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INTRODUCTION
This report summarizes the results of geotechnical engineering services conducted to support design
related to the proposed Bellevue Airfield Park (Park) development at the site of the former Eastgate 
Landfill in Bellevue, Washington as shown on the Vicinity Map on Figure 1. The proposed Park will 
include two synthetic turf athletic fields, concessions and restroom facilities, play and picnic areas, 
pedestrian trails, a spray deck, expansion and improvements to existing stormwater management 
facilities, and lighting and parking improvements. 

A portion of the Park site overlies the closed Eastgate Landfill, which has environmental restrictions 
and ongoing monitoring requirements under the Washington State Department of Ecology (Ecology)
Model Toxics Control Act (MTCA) voluntary cleanup program (VCP) and an environmental covenant
for the site dated November 12, 2008. 

In addition to the geotechnical engineering conclusions and recommendations contained herein, 
Landau Associates, under subcontract to Walker Macy, is also assisting the design team and the City of 
Bellevue (City) by providing environmental engineering, permitting support, and landfill cover design 
services for Phase 1 of the Park development. Evaluations and recommendations related to 
stormwater management, utilities, civil engineering design, landfill gas management, and air quality 
monitoring will be provided separately by other members of the Walker Macy design team.

Improvements associated with Phase 1 of the Park development include the Park entry, southern 
athletic field, concessions and restroom building, stormwater facilities and detention pond, trails, and 
certain modifications to the groundwater monitoring and landfill gas control systems.

1.1 Site Description
The proposed Bellevue Airfield Park is located adjacent to the I-90 Business Park in Bellevue, 
Washington (Figure 1). A master plan for the Park, entitled “Bellevue Airfield Park, Eastgate Area 
Properties Master Plan,” was prepared in 2012 for the City of Bellevue Parks & Community Services 
Department by The Portico Group (The Portico Group 2012). The Eastgate Area Properties are 
comprised of three parcels totaling 27.9 acres within the Phantom Lake watershed. The City 
previously purchased portions of these properties from The Boeing Company (Boeing) and the 
Bellevue School District with the intent of developing an active-use community park. An access road 
(SE 30th Place, also referred to as the “Shared Entrance Road”) has already been constructed along the 
southern side of the proposed Park as part of the Advanta Office Commons development.

The proposed Park site includes the former Eastgate Landfill, which was operated by King County as a 
municipal solid waste landfill, and accepted household and demolition wastes from 1951 until it was 
closed and covered in 1964. The Bellevue Airfield runway was subsequently extended over the former 
landfill, and operated until 1983. After landfill closure, Cabot, Cabot & Forbes purchased property, 
including most of the landfill, and developed the I-90 Business Park. Boeing acquired portions of the 
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former Eastgate Landfill property and adjacent properties in 1980 and 1983. The Boeing-owned 
property was partially developed by Boeing in the mid to late 1980s; however, no buildings have been 
constructed directly over the former landfill to date. Closure activities performed at the landfill by 
King County; Cabot, Cabot & Forbes; the City of Bellevue; or Boeing include landfill capping with a soil 
cover, groundwater monitoring, stormwater management, leachate collection, and landfill gas 
migration control (LAI 2000). Leachate is collected on the north side of the landfill in a French drain 
that discharges to the King County sanitary sewer. Groundwater monitoring wells and landfill gas 
extraction monitoring wells are located around the perimeter of the landfill. Monitoring well 
locations, the gas extraction system, the leachate collection system, and the approximate landfill area 
are shown on Figure 2. 

In 2007 to 2008, the Advanta Office Commons development (including three buildings designated 
buildings A, B, and C, a parking garage, and the shared entrance road) was constructed by Schnitzer 
Northwest LLC (Schnitzer) adjacent to the southern end of the landfill. This resulted in construction of 
relatively low-permeability hardscape surfaces (asphalt roadways and parking areas) over a portion of 
the southern extent of the landfill.  
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SCOPE OF SERVICES
Walker Macy retained Landau Associates to provide geotechnical engineering services to support 
design of the proposed Park improvements, including the new synthetic turf athletic fields, 
concessions and restroom facilities, parking area and access roads, retaining walls, and associated 
projects features for each (i.e., underground utilities, etc.). Our scope of services includes the 
following specific tasks:

Collecting and reviewing readily available geotechnical and geologic data for the project area

Obtaining utility clearances prior to performing field explorations

Performing a Geophysical Survey to estimate the horizontal and vertical limits of the landfill 

Advancing a series of exploratory borings, test pits, and hand auger borings throughout the 
Park area in the vicinity of proposed improvements and locations needed to identify existing 
landfill solid waste deposits underlying the site

Collecting representative soil samples at selected intervals

Logging the borings, test pits, and hand auger borings and recording pertinent information 
including soil sample depths, stratigraphy, soil engineering characteristics, groundwater 
occurrence, and evidence of potential soil or groundwater contamination

Conducting limited laboratory testing

Evaluating data from the subsurface investigation and laboratory testing programs and 
performing certain engineering analyses

Developing geotechnical engineering conclusions and recommendations to support design of 
proposed improvements

Preparing and submitting this written report summarizing our findings and geotechnical 
engineering conclusions and recommendations. This report includes:

‒ a site plan showing the locations of current and previous subsurface explorations, and 
other pertinent site features.

‒ logs of the current and previous borings and other subsurface information.

‒ a summary of subsurface soil and groundwater conditions anticipated in the vicinity of 
the proposed park improvements, as suggested by current and previous exploration 
data.

‒ an evaluation of the settlement-susceptibility of the site soils due to static loads, 
including estimated settlement magnitudes under the weight of new fill and 
structures, and recommendations to limit settlements beneath the proposed 
improvements to within tolerable levels.

‒ recommendations for site preparation for the proposed park improvements, including 
a discussion related to ground improvement techniques (e.g., preloading) that might 
be necessary to mitigate settlement risks.

‒ design recommendations for applicable foundation support type(s) for the proposed 
park buildings (i.e., spread footings, mat foundations, etc.), including subgrade 
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preparation, allowable soil bearing pressures, estimates of settlement, and soil 
parameters for lateral load resistance. 

‒ site factors for use in seismic design of the structures under the 2012 International 
Building Code (2012 IBC). 

‒ recommendations for subgrade preparation, including reuse of site soil; criteria for 
selection, placement, and compaction of structural fill; and a discussion of the effects 
of weather and/or construction equipment on the native soil. 

‒ a discussion related to expected excavation conditions for site utilities. 

‒ recommended design criteria, including earth pressures, for retaining walls. Included 
is a discussion on approaches to limit settlements beneath the proposed retaining 
walls to within tolerable levels. 

‒ recommended pavement sections for parking areas and access roads. 

‒ recommendations for monitoring and testing during construction. 

2.1 Site Conditions 
This section provides a discussion of the general geologic setting of the project area and describes the 
surface and subsurface conditions observed at the project site at the time of our investigation. 
Interpretations of the site conditions are based on the results of our review of available information, and 
the results of our site reconnaissance, subsurface explorations, and laboratory testing.  

2.2 General Geologic Conditions 
General geologic information for the project site was obtained from the Geologic Map of King County, 
Washington (Booth, Troost, and Wisher 2006), published by the University of Washington. According to 
this geologic map, near-surface deposits in the vicinity of the project site consist of alluvial soils, 
recessional outwash, glacial till, and advance outwash. Soil defined as alluvium is characterized as a 
loose to medium dense, moderately sorted mixture of gravel and sand with varying amount of silt and 
clay and silty fine sand with clayey silt interbeds. Recessional outwash soils are typically described as 
loose to medium dense, stratified sand and gravel deposits and/or well-bedded silty sand and silty clay. 
Soil defined as glacial till typically consists of a dense to very dense, unsorted mixture of subrounded 
boulders, cobbles, gravel, and sand in a matrix of silt and clay. Advance outwash deposits typically 
include dense to very dense well-bedded sand and gravel. 

2.3 Surface Conditions 
The surface of the existing soil cap layer over the former Eastgate Landfill exhibits a generally hummocky 
topography with depressions and ridges that appear to promote surface drainage toward the existing 
stormwater management facilities. Elevations across the upper portions of the soil cap over the landfill 
range from 335 to about 350 ft (NAVD 1988). Vegetation across the former landfill typically consists of 
maintained grass and gravel pathways, with asphalt paved surfaces over the southern portion of the 
landfill associated with the shared entrance road, parking areas, and the former helicopter pad that is 
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currently used as a basketball court. Along the northern face of the landfill, the site slopes moderately 
down to the north toward Pond A (the existing three cell stormwater detention pond), with elevations 
ranging from 340 to about 300 ft. A gravel path circles Pond A, which is located near the bottom of a 
generally flat north-south trending valley. Moderate to steep slopes covered with heavy vegetation 
bound the east and west side of the valley where Pond A is located. Existing site topography is 
illustrated on Figures 3 and 4.   

2.4 Subsurface Soil Conditions from Previous Reports 
To evaluate the subsurface conditions prior to drilling, we reviewed the following reports and 
exploration logs: 

 Groundwater Investigation, Former Eastgate Landfill, Bellevue, Washington, dated September 
26, 2000, prepared by Landau Associates. 

 Annual Groundwater Monitoring and Well Construction Detail Report, Former Eastgate 
Landfill, Bellevue, Washington, dated May 23, 2008, prepared by Landau Associates. 

 Groundwater Monitoring Well Logs, dated 2007, prepared by SCS Engineers. 

 Gas Probe Monitoring Well Logs, dated 2007, prepared by SCS Engineers. 

 Closing Report, Geotechnical Services during Construction, Eastgate Landfill, Landfill Gas 
Collection System, Bellevue, Washington, dated October 29, 1986, prepared by GeoEngineers. 

 Geotechnical and Environmental Studies, Bellevue Airport Site, Bellevue, Washington, dated 
May 28, 2002, prepared by AMEC Earth & Environmental. 

 Report, Site Characterization Study, Portion of Boeing Eastgate Property, Bellevue, 
Washington, dated December 21, 2004, prepared by Golder Associates. 

 Report, Geotechnical Engineering Services, Duct Bank Relocation, Boeing Eastgate Landfill, 
Bellevue, Washington, dated June 28, 2004, prepared by GeoEngineers. 

 Eastgate Landfill Interim Status Report, dated April 22, 1986, prepared by Sweet, Edwards, & 
Associates. 

 Eastgate Landfill Phase II Report, dated June 30, 1986, prepared by Sweet, Edwards, & 
Associates. 

 Eastgate Landfill Summary Report, dated January 17, 1986, prepared by Sweet, Edwards, & 
Associates. 

 Geotechnical Report, Parking Lot Subsidence Investigation, Boeing Computer Center, Bellevue, 
Washington, dated November 4, 1994, prepared by Converse Consultants NW. 

 
Five geologic units have been previously identified at the site, in addition to the landfill solid waste 
materials. Previous reports have included borings for a variety of project and site features and have also 
included figures that show the relative position of the identified units. Approximate locations of selected 
borings from past studies and site work are shown on Figure 3.   
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2.5 Other Subsurface Information 
Golder Associates (Golder) carried out a geophysical study in 2004 on the southern boundary of the 
landfill area along the shared entrance road for the Advanta Office Commons development located to 
the south of the project site (Golder 2004). Golder Associates conducted six induced polarization (IP) 
surveys and 10 electromagnetic (EM-31) surveys to define the limits of the landfill in this area. The 
approximate locations of the surveys are shown on Figure 3. Based on the results of their geophysical 
surveys, Golder reported that the landfill cap in the study area varied in thickness from 2 ft to 15 ft with 
a typical thickness of about 10 ft. Golder also reported that the landfill deposits extended to depths of 
up to 40 ft below ground surface (bgs) and provided their interpretation of the landfill boundary along 
the southern portion of the site. Golder’s finding generally confirmed the subsurface soil conditions 
described in previous reports along the southern portion of the site. 

2.6 Subsurface Conditions 
Subsurface conditions at the project site were explored by Landau Associates in March 2016. The 
exploration program consisted of advancing 20 hollow stem auger borings for geotechnical design 
purposes and determination of the horizontal extent of the landfill solid waste, three test pits for 
pavement design purposes and 12 test pits to determine the lateral extent of landfill solid waste, and 
nine hand auger borings for design of pavements and picnic structure foundations in the northwest 
area at the approximate locations illustrated on Figure 4. A discussion of field exploration procedures, 
together with edited logs of the exploratory borings, test pits, and hand auger borings, are presented 
in Appendix A. A discussion of laboratory test procedures, together with the laboratory testing 
program results, are presented in Appendix B. 

Subsurface cross sections indicating the generalized stratigraphy across the project site were 
developed. The location and orientation of subsurface cross section lines are shown on the Cross 
Section Alignment Plan (Figure 5), and the subsurface cross sections are presented on Figures 6A 
through 6F. The extrapolation of subsurface conditions between exploration locations is for 
illustrative purposes only; actual conditions between explorations may vary from those shown. The 
exploration logs presented in Appendices A and C provide more detail relative to subsurface 
conditions observed at specific locations and depths. 

Based on the results of the field exploration program and our review of available geologic information 
and previous geotechnical reports, the site geotechnical condition are summarized below in order of 
increasing depth from the ground surface. 

 Soil Fill - Soil fill overlies most of the developed areas of the site and also is present as the soil 
cap layer over the underlying landfill area. The soil fill generally consists of silty, fine to 
medium sand with occasional fine gravel. The thickness of the soil fill over the landfill solid 
waste was typically reported to vary from about 2 to 19 ft across the site.   

 Landfill Solid Waste - The solid waste fill material below the surficial soil fill generally consists 
of a mixture of soil and municipal solid waste including brick, timber, asphalt, wood, paper, 
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metal, plastic, glass and concrete. The solid waste was landfilled between 1951 and 1964 
(LAI 2000), so the putrescible portions of the waste would likely be in an advanced state of 
decay or not present. The solid waste material varies in thickness and was generally 
encountered to depths of about 2 to 42 ft bgs across the site. 

Alluvium/Recessional outwash – Alluvium and recessional outwash underlies the fill 
materials, and is typically an unconsolidated silty sand with clayey silt interbeds and varying 
amounts of gravel that underlies the northern area and forms the upper side slopes of the 
former landfill. The maximum identified thickness of alluvium was 12 ft. The top of the 
alluvium/recessional outwash is interpreted to be the pre-development ground surface.  

Glacial Till – The glacial till is typically a very dense, silty sand containing variable amounts of 
fine to medium gravel and scattered cobbles. Glacial till was observed to be discontinuous at 
the site, generally below the southern bottom and side slopes of the landfill and, where 
encountered in borings, ranged from about 9 to 42 ft thick. It was interpreted to be only 
sporadically present in the vicinity of detention Pond A.

Advance Outwash – Advance outwash encountered below the glacial till and alluvium is 
typically a dense, slightly silty to silty, fine to medium sand with minor amounts of gravel. Silt 
lenses were commonly encountered within the advance outwash deposits. The maximum 
encountered thickness of advance outwash was greater than 37 ft.  

Lacustrine Deposits – Lacustrine deposits underlie the advance outwash unit and apparently 
becomes finer-grained with depth. The upper portion consists of interbedded sand and silt 
and the lower portion consists of silt interbedded with thinly laminated sand and silty sand. 
The lower limit of this unit is below the depth of exploratory borings advanced at the site to 
date.

The specific conditions and some of the proposed park features are discussed in the following 
paragraphs.

Sport Fields and Main Park Area within the Former Eastgate Landfill
Boundary

Borings B-1-16 through B-3-16, B-6-16 through B-11-16, and B-13-16 through B-16-16 were advanced 
at strategic locations throughout the site of the former Eastgate Landfill. The borings were advanced 
to depths ranging from 15 to 56.5 feet bgs. Throughout our explorations, we encountered 2 to 15 ft of 
fill consisting of very loose to medium dense, very silty to silty sand with varying amounts of gravel, 
organics, and construction debris and dense to very dense silty, sandy gravel with varying amounts of 
organics and construction debris to depths that we interpreted to be existing landfill cover soil. Below 
the fill we encountered landfill solid waste deposits consisting of a mixture of soil and municipal solid 
waste including brick, timber, asphalt, wood, paper, metal, plastic, glass, and concrete to depths 
ranging from 2 to 36 ft bgs. Glacial till was encountered below the landfill solid waste deposits 
throughout the remaining depth explored in borings B-1-16, B-3-16, B-8-16, B-9-16, B-13-16, B-14-16, 
B-15-16, and B-16-16. Glacial till was generally observed to consist of dense to very dense, silty to very 
silty sand with gravel. Advance outwash was encountered below the landfill solid waste deposits 
throughout the remaining depth explored in borings B-2-16, B-6-16, B-7-16, and B-11-16. Advance
outwash was generally observed to consist of very loose to dense silty sand with gravel.    
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Northeast Sport Field outside the Former Eastgate Landfill Boundary 
Borings B-4-16, B-5-16, B-17-16, and test pit TP-12-16 were advanced at strategic locations outside 
the boundary of the former Eastgate Landfill in the northeast sport field area. The borings were 
advanced to depths ranging from 26.5 to 31.5 ft bgs and the test pit to a depth of 9.5 ft bgs.
Boring B-4-16 encountered medium dense silty sand with gravel that we interpreted to be fill 
overlying glacial till comprised of very silty, gravelly sand to the full depth explored. In boring B-5-16,
we encountered 1 inch of asphalt pavement overlying fill consisting of medium dense gravelly sand 
with trace silt to about 7.5 ft bgs overlying very dense, very silty sand with gravel interpreted to be 
glacial till. Boring B-17-16 encountered advance outwash consisting of dense to very dense, very silty 
sand with gravel to about 25 ft bgs overlying glacial till consisting of very dense silty sand with gravel.
Test pit TP-12-16 encountered 5.5 ft of fill consisting of loose to medium dense silty to gravelly sand 
with varying amounts of organics, overlying 2.5 ft of advance outwash consisting of medium dense to 
dense gravelly sand with trace silt and glacial till consisting of very dense silty gravelly sand to the full 
depth explored.

Parking Areas
Test pits TP-1-16 and TP-2-16 were advanced at strategic locations outside the boundary of the 
former Eastgate Landfill in the vicinity of the proposed parking area on the east side of the site and 
borings B-10-16, B-12-16, B-19-16 and B-20-16 were advanced in the vicinity of the proposed parking 
area on the west side of the site. The test pits were advanced to depths ranging from 4 to 5 ft bgs
while the borings were advanced to depths ranging from 6.5 to 31.5 ft bgs.

Test pits TP-1-16 and TP-2-16 advanced in the east side parking area generally encountered 0.6 ft of 
topsoil overlying 1 to 3.5 ft of fill consisting of loose to medium dense, silty, gravelly sand with varying 
amounts of construction debris and organics overlying weathered and unweathered glacial till 
consisting of medium dense to very dense silty gravelly sand to the full depth explored.

Borings B-10-16 and B-12-16 encountered 1.5 to 2.5 ft of medium dense to dense silty sand with 
gravel and silty, sandy gravel with trace construction debris that we interpreted to be fill. Underlying 
the fill was glacial till encountered to the full depth explored consisting of very dense, very silty sand 
with gravel. Boring B-19-16 encountered 5 inches of asphalt overlying loose to very dense silty sand 
with gravel that we interpreted to be glacial till. Boring B-20-16 encountered dense to very dense very 
silty sand with gravel that we interpreted to be glacial till that was encountered to the full depth 
explored.

Pond A Overlooks
Boring B-18-16 was advanced in the vicinity of the proposed pond overlook located on the west side 
of Pond A. The boring was advanced to a depth of 21.5 ft bgs and generally encountered 7 ft of loose 
to dense very silty sand with gravel that we interpreted to be fill. Underlying the fill, we encountered 
soft silt with iron staining and loose, very silty sand with gravel and iron staining that we interpreted 
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to be weathered glacial till to a depth of about 15 ft bgs. Glacial till was encountered underlying the 
weathered glacial till consisting of very dense, very silty sand with gravel to the full depth explored. 

Previous borings EL-103 (LAI 2000) and B-1-83 (Converse Consultants 1983) were advanced in the 
vicinity of the proposed south overlook along Pond A. These borings encountered fill mixed with some 
refuse at depth of 5 to 6.5 ft bgs. This layer of fill mixed with some refuse is approximately 4.5 ft thick 
in Boring EL-103; however, this layer was greater than 9.5 ft thick in Boring B-1-83, extending below 
the completion depth of that boring. The landfill perimeter test pits on the north side of the landfill 
area indicate that this layer of fill mixed with some refuse is isolated from the main landfill, and may 
be remnants of refuse that were relocated and mixed with soil during installation of the storm drain 
or other past site work in the Pond A area.  

Northwest Picnic Structures and Parking Areas
Hand auger borings HA-1-16 through HA-9-16 were advanced at strategic locations outside the 
boundary of the former Eastgate Landfill in the vicinity of the proposed picnic structures and parking 
area on the northwest side of the site. The hand auger borings generally encountered about 1 ft of 
topsoil overlying recessional outwash consisting of medium dense to dense, silty sand with gravel to 
the full depth explored.

Limits of Landfill Solid Waste
Test pits TP-5-16 through TP-11-16, and TP 12-16 through TP-15-16 were advanced at strategic 
locations around the perimeter of the former Eastgate Landfill solid waste deposits to further define 
the boundary as shown on Figure 4. Test pits were completed by initially excavating near the line 
where the limits of refuse had been approximated by previous investigation using global positioning 
system equipment, and then extending the trench length horizontally until the actual horizontal limit 
of refuse was observed in the test pit. The found limit of the landfill refuse was then staked for final 
survey as shown on Figure 4. Selected photos of the test pits are included in Appendix A.  

2.7 Geophysical Study
Global Geophysics (Global) carried out a geophysical study in January and February 2016 across the 
former Eastgate Landfill site underlying the majority of the proposed Park improvements. Global
conducted 11 electrical resistivity tomography (ERT), induced polarization tomography (IPT), EM61 and 
ground penetration radar (GPR) surveys to help define the limits of the landfill in this area. An 
explanation of the geophysical survey methods used and results are provided in Appendix D. The 
approximate locations of the surveys are shown on Figure 4. Based on the results of their geophysical 
surveys, Global reported that the landfill cap in the study area varied in thickness from 2 ft to 15 ft.
Global also reported that the landfill deposits extended to depths of up to 60 ft bgs and provided their 
interpretation of the landfill boundary. Global’s findings generally confirmed the subsurface soil 
conditions found by the borings and matched well with what was described in previous reports they had 
prepared for utility installation along the southern portion of the site (Golder Associates 2014).  
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2.8 Groundwater Levels 
Previous investigations at the site identified two aquifers below the site:  a shallow perched aquifer 
and a deeper advance outwash aquifer (LAI 2015a). The shallow perched aquifer is encountered in the 
solid waste and alluvial materials, and in some locations, the glacial till underlying the fill and alluvial 
materials. The advance outwash aquifer is encountered below the glacial till layer that underlies most 
of the landfill area. The existing site monitoring wells and piezometer are screened in the advance 
outwash. Groundwater elevations calculated using water level measurements collected from each 
monitoring well and piezometer, and a surface water level measurement at the staff gauge in Pond A, 
are used to evaluate groundwater flow direction in the advance outwash aquifer. Groundwater 
elevation contours are plotted for each monitoring event using the measured groundwater elevations. 
The 2015 groundwater contours are provided in the Landau Associates Project Summary Report dated 
October 19, 2015 (LAI 2015b). The contours indicate the groundwater within the advance outwash 
aquifer has a generally easterly flow, which is consistent with flow direction that has been observed at 
the landfill since Landau Associates began monitoring activities in 2001. This differs from the flow 
within the perched aquifer (leachate) in the landfill, which generally flows to the north toward the 
leachate collection trench. Groundwater levels encountered in our borings at the time of drilling 
ranged from 15.5 to 34 ft bgs (Elevation 304 to 329) and are shown on the borings logs provided in 
Appendix A.
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CONCLUSIONS AND RECOMMENDATIONS
Based on the results of the field exploration, laboratory testing, and engineering analyses performed, 
and our understanding of the proposed Park development project, it is our opinion that the 
improvements proposed as part of Phase 1 of this project can be constructed at the site generally as 
planned. Design of the proposed improvements will need to consider the presence of compressible 
landfill deposits under the planned improvements which may require: 1) preloading/surcharging the 
proposed improvement area to pre-consolidate foundation soils prior to construction, and/or 2) using 
ground improvement techniques (e.g., drilled shafts, piles, stone columns, Geopiers, etc.) to reduce 
the settlement potential of the onsite soils. The presence of old landfill deposits will also require 
limiting contact and excavation of the solid waste materials, and controlling landfill gas (LFG) and 
leachate that continue to be produced by the landfill. Leachate production will be limited by installing 
a geomembrane cover over the landfill and upgrading the existing leachate collection trench to 
continue to discharge to the onsite sanitary sewer system. LFG will be better contained by the 
geomembrane cover, and will continue to be removed from the landfill area by upgrading the existing 
LFG extraction wells and venting system.

Conclusions and recommendations related to environmental considerations, health and safety 
considerations, contaminated soil handling and disposal, seismic considerations, site preparation, fill 
and compaction, wet weather earthwork, site settlement, preloading, underground utility installation, 
foundation support, pavement design, and landfill cover system are presented in the following 
sections.

3.1 Environmental Considerations
Contaminated soils in the form of landfill deposits are present underlying a significant portion of the 
site (Figures 2 through 5). Concentrations of dissolved iron, dissolved manganese, and 
1,4-dichlorobenzene concentrations above screening levels were detected in water samples collected 
from the onsite leachate collection system. The existing leachate collection system appears to be 
adequately fulfilling its intended function. Water in the shallow perched aquifer that has been 
impacted by the landfill refuse is being captured and discharged directly to the onsite sanitary sewer
line. The leachate collection system, along with Pond A, is functioning to protect downstream water 
quality. No exceedances of State surface water standards have been observed downstream of Pond A. 
Nonetheless, sampling and analysis of surface water from the leachate collection system will continue 
to be conducted on an annual schedule during the design phase for the Phase 1 Park development.

Further information on the groundwater monitoring and leachate collection systems and MTCA 
Compliance analysis can be found in LAI’s Project Startup Summary Report (LAI 2015b).
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3.2 Health and Safety Considerations 
Excavations for the proposed improvements will likely be within compacted, clean, granular backfill, the 
existing cover soils overlying the landfill deposits, and/or native soils consisting of advance outwash and 
glacial till. However, deeper excavations extending below the existing grade may encounter potentially 
contaminated materials (landfill deposits) that were not encountered at shallower depths during our 
site investigation activities. Therefore, site excavations extending into existing site soil should be 
monitored for the presence of contamination. Monitoring should include visual and odor indications of 
contamination, as well as health and safety monitoring for LFG using a four gas explosivity and 
photoionization detector (PID) or similar equipment. 

Due to the potential for encountering contaminated soil that was not discovered during previous site 
investigations, site work contractors should be required to prepare and submit a site-specific health and 
safety plan meeting applicable regulatory requirements prior to the start of construction. The contractor 
should also identify a Health and Safety Officer whose responsibility will be health and safety monitoring 
and oversight. 

Current and previous field investigations in and around the Bellevue Airfield park site indicate that 
landfill deposits are present beneath portions of the site, and methane may be generated as a result of 
its presence and decomposition. Methane has the potential to accumulate in subsurface structures, 
voids, and vaults at concentrations that could pose a risk for explosion or oxygen depletion. As a result, 
development planning and design will need to address the potential presence of methane gas, and if 
present, accumulation in subsurface structures or voids. 

3.3 Contaminated Soil Handling and Disposal 
Environmental sampling and testing of the soil excavated and managed onsite should be planned as a 
part of the proposed project in the form of a soil management plan developed as part of the future 
Environmental Engineering Design Report (EEDR). Although there is no information suggesting 
contamination of the existing soil cover material, if soil is encountered during construction that 
visually appears to be contaminated or exhibits an odor (e.g., soil with oily residue or discoloration, 
visual landfill refuse, strong petroleum-like odors, groundwater with an oily sheen, etc.), the 
potentially impacted soil should be segregated, stored on plastic, and covered with plastic pending 
characterization for disposal. Soil samples should be collected from the potentially impacted soil and 
analyzed at an accredited laboratory for petroleum hydrocarbons and heavy metals. Additionally, if 
characterization indicates the presence of petroleum hydrocarbons in the heavy oil range, the soil 
should also be analyzed for PAHs and PCBs. If the concentration of contaminants in the soil is 
determined to be below the Model Toxics Control Act (MTCA Method A) concentration for 
unrestricted land use, the soil may be managed onsite as clean soil. If the contaminant concentrations 
are determined to be above MTCA Method A levels, the soil should be managed consistent with other 
contaminated materials identified on the site and removed for disposal at an approved offsite facility. 
Furthermore, if clearly contaminated soil is encountered during excavation activities, the contractor 
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should establish appropriate contamination reduction and exclusion zones to help prevent the spread 
of contaminated materials on the site.

It is important to recognize that current solid waste regulations (WAC 173-350) may significantly 
restrict the offsite placement of site soil that contains hazardous substances, even if the 
concentrations are below MTCA cleanup levels. As a result, no existing site soil should be exported 
from the site, except to a solid waste landfill, without first determining whether the intended use and 
destination are allowable under Ecology regulations.

3.4 Seismic Considerations
The following sections present our conclusions and recommendations regarding the seismic hazard risk 
for the site and project, including design ground motions and the results of our liquefaction assessment.

Ground Motions
The Pacific Northwest is seismically active and the project site could be subject to ground shaking 
from a moderate to major earthquake. Consequently, moderate levels of earthquake shaking should 
be anticipated during the design life of the proposed Park improvements. In addition, the proposed 
improvement should be designed to resist earthquake loading using appropriate design methodology.  
The recommended ground motion design parameters for both design of structures over native soils 
and for structures over the landfill refuse are provided below.

Earthquake ground motions were estimated using the US Seismic Design Maps from the US Geological 
Survey (USGS) website (USGS 2015) in accordance with the 2012 IBC. The 2012 IBC accounts for an 
earthquake ground motion with a 2 percent probability of exceedance in 50 years (or approximately a 
2,475-year return period). The seismic parameters in the 2012 IBC are based on maps prepared by the 
USGS. According to the USGS, the peak horizontal acceleration at the project site is approximately 0.54 
times the acceleration due to gravity (0.54g).

Structures Over Fill and Native Soils

Based on the average field standard penetration resistance (N), and according to Chapter 20 of ASCE 7, 
the site classifies as Site Class D. The following parameters are recommended for design of the proposed 
structures:

Spectral Acceleration for short periods (SS): 133% of gravity (1.331g)

Spectral Acceleration for a 1-second period (S1): 51% of gravity (0.509g)

The above values can be modified for Site Class D using 1.000 for site coefficient Fa, and 1.500 for site 
coefficient Fv. The design spectral response acceleration parameters can be taken as two-thirds of the 
maximum considered earthquake spectral response acceleration presented above. Using the above 
site class and design adjustments, the following design spectral acceleration parameters can be used:

SDS = 0.887

SD1 = 0.509
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Structures Over the Landfill Refuse

Average shear wave velocities for the landfill solid waste deposits are estimated to range between 250 
and 600 ft/s (Zekkos 2014). According to Chapter 20 of ASCE 7, the site classifies as Site Class E, based on 
the estimated shear wave velocities for the site where underlain by landfill refuse. The following 
parameters are recommended for design of the proposed structures:

Spectral Acceleration for short periods (SS): 133% of gravity (1.329g)

Spectral Acceleration for a 1-second period (S1): 51% of gravity (0.509g)

The above values can be modified for Site Class E using 0.900 for site coefficient Fa, and 2.400 for site 
coefficient Fv. The design spectral response acceleration parameters can be taken as two-thirds of the 
maximum considered earthquake spectral response acceleration presented above. Using the above 
site class and design adjustments, the following design spectral acceleration parameters can be used:

SDS = 0.797

SD1 = 0.814

Soil liquefaction is generally limited to granular soils located below the water table that are in a 
relatively loose, unconsolidated condition at the time of a large, nearby earthquake. The landfill solid 
waste and dense, glacially consolidated deposits that underlie the project site are anticipated to have 
a low susceptibility to soil liquefaction. Consequently, it is our opinion that no special liquefaction-
related design or construction procedures will be necessary for this project.

3.5 Site Preparation
Site preparation and earthwork will include demolition and removal of some existing structures, 
existing utilities (including parts of the existing LFG collection system), and asphalt concrete 
pavement. Site preparation and earthwork will also include stripping vegetation, grading the site with 
cuts and fills ranging from 2 to 13 ft, respectively, and (if encountered) handling and disposal of 
potentially contaminated soil. Specific conclusions and recommendations related to the handling and 
disposal of potentially contaminated soil are provided in Section 3.3.

All existing structures, pavement, vegetation, man-made debris, and other deleterious material 
should be cleared and stripped from all areas to be occupied by the proposed Park improvements and 
areas to receive fill. Utility lines and appurtenant structures that will be abandoned under future 
improvements should be completely removed to a point at least 5 ft (measured horizontally) beyond 
the foundations of proposed structures. Excavations resulting from the removal of abandoned utilities 
should be backfilled in accordance with the recommendations presented in Section 3.10.5 of this 
report. Utility lines that will be abandoned under future buildings may be abandoned in place, 
provided pipes 12 inches in diameter and larger are completely filled with controlled density fill (CDF).  
It should be noted that large-diameter utility lines that are abandoned in place could create 
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obstructions for operations associated with future site development activities (e.g., building 
construction, site grading, etc.). 

Pipes and appurtenant structures abandoned beyond the footprints of future buildings may be 
abandoned in place, provided pipes 12 inches in diameter and larger are completely filled with CDF. If 
the existing pipes are abandoned in this manner, structures such as manholes and vaults should be 
removed to a minimum depth of 3 ft below finish grade and the remaining portion (if any) of the 
excavation should be backfilled in accordance with the recommendations presented in Section 3.10.5. 

Prior to placement of any structural fill to raise site grades in areas that were not previously 
preloaded, the exposed subgrade should be proof rolled to a dense and unyielding condition. Proof 
rolling should be accomplished with a fully-loaded dump truck, large self-propelled vibrating roller, or 
equivalent piece of equipment so that the upper 12 inches of exposed subgrade is compacted to at 
least 95 percent of its maximum dry density, as determined using test method ASTM International 
(ASTM) D 1557 (Modified Proctor). The purpose of this effort is to identify possible loose or soft soil 
deposits and to recompact the soil exposed during site stripping and demolition activities. 

Proof rolling should be carefully observed by geotechnical personnel. Areas exhibiting significant 
deflection, pumping, or weaving that cannot be readily compacted should be overexcavated to firm or 
dense soil. Overexcavated areas should be backfilled with compacted granular material in accordance 
with subsequent recommendations for structural fill. During periods of wet weather, proof rolling or 
compaction could damage exposed subgrades. Under these conditions, a qualified geotechnical 
engineer should observe subgrade conditions to determine if proof rolling and compaction is feasible. 

Construction in wet weather conditions may not allow proper compaction of the subgrade soils. 
Recommendations for wet weather earthwork are provided in Section 3.7.  

3.6 Fill and Compaction 
Structural fill used to raise site grades must be properly placed and compacted. In general, any 
suitable, non-organic, predominately granular soil may be used for fill material, including portions of 
the existing site fill, provided the material is properly moisture conditioned prior to placement and 
compaction, and the specified degree of compaction is obtained. If the existing onsite soil is to be 
reused for structural fill, pieces of wood or other deleterious material should be removed. Excavated 
site material containing topsoil, wood, trash, organic or fine-grained material, or construction debris 
will not be suitable for reuse as structural fill and should be placed in nonstructural areas where 
several inches of post-construction settlement is tolerable. Alternatively, this material could be 
exported from the site, provided the material is evaluated for contamination prior to removal from 
the site. If the material contains hazardous substances, disposal at a solid waste landfill would be 
required. 
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The suitability of any fine-grained soil excavated from the site or imported for use as compacted 
structural fill will depend on the gradation and moisture content of the soil when it is placed. As the 
amount of fines (that portion passing the US Standard No. 200 sieve) increases, the soil becomes 
increasingly sensitive to small changes in moisture content and adequate compaction becomes more 
difficult to achieve. Soil containing more than about 5 percent fines cannot consistently be compacted 
to a dense, non-yielding condition when the water content is greater than optimum. Optimum 
moisture content is the moisture content at which the greatest compacted dry density can be 
achieved. The moisture content of the site soil was observed to be variable. In addition, seasonal 
variation in the moisture content of shallow site soil should be expected. 

The near-surface, onsite fill soil consists primarily of very loose to medium dense, very silty to silty 
sand with varying amounts of gravel and dense to very dense silty, sandy gravel. These soils will be 
suitable for use as structural fill under most conditions; however, the siltier portions of the fill soils 
are expected to be moisture sensitive. Furthermore, if the optimum moisture content of the soil is 
exceeded, moisture conditioning could be required. Moisture conditioning will also be required if 
onsite soil is obtained from excavations that encounter groundwater. The contractor should be 
prepared to segregate portions of the fill soils that contain organics and construction debris. 

Structural fill soil should be placed in loose, horizontal lifts less than 8 to 10 inches in thickness and 
thoroughly compacted. All structural fill under future paved areas should be compacted to at least 
95 percent of the maximum dry density, as determined using test method ASTM D 1557 (Modified 
Proctor). Fill placed within landscaped areas should be compacted to a minimum of 85 percent of its 
maximum dry density to reduce the potential for excessive settlement. Compaction criteria for trench 
backfill and excavations is presented in Section 3.10.5. 

3.7 Wet Weather Earthwork 
Some of the near-surface, onsite soil is considered to be moisture sensitive. As a result, it will be 
difficult to control the moisture content of these materials during periods of wet weather. If 
construction is accomplished during wet weather, or under wet conditions, exposed subgrades could 
be easily disturbed by construction equipment. In addition, stockpiles of onsite materials could 
become saturated and subject to erosion if not properly protected. Site preparation would be 
facilitated by scheduling such earthwork during the dry summer and early fall months. If fill is to be 
placed or earthwork is to be performed in wet weather or under wet conditions, the contractor may 
reduce soil disturbance by: 

‒ Accomplishing earthwork in small sections 

‒ Limiting construction traffic over unprotected soil 

‒ Sloping excavated surfaces to promote runoff 

‒ Limiting the size and type of construction equipment used 

‒ Providing gravel “working mats” over areas of prepared subgrade 
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‒ Removing wet surficial soil prior to commencing fill placement each day 

‒ Sealing the exposed ground surface by rolling with a smooth drum compactor or 
rubber-tired roller at the end of each working day 

‒ Providing upgradient perimeter ditches or low earthen berms and using temporary 
sumps to collect runoff and prevent water from ponding and damaging exposed 
subgrades. 

It may be necessary to overexcavate loose and wet surficial soil and replace it with clean, well graded 
sand and gravel or base-course material in paved areas. The depth of overexcavation required will 
depend on the condition of the soil at the time of construction, but the depth could be on the order of 
6 to 12 inches. If the subgrade is particularly loose or disturbed by construction equipment during wet 
weather, an even thicker subbase layer or the use of a geotextile in combination with a granular base 
material may be needed to achieve suitable conditions for the proposed pavement sections and 
future buildings. 

3.8 Site Settlement 
The results of the current and previous subsurface exploration programs completed at the site 
indicate that loose fill and compressible municipal solid waste (MSW) underlie a significant portion of 
the project site. These soils will experience settlement during and after site grades are raised. 
Consequently, we recommend that any proposed underground utilities be installed after site grades 
have been raised and the site has been preloaded and/or improved through the use of other ground 
improvement techniques in order to reduce the magnitude of post-construction settlement. 

Static settlement of the ground following placement of the new fill will depend on the height and 
width of the new fill, as well as the strength and compressibility characteristics of the underlying 
bearing soil. Ground settlement is anticipated to occur non-uniformly across the site due to the 
heterogeneous nature and variable thickness of the MSW, the presence of organic material, and the 
level of compaction the MSW experienced during original placement. 

We estimate that the total amount of static ground settlement associated with the loading from the 
proposed structures in addition to the fill required to bring the site up to grade will be as much as 
9 inches over a service life of 50 years. This amount of settlement is expected if no preloading or 
ground improvement is provided prior to construction of the Park amenities. The actual static 
settlements will depend on the rate of filling and the specific soil conditions beneath the new fill, 
which are expected to be variable across the site. Consequently, actual settlements and the time rate 
of settlement could potentially be greater or less than estimated herein. Preloading, as further 
described in Section 3.9, is therefore recommended to pre-consolidate the compressible onsite soils 
and landfill refuse prior to construction, and to reduce total and differential settlements beneath the 
proposed structures, Park improvements, and utilities to within acceptable levels.   
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As fill is being placed, installation and monitoring of settlement plates within the fill is recommended 
in order to identify the end of primary consolidation. Installation of the planned utilities and 
hardscaping should be deferred until the end of primary consolidation. If constructed in this manner, 
the majority of the differential settlement should occur prior to the installation of utilities and 
hardscaping. 

3.9 Preloading 
Preloading the landfill area of the site with granular fill is recommended to pre-consolidate the 
underlying compressible refuse and fill soils prior to construction in order to reduce total and 
differential post-construction settlements beneath the proposed park ball fields and landscape to 
within tolerable levels (i.e., less than about 1 to 2 inches).   

The areas to be preloaded should be cleared and stripped in accordance with the recommendations in 
Section 3.5 prior to the preload/surcharge fill being placed. The preload/surcharge fill should consist 
of a predominately granular material such as sand or sand and gravel to facilitate placement and 
removal.   

For schematic design purposes, it can be assumed that preload fill heights of up to 9 ft above 
proposed finished site grades will be required, with the fill heights varying with the thickness of 
underlying landfill solid waste deposits. The preloading program will require on the order of about 9 
to 20 months to pre-consolidate the underlying soils to the point where about 95 percent of the 
primary settlement is achieved. For schematic design, a 2H:1V (horizontal:vertical) maximum preload 
side slopes may be assumed. 

The specific design of the landfill preloading program will be provided in the EEDR. Depending on the 
height(s) of the preload fill selected, surface settlements on the order of about 7 to 8 inches are 
expected directly beneath the fill in the areas where underlying landfill refuse deposits are located. 
This expected settlement could affect the existing LFG system. The following measures could be taken 
to reduce the potential for affecting the operation of the LFG System and groundwater monitoring 
wells: 

‒ Relocate existing LFG header pipes located beneath or adjacent to preloaded areas 
prior to the placement of the preload fill. 

‒ Construct strategically placed temporary walls at the edge of the preload to limit its 
lateral extent and influence, if needed. 

‒ Add well risers and flexible couplings such that the LFG system and groundwater 
monitoring wells can undergo the expected settlement without sustaining damage. 

The preload grading plan based on the underlying refuse thickness will be provided in the EEDR. 
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3.10 Underground Utility Installation
Underground utilities will consist of piping for plumbing, stormwater, sanitary sewer, and electrical 
conduits. Underground utilities should only be installed over the landfill areas after preloading has 
induced 95 percent of the predicted primary settlement. The following sections provide geotechnical 
recommendations for design and construction of the proposed utility lines.

Dewatering Considerations
Depths to proposed underground utilities are currently unknown; however, they are expected to be 
constructed in the new structural fill or existing landfill soil cover material. While groundwater was 
not observed in our explorations at shallower depths in the landfill soil cover material, it is common 
for isolated pockets of perched groundwater to occur within more granular zones of the landfill soil 
cover. This type of groundwater typically results in seepage into an excavation for a period of time 
after it is encountered and often dissipates once the groundwater is allowed to drain into the 
excavation.

If groundwater is encountered in trench excavations, it is expected that pumping from sumps will be 
adequate to control the groundwater and remove it from the construction area to maintain a 
relatively dry excavation. The contractor should be responsible for the design, installation, 
monitoring, and maintenance of any required dewatering system(s). Prior to discharging water to King 
County sewer system, a disposal permit will need to be obtained from King County septage disposal 
program coordinator. Groundwater to be discharged to the King County sewer system must comply 
with the Industrial Waste Regulations of King County Code (KCC) 28.84.060. Prior to disposal of any 
groundwater encountered in excavations, the groundwater should be analyzed at a certified analytical 
laboratory for the compounds required by King County for discharge to the sanitary sewer system.

Trench Excavation
All trenching deeper than 4 feet bgs will require trench safety designed and approved by a 
professional engineer licensed in the State of Washington. Excavation for utility trenches should be in 
accordance with the requirements in Section 7-08 of the 2016 Washington State Department of 
Transportation (WSDOT) Standard Specifications for Road, Bridge and Municipal Construction 
(Standard Specifications; WSDOT 2016). Small to medium sized conventional construction equipment 
should be able to excavate the trench to typical utility trench depths. The contractor should be 
prepared to handle and dispose of oversized material such as cobbles and boulders. Actual trench 
configurations and maintenance of safe working conditions, including temporary excavation stability, 
should be the responsibility of the contractor, as discussed in the Site Preparation and Earthwork 
section of this report.

Trench boxes should provide suitable support for shallow excavations in fill or native soils, provided 
that settlement-sensitive structures are not situated immediately adjacent to the excavation. Trench 
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boxes should meet the requirements in Safety Standards for Construction Work, WAC 296-155 Part N 
and WAC 296-155-657.

Where a trench box is used to support excavations, one or both sides of the trench may cave against 
the box, especially if loose, granular soil is present. The caving may extend out on either side of the 
trench for a distance approximately equal to the depth of the trench. Additional bracing or sheeting 
may be required where the near edge of the trench will be closer than 1.5 times the trench depth to 
settlement-sensitive utilities or structures. When the trench box is moved, precautions should be 
taken to minimize disturbance to the pipe, underlying bedding materials, and surrounding soil.

If bracing is needed to support the trench walls, the temporary bracing system should be designed by 
a structural engineer licensed in the State of Washington, and constructed to support lateral loads 
exerted by the retained soil mass. It is assumed that temporary shoring would consist of steel plates 
with internal bracing. Temporary shoring may also be used in conjunction with sloped excavations.

Pipe Foundation Support
Based on conditions observed at the exploration locations and our understanding of the geologic 
conditions in the area, soil at anticipated trench depths are anticipated to primarily consist of new 
structural fill or landfill cover soils, and should provide adequate foundation support for the pipes, 
provided the soil remains in a relatively undisturbed condition and the trench is properly dewatered.

If the trench bottom becomes disturbed due to excavation and/or foot traffic during placement of the 
pipe, the trench bottom may need to be overexcavated to expose undisturbed foundation soil.  
Removal and replacement of unsuitable foundation material should be in accordance with 
Section 7-08.3(1)A of the 2016 WSDOT Standard Specifications. The overexcavation should be 
backfilled with suitable foundation material to provide a firm trench bottom. Foundation material 
should meet the requirements for Class B Foundation Material in Section 9-03.12(1)B of the 2016 
WSDOT Standard Specifications, and should be thoroughly compacted to provide a firm excavation 
bottom.

Bedding and Pipe Zone Backfill
To provide uniform support of buried utility pipes, the pipe should be bedded in accordance with 
Section 7-08.3(1)C of the 2016 WSDOT Standard Specifications. The bedding material should extend 
6 inches below the invert of the pipe. Bedding material should extend above the pipe bottom a 
distance of at least 15 percent of the pipe outside diameter. Pipe zone backfill for rigid pipes should 
meet the requirements of Section 7.08-3(3) of the 2016 WSDOT Standard Specifications. Pipe zone 
backfill should extend 6 inches above the crown of the pipe. Pipe bedding material and pipe zone 
backfill should be brought up evenly around the pipe in relatively horizontal lifts not exceeding 6 
inches, and worked under the haunches of the pipe by slicing with a shovel, vibration, or other 
approved procedures. Pipe zone backfill should be placed in accordance with Section 7-08.3(1)C of the 
2016 WSDOT Standard Specifications.
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Trench Backfill and Compaction
Most of the subsurface soil exposed in trench excavations is expected to consist of new structural fill 
or landfill soil cover material. If the excavated soil cannot be used as trench backfill or if additional 
backfill is needed, an imported material should be used. Imported trench backfill should meet the 
requirements for Bank Run Gravel for Trench Backfill in Section 9-03.19 of the 2016 WSDOT Standard 
Specifications. If wet weather construction is anticipated, then the amount of fines should be limited 
to 5 percent or less based on the fraction of the material passing a US Standard ¾-inch sieve.

Backfilling of trenches should be in accordance with the requirements of Section 7-08.3(3) of the 2016 
WSDOT Standard Specifications. Trench backfill should be placed in 6-inch layers and compacted to a 
relative density of at least 92 or 95 percent maximum dry density, depending on whether the trench is 
located outside or within structure footprints. Compaction testing should be in accordance with the 
maximum dry density, as determined using ASTM test method D1557. Flooding and/or jetting of 
backfill may not be used as a means to consolidate or compact trench backfill. Hand-operated 
compaction equipment, or other approved methods, should be used to compact the first 18 inches of 
trench backfill above the pipe. Heavy compaction equipment should not be used for the first 18 inches 
of backfill above the initial backfill.

3.11 Foundation Support
Although preloading/surcharging the site will effectively force settlement in the underlying landfill 
refuse prior to construction, methane gas is still being generated by the landfill refuse indicating that 
decomposition is still occurring, at a very low rate, which could cause future secondary settlement. 
Foundation support for the proposed bath house structures and water play area underground vault
may be provided by a lightly loaded structural slab mat type foundation founded either on existing 
landfill cover soil or properly placed and compacted structural fill that is underlain by existing landfill 
cover soils. For foundations that are supported by structural fill, the limits of the overexcavation 
around the foundation should extend laterally beyond the edge of each side of the footing a distance 
equal to one-half the depth of the excavation below the base of the structural slab. Alternatively, 
overexcavation areas could be backfilled to the design footing elevation with CDF or lean concrete, or 
foundations may be extended to bear on dense to very dense, undisturbed native glacial soils. If CDF 
or lean concrete is used to backfill the overexcavation, the limits of the overexcavation do not need to 
extend beyond the width of the footing.

Bearing soil disturbed during foundation excavation should either be properly recompacted or 
removed. All soil directly below structural slabs should be compacted to at least 95 percent of 
maximum dry density (ASTM D1557) prior to placement of forms, reinforcing steel, and concrete. The 
bottom elevation of structural slabs should be founded a minimum of 18 inches below the lowest 
adjacent final grade.
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Assuming the above foundation support criteria are satisfied, structural slab mat type foundations 
founded directly new structural fill or existing landfill cover soil may be designed using a maximum 
allowable bearing pressure of 1,500 pounds per square foot (psf) if using a rigid mat method for 
design, or a maximum modulus of subgrade reaction (k-value) of 125 pounds per cubic inch (pci) if 
using the flexible method (elastic spring model) for design.   

For minor structures such as planned picnic shelters located outside of the landfill area (Figure 4), 
continuous or isolated spread footings founded directly on medium dense to dense native soils may 
be proportioned using a maximum net allowable soil bearing pressure of 1,500 psf. 

The term “net allowable bearing pressure” refers to the pressure that can be imposed on the soil at 
foundation level resulting from the total of all dead plus live loads, exclusive of the weight of the 
footing or any backfill placed above the footing. The net allowable bearing pressures recommended 
above may be increased by one-third for transient wind or seismic loads. 

Passive earth pressures that develop against the sides of building foundations in conjunction with 
friction developed between the base of the footings and the supporting subgrade, will resist lateral 
loads transmitted from the structure to its foundation. For design purposes, the passive resistance of 
well-compacted fill placed against walls or the sides of foundations may be considered equivalent to a 
fluid with a density of 300 lbs per cubic ft (pcf). The recommended value includes a safety factor of 
about 1.5 and is based on the assumption that the ground surface adjacent to the structure is level in 
the direction of movement for a distance equal to or greater than twice the embedment depth. The 
recommended value also assumes drained conditions that will prevent the buildup of hydrostatic 
pressure in the compacted fill. In design computations, the upper 12 inches of passive resistance 
should be neglected if the soil is not covered by floor slabs or pavement. If future plans call for the 
removal of the soil providing resistance, the passive resistance should not be considered. 

An allowable coefficient of friction between concrete and soil of 0.35, applied to vertical dead loads 
only, may be used to calculate the resistance to sliding at the base of the foundation elements bearing 
on undisturbed native soil or well-compacted granular fill. However, if passive and frictional resistance 
are considered together, one-half of the recommended passive soil resistance value should be used 
because larger strains are required to mobilize the passive soil resistance as compared to frictional 
resistance. A safety factor of about 1.5 is included in the base friction design value. We do not 
recommend increasing the coefficient of friction to resist seismic or wind loads. 

3.12 Foundation Settlement 
Settlement of structural slab mat type foundations depends on foundation size and bearing pressure, 
as well as the strength and compressibility characteristics of the underlying soil and/or refuse.  
Assuming construction is accomplished as previously recommended, including preloading/surcharging 
the site, and for the maximum allowable soil bearing pressures recommended above, we estimate the 
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total settlement of foundations should be less than about 1 inch and differential settlement between two 
adjacent load-bearing components supported on competent soil should be less than about ½ inch.   

Structures that cannot withstand the anticipated settlements or require higher bearing pressures 
should be supported on deep foundations founded in the underlying till as outlined in Section 3.14.  
The soil response to applied stresses caused by structural and other loads is expected to be 
predominately elastic in nature, with most of the settlement occurring during construction as loads 
are applied. 

3.13 Site Drainage 
To reduce the potential for groundwater to seep into interior spaces and prevent the buildup of 
hydrostatic pressure against subsurface walls, we recommend that an exterior footing drain system be 
constructed around the perimeter of any portion of the building foundations where the interior floor 
elevation is lower than the exterior grade. The drain should consist of a minimum 4-inch diameter 
perforated pipe, surrounded by a minimum 12 inches of filtering media and sloped to carry water to a 
suitable collection and discharge system. The filtering media may consist of open-graded drain rock 
wrapped by a non-woven geotextile (such as Mirafi 140N, Synthetic Industries 351, or equivalent). The 
drainage backfill should contain less than 3 percent by weight passing the US Standard No. 200 sieve, 
based on a wet sieve analysis of that portion passing the US Standard No. 4 sieve. The invert of the 
footing drain pipe should be placed at approximately the same elevation as the bottom of the footing 
or 12 inches below the adjacent floor slab grade, whichever is deeper, so that water will not 
accumulate behind walls or seep through walls or floor slabs. The footing drain should discharge to an 
approved drain system and include cleanouts to allow periodic maintenance and inspection. 

Positive surface gradients should be provided adjacent to the proposed structures to direct surface 
water away from the foundation and toward suitable discharge facilities. Roof drainage should not be 
introduced into the perimeter footing drains, but should be discharged directly to the stormwater 
collection system or other appropriate outlet. Pavement and sidewalk areas should be sloped and 
drainage gradients should be maintained to carry all surface water away from the building toward the 
local stormwater collection system. Surface water should not be allowed to pond and soak into the 
ground surface near the building during or after construction. 

3.14 Deep Foundations 
Structures that cannot withstand the anticipated settlements or require higher bearing pressures 
should be supported on deep foundations extending through the landfill deposits and into the 
underlying glacial till or advance outwash deposits. Deep foundations may include the use of drilled 
shafts, augercast piles, or driven piles. Under no circumstances should deep foundations tips 
terminate in the landfill solid waste deposits.   
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Due to the non-uniform thickness of the landfill solid waste deposits, and if deep foundations are 
required for the project, Landau Associates will provide specific geotechnical recommendations for 
deep foundations as structural design details are developed. At a minimum, we require anticipated 
structural loading requirements, locations of structures and foundation elements, and type of deep 
foundations to be used.

Installation of drilled shafts or augercast piles can be performed with conventional drill rigs and 
equipment. Holes advanced for drilled shafts may be susceptible to caving and casing may be required 
to keep the hole open. In the event that groundwater is encountered, the concrete should be tremied 
to the bottom of the hole and poured from the bottom up displacing the groundwater out of the top 
of the hole. Groundwater expelled from the hole will need to be disposed of as described in Section 
3.10.1 of this report. Landfill solid waste cuttings generated as a result of drilling operations will need 
to be disposed of as described in Section 3.3 of this report.

Installation of driven piles using a vibratory hammer will produce ground vibration in the vicinity of 
the pile installation. While unlikely, ground vibrations associated with installation of driven piles could 
potentially cause some damage to nearby structures. Ground vibrations could also result in the 
densification of loose soil and some settlement of the ground surface. Ground vibrations producing 
densification and settlement are dependent on a complex combination of factors, including energy 
and amplitude of the vibratory hammer, number of repetitions, soil properties, pile length, location of 
the water table, type of pile installation, and distance from the pile. The pile foundation axial and 
lateral capacity can be influenced by the equipment and construction procedures, and the quality of 
construction is greatly influenced by the experience of the foundation contractor.  

3.15 Sport Field Lighting and Luminaire Foundations
According to preliminary plans provided by Walker Macy, luminaires are planned in the parking areas 
and throughout the Park and along walking areas. Stadium style light standards are planned for 
illumination of the sports fields.

Luminaire Foundations
Luminaires are planned in the parking areas and throughout the Park and along walking areas. We
anticipate that the luminaries will be designed in general accordance with the WSDOT design method.  
Based on the results of our field exploration, laboratory testing, and engineering analyses, it is our 
opinion that new luminaries can be supported on drilled shaft foundations. The drilled shafts should 
be embedded sufficiently to resist lateral forces and the resulting overturning moments.

We anticipate that the luminaire foundations will be founded in properly placed and compacted 
structural fill overlying existing or recompacted landfill soil cover material. Based on these 
observations, and assuming the proposed luminaire foundations conform to WSDOT standards for 
design, we recommend using an allowable lateral bearing stress of 1,500 psf for design of the 
proposed luminaire standard foundations. Using WSDOT Standard Plan J-28.30-03, we recommend 
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that a Type B foundation (8-foot long drilled shaft) be used. The WSDOT Standard foundation can be 
used on level ground and on slopes not exceeding 2H:1V.

Should the luminaries not meet WSDOT standards for design, a special foundation design will be 
required using the Broms Method as recommended in the 2015 WSDOT Geotechnical Design Manual
(WSDOT 2015a) and specified in the 2001 AASHTO Standard Specifications for Structural Support for 
Highway Signs, Luminaires, and Traffic Signals. An allowable lateral bearing stress of 1,500 psf should 
be used when applying the Broms method to foundation design for luminaries.

If the bottom of the luminaire foundations encounter landfill solid waste, the foundations should be 
constructed in accordance with Method 2 as shown on WSDOT Standard Plan J-28.30-03. 

Sport Field Lighting Foundations
The sports field light systems are expected to experience relatively high lateral loads requiring deep 
foundations possibly extending into the underlying landfill solid waste deposits, which exhibit very 
low lateral resistance. Due to these factors, a special foundation design will be required using the 
Broms Method as recommended in the 2015 WSDOT Geotechnical Design Manual and specified in the 
2001 AASHTO Standard Specifications for Structural Support for Highway Signs, Luminaires, and 
Traffic Signals. The sport field light standards are planned along the north and south side of Sport 
Field 1 and on the northwest and southeast sides of Sport Field 2. An allowable lateral bearing stress
as shown in the table below should be used when applying the Broms Method to foundation design 
for sport field lighting foundations. Elevations and thicknesses of the soil layers at the proposed field 
lighting locations are shown on Figure 6B.

Soil Type Allowable Lateral Bearing Stress, psf

New Structural Fill 2,500

Existing Landfill Cover Soil 1,500

Landfill Solid Waste 750

Glacial Till / Advance Outwash 3,000

Under no circumstances should the sports field light system foundation bottoms be founded in the 
landfill solid waste deposits underlying the site. We recommend that all sport field lighting 
foundations extend through the landfill deposits and into the underlying glacial till or advance 
outwash.

3.16 Retaining Walls
Preliminary plans provided by Walker Macy indicate that retaining walls are planned to consist of 
gabions or cast in place (CIP) concrete walls. Gabions and CIP walls are considered to be a feasible wall 
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type for both cut and fill retaining walls planned throughout the park, provided that sufficient space is 
available to accommodate temporary construction slopes. CIP walls are generally constructed with 
ready-mix concrete and steel reinforcement placed into removable forms erected on site. Gabions are 
typically made of stacked stone-filled welded wire baskets. Gabion walls are usually battered (angled 
back towards the slope), or stepped back with the slope, rather than stacked vertically. The combined 
weight of the gabions or CIP wall is utilized to resist the lateral earth pressure imposed by the 
retained soil.

Retaining Wall Subgrade Preparation

Based on the results of our explorations and the site topography, CIP concrete retaining walls will 
likely bear on new structural fill or existing landfill cover soil within the landfill area or loose to 
medium dense native soils outside the landfill area.

Upon reaching the foundation-bearing surface, the wall subgrade should be checked for the presence 
of loose to medium dense undocumented fill present over the glacial till. If loose fill or loose native 
deposits are encountered at the foundation-bearing level, we recommend that the loose soils be 
removed to a maximum depth of 24 inches from beneath the foundation-bearing surface and be 
scarified, moisture-conditioned to near optimum moisture, and recompacted in accordance with the 
recommendations in Sections 3.6. The width of the over-excavation should extend at least 2 ft 
horizontally beyond the outside edge of the facing units and the length of reinforcement. The 
excavated unsuitable soil should be replaced with Class B Gravel Backfill for Foundations in 
accordance with the requirements of Section 9-03.12(1)B of the 2016 WSDOT Standard Specifications.  

If the foundation-bearing soil is composed of new structural fill, medium dense to dense landfill soil 
cover material, or medium dense to dense native soils, the need for extensive over-excavation, 
moisture conditioning, and recompaction is not anticipated, although localized subgrade preparation 
activities may be needed.

All prepared foundation-bearing surfaces should be free of any loose soil and water. Prepared footing 
subgrades should be observed by a qualified geotechnical or civil engineer to check that suitable 
bearing soils are present.

Retaining Wall Embedment

The minimum embedment depth (distance from the ground surface at the face of the blocks to the 
top of the leveling pad shall be based on bearing resistance, settlement, and stability requirements.  
At a minimum, the embedment shall be the maximum of 2 ft or the value provided in the following 
table.
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Embedment Depth for CIP and Gabion Walls on Slopes

Slope in Front 
of Wall

Minimum Embedment 
Depth (ft)

Horizontal 2

4H:1V H/10

3H:1V H/10

2H:1V H/7

1½H:1V H/5

Lateral Earth Pressures

The CIP and gabions wall must be designed to resist active lateral earth pressures. The use of active 
lateral earth pressures assumes that sufficient deformation (0.1 to 0.2 percent of the wall height) of 
the soil behind the wall could occur to develop an active earth pressure. This lateral deformation is 
likely to be accompanied by some vertical settlement, which could be up to about 0.05 percent of the 
wall height.

We recommend that non-restrained (yielding) walls with level backfill under drained conditions be 
designed for an equivalent fluid density of 35 pcf for active soil conditions. Nonyielding (restrained at 
the top) walls with level backfill under drained conditions should be designed for an equivalent fluid 
density of 55 pcf for at-rest conditions. For undrained conditions, yielding walls with level backfill 
should be designed to resist an equivalent fluid density of 80 pcf. Nonyielding walls with level backfill 
under undrained conditions should be designed for an equivalent fluid density of 90 pcf. The 
equivalent fluid densities recommended for use under undrained conditions include hydrostatic 
pressure.

The above recommendations regarding active and at-rest earth pressures assume that the backfill 
placed against the below-grade walls will consist of properly compacted structural fill, and no adjacent 
surcharge loads due to traffic, staging areas, soil stockpiles, etc. If the subsurface walls will be 
subjected to the influence of surcharge loading within a horizontal distance equal to or less than the 
height of the walls, the walls should be designed for the additional horizontal pressure. For rigid walls, 
a uniformly distributed lateral pressure of 0.44 times the surcharge pressure should be included. For 
walls free to rotate during loading, a uniformly distributed lateral pressure of 0.28 times the surcharge 
pressure should be included. A minimum surcharge pressure of 250 psf should be assumed when 
estimating the additional load on retaining walls adjacent to parking areas, traveled paths for 
maintenance vehicles, and trafficked areas during construction.

Dynamic lateral earth pressures should be included in the design of below grade walls. A lateral 
pressure distribution of 8H (H is the vertical height of the wall in feet) should be added to the static 
lateral earth pressures for all non-restrained (yielding) walls with a level backslope. The recommended 
lateral earth pressure assumes that the wall will be free to rotate and translate during a strong motion 
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earthquake.  A lateral pressure distribution of 17H should be added to the static lateral earth 
pressures for all restrained (non-yielding) walls with a level backslope. The recommended lateral 
pressure assumes that the wall is restrained against rotation and translation during a strong motion 
earthquake.

Retaining Wall Allowable Bearing Capacity and Foundation Settlement

Continuous spread footings may be proportioned using an allowable bearing pressure (maximum 
bearing at the foundation level, which will not lead to a bearing capacity failure, global instability, or 
excessive settlement) of 1,500 psf, provided the following conditions are met:

Footings are constructed on new structural fill, medium dense to dense landfill soil cover, or 
medium dense to dense native soils

Depth of embedment is equal to at least 2 ft

Horizontal bench in front of the wall extends at least 4 ft from the toe of the wall.

Settlement of shallow foundations depends on the foundation size and bearing pressure, as well as 
the strength and compressibility characteristics of the underlying bearing soil. Assuming the 
foundation for structural earth walls is situated on undisturbed glacially consolidated soils or on a 
properly prepared subgrade located within existing landfill cover soil or fill, has an effective footing 
width of 5 ft or less, and has a bearing pressure of 1,500 psf or less, we estimate that the settlement 
of the retaining wall footings will be less than 1 inch provided the recommendations for the 
placement and compaction of structural fill and preloading are followed. Differential settlement 
between two points spaced 100 ft away along the length of the wall will be ½ inch or less. Distortion 
due to differential settlement along the length of the wall should be less than 1/300 (ft/ft). Most of 
the settlement will occur during construction. Post-construction settlements should be negligible.

Wall Backfill and Drainage Considerations

Free-draining sand and gravel material, meeting the requirements for Gravel Backfill for Geosynthetic 
Retaining Walls, in Section 9-03.14(4) of the 2016 WSDOT Standard Specifications, should be used as 
retaining wall backfill. Backfill should be compacted in accordance with Section 3.6. To avoid 
overstressing of the wall during placement and compaction, backfill placed within 3 ft of the wall face 
should be compacted to between 90 and 92 percent of the maximum dry density as determined by 
Section 2-03.3(14)D of the 2016 WSDOT Standard Specifications or by the ASTM D1557 test 
procedure.

Underdrain pipe for gravity walls should be 6-inch-diameter and conform to Section 9-05.2 of the 
2016 WSDOT Standard Specifications. The pipe should be placed with the perforations downward.  
The pipe should be placed in a minimum 12-inch-thick envelope of gravel meeting the requirements 
for Gravel Backfill for Drains in Section 9-03.12(4) of the 2016 WSDOT Standard Specifications. The 
drain gravel should completely surround the perforated drainpipe and be completely surrounded by a 
non-woven geotextile material with a minimum 12-inch overlap. The geotextile should meet the 
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requirements for Moderate Survivability in Table 1 and for Class B in Table 2 of Section 9-33 of the 
2016 WSDOT Standard Specifications. The top of the perforated pipe should be no higher than the top 
of the adjacent footing. The drain line should discharge into the storm drainage system, or an 
approved location.

To reduce the possibility of water ponding and infiltrating into the subsurface behind retaining walls, 
the adjacent ground surface behind the wall should be sloped to promote runoff away from the top of 
the wall. Alternatively, a line brow ditch could be constructed along the top of the wall to collect 
surface water runoff and route it to the storm drain system.

3.17 Pavement Design
The pavement section recommendations provided herein assume that the access roadways and 
parking lot subgrade will be prepared in accordance with the recommendations provided in Sections 
3.5 and 3.6 of this report. The pavement section recommendations are also based on assumed traffic 
loading for parking lots ranging from about 24 to 54 stalls, the results of our field explorations, and an 
assumed 20-year performance period. Design pavement sections were determined using the 1993 
American Association of State Highway and Transportation Officials (AASHTO) design method and 
procedures recommended in the WSDOT Pavement Policy dated June 2015.

Roadbed Soil Resilient Modulus
Based on the soils encountered in our borings, test pits, and hand auger explorations, subgrade soils 
will likely consist of silty sand with gravel comprising existing landfill soil cover materials or native 
advance outwash deposits. These soils correlate to “average” quality subgrade based on information 
obtained from the WSDOT Pavement Policy with an average resilient modulus of about 10,000 pounds 
per square inch (psi). A resilient modulus correlates to a CBR of about 11 using correlations by 
AASHTO (AASHTO 1993) and WSDOT (WSDOT 2015).

Traffic Loading Information
We anticipate that the drive and parking areas will consist primarily of light passenger cars and trucks 
making several passes throughout the day, seven days per week. Heavier maintenance vehicles, 
busses, and delivery trucks my occasionally pass over the paved areas depending on Park usage.  
Based on preliminary project drawings, we understand that the east parking area will have 54 stalls, 
the west parking area will have 43 stalls, and the northwest parking area will have 24 stalls.  

Pavement Sections
Utilizing WSDOT and AASHTO design methodology (AASHTO 1993) for low volume pavement design, 
the following pavement section recommendations were developed.

In parking areas expected to receive less than 1,000 vehicles per day (light duty), we recommend the 
following construction sequence and surfacing for the proposed parking lot.
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1. Grade the parking area to final subgrade, scarify the subgrade to a depth of 1 ft if cut into 
existing landfill soil cover, and compact the subgrade soil to at least 95 percent maximum 
dry density in accordance with Section 2-03.3(14)D of the 2016 WSDOT Standard 
Specifications

2. Place a minimum of 4 inches of CSBC and compact to at least 95 percent maximum dry 
density in accordance with Section 2-03.3(14)D of the 2016 WSDOT Standard Specifications

3. Place a minimum of 3 inches of hot mix asphalt (HMA) in one lift.  If a thicker HMA 
pavement is desired, the asphalt should be placed in multiple lifts not less than 1.5 inches 
in thickness and no thicker than 3 inches.

In parking areas expected to receive more than 1,000 vehicles per day and less than 5,000 vehicles per 
day (heavy duty) or fire/emergency vehicle access lanes and areas to receive bus or heavy truck 
traffic, we recommend the following construction sequence and surfacing for the proposed parking 
lot.

1. Grade the parking area to final subgrade, scarify the subgrade to a depth of 1 ft if cut into 
existing landfill soil cover, and compact the subgrade soil to at least 95 percent maximum 
dry density in accordance with Section 2-03.3(14)D of the 2016 WSDOT Standard 
Specifications

2. Place a minimum of 6 inches of CSBC and compact to at least 95 percent maximum dry 
density in accordance with Section 2-03.3(14)D of the 2016 WSDOT Standard Specifications

3. Place a minimum of 4 inches of hot mix asphalt (HMA) in two lifts.  The asphalt should be 
placed in multiple lifts not less than 1.5 inches in thickness and no thicker than 3 inches.

The HMA should consist of Class ½-inch PG 64-22 based on the WSDOT Pavement Policy, and meet the 
requirements in Section 5-04 of the 2016 WSDOT Standard Specifications. The CSBC should meet the 
gradation requirements in Section 9-03.9(3) of the 2016 WSDOT Standard Specifications. The CSBC 
should be placed and compacted in accordance with Section 4-04 of the 2016 WSDOT Standard 
Specifications. If used, the gravel base should meet the gradation requirements in Section 9-03.10 of 
the 2016 WSDOT Standard Specifications. The gravel base should be placed and compacted in 
accordance with Section 4-04.3 of the 2016 WSDOT Standard Specifications.

Pavement Subgrade Preparation
Prior to placement of the crushed surfacing base, the prepared subgrade for new surfacing or 
pavement sections should be compacted to at least 95 percent of its maximum dry density and proof-
rolled in the presence of a qualified geotechnical engineer to check for the presence of soft, loose, 
and/or disturbed areas. If any soft, loose, and/or disturbed areas are revealed during proof-rolling, 
these areas should be moisture conditioned and recompacted to the required density. Alternatively, 
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areas of soft, loose, and/or disturbed soil could be completely removed and replaced with Gravel 
Borrow meeting the requirements in Section 9-03.14(1) of the 2016 WSDOT Standard Specifications, 
and compacted to the required density. Crushed surfacing material should meet the requirements in 
Section 9-03.9(3) of the 2016 WSDOT Standard Specifications. Gravel base and crushed surfacing 
should be compacted in accordance with Section 4-04.3(5) of the 2016 WSDOT Standard 
Specifications. The maximum dry density and optimum moisture content may also be determined by 
the ASTM D 1557 test procedure (Modified Proctor). 

3.18 Infiltration 
Infiltration of stormwater will likely be feasible in portions of the site underlain by recessional 
outwash and possibly fill as these soils will provide more favorable infiltration characteristics. These 
areas are generally located on the northern area of the site. Areas underlain by glacial till and advance 
outwash deposits will likely not be favorable for infiltration of stormwater due to their relatively low 
infiltration characteristics. If the design team opts to include infiltration to manage stormwater, an 
additional boring will likely be required at the location of each infiltration facility to determine the 
depth to groundwater and impermeable surface (i.e. glacial till). Additionally, a pilot infiltration test 
(PIT) or single ring percolation test at the proposed bottom elevation of the infiltration facility will be 
required at each proposed infiltration facility to determine long term infiltration rates in accordance 
with the 2016 King County Surface Water Design Manual. 

3.19 Cover System 
The former Eastgate Landfill located below a portion of the proposed Park development will require a 
cover system which meets the requirements of the Ecology Minimum Functional Standards for Solid 
Waste Handling (MFS; Chapter 173-304 WAC). These regulations are the applicable or relevant and 
appropriate requirements (ARARs) for the site and contain typical closure requirements that are 
relevant based on the landfill closure dates and waste disposal history of the former Eastgate Landfill. 
The current refuse regulations, Criteria for Municipal Solid Waste Landfills (Chapter 173-351 WAC), 
are not applicable for the site because the current solid waste regulations are specifically applicable 
regulations for landfills that stopped accepting waste after October 9, 1991 (WAC 173-351-010[2][b]). 

Per WAC 173-304-460 (3)(e) closure requirements, the landfill cover system shall consist of: 

1. At least two feet of 1 x 10-6 cm/sec or lower permeability soil or equivalent shall be placed 
upon the final lifts. Artificial liners may replace soil covers provided that a minimum of fifty 
mils thickness is used; 

2. The grade of surface slopes shall not be less than two percent, nor the grade of side slopes 
more than 33 percent; and 

3. Final cover of at least 6 inches of topsoil be placed over the soil cover and seeded with grass, 
other shallow rooted vegetation or other native vegetation. 
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In addition to these MFS, the landfill cover system will be required to accommodate ballfields and 
buildings that are to be used by the general public. These end-use considerations will require 
additional design cover system elements to protect the public health and safety, including a landfill 
gas collection and control layer and a geogrid layer to help mitigate potential differential settlement. 
From the bottom up, the landfill cover system is therefore expected to consist of:   

 Cut or fill of the existing soil cover material to the desired subgrade elevation 

 Geogrid layer (embedded between subgrade and sand and gravel layer above) 

 Sand and gravel layer six-inch thick to anchor geogrid 

 Landfill gas collection and removal geocomposite layer (typically 200-mil thickness) 

 Geosynthetic clay liner (GCL) (typically 100 to 150 mil thickness) 

 Geomembrane liner (typically 40-mil thickness) 

 Drainage layer geocomposite (typically 200-mil thickness) 

 Minimum 2-foot thickness of landscape fill and/or synthetic ballfield surface layers. This depth 
of cover soil should be adequate to allow for evapotranspiration in natural landscape areas, 
thickness for synthetic ballfield layers and drainage pipes, and be thick enough to prevent 
penetration by incidental public activity or burrowing animals. 

Combined together, the geosynthetic (geogrid, geocomposites, GCL, and geomembrane) portions of 
the landfill cover systems will be less than 1 inch thick. The sand and gravel layer and landscaping 
layer, however, will comprise the majority of the minimum 2-1/2-foot thick landfill cover system on 
the prepared subgrade. The above landfill cover section should be considered for the schematic 
design considerations. Specific design of the landfill cover system will be provided in the EEDR. 
Detailed construction drawings and specifications will be prepared to outline how the landfill cover 
system will be constructed. General construction considerations are provided in this section.   

Per Section 3.9, the entire landfill footprint area will be preloaded/surcharges with soil to a design 
thickness in order to consolidate the underlying refuse. The settlement will be monitored until the 
settlement reaches 95 percent of primary settlement which is anticipated to require 9 to 20 months of 
loading. Once the majority of primary settlement is complete, the preload soil will be removed as 
necessary for site grading to the design subgrade of the final landfill cover system. The preload fill will 
need to be placed so that access will be allowed to the landfill gas system and monitoring wells, 
extending wells with risers, as necessary. 

The landfill cover system will then be constructed in layers under the direction and observations of a 
geotechnical construction quality assurance (CQA) firm working on behalf of the City in order to verify 
that the cover system layers are constructed and tested according to the construction drawings and 
specifications. Each layer should be approved before the layer above it is constructed.  
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REVIEW OF DOCUMENTS AND CONSTRUCTION OBSERVATIONS
Landau Associates recommends that a geotechnical engineer familiar with the project design review 
the earthwork portions of the design drawings and specifications. The purpose of the review is to 
verify that the recommendations presented in this report have been properly interpreted and 
implemented in the design and specifications.

We recommend that geotechnical and environmental construction observation, testing, and 
consultation services be provided during trench excavation, fill placement and compaction, 
subgrade preparation, and other geotechnical related activities. We also recommend that periodic 
field density testing be performed to verify that an appropriate degree of compaction is obtained. 
The purpose of these services would be to observe compliance with the design concepts, 
specifications, and recommendations of this report, and, in the event subsurface conditions differ 
from those anticipated before the start of construction, provide revised recommendations 
appropriate to the conditions revealed during construction. Landau Associates would be pleased to 
provide these services.
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USE OF THIS REPORT

This geotechnical engineering report has been prepared for the exclusive use of Walker Macy and the 
City of Bellevue for specific application to the proposed Bellevue Airfield Park development at the site 
of the former Eastgate Landfill in Bellevue, Washington. No other party is entitled to rely on the 
information included in this document without the express written consent of Landau Associates. 
Further, the reuse of information provided herein for extensions of the project or for any other 
project, without review and authorization by Landau Associates, shall be at the user’s sole risk. 
Landau Associates warrants that within the limitations of scope, schedule, and budget, our services 
have been provided in a manner consistent with that level of care and skill ordinarily exercised by 
members of the profession currently practicing in the same locality under similar conditions as this 
project. We make no other warranty, either express or implied.

CE/KWW/DAP/rgm
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Horizontal Scale in Feet: 1"=100�
Vertical Scale in Feet: 1"=100�

Geologic Cross Section D1

200

300

400

200

300

400

0�00 1�00 2�00 3�00 4�00 5�00 6�00 7�00 7�84

Horizontal Scale in Feet: 1"=100�
Vertical Scale in Feet: 1"=100�

Geologic Cross Section D2

200

300

400

200

300

400

0�00 1�00 2�00 3�00 4�00 5�00 6�00 7�00 7�84

E
dg

e 
of

 L
an

df
ill

E
dg

e 
of

 L
an

df
ill

E
dg

e 
of

 L
an

df
ill

E
dg

e 
of

 L
an

df
ill

D1 D1�

D2 D2�

Landfill Solid Waste

Landfill Cover Soil/Fill

Glacial Till/
Advanced Outwash

Legend

Bellevue Airfield Park
Bellevue, Washington Cross Sections

FigureLA
N

D
A

�
 A

S
S

O
C

IA
TE

S
, I

N
C

. |
 G

:\P
ro

je
ct

s\
15

48
\0

01
\0

10
\0

02
\G

eo
te

ch
 R

ep
or

t\F
06

-F
01

1 
Tr

an
se

ct
sP

ro
fil

es
.d

w
g 

(A
) "

Fi
gu

re
 6

C
" 5

/2
7/

20
16

Landfill Solid Waste
Landfill Cover Soil

Glacial Till/Advanced Outwash

Landfill Solid Waste

Landfill Cover Soil

Glacial Till/Advanced Outwash



Horizontal Scale in Feet: 1"=100�
Vertical Scale in Feet: 1"=100�

Geologic Cross Section D3

200

300

400

200

300

400

0�00 1�00 2�00 3�00 4�00 5�00 6�00 7�00 7�35

Horizontal Scale in Feet: 1"=100�
Vertical Scale in Feet: 1"=100�

Geologic Cross Section D4

200

300

400

200

300

400

0�00 1�00 2�00 3�00 4�00 5�00 6�00 7�00

E
dg

e 
of

 L
an

df
ill

E
dg

e 
of

 L
an

df
ill

E
dg

e 
of

 L
an

df
ill

E
dg

e 
of

 L
an

df
ill

D3 D3�

D4 D4�

Landfill Solid Waste

Landfill Cover Soil/Fill

Glacial Till/
Advanced Outwash

Legend

Bellevue Airfield Park
Bellevue, Washington Cross Sections

FigureLA
N

D
A

�
 A

S
S

O
C

IA
TE

S
, I

N
C

. |
 G

:\P
ro

je
ct

s\
15

48
\0

01
\0

10
\0

02
\G

eo
te

ch
 R

ep
or

t\F
06

-F
01

1 
Tr

an
se

ct
sP

ro
fil

es
.d

w
g 

(A
) "

Fi
gu

re
 6

D
" 5

/2
7/

20
16

Landfill Solid Waste

Landfill Cover Soil

Glacial Till/Advanced Outwash

Landfill Solid Waste

Landfill Cover Soil

Glacial Till/Advanced Outwash



Horizontal Scale in Feet: 1"=100�
Vertical Scale in Feet: 1"=100�

Geologic Cross Section D5

200

300

400

200

300

400

0�00 1�00 2�00 3�00 4�00 5�00 6�00 7�00 7�49

Horizontal Scale in Feet: 1"=100�
Vertical Scale in Feet: 1"=100�

Geologic Cross Section D6

200

300

400

200

300

400

0�00 1�00 2�00 3�00 4�00 5�00 6�00 7�00 8�00 8�80

E
dg

e 
of

 L
an

df
ill

E
dg

e 
of

 L
an

df
ill

E
dg

e 
of

 L
an

df
ill

E
dg

e 
of

 L
an

df
ill

D5 D5�

D6 D6�

Landfill Solid Waste

Landfill Cover Soil/Fill

Glacial Till/
Advanced Outwash

Legend

Bellevue Airfield Park
Bellevue, Washington Cross Sections

FigureLA
N

D
A

�
 A

S
S

O
C

IA
TE

S
, I

N
C

. |
 G

:\P
ro

je
ct

s\
15

48
\0

01
\0

10
\0

02
\G

eo
te

ch
 R

ep
or

t\F
06

-F
01

1 
Tr

an
se

ct
sP

ro
fil

es
.d

w
g 

(A
) "

Fi
gu

re
 6

E
" 5

/2
7/

20
16

Landfill Solid Waste

Landfill Cover Soil

Glacial Till/Advanced Outwash

Landfill Solid Waste

Landfill Cover Soil

Glacial Till/Advanced Outwash



Horizontal Scale in Feet: 1"=100�
Vertical Scale in Feet: 1"=100�

Geologic Cross Section D7

200

300

400

200

300

400

0�00 1�00 2�00 3�00 4�00 5�00 6�00 7�00 8�00 9�009�14

Horizontal Scale in Feet: 1"=100�
Vertical Scale in Feet: 1"=100�

Geologic Cross Section D8

200

300

400

200

300

400

0�00 1�00 2�00 3�00 4�00 5�00 6�00 7�00 8�008�31

E
dg

e 
of

 L
an

df
ill

E
dg

e 
of

 L
an

df
ill

E
dg

e 
of

 L
an

df
ill

E
dg

e 
of

 L
an

df
ill

D7 D7�

D8 D8�

Landfill Solid Waste

Landfill Cover Soil/Fill

Glacial Till/
Advanced Outwash

Legend

Bellevue Airfield Park
Bellevue, Washington Cross Sections

FigureLA
N

D
A

�
 A

S
S

O
C

IA
TE

S
, I

N
C

. |
 G

:\P
ro

je
ct

s\
15

48
\0

01
\0

10
\0

02
\G

eo
te

ch
 R

ep
or

t\F
06

-F
01

1 
Tr

an
se

ct
sP

ro
fil

es
.d

w
g 

(A
) "

Fi
gu

re
 6

F"
 5

/2
7/

20
16

Landfill Solid Waste

Landfill Cover Soil

Glacial Till/Advanced Outwash

Landfill Solid Waste
Landfill Cover Soil

Glacial Till/Advanced Outwash



 
 
 
 
 
 
 
 

APPENDIX A 

Boring Logs and Test Pit Photographs 
 
 





















































































 
 
 
 
 
 
 
 

 

Test Pit Photographs  
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Laboratory Test Results  
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APPENDIX B 
LABORATORY SOIL TESTING 

 

The laboratory testing program, which was performed in general accordance with the ASTM International 
(ASTM) standard test procedures described below, was limited to visual inspection to confirm our field 
soil descriptions and determination of the natural moisture content and grain size distribution of selected 
samples. The natural moisture contents of selected soil samples obtained from our exploratory borings 
were determined in general accordance with ASTM D 2216 test procedures. The results from the natural 
moisture content determinations are indicated adjacent to the corresponding samples on the summary 
logs presented in Appendix A. The grain size distributions of selected soil samples obtained from our 
exploratory borings and test pits were determined in general accordance with ASTM D 422 test 
procedures. The results are presented in the form of a grain size distribution curves on Figures B-1 through 
B-2.   







 
 
 
 
 
 
 
 

APPENDIX C 

Boring Logs by Others 
 
 
  















































































































































































































































































































 
 
 
 
 
 
 
 

APPENDIX D 

Report on the Geophysical Surveys at the Eastgate 
Landfill, Bellevue, Washington by Global Geophysics  

 
 
  



Global Geophysics 
P.O. Box 2229 

Redmond, WA  98073-2229 
Tel: 425-890-4321 
Fax: 360-805-0259

____________________________________________________________________________________________________

Global Geophysics 

March 1, 2016 Our Ref.:  105-0904.000 

Landau Associates, Inc. 
130 2nd Avenue S 
Edmonds, WA  98020 

Attention:  Mr. Kent Wiken 

RE: REPORT ON THE GEOPHYSICAL SURVEYS AT THE EASTGATE 
LANDFILL, BELLEVUE, WA 

Dear Mr. Wiken: 

Global Geophysics conducted electrical resistivity tomography (ERT), induced polarization 
tomography (IPT), EM61 and ground penetration radar (GPR) surveys across the Eastgate 
landfill in Bellevue, WA. The proposed objective of the geophysical investigation is to assist 
in delineating the vertical and lateral extents of the landfill materials. 

METHODOLOGY AND INSTRUMENTATION 

Electrical resistivity tomography and induced polarization tomography (IPT) were used for 
this study. The following paragraphs describe the methods and field procedures. 

Electrical Resistivity Tomography (ERT) 

The electrical resistivity tomography technique maps differences in the electrical properties 
of geologic materials.  These differences can result from variations in lithology, water 
content, and pore-water chemistry.  The method involves transmitting an electric current into 
the ground between two electrodes and measuring the voltage between two other electrodes.
The direct measurement is an apparent resistivity of the area beneath the electrodes that 
includes deeper layers as the electrode spacing is increased.  Recent advances in technology 
permit rapid collection of multiple soundings, using up to 56 electrodes for each spread.  The 
data are modeled to create a 2-D geo-electric cross-section that is useful for mapping both 
vertical and horizontal variations of the subsurface strata. 

The data were acquired with an AGI SuperSting R8 using up to 112 electrodes spaced at a 5-
7 feet interval.  Once the electrode array was installed in the ground, multiple soundings were 
automatically carried out by the control unit.  Downloading and routine modeling of the data 
was done on-site to provide preliminary analysis and QA/QC of the data. These results were 
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Landau Associates, Inc. -2- 105-0904.000 

Global Geophysics 

displayed on a color monitor as cross-section that highlight changes in resistivity with depths 
along the transects.

Induced Polarization Tomography (IPT) 

The IPI method studies the decaying potential difference as a function of time. In this method 
the geophysicist looks for portions of the earth where current flow is maintained for a short 
time after the applied current is terminated.  

When a metal electrode is immersed in a solution of ions of a certain concentration and 
valence, a potential difference is established between the metal and the solution sides of the 
interface. This difference in potential is an explicit function of the ion concentration, valence, 
etc. When an external voltage is applied across the interface, a current is caused to flow and 
the potential drop across the interface changes from its initial value. The change in interface 
voltage is called the "over voltage" or "polarization" potential of the electrode. Over voltages 
are due to an accumulation of ions on the electrolyte side of the interface. The time constant 
of buildup and decay is typically several tenths of a second. 

The IP data were collected at the same time as the resistivity data. 

Time Domain Electromagnetic (EM61) 

The time-domain electromagnetic system is capable of detecting buried metal objects. It 
transmits a pulsed electromagnetic field into the ground, which induces eddy currents in buried 
metallic objects. These eddy currents generate secondary electromagnetic fields that are 
detected by the system.  The time duration or decay rate, of the secondary EM field is related to 
the electrical conductivity characteristics of the buried object.  

A four-channel (gate) high sensitivity metal detector, Geonics EM61 Mk2, was used to 
collect the data along the traverses at a 20 ft interval. The low channel number (1) represents 
anomalies produced by shallow objects and the high channel number (4) represents 
anomalies produced by deeper objects.  The subsurface depth range is from approximately 1 
to 15 feet.  The data was stored digitally and downloaded after the survey for analysis and 
mapping 

Ground Penetrating Radar 

The GPR method uses electromagnetic pulses, emitted at regular intervals by an antenna to 
map subsurface features.  The electromagnetic pulses are reflected where changes in 
electrical properties of materials occur such as changes in lithology or where underground 
utilities are present. The reflected electromagnetic energy is received by an antenna, 
converted into an electrical signal, and recorded on the GPR unit.  The data is recorded and 
viewed in real time on a graphical display that depicts a continuous profile or cross-section 
image of the subsurface directly beneath the path of the antenna. 
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The depth of penetration of the GPR signal varies according to antenna frequency and the 
conductivity of the subsurface material.  The depth of subsurface penetration with GPR 
decreases with an increase in the frequency of the antenna and an increase in soil 
conductivity.  Low frequency antennas (50 to 500 MHz) provide the best compromise 
between obtaining good subsurface penetration and resolution. 

The data were collected along the same EM transects at a 20 foot interval using Geophysical 
Survey Systems, Inc. (GSSI) SIR 2000 GPR system with antennas having a center frequency 
of 80, 100 and 200 MHz. The data was digitally recorded for post processing.  

RESULTS 

The ERT and IPT data were collected along 11 transects. The locations of these lines are 
shown in Figure 1. The interpreted resistivity and IP profiles are shown in Figures 2-3. The 
borehole logs and test pit logs were used to calibrate the interpretation.

The landfill materials are inhomogeneous comparing to native soil. The interpreted bottom of 
the landfill material is based on the borehole logs and IP responses of the landfill materials.  

The bottom of the interpreted cover layer is represented by the dashed pink line. And 
the bottom of the interpreted landfill is presented by the dashed blue line. The 
thickness of this landfill varies between 0 and 60 ft.  
The zones with resistivity less than 28 ohm-m are interpreted as leachate saturated 
soil.
The EM61 data contour plan with interpreted boundary (in dashed res line) is 
presented in Figure 4. 
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LIMITATIONS OF THE GEOPHYSICAL METHOD

Global geophysics services are conducted in a manner consistent with the level of care and 
skill ordinarily exercised by other members of the geophysical community currently 
practicing under similar conditions subject to the time limits and financial and physical 
constraints applicable to the services. ERT, IPT, EM61 and GPR are remote sensing 
geophysical methods that may not detect all subsurface conditions due to the limitations of 
the methods and soil conditions. In general, the errors in the interpreted depths, dependent on 
the resolution of the technique, are estimated to be approximately ±10 % of the true depths. 

Sincerely,

Global Geophysics 

John Liu, Ph.D., R.G. 
Principal Geophysicist 
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Interpreted landfill lateral boundary


