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Greenhouse Gas Emissions – Technical Memorandum 
 

GREENHOUSE GAS EMISSIONS – PHASE 1A UPDATE 

A technical memorandum dated March 28, 2012 both qualitatively and quantitatively described the new 
greenhouse gas (GHG) emissions associated with The Spring District Master Development Plan. As an 
update to that memo, The Spring District is submitting this GHG emissions memo for Phase 1A of 
development.  

Phase 1A of The Spring District development includes the construction of two office buildings totaling 
452,548 SF, park space, and associated roadways, utilities, and landscaping.  

 
Need for Qualitative or Quantitative Disclosure 

Washington Department of Ecology (Ecology) has jurisdiction over air quality in Washington State. Ecology 
provides thresholds based on building type and square footage to estimate the annual CO2e from the 
buildings and associated traffic. These thresholds are used to determine the need for either a qualitative 
or quantitative analysis of CO2e for a project. We have used Ecology’s screening table, below, to 
determine the need for a qualitative or quantitative analysis.  

Ecology GHG Screening Table – Phase 1A 

Phase 1A  Ecology Threshold Determination 

Building Types  Units or SF  
Qualitative Analysis 

(10,000 MTCO2e Annually)  
Quantitative Analysis 

(25,000 MTCO2e Annually)  

Office Space 
(Buildings 16, 24) 

452,548 SF  > 399,000 SF  > 998,000 SF 

Ecology’s Guidance for including Greenhouse Gas Emissions in SEPA states that for projects that are 
expected to annually produce an average estimate of at least 10,000 but less than 25,000 metric tons 
CO2e, proponents should at least qualitatively disclose the GHG emissions caused by the project. A 
qualitative disclosure should include a general description of the project’s expected source(s) of the 
emissions, as well as any proposed GHG mitigation measures incorporated or designed into the project. 

The Spring District meets the 10,000 MTCO2e threshold to warrant a qualitative analysis for the office 
buildings. This qualitative analysis, including mitigation options, is described next. The project does not, 
however, meet the 998,000 SF threshold to warrant a quantitative analysis for Phase 1A. 

  

Project:  The Spring District – Phase 1A   From:  Joleen Fuson 
Justin Jones, PE 

 

Reviewer:   City of Bellevue   Date:  May 20, 2013   
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Qualitative Analysis 

Sources of Emissions 
The expected sources of emissions for Phase 1A include embodied emissions created through the 
manufacturing, transportation, construction, and disposal of building materials as well as emissions 
created through landscape disturbance. Emissions associated with the operation of the project include 
building energy usage and maintenance as well as vehicle trips accessing the site.  

Mitigation Options 
The Spring District is committed to providing environmentally responsible, low impact development 
techniques as a standard practice. Mitigation measures described in the Master Development Plan 
Greenhouse Gas Emissions Memo (3/28/12) apply to the entire Spring District site, including Phase 1A.  

Mitigation measures proposed for The Spring District development include transit‐oriented development 
(light rail station, walkable community, multi‐use path with regional connection, and mixed‐use 
development), low impact development techniques, which may include: rain gardens, bioretention, 
porous concrete, and LEED® certified buildings.  

Mitigation #1: Transit‐Oriented Development 
The Spring District will be a transit‐oriented developed with a future light rail station, bus lines, a walkable 
community layout and mixed use development. The estimated MTCO2 reduction associated with the 
reduction of vehicle dependency in a transit‐oriented development is 25%*. The elements of a transit‐
oriented development that result in reductions of CO2 emissions include the following: 

 High employment concentrations 

 Mixed‐use development (retail, office, residential) 

 Significant public transportation accessibility 

A 25% MTCO2 reduction for transit‐oriented development equates to approximately 9,000 MTCO2e 
annually. This equates to a CO2e reduction of approximately 11% annually for the project. 

* Source:   The Transportation Research Board, Special Report 298: Driving and the Built Environment – The Effects of Compact 
Development on Motorized Travel, Energy Use, and CO2 Emissions, 2009 

Mitigation #2: Building Lifespan 
While the GHG Calculator used in this evaluation has lifespan estimates for buildings based on use, the 
developer (Wright Runstad & Company) has a large portfolio of built work that shows their commitment 
to ecological construction, green building management and a practice of energy conservation. By 
employing adaptive building reuse, sustainably grown and regionally produced products and high‐
performance systems, Wright Runstad & Company promotes waste reduction as well as reuse and 
recycling in all of their new and existing projects.  By selecting durable and less energy consuming building 
components, they have a proven history of sustainable 100‐year buildings. 

Using the King County GHG Calculator with the 100‐year lifespan for the new office buildings, this 
mitigation is able to reduce the greenhouse gas emissions associated with the project. Annual emissions 
can be reduced by an additional 26,800 MTCO2e per year, or 31%, with the building lifespan mitigation. 
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Other Mitigation Measures 
While it is difficult to quantify the MTCO2e reductions of many low impact development techniques, 
these features will certainly provide additional emissions reductions. The Spring District is considering the 
following measures for this project: 

Bike and Pedestrian Facilities – bike and pedestrian facilities throughout the Spring District will 
encourage non‐motorized transportation that will further reduce the number of vehicle miles 
trips.  

LEED®‐ND Building Design – buildings and site design will be designed to LEED‐ND standards 
resulting in energy efficiencies and possible water reuse. During construction, materials will be 
recycled where possible. This mitigation reduces stationary combustion emission sources. 

Low Impact Development (LID) – the site will include several low impact development techniques 
to reduce land use change impacts. These techniques include: 

 Bioretention cells to treat pollution‐generating surfaces 

 An 8,400 SF green roof on Building 16 
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CRITICAL AREAS REPORT  
SPRING DISTRICT DEVELOPMENT – PHASE 1A 

BELLEVUE, WASHINGTON 

1.0 INTRODUCTION 

Wright Runstad & Company is proposing to develop Phase 1A of the Spring District 
Development, a transit-oriented development on an existing warehouse site, hereafter referred to 
as “the project.”  The project site is located on King County Parcel No. 067100-0000, north of 
NE 12th Street and between 120th Avenue NE to the west and 124th Avenue NE to the east, 
within the Bel-Red neighborhood in Bellevue, Washington (Figure 1).   

Shannon & Wilson, Inc. was contracted by the JMJ Team on behalf of Wright Runstad & 
Company to complete a critical areas report for the project.  We understand temporary impacts to 
critical areas, as defined under Section 20.25H (Critical Areas Overlay District) of the Bellevue 
Land Use Code (LUC), are unavoidable as a result of the project.  The purpose of this critical 
areas report is to describe proposed temporary buffer impacts provide a conceptual wetland 
buffer restoration plan.  

2.0 SCOPE OF SERVICES 

Our scope of services for this project consisted of performing the following tasks:  

 Work with the JMJ Team design team to define the impacts to critical areas, as described 
within LUC 20.25H.  Our understanding of the potential impact to wetland buffer consist 
of construction of underground utilities on the western edge of the project site.   

 We assume that the proposed critical area impacts are either explicitly allowable under 
LUC 20.25H or may be approved by the City of Bellevue (the City) provided appropriate 
mitigation occurs in compliance with the LUC.  We also assume that there will be no direct 
impacts to wetlands or streams, as defined by the City, state, or United States and permits 
from state or federal agencies will, therefore, not be required. 

 Shannon & Wilson will prepare a draft critical areas report, consistent with 
LUC 20.25H.230-20.25H.250, to be provided to JMJ Team.  Following the JMJ Team 
review, Shannon & Wilson will review comments and prepare a final Critical Areas Report 
to JMJ Team for their use and submittal to the City. 
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3.0 SITE DESCRIPTION 

The site parcel is approximately 36 acres and was previously developed for use as a grocery 
distribution center with several warehouses and industrial buildings. The site is paved, except for 
a landscaping strip along the eastern edge of the site, facing 124th Avenue NE, and a vegetated 
slope along the western edge of the site, facing 120th Avenue NE.  The vegetated slope along the 
western edge of the site is dominated by black cottonwood (Populus balsamifera), red alder 
(Alnus rubra), Himalayan blackberry (Rubus armeniacus), English ivy (Hedera helix), and 
western swordfern (Polystichum munitum).   

One wetland (Wetland A) has been delineated just offsite at the toe of the vegetated slope along 
the site’s western boundary along 120th Avenue NE.  Wetland A was delineated by Shannon & 

Wilson, Inc. for the City of Bellevue’s Northeast 4th Street/120th Avenue Northeast Corridor Project.  
A description of Wetland A was provided in the Northeast 4th Street/120th Avenue Northeast 
Corridor Project Wetland and Stream Delineation Technical Report prepared for the City and dated 
March 16, 2011.  This report gives the following description of Wetland A: 

“Wetland A (8,260 square feet) is located northeast of the intersection of 120th Avenue 
NE and NE 12th Street and is entirely within the project corridor.  The Cowardin 
classification (Cowardin, 1979) for Wetland A is PEM/SS and its hydrogeomorphic 
classification (Brinson, 1993) is “depressional outflow.” 

Dominant vegetation within Wetland A includes Pacific willow (Salix lasiandra, FACW), 
Douglas spirea (Spirea douglasii, FACW) with an emergent strata of bentgrass (Agrostis 
sp., FAC).   

Soils observed included a surface layer of black (10YR 2/1) muck above a layer of dark 
gray (2.5Y 4/1) clay loam exhibiting dark grayish-brown (10YR 4/2) redoximorphic 
concentrations.  While the site is mapped as urban land (Ur), Tukwila muck (Tu) is 
mapped immediately west of Wetland A.   

There appear to be three primary hydrologic sources for Wetland A:  (1) a high 
groundwater table, (2) stormwater sheetflow off of 120th Avenue NE, and (3) discharge of 
surface flow out of a large, black plastic outfall structure in the middle of the wetland.  
We presume the black plastic outfall releases stormwater from the development upslope 
to the east of Wetland A.  A roadside ditch is located within Wetland A, which originates 
from the black outfall structure, runs parallel to 120th Avenue NE, and terminates at a 
concrete culvert.  Surface flow within Wetland A exits through this concrete culvert and 
is presumably conveyed through a series of underground pipes to Lake Bellevue.   

Wetland A was classified as a Category III wetland using Ecology’s Wetland Rating 
System (Appendix C).  The rationale for this rating was the wetland’s: 
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 High water quality functions score (24 points) due to its organic soils, persistent 
vegetation, unconstructed surface outlet, and opportunity to remove pollutants;  

 Low hydrologic functions score (8 points) due to the high dead storage during wet periods, 
the moderate ratio of the wetland’s area to its basin, but lack of opportunity to reduce 
flooding downstream as the wetland drains to Lake Bellevue; and 

 Moderate habitat functions score (14 points) due to its low diversity of vegetation, 
moderate interspersion of hydroperiods, and the presence of other nearby wetlands in the 
developed landscape.  Additionally, a standing snag was observed in the southern end of 
Wetland A with evidence that it has been used by pileated woodpeckers for foraging.   

The City has adopted Ecology’s Wetland Rating System into the BCC, which requires 
Category III wetlands with habitat scores less than 20 points to maintain a 60-foot 
standard buffer.” 

In addition to a 60-foot (ft) standard buffer width (as described above), a 15-ft structure setback 
from the wetland buffer is required under LUC.   

4.0 IMPACTS TO CRITICAL AREAS 

We understand that the project will generally convert a warehouse site to a mixed use 
development for commercial and residential uses.  The project has been designed to avoid and 
minimize impacts to critical areas.  However, the installation of new utilities serving the site will 
result in clearing and ground disturbance in wetland buffer.  Based on the standard buffer width 
of 60 feet, disturbance from utility installation activities will temporarily impact approximately 
4,300 square feet (sf) of wetland buffer.  The project will implement and maintain temporary 
erosion and sediment control and best management practices to minimize impacts to critical 
areas during construction.  Disturbed areas will be restored to preconstruction grades and 
stabilized after construction.  Vegetation will be re-established in the wetland buffer in 
accordance with the buffer restoration plan and vegetation management plan (see Section 5.0). 

5.0 BUFFER RESTORATION PLAN                                                                     
AND VEGETATION MANAGEMENT PLAN 

The project proposes to mitigate for unavoidable temporary impacts by revegetating the 
disturbed wetland buffer.  This conceptual buffer restoration plan was designed based on our 
understanding that 4,300 sf of wetland buffer will be temporarily impacted during construction 
(Figure 2).   
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5.1 Planting Plan 

The planting plan is designed to establish native, non-invasive plant species in the temporarily 
disturbed wetland buffer area.  Temporarily disturbed areas will be revegetated with a native 
woody plant community comprised of shrubs and trees (Table 1). 

TABLE 1 
PLANTING PLAN 

Common Name Scientific Name Condition Spacing1 Quantity 

Snowberry Symphoricarpos albus 
1-gallon 4 ft O.C. 

89 
Indian plum Oemleria cerasiformis 89 
Pacific ninebark Physocarpus capitatus 90 
Black cottonwood Populus balsamifera 

2-gallon 10 ft O.C. 
21 

Douglas fir Pseudotsuga menziesii 22 

Notes: 
1  Spacing indicates the cumulative on center (O.C.) spacing per stratum. 
ft = feet 

The plant species selected for these areas are native to the project area and have displayed a high 
degree of success in similar restoration projects.  Planting should be done by hand in natural, 
randomized clusters.  All vegetation should be installed the same day the plants are obtained.  
Plants that cannot be planted within one day after arrival should be “heeled in” for protection 
against drying.  For best results, planting should occur during the fall or winter seasons (October 
to February) when plants are most dormant and have the greatest potential for survival.  

The site is largely protected from high winds.  Therefore, shrubs and trees are not anticipated to 
require staking.  If the plant can stand alone without staking in a moderate wind, tree stakes 
should not be used.  If the plant needs support, then webbing should be used as low as possible 
on the trunk to loosely brace the tree with two stakes.  All stakes and webbing must be removed 
within two years of installation.  Stakes and webbing can be removed sooner if the plant no 
longer requires support. 

5.2 Restoration Sequence  

The planting sequence should occur generally as follows: 



 

21-1-12396-002-R1rev.docx/ 21-1-12396-001 
5 

1. Complete grading to restore slope topography.  This includes decompacting soil in 
areas that have been compacted by heavy machinery to the extent possible and 
mixing 6 inches of compost (Cedar Grove or equivalent) into the soil to a depth of 
12 inches. 

2. Apply 3 inches of mulch throughout planting area. 

3. Procure plants specified in Table 1 from a registered nursery or through a licensed 
landscaper.  Note:  Procured tree and shrub plant materials shall be stored and 
handled during installation to prevent them from becoming desiccated at all times.   

4. Place plants within the disturbed wetland buffer area in natural, random clusters, as 
shown in Figure 3.  Dig holes for plants, twice the size of the container, and score 
edges of planting hole with shovel (so roots can travel outside hole).  Loosen plant 
roots slightly and place in center of hole, upright and level with ground surface.  
Backfill planting holes with native soils and replace the wood mulch around the 
base of each plant. 

5. Water plants thoroughly to avoid capillary stress.  Typically, planted areas should 
be watered with approximately 1 inch of water after planting. 

5.3 Maintenance 

The following maintenance activities should be performed to optimize the success of the 
restoration: 

1. Supplemental irrigation shall be provided for the first two years (minimum) after 
plant installation.   

2. Replace all plant mortalities during the fall or winter of the first year following 
plant installation as a component in the contract provisions for landscape 
establishment.    

3. Remove all Class A, B, and C Noxious Weeds as defined by the Washington State 
Noxious Weed Control Board’s most current Noxious Weed List 
(http://www.nwcb.wa.gov/) throughout the restored wetland buffer area.  All weed 
removal should be completed by hand and occur during the monitoring program to 
increase the success of the installed vegetation.  

In the event that the buffer restoration area becomes reestablished by noxious weed 
species following one year of hand removal, targeted herbicide application should 
occur in accordance with state and federally approved methodology. 

5.4 Performance Monitoring 

The primary purpose of the monitoring plan is to assess the completed restoration and provide a 
basis for determining whether the plants are surviving and the goals of the restoration plan are 
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being achieved.  A biologist shall observe plant condition at time of delivery and observe plant 
layout prior to installation.  After construction of the buffer restoration is completed, an as-built 
drawing shall be provided to the City.  Performance monitoring will be conducted annually for 
three years.  The monitoring period may be extended if determined necessary by the City to 
establish that performance standards have been met.     

Reports should consist of the following: 

1. A comprehensive plant count will occur during the Year 1 monitoring event.  Total 
plant survival, percent volunteer recruitment, and confirmation that all plant 
mortalities have been replaced shall be reported.   

2. Percent of plant survival and percent areal cover of installed shrub and tree species 
will be calculated during Years 2 and 3 through vegetation transects or other 
appropriate vegetation monitoring protocols.     

3. Plant vigor and growth will be visually estimated during each year to assess the 
growing conditions. 

4. Percent invasive cover will be reported during each year.   

5. Maintenance concerns (e.g., plants that need replacing, noxious weed removal, etc.) 
will be identified. 

6. Direct or indirect wildlife observations of the buffer restoration area will be 
recorded. 

7. Photographs of the buffer restoration area shall be taken from locations which can 
be repeated during future site visits to qualitatively assess the success of the planted 
area. 

5.5 Goals and Objectives 

The objective for the wetland buffer restoration plan is to restore a forested upland with native 
shrub and tree species that, once established, will provide equivalent or greater habitat functions 
and values. 

 Year 1 Goal 

— No more than 25 percent plant mortality will occur in Year 1.  Following the 
comprehensive stem count in Year 1, all plant mortalities shall be replaced in 
accordance with the landscaper’s one-year plant guarantee.   

 Year 2 Goal 

— Plant survival will exceed 85 percent or areal cover of native woody vegetation 
will exceed 20 percent. 



SHANNON &WILSON. INC. 

• Year 3 Goal 

Plant survival will exceed 80 percent or areal cover of native woody vegetation 
will exceed 40 percent. 

If any monitoring report shows that mitigation is not meeting these goals, the applicant will work 

with the City to perform corrective actions appropriate to the mitigation (e.g., failing plants will 

be replaced, other plant species will be substituted, and noxious/nuisance weeds will be removed 

by hand or with approved herbicides provided all local, state, and federal permits are obtained). 

6.0 CLOSURE 

The findings and conclusions documented in this report have been prepared for specific 

application to this project and have been developed in a manner consistent with that level of care 

and skill normally exercised by members of the environmental science profession currently 

practicing under similar conditions in the area, and in accordance with the terms and conditions 

set forth in our agreement. The conclusions and recommendations presented in this report are 

professional opinions based on interpretation of information currently available to us and are 

made within the operational scope, budget, and schedule constraints ofthis project. No 

warranty, express or implied, is made. 

Shannon & Wilson, Inc. has prepared an appendix, "Important Information About Your Wetland 

Delineation/Mitigation and/or Stream Classification Report," to assist you and others in 

understanding the use and limitations of our reports. 

SHANNON & WILSON, INC. 

Brooke O'Neill 

Per Johnson, P.W.S. 
Biologist 

BEO:PCJ:KLW/beo 
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APPENDIX A 
 

WETLAND RATING FORM 
  



\Vetland name or number Ji3' A 

WETLAND RATING FORM - WESTERN WASHINGTON 
Version 2 - Updated July 2006 to increase accuracy and reproducibility among users 

Updated Oct 2008 with the new WDFW definitions for priOlity habitats 

Name of wetland (if known): jN'qL.;trJ b ~ A Date of site visit:l'_~ . (b 

Rated by-f~db 4-N s ~,.J Trained by Ecology? Yes /No~ Date oftraining__~_ 

SEC: v(TWNSHP: Z(NRNGE: ~ Is S/T/R in Appendix D? Yes 

Map of wetland unit: Figure __ Estimated size 

No 

I - ().I.JR/ 

./ 

SUMMARY OF RATING 

Category based on FUNCTIONS provided by wetland 

I II III): IV 

Category I = Score >=70 
Category II = Score 51-69 

" Category III = Score 30-50 
Category IV = Score < 30 

Score for Water Quality Functions 

Score for Hydrologic Functions 

Score for Habitat Functions 

TOTAL score for Functions 

Category based on SPECIAL CHARACTERISTICS of wetland 

1_ 11_ Does not ApplyL 

Final Category (choose the "highest" category from above) 

Summary of basic information about the wetland unit 

,~~t~~V~~th~~~:~?~~;!f~~~t(~?·j;'i~!,;tl-~'i!tf'~t~~ti~~.~~~~jj~:il;f;;~;
 
Estuarine Depressional \
Natural Herita2e \Vetland Riverine 
B02 Lake-fringe 
Mature Forest Slope 
Old Growth Forest Flats 
CoastalLa~oon Freshwater Tidal 
Interdunal 

None of the above X 'Check ifunit has multiple 
HGM classes present 

Wetland Rating Form - western Washington August 2004 
version 2 To be used with Ecology Publication 04-06-025 

beo
Text Box
Prepared for the City of Bellevue's NE 4th Street/120th Avenue NE Corridor Project 



Wetland name or number ~~ 

Does the wetland unit being rated meet any of the criteria below? 
If you answer YES to any of the questions below you will need to protect the wetland 
according to the regulations regarding the special characteristics found in the wetland. 

Check List for Wetlands That May Need Additional Protection YES 
(in addition to the protection recommended for its category) 

SPl. Has the wetlwld wlit been documented as a habitat/or all)' Federall)'listed
 
Threatened or Endangered animal or plaJlt species (TIE species)?
 

For the purposes or this rating system, "documented" means the wetland is on the , 
Iappropriate state or federal database.
 

SP2. Has the wetland uni{ heen documented as habllat/oJ" any State listed
 
Threatened OJ" Endongered aJlimal species?
 
For the puqJOses of this rating system, "documented" means the wetl,llld is 011 the
 
appropriate state database. Note: Wetlands with State listed plant species are
 
categorized as Category I Natural Heritage Wetlands (see p 19 of data form)
 

SP3. Does the wetland unit contain individuals a/Priority species listed by the i 
WDFWfor the state? 

SP4. Does the wetland unit have a local sign!ficance in addition to its jimctions'7
 
For example, the wetland has been identified in the Shoreline Master
 
Program, the Critical Areas Ordinance, or in a local management plan as
 
having special significance.
 

NO 

./ 

- 

/ 

/ 

I 

/ 

To complete the next part of the data sheet you will need to determine the
 
Hydrogeomorphic Class ofthe wetland being rated.
 

The hydrogeomorphic classification groups wetlands into those that function in similar ways. This 
simplifies the questions needed to answer how well the wetland functions. The Hydrogeomorphic 
Class of a wetland can be determined using the key below See p. 24 for more detailed instructions 
on classifying wetlands. 
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Classification of \Vetland Units in Western Washington 

fthehYdr()IOgiCcriteria·iistedilidchquestion dortotapplyto.the entireuilltbeiIlg :J 
rated, yo~ probably b:iv.e apult lV.· itb InlIltiple HGMdasse~~Iti.this~~se;identify Whi.C.h.· ... 
hydrologlccntena III questIOns J~ 7 apply, and go to QuestIOn 8. . .	 . 

.. . . . ..	 . 
.	 . ~ 

1. Are the \vater levels in the entire unit usually controlled by tides (i.e. except during floods)? 
I NO - go to 2 YES - the wetland class is Tidal F."inge 

If yes, is the salinity of the water during periods ofanl1uallow flow below 0.5 ppt (parts per 
thousand)? YES - Freshwater Tidal Fringe NO - Saltwater Tidal Fringe (Estuarine) 

f(your liletland can be classified as {/ Freshwater Tidal Fringe use the[orms for Riverine 
wetlands. ffit is Saltwater Tidal Fringe It IS rated as (/11 Estuarine lvetland. Wetlands that 
were called estuarine in the first and second editIons of the rating system are called Salt 
Water Tidal Fringe inthe Hydrogeomorphic Classification Estuarine wetlands were 
categorized separately in the earlier editions, and this separation is being kept i'n this 
revision. To maintain consistency between editions, the term "Estuarine" wetland is kept. 
Please note, however, that the characteristics that define Category I and 11 estuarine 
wetlands have changed (see p. ). 

2. The entire wetland unit is flat and precipitation is the only source (>90%) of water to it. 
/Groundwater and surface water runoff are NOT sources of water to the unit.
 

NO - go to 3 YES - The wetland class is Flats
 

If your wetland can be classified as a "Flats" well and, use the form for Depressional 
wetlands. 

3.	 Does the entire wetland unit meet both of the following criteria? 
_The vegetated part of the wetland is on the shores of a body ofpennanent open water 

(without any vegetation on the surface) at least 20 acres (8 ha) in size; 
At least 30% of the open water area is deeper than 6.6 ft (2 m)?
 

j NO - go to 4 YES - The wetland class is Lake-fringe (Lacustrine Fringe)
 

4. Does the entire wetland unit meet all of the following criteria? 
__The wetland is on a slope (slope can be very gradua!), 
~_The water flows through the wetland in one direction (unidirectional) and usually 

comes from seeps. It may flow subsurface, as sheetflow, or in a swale without 
distinct banks. 

__The water leaves the wetland without being impounded? 
NOTE: Surface water does not pond in these type ofwetlandsexcepl occasionally in 
very small and shallow depressions or behind hummocks (depressions are usually 

/ <3ft diameter and less than 1 foot deep). 
('NO - go to 5 YES - The wetland class is Slope 
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5. Does the entire wetland unit meet all of the following criteria? 
The unit is in a valley, or stream channel, where it gets inundated by overbank 
flooding from that stream or river 

__ The overbank flood ing occurs at least once every nvo years. 
NOTE: The riverine unit can contain depressions that are filled with lvater when the river is 

./ not [loading 
NO - go to 6 YES - The wetland class is Riverine 

6.	 Is the entire wetland unit in a topographic depression in which water ponds, or is saturated to the 
surface, at some time during the year. This means that any outlet, llpresent, is higher than the 
iilterior a/the wetland 

NO - go to 7 ./ YES - The wetland class is Depressional 

7.	 Is the entire wetland unit located in a very 11at area with no obvious depression and no overbank 
11ooding. The unit does not pond surface water more than a few inches. The unit seems to be 
maintained by high groundwater in the area. The wetland may be ditched, but has no obvious 
natural outlet. 
../NO - go to 8 YES - The wetland class is Depressional 

8. Your wetland unit seems to be difficult to classify and probably contains several different HGM 
clases. For example, seeps at the base of a slope may grade into a riverine floodplain, or a small 
stream within a depressional wetland has a zone of flooding along its sides. GO BACK AND 
IDENTIFY WHICH OF THE HYDROLOGIC REGIMES DESCRIBED IN QUESTIONS 1-7 
APPLY TO DIFFERENT AREAS IN THE UNIT (make a rough sketch to help you decide). Use 
the following table to identify the appropriate class to use for the rating system if you have several 
HGM classes present within yourwetland. NOTE: Use this table only if the class that is 
recommended in the second column represents 10% or more of the total area of the wetland umt 
being rated. rf the area of the class Ii sted in column 2 is less than 10% of the unit; classify the 
wetland using the class that represents more than 90% of the total area. 

'~1fc'ff1ifr;idsses··'Wl.tffin:::tHe.We{tfih~/ytm;l/ein[tVat~4·i.",?'c,.;·/.',::Zi.• ,:,#OMfJ#{s;cto (l&~W"i/k#t.ih,g( 
Slope + Riverine Riverine 
Slope + Depressional Depressional 

• Slope + Lake-fringe Lake-fringe 
Depressional + Riverine along stream within boundary Depressional 

Depressional + Lake-fringe Depressional 
Salt Water Tidal Fringe and any other class offreshwater Treat as ESTUARINE under 
wetland wetlands with special 

characteristics 

If you are unable still to determine which of the above criteria apply to your wetland, or if you 
have more than 2 HGM classes within a wetland boundary, classify the wetland as Depressional 
for the rating. 
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D Depressional and Flats Wetlands '. Points' 
WATER QVALITYFUNCTIONS"~"Indicators thatthe,w€itIaildunit fUriCtions!p 

irpprovewater quality' - .' .... ..• ' 
(only 1 score 
per box) 

D D 1. Does the wetland unit have the potential to improve water quality? (see p.38) 

D ].1 Characteristics of surface water Hows out of the wetland: Figure _ 
Unit IS ,1 depression lI'ith no surface water leaving it (no outlet) points ~ 3 

D Unit has an intermittently floll'ing, OR highly constlicted permanently flowing outlet points = 2 
/ Umt has an unconstricted, or 51 ightly consllicted, surface outlet (pcrmGncn/lyfloH'ing) points = I 

Unit is a "tlat" depression (Q. 7 on key), or in the Flats class, with permanent surface outflow and 
no obvious natural outlet and/or outlet is a man-made ditch points = I 

(lfdi!ch is no! permanenlly floH'ing /real /lnil as "inlermillenlly JIOll'ing ") 

Provide iJhoto or drawing 
S 12 The soil 2 inches below the surface (or duff layer) is clay or organic (use NRCS 

D 
definltiolls) • { 
i/ YES _, \ro~\.If ~ 

I 
~(, ~ 

J 
~«(.L 

~ 
Nu-{ j' points = 4 

NO points = 0 
D 1.3 Characteristics of persistent vegetation (emergent, shrub, andlor forest Cowardin class) Figure_ 
I Wetland has persistent, ungrazed, vegetation> = 95°;;, of area points = 5 

D Wetland has persistent, ungrazed, vegetation> = 1/2 of area points = 3 
Wetland has persistent, ungrazed vegetation> = III 0 of area points = I 
Wetland has persistent, unglazed vegetation < 1/1 0 of area points = 0 

Map of Cowardin vegetation classes 

D 1.4 Characteristics of seasonal ponding or inundation. Figure_ 
This is the area ofthe wetland unit that is ponded for at least 2 months. but dries out 

D sometime during the year. Do not count the area that is permanently ponded. Estimate 
area as the average condition 5 out of10 yrs. 
Area seasonally ponded is> 1"2 total area of wetland points = 4 

tI' Area seasonally ponded is > Yo total area 0 f wetland points = 2 
Area seasonally ponded is < Yo total area ofwetland pomts = 0 

Map of Hvdroperiods _ 

D Total for D 1 Add the points in the boxes above I 

D D 2. Does the wetland unit have the opportunity to improve water quality? (seep. 44) 
Answer YES if you know or believe there are pollutants in groundwater or surface water 
coming into the wetland that would otherwise reduce water quality in streams, lakes or 
groundwater downgradient from the wetland. Note which ofthe following conditions 
provide the sources ofpollutants. A unit may have pollutants comingfrom several 
sources, but any single source would qualifY as opportunity. 

- Grazing in the wetland or within 150 ft 
-1. Untreated stormwater discharges to wetland 
- Tilled fields or orchards within 150 ft of wetland 

I A stream or culvert discharges into wetland that drains developed areas, residential areas, 
farmed fields, roads, or clear-cut logging 

- Residential, urban areas, golf courses are wIthin] 50 ft of wetland multipller 
- Wetland is fed by groundwater high in phosphorus or nitrogen 
- Other _ 

<YES multiplier is 2 NO multiplier is 1 

D TOTAL -Water Quality Functions Multiply the score from 01 by D2 
Add score to table on p. 1 
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D 

D 

D 

D 

D 
D 

D 

Depressional and Flats Wetlands	 Points 
(only I score .	 HYDROLOGICfUNCTIONS - Indicators that the wetland Imit functions to 

per box) 
reduceflooding ane;! strearhdegra(jation .
 

D 3. Does the wetland unit have the potential to reduce flooding and erosion?
 (see p.46) 

D 3.1 Characteristics of surface water flows out of the wetland unit
 
Unit is a depression with no surface water lea\'lIlg it (no outlet) points = 4
 
Unit has an intermittently (lowing, OR highly constricted permanently flowing outlel points = 2
 
Unit is a "flat" depression (Q. 7 on key). or in the Flats class, with permanent surface outflow and
 D 
no obviolls natural outlet and/or outlet is a man-made ditch POllltS = I
 

(Ifdilch is not permanentlrf!owing treat IIl7it as "intermitlent/y flowing ")
 
./ Umt has an unconstlicted, or slightly constricted, surface outlet (pennanel1tlyf!Olvll1J;) points = 0
 

D 3.2 Depth of storage dUring wet periods
 
Estimate the height o{pol1ding above the Doltom ofthe outlel. For Llnits with 110 OIl/lei 
measureji-o//1 the sUlface oI/JcmlClI1elll I\:ater or def'pesl part (irelr)) 
Marks of ponding are 3 ft or more above the surface or bottom of outlet points = 7 
The wetland is a "headwater" wetland"	 points = 5 

/	 Marks ofponding between 2 ft to < 3 ft from surface or bottom or outlet points = 5 
Marks are at least 0.5 ft to < 2 ft from surface or bottom of outlet points = 3 
Unit is flat (yes to Q. 2 or Q. 7 on key) but has sl11all depressions on the surface that trap 

water points = 1
 
Marks of panding less than 0.5 ft points = 0
 

D 3.3 Contribution of wetland unit to storage in the watershed
 
Estimate the ratio of the area of upstream basin cOlltributing slllface water 10 the wct/alld
 

to the area of the wetland unit itself
 
The area of the basin is less than 10 times the area of unit	 points = 5 :,

/	 The area of the basin is 10 to 100 times the area of the unit points = 3
 
The area of the basin is more than 100 times the area of the unit points = 0
 
Entire unit is in the FLATS class points = 5
 

Total for D 3	 Add the points in the boxes above I 'b I 

(seep. 49) 

multiplier 

TOTAL - Hydrologic Functions Multiply the score from D 3 by D 4 
Add score to table on p. 1 

D 4. Does the wetland unit have the opportunity to reduce flooding and erosion? 
Answer YES if the unit is in a location in the watershed where the flood storage, or 
reduction in water velocity, it provides helps protect downstream property and aquatic 
resources from flooding or excessive and/or erosive flows. Answer NO if the water 
coming into the wetland is controlled by a structure such as flood gate, tide gate, flap 
valve, reservoir etc. OR you estimate that more than 90%·ofthe water in the wetland is 
from groundwater in areas where damaging groundwater flooding does not occur. 
Note which of the following indicators ofopportunity apply. 

- Wetland is in a headwater of a river or stream that has flooding problems 

- Wetland drains to a river or stream that has flooding problems 

- Wetland has no outlet and impounds surface runoff water that might otherwise 
flow into a river or stream that has flooding problems 

- Other _ 

YES multiplier is 2 ./ NO multiplier is 1 
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These questions apply to wetlands ofall HGM classes. 
HABITAT FUNCrrONS~Indicaiorsthat unit functions to provide important habitat 

HI. Does the wetland unit have the potential to provide habitat for many species? 

H 1.1 Vegetation structure (see p. 72) 
Check the rypes of vegetation classes presenr (as dcjincd by CO\l'ordln)- Size rhreshold for each 

class Is //~ acre or more than 10% oirhe area If lin II Is _llIIalla rhall 2_5 acres 
__Aquatic bed 
~El11ergentplants 
_~Scrub/shrub(areas where shrubs have >30% cover) 
__Forested (areas where trees have> 30% cover) 
J(rhe Ifnit has aforested class check if: 
__The forested class has 3 out of 5 stl-ata (canopy, sUh-canopy, shrubs, herbaceous, 

moss/ground-cover) that each cover 20'i;, withlll the forested polygon 
Add the number of vegetation structures thor quahfj Jfyou have: 

4 structures or more points = 4 
3 structures points = 2Map of Cowardin vegetation classes 

./ 2 structures pain ts = I 
I structure points = 0 

H 12 Hvdroperiod~_(.5eep. 73) 
Check the types or water regimes (hydroperlods) present within the wetland. The water 

regime has 10 cover more than 10% ofthe wetland or V. acre to counl. (see textfor 
descriptiolls ofhydroperiods) 

Permanently flooded or inundated 4 or more types present points = 3 
~-l-Seasonally flooded or inundated v 3 types present points = 2 

Occaslonally flooded or inundated 2 types present point = I 
~Saturated only I type present points = 0 
__ Permanently flowing stream or river in, or adjacent to, the wetland 
----.:L.... Seasonally flowing stream in, or adjacent to, the wetland 
___ , Lake-fringe wetland = 2 points 
__Freshwater tidal wetland = 2 points Map of hydroperiods 

H 1.3. Richness of Plant Species (see p. 75) 
Count the number of plant species in the wetland that cover at least 10 ft2. (different patches 
of the same species can be combined to meet the size threshold) 

You do not have to name the species. 
Do not include Eurasian Milfoil, reed canarygrass, purple loosestrife, Calladian Thistle 

If you counted: > 19 species points = 2 
List species belorll ifyou want to: I 5 - 19 species points = I 

< 5 species points = 0 

Points 
, (oniy I. SCore 

per box) 

Figure_ 

Figure_ 

\
 

Total for page --=L-
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Wetland name or number ~A 

[riparian braided channelsj 

~~DJ
".\!J~/ 

~ 

H 1.4. Interspersion of habitats (see p. 76) igure~ 

Decide from the diagrams below whether interspersion between Coward III vegetation 
classes (described in H II), or the classes and unvegetated areas (can include open water or 
mudflats) is high, medium, low, or none. 

C) o 
None = 0 points Low = I pomt / Moderate = 2 points 

High = 3 points
 
NOTE: If you have four or more classes or tl1ree vegetation classes and open water
 

the rating is always "high". Use map of Cowardin vegetation classes
 

H 1.5. Special Habitat Features: (see p. 77)
 
Check the habitat features that are present In the wetland. The number ofchecks is the
 

number ofpoints you put into the next column.
 
_(_Large, downed, woody debris within the wetland (>4in. diameter and 6 ft long). 

__Standing snags (diameter at the boltom > 4 inches) in the wetland 

__Undercut banks are present for at least 6.6 ft (2m) andlor overhanging vegetation extends at
 
least 3.3 ft (1m) over a stream (or ditch) in, or contiguous with tile unit, for at least 33 ft
 
(lOm)
 

__Stable steep banks of fine material that might be used by beaver or muskrat for denning
 
(> 30degree slope) OR signs of recent beaver activIty are present (cut shrubs or trees that
 
have not yet turned grey/brown)
 

__At least 'I. acre of thin-stenuned persistent vegetation or woody branches are present in areas
 
that are permanently or seasonally inundated.(structures for egg-laying by amphibians)
 

__ Invasive plants cover less than 25% of the wetland area in each stratum of plants
 

NOTE: The 20% stated in early printings o/the manual on page 78 is an error. 
1-----------------------------------------....--- 

H 1. TOTAL Score - potential for providing habitat 

Add the scores from -'---'-_-"-- Hi.i,'-----'-'--'---'----'----'--'-'--'----'-'------'-_Hi.2, Hi.3, H i.4, H i.5 ... ....L- __

Comments 
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H 2. Does the wetland unit have the opportunity to provide habitat for many species? 

H 2.1 Buffers (see p. 80) 
Choose the description that best represents conditioll 0/buffer a/wetland unit. The highest scoring 
criterion that applies to the wetland is to be used in the rating See le:J;//or definition of 
"undisturbed " 

Figure __ 

- 100 m (330ft) ofrelati\·e1r undisturbed vegetated areas, rocky areas, or open watel· >95% 
of circul1lference No structures are within the undisturbed part of buffer. (relatively 
undisturbed also means no-grazing, no landscaping, no daily human use) Points = 5 

- 100 l1l (330 ft) of relatively undisturbed vegetated areas, rocky areas, or open water> 
50% circumference. Points == 4 

..  50m (170ft) of relatively undisturbed 
circumference. 

vegetated areas, rocky areas, or open water >95% 
Points = 4 

- 100 m (330ft) ofrelati\ely undisturbed vegetated areas. rocky areas, or open water> 25°'0 
circumference, . Points =.3 

- 50 m (170ft) of relatively undisturbed vegetated areas, rocky areas, or open water for> 
50% circumference. 

If bnller does not meet any of the criteria above 
Points = 3 

- No paved areas (except paved trails) or buildings within 25 m (80ft) of wetland> 95% 
circumference. Light to moderate grazing, or lawns are OK. Points = 2 

- No paved areas 01· buildings within SOm of wetland fOI· ~>50°!<) circumference 
Light to moderate grazing,. or lawns are OK. Points = 2 

- Heavy grazing in buffer. Points = 1 

-
j 

Vegetated buffers are <2m wide (6.6ft) for more than 95'% of tile circumference (eg. tilled 
fields, paving, basalt bedrock extend to edge of wetland Points = o. 

- Buffer does not meet any of the criteria above. 
Aerial photo showing buffers 

Points = 1 

H 2.2 Corridors and Connections (see p. 81) 
H 2.2.1 Is the wetland part of a relatively undisturbed and unbroken vegetated comdor 
(either riparian or upland) that is at least 1SO ft wide, has at least 30% cover of shrubs, forest 
or native undisturbed prairie, that connects to estuaries, other wetlands or undisturbed 
uplands that are at least 250 acres in size? (dams in riparian corridors, heavily used gravel 
roads, paved roads, are considered breaks in the corridor). 

YES = 4 points (go to H 2.3) / NO = go to H 2.2.2 
H 2.2.2 Is the wetland part of a relatively undisturbed and unbroken vegetated corridor 
(either riparian or upland) that is at least SOft wide, has at least 30% cover of shrubs or 
forest, and connects to estuaries, other wetlands or undisturbed uplands that are at least 25 
acres in size? OR a Lake-fringe wetland, if it does not have an undisturbed corridor as in 
the question above? 

YES = 2 points (go to H 2.3) ,/ NO = H 2.2.3 
H 2.2.3 Is tIle wetland: 

within 5 rni (8kIn) of a brackish or salt water estuary OR 
within 3 rni ofa large field or pasture (>40 acres) OR 
within 1 mi of a lake greater than 20 acres? 

YES = 1 point ./NO = 0 points 

0 

Total for page+
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H 2.3	 Near or adjacent to other priority habitats listed by WDFW (see flew alld complete
 

descriptio liS of WDFW priority habitats, alld the cOllflties ill whicll they call befolilld, ill
 
the PHS report http://JFd{iI'.J,,u.gov/lwh/phslist,htm )
 

Which of the following priority habitats are within 330ft (100m) of the wetland unit? NOTE: the 
COllllectiollS do IlOI have to he relatively IIndistll/'bed 

__Aspen Stands: Pure or mixed stands of aspen greater than 04 ha (I acre). 
~Biodi"ersityAreas an d Corridors Areas of habitat that are relatively important to various 

species or native fish and wildlIfe (fiill desCl'iplio/1s i/1 WDFTV PHS report p. /52). 
__Herbaceous Balds: Variable SIze patches of grass and forbs on shallow soils over bedrock. 
__Old-growth/Mature forests: (Old-erowth west of Cascade crest) Stands of at least 2 tree 

species, fonning a multi-layered canopy with occasional small openings; with at least 20 
trees/ha (8 trees/acre) > 8\ cm (32 in) dbh or> 200 years of age. (Mature forests) Stands 
with average diameters exceeding 53 cm (21 in) dbh; crown cover may be less that 100%; 
crO\nl cover may be less that 100%; clccay, decadence, numbtTs of snags, and quantity of 
large downed material is generally less than that fOLlnd in old-gro\vth: 80 - 200 years old 
west of the Cascade crest. 

__Oregon white Oak: Woodlands Stands of pure oak or oak/conifer associations where 
canopy coverage of the oak compollent is important (full desCnplio175 i/7 WDFW PHS 
reporl fJ- /58). 

_~Riparial\: The area adjacent to aquatic systems with flowing water that contains elements of 
both aquatic and tCITestrial ecosystems which mutually influence each other 

__'Vestside Prairies: Herbaceous, non-forested plant communities that can either take the 
form of a dry prairie or a wet prairie (full descriptions in WDFW PHS report p. 161). 

__lnstream: The combination of physical, bIological, and chemical processes and conditions 
that interact to provide functIOnal life history requirements for instreal11 fIsh and wildlife 
resources. 

__ :'Jearshore: Relatively undisturbed nearshore habitats. These include Coastal Nearshore, 
Open Coast Nearshore, and Puget Sound Nearshore. (full descriptions ofhabitats alld the 
definition ofrelatively undisturbed are in WDFW report: pp. 167-169 and glossary ill 
Appendix A). 

Caves: A naturally occurring caVIty, recess, void, or system of interconnected passages under 
the earth in soils, rock, ice, or other geological formations and is large enough to contain a 
human. 

__Cliffs: Greater than 7.6 m (25 ft) high and occurring below 5000 ft. 
__Talus: Homogenous areas of rock rubble ranging in average size 0.15 - 2.0 m (0.5 - 6.5 ft), 

composed of basalt, andesite, and/or sedimentary rock, including rip rap slides and mine 
. tailings. May be associated with cliffs. 

~Sllags and Logs: Trees are considered snags if they are dead or dying and exhibit sufficient 
decay characteristics to enable cavity excavation/use by wildlife. Priority snags have a 
diameter at breast height of> 51 em (20 in) in western Washington and are > 2 m (6.5 ft) in 
height. Priority logs are> 30 em (12 in) in diameter at the largest end, and> 6 m (20 ft) 
long. 

If wetland has 3 or more priority habitats = 4 points 
/ If wetland has 2 priority habitats = 3 points 

If wetland has 1 priority habitat = 1 point No habitats = 0 points 
Note: All vegetated wetlands are by definition a priority habitat but are not included in this 
list. Nearby wetlands are addressed in question H 2.4) 
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H 2.4 Wetland Landscape (choose the olle descriptIOn a/the landscape around the wetland that 
bestfits) (seep. 84) 

There are at least 3 other wetlands within '/z mIle, and the connections between them are 
relatively undisturbed (lIght grazing between wetlands OK, as is lake shore with some 
boating, but connections should NOT be bisected by paved roads, fill, fields, or other 
development. points = 5 

The wetland is Lake-frll1ge on a lake with little disturbance and there are 3 other lake-fringe 
wetlands within ~/2 mIle points 00 5 

v There are at least 3 other wetlands within 'I, mile, BUT the connections between them are 
disturbed points = J 

The wetland is Lake-fringe all a lake with disturbance and there al·e 3 other lake-fringe 
wetland WIthin '/z mile points = 3 

There is at least 1 wetland within '12 mile. points = 2 
There are no wetlands within '/z mile. points = 0 

H2. TOTAL Score - opportunity for providing habitat 
Add the scoresfl-om H2.J,H2.2, H2.3, H2.4 

TOTAL for H 1 from page 14 

Total Score for Habitat Functions - add the points for H 1, 112 and record the result 011 

p. 1 

5 
I 

I 

I 
I 

_____ 1 

I r I 
----

1-----
Ii 
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CATEGORIZATION BASED ON SPECIAL CHARACTERISTICS 

Please determine ifthe wetland meets tlte attributes described below and circle tlte 
appropriate answers and Category. 

Wetland Type Category I 
. Check offany criteria Ihal apply 10 the wetland. Circle the Category when the 
appropriate criteria are met. I 

SC 1.0 Estuarine wetlands (see p. 86)
 

Docs the wetland unit meet the following criteria for Estuarine wetlands?
 

- The dominant water regime is tidal,
 
- Vegetated, and
 
- With a salinity greater than 0.5 ppt
 

YES = Go to SC I.l
 

SC	 1.1 Is the wetland unit within a National Wildlife Refuge, National Park,
 
National Estuary Reserve, Natural Area Preserve, State Park or Educational,
 Cat. I 

Environmental, or Scientific Reserve designated under WAC 332-30-15 I? 

YES = Category I NO go to SC 1.2 

SC \.2 Is the wetland unit at least I acre in size and meets at least two of the 
following three conditions') YES = Category I NO = Category II 
- The wetland is relatively undisturbed (has no diking, ditching, filling, 

cultivation, grazing, and has less than 10% cover of non-native plant 
speCles. If the non-native Spartina spp. are the only species that cover 
more than 10% of the wetland, then the wetland should be given a dual 
rating (IIII). The area of Spartina would be rated a Category II while the 
relatively undisturbed upper marsh with native species would be a 
Category 1. Do not, however, exclude the area of Spartina in 
determining the size threshold of 1 acre. 

- At least 'l4 of the landward edge of the wetland has a 100 ft buffer of 
shrub, forest, or un-grazed or un-mowed grassland. 

-- The wetland has at least 2 of the following features: tidal channels, 
depressions with open water, or contiguous freshwater wetlands. 

Cat. J
 

Cat. II
 

Dual 
rating 

IIII 
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Wetland naille or number ~ 

SC 2.0 Natural Heritage Wetlands (seep. 87) 
Natural Heritage wetlands have been identified by the Washington Natural Heritage 
Program/DNR as either high quality undisturbed wetlands or wetlands that suppati 
state Threatened, Endangered, or Sensitive plant species. 

SC 2.1 Is the wetland unit being rated in a Section/Township/Range that contains a 
Natural Heritage wetland':' (this questioll is used to screen out most sites 
before you need to contac~ FvNHP/DNR) 

S/T/R information fi·olll Appendix D _.f_ or accessed from WNHP/ONR \Vel:: site _ 

Cat. I 

YES__ - contact \VNHP/DNR (see p. 79) and go to SC 2.2 

SC 22 Has DNR identified the wetland as a high quality undisturbed wetland or as 
or as a site with state threatened or endangered plant species? 

YES = Category I NO __not a Heritage Wetland 

SC 3.0 Bogs (see p. 87) 
Does the wetland unit (or any pal't of the unit) meet both the criteria for soils and 
vegetation in bogs? Use the key below to Identify if the wetland is a bog. IjYOll 
answer yes yOll will stilll1eed to rate the )vetland based Oil its junctions. 

1. Does the unit have organic soil horizons (i.e layers of organic soil), either 
peats or mucks, that compose 16 inches or more of the first 32 inches ofthe 
soil profile? (See Appendix B for a field key to identify organic soils)? Yes -
go to Q. 3 ./ No - go to Q. 2 

2. Does the unit have organic soils, either peats or mucks that are less than 16 
inches deep over bedrock, or an impermeable hardpan such as clay or 
volcanic ash, or that are floating on a lake or pond? 

Yes - go to Q. 3 ../No - Is not a bog for purpose of rating 

3. Does the unit have more than 70% cover of mosses at ground level, AND 
other plants, if present, consist of the "bog" species listed in Table 3 as a 
significant component of the vegetation (more than 30% of the total shru b 
and herbaceous cover consists of species in Table 3)? 

Yes - Is a bog for purpose of rating No  go to Q. 4 

NOTE: If you are uncertain about the extent of mosses in the understory 
you may substitute that criterion by measuring the pH of the water that 
seeps into a hole dug at least 16" deep. If the pH is less than 5.0 and the 
"bog" plant species in Table 3 are present, the wetland is a bog. 

1. Is the unit forested (> 30% cover) with sitka spruce, subalpine fir, western 
red cedar, western hemlock, lodgepole pine, quaking aspen, Englemann's 
spruce, or western white pine, WITH any of the species (or combination of 
species) on the bog species plant list in Table 3 as a significant component 
of the ground cover (> 30% coverage ofthe total shrub/herbaceous cover)? 

2. YES = Category I No_ Is not a bog for purpose of rating Cat. I 
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I,Vetland naille or number ~_A 

SC 4.0 Forested Wetlands (see p. 90) 
Does the wetland unit have at least 1 acre of forest that meet one of these criteria for 
the Department of Fish and Wildlife's forests as priority habitats? Ifyou answer yes 
you will still need to rate the wetland based on its fimctions. 

- Old-growth forests: (west of Cascade crest) Stands of at least two tree species, 
forming a multi-layered canopy with occasional small openings: \vith at least 8 
trees/acre (20 trees/hectare) that are at least 200 years of age 0 R have a 
diameter at breast height (dbh) of32 inches (81 cm) or more. 

NOTE: The criterion for dbh is based on measurements for upland forests 
T\vo-hundred year old trees in wetl,lI1ds will often have a smaller dbh 
because their growth rates are often slower. The DFW criterion is and "OR" 
so old-growth forests do not necessarily ha\e to have trees of this diameter. 

- Mature forests: (west of the Cascade Crest) Stands where the largest trees are 
80 - 200 years old OR have average diameters (dbh) exceeding 21 inches 
(53cl11); crown cover may be less that lOO%; decay, decadence, numbers of 
snags, and quantity of large downed material is generally less than that found 
in old-growth. 

Cat. J 
YES = Category I NO _,..Ina! a forested wetland with special characteristics 

SC 5.0 Wetlands in Coastal Lagoons (see p. 91) 

Does the wetland meet all of the following criteria of a wetland in a coastal lagoon? 

- The wetland lies in a depression adjacent to marine waters that is wholly 
or partially separated from marine waters by sandbanks, gravel banks, 
shingle, or, less frequently, rocks 

- The lagoon in which the wetland is located contains surface water that is . 
saline or brackish (> 0.5 ppt) during most of the year in at least a portion 
of the lagoon (needs to be measured near the bottom) 

YES == Go to SC 5.1 NO_/ not a wetland in a coastal lagoon 

SC 5.1 Does the wetland meets all of the following three conditions? 

- The wetland is relatively undisturbed (has no diking, ditching, filling, 
cultivation, grazing), and has less than 20% cover of invasive plant 
species (see list of invasive species on p. 74). 

- At least ~ of the landward edge of the wetland has a 100 ft buffer of 
shrub, forest, or un-grazed or un-mowed grassland. Cat. I 

- The wetland is larger than 1/10 acre (4350 square feet) 

YES = Category I NO = Category II Cat. II 
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Wetland name or !lumber ~ A 

SC 6.0 Interdunal Wetlands (see p. 93) 

Is the wetland unit west of the 1889 line (also called the Western Boundary of Upland 
Ownership or WBUOp 

YES - go to SC 6. I NO /not an interdunal wetland for rating 
Ifyou allswer yes yOll ,vill still need to rate the wetland based Oil its 
functiolls. 

In practical tenns that means the following geographic cll·eas: 

• Long Beach Peninsula- lands west ofSR 103 
• Grayland-Westport- lands west ofSR 105 
• Ocean Shores-Copalis- lands west ofSR 115 and SR 109 
SC 6. I Is the wetland one acre or larger, or is it In a mosaic of wetlands that is 

once acre or larger') 
YES = Cakgory II NO - go to SC 62 Cat. II 

SC 6.2 Is the unit between Oland 1 acre, or is it in a mosaic of wetlands tllat is 
between 0 I and I acre? 

YES = Category III Cat. III 

Category Of wetland based on Special Characteristics. . 
... Ch;~j~ the "highest "rating ifwetland,~allSinto ~evera~ categories, andrecord on . 

II If ygu answered NO for all types enter Not Applicable' onp:! . .. . 
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IMPORTANT INFORMATION ABOUT YOUR WETLAND DELINEATION/MITIGATION 
AND/OR STREAM CLASSIFICATION REPORT 

 

A WETLAND/STREAM REPORT IS BASED ON PROJECT-SPECIFIC FACTORS. 

Wetland delineation/mitigation and stream classification reports are based on a unique set of project-specific factors.  These typically 
include the general nature of the project and property involved, its size, and its configuration; historical use and practice; the location 
of the project on the site and its orientation; and the level of additional risk the client assumed by virtue of limitations imposed upon 
the exploratory program.  The jurisdiction of any particular wetland/stream is determined by the regulatory authority(s) issuing the 
permit(s). As a result, one or more agencies will have jurisdiction over a particular wetland or stream with sometimes confusing 
regulations.  It is necessary to involve a consultant who understands which agency(s) has jurisdiction over a particular wetland/stream 
and what the agency(s) permitting requirements are for that wetland/stream.  To help reduce or avoid potential costly problems, have 
the consultant determine how any factors or regulations (which can change subsequent to the report) may affect the recommendations. 
 
Unless your consultant indicates otherwise, your report should not be used: 
 

 If the size or configuration of the proposed project is altered. 
 If the location or orientation of the proposed project is modified. 
 If there is a change of ownership. 
 For application to an adjacent site. 
 For construction at an adjacent site or on site. 
 Following floods, earthquakes, or other acts of nature. 

 
Wetland/stream consultants cannot accept responsibility for problems that may develop if they are not consulted after factors 
considered in their reports have changed.  Therefore, it is incumbent upon you to notify your consultant of any factors that may have 
changed prior to submission of our final report. 
 
Wetland boundaries identified and stream classifications made by Shannon & Wilson are considered preliminary until validated by the 
U.S. Army Corps of Engineers (Corps) and/or the local jurisdictional agency.  Validation by the regulating agency(s) provides a 
certification, usually written, that the wetland boundaries verified are the boundaries that will be regulated by the agency(s) until a 
specified date, or until the regulations are modified, and that the stream has been properly classified.  Only the regulating agency(s) 
can provide this certification. 

MOST WETLAND/STREAM "FINDINGS" ARE PROFESSIONAL ESTIMATES. 

Site exploration identifies wetland/stream conditions at only those points where samples are taken and when they are taken, but the 
physical means of obtaining data preclude the determination of precise conditions.  Consequently, the information obtained is intended 
to be sufficiently accurate for design, but is subject to interpretation.  Additionally, data derived through sampling and subsequent 
laboratory testing are extrapolated by the consultant who then renders an opinion about overall conditions, the likely reaction to 
proposed construction activity, and/or appropriate design.  Even under optimal circumstances, actual conditions may differ from those 
thought to exist because no consultant, no matter how qualified, and no exploration program, no matter how comprehensive, can 
reveal what is hidden by earth, rock, and time.  Nothing can be done to prevent the unanticipated, but steps can be taken to help reduce 
their impacts.  For this reason, most experienced owners retain their consultants through the construction or wetland mitigation/stream 
classification stage to identify variances, to conduct additional evaluations that may be needed, and to recommend solutions to 
problems encountered on site. 
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WETLAND/STREAM CONDITIONS CAN CHANGE. 

Since natural systems are dynamic systems affected by both natural processes and human activities, changes in wetland boundaries 
and stream conditions may be expected.  Therefore, delineated wetland boundaries and stream classifications cannot remain valid for 
an indefinite period of time.  The Corps typically recognizes the validity of wetland delineations for a period of five years after 
completion.  Some city and county agencies recognize the validity of wetland delineations for a period of two years.   If a period of 
years have passed since the wetland/stream report was completed, the owner is advised to have the consultant reexamine the 
wetland/stream to determine if the classification is still accurate. 
 
Construction operations at or adjacent to the site and natural events such as floods, earthquakes, or water fluctuations may also affect 
conditions and, thus, the continuing adequacy of the wetland/stream report.  The consultant should be kept apprised of any such events 
and should be consulted to determine if additional evaluation is necessary. 

THE WETLAND/STREAM REPORT IS SUBJECT TO MISINTERPRETATION. 

Costly problems can occur when plans are developed based on misinterpretation of a wetland/stream report.  To help avoid these 
problems, the consultant should be retained to work with other appropriate professionals to explain relevant wetland, stream, 
geological, and other findings, and to review the adequacy of plans and specifications relative to these issues. 

DATA FORMS SHOULD NOT BE SEPARATED FROM THE REPORT. 

Final data forms are developed by the consultant based on interpretation of field sheets (assembled by site personnel) and laboratory 
evaluation of field samples.  Only final data forms customarily are included in a report.  These data forms should not, under any 
circumstances, be drawn for inclusion in other drawings because drafters may commit errors or omissions in the transfer process.  
Although photographic reproduction eliminates this problem, it does nothing to reduce the possibility of misinterpreting the forms.  
When this occurs, delays, disputes, and unanticipated costs are frequently the result. 
 
To reduce the likelihood of data form misinterpretation, contractors, engineers, and planners should be given ready access to the 
complete report.  Those who do not provide such access may proceed under the mistaken impression that simply disclaiming 
responsibility for the accuracy of information always insulates them from attendant liability.  Providing the best available information 
to contractors, engineers, and planners helps prevent costly problems and the adversarial attitudes that aggravate them to a 
disproportionate scale. 

READ RESPONSIBILITY CLAUSES CLOSELY. 

Because a wetland delineation/stream classification is based extensively on judgment and opinion, it is far less exact than other design 
disciplines.  This situation has resulted in wholly unwarranted claims being lodged against consultants.  To help prevent this problem, 
consultants have developed a number of clauses for use in written transmittals.  These are not exculpatory clauses designed to foist the 
consultant's liabilities onto someone else; rather, they are definitive clauses that identify where the consultant's responsibilities begin 
and end.  Their use helps all parties involved recognize their individual responsibilities and take appropriate action.  Some of these 
definitive clauses are likely to appear in your report, and you are encouraged to read them closely.  Your consultant will be pleased to 
give full and frank answers to your questions. 

THERE MAY BE OTHER STEPS YOU CAN TAKE TO REDUCE RISK. 

Your consultant will be pleased to discuss other techniques or designs that can be employed to mitigate the risk of delays and to 
provide a variety of alternatives that may be beneficial to your project. 
 
Contact your consultant for further information. 
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GEOTECHNICAL ENGINEERING DESIGN STUDY 
SPRING DISTRICT PHASE 1A 
BELLEVUE, WASHINGTON 

INTRODUCTION 

This report presents our geotechnical engineering design recommendations for 

Building Parcels 16 and 24 of Phase 1A of the Spring District Development in 

Bellevue Washington (Figures 1 and 2). 

This report contains the following main sections: 

 Introduction; 

 Purpose, Scope, and Use of This Study; 

 Site and Project Description; 

 Subsurface Conditions; 

 Geotechnical Engineering Design Recommendations; and 

 Recommended Additional Geotechnical Services. 

Figures follow the main text to illustrate the project vicinity, exploration 

locations, subsurface cross sections, and geotechnical design recommendations.  

Appendices present boring logs, laboratory test results, and shoring monitoring 

and testing recommendations. 

PURPOSE, SCOPE, AND USE OF THIS STUDY 

Purpose 

The purpose of our work has been to: 

 Assess subsurface conditions; 

 Assist the structural engineer in developing foundation and seismic design 

criteria; and 

 Provide geotechnical recommendations and consultation relevant to design 

and construction. 

Scope 

Our scope of work included the following: 

 Drill six borings to depths of about 40 to 60 feet across the building areas; 

 Install two groundwater monitoring wells to depths of 30 to 40 feet; 
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 Test selected soil samples collected from our explorations; 

 Develop geotechnical recommendations for building design and 

construction including: 

• Excavation retention, including recommendations for open cuts, 

alternative shoring systems, performance requirements, and monitoring 

and testing during construction; 

• Lateral soil pressure on temporary and permanent subgrade walls, 

including earthquake loading; 

• Allowable bearing pressure on spread foundations and estimated 

settlement; 

• Slab-on-grade design modulus, subgrade preparation, and installation of 

drains; 

• Groundwater monitoring during construction and long term; and  

• Structural fill placement and compaction, including potential reuse of 

excavated soils. 

Use of this Study 

We completed this work in general accordance with our proposal dated January 

13, 2012.  Our report is for the exclusive use of Wright Runstad & Company and 

their design consultants for specific application to the subject project and site.  

We completed this study in accordance with generally accepted geotechnical 

practices for the nature and conditions of work completed in the same or similar 

localities, at the time the work was performed.  We make no other warranty, 

express or implied. 

SITE AND PROJECT DESCRIPTION 

Site Location 

The project site is located northwest of the intersection of 124th Ave NE and NE 

12th Street in Bellevue, Washington (Figure 1).  The building site includes 

Building Parcels 16 and 24, located at the southeast corner of the project site 

(Figure 2). 

Historic and Current Site Use 

Based on our review of a previous geotechnical report (Dames & Moore 1957), 

we understand that before 1954 the site was used for agriculture.  During 1954 

and 1955 the site was graded for construction of a Safeway Stores, Inc., 

distribution center.  Grading included cutting high areas and filling low areas.  

The Dames & Moore (1957) report indicates that fill was placed on the west and 
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northeast portions of the project site (Figure 3).  Based on this information and 

our current explorations, we do not expect fill thickness to exceed about 3 feet 

within the footprints of Building Parcels 16 and 24. 

The project site is currently occupied by a distribution center and includes 

several buildings.  The existing buildings are single story with shallow footing 

foundations.  The building site is relatively level and is paved with asphalt and 

concrete. 

Proposed Site Use 

We understand the proposed buildings will be mid-rise office buildings with a 

combined area of about 440,000 square feet and about 1,100 parking stalls.  

We understand that the excavation(s) will be as deep as five levels below grade 

and will require temporary shoring. 

SUBSURFACE CONDITIONS 

Interpretation of Subsurface Conditions 

Our interpretation of the subsurface conditions in the building area is based on 

materials encountered in our explorations, laboratory testing of soil samples, and 

our field observations.  We advanced six borings (HC-1 to HC-6) to depths of 

about 40 to 60 feet and installed groundwater monitoring wells in borings HC-1 

and HC-3.  Exploration locations are shown on Figure 2.  Historical 

documentation of fill across the project site is shown on Figure 3.  Cross sections 

illustrating the interpreted subsurface conditions across the building site are 

shown on Figures 4 and 5. 

The conclusions and recommendations in this report are based on subsurface 

conditions interpreted from explorations at the site and soil properties inferred 

from field observations and laboratory tests.  The nature and extent of variations 

between the explorations may not become evident until construction begins.  If 

variations exist, it may be necessary to re-evaluate the recommendations in this 

report. 

Details of the conditions observed at the exploration locations are shown on the 

boring logs included in Appendix A and should be referred to for specific 

information.  Results of the laboratory tests for this study are presented in 

Appendix B. 

   
Hart Crowser  Page 3 
17860-00  April 6, 2012 



Subsurface Soil Conditions 

We divided the subsurface into general soil units 1 to 5 according to their 

relative density, texture, and geologic interpretation.  The units are presented 

from the ground surface downward. 

 Unit 1.  Unit 1 consists of medium to very dense, moist, gray, slightly 

gravelly SAND with trace silt and poorly graded SAND.  This unit may 

include fill comprised of site soils and/or recessional outwash deposits.  This 

unit was encountered in borings HC-2 and HC-5. 

 Unit 2.  Unit 2 consists of Vashon till (Qvt) deposits characterized by very 

dense, moist, gray, silty, gravelly SAND. 

 Unit 3.  Unit 3 consists of Vashon advance outwash (Qva) deposits 

characterized by very dense, wet, gray, silty, gravelly SAND.  Groundwater 

was encountered in this unit. 

 Unit 4.  Unit 4 consists of pre-Vashon nonglacial (paleosol) (Qpns) deposits 

characterized by very dense, moist, gray, very sandy SILT with occasional 

layers of dark brown PEAT (overconsolidated and not compressible). 

 Unit 5.  Unit 5 consists of pre-Vashon glacial till deposits (Qpgt) 

characterized by very dense, moist, gray, slightly gravelly, silty SAND to 

GRAVEL.  Drilling resistance of the test borings increased considerably in this 

unit. 

Groundwater Conditions 

At the time of drilling, groundwater was noted in all the borings.  Borings HC-1 

and HC-3 were completed as piezometers to measure water levels.  Water level 

readings were taken on March 14, 2011.  The water level depths are shown in 

Table 1. 

Table 1 - Observed Groundwater Depths 

Boring 
ID 

Time of Drilling (feet) Depth on 3-14-2012 

HC-1 34 29.8 
HC-2 35 n.a. 
HC-3 25 24.1 
HC-4 21 n.a. 
HC-5 25 n.a. 
HC-6 26 n.a. 
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The observed groundwater was encountered in Unit 3, outwash deposits, and is 

likely perched on Unit 5 glacial till deposits.  Isolated perched water-bearing 

zones are often encountered in these soils and should be anticipated during 

construction. 

Water levels were measured at the times and under the conditions stated on the 

boring logs.  Fluctuations in the groundwater conditions, including depth and 

volume, may be caused by variations in rainfall, temperature, season, and other 

factors. 

GEOTECHNICAL ENGINEERING DESIGN RECOMMENDATIONS 

This section of the report presents our conclusions and recommendations for 

geotechnical aspects of design and construction.  We have developed our 

recommendations based on our current understanding of the project and the 

subsurface conditions encountered in our explorations.  If the nature or location 

of the proposed facilities are different than we have assumed, Hart Crowser 

should be notified so we can change or confirm our recommendations. 

Site Preparation 

General Site Preparation 

Site preparation will involve removal of existing pavement and sidewalks and 

abandoning or removing any existing underground utilities within the new 

building area. 

Abandoned underground utilities should be removed or completely grouted.  

Ends of remaining abandoned utility lines should be sealed to prevent piping of 

soil or water into the pipe. 

Site preparation for footings, slabs-on-grade, and pavement sections should 

include the following procedures to provide a firm and non-yielding subgrade: 

 Remove all visible organic materials, debris, and other deleterious materials 

from subgrade areas. 

 Proof roll all paved areas with a heavy vibratory compactor or fully loaded 

dump truck before filling to delineate soft or loose areas.  It is important that 

this condition be verified by a geotechnical engineer from Hart Crowser. 
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 Overexcavate and replace soft and loose, wet, or yielding soils under paved 

areas with structural fill as described in the Fill Selection, Placement, 
and Compaction section. 

 Prepare footing subgrade areas as indicated in the Foundation Design 
Recommendations section. 

Site Dewatering 

As previously stated, groundwater was encountered in Unit 3 outwash soils, 

perched on Unit 5 till soils.  Allowances should be made for temporary 

dewatering to handle perched water and wet weather conditions.  We expect 

that conventional trench and sump methods will be sufficient for temporary 

dewatering.  The use of wellpoints and soil berms may be necessary in some 

areas to stabilize the face of the excavation.  The contractor should be prepared 

to provide temporary drainage, such as sumps, to maintain excavations in a 

workable condition. 

Temporary Cuts 

We understand that open cuts may be used in some areas.  The stability and 

safety of cut slopes depend on a number of factors, including: 

 The type and density of the soil; 

 The presence and amount of any seepage; 

 Depth of cut; 

 Proximity of the cut to any surcharge loads near the top of the cut, such as 

stockpiled material, traffic loads, structures, etc.; 

 Duration of the open excavation; and 

 Care and methods used by the contractor. 

Based on these factors, we recommend: 

 Use plastic sheeting to protect slopes from erosion; and 

 Limit the duration of the open excavation to the shortest time possible. 

Because of the variables involved, actual slope grades required for stability in 

temporary cut areas can only be estimated before construction.  We 

recommend that stability of the temporary slopes used for construction be the 

sole responsibility of the contractor, since the contractor is in control of the 

construction operation and is continuously at the site to observe the nature and 

condition of the subsurface.  Excavations should be made in accordance with all 

local, state, and federal safety requirements. 
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Support of Excavation/Shoring 

We understand that the excavation will be as deep as 50 feet below ground 

surface, and that soil nails and soldier pile/tieback shoring systems are being 

considered.  Subsurface conditions encountered in our explorations indicate that 

soil nails with shotcrete facing or soldier piles with tiebacks are technically 

feasible. 

Soil Nail Support of Excavation 

General Considerations 

Soil nailing consists of a series of small diameter (typically 6- to 8-inch) holes 

drilled in a regular grid pattern, filled with reinforcing steel and structural grout, 

and connected to or covered by a shotcrete wall.  The pattern and length of the 

nails vary depending on the soil type, the depth of cut, and other factors.  The 

nails and shotcrete are installed sequentially as the excavation deepens.  

Exposed soil needs to be nailed and shotcrete applied on the same day that the 

lift is excavated.  On large sites with good access, soil nail shoring can be 

installed faster and cost less than other methods. 

It is the responsibility of the Contractor to consider or verify actual ground 

conditions at the site and determine the construction methods and procedures 

for installation of the soil nails and facing.  Cobbles, boulders, or debris may be 

encountered and could impact construction.  Loose soils near the surface could 

necessitate use of vertical elements or backslopes for stability.  Face stability in 

gravelly soil or soils with groundwater may also require special measures for safe 

and efficient excavation, nail installation, and shotcreting. 

Design Recommendations 

A design for a soil nail system, including plans and specifications, is best 

completed after the owner and design team have finalized the proposed 

excavation geometry.  Hart Crowser can complete the design or the excavation 

subcontractor can do it as a design-build with Hart Crowser’s review. 

We recommend the following for soil nail design: 

 Design methods should be in accordance with FHWA “Geotechnical 

Engineering Circular No. 7, Soil Nail Walls” (2003). 

 The design should consider surface loading from traffic and site equipment, 

and loads from adjacent structures. 
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 Permanent wall drainage should be incorporated to relieve potential 

hydrostatic pressures, intercept and divert water away from the wall (and toe 

of the wall), and convey water to the permanent drainage system.  Typically 

this drainage and pressure relief is provided via Miradrain (or equivalent) 

strips affixed to the soil behind the shotcrete.  Surface water runoff should be 

directed away from the top of the wall. 

 Nails should be steel bars without couplers, splices, or welds, and should be 

installed with centralizers. 

 Soil nail spacing should be a minimum of 3 feet and a maximum of 6 feet 

horizontally; 

 Soil nail lengths should also be plotted and compared with any underground 

support elements of the adjacent structures. 

The soil nail system should be designed to performance specifications, and the 

designer should be able to demonstrate that: 

 No failure surface exists through or outside the nails with a factor of safety 

less than 1.35 against sliding; 

 The nails are not stressed in excess of 80 percent of their yield stress; and 

 The mobilized bond stress is less than half the ultimate adhesion between 

the grout and the soil.  Ultimate adhesion is determined by the soil shear 

strength and must be justified by both pullout testing before nail installation 

and by limited production nail testing. 

Construction and Testing Recommendations 

Construction sequencing is especially important in soil nail construction.  Soil 

nail wall systems are designed so that the excavation proceeds in staged cuts, 

i.e., a single row of nails around the excavation.  We recommend the contractor: 

 Test each soil type to demonstrate the unsupported face will be stable over 

the proposed time period; 

 Control surface water during construction; 

 Limit excavation height to the minimum necessary for practical and timely 

application of shotcrete, typically no more than an unsupported height of 

about 6 feet; 
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 Allow no soil nail holes to remain ungrouted overnight; 

 Grout the hole as soon as possible after drilling; 

 Pump structural grout into the hole through the auger or through a tube 

extended to the bottom of the hole; 

 Verify the soil nail lengths by field testing, and adjust lengths as needed in 

response to changing soil and conditions; 

 Reduce “stand-up time” of cuts and limit the total area of wall constructed 

during one shift to preserve face stability.  We recommend that the initial 

stand-up time be limited to one shift unless the contractor’s demonstration 

test for each soil type shows that longer stand-up times are possible, and as 

approved by the shoring designer and Hart Crowser; 

 Expect cobbles, boulders, debris, and/or groundwater seepage to be 

encountered; 

 Take care not to “mine out” large cavities in granular soils if drilling with a 

continuous flight auger; 

 Drill soil nail holes in a manner that will minimize loss of ground and not 

disturb previously installed anchors.  During soil nail drilling, wet or saturated 

zones may be encountered, and caving or “blow in” could occur.  Drilling 

with a casing would reduce the potential for these conditions and loss of 

ground; 

 Maintain continuous cutting return if using pneumatic drilling techniques so 

that air pressure is not “channeled” to nearby utility vaults, corridors, or 

subgrade slabs, which may damage such structures; 

 Note the presence of existing facilities adjacent to the project site, including 

buried utilities and foundations, as these may affect the location and the 

length of the soil nail holes; and 

 Monitor potential movement of the shoring system and potential ground 

settlement adjacent to the excavation, as we describe in Appendix C. 

To allow for latitude in method of installation, we recommend that selection of 

the materials and the installation technique be left to the shoring contractor.  The 

selected soil nail installation method must be subject to field verification with 

performance testing and proof testing as discussed below and in Appendix C. 
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Soil nail adhesion is highly dependent on soil conditions encountered during 

construction and on installation techniques.  We recommend that a 

performance-based specification be used and the shoring contractor be 

responsible to determine the installation techniques to achieve the design 

anchor adhesion. 

 The soil nail specifications should include an appropriate number of 

verification load tests (200 percent) and proof load tests (150 percent) on 

production nails.  Typically, one verification test is required for each soil type, 

whereas proof testing is normally required on 5 percent of the production 

nails; 

 Verification test nails should have a unbounded length of at least 3 feet but 

not longer than a maximum length such that the nail load does not exceed 

90 percent of the nail bar tensile allowable load.  The nail hole should be 

fully grouted after testing; 

 For testing, a load reaction system must be provided by the Contractor, and 

is subject to the designer’s approval. 

 We recommend that Hart Crowser select the test locations based on 

observation of the soil conditions as the excavation proceeds. 

Typical horizontal movement for soil nail walls is approximately 0.1 to 0.5 

percent of the excavation depth.  To minimize horizontal movement, nails may 

be pre-stressed. 

Soldier Pile/Tieback Support of Excavation 

The geotechnical criteria for the design of a conventional soldier pile/tieback 

shoring wall are lateral soil pressures and vertical bearing capacity of soldier 

piles.  Figure 6 provides recommended parameters as discussed in this section. 

Lateral Earth Pressures 

Lateral earth pressures for the design of conventional shoring depend on the 

type of shoring, its ability to deform, and the presence or absence of structures 

within the “deformation zone.”  This zone can be defined by a line extending 

into the retained soil from the base of the wall at a slope of about 1H:1V.  If the 

top of the shoring is allowed to deform at least 0.001 to 0.002 times the height 

and if no settlement-sensitive structures or utilities are located in the deformation 

zone, shoring may be designed using active earth pressures.  If settlement-

sensitive structures or utilities exist within the potential deformation zone, or 
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where the shoring system is too stiff to allow sufficient lateral movement to 

develop an active condition, at-rest earth pressures should be used to design the 

shoring.  Theoretically, little movement should occur behind shoring properly 

designed and installed for at-rest conditions. 

The main shoring walls will require multiple rows of tieback anchors.  The walls 

should be designed using the apparent earth pressures given below.  An 

apparent earth pressure diagram for soldier pile/tieback shoring is shown on 

Figure 6. 

 For flexible walls (i.e., deflection at least 0.001 times the height of the 

shoring), use an equivalent active fluid weight of 17H pcf, where H is the 

effective height of the wall, as shown on Figure 6.  For sloped areas above 

the shoring, calculate active pressures by assuming the top of the wall is 

located one-half of the way up the height of the adjacent slope.  For street 

loads assume an equivalent height equal to 2 feet of soil. 

 For non-yielding walls use equivalent fluid weights of 30H pcf. 

 Multiple-braced shoring should be designed using a trapezoidal apparent 

earth pressure distribution, as shown on Figure 6. 

 If soil and equipment will not be stockpiled on the uphill side of the 

excavation, it will not be necessary to include a surcharge load in the design.  

If material and equipment will be stockpiled, a surcharge load should be 

included in the design. 

Additional lateral pressures due to surcharge loads (e.g., buildings, footings, 

heavy equipment, large material stockpiles) should be calculated using the 

methods shown on Figure 7.  These additional loads would be additive to those 

calculated for the shoring walls.  We recommend Hart Crowser review or 

complete the estimated surcharge loads when surcharge loads, footprints, and 

foundation plans of adjacent structures are available. 

Soldier Pile Design and Installation 

Soldier piles must be designed to carry bending stresses from earth pressures.  

Also, the embedded portion of the piles must be embedded deeply enough to 

resist lateral kickout and vertical loads. 

 Design soldier piles in accordance with recommendations on Figure 6. 
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 Design soldier piles for bending using a uniform load equivalent to 80 

percent of the design values.  Analyze for shear using the total load. 

 For design against kickout, compute the lateral resistance on the basis of 

passive pressure acting over twice the diameter of the soldier pile section or 

the pile spacing, whichever is less.  Use a factor of safety no less than 1.5 for 

calculation of passive resistance. 

 Embed soldier piles or sheet piles a minimum of 8 feet below the base of the 

excavation or required structural depth, whichever is greater. 

Conditions such as caving soil and groundwater can loosen soil at the bottom of 

the soldier pile borehole reducing the bearing capacity.  Tieback destressing and 

shoring failure could occur if soldier pile bearing capacity is inadequate and 

soldier piles settle under the vertical component of the inclined tieback load.  

We recommend that a Hart Crowser representative closely monitor soldier pile 

installation for these conditions so that construction methods can be adjusted 

accordingly. 

 The contractor should be prepared to case the soldier pile installations.  The 

need for casing should be determined in the field at the time of installation. 

 The contractor should be prepared to tremie concrete from the bottom of 

the hole to displace groundwater or drilling mud used to maintain an open 

hole. 

 The contractor should be prepared to excavate the soldier piles in a manner 

that prevents “heave” or “boiling” at the bottom of the soldier pile 

excavation.  It may be necessary to over-drill the borehole and backfill the 

bottom of the borehole with structural concrete bearing on undisturbed soil. 

 Drilling mud should not be used unless the mix is reviewed and approved by 

the geotechnical and structural engineer. 

Gravel, cobbles and large boulders are common in these soils and could 

adversely impact constructability.  Soldier pile shoring system construction may 

be difficult if cobbles or loose sand and gravel are encountered in the 

excavation.  If these conditions are encountered, substantial raveling of the soil 

could occur.  The Contractor should be prepared to place lagging in small 

vertical increments and should also be prepared to backfill voids behind the 

shoring system during construction due to loss of ground. 
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Timber lagging is often used to prevent loss of ground between the soldier piles.  

The lagging is inserted between the webs of the soldier piles and is designed for 

some fraction of the applied pressure on the wall. 

Prompt and careful installation of lagging, particularly in areas of seepage and 

loose soil, is important to maintain the integrity of the excavation.  The proper 

installation should be the responsibility of the shoring contractor to prevent soil 

failure, sloughing and loss of ground, and to provide safe working conditions. 

We recommend that the temporary timber lagging thickness (rough cut) be 

sized using the values below.  These lagging sizes are based on 

recommendations in FHWA GEC 4 (FHWA 1999) and our experience from 

similar excavations in Bellevue. 

Recommended Lagging Thickness (rough-cut) for Clear Spans of: Excavation Depth 

(feet) 5 feet 6 feet 7 feet 8 feet 9 feet 10 feet 

0 to 25 2 inches 3 inches 3 inches 3 inches 4 inches 4 inches 

25 to 130 3 inches 3 inches 3 inches 4 inches 4 inches 5 inches 

 

 Backfill voids greater than 1 inch using sand, pea gravel, or a porous slurry.  

Backfill the void spaces progressively as the excavation deepens.  The 

backfill must not allow potential hydrostatic pressure buildup behind the 

wall.  Drainage behind the wall must be maintained or hydrostatic water 

pressure should be added to the recommended lateral earth pressures. 

 If there is a slope above the wall, we recommend installing extra lagging 

above the shoring wall to provide a partial barrier for material that could 

ravel down from the slope face and fall into the excavation. 

Drainage Recommendations 

Groundwater seepage may occur across the excavation and so it is appropriate 

to install wall drainage on the shoring wall and behind the permanent wall.  The 

recommended lateral earth pressures herein do not include a hydrostatic 

increment. 

 Install a continuous drainage medium (or a layer of Miradrain) directly to the 

lagging between each pair of soldier piles or soil nails, as recommended by 

the shoring designer; and 

 Include filter fabric protection between the drainage medium and the 

retained soil or lagging. 
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Tieback Anchor Design and Testing 

Tieback anchors used for external lateral support of the soldier pile walls should 

be designed using the following recommendations: 

 Design anchors in accordance with Figure 6. 

 Locate anchors no closer to each other than three tieback diameters. 

 Pump structural concrete into the anchor zone either using the drill casing as 

it is withdrawn, or from a grout hose/tremie hose placed at the bottom of 

the anchor. 

 Fill the portion of the tieback within the no-load zone using a sand-pozzolan-

water mixture, or equivalent non-cohesive mixture.  Or, install a bond 

breaker such as plastic sheathing or a PVC pipe around the tie rods within 

the no-load zone. 

 Grout and backfill drilled installations immediately after drilling; do not leave 

holes open overnight.  This will help prevent possible collapse of the holes, 

loss of ground, and surface subsidence. 

 Care should be taken not to “mine out” large cavities in granular soil if 

drilling with a continuous flight auger. 

 Maintain continuous cutting return if using pneumatic drilling techniques so 

that air pressure is not “channeled” to nearby utility vaults, corridors, or 

subgrade slabs, which may damage such structures. 

 Anchor lengths should also be plotted and compared with any underground 

support elements of the adjacent structures. 

 The shoring contractor should particularly note the presence of existing 

facilities adjacent to the project site, including buried utilities and 

foundations, as these may affect the location and the length of the anchor 

holes. 

 To allow for latitude in method of installation, we recommend that selection 

of the materials and the installation technique be left to the shoring 

contractor.  The selected tieback anchor installation method must be subject 

to field verification with performance testing and proof testing as discussed 

in Appendix C. 
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 Install the anchor holes in a manner that will minimize ground loss and not 

disturb previously installed anchors.  During tieback drilling, wet or saturated 

zones may be encountered, and caving or “blow in” could occur.  Drilling 

with a casing would reduce the potential for these conditions and ground 

loss. 

 Hart Crowser should review the design for anchor locations, capacities, and 

related criteria prior to implementation. 

For anchor pullout, we recommend a factor of safety of at least 2.0.  This factor 

of safety provides for a reasonable additional load capacity should an 

unforeseen increase in unit soil load develop because of irregularities that can 

occur during anchor installation.  The variable soil conditions and unit friction 

values mean that some field changes in anchor length may be necessary. 

Foundation Design Recommendations 

The proposed buildings can be supported on spread footings.  This section 

includes our geotechnical recommendations for foundation design and 

construction. 

Vertical Foundation Design 

 We understand that the footings may bear between about 10 and 50 feet 

below ground surface.  Continuous and isolated spread footings may bear 

on the native very dense sand and gravel or structural fill compacted to 95 

percent of the modified Proctor maximum dry density (ASTM D 1557) 

bearing on the native very dense sand and gravel. 

 Recommended allowable bearing pressures: 

• 5 kips per square foot (ksf) for shallow footings bearing less than 10 feet 

below ground surface; 

• 14 kips per square foot (ksf) for shallow footings bearing more than 10 

feet below ground surface. 

 Isolated spread and continuous (i.e., strip) footings should have a minimum 

width of 2.5 and 1.5 feet, respectively. 

 For at-grade structures, interior spread footings should bear a minimum of 12 

inches below adjacent slab-on-grade and exterior spread footings and 

perimeter strip footings should bear a minimum of 18 inches below adjacent 

grade. 
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 Allowable soil bearing pressures may be increased by up to one-third for 

loads of short duration, such as those caused by wind or seismic forces. 

Vertical Spring Constants for Foundations 

Foundation settlement models under loading conditions often use vertical spring 

constants applicable to the soils on which the foundations bear.  Depending on 

the elevation of the foundation elements, the underlying soil may vary in its 

density and consistency.  Loading type, such as static or dynamic loading, can 

have an effect on the stiffness of the springs. 

We recommend using a vertical subgrade modulus (KV1) of 300 pounds per 

cubic inch (pci) for shallow foundations, mat foundations, and slabs-on-grade 

bearing on the very dense/hard, glacially overridden Sand/Silt.  Note that the 

spring constant provided is based on a 1-foot by 1-foot vertically loaded plate, 

and obtained from standard charts and references.  Subgrade moduli tend to 

decrease with increasing area of a foundation element.  For this reason, the 

subgrade modulus will need to be reduced based on the actual dimensions of 

the foundation modeled. 

We recommend that the initial subgrade modulus for individual foundation 

elements be calculated using the following equations (U.S. Navy 1982): 

Kv = KV1 (B+1)2/(4B2) for footings for B ≤ 20 feet 

Kv = KV1 (B+1)2/(2B2) for footings for B ≥ 40 feet 

Where B = foundation width in feet.  Interpolate for intermediate values of B. 

Although many formulas calculate the reduced subgrade modulus, final 

determination of the subgrade modulus value to be used will depend on: 

 The structural and geotechnical engineer’s experience designing similar 

foundations in similar soil conditions; 

 The quantity, magnitude, and area of the footings under various loads; and 

 Back-checking settlement predictions from structural modeling with 

geotechnical settlement estimates for given foundation geometries. 

The structural engineer should consider the value of the spring constant given 

above as a starting point for an iterative design process.  Hart Crowser should 

review the final deformation estimates from the structural model, revise 
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settlement estimates for final foundation geometry and loading (if necessary), 

and confirm that estimated settlement is compatible with modeled deformations.  

Based on these settlement evaluations, modifications to the spring constant used 

in the structural model may be required. 

Vertical Foundation Settlement 

We expect the native load-bearing soil and structural fill to generally behave 

elastically, with settlement occurring as the design loads are applied or shortly 

thereafter.  Based on our allowable bearing pressures, we estimate that 

settlement of shallow footings constructed on bearing soils as described herein 

will be less than about 3/4 inch.  Based on variations in subsurface soil 

conditions and construction practices across a particular structure, we estimate 

that differential settlement between adjacent footings could be approximately 

one-half of the total settlement. 

Foundation Resistance to Lateral Loads 

Shallow foundation resistance to lateral loads is from passive soil resistance 

against the side(s) of the footing and/or frictional resistance along the base of 

the footing.  For foundation resistance to lateral loads we recommend: 

 Footings should be founded outside an imaginary 1H:1V plane projected 

upward from the bottom edge of adjacent footings or utility trenches. 

 For passive resistance to lateral loads, use an equivalent fluid density to 

represent the passive resistance of the soil.  For a typical footing poured 

against in situ very dense, glacially overridden soils, we recommend an 

allowable passive equivalent fluid density of 400 pounds per cubic foot (pcf) 

in a triangular pressure distribution.  Ignore passive resistance in the upper 2 

feet below adjacent ground surface.  A factor of safety of 1.5 has been 

applied to this these values. 

 Use an allowable coefficient of friction to resist sliding of 0.25 (including a 

factor of safety of 1.5) for footings poured neat on the granular structural fill 

or the native medium dense to very dense sand and gravel. 

These recommendations are based on expected conditions and need to be 

confirmed in the field.  We recommend having a qualified geotechnical engineer 

or geologist observe exposed subgrades before footing construction to verify 

suitable bearing surfaces. 
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Foundation Construction Considerations 

The estimated foundation settlement assumes that careful preparation and 

protection of the exposed subgrade will occur before concrete placement as 

discussed herein.  Any loosening of the materials during construction could 

result in larger settlement.  It is important that foundation excavations be 

cleaned of loose or disturbed soil prior to placing any concrete and that there is 

no standing water in any foundation excavation. 

 It may be necessary to locally overexcavate beneath individual footings to 

expose the acceptable bearing soil layer.  Localized overexcavation may be 

required if unacceptable soil conditions (i.e., loose, wet, or organic soil) are 

observed below the proposed base of the footing during construction.  If 

overexcavation beneath footings is necessary, backfill the overexcavated 

zone with lean mix concrete or structural fill placed in accordance with the 

recommendations in the Structural Fill section of this report. 

 Where structural fill is used to replace the overexcavated material, the 

overexcavation, at a minimum, should extend outward and downward from 

the outer edges of the footing to the bearing layer at an angle no steeper 

than 1 horizontal to 1 vertical (1H:1V).  For example, a 4-foot by 4-foot 

footing with 2 feet of overexcavation will require an 8-foot by 8-foot bearing 

area at the base of the overexcavation. 

 Footings should be founded outside of an imaginary 1H:1V plane projected 

upward from the bottom edge of adjacent footings or utility trenches. 

 Hart Crowser should observe and document exposed subgrades before 

foundation construction. 

If the foundation excavations are to be left open for any length of time (more 

than a few hours) or if there is a chance of disturbance from construction 

activities or water infiltration, we recommend the excavations be protected by 

one of the following methods: 

 Excavating to near-finished subgrade elevation, then immediately before 

placing steel and concrete, remove disturbed soil to establish final grades; or 

 Placing a nominal 2- to 4-inch-thick “mud mat” consisting of lean concrete at 

the bottom of the footing excavations.  This should be completed 

immediately after the excavation has been checked and approved by Hart 

Crowser. 
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Lateral Pressures on Permanent Subgrade Walls 

Permanent walls constructed immediately adjacent to temporary shoring should 

be designed for the same earth pressures used in the design of the shoring 

system. 

Walls backfilled on only one side will require drainage or must be designed for 

full hydrostatic pressure. 

Subgrade walls backfilled on only one side may be used in some areas.  For 

typical granular fill soils, active and at-rest pressures may be determined using 

equivalent fluid unit weights of 30 and 55 pcf, respectively.  For wall footings 

founded on the very dense native soils, an allowable passive equivalent fluid 

pressure of 400 pcf may be used.  For wall footings backfilled with granular 

structural fill, an allowable passive equivalent fluid pressure of 300 pcf may be 

used.  These passive pressures include a factor of safety equal to 1.5.  Note that 

the equivalent fluid density does not include any surface loading conditions or 

loading due to groundwater hydrostatic pressure. 

The use of active and passive pressure is appropriate if the subgrade wall is 

allowed to yield a minimum 0.1 percent of the height.  For a non-yielding wall, 

at-rest conditions should be used.  

For base sliding resistance, an allowable coefficient of friction of 0.25 is suitable 

for the in situ dense native soils and structural fills. 

Seismic Loading Against Permanent Walls.  The lateral earth pressures for 

permanent walls must include a seismic earth pressure increment.  This 

additional lateral earth pressure can be approximated as a rectangular uniform 

load of 14·H for a yielding wall with a flat backslope at the top of wall.  This 

increment is calculated using the IBC hazard level for the site location. 

Floor Slab Design Recommendations 

Floor slabs can be designed as slab-on-grade structures above a free-draining 

capillary break drainage layer and native medium dense to very dense, sandy 

gravel or structural fill.  Note that in some areas of the site, the underlying clean 

native sand and gravel may serve as a natural capillary break.  This should be 

assessed during construction.  Do not construct near-grade floor slabs directly 

on the existing topsoil or other loose fill soil.  Unsuitable soil must be 

overexcavated and replaced with compacted structural fill. 
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We recommend that slabs-on-grade be constructed on a minimum thickness of 

12 inches of dense material.  This 12-inch zone can consist of: 

 Dense to very dense native material; 

 Densely compacted structural fill; 

 Native loose material that is compacted to a dense condition; or 

 A combination of the above. 

As part of this 12-inch zone, we recommend that the upper 4 inches consist of 

free-draining material (less than 3 percent fines based on minus 3/4-inch fraction) 

to serve as a capillary break layer.  On-site soil that meets the criteria may be 

used as this capillary break material.  This layer is intended to reduce the 

potential for moisture migrating up through the slab. 

For the design and construction of slab-on-grade floors, we recommend the 

following: 

 Compact the drainage layer to the criteria discussed in the Structural Fill 
section of this report. 

 Use a modulus of subgrade reaction of 300 pci for design of floor slabs on 

the very dense native sand and gravel, and/or compacted structural fill (see 

commentary on modulus of subgrade reaction in Vertical Foundation 
Support section); and 

 Perform a grain size analysis on any soil that is proposed as capillary break 

material.  Hart Crowser can perform the gradational analysis if it is not 

available from the material source. 

Following excavation and footing construction, the proposed slab-on-grade areas 

should be observed by Hart Crowser to determine whether loosening of the soil 

near the ground surface has occurred.  If loose areas are observed, they should 

be re-compacted or removed and replaced to provide a dense, non-yielding 

surface for the placement of the drainage layer and slab-on-grade.  We 

recommend proof rolling the subgrade area for slabs-on-grade with a heavy 

vibratory roller or fully loaded dump truck. 

Structural fill should be placed only after unsuitable soil has been removed and 

the exposed subgrade compacted in place to a dense condition.  Hart Crowser 

should assess the suitability of the subgrade during construction. 
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Seismic Design Recommendations 

In this section we provide seismic design recommendations including input to 

construct a code-based design response spectrum and a discussion of 

seismically-induced geotechnical hazards. 

Code-Based Response Spectrum 

The structural engineer uses the design response spectrum to seismically analyze 

the proposed structure.  Two methods may be used to obtain the design 

response spectrum: (1) a design method based on generic soil properties to 

develop the spectrum at the ground surface, or (2) a site-specific method that 

develops the response spectrum based on site-specific soil properties calculated 

at the depth of interest to the structural engineer.  For this project, we 

understand the structural engineer is using the code-based response spectrum 

based on generic soil properties. 

We understand that the seismic design of the proposed buildings will be 

performed in accordance with the 2009 International Building Code (IBC).  The 

basis of design for this code is two-thirds of the hazard associated with an 

earthquake with 2 percent probability of exceedance in 50 years, which 

corresponds to an average return period of 2,475 years.  We obtained the 

seismic hazard from the United States Geologic Survey 2002 National Seismic 

Hazard Maps (USGS 2002) for Latitude 47.622 and Longitude −122.176.  

Below, we provide parameters for seismic design in accordance with this code. 

 Maximum Considered Earthquake Spectral Response Acceleration at Short 

Periods, Ss = 1.340 g; 

 Maximum Considered Earthquake Spectral Response Acceleration at Periods 

of One Second, S1 = 0.453 g; and 

 Site Class C. 

Seismically Induced Geotechnical Hazards 

Based on inspection of the site soils, the risk of liquefaction or significant ground 

deformation, including lateral spreading and landslides, from the design 

earthquake is vey low. 

The site lies about 2.5 miles north of the mapped Seattle Fault Zone.  Because 

there are not any known faults underlying the site, the hazard associated with 

surface rupture at the site during the structure’s design life is very low. 
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Structural Fill Selection and Placement 

Structural fill should be used beneath structures, surrounding utilities, and below 

paved areas.  Structural fill may be selected from on-site excavated soil or 

imported soil provided the soil meets the gradation and moisture content 

requirements below and can be suitably compacted to provide a firm and 

unyielding surface.  The following provides our recommendations for structural 

fill selection and placement. 

Structural Fill Selection 

Use of On-Site Excavated Soils as Structural Fill 

The suitability of on-site excavated site soil for use as structural fill depends on 

the gradation and moisture content of the soil when it is placed.  As the amount 

of fines (that portion passing the No. 200 sieve) increases, the soil becomes 

increasingly sensitive to small changes in moisture content and adequate 

compaction becomes more difficult to achieve.  Soil containing more than about 

5 percent fines cannot be consistently compacted to a dense non-yielding 

condition when the water content is greater than about 2 percent above or 

below optimum.  Reusable soil must also be free of organic and other 

compressible material. 

Generally, soil units 1 through 3 are suitable for reuse as structural fill.  However, 

the fines content of these soils may vary across the site and could have a fines 

content high enough to be moisture-sensitive, which could impact construction. 

Use of Imported Soil as Structural Fill 

Using imported soil for structural fill is recommended in areas where the native 

soil cannot be sufficiently compacted.  For imported soil to be used as structural 

fill, we recommend using a non-silty, well-graded sand or sand and gravel with 

less than 5 percent fines for placement during wet weather.  Compaction of 

material containing more than about 5 percent fines may be difficult if the 

material is wet or becomes wet during rainy weather.  During dry weather, 

imported soil can contain 20 to 30 percent by weight fines, provided it is 

compacted at a moisture content within 2 percent of the optimum moisture 

content. 

Structural Fill Placement 

 Structural fill should only be placed on a dense and non-yielding subgrade. 

   
Page 22  Hart Crowser 
  17860-00  April 6, 2012 



 Before placing structural fill, samples of the fill need to be tested using a 

modified Proctor test conforming to the ASTM D 1557 test procedure, 

including determination of optimum and natural moisture content, maximum 

dry density, and gradation.  The samples must be representative of the 

material that will be placed on the job site. 

 Compaction of soil containing more than about 5 percent fines content may 

be difficult if the soil is wetter than the optimum moisture content.  If fill soil 

becomes too wet to compact it can increase construction duration, result in 

unusable soil that needs to be hauled off site, and require importing 

additional soil.  During dry grading conditions, the fines content may be 

increased provided that the soil is compacted near its optimum moisture 

content. 

 Place and compact all structural fill in lifts with a loose thickness no greater 

than 10 inches.  If small, hand-operated compaction equipment is used to 

compact structural fill, fill lifts should not exceed 6 inches in loose thickness. 

 In areas of general site filling, compact structural fill to a minimum of 90 

percent below an elevation corresponding to 2 feet below final subgrade.  

Below all structures and/or within 2 feet of final subgrade, the compaction 

requirement should be at least 95 percent.  The minimum dry densities 

recommended here are a percentage of the modified Proctor maximum dry 

densities as determined by the ASTM D 1557 test procedure. 

 The compacted densities of each lift should be verified by a qualified 

geotechnical engineer or engineering geologist. 

Drainage Considerations 

We encountered groundwater in all of our test borings.  Therefore, groundwater 

control should be considered including installation of drainage under slabs and 

behind walls and foundations, waterproofing under slabs and behind walls, and 

overall site drainage. 

Beneath Slabs-on-Grade 

 Provide subslab drainage using a combination of perimeter and cross drains.  

This drainage layer also serves as a capillary break and is intended to 

eliminate the buildup of hydrostatic pressure beneath the slab and to provide 

permanent control of groundwater beneath the floor slab and behind the 

perimeter walls. 
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 The capillary break/drainage layer should consist of at least 6 inches of 

drainage material, with perforated drainage pipe embedded at the base of 

this layer.  Note that a minimum of 2 inches of drainage material should 

surround cross drain pipes. We recommend using drainage material 

conforming to Section 9-03.12(4) of the WSDOT Standard Specifications for 

Road, Bridge, and Municipal Construction. 

 Cross drains should be spaced on about 50-foot centers and perimeter 

drains should extend around the perimeter of the building.  Cross and 

perimeter drains (with cleanouts) should consist of at least 4-inch-diameter 

perforated pipe surrounded by at least 2 inches of drainage material.  The 

cross drains and the perimeter drains should be tied together and drain to a 

suitable discharge point.  The drainage pipes should be sloped to drain and 

outlet at a suitable discharge location. 

 A layer of polyethylene sheeting (visqueen) should be used to protect the 

drainage layer from concrete as the floor slab is poured. 

 Drainage material should consist of well-graded sand and gravel with a fine-

grained fraction of less than 3 percent by dry weight (percentage of material 

passing the US No. 200 sieve based on the minus 3/4-inch fraction). 

 Any soil that is to be considered as capillary break or drainage material 

should be submitted to Hart Crowser for gradation analysis and approval. 

 Drainage material should conform to Section 9-03.12(4) of the WSDOT 

Standard Specifications for Road, Bridge, and Municipal Construction. 

Behind Basement Walls 

Below-grade walls should have adequate drainage to prevent the buildup of 

hydrostatic pressure.  We recommend the following. 

 Drainage can consist of drainage composite panels (i.e., a Miradrain-type 

system) laid flush on the outside of the timber or against the soil face and 

connected to a collector pipe that runs along the footing at an elevation 

lower than the bottom of the floor slab.  This will allow water collected 

outside the wall to be tight-lined beneath the slab and into a perimeter drain. 

 Additional drainage and protection may be locally necessary if significant 

groundwater seepage is encountered during site excavation.  Provisions 

should be available to supplement the recommended drainage system.  Such 

additions may include weep holes through temporary or permanent walls. 
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Behind Backfilled Walls 

Walls backfilled with soil on only one side will require drainage or must be 

designed for full hydrostatic pressure.  We recommend the following: 

 Place at least 18 inches of free-draining, well-graded sand and gravel (less 

than 3 percent fines based on minus 3/4-inch fraction) against walls to 

prevent hydrostatic pressure buildup. 

 The backfill/drainage medium should be continuous and envelop the 

perimeter drains behind the walls so that they are in direct hydraulic 

connection to each other.  We recommend that drains (with cleanouts) 

consist of 4-inch-diameter perforated pipe that is bedded in free-draining 

material.  The drain holes or slots in the pipe should be compatible with the 

surrounding drainage material. 

 Alternatively, drainage composite material can be used in lieu of granular 

drainage material. 

Around Foundations 

 For permanent foundation drainage, perimeter drains should be installed 

near the base of the perimeter or wall footings. 

 The perimeter drains should be a minimum 4-inch-diameter perforated pipe 

and should be surrounded by 6 inches of drainage material. 

 All drainage pipe should be sloped to drain. 

Waterproofing 

Note that the subslab and basement wall drainage system recommendations are 

intended to prevent hydrostatic pressure buildup that could damage the 

structure.  The recommended systems may not result in a totally dry wall or slab. 

If a more water-resistant finish is required below grade, we recommend that a 

waterproofing system such as a heavy plastic membrane liner, bentonite clay 

panels (i.e., Volclay or equivalent), or other interior or exterior sealants be used.  

A waterproofing expert should be consulted for more detailed information. 
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Site Drainage 

Final grades should be sloped to carry surface water runoff away from structures 

to prevent water from infiltrating near the foundation walls.  Roof drainage and 

new pavement drainage should not be tied into the subdrain system. 

Pavement Design Recommendations 

Parking Lot Pavement Sections 

We recommend a parking lot pavement section of 3 inches of hot-mix asphalt 

(HMA) over 6 inches of crushed surfacing base course (CSBC).  This 

recommendation assumes a minimum subgrade resilient modulus of 20,000 psi. 

Roadway Pavement Sections 

We used the 1993 AASHTO Guide for Design of Pavement Structures and 

Supplements empirical equation for flexible pavement design to calculate several 

pavement section thicknesses for a range of maximum Equivalent Single Axle 

Loads (ESALs) and provide the results in Table 2. 

Assumed design input parameters as required in the 1993 AASHTO Guide for 

Design of Pavement Structures and Supplements are summarized as follows: 

 Design Life: 25 years 

 Design Equivalent Single Axle Loads (ESALs):  Not specified. 

 Reliability Value: 85 to 90 percent 

 Combined Standard Error of Traffic Prediction and Performance 

Prediction: 0.5 

 Initial and Terminal Serviceability Index:  4.5 and 3.0, respectively 

 Layer Coefficients: 0.44 for Hot-Mix Asphalt (HMA) and 0.13 for Crushed 

Surfacing Base Course (CSBC). 

 Drainage Coefficient: 1.0 

 Resilient Modulus: 28,000 psi for CSBC and 22,500 psi for subgrade soils 
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Table 2 - Flexible Pavement Recommendations 

Reliability 

(%) 

CSBC 

Thickness 

(inches) 

Asphalt 

Thickness 

(inches) Max ESALs 

85 6 2 10,000 

90 6 2 8,000 

85 6 3 76,000 

90 6 3 57,000 

90 6 4 275,000 

90 6 5 1,000,000 

90 6 6 2,600,000 

90 6 7 6,500,000 

90 6 8 14,000,000 

90 6 10 66,000,000 

 

Note that the City of Bellevue minimum pavement thickness for typical public 

streets requires 4 inches of hot mix asphalt class 1/2 inch PG 64-22 over 6 

inches of hot mix asphalt class 1-inch PG 64-22. 

These pavement section recommendations assume that the subgrade is properly 

prepared and has a minimum resilient modulus of 22,500 psi and that the CSBC 

is compacted to 95 percent of the maximum dry density as determined by the 

modified Proctor test (ASTM D 1557). 

RECOMMENDED ADDITIONAL GEOTECHNICAL SERVICES 

Before construction begins, we recommend that Hart Crowser: 

 Meet with the design team periodically as the design plans become more 

complete; 

 Review the surface loads of adjacent buildings on the shoring and 

permanent walls; 

 Review final foundation plans, shoring design plans and specifications; and 

 Review applicable civil elements to see that the geotechnical engineering 

recommendations are properly interpreted and implemented into the design. 

During the construction phase of the project, we recommend that Hart Crowser 

observe the following activities: 
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 Installation of shoring systems; 

 Review of shoring system displacement and monitoring results; 

 Excavation, subgrade preparation, and placement of foundations and slabs-

on-grade; 

 Placement and compaction of structural fill; 

 Installation of subslab and wall drainage, if necessary; and 

 Other geotechnical considerations which may arise during the course of 

construction. 

The purpose of this work is to observe compliance with the design concepts, 

specifications, and recommendations, and to allow design changes or evaluation 

of appropriate construction measures in the event that subsurface conditions 

differ from those anticipated before construction starts. 
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Spring District Phase 1A

Bellevue, Washington

Soldier Pile/Tieback Shoring - General Design
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Spring District Phase 1A

Bellevue, Washington

Determination of Lateral Pressure Acting on
Adjacent Shoring from Surcharge Loads
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APPENDIX A 
FIELD EXPLORATION METHODS AND ANALYSIS 

This appendix documents the processes Hart Crowser used to determine the 

nature of the soils underlying the project site addressed by this report.  The 

discussion includes information on the following subjects: 

 Interpretation of Explorations; 

 Location of Explorations; 

 Soil Borings; and 

 Standard Penetration Test (SPT) Procedures. 

Interpretation of Explorations 

The boring logs in this appendix show our interpretation of the drilling, sampling, 

and testing data.  In the field, we classified the samples taken from the borings 

according to the methods presented on Figure A-1 - Key to Exploration Logs.  

The logs indicate the soil types and the depths where the soils change; note that 

the change may be gradual. 

Location of Explorations 

Subsurface explorations for this project include six hollow-stem auger borings 

across the site.  Figure 2 shows the location of explorations, located by hand 

taping or pacing from existing physical features.  The ground surface elevations 

at these locations were interpreted from elevations shown on the survey titled 

Safeway, Inc., Bellevue Distribution Center, Lot 3, ALTA / ACSM Land Title 

Survey, dated March 22, 2007, and performed by W&H Pacific.  The method 

used determines the accuracy of the location and elevation of the explorations. 

Soil Borings 

The soil borings used a 3-3/8-inch inside diameter hollow-stem auger and were 

drilled with a truck-mounted drill rig subcontracted by Hart Crowser.  The drilling 

was continuously observed by an engineering geologist from Hart Crowser.  

Detailed field logs were prepared for each boring.  We obtained samples at 

2-1/2- to 5-foot-depth intervals using the Standard Penetration Test (SPT) and 

split-spoon samplers. 

The boring logs are presented on Figures A-2 through A-7 at the end of this 

appendix. 

   
Hart Crowser  Page A-1 
17860-00  April 6, 2012 



   
Page A-2  Hart Crowser 
  17860-00  April 6, 2012 

Standard Penetration Test (SPT) Procedures 

This test is an approximate measure of soil density and consistency.  To be 

useful, the results must be used with engineering judgment in conjunction with 

other tests.  The SPT (as described in ASTM D 1586) was used to obtain 

disturbed samples.  This test employs a standard 2-inch outside diameter split-

spoon sampler.  Using a 140-pound hammer, free-falling 30 inches, the sampler 

is driven into the soil for 18 inches.  The number of blows required to drive the 

sampler the last 12 inches only is the Standard Penetration Resistance.  This 

resistance, or blow count, measures the relative density of granular soils and the 

consistency of cohesive soils.  The blow counts are plotted on the boring logs at 

their respective sample depths. 

Soil samples are recovered from the split-barrel sampler, field classified, and 

placed into water-tight jars.  They are then taken to Hart Crowser's laboratory for 

further testing. 

In the Event of Hard Driving 

Very dense materials may preclude driving the total 18-inch sample.  When this 

happens, the penetration resistance is entered on logs as follows: 

Penetration less than 6 inches.  The log indicates the total number of blows 

over the number of inches of penetration. 

Penetration greater than 6 inches.  The blow count noted on the log is the sum 

of the total number of blows completed after the first 6 inches of penetration.  

This sum is expressed over the number of inches driven that exceed the first 6 

inches.  The number of blows needed to drive the first 6 inches are not reported.  

For example, a blow count series of 12 blows for 6 inches, 30 blows for 6 

inches, and 50 (the maximum number of blows counted within a 6-inch 

increment for SPT) for 3 inches would be recorded as 80/9. 
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1. Refer to Figure A-1 for explanation of descriptions and symbols.
2. Soil descriptions and stratum lines are interpretive and actual changes may be gradual.
3. USCS designations are based on visual manual classification (ASTM D 2488) unless otherwise
supported by  laboratory testing (ASTM D 2487).

4. Groundwater level, if indicated, is at time of drilling (ATD) or for date specified.  Level may vary
with time.
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Location: See Figure 2
Approximate Ground Surface Elevation: 176 Feet
Horizontal Datum: N.A.
Vertical Datum: NAVD 88
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1. Refer to Figure A-1 for explanation of descriptions and symbols.
2. Soil descriptions and stratum lines are interpretive and actual changes may be gradual.
3. USCS designations are based on visual manual classification (ASTM D 2488) unless otherwise
supported by  laboratory testing (ASTM D 2487).

4. Groundwater level, if indicated, is at time of drilling (ATD) or for date specified.  Level may vary
with time.
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1. Refer to Figure A-1 for explanation of descriptions and symbols.
2. Soil descriptions and stratum lines are interpretive and actual changes may be gradual.
3. USCS designations are based on visual manual classification (ASTM D 2488) unless otherwise
supported by  laboratory testing (ASTM D 2487).

4. Groundwater level, if indicated, is at time of drilling (ATD) or for date specified.  Level may vary
with time.
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1. Refer to Figure A-1 for explanation of descriptions and symbols.
2. Soil descriptions and stratum lines are interpretive and actual changes may be gradual.
3. USCS designations are based on visual manual classification (ASTM D 2488) unless otherwise
supported by  laboratory testing (ASTM D 2487).

4. Groundwater level, if indicated, is at time of drilling (ATD) or for date specified.  Level may vary
with time.
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1. Refer to Figure A-1 for explanation of descriptions and symbols.
2. Soil descriptions and stratum lines are interpretive and actual changes may be gradual.
3. USCS designations are based on visual manual classification (ASTM D 2488) unless otherwise
supported by  laboratory testing (ASTM D 2487).

4. Groundwater level, if indicated, is at time of drilling (ATD) or for date specified.  Level may vary
with time.
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Approximate Ground Surface Elevation: 176 Feet
Horizontal Datum: N.A.
Vertical Datum: NAVD 88
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1. Refer to Figure A-1 for explanation of descriptions and symbols.
2. Soil descriptions and stratum lines are interpretive and actual changes may be gradual.
3. USCS designations are based on visual manual classification (ASTM D 2488) unless otherwise
supported by  laboratory testing (ASTM D 2487).

4. Groundwater level, if indicated, is at time of drilling (ATD) or for date specified.  Level may vary
with time.
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Approximate Ground Surface Elevation: 176 Feet
Horizontal Datum: N.A.
Vertical Datum: NAVD 88
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1. Refer to Figure A-1 for explanation of descriptions and symbols.
2. Soil descriptions and stratum lines are interpretive and actual changes may be gradual.
3. USCS designations are based on visual manual classification (ASTM D 2488) unless otherwise
supported by  laboratory testing (ASTM D 2487).

4. Groundwater level, if indicated, is at time of drilling (ATD) or for date specified.  Level may vary
with time.
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Hammer Type: SPT
Hole Diameter: 4 inches
Logged By: J. Overton    Reviewed By: M. Veenstra
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Location: See Figure 2
Approximate Ground Surface Elevation: 179 Feet
Horizontal Datum: N.A.
Vertical Datum: NAVD 88
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Figure A-7

1. Refer to Figure A-1 for explanation of descriptions and symbols.
2. Soil descriptions and stratum lines are interpretive and actual changes may be gradual.
3. USCS designations are based on visual manual classification (ASTM D 2488) unless otherwise
supported by  laboratory testing (ASTM D 2487).

4. Groundwater level, if indicated, is at time of drilling (ATD) or for date specified.  Level may vary
with time.
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APPENDIX B 
LABORATORY TESTING PROGRAM 

A laboratory testing program was performed for this study to evaluate the basic 

index and geotechnical engineering properties of the site soils.  Disturbed 

samples were tested.  The tests performed and the procedures followed are 

outlined below. 

Soil Classification 

Field Observation and Laboratory Analysis.  Soil samples from the explorations 

were visually classified in the field and then taken to our laboratory where the 

classifications were verified in a relatively controlled laboratory environment.  

Field and laboratory observations include density/consistency, moisture 

condition, and grain size and plasticity estimates. 

The classifications of selected samples were checked by laboratory tests such as 

Atterberg limits determinations and grain size analyses.  Classifications were 

made in general accordance with the Unified Soil Classification (USC) System, 

ASTM D 2487, as presented on Figure B-1. 

Water Content Determinations 

Water contents were determined for most samples recovered in the explorations 

in general accordance with ASTM D 2216, as soon as possible following their 

arrival in our laboratory.  The results of these tests are plotted or presented at 

their respective sample depth on the exploration logs.  In addition, water 

contents are routinely determined for samples subjected to other testing.  These 

are also presented on the exploration logs. 

Grain Size Analysis (GS) 

Grain size distribution was analyzed on representative samples in general 

accordance with ASTM D 422.  Wet sieve analysis was used to determine the 

size distribution greater than the U.S. No. 200 mesh sieve.  The size distribution 

for particles smaller than the No. 200 mesh sieve was determined by the 

hydrometer method for a selected number of samples.  The results of the tests 

are presented as curves plotting percent finer by weight versus grain size. 

L:\Jobs\1786000\Design Study\Spring District Phase 1A Geotech Report.doc 



C H

C H

A Line

O H PtC L

C L

C L - M L

O L M H

M L
or O L

M H or O H

SRF Grain Size (B-1).cdr 3/06

Fine-Grained Soils

Coarse-Grained Soils

Size of Opening In Inches

1
2

3
0

0

6

2
0

0

4
1

0
0

42

8
0

11 /
2

6
0

1

4
0

3
/4

3
0

2
0

5
/8

1
0

1
/2

3
/8

1
/4

1
0

8

2
0

6

4
0

4

6
0

3 2 1 .8 .6 .4

1
0

0

.3

2
0

0

.2

.0
6

.0
6

.0
81

.0
4

.0
4

.0
3

.0
3

.0
2

.0
2

.0
1

.0
1

.0
0

8
.0

0
8

.0
0

6
.0

0
6

.0
0

4
.0

0
4

.0
0

3
.0

0
3

.0
0

2
.0

0
2

.0
0

1
.0

0
1

Number of Mesh per Inch
(US Standard)

Grain Size in Millimetres

COBBLES GRAVEL SAND SILT and CLAY

Coarse-Grained Soils Fine-Grained Soils

Grain Size in Millimetres

G W

M L

G P G M G C S W S P S M S C

Clean GRAVEL <5% fines Clean SAND <5% finesGRAVEL with >12% fines SAND with >12% fines

GRAVEL >50% coarse fraction larger than No. 4

Soils with Liquid Limit <50%

SAND >50% coarse fraction smaller than No. 4

Coarse-Grained Soils >50% larger than No. 200 sieve

Fine-Grained Soils >50% smaller than No. 200 sieve

* *

G W and S W & 1<_ <_ 3
D >4 for G W

D >6 for S W

60

10

(D )

D X D

30

10 60

2

G M and S M Atterberg limits below A line with PI <4

G P and S P Clean GRAVEL or SAND not meeting
requirements for G W and S W

G C and S C Atterberg limits above A Line with PI >7

* Coarse-grained soils with percentage of fines between 5 and 12 are considered borderline cases requiring use of dual symbols.

D , D , and D are the particles diameter of which 10, 30, and 60 percent, respectively, of the soil weight are finer.10 30 60

Soils with Liquid Limit >50%

SILT SILTCLAY CLAYOrganic Organic Highly
Organic
Soils

60

50

40

30

20

10

0
0 10 20 30 40 50 60 70 80 90 100

Liquid Limit

P
la

s
ti
c
it
y

In
d

e
x

60

50

40

30

20

10

0

Unified Soil Classification (USC) System
Soil Grain Size

3

17860-00
Figure B-1

3/12



100

33.1

% CLAY

#
1
0
0

   

   

0.0

0.0

D50

10

   

   

   

   

10

0.0010.010.11

90

2.3

20

30

40

50

60

80

0

100

70

17860-00

slightly silty, very gravelly SAND

very sandy SILT, trace gravel

slightly silty, gravelly SAND

SP-SM

ML

SW-SM

Cu

GRAIN SIZE - mm

1.615

0.0

Figure B-2

D60D85

0.614

1.354

0.295

0.492

#
2
0
0

PI

1
/2
 i
n
.

0.083

20.909

0.158

11.7

% GRAVEL

3
/4
 i
n
.

Particle Size Distribution Test Report

3
/8
 i
n
.

#
4

#
1
0

Project: Spring District

Depth: 20.0 to 21.5
Depth: 25.0 to 26.5
Depth: 15.0 to 16.5

3/12

% SILT

Sample No.: S-5

% SAND

Sample No.: S-4

2.339

#
2
0

   

   

   

Sample No.: S-6

0.52

P
E
R
C
E
N
T
 F
IN
E
R

   

   

   

16.8%

1.87

#
6
0

LL

1
 i
n
.

26.8

59.1

42.1

62.0

% COBBLES

6
 i
n
.

2
 i
n
.

6.1%

MATERIAL DESCRIPTION USCS NAT. MOIST.

0.167

0.175

4.6%

3
 i
n
.

0.103 15.60

42.39

#
1
4
0

    Classification based on MA results only.

    

CcD10

Source: HC-1
Source: HC-1
Source: HC-2

D30

G
R
A
IN
 S
IZ
E
  
1
7
8
6
0
0
0
-B
L
.G
P
J
  
H
C
_
C
O
R
P
.G
D
T
  
3
/2
2
/1
2

#
3
0

#
4
0

Client:

    

D15

7.7

55.6

11.2

Remarks:

1
-1
/2
 i
n
.



1.0

#
1
0
0

D50

   

0.0

0.0

0.0

% CLAY

   

   

   

   

   

30

0

10

40

0.001

20

0.010.1110100

5.2

50

60

70

80

90

100

33.7

slightly gravelly, silty SAND

SW-SM

SM

SM

slightly silty, very gravelly SAND

17860-00

GRAIN SIZE - mm

3.321

0.278

Cu

0.496

D60D85PI

1.846

silty SAND, trace gravel

0.28

0.152

0.151

#
2
0
0

0.227

3
/8
 i
n
.

9.195

0.559

0.894 0.345

1
/2
 i
n
.

Particle Size Distribution Test Report

#
4

#
1
0

Project: Spring District

Depth: 20.0 to 21.5
Depth: 30.0 to 31.5
Depth: 15.0 to 16.5

3
/4
 i
n
.

#
2
0

% SILT

Sample No.: S-5
Sample No.: S-7

% SAND

3/12

% GRAVEL

   

   

   

Sample No.: S-4

   

   

   

#
6
0

LL

Figure B-3

1.01

MATERIAL DESCRIPTION

56.2

83.4

73.2

% COBBLES

6
 i
n
.

3
 i
n
.

P
E
R
C
E
N
T
 F
IN
E
R

1
 i
n
.

USCS NAT. MOIST.

0.184

6.1%

10.0%

8.8%

2
 i
n
.

Source: HC-2

#
1
4
0

Cc

    

Source: HC-2
Source: HC-3

G
R
A
IN
 S
IZ
E
  
1
7
8
6
0
0
0
-B
L
.G
P
J
  
H
C
_
C
O
R
P
.G
D
T
  
3
/2
2
/1
2

D10

10.1

#
3
0

#
4
0

Client:

1
-1
/2
 i
n
.

D15D30

45.33

15.6

21.5

Remarks:
    

    



#
1
0
0

D50

% CLAY

   

0.0

0.0

0.0   

   

   

   

   

0

10

40

20

0.0010.010.1110100

18.2

50

60

70

80

90

30

100

D10

1.1

0.6

0.555

7.405

Cc

% SAND

Source: HC-3
Source: HC-4
Source: HC-6

   

Sample No.: S-5
Sample No.: S-5
Sample No.: S-5

3/12

   

   

Particle Size Distribution Test Report

% GRAVEL

#
2
0

3
/8
 i
n
.

very silty SAND, trace gravel

silty gravelly SAND

SM

SM

SW-SM

1
/2
 i
n
.

#
4

#
1
0

Project: Spring District

Depth: 20.0 to 21.5
Depth: 20.0 to 21.5
Depth: 20.0 to 21.5

3
/4
 i
n
.

0.156

Figure B-4

D60D85PI

silty SAND, trace gravel

0.186

0.454

0.087

0.26

#
2
0
0

#
6
0

P
E
R
C
E
N
T
 F
IN
E
R

   

   

   

1.93

13.3%

LL

% SILT

1
 i
n
.

G
R
A
IN
 S
IZ
E
  
1
7
8
6
0
0
0
-B
L
.G
P
J
  
H
C
_
C
O
R
P
.G
D
T
  
3
/2
2
/1
2

72.2

62.7

69.3

% COBBLES

6
 i
n
.

2
 i
n
.

MATERIAL DESCRIPTION USCS NAT. MOIST.

0.103

13.4%

16.0%

3
 i
n
.

11.55

#
1
4
0

Cu

17860-00

GRAIN SIZE - mm

    Classification based on MA results only.

0.248

0.218

0.637

1.9

#
3
0

#
4
0

Client:

1
-1
/2
 i
n
.

D15

    

26.6

35.4

12.4

Remarks:
    

D30



% CLAY

D50

#
1
0
0

   

   

20

100

90

80

70

60

50

30

10

0

40

100 10 1 0.1 0.01 0.001

GRAIN SIZE - mm

17860-00

Cu

MLvery sandy SILT, trace gravel

#
2
0
0

PI D85 D60

Figure B-5

Particle Size Distribution Test Report

Depth: 35.0 to 36.5

Project: Spring District

#
1
0

#
4

3
/8
 i
n
.

1
/2
 i
n
.

3
/4
 i
n
.

0.155

% GRAVEL

   

#
2
0

3/12

Sample No.: S-8

% SILT% SAND

USCS

LL

#
6
0

   

P
E
R
C
E
N
T
 F
IN
E
R

NAT. MOIST.MATERIAL DESCRIPTION

1
 i
n
.

2
 i
n
.

3
 i
n
.

6
 i
n
.

% COBBLES

31.43.90.0

G
R
A
IN
 S
IZ
E
  
1
7
8
6
0
0
0
-B
L
.G
P
J
  
H
C
_
C
O
R
P
.G
D
T
  
3
/2
2
/1
2

24.6%

D10 Cc

#
1
4
0

    Classification based on MA results only.

Remarks:

64.7

Source: HC-6

D30 D15

1
-1
/2
 i
n
.

Client:

#
4
0

#
3
0



   
Hart Crowser  
17860-00  April 6, 2012 

APPENDIX C 
SHORING MONITORING AND ANCHOR TESTING PROGRAM 



APPENDIX C 
SHORING MONITORING AND ANCHOR TESTING PROGRAM 

 

Shoring Monitoring Program 

The intent of the shoring monitoring program is to provide early warning if the 

shoring does not perform as anticipated.  We recommend that the following 

components be included in the shoring monitoring program during construction: 

 Adjacent property surveys, if applicable; 

 Optical surveying; and 

 Geotechnical instrumentation. 

All data should be submitted weekly to the shoring designer, geotechnical 

engineer, and structural engineer for review.  Details of our expectations for 

shoring monitoring are included in the following paragraphs. 

Permitting agencies typically require that shoring monitoring plans establish 

displacement limits and associated remedial actions.  We have found that the 

following approach has typically been acceptable.  If more than 0.5 inch of 

displacement occurs, Hart Crowser, the shoring designer, and the structural 

engineer should determine the cause of displacement and develop remedial 

measures with the owner and contractor, if warranted.  If displacements greater 

than about 1 inch, unacceptable performance, or other adverse impacts occur, 

the contractor should notify Hart Crowser, the shoring designer, and the 

structural engineer immediately to determine whether contingency measures 

should be implemented.  If warranted, the project team should confirm and the 

contractor should implement remedial measures specific to the situation.  

Remedial measures may include more frequent shoring monitoring/surveying, 

construction and/or design changes to limit and/or correct detrimental 

displacements.  Construction may need to be stopped until remedial measures 

are implemented.  When adjacent property or right-of-way (ROW) could be 

affected, the appropriate agency and property/ROW owner should be notified 

of the proposed remedy to gain approval before implementation. 

Adjacent Property Surveys 

We recommend that adjacent property (structures, sidewalks, utilities, etc.) be 

surveyed before, during, and after construction.  The pre-construction survey will 

establish the baseline documentation of existing conditions, such as identifying 

the size and locations of any cracks.  The surveys should consist of a videotape 
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and/or photographs of adjacent facilities and detailed mapping of all cracks.  

Any existing cracks could be monitored with a crack gage placed across the 

crack. 

Optical Surveying 

We recommend optical surveying of horizontal and vertical movement of the 

following: (1) the surface of the adjacent streets; (2) adjacent parking areas as 

applicable; and (3) the shoring system itself.  The contractor should establish two 

reference lines adjacent to the excavation at horizontal distances back from the 

excavation face of about 1/3H and H, where H is the final excavation height.  

Typically, these lines will be established near the curb line and across the street 

from the excavation face.  The points on the adjacent facilities should be set on 

sound points not prone to movement by normal traffic/use, preferably in areas 

not obstructed during construction.  The surface and adjacent facility points 

should be spaced at about 50 feet horizontally, but each side of the excavation 

should have at least four equally spaced points.  Points on the shoring wall 

should be placed at every other soldier pile or at about every 25 feet for soil nail 

walls. 

The measuring system for the shoring monitoring should have a system accuracy 

(i.e., accounting for all factors) of at least 0.01 foot.  All reference points on the 

ground surface and existing adjacent facilities should be installed and read 

before excavation.  The frequency of readings will depend on the results of 

previous readings and the rate of construction.  At a minimum, readings on 

surface streets and adjacent facilities should be taken every other week, or as 

recommended by Hart Crowser, until the permanent structure is completed to 

street grades.  Readings on the top of the wall should be taken at least twice and 

preferably three times a week.  We recommend that the contractor conduct 

most readings and that their data be verified by an independent surveyor at least 

once per week. 

Survey Points.  Survey markers are typically used throughout the project site, on 

adjacent facilities and streets, and on soldier piles or other shoring elements.  

Routine surveying can show progressive movement in the shoring system due to 

soil movement behind the wall, and can provide an early warning in the event 

that adjacent roads or structures settle as a result of the excavation.  Survey 

markers should be sufficiently permanent to last until the permanent structure is 

completed up to surrounding street grades.  The contractor should be 

responsible to reset/replace damaged survey points.  It is recommended that 

reflective sticker “cross-hairs” be scribed on the wall to facilitate easy survey 

point replacement. 
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Geotechnical Instrumentation 

Inclinometers.  Inclinometers are typically used to monitor lateral earth 

movement below the ground surface.  This device consists of a hollow casing 

placed in a borehole that is typically placed behind the shoring wall at selected 

locations around the excavation.  Inclinometers are monitored regularly during 

construction.  An instrument is lowered down the casing to measure casing 

deflections at discrete elevations for the entire profile of the casing.  

Inclinometer casings should extend below the base of the excavation so that the 

bottom is fixed in soil that will not deform due to the shoring system, typically at 

least about 15 feet. 

Based on the soils, setting, and depth we don’t think inclinometers will be 

needed. 

Anchor Testing Program 

In this section anchors refer to both tiebacks and soil nails. 

Performance Test 

A minimum of two performance tests per soil type should be completed before 

installation of production anchors.  Each performance test should be conducted 

according to the following procedure: 

1. The geotechnical engineer will select the testing locations with input from 

the shoring subcontractor. 

2. The maximum stress in the anchor steel should not exceed 80 percent of the 

ultimate tensile strength for grade 150 ksi steel, or 90 percent of the yield 

strength for grade 60 or 75 ksi steel during performance testing.  (Based on 

Post Tensioning Institute [PTI] manual.)  The soldier piles, vertical elements, 

shotcrete facing, and/or anchor may require extra reinforcement to permit 

stressing to 200 percent of design load as required for the performance test. 

3. The performance test will measure anchor stress and displacement 

incrementally to values of unit skin friction equal to 200 percent of the 

design stress.  Load the anchor and measure deflections as follows: 

Load the anchor in increments of 25 percent of the design load (DL) and 

unload to the aligning load (AL) before incrementally loading to the next 

load increment (e.g., AL, 0.25 DL, AL, 0.25 DL, 0.50 DL, AL, 0.25 DL, 0.50 

DL, 0.75 DL).  Ensure that deflection readings stabilize for intermediate load 
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increments (i.e., 0.25 DL and 0.50 DL, when the new maximum is 0.75 DL) 

before increasing the load to the next increment.  Obtain and record 

deflection measurements for loading at intervals of 30 seconds, 1 minute, 2 

minutes, 3 minutes, and 5 minutes.  Measurements shall be made to an 

accuracy of 0.01 inch. 

4. Perform a creep test at 200 percent of design stress reading by holding the 

load constant to within 50 psi and recording readings at 30 seconds, 1 

minute, 2 minutes, 3 minutes, 5 minutes, 6 minutes, and 10 minutes; also 

record at 20 minutes, 30 minutes, 50 minutes, and 60 minutes, if creep 

criteria are not met at 10-minute interval. 

5. A successful test is one that exhibits a linear or near-linear relationship 

between unit stress and movement over the entire 200 percent stress range, 

holds the maximum test unit stress without noticeable creep, and satisfies 

the apparent free length criteria.  Noticeable creep is defined as a rate of 

movement of more than 0.04 inch between the 1- and 10-minute readings, 

or not more than 0.08 between the 6- and 60-minute readings.  If the 

reading does not stabilize to 0.08 inch or less per log cycle, the test shall be 

considered to fail the creep criteria.  Apparent free length criteria are as 

follows: 

 Minimum apparent free length, based on the measured elastic and 

residual movement, should be greater than 80 percent of the designed 

free length plus the jack length; and 

 Maximum apparent free length, based on the measured elastic and 

residual movement, should be less than 100 percent of the designed free 

length plus 50 percent of the bond length plus the jack length. 

6. Perform tests without backfill ahead of the anchor, if the hole will remain 

open, to avoid any contributory resistance by the backfill.  If the hole will not 

remain open during testing, provide a bond breaker on the anchor steel and 

backfill the no-load zone specified on the plans with a non-cohesive mixture. 

Proof Test 

Five percent of production anchors should be tested following the proof testing 

procedures outlined below: 

1. Load each anchor to 130 percent of the design load in increments of 

approximately 25 percent of the design load (i.e., 0.25 DL, 0.50 DL, 0.75 DL, 

1.00 DL, and 1.30 DL).  The maximum stress in the anchor steel should not 
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exceed 80 percent of the ultimate tensile strength for grade 150 ksi steel, or 

90 percent of the yield strength for grade 60 or 75 ksi steel during testing. 

2. Hold each incremental load for a period long enough to obtain a stable 

deflection measurement while recording deflections at each load increment.  

Hold the 130 percent load for a minimum of 5 minutes, recording the 

movement at times of 30 seconds, 1 minute, 2 minutes, and 5 minutes. 

3. A successful test is one that exhibits a linear or near-linear relationship 

between unit stress and movement over the entire stress range, holds the 

maximum test unit stress without noticeable creep, and satisfies the apparent 

free length criteria as indicated for the performance testing.  Note that the 

creep portion of the test need not exceed 10 minutes if the 10-minute creep 

criteria is met. 

Typically, movement of the anchor in excess of about 3 inches is indicative 

of deficiencies in installation.  Typically, total movement in excess of 12 

inches is considered a failure requiring replacement.  For total movements 

between 3 and 12 inches, the geotechnical and structural engineers will 

determine if a replacement or supplement is required. 
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