area 
8. Reintroduction of flow to channel 

Each of these elements is described in more detail in the following sections. 

2.5.2 Site Preparation and Staging 

Site preparation activities include the contractor mobilizing to the project site, establishing 
staging areas, establishing site access routes and traffic control, marking the work and clearing 
limits, and installing temporary erosion and sediment control (TESC) best management practices 
(BMPs). Staging areas are planned on parking lots and other nonvegetated surfaces located on 
adjacent commercial properties. Access to the project area will occur via Kamber Road, private 
driveways, and parking lots adjacent to the project site. 

Vegetation removal will be limited to areas necessary to regrade the stream channel, wetlands, 
and banks; access the channel; install grade control and bank stabilization structures; and to 
remove all nonnative and invasive vegetation from the riparian areas within the project reach. 
The majority of riparian vegetation that will be affected consists of nonnative Himalayan 
blackberry (Rubus armeniacus). 
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2.5.3 Stream Flow Bypasses, Fish Removal, and Fish Relocation 

Temporary dewatering of the work area will be necessary to construct project elements within 
the stream. This will be achieved by diverting flow around the construction areas (see Drawing 
WM-1, Appendix A). Flow will be diverted at three locations including upstream of the localized 
bank roughening structure site, upstream of the channel improvements site, and upstream of a 
tributary ditch that conveys flow to East Creek. At these sites coffer dams will be constructed 
across the channel to pool water that is pumped into bypass pipes. The coffer dams will be 
constructed of bulk bags filled with clean (washed) rounded gravels. Bypass flows from both 
sites will be diverted in pipes that run along the ground at the outer extents of the project limits 
that ultimately discharge flows downstream of the channel improvements site, directly upstream 
of Kamber Road. 

At the downstream extents of the project, a cofferdam consisting of bulk bags will be constructed 
across the channel to contain any turbid water and prevent release downstream. Bypassed flows 
will be discharged directly downstream of this cofferdam to an energy dissipater structure 
constructed of concrete Ecology blocks and gabion baskets filled with quarry spalls. 

Concurrent with the installation of the bypass and dewatering of the channel, all fish and 
amphibians within the dewatering area will be captured and released downstream of Kamber 
Road. Dewatering and fish relocation will be conducted following an accepted protocol 
developed for this activity by the Washington State Department of Transportation (WSDOT 
2009). The site will be allowed to drain to the limits of passive dewatering to facilitate fish 
removal. The remaining water within the exclusion area will either be pumped to the sanitary 
sewer system, or will be filtered using appropriate BMPs prior to return to the stream channel. 
The channel will remain dewatered and inaccessible to fish until construction is complete. All 
dewatering and fish relocation will take place during the WDFW-specified in-water work 
window. 

The diversion pipes will be screened at the upstream end to prevent fish and other organisms 
from being entrained. The screening net will be situated for low pass-through velocity to avoid 
risk of impingement. The pipe is not expected to be passable to upstream movement, meaning 
the exclusion area will impose a partial barrier to fish passage during the in-water construction 
period. The cofferdams, diversion pipes, energy dissipater, and all related materials will be 
completely removed from the site when the project is completed. 

2.5.4 Excavation, Grading, Grade Control Structures, Bank Stabilization, Bank 
Construction, and Flood Control Sheet Pile Wall Construction  

Approximately 430 feet of channel improvements will involve enlarging and re-grading the 
stream channel and wetland benches; and constructing grade control and bank stabilization 
structures. The base of the new channel will be 20 feet wide for approximately 275 feet at the 
upstream extents, then transition to a width of 10 feet for approximately 125 feet extending to 
Kamber Road. Overall, the base of the channel will increase in width between approximately 
4 and 14 feet. The banks will be set back accordingly. In addition, the centerline of the existing 
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channel will shift on average, approximately 9 feet to the east. Shifting the channel east provides 
more room to construct stable banks and wetland benches between the channel and the parking 
lot on the west side of the channel. The finished channel bed slope will be approximately 
1.2 percent. 

Coniferous large woody material will be installed to stabilize the banks and provide grade 
control. Twelve grade control structures will be evenly spaced throughout the project reach. The 
structures will consist of interlaced coniferous tree logs imported from off-site, including 42 logs 
with root wads attached and 37 logs without root wads for a total of 79 logs (see Drawings C-1 
through C-7, Appendix A). The structures will create pool and riffle habitat for fish. The grade 
control structures will be spaced at a frequency to promote fish passage and are designed such 
that there is no more than a 6-inch elevation difference between structures to ensure juvenile fish 
passage at a variety of flow rates. 

After the grade control and bank stabilization logs are placed, cabled, and anchored, the ends of 
the logs will be buried in the bank; and the channel and lower banks will be lined with native 
soils and a mixture of cobbles, gravels, sand, and silt. Streambed sediment including gravels will 
be placed on top of the cobble mixture. 

The bank roughening structure located further upstream on East Creek will be constructed of 
four interlaced logs with root wads attached. Most of the structure will be buried within the bank 
with the exception of root wads protruding out of the bank along the edge of the channel. The 
ground surface will be restored to existing grade after installation of the structure. 

The approximate 2-foot tall and 150-foot long flood control sheet pile wall will be constructed of 
interconnecting steel sheet piles that are driven into the earth (see Sheet C-1, Appendix A). An 
existing fence on adjacent property will be taken down to allow for access to construct the steel 
sheet pile wall from a parking lot. 

2.5.5 Wetland Restoration and Revegetation of Riparian Areas 

The riparian area adjacent to the East Creek project reach will be restored. Wetland habitat will 
be restored along the banks of the constructed channel. Flat, wetland bench habitats 
approximately 5 feet wide will be constructed on both sides of the channel at an elevation 
approximately 2 feet higher than the base of the channel (see Drawing C-5 in Appendix A). The 
lower bank will be constructed of streambed sediment, which will transition to a soil lift (soil 
encapsulated in layers of woven and non-woven coir fabric) on the wetland benches. At the outer 
edges of the benches, wetland habitat will continue along gently sloped upper banks constructed 
of two to three stacked soil lifts, each of which are about 1 foot in height. The top layer of coir 
fabric encapsulating the upper lift will be secured with an anchor trench. Soil within the lifts will 
consist of native soils mixed with compost-amended topsoil. 

The entire extents of the project will be seeded with a native wetland grass mix and planted with 
native wetland vegetation including the riparian areas along the channel improvement reach and 
bank roughening structure (see Drawings ESC-1, P-1, and P-2 in Appendix A). A plant schedule 
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for the project is provided on Drawing P-2 in Appendix A. Along the channel improvement 
reach, live stakes will be planted directly adjacent to the base of the channel on the lower banks 
and will be planted along with emergent plugs on the wetland benches. The upper banks and top 
of banks will be planted with potted shrubs and trees. Replanting plans are consistent with 
planting guidelines presented in the City of Bellevue’s Critical Areas Handbook (City of 
Bellevue 2003). 

2.5.6 Reintroduction of Flow 

Following completion of the channel bed, wetland, and bank modifications, the temporary 
cofferdams will be removed, flows will be re-established through the project area, and the 
temporary bypass pipes will be removed. This activity will be conducted consistent with the 
WSDOT (2009) standard protocol for this practice. 

Attachment 4 - Critical Areas Report



Critical Areas Report––East Creek/Richards Creek Stream Modification 

jr  09-04503-000 critical areas report 

August 23, 2011 15 Herrera Environmental Consultants 

3.0 Critical Areas Assessment 

Consistent with City of Bellevue Land Use Code (Bellevue LUC) 20.25H.245, the supporting 
information upon which this report is based was developed by qualified professionals in the areas 
of wetlands, fisheries biology, and geomorphology using the best available science and guidance. 
This report provides Critical Area Report (CAR) information needs specified throughout 
Bellevue LUC 20.25H. Section 3.1 presents allowable use and development classifications and 
how applicable performance standards are achieved. For ease of reference, information in this 
report includes sections for the following critical areas affected by the project: 

 Section 3.2: Streams 
 Section 3.3: Wetlands  
 Section 3.4: Habitat Associated with Species of Local Importance  
 Section 3.5: Areas of Special Flood Hazard 

These sections address reporting requirements specific to the critical area of concern per the 
Bellevue LUC as well as general CAR reporting requirements in Bellevue LUC 20.25H.250.B. 

3.1 Allowable Use and Development 

The proposed action is classified as an allowable use and development under three categories 
identified in Bellevue LUC 20.25H.055.B: Instream Structures, Habitat Improvement Projects, 
and Public Flood Protection Measures. The project will: 

 Address channel degradation and bank instability by providing stable 
streambed grade control (instream structures) 

 Reduce flooding of adjacent property by enlarging the channel and 
constructing a flood control sheet pile wall (public flood protection 
measures) 

 Preserve and enhance desirable habitat functions (habitat improvement 
projects) 

According to Bellevue LUC 20.25H.055.B, specific performance standards are required for each 
allowable use and development category, which for the proposed project apply to wetlands, 
streams, and areas of special flood hazard. Justifications for performance standards that apply 
specifically to the allowable use and development categories are presented below. Justifications 
for performance standards specific to a critical area are presented in the subsections below. 
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3.1.1 Performance Standard for New and Expanded Uses or Development  

According to the table in Bellevue LUC 20.25H.055.B, the performance standard for New and 
Expanded Uses or Development must be achieved for projects classified as Instream Structures 
and Public Flood Protection Measures in accordance with Bellevue LUC 20.25H.05.C.2. The 
necessity of installing grade control structures in East Creek and expansion of the channel 
dimensions is twofold: provide additional channel capacity to reduce flooding of adjacent 
infrastructure and restore the East Creek and Richards Creek channel bed and banks that have 
incised and eroded as a result of a replaced culvert at Kamber Road and removal of beaver dams. 
Incision and erosion have degraded fish habitat, which will be restored by the project. 

Because the project aims to repair the East Creek and Richards Creek channels, there are no 
alternative locations for instream structures. There is no technically feasible or practicable 
alternative for reducing flooding of adjacent property with less impact on critical areas or critical 
areas buffers. Providing additional channel capacity will result in some temporary and permanent 
impacts on wetlands requiring mitigation; however, expanding the channel dimensions in the 
proposed location of East Creek improve wetlands that are degraded compared to more pristine 
wetland conditions within the upstream reach. All of the impacts can be mitigated through 
compensatory measures as described in following sections. 

All of the remaining undeveloped land in the project vicinity is occupied by critical areas or 
critical area buffers. The only undeveloped land nearby suitable for an alternative facility (such 
as a detention basins), are occupied by mature forested wetlands, which would sustain extensive 
impacts if construction occurred there. 

The project site is surrounded by infrastructure including parking lots and commercial buildings. 
Adjacent gravel or asphalt parking lots are located within approximately 5 to 15 feet of the 
proposed project. The only other alternative to constructing the proposed project would involve 
acquiring existing infrastructure and converting it to expanded East Creek and Richards Creek 
floodplain. The cost of this action is substantially disproportionate to the cost of the proposed 
project and associated environmental impact. 

3.1.2 Performance Standards for Specific Uses or Development 

In accordance with Bellevue LUC 20.25H.05.C.3, the project complies with performance 
standards that apply to Public Flood Protection Measures and Instream Structures. In accordance 
with LUC 20.25H.05.C.3.c, to alleviate flooding, channel enlargement and flood control sheet 
pile wall measures (for example new public flood protection measures) have been designed by 
qualified professionals including engineers, geomorphologists, and fish biologists as depicted in 
the plans contained in Appendix A. These professionals have conducted hydraulic analyses that 
support the design as presented in a basis of design report (Herrera 2011). 

Likewise, in accordance with Bellevue LUC 20.25H.05.C.3.d, grade control structures in East 
Creek have been designed by the same qualified professionals. As presented in the basis of 
design report (Herrera 2011) and depicted in the plans contained in Appendix A, the project 
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design will result in measurable benefits including improved fish habitat conditions, improved 
hydrologic connectivity between streams and adjacent wetlands, decreased bank erosion, and 
stabilization of stream and wetland conditions. Also in accordance with this section of the code, 
the City of Bellevue Utilities Department will obtain all required state and federal permits for the 
project prior to undertaking development, which are anticipated to include a Section 404 permit 
from the U.S. Army Corps of Engineers (Corps), Section 401 Water Quality Certification from 
Ecology, and a Hydraulic Project Approval from WDFW. 

In accordance with Bellevue LUC 20.25H.05.C.3.j, the habitat improvement components of this 
project are allowed within critical areas (East Creek, wetlands, buffers) because they will 
improve functions. As described further in this report, instream habitat improvements will 
improve conditions for fish including restoration of spawning habitat, creation of pool habitat, 
introduction of instream cover, and regulation of stream temperatures through shading from 
planted streamside vegetation. In addition, habitat improvements will increase the functions of 
wetlands and buffers by removing invasive vegetation, increasing native plant diversity, 
introducing large woody material habitat structure, and providing increased flooding of riverine 
wetlands. Also in accordance with this section of the code, the project is sponsored by a public 
agency (City of Bellevue). 

3.2 Streams 

This section describes streams and buffers in the study area and project area. The objectives of 
the stream assessment were to: 

 Delineate (flag) the OHWM of all streams in the study area 

 Classify all stream using the classification system according to Bellevue 
LUC 20.25H.075 

 Determine the applicable stream buffer widths according to Bellevue LUC 
20.25H.075 

 Characterize existing stream and buffer conditions 

 Evaluate impacts on streams and buffers 

 Evaluate applicable Bellevue LUC performance standards 

 Assess stream and buffer functions and values 
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3.2.1 Methods 

Evaluating the presence, extent, and type of streams requires a review of available information 
about the site (such as surveys and studies), followed by an onsite stream delineation. The 
following sections describe the research methods and field protocols for the stream evaluation. 

3.2.1.1 Review of Available Information 

A literature review was performed to determine the historical and current presence of streams in 
and near the study area. The sources of information are: 

 Aerial photographs of the project vicinity (City of Bellevue 2010) 
 Topographic map of the project vicinity (City of Bellevue 2009a) 
 Topographic survey of the study area (CTS Engineers, Inc. 2010) 
 City of Bellevue critical areas inventory data (City of Bellevue 2010) 
 City of Bellevue basin fact sheets (City of Bellevue 2009b) 
 A Catalog of Washington Streams and Salmon Utilization (WDF 1975) 
 SalmonScape computer mapping system (WDFW 2010a) 
 Washington State Priority Habitat and Species (PHS) data (WDFW 

2010b) 

3.2.1.2 Stream Ordinary High Water Mark Delineation 

The ordinary high water mark (OHWM) of streams within the study area was delineated using 
the definition provided in the WAC, Section 222-16-010, which has been adopted by the City of 
Bellevue (LUC 20.50.038). According to this definition, the OHWM of streams is “that mark 
that will be found by examining the bed and banks and ascertaining where the presence and 
action of waters are so common and usual, and so long continued in all ordinary years, as to 
mark upon the soil a character distinct from that of the abutting upland, in respect to vegetation.” 
In addition, methods in the publication Determining the Ordinary High Water Mark on Streams 
in Washington State (Olson and Stockdale 2010) were applied. 

To delineate the OHWM, the bed and adjacent banks of streams in the study area were examined 
for indications of regular high water events. Factors considered when assessing changes in 
vegetation include: 

 Scour (removal of vegetation and exposure of gravel, sand, or other soil 
substrate) 

 Drainage patterns 

 Elevation of floodplain benches 

 Changes in sediment texture across the floodplain 
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 Sediment layering 

 Sediment or vegetation deposition 

 Changes in vegetation communities across the floodplain 

Herrera biologists placed flagging on the site, indicating the horizontal and vertical location of 
the OHWM along the streams. The locations of OHWM flags were subsequently surveyed by 
CTS Engineers, Inc. 

3.2.1.3 Stream Category Designation 

Stream categories were determined based on the designation system in Bellevue LUC 20.25H.075. 
This system is based primarily on fish, wildlife, and human use, and consists of four stream types: 
Type S, F, N, or O. 

 Type S streams are those inventoried as “Shorelines of the State” under 
the Shoreline Management Master Program for the City of Bellevue, 
pursuant to RCW Chapter 90.58. 

 Type F streams are those that contain fish or fish habitat, including waters 
diverted for use by a federal ,state, or tribal fish hatchery from the point of 
diversion for 1,500 feet or the entire tributary if the tributary is highly 
significant for protection of downstream water quality. 

 Type N streams are those that are not type S or type F waters and that are 
physically connected to a type S or F water by an above ground system, 
stream or wetland. 

 Type O streams are those that are not type S, F or N waters and are not 
physically connected to type S, F, or N waters by an above ground channel 
system, stream, or wetland. 

3.2.2 Results 

This section discusses the results of the stream delineation, including a review of information 
obtained from various references, and an analysis of stream conditions in the study area as 
observed during field investigations. 

3.2.2.1 Analysis of Available Information 

The available existing information compiled for this stream assessment is summarized in the 
following subsections. 
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3.2.2.1.1 Mapped Streams 

The City of Bellevue (2009b, 2010) basin fact sheets and critical areas inventory identify the 
Richards Creek and East Creek stream network in the study area. On these maps, Richards Creek 
is shown as splitting in two directions: (1) north and eventually crossing Kamber Road and 
(2) east and eventually converging with East Creek. Since these maps were produced, Richards 
Creek has avulsed to the east under most flows joining with East Creek as depicted on Figure 3. 
East Creek then flows north under a bridge at Kamber Road. 

3.2.2.1.2 Topography 

Through the study area the gradient of East Creek is relatively flat with a slope of about 
1 percent from an elevation of 55 feet (above sea level) at the upstream extents near the isolated 
roughening structure to an elevation of 49 feet at the downstream extents near Kamber Road. 
Likewise, the gradient of Richards Creek is about 1 percent from an elevation of 55 feet at the 
downstream extents of the Phase 2 project to an elevation of 51 feet at the confluence with East 
Creek. 

3.2.2.1.3 Fish Use 

According to City of Bellevue (2009b) basin fact sheets, fish species occurring in the study area 
within East Creek and Richards Creek include Chinook salmon (Oncorhynchus tshawytscha), 
coho salmon (O. kisutch), sockeye salmon (O. nerka), cutthroat trout (O. clarkii), sculpin (Cottus 
spp.), lamprey (Lampetra spp.), and stickleback (Gasterosteus spp.). 

3.2.2.2 Analysis of Stream Conditions 

Stream delineation field activities were conducted by Herrera biologists Kris Lepine, Katheryn 
Seckel, and George Iftner. The stream delineation was conducted on April 27, 2010, and 
January 28, 2011. 

Herrera biologists delineated the OHWM on both sides of Richards Creek and East Creek in the 
study area. The locations and extents of the streams and their buffers are shown on Figure 4. The 
width of East Creek downstream of its convergence with Richards Creek is approximately 
10 feet. The location of the OHWM is typically located near the base of the eroding banks as 
distinguished by indicators of scour. A summary of stream conditions for East Creek including a 
representative photograph of the project area reach is provided in Table 1. 

3.2.3 Cumulative Stream Impacts 

As a result of the proposed project, there will be temporary impacts on the East Creek streambed 
and buffers during construction. These impacts are summarized in Table 2 and depicted 
graphically in Figure 5. 
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Table 1. Summary of East Creek within the Study Area. 

Stream Name East Creek 

WRIA Stream Catalog # 08-0261 (South Fork Kelsey Creek) 

 

 

 

 

 

WP Insert photo: O:\proj\Y2009\09-04503-
000\Photos\East Creek Project Area Photos\P1012133 

 

 

 

 

 

 

Local Jurisdiction City of Bellevue 

WDNR/City of 
Bellevue Stream 
Category 

Type F 

City of Bellevue 
Buffer Width 

50 feet (Developed site) 

Documented Fish 
Use 

Chinook salmon (Oncorhynchus 
tshawytscha), coho salmon 
(O. kisutch), sockeye salmon 
(O. nerka), cutthroat trout 
(O. clarkii), sculpin (Cottus 
spp.), lamprey (Lampetra spp.), 
and stickleback (Gasterosteus 
spp.) 

Connectivity 
(where stream 
flows from/to) 

East Creek originates east of the project area within largely deciduous forest areas. Within 
the study area, Richards Creek converges with East Creek, which flows north through the 
project area and underneath Kamber Road. The flows increase dramatically downstream 
of the convergence due to the combined input from the Sunset Creek and Richards Creek 
basins. North of Kamber Road, East Creek flows north through a large riparian wetland and 
eventually discharges into Kelsey Creek, which flows into Mercer Slough, which flows into 
Lake Washington. 

Location of 
Stream Relative 
to Project Area 

The channel improvements extend along a 430-foot reach of East Creek that flows north in a 
straight configuration through a narrow riparian corridor between commercial developments 
(Figure 2). In addition, the project includes construction of an isolated bank roughening 
structure along the right (north) bank of East Creek at the corner of a commercial 
development (Figure 2). See project plans in Appendix A for more information. 

Stream 
Condition in 
Study Area 

Downstream of the Richards Creek convergence, East Creek is largely incised due to head 
cutting throughout the study area. The banks are undercut or vertical for several feet in height 
due to active erosion. The channel has incised into a compacted clay layer, which is the 
dominant substrate in the channel. The stream becomes less incised within approximately 
100 feet of Kamber Road and sand substrate is dominant with subdominant small cobbles 
and gravels. Glide habitat is dominant throughout East Creek within the study area with 
occasional short riffle sections. Valuable rearing and spawning habitat is nearly nonexistent 
due to lack of pool habitat, instream cover, and gravels. 

Riparian/Buffer 
Condition 

Vegetated riparian buffer conditions are largely degraded throughout the channel 
improvements project area along East Creek. Wetland A is contained within portions of the 
stream buffer on both sides of the stream. The tops of the banks are dominated by invasive 
and exotic Himalayan blackberry (Rubus armeniacus) and reed canarygrass (Phalaris 
arundinacea). In places, the blackberries grow completely over the channel. No trees exist 
along the left (west) bank of the stream, whereas mature black cottonwoods occur along the 
outer riparian corridor on the west side along the northern 200 feet of the project area. For 
approximately 170 feet in length along the right (east) bank, an adjacent property owner has 
maintained the undeveloped buffer in an unvegetated state with the exception of occasional 
Pacific willow (Salix lasiandra) trees. A combination of Himalayan blackberries and native 
shrubs and trees are common where the isolated bank roughening structure is proposed. See 
Appendix B for a complete list of plant species in the study area.  
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Table 2. Impacts on East Creek stream channel and buffers. 

Resource Temporary Impacts Permanent Impacts 

East Creek Channel (waterward OHWM) 6,932 square feet (0.16 acres) None 

Stream Buffers 18,396 square feet (0.42 acres) a None 

Total 25,328 square feet (0.58 acres)  None 

OHWM: Ordinary High Water Mark 
a Stream buffer area includes wetland and upland areas adjacent to stream. 

 

3.2.3.1 Temporary Impacts 

The temporary impacts on East Creek will result from excavation and grading of the channel, 
which is necessary to implement channel improvements that involve enlarging, realigning, and 
re-grading the stream channel; and constructing grade control and bank stabilization structures 
(see Project Description and Project Construction sections above). Where the bank roughening 
structure is proposed along the upstream reach of East Creek, only minor temporary impacts on 
the outer channel will occur during installation of the structure within the bank. 

Temporary impacts on the stream buffers will result from reconstructing the banks including 
initial clearing of vegetation; temporary construction access; excavation and grading of stream 
banks and wetland bench habitat; reconstruction of banks, and planting of native vegetation. 
Much of these impacts are on wetlands that occur within the stream buffer, primarily on the east 
side of East Creek. Most of the cleared vegetation will consist of invasive and exotic plants with 
the exception of 11 red alder (Alnus rubra) and Pacific willow trees, some of which have 
multiple trunks (see Table 3). In addition, some native shrubs and saplings near Kamber Road 
will be cleared where native plantings were installed previously when the culvert was replaced at 
Kamber Road. Although some mature trees will need to be removed to allow for construction of 
channel improvements, most surrounding mature trees will be preserved (see Drawing C-2 in 
Appendix A). 

Table 3. Trees to be cleared along East Creek. 

Scientific Name Common Name Quantity Diameter at Breast Height (inches) 

Alnus rubra Red alder 6 Single trunks -- 12, 14, 14, 8, 10, 10  

Salix lucida Pacific willow 5 Double trunk -- 12, 16  

Double trunk -- 12, 12  

Double trunk – 12, 12 

Double trunk – 12, 14  

Single trunk -- 12 

Total  11  
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3.2.3.2 Permanent Impacts 

No permanent impacts will occur to the East Creek channel throughout the project area. In 
addition, no permanent impacts will occur to the East Creek buffer – the project will not affect 
the existing outer extents of stream buffers throughout the project area. However, as a result of 
enlarging and slightly realigning the channel, the buffer widths will be modified in relation to the 
outer extents of the reconstructed channel. By moving the channel slightly to the east, the buffer 
widths will become more proportional on each side of the channel. Currently, the buffer width 
along the west side of East Creek is between approximately 5 and 20 feet wide, whereas the 
buffer width along the east side is 40 to 50 feet wide. Although channel improvements will 
widen the base of the channel, after construction a channel width will form over time based 
on ordinary flows that should resemble a similar width of the existing stream channel today. 
Therefore, the stream buffer area will remain the same and no permanent impacts on the buffer 
will occur. 

3.2.4 Bellevue Land Use Code Stream Performance Standards 

The project is in compliance with all of the applicable general stream performance standards 
in Bellevue LUC 20.25H.080.A. The outer edge of the East Creek critical area buffer will be 
planted within the project area with dense native vegetation to limit pet or human intrusion (see 
Drawings P-1 and P-2 in Appendix A). According to Bellevue LUC 20.25H.080.B, modification 
of the East Creek stream channel involving slight realignment is allowed because the project is in 
connection with installation of instream structures and habitat improvements. 

3.2.5 Stream Functions and Values Assessment 

3.2.5.1 Existing Stream Functions and Values 

East Creek within the project area functions at a low level for fish habitat. Downstream of the 
Richards Creek convergence, East Creek is largely incised due to head cutting throughout the 
study area. The banks are undercut or vertical for several feet in height due to active erosion. The 
channel has incised into a compacted clay layer, which is the dominant substrate in the channel. 
Uniform glide habitat is dominant with occasional short riffle sections. Valuable rearing and 
spawning habitat is nearly nonexistent due to lack of pool habitat, instream cover, and gravels. 

The buffers adjacent to East Creek within the project area primarily function at a low level 
because they are much narrower than the 50-foot regulated width necessary to support a 
functioning stream. The undeveloped, vegetated buffer width ranges between 5 and 50 feet 
on either side of the stream. Furthermore, the vegetated riparian buffer conditions are largely 
degraded throughout the East Creek project area. The tops of the banks are dominated by 
invasive and exotic Himalayan blackberry and reed canarygrass. An adjacent property owner 
maintains a large portion (approximately 4,700 square feet) of the buffer (also a portion of 
Wetland A) in an unvegetated state, with the exception of occasional alder and Pacific willow 
trees. During site visits, only dead grass was observed in the understory suggesting that herbicide 
had been applied. Mature trees only occur along a portion of the eastern buffer at the outer limits. 
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3.2.5.2 Future Stream Functions and Values 

The project will improve fish habitat functions, throughout the project reach. Pool habitat 
(12 pools) will be restored for fish rearing and gravel substrate will be restored for spawning. 
Constructed wetland benches will provide refuge for fish during high flows. The project 
will improve instream cover for fish in the form of large woody material and planted native 
vegetation will improve shading cover over the stream. By raising the elevation of the channel 
and providing grade control, the project will restore the severe channel incision that has occurred 
along East Creek. 

The project cannot improve buffers by providing additional width (due to existing development 
constraints); however, the project will make existing widths more proportional on each side of 
the new stream. In addition, the project will remove dominant invasive and exotic vegetation and 
restore the project area with planted native emergents, shrubs, and trees. 

Improvements in stream and buffer functions are anticipated to improve further after completion 
of construction and last over the anticipated life of the project, which is designed to be relatively 
permanent. After construction, over the course of approximately 4 years, the incised upstream 
reach of Richards Creek within the study area will be passively restored as it fills in with 
sediment. Spawning gravels are anticipated to continue to be deposited from sources upstream in 
the basin. Over time, native vegetation will mature and provide shade to the stream and stabilize 
soils along the banks through root cohesion. 

3.3 Wetlands 

This section describes wetlands and buffers in the study area and project area. The objectives of 
the wetland assessment were to: 

 Delineate (flag) all wetlands in the study area 

 Classify delineated wetlands using the U.S. Fish and Wildlife Service 
(USFWS) and hydrogeomorphic (HGM) classification systems (Cowardin 
et al. 1979, Brinson 1993) 

 Designate the category of delineated wetlands using the Washington State 
Wetland Rating System for Western Washington–Revised (Hruby 2004), 
which is the designation system required according to Bellevue LUC 
20.25H.095.B 

 Determine the applicable wetland buffer widths according to Bellevue 
LUC 20.25H.095.C.1 

 Characterize existing wetland and buffer conditions 

 Evaluate impacts on wetlands and buffers 
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 Evaluate applicable Bellevue LUC performance standards 

 Assess wetland and buffer functions and values 

3.3.1 Methods  

Evaluating the presence, extent, and type of wetlands requires a review of available information 
about the site (such as surveys and studies), followed by an onsite wetland delineation. The 
following sections describe the research methods and field protocols for the wetland evaluation. 
More information about the methodology used in the wetland delineation performed for this 
project is available in Appendix C. 

3.3.1.1 Review of Available Information 

A literature review was completed to determine the historical and current presence of wetlands 
and streams in and near the study area. The sources of information are: 

 Aerial photographs of the project vicinity (City of Bellevue 2007) 

 Topographic map of the project vicinity (City of Bellevue 2009a) 

 Topographic survey of the study area (CTS Engineers 2010) 

 National Wetlands Inventory map of wetland areas in the project vicinity 
(USFWS 1981) 

 City of Bellevue critical areas inventory data (City of Bellevue 2010) 

 City of Bellevue basin fact sheets (City of Bellevue 2009b) 

 Washington State Priority Habitat and Species (PHS) data (WDFW 
2010b) 

 Washington State Natural Heritage Program data (WDNR 2010) 

 King County area soil survey for the project vicinity (NRCS 2010a) 

 Hydric soils list for Washington (NRCS 2010b) 

3.3.1.2 Wetland Delineation 

This wetland delineation was performed in accordance with the Corps of Engineers Wetlands 
Delineation Manual (Environmental Laboratory 1987) and the Regional Supplement to the 
Corps of Engineers Wetlands Delineation Manual: Western Mountains, Valleys, and Coast 
Region (Environmental Laboratory 2010). 
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The methods in these guidance manuals use a three-parameter approach for identifying and 
delineating wetlands, and rely on the presence of field indicators for hydrophytic vegetation, 
hydric soils, and hydrology. The methods for evaluating these three parameters are described in 
Appendix C. This wetland delineation was performed according to procedures specified under 
the routine wetland determination method (Environmental Laboratory 1987). 

To identify potential wetlands, wetland biologists evaluated field conditions by traversing the 
study area including areas within 300 feet of the project site. A test plot was established for each 
area that appeared to have potential wetland characteristics. For each test plot, data on dominant 
plant species, soil conditions in test plots, and evidence of hydrologic conditions were recorded 
on wetland determination data forms (Appendix D). Plants, soils, and hydrologic conditions were 
also analyzed and documented in adjacent upland areas. Based on collected data, a determination 
of wetland or upland was made for each area examined. 

Following confirmation of wetland conditions in a given area, the wetland boundary was 
delineated by placing sequentially-numbered, flagging along the wetland perimeter. Test plot 
locations were also marked with flagging. The locations of wetland boundaries and test plots 
were subsequently surveyed by the City of Bellevue. 

3.3.1.3 Wetland Classification, Category Designation, and Functional Assessment 

This section provides information on the methods used to classify the wetlands, determine rating 
categories, and assess functions provided by the wetlands. 

Wetland Classification 

Wetlands observed on the study area were classified according to the USFWS classification 
system (Cowardin et al. 1979). This system is based on an evaluation of attributes such as 
vegetation class, hydrologic regime, salinity, and substrate. The wetlands were also classified 
according to the HGM system, which is based on an evaluation of attributes such as the position 
of the wetland within the surrounding landscape, the source and location of water just before it 
enters the wetland, and the pattern of water movement in the wetland (Brinson 1993). 

Wetland Category Designation 

Wetlands categories were designated using the Washington State Wetland Rating System for 
Western Washington-Revised (Hruby 2004), hereafter referred to as the Ecology rating system. 
The Ecology rating system categorizes wetlands according to specific attributes such as 
rarity; sensitivity to disturbance; hydrologic, water quality, and habitat functions; and special 
characteristics (such as if a mature forested wetland or bog). The total score for all functions 
determines the wetland rating. The rating system consists of four categories, with Category I 
wetlands exhibiting outstanding functions and/or special characteristics and Category IV 
wetlands exhibiting minimal attributes and functions. The rating categories are used to identify 
permitted uses in the wetland and its buffer, to determine the width of buffers needed to protect 
the wetland from adjacent development, and to identify the mitigation ratios required to 
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compensate for potential impacts on wetlands. The Ecology rating system is required to 
designate wetland categories according to Bellevue LUC 20.25H.095.B. 

Wetland Functional Assessment 

Wetland functions are those processes that occur within a wetland, such as the storage of water, 
cycling of nutrients, and maintenance of diverse plant communities and habitat which benefits 
wildlife. Wetland functions can be grouped into three broad categories: habitat functions, 
hydrologic functions, and water quality functions. 

Habitat functions include providing food, water, and shelter for fish, shellfish, birds, amphibians, 
and mammals. Wetlands also serve as a breeding ground and nursery for numerous species. 
Hydrologic functions include reducing the velocity of stormwater, recharging and discharging 
groundwater, and providing flood storage. Water quality functions include the potential for 
removing sediment, nutrients, heavy metals, and toxic organic compounds. 

Wetland functions were assessed using the Washington State Wetland Rating System for Western 
Washington-Revised (Hruby 2004), which is approved by Ecology for evaluating wetland 
functions in Washington. This system generates a score for each function based on the wetland’s 
potential and opportunity for providing the function. Using the scores on the wetland rating 
forms, a qualitative functional rating (high, moderate, or low) was derived for functions (water 
quality, hydrology, and habitat) and values provided by each wetland, based on supplemental 
guidance provided by Ecology (Hruby 2011). 

3.3.2 Results 

This section discusses the results of the wetland delineation, including a review of available 
information and an analysis of wetland conditions in the study area as observed during field 
investigations. 

3.3.2.1 Analysis of Available Information 

The available existing information compiled for this wetland assessment is summarized in the 
following subsections. 

3.3.2.1.1 Mapped Wetlands 

The National Wetlands Inventory indicates Palustrine scrub-shrub (PSS), and forested (PFO), 
seasonally-flooded wetlands are located in the study area (Figure 3). 

3.3.2.1.2 Mapped Soils 

The only soil type mapped in the study area is Urban Land (NRCS 2010b) (Figure 6), which is 
likely due to the high density of development present. Urban land is soil that has been modified 
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by disturbance of the natural layers with additions of fill material several feet thick, often to 
accommodate large industrial and housing developments. In the study area, urban land 
constitutes those areas that have been filled to support industrial and commercial development. 

Directly downstream of the study area, Seattle muck (0 to 5 percent slopes) soils are mapped 
north of Kamber Road where wetlands are prevalent on both sides of East Creek. Seattle muck 
is considered a hydric soil by the Natural Resources Conservation Service (NRCS 2010b). A 
typical profile of Seattle muck is composed of a foot-thick surface layer of organic muck 
overlying a stratified mucky peat to muck layer extending to a depth of approximately 60 inches. 
Seattle muck soils are very poorly drained with a water table near the surface. 

3.3.2.1.3 Topography 

Wetlands adjacent to East Creek and Richards Creek within the study area are relatively flat with 
a slope of approximately 1.5 percent from an elevation of 58 feet (above sea level) at the 
upstream extents near the isolated bank roughening structure to an elevation of 49 feet at the 
downstream extents near Kamber Road. 

3.3.2.2 Analysis of Wetland Conditions 

Wetland delineation field activities were conducted by Herrera biologists Kris Lepine, Katheryn 
Seckel, and George Iftner. The lead biologist (Kris Lepine) is certified by the Society of Wetland 
Scientists as a Professional Wetland Scientists (PWS). The wetland delineation was conducted 
on April 27, 2010. It was determined that the growing season (as defined in Appendix C) had 
begun, because plants were in full leaf out. 

Herrera biologists delineated wetlands adjacent to Richards Creek and East Creek in the study 
area, referred to as Wetland A. The wetland was not delineated in entirety as it extends north, 
south, east, and west of the study area. The location and extent of the wetland and buffers within 
the study area are shown in Figure 4. A summary of the wetland characteristics within the study 
area is provided in Table 4. For Wetland A, biologists completed wetland delineation data forms 
(Appendix D) and an Ecology wetland rating form (Appendix E). A representative photograph of 
the wetland in the study area is included in Table 4. 

Within the project area, Wetland A is degraded when compared to the rest of the study area 
where the wetland is much wider and contains diverse native vegetation, forested cover, habitat 
structure (such as snags), and less invasive vegetation. Within the project area, Wetland A is 
primarily limited to a narrow zone less than 35 feet wide along the east side of East Creek. The 
wetland is dominated by reed canarygrass and Himalayan blackberry. An adjacent property 
owner maintains a large portion (approximately 4,700 square feet) of the wetland in an 
unvegetated state, with the exception of occasional alder and Pacific willow trees. During site 
visits, only dead grass was observed in the understory suggesting that herbicide had been 
applied. 
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Table 4. Summary of Wetland A within the Study Area. 

Wetland Name Wetland A 

 

 

 

 

 

 

Local Jurisdiction City of Bellevue 

WRIA 8 

Wetland Size ~4.5 acres 

Wetland Ratinga Category II 

City of Bellevue 
Buffer Width 

75 feet  

USFWS 
Classificationa 

Palustrine forested 
(PFO) 

HGM 
Classificationb Riverine 

Wetland Data 
Forms 

Appendix D, 
WLA-TP1, -TP3, -
TP4 

Upland Data Form Appendix D, 
WLA-TP2 

Dominant 
Vegetation 

Wetland A is dominated by a forested community of red alder and black cottonwood (Populus 
trichocarpa) with a shrub understory of willows, red-osier dogwood (Cornus sericea), 
salmonberry (Rubus spectabilis); and an herbaceous understory of lady fern (Athyrium filix-
femina), big leaf sedge (Carex amplifolia), slough sedge (Carex obnupta), giant horsetail 
(Equisetum telmateia), creeping buttercup (Ranunculus repens), small fruited bulrush (Scirpus 
microcarpus), and piggyback plant (Tolmiea menziesii). Non-native vegetation is prevalent in 
the project area and includes Himalayan blackberry and reed canarygrass (see photo). A 
complete plant list is provided in Appendix B. Plants observed at test plots are on data forms in 
Appendix D.  

Soils As observed in soil pits, hydric soils include high organic content including mucky soils. 
Mineral textures vary including silt loam; gravelly loamy sand, and silty clay loam. Observed 
matrix soil colors vary including very dark brown (10YR 2/2), very dark grayish brown (10YR 
3/2), and very dark gray (10YR 3/1). Redoxymorphic features are common including 
concentrations, coated sand grains, pore linings with colors of dark red (2.5YR 3/6) and 
yellowish red (5YR 5/8). See data forms in Appendix D. 

Hydrology As observed in soil pits, wetlands soils exhibited saturated soils at the surface. In addition, areas of 
shallow ponding were observed in isolated areas throughout the wetland. Hydrologic sources to 
Wetland A include direct precipitation; groundwater; runoff from surrounding uplands, parking 
lots, and rooftops; and flooding from adjacent Richards Creek and East Creek. See data forms in 
Appendix D.  

Buffer Condition The buffer surrounding Wetland A is primarily developed consisting of parking lots, gravel lots, 
and commercial buildings. The vegetated buffers are very narrow and dominated by Himalayan 
blackberry and English ivy with occasional black cottonwood and Douglas fir trees. A complete 
plant list is provided in Appendix B. 

a Wetland category is based on Ecology wetland rating system (Hruby 2004), per Bellevue LUC 20.25H.095.B. 
b Wetland buffer widths are according to Bellevue LUC 20.25H.095.C. 
c U.S. Fish and Wildlife Service classification is based on Cowardin et al. (1979): palustrine forested (PFO) 
d Hydrogeomorphic classification is based on Brinson (1993). 
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3.3.3 Cumulative Wetland Impacts 

As a result of the proposed project, there will be temporary and permanent impacts on 
Wetland A and buffers adjacent to East Creek. These effects are summarized in Table 5 and 
depicted graphically in Figure 5. 

Table 5. Impacts on Wetland A and buffers. 

Resource Temporary Impacts Permanent Impacts 

Wetland A  9,475 square feet (0.22 acres) 3,036 square feet (0.07 acres) 

Wetland Buffers 2,106 square feet (0.05 acres) None 

Total 11,581 square feet (0.27 acres) 3,036 square feet (0.07 acres) 

 

3.3.3.1 Temporary Impacts 

Temporary impacts on Wetland A and buffers will result from excavation and grading of the 
channel, which is necessary to implement channel improvements that involve enlarging, 
realigning, and re-grading the stream channel; and constructing grade control and bank 
stabilization structures (see Project Description and Project Construction sections above). In 
addition, temporary impacts will result from activities necessary to reconstruct the banks 
including initial clearing of vegetation; temporary construction access; excavation and grading of 
stream banks and wetland bench habitat; reconstruction of banks, and planting of native 
vegetation. Where the bank roughening structure is proposed along the upstream reach of East 
Creek, a small area of Wetland A and buffer will be temporarily impacted during installation of 
the structure within the bank. 

As a result of channel improvements, temporary (and permanent) impacts on Wetland A will 
require removal of 11 red alder and Pacific willow trees, some of which have multiple trunks. 
These tree impacts also occur within the buffer of East Creek and are presented above in Table 3. 
In addition, clearing of some native shrubs and saplings near Kamber Road will be cleared where 
native plantings were installed previously when the culvert was replaced. Although some mature 
trees will need to be removed to allow for construction of channel improvements, most 
surrounding mature trees will be preserved (see Drawing C-2 in Appendix A). 

3.3.3.2 Permanent Impacts 

Permanent impacts on Wetland A will result from realigning the channel on average 
approximately 9 feet to the east. Shifting the channel east provides more room to construct stable 
banks and wetland benches between the channel and the parking lot on the west side of the 
channel. Where the channel is realigned, some existing wetland habitat will be replaced with 
stream channel habitat, representing a permanent impact. The base of the new channel will 
increase by 10 feet to a 20-foot total width along approximately 275 feet of the upstream portion 
of the channel improvements, and willow live stakes will be planted in this segment to provide 
riverine wetland habitat within the channel. After construction when flows are reintroduced to 
the channel, flows will carve a low flow channel within the 20-foot wide section of channel. 
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Based on existing conditions, it is anticipated that the low flow channel will be approximately 
10 feet wide. 

In addition, installation of a flood control sheet pile wall will intrude 2 feet into the wetland for a 
length of approximately 130 feet resulting in permanent impact on a small portion of Wetland A. 

Throughout the project area, existing buffers surrounding Wetland A are primarily developed 
and consist of parking lots, gravel lots, and commercial buildings. The vegetated upland buffers 
are very narrow and consist of fill material at the edge of developments. The project will result in 
some reestablishment of wetland habitat within existing buffers; however, the project will 
maintain a narrow zone of upland buffer at the edge of the project area. Therefore, the project 
will not result in permanent impacts on buffers. 

3.3.4 Bellevue Land Use Code Wetland Performance Standards 

The project is in compliance with all of the applicable general wetland performance standards in 
Bellevue LUC 20.25H.100. Wetland A and adjacent buffer will be planted within the project 
area with dense native vegetation to limit pet or human intrusion (see Drawings P-1 and P-2 in 
Appendix A). 

3.3.5 Wetland Functions and Values Assessment 

In accordance with Bellevue LUC 20.25H.110.B, the following sections provide a functional 
evaluation for Wetland A. Functions of Wetland A within the study area were evaluated 
according to data in the Ecology wetland rating form (Hruby 2004), and supplemental qualitative 
ratings (high, medium, low) were determined based on Ecology compensatory mitigation 
guidance (Hruby 2011). This methodology entails rating the entire wetland unit which includes a 
substantial amount of wetland area that is outside of the project area. Conditions within the 
project area are much more degraded than portions of Wetland A located west of the project 
area. Therefore, the portion of Wetland A in the project area does not provideas high a level of 
functions as the rest of the wetland. A summary of the function scores, the total wetland score, 
and the associated category rating for Wetland A is provided in Table 6. The wetland rating form 
is provided in Appendix E. 

Table 6. Wetland A functions and values. 

Function 
Rating of Site 

Potential a 
Rating of Landscape 

Potential a 
Rating of 
Value a, Score b 

Improving Water Quality Moderate Moderate Moderate 20 

Hydrologic High Moderate High 26 

Habitat Moderate Moderate High 19 

Total Score    65 

a Qualitative ratings are based on Hruby (2011). 
b Score based on Hruby (2004). 
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The functions and values of Wetland A were evaluated based on its riverine HGM class. 
Hydraulic modeling results indicate that most of the wetland experiences overbank flooding from 
Richards Creek and East Creek at least once every 2 years (Herrera 2011). The modeling is 
supported by field observations within the wetland including drainage patterns and shallow 
depressions with flooding. 

Overall, Wetland A has a moderate rating for improving water quality which is due to several 
factors including presence of depressions capable of trapping sediments; dense trees and shrubs 
capable of resisting water velocities and promoting sediment deposition; surrounding urban area 
that contributes runoff; and capability of improving impaired (303d listed) water bodies 
downstream. 

Wetland A has a highly rated hydrologic function for potential to reduce flooding and erosion 
due to an average wetland width that is much wider than the stream channel. In addition, trees 
and shrubs are capable of slowing flows. Wetland A is moderately rated for potential to provide 
hydrologic benefits to the surrounding landscape due to presence of surrounding urban areas that 
contribute peak flows. The hydrologic functions at the site have a high value to society because 
the site has been identified as important for flood storage and conveyance by the City of 
Bellevue (Herrera 2008). 

Wetland A rates as having a moderate potential to provide important habitat functions due to 
several factors that create niches for fish and wildlife including forest cover with underlying 
shrub and herbaceous strata; several hydroperiods (permanently flooded, occasionally flooded, 
flowing stream); high richness of native plants, and several types of habitat features (such as 
snags, downed wood, undercut banks). Wetland A provides a moderate rated habitat function for 
ability to support habitat in the surrounding landscape because although there is very little 
accessible habitat directly adjacent to the wetland unit, there is approximately 140 acres of 
wildlife habitat patches within a kilometer radius. Wetland A is a high value to society because 
Richards Creek and East Creek provide habitat for threatened Puget Sound Chinook salmon 
within the wetland unit and the wetland contains several WDFW priority habitats (such as 
riparian and instream). 

3.3.6 Wetland Mitigation Plan 

This wetland mitigation plan was prepared in accordance with Bellevue LUC 20.25H.220 
(Mitigation Plan Requirements) and LUC 20.25H.105 (Mitigation and Monitoring -- Additional 
Provisions). 

3.3.6.1 Compensation for Wetland Impacts 

The project will compensate for permanent impacts on Wetland A by reestablishing and 
rehabilitating wetlands (see Table 7 and Figure 7). Wetlands will be reestablished directly 
west of the channel improvements where benches will be constructed. Direct wetland 
rehabilitation in the project area includes the area of existing wetlands on the east side of the 
channel improvements that will be reconstructed and improved. Indirect wetland rehabilitation  
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comprises large areas of Wetland A upstream of the channel improvements area where frequency 
and magnitude of flooding will be increased based on hydraulic analysis (Herrera 2011). 

Table 7. Wetland mitigation measures. 

Mitigation Measure Area Location 

Reestablishment  3,885 square feet (0.09 acres) West of realigned channel 

Rehabilitation (direct) 8,705 square feet (0.20 acres) West and East of realigned channel 

Rehabilitation (indirect) 47,338 square feet (1.09 acres) Increased flooding in Wetland A  

Total 59,928 square feet (1.38 acres)  

 
In accordance with Bellevue mitigation preferences (LUC 20.25H.105), proposed compensatory 
mitigation measures involve reestablishing wetlands on-site on upland sites that were formerly 
wetland; and enhancing degraded wetlands through rehabilitation. Furthermore, compensatory 
mitigation is considered in-kind because it strives to restore riverine wetlands, which is the 
hydrogeomorphic class of Wetland A. 

Wetlands will be reestablished in the project area at an acreage replacement ratio of 
approximately 1-to-1, which is less than the required 3-to-1 ratio according to Bellevue LUC 
20.25H.105.C). However, according to Bellevue LUC 20.25H.105.E, wetland enhancement 
(which includes rehabilitation) is appropriate if it is demonstrated that functions of degraded 
wetlands will be increased. To this end, proposed wetland mitigation includes rehabilitation at 
an acreage replacement ratio of approximately 18-to-1. 

Ecology guidance for calculating credits and debits for compensatory mitigation in wetlands 
was applied to evaluate functions that will be provided by Wetland A after construction and to 
what extent wetland functions will be improved (Hruby 2011). The levels of existing functions 
including water quality improvement, hydrologic, and habitat are provided in Table 6 and the 
functions scoring form is provided in Appendix F. The evaluation of functions provided after 
project goals and objectives are met, indicates that overall, the levels of functions within 
Wetland A will largely remain the same because the proposed project only directly affects a 
small portion of the overall wetland. However, the project will improve the level of hydrologic 
function overall within Wetland A by reversing the process of channel incision through the 
wetland, thereby increasing frequency and depth of flooding within the wetland. 

All functions will improve within that portion of Wetland A located in the project area. Wetland 
reestablishment and rehabilitation measures will improve water quality functions by planting 
shrubs and herbaceous plants in areas exposed to flow, which will act to filter and trap sediments 
associated with pollution. Hydrologic functions will improve by increasing the width of wetland 
adjacent to the channel in the form of benches that are capable of flooding during higher flows. 
Habitat functions will improve by increasing the richness of plant species and introducing large 
woody material. 
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Furthermore, Ecology guidance for calculating credits and debits for compensatory mitigation in 
wetlands was applied to evaluate adequacy of the proposed wetland mitigation (Hruby 2011). 
This guidance provides a system for determining “debits” based on acreage of wetland impact, 
levels of wetland functions affected, vegetation community affected, and temporal loss of 
function (which is the time it takes for functions to be fully restored). In addition, this guidance 
provides a system for determining “credits” of proposed mitigation based on increases in level of 
wetland function, type of mitigation measure (such as creation/reestablishment, rehabilitation, 
etc.), acreage, and risk associated with mitigation success. After calculating debits and credits for 
the project, a balance is determined and if credits outweigh debits, the project is considered to 
adequately mitigate wetland impacts. Debit and credit forms for this project are provided in 
Appendix F. 

Our evaluation of debits and credits for the project indicates that overall, the project will balance 
out with a surplus of 0.12 credits. Although small debit balances in the functional categories for 
improving water quality (-0.25) and habitat function (-0.28) result from the proposed mitigation, 
these debits are outweighed by a credit balance for hydrologic function (+0.65). 

3.3.6.2 Goal, Objective, and Success Criteria 

The goal of the wetland mitigation plan is to reestablish and rehabilitate forested wetlands within 
the channel improvements and wood roughening structure project areas in support of replacing 
and improving water quality, hydrologic, and wildlife functions. To meet this goal, the objective 
is to plant a variety of emergent, herbaceous, shrub, and tree species that will develop into a 
mature forested vegetation community with adequate cover and composition. 

All areas that are restored will be subject to the following success criteria, which will be 
monitored for a period of at least 10 years. 

3.3.6.2.1 Year 1 Success Criterion (2013) 

By the end of the first growing season (fall 2013), 100 percent of the plantings will be alive as 
demonstrated by budding leaves. The planting contract stipulates that the contractor must replant 
all plants that did not survive by the end of the first year. The percentage of area covered by 
nonnative species (e.g., Himalayan blackberry, ivy) will not exceed 10 percent throughout the 
planting areas. 

3.3.6.2.2 Year 2 Success Criterion (2014) 

By the end of the second growing season (fall 2014), at least 80 percent of the plantings will be 
alive demonstrated by budding leaves. The percentage of area covered by nonnative or invasive 
species (e.g., Himalayan blackberry, reed canarygrass) will not exceed 10 percent throughout the 
planting areas. 
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3.3.6.2.3 Year 3 Success Criterion (2015) 

By the end of the third growing season (fall 2015), woody vegetation (shrubs and trees) will 
cover at least 20 percent of the planting areas; and emergent and herbaceous understory plants 
will cover at least 30 percent of the planting areas. The percentage of area covered by nonnative 
or invasive species (e.g., Himalayan blackberry, reed canarygrass) will not exceed 10 percent 
throughout the planting areas. 

3.3.6.2.4 Year 5 Success Criterion (2017) 

By the end of the fifth growing season (fall 2017), woody vegetation (shrubs and trees) will 
cover at least 50 percent of the planting areas; and emergent and herbaceous understory plants 
will cover at least 50 percent of the planting areas. The percentage of area covered by nonnative 
or invasive species (e.g., Himalayan blackberry, reed canarygrass) will not exceed 10 percent 
throughout the planting areas. 

3.3.6.2.5 Year 7 Success Criterion (2019) 

By the end of the seventh growing season (fall 2019), woody vegetation (shrubs and trees) will 
cover at least 70 percent of the planting areas; and emergent and herbaceous understory plants 
will cover at least 50 percent of the planting areas. The percentage of area covered by nonnative 
or invasive species (e.g., Himalayan blackberry, reed canarygrass) will not exceed 10 percent 
throughout the planting areas. 

3.3.6.2.6 Year 10 Success Criterion (2021) 

By the end of the tenth growing season (fall 2021), woody vegetation (shrubs and trees) will 
cover at least 90 percent of the planting areas; and emergent and herbaceous understory plants 
will cover at least 50 percent of the planting areas. The percentage of area covered by nonnative 
or invasive species (e.g., Himalayan blackberry, reed canarygrass) will not exceed 10 percent 
throughout the planting areas. 

3.3.6.3 Wetland Mitigation Site Plan 

Wetland mitigation in the form of reestablishment and rehabilitation will be implemented 
according to the project engineering plans (Appendix A). The project will be constructed during 
2012. Earthwork will occur during the summer, seeding in the fall, and planting during late fall 
or winter. As part of the project, wetland habitat will be constructed along the banks of East 
Creek including flat, wetland benches along both sides of the channel. The bench habitats will 
be approximately 5 feet wide at an elevation approximately 2 feet higher than the base of the 
channel. Cross-sections, plans, and profiles of the channel, benches, and banks are shown on 
Drawings C-3, C-4, and C-5 in Appendix A. The lower bank will be constructed of streambed 
sediment, which will transition to a soil lift (soil encapsulated in layers of woven and non-woven 
coir fabric) on the wetland benches. At the outer edges of the benches, wetland habitat will 
continue along gently sloped upper banks constructed of two to three stacked soil lifts, each of 
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which are about 1 foot in height. The top layer of coir fabric encapsulating the upper lift will 
be secured with an anchor trench. Soil within the lifts will consist of native soils mixed with 
compost-amended topsoil. 

Replanting plans are consistent with planting guidelines presented in the City of Bellevue’s 
Critical Areas Handbook (City of Bellevue 2003). The entire extents of the project will be 
seeded with a native wetland grass mix and planted with native wetland vegetation including 
the riparian areas along the channel improvement reach and bank roughening structure (see 
Drawings ESC-1, P-1, and P-2 in Appendix A). A plant schedule for the project is provided on 
Drawing P-2 in Appendix A. Along the channel improvement reach, live stakes will be planted 
directly adjacent to the base of the channel on the lower banks and will be planted along with 
emergent plugs on the wetland benches. The upper banks and top of banks will be planted with 
potted shrubs and trees. A dense planting plan is proposed including emergent plugs planted one 
foot on center, live stakes and shrubs planted 4 feet on center, and trees planted 10 feet on center. 
Seeding will occur immediately after construction during the fall. All planting will occur during 
the dormant season (October through February). 

3.3.6.4 Monitoring and Contingency Plan 

All planting areas will be monitored to evaluate the success of revegetation measures in support 
of replacing functions that were affected during construction. During construction, the project 
engineer and biologist will monitor the site to ensure that best management practices (BMPs) are 
implemented such that there are no unanticipated impacts on wetlands or buffers. 

The success of mitigation will be determined by monitoring the site and determining if success 
criteria are achieved. The City of Bellevue will arrange to have the mitigation site monitored by 
a biologist for a minimum of 10 years. At a minimum, monitoring visits to the site will take 
place at least once a year during Years 1, 2, 3, 5, 7, and 10 after construction. For the purpose of 
measuring plant cover, monitoring transects will be established within the planting areas. During 
monitoring visits, representative photographs will be taken from established photo points. After 
each monitoring visit, a report presenting the results of the site inspection will be submitted to 
City of Bellevue Planning and Community Development, Ecology, WDFW, and the Corps. 

During Years 1 and 2, the survival of plantings and cover of invasive vegetation will be assessed 
within the planting areas. In addition, the extent of natural colonization in terms of percent cover 
of herbaceous and emergent plants; and woody shrubs and trees will be measured. During 
Years 2, 3, 5, 7, and 10, percent plant cover will be evaluated including native and invasive 
vegetation. 

During each monitoring year, in addition to assessing conditions along monitoring transects, 
observations of overall conditions will be made throughout the planting areas. Within the 
monitoring report, the biologist responsible for monitoring will present detailed monitoring 
methods, results, and make recommendations for annual maintenance of the planting areas 
such as replanting, watering, weeding, and removal of trash. If plants are not succeeding, the 
biologist will make recommendations for contingency actions, which could include suitable 
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plant substitutions based on site conditions. If it is evident that wetland conditions are not 
established within proposed wetland mitigation areas, a broader contingency plan will be 
necessary, which could include modifying grades or structures on the site with additional 
monitoring or implementing additional mitigation measures on or off-site. If additional 
mitigation becomes necessary, regulatory agencies will be consulted. 

3.4 Habitat Associated with Species of Local Importance 

This section presents a habitat assessment associated with fish and wildlife species of local 
importance in accordance with Bellevue LUC 20.25H.150. The objectives of the habitat 
assessment were to: 

 Describe vegetation on and adjacent to the site 

 Identify species of local importance that have a primary association with 
habitat on or adjacent to the site, and assess potential impacts 

 Discuss any federal, state, or local special management recommendations 

 Discuss direct and indirect potential impacts on habitat, including 
cumulative impacts 

 Discuss measures to avoid, minimize, mitigate, and preserve existing 
habitats and restore any habitat that was degraded prior to the current 
proposed activity (see Section 3.6) 

 Discuss ongoing management practices that will protect habitat after the 
site has been developed 

3.4.1 Methods 

To evaluate habitat conditions in the study area, Herrera biologists surveyed the study area 
to identify dominant species, forest maturity, concentrations of native and invasive plant 
populations, other habitat features (such as snags and logs), habitat potential to support fish and 
wildlife species of local importance, and indications of use by these species. To observe habitat 
conditions and fish and wildlife, Herrera biologists including Kris Lepine, Katheryn Seckel, and 
George Iftner conducted field visits in April and May of 2010. 

In addition, Herrera reviewed information provided by WDFW’s Priority Habitats and Species 
(PHS) Program (WDFW 2010a), fish usage information from the Salmonscape mapping 
program (WDFW 2010b), and City of Bellevue basin fact sheets (City of Bellevue 2009b). 
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3.4.2 Vegetation On and Adjacent to the Site 

The project area is located along East Creek and portions of Wetland A (see Section 3.3); and is 
surrounded by developed commercial properties. Most of the vegetation on and adjacent to the 
site is contained within Wetland A because surrounding developed parking lots and buildings are 
built within historic floodplain wetlands. Wetland A within the greater study area is dominated 
by a forested community of red alder and black cottonwood with a shrub understory of willows, 
red-osier dogwood, salmonberry; and an herbaceous understory of lady fern, big leaf sedge, 
slough sedge, giant horsetail, creeping buttercup, small fruited bulrush, and piggyback plant. 
Non-native vegetation is prevalent in the project area and includes Himalayan blackberry and 
reed canarygrass. A complete plant list is provided in Appendix B. 

3.4.3 Species of Local Importance with Primary Habitat Association 

Herrera examined the presence of species of local importance with a primary association with 
habitats occurring in the project area. The following species may occur based on the presence of 
suitable habitat and/or documented occurrence: 

 Fish species: According to City of Bellevue (2009b) basin fact sheets, fish 
species of local importance occurring in the study area within East Creek 
and Richards Creek include Chinook salmon and coho salmon. Before 
hydrological modification and subsequent changes in downstream habitat 
conditions, known or likely distribution of Chinook salmon in Sunset 
Creek extended up to (and perhaps beyond) SE 30th Street. Coho 
spawning and rearing has been documented in the Richards and Sunset 
Creek channels up to and immediately upstream of SE 30th Street 
(Paulsen 2007; WDFW 2007). Neither species has been documented in the 
project area in recent years, as a result of two factors: depressed 
population abundance; and partial barriers to fish passage created by 
beaver activity in downstream areas of Richards Creek (Paulsen 2007). 

 Vaux’s swift: There is potential nesting habitat for Vaux’s swift in 
hollows of snags at the site. However, Vaux’s swift are more closely 
associated with old-growth forested habitat, which is not present in the 
study area (Larsen et al. 2004). 

 Pileated woodpecker: There is good habitat for pileated woodpeckers and 
it is assumed that breeding habitat is present as well due to the presence of 
suitably sized trees and observations of adults with fledglings during site 
visits in May 2010. 

Several species of local importance are not expected to occur either because the species are not 
present or because suitable habitat is not present. There is little to no habitat for bald eagle, 
peregrine falcon, merlin, osprey, great blue heron, green heron, or red-tailed hawk due to the 
closed canopy and dense vegetation that precludes access. In addition, these species are typically 
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not associated with small stream habitat. However, occasional canopy openings may provide 
opportunity for feeding among red-tailed hawk and great blue heron. Heron are more likely to be 
found in wetlands north of the study area where open habitat is more accessible. There is no 
habitat for common loon, purple martin, or western grebe, which require lakeshore habitat. 

There is no habitat for Oregon spotted frog or western pond turtle, both of which require 
perennial water sources and pools. There is foraging and dispersal habitat for western toad in the 
project area, but no breeding habitat, due to the lack of pools and ponds. 

There is poor habitat for the protected bat species (western big-eared bat, Keen’s Myotis, long-
legged Myotis, and long-eared Myotis) since there are only two snags in which they could 
potentially roost. These bats roost in cavities in large trees and snags which are present and 
forage over a variety of habitats for prey (insects). These bats prefer roosting in conifers, which 
are not present in the study area. 

3.4.4 Federal, State, or Local Management Recommendations 

The project will improve the functions of East Creek (see Section 3.2) in a manner that is 
consistent with recommendations provided by WDFW for riparian priority habitats (Knutson and 
Naef 1997). Specifically, the project will follow the recommendations to restore degraded 
riparian habitat, emulate natural conditions, and use non-structural (bioengineered) bank 
protection techniques. The addition of coniferous large woody material in the stream as part of 
the project will enhance pileated woodpecker foraging habitat, as downed logs are a common 
feeding location for this species (Larsen et al. 2004). 

3.4.5 Direct Impacts, Indirect Impacts and Probable Cumulative Impacts 

There will be no adverse direct impacts on habitat for Vaux’s swift or pileated woodpecker. No 
standing snags will be removed. The only vegetation removal will be restricted to trees, shrubs, 
emergents, and other herbaceous vegetation within the project area away from snag locations 
where these species may occur. All areas of vegetation cleared during construction will be 
planted with native vegetation. Work will occur in the summer, after pileated woodpecker 
breeding is complete. The addition of large woody material as part of the project will enhance 
pileated woodpecker foraging habitat, as downed logs are a common feeding location for this 
species. If present, construction noise may temporarily disturb Vaux’s swift and pileated 
woodpecker, but they would be expected to return after construction is complete. 

The project will not have any adverse direct effects on fish species; however, during construction 
the channel will be dewatered and all flow diverted around the construction sites. Fish that may 
be in the project area will be relocated downstream following WDFW (2009) protocols. During 
construction, water quality will be monitored to assure that turbid water is not released 
downstream where fish may be present. If turbidity that exceeds state water quality standards is 
observed, construction will cease until the turbidity problems are rectified. 
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There are no cumulative impacts on habitats associated with species of local significance 
anticipated as a result of the proposed project, since the project area will be fully restored to an 
improved condition. 

3.5 Areas of Special Flood Hazard 

This section presents a special flood hazard assessment in accordance with Bellevue LUC 
20.25H.175. The objectives of the special flood hazard assessment were to: 

 Identify areas of special flood hazard in the study area 

 Discuss the effect of the project on special flood hazard areas 

 Discuss how both general and specific City of Bellevue performance 
standards are achieved 

3.5.1 Special Flood Hazard Areas On and Adjacent to the Site 

Special flood hazard areas on and adjacent to the site include the 100-year floodplain as 
delineated on the flood insurance rate map by the Federal Emergency Management Agency (see 
Figure 8, FEMA 1995). The 100-year floodplain spans most of the project area and extends 
upstream and downstream along East Creek and Richards Creek within the study area. 

3.5.2 Project Effects on Special Flood Hazard Areas 

The project involves several components within the 100-year floodplain. Structures proposed 
within the 100-year floodplain include 12 grade control structures made of large woody 
materials, a flood control sheet pile wall, and a localized bank stabilization (wood roughening) 
structure made of large woody material (see Section 2.3). In addition, the profile of East Creek 
will be slightly raised in elevation and the high-flow channel dimensions will be widened. These 
changes will affect the 100-year floodplain by reducing flood elevations by different amounts 
depending on the location in the floodplain (Herrera 2011). The most significant decreases will 
be for the properties immediately east of the project site. 

3.5.3 Bellevue Land Use Code Special Flood Hazard Areas Performance Standards 

In accordance with Bellevue general performance standards (LUC 20.25H.180.C), project 
modifications within the 100-year floodplain will maintain the character of existing vegetation 
within the study area. Existing riverine wetlands within the 100-year floodplain are accustomed 
to overbank flooding and increases in flooding frequency resulting from the project are intended 
to restore historic flooding conditions and therefore will not have an adverse effect on existing 
vegetation. 
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Channel and bank elevations proposed by the project are intended to restore East Creek to 
conditions prior to incision caused by a combination of culvert replacement at Kamber Road 
and removal of downstream beaver dams. No structures are proposed as a part of this phase of 
the project that result in a rise in base flood elevation when compared to pre-incision conditions. 

In accordance with Bellevue LUC, proposed modifications to the channel are allowed because 
the project is associated with habitat improvements. Furthermore, the City of Bellevue is 
committed to maintaining the channel in a condition that ensures that flood carrying capacity 
is not diminished. 

An objective of the project is to provide public flood protection measures. Channel 
improvements will reduce flooding to adjacent properties and a flood control sheet pile wall 
will be constructed to prevent flooding. In accordance with Bellevue specific performance 
standards (LUC 20.25H.180.D), these measures are allowed in a special flood hazard area 
because the project will produce measurable benefits, including decreased erosion, peak flow 
reduction, improved water quality (see Section 3.3), and improved aquatic habitat that do not 
threaten existing structures adjacent to the project. 

3.6 Mitigation Sequencing 

The project follows requirements for mitigation sequencing as outlined in Bellevue LUC 
20.25H.110.B; joint Ecology, Corps, and Environmental Protection Agency (EPA) guidance 
(Ecology 2006); and State Environmental Policy Act (Washington Administrative Code Chapter 
197-11-768). 

3.6.1 Avoidance of Impacts 

The project design seeks to avoid critical areas impacts to the maximum extent possible while 
achieving project goals. Permanent impacts on East Creek will be avoided as well as adverse 
impacts on Chinook and coho salmon (species of local importance) that may occur in the stream. 
In addition, the project will avoid impacts on existing snags that provide potential habitat for 
Vaux’s swift and pileated woodpecker (species of local importance). 

Complete avoidance of permanent impacts on wetlands is not feasible because measures are 
necessary to achieve the goal of improving fish habitat and reducing flooding and erosion of 
commercial and industrial property in the vicinity of the project site. The project will address 
ongoing channel incision in East Creek and Richards Creek through restoration measures that 
will effectively raise the elevation of the streambed with grade controls. These measures would 
inherently increase the frequency and magnitude of overbank flooding of adjacent developed 
properties that necessitates flood reduction measures including an enlarged stream channel and 
flood control sheet pile wall located in portions of Wetland A. 

In addition, temporary impacts on East Creek, wetlands, and buffers are necessary to achieve this 
goal and the goal of preserving and enhancing desirable instream, wetlands, and riparian habitat 
functions. 
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Furthermore, the project avoids impacts on areas of special flood hazard (100-year floodplain) 
and does not threaten existing structures adjacent to the project. 

3.6.2 Minimization of Impacts 

The project greatly minimizes impacts by confining the project area to a portion of Wetland A 
that is narrow and largely degraded in its existing condition. Incised portions of Richards Creek 
with eroding banks are in need of restoration upstream of the project area. However, direct 
measures to restore the stream in this area are not planned because construction activity would 
result in substantial temporary impacts on an intact, forested portion of Wetland A. Instead, the 
project is designed to indirectly restore this area over time by allowing for sediment to deposit in 
the stream channel and reverse the trend of incision. 

3.6.3 Rectification of Impacts  

The project aims to rectify temporary and permanent impacts on East Creek, wetlands, and 
buffers by repairing and rehabilitating East Creek and adjacent wetlands and buffers by installing 
grade control, bank stabilization, and habitat structures consisting of large woody materials to 
prevent head-cut migration and eroding banks; and provide stable, physical habitat. In addition, 
temporary impacts will be rectified by restoring these areas including revegetation with native 
plants.  

3.6.4 Reduction of Impacts 

As a result of the project, ongoing impacts on the project site and within the study area will be 
reduced over time. By repairing incised portions of East Creek and Richards Creek with grade 
control, bank stabilization, and habitat structures, channel incision will be halted and greatly 
reduced over time. In addition, the City of Bellevue will monitor the project after construction to 
insure that it is stable and provides functional habitat. 

3.6.5 Compensation for the Impacts 

The project will compensate for permanent impacts on Wetland A by reestablishing and 
rehabilitating wetlands. Wetlands will be reestablished directly west of the channel 
improvements where benches will be constructed. Direct wetland rehabilitation in the project 
area includes the area of existing wetlands on the east side of the channel improvements that 
will be reconstructed and improved. Indirect wetland rehabilitation comprises large areas of 
Wetland A upstream of the channel improvements area where frequency and magnitude of 
flooding will be increased based on hydraulic analysis (Herrera 2011). Additional information 
on compensation for wetland impacts is provided in Section 3.3. 
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Table B-1. Plant species observed in the study area of the East Creek/Richards Creek 
Stream Modification Project. 

Vegetation 
Stratum Scientific Name Common Name Wetland Indicator Status a 

Trees 

 Alnus rubra Red alder FAC 

 Fraxinus latifolia Oregon ash FACW 

 Populus balsamifera  Black cottonwood FAC 

 Pseudotsuga menziesii  Douglas fir FACU 

 Tsuga heterophylla Western hemlock   FACU- 

Shrubs 

 Acer circinatum Vine maple   FAC- 

 Acer macrophyllum Big-leaf maple FACU 

 Cornus sericea  Red-osier dogwood FACW 

 Crataegus montogyna White hawthorn   NI 

 Lonicera involucrata Black twinberry FAC+ 

 Ilex aquifolium European holly   NI (invasive) 

 Oemleria cerasiformis Indian plum FACU 

 Rubus armeniacus Himalayan blackberry FACU (invasive) 

 Rubus parviflorus Thimbleberry FAC- 

 Rubus spectabilis Salmonberry    FAC+ 

 Salix lucida spp. lasiandra Pacific willow FACW+ 

 Salix sitchensis Sitka willow FACW 

 Sorbus scopulina Mountain ash FACU 

 Spiraea douglasii  Hardhack FACW 

Herbaceous Species 

 Athyrium filix-femina Lady fern   FAC 

 Calystegia sylvatica Giant morning glory  NI (invasive) 

 Carex amplifolia Big leaf sedge   FACW+ 

 Carex obnupta Slough sedge   OBL 

 Carex deweyana Dewey’s sedge    FAC+ 

 Equisetum telmateia  Giant horsetail   FACW 

 Hedera helix English ivy    NI (invasive) 

 Lysichiton americanum Skunk cabbage OBL 
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Vegetation 
Stratum Scientific Name Common Name Wetland Indicator Status a 

Herbaceous Species (continued) 

 Maianthemum dilatatum False lily-of-the-valley   FAC 

 Oenanthe sarmentosa Pacific water parsley   OBL 

 Phalaris arundinacea Reed canarygrass FACW 

 Polygonum x bohemicum Hybrid Japanese knotweed   FACU (invasive) 

 Polystichum munitum Sword fern   FACU 

 Ranunculus repens Creeping buttercup FACW 

 Scirpus microcarpus Small-fruited bulrush   OBL 

 Tolmiea menziesii Piggyback plant   FAC* 

 Urtica dioica Stinging nettle   FAC+ 

 Veratrum viride Corn lily  FACW 

Note: The - suffix after the indicator symbol FAC indicates a species with a somewhat lower probability of occurring in 
wetlands.  The + suffix after the indicator symbol FAC indicates a species with a somewhat higher probability of occurring in 
wetlands. 
NI = no indicator. 
a The wetland indicator status is from the National List of Plant Species that Occur in Wetlands (USFWS 1993). 
* An asterisk (*) identifies tentative assignments based on limited information from which to determine the indicator status. 
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Wetland Delineation Methods 

This wetland delineation was performed in accordance with the Washington State Wetlands 
Identification and Delineation Manual (Ecology 1997) and the Regional Supplement to the Corps 
of Engineers Wetlands Delineation Manual: Western Mountains, Valleys, and Coast Region 
(Environmental Laboratory 2010). These methods use a three-parameter approach for identifying 
and delineating wetlands, based on the presence of field indicators for hydrophytic vegetation, 
hydric soils, and hydrology. The specific methods using these three parameters are described in 
Appendix C. This wetland delineation was performed according to procedures specified for the 
routine wetland determination method (Environmental Laboratory 1987). 

Hydrophytic Vegetation 

Hydrophytic vegetation is characterized by the ability to grow, effectively compete, reproduce, 
and persist in anaerobic soil conditions resulting from periodic or long-term saturation 
(Environmental Laboratory 1987). Vegetation must meet at least one of the four indicators 
(described below) that are used to determine the presence of hydrophytic vegetation in wetlands. 
Problematic and atypical situations for hydrophytic vegetation are also described in the Corps 
manual and supplement (Environmental Laboratory 1987 and 2010). 

Plant Species Identification 

Plant species were identified using Flora of the Pacific Northwest (Hitchcock and Cronquist 
1987) and A Field Guide to the Common Wetland Plants of Western Washington and 
Northwestern Oregon (Cooke 1997). The indicator status of each plant species is based on the 
National List of Plant Species That Occur in Wetlands: Washington (Reed 1988) and the 1993 
Supplement to the List of Plant Species That Occur in Wetlands: Northwest (Region 9) (Reed 
1993). 

Dominant Species Determination 

Dominant species are those that contribute more than other species to the character of a plant 
community. To determine dominance, a vegetation sampling area is determined by the field 
biologist to accurately characterize the plant community that occurs in the area to be evaluated. 
These are commonly circular sampling areas, centered on the location of the test plot (where soil 
and hydrologic data is also collected). The radius of the circle is determined in the field, based on 
site conditions. In large wetlands, a typical sampling radius would be 2 to 5 meters for tree and 
sapling/shrub species, and 1 meter for herbaceous species. In a small or narrow wetland (or 
upland), the radius might be reduced to accurately sample wetland (upland) areas, thereby 
avoiding an overlap into an adjacent community having different vegetation, soils, or hydrologic 
conditions (Environmental Laboratory 2010). 
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Within the vegetation sampling area, a complete list of plant species that occur in the sampling 
area is compiled and the species divided into four strata: tree, shrub (including saplings, see 
criteria below), herb, and woody vines. A plant is included in the tree stratum if it is a woody 
plant 3 inches diameter at breast height (dbh) or greater; in the shrub stratum if it is a woody 
plant less than 3 inches dbh (including tree saplings under 3 inches dbh); in the herb stratum if it 
is an herbaceous (non-woody) plant; and in the woody vine stratum if it is a woody vine of any 
height (Environmental Laboratory 2010). To be included in the sampling, 50 percent or more of 
the plant base must be within the radius of the sampling area. For trees specifically, more than 
50 percent of the trunk (diameter) must be within the sampling radius to be included. 

A rapid test, dominance test (e.g., the 50/20 rule), or prevalence index are commonly used to 
determine which species are considered dominant and to assess whether the criteria for 
hydrophytic vegetation are met at each test plot (Environmental Laboratory 2010). Additional 
hydrophytic vegetation indicators are discussed in the following section. 

To conduct a rapid test (Indicator 1 on the wetland determination data form), the dominant species 
are evaluated visually and if all are FACW or OBL, the vegetation data passes the rapid test. To 
conduct a dominance test (Indicator 2 on the wetland determination data form), the absolute areal 
coverage of the plant species within a stratum are totaled, starting with the most abundant species 
and including other species in descending order of coverage, until the cumulative coverage 
exceeds 50 percent of the total coverage for the stratum. The plant species that constitute this first 
50 percent of areal coverage are considered the dominant species in the stratum. In addition, any 
other any single plant species that constitutes at least 20 percent of the total percent cover in the 
stratum is also considered a dominant species (Environmental Laboratory 2010). The indicator 
status category for each plant (shown in Table C-1) is also listed on the wetland determination 
form. If more than 50 percent of the dominant species across all strata are rated OBL, FACW, or 
FAC, the hydrophytic vegetation dominance test (Indicator 2) is met. 

Table C-1. Plant indicator status categories. 

Indicator Status 
Indicator 
Symbol Definition 

Obligate wetland 
plants 

OBL Plants that occur almost always (estimated probability >99%) in wetlands under 
natural conditions but also occur rarely (estimated probability <1%) in upland 
areas 

Facultative wetland 
plants 

FACW Plants that usually occur (estimated probability >67%) in wetlands under natural 
conditions but also occur (estimated probability 1% to 33%) in upland areas 

Facultative plants FAC  Plants with a similar likelihood (estimated probability 33% to 67%) of occurring 
in both wetlands and upland areas 

Facultative upland 
plants 

FACU Plants that sometimes occur (estimated probability 1% to 33%) in wetlands but 
occur more often (estimated probability >67% to 99%) in upland areas 

Obligate upland 
plants 

UPL Plants that rarely occur (estimated probability <1%) in wetlands under natural 
conditions 

DRY
UPLFACUFACFACWOBL

WET ⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯ →←
−−−−

  

Source: Environmental Laboratory (1987). 
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The prevalence index (Indicator 3 on the wetland determination data form) is a weighted-average 
wetland indicator status of all plant species in the sampling plot, where weighting is by 
abundance (Environmental Laboratory 2010). This method is used where indicators of hydric 
soil and wetland hydrology are present, but the vegetation initially fails the rapid and dominance 
tests (Indicators 1 and 2). To determine the prevalence index, the absolute cover of each species 
in each stratum is determined. All species (across all strata) are organized into wetland indicator 
status groups (i.e., OBL, FACW, FAC, FACU, or UPL) and their cover values are summed 
within the groups. The formula for the prevalence index is applied. If the prevalence index 
(which ranges from 1.0 to 5.0) equals 3.0 or less, this hydrophytic vegetation indicator is met. 

Additional Hydrophytic Vegetation Indicators 

The presence of morphological adaptations to wetland conditions in plants that lack a published 
hydrophytic vegetation indicator status or with an indicator status of FACU or drier is also a 
hydrophytic vegetation indicator (Indicator 4). Evidence of physiological, morphological, or 
reproductive adaptations indicating growth in hydrophytic conditions can include, but are not 
limited to, buttressed roots, adventitious roots, multi-stemmed trunks, or tussocks. To determine 
whether Indicator 4 is met, the morphological features must be observed on more than 50 percent 
of the individuals of a FACU species (or species without a published indicator status) living in an 
area where hydric soil and wetland hydrology are present. On the wetland determination data 
form, the indicator status of the species with morphological adaptations would be changed to 
FAC (with supporting notes), and the dominance test (Indicator 2) and/or prevalence index 
(Indicator 3) would then be recalculated. 

Wetland non-vascular plants, referred to as bryophytes and consisting of mosses, liverworts, 
and hornworts, may also meet the hydric vegetation criteria, under Indicator 5 (Environmental 
Laboratory 2010). These plants must be present in areas containing hydric soils and wetland 
hydrology. The percent cover of wetland specialist bryophytes is determined in 10-inch by 
10-inch square plots placed at the base of hummocks, if present. The summed cover of wetland 
specialist bryophytes must be more than 50 percent of the total bryophyte cover in the vegetation 
sampling area. 

The “problematic hydrophytic vegetation” indicator section in the Corps regional supplement 
further explains how to interpret situations in which hydric soils and wetland hydrology are 
present but hydrophytic vegetation Indicators 1 through 5 are lacking (Environmental Laboratory 
2010). Procedures for looking at settings such as areas with active vegetation management (e.g. 
farms), areas dominated by aggressive invasive species, active floodplains, and low terraces are 
described, as well as explanations for specific situations, such as seasonal shifts in plant 
communities, extended drought conditions, and riparian areas. 

Hydric Soils 

A hydric soil is a soil that is saturated, flooded, or inundated long enough during the growing 
season to develop anaerobic conditions that favor the growth and regeneration of hydrophytic 
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vegetation (Environmental Laboratory 1987, 2010). The evaluation of existing soil maps 
(developed by NRCS and other sources) is used to understand hydric soil distribution and to 
identify the likely locations of hydric soils (by verifying their inclusion on the hydric soils list 
[NRCS 2010a]). Comparison of these mapped soils to conditions found on site help verify the 
presence of hydric soils. 

For on-site soils characterization, hydric soils data were obtained generally by digging test pits at 
least 20 inches deep and 4 inches wide. Hydric soil conditions were evaluated using indicators 
outlined in Field Indicators of Hydric Soils in the United States (NRCS 2006), and adopted by 
the Regional Supplement to the U.S. Army Corps of Engineers Wetlands Delineation Manual: 
Western Mountains, Valleys, and Coast Region (Environmental Laboratory 2010). 

Hydric soil indicators applicable to the Western Mountains, Valleys, and Coast region include, 
but are not limited to, the presence of: organic soils (i.e., histosols or histic epipedons); sulfidic 
material (i.e., hydrogen sulfide); depleted, gleyed, or reduced soil matrices; and/or the presence 
of iron or manganese concretions (Environmental Laboratory 2010). Soil color characterization 
(i.e., hue, value, and chroma) is a critical tool in determining depleted, gleyed, and reduced soil 
conditions. Soil color was evaluated by comparing soil colors at test plots to standardized color 
samples in Munsell Soil Color Charts (Munsell Color 2000). 

Wetland Hydrology 

Wetland hydrology is indicated by site conditions that demonstrate the periodic inundation or 
saturation to the soil surface for a sufficient duration during the total growing season. A 
“sufficient duration” during the growing season is defined as 14 or more consecutive days of 
flooding, ponding, or presence of a water table at 12 inches or less from the soil surface 
(Environmental Laboratory 2010). The growing season is the period of consecutive frost-free 
days, or the longest period during which the soil temperature stays above biological zero (41°F), 
when measured at 12 inches below the soil surface. 

Two indicators of biological activity can be used to determine whether the growing season has 
begun and is ongoing (Environmental Laboratory 2010): 

 Occurrence of aboveground growth and development of at least two non-
evergreen vascular plant species growing within the wetland. Examples of 
this growth include the emergence or elongation of leaves on woody 
plants and the emergence or opening of flowers. 

 Soil temperature, which can be measured once during a single site visit, 
should be at least 41°F or higher at a depth of 12 inches. 

For this assessment, onsite hydrologic indicators were examined at the test plots. Hydrologic 
indicators include the presence of surface water, standing water in the test pit at a depth of 
12 inches or less, saturation in the root zone, watermarks, drift lines, sediment deposits, drainage 
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patterns within wetlands, oxidized rhizospheres surrounding living roots, and water-stained 
leaves. 
 
 
 
Note:  References for this appendix are included at the end of the main text 
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WETLAND DETERMINATION DATA FORM – Western Mountains, Valleys, and Coast Region 

VEGETATION – Use scientific names of plants 

Tree Stratum (Plot Size: 5 meters) Absolute 
% Cover 

Dominant 
Species? 

Indicator 
Status 

Dominance Test Worksheet: 

1.  Salix sitchensis  50 Y FACW Number of Dominant Species That Are 
OBL, FACW, or FAC: 

6 (A) 
2.   Alnus rubra 20 Y FAC 

3.                           Total Number of Dominant Species Across 
All Strata: 

7 (B) 
4.                           

 70 = Total Cover Percent of Dominant Species That Are 
OBL, FACW, or FAC: 85 (A/B) 

Sapling/Shrub Stratum (Plot Size: 5 meters)    

1.   Rubus armeniacus 20 Y FACU Prevalence Index worksheet:  

2.   Salix sitchensis 15 Y FACW Total % Cover of: Multiply by: 

3.                           OBL species       x1 =       

4.                           FACW species       x2 =       

5.                           FAC species       x3 =       

 35 = Total Cover FACU species       x4 =       

Herb Stratum (Plot Size: 1 meter)    UPL species       x5 =       

1.   Ranunculus repens 40 Y FACW Column Totals:       (A)       (B) 

2.   Urtica dioica  15 Y FAC+ Prevalence Index = B/A =       

3.   Athyrium filix-femina  15 Y FAC Hydrophytic Vegetation Indicators: 

4.   Equisetum telmateia 10 N FACW X Dominance Test is >50% 

5.   Tolmiea menziesii 10 N FAC*       Prevalence Index is <3.01  

6.   Geum macrophyllum 5 N FACW-+ 
      Morphological Adaptations1 (Provide supporting data in 

Remarks or on a separate sheet) 7.    Phalaris arundinacea 5 N FACW 

8.                                   Wetland Non-Vascular Plants1 

9.                                   Problematic Hydrophytic Vegetation1 (Explain) 

10.                             

11.                           1Indicators of hydric soil and wetland hydrology must be present, 
unless disturbed or problematic.  100 = Total Cover 

Woody Vine Stratum (Plot Size:      )    

Hydrophytic Vegetation 
Present? Yes  No  

1.                           

2.                           

  = Total Cover 

% Bare Ground in Herb Stratum =  0    

Remarks:  The vegetation community is hydrophytic based on the dominance test.   

Project Site: 
East Creek and Richards Creek Fish Passage Improvement 
and Stream Modification Project City/County: Bellevue/King Sampling Date: 4-27-10 

Applicant/Owner: City of Bellevue State: WA Sampling Point: WLA -TP1 

Investigator(s): Kris Lepine, George Iftner, Katheryn Seckel Section, Township, Range: S 10, T 24 N, R 5 E 

Landform (hillslope, terrace, etc.): Flat with Depression Local relief (concave, convex, none): concave Slope (%): 1% 

Subregion (LRR): LRR A Lat: 47.585 Long: 122.162 Datum:       

Soil Map Unit Name: Urban land  NWI classification: PSSC 

Are climatic / hydrologic conditions on the site typical for this time of year? Yes   No      (If no, explain in Remarks.) 

Are Vegetation , Soil , Or Hydrology , significantly disturbed? Are “Normal Circumstances” present? Yes   No   

Are Vegetation , Soil , Or Hydrology , naturally problematic? (If needed, explain any answers in Remarks.) 

 
SUMMARY OF FINDINGS – Attach site map showing sampling point locations, transects, important features, etc. 

Hydrophytic Vegetation Present? Yes   No   

Is the Sampled Area within a Wetland? YES  NO   Hydric Soil Present? Yes   No   

Wetland Hydrology Present? Yes   No   

Remarks:  

 

All three parameters are met.   

Attachment 4 - Critical Areas Report



US Army Corps of Engineers Western Mountains, Valley, and Coast – Interim Version 
jr   09-04503-000 apx d - wetland data form tp1 

 

SOIL           Sampling Point: WLA - TP1 

HYDROLOGY 
Wetland Hydrology Indicators: 

Primary Indicators (minimum of one required; check all that apply)  Secondary Indicators (2 or more required) 

 Surface Water (A1)  Water-Stained Leaves (B9)   Water-Stained Leaves (B9)  

 High Water Table (A2)  (except MLRA 1, 2, 4A, and 4B)  (MLRA 1, 2, 4A, and 4B) 

 Saturation (A3)  Salt Crust (B11)  Drainage Patterns (B10) 

 Water Marks (B1)  Aquatic Invertebrates (B13)  Dry-Season Water Table (C2) 

 Sediment Deposits (B2)  Hydrogen Sulfide Odor (C1)  Saturation Visible on Aerial Imagery (C9) 

 Drift Deposits (B3)  Oxidized Rhizospheres along Living Roots (C3)  Geomorphic Position (D2) 

 Algal Mat or Crust (B4)  Presence of Reduced Iron (C4)  Shallow Aquitard (D3) 

 Iron Deposits (B5)  Recent Iron Reduction in Tilled Soils (C6)  FAC-Neutral Test (D5) 

 Surface Soil Cracks (B6)  Stunted or Stresses Plants (D1) (LRR A)  Raised Ant Mounds (D6) (LRR A) 

 Inundation Visible on Aerial Imagery (B7)  Other (Explain in Remarks)  Frost-Heave Hummocks (D7) 

 Sparsely Vegetated Concave Surface (B8)     

Field Observations:      

Surface Water Present? Yes  No  Depth (inches):  

Wetland Hydrology Present? Yes  No  Water Table Present? Yes  No  Depth (inches): 18 

Saturation Present? 
(includes capillary fringe) 

Yes  No  Depth (inches): 0 

Describe Recorded Data (stream gauge, monitoring well, aerial photos, previous inspections), if available:        
 

Remarks: Meets the criteria for saturation indicator A3. 

 

Project Site: East Creek and Richards Creek Fish Passage Improvement and Stream Modification Project 

Profile Description: (Describe to the depth needed to document the indicator or confirm the absence of indicators.) 

Depth  Matrix  Redox Features  

(inches)  Color  
(moist) 

%  Color  
(Moist) 

% Type1 Loc2  Texture Remarks 

0-16  10YR 2/2 93  2.5 Y/R 3/6 7 C PL  Silt loam  

16-18+  10YR 4/2 100                                     Sandy loam  

                                                                            

                                                                            

                                                                            

                                                                            

                                                                            

                                                                            
1Type: C= Concentration, D=Depletion, RM=Reduced Matrix, CS=Covered or Coated Sand Grains.   2Location: PL=Pore Lining, M=Matrix 

Hydric Soil Indicators: (Applicable to all LRRs, unless otherwise noted.)                                                       Indicators for Problematic Hydric Soils3: 

 Histosol (A1)  Sandy Redox (S5)  2 cm Muck (A10) 

 Histic Epipedon (A2)  Stripped Matrix (S6)  Red Parent Material (TF2) 

 Black Histic (A3)  Loamy Mucky Mineral (F1) (except MLRA 1)  Other (Explain in Remarks) 

 Hydrogen Sulfide (A4)   Loamy Gleyed Matrix (F2)   

 Depleted Below Dark Surface (A11)  Depleted Matrix (F3) 

3Indicators of hydrophytic vegetation and wetland 
hydrology must be present, unless disturbed or 
problematic. 

 Thick Dark Surface (A12)  Redox Dark Surface (F6) 

 Sandy Mucky Mineral (S1)  Depleted Dark Surface (F7) 

 Sandy Gleyed Matrix (S4)  Redox Depressions (F8) 

Restrictive Layer (if present): 

Hydric Soil Present? Yes  No  Type: N/A 

Depth (inches): N/A 

Remarks: Meets the criteria for Redox Dark Surface indicator (F6). 

Attachment 4 - Critical Areas Report



US Army Corps of Engineers Western Mountains, Valley, and Coast – Interim Version 
jr   09-04503-000 apx d - wetland data form tp2 

WETLAND DETERMINATION DATA FORM – Western Mountains, Valleys, and Coast Region 

VEGETATION – Use scientific names of plants 

Tree Stratum (Plot Size: 5 meters) Absolute 
% Cover 

Dominant 
Species? 

Indicator 
Status 

Dominance Test Worksheet: 

1.   Alnus rubra 30 Y FAC Number of Dominant Species That Are 
OBL, FACW, or FAC: 

3 (A) 
2.   Sorbus scopulina 10 Y FACW 

3.   Pseudotsuga menziesii 5 N FACU Total Number of Dominant Species Across 
All Strata: 

8 (B) 
4.                           

 45 = Total Cover Percent of Dominant Species That Are 
OBL, FACW, or FAC: 37 (A/B) 

Sapling/Shrub Stratum (Plot Size: 5 meters)    

1.   Oemleria cerasiformis 5 Y FACU Prevalence Index worksheet:  

2.   Ilex aquifolium 5 Y FACU Total % Cover of: Multiply by: 

3.   Rubus armeniacus 5 Y FACU OBL species       x1 =       

4.                           FACW species       x2 =       

5.                           FAC species       x3 =       

 15 = Total Cover FACU species       x4 =       

Herb Stratum (Plot Size: 1 meter)    UPL species       x5 =       

1.   Equisetum telmateia 5 Y FACW Column Totals:       (A)       (B) 

2.   Polystichum munitum 5 Y FACU Prevalence Index = B/A =       

3.       Hydrophytic Vegetation Indicators: 

4.        Dominance Test is >50% 

5.             Prevalence Index is <3.01  

6.       
      Morphological Adaptations1 (Provide supporting data in 

Remarks or on a separate sheet) 7.        

8.                                   Wetland Non-Vascular Plants1 

9.                                   Problematic Hydrophytic Vegetation1 (Explain) 

10.                             

11.                           1Indicators of hydric soil and wetland hydrology must be present, 
unless disturbed or problematic.  10 = Total Cover 

Woody Vine Stratum (Plot Size:      )    

Hydrophytic Vegetation 
Present? Yes  No  

1.   Hedera helix 50 Y NL 

2.                           

 50 = Total Cover 

% Bare Ground in Herb Stratum =  0    

Remarks:  The criteria for hydrophytic vegetation indicators are not met.   

Project Site: 
East Creek and Richards Creek Fish Passage Improvement 
and Stream Modification Project City/County: Bellevue/King Sampling Date: 4-27-10 

Applicant/Owner: City of Bellevue State: WA Sampling Point: WLA –TP2 

Investigator(s): Kris Lepine, George Iftner, Katheryn Seckel Section, Township, Range: S 10, T 24 N, R 5 E 

Landform (hillslope, terrace, etc.): Terrace Local relief (concave, convex, none): none Slope (%): 3% 

Subregion (LRR): LRR A Lat: 47.585 Long: -122.162 Datum:       

Soil Map Unit Name: Urban land  NWI classification: PSSC 

Are climatic / hydrologic conditions on the site typical for this time of year? Yes   No      (If no, explain in Remarks.) 

Are Vegetation , Soil , Or Hydrology , significantly disturbed? Are “Normal Circumstances” present? Yes   No   

Are Vegetation , Soil , Or Hydrology , naturally problematic? (If needed, explain any answers in Remarks.) 

 
SUMMARY OF FINDINGS – Attach site map showing sampling point locations, transects, important features, etc. 

Hydrophytic Vegetation Present? Yes   No   

Is the Sampled Area within a Wetland? YES  NO   Hydric Soil Present? Yes   No   

Wetland Hydrology Present? Yes   No   

Remarks:  

 

None of the parameters were met.   

Attachment 4 - Critical Areas Report



US Army Corps of Engineers Western Mountains, Valley, and Coast – Interim Version 
jr   09-04503-000 apx d - wetland data form tp2 

 

SOIL           Sampling Point: WLA – TP2 

HYDROLOGY 
Wetland Hydrology Indicators: 

Primary Indicators (minimum of one required; check all that apply)  Secondary Indicators (2 or more required) 

 Surface Water (A1)  Water-Stained Leaves (B9)   Water-Stained Leaves (B9)  

 High Water Table (A2)  (except MLRA 1, 2, 4A, and 4B)  (MLRA 1, 2, 4A, and 4B) 

 Saturation (A3)  Salt Crust (B11)  Drainage Patterns (B10) 

 Water Marks (B1)  Aquatic Invertebrates (B13)  Dry-Season Water Table (C2) 

 Sediment Deposits (B2)  Hydrogen Sulfide Odor (C1)  Saturation Visible on Aerial Imagery (C9) 

 Drift Deposits (B3)  Oxidized Rhizospheres along Living Roots (C3)  Geomorphic Position (D2) 

 Algal Mat or Crust (B4)  Presence of Reduced Iron (C4)  Shallow Aquitard (D3) 

 Iron Deposits (B5)  Recent Iron Reduction in Tilled Soils (C6)  FAC-Neutral Test (D5) 

 Surface Soil Cracks (B6)  Stunted or Stresses Plants (D1) (LRR A)  Raised Ant Mounds (D6) (LRR A) 

 Inundation Visible on Aerial Imagery (B7)  Other (Explain in Remarks)  Frost-Heave Hummocks (D7) 

 Sparsely Vegetated Concave Surface (B8)     

Field Observations:      

Surface Water Present? Yes  No  Depth (inches):  

Wetland Hydrology Present? Yes  No  Water Table Present? Yes  No  Depth (inches):  

Saturation Present? 
(includes capillary fringe) 

Yes  No  Depth (inches):  

Describe Recorded Data (stream gauge, monitoring well, aerial photos, previous inspections), if available:        
 

Remarks: No wetland hydrology indicators were present.   

 

Project Site: East Creek and Richards Creek Fish Passage Improvement and Stream Modification Project 

Profile Description: (Describe to the depth needed to document the indicator or confirm the absence of indicators.) 

Depth  Matrix  Redox Features  

(inches)  Color  
(moist) 

%  Color  
(Moist) 

% Type1 Loc2  Texture Remarks 

0-5  10YR 3/2 100       Silty clay loam  

5-16  10YR 5/2 100                                     Sandy clay loam  

                                                                            

                                                                            

                                                                            

                                                                            

                                                                            

                                                                            
1Type: C= Concentration, D=Depletion, RM=Reduced Matrix, CS=Covered or Coated Sand Grains.   2Location: PL=Pore Lining, M=Matrix 

Hydric Soil Indicators: (Applicable to all LRRs, unless otherwise noted.)                                                       Indicators for Problematic Hydric Soils3: 

 Histosol (A1)  Sandy Redox (S5)  2 cm Muck (A10) 

 Histic Epipedon (A2)  Stripped Matrix (S6)  Red Parent Material (TF2) 

 Black Histic (A3)  Loamy Mucky Mineral (F1) (except MLRA 1)  Other (Explain in Remarks) 

 Hydrogen Sulfide (A4)   Loamy Gleyed Matrix (F2)   

 Depleted Below Dark Surface (A11)  Depleted Matrix (F3) 

3Indicators of hydrophytic vegetation and wetland 
hydrology must be present, unless disturbed or 
problematic. 

 Thick Dark Surface (A12)  Redox Dark Surface (F6) 

 Sandy Mucky Mineral (S1)  Depleted Dark Surface (F7) 

 Sandy Gleyed Matrix (S4)  Redox Depressions (F8) 

Restrictive Layer (if present): 

Hydric Soil Present? Yes  No  Type: N/A 

Depth (inches): N/A 

Remarks: No hydric soil indicators were met 
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US Army Corps of Engineers Western Mountains, Valley, and Coast – Version 2.0 
jr   09-04503-000 apx d - wetland data form tp3 

WETLAND DETERMINATION DATA FORM – Western Mountains, Valleys, and Coast Region 

VEGETATION – Use scientific names of plants 

Tree Stratum (Plot Size:      ) Absolute 
% Cover 

Dominant 
Species? 

Indicator 
Status 

Dominance Test Worksheet: 

1.                           Number of Dominant Species That Are 
OBL, FACW, or FAC: 

2 (A) 
2.                           

3.                           Total Number of Dominant Species Across 
All Strata: 

2 (B) 
4.                           

       = Total Cover Percent of Dominant Species That Are 
OBL, FACW, or FAC: 100 (A/B) 

Sapling/Shrub Stratum (Plot Size:      )    

1.   Salix lasiandra  20 Y FACW+ Prevalence Index worksheet:  

2.                           Total % Cover of: Multiply by: 

3.                           OBL species       x1 =       

4.                           FACW species       x2 =       

5.                           FAC species       x3 =       

 20 = Total Cover FACU species       x4 =       

Herb Stratum (Plot Size:      )    UPL species       x5 =       

1.     Phalaris arundinacea 80 Y FACW Column Totals:       (A)       (B) 

2.     Ranunculus repens 10 N FACW Prevalence Index = B/A =       

3.     Scirpus microcarpus 10 N OBL Hydrophytic Vegetation Indicators: 

4.                                   Rapid Test for Hydrophytic Vegetation 

5.                             X Dominance Test is >50% 

6.                                   Prevalence Index is <3.01 

7.                             
      Morphological Adaptations1 (Provide supporting data in 

Remarks or on a separate sheet) 8.                             

9.                                   Wetland Non-Vascular Plants1 

10.                                 Problematic Hydrophytic Vegetation1 (Explain) 

11.                           1Indicators of hydric soil and wetland hydrology must be present, 
unless disturbed or problematic.  100 = Total Cover 

Woody Vine Stratum (Plot Size:      )    

Hydrophytic Vegetation 
Present? Yes  No  

1.                           

2.                           

       = Total Cover 

% Bare Ground in Herb Stratum =           

Remarks:  The vegetation community is hydrophytic based on the dominance test. 

  

Project Site: 
East Creek and Richards Creek Fish Passage Improvement 
and Stream Modification Project City/County: Bellevue/King Sampling Date: 1-28-11 

Applicant/Owner: City of Bellevue State: WA Sampling Point: WLA-TP3 

Investigator(s): Kris Lepine, Katheryn Seckel Section, Township, Range: S 10, T 24 N, R 5 E 

Landform (hillslope, terrace, etc.): Flat Local relief (concave, convex, none): none Slope (%): 1% 

Subregion (LRR): LRR A Lat: 47.585 Long: 122.162 Datum:       

Soil Map Unit Name: Urban Land  NWI classification: N/A 

Are climatic / hydrologic conditions on the site typical for this time of year? Yes   No      (If no, explain in Remarks.) 

Are Vegetation , Soil , Or Hydrology , significantly disturbed? Are “Normal Circumstances” present? Yes   No   

Are Vegetation , Soil , Or Hydrology , naturally problematic? (If needed, explain any answers in Remarks.) 

 
SUMMARY OF FINDINGS – Attach site map showing sampling point locations, transects, important features, etc. 

Hydrophytic Vegetation Present? Yes   No   

Is the Sampled Area within a Wetland? YES  NO   Hydric Soil Present? Yes   No   

Wetland Hydrology Present? Yes   No   

Remarks:  

 

All three parameters are met. 
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US Army Corps of Engineers Western Mountains, Valley, and Coast – Version 2.0 
jr   09-04503-000 apx d - wetland data form tp3 

SOIL           Sampling Point: WLA-TP3 

HYDROLOGY 
Wetland Hydrology Indicators: 

Primary Indicators (minimum of one required; check all that apply)  Secondary Indicators (2 or more required) 

 Surface Water (A1)  Water-Stained Leaves (B9)   Water-Stained Leaves (B9)  

 High Water Table (A2)  (except MLRA 1, 2, 4A, and 4B)  (MLRA 1, 2, 4A, and 4B) 

 Saturation (A3)  Salt Crust (B11)  Drainage Patterns (B10) 

 Water Marks (B1)  Aquatic Invertebrates (B13)  Dry-Season Water Table (C2) 

 Sediment Deposits (B2)  Hydrogen Sulfide Odor (C1)  Saturation Visible on Aerial Imagery (C9) 

 Drift Deposits (B3)  Oxidized Rhizospheres along Living Roots (C3)  Geomorphic Position (D2) 

 Algal Mat or Crust (B4)  Presence of Reduced Iron (C4)  Shallow Aquitard (D3) 

 Iron Deposits (B5)  Recent Iron Reduction in Tilled Soils (C6)  FAC-Neutral Test (D5) 

 Surface Soil Cracks (B6)  Stunted or Stresses Plants (D1) (LRR A)  Raised Ant Mounds (D6) (LRR A) 

 Inundation Visible on Aerial Imagery (B7)  Other (Explain in Remarks)  Frost-Heave Hummocks (D7) 

 Sparsely Vegetated Concave Surface (B8)     

Field Observations:      

Surface Water Present? Yes  No  Depth (inches):       

Wetland Hydrology Present? Yes  No  Water Table Present? Yes  No  Depth (inches): 20 

Saturation Present? 
(includes capillary fringe) 

Yes  No  Depth (inches): 0 

Describe Recorded Data (stream gauge, monitoring well, aerial photos, previous inspections), if available:        
 

Remarks: Meets the criteria for saturation indicator A3. 

 

Project Site: East Creek and Richards Creek Fish Passage Improvement and Stream Modification Project 

Profile Description: (Describe to the depth needed to document the indicator or confirm the absence of indicators.) 

Depth  Matrix  Redox Features  

(inches)  
Color  

(moist) %  
Color  

(Moist) % Type1 Loc2  Texture Remarks 

0-14  10YR 3/1 100                                   Gravelly, loamy sandy muck       

14-16+  10YR 5/2 90                  10 CS PL  Cobbly, gravelly, loamy sand       

                                                                            

                                                                            

                                                                            

                                                                            

                                                                            

                                                                            
1Type: C= Concentration, D=Depletion, RM=Reduced Matrix, CS=Covered or Coated Sand Grains.   2Location: PL=Pore Lining, M=Matrix 

Hydric Soil Indicators: (Applicable to all LRRs, unless otherwise noted.)                                                       Indicators for Problematic Hydric Soils3: 

 Histosol (A1)  Sandy Redox (S5)  2 cm Muck (A10) 

 Histic Epipedon (A2)  Stripped Matrix (S6)  Red Parent Material (TF2) 

 Black Histic (A3)  Loamy Mucky Mineral (F1) (except MLRA 1)  Very Shallow Dark Surface (TF12) 

 Hydrogen Sulfide (A4)   Loamy Gleyed Matrix (F2)  Other (Explain in Remarks) 

 Depleted Below Dark Surface (A11)  Depleted Matrix (F3) 

3Indicators of hydrophytic vegetation and wetland 
hydrology must be present, unless disturbed or 
problematic. 

 Thick Dark Surface (A12)  Redox Dark Surface (F6) 

 Sandy Mucky Mineral (S1)  Depleted Dark Surface (F7) 

 Sandy Gleyed Matrix (S4)  Redox Depressions (F8) 

Restrictive Layer (if present): 

Hydric Soil Present? Yes  No  Type: N/A 

Depth (inches): N/A 

Remarks: Meets the criteria for Sandy Mucky Mineral indicator (S1). 
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US Army Corps of Engineers Western Mountains, Valley, and Coast – Version 2.0 
jr   09-04503-000 apx d - wetland data form tp4 

WETLAND DETERMINATION DATA FORM – Western Mountains, Valleys, and Coast Region 

VEGETATION – Use scientific names of plants 

Tree Stratum (Plot Size:      ) Absolute 
% Cover 

Dominant 
Species? 

Indicator 
Status 

Dominance Test Worksheet: 

1.   Populus balsamifera 20 Y FAC Number of Dominant Species That Are 
OBL, FACW, or FAC: 

4 (A) 
2.   Salix lasiandra 10 N FACW+ 

3.                           Total Number of Dominant Species Across 
All Strata: 

4 (B) 
4.                           

 30 = Total Cover Percent of Dominant Species That Are 
OBL, FACW, or FAC: 100 (A/B) 

Sapling/Shrub Stratum (Plot Size:      )    

1.   Alnus rubra 5 Y FAC Prevalence Index worksheet:  

2.   Rubus spectabilis 5 Y FAC+ Total % Cover of: Multiply by: 

3.                           OBL species       x1 =       

4.                           FACW species       x2 =       

5.                           FAC species       x3 =       

 10 = Total Cover FACU species       x4 =       

Herb Stratum (Plot Size:      )    UPL species       x5 =       

1.     Phalaris arundinacea 80 Y FACW Column Totals:       (A)       (B) 

2.     Ranunculus repens 15 N FACW Prevalence Index = B/A =       

3.                             Hydrophytic Vegetation Indicators: 

4.                                   Rapid Test for Hydrophytic Vegetation 

5.                             X Dominance Test is >50% 

6.                                   Prevalence Index is <3.01 

7.                             
      Morphological Adaptations1 (Provide supporting data in 

Remarks or on a separate sheet) 8.                             

9.                                   Wetland Non-Vascular Plants1 

10.                                 Problematic Hydrophytic Vegetation1 (Explain) 

11.                           1Indicators of hydric soil and wetland hydrology must be present, 
unless disturbed or problematic.  95 = Total Cover 

Woody Vine Stratum (Plot Size:      )    

Hydrophytic Vegetation 
Present? Yes  No  

1.                           

2.                           

       = Total Cover 

% Bare Ground in Herb Stratum =           

Remarks:  The vegetation community is hydrophytic based on the dominance test. 

  

Project Site: 
East Creek and Richards Creek Fish Passage Improvement 
and Stream Modification Project City/County: Bellevue/King Sampling Date: 1-28-11 

Applicant/Owner: City of Bellevue State: WA Sampling Point: WLA-TP4 

Investigator(s): Kris Lepine, Katheryn Seckel Section, Township, Range: S 10, T 24 N, R 5 E 

Landform (hillslope, terrace, etc.): Flat Local relief (concave, convex, none): concave Slope (%): 1 % 

Subregion (LRR): LRR A Lat: 47.585 Long: 122.162 Datum:       

Soil Map Unit Name: Urban Land NWI classification: N/A 

Are climatic / hydrologic conditions on the site typical for this time of year? Yes   No      (If no, explain in Remarks.) 

Are Vegetation , Soil , Or Hydrology , significantly disturbed? Are “Normal Circumstances” present? Yes   No   

Are Vegetation , Soil , Or Hydrology , naturally problematic? (If needed, explain any answers in Remarks.) 

 
SUMMARY OF FINDINGS – Attach site map showing sampling point locations, transects, important features, etc. 

Hydrophytic Vegetation Present? Yes   No   

Is the Sampled Area within a Wetland? YES  NO   Hydric Soil Present? Yes   No   

Wetland Hydrology Present? Yes   No   

Remarks:  

 

All three parameters are met. 
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US Army Corps of Engineers Western Mountains, Valley, and Coast – Version 2.0 
jr   09-04503-000 apx d - wetland data form tp4 

SOIL           Sampling Point: WLA-TP4 

HYDROLOGY 
Wetland Hydrology Indicators: 

Primary Indicators (minimum of one required; check all that apply)  Secondary Indicators (2 or more required) 

 Surface Water (A1)  Water-Stained Leaves (B9)   Water-Stained Leaves (B9)  

 High Water Table (A2)  (except MLRA 1, 2, 4A, and 4B)  (MLRA 1, 2, 4A, and 4B) 

 Saturation (A3)  Salt Crust (B11)  Drainage Patterns (B10) 

 Water Marks (B1)  Aquatic Invertebrates (B13)  Dry-Season Water Table (C2) 

 Sediment Deposits (B2)  Hydrogen Sulfide Odor (C1)  Saturation Visible on Aerial Imagery (C9) 

 Drift Deposits (B3)  Oxidized Rhizospheres along Living Roots (C3)  Geomorphic Position (D2) 

 Algal Mat or Crust (B4)  Presence of Reduced Iron (C4)  Shallow Aquitard (D3) 

 Iron Deposits (B5)  Recent Iron Reduction in Tilled Soils (C6)  FAC-Neutral Test (D5) 

 Surface Soil Cracks (B6)  Stunted or Stresses Plants (D1) (LRR A)  Raised Ant Mounds (D6) (LRR A) 

 Inundation Visible on Aerial Imagery (B7)  Other (Explain in Remarks)  Frost-Heave Hummocks (D7) 

 Sparsely Vegetated Concave Surface (B8)     

Field Observations:      

Surface Water Present? Yes  No  Depth (inches):       

Wetland Hydrology Present? Yes  No  Water Table Present? Yes  No  Depth (inches): 13 

Saturation Present? 
(includes capillary fringe) 

Yes  No  Depth (inches): 0 

Describe Recorded Data (stream gauge, monitoring well, aerial photos, previous inspections), if available:        
 

Remarks: Meets the criteria for saturation indicator A3. 

 

Project Site: East Creek and Richards Creek Fish Passage Improvement and Stream Modification Project 

Profile Description: (Describe to the depth needed to document the indicator or confirm the absence of indicators.) 

Depth  Matrix  Redox Features  

(inches)  
Color  

(moist) %  
Color  

(Moist) % Type1 Loc2  Texture Remarks 

0-9  10YR 3/2                                         Organic silty clay loam       

9-15+  10YR 5/1 90  5YR 5/8   10 CN M  sand       

                                                                            

                                                                            

                                                                            

                                                                            

                                                                            

                                                                            
1Type: C= Concentration, D=Depletion, RM=Reduced Matrix, CS=Covered or Coated Sand Grains.   2Location: PL=Pore Lining, M=Matrix 

Hydric Soil Indicators: (Applicable to all LRRs, unless otherwise noted.)                                                       Indicators for Problematic Hydric Soils3: 

 Histosol (A1)  Sandy Redox (S5)  2 cm Muck (A10) 

 Histic Epipedon (A2)  Stripped Matrix (S6)  Red Parent Material (TF2) 

 Black Histic (A3)  Loamy Mucky Mineral (F1) (except MLRA 1)  Very Shallow Dark Surface (TF12) 

 Hydrogen Sulfide (A4)   Loamy Gleyed Matrix (F2)  Other (Explain in Remarks) 

 Depleted Below Dark Surface (A11)  Depleted Matrix (F3) 

3Indicators of hydrophytic vegetation and wetland 
hydrology must be present, unless disturbed or 
problematic. 

 Thick Dark Surface (A12)  Redox Dark Surface (F6) 

 Sandy Mucky Mineral (S1)  Depleted Dark Surface (F7) 

 Sandy Gleyed Matrix (S4)  Redox Depressions (F8) 

Restrictive Layer (if present): 

Hydric Soil Present? Yes  No  Type:       

Depth (inches):       

Remarks: Meets the criteria for Depleted Below Dark Surface indicator (A11). 
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A

4/27/10

Rated by Yes No Date: 6/18/08

SEC: 10 TWNSHP: 24 N RNGE: 5 E

     Figure 4 4.5 acres

Category based on FUNCTIONS provided by wetland

I II III IV

20
26
19
65

Category based on SPECIAL CHARACTERISTICS of wetland

I II

Final Category (choose the "highest" category from above)            II

Wetland Class

Depressional
Natural Heritage Wetland

Wetland name or number:  

Date of site visit: 

Map of wetland unit: Estimated size:

Check the appropriate type and class of wetland being rated.

Riverine

Slope
Lake-fringe

Estuarine

Bog
Mature Forest

Wetland Type

FlatsOld Growth Forest

SUMMARY OF RATING

Category I = Score >=70
Category II = Score 51-69

Score for Water Quality Functions
Score for Hydrologic Functions

Category IV = Score <30
Score for Habitat Functions

TOTAL score for functions

WETLAND RATING FORM - WESTERN WASHINGTON

Name of wetland (if known):

Version 2 - Updated July 2006 to increase accuracy and reproducibility among users

A

Is S/T/R in Appendix D?  Yes         No 

: Katheryn Seckel Trained by Ecology?  

Does not Apply

Interdunal
Check if multiple HGM 
classes are present

Freshwater Tidal

None of the above

Coastal Lagoon

Category III = Score 30-50

Comments:

Updated Oct. 2008 with the new WDFW definitions for priority habitats

Wetland Rating Form - Western Washington 1 Herrera Environmental Consultants, Inc.
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Does the wetland unit being rated meet any of the criteria below?

YES NO
SP1.

SP2.

SP3.

SP4.

To complete the next part of the data sheet, you will need to determine the Hydrogeomorphic Class of 
the wetland being rated .

The hydrogeomorphic classification groups wetlands into those that function in similar ways. This simplifies the 
questions needed to answer how well the wetland functions. The Hydrogeomorphic Class of a wetland can be 
determined using the key below. See p. 24 for more detailed instructions on classifying wetlands.

If you answer YES to any of the questions below, you will need to protect the wetland 
according to the regulations regarding the special characteristics found in the wetland.

Check List for Wetlands That May Need Special Protection (in addition to the 
protection recommended for its category)

For the purposes of this rating system, "documented" means the wetland is on the 
appropriate state or federal database.

Has the wetland unit been documented as a habitat for any federally listed 
Threatened or Endangered (T/E) plant or animal  species?

For the purposes of this rating system, "documented" means the wetland is on the 
appropriate state database.  Note:  Wetlands with State listed plant species are 
categorized as Category I Natural Heritage Wetlands.

Does the wetland unit contain individuals of Priority species listed by the 
WDFW for the state?

Has the wetland unit been documented as habitat for any state listed Threatened 
or Endangered animal species?

Does the wetland unit have a local significance in addition to its functions?   For 
example, the wetland has been identified in the Shoreline Master Program, the 
Critical Areas Ordinance, or in a local management plan as having special 
significance.

Wetland Rating Form - Western Washington 2 Herrera Environmental Consultants, Inc.
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1.
NO - go to 2 YES - the wetland class is Tidal Fringe

NO - Saltwater Tidal Fringe (Estuarine)

2.
NO - go to 3 YES - the wetland class is Flats

3.

NO - go to 4 YES - the wetland class is Lake-fringe (Lacustrine Fringe)

4.

NO - go to 5 YES - the wetland class is Slope

Classification of Vegetated Wetlands in Western Washington

Does the entire wetland unit meet all of the following criteria?

If YES, is the salinity of the water during periods of annual low flow below 0.5 ppt (parts per thousand)?

If your wetland can be classified as a Freshwater Tidal Fringe, use the forms for Riverine wetlands. If it 
is Saltwater Tidal Fringe, it is rated as an Estuarine wetland. Wetlands that were called estuarine in the 
first and second editions of the rating system are called Saltwater Tidal Fringe in the Hydrogeomorphic 
Classification. Estuarine wetlands were categorized separately in the earlier editions, and this separation is 
being kept in this revision. To maintain consistency between editions, the term "Estuarine" wetland is 
being kept. Please note, however, that the characteristics that define Category I and II estuarine wetlands 
have changed (see p. xx).

NOTE: Surface water does not pond in these type of wetlands except occasionally in very small and 
shallow depressions or behind hummocks (depressions are usually <3 feet in diameter and less than 1 
foot deep).

The water leaves the wetland without being impounded.

Does the entire wetland unit meet both of the following criteria?

YES - Freshwater Tidal Fringe

If your wetland can be classified as a "Flats" wetland, use the form for Depressional wetlands.

The vegetated part of the wetland is on the shores of a body of open water (without any vegetation on the 
surface) where at least 20 acres (8 ha) are permanently inundated (ponded or flooded);

The entire wetland unit is flat and precipitation is only source (>90%) of water to it.  Groundwater and surface 

If the hydrologic criteria listed in each question do not apply to the entire unit being rated, you probably have a unit 
with multiple HGM classes.  In this case, indentify which hydrologic criteria in questions 1-7 apply and go to 
Question 8.

The water flows through the wetland in one direction (unidirectional) and usually comes from seeps. It 
may flow subsurface, as sheetflow, or in a swale without distinct banks.

Are the water levels in the entire unit usually controlled by tides (i.e., except during floods)?

At least 30% of the open water area is deeper than 6.6 feet (2 m)?

The wetland is on a slope (slope can be very gradual ).

Wetland Rating Form - Western Washington 3 Herrera Environmental Consultants, Inc.
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5.

NO - go to 6 YES - the wetland class is Riverine

6.

NO - go to 7 YES - the wetland class is Depressional

7.

NO - go to 8 YES - the wetland class is Depressional

8.

Does the entire wetland unit meet all of the following criteria?

Depressional

Depressional
Slope + Lake-fringe
Slope + Depressional

Is the entire wetland unit located in a very flat area with no obvious depression and no stream or river running 
through it and providing water? The wetland seems to be maintained by higher ground water in the area. The 
wetland may be ditched, but has no obvious natural outlet.

HGM Classes Within a Delineated Wetland Boundary Class to Use in Rating

Slope + Riverine Riverine

Lake-fringe

The unit is in a valley, or stream channel, where it gets inundated by overbank flooding from that stream 
or river.
The overbank flooding occurs once every two years.

Is the entire wetland unit in a topographic depression in which water ponds, or is saturated to the surface, at some 
time of the year? This means that any outlet, if present, is higher than the interior of the wetland.

If you are unable still to determine which of the above criteria apply to your wetland, or you have more than 2 HGM 
classes within a wetland boundary, classify the wetland as Depressional for the rating.

Depressional + Lake-fringe Depressional
Saltwater Tidal Fringe and any other class of freshwater wetland Treat as ESTUARINE 

under wetlands with 
special characteristics

Depressional + Riverine along stream within boundary

Your wetland unit seems to be difficult to classify and probably contains several different HGM classes. For 
example, seeps at the base of a slope may grade into a riverine floodplain, or a small stream within a depressional 
wetland has a zone of flooding along its sides. GO BACK AND IDENTIFY WHICH OF THE HYDROLOGIC 
REGIMES DESCRIBED IN QUESTIONS 1-7 APPLY TO DIFFERENT AREAS IN THE UNIT (make a rough 
sketch to help you decide.)  Use the following table to identify the appropriate class to use for the rating system if 
you have several HGM classes present within your wetland. NOTE: Use this table only if the class that is 
recommended in the second column represents 10% or more of the total area of the wetland unit being rated. If the 
area of the second class is less than 10% of the unit, classify the wetland using the class that represents more than 
90% of the total area.
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R 1. Points

R 1.1

Points = 8

Points = 4

Points = 2

Points = 0

Figure __

R 1.2
Points = 8
Points = 6
Points = 6
Points = 3
Points = 0

Figure __

R 2.

Multiplier

2

Other:

Area of surface depressions within the riverine wetland that can trap sediments during a 
flooding event:

Depressions cover >3/4 area of wetland

Depresssions cover >1/2 area of wetland

If depressions >1/2 of area of unit, draw polygons on aerial photo or map

Total for R 1 Add the points in the boxes above

Multiply the score from R 1. by R 2.

A stream or culvert discharges into wetland that drains developed areas, residential areas, 
farmed fields, roads, or clear-cut logging

Residential, urban areas, golf courses are within 150 feet of wetland

Add score to table on p. 1

No depressions are present

R     Riverine and Freshwater Tidal Fringe Wetlands

Trees or shrubs >2/3 area of the unit

Does the wetland unit have the potential to improve water quality? (see p. 52)

The river or stream linked to the wetland has a contributing basin where human activities have 
raised levels of sediments, toxic compounds, or nutrients in the river water above standards for 
water quality

Depressions present but cover <1/2 area of wetland

WATER QUALITY FUNCTIONS - Indicators that wetland functions to improve water quality.

Characteristics of the vegetation in the unit (areas with >90% cover at person height):

Tilled fields or orchards within 150 feet of wetland

Does the wetland unit have the opportunity to improve water quality? (see p. 53)

Trees or shrubs >1/3 area of the unit
Ungrazed, herbaceous plants >2/3 area of the unit
Ungrazed, herbaceous plants >1/3 area of the unit
Trees, shrubs, and ungrazed herbaceous <1/3 area of unit

Grazing in the wetland or within 150 feet
Untreated stormwater discharges to wetland

YES - multiplier is 2 NO - multiplier is 1

10

Provide photo or drawing

2

8

20

Answer YES if you know or believe there are pollutants in ground water or surface water coming into 
the wetland that would otherwise reduce water quality in streams, lakes, or ground water downgradient 
from the wetland. Note which of the following conditions provide the sources of pollutants.  A unit may 
have pollutants coming from several sources but any single source would qualify as an opportunity.

Aerial photo or map showing polygons of different vegetation types

TOTAL - Water Quality Functions
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R 3. Points

R 3.1

Points = 9
Points = 6
Points = 4
Points = 2
Points = 1

Figure __

R 3.2

Points = 7
Points = 4
Points = 0

Figure __

13

R 4.

Other: Multiplier

2

YES - multiplier is 2 NO - multiplier is 1

Forest or shrub for >1/10 area OR herbaceous plants >1/3 area

26Multiply the score from R 3. by R 4.
Add score to table on p. 1

TOTAL - Hydrologic Functions

If the ratio is between 10 - 20

HYDROLOGIC FUNCTIONS - Indicators that wetland functions to reduce flooding/stream erosion.

6

Does the wetland unit have the potential to reduce flooding/erosion? (see p. 54)

Characteristics of the overbank storage the unit provides:

If the ratio is more than 20

Estimate the average width of the wetland unit perpendicular to the direction of the flow and the width of the 
stream or river channel (distance between banks).  Calculate the ratio: (average width of unit)/(average width of 
stream between banks).

If the ratio is <1

Aerial photo or map shoing polygons of different vegetation types

Does the wetland unit have the opportunity to reduce flooding/erosion? 
(see p.57)

Note which of the following indicators of opportunity apply:

There are natural resources downstream (e.g. salmon redds) that can be damaged by 
flooding

7

R     Riverine and Freshwater Tidal Fringe Wetlands

If the ratio is 1 - <5

Answer NO if the major source of water to the wetland is controlled by a reservoir or the wetland is 
tidal fringe along the sides of a dike.

Aerial photo or map showing average widths

There are human structures and activities downstream (roads, buildings, bridges, 
farms) that can be damaged by flooding

Total for R 3 Add the points in the boxes above

Characteristics of vegetation that slow down water velocities during floods:  

Answer YES if the unit is in a location in the watershed where the flood storage, or reduction 
in water velocity, helps protect downstream property and aquatic resources from flooding or 
excessive and/or erosive flows.

Forest or shrub for >1/3 area OR herbaceous plants >2/3 area

Treat large woody debris as "forest or shrub".  Choose points appropriate for the best 
description (polygons need to have >90% cover at person height NOT  Cowardin classes).

Vegetation does not meet above criteria

If the ratio is 5 - <10
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H 1. Points

H 1.1

Points = 4
Points = 2
Points = 1
Points = 0

Figure __

H 1.2

Points = 3
Points = 2
Points = 1

Points = 0

Figure __

H 1.3

>19 species Points = 2
5-19 species Points = 1
<5 species Points = 0

5

Saturated only

Add the number of vegetation types that qualify.  If you have:

Forested (areas where trees have >30% cover)

2

2

Total for page

Map of hydroperiods

Lake-fringe wetland = 2 points

Permanently flowing stream or river in, or adjacent to, the wetland
Seasonally flowing stream in, or adjacent to, the wetland

Check the types of water regimes (hydroperiods) present within the wetland. The water 
regime has to cover more than 10% of the wetland if less than 2.5 acres in size or 1/4 acre to 
count (see text for descriptions of hydroperiods).

Permanently flooded or inundated 4 or more types present

4 structures or more
3 structures

1 type present

Freshwater tidal wetland = 2 points

If you counted:

List species below if you want to:

These questions apply to wetlands of all HGM classes

Does the wetland unit have the potential to provide habitat for many species?

HABITAT FUNCTIONS - Indicators that wetland functions to provide important habitat.

2 types presentOccasionally flooded or inundated

Vegetation structure (see p. 72)

2 structures
1 structure

Map of Cowardin vegetation classes

Hydroperiods (see p. 73)

If the unit has a forested class, check if:

Check the types of vegetation classes present (as defined by Cowardin).  Size threshold for 
class is 1/4 acre or more than 10% of the area if unit is smaller than 2.5 acres.

Scrub/shrub (areas where shrubs have >30% cover)

Seasonally flooded or inundated 3 types present

The forested class has 3 out of 5 strata (canopy, sub-canopy, shrubs, herbaceous, 
moss/ground-cover) that each cover 20% within the forested polygon.

Aquatic bed
Emergent plants

1

Count the number of plant species in the wetland that cover at least 10 sq. ft. (different 
patches of the same species can be combined to meet the size threshold). You do not have to 
name the species. Do not include Eurasian Milfoil, reed canarygrass, purple loosestrife, 
Canadian Thistle.

Richness of Plant Species (see p. 75)
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H 1.4 Points

[riparian 
braided 
channels]

H 1.5

11

4

2

H 1. TOTAL Score - potential for providing habitat
Add the scores from H1.1, H1.2, H1.3, H1.4, H1.5

Note:  The 20% stated in early printings of the manual on page 78 is an error.

Comments:

At least 1/4 acre of thin-stemmed persistent vegetation or woody branches are present 
in areas that are permanently or seasonally inundated (structures for egg-laying by 
amphibians ).

None = 0 points Low = 1 point

Stable steep banks of fine material that might be used by beaver/muskrat for denning 
(>30° slope) OR signs of recent beaver activity are present (cut shrubs or trees that 
have not yet turned brown/gray ).

NOTE:  If you have four or more vegetation types or three vegetation types and open water, 
the rating is always "high". Use map of Cowardin classes

Check the habitat features that are present in the wetland.  The number of checks is the 
number of points you put into the next column.

Large, downed, woody debris within the wetland (>4 inches in diameter and 6 feet 
long).
Standing snags (diameter at the bottom >4 inches) in the wetland.

Special Habitat Features (see p. 77)

Moderate = 2 points

Invasive plants cover less than 25% of the wetland area in each stratum of plants.

Interspersion of Habitats (see p. 76)
Decide from the diagrams below whether interspersion between Cowardin vegetation classes 
(described in H 1.1) or the classes and unvegetated areas (can include open water or 
mudflats) is high, medium, low, or none.

Undercut banks are present for at least 6.6 feet (2 m) and/or overhanging vegetation 
extends at least 3.3 feet (1 m) over a stream (or ditch) in or contiguous with the 
wetland, for at least 33 feet (10 m).

High = 3 points
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H 2. Points

H 2.1

Points = 5

Points = 4

Points = 4

Points = 3

Points = 3

Points = 2

Points = 2

Points = 1
Points = 0

Points = 1
Figure __

H 2.2
H 2.2.1

H 2.2.2

H 2.2.3

1

0

Aerial photo showing buffers

within 5 miles (8 km) of a brackish or salt water estuary OR

Does the wetland unit have the opportunity to provide habitat for many species?

Buffers (see p. 80)

NO = go to H 2.2.2

Is the wetland part of a relatively undisturbed/unbroken vegetated corridor (riparian or upland) 
at least 150 feet wide, has at least 30% cover of shrubs, forest, or native undisturbed prairie, 
that connects to estuaries, other wetlands, or undisturbed uplands that are at least 250 acres in 
size? (Dams in riparian corridors, heavily used gravel roads, and paved roads are 
considered breaks in the corridor. )

If buffer does not meet any of the criteria above:
No paved areas (except paved trails) or buildings within 25 m (80 feet) 
of wetland >95% circumference. Light to moderate grazing, or lawns 
are OK.
No paved areas or buildings within 50 m of wetland for >50% 
circumference. Light to moderate grazing, or lawns are OK.

NO = 0 pointsYES = 1 point

Total for page

Is the wetland:

within 3 miles of a large field or pasture > 40 acres in size OR

within 1 mile of a lake greater than 20 acres in size?

YES = 4 points (go to H 2.3 )

Heavy grazing in buffer.
Vegetated buffers are <2 m wide (6.6 feet) for more than 95% of the 
circumference (e.g., tilled fields, paving, basalt bedrock extend to edge 
of wetland).

50 m (170 feet) of relatively undisturbed vegetated areas, rocky areas, or 
open water for >50% circumference.

100 m (330 feet) of relatively undisturbed vegetated areas, rocky areas, 
or open water >95% of circumference. No structures are within 
undisturbed part of buffer (relatively undisturbed also means no 
grazing, no landscaping, no daily human use ).

100 m (330 feet) of relatively undisturbed vegetated areas, rocky areas, 
or open water >50% of circumference.
50 m (170 feet) of relatively undisturbed vegetated areas, rocky areas, or 
open water >95% circumference.
100 m (330 feet) of relatively undisturbed vegetated areas, rocky areas, 
or open water for >25% circumference.

Choose the description that best represents condition of buffer of wetland unit. The highest 
scoring criterion that applies to the wetland is to be used in the rating. See text for definition 
of "undisturbed."

Buffer does not meet any of the criteria above.

Corridors and Connections (see p. 81)

1

NO = go to H 2.2.3YES = 2 points (go to H 2.3 )

Is the wetland part of a relatively undisturbed/unbroken vegetated corridor (either riparian or 
upland) at least 50 feet wide, has at least 30% cover of shrubs or forest, and connects to 
estuaries, other wetlands, or undisturbed uplands that are at least 25 acres in size OR a Lake-
fringe wetland, if it does not have an undisturbed corridor as in the question above?
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H 2.3 Points

3+ priority habitats = 4 points
2 priority habitats = 3 points

If wetland has:

Snags and Logs: Trees are considered snags if they are dead or dying and exhibit 
sufficient decay characteristics to enable cavity excavation/use by wildlife. Priority 
snags have a diameter at breast height of > 51 cm (20 in) in western Washington and 
are > 2 m (6.5 ft) in height. Priority logs are > 30 cm (12 in) in diameter at the largest 
end, and > 6 m (20 ft) long.

         No habitats = 0 points

4

Note: all vegetated wetlands are by definition a priority habitat but are not included in this list.  
Nearby wetlands are addressed in question H 2.4

Riparian: The area adjacent to aquatic systems with flowing water that contains 
elements of both aquatic and terrestrial ecosystems which mutually influence each 
Westside Prairies: Herbaceous, non-forested plant communities that can either take 
the form of a dry prairie or a wet prairie (full descriptions in WDFW PHS report p. 
161 ).

Old-growth/Mature forests: (Old growth west of Cascade crest) Stands of at least 2 
tree species, forming a multi-layered canopy with occasional small openings; with at 
least 20 trees/ha (8 trees/acre) > 81 cm (32 in) dbh or > 200 years of age. (Mature 
forests) Stands with average diameters exceeding 53 cm (21 in) dbh; crown cover 
may be less than 100%; decay, decadence, number of snags, and quantity of large 
downed material is generally less than that found in old-growth; 80 - 200 years old 
west of the Cascade crest.

Cliffs: Greater than 7.6 m (25 ft) high and occuring below 5,000 ft.

Caves: Naturally occurring cavity, recess, void, or system of interconnected passages 
under the earth in soils, rock, ice, or other geological formations and is large enough 
to contain a human.

Which of the following priority habitats are within 330 feet (100 m) of the wetland unit? 
NOTE: the connections do not have to be relatively undisturbed. These are DFW definitions. 
Check with your local DFW biologist if there are any questions

Nearshore: Relatively undisturbed nearshore habitats. These include Coastal 
Nearshore, Open Coastal Nearshore, and Puget Sound Nearshore. (full descriptions 
of habitats and the definition of relatively undisturbed are in WDFW report pp. 167-
169 and glossary in Appendix A).

Aspen stands: Pure or mixed stands of aspen >0.4 ha (1 acre).

Talus: Homogenous areas of rock rubble ranging in average size 0.15 - 2.0 m (0.5 - 
6.5 ft), composed of basalt, andesite, and/or sedimentary rock, including riprap slides 
and mine tailings. May be associated with cliffs.

Instream: The combination of physical, biological, and chemical processes and 
conditions that interact to provide functional life history requirements for instream 
fish and wildlife resources.

         1 priority habitat = 1 point

Near or Adjacent to Other Priority Habitats Listed by WDFW (see p. 82)

Oregon white Oak: Woodland stands of pure oak or oak/conifer associations where 
canopy coverage of the oak component is 25% (full descrptions in WDFW PHS 
report p. 158 ).

Herbaceous Balds: Variable size patches of grass and forbs on shallow soils over 
bedrock.

Biodiversity Areas and Corridors: Areas of habitat that are relatively important to 
various species of native fish and wildlife (full descriptions in WDFW PHS report p. 
152 ).
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Points = 5

Points = 5

Points = 3

Points = 3

Points = 2
Points = 0

19Total Score for Habitat Functions - add the points for H1 and H2, and record the result on p. 1

The wetland is Lake-fringe on a lake with disturbance, and there are 3 
other Lake-fringe wetlands within 1/2 mile.
There is at least 1 wetland within 1/2 mile.

Choose the one description of the landscape around the wetland that best fits.

H 2. TOTAL Score - opportunity for providing habitat

The wetland is Lake-fringe on a lake with little disturbance and there 
are 3 other Lake-fringe wetlands within 1/2 mile.
There are at least 3 other wetlands within 1/2 mile, BUT the connections 
between them are disturbed.

Add the scores from H2.1, H2.2, H2.3, H2.4
8

There are no wetlands within 1/2 mile.

3

There are at least 3 other wetlands within 1/2 mile, and the connections 
between them are relatively undisturbed (light grazing between wetlands 
OK, as is lake shore with some boating, but connections should NOT be 
bisected by paved roads, fill, fields, or other development).

Wetland Rating Form - Western Washington 11 Herrera Environmental Consultants, Inc.

Attachment 4 - Critical Areas Report



SC 1.0

SC 1.1

SC 1.2

At least 3/4 of the landward edge of the wetland has a 100 foot buffer of shrub, forest, 
or ungrazed or unmowed grassland.

Is the wetland unit within a National Wildlife Refuge, National Park, National Estuary 
Reserve, Natural Area Preserve, State Park, or Educational, Environmental, or Scientific 
Reserve designated under WAC 332-30-151?

NO = Go to SC 1.2

Check off any criteria that apply to the wetland. Check the appropriate Category when the appropriate 
criteria are met.

CATEGORIZATION BASED ON SPECIAL CHARACTERISTICS

The wetland is relatively undisturbed (has no diking, ditching, filling, cultivation, 
grazing, and has <10% cover of non-native plant species. If the non-native Spartina 
spp. are the only species that cover >10% of the wetland, then the wetland should be 
given a dual rating (I/II). The area of  Spartina  would be rated a Category II while the 
relatively undisturbed upper marsh with native species would be a Category I. Do not, 
however, exclude the area of Spartina  in determining the size threshold of 1 acre.

Please determine if the wetland meets the attributes described below and choose the appropriate answers and 
Category.

The wetland has at least two of the following features: tidal channels, depressions 
with open water, or continguous freshwater wetlands.

YES = Category I

Is the wetland unit at least 1 acre in size and meeting at least two of the following three 
conditions?

YES - Go to SC 1.1

Category

YES = Category I

Does the wetland unit meet the following criteria for Estuarine wetlands?
The dominant water regime is tidal,
Vegetated, and

Wetland Type

With a salinity greater than 0.5 ppt.
NO - not an estuarine wetland

Estuarine Wetlands (see p. 86)

NO = Category II
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SC 2.0 Category

SC 2.1

NO

SC 2.2

SC 3.0

1.

2.

3.

4.

Does the unit have organic soils, either peats or mucks, that are <16 inches deep over 
bedrock, or an impermeable hardpan such as clay or volcanic ash, or that are floating 
on a lake or pond?

YES = Category I

NO - go to Q. 2YES - go to Q. 3

YES - go to Q. 3

Does the wetland unit (or any part of the unit) meet both the criteria for soils and vegetations 
in bogs? Use the key below to identify if the wetland is a bog. If you answer Yes, you will 
still need to rate the wetland based on its function.

Has DNR identified the wetland as a high quality undisturbed wetland or as a site with state 
Threatened or Endangered plant species?

Is the unit forested (>30% cover) with sitka spruce, subalpine fir, western redcedar, 
western hemlock, lodgepole pine, quaking aspen, Englemann's spruce, or western 
white pine, WITH any of the species (or combination of species) on bog species plant 
list in Table 3 as a significant component of the ground cover (>30% coverage of 
total shrub/herbaceous cover )?

NO - not a bog for purpose of rating

YES - is a bog for purpose of rating
NOTE: If you are uncertain about the extent of mosses in the understory 
you may substitute that criterion by measuring the pH of the water that 
seeps into a hole dug at least 16" deep. If the pH is less than 5.0 and the 
"bog" plant species in Table 3 are present, the wetland is a bog.

NO - go to Q. 4

YES = Category I

Bogs ( see p. 87)

S/T/R information from Appendix D                    or accessed from WNHP/DNR web site

          NO - not a Heritage wetland

YES  - contact WNHP/DNR (see p. 79)  and go to SC 3.2

Does the unit have organic soil horizons (i.e., layers of organic soil), either peats or 
mucks, that compose 16 inches or more of the first 32 inches of the soil profile? (See 
Appendix B for a field key to identify organic oils.)

Natural Heritage Wetlands (see p. 87)
Natural Heritage wetlands have been identified by the Washington Natural Heritage 
Program/DNR as either high quality undisturbed wetlands or wetlands that support state 
Threatened, Endangered, or Sensitive plant species.

Is the wetland unit being rated in a Section/Township/Range that contains a Natural Heritage 
wetland? (This question is used to screen out most sites before you need to contact 
WNHP/DNR.)

NO - not a bog for purpose of rating
Does the unit have more than 70% cover of mosses at ground level, AND other 
plants, if present, consist of the "bog" species listed in Table 3 as a significant 
component of the vegetation (>30% of total shrub and herbaceous cover consists of 
species in Table 3)?
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SC 4.0 Category

SC 5.0

SC 5.1

Wetlands in Coastal Lagoons (see p. 91)
Does the wetland meet all of the following criteria of a wtland in a coastal lagoon?

NOTE: The criterion for dbh is based on measurements for upland 
forests. 200-year-old trees in wetlands will often have a smaller dbh 
because their growth rates are often smaller. The DFW criterion is an 
"OR" so old-growth forests do not necessarily have to have trees of this 
diameter.

Mature forests: (west of the Cascade Crest) Stands where the largest trees are 80 - 
200 years old OR have average diameters (dbh) exceeding 21 inches (53 cm); crown 
cover may be less than 100%; decay, decadence, numbers of snags, and quantity of 
large downed material is generally less than that found in old-growth.

Does the wetland unit have at least 1 acre of forest that meets one of these criteria for the 
Department of Fish and Wildlife's forests as priority habitat? If you answer Yes,  you will still 
need to rate the wetland based on its functions.

Old-growth forests: (west of Cascade Crest) Stands of at least 2 tree species, 
forming a multi-layered canopy with occasional small openings; with at least 8 
trees/acre (20/hectare) that are at least 200 years of age OR have a diameter at breast 
height (dbh) of 32 inches (81 cm) or more.

   NO - not a forested wetland w/ special characteristics

Forested Wetlands (see p. 90)

YES = Category I

At least 3/4 of the landward edge of the wetland has a 100 foot buffer of shrub, forest, 
or ungrazed or unmowed grassland.
The wetland is larger than 1/10 acre (4,350 square feet).

YES = Category I NO = Category II

The wetland is relatively undisturbed (has no diking, ditching, filling, cultivation, 
grazing), and has less than 20% cover of invasive plant species (see list of invasive 
species on p. 74).

YES = go to SC 5.1 NO - not a wetland in a coastal lagoon

Does the wetland meet all of the following 3 conditions?

The wetland lies in a depression adjacent to marine waters that is wholly or partially 
separated from marine waters by sandbanks, gravel banks, shingle, or, less frequently, 
rocks.

The lagoon in which the wetland is located contains surface water that is saline or 
brackish (>.5 ppt) during most of the year in at leat a portion of the lagoon (needs to 
be measured near the bottom ).

Wetland Rating Form - Western Washington 14 Herrera Environmental Consultants, Inc.
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SC 6.0 Category

SC 6.1

SC 6.2

Interdunal Wetlands (see p. 93)

If you answered NO for all types, enter "Not Applicable" on p. 1.

 Long Beach Peninsula - lands west of SR 103
 Grayland-Westport - lands west of SR 105

In practical terms, that means the following geographic areas:

YES = Category II NO - go to SC 6.2

Is the unit between 0.1 and 1 acre, or is it in a mosaic of wetlands that is between 0.1 and 1 
acre?

YES = Category III

Category of wetland based on Special Characteristics
Choose the "highest" rating if wetland falls into several categories, and record on p. 1.

 Ocean Shores-Copalis - lands west of SR 1115 and SR 109.

Is wetland 1 acre or larger, or is it in a mosaic of wetlands that is 1 acre or larger?

Is the wetland unit west of the 1889 line (also called the Western Boundary of Upland 
Ownership or WBUO)?

If you answer Yes, you will still need to rate the wetland based on its functions.
YES - go to SC 6.1 NO - not an interdunal wetland for rating

Wetland Rating Form - Western Washington 15 Herrera Environmental Consultants, Inc.
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Introduction

The City of Bellevue Utilities Department proposes to complete channel modifications near the 
confluence of the Richards and East Creek drainages between SE 30th Street and SE 26th Street 
(Kamber Road). The channel modifications are part of a multi-phase plan to reduce flooding and 
erosion problems and improve instream and riparian habitat. This report presents a monitoring 
and maintenance plan as part of the permitting documentation being submitted for the third phase 
of these projects as outlined in the Flood Control and Sediment Management Plan for Richards 
Creek, Sunset Creek, and East Creek (Herrera 2011a). This monitoring and maintenance plan 
will support permits issued by the City of Bellevue (City), the U.S. Army Corps of Engineers 
(Corps), Washington State Department of Ecology (Ecology), and the Washington Department 
of Fish and Wildlife (WDFW). Although monitoring and maintenance will be conducted for all 
project phases, this document focuses on the Phase III monitoring and maintenance plan and
references the Phase I and Phase II monitoring protocols that apply to the Phase III project reach.

This document provides a comprehensive description of the monitoring and maintenance 
objectives, performance standards, and protocols that will be implemented for the Phase III
stream channel, log structures, and wetland and buffer mitigation. A summary table indicating 
the implementation frequency of specific monitoring activities is provided at the end of the 
document.

Monitoring Coordination with Phase I and Phase II

Phase I of multi-phase modifications to Sunset, Richards, and East creeks (described in the 
next section) was constructed in 2009. Sediment and channel characteristics and riparian 
vegetation mitigation monitoring protocols were identified and implemented for the Phase I
project (Bellevue 2009). Baseline sediment monitoring was conducted in 2008 and 2009 prior to 
construction of the Phase I project. Post-construction sediment and channel monitoring started in 
2010 and will continue for 5 consecutive years and then biannually for 10 years thereafter until 
2024. Phase I riparian vegetation monitoring began in 2009 after construction was completed 
and will continue for 10 years until 2019. Wherever possible, monitoring and maintenance for 
the Phase I improvements will be combined with Phase II and Phase III project monitoring and 
maintenance for efficiency and so that the success of the flood control and ecological mitigation 
measures for all of these interrelated projects can be assessed together within the stream system 
instead of at the individual reach level. 

Phase III project monitoring results will be incorporated into a joint Phase I, Phase II, and 
Phase III monitoring report in the first year after construction of the Phase III project (2013). 
From 2013 through the end of the monitoring period (2024), monitoring results for all 
monitoring years consistent between the three phased projects will be documented in one report 
and submitted to the applicable regulatory agencies. The details of the Phase III monitoring are 
provided in this plan.
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The following section provides more information on project phasing and specific components of 
the phased projects.

Project Description

The Flood Control and Sediment Management Plan for Richards Creek, Sunset Creek, and East 
Creek, originally completed in 2008 and updated in 2011, outlines the phased approach and 
provides comprehensive supporting analyses for solutions to ongoing flooding challenges in 
the project area. Figure 1 provides a site map and outlines the boundaries of the project phases.
Phase I (referred to as the SE 30th Street/Sunset Creek Flood Improvement Project) was 
constructed on Sunset Creek in 2009 and included replacement of twin 42-inch diameter 
corrugated metal pipe culverts beneath SE 30th Street with a stream simulation and 
sedimentation culvert structure and channel modifications upstream and downstream of the 
roadway to stabilize the streambed transition to the new culvert inlet and outlet. The Phase II
project (referred to as the Sunset Creek/Richards Creek Flood Control and Habitat Improvement 
Project) continues channel improvements and flood control measures along Sunset Creek 
downstream of the Phase I project to the confluence with Richards Creek and further 
downstream from the “Optiva curve” (Figure 1) to the historical Richards Creek flow split 
channel. The third phase of the project (referred to as the East Creek and Richards Creek Stream 
Modification Project) discussed in this plan includes flood control and habitat improvements 
along the Richards and East Creek channels extending for a distance of approximately 425 feet 
to just upstream of Kamber Road, as well as along a short reach of the East Creek tributary 
located approximately 650 feet upstream of Kamber Road. The Phase III project will have 
significant indirect benefits to the surrounding wetland and the stream habitat within it as well 
(Herrera 2011d, and Appendix B).

The stream channel modifications to be constructed in the Phase III project include the following 
elements (as shown in Appendix A, Project Engineering Plans):

Channel enlargement to increase conveyance capacity and alleviate 
flooding

Grade control, bank stabilization, and habitat structures consisting of large 
woody materials to prevent head-cut migration and eroding banks, to 
provide stable, physical habitat, and to restore riverine wetland processes

Bioengineering techniques to support naturally stable rebuilding of stream 
banks

A flood-control sheet pile wall to limit the extent of flooding into a
developed neighboring property

Removal of non-native invasive vegetation and revegetation with native 
plants
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Reestablishment and rehabilitation of wetland habitat including riverine 
benches along the proposed channel to mitigate wetland impacts and 
provide refuge for fish during high flows

The Phase III project improvements start 425 feet and end 25 feet upstream of the East Creek 
crossing beneath Kamber Road (see the Project Engineering Plans in Appendix A). 
Approximately 200 feet upstream of the confluence of Richards and East Creeks, a single 
wood roughening structure will be placed to protect an eroding right bank of East Creek.

Timing of Work

The overall project will be guided by a Construction Stormwater Pollution Prevention Plan 
(CSWPPP) that will include temporary erosion and sediment control (TESC) and work area 
isolation measures (shown on the design plans provided in Appendix A) to avoid and minimize 
construction impacts on the stream system and surrounding wetlands. The timing of work 
elements will be implemented as summarized below to avoid and minimize construction impacts 
on water quality, plant and animal species, and the riparian environment. The timing of work will 
be confirmed with issuance of WDFW’s Hydraulic Project Approval (HPA) permit.

1. All construction activities associated with stream channel grading, 
streamflow bypass, and installation of log structures and bank 
restabilization measures are to occur during the approved in-water work 
window, between July 1 and August 31, to be confirmed by the final HPA 
issued for the project.

2. Construction staging activities for the project that will not occur below the 
Ordinary High Water Mark (OHWM) of the stream or in wetlands may 
start approximately 2 weeks prior to the approved in-water work window.

3. Final restoration activities and construction close-out activities occurring 
landward of the OHWM may occur after August 31 until December 31 of
the same year of construction.

4. All mitigation vegetation planting and seeding shall be completed by the 
end of December following construction.
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Proposed Channel Monitoring and Maintenance

This section describes the Phase III channel monitoring and maintenance objectives, 
performance standards, and protocols which were developed to be consistent with the Phase I
and Phase II project monitoring plans, described in the Adaptive Management Strategies and 
Monitoring Protocols: SE 30th Street/Sunset Creek Flood Control Project (Bellevue 2009) and
in the Monitoring and Maintenance Plan – Phase II Sunset/Richards Creek Flood Control and 
Habitat Improvement Project (Herrera 2011c).

As Phase III construction is planned to coincide with Phase II construction, Phase III channel 
monitoring will be conducted on the same schedule as Phase II channel monitoring: annually for 
the first 5 years following construction. This will be considered the post-construction monitoring 
period. If the Phase III channel goals, objectives and performance standards are not met within 
this post-construction monitoring period, then monitoring will continue after maintenance or 
remediation activities are implemented. Post-construction monitoring will be considered 
complete when the City, the Corps, and WDFW provide their approval that the goals, objectives 
and performance standards have been met. Channel monitoring and maintenance objectives, 
performance standards, and protocols are listed below.

Channel Goals, Objectives, and Performance Standards

The primary Phase III project objectives outlined in the Flood Control and Sediment 
Management Plan (Herrera 2011a) involve addressing channel degradation and erosion, 
promoting fish passage, optimizing flood conveyance, and improving stream and wetland habitat 
between the historical Richards Creek flow-split location and Kamber Road. The specific 
channel goals, objectives, and performance standards that apply to the post-construction 
monitoring of Phase I and Phase II are also referenced in the following subsections.

Channel Goal 1

Goal 1 is to prevent or reduce flooding of nearby structures and property.

Channel Objective 1.1
The objective is to widen the existing channel, steepen the existing channel grade, and to install a 
flood-control sheet pile wall to provide conveyance capacity to achieve the City’s 100-year 
storm conveyance design standard and protect nearby properties from temporary ponding of 
flood waters.

Channel Performance Standard 1.1
The Phase III project will protect adjacent properties from flooding during storm events equal to 
or less than the 100-year event used for the conveyance design standard. Observations of high 
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water marks and any potential structural damage will be completed during or after each storm 
event when precipitation exceeds 2 inches in a 24-hour period (approximately the 2-year storm 
event) as measured by the rainfall gage at the Bellevue Service Center, to verify that floodwaters 
have been contained within the channel cross-section and sheet pile wall. This frequency of flood 
observation is consistent with the planned frequency of observing sediment accumulations within 
the sediment trap in the Sunset Creek culvert beneath SE 30th Street constructed in the Phase I
project (Bellevue 2009), and therefore simple high water mark and structural integrity 
observations can be made at the same time.

Channel Performance Standard 1.2
Upon completion of Phase III project construction, the reconstructed/restored East Creek and 
Richards Creek channels will have adequate cross-sectional area to support conveyance of 
the 100-year flows outlined in the Basis of Design – Fish Passage Improvement and Stream 
Modification Project (Appendix B). The possible combination of sedimentation and erosion in 
the project reach will not cause a greater than 20 percent reduction in cross-sectional area when 
compared to the cross-sectional area of the as-built survey following project construction. This
channel geometry performance standard will be assessed by comparing cross-sectional areas 
from the Phase III as-built survey to the cross-sectional areas derived from subsequent cross-
section surveys. For Phase III channel monitoring years when detailed cross-section surveys are 
not already being conducted under the Phase I protocol (Year 3, Year 5), cross-sectional areas 
may be verified at the same cross-section locations using bankfull width and bankfull depth 
measurements.

Channel Performance Standard 1.3
Upon completion of Phase III project construction and for a period of at least the first 5 years
after construction, the reconstructed/restored East Creek channel shall have adequate slope 
to support conveyance of the 100-year flows outlined in the Basis of Design – Fish Passage 
Improvement and Stream Modification Project (Appendix B). This channel geometry 
performance standard shall be assessed by comparing surveyed thalweg elevations from 
the Phase III as-built survey to channel thalweg profile elevations derived from subsequent 
annual monitoring surveys. Thalweg profile elevations will be taken at least at the cross-section 
monitoring locations developed for Performance Standard 1.2. Channel bed slope will be 
estimated by calculating the local slopes between surveyed thalweg elevations.

Channel Goal 2

Goal 2 is to achieve a balanced sediment flux through the project reach that encourages 
restabilization of native alluvium where the channel has downcut and promotes channel profile 
stability.

Channel Objective 2.1
The objective is to construct a channel cross section and profile that controls the location of 
sediment deposition where necessary for channel recovery from previous downcutting and
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head-cut migration. The Phase III project intends for alluvium to deposit in the degraded 
Richards Creek channel upstream of the project construction limits, while also allowing bedload 
material to remain suspended through the project reach so that the channel is not susceptible to 
ongoing aggradation that compromises flood flow conveyance.

Channel Performance Standard 2.1
Channel elevation information collected via the channel profile and cross-section surveys 
throughout the 5-year post-construction monitoring period will be used to evaluate where and 
how much channel aggradation or stabilization is occurring.

Channel Monitoring, Maintenance, and Contingencies

Monitoring methods, maintenance, and contingencies that apply to the channel portions of the 
Phase III East Creek and Richards Creek Stream Modification Project are described in the 
following subsections.

Implementation Schedule and Reporting

The Phase III channel will be monitored for a minimum of 5 years following construction as
described in this report. Engineers and geomorphologists assigned by the City will be responsible 
for completing the channel monitoring. The monitoring program will determine the effectiveness 
and success of the Phase III project in meeting the channel goals, objectives, and performance 
standards described in this section. For each monitoring year, channel monitoring results will be 
submitted to the City and to the permitting agencies as required by project permit conditions.

Data and results from the Phase III monitoring will be reported with those of the Phase I and 
Phase II projects monitoring in one annual report for each monitoring year (Table 1), if one 
report is acceptable to the City and the permitting agencies. Channel cross-section and profile 
information collected within the Phase III reach during Phase I annual channel monitoring for 
2011 will be used along with channel information cited in the Phase III Critical Areas Report
(Herrera 2011d) to describe pre-project channel conditions. Channel topographic information 
collected during the as-built survey will provide the baseline post-construction conditions for the 
project.

Channel Monitoring Data Collection

Monitoring will be conducted in each monitoring year to obtain data to assess whether the 
performance standards are being met and to evaluate the overall success of the channel elements 
of the project. High-water mark and structural damage investigations should occur during the 
rainy season (November through April) or after any sizeable rain event described in the section 
above. Other channel condition or channel geometry surveys should occur in the summer, 
during baseflow conditions, to enable consistent comparison of results over time. The first 
post-construction monitoring measure will be preparation of a baseline monitoring report that 
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includes as-built drawing(s) of the channel. The as-built drawing(s) will include final locations 
and elevations of the Phase III channel. The as-built channel survey will serve as a basis for 
comparison to future monitoring findings.

Channel conditions and channel geometry will be evaluated at three instream cross-sections on 
Richards and East creeks, labeled cross-sections 9 through 11 (Figure 2). Phase III monitoring 
cross-sections 9 through 11 continue downstream from the Phases I and II monitoring cross-
sections 1 through 8. Cross-section 9 is located on East Creek immediately downstream of the 
proposed wood roughening structure, and approximately 200 feet upstream of the East 
Creek/Richards Creek confluence. Cross-section 10 is located approximately 100 feet 
downstream of the East Creek/Richards Creek confluence (approximately station 0+45 on the 
design profile, sheet C-3, Appendix A). Cross-section 11 is located 50 feet upstream of the 
Kamber Road crossing over East Creek (approximately station 3+90 on the design profile, 
sheet C-4, Appendix A).

Channel conditions at each of the three cross-sections will be evaluated based on geomorphic 
and channel habitat features. Geomorphic characteristics such as the type and frequency of 
depositional features will be documented in a narrative description and using photos taken from 
established photo monitoring points near each cross-section. Pool, riffle, and glide habitat 
features will also be documented near each cross-section.

Channel geometry will be evaluated at each of the three cross-sections to compare flow 
conveyance capacity to that of the baseline conditions and to allow future comparisons of 
changes to cross-sectional area and channel bed slope caused by construction of the Phase III 
project.

The channel profile will be defined by the thalweg elevations at each cross-section or thalweg 
monitoring location (Figure 2) and the distance between adjacent profile monitoring locations. In 
addition to the cross-section locations, seven thalweg profile sample locations will be monitored 
as shown in Figure 2: one at the downstream limit of the Phase II Richards Creek project reach, 
one on East Creek downstream of the proposed wood roughening structure, one on Richards 
Creek upstream of the confluence with East Creek, one on East Creek at the upstream-most 
extent of the Phase III project reach, and three more sample locations within the Phase III project 
reach, spaced equidistantly (approximately 140 feet apart), with the final sample location at the 
downstream-most extent of Phase III. Thalweg elevations will be surveyed at the lowest point in 
the channel and will be referenced to the channel station. The local bed slope reported for each 
thalweg profile sample location will be calculated by dividing the difference between the 
adjacent thalweg sample location elevations by the distance along the thalweg between the
sample locations.

The conveyance area for each cross-section will be calculated using the midpoint method for 
estimating the area under a line. The top of the channel banks will mark the upper limits, and the 
channel bottom across the surveyed cross-section will mark the lower limits of the channel 
conveyance area. The midpoint method will then be used to calculate the incremental difference 
in area across the cross-section by using the distance between two survey stations and the 
average height between the channel bottom and the channel bank at the two survey stations.
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Channel Maintenance and Contingency Plan

The City’s construction contractor will be responsible for ensuring the Phase III project is 
constructed according to the plans and specifications provided in the final 100% engineering 
design package.

The City will conduct maintenance activities on an as-needed basis, as recommended by the 
monitoring reports (including this report) in order to promote the achievement of the project 
goals and objectives. Debris and trash within the channel including flagging and other non-
biodegradable erosion control measures that could obstruct flow and sediment conveyance will 
be removed during the first year of maintenance if it still remains on site. Other types of urban 
trash and debris discovered during monitoring visits will be removed by the City of Bellevue 
Public Works maintenance crews. Flagging or other debris from monitoring will be removed 
during maintenance activities in Year 5.

The City will be responsible for monitoring the channel after construction through the end of 
the post-construction monitoring period. If the channel is not achieving one or several of its 
performance standards or if the channel in the project reach experiences significant damage which 
in turn impacts the project’s ability to achieve its objectives, further channel modifications will 
be designed by an Engineer familiar with these project objectives designated by the City. Any 
measures taken to modify the project design during construction, monitoring, or maintenance 
activities, including but not limited to erosion control measures or bank repair, shall be reviewed 
and approved by the City’s engineers, and a senior planner or land use administrator. Channel 
monitoring will be completed when the City, Corps, Ecology, and WDFW approve that the goals, 
objectives and performance standards have been met.
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Proposed Log Structure Monitoring and Maintenance

This section describes the log structure monitoring and maintenance objectives, performance 
standards, and protocols for the Phase III project reach. Engineered log structures will be 
installed in the channel for the purposes of promoting a stable channel profile, supporting both 
juvenile and adult fish passage and habitat, and preventing bank erosion. The design basis and 
supporting calculations are provided in the Basis of Design – Fish Passage Improvement and 
Stream Modification Project (Appendix B). Log structures can be designed to provide both 
stability and physical habitat while also utilizing a structure material that is encouraged by the 
permitting agencies for creek installations. Numerous log structures will be constructed for the 
Phase III project including 1 large and 11 small log grade control structures, two revetment log 
structures, and one wood roughening structure. Sheets C-3 though C-8 in Appendix A show the 
locations and design details of the structures. All structures will be anchored or pinned to prevent 
mobilization and significant deformation. Structure design elevations are shown on sheet C-9 in 
Appendix A.

Log structure monitoring will be conducted annually for the first 5 years following construction 
of Phase III. If the Phase III log structure goals, objectives and performance standards are not 
met within this post-construction monitoring period, then monitoring will continue after 
maintenance or remediation activities are implemented. Post-construction monitoring will be 
considered complete when the City, the Corps, Ecology, and WDFW provide their approval that 
the goals, objectives and performance standards have been met. Log structure monitoring and 
maintenance objectives, performance standards, and protocols are listed below.

Log Structure Goals, Objectives, and Performance Standards

The primary Phase III project objectives outlined in the Flood Control and Sediment 
Management Plan (Herrera 2011a) involve addressing channel degradation and bank erosion, 
optimizing flood conveyance, supporting both juvenile and adult fish passage and habitat, and 
improving stream and wetland habitat between the historical Richards Creek flow-split location 
and Kamber Road. The specific goals, objectives, and performance standards for the proposed 
log structures are described in the following subsections.

Log Structure Goal 1

Goal 1 is to protect infrastructure surrounding the stream.

Log Structure Objective 1.1

The objective of goal 1 is to use log structures that support the design channel cross-section and 
profile to achieve the City’s 100-year peak flow design standard.
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Log Structure Performance Standard 1.1
The Phase III channel reach will be free from mobilized logs (either installed wood or recruited 
wood) that cause flow obstructions or constrictions that are inconsistent with the project design.
The quantity and locations of both installed and recruited large woody debris and snags will be 
verified during each monitoring visit.

Log Structure Performance Standard 1.2
Log structure pins and anchors will be inspected to ensure they are tightly pinned and anchored 
according to design with all key log members intact and stable at their as-built elevations.

Log Structure Goal 2

Goal 2 is to maintain channel and bank stability.

Log Structure Objective 2.1
The objective is to use log grade control structures to establish a reach-wide equilibrium stream 
gradient that is consistent with the channel’s geomorphology and which will thus not be prone to 
excessive head-cutting, incision, or aggradation over time.

Log Structure Objective 2.2
The objective is to maintain stable revetment log structures and a bank roughening structure that 
prevent significant scour that could compromise the integrity of the channel and banks and to 
instead direct stream energy away from the banks.

Log Structure Performance Standard 2.1
Bank erosion will be minimized, and significant changes in channel bed slope through the 
Phase III reach will not be evident.

Log Structure Performance Standard 2.2
Scour surrounding the log structures will not compromise the stability of the banks, channel, or 
log structures.

Log Structure Performance Standard 2.3
Log structure pins and anchors will be inspected to ensure they are tightly pinned and anchored 
according to design with all key log members intact and stabile at their as-built elevations.

Log Structure Goal 3

Goal 3 is to provide fish habitat and to reduce barriers to fish passage for adult and juvenile 
salmonids.
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Log Structure Objective 3.1
The objective is to maintain stable log grade control structures spaced with a maximum vertical 
drop of 4 inches to enable juvenile salmonid passage without impacting the structural stability of 
the stream. The 4-inch juvenile salmonid passage standard was developed from recommendations 
by the Muckleshoot Indian Tribe and WDFW (as cited in Herrera 2011a).

Log Structure Objective 3.2
The objective is to use log structures to maintain a diversity of pool and riffle habitat that is 
consistent with the channel geomorphology.

Log Structure Performance Standard 3.1
The log grade control structures will collectively halt or dissipate channel incision processes 
which may cause barriers to juvenile fish passage.

Log Structure Performance Standard 3.2
The log structures will maintain or improve the diversity of physical habitat features (e.g., pools, 
riffles, glides) when compared to pre-project conditions.

Log Structure Monitoring, Maintenance, and Contingencies

Monitoring methods, maintenance, and contingencies that apply to the log structure elements of 
the East Creek and Richards Creek Stream Modification Project are described in the following 
subsections.

Implementation Schedule and Reporting

The log structures will be monitored for a minimum of 5 years following construction to support 
any adaptive management strategies that may be necessary. Engineers assigned by the City of 
Bellevue Utilities Department will be responsible for this monitoring. The monitoring program 
will determine the effectiveness of the log structure installations in meeting the goals, objectives, 
and performance standards previously described. For each monitoring year, log structure 
monitoring results will be submitted to the City and to the permitting agencies as required by 
project permit conditions. If acceptable to the City and the permitting agencies, the data and 
results from the Phase III monitoring may be reported along with those of the Phase I and 
Phase II monitoring in one annual report for each monitoring year. The reports will describe the 
monitoring methods, performance standards, results, and specific maintenance or contingency 
measures necessary.

If the goals, objectives and performance standards are not met within 5 years following 
construction, then monitoring will continue after maintenance or remediation activities are 
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implemented. Monitoring will be completed when the City, Corps, Ecology, and WDFW 
approve that the goals, objectives and performance standards have been met.

Log Structure Monitoring Data Collection

Monitoring will be conducted in each monitoring year to obtain data to assess whether the 
performance standards are being met and to evaluate the overall success of the log structure
elements of the project. Log structural damage investigations should occur during the rainy 
season (November through April) or after any sizeable rain event described in the section above. 
Other log structure surveys should occur in the summer, during baseflow conditions, to enable 
consistent comparison of results over time. The first post-construction monitoring measure will 
be preparation of a baseline monitoring report that includes a(n) as-built drawing(s) of the 
structures. The as-built drawing(s) will include the final locations, grade elevations, and types of 
log grade control structures, revetment log structures, and wood roughening structure. The as-
built log structure survey and the baseline monitoring information will serve as a basis for 
comparison to future monitoring findings.

Monitoring of the structures will consist of:

Observing each of the key members of the structures, including logs and 
rootwads to establish whether they are intact and stably anchored in the 
correct locations according to the as-built survey

Conducting a channel profile survey and a survey of the control point 
elevations for each of the grade control structures to evaluate whether the 
elevations of the grade control structures adequately support the 
Muckleshoot Indian Tribe and WDFW standards for juvenile salmonid 
fish passage

Inspecting the channel and banks around the structures to identify areas of 
erosion that may compromise the channel, banks, or structural stability of 
the structures

Observing the material accumulated on the structures to identify potential 
stream obstructions or constrictions that may reduce the stream 
conveyance or threaten infrastructure

Providing photographic documentation taken from established photo point 
locations

Log Structure Maintenance and Contingency Plan

1. The City’s construction contractor will be responsible for ensuring the 
Phase III project is constructed according to the plans and specifications 
provided in the final 100% engineering design package.
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2. The City will be responsible for monitoring the structures after 
construction through the end of the post-construction monitoring period.
All log structures that do not meet the performance standards will be 
replaced or modified as determined by an engineer familiar with these 
project objectives designated by the City.

3. Any measures taken to modify the project design during construction, 
monitoring, or maintenance activities, including but not limited to erosion 
control measures, or repairing structures, shall be reviewed and approved 
by the City’s engineers, and a senior planner or land use administrator.

4. All damaged log structures will be replaced or repaired as determined by 
an engineer familiar with these project objectives designated by the City.
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Proposed Wetland and Vegetation Mitigation 
Monitoring and Maintenance

The details of the existing wetland and stream conditions, the temporary and permanent project 
impacts, and the proposed wetland and vegetation mitigation approach for the Phase III project 
are provided in the Critical Areas Report (Herrera 2011d). This plan shall replace the following 
sections of the Critical Areas Report:

3.3.6.2 Goal, Objective, and Success Criteria
3.3.6.4 Monitoring and Contingency Plan

Figure 3 illustrates the locations of existing wetlands in the project area and distinguishes the 
impacted wetlands that will be directly rehabilitated by the project and monitored and maintained 
over time from the wetlands that will be indirectly rehabilitated but not maintained. Engineering 
design plans are provided in Appendix A. Additional information is provided in the Critical 
Areas Report (Herrera 2011d). The key elements of the proposed Phase III mitigation plan are:

Reestablish and rehabilitate wetlands throughout the channel improvements 
project area including creation of wetland bench habitat to provide active 
floodplain during high flows

Retain trees greater than 8 inches in diameter wherever possible

Clear non-native vegetation within the project clearing and grading limits

By implementing rehabilitation measures, increase the level of hydrologic, 
water quality, and habitat functions provided by wetlands disturbed by 
project construction

Re-seed all graded areas with a native seed mix to minimize soil erosion 
and reduce weed competition

Re-plant all cleared and graded areas with a mix of native forest and shrub 
vegetation community species observed to be successful in the project 
area, and suitable given the various water and light characteristics of the
site

Wetland and Vegetation Mitigation Goal, Objective, and 
Performance Standards

The mitigation goal, objective, and performance standards for the proposed wetland mitigation 
and revegetation measures of the Phase III project are described in the following subsections. 
Performance standards for all mitigation planting areas (wetland reestablishment and 
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rehabilitation) are proposed for a 10-year monitoring period following construction. Performance 
standards will be evaluated during monitoring visits to the site in Years 1, 2, 3, 4, 5, 7, 9, and 10
after construction. Following each monitoring visit, a report presenting the results of the site 
inspection will be prepared and submitted to the City, Corps, Ecology, and WDFW.

The goal of the mitigation is to reestablish and rehabilitate forested wetlands within the channel 
improvements area and the wood roughening structure project area in support of replacing and 
improving hydrologic, water quality, and wildlife functions. To meet this goal, the objective is to 
plant a variety of native emergent, herbaceous, shrub, and tree species that will develop into a 
mature forested vegetation community with adequate cover and composition.

All areas that are restored will be subject to the following performance standards, which will be 
monitored for a period of at least 10 years. If the performance standards are not met by the end of
the tenth year of monitoring, the City will develop a contingency plan to make the necessary 
modifications to the mitigation area and will continue to monitor the site until these final success 
standards are met.

Year 1 Success Criteria (2013)
Performance Standard 1.1

By the end of the first growing season, 100 percent of the planted shrub and tree species will 
have survived or will be replaced. The City’s construction contractor responsible for planting 
will be required to replant all plants that die within 1 year after initial planting.

Performance Standard 1.2
The percentage of the area covered by nonnative species (e.g., reed canarygrass and Himalayan 
blackberry) will not exceed 10 percent in all wetland and buffer areas. Non-native grasses except 
for reed canarygrass are not included in the 10 percent calculation.

Year 2 Success Criteria (2014)
Performance Standard 2.1

Shrub and tree cover will reach 20 percent within the planting areas by the end of Year 2.

Performance Standard 2.2
The percentage of the area covered by nonnative species (e.g., reed canarygrass and Himalayan 
blackberry) will not exceed 10 percent in all wetland and buffer areas. Non-native grasses except 
for reed canarygrass are not included in the 10 percent calculation.

Performance Standard 2.3
The percentage of the area covered by Japanese knotweed will not exceed 0 percent in all 
wetland and buffer areas.
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Year 3 Success Criteria (2015)
Performance Standard 3.1
Shrub and tree cover will reach 30 percent within the planting areas by the end of Year 3.

Performance Standard 3.2
The percentage of the area covered by nonnative species (e.g., reed canarygrass and Himalayan 
blackberry) will not exceed 10 percent in all wetland and buffer areas. Non-native grasses except 
for reed canarygrass are not included in the 10 percent calculation.

Performance Standard 3.3
The percentage of the area covered by Japanese knotweed will not exceed 0 percent in all 
wetland and buffer areas.

Year 4 Success Criteria (2016)
Performance Standard 4.1
Shrub and tree cover will reach 40 percent within the planting areas by the end of Year 4.

Performance Standard 4.2
The percentage of the area covered by nonnative species (e.g., reed canarygrass and Himalayan 
blackberry) will not exceed 10 percent in all wetland and buffer areas. Non-native grasses except 
for reed canarygrass are not included in the 10 percent calculation.

Performance Standard 4.3
The percentage of the area covered by Japanese knotweed will not exceed 0 percent in all 
wetland and buffer areas.

Year 5 Success Criteria (2017)
Performance Standard 5.1
Shrub and tree cover will reach 50 percent within the planting areas by the end of Year 5.

Performance Standard 5.2
The percentage of the area covered by nonnative species (e.g., reed canarygrass and Himalayan 
blackberry) will not exceed 10 percent in all wetland and buffer areas. Non-native grasses except 
for reed canarygrass are not included in the 10 percent calculation.

Performance Standard 5.3
The percentage of the area covered by Japanese knotweed will not exceed 0 percent in all 
wetland and buffer areas.
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Year 7 Success Criteria (2019)
Performance Standard 7.1
Shrub and tree cover will reach 60 percent within the planting areas by the end of Year 7.

Performance Standard 7.2
The percentage of the area covered by nonnative species (e.g., reed canarygrass and Himalayan 
blackberry) will not exceed 10 percent in all wetland and buffer areas. Non-native grasses except 
for reed canarygrass are not included in the 10 percent calculation.

Performance Standard 7.3
The percentage of the area covered by Japanese knotweed will not exceed 0 percent in all 
wetland and buffer areas.

Year 9 Success Criteria (2021)
Performance Standard 9.1
Shrub and tree cover will reach 70 percent within the planting areas by the end of Year 9.

Performance Standard 9.2
The percentage of the area covered by nonnative species (e.g., reed canarygrass and Himalayan 
blackberry) will not exceed 10 percent in all wetland and buffer areas. Non-native grasses except 
for reed canarygrass are not included in the 10 percent calculation.

Performance Standard 9.3
The percentage of the area covered by Japanese knotweed will not exceed 0 percent in all 
wetland and buffer areas.

Year 10 Success Criteria (2022)
Performance Standard 10.1
Shrub and tree cover will reach 75 percent within the planting areas by the end of Year 10.

Performance Standard 10.2
The percentage of the area covered by nonnative species (e.g., reed canarygrass and Himalayan 
blackberry) will not exceed 10 percent in all wetland and buffer areas. Non-native grasses except 
for reed canarygrass are not included in the 10 percent calculation.

Performance Standard 10.3
The percentage of the area covered by Japanese knotweed will not exceed 0 percent in all 
wetland and buffer areas.
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Wetland and Vegetation Mitigation Monitoring, Maintenance, and 
Contingencies

Monitoring methods, maintenance, and contingencies that apply to the wetland mitigation and 
revegetation areas for the project are described in the following subsections.

The wetland mitigation areas of the project site will be monitored for a minimum of 10 years
following construction. Biologists assigned by the City will be responsible for monitoring 
during the first, second, third, fourth, fifth, seventh, ninth, and tenth years after construction and 
planting of the sites. The monitoring program will determine the effectiveness and success of the 
compensatory mitigation in meeting the goal, objective, and performance standards described in 
the previous section. Each monitoring year, monitoring reports will be submitted to the City, the 
Corps, Ecology, and WDFW.

Implementation Schedule

A summary schedule including wetland and vegetation mitigation monitoring activities is 
provided in Table 1. The first monitoring submittal in Year 0 will entail preparation of a baseline 
monitoring report (i.e., as-built report) that includes an as-built drawing of the mitigation area on 
the project site. The as-built drawing will include final grade elevations in the restored wetland 
and stream areas, locations and types of rootwads and grade control structures, and a layout of 
the areas where various mixes of shrub and tree species were planted. The baseline monitoring 
report will include the information specified by Ecology in the Section 401 Water Quality 
Certification Order. The baseline monitoring report will be submitted to the City, the Corps, 
Ecology, and WDFW.

Mitigation monitoring should occur as summarized in Table 1. One week after each monitoring 
visit, an approximate location map of the non-native species (e.g., Japanese knotweed, reed 
canarygrass, etc.) will be emailed to the City to be used by the maintenance crew that will be 
treating and/or removing these plants. A post-construction wetland mitigation monitoring report 
should be submitted by September 30 of each of the monitoring years (first, second, third, fourth,
fifth, seventh, ninth, and tenth years) to the City, the Corps, Ecology, and WDFW. This submittal 
date will allow maintenance to occur in early fall directly after the monitoring report has been 
submitted, if it is necessary.

Mitigation monitoring may be extended beyond the 10-year period if the performance standards 
have not been achieved and/or the City, the Corps, Ecology, or WDFW do not provide final 
approval.

Mitigation Monitoring Data Collection

Monitoring will be conducted in each monitoring year to obtain data to assess whether the 
performance standards are being achieved and to evaluate the overall success of the mitigation. 
Monitoring of vegetation should occur in July or early August (Summer) when plants are leafed 
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out. A minimum of six permanent data plot locations will be established within the wetland 
reestablishment and rehabilitation mitigation areas. The following data will be collected at each 
data plot: percent cover of both native and non-native species for each stratum, and a qualitative 
assessment of wetland habitat conditions. An evaluation of the entire project area will be 
conducted during each monitoring year to determine the overall percentage of non-native 
vegetation within the wetland and buffer mitigation areas. A minimum of five photographic 
points will be permanently established: two on the west side of the channel improvements site, 
two on the east side of the channel improvements site, and one at the East Creek bank 
roughening structure site.

Mitigation Report

The reports will follow monitoring report guidance issued by the Corps (2008) and required 
information specified by Ecology in the Section 401 Water Quality Certification Order. The 
major elements of each report will include:

Project overview

Monitoring requirements and performance standards

Methods

Data collected for each performance standard to assess the success of the 
mitigation

Photographic documentation

Mitigation site maps and plans indicating the habitat types, location of 
data plots, transects, and photographic points

Conclusions assessing the trajectory of success at achieving the 
performance standards

Maintenance recommendations

Wetland and Vegetation Mitigation Site Maintenance and Contingencies

Because no contingency plan can foresee all problems and their solutions, construction bonds 
will be posted for the mitigation elements of the project by the general and planting contractors 
selected by the City to construct the project. The construction bonds will be in the amounts and 
for the periods of time specified in City standard contract agreements, based on the estimated 
costs of construction and planting of the mitigation sites. The construction bond will be released 
upon completion of construction and planting, as determined by the City.
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During the first year following construction, the contractor will be responsible for maintaining 
100 percent plant survival, according to the contract plans. In accordance with the 1-year 
plant survival guarantee, the contractor will replace plants that die during the first year. Before 
plants are replaced, the contractor will consult with a biologist assigned by City to determine 
why the desired species are not surviving and, if necessary, will make appropriate native plant 
substitutions. In addition, throughout the summer of the first year after planting, the contractor 
will be responsible for providing supplemental irrigation as frequently as necessary to ensure 
healthy plant conditions.

The City will manage the establishment of plants from the second to the tenth year after 
construction, with the goal of meeting all applicable performance standards. If percent coverage 
requirements for native woody and invasive vegetation are not satisfied, contingency activities 
may include, but are not limited to plant replacement, plant supplementation, plant substitution, 
adjustment of the planting layout to reflect specific or changing site conditions, weed control, 
and installation and adjustment of tree protection devices.

Maintenance will be conducted as recommended in the yearly monitoring reports. Regular 
maintenance will limit the spread of invasive and exotic species. The City requires that at least 
three maintenance visits (spring, summer, and fall) be conducted each year for the full 5 years 
after construction is completed. Each visit will occur after the monitoring biologist has 
conducted a monitoring visit and has sent a map of the non-native vegetation to the City. 
Thereafter, maintenance will be completed each year in summer and fall for the remaining 
5 years (Years 6 through 10) of monitoring. If noxious weeds are found on the site, their
elimination will be addressed within 1 month after notification or less before large populations 
can become established. If more than 10 percent of the wetland mitigation area and associated 
buffers is invaded by invasive or exotic species, the best method of eradication for the weedy 
species of concern will be implemented (e.g., herbicide application, weeding, mowing, or 
cardboard application) according to City and state regulations and guidance. The City will 
approve all weed control methods prior to implementation.

The City has already begun to control Japanese knotweed within the Sunset Creek Phase I
reach, and in the Sunset/Richards Creek Phase II reaches. The City will continue to aggressively 
control the Japanese knotweed in order to eradicate it from the subwatershed including Sunset, 
Richards, and East Creeks in the project vicinity. Treatments of Japanese knotweed will continue 
until Japanese knotweed has been eradicated and 0 percent remains in the mitigation area. 
Treatments of Japanese knotweed will occur at the same frequency as specified for maintenance 
visits above.

Rootwads and log grade control structures will be repaired or replaced as needed. Monitoring 
and maintenance measures for these structures are described in the Proposed Log Structure 
Monitoring and Maintenance section of this report.

Debris and trash within the mitigation area including flagging that was used for wetland 
delineation and construction will be removed during the first year of maintenance if it still 
remains on site. Flagging or other debris from monitoring will be removed during maintenance 
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activities in Year 10. Other types of urban trash and debris discovered during monitoring visits 
will be removed by City maintenance crews.

Any measures taken to modify the mitigation elements of the project during construction or 
monitoring, including, but not limited to plant substitutions and altered grading or erosion 
control measures, shall be reviewed and approved by the City.

Contingency Plan

The biologist who conducts the wetland mitigation monitoring will assess whether the wetland 
mitigation is on a trajectory towards success and achieving performance standards. This will be 
documented in the monitoring report for each monitoring year. If the conditions of the mitigation 
areas of the project site are found to require significant modifications or maintenance, the 
biologist will notify the City immediately to initiate contingency planning. Examples of issues 
that require significant maintenance or contingency actions could include, but are not limited to 
the following:

A large percentage (30 percent or more) of plants have died or are 
showing signs of stress

Wetland conditions have not been created in the mitigation area

Non-native invasive species comprise more than 30 percent of the site

The City will meet with the biologist on the site to review the issues and discuss potential 
remediation actions. The biologist will then prepare a contingency plan that will be submitted to 
the Corps and Ecology. The City will be responsible for implementing the plan in a time period 
agreed upon between the City, the Corps, and Ecology. Once remediation actions have been 
completed, a memorandum will be prepared describing the measures taken and the success of the 
measures and will be submitted to the Corps and Ecology. The monitoring report that is prepared 
in the next monitoring year will discuss the contingency measures and provide an evaluation of 
their success. The performance standards and mitigation will not be met until the City, the Corps, 
Ecology, and WDFW provide final approval.
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1.0 Introduction 

The City of Bellevue (the City) is implementing a series of flood control and habitat 
improvement projects on Sunset Creek, Richards Creek, and East Creek between SE 30th 
Street and SE 26th Street (Kamber Road). The East Creek and Richards Creek Fish Passage 
Improvement and Stream Modification Project (the project) will address channel degradation 
and bank instability by providing stable streambed grade control and channel and bank 
modifications. The project goals are to reduce flooding and erosion of commercial and industrial 
property in the immediate vicinity of the project site while preserving and enhancing desirable 
instream and riparian habitat functions. Biostabilization of the stream corridor will incorporate 
wood and native vegetation to provide both engineered stability and improved habitat 
complexity. The proposed design will provide sufficient habitat benefits to make the project 
self-mitigating and to mitigate future impacts elsewhere in the watershed. 

The project area is a mix of undeveloped and developed private property. The developed 
properties are generally occupied by light industrial and high-technology businesses. The 
undeveloped properties include a large wetland area in the middle of the project site and small 
rectangular properties that define the channels within the project site. The developed properties 
appear to be built on fill. 

The project includes four design elements: 1) channel bed grade control structures, 2) channel 
bank stabilization structures, 3) flood-water containment berms, and 4) upland planting and 
invasive vegetation control. 

This report provides the basis of design for the improvements to the stream network downstream 
of SE 30th Street, primarily focused on two-dimensional hydraulic modeling used to assess 
alternatives and determine potential project impacts. The results of hydraulic modeling informed 
design of several project features to fully meet project goals. This report also documents project 
constraints and opportunities and design criteria that are important for design development. This 
report will be updated throughout the design development and will document the final design 
criteria used in preparation of the construction documents. 
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2.0 Project Description 

2.1 Project Overview 

The East Creek and Richards Creek Fish Passage Improvement and Stream Modification Project 
is the third phase of a program to improve flood protection and reduce bank erosion for adjacent 
landowners, while improving geomorphic and habitat conditions in the greater Richards/East / 
Sunset Creek basin. These projects are being undertaken to address chronic sediment deposition, 
flooding, and bank erosion problems that are due in large part to historical alteration (relocation 
and straightening) of the natural stream channel network and associated floodplains in the project 
area to facilitate land development. The first phase, the SE 30th Street / Sunset Creek Culvert 
Replacement Project, was constructed in 2009. The second phase, the Sunset Creek / Richards 
Creek Flood Control and Habitat Improvement Project, extends from the downstream limit of 
the Phase 1 stream work to the upstream edge of the subject project. Phase 2 is planned for 
construction in summer 2011. It is likely that the third phase will be constructed in 2012. 

Funding for the project is being provided by the City of Bellevue Utilities Department. As part of 
the conceptual design alternative development, two workshops were held with City staff to 
discuss project site opportunities and constraints and select and refine the preferred alternative. 
The hydraulic analysis described herein was integral to those discussions and shaping the 
resultant preferred design concept. This report documents the model results as well as the 
decision-making process. 

2.2 Channel Excavation 

The most significant geomorphic change in the project site has been the accumulation of 
sediment in the constructed channels throughout the site. Managing sediment deposition in the 
reach is essential to providing adequate flood flow conveyance capacity given the minimal 
floodplain storage that remains. Extensive sediment deposition over a period of decades has 
significantly reduced channel conveyance capacity that in turn induces flood damages on 
adjacent private properties and City roadways. High stormwater runoff flows in developed areas 
upstream of the project site exacerbate the problem because those flows continually erode 
upstream channels and deliver the sediment to the site. The sediment deposition in the project 
area has also caused unnatural channel deformation processes that have degraded instream 
habitat, disconnected the stream network from portions of the remaining floodplain, and 
contributed to severe streambank erosion. In Phase 1, a sedimentation structure was installed in 
the base of a new culvert at the Sunset Creek crossing at SE 30th Street. While this maintainable 
structure will capture a large amount of sediments in the future, it is expected that significant 
amounts of sediment will pass through it. Additionally, excess sediment generated in the upper 
Richards Creek basin will continue to enter the project site via Richards Creek, which merges 
with Sunset Creek downstream of the new culvert and sedimentation structure at SE 30th Street. 
Therefore, to ensure the longevity of any channel improvements in Richards Creek and East 
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Creek, sufficient capacity should be provided in the system to accommodate this sediment 
loading. The proposed channel excavation provides this capacity so that future disturbance to the 
channel can be minimized. 

2.2.1 Engineered Wood and Substrate Placement 

The substrate of the existing dominant flow pathway through the project site is heavily degraded. 
To prevent further channel incision, stabilize the stream banks, fix the channel profile in place 
and restore salmon spawning substrate to the reach, grade control structures in the form of 
anchored wood debris will be placed throughout the reach between the existing confluence of 
East Creek and Richards Creek and the East Creek culvert beneath Kamber Road. Wood will 
also be integrated into bank stabilization measures. Streambed gravel and cobbles will be placed 
throughout the restored reach of East Creek. 

2.2.2 Planting and Invasive Vegetation Control 

The project site is heavily impacted by invasive vegetation species, particularly along the 
periphery of the site. These species include, but are not necessarily limited to: European holly 
(Llex aquifolium), Himalayan blackberry (Rubus armeniacus), hybrid Japanese knotweed 
(Polygonum X bohemicum), and English ivy (Hedera helix). The project plans include removal 
of invasive vegetation in areas where disturbance is planned (primarily in areas most impacted) 
and replanting in those areas with native species. The large wetland in the interior of the site is 
relatively free of invasive species and will not be disturbed for this project. 
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3.0 Hydraulic Analysis 

The project site is located at the confluence of three small streams (Sunset, Richards and East 
creeks) that drain the Factoria neighborhood of Bellevue. Prior to land development, it was likely 
a network of intermingled (anastomosed) streams, perhaps more than the three that exist today, 
originated from throughout the greater Factoria area. The streams are now combined into a 
network of straightened channels that skirt the edges of buildings and parking lots within the site. 
A two-dimensional hydraulic model was selected for analysis of the potential benefits of various 
actions on the flooding and habitat characteristics of the multi-channel network because a one-
dimensional model cannot adequately simulate flow characteristics in such a network. 

3.1 Purposes of Hydraulic Analysis 

The primary purpose of the hydraulic analysis was to determine the flooding risk to adjacent 
properties and demonstrate the hydrologic impacts of the proposed stream channel and bank 
modifications. The results of the modeling were also used to define invert elevations of grade 
control structures, analyze potential channel bed scour at wood structures, and to establish 
100-year water depths for calculating ballast requirements to offset wood structure buoyancy. 

3.2 Background 

The project site contains a complex network of channels and confluences. Since 2005, the 
alignment of the mainstem channel of Richards Creek has changed between the confluence with 
Sunset Creek downstream of SE 30th Street and Kamber Road, shifting (avulsing) from the 
channel alignment it had occupied for decades to merge with East Creek upstream of Kamber 
Road. Standard nomenclature to describe the current channel network has not formally been 
established by the City in relation to those changes. Naming conventions for the channel network 
that are used throughout this report are shown in Figure 1. At the south end of the project area, 
Sunset Creek flows north under SE 30th Street. At the west end of the project area, Richards 
Creek flows from a large wetland complex alongside Richards Road. East Creek flows into the 
southeast end of the project area from a narrow forested corridor. There are also a number of 
other small drainage culverts that discharge into East Creek from the east side of the project area. 

Approximately 450 feet north of SE 30th Street, Sunset Creek joins Richards Creek, which flows 
generally from the southwest to northeast. Richards Creek flows to the north downstream from 
this confluence. Within 200 feet, the stream alignment turns sharply to the east at a location that 
will hereafter be referred to as the “Optiva Curve”. Approximately 350 feet further downstream 
(east), the channel is split, or bifurcated, into two channel alignments. From this flow split 
location, some of the stream flow turns sharply to the north and the remainder of the flow heads 
to the northeast. The alignment that heads directly north was until recently (less than 10 years 
ago) the main flow path for Richards Creek. 
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Over the last 10 years, an increasing proportion of the Richards Creek flow has occupied a 
channel alignment that trends to the northeast through a forested wetland. This flow path is now 
the new primary channel of Richards Creek (Figure 1). At the present time this channel conveys 
all of the flow during low stream flow conditions and the vast majority of stream flow during 
flooding events. The channel alignment that previously conveyed Richards Creek to the north 
across Kamber Road has been abandoned and is referred to in this report as the historical 
Richards Creek alignment. The new Richards Creek channel joins East Creek approximately 
400 feet downstream from the historical Richards Creek “flow split” location. Downstream of 
this confluence, East Creek conveys the combined discharge of Sunset Creek, Richards Creek, 
and East Creek north to a culvert crossing beneath Kamber Road. In addition, several small 
culverts drain into East Creek between the confluence with Richards Creek and Kamber Road. 
These culverts drain a sizeable area to the east of the project area. 

The flow in East Creek is conveyed beneath Kamber Road in a large box culvert that was 
installed in 2007. This road crossing is approximately 400 feet downstream of the confluence of 
East Creek and Richards Creek. At approximately the same time as the new Kamber Road 
culvert was built, a number of beaver dams were removed downstream of Kamber Road . The 
increased capacity at the East Creek crossing of Kamber Road, combined with lowered water 
surface elevations due to beaver dam removal downstream, have reinforced the flow 
concentration in East Creek. The East Creek channel has become incised as a result of the 
increased flow it carries. 

The confluence of the historical Richards Creek alignment with East Creek is located 700 feet 
downstream of Kamber Road. Downstream of this historical confluence, the stream is once again 
called Richards Creek. While it might be confusing that the name of the main course of flow 
changes, the nomenclature herein is consistent with previous work in the area, including signage 
on Kamber Road. 

3.3 Methods of Analysis 

Three primary tools were used to assess the hydraulics and hydrology at the project site: 
1) existing information, including several past stream gage deployments in the area by the City 
and information on current conditions from a series of visits to the site; 2) gage data collected in 
East Creek immediately upstream of the Kamber Road culvert and above the Richards Creek / 
East Creek confluence on East Creek; and 3) hydraulic modeling of the project site using the 
FLO-2D software program. Each of these tools is described in detail below. 

3.3.1 Existing Information 

There have been numerous studies of the hydrology, hydraulics and geomorphology of the 
greater Kelsey Creek drainage basin and of the project site in particular (Entranco 1999; URS 
2002; INCA 2004), including the main body of this report. These studies have all described the 
hydrology and geomorphology of the greater Kelsey Creek drainage basin. 
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In addition to these reports, several hydrologic data sets for stream reaches in the project area 
have been collected by the City. These consist of two primary stream gage deployments. The 
first deployment was approximately 5 years in duration with a gage located about 100 feet 
downstream of the Kamber Road culvert on East Creek. The other deployment was about 
8 months in duration using three different gages in Sunset, Richards and East Creeks. The 
gage deployed in East Creek for this shorter-duration period was located a few feet upstream 
of the current confluence of East Creek and Richards Creek. Both of the City’s stream gage 
deployments used electronic pressure sensors that measured stage (water surface elevation) every 
15 minutes. 

To complement the data collected by the City, determine the linkage and timing of flow between 
the various streams, and monitor the evolving situation regarding flow in East Creek and 
Richards Creek, two stream gages were placed in the project site in the summer of 2010. A 
simple, linear stage-discharge relationship was used to extrapolate flow measurements made 
Herrera with a Swoffer micropropellor at multiple locations in the channel cross-section at each 
gage on four occasions (May 6, June 11, August 31, and September 8). 

In addition to the hydrologic information gathered for this analysis, a topographic survey of all 
undeveloped areas of the project site was contracted by Herrera to provide a complete and recent 
base map for project analysis and design. This mapping included all undeveloped areas and 
channels of relevance to project design. It did not include the private parking lots adjacent to the 
undeveloped areas or the stormwater infrastructure within them. The base map resulting from 
this survey is included in Attachment A. 

3.3.2 Hydrology 

Previous work conducted by the City and its consultants serves as the basis for characterizing 
the project site hydrology, which is used as input for the hydraulic modeling. This previous 
work, summarized in the main body of this report, along with the new observations collected 
for this study, is summarized in Table 1. For the most part, previous hydrology work describing 
the project site was not done to support design of flood management and habitat construction 
projects in the stream channel itself. As such it was necessary to combine several different data 
sets to provide appropriate hydrologic inputs to the hydraulic model. As described further in 
the next section, the hydraulic model uses a continuous hydrograph to simulate streamflow 
characteristics. The model approach used observed hydrographs where possible to determine 
the input flow rate from the different streams with time. In some cases, particularly for the 
small tributaries, this information is not available. In these cases, estimates of tributary flow 
were drawn from the observed records and extrapolated to the flood event of interest. 

To generate rating curves (correlating stage with discharge), measurements of flow velocity 
across the stream channels at gage locations were made and then related to observed stage at the 
time of the measurement. Flow measurements were made on four occasions in the spring and 
summer of 2010: May 6, June 11, August 31, and September 8. Unfortunately, high flow rates 
were never observed directly because of the timing of the measurements (i.e., in the dry season). 
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Therefore, a linear stage-discharge relationship was assumed based on the limited low-flow data 
collected to extrapolate stages in larger flood events. 

Table 1. Summary of hydrologic observations in the vicinity of the project site. 

Source Period of Record Purpose 

Entranco (1999)  Not available Hydrologic modeling study of basin characteristics 
and peak flow rates using HSPF 

City of Bellevue 
Richards Creek gage 

11/21/05-12/16/05, 4/7/06-2/11/07, 
5/11/07-1/22/10 

Ongoing monitoring of streamflow 

City of Bellevue Kelsey 
Creek Basin Study 

1/30/97-8/15/97 Short-term assessment of flow in East, Richards 
and Sunset Creeks 

Main body of this report Not available Hydraulic modeling study and geomorphic 
conditions assessment of basin 

Herrera (this study) 4/28/10-9/8/10 Calibration of FLO-2D model for design guidance 

Notes: 
All raw data collected every 15 minutes 

 

3.3.3 Hydraulic Modeling 

A hydraulic model was developed with FLO-2D software. This model was used to estimate flood 
inundation area, flow depths, velocities, deflection, and backwater effects under a wide range of 
flood conditions; for existing and proposed project conditions. FLO-2D is a two-dimensional, 
finite-difference, dynamic-flood routing hydraulic model that can simulate channel flow and 
unconfined overland flow over complex topography with varying roughness. FLO-2D routes a 
flood hydrograph while predicting flood wave attenuation due to flood storage. Flooding can 
occur on dry, unconfined surfaces and no “hot starts” or complicated boundary conditions are 
necessary, enabling an efficient modeling effort. The model uses the full dynamic wave 
momentum equation and a central finite difference routing scheme with eight potential flow 
directions to predict the progression of a flood hydrograph and flood wave attenuation due to 
flood storage over a system of square grid elements. The model’s highly accurate volume 
conservation numerical method is critical to accurate flood distribution. The model computes 
flow exchange between the main channels and the floodplain throughout the unsteady 
hydrograph. Flow fields can include supercritical and subcritical regimes. 

FLO-2D is a Federal Emergency Management Agency (FEMA)-approved hydraulic model for 
both riverine studies and unconfined alluvial fans. An independent evaluation performed for 
FEMA by Michael Baker, Jr., Inc. concluded that, for simulations involving water surface 
variations across floodplains, FLO-2D exceeds the capabilities of other available models, having 
demonstrated its ability to replicate measured hydraulic conditions in a number of projects. 

There are significant differences in the way that flow is modeled between FLO-2D and a one-
dimensional HEC-RAS model, as was used in the hydraulic analysis for the Phase 1 project on 
Sunset Creek (in the main body of this report) and the Phase 2 hydraulic analysis (Appendix G). 
In particular, as an unsteady model, FLO-2D solves different hydraulic equations that allow for 
hydraulic disturbances to be translated both upstream and downstream. These effects are not 
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resolved by a steady-state HEC-RAS model. Also, the lateral spreading of flood flow that is 
crucial to understand the partitioning of flow between the historical Richards Creek channel and 
East Creek can only resolved by a model such as FLO-2D. 

To assess flooding at the project site, three flood events were simulated: the 2-year, 10-year, and 
100-year recurrence flood events. These were formulated using the hydrologic modeling done 
previously by Entranco (1999) and gage data collected in the study area for this project and by 
the City in the recent past. The model was also calibrated using water surface elevations 
observed in a flood event that occurred in December 2010. 

3.3.3.1 Existing Conditions 

The focus of the two-dimensional model was specifically on the interaction between flow in East 
Creek and Richards Creek and how the former Richards Creek channel is activated. As such, the 
domain (spatial extents) of the FLO-2D model does not extend as far upstream or downstream in 
the watershed as the previous studies did (Entranco 1999; URS 2002; and the work described in 
the main body of this report). The upstream extent of the model is just downstream of the Optiva 
curve. The downstream extent of the model is just north of Kamber Road. 

All numerical hydraulic modeling requires a balance between the resolution of topographic 
features and computational time required. Greater model resolution requires longer computing 
times, which in turn affects how many different model runs can be performed in a timely 
manner. In the case of East Creek, it was determined that the channel could be resolved coarsely, 
but accurately, with a 10-foot grid size and without having to model the channel separately in 
HEC-RAS. This resolution led to definition of the existing stream channels with one or two 
grid elements at any one cross-section location. The resultant model run time for the 100-year 
flood event was on the order of several hours using a desktop computer loaded with memory 
and computing speed. However, this model resolution is not sufficient to accurately predict 
characteristics of flow within the stream channel, such as dynamic hydraulic phenomena at 
an instream structure. 

Boundary Conditions 

Key to any hydraulic model is the determination of boundary conditions. The upstream boundary 
conditions for the project site model were set up using inflow hydrographs. These are discussed 
in detail in the previous section on hydrology. The model inflows were distributed to a variety 
of nodes (i.e., discrete places at the boundary of the model where flow enters into it) where 
depending on the size of the flood event. Table 2 summarizes the number of nodes over which 
the inflow was spread depending on the modeled flood event and the specific stream. The two 
small tributaries that flow from the east into East Creek were assumed to originate from a single 
node in all simulations due to their small size and limited hydrologic information. 

The channel and floodplain topography was surveyed by the City for all undeveloped parts of 
the site for purposes of design development. Because access to private parking lots was not 
obtained and determination of the stormwater drainage infrastructure in those private parking 
lots was beyond of the scope of this project, anecdotal information was used in place of survey 
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information for flood routing within the parking lots. Based on photographic documentation of 
the January 2009 flood event, it is known that Richards Creek flood water inundated the Optiva 
parking lot and flowed across the parking lot to the north, crossing Kamber Road west of the 
historical Richards Creek culverts. This flow pathway essentially exits the model domain. 
Therefore, model outlet nodes were added to portions of the Optiva parking lot to explicitly route 
that floodwater out of the model domain. The same set of photographs from the January 2009 
flood event indicate that flooding in the Prime Electric parking lot (see Figure 1) was mostly 
ponded water, rather than moving water. Therefore, the project hydraulic model simulates 
floodwater inundating the Prime Electric parking lot as stationary, and does not route that flow 
elsewhere. 

Table 2. Scale of stream inputs on the 2-D model topographic/bathymetric surface for 
different flood events. 

Richards Creek East Creek 

2-year 2 nodes 2 nodes 

10-year 3 nodes 4 nodes 

100-year 6 nodes a 4 nodes 

a Existing conditions only. Richards Creek flow was spread over 
four nodes for all proposed conditions model runs 

 
There is no available documentation of flooding in the parking lots in the eastern portion of 
the model domain. However, these lots slope noticeably towards the creeks. Thus, the model 
accounts for floodwater inundation in these parking lots as stationary, and does not route that 
water elsewhere. There is also a sheet pile wall that protects a portion of these eastern parking 
lots. This wall was not included in the model because it is probably not watertight as evidenced 
by its poor condition. Buildings were placed in the hydraulic model using orthorectified aerial 
photographs. The buildings were assumed to be completely impervious to flow (i.e., flow must 
pass around the buildings in the model), and were assigned roof elevations consistent with the 
observed height of the buildings. 

The downstream boundary condition of the model was set as an open boundary, meaning that 
the model does not account for any backwater effects at or downstream of Kamber Road. From 
anecdotal evidence (Brian Ward, personal communication), it is known that backwater from 
beaver dams and other channel constrictions downstream of Kamber Road can influence flow in 
the project site. This is somewhat reflected in the rating curve used to regulate flow through the 
Kamber Road culvert in the model, as nearly all of the flow passes through this culvert before 
exiting the model. However, the precise extent of the backwater effects and the associated 
influence on the model results is unknown. 

Kamber Road Culverts 

There are two culverts beneath Kamber Road within the model domain: one on East Creek and 
the other at the historical crossing of Richards Creek. These culverts were represented by using 
two rating curves in the model. These rating curves were developed by modeling a range of 
flows through them using the HEC-RAS model described in the main body of this report. For the 
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East Creek culvert, which is a concrete box culvert installed in 2007, a new rating curve was 
derived from an updated HEC-RAS model that included updated topography from the 2010 
survey. The historical (realigned) Richards Creek channel flow is actually conveyed across 
Kamber Road in three, 3-foot diameter corrugated metal culverts. To simplify model input, the 
three culverts were considered to be a single culvert for rating curve development. The rating 
curve for this crossing was derived from the HEC-RAS model described in the main body of this 
report. Unlike the East Creek culvert, the Richards Creek culvert analysis in HEC-RAS (and the 
resultant rating curve) was not based on updated topography because it was determined that 
geomorphic conditions at this location have not changed significantly since the HEC-RAS model 
was originally developed. 

The East Creek culvert rating curve was altered for large flows to accommodate anecdotal 
information from a December 2010 flood event. Rain gages at the University of Washington 
recorded 3.68 inches of rain during the 48-hour period of December 11 and 12, 2010. Most of 
this rain fell during a 24-hour period spanning both days. According to the isopluvial maps 
presented in the King County Surface Water Design Manual (King County 2009), this would 
mean that the rainfall on December 11 and 12 was an approximately 25-year recurrence event. 
Based upon information from City of Bellevue maintenance staff, East Creek did not overtop the 
roadway at the Kamber Road culvert on December 12, 2010. The new culvert beneath Kamber 
Road was designed to be capable of carrying the 25-year combined discharge from Richards 
Creek and East Creek, but not the combined 100-year flow. 

The initial rating curve developed from HEC-RAS, when implemented in the FLO-2D model, 
indicated that flow would overtop Kamber Road in the 10-year recurrence flood event. 
Therefore, several model iterations with different rating curves were made to determine the point 
at which the 10-year event (combined Richards Creek and East Creek flow) would be conveyed 
completely through the new Kamber Road culvert, but preserve the low-flow rating curve 
characteristics that were based on field measurements. The rating curve that just passed the 
10-year event in this culvert was selected for use in the model simulations. 

Hydraulic Roughness 

Another important aspect of the hydraulic modeling is the determination of roughness. Most of 
the project site is thickly vegetated. As such, a Manning’s “n” value of 0.1 was selected for the 
vegetated areas on site. Channels, deforested areas, roads and parking lots were given a 
Manning’s n of 0.04. At a few locations in existing stream channels where flow changes 
significantly in space or time, a higher roughness value (between 0.06 and 0.08) was used to 
improve numerical stability and increase computational speed. These areas include the upstream 
model boundary on Richards Creek, near the current confluence of East Creek and Richards 
Creek, near the confluence of the small eastern tributary culvert with East Creek, and around the 
culvert on the historical channel realignment of Richards Creek at Kamber Road. 

3.3.3.2 Proposed Alternatives 

All of the proposed alternatives evaluated with the FLO-2D model included improvements to 
Richards Creek from downstream of SE 30th Street to the flow split (i.e., the Phase 2 project). 
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The Sunset Creek culvert and sedimentation structure at SE 30th Street (Phase 1) was 
constructed in the summer of 2009. The Phase 2 project features are described in the main body 
of this report and Appendix G. Because of the heightened roughness mentioned in the previous 
section, the model nodes associated with the proposed Phase 2 flood containment berm on the 
left bank adjacent to the Optiva parking lot were raised to accommodate artificially high water 
surface elevations at the upstream boundary in this area. This entirely prevented inundation of 
the Optiva parking lot in the model, as will be the case after Phase 2 is constructed. 

A few changes were made to Manning’s n values in areas of proposed channel alteration. For 
instance, roughness at the instream habitat structures proposed in East Creek approaching 
Kamber Road was set at a value of 0.08, while excavated channel sections between habitat 
structures were modeled with a Manning’s n of 0.04. There were no changes to the distribution 
of flow in any 2-year and 10-year model runs between the existing conditions and proposed 
alternatives, but the 100-year flood event inflow in Richards Creek was confined more in the 
proposed alternatives modeling to account for the proposed Phase 2 berm. In addition to the 
restriction of inflow to fewer nodes, the berm to be constructed in Phase 2 was raised to 66 feet 
(from 63.5 feet in the design) to accommodate the artificially high water depths from an increase 
in Manning’s n at the upstream boundary. 

East Creek Excavation 

This alternative slightly steepens and widens (to 20 feet) the reach between the confluence of 
East Creek and Richards Creek and the Kamber Road crossing, while flattening the reach 
between the confluence and the existing Richards Creek flow split location. In addition to 
including extensive wood structure placements within the channel, this alternative restores 
substrate to the entire length of mainstem stream channel within the project site and increases 
inundation of the forested wetland for smaller than 2-year flows. The grade in the channel is set 
by grade control structures that step the channel down in 4-inch increments. For each 4-inch drop 
there is one habitat structure. 

Determination of the East Creek Excavation Geometry 
From the existing conditions model results described below and from the plan proposed in the 
main body of this document, it was determined that the most effective means to alleviate 
flooding is to excavate and widen the East Creek channel and place woody grade control 
structures to secure substrate and ensure fish passage. These grade control structures were 
assumed to be no more than 4 inches in height to ensure juvenile fish passage at a variety of flow 
rates. They were also spaced roughly equidistant from one another in the model. The number of 
grade control structures modeled is proportional to the assumed crest elevation of the highest of 
the grade control structures because the downstream end of the altered channel at Kamber Road 
is not subject to a change in grade. Model runs were performed that varied the crest elevation of 
the furthest upstream grade control structure in one-foot increments between 52 and 54 feet. 

East Creek Excavation with Richards Creek Excavation 

This alternative has the same excavation of East Creek as described above, and includes a 
20-foot wide channel excavated between the downstream end of the Phase 2 project at the flow 
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split to the culverts at Kamber Road in the historical Richards Creek channel. Hydraulic 
roughness was also reduced in this channel. Like in the East Creek excavation, habitat structures 
were assumed to be placed with each 4-inch drop in elevation. The excavation was assumed to 
continue all of the way up to the downstream end of the Phase 2 project near the flow split. 

East Creek Excavation with a Single Berm 

This alternative has the same excavation of East Creek as described above, but with a short berm 
along the southern edge of an undeveloped, but privately owned property on the north side of the 
wetland complex. The berm elevation was set at 58.5 feet. The property would likely have to be 
purchased to advance this alternative because it is currently in private ownership. 

East Creek Excavation with Southern Fill Removal 

In addition to the excavation described above in East Creek, this alternative removes placed fill 
on a single, undeveloped parcel at the south end of the project site (labeled “southern fill” in 
Figure 1). The fill appears to have been placed relatively recently. Given the underlying soils it is 
expected that this area would likely revert to being a wetland once again if the fill is removed, 
providing both flood reduction and environmental benefits. The property is in private ownership 
and would likely have to be purchased to advance this alternative. 

East Creek Excavation with Limited Richards Creek Excavation 

Unlike the alternative described above in which the historical Richards Creek channel is 
excavated from the flow split to Kamber Road, this alternative would involve excavating a 
10-foot wide channel that extends a shorter distance from between the Optiva and Prime Electric 
parking lots north to Kamber Road. The channel would be graded from an elevation of near 
52 feet at the Kamber Road culvert entrance up to 54 feet at the upstream end of the channel 
excavation. This alternative sought to increase the existing conveyance across Kamber Road, 
without triggering a complete avulsion of flow to the historical (and partially restored) Richards 
Creek channel that is described further in the model results section below. The partially restored 
channel for this alternative was modeled with lesser hydraulic roughness and assuming woody 
grade control structures for each 4-inch drop in grade. 

East Creek Excavation with Moderate Richards Creek Channel Excavation 

This alternative expanded the limits of the excavation of the historical Richards Creek channel to 
the south, extending 30 feet into the undeveloped wetland as compared to the previous 
alternative. This expanded excavation was assumed to be 20 feet wide with an invert elevation of 
54.3 feet at the upstream end, forming a bowl at the edge of the wetland complex. This bowl at 
the head of the channel would be designed to capture wetland overflow, thereby increasing the 
flow rate conveyed through the historical Richards Creek culverts at Kamber Road and reducing 
the amount of flow conveyed through the East Creek culvert at Kamber Road. This alternative 
sought to maximize the existing culvert conveyance capacity across Kamber Road, without 
triggering a complete avulsion of flow to the historical (and partially restored) Richards Creek 
channel. Like the other excavation alternatives described above, the excavated Richards Creek 
channel was modeled with lesser hydraulic roughness and assuming woody grade control 
structures for each 4-inch drop in grade. 
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Future Conditions of East Creek Excavation 

This model scenario is the same as the first alternative described above, with all areas in the 
stream channel and wetland upstream of the highest grade control structure assumed to be filled 
with sediment up to the crest elevation of that structure (53 feet). This scenario was analyzed to 
provide an indication of flood water surface elevations that could result if future sediment 
deposition occurs extensively, effectively reducing flood water storage volume that would be 
realized immediately after project construction and for some time thereafter. 

From preliminary calculations of the sediment flux through the system (described in the main 
body of this document) and the volume of the area assumed to be filled, these backwater areas 
should take at least 4 years to fill. The estimation of 4 years is a conservative scenario that 
assumes an average annual sediment flux, with no sediment trapped and removed on an annual 
basis at the new sedimentation structure in the Sunset Creek culvert beneath SE 30th Street. The 
City is developing an adaptive management approach for sedimentation structure maintenance 
based on ongoing channel monitoring downstream in Sunset and Richards Creeks. For purposes 
of this analysis it is reasonable to expect that a portion of the sediment flux in Sunset Creek will 
be trapped and removed each year at SE 30th Street. Thus, it would likely take greater than 
4 years to fill in the incised channel and floodplain areas in the wetland up to elevation 53 feet 
unless major sediment-transporting flood events occur with unusual frequency following 
construction of East Creek channel improvements. Regardless of the time it would take for 
sediment deposition to eliminate flood storage volume in the wetland area, this modeling 
scenario is useful for understanding flooding conditions further into the future after project 
construction. 

3.3.3.3 Preferred Alternative 

Once the alternatives were developed, a preferred alternative was a selected in a meeting on 
January 10, 2011 by project team members from the City and Herrera. Preliminary model results 
for the alternatives and scenarios described above were used to inform that meeting. The 
preferred alternative includes East Creek channel excavation from the existing confluence of 
Richards Creek and East Creek within the wetland to the culvert crossing at Kamber Road, with 
log grade control structures regulating the channel elevation profile. The channel was made 
substantially wider than under existing conditions, though the profile would not change 
significantly. In the engineering plans (Attachment C), a wetland bench extends along the length 
of the project. On average, the channel is designed to be 30 feet wide where possible, with 
15 feet for the active channel width and 15 feet width for the wetland bench. 

Because there is significant variability in channel width along the length (i.e., in some places it is 
wider and others it is narrower), it was assumed for the purposes of modeling that the modified 
channel will be only 20 feet wide, but with the full depth of the thalweg. Because channel width 
is a primary hydraulic constraint in East Creek, it is likely that the modeled flood reduction for 
the preferred alternative shown in the results section below are conservative (i.e., the flood 
control benefits will be greater than what is predicted in the simulation). The log grade control 
structures were placed to maintain channel grade drops of 4 inches with habitat structures made 
of wood and boulders in between. A 150-foot-long sheet-pile wall with a top elevation set at 
58 feet was also included to protect the eastern parking lots from erosion and inundation under 
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the 100-year and lesser flood events. Model simulations were performed for the 2-year, 10-year, 
and 100-year flood events with this updated geometry to provide a final estimate flooding 
changes and flow characteristics needed for design of the engineered wood placement. 

3.4 Results 

The results of the hydraulic modeling helped determine the limits of channel excavation and the 
overall geometry of channel improvements. They also were used to stimulate discussion of 
desirable project outcomes that led to selection of the preferred alternative. 

3.4.1 Existing Geomorphic Characteristics 

As concluded in the main body of this report, the project site area is located was amidst a 
historical alluvial fan and wetland complex between the upper Sunset Creek watershed and the 
lower gradient channels of Richards Creek and East Creek that flow to the north. Alluvial fans 
develop where streams emerge from steep reaches in which they are confined to relatively 
straight and narrow channels and flow into areas where sediment transport capacity decreases 
because of increases in channel width, reductions in channel gradient or other influences. 
Reduced sediment transport capacity, in conjunction with high rates of sediment delivery from 
the upper Sunset Creek watershed, has resulted in the ongoing channel aggradation and 
conditions that exacerbate flooding. Significant alterations to channels within the project area, 
for purposes of land development, have further aggravated local sedimentation and flooding. 

The historical channel configuration of Sunset Creek, Richards Creek, and East Creek within the 
project area was significantly different before development occurred in this area of the city than 
it is at the present time. Before development of the project area occurred, Sunset Creek crossed 
SE 30th Street approximately 600 feet to the east of the current channel alignment and joined 
East Creek upstream of the present location of Kamber Road. The combined flow from these 
streams merged with Richards Creek downstream of the present location of Kamber Road, as 
described in the main body of this report. Under these predevelopment conditions, the channels 
within the project area were free to move laterally and shift course as sediment deposition 
occurred due to locally reduced sediment transport capacity. Such abrupt changes in channel 
location are typical of alluvial fans, where channel alignments are impermanent and the repeated 
process of channel relocation and sediment deposition form the characteristic fan-shaped 
deposits. 

When development occurred in the area during the 1960s, Sunset Creek, Richards Creek, and 
East Creek were realigned to their present day locations. Buildings and parking lots in close 
proximity to the stream channels significantly reduced the natural floodplain functions. This 
artificial channelization ended the natural process of dynamic sediment deposition and channel 
relocation and concentrated sediment deposition along the constructed channel alignments, 
without ability for the channels to shift in response to the sediment deposition. 
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3.5 Hydrology 

The hydrographs used as input to the hydraulic modeling, and the stream gage data used to 
develop them, are described below. 

3.5.1 New Stream Gage Data 

No large flood events (i.e., of 2-year recurrence or greater) were captured in the stream discharge 
data recorded or measured directly between May and September 2010. However, as can be seen 
in Figure 2, there were numerous small rain events in that time period that caused a modest 
increase in flow. The pulse of flow associated with those events was generally extremely short in 
duration (several minutes) and raised the water level significantly (feet) in that short time. The 
timing of the pulses evident at each of the gages were also coincident. This finding is consistent 
with earlier stream gaging data collected by the City in this convergence area. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 2. Stage time series for the 2010 stream gage deployment at East Creek and 
Richards Creek. 

3.5.1.1 Summary of Earlier Stream Gage Data Collected by the City 

There are two data sets of City gage data collected in the project area. The earliest data set was a 
short deployment of three gages in Sunset, Richards and East Creek in 1997. This data set is 
similar to the gaging conducted in this study, both in duration and scope. While short in duration, 
the 1997 gaging captured several moderate-sized runoff events. Like the gage data collected in 
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2010, these events were extremely short-lived (less than an hour or two) and the timing of peak 
flow rates at all three gages were nearly simultaneous. However, the Richards Creek gage was on 
the historical (realigned) Richards Creek channel before it avulsed to its current path through the 
forested wetland, and therefore little can be said about the combination of East Creek and 
Richards Creek flows from this data. 

The second set of gage data was a much longer deployment immediately downstream of Kamber 
Road. While not exactly in the project area, the gage does document the slow transition of flow 
from the historical Richards Creek to East Creek channel. Both of the events used in the analysis 
below occurred sometime after most of the flow was already routed to the East Creek channel. 

3.5.1.2 Runoff Hydrographs Used for Hydraulic Modeling 

Three flood events were used to cover the range of flooding conditions considered to be 
important for assessing project effects: 2-year, 10-year, and 100-year recurrence interval flood 
events. Each of the hydrographs produced for these events were normalized to the peak flow 
reported by Entranco (1999) (Table 3). For each of these three events, the timing of the peaks of 
the various hydrographs in Richards Creek and East Creek were assumed to coincide. Details of 
the construction of each hydrograph are addressed below. 

Table 3. Relevant flow rates used in the hydraulic modeling of the project site. 

Flow Condition 
Upstream 

Richards Creek 
Upstream East 

Creek 
East Creek 

Tributary Culvert 
East Creek at 
Kamber Road 

Low flow b 1.8 0.5 0.2 2.5 

Calibration c event 6.4 0.9 0.4 7.7 

2-year a 150 23 16 189 

10-year a 234 36 27 297 

100-year * 408 63 31 502 

a Peak flow data from Entranco (1999), HSPF model 
b From flow measurement 
c Calibration flow on 6/11/10 
East Creek is from Reach 205 of Entranco Report 
East Creek Tributary Culvert = Reach 23 - Reach 203 - Reach 205 
For low flows, East Creek Tributary Culvert is assumed half of East Creek 

 

2-year Event 

The 2-year flood event hydrograph was constructed from an unusually large event that was 
observed on June 11, 2010 (Figure 3). The hydrographs of Richards Creek and East Creek 
recorded in this June 2010 runoff event were scaled to match the peak flows described in 
Entranco (1999). The flow in the East Creek tributary was assumed to be the same fraction of 
East Creek flow as predicted by Entranco (1999) for the 2-year event. Unlike the other two 
events modeled, the 2-year event peak flows were not shifted in time to coincide, with the 
exception of the timing of flow in the East Creek tributary because it was based upon the East 
Creek hydrograph and thus mimicked the East Creek hydrograph distribution. 
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Figure 3. 2-year flood event hydrograph used for hydraulic model input. 

10-year Event 

The 10-year flood event hydrograph was constructed from an event that was recorded by the City 
gage downstream of Kamber Road on East Creek in November 2006 (Figure 4). The peak flow 
recorded was 341 cubic feet per second (cfs), which is slightly larger than the 10-year flow rate 
(297 cfs) predicted by Entranco (1999). Flow at the gage was divided by the relative contribution 
of flow as identified by Entranco (1999) for the inflow condition at Richards Creek and East 
Creek. The event is much longer in duration than the 2-year event (22 hours, as opposed to 
less than 7 hours) and illustrates the combination of smaller events that often occur in rapid 
succession and constitute the larger flood events in the gage data. For the East Creek tributary, 
the same inflow was used as in the 2-year flood event hydrograph. This was done for two 
reasons: 1) high flow rates input into a single node of the model compromise computational 
speed unnecessarily, and 2) the culvert has limited conveyance capacity. 

100-year Event 

The 100-year flood event hydrograph was constructed from the largest event observed in any of 
the gage records, which occurred in early December 2007 (Figure 5). Like the 10-year event, it 
was 22 hours in duration and the amalgamation of several periods of intense rainfall over that 
time. The recorded flow rate (444 cfs) was slightly smaller than the estimated 100-year flood 
peak at Kamber Road (502 cfs) (Entranco 1999), therefore the flow rates in each creek (Richards 
and East) were scaled accordingly. Like in the 10-year event, the input from the East Creek 
tributary was kept the same as the 2-year event for the same reasons as stated above. 
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Figure 4. 10-year flood event hydrograph used for hydraulic model input. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

Figure 5. 100-year flood event hydrograph used for hydraulic model input 
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3.5.2 Hydraulic Modeling 

3.5.2.1 Existing Conditions 

Existing conditions were simulated for the 2-year, 10-year, and 100-year flood events 
(Attachment B). These simulations resulted in three conclusions not drawn in earlier reports 
about the hydraulics, hydrology and geomorphology of the project site: 

 Inactivity of historical Richards Creek channel – The historical (realigned) 
Richards Creek channel has been completely abandoned by flow for all 
but the largest events in recent years, and even in those larger floods only 
a few percent of the total flow is predicted to access the culvert at Kamber 
Road (Table 4). Although the thalweg of the channel is inundated at 
relatively small flows (less than 50 cfs) in Richards Creek, the flow is 
predicted to be slow and shallow. In all of the simulations, significant flow 
in the channel (i.e., that capable of eroding out and maintaining a channel) 
was essentially non-existent. The modeled flow through the culvert at 
Kamber Road was only a small of fraction of what can be conveyed 
through it, even in the 100-year event. 

 Extensive flooding of adjacent parking lots – Flooding of the adjacent 
parking lots is common due to the constriction and straightening of East 
Creek between the confluence with Richards Creek and Kamber Road and 
the relatively low elevation of the parking lots. In all of the alternatives 
modeled, the inundation is exacerbated by the relatively low elevation of 
the parking lots. 

 Constriction between the Richards Creek / East Creek confluence and the 
crossing at Kamber Road – The primary reason for flooding of adjacent 
properties is not so much low topography in the area, although that is a 
factor, but the confinement of significant flow in East Creek into a narrow 
corridor between the parking lots immediately south of Kamber Road. 
This constriction causes the creeks further upstream to become impounded 
during large flow rates and flood adjacent areas (i.e., the eastern parking 
lots and the Prime Electric parking lot). 

3.5.2.2 Proposed Alternatives 

The model results for the proposed alternatives are summarized and compared to the results for 
existing conditions in Table 4. Plots of inundation predicted under each alternative for the 2-year, 
10-year, and 100-year events are provided in Attachment B. A discussion of the simulated 
hydraulic characteristics of each alternative is presented below. 
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Table 4. Summary of hydraulic model simulations. 

Alternative 

Flooding of 
Prime 

Electric 
Parking Lot 

Flooding over 
Kamber Road 

at Richards 
Creek 

Culverts 

Flooding over 
Kamber Road 
at East Creek 

Culvert 

Flooding of 
Eastern 

Parking Lots 

100-year 
Flood Ratio 

of Flow 
East/Richards 

10-year Flood 
Ratio of Flow 
East/Richards 

2-year Flood 
Ratio of Flow 
East/Richards 

Existing conditions All Floods No 100-year only All Floods 96/4 98/2 99/1 

East Creek 
excavation only 

All Floods No 100-year only 100-year only 96/4 98/2 99/1 

With Richards 
Creek excavation 

All Floods All Floods 100-year only 100-year only 67/33 50/50 38/62 

With southern fill 
removal 

All Floods No 100-year only 100-year only 96/4 98/2 99/1 

With single berm 
on undeveloped 
parcel 

All Floods No 100-year only 100-year only 96/4 97/3 99/1 

With limited 
Richards Creek 
excavation 

All Floods No 100-year only 100-year only 94/6 96/4 98/2 

With moderate 
Richards Creek 
excavation 

All Floods No 100-year only 100-year only 92/8 92/8 94/6 

Future conditionsa, 
East Creek 
excavation only 

All Floods No 100-year only 100-year only 96/4 98/2 99/1 

a Future conditions are conservatively estimated to be reached approximately 4 years after construction 

 

East Creek Excavation 

This alternative would significantly lessen flooding relative to existing conditions for the parking 
lots east of the project site. It would also lessen flooding on the Prime Electric property, but not 
eliminate it, even for the 2-year event. The model indicates that this alternative would slightly 
change the location where flood water overtopping of Kamber Road occurs during the 100-year 
event, but would not change the magnitude of the flooding. This alternative does not include any 
flood control berms. The results of this model show that flood water surface elevation reductions 
on the properties east of the site and on the Prime Electric property can be achieved with only a 
modest amount of stream modifications. As a result, this was selected as the preferred alternative, 
with a minor addition of a flood control sheet-pile wall to protect the eastern parking lots, which 
were not at risk to significant flooding in the past. 

Determination of the East Creek Excavation Geometry 
It was determined that flooding on the Prime Electric property and the eastern parking lots would 
be worsened for the highest grade control structure crest elevation modeled (54 feet), although 
this crest elevation would bring about the largest habitat benefit to the wetland. For a 52-foot 
crest elevation, flooding was reduced significantly everywhere in the model. However, spawning 
substrate would likely require a significant amount of time to be replaced because the existing 
clay substrate would first have to be eroded by large events and then filled by subsequent 
deposition during smaller flows. There would also be a larger vertical drop (3 feet) between the 
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furthest downstream grade control structure in the Phase 2 project and the backwater elevation in 
the wetland induced by this project if the crest elevation of the highest grade control structure in 
the East Creek channel were set at 52 feet. Therefore, 53 feet was selected as the preferred crest 
elevation for the highest grade control structure in East Creek at the downstream edge of the 
wetland. 

East Creek Excavation with Richards Creek Excavation 

The model results for this alternative showed a considerable amount of flow routed through 
the newly excavated historical (realigned) Richards Creek channel for all three flood events 
analyzed. Because of the relatively small size of the existing culverts (and the fact that they are 
currently half-filled with sediment) at Kamber Road, flooding over Kamber Road was predicted 
to be extensive, even for the 2-year flood event. This alternative was thus rejected from further 
consideration because it would cause more flooding over Kamber Road than occurs under 
existing conditions in the model simulations. However, the flooding over Kamber Road 
predicted by the model might be an over-estimate because it is likely that conveyance through 
the culverts would be improved at the historical Richards Creek channels if historical flows were 
restored. This is because the HEC-RAS model used to generate the rating curve in FLO-2D 
assumed that the bottom half of the existing culverts were filled with sediment. In actuality, if 
significant flow were restored to these culverts, the sediment would be eroded away during 
largest events, increasing the conveyance capacity of those culverts. 

East Creek Excavation with a Single Berm 

The model results for this alternative showed flooding characteristics similar to the East Creek 
excavation-only alternative summarized above. The berm would not prevent flooding on the 
Prime Electric property because flood waters enter the parking lot from the south and the east, 
and this alternative assumed a berm would only be placed on the south side of the property. The 
flood waters rising in the East Creek channel along the east side of the Prime Electric property 
would overtop the bank and inundate the parking lot. Further, the model shows that flood water 
on the Prime Electric property would be retained behind (north of) the berm, negating any 
benefit of the berm. Because of the inconsequential flood reduction benefits that would be 
realized from installing a costly berm, this alternative was rejected from further consideration. 

East Creek Excavation with Southern Fill Removal 

The simulated flooding from this alternative is very similar to flooding predicted with the East 
Creek excavation-only alternative. The model results show that flooding would be slightly worse 
in the 10-year and 100-year events across Kamber Road at the historical Richards Creek channel 
crossing because of the larger volume of water that would be held in the wetland and released to 
that channel (as opposed to the East Creek channel) at the peak of the flood event, even though 
no modifications would be made to the Richards Creek channel approaching Kamber Road. Due 
to the high cost of acquiring the property and the lesser flood reduction benefits that would 
result, this alternative was rejected from further consideration. 
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East Creek Excavation with Limited Richards Creek Excavation 

The model results for this alternative indicate that flooding would not be significantly different 
than with the East Creek excavation-only alternative. While the Richards Creek culverts at 
Kamber Road would be engaged more often than in existing conditions, this alternative would 
not reduce flooding on the Prime Electric parking lot, would not reduce water surface elevation 
at the East Creek crossing at Kamber Road, nor reduce flooding of the eastern parking lots any 
more than the East Creek excavation-only alternative. An additional model run (not shown in 
Attachment B) was performed to assess the effectiveness of combining limited Richards Creek 
excavation and a single berm, as described in the East Creek excavation with a single berm 
alternative above. Because this model run showed that the Prime Electric parking lot would still 
be flooded from the east, the addition of the berm would not yield flood control benefits. Due to 
the added cost of Richards Creek channel excavation for essentially no additional flood reduction 
benefits, this alternative was rejected from further consideration. 

East Creek Excavation with Moderate Richards Creek Excavation 

Like the model results for the preceding alternative (i.e., the limited Richards Creek excavation 
alternative), this alternative would not significantly change the distribution of flow from existing 
conditions relative to the East Creek excavation-only alternative. It would increase the amount of 
flow conveyed across Kamber Road through the historical Richards Creek channel alignment, 
and therefore reduce flooding slightly in the Prime Electric parking lot. The model indicates that 
extensive flooding in the Prime Electric parking lot would not occur in the 2- and 10-year flood 
events, which is a notable improvement. However, excavation into the forested wetland would 
cause additional environmental impacts that would require off-site mitigation due to the lack of 
space within the project footprint to mitigate for those wetland impacts onsite. Because of the 
greater cost for wetland mitigation relative to the value of the incremental flood reduction 
benefits that could be achieved, this alternative was not selected for design. 

Future Conditions of East Creek Excavation 

This simulation did not show significant change in the distribution of flow or extent of 
inundation relative to the results for the East Creek excavation-only alternative (the preferred 
alternative) immediately following construction. These results indicate that the flood reduction 
benefits achieved by the project will be persistent over time. It is important to mention that once 
the area between the Phase 2 and this project is filled with sediment, which will occur at least 
4 years following construction (but likely much longer), sediment might begin to accumulate in 
the project reach. The additional accumulated sediment could compromise conveyance. This 
further reduction in conveyance was not analyzed in this alternative. 

3.5.2.3 Preferred Alternative 

Based upon the results described above and a meeting held with the project team on January 10, 
2011, it was determined that the East Creek excavation alternative described above, with a 
protective sheet-pile wall to shield the eastern parking lots, is the preferred alternative. Because 
this differs slightly from the “no berm” alternative plotted in Attachment B, a series of model 
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runs were performed with the preferred alternative configuration. The simulation results are 
summarized in Figures 6 through 11. Figures 6 through 9 show the change in inundation from 
existing to proposed conditions. Purple and blue shading on these figures indicates flood water 
surface elevation reductions, while pink colors indicate increases in flood water surface 
elevation. Yellow indicates no change from existing conditions within the range of model error. 

As can be seen in the figures, the model indicates that the eastern parking lots will either no 
longer be inundated in proposed conditions, or the inundation will be significantly reduced. 
These flood reduction benefits increase with the magnitude of the flood event. This is because of 
the competing effects of the wood placement (which increases the height of within-bank flows) 
and the widening of the channel (which lowers flood elevations). For the larger and deeper 
flows, the wood placement has less of a backwatering/roughness effect, as compared to the 
channel widening, which lowers the flood water surface elevations. 

Despite the flood elevation reductions predicted for the adjacent private properties, there are 
three primary locations where flood elevations will be slightly increased. The first location is 
near the downstream boundary of the Phase 2 project, where Richards Creek opens up into the 
wetland. While there is an increase in water surface elevation at this location due to the imposed 
Richards Creek inflow boundary condition, this effect is only significant for the first three or four 
nodes in the model (i.e., the first 30 to 40 feet). The effect of heightened flow extends well 
beyond this point and is caused mainly by an increase in flow rate at this location due to 
proposed construction of a flood containment berm on the north side of the Richards Creek 
channel in the Phase 2 project, which will prevent a large amount of water from spilling onto the 
Optiva parking lot. Increased frequency of inundation of the wetland is one of the goals of the 
Phase 3 project and thus modeled increases in water surface elevations at this location are 
desirable. This effect does not spread on to developed properties bordering the wetland. 

The second location where heightened flood water surface elevations are predicted in the model 
of the preferred alternative is at the East Creek culvert at Kamber Road. This is a result of all 
flood water up to the 100-year event being contained in the East Creek channel, whereas some of 
that water would flow over the road further east in existing conditions. In the proposed 
conditions, overtopping of Kamber Road would occur only at the culvert crossing in the 
100-year event – not elsewhere on Kamber Road as occurs in existing conditions. A small 
amount of flow also was removed from the existing conditions model where it overtopped into 
the Optiva parking lot. Therefore, the slightly heightened water surface elevation at this location 
can be entirely explained as an effect of controlling where flood water crosses the road and 
preventing inundation of adjacent parking lots. 

The third location where the model of the preferred alternative predicts heightened flood water 
surface elevations relative to existing conditions is in the historical (realigned) Richards Creek 
channel immediately upstream of the Kamber Road culverts. This increase is predicted to be 
relatively small (less than 1 inch), only occurs in the 2-year flood event, and will not increase 
inundation of the Prime Electric parking lot. This increase is a reflection of the increased flow 
delivered to the historical Richards Creek channel in the preferred alternative. In existing 
conditions, a substantial amount of flow enters the Optiva parking lot and is removed from the  
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model. This flow in the preferred alternative model remains in the active channels and shows up 
as an increase in flood water surface elevations at the existing Richards Creek culvert crossing of 
Kamber Road. 

Effects of a Berm to Protect the Eastern Parking Lots 

As can be seen in the model results presented in Attachment B, the parking lots east of the 
project area would be inundated in the 100-year event if there are no means to protect them in 
the preferred alternative configuration. Inundation of these parking lots currently occurs even 
for moderate flows (2-year flood events), although it is likely that this was not the case prior 
to the avulsion of Richards Creek into the East Creek channel. To protect these parking lots 
from flooding, the preferred alternative includes a low sheet-pile wall. Preliminary modeling 
(Attachment B) showed that the parking lots would be inundated to a depth of approximately 
56.6 feet in the 100-year flood event if a protective wall is not included in the design. Therefore, 
the model of the preferred alternative includes a berm at the eastern edge of the project site with 
a top elevation of 57.5 feet, which would provide approximately one foot of freeboard. 





Basis of Design––East Creek/Richards Creek Fish Passage Improvement and Stream Modification 
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FLO-2D Results of Alternatives
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ATTACHMENT C

Engineering Plans



 





 





 





 





 





 





 





 





 





 





 





 





 





 





 





 





 





 





 



ATTACHMENT D

Engineering Cost Estimate



 



Prepared by: Herrera Environmental Consultants
Project Number: 09-04503-000

Date: 28-Mar-11

No.
Spec 

Section Unit Qty Unit Price Amount
1-0 General Conditions
1 1-09 Mobilization/Demobilization (5% Maximum) LS 1 $14,100.00 $14,100.00
2 1-10 Temporary Traffic Control LS 1 $10,000.00 $10,000.00

2-0 Earthwork
3 2-01 Clearing And Grubbing Acre 0.55 $4,000.00 $2,200.00
4 2-01 (B) Sp Selective Tree Removal EA 15 $100.00 $1,500.00
5 2-02 Removal of Structures and Obstructions LS 1 $2,000.00 $2,000.00
6 2-03 Sp Embankment - Flood Control Berm LS 1 $1,000.00 $1,000.00
7 2-10 Sp Channel Excavation CY 210 $25.00 $5,300.00
8 2-10 Sp Channel Excavation Including Haul CY 920 $35.00 $32,200.00
9 2-11 Sp Stream Embankment SY 3,500 $10.00 $35,000.00

3-0 Quarry Rock
10 3-06 Streambed Cobble Ton 448 $35.00 $15,700.00
11 3-07 Streambed Sediment Ton 816 $25.00 $20,400.00
8-0 Miscellaneous Construction
12 8-01 Water Pollution and Erosion Control LS 1 $20,000.00 $20,000.00
13 8-02 Sp Temporary Flow Diversion and Fish Exclusion LS 1 $37,500.00 $37,500.00
14 8-03 Property Restoration LS 1 $14,900.00 $14,900.00
15 8-03 Sp Planting LS 1 $29,000.00 $29,000.00
16 8-03.2(1) Topsoil Type A CY 220 $40.00 $8,800.00
17 8-06 Sp Log Structure: Left Bank Revetment Structure EA 1 $4,000.00 $4,000.00
18 8-06 Sp Log Structure: Right Bank Revetment Structure EA 1 $2,600.00 $2,600.00
19 8-06 Sp Log Structure: Large Grade Control Structure EA 1 $6,200.00 $6,200.00
20 8-06 Sp Log Structure: Small Grade Control Structure Type 1A EA 3 $2,300.00 $6,900.00
21 8-06 Sp Log Structure: Small Grade Control Structure Type 2A EA 4 $2,500.00 $10,000.00
22 8-06 Sp Log Structure: Small Grade Control Structure Type 1B EA 2 $2,400.00 $4,800.00
23 8-06 Sp Log Structure: Small Grade Control Structure Type 2B EA 2 $2,500.00 $5,000.00
24 8-06 Sp Log Structure: Wood Roughening Structure EA 1 $2,600.00 $2,600.00
25 8-06 Sp Log Structure: Berm Wood Front EA 1 $4,000.00 $4,000.00

Subtotal $295,700.00

30% Contingency $88,800.00

9.5% Sales Tax $36,600.00

TOTAL $421,100.00

East Creek and Richards Creek Fish Passage Improvement and Stream Modification Project
Bellevue, Washington

60% Conceptual Design Construction Cost Estimate



 



City of 
Bellevue                 Post Office Box 90012  Bellevue, Washington  98009 9012 

 

Development Services Department    (425) 452-6800    Fax (425) 452-5225    TDD (425) 452-4636 
Lobby floor of City Hall, 450 110th Avenue NE, Bellevue, WA 98004 

 
January 12, 2012 
 
Karen Walter 
Muckleshoot Indian Tribe Fisheries Division 
39015 - 172nd Avenue SE  
Auburn, Washington  98092-9763 
 
RE: 11-122119-LO – City of Bellevue Utilities Department East Creek/Richards Creek Stream 

Channel Modifications Project 
 
Karen- 
 
I am writing to respond to your questions submitted regarding project 11-122119-LO. In addition to 
a Development Services Department response, I have consulted with the applicant and they have 
provided responses to many of your questions/statements. Responses are below. 
 

1) Please provide additional information regarding the proposed rock and wood grade controls.   The 
ODNS materials we reviewed indicate that the reason for these grade controls is to stop head cutting 
and reduce incision.   However, it seems that with the Phase II project, the existing areas of head-
cutting (shown as within Phase II project areas) should be reduced, thus potentially eliminating the 
need for concerns with further head-cutting.   We are concerned that the grade controls essentially 
lock the stream channel in place, reduce habitat forming processes, and could fail if the stream 
continues to incise creating fish passage barriers, among other problems.  The proposed sheet pile 
within the floodplain may also cause problems for the grade controls too as a hardened feature that 
resists floods causing the adjacent stream bank areas to erode and fail.  Please note that similarly 
designed structures shown in C4 failed where they were used in another project in WRIA 9 and they 
become fish passage barriers within 2 years of construction.  This left the applicant (WSDOT) to have 
to redo the mitigation work.  WDFW should be consulted early to verify they agree with the design of 
these grade controls in this low gradient area.  
 

Utilities Department Response: As the head-cut has already moved upstream past the Phase III 
Reach, the East Creek/Richards Creek channel has significantly incised and has thus disconnected 
the channel from the floodplain. Even though the channel is starting to show signs of natural 
recovery with bank widening and local deposition of alluvium, the channel bed is still at least 5 feet 
below the floodplain in most places (and much more in areas that will be disturbed) and will not be 
able to naturally re-connect with its surrounding wetland riparian habitat for a very long time. A 
primary goal of the Phase III project is to restore hydrologic connectivity to the wetlands.  
 
Much of the erosion resulting from the head-cut migration has threatened adjacent properties. In 
addition, significant amounts of eroded material has deposited in the channel upstream of Kamber 
Road. This aggradation could worsen existing flooding problems in the area. The log grade-control 
structures are important for assisting the natural channel recovery process by encouraging and 
controlling the location of sediment aggradation to obtain a profile that restores hydrologic 
connectivity in the wetland, limits the threat of any ongoing incision and bank erosion (that could 
cause further property damage) within the reach, and also improves flow conveyance to reduce 
flooding of parking lots on surrounding properties. The elevations of the proposed log grade-control 
structures are very important to the project success. Control points and notes in the plans and 
specifications will help to ensure they are constructed properly. We understand that the construction 
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contractor for some WSDOT grade-control installations in WRIA 9 did not completely follow such 
key design recommendations, thus leading to a fish passage problem. 
 
The log grade-control structures proposed for the Phase III project differ from other installations in 
three important ways that improve their likelihood for success: 
 

 The East Creek channel is significantly confined (artificially, by parking lots, fill, and 
buildings) where the proposed Phase III grade control structures will be placed. The grade-
control logs will thus span the entire floodplain and there is not space for the stream to route 
around the log structures.  

 
 The structures proposed in Phase III will be complex structures incorporating multiple logs 

placed at sloping angles helping to concentrate flows to a point in the channel (important for 
maintaining grade) and create scour pools to assist with upstream fish passage. The 
placement of the flow concentration points will allow the stream to meander. In contrast, 
grade-control logs placed at flat angles across the streambed create uniform flow across the 
logs, thus limiting water depths over the top of the logs and also the pool depths 
downstream, making upstream fish passage more difficult. We include log structure survey 
control points in the design plans to assure that the contractor builds these structures to the 
intended elevations. The City’s construction inspection staff will carefully oversee this 
particular aspect of the work to assure those control points are created as designed.  

 
 The grade-control features will also be spaced to ensure that even if there is some incision 

between the structures, there is no more than a 4-inch elevation drop between them (as 
described in the fish passage objectives for both Phases 1 and 2 in the Flood Control and 
Sediment Management Plan – Richards Creek, Sunset Creek, and East Creek Confluence 
Area (Herrera 2008, Herrera 2011a). The conservative 4-inch elevation drop was 
established to allow for juvenile passage and to accommodate the swimming capabilities of 
resident fish, per WAC and WDFW criteria. Habitat wood is included in the design plans 
between the grade control structures to create scour pools that also promote resting areas 
and facilitate fish passage through the reach. 

 
The proposed sheet-pile wall is intended to provide enhanced flood protection for nearby properties, 
in lieu of an earthen berm that would have excessive fill impacts to the adjacent wetland. The sheet-
pile wall, which will sit only 2 feet away from an existing sheet metal fence and parking lot, will not 
be exposed to erosive channel forces or high flow velocities. The floodwaters that the sheet-pile 
wall is designed to protect against would result from backwater during only the most extreme events 
(less frequent than the 10-year event). And even during the 100-year event, water surfaces would 
only be up against the wall for a few hours of time. 
 
Development Services Department Response:  The City’s Land Use Code does not prohibit the 
use of in-stream grade control structures or sheet piling (pubic flood protection measures) when the 
proposed structures are designed by a qualified professional and when the applicant demonstrates 
that measurable benefits are identified through the design. In this case the applicant has prepared 
and submitted a Critical Areas Report and Basis of Design that demonstrates why the structures 
are needed, what alternatives were considered, and how the design improves conditions within the 
channel as well as upstream and downstream of the project areas. See LUC 20.25H.055.C.3 and 
LUC 20.25H.080.B. 
 

2) Please explain why the project is proposing to use loose riprap in East Creek.  Sheet C-3 shows this 
as cobble, however, Sheet C-6 shows loose riprap which implies larger, angular rock that is not 
conducive for fish habitat.  What is the size of this  material?  How much will be placed into East 
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Creek?  We consider loose riprap to be fill and since it is proposed to be within the OHWM of East 
Creek, the riprap needs to be quantified as an impact to the stream channel and fully mitigated.   
 

Utilities Department Response: Response: The project is not proposing to use loose riprap in the 
channel. The detail references to light loose riprap on Drawing C-6 are erroneous. Please see the 
updated JARPA drawings which have removed these references to riprap. The portions of the log 
structures in the channel will be backfilled with alluvium and rounded streambed material, and the 
portions of the logs in the banks will be backfilled with bank material. 
 
Development Services Department Response:  No comment. Project plans were incorrectly 
labeled.  
 

3) What is the City's plan to monitor the grade control and loose riprap structures to ensure that they do 
not become fish passage barriers over the life of the project?  

 
Utilities Department Response: The city is obtaining permanent easements to monitor and 
maintain all project elements, including the log structures. The City has developed specific 
monitoring criteria for fish-passability and drop heights at these structures to ensure that the 
structures will be maintained or fixed so as not to develop into fish barriers over time. The City is 
currently finalizing the monitoring and maintenance plan for the project. 
 
Development Services Department Response: Through the Critical Areas Land Use Permit the 
applicant will be required as a condition of approval to submit with the application for Clearing and 
Grading a final monitoring plan designed to monitor the in stream grade control structures for a 
period of five years. The applicant has submitted a draft maintenance and monitoring plan that 
addresses Critical Areas Land Use Permit requirements for maintenance and monitoring.  
 

4) The planting plan should be revised to include western red cedar and Sitka spruce where soil and 
hydrologic conditions will allow to ensure future wood recruitment to the stream for fish habitat. 
 

Utilities Department Response: The City will consider adding conifers to the planting plan. 
 
Development Services Department Response: No comment. The draft planting plan submitted 
by the applicant meets City of Bellevue Critical Areas Land Use Permit requirements found in LUC 
20.25H.220. We have suggested to the applicant that the planting plan be augmented with 
additional (coniferous) appropriate tree plantings.  
 

5) The proposed wood structure near the East/Richards Creek confluence is more of a bank stability 
feature than a fish habitat feature since it is located on the outer bend of the meander where water 
velocities will be naturally higher and avoided by juvenile salmon. 

 
Utilities Department Response: Yes, this is correct. It is assumed that the referenced structure is 
the right bank revetment structure at approximately project station 0+20. This structure is intended 
to provide bank stability, a key project objective, without compromising fish habitat. The structure 
also uses rootwads, which serve a dual purpose of providing physical habitat complexity. 
 
Development Services Department Response: Wood bank stabilization measures are 
considered allowed uses under LUC 20.25H.055 and LUC 20.25H.C.3.m. Under City of Bellevue 
Land Use Code rules, anchored wood is considered a “soft stabilization measure” and is a preferred 
approach to “hard” measures if avoidance is infeasible. 
 

6) The project should provide additional information regarding flood proofing actions taken at the built 
sites that will benefit from this project, including acquisition.   When one considers the potential for 
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long term maintenance, future dredging and other actions, it may be more effective and less costly to 
modify or purchase to allow for an expanded floodplain and more natural stream processes based on 
the floodplain areas in Figure 8 shown in the Critical Areas Report.  
 

Utilities Department Response: Property acquisition was considered, but it was ruled out primarily 
because of cost. The Basis of Design - East Creek and Richards Creek Fish Passage Improvement 
and Stream Modification memo (Attachment 2) discusses in detail some alternatives that included 
property acquisition. An overall evaluation of possible alternatives for the phased projects is 
presented in the Flood Control and Sediment Management Plan – Richards Creek, Sunset Creek, 
and East Creek Confluence Area (Herrera 2008, Herrera 2011a) 
 
Development Services Department Response: Based on documentation submitted acquisition 
was considered with the alternatives analysis but was ultimately not selected as the cost 
outweighed the benefit (LUC 20.25H.055.C.2.a).  
 

7) How will the stream/wetland and buffer enhancements be protected in perpetuity?  
 

Utilities Department Response: The City is planning to obtain a permanent conservation 
easement for directly enhanced stream and wetland areas, and a wetlands notice for indirectly 
enhanced wetland areas that will be recorded to the deeds of all the private property owners. 
 
Development Services Department Response: The applicant will be required to submit 
verification of easement prior to issuance of a construction permit. See LUC 20.25H.030.B. 
 

8) The 6 alders that are greater than 4 inches in diameter, within 200 feet of the affected stream areas, 
and proposed for removal (see page 76 of the Critical Areas Report) should be placed back into East 
Creek as partial mitigation for their removal to address temporal losses of future wood recruitment.  

 
Utilities Department Response: The drawings can include notes that state that removed trees can 
be incorporated into the log structures as directed by the engineer. It would just be important that 
these individual pieces don’t float away and rack up at the Kamber road crossing, causing potential 
flooding of the roadway there. 
 
Development Services Department Response: Trees sized smaller than 8 inches were not 
required for identification on the site plans and may be removed when a mitigation plan is proposed 
to restore the area impacted to an equivalent or better condition. In this case, clearing is required to 
re-grade the stream and adjacent riparian areas in an effort to stabilize the streambed and address 
conditions that amplify flood hazard potential. To mitigate for the impact of clearing and grading 
within the stream and adjacent riparian area the project proposal includes a restoration plan and 
habitat improvement plan that includes the placement of wood in stream (in excess of that being 
removed), and the planting of the adjacent riparian area. Replanting and wood placement is done at 
an advanced ratio to address impacts associated with construction and provide for future sources of 
wood and organic inputs to the stream system. In this case the source of the wood is not regulated, 
and trees removed are not required to be directly placed in the stream. Tree and plant materials will 
be imported to the project site based on the project design. 
 

9) Please explain how much reduction in peak flows will occur from the project (page 53 of the CAR). 
 
Utilities Department Response: The sentence in the report should be corrected to read that 
reduction in peak flow water surface elevations (WSE’s) will result from the proposed project. These 
WSE reductions are highly variable throughout the project area and are explained in detail in the 
Basis of Design memo produced for the project. 
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Development Services Department Response: No comment. 
 

10) What is being done to address the fish passage barrier due to the waterfall that was to be addressed 
in Phase III (see City's response to MITFD dated October 28, 2010, comments to Phase II project)? 

 
Utilities Department Response: At the time of the referenced response to comments, the head-
cut was positioned in the Richards Creek channel in the middle of the wetland, in-between the 
Phase II and Phase III project reaches. Also, at the time of the response, Phase II was scheduled 
for construction in 2011 and Phase III was scheduled for construction in 2012. Now, the head-cut 
has migrated upstream into the Phase II reach and both the Phase II and Phase III projects are now 
being planned for 2012 construction. A combination of channel grading and installed grade-control 
elements for Phase II will remove the head-cut/waterfall/fish-passage barrier that continues to pose 
fish-passage limitations and threaten adjacent rock walls, properties, and building foundations, 
during 2012 construction. The log structures proposed in both the Phase II and Phase III projects 
will significantly reduce the possibility that the reaches would be subject to future head-cut migration 
that could cause barriers to fish-passage. 
 
Development Services Department Response: We anticipate the incise channel developed by 
head cut will fill in over time as the wetland area is backwatered for longer periods. This will 
ultimately stop the head cut and fill in the channel with sediment as it falls from the water column.  
 
I hope this helps answer your questions. Please let me know if you need additional information. 
 
Sincerely, 
 
Sent Via Email 
 
David Pyle 
Land Use Planner 
 
Cc: Abe Santos, COB Utilities Department 
      Mark Cross, COB Utilities Department 
      Michael Paine, COB Development Services Department 
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Pyle, David

From: Karen Walter [KWalter@muckleshoot.nsn.us]
Sent: Tuesday, September 27, 2011 2:04 PM
To: Pyle, David
Cc: 'Fisher, Larry D (DFW)'
Subject: East Creek/Richards Creek Stream Channel Improvements, 11-122119-LO, Optional 

Determination of Non-Significance

David, 
 
The Muckleshoot Indian Tribe Fisheries Division has reviewed the Optional Determination of Non-Significance and Notice 
materials for the proposed East/Richards Creek stream channel improvements.  As noted in these materials, this project 
involves Phase 3 of 3 to reduce flooding and erosion of commercial and industrial properties along East Creek,  as well 
as, preserving and enhancing wetland and stream areas and their buffers.  We have several questions and some initial 
comments about this project as noted below: 
 

1. Please provide additional information regarding the proposed rock and wood grade controls.   The ODNS 
materials we reviewed indicate that the reason for these grade controls is to stop head cutting and reduce 
incision.   However, it seems that with the Phase 2 project, the existing areas of headcutting (shown as within 
Phase II project areas) should be reduced, thus potentially eliminating the need for concerns with further 
headcutting.   We are concerned that the grade controls essentially lock the stream channel in place, reduce 
habitat forming processes, and could fail if the stream continues to incise creating fish passage barriers, among 
other problems.  The proposed sheet pile within the floodplain may also cause problems for the grade controls too 
as a hardened feature that resists floods causing the adjacent stream bank areas to erode and fail.  Please note 
that similarly designed structures shown in C4 failed where they were used in another project in WRIA 9 and they 
become fish passage barriers within 2 years of construction.  This left the applicant (WSDOT) to have to redo the 
mitigation work.  WDFW should be consulted early to verify they agree with the design of these grade controls in 
this low gradient area. 
 

2. Please explain why the project is proposing to use loose riprap in East Creek.  Sheet C-3 shows this as cobble, 
however, Sheet C-6 shows loose riprap which implies larger, angular rock that is not conducive for fish habitat. 
 What is the size of this  material?  How much will be placed into East Creek?  We consider loose riprap to be fill 
and since it is proposed to be within the OHWM of East Creek, the riprap needs to be quantified as an impact to 
the stream channel and fully mitigated.   
 

3. What is the City’s plan to monitor the grade control and loose riprap structures to ensure that they do not become 
fish passage barriers over the life of the project?  
 

4. The planting plan should be revised to include western red cedar and Sitka spruce where soil and hydrologic 
conditions will allow to ensure future wood recruitment to the stream for fish habitat. 
 

5. The proposed wood structure near the East/Richards Creek confluence is more of a bank stability feature than a 
fish habitat feature since it is located on the outer bend of the meander where water velocities will be naturally 
higher and avoided by juvenile salmon. 
 

6. The project should provide additional information regarding flood proofing actions taken at the built sites that will 
benefit from this project, including acquisition.   When one considers the potential for long term maintenance, 
future dredging and other actions, it may be more effective and less costly to modify or purchase to allow for an 
expanded floodplain and more natural stream processes based on the floodplain areas in Figure 8 shown in the 
Critical Areas Report.  
 

7. How will the stream/wetland and buffer enhancements be protected in perpetuity?  
 

8. The 6 alders that are greater than 4 inches in diameter, within 200 feet of the affected stream areas, and 
proposed for removal (see page 76 of the Critical Areas Report) should be placed back into East Creek as partial 
mitigation for their removal to address temporal losses of future wood recruitment.  
 

9. Please explain how much reduction in peak flows will occur from the project (page 53 of the CAR). 
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10. What is being done to address the fish passage barrier due to the waterfall that was to be addressed in Phase III 

(see City’s response to MITFD dated October 28, 2010, comments to Phase II project)? 
 

We appreciate the opportunity to review this proposal and look forward to the City’s responses. We may have additional 
comments subsequently.  
 
Thank you, 
Karen Walter 
Watersheds and Land Use Team Leader 
 
Muckleshoot Indian Tribe Fisheries Division 
39015 172nd Ave SE 
Auburn, WA 98092 
253-876-3116 
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DEVELOPMENT SERVICES DEPARTMENT 
ENVIRONMENTAL COORDINATOR 
450 110th Ave NE., P.O. BOX 90012 
BELLEVUE, WA 98009-9012

OPTIONAL DETERMINATION OF NON-SIGNIFICANCE (DNS) NOTICE MATERIALS

The attached materials are being sent to you pursuant to the requirements for the Optional DNS 

Process (WAC 197-11-355).  A DNS on the attached proposal is likely.  This may be the only 

opportunity to comment on environmental impacts of the proposal.  Mitigation measures from 

standard codes will apply.  Project review may require mitigation regardless of whether an EIS is 

prepared.   A copy of the subsequent threshold determination for this proposal may be obtained upon 

request. 

File No.   11-122119-LO 

Project Name/Address:  East Creek/Richards Creek Stream Channel Improvements 
  13301 SE 26th Street 

Planner:  David Pyle / dpyle@bellevuewa.gov 
   
Phone Number:   425-452-2973 

Minimum Comment Period:  September 29, 2011

Materials included in this Notice: 

 Blue Bulletin 

 Checklist 

 Vicinity Map 

 Plans 

 Other:   
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City of Bellevue File Number 10-121739-LO
10/07/2010

City of Bellevue Utilities Department Sunset/Richards Creek Flood
Control and Habitat Improvement Project

Project SEPA Checklist
13301 SE 26th Street (Generally)

SEPA Checklist Reviewed By:
David Pyle, Land Use Planner

425-452-2973 - dpyle@bellevuewa.gov

Applicant is City of Bellevue Utilities Department
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City of Bellevue File # 11-122119-LO 
East Creek/Richards Creek Stream Channel Improvements 

City of Bellevue Development Services Department - Office of SEPA administrator.

Flood Control and Sediment �anagement Plan is attached as part of application materials and available in project file.

Phase 1 was
permitted under
COB Development
Services file
�0�-12�529-LO.

Phase 2 was
permitted under
COB Development
Services file
�10-121739-LO.
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East Creek/Richards Creek Stream Channel Improvements 

Conceptual wetland mitigation
plans have been submitted as
part of this application. Final
wetland mitigation plans that
are consistent with the
approved conceptual plan will
be finali�ed prior to issuance of
construction permits.
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City of Bellevue File # 11-122119-LO 
East Creek/Richards Creek Stream Channel Improvements 

B�P�s will be
applied as
conditions of
approval and
reviewed through
the Clearing and
Grading
application.

No change in impervious is e�pected.
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City of Bellevue File # 11-122119-LO 
East Creek/Richards Creek Stream Channel Improvements 

Site erosion control and discharge management practices must be in compliance with the City�s
Clearing and Grading Codes. Review of the final erosion control and discharge control practices
will be completed as part of the Clearing and Grading plan review.

Automobile and heavy e�uipment emissions are not regulated by the City of Bellevue and are under the authority of the State of � ashington.
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�here are
e�tensive
wetland
systems within
and around the
project area
that are
hydrologically
connected by
surface and
groundwater to
the Richards/
East Creek
system.

�here are
e�tensive
wetland
systems within
and around the
project area
that are
hydrologically
connected by
surface and
groundwater to
the Richards/
East Creek
system.
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East Creek/Richards Creek Stream Channel Improvements 

Not anticipated.
� ork is to be
surface and
channel related
and no
groundwater,
accept channel/
ground water
inter flow is
e�pected. A
secondary
source of stream
hydrology,
ground water,
when
encountered, will
be managed in
the same
manner as
surface water.

No waste materials are anticipated or allowed to be discharged from any
source, accept for those incidental to typical construction practices and
are planned for management through project site management B�Ps.
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East Creek/Richards Creek Stream Channel Improvements 

Impacts to habitat
associated with
species of local
importance must be
mitigated in
accordance with
the re�uirements of
LUC 20.25H.150
through LUC
20.25H.170.

�hese
potential
ha�ards are
addressed as
part of the site
management
practices
included as
part of the
project�s
Clearing and
Grading
Permit.
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Construction and
operation noise
is regulated by
BCC 9.1�. �he
proposed
construction
must meet the
re�uirements of
this section.

Attachment 8 - SEPA Checklist



City of Bellevue File # 11-122119-LO 
East Creek/Richards Creek Stream Channel Improvements 

Not in shoreline jurisdiction.

See attached critical areas report for stream and wetland typing.
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jr    /09-04503-000 east-richards crk stream modification sepa checklist 

Herrera Environmental Consultants 20 August 19, 2011 
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Project Engineering Plans 
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Disclaimer 

Herrera Environmental Consultants, Inc. has prepared this report for use by 
the City of Bellevue. The results and conclusions in this report represent the 
professional opinion of Herrera Environmental Consultants, Inc. They are based 
in part upon (1) site reconnaissance, and (2) examination of public domain 
information concerning the study area. 

The work was performed according to critical area studies and reporting standards 
required by the City of Bellevue Land Use Code (Part 20.25H) and the accepted 
standards in the field of jurisdictional wetland determination and delineation 
using the Corps of Engineers Wetlands Delineation Manual (Environmental 
Laboratory 1987) and the Regional Supplement to the Corps of Engineers 
Wetlands Delineation Manual: Western Mountains, Valleys, and Coast Region 
(Environmental Laboratory 2010). In addition, work was conducted according 
to accepted standards for determining the ordinary high water mark (OHWM) 
of streams using the definition set forth in Washington Administrative Code 
173-22-030(11) and Determining the Ordinary High Water Mark on Streams in 
Washington State (Olson and Stockdale 2010). However, final determination of 
jurisdictional wetland and OHWM boundaries pertinent to Section 404 of the 
Clean Water Act is the responsibility of the Seattle District of the U.S. Army 
Corps of Engineers. Various agencies of the State of Washington and local 
jurisdictions may require a review of final site development plans that could 
potentially affect zoning, buffer requirements, water quality, and/or habitat 
functions of lands in question. Therefore, the findings and conclusions in this 
report should be reviewed by appropriate regulatory agencies before any detailed 
site planning and/or construction activities. 
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1.0 Executive Summary 

The City of Bellevue Utilities Department proposes to construct the East Creek/Richards Creek 
stream modification project as the third phase of the Flood Control and Sediment Management 
Plan for Richards Creek, Sunset Creek, and East Creek (Herrera 2008). The independent, yet 
complimentary project phases recommended in this plan are intended to comprehensively 
address chronic flooding, improve bank stability, and improve instream and wetland habitat 
conditions within and surrounding Richards, Sunset, and East Creeks. The first phase was 
constructed in 2009 and included a replacement culvert with built in sediment trap at SE 30th 
Street as well as channel modifications upstream and downstream to provide a stable streambed 
transition to the culvert inlet and outlet. The second phase will continue the channel and habitat 
improvements and flood control measures along a reach of Sunset Creek downstream of SE 30th 
Street as well as along a reach of Richards Creek upstream of the confluence with East Creek. 
The second phase is planned for construction during 2011. 

The proposed third phase described in this report will address channel degradation and bank 
instability by providing stable streambed control and channel and bank modifications in East 
Creek located between Kamber Road (also known as SE 26th Street) and the confluence with 
Richards Creek. The project goals are to: 

1. Reduce flooding and erosion of commercial and industrial property in the 
vicinity of the project site 

2. Preserve and enhance desirable instream, wetland, and riparian habitat 
functions 

This phase is planned for construction during 2012. The project includes the following elements: 

 Channel enlargement to alleviate flooding  

 Installation of grade control, bank stabilization, and habitat structures 
consisting of large woody materials to prevent head-cut migration and 
eroding banks; provide stable, physical habitat, and restore riverine 
wetland processes 

 Construction of a flood control sheet pile wall adjacent to a developed 
neighboring property 

 Removal of non-native invasive vegetation and revegetation with native 
plants 

 Reestablishment and rehabilitation of wetland habitat including riverine 
benches along the proposed channel to mitigate wetland impacts and 
provide refuge for fish during high flows 
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The Phase 3 project will address ongoing channel incision in East Creek through restoration 
measures that will effectively raise the elevation of the streambed with grade controls. Upstream 
of East Creek, the project will indirectly restore an incised segment of Richards Creek over time 
by allowing for sediment to deposit in the stream channel and reverse the trend of incision. These 
measures would inherently increase the frequency and magnitude of overbank flooding of 
adjacent developed properties that necessitates flood reduction measures including an enlarged 
stream channel and flood control sheet pile wall. 

The proposed project is located within, and directly adjacent to, the channel of East Creek in the 
City of Bellevue. The project area is within the Kelsey Creek Basin of Water Resource Inventory 
Area (WRIA) 8 – the Cedar/Sammamish Watershed.  

The critical areas that will be affected include East Creek, adjacent wetlands, and upland buffers 
for these aquatic resources (see Table ES-1). In addition, temporary effects will occur to an area 
of special flood hazard (100-year floodplain) and habitat associated with species of local 
importance.  

Table ES-1. Impacts on East Creek and wetlands in the project area. 

Resource Temporary Impacts Permanent Impacts 

East Creek Channel (waterward OHWM) 6,932 square feet (0.16 acres) None 

Wetlands 9,475 square feet (0.22 acres) 3,036 square feet (0.07 acres) 

Upland Buffer 2,106 square feet (0.05 acres) None 

Total 18,513 square feet (0.43 acres) 3,036 square feet (0.07 acres) 

OHWM: Ordinary High Water Mark 

 
Temporary impacts on East Creek, wetlands, buffers, and the 100-year floodplain will result 
from grading and installation of large woody materials in the channel and the adjacent banks and 
wetlands. The stream channel, wetlands, and buffers will be reconstructed and vegetated with 
native vegetation. To improve fish habitat, large woody material and spawning size gravel will 
be added to the stream. 

Permanent impacts on wetlands will result from converting wetland to instream habitat in East 
Creek (for example installing gravel substrate) to provide additional fish habitat, and channel 
capacity to minimize flooding. In addition, some permanent impact on wetlands will result from 
construction of the flood control sheet pile wall. 

The project will compensate for permanent impacts on Wetland A by reestablishing and 
rehabilitating wetlands. Wetlands will be reestablished directly west of the channel improvements 
including flat, bench habitat intended for high-flow flooding. Direct wetland rehabilitation in the 
project area will benefit existing wetlands on the east side of the channel improvements that will 
also include development of bench habitat. Indirect wetland rehabilitation will improve large 
areas of Wetland A upstream of the channel improvements area where frequency and magnitude 
of flooding will be increased. 
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Wetlands will be reestablished in the project area at an acreage replacement ratio of 
approximately 1-to-1, which is less than the required 3-to-1 ratio according to Bellevue Land 
Use Code (LUC). However, the Bellevue LUC 20.25H.105.E, also states that wetland 
enhancement (which includes rehabilitation) is appropriate if it is demonstrated that functions of 
degraded wetlands will be increased. To this end, proposed wetland mitigation includes 
rehabilitation at an acreage replacement ratio of approximately 18-to-1. 

The project will substantially improve functions within the larger wetland system located directly 
upstream of the project reach. By raising the elevation of the channel and providing grade 
control, the project will eliminate and restore the severe channel incision that has occurred along 
East Creek and Richards Creek within the wetland. Therefore, the project will restore riverine 
functions within the wetland that have largely ceased to exist due to severe channel incision that 
largely confines flows within the channel. Within the project area, wetland and riparian functions 
will improve including improved flood control, water quality, and fish and wildlife habitat. 

The combined functions of the reconstructed stream channel and riparian corridor (wetlands and 
buffers) within the project reach will be improved from their existing condition due to removal 
of invasive and non-native vegetation, installation of large woody materials and gravels that 
improve fish habitat, planting of dense native vegetation, and more frequent flooding of 
wetlands. 
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2.0 Introduction 

The East Creek/Richards Creek stream modification project (hereafter, “the project”) proposed 
by the City of Bellevue Utilities Department (City) will address channel degradation and bank 
instability by providing stable streambed control, and channel and bank modifications in East 
Creek located between Kamber Road (also known as SE 26th Street) and the confluence with 
Richards Creek. The project goals are to: 

3. Reduce flooding and erosion of commercial and industrial property in the 
vicinity of the project site 

4.  Preserve and enhance desirable instream, wetland, and riparian habitat 
functions 

In addition, the project will enhance connectivity between the stream and adjacent wetlands, and 
improve instream fish habitat diversity and cover. This project is the final phase of a three-phase 
project that is being completed by the City in accordance with the Flood Control and Sediment 
Management Plan for Richards Creek, Sunset Creek, and East Creek (Herrera 2008). 

2.1 Project Setting 

The project is located within, and directly adjacent to, the channel of East Creek in the City of 
Bellevue, just upstream of Kamber Road (Figure 1). Throughout this report, the “project area” 
refers to the area depicted on Figure 2 and is largely confined to those areas where construction 
will occur. The “study area” includes the project area, that portion of Richards Creek and 
adjacent wetlands that extend upstream to the downstream extents of the Phase 2 project area, 
and adjacent industrial and commercial properties. The study area is within the Kelsey Creek 
Basin of Water Resource Inventory Area (WRIA) 8 – the Cedar/Sammamish Watershed in the 
northwest quarter of Section 10, Township 24 North, and Range 5 East. See Figure 2 for the 
location of the project area and distinct project phases as described in Sunset Creek Flood 
Control and Sediment Management Plan (Herrera 2008). 

The study area is a mix of undeveloped and developed private property. The developed 
properties are generally occupied by light industrial and high-technology commercial businesses. 
The undeveloped properties include a large wetland system which Richards Creek and East 
Creek flow through. The developed properties appear to be built on fill.  

Downstream of the project, (north of Kamber Road), East Creek flows into a riparian corridor 
averaging approximately 600 feet in width and discharges into Kelsey Creek approximately 
0.75 miles north of Kamber Road. The Kelsey Creek watershed flows into Mercer Slough, which 
flows into Lake Washington. Upstream of Interstate 405 (I-405), Kelsey Creek is considered a 
303d listed impaired water according to the Washington State Department of Ecology (Ecology)  
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and is listed for low dissolved oxygen levels and high temperature and fecal coliform levels 
(Ecology 2008). Downstream of I-405, the Mercer Slough is listed for fecal coliform. 

2.2 Project History 

The historical channel configuration of Sunset Creek, Richards Creek, and East Creek within the 
vicinity of the study area was significantly different than it is at the present time. Under 
predevelopment conditions, the channels within the study area were free to move laterally and 
shift course as sediment deposits filled channels and locally reduced sediment transport capacity, 
which is typical of channels on alluvial fans (see historic channel locations on Figure 2). During 
the development that occurred during the 1960s, when land was being graded and commercial 
buildings adjacent to the channel network were being constructed, Sunset Creek, Richards Creek, 
and East Creek were realigned (Figure 2). To maintain the altered channel locations, the banks of 
these streams were armored in several areas. This channelization ended the natural process of 
dynamic sediment deposition and channel relocation and concentrated sediment deposition along 
the constructed channel alignments. 

Channel realignment, channel confinement, and increased rates of sediment production from 
land development throughout the watershed have directly resulted in recurrent flooding and 
sedimentation problems, channel instability, and degraded habitat conditions in the Richards 
Creek, Sunset Creek, and East Creek channel network between SE 30th Street and Kamber 
Road. To minimize flooding problems, annual dredging activities removed approximately 
twenty cubic yards of sediment from the streams each year. To obtain more sustainable long-
term solutions, the City contracted with Herrera Environmental Consultants (Herrera) to prepare 
the Sunset Creek Flood Control and Sediment Management Plan (Herrera 2008). This plan 
provides a comprehensive analysis and proposed solutions to ongoing sediment management and 
flooding challenges in these drainages, while producing a net improvement in habitat conditions. 
Based on this plan, the City began to pursue a phased series of projects (Figure 2) to address 
flooding, promote channel stability, and improve habitat conditions. 

The first phase of this work was constructed in 2009 on Sunset Creek (the most upstream 
project). Phase 1 (referred to as the SE 30th Street/Sunset Creek Flood Improvement Project) 
included replacement of twin 42-inch diameter corrugated metal pipe culverts that convey Sunset 
Creek beneath SE 30th Street with a specialized fish-passable and sediment trapping culvert; and 
habitat enhancing channel modifications upstream and downstream of the roadway to stabilize 
the streambed transition to the new culvert inlet and outlet. 

The Sunset Creek/Richards Creek Flood Control and Habitat Improvement Project constitutes 
the second phase of work and continues with channel improvements and flood control measures 
along Sunset Creek downstream of Phase 1 to the confluence with Richards Creek. The project 
also entails stream improvements from the Optiva Curve (where Richards Creek turns sharply 
from north to east) to the historical Richards Creek flow split channel, approximately 300 feet 
upstream of the confluence with East Creek (Figure 2). Phase 2 is planned for construction in 
2012. 
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The project discussed in this report, the East Creek/Richards Creek stream modification project, 
constitutes the third phase of work and continues with channel improvements and flood control 
measures along East Creek downstream of Phase 2 between Kamber Road and the East Creek 
confluence (Figure 2). Phase 3 is also planned for construction in 2012. The Phase 3 project 
addresses ongoing incision taking place within the East Creek and Richards Creek channels. The 
East Creek channel is conveyed through a large box culvert that was installed in 2007 beneath 
Kamber Road approximately 400 feet downstream of the confluence between East Creek and 
Richards Creek. At approximately the same time, a number of beaver dams were removed 
downstream of the Kamber Road culvert. Both of these actions reinforced the current flow 
geometry and caused the East Creek and Richards Creek channels to become incised. 

2.3 Project Description 

The project consists of channel improvements along East Creek, adjacent riparian restoration, 
a flood control sheet pile wall, and localized bank stabilization (roughening structure) on East 
Creek (see Figure 2 and project plans in Appendix A). These project elements are described 
briefly below and describe in more detail under the Project Construction section. Construction 
access for all of these components is from adjacent commercial properties. 

2.3.1 Channel Improvements 

The proposed channel improvements start at Kamber Road and extend approximately 430 feet 
upstream and involve enlarging, slightly realigning, and re-grading the stream channel; and 
constructing grade control and bank stabilization structures. Channel improvements will 
passively restore channel incision upstream of the project limits within East Creek and Richards 
Creek over time as sediment is deposited and fills up the channel to the elevation of the proposed 
upstream grade control structure. Upstream of this location, approximately three feet depth of 
channel will fill in over time. The project will reverse the trend of incision, allow for the channel 
and upstream banks to stabilize, and provide greater hydrologic connectivity between the 
channel and adjacent wetlands. 

To alleviate flooding, channel improvements will involve excavating and widening the East 
Creek channel. Grade control structures consisting of large woody materials will be constructed 
at regular intervals throughout the project reach to stabilize the stream, prevent head-cut 
migration, and allow for fish-passage. 

Bank toes will be protected from stream erosion using large woody material and boulders that 
are buried into the stream bank and integrated into grade control structures. Bioengineered 
stabilization of the project reach will incorporate wood, boulders, cobbles, gravels, coir fabric, 
and native vegetation to provide both stability and improved habitat complexity. Placed gravels 
will restore salmon spawning substrate to the project reach. Suitable spawning substrate is 
anticipated to remain in the reach after construction. 
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2.3.2 Riparian Restoration 

The riparian area adjacent to the East Creek project reach will be restored. Throughout the 
project reach, non-native invasive vegetation will be removed and replanted with native plants. 
Riparian wetland habitat will be restored including riverine benches along both sides of the 
proposed channel to mitigate wetland impacts and provide refuge for fish during high flows. The 
entire project limits will be vegetated with a native wetland grass seed mix and native live stakes, 
emergents, shrubs, and trees. The planted vegetation will improve plant diversity and the roots 
will provide bank stabilization through soil cohesion as they spread over time. 

2.3.3 Flood Control Sheet Pile Wall 

Construction of a flood control sheet pile wall is proposed to prevent flooding of an adjacent 
commercial property located to the east of East Creek and directly south of the channel 
improvements reach (Figure 2). The approximate 2-foot tall wall will be constructed of 
interconnecting steel sheet piles that are driven into the earth. The wall will be approximately 
150 feet long and aligned 2 feet west of an existing property fence. 

2.3.4 Wood Roughening Structure 

The localized wood roughening structure on the upstream reach of East Creek is intended to 
protect the corner of a commercial property from erosion, which is located approximately 15 feet 
from the edge of the channel. The structure is located about 70 feet south of the flood control 
sheet pile wall. The structure will have the added benefit of improving habitat in East Creek by 
introducing root wads into the channel. 

2.4 Hydraulic Analysis 

A hydraulic analysis was conducted to determine the flooding risk to adjacent properties and to 
demonstrate the hydrologic impacts of the proposed stream channel and bank modifications 
(Herrera 2011). Results of hydraulic modeling were also used to define invert elevations of grade 
control structures, analyze potential bed scour at wood structures, and to establish 100-year water 
depths for calculating ballast requirements to offset wood structure buoyancy. 

Based on hydraulic modeling results, under existing conditions, the parking lots located east of 
the project reach experience extensive flooding under several flooding scenarios (e.g., 2-year, 
10-year, and 100-year). Proposed channel improvements will reduce flooding frequency of these 
parking lots to the 100-year flood event only. The proposed flood control sheet pile wall is 
intended to eliminate flooding that results from these events. The channel improvements will 
lessen flooding of the parking lot to the north, but not eliminate it, even for the 2-year event. 

In addition, hydraulic modeling results indicate that under proposed conditions of the Phase 2 
and 3 projects, water surface elevations will increase within the existing wetland starting directly 
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downstream of the Phase 2 project extents. Frequency of flooding will increase for smaller flood 
events as the channel becomes less incised. Increased flooding of the wetland is one of the goals 
of the project in order to restore riverine flooding functions within the wetland. 

2.5 Project Construction 

The project is scheduled to be constructed in 2012. All in-stream work will be conducted during 
the in-water work window established by the Washington Department of Fish and Wildlife 
(WDFW), which is anticipated to extend from July 1 to August 31. All in-stream work is 
expected to be conducted during one in-water work season. Project plans are provided in 
Appendix A. 

2.5.1 Project Elements Sequencing  

The project consists of the following elements (exact sequencing may vary and some elements 
will occur concurrently): 

1. Site preparation and staging 
2. Installation of temporary flow bypasses, fish removal and relocation 
3. Channel excavation and grading 
4. Installation of grade control and bank stabilization structures 
5. Bank construction 
6. Flood control sheet pile wall construction 
7. Wetland restoration and revegetation of riparian area 
8. Reintroduction of flow to channel 

Each of these elements is described in more detail in the following sections. 

2.5.2 Site Preparation and Staging 

Site preparation activities include the contractor mobilizing to the project site, establishing 
staging areas, establishing site access routes and traffic control, marking the work and clearing 
limits, and installing temporary erosion and sediment control (TESC) best management practices 
(BMPs). Staging areas are planned on parking lots and other nonvegetated surfaces located on 
adjacent commercial properties. Access to the project area will occur via Kamber Road, private 
driveways, and parking lots adjacent to the project site. 

Vegetation removal will be limited to areas necessary to regrade the stream channel, wetlands, 
and banks; access the channel; install grade control and bank stabilization structures; and to 
remove all nonnative and invasive vegetation from the riparian areas within the project reach. 
The majority of riparian vegetation that will be affected consists of nonnative Himalayan 
blackberry (Rubus armeniacus). 
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2.5.3 Stream Flow Bypasses, Fish Removal, and Fish Relocation 

Temporary dewatering of the work area will be necessary to construct project elements within 
the stream. This will be achieved by diverting flow around the construction areas (see Drawing 
WM-1, Appendix A). Flow will be diverted at three locations including upstream of the localized 
bank roughening structure site, upstream of the channel improvements site, and upstream of a 
tributary ditch that conveys flow to East Creek. At these sites coffer dams will be constructed 
across the channel to pool water that is pumped into bypass pipes. The coffer dams will be 
constructed of bulk bags filled with clean (washed) rounded gravels. Bypass flows from both 
sites will be diverted in pipes that run along the ground at the outer extents of the project limits 
that ultimately discharge flows downstream of the channel improvements site, directly upstream 
of Kamber Road. 

At the downstream extents of the project, a cofferdam consisting of bulk bags will be constructed 
across the channel to contain any turbid water and prevent release downstream. Bypassed flows 
will be discharged directly downstream of this cofferdam to an energy dissipater structure 
constructed of concrete Ecology blocks and gabion baskets filled with quarry spalls. 

Concurrent with the installation of the bypass and dewatering of the channel, all fish and 
amphibians within the dewatering area will be captured and released downstream of Kamber 
Road. Dewatering and fish relocation will be conducted following an accepted protocol 
developed for this activity by the Washington State Department of Transportation (WSDOT 
2009). The site will be allowed to drain to the limits of passive dewatering to facilitate fish 
removal. The remaining water within the exclusion area will either be pumped to the sanitary 
sewer system, or will be filtered using appropriate BMPs prior to return to the stream channel. 
The channel will remain dewatered and inaccessible to fish until construction is complete. All 
dewatering and fish relocation will take place during the WDFW-specified in-water work 
window. 

The diversion pipes will be screened at the upstream end to prevent fish and other organisms 
from being entrained. The screening net will be situated for low pass-through velocity to avoid 
risk of impingement. The pipe is not expected to be passable to upstream movement, meaning 
the exclusion area will impose a partial barrier to fish passage during the in-water construction 
period. The cofferdams, diversion pipes, energy dissipater, and all related materials will be 
completely removed from the site when the project is completed. 

2.5.4 Excavation, Grading, Grade Control Structures, Bank Stabilization, Bank 
Construction, and Flood Control Sheet Pile Wall Construction  

Approximately 430 feet of channel improvements will involve enlarging and re-grading the 
stream channel and wetland benches; and constructing grade control and bank stabilization 
structures. The base of the new channel will be 20 feet wide for approximately 275 feet at the 
upstream extents, then transition to a width of 10 feet for approximately 125 feet extending to 
Kamber Road. Overall, the base of the channel will increase in width between approximately 
4 and 14 feet. The banks will be set back accordingly. In addition, the centerline of the existing 
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channel will shift on average, approximately 9 feet to the east. Shifting the channel east provides 
more room to construct stable banks and wetland benches between the channel and the parking 
lot on the west side of the channel. The finished channel bed slope will be approximately 
1.2 percent. 

Coniferous large woody material will be installed to stabilize the banks and provide grade 
control. Twelve grade control structures will be evenly spaced throughout the project reach. The 
structures will consist of interlaced coniferous tree logs imported from off-site, including 42 logs 
with root wads attached and 37 logs without root wads for a total of 79 logs (see Drawings C-1 
through C-7, Appendix A). The structures will create pool and riffle habitat for fish. The grade 
control structures will be spaced at a frequency to promote fish passage and are designed such 
that there is no more than a 6-inch elevation difference between structures to ensure juvenile fish 
passage at a variety of flow rates. 

After the grade control and bank stabilization logs are placed, cabled, and anchored, the ends of 
the logs will be buried in the bank; and the channel and lower banks will be lined with native 
soils and a mixture of cobbles, gravels, sand, and silt. Streambed sediment including gravels will 
be placed on top of the cobble mixture. 

The bank roughening structure located further upstream on East Creek will be constructed of 
four interlaced logs with root wads attached. Most of the structure will be buried within the bank 
with the exception of root wads protruding out of the bank along the edge of the channel. The 
ground surface will be restored to existing grade after installation of the structure. 

The approximate 2-foot tall and 150-foot long flood control sheet pile wall will be constructed of 
interconnecting steel sheet piles that are driven into the earth (see Sheet C-1, Appendix A). An 
existing fence on adjacent property will be taken down to allow for access to construct the steel 
sheet pile wall from a parking lot. 

2.5.5 Wetland Restoration and Revegetation of Riparian Areas 

The riparian area adjacent to the East Creek project reach will be restored. Wetland habitat will 
be restored along the banks of the constructed channel. Flat, wetland bench habitats 
approximately 5 feet wide will be constructed on both sides of the channel at an elevation 
approximately 2 feet higher than the base of the channel (see Drawing C-5 in Appendix A). The 
lower bank will be constructed of streambed sediment, which will transition to a soil lift (soil 
encapsulated in layers of woven and non-woven coir fabric) on the wetland benches. At the outer 
edges of the benches, wetland habitat will continue along gently sloped upper banks constructed 
of two to three stacked soil lifts, each of which are about 1 foot in height. The top layer of coir 
fabric encapsulating the upper lift will be secured with an anchor trench. Soil within the lifts will 
consist of native soils mixed with compost-amended topsoil. 

The entire extents of the project will be seeded with a native wetland grass mix and planted with 
native wetland vegetation including the riparian areas along the channel improvement reach and 
bank roughening structure (see Drawings ESC-1, P-1, and P-2 in Appendix A). A plant schedule 
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for the project is provided on Drawing P-2 in Appendix A. Along the channel improvement 
reach, live stakes will be planted directly adjacent to the base of the channel on the lower banks 
and will be planted along with emergent plugs on the wetland benches. The upper banks and top 
of banks will be planted with potted shrubs and trees. Replanting plans are consistent with 
planting guidelines presented in the City of Bellevue’s Critical Areas Handbook (City of 
Bellevue 2003). 

2.5.6 Reintroduction of Flow 

Following completion of the channel bed, wetland, and bank modifications, the temporary 
cofferdams will be removed, flows will be re-established through the project area, and the 
temporary bypass pipes will be removed. This activity will be conducted consistent with the 
WSDOT (2009) standard protocol for this practice. 
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3.0 Critical Areas Assessment 

Consistent with City of Bellevue Land Use Code (Bellevue LUC) 20.25H.245, the supporting 
information upon which this report is based was developed by qualified professionals in the areas 
of wetlands, fisheries biology, and geomorphology using the best available science and guidance. 
This report provides Critical Area Report (CAR) information needs specified throughout 
Bellevue LUC 20.25H. Section 3.1 presents allowable use and development classifications and 
how applicable performance standards are achieved. For ease of reference, information in this 
report includes sections for the following critical areas affected by the project: 

 Section 3.2: Streams 
 Section 3.3: Wetlands  
 Section 3.4: Habitat Associated with Species of Local Importance  
 Section 3.5: Areas of Special Flood Hazard 

These sections address reporting requirements specific to the critical area of concern per the 
Bellevue LUC as well as general CAR reporting requirements in Bellevue LUC 20.25H.250.B. 

3.1 Allowable Use and Development 

The proposed action is classified as an allowable use and development under three categories 
identified in Bellevue LUC 20.25H.055.B: Instream Structures, Habitat Improvement Projects, 
and Public Flood Protection Measures. The project will: 

 Address channel degradation and bank instability by providing stable 
streambed grade control (instream structures) 

 Reduce flooding of adjacent property by enlarging the channel and 
constructing a flood control sheet pile wall (public flood protection 
measures) 

 Preserve and enhance desirable habitat functions (habitat improvement 
projects) 

According to Bellevue LUC 20.25H.055.B, specific performance standards are required for each 
allowable use and development category, which for the proposed project apply to wetlands, 
streams, and areas of special flood hazard. Justifications for performance standards that apply 
specifically to the allowable use and development categories are presented below. Justifications 
for performance standards specific to a critical area are presented in the subsections below. 
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3.1.1 Performance Standard for New and Expanded Uses or Development  

According to the table in Bellevue LUC 20.25H.055.B, the performance standard for New and 
Expanded Uses or Development must be achieved for projects classified as Instream Structures 
and Public Flood Protection Measures in accordance with Bellevue LUC 20.25H.05.C.2. The 
necessity of installing grade control structures in East Creek and expansion of the channel 
dimensions is twofold: provide additional channel capacity to reduce flooding of adjacent 
infrastructure and restore the East Creek and Richards Creek channel bed and banks that have 
incised and eroded as a result of a replaced culvert at Kamber Road and removal of beaver dams. 
Incision and erosion have degraded fish habitat, which will be restored by the project. 

Because the project aims to repair the East Creek and Richards Creek channels, there are no 
alternative locations for instream structures. There is no technically feasible or practicable 
alternative for reducing flooding of adjacent property with less impact on critical areas or critical 
areas buffers. Providing additional channel capacity will result in some temporary and permanent 
impacts on wetlands requiring mitigation; however, expanding the channel dimensions in the 
proposed location of East Creek improve wetlands that are degraded compared to more pristine 
wetland conditions within the upstream reach. All of the impacts can be mitigated through 
compensatory measures as described in following sections. 

All of the remaining undeveloped land in the project vicinity is occupied by critical areas or 
critical area buffers. The only undeveloped land nearby suitable for an alternative facility (such 
as a detention basins), are occupied by mature forested wetlands, which would sustain extensive 
impacts if construction occurred there. 

The project site is surrounded by infrastructure including parking lots and commercial buildings. 
Adjacent gravel or asphalt parking lots are located within approximately 5 to 15 feet of the 
proposed project. The only other alternative to constructing the proposed project would involve 
acquiring existing infrastructure and converting it to expanded East Creek and Richards Creek 
floodplain. The cost of this action is substantially disproportionate to the cost of the proposed 
project and associated environmental impact. 

3.1.2 Performance Standards for Specific Uses or Development 

In accordance with Bellevue LUC 20.25H.05.C.3, the project complies with performance 
standards that apply to Public Flood Protection Measures and Instream Structures. In accordance 
with LUC 20.25H.05.C.3.c, to alleviate flooding, channel enlargement and flood control sheet 
pile wall measures (for example new public flood protection measures) have been designed by 
qualified professionals including engineers, geomorphologists, and fish biologists as depicted in 
the plans contained in Appendix A. These professionals have conducted hydraulic analyses that 
support the design as presented in a basis of design report (Herrera 2011). 

Likewise, in accordance with Bellevue LUC 20.25H.05.C.3.d, grade control structures in East 
Creek have been designed by the same qualified professionals. As presented in the basis of 
design report (Herrera 2011) and depicted in the plans contained in Appendix A, the project 
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design will result in measurable benefits including improved fish habitat conditions, improved 
hydrologic connectivity between streams and adjacent wetlands, decreased bank erosion, and 
stabilization of stream and wetland conditions. Also in accordance with this section of the code, 
the City of Bellevue Utilities Department will obtain all required state and federal permits for the 
project prior to undertaking development, which are anticipated to include a Section 404 permit 
from the U.S. Army Corps of Engineers (Corps), Section 401 Water Quality Certification from 
Ecology, and a Hydraulic Project Approval from WDFW. 

In accordance with Bellevue LUC 20.25H.05.C.3.j, the habitat improvement components of this 
project are allowed within critical areas (East Creek, wetlands, buffers) because they will 
improve functions. As described further in this report, instream habitat improvements will 
improve conditions for fish including restoration of spawning habitat, creation of pool habitat, 
introduction of instream cover, and regulation of stream temperatures through shading from 
planted streamside vegetation. In addition, habitat improvements will increase the functions of 
wetlands and buffers by removing invasive vegetation, increasing native plant diversity, 
introducing large woody material habitat structure, and providing increased flooding of riverine 
wetlands. Also in accordance with this section of the code, the project is sponsored by a public 
agency (City of Bellevue). 

3.2 Streams 

This section describes streams and buffers in the study area and project area. The objectives of 
the stream assessment were to: 

 Delineate (flag) the OHWM of all streams in the study area 

 Classify all stream using the classification system according to Bellevue 
LUC 20.25H.075 

 Determine the applicable stream buffer widths according to Bellevue LUC 
20.25H.075 

 Characterize existing stream and buffer conditions 

 Evaluate impacts on streams and buffers 

 Evaluate applicable Bellevue LUC performance standards 

 Assess stream and buffer functions and values 
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3.2.1 Methods 

Evaluating the presence, extent, and type of streams requires a review of available information 
about the site (such as surveys and studies), followed by an onsite stream delineation. The 
following sections describe the research methods and field protocols for the stream evaluation. 

3.2.1.1 Review of Available Information 

A literature review was performed to determine the historical and current presence of streams in 
and near the study area. The sources of information are: 

 Aerial photographs of the project vicinity (City of Bellevue 2010) 
 Topographic map of the project vicinity (City of Bellevue 2009a) 
 Topographic survey of the study area (CTS Engineers, Inc. 2010) 
 City of Bellevue critical areas inventory data (City of Bellevue 2010) 
 City of Bellevue basin fact sheets (City of Bellevue 2009b) 
 A Catalog of Washington Streams and Salmon Utilization (WDF 1975) 
 SalmonScape computer mapping system (WDFW 2010a) 
 Washington State Priority Habitat and Species (PHS) data (WDFW 

2010b) 

3.2.1.2 Stream Ordinary High Water Mark Delineation 

The ordinary high water mark (OHWM) of streams within the study area was delineated using 
the definition provided in the WAC, Section 222-16-010, which has been adopted by the City of 
Bellevue (LUC 20.50.038). According to this definition, the OHWM of streams is “that mark 
that will be found by examining the bed and banks and ascertaining where the presence and 
action of waters are so common and usual, and so long continued in all ordinary years, as to 
mark upon the soil a character distinct from that of the abutting upland, in respect to vegetation.” 
In addition, methods in the publication Determining the Ordinary High Water Mark on Streams 
in Washington State (Olson and Stockdale 2010) were applied. 

To delineate the OHWM, the bed and adjacent banks of streams in the study area were examined 
for indications of regular high water events. Factors considered when assessing changes in 
vegetation include: 

 Scour (removal of vegetation and exposure of gravel, sand, or other soil 
substrate) 

 Drainage patterns 

 Elevation of floodplain benches 

 Changes in sediment texture across the floodplain 
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 Sediment layering 

 Sediment or vegetation deposition 

 Changes in vegetation communities across the floodplain 

Herrera biologists placed flagging on the site, indicating the horizontal and vertical location of 
the OHWM along the streams. The locations of OHWM flags were subsequently surveyed by 
CTS Engineers, Inc. 

3.2.1.3 Stream Category Designation 

Stream categories were determined based on the designation system in Bellevue LUC 20.25H.075. 
This system is based primarily on fish, wildlife, and human use, and consists of four stream types: 
Type S, F, N, or O. 

 Type S streams are those inventoried as “Shorelines of the State” under 
the Shoreline Management Master Program for the City of Bellevue, 
pursuant to RCW Chapter 90.58. 

 Type F streams are those that contain fish or fish habitat, including waters 
diverted for use by a federal ,state, or tribal fish hatchery from the point of 
diversion for 1,500 feet or the entire tributary if the tributary is highly 
significant for protection of downstream water quality. 

 Type N streams are those that are not type S or type F waters and that are 
physically connected to a type S or F water by an above ground system, 
stream or wetland. 

 Type O streams are those that are not type S, F or N waters and are not 
physically connected to type S, F, or N waters by an above ground channel 
system, stream, or wetland. 

3.2.2 Results 

This section discusses the results of the stream delineation, including a review of information 
obtained from various references, and an analysis of stream conditions in the study area as 
observed during field investigations. 

3.2.2.1 Analysis of Available Information 

The available existing information compiled for this stream assessment is summarized in the 
following subsections. 
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3.2.2.1.1 Mapped Streams 

The City of Bellevue (2009b, 2010) basin fact sheets and critical areas inventory identify the 
Richards Creek and East Creek stream network in the study area. On these maps, Richards Creek 
is shown as splitting in two directions: (1) north and eventually crossing Kamber Road and 
(2) east and eventually converging with East Creek. Since these maps were produced, Richards 
Creek has avulsed to the east under most flows joining with East Creek as depicted on Figure 3. 
East Creek then flows north under a bridge at Kamber Road. 

3.2.2.1.2 Topography 

Through the study area the gradient of East Creek is relatively flat with a slope of about 
1 percent from an elevation of 55 feet (above sea level) at the upstream extents near the isolated 
roughening structure to an elevation of 49 feet at the downstream extents near Kamber Road. 
Likewise, the gradient of Richards Creek is about 1 percent from an elevation of 55 feet at the 
downstream extents of the Phase 2 project to an elevation of 51 feet at the confluence with East 
Creek. 

3.2.2.1.3 Fish Use 

According to City of Bellevue (2009b) basin fact sheets, fish species occurring in the study area 
within East Creek and Richards Creek include Chinook salmon (Oncorhynchus tshawytscha), 
coho salmon (O. kisutch), sockeye salmon (O. nerka), cutthroat trout (O. clarkii), sculpin (Cottus 
spp.), lamprey (Lampetra spp.), and stickleback (Gasterosteus spp.). 

3.2.2.2 Analysis of Stream Conditions 

Stream delineation field activities were conducted by Herrera biologists Kris Lepine, Katheryn 
Seckel, and George Iftner. The stream delineation was conducted on April 27, 2010, and 
January 28, 2011. 

Herrera biologists delineated the OHWM on both sides of Richards Creek and East Creek in the 
study area. The locations and extents of the streams and their buffers are shown on Figure 4. The 
width of East Creek downstream of its convergence with Richards Creek is approximately 
10 feet. The location of the OHWM is typically located near the base of the eroding banks as 
distinguished by indicators of scour. A summary of stream conditions for East Creek including a 
representative photograph of the project area reach is provided in Table 1. 

3.2.3 Cumulative Stream Impacts 

As a result of the proposed project, there will be temporary impacts on the East Creek streambed 
and buffers during construction. These impacts are summarized in Table 2 and depicted 
graphically in Figure 5. 
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Table 1. Summary of East Creek within the Study Area. 

Stream Name East Creek 

WRIA Stream Catalog # 08-0261 (South Fork Kelsey Creek) 

 

 

 

 

 

WP Insert photo: O:\proj\Y2009\09-04503-
000\Photos\East Creek Project Area Photos\P1012133 

 

 

 

 

 

 

Local Jurisdiction City of Bellevue 

WDNR/City of 
Bellevue Stream 
Category 

Type F 

City of Bellevue 
Buffer Width 

50 feet (Developed site) 

Documented Fish 
Use 

Chinook salmon (Oncorhynchus 
tshawytscha), coho salmon 
(O. kisutch), sockeye salmon 
(O. nerka), cutthroat trout 
(O. clarkii), sculpin (Cottus 
spp.), lamprey (Lampetra spp.), 
and stickleback (Gasterosteus 
spp.) 

Connectivity 
(where stream 
flows from/to) 

East Creek originates east of the project area within largely deciduous forest areas. Within 
the study area, Richards Creek converges with East Creek, which flows north through the 
project area and underneath Kamber Road. The flows increase dramatically downstream 
of the convergence due to the combined input from the Sunset Creek and Richards Creek 
basins. North of Kamber Road, East Creek flows north through a large riparian wetland and 
eventually discharges into Kelsey Creek, which flows into Mercer Slough, which flows into 
Lake Washington. 

Location of 
Stream Relative 
to Project Area 

The channel improvements extend along a 430-foot reach of East Creek that flows north in a 
straight configuration through a narrow riparian corridor between commercial developments 
(Figure 2). In addition, the project includes construction of an isolated bank roughening 
structure along the right (north) bank of East Creek at the corner of a commercial 
development (Figure 2). See project plans in Appendix A for more information. 

Stream 
Condition in 
Study Area 

Downstream of the Richards Creek convergence, East Creek is largely incised due to head 
cutting throughout the study area. The banks are undercut or vertical for several feet in height 
due to active erosion. The channel has incised into a compacted clay layer, which is the 
dominant substrate in the channel. The stream becomes less incised within approximately 
100 feet of Kamber Road and sand substrate is dominant with subdominant small cobbles 
and gravels. Glide habitat is dominant throughout East Creek within the study area with 
occasional short riffle sections. Valuable rearing and spawning habitat is nearly nonexistent 
due to lack of pool habitat, instream cover, and gravels. 

Riparian/Buffer 
Condition 

Vegetated riparian buffer conditions are largely degraded throughout the channel 
improvements project area along East Creek. Wetland A is contained within portions of the 
stream buffer on both sides of the stream. The tops of the banks are dominated by invasive 
and exotic Himalayan blackberry (Rubus armeniacus) and reed canarygrass (Phalaris 
arundinacea). In places, the blackberries grow completely over the channel. No trees exist 
along the left (west) bank of the stream, whereas mature black cottonwoods occur along the 
outer riparian corridor on the west side along the northern 200 feet of the project area. For 
approximately 170 feet in length along the right (east) bank, an adjacent property owner has 
maintained the undeveloped buffer in an unvegetated state with the exception of occasional 
Pacific willow (Salix lasiandra) trees. A combination of Himalayan blackberries and native 
shrubs and trees are common where the isolated bank roughening structure is proposed. See 
Appendix B for a complete list of plant species in the study area.  
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Table 2. Impacts on East Creek stream channel and buffers. 

Resource Temporary Impacts Permanent Impacts 

East Creek Channel (waterward OHWM) 6,932 square feet (0.16 acres) None 

Stream Buffers 18,396 square feet (0.42 acres) a None 

Total 25,328 square feet (0.58 acres)  None 

OHWM: Ordinary High Water Mark 
a Stream buffer area includes wetland and upland areas adjacent to stream. 

 

3.2.3.1 Temporary Impacts 

The temporary impacts on East Creek will result from excavation and grading of the channel, 
which is necessary to implement channel improvements that involve enlarging, realigning, and 
re-grading the stream channel; and constructing grade control and bank stabilization structures 
(see Project Description and Project Construction sections above). Where the bank roughening 
structure is proposed along the upstream reach of East Creek, only minor temporary impacts on 
the outer channel will occur during installation of the structure within the bank. 

Temporary impacts on the stream buffers will result from reconstructing the banks including 
initial clearing of vegetation; temporary construction access; excavation and grading of stream 
banks and wetland bench habitat; reconstruction of banks, and planting of native vegetation. 
Much of these impacts are on wetlands that occur within the stream buffer, primarily on the east 
side of East Creek. Most of the cleared vegetation will consist of invasive and exotic plants with 
the exception of 11 red alder (Alnus rubra) and Pacific willow trees, some of which have 
multiple trunks (see Table 3). In addition, some native shrubs and saplings near Kamber Road 
will be cleared where native plantings were installed previously when the culvert was replaced at 
Kamber Road. Although some mature trees will need to be removed to allow for construction of 
channel improvements, most surrounding mature trees will be preserved (see Drawing C-2 in 
Appendix A). 

Table 3. Trees to be cleared along East Creek. 

Scientific Name Common Name Quantity Diameter at Breast Height (inches) 

Alnus rubra Red alder 6 Single trunks -- 12, 14, 14, 8, 10, 10  

Salix lucida Pacific willow 5 Double trunk -- 12, 16  

Double trunk -- 12, 12  

Double trunk – 12, 12 

Double trunk – 12, 14  

Single trunk -- 12 

Total  11  
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3.2.3.2 Permanent Impacts 

No permanent impacts will occur to the East Creek channel throughout the project area. In 
addition, no permanent impacts will occur to the East Creek buffer – the project will not affect 
the existing outer extents of stream buffers throughout the project area. However, as a result of 
enlarging and slightly realigning the channel, the buffer widths will be modified in relation to the 
outer extents of the reconstructed channel. By moving the channel slightly to the east, the buffer 
widths will become more proportional on each side of the channel. Currently, the buffer width 
along the west side of East Creek is between approximately 5 and 20 feet wide, whereas the 
buffer width along the east side is 40 to 50 feet wide. Although channel improvements will 
widen the base of the channel, after construction a channel width will form over time based 
on ordinary flows that should resemble a similar width of the existing stream channel today. 
Therefore, the stream buffer area will remain the same and no permanent impacts on the buffer 
will occur. 

3.2.4 Bellevue Land Use Code Stream Performance Standards 

The project is in compliance with all of the applicable general stream performance standards 
in Bellevue LUC 20.25H.080.A. The outer edge of the East Creek critical area buffer will be 
planted within the project area with dense native vegetation to limit pet or human intrusion (see 
Drawings P-1 and P-2 in Appendix A). According to Bellevue LUC 20.25H.080.B, modification 
of the East Creek stream channel involving slight realignment is allowed because the project is in 
connection with installation of instream structures and habitat improvements. 

3.2.5 Stream Functions and Values Assessment 

3.2.5.1 Existing Stream Functions and Values 

East Creek within the project area functions at a low level for fish habitat. Downstream of the 
Richards Creek convergence, East Creek is largely incised due to head cutting throughout the 
study area. The banks are undercut or vertical for several feet in height due to active erosion. The 
channel has incised into a compacted clay layer, which is the dominant substrate in the channel. 
Uniform glide habitat is dominant with occasional short riffle sections. Valuable rearing and 
spawning habitat is nearly nonexistent due to lack of pool habitat, instream cover, and gravels. 

The buffers adjacent to East Creek within the project area primarily function at a low level 
because they are much narrower than the 50-foot regulated width necessary to support a 
functioning stream. The undeveloped, vegetated buffer width ranges between 5 and 50 feet 
on either side of the stream. Furthermore, the vegetated riparian buffer conditions are largely 
degraded throughout the East Creek project area. The tops of the banks are dominated by 
invasive and exotic Himalayan blackberry and reed canarygrass. An adjacent property owner 
maintains a large portion (approximately 4,700 square feet) of the buffer (also a portion of 
Wetland A) in an unvegetated state, with the exception of occasional alder and Pacific willow 
trees. During site visits, only dead grass was observed in the understory suggesting that herbicide 
had been applied. Mature trees only occur along a portion of the eastern buffer at the outer limits. 
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3.2.5.2 Future Stream Functions and Values 

The project will improve fish habitat functions, throughout the project reach. Pool habitat 
(12 pools) will be restored for fish rearing and gravel substrate will be restored for spawning. 
Constructed wetland benches will provide refuge for fish during high flows. The project 
will improve instream cover for fish in the form of large woody material and planted native 
vegetation will improve shading cover over the stream. By raising the elevation of the channel 
and providing grade control, the project will restore the severe channel incision that has occurred 
along East Creek. 

The project cannot improve buffers by providing additional width (due to existing development 
constraints); however, the project will make existing widths more proportional on each side of 
the new stream. In addition, the project will remove dominant invasive and exotic vegetation and 
restore the project area with planted native emergents, shrubs, and trees. 

Improvements in stream and buffer functions are anticipated to improve further after completion 
of construction and last over the anticipated life of the project, which is designed to be relatively 
permanent. After construction, over the course of approximately 4 years, the incised upstream 
reach of Richards Creek within the study area will be passively restored as it fills in with 
sediment. Spawning gravels are anticipated to continue to be deposited from sources upstream in 
the basin. Over time, native vegetation will mature and provide shade to the stream and stabilize 
soils along the banks through root cohesion. 

3.3 Wetlands 

This section describes wetlands and buffers in the study area and project area. The objectives of 
the wetland assessment were to: 

 Delineate (flag) all wetlands in the study area 

 Classify delineated wetlands using the U.S. Fish and Wildlife Service 
(USFWS) and hydrogeomorphic (HGM) classification systems (Cowardin 
et al. 1979, Brinson 1993) 

 Designate the category of delineated wetlands using the Washington State 
Wetland Rating System for Western Washington–Revised (Hruby 2004), 
which is the designation system required according to Bellevue LUC 
20.25H.095.B 

 Determine the applicable wetland buffer widths according to Bellevue 
LUC 20.25H.095.C.1 

 Characterize existing wetland and buffer conditions 

 Evaluate impacts on wetlands and buffers 
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 Evaluate applicable Bellevue LUC performance standards 

 Assess wetland and buffer functions and values 

3.3.1 Methods  

Evaluating the presence, extent, and type of wetlands requires a review of available information 
about the site (such as surveys and studies), followed by an onsite wetland delineation. The 
following sections describe the research methods and field protocols for the wetland evaluation. 
More information about the methodology used in the wetland delineation performed for this 
project is available in Appendix C. 

3.3.1.1 Review of Available Information 

A literature review was completed to determine the historical and current presence of wetlands 
and streams in and near the study area. The sources of information are: 

 Aerial photographs of the project vicinity (City of Bellevue 2007) 

 Topographic map of the project vicinity (City of Bellevue 2009a) 

 Topographic survey of the study area (CTS Engineers 2010) 

 National Wetlands Inventory map of wetland areas in the project vicinity 
(USFWS 1981) 

 City of Bellevue critical areas inventory data (City of Bellevue 2010) 

 City of Bellevue basin fact sheets (City of Bellevue 2009b) 

 Washington State Priority Habitat and Species (PHS) data (WDFW 
2010b) 

 Washington State Natural Heritage Program data (WDNR 2010) 

 King County area soil survey for the project vicinity (NRCS 2010a) 

 Hydric soils list for Washington (NRCS 2010b) 

3.3.1.2 Wetland Delineation 

This wetland delineation was performed in accordance with the Corps of Engineers Wetlands 
Delineation Manual (Environmental Laboratory 1987) and the Regional Supplement to the 
Corps of Engineers Wetlands Delineation Manual: Western Mountains, Valleys, and Coast 
Region (Environmental Laboratory 2010). 
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The methods in these guidance manuals use a three-parameter approach for identifying and 
delineating wetlands, and rely on the presence of field indicators for hydrophytic vegetation, 
hydric soils, and hydrology. The methods for evaluating these three parameters are described in 
Appendix C. This wetland delineation was performed according to procedures specified under 
the routine wetland determination method (Environmental Laboratory 1987). 

To identify potential wetlands, wetland biologists evaluated field conditions by traversing the 
study area including areas within 300 feet of the project site. A test plot was established for each 
area that appeared to have potential wetland characteristics. For each test plot, data on dominant 
plant species, soil conditions in test plots, and evidence of hydrologic conditions were recorded 
on wetland determination data forms (Appendix D). Plants, soils, and hydrologic conditions were 
also analyzed and documented in adjacent upland areas. Based on collected data, a determination 
of wetland or upland was made for each area examined. 

Following confirmation of wetland conditions in a given area, the wetland boundary was 
delineated by placing sequentially-numbered, flagging along the wetland perimeter. Test plot 
locations were also marked with flagging. The locations of wetland boundaries and test plots 
were subsequently surveyed by the City of Bellevue. 

3.3.1.3 Wetland Classification, Category Designation, and Functional Assessment 

This section provides information on the methods used to classify the wetlands, determine rating 
categories, and assess functions provided by the wetlands. 

Wetland Classification 

Wetlands observed on the study area were classified according to the USFWS classification 
system (Cowardin et al. 1979). This system is based on an evaluation of attributes such as 
vegetation class, hydrologic regime, salinity, and substrate. The wetlands were also classified 
according to the HGM system, which is based on an evaluation of attributes such as the position 
of the wetland within the surrounding landscape, the source and location of water just before it 
enters the wetland, and the pattern of water movement in the wetland (Brinson 1993). 

Wetland Category Designation 

Wetlands categories were designated using the Washington State Wetland Rating System for 
Western Washington-Revised (Hruby 2004), hereafter referred to as the Ecology rating system. 
The Ecology rating system categorizes wetlands according to specific attributes such as 
rarity; sensitivity to disturbance; hydrologic, water quality, and habitat functions; and special 
characteristics (such as if a mature forested wetland or bog). The total score for all functions 
determines the wetland rating. The rating system consists of four categories, with Category I 
wetlands exhibiting outstanding functions and/or special characteristics and Category IV 
wetlands exhibiting minimal attributes and functions. The rating categories are used to identify 
permitted uses in the wetland and its buffer, to determine the width of buffers needed to protect 
the wetland from adjacent development, and to identify the mitigation ratios required to 
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compensate for potential impacts on wetlands. The Ecology rating system is required to 
designate wetland categories according to Bellevue LUC 20.25H.095.B. 

Wetland Functional Assessment 

Wetland functions are those processes that occur within a wetland, such as the storage of water, 
cycling of nutrients, and maintenance of diverse plant communities and habitat which benefits 
wildlife. Wetland functions can be grouped into three broad categories: habitat functions, 
hydrologic functions, and water quality functions. 

Habitat functions include providing food, water, and shelter for fish, shellfish, birds, amphibians, 
and mammals. Wetlands also serve as a breeding ground and nursery for numerous species. 
Hydrologic functions include reducing the velocity of stormwater, recharging and discharging 
groundwater, and providing flood storage. Water quality functions include the potential for 
removing sediment, nutrients, heavy metals, and toxic organic compounds. 

Wetland functions were assessed using the Washington State Wetland Rating System for Western 
Washington-Revised (Hruby 2004), which is approved by Ecology for evaluating wetland 
functions in Washington. This system generates a score for each function based on the wetland’s 
potential and opportunity for providing the function. Using the scores on the wetland rating 
forms, a qualitative functional rating (high, moderate, or low) was derived for functions (water 
quality, hydrology, and habitat) and values provided by each wetland, based on supplemental 
guidance provided by Ecology (Hruby 2011). 

3.3.2 Results 

This section discusses the results of the wetland delineation, including a review of available 
information and an analysis of wetland conditions in the study area as observed during field 
investigations. 

3.3.2.1 Analysis of Available Information 

The available existing information compiled for this wetland assessment is summarized in the 
following subsections. 

3.3.2.1.1 Mapped Wetlands 

The National Wetlands Inventory indicates Palustrine scrub-shrub (PSS), and forested (PFO), 
seasonally-flooded wetlands are located in the study area (Figure 3). 

3.3.2.1.2 Mapped Soils 

The only soil type mapped in the study area is Urban Land (NRCS 2010b) (Figure 6), which is 
likely due to the high density of development present. Urban land is soil that has been modified 
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by disturbance of the natural layers with additions of fill material several feet thick, often to 
accommodate large industrial and housing developments. In the study area, urban land 
constitutes those areas that have been filled to support industrial and commercial development. 

Directly downstream of the study area, Seattle muck (0 to 5 percent slopes) soils are mapped 
north of Kamber Road where wetlands are prevalent on both sides of East Creek. Seattle muck 
is considered a hydric soil by the Natural Resources Conservation Service (NRCS 2010b). A 
typical profile of Seattle muck is composed of a foot-thick surface layer of organic muck 
overlying a stratified mucky peat to muck layer extending to a depth of approximately 60 inches. 
Seattle muck soils are very poorly drained with a water table near the surface. 

3.3.2.1.3 Topography 

Wetlands adjacent to East Creek and Richards Creek within the study area are relatively flat with 
a slope of approximately 1.5 percent from an elevation of 58 feet (above sea level) at the 
upstream extents near the isolated bank roughening structure to an elevation of 49 feet at the 
downstream extents near Kamber Road. 

3.3.2.2 Analysis of Wetland Conditions 

Wetland delineation field activities were conducted by Herrera biologists Kris Lepine, Katheryn 
Seckel, and George Iftner. The lead biologist (Kris Lepine) is certified by the Society of Wetland 
Scientists as a Professional Wetland Scientists (PWS). The wetland delineation was conducted 
on April 27, 2010. It was determined that the growing season (as defined in Appendix C) had 
begun, because plants were in full leaf out. 

Herrera biologists delineated wetlands adjacent to Richards Creek and East Creek in the study 
area, referred to as Wetland A. The wetland was not delineated in entirety as it extends north, 
south, east, and west of the study area. The location and extent of the wetland and buffers within 
the study area are shown in Figure 4. A summary of the wetland characteristics within the study 
area is provided in Table 4. For Wetland A, biologists completed wetland delineation data forms 
(Appendix D) and an Ecology wetland rating form (Appendix E). A representative photograph of 
the wetland in the study area is included in Table 4. 

Within the project area, Wetland A is degraded when compared to the rest of the study area 
where the wetland is much wider and contains diverse native vegetation, forested cover, habitat 
structure (such as snags), and less invasive vegetation. Within the project area, Wetland A is 
primarily limited to a narrow zone less than 35 feet wide along the east side of East Creek. The 
wetland is dominated by reed canarygrass and Himalayan blackberry. An adjacent property 
owner maintains a large portion (approximately 4,700 square feet) of the wetland in an 
unvegetated state, with the exception of occasional alder and Pacific willow trees. During site 
visits, only dead grass was observed in the understory suggesting that herbicide had been 
applied. 
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Table 4. Summary of Wetland A within the Study Area. 

Wetland Name Wetland A 

 

 

 

 

 

 

Local Jurisdiction City of Bellevue 

WRIA 8 

Wetland Size ~4.5 acres 

Wetland Ratinga Category II 

City of Bellevue 
Buffer Width 

75 feet  

USFWS 
Classificationa 

Palustrine forested 
(PFO) 

HGM 
Classificationb Riverine 

Wetland Data 
Forms 

Appendix D, 
WLA-TP1, -TP3, -
TP4 

Upland Data Form Appendix D, 
WLA-TP2 

Dominant 
Vegetation 

Wetland A is dominated by a forested community of red alder and black cottonwood (Populus 
trichocarpa) with a shrub understory of willows, red-osier dogwood (Cornus sericea), 
salmonberry (Rubus spectabilis); and an herbaceous understory of lady fern (Athyrium filix-
femina), big leaf sedge (Carex amplifolia), slough sedge (Carex obnupta), giant horsetail 
(Equisetum telmateia), creeping buttercup (Ranunculus repens), small fruited bulrush (Scirpus 
microcarpus), and piggyback plant (Tolmiea menziesii). Non-native vegetation is prevalent in 
the project area and includes Himalayan blackberry and reed canarygrass (see photo). A 
complete plant list is provided in Appendix B. Plants observed at test plots are on data forms in 
Appendix D.  

Soils As observed in soil pits, hydric soils include high organic content including mucky soils. 
Mineral textures vary including silt loam; gravelly loamy sand, and silty clay loam. Observed 
matrix soil colors vary including very dark brown (10YR 2/2), very dark grayish brown (10YR 
3/2), and very dark gray (10YR 3/1). Redoxymorphic features are common including 
concentrations, coated sand grains, pore linings with colors of dark red (2.5YR 3/6) and 
yellowish red (5YR 5/8). See data forms in Appendix D. 

Hydrology As observed in soil pits, wetlands soils exhibited saturated soils at the surface. In addition, areas of 
shallow ponding were observed in isolated areas throughout the wetland. Hydrologic sources to 
Wetland A include direct precipitation; groundwater; runoff from surrounding uplands, parking 
lots, and rooftops; and flooding from adjacent Richards Creek and East Creek. See data forms in 
Appendix D.  

Buffer Condition The buffer surrounding Wetland A is primarily developed consisting of parking lots, gravel lots, 
and commercial buildings. The vegetated buffers are very narrow and dominated by Himalayan 
blackberry and English ivy with occasional black cottonwood and Douglas fir trees. A complete 
plant list is provided in Appendix B. 

a Wetland category is based on Ecology wetland rating system (Hruby 2004), per Bellevue LUC 20.25H.095.B. 
b Wetland buffer widths are according to Bellevue LUC 20.25H.095.C. 
c U.S. Fish and Wildlife Service classification is based on Cowardin et al. (1979): palustrine forested (PFO) 
d Hydrogeomorphic classification is based on Brinson (1993). 
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3.3.3 Cumulative Wetland Impacts 

As a result of the proposed project, there will be temporary and permanent impacts on 
Wetland A and buffers adjacent to East Creek. These effects are summarized in Table 5 and 
depicted graphically in Figure 5. 

Table 5. Impacts on Wetland A and buffers. 

Resource Temporary Impacts Permanent Impacts 

Wetland A  9,475 square feet (0.22 acres) 3,036 square feet (0.07 acres) 

Wetland Buffers 2,106 square feet (0.05 acres) None 

Total 11,581 square feet (0.27 acres) 3,036 square feet (0.07 acres) 

 

3.3.3.1 Temporary Impacts 

Temporary impacts on Wetland A and buffers will result from excavation and grading of the 
channel, which is necessary to implement channel improvements that involve enlarging, 
realigning, and re-grading the stream channel; and constructing grade control and bank 
stabilization structures (see Project Description and Project Construction sections above). In 
addition, temporary impacts will result from activities necessary to reconstruct the banks 
including initial clearing of vegetation; temporary construction access; excavation and grading of 
stream banks and wetland bench habitat; reconstruction of banks, and planting of native 
vegetation. Where the bank roughening structure is proposed along the upstream reach of East 
Creek, a small area of Wetland A and buffer will be temporarily impacted during installation of 
the structure within the bank. 

As a result of channel improvements, temporary (and permanent) impacts on Wetland A will 
require removal of 11 red alder and Pacific willow trees, some of which have multiple trunks. 
These tree impacts also occur within the buffer of East Creek and are presented above in Table 3. 
In addition, clearing of some native shrubs and saplings near Kamber Road will be cleared where 
native plantings were installed previously when the culvert was replaced. Although some mature 
trees will need to be removed to allow for construction of channel improvements, most 
surrounding mature trees will be preserved (see Drawing C-2 in Appendix A). 

3.3.3.2 Permanent Impacts 

Permanent impacts on Wetland A will result from realigning the channel on average 
approximately 9 feet to the east. Shifting the channel east provides more room to construct stable 
banks and wetland benches between the channel and the parking lot on the west side of the 
channel. Where the channel is realigned, some existing wetland habitat will be replaced with 
stream channel habitat, representing a permanent impact. The base of the new channel will 
increase by 10 feet to a 20-foot total width along approximately 275 feet of the upstream portion 
of the channel improvements, and willow live stakes will be planted in this segment to provide 
riverine wetland habitat within the channel. After construction when flows are reintroduced to 
the channel, flows will carve a low flow channel within the 20-foot wide section of channel. 
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Based on existing conditions, it is anticipated that the low flow channel will be approximately 
10 feet wide. 

In addition, installation of a flood control sheet pile wall will intrude 2 feet into the wetland for a 
length of approximately 130 feet resulting in permanent impact on a small portion of Wetland A. 

Throughout the project area, existing buffers surrounding Wetland A are primarily developed 
and consist of parking lots, gravel lots, and commercial buildings. The vegetated upland buffers 
are very narrow and consist of fill material at the edge of developments. The project will result in 
some reestablishment of wetland habitat within existing buffers; however, the project will 
maintain a narrow zone of upland buffer at the edge of the project area. Therefore, the project 
will not result in permanent impacts on buffers. 

3.3.4 Bellevue Land Use Code Wetland Performance Standards 

The project is in compliance with all of the applicable general wetland performance standards in 
Bellevue LUC 20.25H.100. Wetland A and adjacent buffer will be planted within the project 
area with dense native vegetation to limit pet or human intrusion (see Drawings P-1 and P-2 in 
Appendix A). 

3.3.5 Wetland Functions and Values Assessment 

In accordance with Bellevue LUC 20.25H.110.B, the following sections provide a functional 
evaluation for Wetland A. Functions of Wetland A within the study area were evaluated 
according to data in the Ecology wetland rating form (Hruby 2004), and supplemental qualitative 
ratings (high, medium, low) were determined based on Ecology compensatory mitigation 
guidance (Hruby 2011). This methodology entails rating the entire wetland unit which includes a 
substantial amount of wetland area that is outside of the project area. Conditions within the 
project area are much more degraded than portions of Wetland A located west of the project 
area. Therefore, the portion of Wetland A in the project area does not provideas high a level of 
functions as the rest of the wetland. A summary of the function scores, the total wetland score, 
and the associated category rating for Wetland A is provided in Table 6. The wetland rating form 
is provided in Appendix E. 

Table 6. Wetland A functions and values. 

Function 
Rating of Site 

Potential a 
Rating of Landscape 

Potential a 
Rating of 
Value a, Score b 

Improving Water Quality Moderate Moderate Moderate 20 

Hydrologic High Moderate High 26 

Habitat Moderate Moderate High 19 

Total Score    65 

a Qualitative ratings are based on Hruby (2011). 
b Score based on Hruby (2004). 
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The functions and values of Wetland A were evaluated based on its riverine HGM class. 
Hydraulic modeling results indicate that most of the wetland experiences overbank flooding from 
Richards Creek and East Creek at least once every 2 years (Herrera 2011). The modeling is 
supported by field observations within the wetland including drainage patterns and shallow 
depressions with flooding. 

Overall, Wetland A has a moderate rating for improving water quality which is due to several 
factors including presence of depressions capable of trapping sediments; dense trees and shrubs 
capable of resisting water velocities and promoting sediment deposition; surrounding urban area 
that contributes runoff; and capability of improving impaired (303d listed) water bodies 
downstream. 

Wetland A has a highly rated hydrologic function for potential to reduce flooding and erosion 
due to an average wetland width that is much wider than the stream channel. In addition, trees 
and shrubs are capable of slowing flows. Wetland A is moderately rated for potential to provide 
hydrologic benefits to the surrounding landscape due to presence of surrounding urban areas that 
contribute peak flows. The hydrologic functions at the site have a high value to society because 
the site has been identified as important for flood storage and conveyance by the City of 
Bellevue (Herrera 2008). 

Wetland A rates as having a moderate potential to provide important habitat functions due to 
several factors that create niches for fish and wildlife including forest cover with underlying 
shrub and herbaceous strata; several hydroperiods (permanently flooded, occasionally flooded, 
flowing stream); high richness of native plants, and several types of habitat features (such as 
snags, downed wood, undercut banks). Wetland A provides a moderate rated habitat function for 
ability to support habitat in the surrounding landscape because although there is very little 
accessible habitat directly adjacent to the wetland unit, there is approximately 140 acres of 
wildlife habitat patches within a kilometer radius. Wetland A is a high value to society because 
Richards Creek and East Creek provide habitat for threatened Puget Sound Chinook salmon 
within the wetland unit and the wetland contains several WDFW priority habitats (such as 
riparian and instream). 

3.3.6 Wetland Mitigation Plan 

This wetland mitigation plan was prepared in accordance with Bellevue LUC 20.25H.220 
(Mitigation Plan Requirements) and LUC 20.25H.105 (Mitigation and Monitoring -- Additional 
Provisions). 

3.3.6.1 Compensation for Wetland Impacts 

The project will compensate for permanent impacts on Wetland A by reestablishing and 
rehabilitating wetlands (see Table 7 and Figure 7). Wetlands will be reestablished directly 
west of the channel improvements where benches will be constructed. Direct wetland 
rehabilitation in the project area includes the area of existing wetlands on the east side of the 
channel improvements that will be reconstructed and improved. Indirect wetland rehabilitation  
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comprises large areas of Wetland A upstream of the channel improvements area where frequency 
and magnitude of flooding will be increased based on hydraulic analysis (Herrera 2011). 

Table 7. Wetland mitigation measures. 

Mitigation Measure Area Location 

Reestablishment  3,885 square feet (0.09 acres) West of realigned channel 

Rehabilitation (direct) 8,705 square feet (0.20 acres) West and East of realigned channel 

Rehabilitation (indirect) 47,338 square feet (1.09 acres) Increased flooding in Wetland A  

Total 59,928 square feet (1.38 acres)  

 
In accordance with Bellevue mitigation preferences (LUC 20.25H.105), proposed compensatory 
mitigation measures involve reestablishing wetlands on-site on upland sites that were formerly 
wetland; and enhancing degraded wetlands through rehabilitation. Furthermore, compensatory 
mitigation is considered in-kind because it strives to restore riverine wetlands, which is the 
hydrogeomorphic class of Wetland A. 

Wetlands will be reestablished in the project area at an acreage replacement ratio of 
approximately 1-to-1, which is less than the required 3-to-1 ratio according to Bellevue LUC 
20.25H.105.C). However, according to Bellevue LUC 20.25H.105.E, wetland enhancement 
(which includes rehabilitation) is appropriate if it is demonstrated that functions of degraded 
wetlands will be increased. To this end, proposed wetland mitigation includes rehabilitation at 
an acreage replacement ratio of approximately 18-to-1. 

Ecology guidance for calculating credits and debits for compensatory mitigation in wetlands 
was applied to evaluate functions that will be provided by Wetland A after construction and to 
what extent wetland functions will be improved (Hruby 2011). The levels of existing functions 
including water quality improvement, hydrologic, and habitat are provided in Table 6 and the 
functions scoring form is provided in Appendix F. The evaluation of functions provided after 
project goals and objectives are met, indicates that overall, the levels of functions within 
Wetland A will largely remain the same because the proposed project only directly affects a 
small portion of the overall wetland. However, the project will improve the level of hydrologic 
function overall within Wetland A by reversing the process of channel incision through the 
wetland, thereby increasing frequency and depth of flooding within the wetland. 

All functions will improve within that portion of Wetland A located in the project area. Wetland 
reestablishment and rehabilitation measures will improve water quality functions by planting 
shrubs and herbaceous plants in areas exposed to flow, which will act to filter and trap sediments 
associated with pollution. Hydrologic functions will improve by increasing the width of wetland 
adjacent to the channel in the form of benches that are capable of flooding during higher flows. 
Habitat functions will improve by increasing the richness of plant species and introducing large 
woody material. 
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Furthermore, Ecology guidance for calculating credits and debits for compensatory mitigation in 
wetlands was applied to evaluate adequacy of the proposed wetland mitigation (Hruby 2011). 
This guidance provides a system for determining “debits” based on acreage of wetland impact, 
levels of wetland functions affected, vegetation community affected, and temporal loss of 
function (which is the time it takes for functions to be fully restored). In addition, this guidance 
provides a system for determining “credits” of proposed mitigation based on increases in level of 
wetland function, type of mitigation measure (such as creation/reestablishment, rehabilitation, 
etc.), acreage, and risk associated with mitigation success. After calculating debits and credits for 
the project, a balance is determined and if credits outweigh debits, the project is considered to 
adequately mitigate wetland impacts. Debit and credit forms for this project are provided in 
Appendix F. 

Our evaluation of debits and credits for the project indicates that overall, the project will balance 
out with a surplus of 0.12 credits. Although small debit balances in the functional categories for 
improving water quality (-0.25) and habitat function (-0.28) result from the proposed mitigation, 
these debits are outweighed by a credit balance for hydrologic function (+0.65). 

3.3.6.2 Goal, Objective, and Success Criteria 

The goal of the wetland mitigation plan is to reestablish and rehabilitate forested wetlands within 
the channel improvements and wood roughening structure project areas in support of replacing 
and improving water quality, hydrologic, and wildlife functions. To meet this goal, the objective 
is to plant a variety of emergent, herbaceous, shrub, and tree species that will develop into a 
mature forested vegetation community with adequate cover and composition. 

All areas that are restored will be subject to the following success criteria, which will be 
monitored for a period of at least 10 years. 

3.3.6.2.1 Year 1 Success Criterion (2013) 

By the end of the first growing season (fall 2013), 100 percent of the plantings will be alive as 
demonstrated by budding leaves. The planting contract stipulates that the contractor must replant 
all plants that did not survive by the end of the first year. The percentage of area covered by 
nonnative species (e.g., Himalayan blackberry, ivy) will not exceed 10 percent throughout the 
planting areas. 

3.3.6.2.2 Year 2 Success Criterion (2014) 

By the end of the second growing season (fall 2014), at least 80 percent of the plantings will be 
alive demonstrated by budding leaves. The percentage of area covered by nonnative or invasive 
species (e.g., Himalayan blackberry, reed canarygrass) will not exceed 10 percent throughout the 
planting areas. 
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3.3.6.2.3 Year 3 Success Criterion (2015) 

By the end of the third growing season (fall 2015), woody vegetation (shrubs and trees) will 
cover at least 20 percent of the planting areas; and emergent and herbaceous understory plants 
will cover at least 30 percent of the planting areas. The percentage of area covered by nonnative 
or invasive species (e.g., Himalayan blackberry, reed canarygrass) will not exceed 10 percent 
throughout the planting areas. 

3.3.6.2.4 Year 5 Success Criterion (2017) 

By the end of the fifth growing season (fall 2017), woody vegetation (shrubs and trees) will 
cover at least 50 percent of the planting areas; and emergent and herbaceous understory plants 
will cover at least 50 percent of the planting areas. The percentage of area covered by nonnative 
or invasive species (e.g., Himalayan blackberry, reed canarygrass) will not exceed 10 percent 
throughout the planting areas. 

3.3.6.2.5 Year 7 Success Criterion (2019) 

By the end of the seventh growing season (fall 2019), woody vegetation (shrubs and trees) will 
cover at least 70 percent of the planting areas; and emergent and herbaceous understory plants 
will cover at least 50 percent of the planting areas. The percentage of area covered by nonnative 
or invasive species (e.g., Himalayan blackberry, reed canarygrass) will not exceed 10 percent 
throughout the planting areas. 

3.3.6.2.6 Year 10 Success Criterion (2021) 

By the end of the tenth growing season (fall 2021), woody vegetation (shrubs and trees) will 
cover at least 90 percent of the planting areas; and emergent and herbaceous understory plants 
will cover at least 50 percent of the planting areas. The percentage of area covered by nonnative 
or invasive species (e.g., Himalayan blackberry, reed canarygrass) will not exceed 10 percent 
throughout the planting areas. 

3.3.6.3 Wetland Mitigation Site Plan 

Wetland mitigation in the form of reestablishment and rehabilitation will be implemented 
according to the project engineering plans (Appendix A). The project will be constructed during 
2012. Earthwork will occur during the summer, seeding in the fall, and planting during late fall 
or winter. As part of the project, wetland habitat will be constructed along the banks of East 
Creek including flat, wetland benches along both sides of the channel. The bench habitats will 
be approximately 5 feet wide at an elevation approximately 2 feet higher than the base of the 
channel. Cross-sections, plans, and profiles of the channel, benches, and banks are shown on 
Drawings C-3, C-4, and C-5 in Appendix A. The lower bank will be constructed of streambed 
sediment, which will transition to a soil lift (soil encapsulated in layers of woven and non-woven 
coir fabric) on the wetland benches. At the outer edges of the benches, wetland habitat will 
continue along gently sloped upper banks constructed of two to three stacked soil lifts, each of 

City of Bellevue File # 11-122119-LO 
East Creek/Richards Creek Stream Channel Improvements 

Attachment 8 - SEPA Checklist



Critical Areas Report––East Creek/Richards Creek Stream Modification 

jr  09-04503-000 critical areas report 

Herrera Environmental Consultants 46 August 23, 2011 

which are about 1 foot in height. The top layer of coir fabric encapsulating the upper lift will 
be secured with an anchor trench. Soil within the lifts will consist of native soils mixed with 
compost-amended topsoil. 

Replanting plans are consistent with planting guidelines presented in the City of Bellevue’s 
Critical Areas Handbook (City of Bellevue 2003). The entire extents of the project will be 
seeded with a native wetland grass mix and planted with native wetland vegetation including 
the riparian areas along the channel improvement reach and bank roughening structure (see 
Drawings ESC-1, P-1, and P-2 in Appendix A). A plant schedule for the project is provided on 
Drawing P-2 in Appendix A. Along the channel improvement reach, live stakes will be planted 
directly adjacent to the base of the channel on the lower banks and will be planted along with 
emergent plugs on the wetland benches. The upper banks and top of banks will be planted with 
potted shrubs and trees. A dense planting plan is proposed including emergent plugs planted one 
foot on center, live stakes and shrubs planted 4 feet on center, and trees planted 10 feet on center. 
Seeding will occur immediately after construction during the fall. All planting will occur during 
the dormant season (October through February). 

3.3.6.4 Monitoring and Contingency Plan 

All planting areas will be monitored to evaluate the success of revegetation measures in support 
of replacing functions that were affected during construction. During construction, the project 
engineer and biologist will monitor the site to ensure that best management practices (BMPs) are 
implemented such that there are no unanticipated impacts on wetlands or buffers. 

The success of mitigation will be determined by monitoring the site and determining if success 
criteria are achieved. The City of Bellevue will arrange to have the mitigation site monitored by 
a biologist for a minimum of 10 years. At a minimum, monitoring visits to the site will take 
place at least once a year during Years 1, 2, 3, 5, 7, and 10 after construction. For the purpose of 
measuring plant cover, monitoring transects will be established within the planting areas. During 
monitoring visits, representative photographs will be taken from established photo points. After 
each monitoring visit, a report presenting the results of the site inspection will be submitted to 
City of Bellevue Planning and Community Development, Ecology, WDFW, and the Corps. 

During Years 1 and 2, the survival of plantings and cover of invasive vegetation will be assessed 
within the planting areas. In addition, the extent of natural colonization in terms of percent cover 
of herbaceous and emergent plants; and woody shrubs and trees will be measured. During 
Years 2, 3, 5, 7, and 10, percent plant cover will be evaluated including native and invasive 
vegetation. 

During each monitoring year, in addition to assessing conditions along monitoring transects, 
observations of overall conditions will be made throughout the planting areas. Within the 
monitoring report, the biologist responsible for monitoring will present detailed monitoring 
methods, results, and make recommendations for annual maintenance of the planting areas 
such as replanting, watering, weeding, and removal of trash. If plants are not succeeding, the 
biologist will make recommendations for contingency actions, which could include suitable 
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plant substitutions based on site conditions. If it is evident that wetland conditions are not 
established within proposed wetland mitigation areas, a broader contingency plan will be 
necessary, which could include modifying grades or structures on the site with additional 
monitoring or implementing additional mitigation measures on or off-site. If additional 
mitigation becomes necessary, regulatory agencies will be consulted. 

3.4 Habitat Associated with Species of Local Importance 

This section presents a habitat assessment associated with fish and wildlife species of local 
importance in accordance with Bellevue LUC 20.25H.150. The objectives of the habitat 
assessment were to: 

 Describe vegetation on and adjacent to the site 

 Identify species of local importance that have a primary association with 
habitat on or adjacent to the site, and assess potential impacts 

 Discuss any federal, state, or local special management recommendations 

 Discuss direct and indirect potential impacts on habitat, including 
cumulative impacts 

 Discuss measures to avoid, minimize, mitigate, and preserve existing 
habitats and restore any habitat that was degraded prior to the current 
proposed activity (see Section 3.6) 

 Discuss ongoing management practices that will protect habitat after the 
site has been developed 

3.4.1 Methods 

To evaluate habitat conditions in the study area, Herrera biologists surveyed the study area 
to identify dominant species, forest maturity, concentrations of native and invasive plant 
populations, other habitat features (such as snags and logs), habitat potential to support fish and 
wildlife species of local importance, and indications of use by these species. To observe habitat 
conditions and fish and wildlife, Herrera biologists including Kris Lepine, Katheryn Seckel, and 
George Iftner conducted field visits in April and May of 2010. 

In addition, Herrera reviewed information provided by WDFW’s Priority Habitats and Species 
(PHS) Program (WDFW 2010a), fish usage information from the Salmonscape mapping 
program (WDFW 2010b), and City of Bellevue basin fact sheets (City of Bellevue 2009b). 
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3.4.2 Vegetation On and Adjacent to the Site 

The project area is located along East Creek and portions of Wetland A (see Section 3.3); and is 
surrounded by developed commercial properties. Most of the vegetation on and adjacent to the 
site is contained within Wetland A because surrounding developed parking lots and buildings are 
built within historic floodplain wetlands. Wetland A within the greater study area is dominated 
by a forested community of red alder and black cottonwood with a shrub understory of willows, 
red-osier dogwood, salmonberry; and an herbaceous understory of lady fern, big leaf sedge, 
slough sedge, giant horsetail, creeping buttercup, small fruited bulrush, and piggyback plant. 
Non-native vegetation is prevalent in the project area and includes Himalayan blackberry and 
reed canarygrass. A complete plant list is provided in Appendix B. 

3.4.3 Species of Local Importance with Primary Habitat Association 

Herrera examined the presence of species of local importance with a primary association with 
habitats occurring in the project area. The following species may occur based on the presence of 
suitable habitat and/or documented occurrence: 

 Fish species: According to City of Bellevue (2009b) basin fact sheets, fish 
species of local importance occurring in the study area within East Creek 
and Richards Creek include Chinook salmon and coho salmon. Before 
hydrological modification and subsequent changes in downstream habitat 
conditions, known or likely distribution of Chinook salmon in Sunset 
Creek extended up to (and perhaps beyond) SE 30th Street. Coho 
spawning and rearing has been documented in the Richards and Sunset 
Creek channels up to and immediately upstream of SE 30th Street 
(Paulsen 2007; WDFW 2007). Neither species has been documented in the 
project area in recent years, as a result of two factors: depressed 
population abundance; and partial barriers to fish passage created by 
beaver activity in downstream areas of Richards Creek (Paulsen 2007). 

 Vaux’s swift: There is potential nesting habitat for Vaux’s swift in 
hollows of snags at the site. However, Vaux’s swift are more closely 
associated with old-growth forested habitat, which is not present in the 
study area (Larsen et al. 2004). 

 Pileated woodpecker: There is good habitat for pileated woodpeckers and 
it is assumed that breeding habitat is present as well due to the presence of 
suitably sized trees and observations of adults with fledglings during site 
visits in May 2010. 

Several species of local importance are not expected to occur either because the species are not 
present or because suitable habitat is not present. There is little to no habitat for bald eagle, 
peregrine falcon, merlin, osprey, great blue heron, green heron, or red-tailed hawk due to the 
closed canopy and dense vegetation that precludes access. In addition, these species are typically 
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not associated with small stream habitat. However, occasional canopy openings may provide 
opportunity for feeding among red-tailed hawk and great blue heron. Heron are more likely to be 
found in wetlands north of the study area where open habitat is more accessible. There is no 
habitat for common loon, purple martin, or western grebe, which require lakeshore habitat. 

There is no habitat for Oregon spotted frog or western pond turtle, both of which require 
perennial water sources and pools. There is foraging and dispersal habitat for western toad in the 
project area, but no breeding habitat, due to the lack of pools and ponds. 

There is poor habitat for the protected bat species (western big-eared bat, Keen’s Myotis, long-
legged Myotis, and long-eared Myotis) since there are only two snags in which they could 
potentially roost. These bats roost in cavities in large trees and snags which are present and 
forage over a variety of habitats for prey (insects). These bats prefer roosting in conifers, which 
are not present in the study area. 

3.4.4 Federal, State, or Local Management Recommendations 

The project will improve the functions of East Creek (see Section 3.2) in a manner that is 
consistent with recommendations provided by WDFW for riparian priority habitats (Knutson and 
Naef 1997). Specifically, the project will follow the recommendations to restore degraded 
riparian habitat, emulate natural conditions, and use non-structural (bioengineered) bank 
protection techniques. The addition of coniferous large woody material in the stream as part of 
the project will enhance pileated woodpecker foraging habitat, as downed logs are a common 
feeding location for this species (Larsen et al. 2004). 

3.4.5 Direct Impacts, Indirect Impacts and Probable Cumulative Impacts 

There will be no adverse direct impacts on habitat for Vaux’s swift or pileated woodpecker. No 
standing snags will be removed. The only vegetation removal will be restricted to trees, shrubs, 
emergents, and other herbaceous vegetation within the project area away from snag locations 
where these species may occur. All areas of vegetation cleared during construction will be 
planted with native vegetation. Work will occur in the summer, after pileated woodpecker 
breeding is complete. The addition of large woody material as part of the project will enhance 
pileated woodpecker foraging habitat, as downed logs are a common feeding location for this 
species. If present, construction noise may temporarily disturb Vaux’s swift and pileated 
woodpecker, but they would be expected to return after construction is complete. 

The project will not have any adverse direct effects on fish species; however, during construction 
the channel will be dewatered and all flow diverted around the construction sites. Fish that may 
be in the project area will be relocated downstream following WDFW (2009) protocols. During 
construction, water quality will be monitored to assure that turbid water is not released 
downstream where fish may be present. If turbidity that exceeds state water quality standards is 
observed, construction will cease until the turbidity problems are rectified. 
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There are no cumulative impacts on habitats associated with species of local significance 
anticipated as a result of the proposed project, since the project area will be fully restored to an 
improved condition. 

3.5 Areas of Special Flood Hazard 

This section presents a special flood hazard assessment in accordance with Bellevue LUC 
20.25H.175. The objectives of the special flood hazard assessment were to: 

 Identify areas of special flood hazard in the study area 

 Discuss the effect of the project on special flood hazard areas 

 Discuss how both general and specific City of Bellevue performance 
standards are achieved 

3.5.1 Special Flood Hazard Areas On and Adjacent to the Site 

Special flood hazard areas on and adjacent to the site include the 100-year floodplain as 
delineated on the flood insurance rate map by the Federal Emergency Management Agency (see 
Figure 8, FEMA 1995). The 100-year floodplain spans most of the project area and extends 
upstream and downstream along East Creek and Richards Creek within the study area. 

3.5.2 Project Effects on Special Flood Hazard Areas 

The project involves several components within the 100-year floodplain. Structures proposed 
within the 100-year floodplain include 12 grade control structures made of large woody 
materials, a flood control sheet pile wall, and a localized bank stabilization (wood roughening) 
structure made of large woody material (see Section 2.3). In addition, the profile of East Creek 
will be slightly raised in elevation and the high-flow channel dimensions will be widened. These 
changes will affect the 100-year floodplain by reducing flood elevations by different amounts 
depending on the location in the floodplain (Herrera 2011). The most significant decreases will 
be for the properties immediately east of the project site. 

3.5.3 Bellevue Land Use Code Special Flood Hazard Areas Performance Standards 

In accordance with Bellevue general performance standards (LUC 20.25H.180.C), project 
modifications within the 100-year floodplain will maintain the character of existing vegetation 
within the study area. Existing riverine wetlands within the 100-year floodplain are accustomed 
to overbank flooding and increases in flooding frequency resulting from the project are intended 
to restore historic flooding conditions and therefore will not have an adverse effect on existing 
vegetation. 
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Channel and bank elevations proposed by the project are intended to restore East Creek to 
conditions prior to incision caused by a combination of culvert replacement at Kamber Road 
and removal of downstream beaver dams. No structures are proposed as a part of this phase of 
the project that result in a rise in base flood elevation when compared to pre-incision conditions. 

In accordance with Bellevue LUC, proposed modifications to the channel are allowed because 
the project is associated with habitat improvements. Furthermore, the City of Bellevue is 
committed to maintaining the channel in a condition that ensures that flood carrying capacity 
is not diminished. 

An objective of the project is to provide public flood protection measures. Channel 
improvements will reduce flooding to adjacent properties and a flood control sheet pile wall 
will be constructed to prevent flooding. In accordance with Bellevue specific performance 
standards (LUC 20.25H.180.D), these measures are allowed in a special flood hazard area 
because the project will produce measurable benefits, including decreased erosion, peak flow 
reduction, improved water quality (see Section 3.3), and improved aquatic habitat that do not 
threaten existing structures adjacent to the project. 

3.6 Mitigation Sequencing 

The project follows requirements for mitigation sequencing as outlined in Bellevue LUC 
20.25H.110.B; joint Ecology, Corps, and Environmental Protection Agency (EPA) guidance 
(Ecology 2006); and State Environmental Policy Act (Washington Administrative Code Chapter 
197-11-768). 

3.6.1 Avoidance of Impacts 

The project design seeks to avoid critical areas impacts to the maximum extent possible while 
achieving project goals. Permanent impacts on East Creek will be avoided as well as adverse 
impacts on Chinook and coho salmon (species of local importance) that may occur in the stream. 
In addition, the project will avoid impacts on existing snags that provide potential habitat for 
Vaux’s swift and pileated woodpecker (species of local importance). 

Complete avoidance of permanent impacts on wetlands is not feasible because measures are 
necessary to achieve the goal of improving fish habitat and reducing flooding and erosion of 
commercial and industrial property in the vicinity of the project site. The project will address 
ongoing channel incision in East Creek and Richards Creek through restoration measures that 
will effectively raise the elevation of the streambed with grade controls. These measures would 
inherently increase the frequency and magnitude of overbank flooding of adjacent developed 
properties that necessitates flood reduction measures including an enlarged stream channel and 
flood control sheet pile wall located in portions of Wetland A. 

In addition, temporary impacts on East Creek, wetlands, and buffers are necessary to achieve this 
goal and the goal of preserving and enhancing desirable instream, wetlands, and riparian habitat 
functions. 
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Furthermore, the project avoids impacts on areas of special flood hazard (100-year floodplain) 
and does not threaten existing structures adjacent to the project. 

3.6.2 Minimization of Impacts 

The project greatly minimizes impacts by confining the project area to a portion of Wetland A 
that is narrow and largely degraded in its existing condition. Incised portions of Richards Creek 
with eroding banks are in need of restoration upstream of the project area. However, direct 
measures to restore the stream in this area are not planned because construction activity would 
result in substantial temporary impacts on an intact, forested portion of Wetland A. Instead, the 
project is designed to indirectly restore this area over time by allowing for sediment to deposit in 
the stream channel and reverse the trend of incision. 

3.6.3 Rectification of Impacts  

The project aims to rectify temporary and permanent impacts on East Creek, wetlands, and 
buffers by repairing and rehabilitating East Creek and adjacent wetlands and buffers by installing 
grade control, bank stabilization, and habitat structures consisting of large woody materials to 
prevent head-cut migration and eroding banks; and provide stable, physical habitat. In addition, 
temporary impacts will be rectified by restoring these areas including revegetation with native 
plants.  

3.6.4 Reduction of Impacts 

As a result of the project, ongoing impacts on the project site and within the study area will be 
reduced over time. By repairing incised portions of East Creek and Richards Creek with grade 
control, bank stabilization, and habitat structures, channel incision will be halted and greatly 
reduced over time. In addition, the City of Bellevue will monitor the project after construction to 
insure that it is stable and provides functional habitat. 

3.6.5 Compensation for the Impacts 

The project will compensate for permanent impacts on Wetland A by reestablishing and 
rehabilitating wetlands. Wetlands will be reestablished directly west of the channel 
improvements where benches will be constructed. Direct wetland rehabilitation in the project 
area includes the area of existing wetlands on the east side of the channel improvements that 
will be reconstructed and improved. Indirect wetland rehabilitation comprises large areas of 
Wetland A upstream of the channel improvements area where frequency and magnitude of 
flooding will be increased based on hydraulic analysis (Herrera 2011). Additional information 
on compensation for wetland impacts is provided in Section 3.3. 
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Table B-1. Plant species observed in the study area of the East Creek/Richards Creek 
Stream Modification Project. 

Vegetation 
Stratum Scientific Name Common Name Wetland Indicator Status a 

Trees 

 Alnus rubra Red alder FAC 

 Fraxinus latifolia Oregon ash FACW 

 Populus balsamifera  Black cottonwood FAC 

 Pseudotsuga menziesii  Douglas fir FACU 

 Tsuga heterophylla Western hemlock   FACU- 

Shrubs 

 Acer circinatum Vine maple   FAC- 

 Acer macrophyllum Big-leaf maple FACU 

 Cornus sericea  Red-osier dogwood FACW 

 Crataegus montogyna White hawthorn   NI 

 Lonicera involucrata Black twinberry FAC+ 

 Ilex aquifolium European holly   NI (invasive) 

 Oemleria cerasiformis Indian plum FACU 

 Rubus armeniacus Himalayan blackberry FACU (invasive) 

 Rubus parviflorus Thimbleberry FAC- 

 Rubus spectabilis Salmonberry    FAC+ 

 Salix lucida spp. lasiandra Pacific willow FACW+ 

 Salix sitchensis Sitka willow FACW 

 Sorbus scopulina Mountain ash FACU 

 Spiraea douglasii  Hardhack FACW 

Herbaceous Species 

 Athyrium filix-femina Lady fern   FAC 

 Calystegia sylvatica Giant morning glory  NI (invasive) 

 Carex amplifolia Big leaf sedge   FACW+ 

 Carex obnupta Slough sedge   OBL 

 Carex deweyana Dewey’s sedge    FAC+ 

 Equisetum telmateia  Giant horsetail   FACW 

 Hedera helix English ivy    NI (invasive) 

 Lysichiton americanum Skunk cabbage OBL 
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Vegetation 
Stratum Scientific Name Common Name Wetland Indicator Status a 

Herbaceous Species (continued) 

 Maianthemum dilatatum False lily-of-the-valley   FAC 

 Oenanthe sarmentosa Pacific water parsley   OBL 

 Phalaris arundinacea Reed canarygrass FACW 

 Polygonum x bohemicum Hybrid Japanese knotweed   FACU (invasive) 

 Polystichum munitum Sword fern   FACU 

 Ranunculus repens Creeping buttercup FACW 

 Scirpus microcarpus Small-fruited bulrush   OBL 

 Tolmiea menziesii Piggyback plant   FAC* 

 Urtica dioica Stinging nettle   FAC+ 

 Veratrum viride Corn lily  FACW 

Note: The - suffix after the indicator symbol FAC indicates a species with a somewhat lower probability of occurring in 
wetlands.  The + suffix after the indicator symbol FAC indicates a species with a somewhat higher probability of occurring in 
wetlands. 
NI = no indicator. 
a The wetland indicator status is from the National List of Plant Species that Occur in Wetlands (USFWS 1993). 
* An asterisk (*) identifies tentative assignments based on limited information from which to determine the indicator status. 
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Wetland Delineation Methods 

This wetland delineation was performed in accordance with the Washington State Wetlands 
Identification and Delineation Manual (Ecology 1997) and the Regional Supplement to the Corps 
of Engineers Wetlands Delineation Manual: Western Mountains, Valleys, and Coast Region 
(Environmental Laboratory 2010). These methods use a three-parameter approach for identifying 
and delineating wetlands, based on the presence of field indicators for hydrophytic vegetation, 
hydric soils, and hydrology. The specific methods using these three parameters are described in 
Appendix C. This wetland delineation was performed according to procedures specified for the 
routine wetland determination method (Environmental Laboratory 1987). 

Hydrophytic Vegetation 

Hydrophytic vegetation is characterized by the ability to grow, effectively compete, reproduce, 
and persist in anaerobic soil conditions resulting from periodic or long-term saturation 
(Environmental Laboratory 1987). Vegetation must meet at least one of the four indicators 
(described below) that are used to determine the presence of hydrophytic vegetation in wetlands. 
Problematic and atypical situations for hydrophytic vegetation are also described in the Corps 
manual and supplement (Environmental Laboratory 1987 and 2010). 

Plant Species Identification 

Plant species were identified using Flora of the Pacific Northwest (Hitchcock and Cronquist 
1987) and A Field Guide to the Common Wetland Plants of Western Washington and 
Northwestern Oregon (Cooke 1997). The indicator status of each plant species is based on the 
National List of Plant Species That Occur in Wetlands: Washington (Reed 1988) and the 1993 
Supplement to the List of Plant Species That Occur in Wetlands: Northwest (Region 9) (Reed 
1993). 

Dominant Species Determination 

Dominant species are those that contribute more than other species to the character of a plant 
community. To determine dominance, a vegetation sampling area is determined by the field 
biologist to accurately characterize the plant community that occurs in the area to be evaluated. 
These are commonly circular sampling areas, centered on the location of the test plot (where soil 
and hydrologic data is also collected). The radius of the circle is determined in the field, based on 
site conditions. In large wetlands, a typical sampling radius would be 2 to 5 meters for tree and 
sapling/shrub species, and 1 meter for herbaceous species. In a small or narrow wetland (or 
upland), the radius might be reduced to accurately sample wetland (upland) areas, thereby 
avoiding an overlap into an adjacent community having different vegetation, soils, or hydrologic 
conditions (Environmental Laboratory 2010). 
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Within the vegetation sampling area, a complete list of plant species that occur in the sampling 
area is compiled and the species divided into four strata: tree, shrub (including saplings, see 
criteria below), herb, and woody vines. A plant is included in the tree stratum if it is a woody 
plant 3 inches diameter at breast height (dbh) or greater; in the shrub stratum if it is a woody 
plant less than 3 inches dbh (including tree saplings under 3 inches dbh); in the herb stratum if it 
is an herbaceous (non-woody) plant; and in the woody vine stratum if it is a woody vine of any 
height (Environmental Laboratory 2010). To be included in the sampling, 50 percent or more of 
the plant base must be within the radius of the sampling area. For trees specifically, more than 
50 percent of the trunk (diameter) must be within the sampling radius to be included. 

A rapid test, dominance test (e.g., the 50/20 rule), or prevalence index are commonly used to 
determine which species are considered dominant and to assess whether the criteria for 
hydrophytic vegetation are met at each test plot (Environmental Laboratory 2010). Additional 
hydrophytic vegetation indicators are discussed in the following section. 

To conduct a rapid test (Indicator 1 on the wetland determination data form), the dominant species 
are evaluated visually and if all are FACW or OBL, the vegetation data passes the rapid test. To 
conduct a dominance test (Indicator 2 on the wetland determination data form), the absolute areal 
coverage of the plant species within a stratum are totaled, starting with the most abundant species 
and including other species in descending order of coverage, until the cumulative coverage 
exceeds 50 percent of the total coverage for the stratum. The plant species that constitute this first 
50 percent of areal coverage are considered the dominant species in the stratum. In addition, any 
other any single plant species that constitutes at least 20 percent of the total percent cover in the 
stratum is also considered a dominant species (Environmental Laboratory 2010). The indicator 
status category for each plant (shown in Table C-1) is also listed on the wetland determination 
form. If more than 50 percent of the dominant species across all strata are rated OBL, FACW, or 
FAC, the hydrophytic vegetation dominance test (Indicator 2) is met. 

Table C-1. Plant indicator status categories. 

Indicator Status 
Indicator 
Symbol Definition 

Obligate wetland 
plants 

OBL Plants that occur almost always (estimated probability >99%) in wetlands under 
natural conditions but also occur rarely (estimated probability <1%) in upland 
areas 

Facultative wetland 
plants 

FACW Plants that usually occur (estimated probability >67%) in wetlands under natural 
conditions but also occur (estimated probability 1% to 33%) in upland areas 

Facultative plants FAC  Plants with a similar likelihood (estimated probability 33% to 67%) of occurring 
in both wetlands and upland areas 

Facultative upland 
plants 

FACU Plants that sometimes occur (estimated probability 1% to 33%) in wetlands but 
occur more often (estimated probability >67% to 99%) in upland areas 

Obligate upland 
plants 

UPL Plants that rarely occur (estimated probability <1%) in wetlands under natural 
conditions 

DRY
UPLFACUFACFACWOBL

WET ⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯ →←
−−−−

  

Source: Environmental Laboratory (1987). 
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The prevalence index (Indicator 3 on the wetland determination data form) is a weighted-average 
wetland indicator status of all plant species in the sampling plot, where weighting is by 
abundance (Environmental Laboratory 2010). This method is used where indicators of hydric 
soil and wetland hydrology are present, but the vegetation initially fails the rapid and dominance 
tests (Indicators 1 and 2). To determine the prevalence index, the absolute cover of each species 
in each stratum is determined. All species (across all strata) are organized into wetland indicator 
status groups (i.e., OBL, FACW, FAC, FACU, or UPL) and their cover values are summed 
within the groups. The formula for the prevalence index is applied. If the prevalence index 
(which ranges from 1.0 to 5.0) equals 3.0 or less, this hydrophytic vegetation indicator is met. 

Additional Hydrophytic Vegetation Indicators 

The presence of morphological adaptations to wetland conditions in plants that lack a published 
hydrophytic vegetation indicator status or with an indicator status of FACU or drier is also a 
hydrophytic vegetation indicator (Indicator 4). Evidence of physiological, morphological, or 
reproductive adaptations indicating growth in hydrophytic conditions can include, but are not 
limited to, buttressed roots, adventitious roots, multi-stemmed trunks, or tussocks. To determine 
whether Indicator 4 is met, the morphological features must be observed on more than 50 percent 
of the individuals of a FACU species (or species without a published indicator status) living in an 
area where hydric soil and wetland hydrology are present. On the wetland determination data 
form, the indicator status of the species with morphological adaptations would be changed to 
FAC (with supporting notes), and the dominance test (Indicator 2) and/or prevalence index 
(Indicator 3) would then be recalculated. 

Wetland non-vascular plants, referred to as bryophytes and consisting of mosses, liverworts, 
and hornworts, may also meet the hydric vegetation criteria, under Indicator 5 (Environmental 
Laboratory 2010). These plants must be present in areas containing hydric soils and wetland 
hydrology. The percent cover of wetland specialist bryophytes is determined in 10-inch by 
10-inch square plots placed at the base of hummocks, if present. The summed cover of wetland 
specialist bryophytes must be more than 50 percent of the total bryophyte cover in the vegetation 
sampling area. 

The “problematic hydrophytic vegetation” indicator section in the Corps regional supplement 
further explains how to interpret situations in which hydric soils and wetland hydrology are 
present but hydrophytic vegetation Indicators 1 through 5 are lacking (Environmental Laboratory 
2010). Procedures for looking at settings such as areas with active vegetation management (e.g. 
farms), areas dominated by aggressive invasive species, active floodplains, and low terraces are 
described, as well as explanations for specific situations, such as seasonal shifts in plant 
communities, extended drought conditions, and riparian areas. 

Hydric Soils 

A hydric soil is a soil that is saturated, flooded, or inundated long enough during the growing 
season to develop anaerobic conditions that favor the growth and regeneration of hydrophytic 
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vegetation (Environmental Laboratory 1987, 2010). The evaluation of existing soil maps 
(developed by NRCS and other sources) is used to understand hydric soil distribution and to 
identify the likely locations of hydric soils (by verifying their inclusion on the hydric soils list 
[NRCS 2010a]). Comparison of these mapped soils to conditions found on site help verify the 
presence of hydric soils. 

For on-site soils characterization, hydric soils data were obtained generally by digging test pits at 
least 20 inches deep and 4 inches wide. Hydric soil conditions were evaluated using indicators 
outlined in Field Indicators of Hydric Soils in the United States (NRCS 2006), and adopted by 
the Regional Supplement to the U.S. Army Corps of Engineers Wetlands Delineation Manual: 
Western Mountains, Valleys, and Coast Region (Environmental Laboratory 2010). 

Hydric soil indicators applicable to the Western Mountains, Valleys, and Coast region include, 
but are not limited to, the presence of: organic soils (i.e., histosols or histic epipedons); sulfidic 
material (i.e., hydrogen sulfide); depleted, gleyed, or reduced soil matrices; and/or the presence 
of iron or manganese concretions (Environmental Laboratory 2010). Soil color characterization 
(i.e., hue, value, and chroma) is a critical tool in determining depleted, gleyed, and reduced soil 
conditions. Soil color was evaluated by comparing soil colors at test plots to standardized color 
samples in Munsell Soil Color Charts (Munsell Color 2000). 

Wetland Hydrology 

Wetland hydrology is indicated by site conditions that demonstrate the periodic inundation or 
saturation to the soil surface for a sufficient duration during the total growing season. A 
“sufficient duration” during the growing season is defined as 14 or more consecutive days of 
flooding, ponding, or presence of a water table at 12 inches or less from the soil surface 
(Environmental Laboratory 2010). The growing season is the period of consecutive frost-free 
days, or the longest period during which the soil temperature stays above biological zero (41°F), 
when measured at 12 inches below the soil surface. 

Two indicators of biological activity can be used to determine whether the growing season has 
begun and is ongoing (Environmental Laboratory 2010): 

 Occurrence of aboveground growth and development of at least two non-
evergreen vascular plant species growing within the wetland. Examples of 
this growth include the emergence or elongation of leaves on woody 
plants and the emergence or opening of flowers. 

 Soil temperature, which can be measured once during a single site visit, 
should be at least 41°F or higher at a depth of 12 inches. 

For this assessment, onsite hydrologic indicators were examined at the test plots. Hydrologic 
indicators include the presence of surface water, standing water in the test pit at a depth of 
12 inches or less, saturation in the root zone, watermarks, drift lines, sediment deposits, drainage 
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patterns within wetlands, oxidized rhizospheres surrounding living roots, and water-stained 
leaves. 
 
 
 
Note:  References for this appendix are included at the end of the main text 
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US Army Corps of Engineers Western Mountains, Valley, and Coast – Interim Version 
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WETLAND DETERMINATION DATA FORM – Western Mountains, Valleys, and Coast Region 

VEGETATION – Use scientific names of plants 

Tree Stratum (Plot Size: 5 meters) Absolute 
% Cover 

Dominant 
Species? 

Indicator 
Status 

Dominance Test Worksheet: 

1.  Salix sitchensis  50 Y FACW Number of Dominant Species That Are 
OBL, FACW, or FAC: 

6 (A) 
2.   Alnus rubra 20 Y FAC 

3.                           Total Number of Dominant Species Across 
All Strata: 

7 (B) 
4.                           

 70 = Total Cover Percent of Dominant Species That Are 
OBL, FACW, or FAC: 85 (A/B) 

Sapling/Shrub Stratum (Plot Size: 5 meters)    

1.   Rubus armeniacus 20 Y FACU Prevalence Index worksheet:  

2.   Salix sitchensis 15 Y FACW Total % Cover of: Multiply by: 

3.                           OBL species       x1 =       

4.                           FACW species       x2 =       

5.                           FAC species       x3 =       

 35 = Total Cover FACU species       x4 =       

Herb Stratum (Plot Size: 1 meter)    UPL species       x5 =       

1.   Ranunculus repens 40 Y FACW Column Totals:       (A)       (B) 

2.   Urtica dioica  15 Y FAC+ Prevalence Index = B/A =       

3.   Athyrium filix-femina  15 Y FAC Hydrophytic Vegetation Indicators: 

4.   Equisetum telmateia 10 N FACW X Dominance Test is >50% 

5.   Tolmiea menziesii 10 N FAC*       Prevalence Index is <3.01  

6.   Geum macrophyllum 5 N FACW-+ 
      Morphological Adaptations1 (Provide supporting data in 

Remarks or on a separate sheet) 7.    Phalaris arundinacea 5 N FACW 

8.                                   Wetland Non-Vascular Plants1 

9.                                   Problematic Hydrophytic Vegetation1 (Explain) 

10.                             

11.                           1Indicators of hydric soil and wetland hydrology must be present, 
unless disturbed or problematic.  100 = Total Cover 

Woody Vine Stratum (Plot Size:      )    

Hydrophytic Vegetation 
Present? Yes  No  

1.                           

2.                           

  = Total Cover 

% Bare Ground in Herb Stratum =  0    

Remarks:  The vegetation community is hydrophytic based on the dominance test.   

Project Site: 
East Creek and Richards Creek Fish Passage Improvement 
and Stream Modification Project City/County: Bellevue/King Sampling Date: 4-27-10 

Applicant/Owner: City of Bellevue State: WA Sampling Point: WLA -TP1 

Investigator(s): Kris Lepine, George Iftner, Katheryn Seckel Section, Township, Range: S 10, T 24 N, R 5 E 

Landform (hillslope, terrace, etc.): Flat with Depression Local relief (concave, convex, none): concave Slope (%): 1% 

Subregion (LRR): LRR A Lat: 47.585 Long: 122.162 Datum:       

Soil Map Unit Name: Urban land  NWI classification: PSSC 

Are climatic / hydrologic conditions on the site typical for this time of year? Yes   No      (If no, explain in Remarks.) 

Are Vegetation , Soil , Or Hydrology , significantly disturbed? Are “Normal Circumstances” present? Yes   No   

Are Vegetation , Soil , Or Hydrology , naturally problematic? (If needed, explain any answers in Remarks.) 

 
SUMMARY OF FINDINGS – Attach site map showing sampling point locations, transects, important features, etc. 

Hydrophytic Vegetation Present? Yes   No   

Is the Sampled Area within a Wetland? YES  NO   Hydric Soil Present? Yes   No   

Wetland Hydrology Present? Yes   No   

Remarks:  

 

All three parameters are met.   
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SOIL           Sampling Point: WLA - TP1 

HYDROLOGY 
Wetland Hydrology Indicators: 

Primary Indicators (minimum of one required; check all that apply)  Secondary Indicators (2 or more required) 

 Surface Water (A1)  Water-Stained Leaves (B9)   Water-Stained Leaves (B9)  

 High Water Table (A2)  (except MLRA 1, 2, 4A, and 4B)  (MLRA 1, 2, 4A, and 4B) 

 Saturation (A3)  Salt Crust (B11)  Drainage Patterns (B10) 

 Water Marks (B1)  Aquatic Invertebrates (B13)  Dry-Season Water Table (C2) 

 Sediment Deposits (B2)  Hydrogen Sulfide Odor (C1)  Saturation Visible on Aerial Imagery (C9) 

 Drift Deposits (B3)  Oxidized Rhizospheres along Living Roots (C3)  Geomorphic Position (D2) 

 Algal Mat or Crust (B4)  Presence of Reduced Iron (C4)  Shallow Aquitard (D3) 

 Iron Deposits (B5)  Recent Iron Reduction in Tilled Soils (C6)  FAC-Neutral Test (D5) 

 Surface Soil Cracks (B6)  Stunted or Stresses Plants (D1) (LRR A)  Raised Ant Mounds (D6) (LRR A) 

 Inundation Visible on Aerial Imagery (B7)  Other (Explain in Remarks)  Frost-Heave Hummocks (D7) 

 Sparsely Vegetated Concave Surface (B8)     

Field Observations:      

Surface Water Present? Yes  No  Depth (inches):  

Wetland Hydrology Present? Yes  No  Water Table Present? Yes  No  Depth (inches): 18 

Saturation Present? 
(includes capillary fringe) 

Yes  No  Depth (inches): 0 

Describe Recorded Data (stream gauge, monitoring well, aerial photos, previous inspections), if available:        
 

Remarks: Meets the criteria for saturation indicator A3. 

 

Project Site: East Creek and Richards Creek Fish Passage Improvement and Stream Modification Project 

Profile Description: (Describe to the depth needed to document the indicator or confirm the absence of indicators.) 

Depth  Matrix  Redox Features  

(inches)  Color  
(moist) 

%  Color  
(Moist) 

% Type1 Loc2  Texture Remarks 

0-16  10YR 2/2 93  2.5 Y/R 3/6 7 C PL  Silt loam  

16-18+  10YR 4/2 100                                     Sandy loam  

                                                                            

                                                                            

                                                                            

                                                                            

                                                                            

                                                                            
1Type: C= Concentration, D=Depletion, RM=Reduced Matrix, CS=Covered or Coated Sand Grains.   2Location: PL=Pore Lining, M=Matrix 

Hydric Soil Indicators: (Applicable to all LRRs, unless otherwise noted.)                                                       Indicators for Problematic Hydric Soils3: 

 Histosol (A1)  Sandy Redox (S5)  2 cm Muck (A10) 

 Histic Epipedon (A2)  Stripped Matrix (S6)  Red Parent Material (TF2) 

 Black Histic (A3)  Loamy Mucky Mineral (F1) (except MLRA 1)  Other (Explain in Remarks) 

 Hydrogen Sulfide (A4)   Loamy Gleyed Matrix (F2)   

 Depleted Below Dark Surface (A11)  Depleted Matrix (F3) 

3Indicators of hydrophytic vegetation and wetland 
hydrology must be present, unless disturbed or 
problematic. 

 Thick Dark Surface (A12)  Redox Dark Surface (F6) 

 Sandy Mucky Mineral (S1)  Depleted Dark Surface (F7) 

 Sandy Gleyed Matrix (S4)  Redox Depressions (F8) 

Restrictive Layer (if present): 

Hydric Soil Present? Yes  No  Type: N/A 

Depth (inches): N/A 

Remarks: Meets the criteria for Redox Dark Surface indicator (F6). 
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WETLAND DETERMINATION DATA FORM – Western Mountains, Valleys, and Coast Region 

VEGETATION – Use scientific names of plants 

Tree Stratum (Plot Size: 5 meters) Absolute 
% Cover 

Dominant 
Species? 

Indicator 
Status 

Dominance Test Worksheet: 

1.   Alnus rubra 30 Y FAC Number of Dominant Species That Are 
OBL, FACW, or FAC: 

3 (A) 
2.   Sorbus scopulina 10 Y FACW 

3.   Pseudotsuga menziesii 5 N FACU Total Number of Dominant Species Across 
All Strata: 

8 (B) 
4.                           

 45 = Total Cover Percent of Dominant Species That Are 
OBL, FACW, or FAC: 37 (A/B) 

Sapling/Shrub Stratum (Plot Size: 5 meters)    

1.   Oemleria cerasiformis 5 Y FACU Prevalence Index worksheet:  

2.   Ilex aquifolium 5 Y FACU Total % Cover of: Multiply by: 

3.   Rubus armeniacus 5 Y FACU OBL species       x1 =       

4.                           FACW species       x2 =       

5.                           FAC species       x3 =       

 15 = Total Cover FACU species       x4 =       

Herb Stratum (Plot Size: 1 meter)    UPL species       x5 =       

1.   Equisetum telmateia 5 Y FACW Column Totals:       (A)       (B) 

2.   Polystichum munitum 5 Y FACU Prevalence Index = B/A =       

3.       Hydrophytic Vegetation Indicators: 

4.        Dominance Test is >50% 

5.             Prevalence Index is <3.01  

6.       
      Morphological Adaptations1 (Provide supporting data in 

Remarks or on a separate sheet) 7.        

8.                                   Wetland Non-Vascular Plants1 

9.                                   Problematic Hydrophytic Vegetation1 (Explain) 

10.                             

11.                           1Indicators of hydric soil and wetland hydrology must be present, 
unless disturbed or problematic.  10 = Total Cover 

Woody Vine Stratum (Plot Size:      )    

Hydrophytic Vegetation 
Present? Yes  No  

1.   Hedera helix 50 Y NL 

2.                           

 50 = Total Cover 

% Bare Ground in Herb Stratum =  0    

Remarks:  The criteria for hydrophytic vegetation indicators are not met.   

Project Site: 
East Creek and Richards Creek Fish Passage Improvement 
and Stream Modification Project City/County: Bellevue/King Sampling Date: 4-27-10 

Applicant/Owner: City of Bellevue State: WA Sampling Point: WLA –TP2 

Investigator(s): Kris Lepine, George Iftner, Katheryn Seckel Section, Township, Range: S 10, T 24 N, R 5 E 

Landform (hillslope, terrace, etc.): Terrace Local relief (concave, convex, none): none Slope (%): 3% 

Subregion (LRR): LRR A Lat: 47.585 Long: -122.162 Datum:       

Soil Map Unit Name: Urban land  NWI classification: PSSC 

Are climatic / hydrologic conditions on the site typical for this time of year? Yes   No      (If no, explain in Remarks.) 

Are Vegetation , Soil , Or Hydrology , significantly disturbed? Are “Normal Circumstances” present? Yes   No   

Are Vegetation , Soil , Or Hydrology , naturally problematic? (If needed, explain any answers in Remarks.) 

 
SUMMARY OF FINDINGS – Attach site map showing sampling point locations, transects, important features, etc. 

Hydrophytic Vegetation Present? Yes   No   

Is the Sampled Area within a Wetland? YES  NO   Hydric Soil Present? Yes   No   

Wetland Hydrology Present? Yes   No   

Remarks:  

 

None of the parameters were met.   
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SOIL           Sampling Point: WLA – TP2 

HYDROLOGY 
Wetland Hydrology Indicators: 

Primary Indicators (minimum of one required; check all that apply)  Secondary Indicators (2 or more required) 

 Surface Water (A1)  Water-Stained Leaves (B9)   Water-Stained Leaves (B9)  

 High Water Table (A2)  (except MLRA 1, 2, 4A, and 4B)  (MLRA 1, 2, 4A, and 4B) 

 Saturation (A3)  Salt Crust (B11)  Drainage Patterns (B10) 

 Water Marks (B1)  Aquatic Invertebrates (B13)  Dry-Season Water Table (C2) 

 Sediment Deposits (B2)  Hydrogen Sulfide Odor (C1)  Saturation Visible on Aerial Imagery (C9) 

 Drift Deposits (B3)  Oxidized Rhizospheres along Living Roots (C3)  Geomorphic Position (D2) 

 Algal Mat or Crust (B4)  Presence of Reduced Iron (C4)  Shallow Aquitard (D3) 

 Iron Deposits (B5)  Recent Iron Reduction in Tilled Soils (C6)  FAC-Neutral Test (D5) 

 Surface Soil Cracks (B6)  Stunted or Stresses Plants (D1) (LRR A)  Raised Ant Mounds (D6) (LRR A) 

 Inundation Visible on Aerial Imagery (B7)  Other (Explain in Remarks)  Frost-Heave Hummocks (D7) 

 Sparsely Vegetated Concave Surface (B8)     

Field Observations:      

Surface Water Present? Yes  No  Depth (inches):  

Wetland Hydrology Present? Yes  No  Water Table Present? Yes  No  Depth (inches):  

Saturation Present? 
(includes capillary fringe) 

Yes  No  Depth (inches):  

Describe Recorded Data (stream gauge, monitoring well, aerial photos, previous inspections), if available:        
 

Remarks: No wetland hydrology indicators were present.   

 

Project Site: East Creek and Richards Creek Fish Passage Improvement and Stream Modification Project 

Profile Description: (Describe to the depth needed to document the indicator or confirm the absence of indicators.) 

Depth  Matrix  Redox Features  

(inches)  Color  
(moist) 

%  Color  
(Moist) 

% Type1 Loc2  Texture Remarks 

0-5  10YR 3/2 100       Silty clay loam  

5-16  10YR 5/2 100                                     Sandy clay loam  

                                                                            

                                                                            

                                                                            

                                                                            

                                                                            

                                                                            
1Type: C= Concentration, D=Depletion, RM=Reduced Matrix, CS=Covered or Coated Sand Grains.   2Location: PL=Pore Lining, M=Matrix 

Hydric Soil Indicators: (Applicable to all LRRs, unless otherwise noted.)                                                       Indicators for Problematic Hydric Soils3: 

 Histosol (A1)  Sandy Redox (S5)  2 cm Muck (A10) 

 Histic Epipedon (A2)  Stripped Matrix (S6)  Red Parent Material (TF2) 

 Black Histic (A3)  Loamy Mucky Mineral (F1) (except MLRA 1)  Other (Explain in Remarks) 

 Hydrogen Sulfide (A4)   Loamy Gleyed Matrix (F2)   

 Depleted Below Dark Surface (A11)  Depleted Matrix (F3) 

3Indicators of hydrophytic vegetation and wetland 
hydrology must be present, unless disturbed or 
problematic. 

 Thick Dark Surface (A12)  Redox Dark Surface (F6) 

 Sandy Mucky Mineral (S1)  Depleted Dark Surface (F7) 

 Sandy Gleyed Matrix (S4)  Redox Depressions (F8) 

Restrictive Layer (if present): 

Hydric Soil Present? Yes  No  Type: N/A 

Depth (inches): N/A 

Remarks: No hydric soil indicators were met 
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WETLAND DETERMINATION DATA FORM – Western Mountains, Valleys, and Coast Region 

VEGETATION – Use scientific names of plants 

Tree Stratum (Plot Size:      ) Absolute 
% Cover 

Dominant 
Species? 

Indicator 
Status 

Dominance Test Worksheet: 

1.                           Number of Dominant Species That Are 
OBL, FACW, or FAC: 

2 (A) 
2.                           

3.                           Total Number of Dominant Species Across 
All Strata: 

2 (B) 
4.                           

       = Total Cover Percent of Dominant Species That Are 
OBL, FACW, or FAC: 100 (A/B) 

Sapling/Shrub Stratum (Plot Size:      )    

1.   Salix lasiandra  20 Y FACW+ Prevalence Index worksheet:  

2.                           Total % Cover of: Multiply by: 

3.                           OBL species       x1 =       

4.                           FACW species       x2 =       

5.                           FAC species       x3 =       

 20 = Total Cover FACU species       x4 =       

Herb Stratum (Plot Size:      )    UPL species       x5 =       

1.     Phalaris arundinacea 80 Y FACW Column Totals:       (A)       (B) 

2.     Ranunculus repens 10 N FACW Prevalence Index = B/A =       

3.     Scirpus microcarpus 10 N OBL Hydrophytic Vegetation Indicators: 

4.                                   Rapid Test for Hydrophytic Vegetation 

5.                             X Dominance Test is >50% 

6.                                   Prevalence Index is <3.01 

7.                             
      Morphological Adaptations1 (Provide supporting data in 

Remarks or on a separate sheet) 8.                             

9.                                   Wetland Non-Vascular Plants1 

10.                                 Problematic Hydrophytic Vegetation1 (Explain) 

11.                           1Indicators of hydric soil and wetland hydrology must be present, 
unless disturbed or problematic.  100 = Total Cover 

Woody Vine Stratum (Plot Size:      )    

Hydrophytic Vegetation 
Present? Yes  No  

1.                           

2.                           

       = Total Cover 

% Bare Ground in Herb Stratum =           

Remarks:  The vegetation community is hydrophytic based on the dominance test. 

  

Project Site: 
East Creek and Richards Creek Fish Passage Improvement 
and Stream Modification Project City/County: Bellevue/King Sampling Date: 1-28-11 

Applicant/Owner: City of Bellevue State: WA Sampling Point: WLA-TP3 

Investigator(s): Kris Lepine, Katheryn Seckel Section, Township, Range: S 10, T 24 N, R 5 E 

Landform (hillslope, terrace, etc.): Flat Local relief (concave, convex, none): none Slope (%): 1% 

Subregion (LRR): LRR A Lat: 47.585 Long: 122.162 Datum:       

Soil Map Unit Name: Urban Land  NWI classification: N/A 

Are climatic / hydrologic conditions on the site typical for this time of year? Yes   No      (If no, explain in Remarks.) 

Are Vegetation , Soil , Or Hydrology , significantly disturbed? Are “Normal Circumstances” present? Yes   No   

Are Vegetation , Soil , Or Hydrology , naturally problematic? (If needed, explain any answers in Remarks.) 

 
SUMMARY OF FINDINGS – Attach site map showing sampling point locations, transects, important features, etc. 

Hydrophytic Vegetation Present? Yes   No   

Is the Sampled Area within a Wetland? YES  NO   Hydric Soil Present? Yes   No   

Wetland Hydrology Present? Yes   No   

Remarks:  

 

All three parameters are met. 
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US Army Corps of Engineers Western Mountains, Valley, and Coast – Version 2.0 
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SOIL           Sampling Point: WLA-TP3 

HYDROLOGY 
Wetland Hydrology Indicators: 

Primary Indicators (minimum of one required; check all that apply)  Secondary Indicators (2 or more required) 

 Surface Water (A1)  Water-Stained Leaves (B9)   Water-Stained Leaves (B9)  

 High Water Table (A2)  (except MLRA 1, 2, 4A, and 4B)  (MLRA 1, 2, 4A, and 4B) 

 Saturation (A3)  Salt Crust (B11)  Drainage Patterns (B10) 

 Water Marks (B1)  Aquatic Invertebrates (B13)  Dry-Season Water Table (C2) 

 Sediment Deposits (B2)  Hydrogen Sulfide Odor (C1)  Saturation Visible on Aerial Imagery (C9) 

 Drift Deposits (B3)  Oxidized Rhizospheres along Living Roots (C3)  Geomorphic Position (D2) 

 Algal Mat or Crust (B4)  Presence of Reduced Iron (C4)  Shallow Aquitard (D3) 

 Iron Deposits (B5)  Recent Iron Reduction in Tilled Soils (C6)  FAC-Neutral Test (D5) 

 Surface Soil Cracks (B6)  Stunted or Stresses Plants (D1) (LRR A)  Raised Ant Mounds (D6) (LRR A) 

 Inundation Visible on Aerial Imagery (B7)  Other (Explain in Remarks)  Frost-Heave Hummocks (D7) 

 Sparsely Vegetated Concave Surface (B8)     

Field Observations:      

Surface Water Present? Yes  No  Depth (inches):       

Wetland Hydrology Present? Yes  No  Water Table Present? Yes  No  Depth (inches): 20 

Saturation Present? 
(includes capillary fringe) 

Yes  No  Depth (inches): 0 

Describe Recorded Data (stream gauge, monitoring well, aerial photos, previous inspections), if available:        
 

Remarks: Meets the criteria for saturation indicator A3. 

 

Project Site: East Creek and Richards Creek Fish Passage Improvement and Stream Modification Project 

Profile Description: (Describe to the depth needed to document the indicator or confirm the absence of indicators.) 

Depth  Matrix  Redox Features  

(inches)  
Color  

(moist) %  
Color  

(Moist) % Type1 Loc2  Texture Remarks 

0-14  10YR 3/1 100                                   Gravelly, loamy sandy muck       

14-16+  10YR 5/2 90                  10 CS PL  Cobbly, gravelly, loamy sand       

                                                                            

                                                                            

                                                                            

                                                                            

                                                                            

                                                                            
1Type: C= Concentration, D=Depletion, RM=Reduced Matrix, CS=Covered or Coated Sand Grains.   2Location: PL=Pore Lining, M=Matrix 

Hydric Soil Indicators: (Applicable to all LRRs, unless otherwise noted.)                                                       Indicators for Problematic Hydric Soils3: 

 Histosol (A1)  Sandy Redox (S5)  2 cm Muck (A10) 

 Histic Epipedon (A2)  Stripped Matrix (S6)  Red Parent Material (TF2) 

 Black Histic (A3)  Loamy Mucky Mineral (F1) (except MLRA 1)  Very Shallow Dark Surface (TF12) 

 Hydrogen Sulfide (A4)   Loamy Gleyed Matrix (F2)  Other (Explain in Remarks) 

 Depleted Below Dark Surface (A11)  Depleted Matrix (F3) 

3Indicators of hydrophytic vegetation and wetland 
hydrology must be present, unless disturbed or 
problematic. 

 Thick Dark Surface (A12)  Redox Dark Surface (F6) 

 Sandy Mucky Mineral (S1)  Depleted Dark Surface (F7) 

 Sandy Gleyed Matrix (S4)  Redox Depressions (F8) 

Restrictive Layer (if present): 

Hydric Soil Present? Yes  No  Type: N/A 

Depth (inches): N/A 

Remarks: Meets the criteria for Sandy Mucky Mineral indicator (S1). 
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US Army Corps of Engineers Western Mountains, Valley, and Coast – Version 2.0 
jr   09-04503-000 apx d - wetland data form tp4 

WETLAND DETERMINATION DATA FORM – Western Mountains, Valleys, and Coast Region 

VEGETATION – Use scientific names of plants 

Tree Stratum (Plot Size:      ) Absolute 
% Cover 

Dominant 
Species? 

Indicator 
Status 

Dominance Test Worksheet: 

1.   Populus balsamifera 20 Y FAC Number of Dominant Species That Are 
OBL, FACW, or FAC: 

4 (A) 
2.   Salix lasiandra 10 N FACW+ 

3.                           Total Number of Dominant Species Across 
All Strata: 

4 (B) 
4.                           

 30 = Total Cover Percent of Dominant Species That Are 
OBL, FACW, or FAC: 100 (A/B) 

Sapling/Shrub Stratum (Plot Size:      )    

1.   Alnus rubra 5 Y FAC Prevalence Index worksheet:  

2.   Rubus spectabilis 5 Y FAC+ Total % Cover of: Multiply by: 

3.                           OBL species       x1 =       

4.                           FACW species       x2 =       

5.                           FAC species       x3 =       

 10 = Total Cover FACU species       x4 =       

Herb Stratum (Plot Size:      )    UPL species       x5 =       

1.     Phalaris arundinacea 80 Y FACW Column Totals:       (A)       (B) 

2.     Ranunculus repens 15 N FACW Prevalence Index = B/A =       

3.                             Hydrophytic Vegetation Indicators: 

4.                                   Rapid Test for Hydrophytic Vegetation 

5.                             X Dominance Test is >50% 

6.                                   Prevalence Index is <3.01 

7.                             
      Morphological Adaptations1 (Provide supporting data in 

Remarks or on a separate sheet) 8.                             

9.                                   Wetland Non-Vascular Plants1 

10.                                 Problematic Hydrophytic Vegetation1 (Explain) 

11.                           1Indicators of hydric soil and wetland hydrology must be present, 
unless disturbed or problematic.  95 = Total Cover 

Woody Vine Stratum (Plot Size:      )    

Hydrophytic Vegetation 
Present? Yes  No  

1.                           

2.                           

       = Total Cover 

% Bare Ground in Herb Stratum =           

Remarks:  The vegetation community is hydrophytic based on the dominance test. 

  

Project Site: 
East Creek and Richards Creek Fish Passage Improvement 
and Stream Modification Project City/County: Bellevue/King Sampling Date: 1-28-11 

Applicant/Owner: City of Bellevue State: WA Sampling Point: WLA-TP4 

Investigator(s): Kris Lepine, Katheryn Seckel Section, Township, Range: S 10, T 24 N, R 5 E 

Landform (hillslope, terrace, etc.): Flat Local relief (concave, convex, none): concave Slope (%): 1 % 

Subregion (LRR): LRR A Lat: 47.585 Long: 122.162 Datum:       

Soil Map Unit Name: Urban Land NWI classification: N/A 

Are climatic / hydrologic conditions on the site typical for this time of year? Yes   No      (If no, explain in Remarks.) 

Are Vegetation , Soil , Or Hydrology , significantly disturbed? Are “Normal Circumstances” present? Yes   No   

Are Vegetation , Soil , Or Hydrology , naturally problematic? (If needed, explain any answers in Remarks.) 

 
SUMMARY OF FINDINGS – Attach site map showing sampling point locations, transects, important features, etc. 

Hydrophytic Vegetation Present? Yes   No   

Is the Sampled Area within a Wetland? YES  NO   Hydric Soil Present? Yes   No   

Wetland Hydrology Present? Yes   No   

Remarks:  

 

All three parameters are met. 
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US Army Corps of Engineers Western Mountains, Valley, and Coast – Version 2.0 
jr   09-04503-000 apx d - wetland data form tp4 

SOIL           Sampling Point: WLA-TP4 

HYDROLOGY 
Wetland Hydrology Indicators: 

Primary Indicators (minimum of one required; check all that apply)  Secondary Indicators (2 or more required) 

 Surface Water (A1)  Water-Stained Leaves (B9)   Water-Stained Leaves (B9)  

 High Water Table (A2)  (except MLRA 1, 2, 4A, and 4B)  (MLRA 1, 2, 4A, and 4B) 

 Saturation (A3)  Salt Crust (B11)  Drainage Patterns (B10) 

 Water Marks (B1)  Aquatic Invertebrates (B13)  Dry-Season Water Table (C2) 

 Sediment Deposits (B2)  Hydrogen Sulfide Odor (C1)  Saturation Visible on Aerial Imagery (C9) 

 Drift Deposits (B3)  Oxidized Rhizospheres along Living Roots (C3)  Geomorphic Position (D2) 

 Algal Mat or Crust (B4)  Presence of Reduced Iron (C4)  Shallow Aquitard (D3) 

 Iron Deposits (B5)  Recent Iron Reduction in Tilled Soils (C6)  FAC-Neutral Test (D5) 

 Surface Soil Cracks (B6)  Stunted or Stresses Plants (D1) (LRR A)  Raised Ant Mounds (D6) (LRR A) 

 Inundation Visible on Aerial Imagery (B7)  Other (Explain in Remarks)  Frost-Heave Hummocks (D7) 

 Sparsely Vegetated Concave Surface (B8)     

Field Observations:      

Surface Water Present? Yes  No  Depth (inches):       

Wetland Hydrology Present? Yes  No  Water Table Present? Yes  No  Depth (inches): 13 

Saturation Present? 
(includes capillary fringe) 

Yes  No  Depth (inches): 0 

Describe Recorded Data (stream gauge, monitoring well, aerial photos, previous inspections), if available:        
 

Remarks: Meets the criteria for saturation indicator A3. 

 

Project Site: East Creek and Richards Creek Fish Passage Improvement and Stream Modification Project 

Profile Description: (Describe to the depth needed to document the indicator or confirm the absence of indicators.) 

Depth  Matrix  Redox Features  

(inches)  
Color  

(moist) %  
Color  

(Moist) % Type1 Loc2  Texture Remarks 

0-9  10YR 3/2                                         Organic silty clay loam       

9-15+  10YR 5/1 90  5YR 5/8   10 CN M  sand       

                                                                            

                                                                            

                                                                            

                                                                            

                                                                            

                                                                            
1Type: C= Concentration, D=Depletion, RM=Reduced Matrix, CS=Covered or Coated Sand Grains.   2Location: PL=Pore Lining, M=Matrix 

Hydric Soil Indicators: (Applicable to all LRRs, unless otherwise noted.)                                                       Indicators for Problematic Hydric Soils3: 

 Histosol (A1)  Sandy Redox (S5)  2 cm Muck (A10) 

 Histic Epipedon (A2)  Stripped Matrix (S6)  Red Parent Material (TF2) 

 Black Histic (A3)  Loamy Mucky Mineral (F1) (except MLRA 1)  Very Shallow Dark Surface (TF12) 

 Hydrogen Sulfide (A4)   Loamy Gleyed Matrix (F2)  Other (Explain in Remarks) 

 Depleted Below Dark Surface (A11)  Depleted Matrix (F3) 

3Indicators of hydrophytic vegetation and wetland 
hydrology must be present, unless disturbed or 
problematic. 

 Thick Dark Surface (A12)  Redox Dark Surface (F6) 

 Sandy Mucky Mineral (S1)  Depleted Dark Surface (F7) 

 Sandy Gleyed Matrix (S4)  Redox Depressions (F8) 

Restrictive Layer (if present): 

Hydric Soil Present? Yes  No  Type:       

Depth (inches):       

Remarks: Meets the criteria for Depleted Below Dark Surface indicator (A11). 
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A

4/27/10

Rated by Yes No Date: 6/18/08

SEC: 10 TWNSHP: 24 N RNGE: 5 E

     Figure 4 4.5 acres

Category based on FUNCTIONS provided by wetland

I II III IV

20
26
19
65

Category based on SPECIAL CHARACTERISTICS of wetland

I II

Final Category (choose the "highest" category from above)            II

Wetland Class

Depressional
Natural Heritage Wetland

Wetland name or number:  

Date of site visit: 

Map of wetland unit: Estimated size:

Check the appropriate type and class of wetland being rated.

Riverine

Slope
Lake-fringe

Estuarine

Bog
Mature Forest

Wetland Type

FlatsOld Growth Forest

SUMMARY OF RATING

Category I = Score >=70
Category II = Score 51-69

Score for Water Quality Functions
Score for Hydrologic Functions

Category IV = Score <30
Score for Habitat Functions

TOTAL score for functions

WETLAND RATING FORM - WESTERN WASHINGTON

Name of wetland (if known):

Version 2 - Updated July 2006 to increase accuracy and reproducibility among users

A

Is S/T/R in Appendix D?  Yes         No 

: Katheryn Seckel Trained by Ecology?  

Does not Apply

Interdunal
Check if multiple HGM 
classes are present

Freshwater Tidal

None of the above

Coastal Lagoon

Category III = Score 30-50

Comments:

Updated Oct. 2008 with the new WDFW definitions for priority habitats

Wetland Rating Form - Western Washington 1 Herrera Environmental Consultants, Inc.
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Does the wetland unit being rated meet any of the criteria below?

YES NO
SP1.

SP2.

SP3.

SP4.

To complete the next part of the data sheet, you will need to determine the Hydrogeomorphic Class of 
the wetland being rated .

The hydrogeomorphic classification groups wetlands into those that function in similar ways. This simplifies the 
questions needed to answer how well the wetland functions. The Hydrogeomorphic Class of a wetland can be 
determined using the key below. See p. 24 for more detailed instructions on classifying wetlands.

If you answer YES to any of the questions below, you will need to protect the wetland 
according to the regulations regarding the special characteristics found in the wetland.

Check List for Wetlands That May Need Special Protection (in addition to the 
protection recommended for its category)

For the purposes of this rating system, "documented" means the wetland is on the 
appropriate state or federal database.

Has the wetland unit been documented as a habitat for any federally listed 
Threatened or Endangered (T/E) plant or animal  species?

For the purposes of this rating system, "documented" means the wetland is on the 
appropriate state database.  Note:  Wetlands with State listed plant species are 
categorized as Category I Natural Heritage Wetlands.

Does the wetland unit contain individuals of Priority species listed by the 
WDFW for the state?

Has the wetland unit been documented as habitat for any state listed Threatened 
or Endangered animal species?

Does the wetland unit have a local significance in addition to its functions?   For 
example, the wetland has been identified in the Shoreline Master Program, the 
Critical Areas Ordinance, or in a local management plan as having special 
significance.

Wetland Rating Form - Western Washington 2 Herrera Environmental Consultants, Inc.
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1.
NO - go to 2 YES - the wetland class is Tidal Fringe

NO - Saltwater Tidal Fringe (Estuarine)

2.
NO - go to 3 YES - the wetland class is Flats

3.

NO - go to 4 YES - the wetland class is Lake-fringe (Lacustrine Fringe)

4.

NO - go to 5 YES - the wetland class is Slope

Classification of Vegetated Wetlands in Western Washington

Does the entire wetland unit meet all of the following criteria?

If YES, is the salinity of the water during periods of annual low flow below 0.5 ppt (parts per thousand)?

If your wetland can be classified as a Freshwater Tidal Fringe, use the forms for Riverine wetlands. If it 
is Saltwater Tidal Fringe, it is rated as an Estuarine wetland. Wetlands that were called estuarine in the 
first and second editions of the rating system are called Saltwater Tidal Fringe in the Hydrogeomorphic 
Classification. Estuarine wetlands were categorized separately in the earlier editions, and this separation is 
being kept in this revision. To maintain consistency between editions, the term "Estuarine" wetland is 
being kept. Please note, however, that the characteristics that define Category I and II estuarine wetlands 
have changed (see p. xx).

NOTE: Surface water does not pond in these type of wetlands except occasionally in very small and 
shallow depressions or behind hummocks (depressions are usually <3 feet in diameter and less than 1 
foot deep).

The water leaves the wetland without being impounded.

Does the entire wetland unit meet both of the following criteria?

YES - Freshwater Tidal Fringe

If your wetland can be classified as a "Flats" wetland, use the form for Depressional wetlands.

The vegetated part of the wetland is on the shores of a body of open water (without any vegetation on the 
surface) where at least 20 acres (8 ha) are permanently inundated (ponded or flooded);

The entire wetland unit is flat and precipitation is only source (>90%) of water to it.  Groundwater and surface 

If the hydrologic criteria listed in each question do not apply to the entire unit being rated, you probably have a unit 
with multiple HGM classes.  In this case, indentify which hydrologic criteria in questions 1-7 apply and go to 
Question 8.

The water flows through the wetland in one direction (unidirectional) and usually comes from seeps. It 
may flow subsurface, as sheetflow, or in a swale without distinct banks.

Are the water levels in the entire unit usually controlled by tides (i.e., except during floods)?

At least 30% of the open water area is deeper than 6.6 feet (2 m)?

The wetland is on a slope (slope can be very gradual ).

Wetland Rating Form - Western Washington 3 Herrera Environmental Consultants, Inc.
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5.

NO - go to 6 YES - the wetland class is Riverine

6.

NO - go to 7 YES - the wetland class is Depressional

7.

NO - go to 8 YES - the wetland class is Depressional

8.

Does the entire wetland unit meet all of the following criteria?

Depressional

Depressional
Slope + Lake-fringe
Slope + Depressional

Is the entire wetland unit located in a very flat area with no obvious depression and no stream or river running 
through it and providing water? The wetland seems to be maintained by higher ground water in the area. The 
wetland may be ditched, but has no obvious natural outlet.

HGM Classes Within a Delineated Wetland Boundary Class to Use in Rating

Slope + Riverine Riverine

Lake-fringe

The unit is in a valley, or stream channel, where it gets inundated by overbank flooding from that stream 
or river.
The overbank flooding occurs once every two years.

Is the entire wetland unit in a topographic depression in which water ponds, or is saturated to the surface, at some 
time of the year? This means that any outlet, if present, is higher than the interior of the wetland.

If you are unable still to determine which of the above criteria apply to your wetland, or you have more than 2 HGM 
classes within a wetland boundary, classify the wetland as Depressional for the rating.

Depressional + Lake-fringe Depressional
Saltwater Tidal Fringe and any other class of freshwater wetland Treat as ESTUARINE 

under wetlands with 
special characteristics

Depressional + Riverine along stream within boundary

Your wetland unit seems to be difficult to classify and probably contains several different HGM classes. For 
example, seeps at the base of a slope may grade into a riverine floodplain, or a small stream within a depressional 
wetland has a zone of flooding along its sides. GO BACK AND IDENTIFY WHICH OF THE HYDROLOGIC 
REGIMES DESCRIBED IN QUESTIONS 1-7 APPLY TO DIFFERENT AREAS IN THE UNIT (make a rough 
sketch to help you decide.)  Use the following table to identify the appropriate class to use for the rating system if 
you have several HGM classes present within your wetland. NOTE: Use this table only if the class that is 
recommended in the second column represents 10% or more of the total area of the wetland unit being rated. If the 
area of the second class is less than 10% of the unit, classify the wetland using the class that represents more than 
90% of the total area.
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R 1. Points

R 1.1

Points = 8

Points = 4

Points = 2

Points = 0

Figure __

R 1.2
Points = 8
Points = 6
Points = 6
Points = 3
Points = 0

Figure __

R 2.

Multiplier

2

Other:

Area of surface depressions within the riverine wetland that can trap sediments during a 
flooding event:

Depressions cover >3/4 area of wetland

Depresssions cover >1/2 area of wetland

If depressions >1/2 of area of unit, draw polygons on aerial photo or map

Total for R 1 Add the points in the boxes above

Multiply the score from R 1. by R 2.

A stream or culvert discharges into wetland that drains developed areas, residential areas, 
farmed fields, roads, or clear-cut logging

Residential, urban areas, golf courses are within 150 feet of wetland

Add score to table on p. 1

No depressions are present

R     Riverine and Freshwater Tidal Fringe Wetlands

Trees or shrubs >2/3 area of the unit

Does the wetland unit have the potential to improve water quality? (see p. 52)

The river or stream linked to the wetland has a contributing basin where human activities have 
raised levels of sediments, toxic compounds, or nutrients in the river water above standards for 
water quality

Depressions present but cover <1/2 area of wetland

WATER QUALITY FUNCTIONS - Indicators that wetland functions to improve water quality.

Characteristics of the vegetation in the unit (areas with >90% cover at person height):

Tilled fields or orchards within 150 feet of wetland

Does the wetland unit have the opportunity to improve water quality? (see p. 53)

Trees or shrubs >1/3 area of the unit
Ungrazed, herbaceous plants >2/3 area of the unit
Ungrazed, herbaceous plants >1/3 area of the unit
Trees, shrubs, and ungrazed herbaceous <1/3 area of unit

Grazing in the wetland or within 150 feet
Untreated stormwater discharges to wetland

YES - multiplier is 2 NO - multiplier is 1

10

Provide photo or drawing

2

8

20

Answer YES if you know or believe there are pollutants in ground water or surface water coming into 
the wetland that would otherwise reduce water quality in streams, lakes, or ground water downgradient 
from the wetland. Note which of the following conditions provide the sources of pollutants.  A unit may 
have pollutants coming from several sources but any single source would qualify as an opportunity.

Aerial photo or map showing polygons of different vegetation types

TOTAL - Water Quality Functions
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R 3. Points

R 3.1

Points = 9
Points = 6
Points = 4
Points = 2
Points = 1

Figure __

R 3.2

Points = 7
Points = 4
Points = 0

Figure __

13

R 4.

Other: Multiplier

2

YES - multiplier is 2 NO - multiplier is 1

Forest or shrub for >1/10 area OR herbaceous plants >1/3 area

26Multiply the score from R 3. by R 4.
Add score to table on p. 1

TOTAL - Hydrologic Functions

If the ratio is between 10 - 20

HYDROLOGIC FUNCTIONS - Indicators that wetland functions to reduce flooding/stream erosion.

6

Does the wetland unit have the potential to reduce flooding/erosion? (see p. 54)

Characteristics of the overbank storage the unit provides:

If the ratio is more than 20

Estimate the average width of the wetland unit perpendicular to the direction of the flow and the width of the 
stream or river channel (distance between banks).  Calculate the ratio: (average width of unit)/(average width of 
stream between banks).

If the ratio is <1

Aerial photo or map shoing polygons of different vegetation types

Does the wetland unit have the opportunity to reduce flooding/erosion? 
(see p.57)

Note which of the following indicators of opportunity apply:

There are natural resources downstream (e.g. salmon redds) that can be damaged by 
flooding

7

R     Riverine and Freshwater Tidal Fringe Wetlands

If the ratio is 1 - <5

Answer NO if the major source of water to the wetland is controlled by a reservoir or the wetland is 
tidal fringe along the sides of a dike.

Aerial photo or map showing average widths

There are human structures and activities downstream (roads, buildings, bridges, 
farms) that can be damaged by flooding

Total for R 3 Add the points in the boxes above

Characteristics of vegetation that slow down water velocities during floods:  

Answer YES if the unit is in a location in the watershed where the flood storage, or reduction 
in water velocity, helps protect downstream property and aquatic resources from flooding or 
excessive and/or erosive flows.

Forest or shrub for >1/3 area OR herbaceous plants >2/3 area

Treat large woody debris as "forest or shrub".  Choose points appropriate for the best 
description (polygons need to have >90% cover at person height NOT  Cowardin classes).

Vegetation does not meet above criteria

If the ratio is 5 - <10
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H 1. Points

H 1.1

Points = 4
Points = 2
Points = 1
Points = 0

Figure __

H 1.2

Points = 3
Points = 2
Points = 1

Points = 0

Figure __

H 1.3

>19 species Points = 2
5-19 species Points = 1
<5 species Points = 0

5

Saturated only

Add the number of vegetation types that qualify.  If you have:

Forested (areas where trees have >30% cover)

2

2

Total for page

Map of hydroperiods

Lake-fringe wetland = 2 points

Permanently flowing stream or river in, or adjacent to, the wetland
Seasonally flowing stream in, or adjacent to, the wetland

Check the types of water regimes (hydroperiods) present within the wetland. The water 
regime has to cover more than 10% of the wetland if less than 2.5 acres in size or 1/4 acre to 
count (see text for descriptions of hydroperiods).

Permanently flooded or inundated 4 or more types present

4 structures or more
3 structures

1 type present

Freshwater tidal wetland = 2 points

If you counted:

List species below if you want to:

These questions apply to wetlands of all HGM classes

Does the wetland unit have the potential to provide habitat for many species?

HABITAT FUNCTIONS - Indicators that wetland functions to provide important habitat.

2 types presentOccasionally flooded or inundated

Vegetation structure (see p. 72)

2 structures
1 structure

Map of Cowardin vegetation classes

Hydroperiods (see p. 73)

If the unit has a forested class, check if:

Check the types of vegetation classes present (as defined by Cowardin).  Size threshold for 
class is 1/4 acre or more than 10% of the area if unit is smaller than 2.5 acres.

Scrub/shrub (areas where shrubs have >30% cover)

Seasonally flooded or inundated 3 types present

The forested class has 3 out of 5 strata (canopy, sub-canopy, shrubs, herbaceous, 
moss/ground-cover) that each cover 20% within the forested polygon.

Aquatic bed
Emergent plants

1

Count the number of plant species in the wetland that cover at least 10 sq. ft. (different 
patches of the same species can be combined to meet the size threshold). You do not have to 
name the species. Do not include Eurasian Milfoil, reed canarygrass, purple loosestrife, 
Canadian Thistle.

Richness of Plant Species (see p. 75)
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H 1.4 Points

[riparian 
braided 
channels]

H 1.5

11

4

2

H 1. TOTAL Score - potential for providing habitat
Add the scores from H1.1, H1.2, H1.3, H1.4, H1.5

Note:  The 20% stated in early printings of the manual on page 78 is an error.

Comments:

At least 1/4 acre of thin-stemmed persistent vegetation or woody branches are present 
in areas that are permanently or seasonally inundated (structures for egg-laying by 
amphibians ).

None = 0 points Low = 1 point

Stable steep banks of fine material that might be used by beaver/muskrat for denning 
(>30° slope) OR signs of recent beaver activity are present (cut shrubs or trees that 
have not yet turned brown/gray ).

NOTE:  If you have four or more vegetation types or three vegetation types and open water, 
the rating is always "high". Use map of Cowardin classes

Check the habitat features that are present in the wetland.  The number of checks is the 
number of points you put into the next column.

Large, downed, woody debris within the wetland (>4 inches in diameter and 6 feet 
long).
Standing snags (diameter at the bottom >4 inches) in the wetland.

Special Habitat Features (see p. 77)

Moderate = 2 points

Invasive plants cover less than 25% of the wetland area in each stratum of plants.

Interspersion of Habitats (see p. 76)
Decide from the diagrams below whether interspersion between Cowardin vegetation classes 
(described in H 1.1) or the classes and unvegetated areas (can include open water or 
mudflats) is high, medium, low, or none.

Undercut banks are present for at least 6.6 feet (2 m) and/or overhanging vegetation 
extends at least 3.3 feet (1 m) over a stream (or ditch) in or contiguous with the 
wetland, for at least 33 feet (10 m).

High = 3 points
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H 2. Points

H 2.1

Points = 5

Points = 4

Points = 4

Points = 3

Points = 3

Points = 2

Points = 2

Points = 1
Points = 0

Points = 1
Figure __

H 2.2
H 2.2.1

H 2.2.2

H 2.2.3

1

0

Aerial photo showing buffers

within 5 miles (8 km) of a brackish or salt water estuary OR

Does the wetland unit have the opportunity to provide habitat for many species?

Buffers (see p. 80)

NO = go to H 2.2.2

Is the wetland part of a relatively undisturbed/unbroken vegetated corridor (riparian or upland) 
at least 150 feet wide, has at least 30% cover of shrubs, forest, or native undisturbed prairie, 
that connects to estuaries, other wetlands, or undisturbed uplands that are at least 250 acres in 
size? (Dams in riparian corridors, heavily used gravel roads, and paved roads are 
considered breaks in the corridor. )

If buffer does not meet any of the criteria above:
No paved areas (except paved trails) or buildings within 25 m (80 feet) 
of wetland >95% circumference. Light to moderate grazing, or lawns 
are OK.
No paved areas or buildings within 50 m of wetland for >50% 
circumference. Light to moderate grazing, or lawns are OK.

NO = 0 pointsYES = 1 point

Total for page

Is the wetland:

within 3 miles of a large field or pasture > 40 acres in size OR

within 1 mile of a lake greater than 20 acres in size?

YES = 4 points (go to H 2.3 )

Heavy grazing in buffer.
Vegetated buffers are <2 m wide (6.6 feet) for more than 95% of the 
circumference (e.g., tilled fields, paving, basalt bedrock extend to edge 
of wetland).

50 m (170 feet) of relatively undisturbed vegetated areas, rocky areas, or 
open water for >50% circumference.

100 m (330 feet) of relatively undisturbed vegetated areas, rocky areas, 
or open water >95% of circumference. No structures are within 
undisturbed part of buffer (relatively undisturbed also means no 
grazing, no landscaping, no daily human use ).

100 m (330 feet) of relatively undisturbed vegetated areas, rocky areas, 
or open water >50% of circumference.
50 m (170 feet) of relatively undisturbed vegetated areas, rocky areas, or 
open water >95% circumference.
100 m (330 feet) of relatively undisturbed vegetated areas, rocky areas, 
or open water for >25% circumference.

Choose the description that best represents condition of buffer of wetland unit. The highest 
scoring criterion that applies to the wetland is to be used in the rating. See text for definition 
of "undisturbed."

Buffer does not meet any of the criteria above.

Corridors and Connections (see p. 81)

1

NO = go to H 2.2.3YES = 2 points (go to H 2.3 )

Is the wetland part of a relatively undisturbed/unbroken vegetated corridor (either riparian or 
upland) at least 50 feet wide, has at least 30% cover of shrubs or forest, and connects to 
estuaries, other wetlands, or undisturbed uplands that are at least 25 acres in size OR a Lake-
fringe wetland, if it does not have an undisturbed corridor as in the question above?
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H 2.3 Points

3+ priority habitats = 4 points
2 priority habitats = 3 points

If wetland has:

Snags and Logs: Trees are considered snags if they are dead or dying and exhibit 
sufficient decay characteristics to enable cavity excavation/use by wildlife. Priority 
snags have a diameter at breast height of > 51 cm (20 in) in western Washington and 
are > 2 m (6.5 ft) in height. Priority logs are > 30 cm (12 in) in diameter at the largest 
end, and > 6 m (20 ft) long.

         No habitats = 0 points

4

Note: all vegetated wetlands are by definition a priority habitat but are not included in this list.  
Nearby wetlands are addressed in question H 2.4

Riparian: The area adjacent to aquatic systems with flowing water that contains 
elements of both aquatic and terrestrial ecosystems which mutually influence each 
Westside Prairies: Herbaceous, non-forested plant communities that can either take 
the form of a dry prairie or a wet prairie (full descriptions in WDFW PHS report p. 
161 ).

Old-growth/Mature forests: (Old growth west of Cascade crest) Stands of at least 2 
tree species, forming a multi-layered canopy with occasional small openings; with at 
least 20 trees/ha (8 trees/acre) > 81 cm (32 in) dbh or > 200 years of age. (Mature 
forests) Stands with average diameters exceeding 53 cm (21 in) dbh; crown cover 
may be less than 100%; decay, decadence, number of snags, and quantity of large 
downed material is generally less than that found in old-growth; 80 - 200 years old 
west of the Cascade crest.

Cliffs: Greater than 7.6 m (25 ft) high and occuring below 5,000 ft.

Caves: Naturally occurring cavity, recess, void, or system of interconnected passages 
under the earth in soils, rock, ice, or other geological formations and is large enough 
to contain a human.

Which of the following priority habitats are within 330 feet (100 m) of the wetland unit? 
NOTE: the connections do not have to be relatively undisturbed. These are DFW definitions. 
Check with your local DFW biologist if there are any questions

Nearshore: Relatively undisturbed nearshore habitats. These include Coastal 
Nearshore, Open Coastal Nearshore, and Puget Sound Nearshore. (full descriptions 
of habitats and the definition of relatively undisturbed are in WDFW report pp. 167-
169 and glossary in Appendix A).

Aspen stands: Pure or mixed stands of aspen >0.4 ha (1 acre).

Talus: Homogenous areas of rock rubble ranging in average size 0.15 - 2.0 m (0.5 - 
6.5 ft), composed of basalt, andesite, and/or sedimentary rock, including riprap slides 
and mine tailings. May be associated with cliffs.

Instream: The combination of physical, biological, and chemical processes and 
conditions that interact to provide functional life history requirements for instream 
fish and wildlife resources.

         1 priority habitat = 1 point

Near or Adjacent to Other Priority Habitats Listed by WDFW (see p. 82)

Oregon white Oak: Woodland stands of pure oak or oak/conifer associations where 
canopy coverage of the oak component is 25% (full descrptions in WDFW PHS 
report p. 158 ).

Herbaceous Balds: Variable size patches of grass and forbs on shallow soils over 
bedrock.

Biodiversity Areas and Corridors: Areas of habitat that are relatively important to 
various species of native fish and wildlife (full descriptions in WDFW PHS report p. 
152 ).
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Points = 5

Points = 5

Points = 3

Points = 3

Points = 2
Points = 0

19Total Score for Habitat Functions - add the points for H1 and H2, and record the result on p. 1

The wetland is Lake-fringe on a lake with disturbance, and there are 3 
other Lake-fringe wetlands within 1/2 mile.
There is at least 1 wetland within 1/2 mile.

Choose the one description of the landscape around the wetland that best fits.

H 2. TOTAL Score - opportunity for providing habitat

The wetland is Lake-fringe on a lake with little disturbance and there 
are 3 other Lake-fringe wetlands within 1/2 mile.
There are at least 3 other wetlands within 1/2 mile, BUT the connections 
between them are disturbed.

Add the scores from H2.1, H2.2, H2.3, H2.4
8

There are no wetlands within 1/2 mile.

3

There are at least 3 other wetlands within 1/2 mile, and the connections 
between them are relatively undisturbed (light grazing between wetlands 
OK, as is lake shore with some boating, but connections should NOT be 
bisected by paved roads, fill, fields, or other development).
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SC 1.0

SC 1.1

SC 1.2

At least 3/4 of the landward edge of the wetland has a 100 foot buffer of shrub, forest, 
or ungrazed or unmowed grassland.

Is the wetland unit within a National Wildlife Refuge, National Park, National Estuary 
Reserve, Natural Area Preserve, State Park, or Educational, Environmental, or Scientific 
Reserve designated under WAC 332-30-151?

NO = Go to SC 1.2

Check off any criteria that apply to the wetland. Check the appropriate Category when the appropriate 
criteria are met.

CATEGORIZATION BASED ON SPECIAL CHARACTERISTICS

The wetland is relatively undisturbed (has no diking, ditching, filling, cultivation, 
grazing, and has <10% cover of non-native plant species. If the non-native Spartina 
spp. are the only species that cover >10% of the wetland, then the wetland should be 
given a dual rating (I/II). The area of  Spartina  would be rated a Category II while the 
relatively undisturbed upper marsh with native species would be a Category I. Do not, 
however, exclude the area of Spartina  in determining the size threshold of 1 acre.

Please determine if the wetland meets the attributes described below and choose the appropriate answers and 
Category.

The wetland has at least two of the following features: tidal channels, depressions 
with open water, or continguous freshwater wetlands.

YES = Category I

Is the wetland unit at least 1 acre in size and meeting at least two of the following three 
conditions?

YES - Go to SC 1.1

Category

YES = Category I

Does the wetland unit meet the following criteria for Estuarine wetlands?
The dominant water regime is tidal,
Vegetated, and

Wetland Type

With a salinity greater than 0.5 ppt.
NO - not an estuarine wetland

Estuarine Wetlands (see p. 86)

NO = Category II
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SC 2.0 Category

SC 2.1

NO

SC 2.2

SC 3.0

1.

2.

3.

4.

Does the unit have organic soils, either peats or mucks, that are <16 inches deep over 
bedrock, or an impermeable hardpan such as clay or volcanic ash, or that are floating 
on a lake or pond?

YES = Category I

NO - go to Q. 2YES - go to Q. 3

YES - go to Q. 3

Does the wetland unit (or any part of the unit) meet both the criteria for soils and vegetations 
in bogs? Use the key below to identify if the wetland is a bog. If you answer Yes, you will 
still need to rate the wetland based on its function.

Has DNR identified the wetland as a high quality undisturbed wetland or as a site with state 
Threatened or Endangered plant species?

Is the unit forested (>30% cover) with sitka spruce, subalpine fir, western redcedar, 
western hemlock, lodgepole pine, quaking aspen, Englemann's spruce, or western 
white pine, WITH any of the species (or combination of species) on bog species plant 
list in Table 3 as a significant component of the ground cover (>30% coverage of 
total shrub/herbaceous cover )?

NO - not a bog for purpose of rating

YES - is a bog for purpose of rating
NOTE: If you are uncertain about the extent of mosses in the understory 
you may substitute that criterion by measuring the pH of the water that 
seeps into a hole dug at least 16" deep. If the pH is less than 5.0 and the 
"bog" plant species in Table 3 are present, the wetland is a bog.

NO - go to Q. 4

YES = Category I

Bogs ( see p. 87)

S/T/R information from Appendix D                    or accessed from WNHP/DNR web site

          NO - not a Heritage wetland

YES  - contact WNHP/DNR (see p. 79)  and go to SC 3.2

Does the unit have organic soil horizons (i.e., layers of organic soil), either peats or 
mucks, that compose 16 inches or more of the first 32 inches of the soil profile? (See 
Appendix B for a field key to identify organic oils.)

Natural Heritage Wetlands (see p. 87)
Natural Heritage wetlands have been identified by the Washington Natural Heritage 
Program/DNR as either high quality undisturbed wetlands or wetlands that support state 
Threatened, Endangered, or Sensitive plant species.

Is the wetland unit being rated in a Section/Township/Range that contains a Natural Heritage 
wetland? (This question is used to screen out most sites before you need to contact 
WNHP/DNR.)

NO - not a bog for purpose of rating
Does the unit have more than 70% cover of mosses at ground level, AND other 
plants, if present, consist of the "bog" species listed in Table 3 as a significant 
component of the vegetation (>30% of total shrub and herbaceous cover consists of 
species in Table 3)?
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SC 4.0 Category

SC 5.0

SC 5.1

Wetlands in Coastal Lagoons (see p. 91)
Does the wetland meet all of the following criteria of a wtland in a coastal lagoon?

NOTE: The criterion for dbh is based on measurements for upland 
forests. 200-year-old trees in wetlands will often have a smaller dbh 
because their growth rates are often smaller. The DFW criterion is an 
"OR" so old-growth forests do not necessarily have to have trees of this 
diameter.

Mature forests: (west of the Cascade Crest) Stands where the largest trees are 80 - 
200 years old OR have average diameters (dbh) exceeding 21 inches (53 cm); crown 
cover may be less than 100%; decay, decadence, numbers of snags, and quantity of 
large downed material is generally less than that found in old-growth.

Does the wetland unit have at least 1 acre of forest that meets one of these criteria for the 
Department of Fish and Wildlife's forests as priority habitat? If you answer Yes,  you will still 
need to rate the wetland based on its functions.

Old-growth forests: (west of Cascade Crest) Stands of at least 2 tree species, 
forming a multi-layered canopy with occasional small openings; with at least 8 
trees/acre (20/hectare) that are at least 200 years of age OR have a diameter at breast 
height (dbh) of 32 inches (81 cm) or more.

   NO - not a forested wetland w/ special characteristics

Forested Wetlands (see p. 90)

YES = Category I

At least 3/4 of the landward edge of the wetland has a 100 foot buffer of shrub, forest, 
or ungrazed or unmowed grassland.
The wetland is larger than 1/10 acre (4,350 square feet).

YES = Category I NO = Category II

The wetland is relatively undisturbed (has no diking, ditching, filling, cultivation, 
grazing), and has less than 20% cover of invasive plant species (see list of invasive 
species on p. 74).

YES = go to SC 5.1 NO - not a wetland in a coastal lagoon

Does the wetland meet all of the following 3 conditions?

The wetland lies in a depression adjacent to marine waters that is wholly or partially 
separated from marine waters by sandbanks, gravel banks, shingle, or, less frequently, 
rocks.

The lagoon in which the wetland is located contains surface water that is saline or 
brackish (>.5 ppt) during most of the year in at leat a portion of the lagoon (needs to 
be measured near the bottom ).
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SC 6.0 Category

SC 6.1

SC 6.2

Interdunal Wetlands (see p. 93)

If you answered NO for all types, enter "Not Applicable" on p. 1.

 Long Beach Peninsula - lands west of SR 103
 Grayland-Westport - lands west of SR 105

In practical terms, that means the following geographic areas:

YES = Category II NO - go to SC 6.2

Is the unit between 0.1 and 1 acre, or is it in a mosaic of wetlands that is between 0.1 and 1 
acre?

YES = Category III

Category of wetland based on Special Characteristics
Choose the "highest" rating if wetland falls into several categories, and record on p. 1.

 Ocean Shores-Copalis - lands west of SR 1115 and SR 109.

Is wetland 1 acre or larger, or is it in a mosaic of wetlands that is 1 acre or larger?

Is the wetland unit west of the 1889 line (also called the Western Boundary of Upland 
Ownership or WBUO)?

If you answer Yes, you will still need to rate the wetland based on its functions.
YES - go to SC 6.1 NO - not an interdunal wetland for rating
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