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DETERMINATION OF NON-SIGNIFICANCE

PROPONENT: Abe Santos, City of Bellevue Utilities Department

LOCATION OF PROPOSAL: 13200 SE 30th Street (Generally)

NAME & DESCRIPTION OF PROPOSAL.:

City of Bellevue Utilities Sunset/Richards Creek Flood Control and Habitat Improvement Project

Critical Areas Land Use Permit to modify channels of Sunset and Richards Creeks for flood
control and habitat improvements.

FILE NUMBER: 10-121739-LO

The Environmental Coordinator of the City of Bellevue has determined that this proposal does not have a
probable significant adverse impact upon the environment. An Environmental Impact Statement (EIS) is
not required under RCW 43.21C.030(2)(C). This decision was made after the Bellevue Environmental
Coordinator reviewed the completed environmental checklist and information filed with the Land Use
Division of the Development Services Department. This information is available to the public on request.

d There is no comment period for this DNS. There is a 14-day appeal period. Only persons who
submitted written comments before the DNS was issued may appeal the decision. A written
appeal must be filed in the City Clerk's office by 5:00 p.m. on .

X This DNS is issued after using the optional DNS process in WAC 197-11-355. There is no further
comment period on the DNS. There is a 14-day appeal period. Only persons who submitted
written comments before the DNS was issued may appeal the decision. A written appeal must
be filed in the City Clerk’s Office by 5 p.m. on March 3, 2011.

d This DNS is issued under WAC 197-11-340(2) and is subject to a 14-day comment period from the

date below. Comments must be submitted by 5 p.m. on . This DNS is
also subject to appeal. A written appeal must be filed in the City Clerk's Office by 5 p.m.
on )

This DNS may be withdrawn at any time if the proposal is modified so that it is likely to have significant
adverse environmental impacts; if there is significant new information indicating, or on, a proposals
probable significant adverse environmental impacts (unless a non-exempt license has been issued if the
proposal is a private project): or if the DNS was procured by misrepresentation or lack of material
disclosure.
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HERS TO RECEIVE THIS DOCUMENT:
State Department of Fish and Wildlife
State Department of Ecology,
Army Corps of Engineers
Attorney General
Muckleshoot indian Tribe




qa‘-as% City of Bellevue

gi% i fna' Development Services Department
ax.~>s Land Use Staff Report

Proposal Name:

Proposal Address:

Proposal Description:

File Number:
Applicant:

Decisions Included:

Planner:

State Environmental Policy Act
Threshold Determination:

Director’s Decision:

City of Bellevue Utilities Sunset/Richards Creek Flood
Control and Habitat Improvement Project

13200 SE 30th Street (Generally)

Critical Areas Land Use Permit to modify channels of
Sunset and Richards Creeks for flood control and habitat
improvements.

10-121739-LO

Abe Santos, City of Bellevue Utilities Department

Critical Areas Land Use Permit
(Process II. LUC 20.30P)

David Pyle, Planner

Determination of Non-Significance

rol V. Helland, Environmental béordinator
D¥velopment Services Department

Approval with Conditions

“~ N(‘w&w Y JU"

Cdrol V. Helland, Land Use Diréctor
D&velopment Services Department

Application Date:

September 10, 2010

Notice of Application Publication Date: October 7, 2010

Decision Publication Date:
Project/SEPA Appeal Deadline:

February 17, 2011
March 3, 2011

For information on how to appeal a proposal, visit Development Services Center at City Hall or call (425) 452-6800. Comments
on State Environmental Policy Act (SEPA) Determinations can be made with or without appealing the proposal within the noted
comment period for a SEPA Determination. Appeal of the Decision must be received in the City’s Clerk’s Office by 5 PM on the

date noted for appeal of the decision.



CONTENTS

[, PropoSal DESCIIPLON. ....ciiiiii ittt e e e e e e e e e e nnneees 1
II. Site Description, Zoning, Land Use and Critical Areas.........c.ccccceeevieeeevveeviiiiniieeeeeennns 2
lll. Consistency with Land Use Code Requirements:...........ccceeee e 11
IV. Public Notice and COmMMENT ...........ooiiiiiiii e 14
V. Summary of TEChNICAl REVIEWS........ccoiiiiiiiiii it 14
VI. State Environmental Policy ACt (SEPA)........oiiiiiii e 15
VIl DECISION CIItEIIA .oeeeeeeeeeee e 16
VI CoNncluSion and DECISION .........uuueiiiieeiiiiiiiiiiieee e e et e e e e e e e e ees 18
IX. CoNditioNS Of APPIOVAL......ccoiiiiiiiieiie e 18
Attachments

1. Sunset and Richards Creek Flood Control and Sediment Management Plan

2. Phase 1 Permit Staff Report and Project Plans

3. Critical Areas Report — Habitat Improvement Plan, Flood Control Plan, Restoration
Plan

Project Plans

Public Comment Letter

City Response to Public Comment

Environmental Checklist

No oA



10-121739-LO
Sunset/Richards Creek Flood Control and Habitat Improvement Project
Page 1 of 24

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;

e 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;

e 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.

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 30" 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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Flgure 1- Prolect Vlcmlty

f Richards Creek

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
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protection for existing development.

C. Critical Areas Functions and Values

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

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
Stream and Wetland Buffers 8.270 square feet (0.19 acre) 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 3.

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

Water Quality Functions — Hydrologic Functions — Habitat Functions —
Qualitative Rating * Qualitative Rating * Qualitative Rating * Denarts
(numerical score in (numerical score in (numerical score in ?Eal lnem
of Ecology
arentheses arentheses) arentheses s
Wetland P ) P P ) Total Rating
Name Potential Opportunity Potential Opportunity Potential Opportunity ~ Score  Category ®
A Moderate (8) Yes Moderate (6) Yes Moderate (12) Moderate (7) 47 11

* Qualitative ratings are based on the Deparmment of Ecology “Using the Wetland Rating System in Compensatory Mitigation™
focus sheet (Ecology 2008a)

® Wetland category is based on the Department of Ecology rating system (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.

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

Resource Temporary Impacts Permanent Impacts

Wetland A 11.184 square feet (0.26 acre) 1.567 square feet (0.036 acre)

Table 4 — Project Area Wetland Resources — Permanent Impact Mitigation

Mitigation Ratio
Resource Permanent Impacts Mitigation Enhanced Wetland: Wetland Impact

Wetland A 1.567 square feet (0.036 acre) 3,522 square feet (0.08 acre) 225:1

Table 5 —Project Area Wetland Resources — Functional Affect

Water Quality Functions — Hydrologic Functions — Habitat Functions — Qualitative
Qualitative Rating * Qualitative Rating ® Rating *
(numerical score in parentheses) (numerical score in parentheses) (numerical score in parentheses)

Wetland
Rating Before
and After

Project 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

? Qualitative ratings are based on the Department of Ecology “Using the Wetland Rating System in Compensatory Mitigation™
focus sheet (Ecology 2008a).
® Wetland category is based on the Department of Ecology rating system (Hruby 2004).

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
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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.
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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.
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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.

[ll. 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:

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

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;

e 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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VII.

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.

. 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.

. 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.

Decision Criteria

. 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 Ill above discusses how, the proposal incorporates the applicable
performance standards.
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VIII.

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.

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

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

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

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

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.

10.

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

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

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

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

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.

12.

13.

14.

15.

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

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

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

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

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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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

m The removal of invasive species

. Replanting with native vegetation.
Phase 1

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.




Phase 11

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 I1
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 I1I (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.

vi



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 I'V 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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Flood Control and Sediment Management Plan — Sunset Creek

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.

L] 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

m Replacement Culvert and Channel Modification Design

. Upper Watershed Sediment Source Control and Storage
Recommendations.

ab_/06-03501-002_sunset_creek _flood control_and_sediment_management plan
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Flood Control and Sediment Management Plan — Sunset Creek

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.

ab_/06-03501-002_sunset_creek _flood control_and_sediment_management plan
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Flood Control and Sediment Management Plan — Sunset Creek

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 Dredein Volume of Sediment Removed Volume of Sediment Removed
ging Downstream of Culverts (cubic yards) Upstream of Culverts (cubic yards))
2004 15-20 -2
2005 20 1.5
2006 10 0.75
2007 15-20 -2
Notes:

* 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.

ab /06-03501-002_sunset_creek _flood control_and_sediment_management_plan
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Flood Control and Sediment Management Plan — Sunset Creek

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.

ab_/06-03501-002_sunset_creek _flood control_and_sediment_management plan
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Flood Control and Sediment Management Plan — Sunset Creek

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

ab /06-03501-002_sunset_creek _flood control_and_sediment_management_plan
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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:

m 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.

m 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.

. Agquatic 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.

m Provide improved aquatic and riparian habitat conditions within the

project area where feasible.

m 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 111 (Alternative 3): Implementation of grade control structures
and channel modifications within the flow-split channel and East Creek.

u Phase 111 (Alternative 4): Continued maintenance of beaver dams
downstream of Kamber Road to minimize backwater influence and
sediment accumulation at Kamber Road.

. Phase 1IV: 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
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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 111

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 |
(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
m 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.

WDEFW 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.

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

m 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.

ab_/06-03501-002_sunset_creek _flood control_and_sediment_management plan

October 22, 2008 23 Herrera Environmental Consultants




Flood Control and Sediment Management Plan — Sunset Creek

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- HEC- Downstream  Upstream  Corresponding
RAS RAS River Station River Flow Input
River ID Reach ID (ft) Station (ft) Reach Description
Sunset SE 30th 48.9477 3272.859 S, R5, R4b, Incorporates the Sunset Creek channel from
Creek R3b, R2b 1-90 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 Historical 240.4131 1507.208 R3a, R2a Historical Richards Creek Channel from
Creek flow split to confluence with East Creek
downstream of Kamber Road
Richards Lower 26.62222 85.48712 R1 Richards Creek from confluence with East
Creek 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).

ab_/06-03501-002_sunset_creek _flood control_and sediment_management_plan

Herrera Environmental Consultants 24 October 22, 2008



1311250 1311500 1311750 1312000 1312250 1312500 1312750 1313000 1313250

-
A

> rd
EastiCreek/RichardsiCreek
confluence

K:/Projects/06-03501-000/HEC-RAS model update 100908.mxd (10/09/08) JAS

2

—
wn %l A

C-I‘.eellf \A j

A
e
()
EastiCreekai=g™ N

[ o

:

[ - = | r
s -3 d = ¥ . o "W - Lan £
S hanrer | Flow:splitichannel/Easti o

“iCreek{confluence i S

2.

)
1
('B:
B .
..2
=

RilcllrardshC_reékr. *
3 Flow split" "Flow-spli
L channel™

= Sl
WeSunsetiCreek/ &= { Hhy

- “Ep

Richards,Creek | h-:} | ‘

>confluence

R6 Flow input reach ID

= [low input reach boundary
Stream alignment

HEC-RAS River ID

Sunset Creek, SE 30th
=R G | mmmmm Richards Creek, lower

Lo a0 g g Yot m==== Rjchards Creek, historical
3 N

@

Coordinate system: WA State Plane North
NAD 83 (feet)
Aerial photography: USGS, 2002

150 300

1311250 1311500 1311750 1312000 1312250 1312500 1312750 1313000 1313250

Figure 7. Sunset Creek HEC-RAS model geometry and flow input reaches.




Flood Control and Sediment Management Plan — Sunset Creek

Table 3. 1.01-year, 2-year, 10-year, 25-year, and 100-year recurrence interval flows and
used in hydraulic modeling.

HEC-RAS River Station Flows (cfs)
Profile River (Stream) Reach (RS) 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 15135 236.6 ~ 29745 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).

m 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
(v,) of the particle.

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

_ RgD?

* 18v

Where v, = Settling velocity, m/sec
R = (ps- pw)/ pw
ps = Particle density, 2600 kg/m’
pw= Fluid density, 1000 kg/m’
g = Gravitational acceleration, 9.81 m/sec’
D = Particle diameter, m
v = Kinematic viscosity, 1.306 x 10° @ 10° C.
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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:

s
P

Where 7, = p, gRuS, basal channel shear stress
Ry = 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 (v, ) through the relationship presented by Nifio (1995) and similar to those of
van Rijn (1984).
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And: R=(p,~p,)/ P,

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.
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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

ab_/06-03501-002_sunset_creek _flood control_and sediment_management_plan

Herrera Environmental Consultants 30 October 22, 2008



Flood Control and Sediment Management Plan — Sunset Creek

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
IT (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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Sunset Creek 2008 Final Model Project Plan: Final Existing Conditions
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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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Sunset Creek 2008 Final Model Project Plan: Phase | Oct2008
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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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Sunset Creek 2008 Final Model Project Plan: Phase Il Oct2008
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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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Sunset Creek 2008 Final Model Project Plan: 1) Phasel_Alt1 2) Phase Il Alt2 3) Final Existing
Geom: Atemative_2a_Phase_2_1.01bench Flow:Final Steady Flood Flows

Sunset Creek SE 30th

8v Legend

WS 100-year - Phasel_Alt1
WS 100-year - Phase Il At2
WS 100-year - Final Existing
WS 2-year -Phasel_At1
WS 2-year - Final Existing

T
WS 2-year - Phase Il At2
75 SE 30t Street o —
RightLevee
[
g 70 L
s
g
2
]
65

60

T T T T
2200 2400 2600 2800

Main Channel Distance (f)

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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Sunset Creek 2008 Final Model Project
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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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Sunset Creek 2008 Final Model Project ~ Plan: 1) Ph3Alt30ct08 2) Final Existing
Geom: Altemative_3_Phase_3_1.01bench Flow: Final Steady Flood Flows
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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 11
(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 11
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:

m Increasing the project limits and re-grading the approach along SE 30th
Street.
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Sunset Creek 2008 Final Model Project Plan: 1) AitiPhase1_agg 2)Phasel_Alt1
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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 111

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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Sunset Creek 2008 Final Model Project Plan: 1) Ph3AIt30ct08 2) Ph3Al4NoBeavers
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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.

Maximum Particle Size Settling Velocity Necessary Shear Velocity for
Sediment Class (mm) (ft/sec) Entrainment (ft/sec) *
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

*  Necessary shear velocity for entrainment calculated according to the method presented by Nifio (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.

Existing Conditions Phase I Conditions Phase II Conditions
Channel Channel Channel
Channel Shear Predicted Maximum |  Channel Shear Predicted Maximum Channel Shear Predicted Maximum
Shear Stress Velocity Grain Size in Shear Stress Velocity Grain Size in Shear Stress Velocity Grain Size in
Station | Flow (Ib/ £1%) (ft/sec) Suspension (mm) (Ib/ ) (ft/sec) Suspension (mm) (Ib/ ft%) (ft/sec) 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.

Existing Conditions

Phase I Conditions

Phase II Conditions

Channel Channel Predicted Channel Predicted
Channel Shear Predicted Maximum | Channel Shear Maximum Grain Channel Shear Maximum Grain
Shear Stress Velocity Grain Size in Shear Stress Velocity Size in Suspension | Shear Stress Velocity Size in Suspension

Station | Flow (Ib/ ft) (ft/sec) Suspension (mm) (Ib/ ft%) (ft/sec) (mm) (Ib/ ft%) (ft/sec) (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
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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.

Sediment Transport Rate (kg/min)

Existing Conditions Phase I Conditions Phase II Conditions

Station 1.01-year 2-year 10-year  1.0l-year 2-year 10-year 1.01-year 2-year 10-year

Parker (1990)
2527 13.2 45.0 137 2.13x10% 3.54x107 6.78x10° 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 1.32x10°  7.56x10° 4.66x10* 0317 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.

Sediment Transport Rate (kg/min)

Existing Conditions * Phase I Proposed Conditions®  Phase II Proposed Conditions "

Station 1.01-year 2-year 10-year 1.0l-year  2-year 10-year 1.0l-year 2-year 10-year

Parker (1990)
2527 13.2 45.0 137 3.33x10° 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 9.12 304 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

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

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, Sc,vand the natural
channel slope, Sch, where:

culy

Sch

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 (Scuy), and a
slope of 4.0 percent within the modified channel upstream (Sy). This ratio is within the range
recommended for stream simulation culverts (WDFW 2003).

Slope Ratio =

Culvert Width

WDFW (2003) recommends that culvert width, W_,ner pea, b€ determined according to the
following equation:

Weutvert bea= 1.2Wep + 2 (ln feet)
Where: W,, = The width of the bankfull channel.
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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, 7,;, 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, W e ped, 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):

Dy, = 3'45Sego.747 (1.25qc )%/g%

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

Se; = Energy slope of the proposed culvert.

q. = 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/sec’)

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 Dgy 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 Djs, 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
S5-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 Dgy 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
Dg, 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 11
(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 Dgy 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
Dg, 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:

1<H /L;/S<3

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 Hy/ Lg /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 Dy, 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
Dg, 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.

m 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

m 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 [-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 1-90 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

ab_/06-03501-002_sunset_creek _flood control_and_sediment_management_plan

October 22, 2008 63 Herrera Environmental Consultants




Flood Control and Sediment Management Plan — Sunset Creek

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 1-90, 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.
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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:

m 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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Mr. Chase Barton

Herrera Environmental Consultants
2200 Sixth Avenue, Suite 1100
Seattle, Washington 98121-1820

Subject: Draft Gentechnlcal Engineering Report
SE 30"/ Sunset Creek Flood Improvement Project
Bellevue, Washington

Dear Mr. Barton:

Kleinfelder is pleased to present the attached draft geotechnical engineering report
summarizing performed for the above referenced project. The purpose of our study was
to evaluate the subsurface soil conditions along the alignment of the proposed Sunset
Creek Culvert crossing and provide design and construction recommendations for the
culvert replacement.

Based on the results of our field exploration and laboratory testing program, it is our
professional opinion the proposed culvert may be constructed as planned. Specific
geotechnical issues to be addressed during construction include design of a braced and
dewatered excavation, protection of existing utilities, and measures to protect the
culvert subgrade during construction. Specific recommendations regarding
geotechnical aspects of the project design and construction are contained in the
following report.

We appreciate the opportunity of providing our services for this project. If you have
questions regarding this report or if we may be of further assistance, please contact the
undersigned at (425) 562-4200.

Sincerely,
KLEINFELDER

DRAFT

Marcus Byers, P.E.
Geotechnical Group Manager
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1.0 INTRODUCTION

1.1 PURPOSE AND SCOPE OF SERVICES

This report presents the results of the geotechnical engineering study performed for the
proposed SE 30" / Sunset Creek flood improvement project located in Bellevue,
Washington. We understand that the Sunset Creek culvert crossing under SE 30" will
be replaced with a new, larger structure and portions of the creek improved to reduce
flooding in the area and enhance fish habitat.

The purpose of our study was to evaluate site soil and groundwater conditions at the
culvert location and provide geotechnical design and construction recommendations for
the culvert replacement. Our study included subsurface exploration and soil sampling,
laboratory testing, engineering analyses, and preparation of this draft report; a final
report will be issued after receiving review comments. The work performed for this
report was authorized by Mr. Mark Ewbank of Herrera Environmental Consultants and
was conducted in accordance with our proposal dated November 6, 2006.

1.2 PROJECT DESCRIPTION

Based on information provided to us by Hererra Environmental Consultants and 60
percent plans, we understand that the culvert replacement project is part of the larger
Sunset stream flow improvement project. It is proposed to replace two existing 36-inch
diameter corrugated metal pipes. Currently, the existing pipes are inadequate to
convey the design flood event, and improvements are needed to increase the culvert
capacity and trap sediment. The location of the project is shown on the Vicinity Map,
Figure A-1.

At the culvert location, SE 30" Street is approximately 50 feet wide. The new culvert
section will be a 4-sided concrete culvert with an inside width of 13 feet and a depth that
varies from about 6 to 14 feet. The culvert is designed with a sloped bottom and
sediment trap. We understand the grade of SE 30" will not be changed. In addition, it
is proposed to stage culvert construction to maintain at least one-lane of traffic flow
during construction. An existing warehouse is located near the west side of the culvert
at the south side of NE 30™ Street, and the foundations for this warehouse are expected
to be located within 8 to 15 feet of the excavation zone of the new culvert. Several
utilities, including a nearby Metro Sewer manhole, telephone vault, water and gas lines,
and overhead power are expected to affect construction and will require relocation
and/or temporary support.
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2.0 FIELD AND LABORATORY PROGRAMS

2.1 FIELD EXPLORATION

The subsurface soil and groundwater conditions at the culvert replacement project were
explored by drilling three borings to depths ranging from 26 to 36 feet below the
existing SE 30" street grade. The approximate locations of the borings are shown on
the Site Plan (Figure A-2). Summary logs of the subsurface conditions encountered in
the borings and presented on the Boring Logs, Figures A-4 through A-6. A key to soil
symbols and terms used on the logs is presented on Figure A-3.

Drilling was performed with a hollow-stem auger drill rig equipped for soil sampling.
Representative disturbed soil samples were obtained at 2% to 5-foot depth intervals
during drilling using a standard 2-inch outside-diameter split-spoon sampler driven into
the soil by a 140-pound automatic trip hammer free falling through a distance of 30
inches. Sampler driving resistance, expressed as “blows per 6 inches of penetration”, is
presented on the boring logs at the respective sampling depths.

Information provided on the boring logs presented in the appendices includes soil
descriptions, consistency evaluations, boring depths, sample depth, type and intervals,
and free-water observations.

2.2 LABORATORY TESTING

Representative samples were tested in the laboratory to evaluate the pertinent physical
and engineering properties of the soils. Laboratory testing included natural moisture
content and grain size analyses (sieve analyses). Moisture content test results are
presented on the Boring Logs, Figures A-3 through A-5, and sieve analyses results are
presented on the Particle Size Distribution Reports in Appendix B.

B2981/SEABROTT doc Page 2 of 12 July 28, 2008
Copyright 2008 Kleinfalder



DRAFT-FOR REVIEW PURPOSES ONLY

3.0 SITE CONDITIONS

3.1 SURFACE CONDITIONS

At the time of our explorations, SE 30" Street consisted of a two-lane asphalt-surfaced
street with paved shoulders and concrete sidewalks. The area on each side of SE 30"
was occupied by light industrial and office buildings, with landscaping and some trees
located around parking areas and behind sidewalks. Sunset creek flows through a
relatively shallow channel that runs perpendicular to SE 30", In the vicinity of SE 30",
the creek drainage is somewhat channelized, with rip rap linings at each end of the
culvert and trees growing along the creek banks. The creek banks extend to within
about 10 feet of some of the structures.

3.2 SUBSURFACE CONDITIONS

3.2.1 General Geologic Conditions

General geologic information for the project area was obtained from the Geologic Map
of King County Washington (Booth et. al, 2002). According to the map, the project site
is underlain by recessional outwash of the Vashon stade of the Frasier glaciation.
Recessional outwash is described as stratified sand and gravel, moderately to well
sorted, and well-bedded silty sand to silty clay deposited in proglacial and ice-marginal
environments.

3.2.2 Soil Conditions

In general, soil conditions encountered in our explorations are consistent with those
described by Booth et. al and consisted of sand to silty sand with some gravel. Two to
4% inches of asphalt concrete paving was encountered in our explorations. The
pavement was underlain by medium dense Silty SAND, and Silty SAND with GRAVEL
(SM) extending to depths of 3 to 7% feet below ground surface. Very loose to loose
SAND with SILT (SP-SM) was encountered below the upper Silty SAND and extended
to depths of 15 to 24 feet. This stratum included two layers of PEAT in B-3 (¥-inch
thick at 13.4 feet, and 8 inches thick at 20.8 feet). From 24 to 27% feet a soft SILT
(MH) was encountered in B-3, and medium dense to dense SAND (SP) and Silty SAND
with GRAVEL was encountered from 274 feet to the termination depths of 26%: to 36%
feet below ground surface.
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3.2.3 Groundwater
Groundwater was observed at a depth of 8 feet at B-1, 5 feet at B-2, and 7% feet in B-3

at the time of exploration. In general, the groundwater level is expected to be similar to
the adjacent creek level. It should be noted that groundwater levels will fluctuate with
the season, level of precipitation and other factors. The evaluation of these factors is

beyond the scope of this report.
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4.0 DESIGN AND CONSTRUCTION RECOMENDATIONS

4.1 KEY GEOTECHNICAL CONSIDERATIONS

Based on the results of our site exploration and laboratory testing, it is our opinion that
the proposed culvert may be constructed provided the recommendations contained in
this report are followed. In our opinion, key geotechnical issues to be addressed during
design and construction of the new culvert are ground water, loose to medium dense
sand below the ground water table, temporary excavation support, construction
dewatering, potential instability at the bottom of the excavation, and maintaining
temporary support of the utilities and adjacent structures. The following report sections
present our design and construction recommendations.

4.2 CULVERT DESIGN

4.2.1 General

We estimate the culvert will weigh less than the soil it replaces and that the bearing
pressure will be relatively low due to weight distribution across the bottom of the culvert.
Foundation performance will be controlled by settlement and be subject to foundation
subgrade preparation. Foundation subgrade should be prepared in accordance with
Section 4.3.3 and a minimum 1-foot thick layer of compacted crushed rock placed over
the subgrade prior to constructing culvert foundations in accordance with Section 4.3.4.

In general, we anticipate that the ground water level outside the culvert will be very
similar to the level of the creek in the culvert. We have assumed that normal operation
and maintenance of the culvert will not result in a situation where the ground water level
outside of the culvert is significantly higher than the water level inside the culvert, such
as pumping the sediment trap dry. Based on this, we do not anticipate that it will be
necessary to design for unbalanced hydrostatic forces or buoyancy forces.

4.2.2 Design Parameters

We recommend culvert foundations be designed for a nominal allowable bearing
pressure of 2,500 psf, with a 1/3 allowable increase for transient loading conditions.
Settlement of the culvert foundation will be largely dependent on avoiding disturbance of
the subgrade and on other factors such as piping of fines or flow around the culvert.
Assuming the foundation is founded on properly prepared subgrade, we estimated
settlement to be less than about 1 inch with differential settlement of about ' inch over
the length of the culvert. Settlement will essentially be immediate and occur as the
culvert is constructed.
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Culvert walls should be designed using an at-rest lateral earth pressure of 50 pcf
equivalent fluid weight (EFW) above the ground water table. Below the ground water
table, an at-rest lateral earth pressure of 26 pcf EFW (based on a buoyant backfill unit
weight) plus the unbalanced hydrostatic pressure of 62.4 pcf EFW should be used.

We recommend a uniform lateral surcharge of 100 psf be applied to the top ten feet of
the culvert wall to account for traffic surcharge (based on an assumed 250 psf uniform
vertical traffic surcharge). A uniform seismic surcharge equal to 6H psf may be applied
over the full height of the culvert, where H is the height of the culvert in feet, to account
for seismic surcharges due to an event with a 10 percent probability of exceedence in
50 years. Soil Type

43 EARTHWORK

4.3.1 General Excavation

We anticipate that soils encountered in the culvert excavation will generally consist of
sand and gravel with silt, and limited areas of peat or soft silt. We anticipate that these
soils can be readily excavated with conventional equipment such as backhoes and
trackhoes.

4.3.2 Excavation Slopes

Where space permits, the excavation may be sloped in a typical cut-and-cover
operation. The contractor is responsible for establishing and maintaining safe slope
inclinations in accordance with WISHA safety requirements. Site soils will likely classify
as “Type C Soils" (loose granular soils). Accordingly, temporary excavation cut slopes
for the proposed culvert construction should be inclined no steeper than 1%2 H:1V.
However, excavations near or below the water table will encounter seepage, and flatter
slopes, shoring, and/or dewatering will be required. All slopes should be protected from
erosion and raveling.

4.3.3 Subgrade Preparation

Subgrade encountered for the culvert foundation will generally consist of sand with
gravel to silty sand below the ground water table. Prior to preparing subgrade, the
ground water table should be drawn down to at least 2 feet below the subgrade level to
facilitate subgrade compaction and placement of structural fill and minimize potential for
disturbance. Subgrade that is disturbed and becomes unsuitable due to inadequate
dewatering should be repaired or replaced at no cost to the owner. Furthermore, once
subgrade is approved, the contractor should take measures to protect the subgrade

B2951/SEABROTT.doc Page B of 12 July 28, 2008
Copyright 2008 Kleinfelder



DRAFT-FOR REVIEW PURPOSES ONLY

including maintaining the ground water draw down 2 feet below subgrade, minimizing
traffic on the subgrade, and/or placing a layer of crushed rock.

We recommend that all exposed culvert and pavement subgrade be prepared by
compacting to at least 95 percent of it modified proctor maximum dry density and a firm
and unyielding condition. Subgrade should be evaluated by a representative of the
geotechnical engineer. Any areas identified as being soft or yielding should be over-
excavated to the depth determined by the geotechnical engineer. In some instances,
re-compaction may be inappropriate and should be limited at the discretion of the
geotechnical engineer. In areas where subgrade is excessively soft or loose, use of
quarry spalls or placement of a geotextile fabric separator conforming to Section 9-33
Construction Geotextile for Separation of the WSDOT Standard Specifications.

4.3.4 Structural Fill Materials

All fill placed below areas to be paved or behind culvert walls should be considered
structural fill. All foundations should be underlain by a minimum 1-foot thick of
compacted crushed rock conforming to the requirements of Section 9-03.9(3) Crushed
Surfacing Base Course of the WSDOT Standard Specifications. Culvert and trench
backfill should consist of a well-graded, free-draining sand and gravel containing less
than 7 percent fines by weight (material passing the U.S. Standard No. 200 sieve)
based on the portion of the material passing the % inch sieve. We anticipate that a
portion of the on-site soils may be suitable for re-use as structural fill, depending on
where it is excavated from and how much mixing may occur with soils with high fines
content during excavation and stockpiling. However, re-use of on-site soils may be
impractical due to limited construction staging area. We recommend that the project
budget include a provision for import of all culvert backfill, with a unit price deduction for
provide cost savings when on-site soil can be used. All imported backfill should
conform to Section 9-03.14(1) Gravel Borrow of the WSDOT Standard Specifications.

Pipe bedding should confirm to manufacturer's recommendations or appropriate
WSDOT Standard Specifications.

4.3.5 Structural Fill Compaction

All structural fill placed below structures or pavements should be compacted to a
minimum of 95 percent of its modified proctor maximum dry density (MDD). Material
placed within 3 feet of culvert walls should be compacted to 92 percent of its MDD to
reduce the potential for over-stressing the structure. Structural fill should be placed in
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maximum 12-inch thick loose lifts and within 3 percent of its optimum moisture content.
Use of lighter compaction equipment may require placing material in thinner lifts, such
as 4-inch thick loose lifts for small walk-behind plate compactors.

Structural fill, even when properly compacted may settle 1 to 2 percent of its volume.
Therefore, there is potential for differential settlement between the rigid culvert lid
(which will directly support the new pavement) and the adjacent ground surface that will
be supported on structural fill. We recommend that paving around the culvert be
performed as late in the project schedule as practical to allow as much settlement as
possible to take place. Alternatively, approaches to the culvert could be constructed on
rigid pavement slabs that are hinged to the culvert, similar to bridge abutment approach
ramps.

4.4 EXCAVATION SUPPORT

4.4.1 General

We anticipate that the south half of the culvert will be constructed in a cut with depths
less than about 10 feet. Excavations for the north half of the culvert, which incorporates
the sediment trap, may be up to about 18 feet deep. Due to the anticipated closure of
only one lane of SE 30" at a time, proximity to adjacent structures, and existing utilities,
we anticipate that it will be necessary to brace andfor shore the excavations.
Furthermore, due to a relatively shallow groundwater table, construction dewatering will
be required.

For this site, driven sheeting may provide an economical temporary support system.
However, due to multiple utility crossings through the area, it may not be practical to run
continuous sheeting across the excavation face to achieve a relatively water tight
shoring system.

4.4.2 Shoring Installation and Removal

Installation and removal of shoring will likely induce vibrations, and removal will leave
minor voids, that will cause limited backfill settlement. We recommend that all shoring
be removed and final subgrade compaction be performed before placing hot mix
asphalt. This means that staged road closures should utilize gravel surfacing with final
paving delayed until shoring is removed and subgrade can be re-compacted to meet
structural fill requirements.
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4.5 DEWATERING

Subsurface conditions encountered during this investigation suggest that groundwater
control measures will be required to provide a dry and stable subgrade for construction
of the culvert. The fine to coarse sand unit occurring below a depth of about 8 feet
should be conducive to conventional dewatering methods. However, the proposed
invert elevation in relation to the peat/organic silt interbeds and deeper silt unit may
require supplemental sump pumping. Variations in the soil type and variable soil
permeabilities along the culvert alignment could produce significant variations in the
estimated flow volume and require more extensive dewatering methods. It is important
that dewatering be continued through construction until the backfill has been installed to
at least the level of backfill reaches the water level on the outside of the excavation.

Consideration will be need to given to the potential for loose sands to flow or run into
dewatered excavations and potential of softening or disturbance of subgrade soils due
to dewatering. Bottom instability could occur in culvert cuts due to heave of the silty
sand soils if the hydraulic gradient is too steep where the water enters the bottom of the
cut. For sandy soils, preventative measures consist of extending the sheeting to a safe
distance below the bottom of the trench, and extending groundwater control measures
to below the bottom of the cut. We estimate that for a 10-foot deep cut the sheeting
should extend at least 6 to 8 feet below the bottom of the cut. For a 15-foot deep cut
the sheeting should extend to at least 15 feet below the bottom of the cut.

To reduce disturbance at the bottom of the cut, and to provide a stable working base for
the culvert foundation, we recommend installation of a stabilizing working blanket of
free-draining granular fill at the bottom of the culvert cut. The free draining blanket
should consist of at least 12 inches of imported material conforming to Section 9-03.9(3)
Crushed Surfacing Base Course of the WSDOT Standard Specifications.

Groundwater draw downs due to dewatering may induce settlement in compressible
soils such as soft silt or clay, or peat. The contractor should be required to submit a
construction dewatering plan that addresses excavation base stability and potential
draw down impacts. Kleinfelder can provide support in preparing shoring and
construction dewatering specifications, if desired.

4.6 UNDERPINNING
Any structure, foundation, or utility that lies within a horizontal distance of H from the
excavation, where H is the height of the cut or braced or shored excavation, should be
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underpinned and/or the shoring designed to carry the surcharge imposed by the
structure. Underpinning may also be required due to dewatering-based settlement.
The contractor should be responsible for protection of any existing nearby structures.

4.7 HOT MIX ASPHALT

Existing pavement encountered in our explorations ranged from 2 to 4% inches of hot
mix asphalt with little to no discernable base rock. We recommend that demolished
pavements be replaced by a minimum of 4 inches of Hot Mix Asphalt in accordance with
WSDOT Standard Specifications and be underlain by 4 inches of crushed surfacing
base course.

CONTINUING SERVICES

We understand that Kleinfelder will be retained to provide construction observation
services including subgrade verification, structural concrete testing and inspection,
backfill testing and inspection, and asphalt testing and inspection. We recommend that
Kleinfelder be retained to review shoring, dewatering and underpinning plans submitted
by the contractor.
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6.0 LIMITATIONS

Recommendations contained in this report are based on the field explorations and our
understanding of the proposed project. The investigation was performed using a
mutually agreed upon scope of services. It is our opinion that this study was a cost-
effective method to explore the subject site and evaluate the potential geotechnical
concerns.

The soil data used in the preparation of this report were obtained from explorations
completed for this study. It is possible that variations in soil and groundwater conditions
exist between the points explored. The nature and extent of these variations may not
be evident until construction occurs. If soil or groundwater conditions are encountered
at this site that are different from those described in this report, our firm, and the design
team, should be immediately notified so that we may make any necessary revisions to
our recommendations. In addition, if the scope of the proposed project, locations of
facilities, or design loads change from the descriptions given in this report, our firm, and
the design team, should be notified.

The scope of our services does not include services related to construction safety
precautions and our recommendations are not intended to direct the contractor's
methods, techniques, sequences or procedures, except as specifically described in our
report for consideration in design.

This report has been prepared for use in design and construction of the subject property
for Herrera Environmental Consultants and their consultants in accordance with the
generally accepted standards of practice at the time the report was written. No
warranty, express or implied, is made.

This report may be used only by Herrera Environmental Consultants and their
consultants and only for the purposes stated within a reasonable time from its issuance,
but in no event later than one year from the date of the report. Land or facility use, on
and off-site conditions, regulations, or other factors may change over time, and
additional work may be required with the passage of time. Any party other than Herrera
Environmental Consultants who wishes to use this report shall notify Kleinfelder of such
intended use. Based on the intended use of the report, Kleinfelder may require that
additional work be performed and that an updated report be issued. Non-compliance
with any of these requirements by the client or anyone else will release Kleinfelder from
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any liability resulting from the use of this report by any unauthorized party and client
agrees to defend, indemnify, and hold harmless Kleinfelder from any claim or liability
associated with such unauthorized use or non-compliance.

It is the responsibility of Herrera Environmental Consultants to see that all parties to the
project including the designer, contractor, subcontractors, etc., are made aware of this
report in its entirety. The use of information contained in this report for bidding purposes
should be done at the contractor's option and risk. Further guidelines and information
on this geotechnical report can be found in Appendix C, in the ASFE publication entitled
Important Information About Your Geotechnical Engineering Report.
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LI T I = R S T A S R T B - > o i) o — e —
] S22 | SM | SILTY SAND (SM}): gray, wet, loose, fine
- ] 1 ¢ 10 coarse sand, trace fine gravel
] i 4 ML [ || TSANDY STCT (ML) gray-green, wet, soft. |
fine sand (non-plastic),
4 1| 0 Z S-3
] | A sM 11T STUTY SAND (SM): gray, wet, loose, hine |
: _ : 4 J to medium sand.
10 1193 P42 4 S-4
o . : b
] ] 8 [ |
| | 2 5-5
3 7
| | 4 SM LT SIETY SAND (SM): gray, wet, medium |
15— al = .1|>| dense, fine to coarse sand, trace fine to
7 S-6 | coarse gravel,
- e R x
2 14 3
- 4 I
y : SM EETSILTY SAND WITH GRAVEL (SM). |
20— = i s Fol] gray, wet, very dense, fine to medium sand,
Wil .3 5 S7 1 some fine gravel. [TILL]
by y 28 | ;
] ] 28 | G e et
SM =1L SILTY SAND WITH GRAVEL (SM): light
i - - {:17) gray, moist to wet, very dense, fine 1o
=].1{ medium sand, fine to coarse gravel. [TILL]
N .| SR
25 12 58 % f |
1 1 18 g2
Ty — % L Ll |

Groundwater encountered at approximately
5 feet bgs during drilling as evidenced by
wet soil/sampler. Backfilled with natural
material and medium bentonite chips.

DATE DRILLED: 4-20-07
LOGGED BY: D. Divine
REVIEWED BY: M. Byers

SURFACE ELEVATION (feet):
TOTAL DEPTH ({feet): 26.5
DIAMETER OF BORING (in)f-inch

DRILLING METHOD: HSA
DRILLER: Holocene
CASING SIZE: NA

THIS SUMMARY APPLIES ONLY AT THIS LOCATION AND AT THE TIME OF LOC

m](LEINFELDER

SOILS AND MATERIALS TESTING

PROJECT NUMBER: 82981

GEOTECHNICAL AND ENVIRONMENTAL ENGINEERS

Sunset Creek Culvert
Bellevue, WA
A-5
BORING LOG
B2 PAGE 10f 1

NG, CONDITIONS MAY DIFFER

AT OTHER LOCATIONS AND MAY CHANGE AT THIS LOCATION WITH TIME, DATA PRESENTED IS A SIMPLIFICATION.

APPROV:

BY:




TESTING PROGRAM
_ [ LABORATORY | FIELD|; US.LS
= = £ 2 - _ |Bg - a3
g WELLPIEZO 3|3 E F @ LI E|3Z % 9 |=|g| SOILDESCRIPTION
= CONSTRUCTION == 2 = 2z S: 2|Ce g &2 | 2| S
2 22z 5 S gm =:g|#5 | 2 |2 | =
== o g e 2= |28 3| & o
: g2 £ S ] 2% |33 e
. = . : e : Asphalt street
328 E ? }qf E EI urface: Asphalt stree
“ (-™ H
MEET 4.5 inches Asphalt
] l SM ELTISIETY SAND with GRAVEL (SM): moist,
brown, medium dense to loose, subrounded |
4 1 =] to rounded gravel.
| ] o 5-1
7
1 8
5 7 3| 5-2
4 4 |
] = 4
i ol :
] | 1 83 L b
SP-SMETE SAND with SILT (SP-SM): wet, gray, very
] ] 1 | loose 1o loose, line 1o coarse sand, trace
5 | gravel.
10— 1 0 S-4
. . |
= =] I |
1 ] 2 | &5 _
] ] 3 | - 0.5 inch PEAT lense at 13.4 feet,
" .
_ | X
4 3 8
20- T 1 [ s7 .
. 1 1 1 - 8 inches of interbedded PEAT/ORGANIC
| ] 5 1 SILT at 20.8 feet.
1 7 MH SILT (MH}: wet, gray, soft, trace sand.
25 . 1 X S-8
1 ] 2 - 2 inch SAND seam at 26 feet,
] | 1
] i SAND (5P}): wet, gray, medium dense, fine
“ | 1 to coarse sand, trace silt.
30

DATE DRILLEID: 8-24-07
LOGGED BY:.J. Washburn
REVIEWED BY: M. Byers

TOTAL DEPTH (feet): 36.5

SURFACE ELEVATION (feet):

DRILLING METHOD:HSA
DRILLER: Gregory

DIAMETER OF BORING (in)%-inch CASING SIZE:NA

ING. CONDITIONS MAY DIFFER

THIS SUMMARY APPLIES ONLY AT THIS LOCATION AND AT THE TIME OF LOGC

m KLEINFELDER

GEOTECHNICAL AND ENVIRONMENTAL ENGINEERS
SOILS AND MATERIALS TESTING

2002 STAN, INFUTIALL DUTPUT BR981.GPJ JO00REV.GOT 10vZ3mr

PROJECT NUMBER: 82981

Sunset Creek Culvert
Bellevue, WA

BORING LOG
B3

A -ba

PAGE 1 0f 2

AT OTHER LOCATIONS AND MAY CHANGE AT THIS LOCATION WITH TIME. DATA PRESENTED IS A SIMPLIFICATION.

APPROV

BY:



GING., CONDITIONS MAY DIFFER

THIS SUMMARY APPLIES ONLY AT THIS LOCATION AND AT THE TIME OF LOC

2002 ETAN. INPUTIALL QUTPUT 82881.GF) 2000REV.GDT 1042307

TESTING PROGRAM —
. LABORATORY | FIELD) * R
i . : E i‘\': ;“" — E? el - = v
& WELLPIEZO §|,3 E £ o2 £ F |22 98 |23 SOIL DESCRIPTION
= CONSTRUCTION =z = Z Zh 4 E |2 2| 22 | 2| =
B | =5 = - o = F = A ==
: W == = =] gm - a = - & -
] El2E @ g 42 EiZ |Z2E < ¥z @ |
=] ; | c% !; S A Iz EE. i
= ;. o &5 B
=3 §¥= 58 |3
30 -‘ | ] : : 3 9 5-9
. - L ; : 17
4 J I8
35 7 8 17 s10
i | ' X
B6.5 ; .
8 Groundwater encountered at approximately
7.5 feet bgs during drilling as evidenced by
wet soil’sampler. Backfilled with natural
material and medium bentonite chips,
* SAMPLER Cal, (3"0D) @ SPT (2" OD) Caore Shelby I]] Grab No
TYPE Split Spoon Split Spoon Sample Tube” Recovery
# " 300 Ihs 140 Ibs
Sunset Creek Culvert
m Bellevue, WA
KLEINFELDER A-6b
GEOTECHNICAL AND ENVIRONMENTAL ENGINEERS
SOILS AND MATERIALS TESTING BORING LOG
PROJECT NUMBER: 82981 B3 PAGE 2of 2

AT OTHER LOCATIONS AND MAY CHANGE AT THIS LOCATION WITH TIME, DATA PRESENTED 1S A SIMPLIFICATION.

APPROV:

BY:



Particle Size Distribution Report
. B p g £ o o9 O
- = 5555;\55 3 E §8% ¥ s8¢
80 _\“«.
80
e
70 _\
i B Y
= 2 ,
L
S s \
LL "
o \
Ly 40
o '8
30
20 .
10 \
0
100 10 1 R 0.0 0.001
GRAIM SIZE - mm.
8% 43" % Gravel % Sand % Fines
* Coarse Fine Coarsa Madium Fine Silt Clay
0.0 0.0 18.48 8.6 24.6 84 9.6
SIEVE PERCENT SPEC.” PASS? Material Description
SIZE FINER PERCENT | (X=NO) Well-graded sand with silt and gravel
34" 100.0 Laboratory No.: 761 1A
12" 93.8 Moisture Content: 14.9%
g" £9.2
#4 g1.2 Atterberg Limits
#8 74.5 PL= LL= I=
#10 72.6 Coefficients
#16 67.3 Dgg=6.6171 Dgo= 07518 Dgp= 0.4613
#30 56.3 D3p=0.2314  Dqg=0.1166 Dig= 0.0777
#40 48.0 Cy= 9.68 Ceo= 0.92
#50) 3nl
Remarks
Entered By: B. Kochanski
¥ (no specification provided)
Sample Number: 5-2
Source of Sample: B-1 Depth: 5' Date: 5-7-07
Kleinfelder, Inc. SHenk: ‘Ferex
Project: Sunset Creek Culven
Bellevue, WA Project No: $2981 Figure B-1

Tested By: B. Kochanski

Checked By: J. Revard. CET




Particle Size Distribution Report
$ sgss:%8 3 z ggsg $%E
100 \
90
a0
“
70 N
i \
= &0 \
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2 Y
L
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L 40
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a0
20
10 8
]
100 0 1 0.1 0.01 0.001
GRAIN SIZE - mm.
o 43" % Gravel % Sand | % Fines
Coarse Fine Coarse  Medium Fing Silt Clay
0 0 19 ) 25 i3 10
SIEVE PERCENT SPEC. PASS? Material Description
SIZE FINER PERCENT | (X=NO) Well-graded sand with silt and gravel
34 100 Laboratory No.: 761 1A
12" 94 Moisture Content: 14.9%
3" 29 its
#4 81 Atterberg Limits
#10 73
16 a7 Dge= 69169 Dgn= 0.7232 Dgg= 04570
#30 56 Dgg: 0.239] D?g: 0.1249 D?g- 0.0788
#40 43 Cu= 917 Ce= 1.00
#50 i7 gr o
#100 18 Classification
#200 10 USCS= SW-SM AASHTO=
Remarks
Entered By: B. Kochanski
: {no specification provided)
Sample Number: 5-2
Source of Sample: B-] Depth: 5 Date: 5-7-07
Kleinfelder, Inc. Client: Herrera
Project: Sunsel Creek Culvert
Bellevue, WA Project No: 82981 Figure

Tested By: B. Kochanski

Checked By: J. Revard, CET




Particle Size Distribution Report
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100 10 1 0.1 0.01 0.001
GRAIN SIZE - mm.
8% 43" % Gravel % Sand % Fines
* Coarse Fine Coarse  Medium Fing Silt Clay
0.0 0.0 22.0 4.3 16.6 44.2 129
SIEVE | PERCENT | SPEC." | PASS? Material Description
SIZE FINER PERCENT | (X=NOj} Silty sand with gravel
34" 100.0 Laboratory No.: 761 1B
12" B6.3 Moisture Content: 17.1%
/8" 4.0
#a 78 1) Atterberg Limits
48 74.4 PL= L= Pl=
#10 3.7 Coefficients
#16 T0.8 D55= 10.7583 Dﬁg- 0.4933 D5g= 0.3443
#30 63.8 Dag: 0.1873 Dy 5= (LOB6E D1 o=
#40 57.1 G Cem
#30 454 :
#100 22.8 Classification
Remarks
Entered By: B. Kochanski
. |
(no specification provided)
Sample Number: 5-6
Source of Sample: B-| Depth: 15' Date: 5-7-07
Kleinfelder, Inc. Client: Herrera
Project: Sunset Creck Culvernt
Bellevue, WA Project No: 82981 Figure  B-2

Tested By: B. Kochanski / R. Muir

Checked By: J. Revard, CET




Particle Size Distribution Report
£ sss<55g 3 : gggg £YE
100
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e
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100 10 1 GX] 0.0 0.001
GRAIM SIZE - mm,
% «3" % Gravel % Sand % Fines
| Coarse Fine Coarse Medlum Fine Silt Clay
0 | o 22 4 17 44 13
SIEVE PERCENT SPEC.” PASS? Material Description
SIZE FINER PERCENT | (X=NO) Silty sand with gravel
34" 100 ' Laboratory No.: 76118
J{E: Ej Moisture Content: 17.1%
) Atterberg Limi
i li PL LL
#8 74 = = Ph=
#10 74 Coefficients
#16 71 Dgs= 114534  Dgp= 0.4804 Dsg= 0.3406
#30 i Daﬂ- (0.1943 D 15= 0.0924 Df 0=
#40 57 U= o=
#50) 45
#100 23 Clagsification
Remarks
Entered By: B, Kochanski
" (o specification provided)
Sample Number: 5-6
Source of Sample: B-1 Depth: 15 Date: 3-7-07
Kleinfelder, Inc. Client: Herrera
Project: Sunset Creek Culvern
BE“E\I’I.IE, WA Project No: 82041 Figure

Tested By: B. Kochanski/ RB. Muir

Checked By: J. Revard, CET




Particle Size Distribution Report
e 5 =
L= | =R — S g £ © o anncggg
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0
100 0 1 0.1 0.01 0.001
GRAIN SIZE - mm.
% +3" % Gravel % Sand % Fines
Coarse Fine  Coarse  Medium Fine Sil Clay
0.0 |00 0.2 0.3 3.3 53.9 42.3
SIEVE | PERCENT | SPEC." | PASS? Material Description
SIZE FINER PERCENT | (X=NO) Silty sand
e 100.0 Laboratory No.: 7611C
#a Y98 Moisture Content: 19.8%
#8 99.5
#10 gy 5 Atterberg Limits
416 992 PL= LL= Pl=
#30 08.3 Coefficients
#40 06.2 Dgs= 0.2666 Dgp= 0.1311 Dgp= 0.0956
#50 89.3 Dag= Dis= Dig=
#100 64.3 Gu= C¢= ’
#200 423
Classification
USCS= 5M AASHTO=
Remarks
Entered By: B. Kochanski
: (o specification provided)
Sample Number: S-4
Source of Sample: B-2 Depth: 10 Date: 5-7-07
Kleinfelder, Inc. | Client: Herrera
Project: Sunset Creek Culvert
Bellevue, WA Project No: 82981 Figure B-3

Tested By: R. Muir Checked By: J. Revard, CET




Particle Size Distribution Report
g £ < ¢ E E & 2 g
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o
W &0
=
™
E s
i
E )
Ll 40 i
o
3o
20
10
o
100 10 1 0.1 0.01 0.001
GRAIN SIZE - mm.
o% 43" % Gravel % Sand % Fines
Coarse Fing Coarse  Medium Fina Silt Clay
0 0 0o |1 3 54 42
SIEVE PERCENT SPEC.” PASS? Material Description
SIZE FINER PERCENT | (X=NO) Silty sand
M 100 Laboratory No.: 7T611C
#4 100 Muoisture Content; 19.8%
# {
#IE(J l;ﬁ Atterberg Limits
#16 99 PlL= = Pl=
Eg g: 5 EE:Tn_efficients
= {2612 =1(.1329 Dgp= 0.0872
#50 89 DEE- Die- Djo-
#100 64 U= c=
#200 42
USCS= M AASHTO=
Remarks
‘ Entered By: B. Kochanski
" (no specification provided)
Sample Number: 5-4
Source of Sample: B-2 Depth: 10 Date: 5-7-07
Kleinfelder, Inc. Client: Hemera
Project: Sunset Creek Culvert
BE"EVLIE, WA Project No: 82981 Figure

Tested By: R. Muir

Checked By: J, Revard, CET




Particle Size Distribution Report
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E =0
i
i
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100 10 1 0.1 0.01 0.001
GRAIN SIZE - mm.,
o% 43" % Gravel % Sand % Fines
Coarse Fine Coarse  Medium Fing Sin Clay
(1.0 3.3 16.9 5.2 10.5 5.6 28.5
SIEVE | PERCENT | SPEC.' | PASS? Material Description
SIZE FINER PERCENT | (X=NO) Silty sand with gravel
1" 100.0 Laboratory No.: 761 1D
34" 96.7 Maoisture Content: 11.1%
12" S0 Limits
38" 85.5 Atterberg Limits
H#A 15.6 nts
#10 74.6 Dge= 89911 Dep= 0.3380 Den=0.2121
#16 72.2 D%S: 0.0809 n?§= D;‘ig-
#30 68.1 Cy= Ce=
#40 64,1
#50 57.9 Classification
Entered By: B. Kochanski
" ino specification provided)
Sample Number: 5-7
Source of Sample: B-2 Depth: 20 Date: 5-7-07
Kleinfelder, Inc. Client: Herrera
Project: Sunsetl Creek Culvert
Bellevue, WA Project No: 82981 Figure B-4

Tested By: R. Muir

Checked By: J. Revard, CET




Particle Size Distribution Report
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SRAIM SIZE - mm.
8 43" % Gravel | % Sand %: Fines
Coarse Fine Coarse  Medium Fine Silt Clay
0 i 17 11 35 29
SIEVE PERCENT SPEC." PASS? Material Description
SIZE FINER PERCENT | (X=NO) Silty sand with gravel
1" 100 Laboratory No.: 76110
34" 97 Moisture Content: 11.1%
112" 90
38" 85 Atterberg Limits
14 R0 PL= L= Pi=
43 76 Coefficients
#10 75 Dgs=9.1888  Dgg=0.3339 Dgg= 0.2112
#l6 72 Dap=0.0813 Dys= Dyp=
#30 68 - o
#40 64 ——
#30 58 Classification
#200 29 Remarks
Entered By: B. Kochanski
I

" (no specification provided)

Sample Number: S-7

Source of Sample: B-2 Depth: 200 Date: 5-7-07
Kleinfelder, Inc. Client: Herrera
Project: Sunset Creek Culvernt
Bellevue, WA Project No: 82981 Figure

Tested By: R. Muir Checked By: J. Revard, CET




Important Information About Your

-~ Geotechnical Engineering Report

Subsurface problems are a principal cause of construction delays, ¢

The following Information is provided

O30 OVErruns, t""._il’."?"'H and EI']'\I ouifes.

lo help you manage your risks.

Geotechnical Services Are Performed for
Specific Purposes, Persons, and Projects
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A Report's Recommendations Are Not Final

Do not overrely on the construction recommendations included in yo
reporl. Those recommendalions are not final. because geolechnical en _1.
negrs develop them pringi from judgment and opinion. Geotechnical
engineers can finalize their recommendations only by observing aclua




subsurface conditions revealed during consiruction. The geotechnical
enginaar who developed your rapord cannol assume responsitility or
fiahility for the raport’s recommendations if thal engineer does nof perform
consinichion obsarvafion

A Geotechnical ing Report Is tto
Engineering Report Is Subjec

Other design team members’ misilerprelation of geotechnical enginesring
reqarts has resulted in costly problems. Lower thal risk by having your geo-
technical enginear confer with appropriate members of the design team afler
submitting the report. Alsa retain your geotechnical enginger to review perti-
nent elements of the design leam’s plans and specifications. Contraclors can
als0 misinterpret a gentechnical engineering report. Reduce that risk by
having your geotachnical engineer participate in prebid and preconstruction
conferences, and by providing cansiriction observation

Do Not Redraw the Engineer's Logs

Geolechnical engineers prepare final boring and festing fogs based upon
[heir interpretation of field logs and laboratory data. To prevent errors or
pimissions, the logs included in & gealechnical engineering report should
never be redrawn for inclusion in architectural or other design drawings
Only pholographic or electronic reproduction is acceptable, but recogmize
fhat separafing fogs from fhe report can elevale risk

Give Contractors a Complete Report and
Guitdance

Some owners and design prolessionals mistakenly believe they can make
cantractors liable lor unanficipaled subsurface condifions by limiting what
they provide for bid preparation. To help prevent costly problems. give con-
traclors ihe complete geotechnical engineering repor. but preface it with 2
clearly written lelter of Iransmiltal. In thal leller. adwise contractors thal the
repart was nol prepared lor purposes of big development and thal the
report's accuracy is limited; encourage them 1o conder wilth (he geolechnica
enginear who prepared the report (2 modest fes may be required) and/or lo
conduct acditional study 1o obiain the specific types of information they
need or prefer. A prebid conference can aiso be valuable, Be sure comlrac-
tors have sufficlent time to perform additional study. Only then might vou
be in & position 1o give contractors the best infarmation available to you,
while requiring them 1o at least share some of the financial respansibililies
stemming from uranticipated conditions

Read Responsibility Provisions Closely

Some clients; design protessionals, and contractors do not recognize thal
geotechnical engineering 15 far less exacl than other engineering disci-
plines. This lack ol undersianding has created unrealistic expectations thal

g — — —

“\\I
have led o disappointments. claims. and disputes. To help reduce the risk
ol such oulcomes. geotechnical engineers commonly includg a variety of
explanalory provisions in their reports, Sometimes labeled “limitations’
many of these provisions indicate whete geotechnical engineers’ responsi-
bilities begin and end, to help others recognize their own responsibilities
and risks. Read Mhese provisions closely Ask guestions. Your geotechnical
enginegr should respand fully and frankly

Geoenvironmental Concerns Are Not Covered

The equipment. lechniques, and personnel used fo perlorm a gegemviron-
menial sludy difter significantly from those used to perfarm a geofectinical
study. For that reason. & geotechnical enginearing repor does nat usually
relate any gecenvironmental lindings, conclusions, or recommendations;
... aboul the likelihood ol encourening underground storage tanks or
requialed contaminans. Linsnbicipafed emvironmental problems have e
I numerous prayec! faures. 1| you have not ye! obiained your own geoen
vironmental information. ask your geotechmcal consulfant for risk man-
agemen! quidance. Do nof rely on an environmental repor prepared for
SOMene ise.

Obtain Prolessional Assistance To Deal with Mold
Diverse strategies can be applied during building design, construction
operation, and mainlenance 1o prevent significant amounts of mold from
growing on indoor surfaces. To be effective, all such strategies should be
devised for the express purpase of mold prevention, integrated into & com-
prehensive pian, and exsculed with difigent oversighl by a prolessional
mo'd prevention consuilanl. Because jusl & small amount of water of
miaistura can lead 1o e development of severe mold intestalions, a num-
ber of mokd preventian strategies 1ocus on keeping building surlaces dry
While groundwater. water infillralion, and simifar issues may have Deen
addressed as par of ine geotechnical enginesring study whose lindings
are conveyed in this report. the geotechnical engineer in charge of this
oot is not & mald prevention consultant, mone of the services per-
formed in connection with the geotechnical engineer’s study
were designed or conducted for the purpose of mold preven-
tion. Proper implementation of the recommendations conveyed
in this report will not of itself be sufficient fo prevent mold from
growing in or an the structure involved.

Rely, on Your ASFE-Member Geotechncial

En for Additional Assistance

Membership in ASFE/The Best People on Earth exposes geotechnical
engineers [0 wide array of risk management technigues that can be of
genuine benelit lor everyone involved with a canstruction project. Conler
wilh you ASFE-member geotechnical engineer for mare information

ASFE

The Besl Feople an Earih

8811 Colesville Road/Sulle G106, Silver Spring. MO 20910

Telephone 301/565-2733

Facsimike: 301/589-2017

e-mail: info@asleorg  www.aske org

Copyright 2004 by ASFE. Ing. Duphealion, reprodiction. or copiing of this document. (1 whale or in pat by amy means whalsoewr. & shictly prohibiisd. excapd (il ASFES
SERCTIC WYRNEn parmussion. Excerpimg, quoting, ov oiferwise sxracting wordsig from e docoment i permiffed onfy with [he express wimfen pesmission of ASEE. ad oy for
putpuses of scholarly research or book raview. Only mambers of ASFE may use this documinn 353 eomiplement o or as ai slemant of @ geatechmical engieering report, Any other
firmy, Ingividugl or other emily 1hal 50 wses Ns dociment withou! being an ASFE mamber cowld he commiting negligent o FRENanal (Frasdulem) Trsrapresaniamm.
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APPENDIX B

Analysis of Sunset Creek
Culvert Replacement Options at
SE 30th Street (Dustin’s memo)






10800 NE 8" Street

a C IVILTECH Bellovue, WA 98004

ENGINEERING Tel: 425.453.6488
Fax: 425.453.5848

May 3, 2007

Herrera Environmental Consultants
2200 Sixth Avenue, Suite 1100
Seattle, WA 98121

Attention: Chase Barton

Reference: SE 30™Sunset Creek Improvements
Subject: SE 30™ St. Culvert Replacement Considerations
Dear Chase,

As a part of the Sunset stream flow improvement project, a new culvert to replace the existing
two 36” diameter corrugated metal pipes (CMP) crossing SE 30" Street was studied. The study
included an evaluation of upsizing the existing stream opening and providing a sedimentation
facility at the SE 30™ Street location. Currently, the existing pipes are too small for a flood
event plus the sediment deposit downstream of the culvert is exacerbating the problem.
Therefore, a sedimentation facility will provide a trap to capture most of the fine soils in the
stream and minimize continuous downstream migrations.

Several factors are important in selecting the size, type, and arrangement of the culvert
structure. These factors include:

1. Maintaining the existing SE 30" Street profile
Maintaining the existing stream flow alignment and the up and downstream channel
widths
3. Minimum impacts to the existing utilities, especially the 5’ diameter Metro Sewer
manhole, telephone vault, and fire department connection
Maintaining one lane traffic flow during construction
Providing a sedimentation facility for about 100 cubic yards of sediment soil
Minimum impacts to the adjacent properties and their businesses
Minimum disturbance to the existing rockeries along the stream banks

N oo

Based on these criteria, it was found that the existing 5’ diameter manhole for the Metro
Sewer at the east and the fire department connection at the west of the existing CMP
constitute the most critical space restriction to the size of a new culvert. The preliminary
study found that close to 12’ in clear span and 15’ in total depth for a new culvert can be
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considered. These limits apply only to the south area of the road close to the manhole. At
other areas, the size of the culvert could be increased.

Low high rockeries at the upstream of the existing CMP pipes were found to have a plan
opening of about 10’ to 12°. At the downstream site, similar but slightly wider opening
between the existing rockery banks was noted.

Precast structures are an economical and viable solution to facilitate and reduce project
construction time. Three or four sided concrete box culverts can be applied depending on the
foundation soils and the requirements from the sedimentation facility. The three or four sided
precast culverts are typically fabricated to about 5’ to 10’ wide in segments. This size is
relatively light and can be easily transported, lifted, and erected at the site using a light crane.

A new sedimentation facility was evaluated at the same culvert location. In order to avoid
construction impacts to the existing Metro Sewer manhole and the connected sewer lines, it is
recommended that this facility be located at the north portion of the street. This facility can
be constructed and integrated into the new culvert structure. A general layout plan and
sections are shown in the attached hand sketches Sheets 1 through 3.

The sedimentation capacity can be arranged based on various combinations of the horizontal
length (W) and height (H) shown in the Sheet 2. Higher construction costs are expected when
deeper and larger sedimentation capacity is required due to taller wall structures and more
excavation or shoring system. Sections in the Sheet 1 show two culvert types that are
available in the market: one with rectangular and one with arch type culverts.

Based on the culvert arrangement, it is suggested to fabricate all precast segments with same
dimensions for the entire culvert length. At the south section of the culvert where the culvert
walls are relatively low, the precast segments could be found directly on cast-in-place footings.
At the north section of the culvert however, taller culvert walls are required. Cast-in-place
pedestal walls can then be utilized to compensate the extra wall heights in addition to the
precast segments. This approach provides an economical solution due to a simplification in
designs and in casting and erecting precast segments.

Smaller utility lines such as gas, underground communication lines and water pipes could be
embedded in the precast lid or located in the space between the sidewalks and precast lid.
Penetrations for utilities located in the lid and/or inserts for utility supports can be cast into
the precast units. The utility lines can then run through these penetrations after the culverts
are erected at the site. As an alternate, they could be mounted to the exterior faces of the
culvert or laid below the culvert footings. Larger size utilities that cannot be accommodated
by the methods described above will need to be re-routed and re-located below the culvert
footings.

If it is desirable, access holes for future cleaning of the soils deposited in the sediment facility
can be located at the top of the precast culvert lid. City of Bellevue Maintenance Department
will need to provide us with number of the access holes and its spacing for incorporation.
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In order to maintain one lane traffic flow at all times, construction of the culvert will need to
be executed in two phases. The 1" Phase could start at the south portion of the culvert for a
length that is sufficient to accommodate one traffic lane, a sidewalk, and a temporary barrier.
The 2™ phase would then continue the remaining culvert that involves taller walls,
sedimentation facility, and others.

The findings above did not consider a bypass channel or pipe to facilitate the cleaning of the
sediment facility; thus it is not shown on the sketches. If it is desirable, such a bypass system
can be located west of the culvert, but the fire department connection will need to be
relocated or be temporary supported during construction.

At this point in time, CivilTech understands that the followings parameters will be identified
during the next phase of design.

e Culver opening

e Bypass opening

e Sediment storage capacity

e Down-slope and up-slope of storage facility

e Shallow foundation versus deep foundation

e Number and spacing of access holes

We hope that we have provided sufficient information for the City of Bellevue to evaluate
their alternatives. Please let us know if we can further assist you.

Respectfully Submitted,

CivilTech Engineering

Dustin C. Ong, PE SE

Enclosures: Sketches 1-3
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GENERAL NOTES: LOG NOTES: UTILITIES AND AGENCIES
MATERIAL SHALL NOT BE STORED OUTSIDE OF IDENTIFIED STAGING AREAS, DECKED LOGS SHALL BE ACCESSIBLE FOR INSPECTION.
d CITY OF BELLEWUE CITY OF BELLEWE — PERMIT CENTER
UNLESS APPROVED BYY OWNER OR ENGINEER. 2. LOG TYPE IDENTIFICATION SHALL BE PAINTED ON ALL LOGS IN A PLACE
2. ALL EQUIPMENT SHALL USE ONLY BIODEGRADABLE HYDRAULIC FLUIDS. VISIBLE FOR INSPECTION PRIOR TO PLACEMENT WITH LEAD—FREE, BRIAN WARD — PROJECT MANAGER TRAVIS RIPLEY
3. CONTRACTOR SHALL LIMIT MACHINERY MOVEMENT TO PROJECT LIMITS BLAZE-ORANGE SURVEY MARKING PAINT. 450 110TH AVENUE NE (425) 452-6042
DEFINED ON SITE PLAN OR IDENTIFIED AS ACCEPTABLE BY ENGINEER. BELLEVUE, WA 98004
4. CLEARING LIMITS FOR TEMPORARY ACCESS ROAD AND PROPOSED (425) 452-5206
STRUCTURES SHALL BE LIMITED TO THE AREA REQUIRED FOR SAFE (425) 452-7856
EQUIPMENT OPERATION. CLEARING LIMITS SHALL BE STAKED BY CONTRAGTOR
AND APPROVED BY ENGINEER AT LEAST 3 DAYS PRIOR TO CLEARING EMAIL: BWARD@BELLEVUEWA.GOV
ACTIVITIES. CLEARING LIMITS SHALL BE STAKED TO MINMIZE THE AREA OF
DISTURBANCE. KING COUNTY DEPARTMENT OF NATURAL PUGET SOUND ENERGY (PSE CONSTRUCTION)
RESOUR
5. SEE SPECIFICATIONS FOR LOG TYPE (SPECIES), DIAMETER AND LENGTH d
EXCAVATIONS SHALL BE INSPECTED BY ENGINEER PRIOR TO PLACEMENT OF ERIC DASON JEANNE COLEMAN — MUNICIPAL CONSTRUCTION PLANNER
P.0. BOX 97034
6. LOG PLACEMENTS SHALL BE INSPECTED BY ENGINEER PRIOR TO BACKFILLING. 201 S. JACKSON ST, MAIL STOP MAIL STOP: EST-11W
7. CONTRACTOR SHALL PROVIDE 24 HOURS ADVANCE NOTICE TO THE ENGINEER R e 043855 BELLEVUE, WA 980099734
PRIOR TO ANY REQUIRED INSPECTION. CONTRACTOR SHALL SUBMIT A : (475) 4523488
CONSTRUCTION SEQUENCE PLAN FOR APPROVAL AT LEAST 5 DAYS PRIOR T0 (206) 584-1707 . N S oLemANaPSE.com
FAX: (206) 684-1710
8. APPROVED CONSTRUCTION SEQUENCE PLAN SHALL NOT BE ALTERED UNLESS ERIC.DAVISONGKINGCOUNTY. GOV
APFROVED BY ENGINEER.
9. EQUIPMENT USED FOR THIS PROJECT SHALL BE FREE OF EXTERNAL BELLEVUE WATER DISTRICT #1 COMCAST (FORMERLY AT&T BROADBAND)
PETROLEUM—BASED PRODUCTS WHILE WORKING AROUND THE STREAM.
ACCUMULATION OF SOILS OR DEBRIS SHALL BE REMOVED FROM THE DRIVE oKL g O ERATING & WATER MANTENANCE JLL LOOK
MECHANISMS (WHEELS, TRACKS, TIRES, ETC.) AND UNDERCARRIAGE OF (429) 452~ 1525 75TH ST. SW, SUITE 200
EQUIPMENT PRIOR TO ITS WORKING WITHIN THE CHANNEL. GREG KNIGHT EVeRETy WA 98205
10. EQUIPMENT SHALL BE CHECKED DAILY FOR LEAKS, AND ANY NECESSARY (425) 452-4493
REPARS SHALL BE COMPLETED PRIOR TO COMMENCING WORK ACTIVITIES. (425) 263-5346
11. THE CONTRACTOR IS RESPONSIBLE TO ENSURE THAT NO PETROLEUM FAX: (425) 263-5352
PRODUCTS, HYDRAULIC FLUID, SEDIMENTS, SEDIMENT-LADEN WATER, MOBILE: (206) 396-603
CHEMICALS, OR ANY OTHER TOXIC OR DELETERIOUS MATERIALS ARE ALLOWED EMAIL: JILL_L LODK@CAELE COMCAST.COM
TO ENTER OR LEACH INTO THE STREAM.
12,17 AT ANY TME, AS A RESULT OF PROJECT ACTIMTIES, FISH ARE OBSERVED
IN DISTRESS, A FISH KILL OCCURS, DR Wi QUALITY PROBLEMS DEVELOP BELLEVUE FIRE DEPARTMENT QWEST (US WEST COMMUNICATIONS)
(NCLUBNG EQUPMENT LEAKS OR SP\LLS) OPERAT\ONS SHALL CEASE AND _
R SHALL BE NOTIFIED IMMEDIATELY. HINGTON DEPARTMENT N‘?ZNS E;’g"cggg; GENERAL DAN RESSLER
OF FISH AND WBLITE AND WASHNCTON DEPARTENT O EQOLOGY SHALL BE (425) 452 1550 NEWPORT WAY NV, ROOM 42
CONTACTED IMMEDIATELY BY THE ENGINEER OR BY HIS/HER DESIGNEE. WORK FIRE PREVENTION PLAN REVIEW DESK |SSAQUAH. WA 98027
SHALL NOT RESUME UNTIL FURTHER APPROVAL BY OWNER'S REPRESENTATIVE. (425) 4524122
13. EROSION CONTROL METHODS SHALL BE USED TO PREVENT SILT—LADEN WATER (206) 345-3809
FROM ENTERING THE CREEK. INITIAL EROSION CONTROL MEASLRES ARE EMAIL: JOSEPH.RESSLERGQWEST.COM
SHOWN ON DRAWINGS ESC—1 AND ESC—2. THE CONTRACTOR SHALL SUBMIT A
TEMPORARY EROSION AND SEDIMENT CONTROL PLAN SHOWING ADDITIONAL
SITE SPECIFIC EROSION AND SEDIMENT CONTROL TECHNIQUES AND METHODS.
14. IF HIGH FLOW CONDITIONS THAT MAY CAUSE SILTATION OR EROSION ARE BELLEVUE POLICE DEPARTMENT ONE CALL
ENCOUNTERED DURING CONSTRUCTION, WORK SHALL STOP UNTIL THE FLOW
SUBSIDES. (425) 452-6917 UTILITY LOCATION
(800) 424-5555 OR 811
15. CONTRACTOR IS RESPONSIBLE FOR CALLING "ONE CALL” FOR UTILITY
LOCATES PRIOR TO CONSTRUCTION.  1(800)424-5555 OR 811
15. THE EXISTNG FEATURES AS SHOWN ON THE EXISTNG CONDITIONS PLAN WERE -
HE CITY OF BELLEVUE AND FROM SUPPLEMENTAL FIELD WORK PRV ER - EVUE = TRANSPORTATION
PERRORMED 57 APS.
JON REGALIA
450 110TH AVENUE NE
BELLEVUE, WA 98004
(425) 452-4599
B EMAIL: JREGALIAGBELLEVUEWA.GOV
i
H
§ 83
3 Hi
HEE
EE
gl
i = - 60% DESIGN - NOT FOR CONSTRUCTION <=
= [NO_[DATE[ BY [APPR REVISIONS 2200 S e N
Approved By City of
H S, Washington c aaron os/2008
§ asr21-1020 SE 30TH STREET / SUNSET CREEK S GENERAL NOTES
441 SR GAT | w.weszozonsa__os/2008
. L e CULVERT REPLAGEMENT PROJECT | = | S = Bellevue
i ; N, EnBANK os/200
& [[A oo [ ca | we[Revisions o eow oesien CONSULTANTS _hipihaew hetraing com FROJECT WANACER TATE | GHECKED BY d UTILITES DRAWING G-2 23




Opro}Y2006106-03501-001\CADIDWgS Phase 1G-3.cwg.

Pt

ch Wieszczecinski

1012272008 1:33 PM

ABBREVIATIONS:

APPROX APPROXIMATE(LY)

B CATCH BASIN

DBH DIAMETER BREAST HEIGHT
DIA DIAMETER

DWG DRAWING

ESC EROSION AND SEDIMENT CONTROL
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Lo LARGE WOODY DEBRIS
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OHP OVERHEAD POWER LINE
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Plot Date:

OREMOVAL NOTES:
REMOVE CONC CURB AND SIDEWALK

[

SAW CUTTING PAVEMENT

o

REMOVE ASPHALT CONC PAVEMENT

»

REMOVE CATCH BASIN

o

EXCAVATE AND REMOVE CMP CULVERTS

@

REMOVE SAFETY RAILING

REMOVE ROCKERY WALL AS NECESSARY
TO FACILITATE CULVERT INSTALLATION.

~

KEEP ROCK FOR CHANNEL MODIFICATIONS.

VERTICAL DATUM:

CITY OF BELLEVUE 140 NAVD'SS ELEV.
NER 3'x3' CONCRETE FOOTING
AT SW CORNER 128TH AVENUE SE AND SE

TOP NE CORNER 3'

GENERAL NOTES:

1

FOR REMOVAL, RELOCATION, AND ADJUSTMENT OF WATER VALVES,
FIRE_HYDRANTS, WATER METERS, AND OTHER FEATURES RELATED TO
WATER MAIN, SEE UTILITY PLAN, SHEETS C3 AND C4.

»

FOR REMOVAL OR RELOCATION OF POWER POLE AND TELEPHONE
POLE, SEE UTILITY PLAN, SHEETS C3 AND C4.

FOR REMOVAL, RELOCATION, AND ADJUSTMENT OF OTHER EXISTING
UTILITIES, SEE SHEETS C3 AND C4.
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STAGE 1

1. PREPARE ROAD CLOSURE AND PLACE CLOSURE SIGNS

STAGE 2
1. CLOSE NORTH LANES. MAINTAIN ONE LANE OPEN AT ALL TIMES,

STAGE 3
RELOCATE TEMPORARY TRAFFIC BARRIER AT THE LOCATION SHOWN

1.
ON SOUTH SIDE OF STREET. 2. OPEN NORTH LANE TO TRAFFIC, CLOSE SOUTH SIDE OF STREET
2. REMOVE STRUCTURES AND OBSTRUCTIONS 2. INSTALL TEMPORARY PIPE TO DIVERT STREAM FLOW (NOT SHOWN) 3. BEGIN EXCAVATION AND REMOVE EXISTING ROCKERIES AND REMAINING
3. INSTALL TEMPORARY SHORING (SOLDIER PILE SHOWN) AT LOCATIONS SHOWN. 3. START EXCAVATION AND REMOVE EXISTING ROCKERIES AND CMP CMP CULVERT. REMOVE SOLDIER PILES THAT INTERFERE WITH
4. INSTALL TEMPORARY TRAFFIC BARRIER CULVERT. NEW VAULT STRUCTURE. PROTECT EXISTING 5'¢ MANHOLE DURING
4. PREPARE FOUNDATION SOLLS EXCAVATION.
5. INSTALL 3-SIDED BOXES, 48"¢ TYPE 2 CB, AND 24"8 BYPASS PIPE 4. PREPARE FOUNDATION SOILS
6. CONSTRUCT BAFFLE WALLS, REMOVABLE LIDS, AND LADDERS 5. INSTALL 4-SIDED BOXES AND WING WALLS. CONSTRUCT 249 BYPASS
7. CONSTRUCT DOWNSTREAM CHANNEL MOD\F\CAT\ONS CONNECTION TO 48”2 C.B., PIPE, AND BAFFLES
6. CONSTRUCT UPSTREAM CHANNEL MODIFICATIONS
7. CONSTRUCT SIDEWALKS AND CURBS, PLACE ROADWAY CONCRETE
SURFACE OVER CULVERT, AND INSTALL HANDRAILS
¢ 48%0 CB. .
24"0 BYPASS BYPASS PIPE
ol / PIPE \
é A
— B
¢ NEW BOX —— N
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/BAS\N EXISTING CMP B = - VS Ll _ FLow
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I —— —_ %\ — - — FLow \Q VAULT
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HERRERA CULVERT REPLACEMENT PROJECT | o VW |
s 05 ous au/zone | ABRGEO
EMVIROMMENTAL FRGTEST VAAGER BRTE | TRESKED BY AT SHING LITES DRAWING C-2 SHT OF _ 24
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Cad User:Jeff Roberts

61012008 2:39 M

Plot Date:

EX LUMINAIRE POLE
TO REMAIN

EX GAS LINE REMOVE

AS NECESSARY
TO CONN NEW
GAS LINE

RELOCATED FDC
SEE NOTE 1

8" A.C. PIPE

PLUGGED PER

REMOVE AS
NECESSARY &

RELOCATED POWER
TRANSFORMER ON
NEW CONC PAD

NEW GAS SERVICE

CITY STANDARD

NEW GAS NEW UGP & T o EX POWER TRANSFORMER
SEE ELEVATION VIEW- ABANDON AP & PLUG ° TO BE RELOCATED
EX GAS TYP EX CONC PAD
RE-ROUTE TO BE REMOVED
EX. UGP & T / ol
UNDER CULVERT- UGP & T >
EX FDC T = K4 EX VALVE & EX UGP & T
BE RELOCATED GAS LINE TO TO BE REMOV;D N
SEE_NOTE ¥ > EX CMP TO BE REMOVED e i A A R A
b Bt REMOVED N & & A o o A S b o O A Y W
g NS RN
< |
SUNSET ~ ' ;
CREEK Ny ]
T 01\ i =
Ko =
N
EX UTILITY iy | CULVERT
POLE TO
BE REMOVED: sif%m \ !
REMAIN —
>

EX MH
TO REMAIN—"] ROADWAY Ex TEL
g SE 30TH ST, %ng
7 EX POWER RELOCATED
EX OVERHEAD VAULT TO
5 R B P RENAN TELERHONE
v =
M%@‘
EX 6" A.C. WATER
ABANDONED
w
UTHL%TY NEW 6" W
SEE ELEVATION VIEW NOTES
1. MOVE FDC (OWN BY SHURGARD) 20 FT WEST. FOT
HOLE FOR LOCATION & DEPTH. RESTORE
LANDSCAPING & IRRIGATION IN KIND. CONTRACTOR
SHALL APPLY FOR BUILDING FIRE PERMIT FOR
> A w RELOCATION OF THE EXISTING FDC. R
X & A o CONTRACTOR INFORMATION, IT WILL TAKE THREE TO
ENDS FOUR WEEKS FOR ISSUANCE OF THE PERMIT.
UTILITY PLAN
10 10 20 - 5 E%
ey
SCALE IN FEET ° gg
60% DESIGN - NOT FOR CONSTRUCTION NORTH 1/2, SEC. 10, TWP. 24 N, RGE 5 E, WM. |
REVISIONS C T Approved By AB i o
IVILTECH S, y
L\m\u_um\(, SE 30TH STREET / SUNSET CREEK e B 3 UTILITIES PLAN
o0 16 St e 0 TR —————————% | . rooes oufaos &
AL CULVERT REPLACEMENT PROJECT | gt Bellevue
EnvmonuenTAL mssms RS WAAGER e AT | SHING. UTILMES DRAWING C-3 SHT OF 24
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Cad User: Jeff Roberts
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Plot Date:

o o o o
< < < <
2 T0 R’\CHAR’DS ROAD 2 F Fd
2 2 2 2
E E (A E E
& & & &
N N N N
I3 z NEW CULVERT = z
2 2 2 2
EX ROADWAY SURFACE
EX B" W NEW 8" DIP NEW 8" DIP & EX B" W
— — — St& t } A — — —=
L 1 A | NEW 8" O 1 LA Y (D) HORIZONTAL THRUST BLOCK
4 ' AR L I el d \ (2) VERTICAL THRUST BLOCK
8" — 45 HORIZONTAL BEND (MJ)
18"8x1/4" WALL (98" — 45 VERTICAL BEND (MJ)
STL CASING PER ®8 - NPPLE
COB WATER
UTILITY SP W=7 }
PROFILE 8” WATER LINE RE—ALIGNMENT
TOP OF CULVERT
/ & ROADWAY
T
\\
! &
TO RICHARDS ROAD \ N
. . \ o
E E [ \ -
5 (2 B -
SE S NEW CULVERT 3 Sk ©
zf & | zE
El8 2 E 2ls CONN TO 80T OF
EX GAS ol CULVERT
o o - — —_— — — / s =5 2
GONN TO Bog s oy g
EX GAS SEonD. 4 e SE @ db
EX 2" G EX 2" G @ D R o s ys
T —— S 0 e - of by D P Vo
A T <R <R ]
G off off Blf W2
H OR 5' MIN
NEW GAS_LINE
10° CLR MIN +
NOTES: /2 PIPE 8
8" HOPE 1. 6" SLEEVE SHALL BE HDPE
SLEEVE 2. 12" SLEEVE SHALL BE ASTM AS3 GRADE B
SLEEVE DETAIL u ]
PROFILE GAS LINE RE—ALIGNMENT e e
Eg
&
i 60% DESIGN - NOT FOR CONSTRUCTION <=
| Coall oty
DATE| BY REVISIONS Approved By
C] VILTECH
4 . Nainierive | SE 30TH STREET / SUNSET CREEK T UTILITEES DETAILS
i " | CULVERT REPLACEMENT PROJECT | ™= "7 | S il
HERRERA R o
omsekants - PROTEET WAVAGER R | SheaEr B Sar DRAWING C-4 SHT 8 OF 24
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Cad User:Jeff Roberts

61012008 2:41 PM

Plot Date:

(© ROADWAY CONSTRUCTION NOTES:

GENERAL NOTE:

. CONSTRUCT CEMENT CONCRETE TRAFFIC CURB AND
GUTTER PER CITY OF BELLEVUE STANDARD DETAIL TE-10. 9

2. CONSTRUCT CURBSIDE SIDEWALK PER CITY OF 3
BELLEVUE STANDARD DETAIL TE—11 MATCH EXISTING

3. CONSTRUCT DRIVEWAY APPROACH PER CITY OF
BELLEVUE STANDARD DETAIL DEV-5.

B

PAYEVENT THICKNESS WL BE 4 INCHES 07 HOT WX
4

ASPHALT CLASS 1/2" PG 6: FULL DEPTH PAVEMENT

o

. REPLACE CULVERT, SEE SHEET C-7.
CEMENT CONCRETE

o

INSTALL METAL SAFETY RAILING PER CITY OF BELLEVUE
STANDARD DETAIL TE-34.

~

4" CRUSHED SURFACING TOP COURSE.

@

COMPACT GRAVEL BORROW OR NATIVE SOIL TO 95%
DRY DENSITY.

9. 6 INCHES OF COMMERCIAL HOT MIX ASPHALT
CLASS 1"

PG 64-22

1. ROADWAY DIMENSIONS ARE TO FACE OF CURB.
SIDEWALK DIMENSIONS ARE TO BACK OF CURB
FOR TOP OF CURB RETURN DATA AND ELEVATIONS,

MATCH
EX\ST\NG/

sS .8l X3

PAVEING MATCH EXISTING

AN e

CB TYPE 1

CB TYPE 1

x5
@

ﬁ

0 IR\

SUNSET

ﬁ%

uTILr
FOLE

CULVER’T
ROADWAY
SE 30TH ST,

1 20 LF

R_®
/a

EX FH

PHASE 2 PHASE 1
2
¢ SE 30TH ST 2
5+ 21.5% + ‘ 21.5% + 6+
1
I
TEMPORARY
BARRIER
PAVING PLAN
TYPICAL ROADWAY SECTION —_— o
* VERIFY IN FIELD & MATCH v 9 0 Ey 53
EXISTING CONDITION FOR FIT-UP = | e
SCALE IN FEET é 5;
i
60% DESIGN - NOT FOR CONSTRUCTION b
REVISIONS C . Appr‘oved By
v
.[ KUNELic | SE 30TH STREET / SUNSET CREEK S, ROADWAY PLAN AND SECTION
SEST TR 5 | 4 ropemrs 04/
HERRERA tr CULVERT REPLACEMENT PROJECT o
ENROENTAL FRGIEGT WANAGER AT | THEoRED B AT DRAWING C-5 SHT OF 24




Cad User: Jft Roberts

SE0&S

Plot Date: _ 6/10/2008 2:41 PM

Patn

HEET

8 i
e 60% DESIGN - NOT FOR CONSTRUCTION =4
NO [DATE| BY [APPR| REVISIONS

Approved A .
ECivitecn PP B ns. e oo | sl C|ty of
Sainierve | SE 30TH STREET / SUNSET CREEK Hemw | SE & ROADWAY SECTION
HERRERA i ™ | CULVERT REPLACEMENT PROVECT | "7 i S Bellevue
o o s . e | SR | B UTLmES DRAWING C-6 ST 10 OF 24




o

SE0&S

Pt

Cad User: Jeff Roberts

1072172008 1-

Plot Date:

EX FDC 48" TYPE 2 CB

LOCATE ABANDONED

RIM_EL XXX’ /& AC. PIPE TO BE
RELOCATED SIE 64 REMOVED AS NECESSARY & e son
SUNSET N E 64 CAPPED PER COB STANDARD N
CREEK 24" CMP TV 24"x36" ) B
E 64 EMOVABLE HATCH 1ot ‘7 e -0 14
SIDEWALK SIDEWALK
CULVERT TO }
BE REMOVED SAFETY RAILING (CITY
— CULERT " oF BELLEVUE STD
B sore | Sedl 5
i REMOWABLE  REMOVED EL 71. 5\ REMOVAGLE
i 4'-6f | EL 69.30 L& cH/ EL 69.30
- - _ fit T 1 i =T T— SLUICE GATE
\ EL 64.25 -
\ @ CULVERT EL 6475 \ — EL 64.00
| 5 -
EX CB TO -
B BE REMOVED v :
l I 3 =
EX MH € CULVERT—_ | —
T0 REMAIN ., . STREAM BED/ 24 BYPASS =+ =
N 5'-2 3/4 10°-0” 15'-0’| €615 BOULDERS PIPE INTAKE |>—uooer
$ ¢ 36" 360 CULVERT
EX UTILITY N A REMOVABLE EMOVABLE BED MATERIAL 1'-0" 28'-0" 1-0"
POLE TO LD LD -
BE RELOCATED £ £ g 1o w/4" 29'-2" 30'-0
EX TEL
VAULT TO 13
REMAIN Al Ex BToExL
59'~2
RELOGATED
£X OUERHERD o SN PROFILE—SECTION AN
B AN Ex. G4 Powes SCALE: 3/8"=1-0" =/
Rerou \REMA‘N
EX_FIRE
HYDRANT
\ TO REMAN
EX B AC. WATER
0 BE REROUTED/ £ OVERHERD
RENAN |
4 8 CULVERT LAYOUT PLAN I T e
SCALE N FEET
sa_a
29'~2" (4 SILLS EQUALLY SPACED) 28'-0"
‘> o
I "
— VPRI W = =
I I
" 4 .
bl
- q_SLOPE__|.| 1-0" S (A
| : r | % .
PEIVaN ‘ T
Cc-8 -
3
B h e E L L1 kST
:
SILL e CULVERT EH
5|7 FOOTING ) < SEDIMENT gl el
- TRAP gl By
420 4 8 L
- FOUNDATION & WALL PLAN 60% DESIGN - NOT FOR CONSTRUCTION i
NO_|DATE] BY [APPR] REVISIONS Approved
CI VILTECH PP By on o4/2008 CULVERT REPLACEMENT
rhaneeing | SE 30TH STREET / SUNSET CREEK DESRED &Y OATE PLAN AND NOTES
mnm ey . ronemrs
HERRERA " CULVERT REPLACEMENT PROJECT | "= M O | Sy LR
s nsemmn oo, o 04/2008
enviromentaL peper =
[ & Tiozeet o= fooo REVSIONS 70 50% DESIEN ROMENTAL PROIECT WANAGER AT | CHEKED B (o DRAWING SHT _11 OF _ 24




x|
g8 NS
= @
2% € 48” TYPE 2 CB £lw 1/2" CHAMFER
HE g 5|% ) to
130" Z 2 3 3|2 2 ‘ )
Sla § 6-0" 13'-0" ;‘ 2 [ NS
P o|a s - € SEDIMENT
SLUICE GATE /TRAP WAL
8" HT YELLOW TEXT
[ CTR OVER CULVERT HSS 6X2X1/4
(ALUMINUM 6061—T6)
o« H SLUICE GATE
LADDER é E DEEP_POGL DO NOT ENTER
° o FILLET P.C. CULVERT /
A o .C.
—— ® EL 625 I \ Vo
5 kY @ LADDER
T SEDIMENT
= TRAP WALL 1 [
=
i 2|12
= 24" CMP EL 61.5 [ Ela SLUICE GATE
o S|z BYPASS PIPE 35z © \ 12"
@ Els =]
zls-. Q” NS N 3/4” CHAMFER
23 48" CB. olgg & g/ (TP
- 125 L83
2 < -
»-i %% S E W
B2 Jovenaaee
= :
WARNING SIGN AT BOTH ENDS [ 4 @ 10" 2
OF CULVERT. = 2
1/27 BXF |—C.LP. &
PreCAST JT FILLER PRECAST &
SECTION AN SECTION VR WARNING DETAIL /1 SLUICE GATE ELEVATION /2 EXEC ml BOTTOM SLAB
SCALE: 1/4” 3 -7/ SCALE: 1/4 -7/ SCALE: 1/4"=1-0" \c-7/ SCALE: 1/4 ” -7/ L
CLP.
DOWEL BAR 4%
SPLICER (SEE NOTE)
SECTION
SCALE: 1/2
(WALL @ BOX OUTLET END:
; 12"
EPOXY SET 1" LADDER " -
BOT OF CELING RUNG INTO CONC WALL 8 g
= olx W/ HILTI HIT RES00 "
2 220" g 12 OR EQUAL 40 1-0" /3/4 CHAMFER (TYP)
24"¢ PIPE EL 68 | [
K P.C. VAULT FACE OF CONC WALL 5 #4 (SEE PLAN) R PRECAST
[ :/ R D’l ~ hl BOTTOM SLAB
o
— . crp— T
LADDER RUNG - i
\ — =Y ]
- = FACE OF CONC DOWEL BAR
3/8" SS PL 1/22 AB. W, N SPLICER (SEE NDTE)/
([{:SW A276, WINGNUT (STAINLESS EL 64 = GROSS HATCH W/ 1/8"
= RADE 304) STEEL), EMBED AR — . 10" SCORE ON RUNG'
== HANDLE 47 MIN WITH HILTI = T (STAINLESS STEEL, © BAR & DOWEL
. HIT HY-150 OR = ASTM A276,
N EQUAL GRADE 304)
} FIN FLR SECTION /)
& SCALE 1/2"=1"-0"
£ (TYP ALL BAFFLES UNLESS NOTED)
£| BYPASS INTAKE GATE ELEVATION /3  SECTION [ SECTION [\ LADDER ELEVATION  /74™ SECTION /)
2| ScalE 1 /2=T-0 = SCALE: 1/2 NS SCALE: 1/2°=1—0" S SCALE: 1/2"=1"~0 =/ SCALE: 1/2°=1"-0" =/ u sl
& NOTES gl =g
2 1. ALL BARS & DOWEL BAR SPLICERS SHALL BE EPOXY COATED v 55
H 2. o= 4000 PSI (MIN) fy = 60 KSI (ASTM A815) sl 33
3. DOWEL BAR SPLICERS SHALL BE DAYTON SUPERIOR D—108-A EE
2 fomren ey b 60% DESIGN - NOT FOR CONSTRUCTION HEADED OR D-102-A 90° HOOKED OR OTHER EQUIVALENT. 22
= | NO [DATE[ BY |APPR| REVISIONS Al .
2 pproved By A C t f
g CI\’ILTL('H o6 o oamin | sgmPl | y O CULVERT REPLACEMENT
§ ENGINEERING SE 30TH STREET / SUNSET CREEK CESTNED BT DATE L PROFILE AND NOTES
10800 N i St Suie 820 EeWAAER AT | i rosms 04/2008 & B "
H HERRERA oy CULVERT REPLACEMENT PROJECT o | A ellevue
£ 2 [A lio/e IR [oc0 REVISIONS 70 60% DESION "ConautTans PROTECT WANAGER TATE | THEGKED BY AT 'SHING UTILITES DRAWING C-8 6HT 12 OF 24
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Cad User: Jeff Roberts

61012008 2:43PM

Plot Date:

37 EXTERIOR
- - FACE OF
BOX CULVERT

g

3-0 3/4"
. - 3 1/2°x3/4”
3/4 11 EQUAL SPACES 3/4 STEEL R (TYP)
[ |
I
-1 T A %

T N WG
;6 < T ol i
=N ) I %
uw|® —
© 2 PROVIDE 6 LOCK—IN SPACED
Els EQUALLY FOR EACH STEEL GRATE
5
T %

CROSS BARS 3/8"% OR

RECTANGULAR OR HEXAGONAL
BAR OF EQUIVALENT AREA

PLAN
SCALE: 1/Z° = 1-0"
(30°x WIDTH OF CULVERT REMOVABLE LID)
(STEEL GRATE, LOCK—IN BOLT & SHEAR STUDS NOT SHOWN)

EN

=}

(REMOVABLE ACCESS GRATE)

SIDE

REMOVABLE ACCESS GRATE

SCALE: 1"=1"-0"

@

607 DESIGN - NOT FOR CONSTRUCTION

TP

4 2-¢" 4 L4x4x3/8"

FINISHED SHEAR STUDS @ 1'-0" (TYP)
GRADE ﬁ
| - ! E{\
[ GRATE Sh
d Y INCcip sias
2 .
— o|%
hES N\_ Top sLas
=12 PRECAST BOX

LOCK—IN (TYP) DRILL HOLE 4
FOR 5/8"#x4" BOLT WITH EPOXY o
GROUT. CONNECT BOLT

T0 3 1/2"x3/4" STEEL PLATE

BY A WELDED 1/2" CONNECTION PLATE

SECTION

o wo
INCH SCALE ACCORDNGLY

AT FULL SZE, IF NOT ONE

REVISIONS,

HERRERA

ConsuLTaNTS

et

Approved By

SE 30TH STREET / SUNSET CREEK
CULVERT REPLACEMENT PROJECT

EewRR e

FROIECT WANAGER

S SECTIONS AND DETALLS
w7 | i rovers oufrors
e | SR e o DRAWING C-9 BHT 13 OF _ 24




GENERAL NOTES:

CONTRACTOR SHALL FENCE THE PERIMETER OF THE
CONSTRUCTION ZONE WITH A MINIMUM OF 6' TALL
CHAINLINK FENCING PRIOR TO COMMENCEMENT OF ANY
CONSTRUCTION ACTIITIES.

2. PRIOR TO ANY CLEARING OR GRUBBING THE
CONTRACTOR SHALL INSTALL TREE PROTECTION FOR ALL
TREES DESIGNATED/FLAGGED BY THE CITY OF BELLEVUE
TO REMAIN. TREE PROTECTION SHALL CONSIST OF %"
4X4 PLYWOOD BOXES CENTERED ON THE TRUNK OF
THE TREE OR APPROVED EQUAL.
3. EXISTING PARKING LOT CURHS AND PAVEMENT USED
FOR ACCESS SHALL BE PROTECTED FROM DAMAGE BY
THE CONTRACTOR. DAMAGE INCURRED DURING
CONSTRUCTION TD ADJACENT PROPERTY SHALL BE THE
SOLE RESPONSIBILITY OF THE CONTRACTOR.
AN Y VN N N | \‘ ( | |
DR DD DRI D B B o e e e | [ ReLoCATE
- GAS AND
DN - ‘ \‘ ! TELEPHONE PER
INSTALL FLOW DIVERSION ‘ H | ‘ ‘ DRAWING C—3
HEADWORKS, SEE DRAWING WM—1 N I H | | | N
APPROX 250’ N i | | I APPROX 85' APPROX 74’ ]
I COORDINATE EXISTING

I
ROCK REMOVAL WITH

\{ | ‘ CULVERT REPLACEMENT-
) -

APPROX 1307 APPROX 65’ APPROX 23 =)

N =

./ =—d
5 ] FD\STURBANCE |
| EXTENTS (TYP), ‘

T N = T (O SEE NOTE 1 > q\\
[
‘ llc EXISTING CURB
ﬂ:zij TEMPORARY \‘ 0 v ‘ ‘ o
STREAM ‘ ) | o -TEMPORARY STREAM ACCESS POINT
TEMPORARY STREAM ACCESS POINT AGCESS PONT Sone Saane 2 ‘ [lee
CURB CURB I EXISTING CATCH BASIN, ‘ | [
TEMPORARY STREAM SEE DRAWING ESC—1 ‘ | \‘{
ACCESS POINT I
STREAM CORRIDOR SITE PREPARATION PLAN VR
SCALE: NOTED w
:
=
£
St N
g, £y
3 Bl
§ i 60% DESIGN - NOT FOR CONSTRUCTION 23
¢ 5 [NO_pATe] BY PP REVISIONS 2200 Sixth Avenue Approved I
Sontie Washingon pproved By como s 6;".% City of STREAM CORRIDOR SITE
g8 95121-1820 SE 30TH STREET / SUNSET CREEK DESONEDBY DA | 2 PREPARATION PLAN
g - eSO A | x wesmczonsa_on/za0n v Y5
<5 HERRERA oS8 en CULVERT REPLACEMENT PROJECT e Bellevue
53 (A& o] o | we_[revsow 1 ot oeson A S — FRoGECT AR SRE | ek v 2| AT UTILIES DRAWING C-10 SHT 14 OF _ 23




(Cad User: Wojciech Wisszczecinski

Path: O1pro]Y2006106-03501-001\CADIDWgSIPhase IC-11.0wg
1012212008 1:35 PM

Plot Date:

SHORE EXCAVATION AS
UIRED T
EXISTING BUILDING FOUNDATION

PLUNGE POOL
(TvP)

> ]
&
H— &
& 3
: —=z
1423 5
R — 8
@
ELEVATION INVERT
CULVERT
CONTROL POINT (TYP) 12 N WINGWALL
_— \\g (TYP)
: |
- —
@ |
UPPER STREAM CHANNEL PLAN 2R\
SCALE: 1"=5' =
M &8 EXISTING CHANNEL
6" DEEP_STREAMBED PLUNGE .POOL (TYP) BOTTOM GRADE 12" DEEP STREAMBED .
GRAVEL (TYP.) 18-28"8 POOL GRAVEL (TYP) GENERAL NOTES:
18-28"8 POROUS TAILOUT BOULDER CULVERT 1. FILL ALL VOIDS DURING BACKFILLING
BOULDER: WEIR (TYP). WERR. (TYP) URSTREAM AND CONSOLIDATE FILL USING WYCO
FLOW SEE NOTE 3 . INVERT— _ - 992A—FI—10 10 CONCRETE VIBRATOR
70 ke — — — ' OR APPROVED EQUAL.
. 2. LOG IDENTIFICATION NUMBERS REFLECT
POTENTIAL CONSTRUCTION SEQUENCING
% - - AND LOG PLACEMENT SEQUENCING. SEE
2 R R =R 7 s DRAWING C—13 FOR LOG SCHEDULE.
WA X e £
N IR R, N R, R X, R, ) X 2 3. CONTACT POINTS BETWEEN BOULDERS
EB%VTI;TO\ENP&%‘XER(TWP) W S GRS E I SAA 5 o D SR 3 3 SHALL BE MAINTAINED 4" ABOVE
. o PLUNGE POOL WATER SURFACE.
T I 18-28" PooL V4 U224 WER SILL |  EXCAVATION
BOULDERS (TYP) LOG (TYP) EXTENTS (TYP) 12-18"¢ STREAMBED
0+00 0+20 o+40 0+60 0+80 BOULDERS (TYP) 1+00 1423
UPPER STREAM CHANNEL PROFILE A\ g3
SCALE: 1" =/ 55
HEE!
EEd
gl
e - 2 g
Call - 60% DESIGN - NOT FOR CONSTRUCTION
NO |DATE| BY [APPR] REVISIONS 2200 Sixth A
ixtn Avenue. Approved By
Seatie, Wastington e o5 /2000 UPPER STREAM CHANNEL
Seiarz SE 30TH STREET / SUNSET CREEK e MODIFICATIONS PLAN AND PROFILE
2064419080 DESON VARG TATE | M. weszozeoNsa_os/a008 v Y&
HERRERA oS8 en CULVERT REPLACEMENT PROJECT e Bellevue
A [o/es | ca | we |revsons o eox mesen e PROTECT WAVRGER ORE | ek o7 SHING UTILMES DRAWING C-fi SHT 15 OF _ 23




(Cad User: Wojciech Wisszczecinski

Path: 0o Y2006106-03501-001\CADIDWgSIPhase IC-12.0wg
1012212008 1:36 PM

Plot Date:

13341 HIOE 35

33 39)

Jo 1 %

Llm d 9 PLUNGE POOL (TYP)

PLACE SILL LOGS
BELOW LOGS #32
AND #33 AS

AR

LOWER STREAM CHANNEL PLAN

ELEVATION INVERT
} CONTROL POINT (TYP)

SCALE:

1

DOWNSTREAM

CULVERT INVERT

. EXISTING CHANNEL
24"¢ WEIR LOG BQTTOM .GRADE,
ELEVATION INVERT

CONTROL .POINT.

(TYP)

12" DEEP STREAMBED
GRAVEL (TYR)

18-28"9 POROUS
BOULDER WEIR (TYP),
SEE DWG C—13 .FOR
INVERTS

LASH CROSS
LOG!
ECOLOGY BLOCKS

URIED
ECOLOGY BLOCK-

12° STREAMBED

N COBBLE (TYP) 18-28"8 POOL 18-28"0
18°0 WEIR BOULDERS (TP) BOULDER POOL.
SILL LOG EXCAVATION TAILOUT (TYP)

EXTENTS (TYP)

LOWER STREAM CHANNEL PROFILE

)

1+00

GENERAL NOTES:

.

FILL ALL VOIDS DURING BACKFILLING AND CONSOLIDATE FILL
USING WYCO 992A—FI-10 10 CONCRETE VIBRATOR OR
APPROVED EQUAL.

LOG IDENTIFICATION NUMBERS REFLECT POTENTIAL

CONSTRUCTION SEQUENCING AND LOG PLACEMENT SEQUENCING.
SEE DRAWING C—13 FOR LOG SCHEDULE.

HERRERA

A [/

8

REVSONS T0 60% DESGN

CONSULTANTS __ ntpihawwherarain com

K e

os/2000

FROIECT WANAGER

GECKED BY

UTILIMES

SCALE: 1"=! — o ‘gé
e
HIEE!
Bl
o s . - i 2|
[ Ty 60% DESIGN - NOT FOR CONSTRUCTION
NO [DATE| BY [APPR| REVISIONS 2200 Sixth Avenue Al red
Semtio, washington pproved By sz LOWER STREAM CHANNEL
o AL Ul =< RS Y~ BN MODIFICATIONS PLAN AND PROFILE
wearaom CULVERT REPLACEMENT PROJECT 2 | 5 Bellevue

DRAWING C-12

SHT 16 OF _ 23




01010} 2006106-03501-001\CADIDwgsIPhase \C-13.wg

Pt

1012212008 1:37 PM

Plot Date:

(Cad User: Wojciech Wisszczecinski

TABLE — DOWNSTREAM LOG SCHEDULE:
EXISTING GROUND SURFACE — ApPROX &' CHANNEL WIDTH EXISTING GROUND LoW FLOW GHANNEL WIDTH (1 MIN) LOG # [DIA. (N) | LENGTH (FT) | ROOTWAD | /NVERT | APPROX
§ RFACE
_/APPROX 3' UPPER CHANNEL WIDTH 12" SO LIFTS WITH STAKED @ 24 22 YES 65.0 0405
WOVEN INNER AND NON—WOVEN
) ) WOVEN INNER AND [€) 24 22 YES 65.0 0+07
12" SOIL LIFTS WITH STAKED ~ . 18-22 30 YES -
WOVEN INNER AND NON-WOVEN @ o2 % s
QUTER COIR WRAP - -
[ 18-22 22 NO - 0+04
CAP UPPER CHANNEL EXTENTS WITH & 18-22 22 NO - 0+08
APPROX 6" OF EXCAVATED ALLUVIUM . " @ 18-22 22 NO - 0+08
18"-28" DIA BOULDERS (TYP)
18”0 BANK LOG STREAMBED CRAVEL SCoUR ComaLE
FINISHED SCOUR COBBLE e 12" STREAMBED GRAVEL
BFb SURFACE BED SURFACE TABLE — UPSTREAM LOG SCHEDULE:
DOWN
SECTION—TYPICAL UPSTREAM CHANNEL /A SECTION—TYPICAL DOWNSTREAM CHANNEL /o LOG # | DIA. (N) | LENGTH (FT) |RooTwaD | (/NVERT 1 APPROX | siope
SCALE: 1"=5" e/ SCALE: 1"=5" —1 o) DIRECTION
24 20 YES 69.2 0+04 EAST
18-22 25 YES -
EXISTING GROUND LOW FLOW CHANNEL WIDTH (11" MIN) @
EXISTING GROUND SURFACE SURFACE ® 18722 2 No -
APPROX 6 CHANNEL WIDTH 12" SOIL LIFTS WITH STAKED (0] 18-22 10 YES -
WOVEN INNER AND NON—WOVEN
OUTER COR WRAP [6) 24 20 YES 685 0+21 WEST
12" SOIL LIFTS WITH STAKED = ,
WOVEN INNER AND NON—WOVEN @ 18-22 ®° No
QUTER COR WRAP " @ 18-22 18 ES -
180 BANK LOG STREAMBED GRAVEL 18-22 % No -
© 24 20 YES 67.9 0+37 EAST
24" WEIR SILL LOG 7T EXCAVATION EXTENTS 18-22 20 YES -
2-5% SLOPE,_ fa 18"-28" DIA HBOULDERS (TYP) (@) 18-22 20 NO -
UPSTREAM POROUS WEIR SEE —= PROPOSED 2 18-22 10 YES _
CONTROL POINT = PROosE 12" STREAMBED GRAVEL
BED SURFACE. 12" SCOUR GRAVEL 3 24 20 YES 67.2 0+52 WEST
4 18-22 15 YES -
SECTION—TYPICAL UPSTREAM LOG GRADE CONTROL /& SECTION—TYPICAL DOWNSTREAM CHANNEL AT BOULDER WEIR /) 5 18-22 20 NO Z
SCALE: 1"=5 ¢/ scAlE =5 ¢y o 822 20 Vs _
24 20 YES 666 1+01 EAST
PLANTED COIR q 1822 20 NO —
SOIL LIFTS (TYP) ROCK_BANK /SCOUR
PROTECTION (TYP) 19 18-22 18 NO -
12" SOIL LIFTS WITH STAKED = ,
WOVEN INNER AND NON—WOVEN == 18-22 20 No
OUTER COIR WRAP D % 20 NO 66.0 1115 WEST
2 18-22 18 NO -
FLOW, 3 18-22 20 NO -
D 18-22 20 NO -
[5) 24 20 NO 65.4 1430 EAST
UNDISTURBED [D) 622 20 No _
NATIVE
EXCAVATION EXTENTS
ALLUVIUM © @ 18-22 20 NO -
18-22 10 YES -
24 25 NO 64.8 1444 WEST
SECTION-TYPICAL UPSTREAM CHANNEL BANK /T TABLE — DOWNSTREAM BOULDER INVERTS: ® | exm B o -
SCALE: 1"=5" = INVERT | APPROX g To-22 s ) ,
BOULDER # | gl Evamion | STATION @ I
# 64.47 0+40
# 64.38 0+42 5
HEE]
Et
e 607% DESIGN - NOT FOR CONSTRUCTION <
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EXISTING BUILDING EXISTING GRADE

TEMPORARY CREEK
DIVERSION GRAVITY
PIPE, SEE DWG WNM—1

EXISTING CURB

DEWATERED
CREEK BOTTOM

EXCAVATE SLOPE AS
REQUIRED FOR TRACKED

LWD AND PROPOSED VEHICLE ACCESS ONLY
GRADE NOT SHOWN .
TEMPORARY MIN 8" THICK
QUARRY SPALL RAMP
(SEE NOTE 5)

TEMPORARY STREAM ACCESS SECTION (TYP.) A

SCALE: 1" = & =/

WIDTH VARIES 7'-12,
SEE NOTE 4

S T\TV\TWTTKTT\TT\TT\TTT\TT\TT\TWTT\TT\TTi

INSTALL FLOW DIVERSION ﬂ
HEADWORKS, SEE DWG WM—1 db i]
AN %;\;L\AL&ALML\ALX AN N A N NN AN NN NN NN NN ¥#

> e — =

SILT EENCE,
SEE/1

SE. 30TH STREET

GENERAL NOTES:

1. NO MECHANIZED EQUIPMENT SHALL BE STORED
WITHIN 100' OF CREEK.

»

HIGH VISIBIITY FENCE AND SILT FENCE SHALL
BE INSTALLED PRIOR TO COMMENCING CLEARING
AND GRUBBING. A MINIMUM OF 2 DAYS NOTICE
WILL BE GIVEN TO THE ENGINEER TO ALLOW FOR
APPROVAL OF CLEARING LIMITS PRIOR TO ANY
CLEARING OR GRUBBING ACTIVITIES.

“

CONTRACTOR SHALL MAINTAIN SAFE ACCESS TO
PARKING LOT FOR PRIVATE PROPERTY OWNERS
DURING CONSTRUCTION.

IS

TEMPORARY ACCESS FOR TRACKED EQUIPMENT
ON CHANNEL ALIGNMENT MAY REQUIRE
TEMPORARY GRADING OF CHANNEL BOTTOM,

QUARRY SPALLS FOR TEMPORARY STREAM
ACCESS SHALL BE REMOVED WHEN NO LONGER
NEEDED.

o

INSTALL ENERGY DISIPATION FOR
DIVERSION, SEE SHEET WM—1

NEW BOX
CULVERT

| —STORM DRAIN INLET

0 EL\A;L\A;¥\A NG

N N N e o N e R

% PROTECTION, SEE
= } EXISTING CURB &

TEMPORARY STREAM
ACCESS PONT

TEMPORARY STREAM

TEMPORARY STREAM
ACCESS POINT

TEMPORARY STREAM
ACCESS POINT

(Cad User:_ Wojciech Wisszczecinski

Path: O1pro]Y2006106-03501-001\CADIDWgS Phase ESC-1.dwg
1012212008 1:38 PM

Plot Date:

ACCESS POINT

TESC PLAN Ja
SCALE: NOTED C-1,
£3
e
HIEE!
iz 23
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JOINTS IN FILTER FABRIC SHALL BE SPLICED
OSTS. USE STAPLES, WIRE RINGS, OR NOTES:
EQUIVALENT TO ATTACH FABRIC TO POSTS. ——

. SIZE THE BELOW INLET GRATE DEVICE (BIGD) FOR THE STORM WATER
T T STRUCTURE IT WILL SERVICE.

. THE BIGD SHALL HAVE A BUILT—IN HIGH—FLOW RELIEF SYSTEM (OVERFLOW
).

} } } } BYPASS
I I

N

o

. THE RETRIEVAL SYSTEM MUST ALLOW REMOVAL OF THE BIGD WITHOUT
SPILLING THE COLLECTED MATERIAL.

4. PERFORM MAINTENANCE IN ACCORDANCE WITH STANDARD SPECIFICATION
DRAINAGE GRATE 8-01.3(15).

| | N\ MINMUM 474" TRENGH MAX—TRIM

5 MAX. T GRATE FRAME:
+ RECTANGULAR. CRATE SO

MN 11/ 1747 ELEVATION SEDIMENT AND DEBRIS- RETRIEVAL SYSTEM (TYP.)
WOOD FOST: OVERFLOW BYPASS
STANDARD OR
BETTER. ALTERNATE:
STEEL FENCE POSTS BELOW INLET GRATE DEVICE

GEOTEXTILE MATERIAL- 24" TO 30"

BELOW INLET GRATE DEVICE:

OVERFLOW BYPASS (TYP.)

BACKFILL TRENCH
WITH NATIVE SOIL

OR 3/4"-11/2" L
WASHED GRAVEL ISOMETRIC VIEW
STAKING
SILT FENCE DETAIL /7 \ STORM DRAIN INLET PROTECTION /2
SCALE: NTS ESC-1 SCALE: NTS ESC1

NOTES:

THE FILTER FABRIC (CONSTRUCTION GEDTEXTILE FOR TEMPORARY SILT FENCE) SHALL BE PURCHASED IN A CONTINUOUS

ROLL, 5FT WIDE, CUT TO THE LENGTH OF THE BARRIER TO AVOID USE OF JOINTS. WHEN JOINTS ARE NECESSARY, THE FILTER
FABRIC SHALL BE SPLICED TOGETHER ONLY AT A SUPPORT POST, WITH A MINIMUM 6 INCH OVERLAP, AND SECURELY
FASTENED TO THE POST.

THE FENCE POSTS SHALL BE SPACED A MAXIMUM OF 6 FEET APART AND DRIVEN SECURELY INTO THE GROUND A MINIMUM
OF 12 INCHES.

»

3. A TRENCH SHALL BE EXCAVATED A MINIMUM OF 4 INCHES WIDE BY 4 INCHES DEEP. UPSLOPE AND ADJACENT TO THE POST
TO ALLOW THE FILTER FABRIC TO BE BURIED.

4. THE FILTER FABRIC SHALL BE STAPLED OR WIRED TO THE POSTS, AND 12 INCHES OF THE FABRIC SHALL BE EXTENDED INTO
THE TRENCH. THE FABRIC SHALL NOT EXTEND MORE THAN 30 INCHES ABOVE THE ORIGINAL GROUND SURFACE. FILTER
FABRIC SHALL NOT BE STAPLED TO TREES.

5. THE TRENCH SHALL BE BACKFILLED WITH NATIVE SOIL OR WITH 3/4"—1 1/2" WASHED GRAVEL.

6. SILT FENCES SHALL BE REMOVED AT DIRECTION OF ENGINEER, BUT NOT BEFORE THE UPSLOPE AREA HAS BEEN
PERMANENTLY STABILIZED.

7. SILT FENCES SHALL BE INSPECTED IMMEDIATELY AFTER EACH RAINFALL EVENT AND AT LEAST DAILY DURING PROLONGED

RAINFALL. ANY REQUIRED REPAIRS SHALL BE MADE IMMEDIATELY.

8. SILT FENCE PERFORMANCE SHALL BE EVALUATED AND SILT FENCE LOCATIONS SHALL BE EVALUATED AND ADJUSTED AS
DIRECTED OR APPROVED BY THE ENGINEER AND THE PERMITTING AUTHORITY.

9. SILT FENCE SHALL BE INSTALLED AS SHOWN ON DRAWINGS.

10. ANY DEVIATION OR CHANGE TO SILT FENCE DETAILS MUST BE APPROVED BY THE OWNERS REPRESENTATIVE.

. THE CONTRACTOR SHALL MAINTAIN A COPY OF THE MANUFACTURER'S SPECIFICATIONS FOR FILTER FABRIC ON SITE.
12. MAINTENANCE STANDARDS:

A. ANY DAMAGE SHALL BE REPAIRED IMMEDIATELY.

B. IF_CONCENTRATED FLOWS ARE EVIDENT UPHILL OF THE SILT FENCE, THEY MUST BE INTERCEPTED AND CONVEYED TO A
SEDIMENT TRAP OR POND, OR OTHERWISE DIVERTED TO A LOCATION THAT DOES NOT RESULT IN TURBID DISCHARGES TO
SURFACE WATERS.

i
i
H

= C. THE UPHILL SIDE OF THE SILT FENCE SHALL BE CHECKED FOR SIGNS OF THE SILT FENCE CLOGGING, ACTING AS A > |

§ BARRIER TO FLOW, AND CAUSING CHANNEL\ZAT\DN DF FLDWS PARALLEL TO THE FENCE \F SUCH CHANNELIZATION 32

2 OCCURS, THE CONTRACTOR SHALL REPI E TRAPPED SEDIM . g g

8 D. SEDIMENT SHALL BE REMOVED AND PROPERLY D\SPDSED OF WHEN THE SED\MENT Is 6 \NCHES HIGH. ] &5

E. IF THE FILTER FABRIC HAS DETERIORATED DUE TO ULTRAVIOLET BREAKDOWN, IT SHALL BE REPLACED. g %;

EEd
2g

= | s B o _ 22|
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Plot Date:

coL06 o QUARRY SPALL GABION BASKET GENERAL NOTES:
DEWATERED CREE ENERey DIeSEATIO W Eeoresy aiooks oY 1. BULK BAGS SHALL BE FILLED WITH CLEAN
TTOM: < WASHED ROUNDED GRAVEL.
BASIN (TYP)
BULK BAG COFFER 2. TEMPORARY PUMPING OF CREEK DURING
IDAM, SEE NOTE 1 GRAVITY PIPE, UPSTREAM COFFERDAM,
TOP OF EXISTING BANK TOP OF EXISTING BANK AND DOWNSTREAM OUTFALL DISSIPATION
INSTALLATION AND REMOVAL WILL BE
/ REQUIRED.
TOP OF EXISTING BANK
/ 3. COORDINATE TEMPORARY DIVERSION PIPE
TRENCH WITH CULVERT SHORING
REQUIREMENTS AND UTILITY RELOCATION.
BULK BAG COFFER
DAM, SEE NOTE 1 4. COORDINATE FISH EXCLUSION WITH CREEK
DIVERSION.

36”0 TEMPORARY DEWATERED CREEK
CREEK DIVERSION BOTTOM

36”0 TEMPORARY RAVITY PIPE
CREEK D\VEPIRS\ON N
GRAVITY PI ‘E
|

DOWNSTREAM OQUTLET STRUCTURE DETAIL 2

SCALE: 1" = 5 -/

UPSTREAM COFFER DAM DETAIL
SCALE: 5

C)

R R N T T N N N N NN = i a
—_— i —
TRANSITION PIPE N 15 0 15 30
INSTALL FLOW DIVERSION ALIGNMENT FROM 36”0 TEMPORARY ;"?PEENC?EQ?% o L\
HEADWORKS CHANNEL BOTTOM TO CREEK DIVERSION " 1"=15"
BANK TOP GRAVITY PIPE 1 I }\

NANANAN

£
a9 e G
ih g2 33 43
— 23 — s N S v 2\ [ =t
8% 23 — 2= o E [‘t —
E 33 «
Ze S 3 N —oisumaance 2 E ENCRGY DISSIPATION.
2 2 ; EXTENTS (TYP) =z OUTLET BASIN, SEE
3 g
2 = EXISTING CURB
STREAM_CHANNEL DIVERSION PLAN JanY
SCALE: NOTED c-1
B
HEE!
g 7
e iy s - =2
[l 607 DESIGN - NOT FOR CONSTRUCTION
NO [DATE| BY [APPR| REVISIONS' 2200 Sixth Avenue: Al
0 pproved By A .
e coe | g, City Of FLOW DIVERSION AND FisH
98121-1820 SE 30TH STREET / SUNSET CREEK DESCNED BY orre | S % EXCLUSION DETAILS
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PLANT SCHEDULE LEGEND: GENERAL NOTES:
RIPARTAN * 1. NOXIOUS WEEDS SHALL BE REMOVED PRIOR TO COMMENCING CONSTRUCTION. WEEDS SHALL BE REMOVED BY SELECTIVE CLEARING METHODS WITHIN
Tow LT 1 |SPECES| sqenmiFic name THE RIPARIAN ENHANCEMENT ZONES. THE WORK SITE SHALL BE MAINTAINED IN A WEED FREE CONDITION THROUGHOUT CONSTRUCTION UNTIL THE
) ABBRV —— ..——  EXISTING CREEK CLOSE OF THE CONTRACT. AT A MINIMUM, HIMALAYAN BLACKBERRY, REED CANARYGRASS, JAPANESE KNOTWEED AND ENGLISH IVY SHALL BE
R RUT AINUS RUSRA FLOW LINE COMPLETELY REMOVED FROM THE PROJECT SITE
IO ;H ‘L AEE;ACTRU;NEU 2. SELECTIVE CLEARING METHODS CONSIST OF LIGHTWEIGHT HAND OR HAND—HELD EQUIPMENT TO PREVENT DAMAGE TO ROOTS OF EXISTING
VEGETATION, COMPACTION OF SOIL, AND DISPERSAL OF SEEDS OR POLLEN FROM INVASIVE PLANTS.
LT coco RYLUS CORNUTA PLANTING KEY LEGEND:
T RuPA BUS PARVIFLORUS 3. NATIVE SEED MIX SHALL BE APPLIED TO ALL DISTURBED AREAS TO STABILIZED SOLS & TO PROVIDE HERBACEOUS COVER. SEEDING SHALL OCCUR
T SvAL MPHORICARPOS ALBUS AFTER SOIL PREPARATION AND GRADING HAS BEEN APPROVED BY ENGINEER. NATIVE SEED MIX SHALL BE APPLIED BY HAND TO FACES OF SOIL
e T POMU | POLYSTICHUM MUNTIOM PLANTING M1 PLANTING LIFTS PRIOR TO WRAPPING WITH WOVEN GEOTEXTILE. ALL OTHER AREAS WILL BE HYDROSEEDED
i LEGEND NUMBER 4. ALL PLANTS, EXCEPT AS NOTED, SHALL BE NURSERY CONTAINER GROWN A MINIMUM OF ONE YEAR AND CONTAINERIZED PER ANSI STANDARDS.
JOOBOLELENE PLANT MATERIAL IS TO BE SUPPLIED BY COMMERCIAL NURSERIES THAT SPECIALIZE IN NATIVE PLANTS. PLANT SUBSTITUTIONS ARE SUBJECT TO
APPROVAL BY THE ENGINEER.
Low LiGhT 2 |SPESIES|  scienTiFic NANE
) 5. SPECIFICATIONS FOR SIZE AND CONDITION ON DWG P—3 ARE MINIMUM.
ARU| ALNUS RUBRA RLL—1B 540 ft 6. PLANT SPECIES SELECTIONS FOR EACH PLANTING AREA ARE BASED ON PREDICTED LIGHT AND WATER AVAILABILITY. PLANTS SHALL BE RANDOMLY
| _PSME| PSEUDOTSUGA MENZIEST | ALRY MIXED THROUGHOUT EACH PLANTING ZONE. VERIFICATION OF APPROPRIATE ENVIRONMENTAL CONDITIONS PER SPECIES REQUIREMENTS WILL BE
CCl_| ACER CIRCINATUM THPL NECESSARY TO ACHIEVE MAX\MUM PLANT SURVIVAL. LAYOUT OF ALL PLANT MATERIAL AND SEEDING TO BE APPROVED BY THE ENGINEER PRIOR TO
0CA | CORYLUS CORNUTA Acel INSTALLATION. PLANTING PLAN MAY REQUIRE MODIFICATION FOLLOWING ASSESSMENT OF AS—BUILT CONDITIONS: USE PLAN FOR QUANTITIES — FINAL
OAﬁS Q‘O\;/SNP‘(‘L\JTAK(;ZR%‘EOUUM g 92 LOCATIONS OF PLANTS SUEJECT TO CHANGE.
PA | _RUBUS PARVIFLORUS SYAL 7. SHRUBS, TREES AND, LIVE STAKES SHALL BE INSTALLED ACCORDING TO DETAILS ON DWG. P—2.
C | SYMPHORICARPOS_ALBU oMY 3 8. DISCREPANCIES BETWEEN PLANS AND SITE CONDITIONS SHALL BE BROUGHT TO THE ATTENTION OF THE ENGINEER PRIOR TO PROCEEDING.
1 p— PLANTING 9. ENGINEER TO APPROVE GRADING PRIOR TO PLANTING.
:‘f; (ﬁST)T aBERV | SCIENTIFIC NAME ABBREV. 10. KEEP AL PLANT MATERIAL WELL-WATERED AND SHADED UNTIL THE ACTUAL TIME OF PLANTING: DO NOT ALLOW PLANT MATERIAL TO BE
4 g g ARU | ALNUS RUBRA o QUANTITY OF EXPOSED TO SUNLIGHT OR OTHER DRYING CONDITIONS PRIOR TO PLANTING.
PLANTIN
49435 [ Per DOTELGA WENZIEST LEGEND PLANTS N 1. AL SHRUB AND TREE PLANTING SHALL OCCUR DURING THE DORMANT SEASON (NOVEMBER THROUGH FEBRUARY)
:q : < : qj MAAG| MAHONIA AQUIFOLIUM 12. THOROUGHLY WATER ALL PLANTED AREAS IMMEDIATELY AFTER PLANTING AND WATER FOR OPTIMUM HEALTH DURING DRY PERIODS DURING THE
43434 RONU | ROSA NUTKANA PLANT ESTABLISHMENT PERIOD.
:4 : < : < : R UL N 13. EXISTING AREAS DISTURBED BY CONSTRUCTION ACTIVITIES AND NOT SHOWN TO BE RE-LANDSCAPED ON THESE PLANS SHALL BE RESTORED AND
agag4 SEEDED AS DIRECTED BY THE ENGINEER.
545454
Ve SPECES 14. SEE SPECIFICATIONS FOR ADDITIONAL SEEDING, PLANTING, AND SOIL PREPARATION NOTES.
STakes (is) | Agerv | SCIENTIFIC NANE 15. ALL TREE OR SHRUB PLANTINGS SHALL BE SETBACK A MINIMUM OF 5 FEET FROM ALL PAVEMENT EDGES, AND ALL TREE PLANTINGS SHALL BE
—coRUS SRR SETBACK A MINIMUM OF 10 FEET FROM BUILDINGS.
CORNUS SERICEA
SALIX_LUCIDA_SSP. LASIANDRA
SALIX_SCOULERIANA
SALIX_SITCHENSIS
RHL—1 1408 ft [5-5287 fr
I R——
15 30
——————
=

= P
RHL-2 512 ft’

e A o

H AAQ COCO 7 ééz% 2 |

g RONU MAAQ 8 HODI | 3 |

g PA RONU 7 MAAQ

= AL RUPA 8 RONU
f SYAL 7 SYAL | 4 |
: STREAM CHANNEL SITE PREP PLAN /M 5 5
; SCALE: NOTED =) M iy
H 24
] '—. 60% DESIGN - NOT FOR CONSTRUCTION =2
gig NO_[DATE[ BY [APPR] REVISIONS 2200 S Aveno Approved By
&8 Serevaase SE 30TH STREET / SUNSET CREEK e PLANTING FLAN
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NOTE:

COMPLETE STEP 1 AFTER EARTH
WORK. COMPLETE STEPS 2 AND
3 BETWEEN NOVEMBER AND
FEBRUARY

FINISH GRADE \

TOPSOIL TYPE A

GRAVEL BUTTRESS FILL

-

A

S

A5

A
=

R
2%
A

v

(e

2

/TR

SEE_ SHRUB /TREE
/\NSTALLAT\DN DETA\L@

PLANTING AREA PREPARATION
(SEE SPECIAL PROVISIONS)

STEP 1
« ADD 24” TOPSOL TYPE A
« HYDROSEED WITH SEED MIX

STEP 2

« INSTALL PLANT (SEE
PLANTING DETAIL AND
NOTE 1

T STEP 3

© INSTALL BARK MULCH
AND SOIL BERM RINGS
(SEE PLANTING DETAIL
AND NOTE 1)

TOPSOIL TYPE A AMENDMENT AND PLANTING SEQUENCE OF WORK 1

SCALE: NTS

INSTALL LIVE STAKE APICAL ENI
UP SO THAT AT LEAST TWO

NODES/BUD SCARS ARE ABOVE
GROUND WITH AT LEAST 2/3 Of

D

NOTES:
F

NOTES:
« INSPECT PLANT MATERIAL PRIOR TO ACCEPTANCE OF
DELIVERY. PLANTS SHOULD BE FREE OF DISEASE AND

CIRCLING, GIRDLING, OR KINKED ROOTS,
PLANTING HOLES ON SLOPES SHOULD BE 3x ROOTBALL
WIDTH.

(D) DIG PLANTING HOLE NO
DEEPER THAN THE HEIGHT

CONTAINERIZED ROOTBALL
(USE TOPSOIL AS BACKFILL)

(2) REMOVE ROOTS,
WEEDS, LARGE ROCKS,
AND OTHER DEBRIS
FROM PLANTING HOLE

(3) ROUGHEN SIDES OF
PLANTING HOLE WITH
SHOVEL OR SPADE:

{3 PRUNE OUT DEAD.
DAMAGED, OR
DISEASED MATERIAL,
BUT DO NOT TOP
INJURY AND SHOULD NOT EXHIBIT POOR PRUNING OR PRUNE

{2 FOLLOWING INSTALLATION, A 3" THICK
COARSE WOOD CHIP (WEEDFREE) MULCH
LAYER SHOULD BE APPLIED AS A > 24"
DIAMETER RING AROUND THE PLANT (IF
POSSIBLE, MULCH THE ENTIRE SITE).
ENSURE MULCH IS KEPT 1—2" AWAY FROM
PLANT TRUNKS TO PREVENT ROTTING

BUILD A SOIL BERM RING
AT DRIP_LINE INCREASE
WATER RETENTION

S
/\®{6\KF\LL WTH TOPSOIL TYPE

AND WATER IN TO SETTLE SOIL.
FINISH BACKFILLING AND FIRM
SOIL AROUND PLANT GENTLY
WITH HANDS TO ELIMINATE AIR
"/ POCKETS

ay

(®) RODT—SHOOT INTERFACE
SHOULD BE AT OR SLIGHTLY

(ENSURE CONTAINER SOIL

MOIST) BY GENTLY SQUEEZING

OR SHAKING CONTAINER. (B)PRUNE ANY KINKED OR

REMOVE ALL FOREIGN MATERIAL CIRCLING WOODY ROOTS

(PLASTIC. BURLAP, TAGS, ETC.) OR THOSE THAT WILL NOT
FIT IN PLANTING HOLE

(§) SPREAD ROOTS, ROUGHEN ROOTBALL
EDGES, AND REMOVE AS MUCH
CONTAINER SOIL AS POSSIBLE TO
PROVENT SOIL INTERFACE PROBLEMS.
(IF ROOTS ARE BOUND, A SHOVEL CAN
BE USED TO SPLIT ("BUTTERFLY") THE
BOTTOM 2/3 OF THE ROOTBALL)

REMOVE PLANT FROM CON‘TSA\NER/\/\\\//X\\\//X\\\//i//E\/ \\//>\ \/\ /\\

ABOVE SOIL SURFACE
(ENSURES LOWER PORTION OF
STEM DOES NOT ROT DUE TO
BURIAL)

(®) PLACE PLANT ON TOP
QF THE SOIL MOUND AND
SPREAD ROOTS EVENLY

BUILD A SMALL SOIL
OUND IN CENTER OF
PLANTING HOLE (SHOULD BE
TALL ENOUGH TO SATISFY
REQUIREMENTS IN (3))

1. BASAL END OF LIVE STAKES SHOULD
STAKE BELOW GROUND. DASAL END OF LIVE STAKES 911 CONTAINERIZED TREE/SHRUB INSTALLATION SEQUENCE 2\
AND AT LEAST 36 INCHES IN SCALE: NTS -
INSTALL STAKES SO THAT THEY LENGTH.
SPAN SOIL LIFT AND PUNCTURE
BOTH TOP & BOTTOM LAYERS OF 2. KEEP LIVE STAKES COVERED, COOL,
WOVEN GEOTEXTILES. AND MOIST AT ALL TIMES PRIOR TO
WOVEN PLANTING. AT NO TIME SHOULD
GEOTEXTILE LIVE STAKES BE EXPOSED AND
ALLOWED TO DRY OQUT.
PREPARATION OF PILOT HOLE WITH
STEEL BAR MAY BE NECESSARY 3. WHEN PLANTING ON STREAM BANKS,
TO ACHIEVE REQUIRED STAKE ANGLE STAKES SLIGHTLY
'WOVEN DEPTH. TAMP TO FIRM SOIL DOWNSTREAM.
GEOTEXTILE- AROUND CUTTINGS TO ELIMINATE
AIR POCKETS. DO NOT HAMMER
OR POUND CUTTINGS.
LIVE STAKE INSTALLATION )
SCALE: NTS NS g
HEE!
EEd
23
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SPACING ON
STRUCTURAL | SPECIES WETLAND | MATERIAL TYPE &
QUANTITY SCIENTIFIC NAME COMMON NAME CENTER NOTES
CLASS ABBRV INDICATOR SIZE (FEET)
TREES
POBA 7 POPULUS BALSAMIFERA BLACK COTTONWOOD FAC 1 GAL CONT. 12" HEIGHT 9
ALRU 29 ALNUS RUBRA RED ALDER FAC 1 GAL CONT. 12" HEIGHT 9
PSME 23 PSEUDOTSUGA MENZIESI DOUGLAS FIR FACU 2 GAL CONT. 24" HEIGHT 9
LIVE STAKE 36" LENGTH;
SALU 42 SALIX LUCIDA SSP. LASIANDRA PACIFIC WILLOW NI 0.5-1" DIAMETER BASE; 3 INSTALL AT OHWM AND BELOW
ANGLE CUT ON BASAL END
THPL ] THUJA PLICATA WESTERN RED CEDAR FAC 2 GAL CONT. 24" HEIGHT 9
SHRUBS
AcCl 17 ACER CIRCINATUM VINE MAPLE FAC— 1 GAL CONT. 12" HEIGHT 5
LIVE STAKE 36" LENGTH;
COSE 40 CORNUS SERICEA RED OSIER DOGWOOD FACW 0.5-1" DIAMETER BASE; 3 INSTALL AT OHWM AND BELOW
ANGLE CUT ON BASAL END
coco 18 CORYLUS CORNUTA BEAKED HAZELNUT FACU 1 GAL CONT. 12" HEIGHT 5
HODI 12 HOLODISCUS DISCOLOR OCEANSPRAY upPL 1 GAL CONT. 12" HEIGHT 5
MAAQ 23 MAHONIA AQUIFOLIUM TALL OREGON GRAPE UPL 1 GAL CONT. 12" HEIGHT 5
RONU 25 ROSA NUTKANA NOOTKA ROSE FAC 1 GAL CONT. 12" HEIGHT 5
RUPA 17 RUBUS PARVIFLORUS THIMBLEBERRY FAC— 1 GAL CONT. 12" HEIGHT 5
SYAL 31 SYMPHORICARPOS ALBUS SNOWBERRY FACU 1 GAL CONT. 12" HEIGHT 5
LIVE STAKE 36" LENGTH;
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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,
I, 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, 11, and III to assess the extent of changes in water surface
elevation, shear stress, and velocity.

m 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 »
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 IIT 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
IIT alternatives, assuming a continued
downstream boundary condition controlled
by the backwater induced by the beaver dam.
Geometry includes both Phase I and Phase 11
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, 11, 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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Figure D-2. Sunset Creek HEC-RAS model geometry for cross sections 2760.247 to 2297.254.
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Figure D-3. Sunset Creek HEC-RAS model geometry for cross sections 2361.19 to 1749.718
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Table D-2. Sunset Creek stream reach segments.

Downstream Upstream River ~ Corresponding
HEC-RAS HEC-RAS River Station Station Flow Input
River ID Reach ID (ft) (ft) Reach Description

Sunset SE 30th 48.9477 3272.859 S, R5, R4b, Incorporates the Sunset Creek

Creek R3b, R2b 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 Historical 240.4131 1507.208 R3a, R2a Historical Richards Creek

Creek channel from flow split to
confluence with East Creek
downstream of Kamber Road

Richards Lower 26.62222 85.48712 R1 Richards Creek from

Creek 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

HEC-RAS Reach

River Station

Cross Section Survey Year

ID ID (ft) Source 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 20006 #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 | HEC-RAS Reach | River Station Cross Section Survey Year
ID 1D (ft) Source 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 | HEC-RAS Reach | River Station Cross Section Survey Year
ID ID (ft) Source 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 20006B #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 | HEC-RAS Reach

River Station

Cross Section Survey Year

ID ID (ft) Source 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 » coefficients to simulate the
contributed influence of channel bedform, sinuosity, substrate, and vegetation on the channel and
overbank roughness. The formula is as follows:

n=(n,+n +n,+n,+n,)*m
Where: ny =The portion of the n value that represents the channel material in a straight,
uniform smooth reach
n; = The additional value added to correct for the effect of channel surface
irregularities
n, =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)

ny =The additional value for vegetation in the channel
ms = 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 0.02

Rock cut 0.025

Fine gravel 01 0.024

Coarse gravel 0.028-0.03
Degree of Irregularity Smooth 0

Minor 0.005

Moderate "1 0.01

Severe 0.02
Variations of Channel Cross Section | Gradual 0

Alternating occasionally | n, | 0.005

Alternating frequently 0.010-0.015
Relative Effect of Obstructions Negligible 0

Minor 0.010-0.015

Appreciable 51 0.020-0.030

Severe 0.040-0.060
Vegetation Low 0.005-0.010

Medium 0.010-0.025

High "4 10.025-0.050

Very high 0.050-0.100
Degree of Meandering Minor 1

Appreciable ms | 1.15

Severe 1.3
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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:

przaAch

Where: Qg = Fish passage design flow (cubic feet per second [cf5s])
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.

Tributary Area® Peak Flows (cfs) ® WDFW Fish Passage Flows (cfs) ©
January May
Location Herrera Reach | HSPF Subbasin | HSPF Reach (acres) (sq mi) 1.01-year 2-year 10-year 25-year 100-year Mean [ Mean [
East Creek
immediately upstream from confluence with Richards Flow-split E E2 205 187.7 029 16 23 36 45 63 16 | 091022 02 | 011003
Sunset Creek
Sunset Creek from 1-90 to the confluence with Richards Creck S S1 21 884.5 1.4 53 79 126 157 212 7 411098 1.3 07t0 1.9
Richards Creek
Rwh\a‘rds Creck from SE 30th Street downstream to confluence with R6 R2b 14 4878 0.8 48 7 110 140 200 39 231055 0.7 04tol
Sunset Creek
Richards Crecek from confluence with Sunset Creek to flow split © R5 - - 1372.3 2.1 101 151 236 297 412 10.6 6.31t014.9 2.1 1.2t03.1
Richards Creek from confluence with Richards Flow-split channel R1 R2a 5 19923 31 121 181 297 376 525 152 910213 32 181046
to Bannerwood Park

® Tributary areas from Richards Creck Basin Plan (Entranco 2000).

Predicted peak flows from Richards Creek Basin Plan (Entranco 2000). Peak annual flows are based on log-Pearson type 111 analyses using the maximum peak flow simulated for each year of the 49-year period.
© 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.
4@ 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.
¢ 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
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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.
River Flows (cfs)
HEC-RAS Station

Profile River Reach (RS) 1.01-year 2-year 10-year 25-year 100-year Qg-high Qg-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 ~ SE30th  1535.154 8527 12835 200.6 25245 3502  14.8999 1.1999
6 Sunset Creek ~ SE30th  1177.949  100.55 151.35 236.6 29745 4132 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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Station 1 stage/discharge relationship used to calibrate low flows used in the
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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 » 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 I 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 11
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 11
Alternative I 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 II1 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 I11
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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Sunset Creek 2008 Final Model Project Plan: Final Existing Conditions  10/4/2008 5:10:35 PM
Geom: Existing_geometry_Final_1 Flow:Final Steady Flood Flows
River = Sunset Creek Reach=SE30th RS=1312.582 2007 #23
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Figure D-15. Final Existing Conditions cross section plot for river station 1312.582.

ab__/appendix d - cross sections

Herrera Environmental Consultants



Sunset Creek 2008 Final Model Project Plan: Final Existing Conditions  10/4/2008 5:10:35 PM
Geom: Existing_geometry Final_1 Flow:Final Steady Flood Flows
River = Sunset Creek Reach=SE30th RS=1177.949 2007 #19
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Figure D-16. Final Existing Conditions cross section plot for river station 1177.949.
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Sunset Creek 2008 Final Model Project Plan: Final Existing Conditions  10/4/2008 5:10:35 PM
Geom: Existing_geometry_Final_1 Flow:Final Steady Flood Flows
River = Sunset Creek Reach=SE30th RS=852.3866 2007 #17
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Figure D-17. Final Existing Conditions cross section plot for river station 852.3866.
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Sunset Creek 2008 Final Model Project ~ Plan: 1) Phasel Alt1 10:41:25 AM 2) Final Existing  5:10:35 PM
Geom: Alternative_1_Phase_1 Flow: Final Steady Flood Flows
River = Sunset Creek Reach=SE30th RS=2717.8 2006 #49 - revised to representmodified channel
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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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Sunset Creek 2008 Final Model Project ~ Plan: 1) Phasel Alt1 10:41:25 AM 2) Final Existing  5:10:35 PM
Geom: Alternative_1_Phase_1 Flow: Final Steady Flood Flows
River = Sunset Creek Reach =SE 30th RS =2676.488 2006 #47 -revised to represent modified channel
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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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Sunset Creek 2008 Final Model Project ~ Plan: 1) Phasel Alt1 10:41:25 AM 2) Final Existing  5:10:35 PM
Geom: Alternative_1_Phase_1 Flow: Final Steady Flood Flows
River = Sunset Creek Reach=SE30th RS=2539.81 2006 #44 - revised to representmodified channel
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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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Sunset Creek 2008 Final Model Project ~ Plan: 1) Phasel Alt1 10:41:25 AM 2) Final Existing  5:10:35 PM
Geom: Alternative_1_Phase_1 Flow: Final Steady Flood Flows
River = Sunset Creek Reach=SE 30th RS =2464.334 2006 #41 - slightly altered to taper downstream grading
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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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Sunset Creek 2008 Final Model Project Plan: 1) PhasellAIt2  10:11:21 AM  2) Final Existing  5:10:35 PM
Geom: Alternative_2a_Phase_2_1.01bench Flow: Final Steady Flood Flows
River = Sunset Creek Reach=SE 30th RS =2464.334 2006 #41 - slightly altered to taper downstream grading
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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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Sunset Creek 2008 Final Model Project Plan: 1) PhasellAt2 10:11:21 AM 2) Final Existing  5:10:35 PM
Geom: Alternative_2a_Phase_2_1.01bench Flow: Final Steady Flood Flows
River = Sunset Creek Reach =SE 30th RS =2297.254 2006 #34
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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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Sunset Creek 2008 Final Model Project ~ Plan: 1) Ph3AIt30ct08 7:29:17 PM  2) Final Existing 5:10:35 PM
Geom: Alternative_3_Phase_3_1.01bench Flow: Final Steady Flood Flows
River = Sunset Creek Reach=SE30th RS=1312.582 2007 #23
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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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Sunset Creek 2008 Final Model Project ~ Plan: 1) Ph3AIt30ct08 7:29:17 PM  2) Final Existing  5:10:35 PM
Geom: Alternative_3_Phase_3_1.01bench Flow: Final Steady Flood Flows
River = Sunset Creek Reach =SE 30th RS =1177.949
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Figure D-25. Comparison of Phase III Alternative 3 and Final Existing cross section plots for river station 1177.949.

ab__/appendix d - cross sections

Herrera Environmental Consultants



Sunset Creek 2008 Final Model Project ~ Plan: 1) Ph3AIt30ct08 7:29:17 PM  2) Final Existing 5:10:35 PM
Geom: Alternative_3_Phase_3_1.01bench Flow: Final Steady Flood Flows
River = Sunset Creek Reach=SE30th RS=852.3866 2007 #17
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Figure D-26. Comparison of Phase III Alternative 3 and Final Existing cross section plots for river station 1177.949.
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FINAL EXISTING CONDITIONS OUTPUT TABLE







River Reach River Sta Profile QTotal MinChEl W.S.Elev CritW.S. MaxChlDpth E.G.Slope VelChnl Flow Area Top Width Froude # Chl Hydr Radius C  Shear Chan
(cfs) (f) (f) () (f) (fvft) (ft/s) (sq ft) (f) (f) (Ib/sq ft)

Sunset Creek SE 30th  3272.859 1.0l-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 84.96 423 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 87.13 853 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 53 0.011482 5.24 41.64 12.71 0.45 2.52 1.81
Sunset Creek SE30th  3251.92  1.0l-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  1.0l-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 1.0l-year 52.48 81.39 82.96 82.47 1.57 0.012631 32 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 3181277  25-year 157 80.83 83.58 83.46 2.75 0.039203 7.67 20.55 10.44 0.92 1.73 422
Sunset Creek SE 30th 3181277  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 2291 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 24.36 114 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 8227 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 421 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  1.0l-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 6.1 352 15.45 0.67 224 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 QTotal MinChEl W.S.Elev CritW.S. MaxChlDpth E.G.Slope VelChnl Flow Area Top Width Froude # Chl Hydr Radius C ~ Shear Chan
(cf) (ft) (f) (f) (f) (fvft) (fi/s) (sq ft) (f) (f) (Ib/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 78.53 233 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 71.97 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 78.66 239 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 0.71 342
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 77.81 242 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 232 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 42 0.007148 322 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 78.51 712 4.9 0.008977 4.04 52.43 19.74 0.44 232 1.3
Sunset Creek SE 30th  2904.859  1.01-year 52.48 74.07 76.39 75.43 232 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 248 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 291 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 538 9.76 11.01 1.01 0.84 6

Sunset Creek SE 30th  2869.669 2-year 79 73.86 75.46 7531 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 22 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 76.3 297 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 247 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 22
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 337 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 75.68 752 3.12 0.033137 5.75 42.05 23.88 0.62 242 5

Sunset Creek SE 30th 2794948 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 522 3491 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 5.93 423 26.49 0.66 2.31 539
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 572 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 599 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 7291 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 34 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 0.38 222 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 70.09 243 0.00396 227 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 0.36 234 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
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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 1.18 443 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 69.8 533 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 225 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 68.12 247 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 68.15 231 0.006738 3.23 17.82 153 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 0.53 242 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 0.46 243 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 68.94 241 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 543 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 68.52 322 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 68.08 242 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 34
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 65.77 233 0.003291 231 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 2243 0.4 2.13 0.74
Sunset Creek SE 30th 2361.19 25-year 157 64.42 67.72 66.73 33 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 66.34 231 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 2313296 1.01-year 52.48 64.36 65.6 65.6 1.24 0.03887 5.25 10.46 14.89 0.93 0.94 227
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 34.09 333 0.63 1.22 1.74
Sunset Creek SE 30th 2313296  25-year 157 64.36 66.7 66.34 234 0.017603 4 42.32 333 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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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 0.29 231 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 0.38 331 1.3

Sunset Creek SE 30th 2285.55  1.01-year 52.48 63.26 65.57 64.58 231 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 65.06 337 0.002312 1.79 90.89 100.84 0.19 22 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 235 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 0.39 236 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 331 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 439 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 23 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 65.5 292 0.00956 3.64 59.37 83.85 0.42 221 1.32
Sunset Creek SE 30th 2175255 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 722 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 63.6 245 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 34 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 522 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 64.14 322 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 62.51 291 0.007654 332 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 2098229  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 0.38 292 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 343 137.18 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 242 106.01 46.8 0.26 2.5 0.28
Sunset Creek SE 30th  2016.641 25-year 297 59.66 63.86 62.14 42 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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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 23 0.22
Sunset Creek SE 30th 1988.07 10-year 236 59.15 63.39 61.63 4.24 0.001441 243 114.86 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 62.24 538 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 61.04 237 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 61.33 292 0.001616 23 81.33 44.08 0.26 241 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 0.33 243 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 337 119.83 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 0.2 332 0.37
Sunset Creek SE 30th  1928.749  25-year 297 59.16 63.69 61.31 4.53 0.001837 232 141.81 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 34 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 291 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 61.6 432 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 434 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 0.43 235 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 0.46 291 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 1777213 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 1777213 100-year 412 58.04 63.24 61.67 52 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 527 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 0.54 322 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 542 18.92 17.83 0.7 1.56 2.03
Sunset Creek SE 30th  1689.563 2-year 151 57.21 60.43 60.37 322 0.020473 6.14 29.13 26.36 0.72 1.9 243
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 0.5 231 1.21
Sunset Creek SE 30th  1668.393 10-year 236 56.93 60.91 60.31 3.98 0.008645 532 55.37 27.91 0.52 2.79 1.51
Sunset Creek SE 30th  1668.393  25-year 297 56.93 61.26 60.56 433 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 1626318 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 532 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 4.717 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 0.19 223 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 322 103.26 35.25 0.3 3.35 0.51
Sunset Creek SE 30th  1592.728  100-year 412 56.02 61.35 59.38 533 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 43.62 332 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 56.96 345 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 591 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 0.68 291 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 4.33 372 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 552 46.94 31.92 0.7 1.76 22
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 243 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 0.37 239 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 238 167.84 109.75 0.26 23 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 0.45 242 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 0.4 238 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 58.52 243 0.02105 6.28 77.39 83.59 0.78 1.84 242
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 536 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 53 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 1012233  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 56.34 223 0.5 2.38 232
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 34 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 53.69 533 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 71.26 324 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 53 522 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 232 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 51.34 231 0.00363 231 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 235 132.48 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 247 167.27 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 50.27 291 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 221 108.51 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 222 211.02 73.22 0.18 4.35 0.2
Sunset Creek SE 30th  596.5916 1.01-year 100.55 48.52 51.89 49.66 337 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 233 135.73 44.4 0.2 3.92 0.25
Sunset Creek SE 30th  596.5916  100-year 413.2 48.52 53.95 50.89 543 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 3491 0.31 237 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 53.73 523 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 49.85 391 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 52.36 539 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 292 35.23 50.97 0.3 22 0.45
Sunset Creek SE 30th  543.1325 2-year 151.35 47.65 52.04 50.19 4.39 0.003644 337 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 53.53 523 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 0.34 297 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 1.95 529 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 247 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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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 237 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 47.18 523 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 354 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 58.31 222 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 354 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 Creeck  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 354 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 5221 0.55 0.021643 241 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 242 9.35 15.49 0.55 0.59 0.53
Richards Creek ~ Historical 999.2128 10-year 354 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 52.56 232 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 354 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 5222 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 354 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 Creeck  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 354 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 Creeck  Historical 843.4692  100-year 61.8 49.48 52.39 50.17 291 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 354 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 0.02 521 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 231 184.23 256.31 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 23 184.88 256.31 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 237 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 47.18 523 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 354 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 Creeck  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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River Reach River Sta Profile QTotal MinChEl W.S.Elev CritW.S. MaxChlDpth E.G.Slope VelChnl Flow Area Top Width Froude # Chl Hydr Radius C ~ Shear Chan
(cf) (ft) (f) (f) (f) (fvft) (fi/s) (sq ft) (f) (f) (Ib/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 Creeck  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 354 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 354 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 5233 5221 0.55 0.021643 241 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 242 9.35 15.49 0.55 0.59 0.53
Richards Creek  Historical 999.2128 10-year 354 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 354 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 5222 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 354 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 Creeck  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 354 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 Creeck  Historical 843.4692  100-year 61.8 49.48 52.39 50.17 291 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 354 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 231 184.23 256.31 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 23 184.88 256.31 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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River Reach River Sta  Profile QTotal MinChEl W.S.Elev CritW.S. Max ChlDpth E.G.Slope Vel Chnl Flow Area Top Width Froude # Chl Hydr Radius C  Shear Chan
(cfs) (ft) () (f) () (ft/ft) (ft/s) (sq f) () (f) (Ib/sq ft)

Sunset Creek SE30th  3272.859 1.01-year 5248 82.49 85.22 83.99 2.73 0.006909 2.99 17.54 7.87 0.35 1.53 0.66
Sunset Creek SE30th  3272.859  2-year 79 82.49 85.87 84.38 3.38 0.007726 3.46 22.83 8.32 037 1.77 0.86
Sunset Creek SE30th  3272.859  10-year 126 82.49 86.72 84.96 423 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 87.13 853 4.64 0.010441 4.63 34.08 103 0.42 224 1.46
Sunset Creek SE 30th  3272.859  100-year 212 82.49 87.79 85.83 53 0.011482 5.24 41.64 12.71 0.45 2.52 1.81
Sunset Creek SE30th  3251.92  1.01-year 5248 82.52 84.68 84.21 2.16 0.024525 5.08 10.33 5.78 0.67 1.2 1.84
Sunset Creek SE30th  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 SE30th  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 SE30th  3251.92  25-year 157 82.52 86.34 85.88 3.82 0.033201 6.84 22.96 9.05 0.76 1.64 339
Sunset Creek SE30th  3251.92  100-year 212 82.52 86.88 86.38 436 0.035496 7.59 27.92 9.43 0.78 1.84 4.08
Sunset Creek SE30th  3230.282 1.01-year 5248 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 3230282  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 3230282  25-year 157 81.37 85.54 85.24 4.17 0.03394 7.15 21.97 9.59 0.83 1.61 342
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 SE30th  3207.655 1.01-year 5248 81.58 83.02 83.02 1.44 0.045494 6.27 836 6.93 1.01 0.98 2.8
Sunset Creek SE30th  3207.655  2-year 79 81.58 83.43 83.43 1.85 0.044215 7.02 1125 7.41 1.01 1.19 3.29
Sunset Creek SE30th  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 SE30th  3207.655  25-year 157 81.58 8437 8437 2.79 0.044896 8.25 19.02 9.07 1 1.57 439
Sunset Creek SE30th  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 SE30th  3193.525 1.01-year 5248 81.39 82.96 82.47 1.57 0.012631 32 16.4 13.89 0.52 0.99 0.78
Sunset Creek SE30th  3193.525  2-year 79 81.39 83.44 82.75 2.05 0.010801 336 23.53 15.91 0.49 1.2 0.81
Sunset Creek SE30th  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 SE30th 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 SE30th  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 SE30th  3181.277 1.01-year 5248 80.83 82.23 8223 14 0.049653 6.06 8.66 7.7 1.01 0.97 3.01
Sunset Creek SE30th 3181.277  2-year 79 80.83 82.63 82.61 1.8 0.047241 6.68 11.83 8.35 0.99 1.19 351
Sunset Creek SE30th  3181.277  10-year 126 80.83 83.26 83.16 243 0.04141 7.2 17.49 9.4 0.93 1.5 3.89
Sunset Creek SE30th 3181.277  25-year 157 80.83 83.58 83.46 2.75 0.039203 7.67 20.55 10.44 0.92 1.73 422
Sunset Creek SE30th 3181277  100-year 212 80.83 84.06 83.99 3.23 0.035379 835 26.15 12.35 091 2.12 4.68
Sunset Creek SE30th  3171.478 1.01-year 5248 79.8 82.09 81.5 2.29 0.017938 4.34 12.08 6.96 0.58 1.29 1.44
Sunset Creek SE30th 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 SE30th 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 SE30th 3171.478  25-year 157 79.8 83.37 8291 3.57 0.024983 7.2 2291 10.06 0.74 2.16 337
Sunset Creek SE30th 3171.478  100-year 212 79.8 83.77 83.5 3.97 0.0285 838 27.21 11.07 0.81 2.46 438
Sunset Creek SE30th  3160.526 1.01-year 5248 79.96 81.89 81.42 1.93 0.018375 4.34 12.09 7.93 0.62 1.24 1.42
Sunset Creek SE30th  3160.526  2-year 79 79.96 8232 81.81 2.36 0.020239 5.05 15.65 8.81 0.66 1.47 1.86
Sunset Creek SE30th  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 SE30th  3160.526  25-year 157 79.96 83.18 82.72 322 0.022836 6.66 2436 114 0.73 2.05 2.92
Sunset Creek SE30th  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 SE30th 3145.921 1.01-year 5248 78.83 81.92 80.46 3.09 0.003732 2.52 21.19 10.58 0.29 1.92 0.45
Sunset Creek SE30th 3145921  2-year 79 78.83 8237 80.86 3.54 0.004594 3.15 26.22 11.91 0.33 2.29 0.66
Sunset Creek SE30th  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 SE30th 3145.921  25-year 157 78.83 83.29 81.74 4.46 0.006411 4.49 3841 14.63 0.41 3.04 1.22
Sunset Creek SE30th 3145.921  100-year 212 78.83 83.77 8227 4.94 0.007307 5.21 45.89 16.07 0.45 3.44 1.57
Sunset Creek SE30th  3119.845 1.01-year 5248 79.67 81.65 81.05 1.98 0.011764 3.56 14.77 10.26 0.51 1.32 0.97
Sunset Creek SE30th 3119.845  2-year 79 79.67 82.05 81.4 2.38 0.011998 421 19.08 11.5 0.54 1.67 1.25
Sunset Creek SE30th 3119.845  10-year 126 79.67 82.57 81.89 29 0.013116 5.17 25.47 13.13 0.59 2.13 1.74
Sunset Creek SE30th 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 SE30th 3119.845 100-year 212 79.67 83.2 82.63 3.53 0.016027 6.69 3441 15.12 0.68 2.69 2.69
Sunset Creek SE30th  3103.342 1.01-year 5248 79.66 81.46 80.89 1.8 0.011936 347 15.11 10.95 0.52 1.24 0.92
Sunset Creek SE30th 3103.342  2-year 79 79.66 81.86 81.22 22 0.01343 4.03 19.62 12.1 0.56 1.44 1.21
Sunset Creek SE30th  3103.342  10-year 126 79.66 8236 81.7 2.7 0.01577 4.81 26.17 13.61 0.61 1.7 1.67
Sunset Creek SE30th  3103.342  25-year 157 79.66 82.61 81.98 2.95 0.016334 531 29.67 1435 0.63 1.92 1.95
Sunset Creek SE30th  3103.342  100-year 212 79.66 82.99 82.39 333 0.017504 6.1 352 15.45 0.67 224 2.45
Sunset Creek SE30th  3082.734 1.01-year 5248 79.61 81.15 80.76 1.54 0.015717 3.74 14.02 11.68 0.6 1.11 1.09
Sunset Creek SE30th  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 SE30th  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 SE30th  3082.734  25-year 157 79.61 8223 81.76 2.62 0.01654 5.61 29.26 17.06 0.67 1.99 2.06
Sunset Creek SE30th  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 SE30th  3066.484 1.01-year 5248 79.15 80.44 80.44 1.29 0.045593 5.66 9.27 9.44 1.01 091 2.59
Sunset Creek SE30th  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 SE30th  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 SE30th  3066.484  25-year 157 79.15 81.55 81.55 24 0.028891 7.28 23.84 16.54 0.89 1.88 34
Sunset Creek SE30th  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 SE30th  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 SE30th  3034.622  2-year 79 7736 79.11 79.19 1.75 0.057465 6.84 11.54 9.56 1.1 1.1 3.94
Sunset Creek SE30th  3034.622  10-year 126 7736 79.48 79.7 2.12 0.068201 8.2 15.36 10.77 1.21 1.29 5.48
Sunset Creek SE30th  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  RiverSta  Profile QTotal MinChEl W.S.Elev CritW.S. Max ChlDpth E.G.Slope Vel Chnl Flow Area Top Width Froude# Chl Hydr Radius C ~ Shear Chan
(cfs) (f) (ft) (f) (ft) (ft/ft) (ft/s) (sq f) (ft) (f) (Ib/sq ft)

Sunset Creek SE30th 302031 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 Creeck SE30th  3020.31 2-year 79 76.74 79.07 78.53 233 0.012354 4.22 18.74 13.76 0.63 1.24 0.96
Sunset Creck SE30th  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 Creck SE30th  3020.31 25-year 157 76.74 79.84 79.34 3.1 0.012582 5.03 31.75 19.91 0.68 1.59 125
Sunset Creck SE30th  3020.31 100-year 212 76.74 80.22 79.74 348 0.012788 5.51 39.63 212 0.67 1.94 1.55
Sunset Creek SE30th  2982.026 1.01-year 52.48 76.27 77.64 77.64 1.37 0.041864 5.49 9.57 10.28 1 0.86 224
Sunset Creck SE30th  2982.026 2-year 79 76.27 77.97 7797 1.7 0.041566 5.98 13.22 12.11 1.01 1 2.6
Sunset Creck SE30th  2982.026  10-year 126 76.27 78.42 78.42 2.15 0.042101 6.55 19.23 14.7 1.01 12 3.15
Sunset Creck SE30th  2982.026  25-year 157 76.27 78.66 78.66 239 0.042096 6.84 22.94 16.1 1.01 13 3.42
Sunset Creek SE30th  2982.026 100-year 212 76.27 79.03 79.03 2.76 0.041059 723 293 18.1 1 1.48 3.78
Sunset Creck SE30th  2969.117 1.01-year 52.48 75.88 76.97 77.07 1.09 0.065542 5.54 9.48 14.93 122 0.62 2.54
Sunset Creck SE30th  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 Creck SE30th  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 SE30th 2969.117  25-year 157 75.88 78.3 77.81 242 0.014764 4.81 32.64 18.59 0.64 1.61 1.49
Sunset Creck SE30th  2969.117 100-year 212 75.88 78.72 78.12 2.84 0.014239 523 40.57 19.24 0.63 1.9 1.69
Sunset Creck SE30th  2939.869 1.01-year 52.48 73.61 76.82 75.69 321 0.0053 232 22.64 14.71 0.33 1.38 0.46
Sunset Creck SE30th  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 Creck SE30th  2939.869  10-year 126 73.61 77.81 76.54 4.2 0.007148 322 39.19 18.18 0.39 191 0.85
Sunset Creek SE30th  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 Creck SE30th  2939.869 100-year 212 73.61 78.51 772 4.9 0.008977 4.04 5243 19.74 0.44 232 13
Sunset Creck SE30th  2904.859 1.01-year 52.48 74.07 76.39 75.43 232 0.035368 2.86 18.34 15.88 047 1.03 2.28
Sunset Creek SE 30th  2904.859 2-year 79 74.07 76.76 75.8 2.69 0.035055 322 2451 17.55 0.48 1.25 2.74
Sunset Creek SE30th  2904.859  10-year 126 74.07 77.28 76.48 321 0.034618 3.67 34.34 19.94 0.49 1.54 3.34
Sunset Creek SE30th  2904.859  25-year 157 74.07 77.58 76.7 351 0.033762 3.86 41.26 28.12 0.49 1.7 3.59
Sunset Creek SE30th  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 SE30th  2887.542 1.01-year 52.48 73.52 76 75.02 248 0.016879 248 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 291 27.15 17.78 0.41 1.36 1.56
Sunset Creck SE30th 2887.542  10-year 126 73.52 76.85 75.94 333 0.020043 3.46 36.45 19.36 0.44 1.66 2.08
Sunset Creck SE30th 2887.542  25-year 157 73.52 77.14 76.13 3.62 0.020645 3.73 42.11 20.26 0.46 1.83 236
Sunset Creck SE30th  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 SE30th 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 Creck SE30th  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 Creck SE30th  2869.669  10-year 126 73.86 76.06 75.72 22 0.052374 5.13 24.65 16.55 0.73 1.46 4.78
Sunset Creek SE30th  2869.669  25-year 157 73.86 76.37 75.95 251 0.045904 528 30.08 18.64 0.7 1.69 4.84
Sunset Creek SE30th  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 SE30th  2850.365 1.01-year 52.48 72.12 74.78 73.51 2.66 0.008736 249 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 Creck SE30th  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 22
Sunset Creck SE30th  2850.365  25-year 157 72.12 76 74.67 3.88 0.015301 443 38.77 20.55 0.42 2.83 2.7
Sunset Creek SE30th  2850.365 100-year 212 72.12 76.4 75.15 4.28 0.018224 521 45 23.52 0.47 3.16 3.6
Sunset Creck SE30th  2823.726 1.01-year 52.48 72.56 74.28 73.76 1.72 0.030413 35 15.05 12.75 0.54 122 231
Sunset Creck SE30th  2823.726 2-year 79 72.56 74.63 74.08 2.07 0.031689 4.05 20.53 17.35 0.56 1.48 292
Sunset Creck SE30th  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 Creck SE30th  2823.726  25-year 157 72.56 75.31 74.85 2.75 0.03308 5.19 33.61 2142 0.61 2.08 4.29
Sunset Creek SE30th  2823.726 100-year 212 72.56 75.67 752 3.11 0.033877 5.79 41.7 23.79 0.63 24 5.08
Sunset Creek SE30th 2794.948 1.01-year 52.48 71.19 73.48 72.93 2.29 0.026466 34 16.43 16.14 0.5 1.29 2.14
Sunset Creck 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 Creck SE30th 2794.948  10-year 126 71.19 74.34 73.8 3.15 0.023419 4.28 34.12 23.97 0.51 2.01 294
Sunset Creek SE30th 2794.948  25-year 157 71.19 74.52 74.01 333 0.026305 4.77 38.53 25.36 0.54 2.17 3.57
Sunset Creek SE30th  2794.948 100-year 212 71.19 74.86 74.32 3.67 0.027583 5.34 47.48 27.94 0.57 248 4.27
Sunset Creek SE30th  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 1.01 122 3.71
Sunset Creck SE30th 2760.247  10-year 126 70.04 72.94 72.94 29 0.031018 6.76 20.98 19.47 0.83 1.68 325
Sunset Creck SE30th 2760.247  25-year 157 70.04 73.26 73.26 322 0.025632 6.75 27.92 23.44 0.77 1.93 3.1
Sunset Creck SE30th  2760.247  100-year 212 70.04 73.59 73.59 3.55 0.025171 7.29 359 25.15 0.78 22 3.46
Sunset Creck 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 Creck SE 30th 2717.8 2-year 79 68.16 70.32 69.97 2.16 0.044974 4.72 16.73 11.64 0.69 122 3.44
Sunset Creck 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 1.5 442
Sunset Creck 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 Creck SE 30th 2717.8 100-year 212 68.16 71.54 71.09 3.38 0.044965 6.6 32.14 13.69 0.76 191 5.35
Sunset Creek SE30th 2702.718 1.01-year 52.48 67.5 69.17 68.88 1.67 0.061046 4.65 11.28 10.94 0.81 091 3.45
Sunset Creek SE30th  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 Creck SE30th 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 SE30th  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 Creck SE30th  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 Creck SE30th 2676.488 1.01-year 52.48 66.34 68.54 67.73 22 0.016763 3.07 17.07 11.62 0.45 125 13
Sunset Creck SE30th 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 Creck SE30th 2676.488  10-year 126 66.34 69.75 68.62 341 0.014239 39 3232 13.62 0.45 1.92 1.71
Sunset Creek SE30th 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 SE30th 2676.488 100-year 212 66.34 70.61 69.27 4.27 0.015594 4.74 44.73 15.05 0.48 234 2.28
Sunset Creek SE30th 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 SE30th  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 SE30th 2651.525  10-year 126 65.23 69.63 67.51 4.4 0.005276 2.63 47.93 17.17 0.28 231 0.76
Sunset Creck SE30th 2651.525  25-year 157 65.23 69.98 67.93 4.75 0.005807 291 539 17.88 0.3 248 0.9
Sunset Creek SE 30th  2651.525  100-year 212 65.23 70.5 68.32 527 0.006582 3.34 63.47 18.96 0.32 2.74 1.12
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Sunset Creek SE30th  2643.063 1.01-year 5248 64.86 68.4 66.26 3.54 0.001902 1.79 29.38 12.66 0.21 1.78 0.21
Sunset Creek SE30th  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 SE30th  2643.063  10-year 126 64.86 69.59 67.43 4.73 0.003312 2.79 4523 14.01 0.27 2.35 0.49
Sunset Creek SE30th  2643.063  25-year 157 64.86 69.91 67.69 5.05 0.003944 3.15 49.85 1438 0.3 2.5 0.61
Sunset Creek SE30th  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 SE30th  2640.568 1.01-year 5248 64.75 68.41 65.54 3.66 0.000159 1.1 47.6 13 0.1 2.34 0.02
Sunset Creek SE30th  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 SE30th  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 SE30th  2640.568  25-year 157 64.75 69.94 66.4 5.19 0.000497 2.33 67.51 142 0.18 3.05 0.09
Sunset Creek SE30th  2640.568  100-year 212 64.75 70.44 66.76 5.69 0.000668 2.87 73.99 15.13 0.21 335 0.14
Sunset Creek SE 30th  2625.968 Bridge

Sunset Creek SE30th  2611.37 1.01-year 5248 63.5 68.42 64.29 4.92 0.00007 0.82 63.92 13 0.07 2.8 0.01
Sunset Creek SE30th  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 SE30th  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 SE30th  2611.37  25-year 157 63.5 69.94 65.15 6.44 0.000279 1.87 83.77 14.24 0.13 341 0.06
Sunset Creek SE30th  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 SE30th 261042 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 SE30th  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 SE30th 261042  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 SE30th 261042  25-year 157 63.5 69.94 65.15 6.44 0.000194 1.87 83.77 14.29 0.13 341 0.04
Sunset Creek SE30th 261042  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 SE30th  2610.37  1.01-year 5248 63.5 68.42 64.29 4.92 0.000048 0.82 63.92 13 0.07 2.8 0.01
Sunset Creek SE30th  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 SE30th  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 SE30th 261037  25-year 157 63.5 69.94 65.15 6.44 0.000194 1.87 83.77 143 0.13 341 0.04
Sunset Creek SE30th  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 SE30th 258237  1.01-year 52.48 64 68.41 64.79 441 0.000065 0.91 57.36 13 0.08 2.63 0.01
Sunset Creek SE30th  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 SE30th  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 SE30th  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 SE30th  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 SE30th  2582.32  1.01-year 5248 64 68.41 64.79 4.41 0.000065 091 57.36 13 0.08 2.63 0.01
Sunset Creek SE30th  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 SE30th 258232  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 SE30th  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 SE30th  2581.368 1.01-year 5248 64 68.41 64.79 4.41 0.000094 091 57.36 13 0.08 2.63 0.02
Sunset Creek SE30th 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 SE30th  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 SE30th  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 SE30th  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 SE30th  2578.872 1.01-year 5248 64 68.41 64.79 4.41 0.000124 0.78 66.87 17.33 0.07 2.99 0.02
Sunset Creek SE30th 2578.872  2-year 79 64 68.94 65.03 4.94 0.000195 1.04 75.91 17.84 0.09 331 0.04
Sunset Creek SE30th 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 SE30th 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 SE30th 2578.872  100-year 212 64 70.4 65.96 6.4 0.000593 2.09 101.51 21.19 0.15 42 0.16
Sunset Creek SE30th  2