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Memorandum 

       

Date:  February 12, 2013 

To:  Marina Arakelyan 
City of Bellevue Department of Transportation 

From:  Ken Oswell 
Parsons Brinckerhoff 

Subject:  Critical Areas Technically Feasible Alternatives Analysis Letter Report 
for the NE 4th Street Extension Project – Stage 1: 116th Avenue NE to 
Burlington Northern Santa Fe (BNSF) railroad (RR) corridor 

 
Enclosures: Figure 1.  NE 4th Street/120th Avenue NE Corridor Project Critical Areas Map 

 
Geotechnical Report, NE 4th Street Extension, 116th Avenue NE to 120th 
Avenue NE, Bellevue, Washington (Shannon & Wilson; October 31, 2012)  
 
Addendum Number 1, Assessment of Steep Slope Critical Area, Geotechnical 
Report,  NE 4th Street Extension, 116th Avenue NE to 120th Avenue NE, 
Bellevue, Washington, October 31,2012 (Shannon & Wilson; February 6, 
2013) 
 
Copies of proposed critical areas (steep slopes) mitigation plans (2 sheets) 

 

CRITICAL AREA IMPACTS – TECHNICAL FEASIBILITY ANALYSIS 

Previous Documentation 

Information in this letter report was taken from the Critical Areas Technically Feasible 
Alternatives Analysis Letter Report for the NE 4th Street / 120th Avenue NE Corridor Project 
(Parsons Brinckerhoff, October 19, 2011). This prior report covered the entire NE 4th Street / 
120th Avenue NE Corridor Project shown in the attached copy of Figure 1 from that 
document. 

This letter report summarizes and updates the information from the October 19, 2011 report 
for the NE 4th Street portion of the overall corridor.  The NE 4th Street project extends from 
116th Avenue NE to 120th Avenue NE, and will be constructed in two stages.  Stage 1 is from 
116th Avenue NE to the BNSF RR corridor, and Stage 2 is from the BNSF RR corridor to 
120th Avenue NE.   
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 Applicable Land Use Codes 

Pursuant to the Bellevue City Code (BCC), as codified by Land Use Code (LUC) 20.25H 
Critical Areas Overlay District, the project is required to meet certain performance criteria as 
a result of impacts to identified critical areas. 

Critical Area Types 

LUC 20.25H identifies requirements related to impacts to the following Critical Areas (bold 
indicates Critical Areas addressed by this report): 

1. Streams 
2. Wetlands 
3. Shorelines 
4. Geologic hazard areas (Stage 1 only) 
5. Habitat associated with species of local importance 
6. Areas of special flood hazard 

For reasons described below, this report addresses only Geological Hazard Areas 
(specifically, Steep Slopes in Stage 1) which is the only critical area impact identified for the 
NE 4th Street project area. 

Allowable Uses 

Allowable uses for all critical areas except habitat areas are outlined by LUC 20.25H.055. 
The NE 4th Street Extension Project falls within the allowable use identified as “New or 
expanded public rights-of-way, private roads, access easements and driveways.” The LUC 
defines sets of performance standards that must be met, which vary for streams, wetlands, 
shorelines, geologic hazard areas, and areas of special flood hazard.   

Allowable uses for habitat critical areas are defined by LUC 20.25H.050.B.1, which states 
that all uses allowable by zoning may be undertaken in habitat critical areas, so long as the 
performance standards of LUC 20.25H.160 are met.  Those standards do not reference a 
requirement for a technically feasible alternatives analysis, so habitat associated with 
species of local importance will not be addressed by this report.  

Performance Standard Requiring Technically Feasible Alternatives Analysis 

Subsection LUC 20.25H.055.C.2.a requires that a determination of technically feasible 
alternatives be prepared in order to demonstrate that no technically feasible alternative with 
less impact exists for streams, wetlands, shorelines, geologic hazard areas, and areas of 
special flood hazard.  However, the NE 4th Street Extension Project has no impacts to 
streams, wetlands, shorelines or areas of special flood hazard, so these types of critical 
areas are not addressed by this report.  Furthermore, the project impacts only the sub-
category of “steep slopes” in the geologic hazard areas category, so all further references to 
geologic hazard areas in this memo will refer specifically to steep slope areas which occur 
only in Stage 1. 

The purpose of this report, therefore, is to meet the requirement of LUC 20.25H.055.C.2.a to 
provide a technically feasibility alternatives analysis with respect to Stage 1 project impacts 

11-115214-LO 
NE 4th Street Extesnion 
Critical Areas Land Use Permit 
Project Documents



October 19, 2011 

Page 3 of 6 

Over a Century of 

Engineering Excellence 

on steep slope areas.  These critical areas along the NE 4th Street Extension Project are 
described below and shown on the attached Figure 1 referenced above. 
  

STEEP SLOPE AREAS 

Definition: 

City of Bellevue Ordinance 5680 Section 20.25H.120 defines a steep slope as a slope 
meeting the following criteria: 

 A slope that is greater or equal to 40 percent; 
  that rises at least ten feet; and, 
 has an area of at least 1,000 square feet. 

 

Steep Slope Location:  Proposed NE 4th Street Extension Crossing the Western 
Embankment of the ex-BNSF Railroad Corridor. 

Analysis per LUC 20.25H.055.C.2.a and b:  

2.a.i. There is no existing roadway infrastructure at this location.  The steep slope on the 
western embankment of the ex-BNSF railroad corridor extends north-south across the 
proposed east-west alignment for the NE 4th Street Extension Project between 116th Avenue 
NE and 120th Avenue NE, as shown near the bottom of Figure 1. 

2.a.ii.  The purpose of the extension is to provide access between 116th and 120th Avenues 
NE to complete the road grid identified in the Wilburton Sub-Area Plan as necessary to 
accommodate the City’s future growth plans. The project proposes to construct a five lane 
roadway with two travel lanes in each direction and a two-way left-turn lane (or median) in 
the center, and with a 5-foot bike lane, 4-foot planter and 8-foot sidewalk on each side. 

2.a.iii. A total of ten alignment and configuration alternatives were considered during the 
preliminary design stage.  These included alternatives that would shift the alignment north or 
south of the proposed alignment and change the roadway vertical profile.  However, the 
steep slope areas extend well to the north and south of the proposed alignment and none of 
the alternative alignments that satisfied the purpose of the project were able to avoid similar 
impacts to the steep slopes. 

Moving the alignment south results in slightly smaller steep slope impacts but results in 
steeper roadway grades and impacts to more properties. Moving the alignment north 
adversely impacts the desired grid function of the extension and moderately increases the 
amount of steep slope area impacted. 

2.a.iv. No technically feasible alternative was found for constructing the proposed NE 4th 
Street extension that would have less impact on steep slopes, regardless of cost. 

2.a.v. All temporary and permanent disturbance of the steep slope can be mitigated as 
described below. 

11-115214-LO 
NE 4th Street Extesnion 
Critical Areas Land Use Permit 
Project Documents



October 19, 2011 

Page 4 of 6 

Over a Century of 

Engineering Excellence 

2.b.i.  The proposed alignment is considered to be the most feasible alignment and is 
designed to minimize steep slope impacts by crossing the slope as close to perpendicular as 
is feasibly possible. 

2.b.ii. As shown in Figure 1 of the project Geotechnical Report, NE 4th Street Extension, 116th 
Avenue NE to 120th Avenue NE, Bellevue, Washington (Shannon & Wilson; October 31, 
2012), the overall NE 4th Street Extension project site consists of a lower plain and an upland 
terrace that are connected by a north-south-trending, approximately 30-foot-high steep slope.  
The proposed roadway rises in elevation from west to east to meet the existing grade near 
the railroad tracks.  The roadway embankment will be supported by mechanically stabilized 
earth walls until it meets the existing grade. 

The new roadway construction will require clearing, grubbing, and benching of the steep 
slope within the project limits so that the embankment and walls can be constructed.  The 
construction means, methods, and sequence and equipment type will be determined by the 
Contractor.  Excavation to prepare the existing slope for fill placement should be terraced in 
accordance with Washington State Department of Transportation Standard Specification 
2-03.3 (14).  Temporary shoring may be required for the excavation.  The need for shoring 
will be determined by the Contractor.  The Contractor will be responsible for stability of 
temporary excavations. 

In its final configuration, the new roadway embankment and retaining walls will create a 
buttress that will improve the stability of the existing steep slope within the project limits.  In 
effect, the existing critical slope will be removed and replaced by a very shallow slope held in 
place by retaining walls and a roadway surface.  The project would also include walls at the 
top of the slope for the sole purpose of preventing additional fill material from spilling back on 
the steep slope, thus further minimizing the steep slope impacts.  A summary of the slope 
stability analyses and results for the proposed retaining walls at Stations 55+55 and 55+72 
are included in the October 31, 2012 geotechnical report.  The stability analyses assume that 
the groundwater level in the hillside does not rise as a result of the proposed construction so 
it is important that the surface and subsurface drainage measures recommended in the 
geotechnical report be implemented. 

All steep slope and buffer impacts would be limited to the construction of NE 4th Street 
Extension Stage 1 - 116th Avenue NE to Burlington Northern Santa Fe (BNSF) railroad (RR) 
right-of-way (ROW).  The total impacted area is about 9,600 square feet which includes 
about 3,700 square feet of critical slope areas to be mitigated and 5,900 square feet of buffer 
areas. The  impact areas are detailed on the figure enclosed with Addendum Number 1, 
Assessment of Steep Slope Critical Area, Geotechnical Report,  NE 4th Street Extension, 
116th Avenue NE to 120th Avenue NE, Bellevue, Washington, October 31,2012 (Shannon & 
Wilson; February 6, 2013), a copy of which is enclosed with this memo.  If the engineering 
recommendations provided in the October 31, 2012 geotechnical report are followed, the 
proposed NE 4th Street Extension Stage 1 should not increase the potential for instability of 
the steep slope identified.  The steep slopes outside of the Stage 1 limits will not be modified, 
nor should the proposed construction adversely impact those slopes.   

2.b.iii. NA 

2.b.iv. NA 
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2.b.v. Permanent steep slope impacts will be mitigated by the creation of a landscape 
enhancement area of at least 3,700 square feet, constructed consistent with applicable City 
of Bellevue codes and standards.  

2.b.vi. NA 

2.b.vii. NA 

2.b.viii. The proposed mitigation site is a City-owned property at the intersection of 116th 
Avenue SE and SE 5th Street. Copies of proposed mitigation plans for this site meeting 
requirements of LUC 20.25H.210 are attached. 
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Figure 1.  NE 4th Street/120th Avenue NE Corridor Project Critical Areas Map 

 

Source: Critical Areas Technically Feasible Alternatives Analysis Letter Report for the NE 4th 
Street /120th Avenue NE Corridor Project (Parsons Brinckerhoff, October 19, 2011) 
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GEOTECHNICAL REPORT 
NE 4TH STREET EXTENSION 

116TH AVENUE NE TO 120TH AVENUE NE 
BELLEVUE, WASHINGTON 

1.0 INTRODUCTION 

This report presents the results of Shannon & Wilson’s field explorations, field and laboratory 
testing, and geotechnical engineering studies for the NE 4th Street Extension Project in Bellevue, 
Washington.  This report presents seismic design considerations and geotechnical design 
recommendations for proposed embankments, retaining walls, luminaires and signal poles, 
stormwater management system, and pavement. We understand that the project will be designed 
in accordance with American Association of State Highway and Transportation Officials 
(AASHTO) Load and Resistance Factor Design (LRFD) standards (AASHTO, 2012). 

Our scope of services included evaluating the subsurface conditions at the site and providing 
geotechnical engineering recommendations for the design and construction of the proposed 
elevated roadway embankment and roadway improvements.  Our services included collecting 
and reviewing existing subsurface information, observing drilling and sampling of soil borings at 
the site, developing observation wells and measuring groundwater levels, performing field and 
laboratory testing, performing engineering analyses, evaluating infiltration and drainage options 
for proposed bioretention swales, and preparing this report. 

Our services were performed in accordance with our subconsultant agreement with PB Americas 
(PB) dated October 15, 2009.  

This geotechnical report provides recommendations for the 90% Submittal project drawings (PB, 
2012a).  Selected sheets from the 60% Submittal and the 90% Submittal project drawings have 
been included in this report as Appendix D. 

2.0 SITE AND PROJECT DESCRIPTION 

NE 4th Street is a major arterial that connects the southeast Clyde Hill neighborhood and 
downtown Bellevue with Interstate 405 and 116th Avenue NE.  The NE 4th Street Extension 
Project, in conjunction with the proposed 120th Avenue NE Widening and NE 6th Street 
Extension Projects, is an effort by the City of Bellevue to boost mobility between downtown 
Bellevue, the Bellevue-Redmond Road corridor, and the Overlake area.  The location of the 
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proposed NE 4th Street Extension project is shown in Figure 1.  The proposed roadway would be 
about 91 feet wide and include two lanes in each direction, a center turning lane, bicycle lanes, 
planter strips, and 8-foot-wide sidewalks.  We understand that the proposed roadway would be 
constructed in two phases.  Phase 1 would extend from 116th Avenue NE (Station 50+00) to the 
former BNSF Railway Company (BNSF) railroad tracks (about Station 56+50).  Phase 2 would 
extend from BNSF ROW to 120th Avenue NE. 

As shown in Figures 2 and 3, the project site generally slopes downward to the west.  A north-
south-trending, approximately 30-foot-high hill slope divides the site into a lower plain and an 
upland terrace.  The hill slope consists of, from west to east, an approximately 1.5 horizontal to 
1 vertical (1.5H:1V), 20-foot-tall slope, an approximately 30-foot-wide horizontal bench, and a 
10-foot-tall railroad embankment with about 2H:1V side slopes.  The railroad line is a former 
BNSF line that is currently owned by the Port of Seattle.  The portion of the site west of the hill 
slope currently consists of paved, sloping lots with an existing single-story building (previously a 
car dealership).  The building is planned to be demolished as part of proposed future 
development.  The future development plans have not been completed.  We understand that the 
future development may include excavation to about 20 feet or deeper below the existing ground 
surface (bgs).  This future excavation could impact the NE 4th Street embankment, walls, 
pavement, utilities, and associated structures and improvements.  The upper terrace in the east 
half of the site is generally level and is comprised of Best Buy and Home Depot parking lots and 
buildings.  We understand that a portion of the Best Buy building may be demolished to make 
room for the proposed NE 4th Street extension alignment. 

The proposed extension consists of an approximately 1,300-foot-long curved roadway to connect 
116th Avenue NE to 120th Avenue NE.  The proposed alignment and retaining wall locations are 
indicated in Figures 2 and 3.  The Phase 1 alignment from about Station 50+00 to about 
Station 56+50 gains about 50 feet in elevation (about 85 feet to 135 feet).  From the start of the 
alignment at 116th Avenue NE (Station 50+00) to about Station 52+40, the roadway would be at 
or below existing grade and would climb in elevation from about 85 feet to about 98 feet.  The 
cut on the north side of the below grade roadway would be supported by an ecology block-type 
wall (Wall W3), up to about 5.5 feet in height.  From about Station 52+40 to about Station 
56+20, the roadway would consist of an elevated roadway embankment with vertical 
mechanically stabilized earth (MSE) retaining walls up to about 25 feet in height (including wall 
embedment) on the north and south sides of the embankment, Walls W1 and W2, respectively.  
The roadway crosses the existing Metro sewer between Stations 55+55 and 56+05. 
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The Phase 2 alignment from about Station 56+50 to 120th Avenue NE (Station 63+56), the 
Phase 2 alignment passes through the current Best Buy and Home Depot parking lots, which are 
at about elevation 136 feet. 

3.0 SUBSURFACE EXPLORATIONS AND LABORATORY TESTING 

3.1 Current Explorations 

Five soil borings were performed for the project.  Borings SW-B2-10 and SW-B3-10 were 
drilled to explore subsurface conditions below the roadway alignment near the Metro sewer and 
railroad.  These borings were completed on October 20 and 22, 2010, respectively.  Borings 
SW-B1-11, SW-B4-11, and SW-B5-11 were drilled in the Home Depot parking lot to explore 
subsurface conditions near proposed infiltration facilities.  These explorations were completed on 
January 17, 2011.  Exploration locations are indicated in Figure 2.   

Appendix A presents a description of the methods and procedures used for drilling and sampling 
the borings and boring logs.  A Shannon & Wilson representative was on site to log each boring 
during drilling.   

Groundwater observation wells were installed in borings SW-B1-11, SW-B3-10, SW-B4-11, and 
SW-B5-11.  Well construction methods are presented in Appendix A. 

3.2 Geotechnical Laboratory Testing 

Samples collected during the explorations we performed for this project were sealed in jars and 
returned to our Seattle, Washington, laboratory for testing.  Shannon & Wilson, Inc. performed 
geotechnical laboratory tests on selected samples to evaluate the index properties and the 
engineering characteristics of the subsurface soil encountered at the site.  Laboratory tests 
included visual classification, water content, Atterberg limits, grain size distributions, and 
percent of particles passing the No. 200 sieve.  Laboratory tests were performed in general 
accordance with applicable ASTM International (ASTM) standards (2011).   

Laboratory test procedure descriptions and results are presented in Appendix B.  Water content, 
Atterberg limits, and fines content test results are presented on the boring logs in Appendix A.   

3.3 Explorations by Others 

We collected and reviewed subsurface explorations completed previously for the following 
properties: 
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 K.G. Investors property for a proposed a mixed-use development (Earth Solutions 
NW, LLC, 2009); 

 Best Buy (Hart Crowser, 2001); and  

 Home Depot (GeoEngineers, 1994).   

Figure 2 presents the approximate locations of the previous explorations that we used to interpret 
subsurface conditions.  Figure 3 presents Standard Penetration Test (SPT) N-values and 
groundwater observations from selected existing boring logs.     

We developed the groundwater observation wells in explorations ES-B2-06, ES-B6-06, and 
ES-B11-06 (Earth Solutions NW, LLC, 2009) on February 9 and 10, 2011.  We measured 
groundwater levels in these observation wells on February 17, 2011.  These groundwater levels 
are indicated in Figures 2 and 3. 

Boring logs and laboratory tests associated with these explorations by others are presented in 
Appendix C. 

4.0 GEOLOGY AND SUBSURFACE CONDITIONS 

4.1 Geologic Setting 

The project is located in the central portion of the Puget Lowland, which is an elongated, north-
south depression between the Olympic Mountains and the Cascade Range.  Geologists generally 
agree that the Puget Lowland was subjected to six or more major glacial events.  Each glaciation 
deposited new sediment and partially eroded existing deposits.  During the most recent glaciation 
(termed Vashon), glacial ice is estimated to have been about 3,000 feet thick in the project area 
(Thorson, 1989).  The weight of the glacial ice resulted in compaction of the underlying soils.  
The glacially overridden deposits are overlain by recessional glacial deposits that accumulated 
during retreat of the Vashon ice sheet.  The glacial deposits are in turn overlain by younger 
(Holocene Epoch) soils deposited principally by streams, lakes, and mass wasting processes. 

Topography at the project site is characterized by a gradually sloping surface west of the Metro 
sewer (Phase 1), that steps upwards in elevation by about 15 to 20 feet to a relatively flat surface 
east of the railroad track (Phase 2).  The slope that comprises the step is at least partially 
obscured by artificial fill placed during construction of the existing railroad embankment and 
Metro sewer.  Based on our interpretation of the topography and of existing and new borings, the 
slope likely represents the boundary between a broad Vashon recessional outwash channel to the 
west and a till upland to the east.             
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4.2 Subsurface Conditions 

Subsurface conditions in the project area consist of a sequence of Vashon and pre-Vashon glacial 
deposits overlain by Holocene fill, as shown in Figure 3.  We divide our discussion of subsurface 
conditions into three areas:  (a) western portion of site from 116th Avenue NE to about 
Station 54+00, (b) central portion of site from about Station 54+00 to the western edge of the 
Home Depot and Best Buy parking lots (about Station 57+00), and (c) eastern portion of site 
from about Station 57+00 to 120th Avenue NE.  Our interpretations of geologic units for existing 
explorations are based on limited information and should be considered approximate. 

4.2.1 Western Portion of Site 

 The western portion of the site includes the relatively gradually sloping ground west of 
the railroad and Metro sewer embankment, on the broad floor of the recessional outwash 
channel.  The uppermost layer in this area typically consists of 5 to 10 feet of loose to medium 
dense, silty sand with gravel.  The layer probably represents Vashon recessional outwash 
deposits (Qvro) locally overlain by Holocene fill (Hf).  We use a dual classification (Hf/Qvro) 
for this soil layer.  The fill/recessional outwash layer is underlain by at least 15 feet of Vashon 
till (Qvt).  The till layer is not observed in borings east of Station 53+40 in the central portion of 
the site, which indicates that the till layer is thinning.  The till consists of very dense, silty sand 
with gravel.  At the site of boring ES-B10-06, the till is underlain by very dense silt that probably 
represents pre-Vashon glaciolacustrine deposits (Qpgl).   

4.2.2 Central Portion of Site 

 The central portion of the site includes the transition from the lower elevation recessional 
outwash plain to the higher elevation till upland.  Recent borings SW-B3-10 and SW-B2-10, 
drilled near the Metro sewer and railroad embankment, encountered about 18 to 20 feet of fill.  
The fill consisted largely of medium dense, silty sand and sandy gravel with scattered to 
numerous cobbles.  The fill is underlain by a 3- to 12-foot-thick layer of recessional outwash.   

 The recessional outwash deposit in the central portion of the site is underlain by a 
sequence of intact and disturbed glaciolacustrine deposits.  The uppermost surface of the 
glaciolacustrine deposits appears to slope downward to the west, as the unit is not observed in 
borings in the western portion of the site.  The glaciolacustrine deposits consist of layers of hard, 
silty clay and clayey silt, and very dense silt.  Disturbed glaciolacustrine deposits represent 
glaciolacustrine deposits that have been disturbed by some process following deposition.  The 
disturbed deposits are typically blocky, sheared, and slickensided. 
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4.2.3 Eastern Portion of Site 

 The eastern portion of the site lies within the till upland.  The uppermost layer in this area 
consists of about 5 to 12 feet of medium dense to dense, silty sand with organics that probably 
represents fill (Hf).  The fill is underlain by an approximately 8- to 12-foot-thick layer of 
ablation till (Qvat), which is comprised of medium dense to very dense, gravelly, silty sand.  
Glacial till (Qvt), comprised of very dense, silty sand, is present below the ablation till. 

4.3 Groundwater 

Groundwater elevation varies with season and exploration location along the alignment.  
Groundwater elevation was difficult to interpret at this site due to the lack of data.  Gravel and 
cobbles caused poor sample recovery in the upper 20 feet of borings SW-B2-10 and SW-B3-10 
where groundwater was expected and previous borings in the site vicinity had limited and 
inconsistent groundwater information.    

Groundwater levels measured in observation wells (February 2011) are indicated in Figures 2 
and 3.  For borings in which wells were not installed, groundwater levels encountered during 
drilling are indicated in Figure 3.   

Groundwater measurements in the western, lower elevation part of the site indicate groundwater 
to be near elevation 100 feet at boring ES-B6-06 and to increase to near elevation 115 feet at 
boring SW-B3-10.  Artesian groundwater conditions with static water head elevation about 2 feet 
above the ground surface was measured in the well in boring ES-B11-06.  This well is isolated at 
depth in clay about 200 feet south and downgrade of the alignment.  Groundwater measurements 
in this well are not representative of general groundwater at shallow depth along the alignment, 
in our opinion.  Elevated groundwater pressures in clay and soil layers in and below the clay may 
be present along the alignment.  We anticipate groundwater to be perched above the clay layer in 
the western portion of the site.   

For our analyses, we assume the long-term groundwater elevation for the western, lower 
elevation part of the site will be at the base of the embankment and walls.  This assumption is 
based on our interpretation of existing groundwater conditions and our recommendations, 
presented later in this report, that sub-embankment drainage systems be installed.  Measurements 
in the well in boring SW-B3-10 indicated groundwater will likely be below the depth of 
excavation where the existing ground rises eastward as covering for the Metro sewer and as 
railroad embankment.   
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The groundwater level observed in the till upland (Home Depot parking lot) ranged from about 
elevation 130 feet at boring SW-B5-11 (about 5 feet bgs), to about elevation 123 at boring SW-
B4-11 (about 7 feet bgs), to about elevation 121 feet at boring SW-B1-11.   

The well in boring SW-B1-11 is isolated below the upper surface of the glacial till layer.  
Therefore, groundwater elevation measurements made in the well installed in boring SW-B1-11 
are not indicative of groundwater in soil above the till.  Soil moisture observations made in the 
underlying very dense glacial till layer indicated dry to moist conditions.  Based on these 
observations, we expect groundwater is perched above the glacial till.  

Based on groundwater elevation measurements made in the wells installed in borings SW-B4-11 
and SW-B5-11 and the top of glacial till surface interpreted from the borings, groundwater 
perched above the till likely flows westward.  Measurements in the wells installed in borings 
SW-B4-11 and SW-B5-11 indicate the groundwater was about 7 and 5 feet bgs, respectively, at 
the time the measurements were taken in February 2011.  The groundwater elevation is, 
therefore, relatively close to the ground surface.  The site is currently paved with limited 
opportunity for direct infiltration of water falling on the site.  The groundwater elevation would 
be expected higher if water is allowed to infiltrate. 

4.4 Contaminated Soil and Groundwater 

The presence of contaminated soil and groundwater within and near the project area has been 
documented.  This geotechnical report does not address the type and extent of contamination that 
could be encountered.  The Hazardous Materials Technical Report (Shannon & Wilson, Inc., 
2011) provides information regarding potential contamination that could be encountered during 
construction.   

5.0 SEISMIC DESIGN CONSIDERATIONS 

5.1 Design Ground Motion Parameters 

We understand that the project will be designed for an earthquake with a 7 percent probability of 
occurrence in 75 years, also termed as an earthquake with a 1,000-year return period (RE1000). 

The AASHTO site class is determined using the SPT N-values and/or shear wave velocities 
measured in the upper 100 feet of the soil profile.  The SPTs and soil classifications derived from 
current and existing explorations completed in the project area indicate that the soils in the upper 
100 feet generally consist of dense to very dense and very stiff to hard glacially consolidated 
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soil.  In accordance with the criteria in the AASHTO 2009 Guide Specifications for LRFD 
Seismic Bridge Design (AASHTO, 2009), conditions at this site should be considered Site 
Class C.  AASHTO does not require a site-specific ground motion evaluation for Site Class C 
sites.   

Table 1 presents our recommended seismic design ground motion parameters.  These design 
parameters were developed using the AASHTO Earthquake Ground Motion Parameter 
Application Version 2.10 (U.S. Geological Survey, 2008) and procedures recommended by 
AASHTO (2009).  

5.2 Earthquake-induced Geologic Hazards 

Earthquake-induced geologic hazards that may affect a given site include landsliding, fault-
related ground rupture, and liquefaction and associated effects (loss of shear strength, bearing 
capacity failure, loss of lateral support, ground oscillation, lateral spreading, etc.).   

5.2.1 Landsliding 

 Based on existing as-built plans, we consider the majority of the surficial soil that 
comprises the hillside in the center of the site to consist of fill associated with the railroad 
embankment and Metro sewer construction.  Several notable earthquakes have occurred in the 
region since the initial placement of the railroad fill and early 1960s addition of the Metro sewer 
fill.  We did not observe evidence of historic landsliding at the site or find reports of landslides at 
the site in existing information or literature we reviewed.  However, the site has not experienced 
the design seismic ground motions since the embankment was constructed.  Based on our 
observations and the lack of evidence of existing slide scarps at the site, we consider the risk of 
earthquake-induced landsliding at the site to be low to moderate.    

5.2.2 Fault-related Ground Rupture 

 The project site is about 2 miles north of the Seattle Fault Zone.  The Seattle Fault Zone 
runs approximately east-west adjacent to Interstate 90 and has been estimated to range from 
about 1 to 2 miles wide (Johnson and others, 2004).  The Seattle Fault is a shallow crustal type 
fault with a recurrence period that has ranged from about 200 years or less to 12,000 years 
(Goldfinger and others, 2003).  Radiocarbon dating evidence suggests that the last ground-
rupturing earthquake associated with the Seattle Fault Zone occurred about 1,100 years ago and 
caused nearly 22 feet of permanent vertical displacement across the fault on Bainbridge Island.  
The rupture history of the fault zone is the subject of current and ongoing research in the 
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scientific community.  Preliminary geologic evidence developed to date suggests that the current 
recurrence rate of large ground-surface-deforming earthquakes on the Seattle Fault may be on 
the order of thousands of years. 

 Because of the relatively large recurrence interval of ground-rupturing earthquakes 
associated with the Seattle Fault Zone and because the site is not within the mapped deformation 
zone, in our opinion, the potential for ground surface fault rupture at the site is low. 

5.2.3 Liquefaction 

 Soil liquefaction is a phenomenon which occurs in loose, saturated, granular soil when 
the water pressure in the pore spaces increases to a level that is sufficient to separate the soil 
grains from each other.  When a saturated soil experiences partial or full liquefaction, porewater 
pressure between the soil grains increases, which causes a reduction in soil strength and stiffness.  
As a result, ground settlement, lateral spreading, and landslides may occur.  The existing and 
current subsurface explorations indicate the granular soils underlying the proposed NE 4th Street 
alignment are generally medium dense to very dense or above the groundwater elevation.  
Therefore, we consider the potential for liquefaction to occur on the project site to be low.   

6.0 ROADWAY EMBANKMENT 

6.1 General 

The proposed NE 4th Street extension will consist of an elevated roadway embankment between 
about Stations 53+00 and 56+00.  Plans and profiles provided to us indicate that the maximum 
retained height (including wall embedment) will be about 25 feet.  As shown in Figure 2, the 
easternmost segment of the proposed roadway embankment intersects an existing slope at an 
angle of about 30 degrees from perpendicular. 

6.2 Fill Slopes 

We recommend embankments have permanent fill slopes of 2H:1V or flatter.  Fill slopes steeper 
than 2H:1V should be individually evaluated to assess stability.  Fill slopes steeper than 2H:1V 
may require reinforcement. 

6.3 Mechanically Stabilized Earth (MSE) Wall Global Stability Analyses 

We performed global stability analyses using the wall geometry included in the 60% Submittal 
project drawings which is the same as the 90% Submittal. 

11-115214-LO 
NE 4th Street Extesnion 
Critical Areas Land Use Permit 
Project Documents



 

21-1-21232-002-R1f-rev2.docx/wp/clp 21-1-21232-002 
10 

We evaluated global stability for the proposed embankment and MSE walls along cross sections 
perpendicular to the roadway alignment at Stations 54+50, 55+55, and 55+72 and assuming both 
Phase 1 and Phase 2 embankments are complete.  These locations were selected as representative 
based on the proposed embankment geometry, wall height, and subsurface conditions.  
Station 55+55 represents the maximum wall height.  Station 55+72 was selected to model the 
condition where a retaining wall is constructed on an existing slope.  As shown in Figure 3, the 
subsurface explorations indicate the upper contact of the glaciolacustrine clay decreases in 
elevation from east to west and is replaced by a layer of very dense till somewhere west of about 
Station 54+20.  The analysis at Station 54+50 was selected to model an intermediate condition 
between the highest clay elevation and highest wall height at Station 55+55 and the minimum 
wall height and maximum glacial till layer thickness at the west end of the elevated roadway 
embankment. 

We used the criteria recommended by AASHTO (2012) and the Washington State Department of 
Transportation (WSDOT) Geotechnical Design Manual (GDM) to evaluate the global stability of 
the proposed retaining walls (WSDOT, 2010a).  AASHTO and the WSDOT GDM recommend 
that non-critical retaining walls be designed to meet a minimum static resistance factor of 
0.75 (factor of safety [FS] of 1.3).  AASHTO and the WSDOT GDM recommend that retaining 
walls be designed to meet a resistance factor of 0.9 (FS of 1.1) for seismic loading conditions.   

6.3.1 Analysis Method  

 We used the computer program SLOPE/W Version 7.16 (Geo-Slope, 2007) to perform 
the global stability analyses.  SLOPE/W uses several methods to estimate the FS of the stability 
of a slope by analyzing the shear and normal forces acting on a series of vertical “slices” that 
comprise a failure surface.  Each vertical slice is treated as a rigid body; therefore, the forces 
and/or moments acting on each slice are assumed to satisfy static equilibrium (i.e., a limit 
equilibrium analysis).  We used the Morgenstern-Price method of analysis, which satisfies both 
moment and force equilibrium, to calculate the FS (Morgenstern and Price, 1965).     

 In accordance with AASHTO guidelines for global stability analyses, we assumed that 
failure would not occur through the reinforced soil zone of the MSE walls (i.e., we did not 
consider compound stability of the MSE wall).  Target global static FSs of 1.3 were achieved by 
varying the width of the reinforced soil zones.  We assumed the base of the reinforced soil zone 
was embedded a minimum of 2 feet bgs. 
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 We evaluated seismic global stability by applying a pseudo-static horizontal acceleration 
equal to half of the peak design spectral acceleration (AS) (1/2 of 0.43g  = 0.215g) to the failure 
mass of the most critical static slip surface for each cross section (WSDOT, 2010a).  For cross 
sections with seismic FSs less than 1.1, we estimated the seismically induced displacements 
using a procedure developed by Bray and Travasarou (2007).  

6.3.2 Soil Parameters 

 Figure 4 presents the engineering parameters used in our global stability analyses.  These 
parameters, except for disturbed glaciolacustrine deposits, are based on published correlations 
with SPT N-values and our experience with the geologic units present at the site. 

 As described in Section 4.2.2, several layers of blocky, slickensided, and/or diced silty 
clay (Qpgl disturbed) deposits were encountered in borings SW-B2-10 and SW-B3-10.  Based on 
our experience, disturbed glaciolacustrine deposits are commonly discontinuous in both the 
vertical and horizontal directions and are typically encountered adjacent to and between large 
blocks of intact glaciolacustrine deposits.  Based on our experience with similar disturbed Qpgl 
clays from nearby projects, we anticipate that the Qpgl has undergone strain softening.  In our 
global stability analyses, we assumed that this deformation caused the clay to be in a residual 
strength state.  We estimated the residual strength of the disturbed glaciolacustrine deposits using 
correlations developed by Stark and others (2005).  These correlations relate the residual internal 
friction resistance to the clay fraction (CF – percentage of clay per unit mass), Liquid Limit (LL), 
and mean effective stress on the failure surface.  Based on the results of our grain size 
distribution and Atterberg Limits tests (see Appendix B), we estimated representative CF and LL 
values of 35 and 55, respectively.  Using these parameters, we developed a shear strength versus 
normal stress function and applied this to the Qpgl deposit in our Slope/W analyses.  Because of 
uncertainty in defining the spatial distribution of the disturbed and intact glaciolacustrine clay 
deposits, we assumed that the entire Qpgl deposit was at a residual strength state in our global 
stability analyses models (see Figure 4). 

6.3.3 Analysis Results 

 Our global stability analyses results are summarized in Table 2.  The Station 55+55 
analyses results are presented graphically in Figure 4.  Our analyses at Stations 54+50 and 55+55 
indicate that wall configurations with typical reinforcement length (L) to wall height (H) ratios 
(L/H) of 0.7 do not meet the required FSs for static conditions.  Our analyses indicate that wall 
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global static stability criteria could be met at these sections by increasing the L/H ratio at the 
base of the retaining wall to the values indicated in Table 2.   

 At Stations 54+50, 55+55 and 55+72, our seismic global stability analyses resulted in 
seismic FSs below 1.1, which indicates that the proposed roadway embankment may displace 
laterally during the design seismic event.  We estimated the seismically-induced lateral 
displacements using the Bray and Travasarou (2007) procedure as recommended in Chapter 6 of 
the WSDOT GDM (WSDOT, 2010a).  Our estimated displacements are summarized in Table 2.  
Our analyses results indicate that the lateral displacement would range from about 1 to 3 inches.  
Lateral displacements of this magnitude may cause cracking in the roadway and wall facing 
panels and outward wall rotation, but are unlikely to lead to structural failure of a properly 
designed and constructed MSE wall system.   

6.4 Settlement 

We performed settlement analyses primarily to estimate the settlement at the Metro sewer invert 
(see Figures 2 and 3 for location) resulting from the embankment load.  We used the computer 
program Settle3D Version 2.0 (Rocscience, Inc., 2008) to perform these analyses.  Based on 
90% Submittal drawings and our discussions with PB, we understand that the fill will be 
installed in a single stage and the existing Metro sewer will be protected by constructing a 
relieving slab that will span over the sewer line.  Our settlement analysis does not include the 
presence of the protection slab.  Settle3D discretizes the soil strata into a grid of one-dimensional 
soil columns and performs a settlement analysis for each grid point.  The increases in stresses 
due to a three-dimensional load distribution such as a curved embankment are calculated for each 
vertical segment of the soil columns using a linear-elastic-type stress distribution.  The 
settlement at a given depth and grid point location is calculated by summing the strains of the 
underlying soil segments in the column.  Settlement due to the compression of the new 
embankment fill is not considered in the analysis.  This approach assumes that the subsurface 
soil behaves as an elastic material in response to the applied loads.  An assumption of elastic 
foundation soil behavior is consistent with standard practice for granular soil and glacially 
overridden soil. 

6.4.1 Subsurface Profiles 

 Subsurface conditions and ground surface topography vary throughout the roadway 
embankment alignment, as shown in the generalized subsurface profile A-A' (Figure 3).  
Settle3D assumes a flat ground surface and horizontal soil layers.  In an effort to capture the 
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uncertainty of the subsurface conditions and to mitigate program limitations, we performed 
settlement analyses using two subsurface soil profiles:  

Type 1 Using the generalized subsurface conditions at the Metro sewer (using borings 
SW-B2-10 and SW-B3-10), and  

Type 2 Using the generalized subsurface conditions at the base of the slope and 
maximum embankment height (using boring ES-B5-06).   

 The subsurface soil profiles at both locations are shown in Figure 3. 

6.4.2 Soil Parameters 

 The soil parameters used for our settlement analyses included unit weight, elastic 
modulus, and Poisson’s ratio.  The unit weights are the same as those used in the global stability 
analyses (see Figure 4).  The elastic modulus and Poisson’s ratio were estimated using published 
correlations to N-values, AASHTO (2012) recommendations, soil grain size distributions, and 
our experience with similar soils.  Soil parameters used in settlement analyses are shown in 
Figure 5. 

6.4.3 Analysis Results 

 Our analyses results indicated maximum settlement beneath the embankment of about 
5 inches.  The maximum settlement is located beneath the center of the embankment between 
about Stations 55+00 and 55+50.  Our settlement analysis results for settlement along the faces 
of Walls W1 and W2 indicate maximum total settlement of about 3 inches, which occurs near 
where the walls are highest, and maximum differential settlement less than 200H:1V.  The 
estimated differential settlement is less than the maximum differential settlement of 100H:1V 
recommended by AASHTO for MSE walls with 5-foot by 5-foot precast concrete face panels. 

 The estimated settlement profile along the Metro sewer at the pipe invert resulting from 
embankment placement is presented in Figure 5.  The estimated total settlement at the pipe invert 
elevation is less than 1 inch.  The difference in settlement at the Metro sewer pipe invert 
elevation using the two subsurface profile types was negligible.  The subsurface conditions and 
soil parameters summarized in Figure 5 represent profile Type 1.  The estimated angular 
distortion along the Metro sewer associated with pipe settlement is also presented in Figure 5.  
Estimates of angular distortion may be used to aid in evaluating pipe bending and pipe joint 
deflection.   
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 Our analyses results indicate that the majority of the estimated settlement will occur in 
existing fill soil immediately beneath the new embankment.  This existing fill is predominantly 
granular and will likely compress as the load is applied.  The underlying glaciolacustrine deposit 
is predominantly cohesive (i.e., not granular).  This unit is heavily overconsolidated (hard), 
resulting in a low compressibility.  Our settlement analyses results indicate that the settlement in 
the glaciolacustrine deposit will account for about 25 percent of the total settlement.  We 
anticipate that about 75 percent (associated with the upper granular soil) of the total estimated 
settlement would occur as the load is applied, with the remaining settlement occurring within the 
first year following construction.   

 In addition to the static settlement of the subgrade soils, we estimate that the embankment 
and retaining wall fill material will compress during or shortly after construction.  For properly 
placed and compacted granular embankment fill, surface settlement associated with fill 
compression would be expected to be on the order of 0.3 to 0.5 percent of the total embankment 
height.  Internal compression-related settlement would be essentially complete within a month 
after fill placement. 

7.0 RETAINING WALL RECOMMENDATIONS 

7.1 General 

We understand that two vertical-face MSE walls, Walls W1 and W2, and one stacked concrete 
block wall, Wall W3, are proposed along the NE 4th Street extension.  The locations of these 
walls are indicated in Figure 2.  Walls W1 and W2 will have maximum heights of about 25 feet, 
and 21 feet (including embedment), respectively.  The 90% Submittal project plans indicate that 
Walls W1 and W2 will each be comprised of two wall segments of different MSE wall types.  
From the western end of the walls to about 10 to 15 feet west of the existing Metro sewer line, 
Walls W1 and W2 will be structural earth walls (SEW) which are constructed using discrete steel 
strip reinforcements that are embedded into the backfill.  East of this point, W1 and W2 will be 
constructed using continuous, wrapped geosynthetic fabric reinforcements consistent with 
WSDOT Standard Plan D-3 (WSDOT, 2010a).   

7.2 Geosynthetic Walls 

We understand that Wall W1 between Stations 12+93 and 13+47, and Wall W2 between 
Stations 23+49 and 24+01 will be constructed as geosynthetic retaining walls.  Based on the 
characteristics of the subsurface soils at these locations, these wall segments may be designed 
and constructed as WSDOT Standard Plan D-3 (WSDOT, 2012a) walls.  We recommend that a 
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minimum of 3 inches of WSDOT Standard Specifications (WSDOT, 2010b) 9-03.14(4) Gravel 
Borrow for Geosynthetic Retaining Walls be placed and compacted beneath the lowest 
reinforcement layer. 

7.3 Structural Earth Walls 

We understand that Wall W1 between Stations 10+00 and 12+93, and Wall W2 between 
Stations 20+00 and 23+49 will be constructed as SEWs.  The following discussion presents our 
geotechnical recommendations for the proposed SEW segments for Walls W1 and W2.  The 
MSE wall designer should design walls in accordance with AASHTO (2012) requirements.   

7.3.1 Reinforcement Length  

 Our recommended minimum base reinforcement lengths for the walls are provided in 
Table 2.  To meet global stability requirements and reduce potential for compound stability to 
control the design, we recommend a minimum of six layers of wall reinforcement at the base of 
the wall be extended to the minimum L/H ratios presented in Table 2, or 8 feet, whichever is 
greater.  We recommend reinforcement layers higher in the wall have a minimum length equal to 
an L/H ratio of 0.7, or 8 feet, whichever is greater.   

 The reinforcement lengths may need to be increased to meet internal, external (sliding 
and overturning), or compound stability requirements.  We did not evaluate internal, external 
(sliding and overturning), and compound failure modes.  These failure modes should be 
evaluated by the wall designer because these failure modes depend on the particular 
reinforcement and soil properties and reinforcement vertical spacing selected by the wall 
designer.   

 90% Submittal drawing RW03 shows a buried detention vault within the embankment 
between about Stations 55+20 and 53+70 (see Appendix D).  The south face of the vault is 
indicated on the drawing as being about 15 feet behind the south wall (Wall W2) face.  Based on 
the reinforcement length recommendations presented in Table 2, the detention vault would not 
interfere with the wall reinforcement.   

 A continuous planter strip is proposed between the sidewalk and roadway.  The bottom of 
planter strip will be less than 2 feet below the top of sidewalk elevation.  Where wall 
reinforcement would extend into or through the planter strip, we recommend the reinforcement 
be deflected downward below the bottom of the planter strip soil such that a minimum of 
3 inches of MSE wall reinforced zone backfill separates the reinforcement from planter strip soil. 
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Catch basins; signal, light, or sign foundation; and tree pits (tree wells) are proposed to be 
installed within the wall reinforced zone.  Catch basins will extend from a few feet to more than 
8 feet below roadway elevation.  Signal, light, and sign foundations, to about 3 feet diameter, 
may extend a few feet to about 11 feet below roadway elevation.  Tree pits (wells) are proposed 
to be spaced at approximately 25-foot centers along the north and south sides of the roadway.  
The tree pits are proposed to be within the planter strip between the curb and sidewalk.  Each 
tree pit will be a concrete walled structure about 6 feet long by 5 feet wide by 5 feet deep.  The 
sidewalk-side face of tree pit structures will be less than 8 feet behind the wall face.  Where these 
and similar obstructions are to be installed in the wall reinforced zone, the wall and 
reinforcement design should be modified using one of the following alternatives (in accordance 
with AASHTO [2012] Section 11.10.10.4): 

 Where reinforcement would need to be truncated to avoid an obstruction, design the 
reinforcement adjacent (horizontally or vertically) to the obstruction to carry the 
additional load which would have been carried by the truncated reinforcement.   

 When soil reinforcement consists of discrete strips (i.e., the western segments of 
Walls W1 and W2), or can be cut into discrete strips, and depending on the size and 
location of the obstruction, splay the reinforcements around the obstruction.  
Reinforcement should not be splayed more than 15 degrees from perpendicular to the 
wall face. 

 Where obstructions are of limited depth and extend no more than 12 inches below the 
design reinforcement elevation, bend reinforcement such that it extends below the 
obstruction. 

 Place a structural frame around the obstruction that is capable of carrying the load 
from the reinforcements in front of the obstruction to reinforcements connected to the 
structural frame behind the obstruction. 

Where tree pits are proposed to be installed, they will likely interfere with the uppermost one or 
two reinforcement layers.  A combination of deflecting reinforcement below the tree pits and 
splaying reinforcement around tree pits may be required.  Where reinforcement would need to be 
splayed greater than 15 degrees, we recommend truncating the reinforcement elements at the 
face of the tree pit.  Reinforcement sheets or bar mats, if used, should be cut perpendicular to the 
wall face such that discrete elements that may be splayed are created and the minimum width of 
reinforcement possible truncated. 

A water pipe is proposed to be installed south of the Wall W1.  We understand the water pipe 
would be buried a few feet below the pavement.  Based on the reinforcement length 
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recommendations presented above, this water pipe would be outside the reinforced zone and not 
require modification of reinforcement lengths or installation. 

7.3.2 Embedment Depth 

 Where the ground surface in front of the wall face is near horizontal, the base of the 
reinforced zone should be a minimum of 24 inches, or 10 percent of the wall height, whichever is 
greater, below the ground surface.  If the ground surface in front of the wall is sloped, the bottom 
of the reinforced zone should be located a minimum of 24 inches below the elevation at which 
there is a 4-foot horizontal distance from the wall face to the slope face in front of the wall.  In 
addition to the above requirements, the base of the reinforced zone for Walls W1 and W2 should 
be a minimum of 24 inches below the existing grade elevation at the wall face.  

7.3.3 Lateral Earth Pressures 

 Lateral earth pressures were estimated using methods specified in the AASHTO LRFD 
Bridge Design Specifications (2012).  To evaluate the static active lateral earth pressures acting 
on MSE walls and structural elements adjacent to soil, we recommend using an equivalent fluid 
weight of 35 pounds per cubic foot (pcf).  The active lateral earth pressures should be applied to 
the back of the reinforced zone of SEWs and structures free to displace a minimum of 1/1000th 
the structure height (0.001H).  This static earth pressure recommendation assumes a vertical wall 
face with a horizontal backslope and a wall backfill that is a free-draining material which does 
not allow hydrostatic pressure buildup. 

 Surcharge loads such as traffic and construction equipment will induce lateral loads on 
retaining walls and buried structures.  Traffic surcharge loads may be estimated using a uniform 
pressure of 250 pounds per square foot (psf).  Construction equipment surcharge loads should 
also be considered.  We recommend applying a minimum construction equipment surcharge load 
of 600 psf.  Because construction equipment loads are unknown, we recommend stating in the 
contract documents (plans or specifications ) the maximum lateral loads that the structures can 
accommodate.  Surcharge-induced lateral pressures acting on retaining structures and buried 
structures retaining soil should be computed using an earth pressure coefficient, K, equal to 0.28 
for active conditions and 0.44 for at-rest conditions. 

 Seismic earth pressures should be added to the static earth pressures acting on walls and 
structures retaining soil that are free to displace a minimum of 0.001H.  Seismic earth pressures 
should be calculated in accordance with AASHTO 2012, Section 11.10.7.  The soil parameters 
for calculation of external and internal seismic stability are provided in Tables 3 and 4.  
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7.3.4 Sliding Resistance 

We expect silty sand with a trace of gravel will be exposed at MSE wall foundation 
levels.  Where silty sand is not encountered at wall foundation elevation, we recommend that a 
minimum of 3 inches of reinforced zone backfill be placed over the foundation soils below the 
lowest reinforcement layer.  To evaluate sliding resistance, we recommend assuming an internal 
friction angle equal to 36 degrees.  For the SEW segments of W1 and W2, discontinuous ribbed 
steel reinforcement (e.g., strips or bar mats) will be used.  We recommend using a coefficient of 
sliding equal to 0.73 for these reinforcements.  In accordance with AASHTO (2012), we 
recommend applying a resistance factor of 1.0 for Strength Limit and Extreme Limit State 
design.   

7.3.5 Bearing Resistance 

 Wall height, recommended base reinforcement lengths, and subsurface conditions 
influence bearing resistance.  The base of SEW reinforcement lengths and wall heights used for 
developing our bearing resistance recommendations are based on our wall global stability 
analyses (see Section 6.0).  Generalized subsurface conditions beneath the walls are based on the 
subsurface profile presented in Figure 3.  For our bearing resistance analyses, we assumed a 
minimum embedment depth of 2 feet.  

 Our bearing resistance recommendations are presented in Tables 3 and 4.  Because of the 
discontinuous nature of the disturbed glaciolacustrine zones (see discussion in Section 4.2.2), our 
bearing resistance recommendations are based on foundation soil friction angles that vary along 
each wall, in accordance with that interpreted from the boring logs.   

 AASHTO 2012 recommends that, for MSE walls, a resistance factor of 0.65 be applied to 
the nominal resistance for the Strength Limit State and a resistance factor of 1.0 be applied for 
the Extreme Event Limit State. 

7.3.6 Wall Drainage 

7.3.6.1 Surface Drainage 

  A surface seal such as pavement or an 8-inch-thick layer of impervious soil 
should be provided on the top of the embankment fill to reduce infiltration and groundwater 
buildup in and behind the MSE walls.  Surface water should be captured in a drainage swale or 
catch basins and drain pipes.  We recommend that drain pipes be behind the reinforcement zone 
to reduce interference with the reinforcement.  The ground surface in front of walls should be 
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sloped such that water is diverted away from the wall toe.  The ground surface above walls 
should be shaped to divert water away from the wall.  

7.3.6.2 Subsurface Drainage 

  Based on field observations and measurements, groundwater may be encountered 
in the hillside running north-south through the site.  Our analyses assume that groundwater 
would be below the base of the MSE walls.  To achieve and maintain this drainage condition, 
drainage measures presented in Figure 6 should be implemented.  These recommendations 
include placement of a drainage blanket below the reinforced zone, construction of a chimney 
drain (inclined or vertical) behind the reinforced zone, and installation of underdrain pipe to 
remove collected water.  The drainage blanket and chimney can be eliminated if reinforced zone 
backfill has less than 3 percent fines (percent of particles by weight passing the US Standard 
No. 200 sieve) and consists of soil meeting WSDOT Standard Specification Section 9-03.13(1) 
requirements for Gravel Borrow.  Underdrain pipes should discharge water to a storm drain or 
other appropriate discharge location away from the embankment.  

  If seeps are encountered during terracing of slopes for fill placement, 
supplemental drainage measures should be implemented in accordance with WSDOT Standard 
Specification Section 2-03.3(14).  These drainage measures may include installing a minimum 
8-inch layer of Sand Drainage Blanket material meeting WSDOT Standard Specification 
Section 9-03.13(1). 

  The proposed tree pits and planter strip will allow direct infiltration of 
precipitation and irrigation water.  Excessive infiltration could adversely impact wall 
performance.  We recommend that one or more of the following measures be implemented to 
protect the MSE walls and embankment from potential impacts of excess infiltration: 

 Construct the entire MSE reinforced zone using soil with less than 3 percent fines 
(percent of particles by weight passing the U.S. Standard No. 200 sieve) and meeting 
WSDOT Standard Specification Section 9-03.13(1) requirements for Gravel Borrow.   

 Place an impermeable or low-permeability infiltration barrier below the tree pits and 
planter strips and collect and remove infiltrated water.   

― This barrier could consist of a geomembrane or a minimum 12-inch-thick layer 
of compacted low-permeability clay or glacial till soil. 

― The top surface of the infiltration barrier should be shaped such that it flows 
toward a drainage pipe trench or swale at the center of the planter strip.   
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― A drainage pipe should be installed in the trench or at the low point of the swale 
on top of the infiltration barrier to collect and drain excess water.  Perforations 
in the drain pipe should be a minimum of 4 inches below the elevation of 
adjacent infiltration barrier.   

― Permeable backfill placed around the pipe should be protected from 
contamination or plugging by adjacent soil by wrapping the drain gravel that 
surrounds the pipe with a non-woven geotextile filter fabric that completely 
surrounds the drain gravel.  The geotextile filter fabric should meet WSDOT 
Standard Specification Section 9-33.2(1) requirements for moderate 
survivability, Class B geotextile. 

― We recommend that trench dams be installed around the drainage pipe at 
25-foot intervals along the steeply graded roadway to force water that might 
otherwise flow within the pipe backfill into the drain pipe.  The trench dams 
should consist of compacted low-permeability soil or concrete that is in direct 
contact with the top of the infiltration barrier and adjacent soil and extend to a 
minimum of 6 inches above the drain pipe crown. 

― The drainage pipe should discharge water to a storm drain or other appropriate 
discharge location away from the embankment.   

― The MSE wall reinforcement layer immediately below the planter strip 
elevation should extend below the planter strip for its full width.  This 
recommendation may require longer reinforcement at this elevation than is 
required for MSE wall internal or external stability.  This reinforcement layer 
would reduce the potential for open cracks to develop in compacted soil or for 
damage to the geomembrane placed below the planter strip.  
 

7.4 Stacked Concrete Block Wall 

The 90% Submittal project plans show a modular concrete block wall (Wall W3) on the north 
side of the roadway way between about Stations 50+49 and 52+83.  The plans indicate that the 
wall will have a maximum height of about 7 feet, including embedment.   These blocks typically 
have nominal dimensions of 2.5 by 2.5 by 5 feet, although blocks with other dimensions are 
available.  Recommended soil parameters for bearing capacity, sliding, and overturning for use 
in wall design are:   

 Unit weight of retained soil:  120 pcf 
 Friction angle of retained soil:  30 degrees 
 Cohesion of retained soil:  0 psf 
 Active earth pressure coefficient (Ka):  0.33 
 Equivalent fluid weight:  40 pcf 
 Coefficient of sliding fiction:  0.46 
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 Allowable bearing resistance:  2,000 psf 
 Construction surcharge:  100 psf 

These parameters were developed assuming that the walls will be designed to allow enough 
lateral movement for active earth pressures to develop. 

Our recommendations assume that groundwater would be below the base of the wall.  To achieve 
and maintain this drainage condition, drainage measures presented in Figure 7 should be 
implemented.  These recommendations include construction of a chimney drain (inclined or 
vertical) behind the blocks and installation of underdrain pipe to remove collected water.   

8.0 72-INCH-DIAMETER METRO SEWER 

8.1 General 

The location of the existing 72-inch-diameter Metro sewer line is shown in Figures 2 and 3.  We 
understand that this pipeline was constructed in the early 1960s in a fill embankment that 
extended westward from the existing BNSF railroad embankment.  Borings SW-B2-10 and 
SW-B3-10 indicate that the fill associated with the Metro sewer construction is generally 
medium dense, slightly silty to silty, gravelly sand to sandy gravel.  We understand that the 
project team has decided to protect the existing Metro sewer by constructing a relieving slab that 
will span over the pipe. 

8.2 Pipe Relieving Slab 

We understand that a 1-foot-thick reinforced concrete relieving slab will be constructed over the 
pipe to transfer vehicle loads to adjacent soil and reduce the stress increase on the pipe.  We 
understand that one alternative being considered to reduce traffic loads on the pipe is the 
installation of a 3-inch-thick layer of expanded polystyrene (EPS) geofoam fill below the slab, as 
presented in Phase 2 Drawing SL01 of the 90% Submittal of the project drawings.  For the EPS 
alternative, we recommend the following: 

 EPS fill should extend beyond the pipe centerline such that the ends of the concrete 
slab bear on compacted embankment soil that is, in cross section, outside a zone 
defined by lines that are tangent to the pipe and extend upward and away from the 
pipe at 1H:1V.  The slab should be designed to fully support roadway loads over the 
EPS.   

 The EPS will act as an insulating material.  As such, ice may form on the concrete 
slab over the EPS during freezing weather sooner than ice may form on adjacent 
pavement sections.  To reduce the potential for this differential icing, we recommend 
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that consideration be given to thickening the concrete slab or lowering it below the 
pavement section such that the EPS is 24 inches or greater below the roadway 
surface.   

 Low-compressive-strength EPS material should be used; such as EPS Geofoam 
meeting ASTM D 6817 requirements for EPS 12, which has 2.2 pounds per square 
inch compressive resistance at 1 percent strain.      

An alternative to installing the EPS may be to construct a 6-inch-thick zone of undercompacted 
soil directly below the proposed reinforced relieving concrete slab.  This soil could be compacted 
to about 80 percent of modified Proctor dry density, instead of the 95 percent modified Proctor 
dry density typically specified for embankments below pavement.  The limits of this 
undercompacted soil zone should extend beyond the pipe centerline such that the ends of the 
concrete slab bear on compacted embankment soil that is, in cross section, outside a zone defined 
by lines that are tangent to the pipe and extend upward and away from the pipe at 1H:1V.  The 
slab should be designed to fully support roadway loads over the undercompacted soil zone.   

8.3 Pipe Settlement 

Our settlement analyses results (see Section 6.3.3 and Figure 5) indicate that constructing the 
roadway embankment as proposed in the 90% Submittal project drawings will cause pipeline 
settlement.  Our settlement estimates are approximate; actual settlement may be greater or less.  
The potential for total settlement to be up to 25 percent greater than we have estimated should be 
considered when evaluating potential risk to the pipeline associated with the work. 

9.0 LUMINAIRE STRUCTURES AND SIGNAL POLES 

9.1 General 

Luminaire structures and signal poles will be constructed as part of this project.  We understand 
these structures will be designed in general accordance with the City of Bellevue Transportation 
Design Manual (TDM) (City of Bellevue, 2009).  The standard plans included in the City of 
Bellevue TDM are similar to WSDOT Standard plans for luminaires and signal poles.  We 
performed our analyses in accordance with the recommendations in the WSDOT GDM.   

Based on WSDOT Standard Plan J-28.30-1 for Type A and B steel lights and City of Bellevue’s 
TDM standard drawings, we anticipate that standard plan luminaire foundations will be about 
3 to 8 feet deep.   
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9.2 Subsurface Conditions 

Soil and groundwater conditions vary over the proposed NE 4th Street Extension alignment.  
Section 4.2 and Figure 3 present our interpretation of the subsurface conditions along the 
centerline of the new roadway.  In general, the proposed luminaires and signal pole foundations 
will bear against new compacted fill, loose to dense existing fill, and medium dense to dense 
recessional outwash soil. 

9.2.1 Luminaire Foundations 

 For luminaires between about Stations 50+00 and 52+00, we anticipate foundations will 
likely bear against loose, existing fill up to about 7 feet thick.  Based on SPT blow counts, this 
soil does not meet the lateral bearing design assumptions for standard foundations.   

 Between about Station 52+00 and the existing railroad tracks (about Station 56+00), we 
anticipate that luminaire foundations will bear against newly placed compacted backfill.  For 
luminaires east of the existing railroad tracks (about Station 56+00), we anticipate foundations 
will bear against existing medium dense to dense fill or dense recessional outwash soils.   

9.2.2 Signal Pole Foundations 

 We anticipate that new signal pole foundations at the proposed 116th Avenue NE and 
NE 4th Street intersection will likely bear against loose, existing fill up to about 7 feet deep.  
Based on SPT blow counts, this soil does not meet the lateral bearing design assumptions for 
standard plan foundations.   

 New signal pole foundations at the proposed 120th Avenue NE and NE 4th Street 
intersection will likely bear against medium dense to dense recessional outwash soils.   

9.3 Analysis Criteria and Methods 

We developed lateral bearing recommendations for proposed luminaire structures and signal 
poles for this project based on the design criteria presented in Chapter 17 of the 2010 WSDOT 
GDM (WSDOT, 2010a), WSDOT Standard Plans (WSDOT, 2010b), and City of Bellevue TDM 
Standard Plans (City of Bellevue, 2009).  P-y analysis (LPile) parameters have been selected 
based on recommendations in the Technical Manual for LPile, Version 6 (Ensoft, Inc., 2008) and 
published correlations with SPT blow counts (N-values), and our experience with similar soils. 
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9.3.1 Standard Foundations 

 The City of Bellevue and WSDOT standard plan foundations for luminaire structures and 
signal poles are designed based on allowable lateral bearing pressures developed from a 
correlation with SPT values.  The standard foundation for steel luminaires and signal poles is a 
drilled shaft foundation.  The City of Bellevue Standard Plans do not specify a minimum 
allowable lateral bearing pressure (ALBP) for luminaires, but WSDOT standard plans assume a 
minimum ALBP of 1,500 psf and require special designs (P-y analysis) for foundations in soil 
with an ALBP less than 1,500 psf.  City of Bellevue standard signal pole foundation plans 
assume a minimum ALBP of 1,500 psf.  WSDOT Standard Plans contain standard signal pole 
foundation designs for ALBPs as low as 1,000 psf.   

 Based on our interpretation of subsurface conditions, the ALPB of the soils within the 
anticipated foundation depths east of Station 52+00 meet or exceed the WSDOT and City of 
Bellevue standard plan foundation design requirements for the luminaires and signal poles.  We 
recommend designing luminaires and signal pole foundations east of Station 52+00 using an 
ALPB of 1,500 psf.   

 In our opinion, new signal pole foundations west of Station 52+00 and at the intersection 
of 116th Avenue NE and NE 4th Street can be designed using WSDOT standard plans using an 
ALBP of 1,000 psf.   

 The preceding ALBP recommendations assume that the foundations are built on slopes 
flatter than 4H:1V and are at least 4 feet from any slope greater than 4H:1V.  We assume that 
luminaire or signal pole height will not exceed 50 feet.  In situations where these assumptions are 
not valid, our recommendations should be reconsidered and a special design may be needed. 

9.3.2 Non-Standard (Special Design) Foundations 

 Standard luminaire structure foundations are not applicable west of about Station 52+00 
for the existing soil conditions.  Standard foundations could be used if the existing soil at each 
luminaire foundation location is excavated and replaced with compacted Gravel Borrow meeting 
the requirements of WSDOT Standard Specification Section 9-03.14(1).  The limits of 
excavation and replacement should extend from the center of the foundation to 4 times the 
foundation radius at the ground surface and 2 times the foundation radius at the bottom of the 
foundation. 
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 Non-standard luminaire structure foundations can be designed by performing a P-y 
method analysis of drilled shaft foundations using the program LPile (Ensoft, Inc., 2008).  Our 
recommended parameters to be used for design using LPile are presented in Table 5. 

10.0 STORMWATER SYSTEM 

10.1 Stormwater Pipes and Detention  

Stormwater collection systems and a detention vault will be installed to manage surface water 
runoff.  Stormwater pipes and pipe connections to structures west of about Station 56+50 should 
have watertight joints.   

10.2 Lateral Earth Pressures on Buried Structures 

Catch basins, manholes, access vaults, the detention vault, and other buried project elements 
having stiff walls should be designed for at-rest earth pressures.  To evaluate static at-rest earth 
pressures acting on buried stormwater manholes, detention vaults, tree pit structure walls, and 
other walls not free to displace at least 1/1000th of the structure height, we recommend designing 
the structures to retain an equivalent fluid weight of 55 pcf.  Our lateral pressure 
recommendations assume that these structures will be buried completely in common borrow fill.  
Surcharge loads should be estimated in accordance with the recommendations provided in 
Section 7.4, except that an at-rest earth pressure coefficient K equal to 0.44 should be used for 
design.  Seismic earth pressures do not need to be added to buried rigid wall structures designed 
for at-rest earth pressures. 

10.3 Infiltration Potential 

We evaluated infiltration potential in accordance with the City of Bellevue’s Surface Water 
Engineering Standards, which refer to the Washington State Department of Ecology’s 
(Ecology’s) Stormwater Management Manual for Western Washington (SMMWW).  Ecology’s 
SMMWW provides correlations to long-term design infiltration rates using grain size 
distribution.  The SMMWW recommended analyses methods include the U.S. Department of 
Agriculture (USDA) textural triangle and the d10 value (sieve size where 10 percent of particles 
pass through the sieve) obtained from the grain size distribution.  These methods do not account 
for soil density.  Based on our experience, we consider the infiltration rates determined using 
SMMWW and USDA methods unconservative for ablation till deposits.   

For infiltration facilities which have bottom elevations within the existing fill and more than 
5 feet above the top of ablation till, we recommend assuming a long-term design infiltration rate 
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of 0.1 inch per hour (iph) for design.  For infiltration facilities which have bottom elevations less 
than 5 feet above the ablation till, we recommend assuming a long-term design infiltration rate of 
0.05 iph.  Table 6 summarizes our recommended infiltration rates by station. 

We recommend maintaining a minimum distance of 5 feet between the bottom elevation of 
infiltration facilities and the groundwater elevation.  Groundwater below infiltration points will 
mound in response to infiltration, i.e., the groundwater surface elevation will rise.  Meeting these 
criteria may preclude infiltration using bioretention swales or porous pavement in the 
easternmost part of the alignment. 

Our scope of services did not include groundwater modeling to assess the potential height of 
groundwater mounding that may result from the proposed infiltration.  We expect the increase in 
infiltration, relative to the current paved-site condition, will increase groundwater flow to the 
west, toward the railroad embankment and slope. 

11.0 PAVEMENT DESIGN 

11.1 General 

We followed the AASHTO Guide for Design of Pavement Structures (AASHTO, 1993) and the 
WSDOT Pavement Guide in accordance with City of Bellevue requirements.  The AASHTO and 
WSDOT Pavement Guides use an empirical equation developed from actual road test data and is 
widely used in pavement design.  The equation considers serviceability, traffic, and pavement 
thickness. 

11.2 Subgrade Conditions 

We anticipate that the pavement subgrade will consist of compacted structural fill, and we 
assume that the subgrade conditions will be “Average to Good,” according to the WSDOT 
Pavement Guide.  We recommend using a subgrade resilient modulus (MR) of 15 kips per square 
inch for the pavement design. 

We recommend that pavement subgrade soils be systematically compacted and proof rolled after 
excavation to subgrade elevation to identify areas of soft, wet, organic, or unstable soils.  Proof 
rolling should be accomplished with a heavy vibratory roller, front-end loader, or loaded dump 
truck (or equivalent) making systematic passes over the site while being observed by a 
representative of the geotechnical engineer. 
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11.3 Groundwater 

Groundwater may exist near the ground surface on the western portion of the site due to runoff 
from the large hillslope to the east.  We recommend constructing a low-permeability berm to 
collect and drain runoff and prevent infiltration into the base course material west of the 
retaining walls.     

11.4 Traffic Load 

PB provided us with anticipated daily traffic volumes for NE 4th Street projected over the next 
20 years.  Based on those volumes, we estimated the traffic volume for pavement design would 
be about 6.8 million equivalent single axle loads.  This estimate assumes 3 percent trucks and 
1 percent buses.   

11.5 Pavement Recommendation 

The City of Bellevue’s standard pavement design specifies that a pavement section contain 
10 inches of hot-mix asphalt (HMA) and 4 inches of crushed surfacing base course.  Based on 
the expected subgrade soils and projected traffic volumes, it is our opinion that the City of 
Bellevue’s standard pavement design is sufficient to handle the estimated projected traffic 
volumes.  If such a heavy-duty pavement section is not preferred, it is our opinion that a 7-inch 
surface HMA layer with a 6½-inch crushed surfacing base course layer would also be acceptable.   

Pavements subjected to vehicular traffic should generally be protected from potential damage 
due to frost action.  Frost-susceptible soils are generally regarded as those that have more than 
3 percent of its particles finer than 0.02 millimeter.  According to the WSDOT Pavement Guide 
(WSDOT, 2003), the calculated maximum frost depth near the City of Bellevue for coarse-
grained soil is about 15 to 20 inches.  However, the maximum measured frost depth during cold 
winters of 1949 and 1950 was about 10 to 15 inches near the City of Bellevue.  Based on these 
data, the City of Bellevue could consider pavements designed for an assumed frost depth of 
15 inches, in our opinion.   

One way to reduce pavement damage due to frost action is to provide a pavement structure 
thickness consisting of pavement and clean, granular, non-frost-susceptible base materials.  
WSDOT recommends a minimum pavement structure thickness equal to 50 percent of the total 
freeze depth. 
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11.6 Edge of Pavement and Sidewalk Support 

Planter strips and tree pits are proposed between the roadway and sidewalk.  We recommend that 
these features be constructed such that they do not compromise roadway and sidewalk pavement 
support.  In general, compacted soil supporting soil below the roadway or sidewalk would have 
sufficient lateral support if it extends to the bottom of pavement asphalt or sidewalk concrete and 
slopes down no steeper than 1.5H:1V.  This recommendation should be applied along the 
roadway and sidewalk where planter strips and tree pits are proposed. 

12.0 CONSTRUCTION CONSIDERATIONS 

12.1 Fill Placement, Compaction, and Use of On-site Soils 

Fill within the reinforced zone of MSE walls should meet the requirements of WSDOT Standard 
Specifications (WSDOT, 2010b) Section 9-03.12(2) Gravel Backfill for Walls and 9-03.14(4) 
Gravel Borrow for Geosynthetic Retaining Walls for SEW and geosynthetic segments, 
respectively.  Maximum particle size should be limited to 1¼ inch in the reinforced soil zone if 
geosynthetic reinforcement is used.  Common Borrow (WSDOT Standard Specification 
Section 9-03.14(3)) can be used for permanent slopes.  We understand that the unreinforced 
embankment backfill within the roadway prism will consist of Section 9-03.14(1) Gravel 
Borrow.  

Fill soil should be free of organics, debris, and rubbish.  Fines, if present, should be nonplastic.  
Fill should be placed at a moisture content near optimum to allow proper compaction.   

Prior to fill placement, any ponding water should be drained from the area.  Fill should be placed 
and compacted in accordance with WSDOT Standard Specifications.  In general, the thickness of 
loose lifts should not exceed 12 inches for heavy equipment compactors or 6 inches for hand-
operated mechanical compactors.  Backfill compaction adjacent to walls should be performed 
using hand-operated compactors.  Fill operations should be observed and evaluated by an 
experienced geotechnical engineer or technician. 

While preparing the MSE wall lifts, the Contractor should be sure that the machine direction of 
the reinforcement runs perpendicular to the roadway alignment and that heavy equipment not be 
allowed to run directly over the reinforcement.   
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Non-cohesive silt, sand, and gravel suitable for re-use as fill may be encountered in excavations 
performed for the project.  Soil derived from excavations should meet applicable City of 
Bellevue or WSDOT standards where they are to be re-used for the proposed construction.   

12.2 Groundwater Control 

Except as otherwise designed and/or specifically covered in the contract, the Contractor should 
be made responsible for control of all surface water and groundwater encountered during 
construction.  In this regard, sloping, slope protection, ditching, sumps, trench drains, 
dewatering, and other measures should be employed as necessary to permit proper completion of 
work.   

We anticipate that groundwater may be encountered in excavations.  The Contractor should 
anticipate the need to provide measures to control and remove groundwater during excavations.  
If groundwater is encountered during excavations for the MSE walls, additional permanent 
subsurface drainage measures in addition to those recommended in Section 7.7.2 may be 
required. 

12.3 Temporary Excavations 

For safe working conditions, prevention of ground loss, and protection of existing work, 
temporary shoring and excavation slopes should be the responsibility of the Contractor, who will 
be at the job site to observe and control the work.  All current and applicable safety regulations 
regarding shoring and excavation slopes should be followed. 

We understand that the Metro sewer will remain in operation during construction.  We 
understand the roadway and wall design have been performed to limit excavation near the pipe, 
as discussed in Section 8.0.  Temporary shoring may be required if temporary excavations for 
wall and embankment construction come too close to the existing sewer or require excavation 
that could loosen soil around the pipe below the pipe springline.   

Temporary shoring walls are typically flexible systems.  Flexible shoring systems should be 
designed for active earth pressures.  Cantilever-type, flexible shoring walls can be designed 
using an active equivalent fluid weight of 35 pcf.  Where ground movement must be limited, 
tiebacks may be installed.  Earth pressures for tied-back retaining structures should be designed 
in accordance with AASTHO standards.  Lateral pressures due to construction traffic and soil 
stockpile surcharge loads should be added where appropriate. 
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Where temporary open-cut, sloped excavations are used, the stability and safety of these slopes 
will depend on careful evaluation of the following factors:  (a)  amount of groundwater seepage, 
(b) soils exposed in the excavation slope, (c) depth of the excavation, (d) surcharge loads at the 
top of the excavation, (e) geometry of the excavation, and (f) time of construction.   

Temporary excavation slopes should be terraced in accordance with WSDOT Standard 
Specifications Section 2-03.3(14).  For planning purposes, we recommend that temporary, 
unsupported, open-cut slopes be no steeper than 1.5H:1V, unless the slope surface is stabilized.  
Flatter cut slopes may be required where loose soils or seepage zones are encountered during 
excavation.  Exposed cut slopes may need to be protected with a waterproof covering during 
periods of wet weather to reduce sloughing and erosion.   

Traffic and/or construction equipment loads should be set back from the edge of the temporary 
cut slopes a minimum of 5 feet.  Excavated material, stockpiles of construction materials, and 
equipment should not be placed closer to the edge of any excavation than the depth of the 
excavation, unless the excavation is shored and such materials are accounted for as a surcharge 
load.   

12.4 Wet Weather and Wet Conditions Considerations 

In the Puget Sound region, wet weather generally begins about mid-October and continues 
through about May, although rainy periods could occur at any time of year.  It would be 
advisable to schedule earthwork during the dry weather months such as June through September.  
During wet weather months, the groundwater levels could increase, resulting in seepage into site 
excavations.  Performing earthwork during dry weather would reduce these problems and the 
costs associated with rainwater, trafficability, and handling of wet soil.  Should wet weather/wet 
condition earthwork be unavoidable, the following recommendations should be followed: 

 The ground surface in and surrounding the construction area should be sloped as 
much as possible to promote runoff of precipitation away from work areas and to 
prevent ponding of water.  The runoff should be directed away from steep slopes. 

 Work areas or slopes should be covered with plastic.  The use of sloping, ditching, 
sumps, dewatering, and other measures should be employed as necessary to permit 
proper completion of the work.  Appropriate temporary erosion and sediment control 
measures should be applied. 

 Earthwork should be accomplished in small sections to minimize exposure to wet 
conditions.  That is, each section should be small enough so that the removal of 
unsuitable soils and placement and compaction of clean structural fill could be 
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accomplished on the same day.  The size of construction equipment may have to be 
limited to prevent soil disturbance and to minimize the subgrade disturbance caused 
by equipment traffic. 

 Fill material should consist of clean, well-graded, pit-run sand and gravel soils, of 
which no more than 5 percent fines by dry weight pass the No. 200 sieve, based on 
the fraction passing the ¾-inch sieve.  The fines should be nonplastic.   

 No soil should be left uncompacted and exposed to moisture.  A smooth-drum 
vibratory roller, or equivalent, should roll the surface to seal out as much water as 
possible. 

 In-place soil or fill soil that becomes wet and unstable and/or too wet to suitably 
compact should be removed and replaced with clean, granular soil. 

 Excavation and placement of structural fill material should be observed on a full-time 
basis by a geotechnical engineer (or representative) experienced in wet weather/wet 
conditions earthwork to determine that all work is being accomplished in accordance 
with the project specifications and our recommendations. 

 Grading and earthwork should not be accomplished during periods of heavy, 
continuous rainfall. 

We recommend that the above requirements for wet weather/wet condition earthwork be 
incorporated into the contract specifications. 

12.5 Drilled Shaft Foundation Installation 

Where luminaire or signal pole drilled shaft foundations will extend below and into soft and 
loose soils, we recommend that drilled shafts be cased during construction.  We recommend that 
casing extend to the bottom of the excavation.  Where drilling extends below the groundwater 
table, the casing should not lag the excavation by more than 2 feet.  To help maintain hole 
bottom and sidewall stability, water or degradable synthetic slurry should be maintained in the 
casing at an elevation that is a minimum of 10 feet above the groundwater elevation or at the 
ground surface.  Casing installation and extraction methods and slurry requirements should be in 
accordance with WSDOT standards. 

Backfill placed around drilled shaft foundations should be compacted in accordance with 
WSDOT Standard Specifications (WSDOT, 2010c) requirements.  Fill material should meet 
WSDOT backfill criteria for its intended use.  Backfill placement and compaction should be 
verified in the field.  
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13.0 FUTURE DEVELOPMENT IN ADJACENT PROPERTIES 

We understand that one or both of the properties adjacent to Walls W1 and W2 may be 
re-developed and that the developments may include buildings with basements.  The excavations 
for these basements, whether completed using cut slopes or temporary shoring, may impact the 
global stability of Walls W1 and W2.  The excavations would require cutting into the Qpgl 
deposit below the NE 4th Street walls.  Due to the glacial stress history of the Qpgl, this geologic 
unit commonly contains high locked-in lateral stresses.  These high lateral stresses can cause 
global instability problems if they are not sufficiently restrained.  Deformed zones in the Qpgl, 
described in Section 4.2.2 of this report, present additional risks to excavation stability because 
they have lower shear strength due to pre-defined failure surfaces. The wall designer for the 
future developments should take these issues into careful consideration when designing 
excavation shoring systems that support Walls W1 and W2. 

14.0 ADDITIONAL SERVICES 

Geotechnical recommendations that are used as a basis for design are developed from a limited 
number of explorations and tests.  Consequently, there may be a need for adjustment in the field 
during construction.  We recommend that Shannon & Wilson, Inc. be retained to observe the 
geotechnical aspects of construction including site excavations, fill placement and compaction, 
embankment and MSE wall subgrade, erosion control, and other geotechnically related activities.  
Observing the work would allow us to evaluate the subsurface conditions as they are exposed 
during construction, to make recommendations as needed, and to determine that the work is 
accomplished in general accordance with our recommendations.  We maintain a staff of 
experienced and qualified geotechnical engineers and field technicians who are familiar with the 
subsurface conditions and construction methods to be used at the project site.   

15.0 LIMITATIONS 

This report was prepared for the exclusive use of the City of Bellevue, PB, and their design team 
for specific application to the design of the NE 4th Street Extension project.  The data and report 
should be provided to prospective contractors and/or the Contractor for factual information only.  
Our judgments, conclusions, and interpretations presented in the report should not be construed 
as a warranty of subsurface conditions and should not be relied upon by prospective contractors.  
Construction-period observation by our firm is necessary to confirm the recommendations and 
interpretations made in this report.   
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The analyses, conclusions, and recommendations presented in this report were prepared in 
accordance with generally accepted professional geotechnical engineering principles and practice 
in this area at this time.  No other warranty, either express or implied, is made. 

The analyses, conclusions, and recommendations contained in this report are based on site 
conditions as they existed during our site visits and explorations, and further assume that the 
explorations are representative of the subsurface conditions throughout the site; i.e., the 
subsurface conditions everywhere are not significantly different from those disclosed by the 
explorations.  If subsurface conditions different from those described in this report are observed 
or appear to be present during construction, we should be advised at once so that we can review 
these conditions and reconsider our recommendations, where necessary.   

If there is a substantial lapse of time between the submission of this report and the start of work 
at the site, or if conditions have changed because of natural causes or construction operations at 
or adjacent to the site, we recommend that this report be reviewed to determine the applicability 
of the conclusions and recommendations, considering the changed conditions and time lapse. 

Unanticipated soil conditions are commonly encountered and cannot be fully determined by 
merely taking soil samples or completing test borings.  Such unexpected conditions frequently 
require that additional expenditures be made to attain a properly constructed project.  Therefore, 
some contingency fund is recommended to accommodate such potential extra costs. 

The scope of our present work did not include environmental assessments or evaluations 
regarding the presence or absence of wetlands or hazardous or toxic substances in the soil, 
surface water, groundwater, or air on or below or around this site, or evaluations regarding the 
disposal of contaminated soils or groundwater, should any be encountered. 
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TABLE 1
EISMIC DESIGN GROUND MOTION PARAMETERS

NE 4TH STREET EXTENSION

SHANNON & WILSON, INC.

21-1-21232-002-R1f-T1-rev2.xlsx  21-1-21232-002

Ground Motion Parameters Value

Peak Ground Acceleration1 (PGAB) 0.43 g
Site Class C
Short-period Spectral Acceleration, Ss 0.95 g
Long-period Spectral Acceleration, S1 0.32 g
Site Factor, Fpga 1.00
Site Factor, Fa 1.02
Site Factor, Fv 1.48
Peak Design Spectral Acceleration, AS 0.43 g
Short-period Design Spectral Acceleration, SDS 0.97 g
Long-period Design Spectral Acceleration, SD1 0.47 g
T0 0.10 g
TS 0.48 g
Note:  
PGAB = peak ground acceleration for a site underlain by Site Class B soil (soft rock).
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TABLE 2
WALL GLOBAL STABILITY AND RECOMMENDED BASE REINFORCEMENT LENGTHS SUMMARY

SHANNON & WILSON, INC.

21-1-21232-002-R1f-T2-rev2.xlsx   21-1-21232-002

Recommendation

Static 
FS

Seismic 
FS

--- North 11 2 8 --- --- --- 0.7

54+50 North 21 2 23 1.41 1.09 1 to 2 1.1

55+55 North 25 2 32 1.39 0.97 1 to 3 1.3

55+72 North 18 2 13 1.44 0.99 1 to 3 0.7

--- North 8 2 8 --- --- --- ---

--- South 11 2 8 --- --- --- 0.7

54+50 South 21 2 21 1.43 1.08 1 to 2 1.0

--- South 21 2 14 --- --- --- 0.7

--- South 8 2 8 --- --- --- ---

Notes:

“--- “ = case not run
‡ Wall Height, H includes embedment.
ft = foot
GSW = Geosynthetic Wall
SEW = Structural Earth Wall

Stability Evaluation

1.  A minimum of six of the lowermost layers of mechanically stabilized earth wall reinforcement should have lengths equal to or greater than the 
length indicated.  Reinforcement above these layers should have a minimum length to height ratio of 0.7, or 8 feet, whichever is greater.

Estimated 
Seismic-Induced 

Displacement 
(inches)

Global Factor of 
Safety (FS)

NE 4th Street 
Representative 
Cross Section 

Evaluated
Wall 
Name

Required Base 
Reinforcement 

Width for 
Section 

Evaluated, L (ft)
Slip 

Direction

Minimum 
Embedment 

Depth (ft)

Maximum 
Wall Height, 

H‡ (ft)

North 
(W1)

South 
(W2)

Minimum Bottom 
Reinforcement L/H 

Ratio for Station 
Interval (1)
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TABLE 3
RECOMMENDED SOIL PARAMETERS FOR WALL W1 STRUCTURAL EARTH WALL DESIGN

SHANNON & WILSON, INC.

21-1-21232-002-R1f-T3_T4-rev2.xlsx  21-1-21232-002

Reinforced Fill Retained Fill

Gravel Backfill 
for Walls Gravel Borrow

Wall Stations
10+00 to 

11+55

Wall Stations
11+55 to 

12+10

Wall Stations
12+10 to 

12+55

Wall Stations
12+55 to 

12+93
Unit Weight, γ (pcf) 135 135 130 130 130 130
Effective Friction Angle, φ′ (degrees) 38 38 25 25 25 25
Cohesion (psf) 0 0 0 0 0 0
Nominal Bearing Resistance (ksf):1 - - 3.7 6.5 7.5 5.5

Coefficient of Sliding Friction:2

Discontinuous Reinforcement / SEW 3,4 - 0.73 0.73 0.73 0.73 0.73
Static Lateral Earth Pressure Parameters:

Static Active Earth Pressure Coefficient, Ka:5 - 0.24 - - - -
Static Active Equivalent Fluid Weight (psf) - 33H - - - -

Seismic Lateral Wall Acceleration Coefficient for External Stability Analyis, 
kh = 0.5As (see Note 6 and Table 1) - - - -

Seismic Lateral Wall Acceleration Coefficient for Internal Stability Analyis, 
kh = As (see Table 1) - - - -

Notes:

3  Discontinuous reinforcement examples include metal strips.
4  Coefficient of sliding friction assumes that a minimum of 3 inches of reinforced zone backfill is placed below the lowest reinforcement layer.

H = wall height including embedment  (ft)

ksf = kips per square foot

lb = pound (force)

MSE = mechanically stabilized earth

pcf = pounds per cubic foot

psf = pounds per square foot

8  W = weight of the effective MSE wall system mass (per unit width of wall).  AASHTO 2012 Section 11.10.7.1 dictates that, for walls with horizontal backfill, W shall be 
calculated by assuming an effective mass width (perpendicular to the wall face) equal to the width of the structural facing plus 50 percent of the wall height, H.

7  See AASHTO 2012 Section 11.10.7.1 and 11.6.5 for various load combinations of PAE, PIR, and static forces to be evaluated.

Foundation Soil

5  Active lateral earth pressures are dependent on the inclination of the mechanically stabilized earth (MSE) reinforced zone (wall back-batter).  Values shown assume vertical 
wall back-batter.  The coefficients should be reevaluated using the applicable friction angles shown above for non-vertical walls.

0.5⋅0.43 = 0.215

Parameter

1  American Association of State Highway and Transportation Officials (AASHTO) 2012 recommends that resistance factors of 0.65 for the Strength Limit State and 1.0 for 
the Extreme Event Limit State be applied to nominal strength.
2  AASHTO 2012 recommends that a resistance factors of 1.0 be used when evaluating sliding for MSE walls.

6  In accordance with AASHTO 2012 Section 11.6.5.2.2, the seismic lateral wall acceleration coefficient, kh, for MSE walls are capable of tolerating lateral displacements of 1 
to 2 inches or more may be calculated as 50 percent of As.

0.43
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TABLE 4
RECOMMENDED SOIL PARAMETERS FOR WALL W2 STRUCTURAL EARTH WALL DESIGN

SHANNON & WILSON, INC.

21-1-21232-002-R1f-T3_T4-rev2.xlsx  21-1-21232-002

Reinforced Fill Retained Fill

Gravel Backfill 
for Walls Gravel Borrow

Wall Stations
20+00 to 

21+35

Wall Stations
21+35 to 

23+49
Unit Weight, γ (pcf) 135 135 130 130
Effective Friction Angle, φ′ (degrees) 38 38 25 25
Cohesion (psf) 0 0 0 0
Nominal Bearing Resistance (ksf):1 - - 3.7 6.5

Coefficient of Sliding Friction:2

Discontinuous Reinforcement / SEW 3,4 - 0.73 0.73 0.73
Static Lateral Earth Pressure Parameters:

Static Active Earth Pressure Coefficient, Ka:5 - 0.24 - -
Static Active Equivalent Fluid Weight (psf) - 33H - -

Seismic Lateral Wall Acceleration Coefficient for External Stability Analyis, 
kh = 0.5As (see Note 6 and Table 1) - -

Seismic Lateral Wall Acceleration Coefficient for Internal Stability Analyis, 
kh = As (see Table 1)
Notes:

3  Discontinuous reinforcement examples include metal strips.  
4  Coefficient of sliding friction assumes that a minimum of 3 inches of reinforced zone backfill is placed below the lowest reinforcement layer.

H = wall height including embedment (ft)
ksf = kips per square foot
lb = pound (force)
pcf = pounds per cubic foot
psf = pounds per square foot

Parameter

Foundation Soil

0.5⋅0.43 = 0.215

7  See AASHTO 2012 Section 11.10.7.1 and 11.6.5 for various load combinations of PAE, PIR, and static forces to be evaluated.
8  W = weight of the effective MSE wall system mass (per unit width of wall).  AASHTO 2012 Section 11.10.7.1 dictates that, for walls with horizontal 
backfill, W shall be calculated by assuming an effective mass width (perpendicular to the wall face) equal to the width of the structural facing plus 50 percent 
of the wall height, H.

0.43

1  American Association of State Highway and Transportation Officials (AASHTO) 2012 recommends that resistance factors of 0.65 for the Strength Limit 
State and 1.0 for the Extreme Event Limit State be applied to nominal strength.
2  AASHTO 2012 recommends that a resistance factor of 1.0 be used when evaluating sliding for MSE walls.

5  Active lateral earth pressures are dependent on the inclination of the MSE reinforced zone (wall back-batter).  Values shown assume vertical wall back-
batter.  The coefficients should be reevaluated using the applicable friction angles shown above for non-vertical walls.
6  In accordance with AASHTO 2012 Section 11.6.5.2.2, the seismic lateral wall acceleration coefficient, kh, for MSE walls are capable of tolerating lateral 
displacements of 1 to 2 inches or more may be calculated as 50 percent of As.
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TABLE 5
LPILE PARAMETER FOR NON-STANDARD FOUNDATION DESIGN

SHANNON & WILSON, INC.

21-1-21232-002-R1f-T5-rev2.xlsx  21-1-21232-002

Notes:
1 Depth to groundwater is assumed to be at about 7 feet below the ground surface.
2 Effective unit weight = total unit weight – unit weight of water.  γ' = γt  - γw, where, γw = 62.4 pcf
API = American Petroleum Institute
deg = degree
pcf = pounds per cubic foot
pci = pounds per cubic inch
USCS = Unified Soil Classification System

Location
Boring 

Considered
USCS 

Symbol Soil Type

Top Depth 
of Layer 

(feet)Geological Unit

Initial 
Modulus 

Parameter, 
k (pci)

SM Loose, silty 
SAND and SILT

Total 
Unit 

Weight1,2 

g (pcf)
L-Pile Soil 

Type

Friction 
Angle, 
f (deg)

0 15110 Sand (API)

Total 
Unit 

Weight2,3 

g (pci)

0.064 26

Effective 
Unit 

Weight1,2 

g' (pcf)

Effective 
Unit 

Weight1,2 

g' (pci)

110

Sand (API) 38 125

NE 4th Street 
Stations 52+00 to 

50+00
ES-B2-06

Qvro to 
weathered Qvt SP/SM

HF/Qvrl 0.064

Dense, silty 
SAND 7 130 0.075 67.6 0.039
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TABLE 6 
RECOMMENDED INFILTRATION RATES BY STATION 

21-1-21232-002-R1f-T6-ref.docx/wp/lkn 21-1-21232-002 

Stations 
57+00 to 

58+40 
58+40 to 

59+00 
59+00 to 

61+00 
61+00 to 

63+00 
Approximate Depth to Qvat 
(feet) 8 to 12 5 to 8 < 5 <5 

Approximate Depth to 
Groundwater 
(feet) 

unknown unknown < 10 < 5 

Recommended infiltration rate 
(inch per hour) 0.1 0.05 0.05 0.05 
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Figure 8.24.11 - Settlement Profile.xlsm - 10/15/2012 dcb
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NOTES:

METRO SEWER INVERT SETTLEMENT

FIG. 5
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NE 4th Street Extension
116th Avenue NE to 120th Avenue NE

Bellevue, Washington

Settlement calculations were performed using the computer 
program Settle3D.  Settle3D computes settlements using a 
grid of 1-D soil columns under 3-D loading distributions.

The ground surface elevation above the Metro Sewer 
aligmnent is approximately 130 feet.  The sewer invert depth 
is approximatly 12 feet below the ground surface (about 
elevation 118 feet).
Angular Distortion defined as the difference in calculated 
settlement over an interval, divided by the length of the 
interval.  5-foot intervals were used for this plot
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NOTES

1. Fill placed in the reinforced zone should meet the
requirements for Gravel Borrow, Gravel Backfill for
Walls, or Gravel Borrow for Geosynthetic Retaining
Walls as specified in Sections 9-03.12(2), 9-03.14(1), or
9-03.14(4), respectively, of the WSDOT Standard
Specifications.  Maximum particle size of 1 1

4-inch should
be used where geosynthetic reinforcement is used.

2. Retained soil should meet the requirements for Gravel
or Select Borrow as specified in Section 9-03.14(1) or
9-03.14(2) of the WSDOT Standard Specifications.

3. Sand Drainage Blanket should meet the requirements
of WSDOT Standard Specification 9-03.13(1).

4. Sand Drainage Blanket, reinforced backfill, and retained
soil should be placed and compacted in accordance
with WSDOT Standard Specification Sections
2-03.3(14)C and 6-13-3(4).

SHANNON & WILSON, INC.

TYPICAL MSE WALL
SUBDRAINAGE AND BACKFILL

DETAIL

FIG. 6

NE 4th Street Extension
116th Avenue NE to 120th Avenue NE

Bellevue, Washington

October 2012 21-1-21232-002

5. Wall system to be designed by a professional
engineer.

6. Drainage geotextile to be placed below drain pipe
drainage backfill only.  Geotextile should not be
placed below retaining wall, between drainage sand
and gravel and retained soil, or wrapped over the top
of the drainpipe.  Drainage geotextile shall meet the
requirements of WSDOT Standard Specification
9-33.2, for a non-woven, moderate survivability
Class B geosynthetic.
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WALL W3
TYPICAL BLOCK WALL SECTION
SUBDRAINAGE AND BACKFILL

DETAIL

FIG. 7SHANNON & WILSON, INC.
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1. All loose to medium dense soil at block foundation
should be overexcavated down to dense/hard soil and
replaced with compacted backfill as described above.
The excavation shall be kept free of water.  The
prepared block foundation shall be evaluated by a
geotechnical engineer prior to placement of blocks.

2. Remove vegetation organics, disturbed soil and debris
from wall area.  Expose hard/dense native soil.

3. Wall to be designed by others.

NOTES

12" Min.

Stable Excavation
Slope in Dense/Hard
Native Soil
(Contractor's
Responsibility)

12" Min.
Drainage Layer

Common Barrow
as specified in

Section 9-03.13(1)

Compact in 6" lifts with min.
of 4 coverages by

hand-operated tamper.
Compact to at least 92% of
Modified Proctor max. dry

density, ASTM D-1557 and to
a dense unyielding condition.
Backfill and block placement

should be built together.

Gravel Backfill for Walls
as specified 9-03.12(2)
(Contains less than 3%
material passing the No.

200 mesh sieve.)

Solid Concrete Blocks
(Ecology Blocks - 2'x2'x6')
(Lock Blocks - 2.5'x2.5'x5')

Stagger Blocks

Dense/Hard
Native Soil

4-Inch Perforated or Slotted Plastic
Pipe, Bedded in Gravel Backfill for

Drains, Section 9-03.12(4).  Sloped to
drain and connected by tightline to

storm drain outfall. No fabric around
pipe. Provide cleanout.

Not to Scale

21-1-21232-002

NE 4th Street Extension
116th Avenue NE to 120th Avenue NE

Bellevue, Washington

October 2012

6" Min.

2' Min.
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APPENDIX A 
 

SUBSURFACE EXPLORATIONS 
 
 
A.1 GENERAL 

The subsurface exploration program for the project was conducted by Shannon & Wilson, Inc.  
The exploration program consisted of five soil borings.  The approximate locations of the 
explorations are shown in Figure 2.  The locations should be considered approximate.   

The logs of the soil borings completed for this project are presented as Figures A-2 through A-6.  
Figure A-1 presents a key to our classification of the soils encountered in the explorations.   

A.2 SOIL BORINGS 

Borings SW-B2-10 and SW-B3-10 were drilled by Boart Longyear Drilling Services to 81.5 and 
101.5 feet below existing grade (bgs).  These borings were completed on October 20 and 22, 
2010, respectively.  Boart Longyear Drilling Services completed these soil borings using a CME 
850 limited-access, tracked rig using mud-rotary drilling techniques.  Mud-rotary drilling borings 
are advanced by circulating drilling mud from the drill rig down through hollow rods to a tri-
cone bit at the bottom of the borehole.  The drilling mud was a mixture of bentonite powder and 
water.  Cuttings were transported from the bottom of the borehole to the surface by drilling mud 
flowing between the drilling rods and the sides of the borehole.  The cuttings were deposited in a 
settling tank at the ground surface and the mud re-circulated.  After completion, the boreholes 
were backfilled with bentonite chips.  Drill cuttings and spoils were considered clean, and 
cuttings were disposed of by Boart Longyear Drilling Services.   

Borings SW-B1-11, SW-B4-11, and SW-B5-11 were drilled by Holocene Drilling to 31.5, 20.5, 
and 21.5 feet bgs using hollow-stem auger methods.  These explorations were completed on 
January 17, 2011.  Drill cuttings and spoils were considered clean, and cuttings were disposed of 
by Holocene Drilling.   

Disturbed samples were obtained in conjunction with the Standard Penetration Test (SPT).  The 
SPT is an in situ soil test which can be used to interpret several engineering properties of soils.  
The Unified Soil Classification System (USCS), as described in Figure A-1, was used to classify 
the soils. 
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A.3 OBSERVATION WELL INSTALLATION  

Groundwater observation wells were installed in borings SW-B1-11, SW-B3-10, SW-B4-11, and 
SW-B5-11.  The observation wells were constructed of new, commercially fabricated, threaded, 
flush-jointed, 2-inch-diameter, Schedule 40 polyvinyl chloride (PVC).  The well screens 
consisted of new, commercially fabricated, threaded, 10-foot-long, flush-jointed, 2-inch-
diameter, 0.01-inch-wide, machine-slotted PVC.  The well screen placements are indicated in the 
boring logs.  A silica sand filter pack was poured in the annular space between the boring wall 
and the well screen to approximately 1½ feet above the screen.  The remaining portions of the 
boreholes were filled with a bentonite/cement grout, bentonite grout, or bentonite chips. 

Well SW-B-3-10 was completed such that it extends above the surrounding grade by placing a 
4-foot-high, 6-inch-square, steel monument over the top of the borehole.  The monument was 
then protected using three, 3-foot-high steel bollards.  Both the steel monument and steel bollards 
were set in place with quick-set concrete.  Wells SW-B1-11, SW-B4-11, and SW-B5-11 were 
completed flush with the surrounding grade by placing 8-inch-diameter, flush-mounted steel 
monuments over the top of the boreholes.  The steel monuments were set in place with quick-set 
concrete.   

We developed the observation wells on February 8 and 9, 2011.   

A.4 GROUNDWATER OBSERVATIONS 

Where observed, groundwater was noted during drilling.  The groundwater level during drilling 
was difficult to determine for borings SW-B2-10 and SW-B3-10 due to poor sample recovery.  
Interpreted groundwater levels in borings advanced using mud-rotary drilling and where high 
fines content soil is encountered are not considered reliable, but can have value in interpreting 
subsurface conditions when other factors are considered and direct measurement of groundwater 
levels in wells or piezometers is not performed. 

We measured groundwater levels in the observation wells installed in borings completed for this 
project on February 16, 2011.  Groundwater levels are indicated in Figures 2 and 3 and are 
shown in the boring logs. 

Both the groundwater level during drilling and the most recent groundwater level measurements 
in borings are noted on the logs.  These measurements may not be representative of the highest 
potential groundwater levels.  
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A.5 SOIL SAMPLING AND CLASSIFICATION 

The borings were logged in the field by a Shannon & Wilson, Inc. representative.  Representative 
soil samples collected were transferred to our laboratory in Seattle, Washington, for analysis.  
The field logs and soil samples were reviewed by Shannon and Wilson, Inc. personnel in the 
Seattle laboratory using the USCS field classification method.  The boring logs in this report 
represent our interpretation of the field logs.   

Disturbed soil samples were obtained in conjunction with the SPT.  SPTs were performed in 
general accordance with the ASTM International (ASTM) Designation:  D 1586, Test Method 
for Penetration Test and Split-Barrel Sampling of Soils (ASTM, 2011).  SPTs were collected in 
the borings generally at 2.5-foot intervals in the upper 20 feet and at 5-foot intervals thereafter.  
The SPT consists of driving a 2-inch-outside diameter split-spoon sampler a total distance of 
18 inches below the bottom of the drill hole with a 140-pound hammer falling 30 inches.  The 
number of blows required to advance the split spoon from 6 to 18 inches of penetration is termed 
the Standard Penetration Resistance (N-value).  The N-values are plotted on the boring logs 
presented in this appendix.  These values provide a means for evaluating the relative density of 
granular soils and the relative consistency (stiffness) of cohesive soils.   

Due to poor sample recovery during drilling in the upper, more gravelly layers, a 3½-inch-
outside diameter Dames and Moore sampler was used to attempt better sample recovery.  These 
blow counts were also obtained using a 140-pound hammer falling 30-inches. 

Select retrieved samples were screened in the field for the potential presence of contamination 
based on visual and olfactory observations.  Potentially contaminated soils were not observed in 
the field explorations.   

A.6 REFERENCE 

ASTM International, 2011, 2011 Annual book of standards, Construction, v. 04.08, Soil and rock 
(I):  D 420 - D 5876:  West Conshohocken, Pa.   
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NE 4th Street Extension
116th Avenue NE to 120th Avenue NE

Bellevue, Washington

FIG. A-1

Very soft
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Medium stiff
Stiff
Very stiff
Hard

Trace constituents compose 0 to 5 percent of the
soil (i.e., slightly silty SAND, trace of gravel).
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DESCRIPTION SIEVE NUMBER AND/OR SIZE

COARSE-GRAINED SOILS

GRAIN SIZE DEFINITION

0 - 4
4 - 10

10 - 30
30 - 50

Over 50

Under 2
2 - 4
4 - 8

8 - 15
15 - 30

Over 30

ABBREVIATIONS

Very loose
Loose
Medium dense
Dense
Very dense

RELATIVE
DENSITY

#4 to 3/4 inch (5 to 19 mm)
3/4 to 3 inches (19 to 76 mm)

3 to 12 inches (76 to 305 mm)

> 12 inches (305 mm)

- Fine
- Medium
- Coarse

Dry

Moist

Wet

Absence of moisture, dusty, dry
to the touch

Damp but no visible water

Visible free water, from below
water table

SHANNON & WILSON, INC.

FINES

Minor constituents compose 12 to 50 percent
of the soil and precede the major constituents
(i.e., silty SAND).  Minor constituents preceded
by "slightly" compose 5 to 12 percent of the soil
(i.e., slightly silty SAND).

WELL AND OTHER SYMBOLS

#200 to #40 (0.08 to 0.4 mm)
#40 to #10 (0.4 to 2 mm)
#10 to #4 (2 to 5 mm)

BOULDERS

- Fine
- Coarse

FINE-GRAINED SOILS

S&W CLASSIFICATION
OF SOIL CONSTITUENTS

MOISTURE CONTENT DEFINITIONS

GRAVEL*

Bent. Cement Grout

Bentonite Grout

Bentonite Chips

Silica Sand

PVC Screen

Vibrating Wire

Surface Cement

Asphalt or Cap

Slough

Bedrock

Seal

* Unless otherwise noted, sand and gravel, when
present, range from fine to coarse in grain size.

COBBLES

Geotechnical and Environmental Consultants

RELATIVE
CONSISTENCY

N, SPT,
BLOWS/FT.

N, SPT,
BLOWS/FT.

SOIL CLASSIFICATION
AND LOG KEY

SAND*

RELATIVE DENSITY / CONSISTENCY

At Time of Drilling

Elevation

feet

Iron Oxide

Magnesium Oxide

Hollow Stem Auger

Inside Diameter

inches

pounds

Monument cover

Blows for last two 6-inch increments

Not applicable or not available

Non plastic

Outside diameter

Organic vapor analyzer

Photo-ionization detector

parts per million

Polyvinyl Chloride

Split spoon sampler

Standard penetration test

Unified soil classification

Weight of hammer

Weight of drill rods

Water level indicator

MAJOR constituents compose more than 50
percent, by weight, of the soil.  Major consituents
are capitalized (i.e., SAND).

< #200 (0.08 mm)

Shannon & Wilson, Inc. (S&W), uses a soil
classification system modified from the Unified Soil
Classification System (USCS).  Elements of the
USCS and other definitions are provided on this
and the following page.  Soil descriptions are
based on visual-manual procedures (ASTM D
2488-93) unless otherwise noted.
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NE 4th Street Extension
116th Avenue NE to 120th Avenue NE

Bellevue, Washington

GC

Well-graded gravels, gravels,
gravel/sand mixtures, little or no fines.

SC

Inorganic

Gravels with Fines

Organic

Poorly graded sand, gravelly sands, little
or no fines

Silty sands, sand-silt mixtures

(more than 50%
of coarse fraction
retained on No. 4

sieve)

MAJOR DIVISIONS

SOIL CLASSIFICATION
AND LOG KEY

GROUP/GRAPHIC
SYMBOL TYPICAL DESCRIPTION

CH

OH

NOTES

1. Dual symbols (symbols separated by a hyphen, i.e., SP-SM, slightly silty
fine SAND) are used for soils with between 5% and 12% fines or when
the liquid limit and plasticity index values plot in the CL-ML area of the
plasticity chart.

2. Borderline symbols (symbols separated by a slash, i.e., CL/ML, silty
CLAY/clayey SILT; GW/SW, sandy GRAVEL/gravelly SAND) indicate
that the soil may fall into one of two possible basic groups.

ML

CL

Gravels

Clean Gravels

Primarily organic matter, dark in
color, and organic odor

SW

Clayey gravels, gravel-sand-clay
mixtures

Well-graded sands, gravelly sands, little
or no fines

(more than 12%
fines)

Silts and Clays

Silts and Clays

(more than 50%
retained on No.

200 sieve)

(50% or more of
coarse fraction

passes the No. 4
sieve)

(liquid limit less
than 50)

(liquid limit 50 or
more)

Organic

Inorganic

FINE-GRAINED
SOILS

Organic silts and organic silty clays of
low plasticity

SM

Sands

Clayey sands, sand-clay mixtures

Inorganic silts of low to medium
plasticity, rock flour, sandy silts, gravelly
silts, or clayey silts with slight plasticity

Sheet 2 of 2

HIGHLY-
ORGANIC SOILS

COARSE-
GRAINED

SOILS

OL

Peat, humus, swamp soils with high
organic content (see ASTM D 4427)

(less than 5%
fines)

Poorly graded gravels, gravel-sand
mixtures, little or no fines

Silty gravels, gravel-sand-silt mixtures

GW

Geotechnical and Environmental Consultants
SHANNON & WILSON, INC.

Inorganic clays of low to medium
plasticity, gravelly clays, sandy clays,
silty clays, lean clays

Inorganic silts, micaceous or
diatomaceous fine sands or silty soils,
elastic silt

(less than 5%
fines)

PT

FIG. A-1

(50% or more
passes the  No.

200 sieve)

(more than 12%
fines)

Sands with
Fines

Clean Sands

Organic clays of medium to high
plasticity, organic silts

MH

SP

GP

GM

Inorganic clays of medium to high
plasticity, sandy fat clay, or gravelly fat
clay
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NOTE:  No. 4 size = 5 mm;  No. 200 size = 0.075 mm

UNIFIED SOIL CLASSIFICATION SYSTEM (USCS)
(From USACE Tech Memo 3-357)
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Trace constituents compose 0 to 5 percent of the
soil (i.e., slightly silty SAND, trace of gravel).
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DESCRIPTION SIEVE NUMBER AND/OR SIZE

COARSE-GRAINED SOILS

GRAIN SIZE DEFINITION

0 - 4
4 - 10

10 - 30
30 - 50

Over 50

Under 2
2 - 4
4 - 8

8 - 15
15 - 30

Over 30

ABBREVIATIONS

Very loose
Loose
Medium dense
Dense
Very dense

RELATIVE
DENSITY

#4 to 3/4 inch (5 to 19 mm)
3/4 to 3 inches (19 to 76 mm)

3 to 12 inches (76 to 305 mm)

> 12 inches (305 mm)

- Fine
- Medium
- Coarse

Dry

Moist

Wet

Absence of moisture, dusty, dry
to the touch

Damp but no visible water

Visible free water, from below
water table

SHANNON & WILSON, INC.

FINES

Minor constituents compose 12 to 50 percent
of the soil and precede the major constituents
(i.e., silty SAND).  Minor constituents preceded
by "slightly" compose 5 to 12 percent of the soil
(i.e., slightly silty SAND).

WELL AND OTHER SYMBOLS

#200 to #40 (0.08 to 0.4 mm)
#40 to #10 (0.4 to 2 mm)
#10 to #4 (2 to 5 mm)

BOULDERS

- Fine
- Coarse

FINE-GRAINED SOILS

S&W CLASSIFICATION
OF SOIL CONSTITUENTS

MOISTURE CONTENT DEFINITIONS

GRAVEL*

Bent. Cement Grout

Bentonite Grout

Bentonite Chips

Silica Sand

PVC Screen

Vibrating Wire

Surface Cement

Asphalt or Cap

Slough

Bedrock

Seal

* Unless otherwise noted, sand and gravel, when
present, range from fine to coarse in grain size.

COBBLES

Geotechnical and Environmental Consultants

RELATIVE
CONSISTENCY

N, SPT,
BLOWS/FT.

N, SPT,
BLOWS/FT.

SOIL CLASSIFICATION
AND LOG KEY

SAND*

RELATIVE DENSITY / CONSISTENCY

At Time of Drilling

Elevation

feet

Iron Oxide

Magnesium Oxide

Hollow Stem Auger

Inside Diameter

inches

pounds

Monument cover

Blows for last two 6-inch increments

Not applicable or not available

Non plastic

Outside diameter

Organic vapor analyzer

Photo-ionization detector

parts per million

Polyvinyl Chloride

Split spoon sampler

Standard penetration test

Unified soil classification

Weight of hammer

Weight of drill rods

Water level indicator

MAJOR constituents compose more than 50
percent, by weight, of the soil.  Major consituents
are capitalized (i.e., SAND).

< #200 (0.08 mm)

Shannon & Wilson, Inc. (S&W), uses a soil
classification system modified from the Unified Soil
Classification System (USCS).  Elements of the
USCS and other definitions are provided on this
and the following page.  Soil descriptions are
based on visual-manual procedures (ASTM D
2488-93) unless otherwise noted.
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NE 4th Street Extension
116th Avenue NE to 120th Avenue NE

Bellevue, Washington

GC

Well-graded gravels, gravels,
gravel/sand mixtures, little or no fines.

SC

Inorganic

Gravels with Fines

Organic

Poorly graded sand, gravelly sands, little
or no fines

Silty sands, sand-silt mixtures

(more than 50%
of coarse fraction
retained on No. 4

sieve)

MAJOR DIVISIONS

SOIL CLASSIFICATION
AND LOG KEY

GROUP/GRAPHIC
SYMBOL TYPICAL DESCRIPTION

CH

OH

NOTES

1. Dual symbols (symbols separated by a hyphen, i.e., SP-SM, slightly silty
fine SAND) are used for soils with between 5% and 12% fines or when
the liquid limit and plasticity index values plot in the CL-ML area of the
plasticity chart.

2. Borderline symbols (symbols separated by a slash, i.e., CL/ML, silty
CLAY/clayey SILT; GW/SW, sandy GRAVEL/gravelly SAND) indicate
that the soil may fall into one of two possible basic groups.

ML

CL

Gravels

Clean Gravels

Primarily organic matter, dark in
color, and organic odor

SW

Clayey gravels, gravel-sand-clay
mixtures

Well-graded sands, gravelly sands, little
or no fines

(more than 12%
fines)

Silts and Clays

Silts and Clays

(more than 50%
retained on No.

200 sieve)

(50% or more of
coarse fraction

passes the No. 4
sieve)

(liquid limit less
than 50)

(liquid limit 50 or
more)

Organic

Inorganic

FINE-GRAINED
SOILS

Organic silts and organic silty clays of
low plasticity

SM

Sands

Clayey sands, sand-clay mixtures

Inorganic silts of low to medium
plasticity, rock flour, sandy silts, gravelly
silts, or clayey silts with slight plasticity
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HIGHLY-
ORGANIC SOILS

COARSE-
GRAINED

SOILS

OL

Peat, humus, swamp soils with high
organic content (see ASTM D 4427)

(less than 5%
fines)

Poorly graded gravels, gravel-sand
mixtures, little or no fines

Silty gravels, gravel-sand-silt mixtures

GW
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Inorganic clays of low to medium
plasticity, gravelly clays, sandy clays,
silty clays, lean clays

Inorganic silts, micaceous or
diatomaceous fine sands or silty soils,
elastic silt

(less than 5%
fines)

PT
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Sands with
Fines

Clean Sands

Organic clays of medium to high
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GM

Inorganic clays of medium to high
plasticity, sandy fat clay, or gravelly fat
clay
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NOTE:  No. 4 size = 5 mm;  No. 200 size = 0.075 mm

UNIFIED SOIL CLASSIFICATION SYSTEM (USCS)
(From USACE Tech Memo 3-357)
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Pavement.

Very loose to medium dense, gray-brown,
slightly gravelly to gravelly, silty SAND, trace of
clay; moist; wet below 7 feet; locally trace of
organics; (Hf) SM.

Dense to very dense, gray and brown, slightly
gravelly to gravelly, silty SAND; wet; locally trace
of clay, trace to scattered organics above 16
feet; (Qvat) SM.

-  Slightly silty sand seams at 20 feet.

Very dense, brown and gray-brown, silty, sandy,
fine GRAVEL to silty, fine gravelly SAND grading
to slightly silty to silty, sandy GRAVEL; wet;
(Qva) GM/GP-GM/SM.

1
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Drilling Method:
Drilling Company:
Drill Rig Equipment:
Other Comments:

Lo
g:

 C
W

Y

Northing:
Easting:
Station:
Offset:

SHANNON & WILSON, INC.

31.5 ft.
~ 135 ft.

(NAVD88)
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CONTINUED NEXT SHEET

20 40
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Piezometer Screen and Sand Filter

SOIL DESCRIPTION

20 40 60

S
am

pl
es

5 in.
2-3/4-inch Steel

Automatic

Bentonite-Cement Grout
*

LOG OF BORING SW-B1-11

0 60

0

Total Depth:
Top Elevation:
Vert. Datum:
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BOTTOM OF BORING
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NOTES
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3. USCS designation is based on visual-manual classification and selected lab testing.

Hollow Stem Auger
Holocene Drilling
BK-81 Truck Rig

M
A

S
T

E
R

_L
O

G
_E

  2
1-

21
23

2.
G

P
J 

 S
H

A
N

_W
IL

.G
D

T
 1

0/
26

/1
2

PENETRATION RESISTANCE
     Hammer Wt. & Drop:

(blows/foot)

140 lbs / 30 inches

     % Fines (<0.075mm)

     % Water Content

79

11-115214-LO 
NE 4th Street Extesnion 
Critical Areas Land Use Permit 
Project Documents



Medium dense, brown and dark gray, silty,
sandy GRAVEL and silty, gravelly SAND; moist
to wet; scattered cobbles; (Hf) GM/SM.

Note:  Layer description based on poor sample
recovery.

Medium dense, silty, sandy GRAVEL; moist;
locally slightly clayey to clayey, scattered to
numerous cobbles, scattered organics; (Hf)
GM/GC.

Note:  Layer description based on poor sample
recovery.  Blow counts may locally be artificially
high due to the presence of gravel and cobbles.

Dense to very dense, gray, slightly gravelly, silty,
fine to medium SAND; wet; scattered less than
1-inch-thick layers of fine sandy silt; (Qvro) SM.

Very stiff to hard, gray, silty CLAY; moist; diced,
blocky, scattered slickensides, interbedded with
slightly clayey silt below 30 feet; (Qpgl disturbed)
CH.
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subsurface materials and drilling methods.  The stratification lines
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1. Refer to KEY for explanation of symbols, codes, abbreviations and definitions.

2. Groundwater level, if indicated above, is for the date specified and may vary.

3. USCS designation is based on visual-manual classification and selected lab testing.

Mud Rotary
Boart Longyear
CME 850 Track Rig

M
A

S
T

E
R

_L
O

G
_E

  2
1-

21
23

2.
G

P
J 

 S
H

A
N

_W
IL

.G
D

T
 1

0/
26

/1
2

PENETRATION RESISTANCE
     Hammer Wt. & Drop:

(blows/foot)

140 lbs / 30 inches

Plastic Limit
Natural Water Content

     % Fines (<0.075mm)

     % Water Content
Liquid Limit

50/5"

11-115214-LO 
NE 4th Street Extesnion 
Critical Areas Land Use Permit 
Project Documents



Hard, gray, trace of clay to slightly clayey SILT;
moist; (Qpgl) ML.

Hard, gray, silty CLAY; moist; locally blocky and
diced, trace slickensides; (Qpgl disturbed) CL.

Hard, gray, slightly clayey to clayey SILT; moist;
(Qpgl) ML.

Very stiff to hard, silty CLAY; moist to wet; locally
trace to scattered slickensides; (Qpgl) CH.
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BOTTOM OF BORING
COMPLETED 10/20/2010

Note:  Samples S-4, S-5, S-7, and S-7 driven
using a 3.5-inch outside diameter split-spoon
and a 140-pound hammer.
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2. Groundwater level, if indicated above, is for the date specified and may vary.
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Hard, brown, slightly sandy, slightly gravelly to
gravelly, slightly clayey to clayey SILT; moist; (Hf)
ML.

Medium dense, brown, slightly gravelly, silty, fine
to medium SAND; moist; (Hf) SM.

Medium dense, gray-brown, slightly silty to silty,
sandy GRAVEL; moist to wet; scattered to
numerous cobbles; (Hf) GP/GP-GM.

Note:  Layer description based on poor sample
recovery.  Blow counts may locally be artificially
high due to the presence of gravel and cobbles.

Dense to very dense, tan-gray, slightly gravelly to
gravelly, slightly silty to silty, fine SAND; wet;
interbedded with layers of fine sandy silt below
25 feet; (Qvro) SM.
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material types, and the transition may be gradual.
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NOTES
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2. Groundwater level, if indicated above, is for the date specified and may vary.
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Hard, gray, silty CLAY, trace of gravel; moist;
diced, blocky, scattered slickensides, scattered
sand partings and silt zones; (Qpgl disturbed)
CL.

Hard, gray, slightly clayey to clayey SILT, trace
of fine sand; moist; (Qpgl) ML.

Hard, gray, slightly silty CLAY, trace of gravel;
wet; diced, blocky; (Qpgl disturbed) CH.

Hard, gray, silty CLAY; moist; possible gravel
and/or cobbles based on drill action;  (Qpgl)
CH/CL.

8

9

10

11

12

13

30.4

38.0

43.0

53.0

59.0

Drilling Method:
Drilling Company:
Drill Rig Equipment:
Other Comments:

Lo
g:

 C
W

Y

Northing:
Easting:
Station:
Offset:

SHANNON & WILSON, INC.

101.5 ft.
~ 130 ft.

(NAVD88)

Sheet 2 of 4

CONTINUED NEXT SHEET

20 40

R
ev

: B
Z

H

Piezometer Screen and Sand Filter

SOIL DESCRIPTION

20 40 60

S
am

pl
es

3.5-inch O.D./Steel
Automatic

Bentonite-Cement Grout
*

LOG OF BORING SW-B3-10

0 60

0

Total Depth:
Top Elevation:
Vert. Datum:
Horiz. Datum:

Refer to the report text for a proper understanding of the
subsurface materials and drilling methods.  The stratification lines
indicated below represent the approximate boundaries between
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October 2012 21-1-21232-002

T
yp

: L
K

N

Geotechnical and Environmental Consultants

Sample Not Recovered

G
ro

un
d

W
at

er

D
ep

th
, f

t.

NE 4th Street Extension
116th Avenue NE to 120th Avenue NE

Bellevue, Washington

D
ep

th
, f

t.

35

40

45

50

55

3.25" O.D. Split Spoon Sample

Standard Penetration Test Bentonite Chips/Pellets

FIG. A-4

Bentonite Grout

Hole Diam.:
Rod Diam.:
Hammer Type:

LEGEND

S
ym

bo
l

Ground Water Level in Well

NOTES
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2. Groundwater level, if indicated above, is for the date specified and may vary.

3. USCS designation is based on visual-manual classification and selected lab testing.
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Hard, gray, slightly fine sandy, clayey SILT;
moist; (Qpgl) ML.

Hard, gray, silty CLAY, trace of fine sand; moist;
locally slightly sandy; (Qpgl) CH/CL.

Hard, gray, slightly clayey SILT, trace of fine
sand; moist; (Qpgl) ML.

Very dense, gray, fine sandy SILT, trace of clay;
moist; locally slightly clayey; (Qpgl) ML.

Hard, gray, slightly clayey SILT, trace of fine
sand; moist; (Qpgl) ML.
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NOTES
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2. Groundwater level, if indicated above, is for the date specified and may vary.

3. USCS designation is based on visual-manual classification and selected lab testing.
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Hard, gray, silty CLAY; moist; sheared, blocky,
scattered slickensides; (Qpgl disturbed) CL.

BOTTOM OF BORING
COMPLETED 10/22/2010

Note:  Samples S-1, S-4, and S-5 driven using a
3.5-inch outside diameter split-spoon and a
140-pound hammer.
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NOTES
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Pavement.

Medium dense, red-brown, silty, fine gravelly
SAND; moist; trace of organics; (Hf) SM.

Medium dense to very dense, brown, slightly
gravelly to gravelly, silty SAND; moist; (Qvat)
SM.

Very dense, gray, slightly gravelly to gravelly, silty
SAND to sandy SILT; moist; (Qvt) SM/ML.

BOTTOM OF BORING
COMPLETED 1/17/2011
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Pavement.

Medium dense to dense, brown-gray, silty,
sandy GRAVEL to silty, gravelly SAND; moist;
mixed with pockets and clasts of blue-gray,
slightly clayey to clayey silt; (Hf) GM/SM.

Dense, brown, gravelly, silty SAND; wet; locally
trace of clay; (Qvat) SM.

Very dense, brown and gray, silty, sandy
GRAVEL to slightly gravelly, silty, fine SAND;
moist; (Qvt) GM/SM.

BOTTOM OF BORING
COMPLETED 1/17/2011

Notes:
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driven to a depth of 21.5 feet using the
140-pound hammer.  Blow counts shown on the
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log are from the intial drive performed using the
standard sampler.

(2) Sampled borehole was inadvertantly
overfilled with bentonite chips during well
installation.  Consequently, the well was installed
in a new borehole (15 feet deep) drilled 5 feet
away from sampled borehole.
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APPENDIX B 
 

GEOTECHNICAL LABORATORY TESTING PROCEDURES AND RESULTS 
 
 
B.1 INTRODUCTION 

During the explorations, samples collected from the borings were sealed in jars and returned to 
our Seattle, Washington, laboratory for testing.  Selected samples were tested to evaluate the 
basic index properties and the engineering characteristics of the subsurface soils at the site.  
Geotechnical laboratory testing included visual classification, water content, Atterberg limits, 
and grain size distribution tests.  Tests were conducted in general accordance with applicable 
ASTM International (ASTM) standards.   

B.2  VISUAL CLASSIFICATION 

Soil samples recovered from the borings were visually reclassified in our laboratory using a 
system based on ASTM Designation:  D 2487, Standard Practice for Classification of Soil for 
Engineering Purposes (Unified Soil Classification System), and ASTM Designation:  D 2488, 
Standard Practice for Description and Identification of Soils (Visual-Manual Procedure) (ASTM, 
2011).  This visual classification method allows for convenient and consistent comparison of 
soils from widespread geographic areas.  The individual sample classifications for the soil have 
been incorporated into the boring logs presented in Appendix A. 

B.3 WATER CONTENT DETERMINATION 

The natural water content of soil samples recovered from the field explorations was determined 
in general accordance with ASTM Designation D: 2216, Standard Test Method for Laboratory 
Determination of Water (Moisture) Content of Soil and Rock by Mass.  Comparison of water 
content of a soil with its index properties can be useful in characterizing soil unit weight, 
consistency, compressibility, and strength.  Water content is plotted on each of the boring logs 
presented in Appendix A. 

B.4 ATTERBERG LIMITS 

Seven Atterberg Limits tests were performed on samples of fine-grained soil obtained from 
borings BH-2 and BH-3 in general accordance with ASTM Designation:  D 4318, Standard Test 
Method for Liquid Limit, Plastic Limit, and Plasticity Index of Soils.  The Atterberg Limits 
include Liquid Limit (LL), Plastic Limit (PL), and Plasticity Index (PI=LL-PL).  They are 
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generally used to assist in classification of soil, indicate soil consistency (when compared with 
natural water content), and provide correlation to soil properties including compressibility and 
strength.   

Results of the Atterberg Limits test are presented in the Plasticity Chart, Figure B-1, and 
graphically on the BH-2 and BH-3 boring logs (Figures A-2 and A-3, respectively).   

B.5 GRAIN SIZE DISTRIBUTION 

Grain size analyses were performed on selected samples of granular soils in general accordance 
with ASTM Designation:  D 422, Standard Test Method for Particle-Size Analysis of Soils, and 
ASTM Designation:  D 1140, Standard Test Method for Amount of Material in Soils Finer than 
the No. 200 Sieve (75 micrometers).  Grain size distribution is used to assist in classifying soils 
and to provide correlation with soil properties, including permeability, capillarity, susceptibility 
to liquefaction, and sensitivity to moisture. 

Grain size analysis results are plotted as grain size distribution curves in Figure B-2.  The fines 
contents (percentage of soil grains finer than the No. 200 sieve, ASTM D 1140) of samples 
tested are presented in the boring logs in Appendix A.   

B.6 REFERENCE 

ASTM International, 2011, 2011 Annual Book of ASTM Standards, Construction, v. 04.08, Soil 
and Rock (I):  D 420 - D 5876:  West Conshohocken, Pa.   
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APPENDIX C 
 

SUBSURFACE EXPLORATIONS BY OTHERS 
 
 
C.1 PREVIOUS EXPLORATIONS 

We collected and reviewed subsurface explorations previously completed by others for the 
following properties: 

§ K.G. Investors property for a proposed mixed-use development (Earth Solutions NW, 
LLC, 2009); 

§ Best Buy (Hart Crowser, 2001); and  

§ Home Depot (GeoEngineers, 1994).   

Figure 2 presents the approximate locations of the previous explorations that we used in our 
interpretation of the subsurface conditions.  Figure 3 presents Standard Penetration Test N-values 
and groundwater observations from selected existing boring logs.  Boring logs for the previous 
explorations that we used in our interpretation of the subsurface conditions are included in this 
appendix for reference.  The original reports should be referred to for discussion of exploration 
methods and boring log interpretation.  

C.2 LABORATORY TEST RESULTS 

Selected laboratory test results for samples obtained from the previous explorations that were 
presented in the referenced geotechnical reports are included in this appendix for reference.  The 
original reports should be referred to for discussion of laboratory test methods and use of the 
results. 

C.3 GROUNDWATER OBSERVATIONS 

Groundwater observation wells were installed in borings ES-B6-06, ES-B8-06, and ES-B11-06 
at the time they were completed (Earth Solutions NW, 2009).  We developed these wells on 
February 9 and 10, 2011.  We measured groundwater levels in these wells on February 17, 2011.  
These groundwater levels are indicated in Figures 2 and 3. 

Where groundwater observations made during drilling are indicated on boring logs of the 
previously performed explorations, these groundwater levels are indicated on boring logs 
included in Figure 3. 
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C.4 BORING DESIGNATIONS 

For the purposes of this report and to reduce confusion when referring to borings with similar 
designations but performed for different projects, we have adopted a naming convention for 
boring designations and have modified the boring designations for borings performed by others.  
The boring designation convention we have adopted is as follows: 

§ The first one or two letters of the boring designation are an abbreviation of the name 
of the firm that prepared the boring log:  ES indicates Earth Solutions, Inc., HC 
indicates Hart Crowser, Inc., and G indicates GeoEngineers, Inc.   

§ The next letter, B, indicates “boring.”  The B is followed by numbers that correspond 
to the boring number originally assigned to the boring by the firm that prepared the 
boring log.   

§ The last number of the boring log indicates the year in which the boring was 
completed.   

On each boring log for borings by others included in this appendix, we have added our modified 
boring designation next to the original boring designation.  Where we have included in this 
appendix laboratory test results for laboratory tests performed on samples retrieved from the 
previously performed borings, we did not indicate the modified boring designation.  

C.5 REFERENCES 

Earth Solutions NW, LLC, 2009, Updated geotechnical engineering study, proposed mixed-use 
development, Bellevue, Washington:  Report prepared by Earth Solutions NW, LLC, 
Redmond Wash., for KG Investment Management, job no. ES-0415.02, September. 

GeoEngineers, 1994, Boring nos. B-1 to B-8, for the 300 120th Avenue (Home Depot) project:  
Boring collected from GeoMapNW at the University of Washington, available:  
http://geomapnw.ess.washington.edu/index.php. 

Hart Crowser, 2001, Geotechnical engineering design study, Best Buy retail development, 
Bellevue, Washington:  Report prepared by Hart Crowser, Seattle, Wash., for Mulvanny 
Architects, job no. 7498, June. 
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APPENDIX D 
 

PROJECT DRAWINGS 
 
 
D.1 INTRODUCTION 

Recommendations presented in this report are based on the project design as presented in the 
60% and 90% Submittal drawings.  Selected sheets from the project drawing sets for Phase 1 
(PB Americas, 2011a and 2012) and Phase 2 (PB Americas, 2011b) are included in this appendix 
for reference and to illustrate the design concept where it is referred to in the report.  The 
complete 90% Submittal drawings were not available during the preparation of this report.  
However, we understand that the design details that may impact the geotechnical aspects of the 
project in the remaining 90% submittal drawings not included in this Appendix are not 
substantially different and therefore will not affect our recommendations.  Not all aspects of the 
project are included on the sheets included herein.  The complete drawing sets should be referred 
to as necessary to understand the project. 

The 60% and 90% Submittal drawing sheets included in this appendix are as follows: 

Phase 1: 

§ Cover Page (60% Submittal) 
§ RP01 to RP03 (60% Submittal) 
§ PV01, PV02 (60% Submittal) 
§ DR01 to DR05 (60% Submittal) 
§ DRP01, DRP02 (60% Submittal) 
§ WP01 (60% Submittal) 
§ RW01 to RW11, RW16 (90% Submittal) 
§ SL01, SL02 (90% Submittal) 

Phase 2: 

§ Cover Page (60% Submittal) 
§ RP01 to RP03 (60% Submittal) 
§ PV01, PV02 (60% Submittal) 
§ PD01, PD02 (60% Submittal) 
§ DW01, DW02 (60% Submittal) 
§ DR01 to DR03 (60% Submittal) 
§ WP01 (60% Submittal) 
§ IL01, IL02 (60% Submittal) 
§ SG01 (60% Submittal) 
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D.2 REFERENCES 

PB Americas, 2011a, NE 4th St / 120th Ave NE Corridor Project:  BNSF RR Right-of-Way to 
120th Ave NE, 60% Submittal, July 28. 

PB Americas, 2011b, NE 4th St / 120th Ave NE Corridor Project:  116th Ave NE to BNSF RR 
Right-of-Way, 60% Submittal, July 28. 

PB Americas, 2012, NE 4th St / 120th Ave NE Corridor Project:  BNSF RR Right-of-Way to 120th 
Ave NE, 90% Submittal, September 13. 
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COB
POLE NO.

POLE NO. STATION (OFFSET) POLE HEIGHT POLE TYPE LUMINAIRE TYPE ARM LENGTH CIRCUIT NO. COMMENTS

LUMINAIRE SCHEDULE

RUN
NO.

CONDUIT SIZE CONDUCTORS COMMENTS

*1

2"

2"

4 - #8 (ILLUM)
1 - #8 (GND)
SPARE

ROADWAY LIGHTING ONLY

SEE SIGNAL PLANS FOR INTERSECTION LIGHTING

2 2"
2 - #8 (ILLUM)
1 - #8 (GND)

*3 2"
3 - #8 (ILLUM)
1 - #8 (GND)

ROADWAY LIGHTING ONLY

SEE SIGNAL PLANS FOR INTERSECTION LIGHTING
4 2" SPARE

WIRING SCHEDULE

1 56+33, 36.5' RT 12.2 M EXPOSED AGGREGATE 250W HPS - MC3 -240V SHOEBOX .33 FT B
2 57+22, 36.5' LT 12.2 M EXPOSED AGGREGATE 250W HPS - MC3 -240V SHOEBOX .33 FT A
3 58+04, 36.5' RT 12.2 M EXPOSED AGGREGATE 250W HPS - MC3 -240V SHOEBOX .33 FT B
4 58+86, 36.5' LT 12.2 M EXPOSED AGGREGATE 250W HPS - MC3 -240V SHOEBOX .33 FT A
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STREET LIGHTING PLAN
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V

COB
POLE NO.

POLE NO. STATION (OFFSET) POLE HEIGHT POLE TYPE LUMINAIRE TYPE ARM LENGTH CIRCUIT NO. COMMENTS

LUMINAIRE SCHEDULE

5 59+71, 36.5' RT 12.2 M EXPOSED AGGREGATE 250W HPS - MC3 -240V SHOEBOX .33 FT B
6 60+64, 36.5' LT 12.2 M EXPOSED AGGREGATE 250W HPS - MC3 -240V SHOEBOX .33 FT A
7 61+52, 36.5' RT 12.2 M EXPOSED AGGREGATE 250W HPS - MC3 -240V SHOEBOX .33 FT B
8 62+37, 36.5' LT 12.2 M EXPOSED AGGREGATE 250W HPS - MC3 -240V SHOEBOX .33 FT A
9 35 FT DAVIT 250W HPS - MC3 -240V COBRAHEAD 16 FT C SEE SIGNAL PLANS
10 63+75, 109.5' RT 12.2 M EXPOSED AGGREGATE 250W HPS - MC3 -240V SHOEBOX .33 FT B
11 35 FT DAVIT 250W HPS - MC3 -240V COBRAHEAD 16 FT C SEE SIGNAL PLANS
12 35 FT DAVIT 250W HPS - MC3 -240V COBRAHEAD 16 FT C SEE SIGNAL PLANS
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SHANNON & WILSON, INC. 
Geotechnical and Environmental Consultants 

    
 
 
 

Attachment to and part of Report  21-1-21232-002 
  
Date: October 31, 2012 
To: Mr. Kenneth Oswell, P.E. 
 PB Americas, Inc. 
  
  

  
 

IMPORTANT INFORMATION ABOUT YOUR GEOTECHNICAL/ENVIRONMENTAL  
REPORT 

 
CONSULTING SERVICES ARE PERFORMED FOR SPECIFIC PURPOSES AND FOR SPECIFIC CLIENTS. 

Consultants prepare reports to meet the specific needs of specific individuals.  A report prepared for a civil engineer may not be 
adequate for a construction contractor or even another civil engineer.  Unless indicated otherwise, your consultant prepared your report 
expressly for you and expressly for the purposes you indicated.  No one other than you should apply this report for its intended 
purpose without first conferring with the consultant.  No party should apply this report for any purpose other than that originally 
contemplated without first conferring with the consultant. 

THE CONSULTANT'S REPORT IS BASED ON PROJECT-SPECIFIC FACTORS. 

A geotechnical/environmental report is based on a subsurface exploration plan designed to consider a unique set of project-specific 
factors.  Depending on the project, these may include:  the general nature of the structure and property involved; its size and 
configuration; its historical use and practice; the location of the structure on the site and its orientation; other improvements such as 
access roads, parking lots, and underground utilities; and the additional risk created by scope-of-service limitations imposed by the 
client.  To help avoid costly problems, ask the consultant to evaluate how any factors that change subsequent to the date of the report 
may affect the recommendations.  Unless your consultant indicates otherwise, your report should not be used: (1) when the nature of 
the proposed project is changed (for example, if an office building will be erected instead of a parking garage, or if a refrigerated 
warehouse will be built instead of an unrefrigerated one, or chemicals are discovered on or near the site); (2) when the size, elevation, 
or configuration of the proposed project is altered; (3) when the location or orientation of the proposed project is modified; (4) when 
there is a change of ownership; or (5) for application to an adjacent site.  Consultants cannot accept responsibility for problems that 
may occur if they are not consulted after factors which were considered in the development of the report have changed. 

SUBSURFACE CONDITIONS CAN CHANGE. 

Subsurface conditions may be affected as a result of natural processes or human activity.  Because a geotechnical/environmental report 
is based on conditions that existed at the time of subsurface exploration, construction decisions should not be based on a report whose 
adequacy may have been affected by time.  Ask the consultant to advise if additional tests are desirable before construction starts; for 
example, groundwater conditions commonly vary seasonally. 
 
Construction operations at or adjacent to the site and natural events such as floods, earthquakes, or groundwater fluctuations may also 
affect subsurface conditions and, thus, the continuing adequacy of a geotechnical/environmental report.  The consultant should be kept 
apprised of any such events, and should be consulted to determine if additional tests are necessary. 

MOST RECOMMENDATIONS ARE PROFESSIONAL JUDGMENTS. 

Site exploration and testing identifies actual surface and subsurface conditions only at those points where samples are taken.  The data 
were extrapolated by your consultant, who then applied judgment to render an opinion about overall subsurface conditions.  The actual 
interface between materials may be far more gradual or abrupt than your report indicates.  Actual conditions in areas not sampled may 
differ from those predicted in your report.  While nothing can be done to prevent such situations, you and your consultant can work 
together to help reduce their impacts.  Retaining your consultant to observe subsurface construction operations can be particularly 
beneficial in this respect. 
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A REPORT'S CONCLUSIONS ARE PRELIMINARY. 

The conclusions contained in your consultant's report are preliminary because they must be based on the assumption that conditions 
revealed through selective exploratory sampling are indicative of actual conditions throughout a site.  Actual subsurface conditions can 
be discerned only during earthwork; therefore, you should retain your consultant to observe actual conditions and to provide 
conclusions.  Only the consultant who prepared the report is fully familiar with the background information needed to determine 
whether or not the report's recommendations based on those conclusions are valid and whether or not the contractor is abiding by 
applicable recommendations.  The consultant who developed your report cannot assume responsibility or liability for the adequacy of 
the report's recommendations if another party is retained to observe construction. 

THE CONSULTANT'S REPORT IS SUBJECT TO MISINTERPRETATION. 

Costly problems can occur when other design professionals develop their plans based on misinterpretation of a 
geotechnical/environmental report.  To help avoid these problems, the consultant should be retained to work with other project design 
professionals to explain relevant geotechnical, geological, hydrogeological, and environmental findings, and to review the adequacy of 
their plans and specifications relative to these issues. 

BORING LOGS AND/OR MONITORING WELL DATA SHOULD NOT BE SEPARATED FROM THE REPORT. 

Final boring logs developed by the consultant are based upon interpretation of field logs (assembled by site personnel), field test 
results, and laboratory and/or office evaluation of field samples and data.  Only final boring logs and data are customarily included in 
geotechnical/environmental reports.  These final logs should not, under any circumstances, be redrawn for inclusion in architectural or 
other design drawings, because drafters may commit errors or omissions in the transfer process.   
 
To reduce the likelihood of boring log or monitoring well misinterpretation, contractors should be given ready access to the complete 
geotechnical engineering/environmental report prepared or authorized for their use.  If access is provided only to the report prepared 
for you, you should advise contractors of the report's limitations, assuming that a contractor was not one of the specific persons for 
whom the report was prepared, and that developing construction cost estimates was not one of the specific purposes for which it was 
prepared.  While a contractor may gain important knowledge from a report prepared for another party, the contractor should discuss 
the report with your consultant and perform the additional or alternative work believed necessary to obtain the data specifically 
appropriate for construction cost estimating purposes.  Some clients hold the mistaken impression that simply disclaiming 
responsibility for the accuracy of subsurface information always insulates them from attendant liability.  Providing the best available 
information to contractors helps prevent costly construction problems and the adversarial attitudes that aggravate them to a 
disproportionate scale. 

READ RESPONSIBILITY CLAUSES CLOSELY. 

Because geotechnical/environmental engineering 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 their contracts, reports and other documents.  These responsibility clauses 
are not exculpatory clauses designed to transfer the consultant's liabilities to other parties; 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. 
 
 
 The preceding paragraphs are based on information provided by the 
 ASFE/Association of Engineering Firms Practicing in the Geosciences, Silver Spring, Maryland 
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