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Costco Wholesale
999 Lake Drive
Issaquah, Washington 98027

Attn: Mr. Peter Kahn
P: (425) 313-6052
E: pkahn@costco.com

Re: Geotechnical Engineering Report
Costco Wholesale CW# 17-0230
20th Street SE and State Route 9
Lake Stevens, Washington
Terracon Project No. 81185028

Dear Mr. Kahn:

We have completed the Geotechnical Engineering services for the above referenced project. This
study was performed in general accordance with Terracon Proposal No. PT9185000 dated
February 7, 2018 and Contract Amendment No. 1 dated April 13, 2018. This report presents the
findings of the subsurface exploration program and provides geotechnical recommendations
concerning earthwork and the design and construction of retaining walls, pavements, foundations,
and floor slabs for the proposed project.

We appreciate the opportunity to be of service to you on this project. If you have any questions
concerning this report, or if we may be of further service, please contact us.

Sincerely,
Terracon Consultants, Inc.

Tori Hesedahl, P.E. James Schmidt, P.E., P.Eng., D.GE
Senior Staff Engineer Principal
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REPORT SUMMARY

Topic Overview Statement 1

Project
Description

165,266 square foot warehouse with integral loading dock
˂ Typical wall loading: 3 kips/foot (metal warehouses)
˂ Typical column loading: 150 kips (snow regions)
˂ Typical floor slab loading: 500 pounds per square foot (psf) (total), 350 psf

Fuel facility with prefabricated metal canopy
˂ Typical canopy loading: 50 kips

Up to about 30 feet of cut and 20 feet of fill to achieve final grade
Expected traffic for pavement areas:

˂ Standard Duty 6,600 automobiles per day, Traffic Index = 5.0
˂ Heavy Duty 30 trucks per day, Traffic Index = 7.0

Geotechnical
Characterization

˂ Peat encountered at 8 locations around the wetland areas in the southeast
quarter of the site to depths ranging from about 2 to 8 feet.

˂ Fat clay encountered below peat in two explorations near the southeast corner
of the site to a depth about 10 feet below ground surface (bgs).

˂ Groundwater encountered at most exploration locations at shallow depths –
believed to be localized zones of perched groundwater

Earthwork

˂ Remove soft and unsuitable soil, including peat and high plasticity clay.
˂ Onsite soil can be used for structural fill
˂ Onsite soil is moisture sensitive
˂ Winterize the building pad per 2016 Costco Wholesale Development

Requirements:
o Place 12-inch minimum thickness compacted soil cover blanket, or cut at

least 12-inches high
o Mixing of 3 to 5 percent portland cement into the upper 12 inches below

subgrade elevation to improve resistance to softening and lower
permeability of subgrade surface

Shallow
Foundations

Shallow foundations will be sufficient
˂ Detect and remove zones of soft and unsuitable soil as noted in Earthwork
˂ Allowable bearing capacity = 3,000 psf
˂ Minimum footing depth is 2 feet
˂ Expected settlements:  < 1 inch total, < ½ inch differential

Seismic
Considerations Site Class D

Below Grade
Structures

Underground storage tanks at the fuel facility should be anchored to resist buoyant
forces.

North Retaining
Wall

Cut wall with maximum exposed height of 20 feet may be constructed as a soil nail
or soldier pile wall
˂ Soil Nail

o Vertical Elements recommended for face stability
o 15-foot minimum nail length

˂ Soldier Pile
o Tiebacks recommended where wall is greater than about 12 feet in height

to keep pile sections smaller
o 15-foot minimum bonded zone length
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South Retaining
Walls

Assuming 12-foot maximum exposed wall height with subgrade prepared, and
retained fill placed as noted in Earthwork
Geogrid reinforced modular block (4,500 pound) wall
˂ 2-foot minimum embedment
˂ 8-foot or 0.7H minimum grid length, whichever is greater
˂ Backfill in reinforced zone: WSDOT SS2016 9-03.14(4) Gravel Borrow for

Structural Earth Wall

Pavements

With subgrade prepared as noted in Earthwork
Concrete:

˂ 7 inches portland cement concrete (PCC) over 6 inches crushed stone base
course (CSBC)

Asphalt:
˂ 4 inches asphaltic cement concrete (ACC) over 6 inches CSBC in Standard

Duty areas
5 inches ACC over 6 inches CSBC in Heavy Duty areas

Install radial finger drains at catch basins per CWDR Detail 16-16

Corrosivity Moderate sulfate concentration – Type II cement required
Moderate corrosion potential to uncoated metal pipes and structural elements

Light Pole
Foundations Allowable lateral bearing capacity of 200 psf per foot of embedment

General
Comments

This section contains important information about the limitations of this geotechnical
engineering report.

1. This summary is for convenience only. It should be used in conjunction with the entire report for design
purposes.
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INTRODUCTION

Geotechnical Engineering Report
Costco Wholesale CW# 17-0230
20th Street SE and State Route 9

Lake Stevens, Washington
Terracon Project No. 81185028

May 29, 2018

INTRODUCTION

This report presents the results of our subsurface exploration and geotechnical engineering
services performed for the proposed Costco Wholesale (Costco) warehouse to be located at 20th
Street SE and State Route 9 in Lake Stevens, Washington. The purpose of these services is to
provide information and geotechnical engineering recommendations relative to:

˂ Subsurface soil conditions ˂ Foundation design and construction
˂ Groundwater conditions ˂ Floor slab design and construction
˂ Site preparation and earthwork ˂ Seismic site classification per IBC
˂ Building pad winterization ˂ Lateral earth pressures
˂ Excavation considerations ˂ Pavement design and construction
˂ Soil corrosivity ˂ Light pole foundations
˂ Permanent fill retaining walls ˂ Permanent cut wall

This report was prepared following the 2016 version of the Costco Wholesale Development
Requirements (CWDR).

The geotechnical engineering scope of services for this project included the advancement of 65
test borings to depths ranging from approximately 10 to 75 feet and 30 test pit explorations to
depths ranging from approximately 6 to 13 ½ below existing site grades.

Maps showing the site and boring locations are shown in the Site Location and Exploration
Plan, respectively. The results of the laboratory testing performed on soil samples obtained from
the site during the field exploration are included on the boring logs and as separate graphs in the
Exploration Results section of this report.

PROJECT DESCRIPTION

Our initial understanding of the project was provided in our proposal and was discussed in the
project planning stage. A period of collaboration has transpired since the project was initiated,
and our final understanding of the project conditions is as follows:
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Item Description

Information Provided

˂ Preliminary Site Plan D11-01 dated April 10, 2018 provided by MG2

˂ Preliminary Grading Plan MA14-CS-SP13940-02 provided by DOWL
on March 20, 2018.

Project Description

The presently undeveloped site will be developed for commercial use. Most
of the site will be developed into a new Costco warehouse, fuel facility, and
parking and drive areas. Portions of the north side of the site will be
reserved for possible future expansion of the Costco warehouse parking
lot. Other portions at the northeast corner and south sides of the site will
remain undeveloped.

Proposed Structures

˂ 165,266-square-foot Costco warehouse with an integral receiving
dock.

˂ A fuel facility is planned in the northeast portion of the site.

˂ Paved parking/landscaping areas are planned on much of the site
north and east of the proposed warehouse.

˂ Stormwater facilities to be provided by others.

Building Construction

We understand the warehouse will be a single-story, steel-framed and
metal panel sided structure approximately 30 feet tall with a concrete
slab-on-grade floor system.

We anticipate the fuel facility will be covered with a pre-manufactured
metal canopy.

Finished Floor Elevation 319 feet, as provided by DOWL on the above referenced Preliminary
Grading Plan

Maximum Loads

˂ Typical wall loading: 3 kips/foot (metal warehouses)
˂ Typical column loading: 150 kips (snow regions)
˂ Typical canopy loading: 50 kips
˂ Typical floor slab loading: 500 lbs/sq. foot (total), 350 lbs/sq. foot

(live)

Grading/Slopes

Cut of up to approximately 30 feet in height is anticipated in the northeast
corner of the site, with up to approximately 25 feet of fill in the southwest
corner of the site. Permanent slopes should be no steeper than 3H:1V
(horizontal:vertical)

Below Grade Structures
Fuel facility will contain three 30,000-gallon underground gasoline storage
tanks, one 20,000-gallon underground diesel storage tank, one 1,500- to
3,500-gallon underground fuel additive tank.

Free-Standing Retaining
Walls

˂ North Retaining Wall

o Maximum height approximately 20 feet.

o Cut Wall

˂ South Retaining Wall

o Maximum height approximately 12 feet.

o Fill Wall

Pavements
Standard Duty 6,600 automobiles per day, Traffic Index = 5.0
Heavy Duty 30 trucks per day, Traffic Index = 7.0
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Item Description

Estimated Start of
Construction Mass grading Summer 2018, Construction Spring 2019

SITE CONDITIONS

The following description of site conditions is derived from our site visit in association with the
field exploration and our review of publicly available geologic and topographic maps.

Item Description

Parcel Information

The project is located at the southwest corner of the intersection of 20th
Street SE and State Route 9 in Lake Stevens, Washington.

18.45 acres (Based on MG2 Plan DD11-01 dated April 10, 2018)

Latitude 47.9753 Longitude -122.1082 (See Exhibit D)

Existing
Improvements

Two single family residences near the southeast corner of the site, at the
intersection of State Route 9 and Lake Stevens Road.

Current Ground
Cover

Mature forest with large deciduous and conifer trees and dense underbrush.

Existing Topography

The site generally slopes down from about Elevation 350 near the northeast
corner down to about Elevation 290 at the southwest corner. Local high and
low points are scattered across the site. Slope varies across the site from
relatively level to as steep as approximately 2.5H:1V (horizontal to vertical)
based on the contours shown in the preliminary grading plan by DOWL.
Information provided by the City of Lake Stevens show there are closed
depressions within the site that form wetlands. Standing water was observed
in these areas during our exploration program. A formal wetlands survey has
been performed by others.

Geology

The geologic map (Minard 1985) indicates subsurface conditions consist of
glacial till soil across most of the site, with a band of recessional outwash
across the northwest corner. Minard, James P., 1985, Geologic map of the
Snohomish quadrangle, Snohomish County, Washington: U.S. Geological
Survey Miscellaneous Field Studies Map MF-1745, 1 sheet, scale 1:24,000.

GEOTECHNICAL CHARACTERIZATION

Subsurface Profile

We have developed a general characterization of the subsurface soil and groundwater conditions
based upon our review of the data and our understanding of the geologic setting and planned
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construction. The following table provides our geotechnical characterization of the upland areas
of the site.

The City of Lake Stevens made available to Terracon the preliminary geotechnical report
prepared by HWA GeoSciences (HWA) titled 24th Street SE Extension dated January 15, 2016.
Terracon reviewed this report and has incorporated information from the test pit logs into our
geotechnical characterization. The HWA report is attached to this report.

Stratum
Approximate Depth to

Bottom of Stratum (feet
bgs1)

Material Description Consistency/Density

Surface 0 to 2.8
Topsoil: brown, silty sand with
gravel, with significant organic

matter
N/A

1 5 to 10
Red brown sand with variable silt,
with gravel, cobbles, and boulders

Loose to Medium
Dense

2

Undetermined: Borings
terminated within this

stratum at the planned depth
of approximately 10 to 75

feet

Gray sand, with varying fines
content, with gravel, cobbles, and

boulders
Dense to Very Dense

1. Below existing ground surface

Peat was encountered at several locations in and around wetland areas near the southeastern
corner of the site. Locations and depths of peat are summarized in the table below.

Boring/Test Pit Number Approximate Depth of Peat (feet bgs)

SW-10 2.7

SW-12 3

SW-13 2.7

SW-14 2.6

TP-281 >6

SP-29 8

HWA-TP-8 4.5

HWA-TP-11 2

1. Test pit TP-6 was terminated in peat after unearthing a clay drain tile.
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Fat clay was encountered below the peat in boring SW-12 to a depth of 10.7 feet bgs, and to a
depth of 6 feet bgs in TP-30.

The geotechnical characterization forms the basis of our geotechnical calculations and evaluation
of site preparation, foundation options and pavement options. As noted in General Comments,
the characterization is based upon widely spaced exploration points across the site, and variations
are likely.

Conditions encountered at each boring location are indicated on the individual boring logs shown
in the Exploration Results section and are attached to this report. Stratification boundaries on
the boring logs represent the approximate location of changes in native soil types; in situ, the
transition between materials may be gradual.

Groundwater Conditions

The boreholes and test pits were observed while drilling and after completion for the presence and
level of groundwater. In addition, delayed water levels were also obtained in some borings. A
standpipe piezometer was installed in boring F-4. The water levels observed in the boreholes and
test pits can be found on the boring logs in Exploration Results, and are summarized below.

Groundwater depths in the table below correspond to a range in groundwater level elevations of
approximately 278 feet to 347 feet across the site. Surface water and shallow groundwater were
observed at a typical elevation of approximately 297 to 300 feet near the southeast corner of the site
at the time of our explorations. Test pit logs prepared by HWA Geosciences and completed in
October of 2015 indicate that ground and surface water levels were substantially lower at the
southeast corner of the site at that time. Groundwater elevations across the northern side of the site
typically ranged from approximately 320 to 325 feet.

Groundwater was not observed in the remaining borings or test pits while drilling, or for the short
duration prior to backfilling the borings. However, this does not necessarily mean the borings
terminated above groundwater, or the water levels summarized above are stable groundwater levels.
Due to the low permeability of the soil encountered in the borings, a relatively long period may be
necessary for a groundwater level to develop and stabilize in a borehole. Long term observations in
piezometers or observation wells sealed from the influence of surface water are often required to
define groundwater levels in materials of this type.

Terracon recorded water levels in the piezometer in boring F-4 with a data logging pressure
transducer from February 23 to May 15, 2018. The data logger was removed for reading from March
27 to April 4, 2018. Groundwater elevation ranged from approximately 321 to 325 feet over this
period.
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Groundwater level fluctuations occur due to seasonal variations in the amount of rainfall, runoff
and other factors not evident at the time the borings were performed. Therefore, groundwater
levels during construction or at other times in the life of the structure may be higher or lower than
the levels indicated on the boring logs. The possibility of groundwater level fluctuations should be
considered when developing the design and construction plans for the project.
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Boring/Test Pit Number

Approximate Depth to /
Elevation of Groundwater

while Drilling (feet) 1

Approximate Depth to
Groundwater after Drilling

(feet) 1

B-1 4.5 / 293.5
17.6 / 280.4 At completion of

drilling

B-2 10 / 293

B-3 7.5 / 297.5
13.2 / 291.8 At completion of

drilling

B-4 15 / 299

B-5 5 / 308

B-6 7 / 305

B-7 10 / 298

B-8 2.5 / 307.5

B-9 2.5 / 305.5

B-10 4.5 / 311.5
29.6 / 286.4 At completion of

drilling

B-11 8.2 / 301.8
26 / 284 At completion of

drilling

B-12 7.6 / 299.4
21.3 / 285.7 At completion of

drilling

B-13 7.5 / 299.5

B-14 12 / 302
29.9 / 284.1 At completion of

drilling

B-15 10 / 301

B-16 2.5 / 290.5

B-17 11 / 292

B-18 6.4 / 297.6
14.6 / 289.4 At completion of

drilling

B-19 5 / 296

B-21 8.5 / 295.5
17.1 / 286.9 At completion of

drilling

B-22 0 / 297

F-1 26.2 / 316.8
27.1 / 315.9 At completion of

drilling

F-2 37.3 / 307.7

F-3 31.9 / 309.1

F-4 30 / 308
22 / 316 After installation of

well
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P-1
10 / 315

P-3 10.2 / 304.8
18.4 / 296.6 At completion of

drilling

P-4 10.2 / 316.8
28.4 / 298.6 At completion of

drilling

P-5 8 / 314
28.8 / 293.2 At completion of

drilling

P-6 3 / 308
8.4 / 302.6 Groundwater

Observed

P-7 8 / 291 3.1 / 295.9 After 24 hours

P-8 9.8 / 293.2

P-9 10.8 / 305.2 18.3 / 297.7 After 24 hours

P-10 20 / 307
17 / 310 At completion of

drilling

P-11 10 / 316

P-12 32.6 / 305.4
36 / 302 At completion of

drilling

P-13 25 / 324
19 / 330 At start of drilling on

2/23/18

P-14 2.5 / 301.5

P-15 6 / 303

EP-1 15.5 / 312.5
19.7 / 308.3 At completion of

drilling

EP-2 19.1 / 311.9
29 / 302 At completion of

drilling

EP-3 7 / 324
19.7 / 311.3 At completion of

drilling

EP-4 25 / 325 32.8 / 317.2 While drilling

EP-5 47 / 304

EP-6 14.8 / 337.2

NW-1 10 / 316

NW-2 7.5 / 319.5

NW-3 7.5 / 323.5

NW-4 7.5 / 326.5

SW-1 10 / 286

SW-2 15 / 278

SW-3 5 / 287
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SW-4 6 / 285

SW-6 7.5 / 293.5

SW-7 9 / 292

SW-8 5 / 293

SW-9 7.5 / 294.5

SW-10 1 / 299

SW-11 5 / 299

SW-13 1 / 301

SW-14 15 / 295

TP-1 6 / 314 8.5 / 311.5

TP-2 2 / 303 3 / 302 After digging

TP-4 2 / 309 9 / 302 After digging

TP-5 2 / 299 10.6 / 290.4 After digging

TP-6 3 / 297 6 / 294

TP-7 7.5 / 338.5

TP-8 7 / 306

TP-9 2.5 / 306.5 8.5 / 300.5 After digging

TP-10 4 / 325 7.5 / 321.5

TP-11 1 / 347

TP-12 3.5 / 307.5

TP-13 2.5 / 301.5

TP-14 3.5 / 294.5

TP-15 3.5 / 322.5

TP-16 8 / 322

TP-17 7 / 326

TP-18 3 / 296

TP-19 1.5 / 293.5

TP-20 2 / 291

TP-21 2 / 288

TP-22 2 / 288

TP-24 3 / 297

TP-25 2 / 298

TP-26 1 / 295

TP-27 3 / 297

TP-28 0.5 / 298.5

TP-29 3 / 297
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TP-30 1.5 / 300.5 6 / 296
1. Depth below existing ground surface (bgs)
2. Red text indicates groundwater encountered was above planned finish grade at that location.

EARTHWORK

Earthwork will include clearing and grubbing, and mass grading of the site. Intensive grading is
planned for the site. We understand that the site is to be a balanced cut and fill. Cut of up to
approximately 30 feet is anticipated on the north side of the site with up to 26 feet of fill over the
southern half of the site.

Peat and soft organic soil will be encountered in wetland areas along the south side of the site
will require complete removal.

The following sections provide recommendations for use in the preparation of specifications for
the work. Recommendations include critical quality criteria as necessary to render the site in the
state considered in our geotechnical engineering evaluation for foundations, floor slabs, and
pavements.

Site Preparation

Prior to placing fill, existing vegetation and root mat should be removed. Complete stripping of the
topsoil should be performed in the proposed warehouse and parking/driveway areas, and in areas
that will support structural fill.  The range of topsoil depth measured at our explorations was 0.2
to 2.8 feet. Areas of deeper excavation are anticipated to remove the root balls of trees and
shrubs.

Soft and unsuitable soil, including peat and fat clay were observed in explorations by Terracon
and HWA in and around wetland areas near the southeast corner of the site. Soft and unsuitable
soil should be removed from areas that will support structural fill. The range of peat depth shown
on the borings and test pit logs is 2 to 8 feet bgs. Fat clay was encountered to a depth of 6 feet
and 10.7 feet bgs in test pit TP-7 and boring SW-12, respectively.

We understand mass grading will likely take place during the 2018 dry season, and that construction
will likely start the following year’s (2019) dry season.  With overwintering, rainfall and surface water
may be expected to saturate some areas. Heavy traffic from concrete trucks and other delivery
vehicles in periods of wet weather tend to disturb the subgrade. Thus, the flatwork and pavement
subgrades, initially prepared early in the project, should be carefully evaluated as the time for
pavement and flatwork construction approaches.
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We recommend the moisture content and density of the top 12 inches of the subgrade be evaluated
following overwintering. Areas not in compliance with the required ranges of moisture or density
should be moisture conditioned and re-compacted. Excessively wet or dry material should either
be removed and replaced or modified by stabilizing with portland cement. Chemical modification
should be performed by a pre-qualified contractor having experience with successfully stabilizing
subgrades in the project area on similar sized projects with similar soil conditions. Attention should
be paid to high traffic areas that were rutted and disturbed earlier and to areas where backfilled
trenches are located.

Fill Material Types

Fill required to achieve design grade should be classified as structural fill and general fill.
Structural fill is material used below, or within 10 feet of structures, pavements or constructed
slopes. General fill is material used to achieve grade outside of these areas. Earthen materials
used for structural and general fill should meet the following material property requirements:

Soil Type 1 Weather Conditions
for Placement

Acceptable Location for Placement

WSDOT SS2016 9-03.14(3)

Common Borrow 2,3 Dry

Beneath and adjacent to pavements, floor slabs, and
foundations. Utility trench backfill under pavements.
General fill.

On-Site Soil 2,3,4 Dry

WSDOT SS2016 9-03.14(1)

Gravel Borrow 5 Wet or Dry

WSDOT SS2016 9-03.14(4)
Gravel Borrow for Structural

Earth Wall 5
Wet or Dry In the reinforced zone of geogrid reinforced walls.

1. Structural and general fill should consist of approved materials free of organic matter and debris. Frozen material
should not be used, and fill should not be placed on a frozen subgrade. A sample of each material type should be
submitted to the Geotechnical Engineer for evaluation prior to use on this site. Referenced specifications come from
the Washington State Department of Transportation (WSDOT) Standard Specifications for Road, Bridge, and
Municipal Construction 2016 (SS2016). Peat and fat clay are not suitable for use as structural backfill.

2. Fines content makes this material moisture sensitive and therefore unsuitable for use during periods of wet
weather. Granular material with less than 5 percent fines per Section 4.2.8 Wet Weather Earthwork should be used
during periods of wet weather.

3. Maximum particle size should be limited to 6-inches.

4. In-situ moisture content should be compared to moisture-density (modified Proctor) curves to determine compatibility
of onsite soil at the time of construction.

5. Fines content should be limited to no more than 5 percent during periods of wet weather per Section 4.2.8 Wet
Weather Earthwork.

DRAFT



Geotechnical Engineering Report
Costco Wholesale CW# 17-0230 ƴ Lake Stevens, Washington
May 29, 2018 ƴ Terracon Project No. 81185028

Responsive ƴ Resourceful ƴ Reliable 12

Fill Compaction Requirements

Structural and general fill should meet the following compaction requirements.

Item Minimum Compaction
Requirements1,2

Moisture Content
Range1

Minimum
Compaction

Testing
Frequency per

Lift

Under Buildings
and Structures 95 percent -2% to +2% of

optimum
1 per 10,000
Square Feet

Beneath
Pavements and
Walkways

95 percent -2% to +2% of
optimum

1 per 15,000
Square Feet

Behind Retaining
Walls (within 5
feet)

92 percent -2% to +2% of
optimum

1 per 15,000
Square Feet

Utility trench
backfill 95 -2% to +2% of

optimum
1 per 150 Linear
Feet

Lawns or
Unimproved areas 90 -2% to +2% of

optimum
1 per 20,000
Square Feet

2. Maximum density and optimum water content as determined by the modified Proctor test (ASTM D 1557).
3. If the granular material is a coarse sand or gravel, or of a uniform size, or has a low fines content,

compaction comparison to relative density may be more appropriate. In this case, granular materials should
be compacted to at least 70% relative density (ASTM D 4253 and D 4254).

Structural fill materials should be placed in horizontal, loose lifts not exceeding 12 inches in
thickness and should be thoroughly compacted. Where light compaction equipment is used, as is
customary within utility trenches and behind retaining walls, the lift thickness should be reduced
to 4 to 6 inches to achieve the desired degree of compaction. Soil removed which will be used as
structural fill should be protected from rain to aid in preventing an increase in moisture content.

When placing fill in areas of the site where existing slopes are steeper than 5H:1V the area should
be benched to reduce the potential for slippage between existing slopes and fills. Benches should
be wide enough to accommodate compaction and earth moving equipment and to allow
placement of horizontal lifts of fill.

Utility Trench Backfill

Utility trench backfill should meet the material and compaction requirements recommended in the
Fill Material Types and Fill Compaction Requirements sections of this report.
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Grading and Drainage

All grades must provide effective drainage away from the warehouse during and after construction
and should be maintained throughout the life of the structure. Water retained next to the
warehouse can result in soil movements greater than those discussed in this report. Greater
movements can result in unacceptable differential floor slab and/or foundation movements,
cracked slabs and walls, and roof leaks. The roof should have gutters/drains with downspouts
that discharge onto splash blocks at a distance of at least 10 feet from the warehouse.

Exposed ground should be sloped and maintained at a minimum 5 percent away from the
warehouse for at least 10 feet beyond the perimeter of the warehouse. Locally, flatter grades may
be necessary to transition ADA access requirements for flatwork. After warehouse construction
and landscaping, final grades should be verified to document effective drainage has been
achieved. Grades around the structure should also be periodically inspected and adjusted as
necessary as part of the structure’s maintenance program. Where paving or flatwork abuts the
structure a maintenance program should be established to effectively seal and maintain joints and
prevent surface water infiltration.

Slopes

Typical slope configurations in unreinforced compacted fill and cuts are generally flatter than
3H:1V in the area of the subject site. If steeper slopes are required for site development, stability
analyses should be completed to design the final grading plan. At your request, site specific slope
stability analysis could be performed based on the final site grading plans. The face of all fill slopes
should be compacted to the minimum specification for fill embankments. Alternately, fill slopes
can be overbuilt and trimmed to compacted material.

Wet Weather Earthwork

The near-surface soil has appreciable fines content (silt and clay-sized soil finer than the standard
U.S. No. 200 mesh Sieve) based on our visual observations and laboratory testing. As such, this
soil is considered to be highly moisture sensitive.

The suitability of soil used for structural fill or utility trench backfill depends primarily on their grain-
size distribution and moisture content when they are placed. As the fines content increases, soil
becomes more sensitive to small changes in moisture content. Soil containing more than about
5 percent fines (by weight) cannot be consistently compacted to a firm, unyielding condition when
the moisture content is more than about 2 percentage points above or below optimum. Optimum
moisture content is the moisture content at which the maximum dry density for the material is
achieved in the laboratory following ASTM procedures.
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If inclement weather or in situ soil moisture content prevents the use of on-site material as
structural fill, we recommend the use of import granular fill containing less than 5 percent by
weight passing the U.S. No. 200 sieve, based on the fraction passing the U.S. No. 4 sieve.

To maintain moisture content, we recommend that all stockpiled soil for use as compacted fill be
protected with polyethylene sheeting anchored to withstand local wind conditions.

Earthwork Construction Considerations

Earthwork is anticipated to be accomplished with conventional construction equipment.
Excavators may be required when excavating the dense native soil in the north portion of the site.
Upon completion of filling and grading, care should be taken to maintain the subgrade water
content prior to construction of floor slabs and pavements. Construction traffic over the completed
subgrades should be avoided. The site should also be graded to prevent ponding of surface water
on the prepared subgrades or in excavations. Water collecting over, or adjacent to, construction
areas should be removed. If the subgrade freezes, desiccates, saturates, or is disturbed, the
affected material should be removed, or the materials should be scarified, moisture conditioned,
and recompacted, prior to floor slab or pavement construction.

Groundwater was encountered within the open boreholes and test pits at higher elevation than
finish grades at several locations in the northeast quarter of the site. Specific locations and
depths/elevations are listed in the groundwater readings table in the Geotechnical
Characterization section. Our opinion is that these observations represent localized perched
water conditions that tend to develop during extended periods of wet weather as water infiltrating
the surface soils becomes trapped above less permeable material. We expect that positively
grading excavations to direct flow to sumps that are continuously pumped should be adequate to
remove groundwater inflow if encountered. Ultimately, the choice of any necessary dewatering
methods is the Contractor’s.

Specific recommendations for the underground storage tanks (USTs) are in the Below Grade
Structures Section.

The groundwater table could affect over-excavation efforts, especially for over-excavation and
replacement of lower strength soils at the southeast corner of the site. A temporary dewatering
system consisting of sumps with pumps could be necessary to achieve the recommended depth of
over-excavation.

As a minimum, excavations should be performed in accordance with OSHA 29 CFR, Part 1926,
Subpart P, “Excavations” and its appendices, and in accordance with any applicable local, and/or
state regulations.

DRAFT



Geotechnical Engineering Report
Costco Wholesale CW# 17-0230 ƴ Lake Stevens, Washington
May 29, 2018 ƴ Terracon Project No. 81185028

Responsive ƴ Resourceful ƴ Reliable 15

Construction site safety is the sole responsibility of the contractor who controls the means,
methods, and sequencing of construction operations. Under no circumstances shall the
information provided herein be interpreted to mean Terracon is assuming responsibility for
construction site safety, or the contractor's activities; such responsibility shall neither be implied
nor inferred.

Building Pad Winterization

Section 03-E of the CWDR gives requirements for winterizing the building pad. The building pad
should be considered to be the ground and underlying soil upon which the Costco facility will be
built. Winterization effort is to protect the pad from the effects of winter weather and construction
traffic during wet weather. The CWDR requires that the entire pad area be covered with 2, 6-inch
thick (compacted thickness) lifts of low permeability (greater than 25 percent passing the No. 200
sieve) fill compacted to at least 90 percent of the modified Proctor maximum dry density.  The fat
clay encountered in the south portion of the site may be used for this cover.  It is unknown if there
is sufficient fat clay for this purpose.

The borings indicate glacially consolidated silty sand soil across much of the cut (north) portion
of the site. Where dense to very dense glacially consolidated silty sand soil is encountered near
subgrade elevation, consideration should be given to cutting the pad at least 1 foot higher than
subgrade elevation in lieu of placing a cover blanket as required by the CWDR. Our opinion is
that this will protect the subgrade at least as well as the required cover blanket while reducing
earthwork effort.

To further protect fill subgrade, the upper 12 inches below subgrade elevation may be treated by
mixing in portland cement prior to placing the cover blanket. Typical ratios for cement treatment
range between 3 and 5 percent by weight. Chemical modification should be performed by a pre-
qualified contractor having experience with successfully stabilizing subgrades in the project area
on similar sized projects with similar soil conditions.

The cover blanket shall be sloped to prevent water from ponding on the surface and to convey
runoff off the sides of the pad. In no case, shall the cover be less than 12 inches thick.

Construction Observation and Testing

Earthwork efforts should be monitored under the direction of the Geotechnical Engineer.
Monitoring should include documentation of adequate removal of vegetation and top soil, proof-
rolling and mitigation of areas delineated by the proof-roll to require mitigation.

In areas of foundation excavations, the bearing subgrade should be evaluated under the direction
of the Geotechnical Engineer. If unanticipated conditions are encountered, the Geotechnical
Engineer should prescribe mitigation options.
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Prior to paving or flatwork construction activities, the subgrade should be proof-rolled with an
adequately loaded vehicle such as a fully loaded tandem axle dump truck. The proof-rolling should
be performed under the observation of the Geotechnical Engineer. Areas excessively deflecting
under the proof-roll should be delineated and subsequently addressed by the Geotechnical
Engineer. Such areas should either be removed or modified by stabilizing with portland cement.
Chemical modification should be performed by a pre-qualified contractor having experience with
successfully stabilizing subgrades in the project area on similar sized projects with similar soil
conditions. Excessively wet or dry material should either be removed or moisture conditioned and
recompacted.

If a significant precipitation event occurs after the evaluation or if the surface becomes disturbed,
the subgrade should be reviewed by qualified personnel immediately prior to paving or placing
concrete for footings and flatwork. The subgrade should be in its finished form at the time of the
final review.

In addition to the documentation of the essential parameters necessary for construction, the
continuation of the Geotechnical Engineer into the construction phase of the project provides the
continuity to maintain the Geotechnical Engineer’s evaluation of subsurface conditions, including
assessing variations and associated design changes.

SHALLOW FOUNDATIONS

If the site has been prepared in accordance with the requirements noted in Earthwork, the
following design parameters are applicable for shallow foundations.

Design Parameters – Compressive Loads

Item Description
Maximum Net Allowable Bearing

Capacity 1, 2 3,000 psf

Required Bearing Stratum 3 Dense glacially consolidate soil or structural fill

Minimum Foundation Dimensions
Columns: 30 inches

Continuous: 18 inches

Ultimate Passive Resistance 4

(equivalent fluid pressures)
400 pounds per cubic foot (pcf)

Ultimate Coefficient of Sliding Friction 5 0.45

Minimum Embedment below

Finished Grade 6 24 inches
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Item Description

Estimated Total Settlement from

Structural Loads 2 Less than about 1 inch

Estimated Differential Settlement 2 Less than L/500 along walls.
Less than ½ inch over 50 feet between interior columns.

1. The maximum net allowable bearing capacity is the capacity in excess of the minimum surrounding
overburden pressure at the footing base elevation. An appropriate factor of safety has been applied. This
bearing pressure can be increased by 1/3 for transient loads unless those loads have been factored to
account for transient conditions. Values assume that exterior grades are no steeper than 20% within 10
feet of structure.

2. Values provided are for maximum loads noted in Project Description.
3. Unsuitable or soft soils should be over-excavated and replaced per the recommendations presented in the

Earthwork.
4. Use of passive earth pressures require the sides of the excavation for the spread footing foundation to be

nearly vertical and the concrete placed neat against these vertical faces or that the footing forms be
removed and compacted structural fill be placed against the vertical footing face.

5. Can be used to compute sliding resistance where foundations are placed on suitable soil/materials. Should
be neglected for foundations subject to net uplift conditions.

6. Embedment necessary to minimize the effects of frost and/or seasonal water content variations. For sloping
ground, maintain depth below the lowest adjacent exterior grade within 5 horizontal feet of the structure.

Design Parameters - Uplift Loads

Uplift resistance of shallow foundations should be based on the weight of the foundation concrete
and the soil overlying the plan area of the foundation. We recommend a soil unit weight of 110
pcf for uplift calculations.

Foundation Construction Considerations

As noted in Earthwork, footing excavations should be evaluated by the Geotechnical Engineer
immediately after excavation. The base of all foundation excavations should be free of water and
loose soil, prior to placing rebar and concrete. Rebar and concrete should be placed soon after
excavating to reduce bearing soil disturbance. Care should be taken to prevent wetting or drying
of the bearing materials during construction. Excessively wet or dry material or any
loose/disturbed material in the bottom of the footing excavations should be
removed/reconditioned before foundation concrete is placed.

If unsuitable bearing soil is encountered at the base of the planned footing excavation, the
excavation should be extended deeper to suitable soils, and the footings could bear directly on
this soil at the lower level or on lean concrete backfill placed in the excavations. This is illustrated
on the sketch below.
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Over-excavation for structural fill placement below footings should be conducted as shown below.
The over-excavation should be backfilled up to the footing base elevation, with structural fill
placed, as recommended in the Earthwork section.

SEISMIC CONSIDERATIONS

The seismic design requirements for buildings and other structures are based on Seismic Design
Category. Site Classification is required to determine the Seismic Design Category for a structure.
The Site Classification is based on the upper 100 feet of the site profile defined by a weighted
average value of either shear wave velocity, standard penetration resistance, or undrained shear
strength in accordance with Section 20.4 of ASCE 7-10.

Description Value

2015 International Building Code Site Classification
1

D 2

Site Latitude 47.9753
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Description Value

Site Longitude -122.1082

SDS Spectral Acceleration for a Short Period 3 0.812 g

SD1 Spectral Acceleration for a 1-Second Period 3 0.469 g

1. Seismic site classification in general accordance with the 2015 International Building Code, which refers to
ASCE 7-10.

2. The 2015 International Building Code (IBC) uses a site profile extending to a depth of 100 feet for seismic
site classification.  Borings at this site were extended to a maximum depth of 75 feet.  The site properties
below the boring depth to 100 feet were estimated based on our experience and knowledge of geologic
conditions of the general area.  Additional deeper borings or geophysical testing may be performed to confirm
the conditions below the current boring depth.

3. These values were obtained using online seismic design maps and tools provided by the USGS
(http://earthquake.usgs.gov/hazards/designmaps/).

Based on groundwater conditions observed, on the relative density/consistency of site soil, it is
our opinion that the risk of liquefaction of site soil is low.

Based on our review of the available fault information, it is our opinion that the risk of surface
rupture due to ground faulting is very low.

FLOOR SLABS

Design parameters for floor slabs assume the requirements for Earthwork have been followed.
Specific attention should be given to positive drainage away from the structure and. positive drainage
of the aggregate base beneath the floor slab.

Floor Slab Design Parameters

Item Description

Floor Slab Support 1

Minimum 6 inches of WSDOT SS2016 9-03.9(3) Crushed Surfacing
compacted to at least 95 percent of ASTM D 1557 placed over dense, native,
glacially consolidate soil or structural fill placed and compacted per the
requirements noted in Earthwork

Reinforcement
Not required per the CWDR given the allowable soil bearing capacity of 3,000
psf

Estimated Modulus of

Subgrade Reaction 2 250 pounds per square inch per inch (psi/in) for point loads

1. Floor slabs should be structurally independent of warehouse footings or walls to reduce the possibility of
floor slab cracking caused by differential movements between the slab and foundation.
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Item Description

2. Modulus of subgrade reaction is an estimated value based upon our experience with the subgrade
condition, the requirements noted in Earthwork, and the floor slab support as noted in this table. It is
provided for point loads. For large area loads the modulus of subgrade reaction would be lower.

Terracon typically recommends installation of a vapor barrier beneath the slab to mitigate potential
moisture issues such as flooring performance and mold. However, we understand that Costco
Wholesale has determined that moisture barriers are not to be used in construction of Costco
Wholesale structures because of adverse effects on concrete curing and performance. Therefore,
we have provided construction recommendations that do not include installation of a moisture
barrier, with the understanding that there will be an increased risk for adverse moisture issues.

Saw-cut control joints should be placed in the slab to help control the location and extent of
cracking. For additional recommendations refer to the ACI Design Manual. Joints or cracks should
be sealed with a water-proof, non-extruding compressible compound specifically recommended
for heavy duty concrete pavement and wet environments.

Floor Slab Construction Considerations

Finished subgrade within and for at least 10 feet beyond the floor slab should be protected from
traffic, rutting, or other disturbance and maintained in a relatively moist condition until floor slabs are
constructed. If the subgrade should become damaged or desiccated prior to construction of floor
slabs, the affected material should be removed and structural fill should be added to replace the
resulting excavation. Final conditioning of the finished subgrade should be performed immediately
prior to placement of the floor slab support course.

The Geotechnical Engineer should approve the condition of the floor slab subgrades immediately
prior to placement of the floor slab support course, reinforcing steel and concrete. Attention should
be paid to high traffic areas that were rutted and disturbed earlier, and to areas where backfilled
trenches are located.

BELOW-GRADE STRUCTURES

Underground storage tanks (USTs) are expected to be locates in the northeast corner of the site
to provide fuel and additive storage for the fueling facility. We assume that the bottom of the UST
excavation will be approximately 20 feet below planned finish grade. Soil logged in the borings at
this depth is expected to provide adequate bearing resistance.

Groundwater level data from the piezometer installed in boring F-4 near the expected UST
location is above proposed finish grade at the UST location. Terracon did not conduct a
groundwater study of sufficient scope or duration to estimate seasonal groundwater level

DRAFT



Geotechnical Engineering Report
Costco Wholesale CW# 17-0230 ƴ Lake Stevens, Washington
May 29, 2018 ƴ Terracon Project No. 81185028

Responsive ƴ Resourceful ƴ Reliable 21

fluctuation or predict how mass grading will affect the groundwater regime at the UST location.
The USTs may be submerged below groundwater after construction. We recommend that USTs
be anchored against buoyant forces. The USTs should be designed to withstand earth pressures
given in the Lateral Earth Pressures section. The bottom of the excavation may be below the
water table. We anticipate that continuously pumped shallow sumps in the bottom of the
excavation will be sufficient to control groundwater in the excavation.

LATERAL EARTH PRESSURES

Design Parameters

Structures with unbalanced backfill levels on opposite sides should be designed for earth
pressures at least equal to values indicated in the following table. Earth pressures will be
influenced by structural design of the walls, conditions of wall restraint, methods of construction
and/or compaction and the strength of the materials being restrained. Two wall restraint conditions
are shown. Active earth pressure is commonly used for design of free-standing cantilever
retaining walls and assumes wall movement. The "at-rest" condition assumes no wall movement
and is commonly used for basement walls, loading dock walls, or other walls restrained at the top.
The recommended design lateral earth pressures do not include a factor of safety and do not
provide for possible hydrostatic pressure on the walls (unless stated).

The recommendations in this section are not appropriate for structural earth walls, soil nail walls
or soldier pile walls. Recommendations for these wall types are given in subsequent sections.
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Lateral Earth Pressure Design Parameters

Earth
Pressure
Condition

1
Coefficient

2

Surcharge
Pressure

3, 4, 5

p1 (psf)

Effective Fluid Pressures p2 (psf) 2, 4, 5

Unsaturated
6 Submerged 6

Active
(Ka) 0.29 (0.29)S (35)H (85)H

At-Rest
(Ko) 0.46 (0.46)S (55)H (90)H

Passive
(Kp) 3.4 --- (400)H (265)H

1. For active earth pressure, wall must rotate about base, with top lateral movements 0.002 H to 0.004 H,
where H is wall height.  For passive earth pressure, wall must move horizontally to mobilize resistance.

2. Uniform, horizontal backfill, compacted to at least 95 percent of the ASTM D 1557 maximum dry density,
rendering a maximum unit weight of 120 pcf.

3. Uniform surcharge, where S is surcharge pressure.

4. Loading from heavy compaction equipment is not included.

5. No safety factor is included in these values.

6. In order to achieve “Unsaturated” conditions, follow guidelines in Subsurface Drainage for Below Grade
Walls below.  “Submerged” conditions are recommended when drainage behind walls is not incorporated
into the design.

Subsurface Drainage for Below Grade Walls

We recommend foundation drains for exterior footings and walls be constructed in accordance
with CWDR Detail 16_17. Drain lines should be sloped to provide positive gravity drainage to
daylight or to a sump pit and pump. The drain line should be surrounded by clean, free-draining
granular material having less than 5 percent passing the No. 200 sieve, such as AASHTO No. 57
aggregate or WSDOT SS2016 9-03.12(4) Gravel Backfill for Drains. The free-draining aggregate
should be encapsulated in a geotextile separator fabric.

NORTH RETAINING WALL

A retaining wall with maximum exposed height of approximately 20 feet and length of
approximately 400 feet is planned for the central portion of the north side of the site. The wall will
support a cut from existing grade at the south end of 93rd Avenue SE to finish parking lot grade.
There is approximately 20 feet behind face of wall to the property line. Exploration logs indicate
that retained soil will generally consist of medium dense to dense silty sand with gravel along the
west end of the wall. Clean sandy gravel is shown on test pit logs TP-16 and TP-17 along the
eastern half of the wall.
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Appropriate wall systems for cut walls of this height and for these soil conditions include soil nail
and soldier pile.

For portions of the wall where wall heights are less than about 12 feet, cantilever soldier piles are
feasible. Over about 12 feet in height, cantilever soldier pile is still possible but the required steel
sections tend to make the price per square foot of wall go up exponentially. Soldier pile with
tiebacks tends to keep the unit price of the wall down as compared to cantilevered walls for wall
heights more than 12 feet.

Soil Nail Wall

Soil nails are typically installed in sub-horizontal rows of nails (lifts) starting from the top of wall
as part of grading activity. Lift heights typically range from 4 to 5 feet. Horizontal spacing between
nails is typically 4 to 6 feet. The first row of nails should be set at about ½ the nominal vertical
spacing below the finish ground line at back of wall.

We recommend that soil nail shoring be designed in general accordance with local standard of
practice and soil surcharge pressures from slopes, construction loads, and traffic be included.
Terracon recommends that the following values be used for soil nail design. Ultimate design load
transfer should be reduced by a factor of safety of 2.

Native Silty Sand, Silty Sand with Gravel, and Sandy Gravel
˂ Friction Angle: 34 degrees
˂ Cohesion: 0 psf
˂ Moist Unit Weight: 125 pcf
˂ Ultimate Design Load Transfer (minimum 6-inch diameter soil nail): 2,000 psf

The actual design load transfer will depend on the materials and installation methods and should
be confirmed by testing. Larger diameter drill holes and/or secondary grouting may be required
to achieve the recommended pull out capacity. The location and presence of existing features
should be checked during the design as these may affect the location and lengths of the soil nails.
In any case the minimum nail length should be 15 feet.

Since the face is cut prior to placing nails and facing, standup time of the cut face is a key concern.
The open time from cutting to install a lift of nails until placing shotcrete for the temporary facing
should be limited to no more than about 24 hours.

We expect that standup time of the sandy gravel encountered in test pits TP-16 and TP-17 to be
short. Therefore, we recommend vertical elements be installed on a 3-foot typical horizontal
spacing. Vertical elements should be designed using the recommendations presented in the
soldier pile sections of this report, and should extend from existing grade to the finish ground line
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at front of wall. Vertical elements may be used to provide cantilever support where utilities or
adjacent structures prevent installation of soil nails in the upper portion of the shoring wall.

Alternatives to vertical elements successfully used to mitigate short standup time include, but are
not limited to, drilling through temporary soil berms prior to making the vertical soil cuts at the
face, slot cuts, and flash coating the exposed soil face with shotcrete. Some caving of the
excavated soil face should also be expected resulting in additional shotcrete to fill the resulting
void.

Relatively clean sand and gravel zones, and occasional zones of perched groundwater, should
be expected in the nail zone. Caving of boreholes in relatively clean sand and gravel zones is to
be expected. Temporary casing may be required to hold boreholes open during soil nail
installation. Grout should be placed from the bottoms of the soil nail holes by tremie method to
provide a continuously grouted soil nail. Installation methods should ultimately be the
responsibility of the contractor.

Pre-fabricated drainage mat should be placed against the soil face in vertical strips between every
column of nails prior to placing each lift of shotcrete. Strips should be overlapped between each
lift to provide a continuous drainage path. During construction, the wall drains discharge onto the
subgrade in front of the wall. Once the wall is completed, the base of the drains should be directed
to discharge through weep holes until the permanent drainage system is installed in front of the
wall.

At least 2 successful verification tests to 200 percent of the design load shall be performed in
each soil unit into which soil nails are to be installed. Verification tests should be conducted prior
to the installation of production nails within each soil unit. Proof tests shall be performed on a
number of test nails that is greater than or equal to 5 percent of the number of production nails to
150 percent of design load. Test nail locations should be selected by the contractor and approved
by the engineer of record.  The drilling method, hole diameter, and depth of test soil nails should
be identical to the production soil nails. Test nails shall be located within the nail pattern and shall
be considered sacrificial. Proof test nails shall be evenly distributed across the face of the wall.

We recommend that continuous observation of soil nail installation and testing by a Terracon
representative. The purpose of this observation is to confirm that subsurface conditions match
design assumptions, facing installation conforms to the required reinforcement and shotcrete
placement, and soil nail proof and verification tests meet the specified performance criteria.

Soldier Pile Wall

Soldier piles for permanent walls are typically set in drilled holes backfilled with structural concrete
up to about the finish ground line in front of wall, the with lean concrete placed above the structural
concrete to about existing grade.

DRAFT



Geotechnical Engineering Report
Costco Wholesale CW# 17-0230 ƴ Lake Stevens, Washington
May 29, 2018 ƴ Terracon Project No. 81185028

Responsive ƴ Resourceful ƴ Reliable 25

Casing the holes and/or drilling with a mud slurry will likely be required to control caving and to
cut-off groundwater seepage. Passive earth pressures acting on the embedded portion of the
soldier piles resist horizontal loads on the wall system. We recommend using an allowable
equivalent fluid unit weight of 265 and 400 pcf for passive resistance below and above the ground
water table, respectively. The passive earth pressure will act over three times the diameter of the
concreted soldier pile section, or the pile spacing, whichever is less. The active earth pressures
act over the concreted pile diameter below the base of the excavation. A minimum embedment
of 10 feet is recommended.

For a shoring system with one or more rows of tieback anchors, we recommend the apparent
earth pressure theory for sands (i.e. Figure 24) presented in the Federal Highway Administration
Geotechnical Engineering Circular No. 4: Ground Anchors and Anchors Systems (FHWA 1999).

n For calculating the maximum ordinate, assume an active earth pressure coefficient of 0.29
and a total unit weight of 130 pcf

n For traffic loads adjacent to the shoring walls, add a uniform surcharge load equivalent to 250
psf;

n For other loads adjacent to the shoring (e.g., heavy construction loads and building
foundations), contact Terracon to estimate appropriate surcharge pressures.

Vertical capacity of the soldier piles is provided by a combination of end bearing and side friction
below the base of the excavation. The piles can be designed for an allowable end bearing capacity
and side friction of 30 kips per square foot (ksf) and 2 ksf, respectively. These values include a
factor of safety of 2.

Permanent wall system components exposed to the elements require corrosion protection. Soil
nails should be epoxy coated or hot dipped galvanized. Soldier piles should be hot dipped
galvanized or have a shop primer coat applied per the requirements of WSDOT SS2016 6-
07.3(9)G. The un-bonded length of stranded tieback anchors should be corrosion protected while
rebar anchors should be hot dipped galvanized or epoxy coated.

Tieback Anchors

For tieback anchors, the anchor portion of the tieback should be located sufficiently far behind the
wall to stabilize the cut face. This “no load” zone is the area behind the soldier pile equal to a
lateral distance from the base of the excavation equal to the exposed wall height (H in feet) divided
by four, or five feet, whichever is greater, and a line sloping up and back at 60 degrees from
horizontal.

The selection of the tieback materials and installation methods should be the responsibility of the
contractor. The actual adhesion values will depend on the materials and installation method and
should be confirmed by testing. For non-pressure grouted anchors, the allowable design
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concrete/soil adhesion value of 2,000 psf is recommended. For pressure grouted anchors, this
value can typically be increased by up to two times. For preliminary design purposes, we
recommend an ultimate pullout capacity of 10 kips/foot for 6-inch diameter, secondary pressure
grouted anchors. A factor of safety of 2 should be applied to the ultimate pullout capacity. We
recommend all tieback anchors be proof tested to at least 130 percent of the design capacity prior
to locking off at the specified post-tensioned design load. Prior to installation of production
anchors, two verification tests to 200 percent of the design pull out capacity are recommended
for each soil type to confirm the design anchor capacity.

The anchor spacing should be at least four feet center to center in order to avoid group effects
and the potential for conflict with each other during installation. The anchor holes should be drilled
at an angle of 15 to 45 degrees down from horizontal. A minimum anchor bond of 15 feet is
recommended. The location and presence of existing features such as utilities should be checked
during the design as these may affect the location and length of tieback anchors.

Lagging

Due to soil arching effects, lagging may be design based on the requirements presented in
presented in the Federal Highway Administration Geotechnical Engineering Circular No. 4:
Ground Anchors and Anchors Systems (FHWA 1999).

Lagging should be installed promptly to reduce potential for loss of ground.  The requirements for
lagging should be made the responsibility of the shoring subcontractor to prevent soil failure,
sloughing, and loss of ground. The excavation height prior to lagging installation should not
exceed 4 feet to maintain stability of the cut face. Prompt and proper installation of lagging is
critical to provide safe working conditions below the wall.

Permanent lagging options include pre-cast concrete and timber lagging. Pre-cast concrete and
pressure treated timber lagging have the advantage of not requiring a shotcrete facing to protect
them from the elements. Pre-cast concrete lagging is not forgiving of variation from specified pile
spacing due to piles being slightly off location or out of plumb while timber lagging is typically cut
to fit onsite. Design life of exposed treated timber lagging should be considered. Untreated timber
lagging may be used as temporary lagging until a permanent shotcrete facing is installed. Timber
lagging should conform to the requirements of WSDOT SS2016 9-09.2(1).

Voids behind the lagging should be backfilled immediately. However, the backfill should not allow
potential hydrostatic pressure to build-up behind the wall. Drainage behind the wall must be
maintained. We recommend that voids between the lagging and soil be backfilled promptly with
a permeable granular soil material or lean concrete.
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Soldier Pile Installation

The contractor should be required to prevent caving and loss of ground in all soldier pile drill
holes. The shoring contractor will need to use methods to minimize caving and sloughing of the
drill holes, such as the use of augercast methods or installation of casing. If more than one foot
of water is present in the bottom of the hole or if a mud slurry is used to stabilize the hole,
placement of concrete from the bottom of the hole using tremie methods will be required.

When drilling tieback anchor holes, casing may be required to prevent caving and loss of ground.
The anchor grout should be pumped into the anchor zone by tremie methods to remove water
from the hole and to provide a continuous grouted anchor.

Monitoring of Soldier Pile or Soil Nail Walls

We recommend that a systematic optical survey program be implemented to make observations
to be used in evaluating wall performance during construction. The monitoring program should
include measurements of the horizontal and vertical movements of monitoring points placed on
the pile tops, or along the top lift of the soil nail wall after placing the construction facing. At least
two reference lines should be established adjacent to the excavation at horizontal distances back
from the excavation space of about 1/3H and H, where H is the final excavation height. Monitoring
of the shoring system should include measurements of horizontal movements at the top of every
other soldier pile, or at twice the nominal horizontal nail spacing. If local wet areas are noted within
the excavation, additional monitoring points may be recommended by Terracon.

The measuring system used for shoring monitoring should have an accuracy of at least 0.01 feet.
All reference points should be read prior to and during critical stages of construction. The
frequency of readings will depend on the results of previous readings and the rate of construction.
As a minimum, readings should be taken about once a week throughout construction until the
wall is completed. All readings should be reviewed by Terracon.

SOUTH RETAINING WALLS

Retaining walls are proposed to support fill on the south side of 24th Street SE wrapping around
the corner and up the west side of 91st Avenue SE, and along both sides of the South Lake
Stevens Road connector from 24th Street SE. Total length of walls is expected to be about 2,000
feet. Exposed wall heights are expected up to about 12 feet.

We understand that Costco prefers fill walls to be modular block gravity walls where feasible. Our
preliminary global stability analysis indicates that a modular block wall is feasible, but geogrid
reinforcement will be required. Our analysis considered the following:

˂ Maximum exposed height of 12 feet
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˂ Minimum embedment of 2 feet
˂ Maximum fore-slope of 1H:10V in the 30 feet extending from the bottom of the wall face
˂ Level back-slope
˂ Live load traffic surcharge of 250 psf
˂ Large (approximately 4,500 pound) pre-cast concrete modular blocks
˂ Retained fill meeting the material requirements, and placement and compaction

recommendations contained in the Earthwork section of this report

We used the soil engineering parameters shown in the table below in our slope stability models,
and recommend these values be used by the wall designer.

Material Description

Cohesion

(psf)

Angle of
Internal
Friction

(degrees)

Total Unit
Weight

(pcf)

Subgrade
Soil

Medium dense to very dense, native, granular
soil, or structural fill placed and compacted
per the requirements noted in Earthwork

0 34 125

Retained Fill
Structural fill placed and compacted per the
requirements noted in Earthwork

0 34 125

Reinforced
Zone

WSDOT SS2016 9-03.14(4) Gravel Borrow
for Structural Earth Wall

0 38 130

Unsuitable subgrade soil should be removed and replaced with structural fill as described in the
Earthwork section of this report. Peat and fat clay soil were encountered in the explorations near
the proposed wall location along 24th Street SE from SR9 west about 800 feet. See subsurface
profile H-H’ for more detail.

Minimum embedment of retaining walls should be 2 feet below finish ground line at the bottom of
the wall. The bottom tier of blocks should bear on a leveling course of at least 1 foot thick of
properly placed and compacted crushed stone that meets the requirements for WSDOT SS2016
9-03.9(3) Crushed Surfacing

Geogrid should extend a minimum length behind the back face of the blocks of 8 feet or 0.7 times
the wall height, whichever is greater. The wall height should be considered to be the vertical distance
from the finish ground line behind the wall to the bottom of the bottom block.

A perforated rigid plastic drain line should be installed behind the base of the retaining wall to
prevent hydrostatic loading on the wall face. The drain line should slope to provide positive gravity
drainage away from the wall or to a sump pit, where it can be pumped away from the retaining
wall face. The drain line should be surrounded by clean, free-draining granular material having
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less than 5 percent passing the No. 200 sieve (based on the fraction passing the ¾-inch sieve).
The granular fill should extend to within 2 feet of final grade.  The free-draining aggregate should
be encapsulated in a filter fabric.

Internal stability analyses for geogrid-reinforced wall should conform to the latest design
methodology accepted for use by either the Federal Highway Administration (FHWA), AASHTO or
the National Concrete Masonry Association (NCMA).  Since these analysis procedures are based
on the use of drained strength parameters, the backfill used for the geogrid reinforced backfill section
should be a free-draining, granular material to conform with the assumptions of the analysis.
Cohesive soil or granular material containing more than 5-percent fines are not considered free-
draining and should not be allowed in the geogrid reinforced backfill zone.

During construction, the soil engineering parameters used during design should be confirmed via
laboratory testing.  The retaining wall designer should be required to perform internal stability
analyses based on the planned final cross section.  Terracon should be provided the opportunity to
review and comment on the final retaining wall system design and analysis and to confirm our global
stability analysis is still appropriate prior to construction. Testing and monitoring during construction
by qualified geotechnical personnel is recommended.

PAVEMENTS

General Pavement Comments

Pavement designs are provided for the traffic conditions and pavement life conditions as noted in
Project Description and in the following sections of this report. A critical aspect of pavement
performance is site preparation. Pavement designs, noted in this section, must be applied to the
site, which has been prepared as recommended in the Earthwork section.

Pavement Design Parameters

In accordance with the latest version of the CDWR, the design of asphaltic concrete (AC)
pavements are based on the procedures outlined in the Asphalt Institute Manual Series MS-1 and
MS015, Chapter III. Design of portland cement concrete (PCC) pavements are based upon the
procedures in the “Thickness Design for Concrete Highway and Street Pavements” by the
Portland Cement Association (PCA), 1995 utilizing the simplified procedure in Chapter 4. Costco’s
pavement specifications are attached to this report.

Traffic loading was provided in the CDWR for on-site paving for a minimum twenty-year design
life, as shown in the following table. The corresponding traffic designations in the design methods
are listed alongside the given traffic values.
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Pavement Traffic Index (TI)1 Traffic1

Equivalent
Single Axle

Loads (ESALs)2
PCA Axle Load

Category

Standard Duty 5.0 6,600 cars per day 19,219 1 or 2

Heavy Duty 7.0 30 trucks per day 506,033 2 or 3
1. Values provided in the CDWR
2. Estimated using vehicles/day and a 20-year design life with no growth

A subgrade CBR of 12, corresponding to a subgrade resilient modulus of 12,533 pounds per
square inch (psi), was used for the AC pavement designs. The values were empirically derived
based upon our experience with the subgrade soils and our understanding of the quality of the
subgrade as prescribed by the Site Preparation conditions as outlined in Earthwork.

A subgrade soil support of “high” was selected for the PCC pavement design. A minimum modulus
of rupture of 550 psi was used for pavement concrete, based on a compressive strength of 4,000
psi. We have assumed all rigid pavements will not be doweled and will not be tied to a concrete
shoulder or curb.

Pavement Section Thicknesses

The following tables provide options for AC and PCC pavement sections:

Asphaltic Concrete Design 1

Layer
Thickness (inches)

Standard Duty Heavy Duty

AC Surface Course 2 1 lift of 2 1 lift of 2

AC Base Course 3,4 1 lift of 2 1 lift of 3

Aggregate Base 5 6 6

Total Thickness 6 10 11

1. Pavement materials and construction must meet the Costco Master Specification for Asphalt Paving that
contains very specific pavement material (asphalt, aggregate and concrete) criteria and construction
practices to be used with respect to compaction and material sampling. The general contractor and
pavement construction subcontractor should be aware that asphalt and concrete mix designs must be
submitted to the design architect and Terracon at least 45 days prior to the scheduled production and
laydown for review and approval.

2. ½” or ¾” Maximum Aggregate Size Mix
3. Standard Duty Asphaltic Base – ¾” Maximum Aggregate Size Mix
4. Heavy Duty Asphaltic Base – ¾” or 1” Maximum Aggregate Size Mix
5. Aggregate Base Course should conform to the requirements of WSDOT SS2016 9-03.9(3) Crushed Surfacing

Base Course
6. Represents minimum section thicknesses, not averages
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The asphalt binder PG 52-16 was determined from specific climate and temperature data for the
site using the LTPPBind Software version 3.1 without any adjustments for vehicle traffic or depth
of asphalt layer.

Portland Cement Concrete Design

Layer
Thickness (inches)

Heavy Duty 1

PCC 2 7

Aggregate base 3 6

Total Thickness 4 13

1. In areas of anticipated heavy traffic, fire trucks, delivery trucks, or concentrated loads (e.g. dumpster pads),
and areas with repeated turning or maneuvering of heavy vehicles

2. All materials should meet the current WSDOT Standard Specifications for Road, Bridge, and Municipal
Construction. For Concrete Pavement use WSDOT Cement Concrete Pavement Section 5-05

3. Aggregate Base Course should conform to the requirements of WSDOT SS2016 9-03.9(3) Crushed Surfacing
Base Course

4. Represents minimum section thicknesses, not averages

The estimated pavement sections provided in this report are minimums for the assumed design
criteria, and as such, periodic maintenance should be expected. Areas for parking of heavy
vehicles, concentrated turn areas, and start/stop maneuvers could require thicker pavement
sections. Edge restraints (i.e. concrete curbs or aggregate shoulders) should be planned along
curves and areas of maneuvering vehicles. A maintenance program including surface sealing,
joint cleaning and sealing, and timely repair of cracks and deteriorated areas will increase the
pavement’s service life. As an option, thicker sections could be constructed to decrease future
maintenance.

Concrete for rigid pavements should have a minimum 28-day compressive strength of 4,000 psi,
and be placed with a maximum slump of 4 inches. Although not required for structural support, a
minimum 4-inch-thick base course layer is recommended to help reduce potential for slab curl,
shrinkage cracking, and subgrade pumping through joints. Proper joint spacing will also be
required to prevent excessive slab curling and shrinkage cracking. Joints should be sealed to
prevent entry of foreign material and dowelled where necessary for load transfer.

Where practical, we recommend early-entry cutting of crack-control joints in PCC pavements.
Cutting of the concrete in its “green” state typically reduces the potential for micro-cracking of the
pavements prior to the crack control joints being formed, compared to cutting the joints after the
concrete has fully set. Micro-cracking of pavements may lead to crack formation in locations other
than the sawed joints, and/or reduction of fatigue life of the pavement.
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Openings in pavements, such as decorative landscaped areas, are sources for water infiltration
into surrounding pavement systems. Water can collect in the islands and migrate into the
surrounding subgrade soils thereby degrading support of the pavement. This is especially
applicable for islands with raised concrete curbs, irrigated foliage, and low permeability near-
surface soils. The civil design for the pavements with these conditions should include features to
restrict or to collect and discharge excess water from the islands. Examples of features are edge
drains connected to the storm water collection system, longitudinal subdrains, or other suitable
outlet and impermeable barriers preventing lateral migration of water such as a cutoff wall
installed to a depth below the pavement structure.

Pavement Drainage

Pavements should be sloped to provide rapid drainage of surface water.  Water allowed to pond
on or adjacent to the pavements could saturate the subgrade and contribute to premature
pavement deterioration. In addition, the pavement subgrade should be graded to provide positive
drainage within the granular base section. Appropriate sub-drainage or connection to a suitable
daylight outlet should be provided to remove water from the granular subbase.

The pavement surfacing and adjacent sidewalks should be sloped to provide rapid drainage of
surface water.  Water should not be allowed to pond on or adjacent to these grade-supported
slabs, since this could saturate the subgrade and contribute to premature pavement or slab
deterioration.

The pavement surfacing and adjacent sidewalks should be sloped to provide rapid drainage of
surface water. Water should not be allowed to pond on or adjacent to slabs, since it could saturate
the subgrade and contribute to premature pavement or slab deterioration.

Pavement Maintenance

The pavement sections represent minimum recommended thicknesses and, as such, periodic
maintenance should be anticipated. Therefore, preventive maintenance should be planned and
provided for through an on-going pavement management program. Maintenance activities are
intended to slow the rate of pavement deterioration and to preserve the pavement investment.
Maintenance consists of both localized maintenance (e.g. crack and joint sealing and patching)
and global maintenance (e.g. surface sealing). Preventive maintenance is usually the priority
when implementing a pavement maintenance program. Additional engineering observation is
recommended to determine the type and extent of a cost-effective program. Even with periodic
maintenance, some movements and related cracking may still occur and repairs may be required.

Pavement performance is affected by its surroundings. In addition to providing preventive
maintenance, the civil engineer should consider the following recommendations in the design and
layout of pavements:
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˂ Final grade adjacent to paved areas should slope down from the edges at a minimum 2
percent.

˂ Install radial finger drains at catch basins per CWDR Detail 16-16.
˂ Install joint sealant and seal cracks immediately.
˂ Seal all landscaped areas in or adjacent to pavements to reduce moisture migration to

subgrade soils.
˂ Place compacted, low permeability backfill against the exterior side of curb and gutter.

CORROSIVITY

The table below lists the results of laboratory soluble sulfate, soluble chloride, electrical resistivity,
and pH testing. The values may be used to estimate potential corrosive characteristics of the on-
site soils with respect to contact with the various underground materials which will be used for
project construction.

Corrosivity Test Results Summary

Boring
Sample
Depth
(feet)

Soil Description
Soluble
Sulfate
(mg/kg)

Soluble
Chloride
(mg/kg)

Electrical
Resistivity

(Ý-cm)
pH

F-1 30
Silty sand, trace

gravel
200 63 6305 8.11

F-4 25
Silty sand with

gravel
200 25 8730 8.25

Based on our review of the laboratory testing results, site soil have a moderate corrosive potential
to uncoated metal pipes and structures in contact with on-site soil.

Results of soluble sulfate testing indicate samples of the on-site soils tested possess moderate
sulfate concentrations when classified in accordance with Table 4.2.1 of the ACI Design Manual.
Per Table 4.3.1 of the ACI Design Manual, Type II cement is required. Concrete should be
designed in accordance with the provisions of the ACI Design Manual, Section 318, Chapter 4.

LIGHT POLE FOUNDATIONS

Light poles are expected to be installed in landscaped and pavement areas. Pole foundations
should be designed assuming unconstrained conditions. The soils surrounding the pole
foundations / bases are expected to consist of stiff or medium dense to dense native residual soils
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or controlled, structural fill material. Pole foundations should be designed using an allowable
lateral bearing capacity of 200 psf per foot of embedment.

POTABLE WATER QUALITY

We have assumed that domestic water for the development will be provided from the Snohomish
County Public Utility District. A copy of their annual water quality report (as posted on their internet
site) is included in Exploration Results.

GENERAL COMMENTS

As the project progresses, we address assumptions by incorporating information provided by the
design team. Revised project information that reflects actual conditions important to our services
is reflected in the final report. The design team should collaborate with Terracon to confirm these
assumptions and to prepare the final design plans and specifications. This facilitates the
incorporation of our opinions related to implementation of our geotechnical recommendations.

Our analysis and opinions are based upon our understanding of the project, the geotechnical
conditions in the area, and the data obtained from our site exploration. Natural variations will occur
between exploration point locations or due to the modifying effects of construction or weather.
The nature and extent of such variations may not become evident until during or after construction.
Terracon should be retained as the Geotechnical Engineer, where noted in the final report, to
provide observation and testing services during pertinent construction phases. If variations
appear, we can provide further evaluation and supplemental recommendations. If variations are
noted in the absence of our observation and testing services on-site, we should be immediately
notified so that we can provide evaluation and supplemental recommendations.

Our scope of services does not include either specifically or by implication any environmental or
biological (e.g., mold, fungi, bacteria) assessment of the site or identification or prevention of
pollutants, hazardous materials or conditions. If the owner is concerned about the potential for
such contamination or pollution, other studies should be undertaken.

Our services and any correspondence or collaboration are intended for the sole benefit and
exclusive use of our client, Costco Wholesale, for specific application to the project discussed and
are accomplished in accordance with generally accepted geotechnical engineering practices with
no third-party beneficiaries intended. Any third-party access to services or correspondence is
solely for information purposes to support the services provided by Terracon to our client. Reliance
upon the services and any work product is limited to our client, and is not intended for third parties.
Any use or reliance of the provided information by third parties is done solely at their own risk. No
warranties, either express or implied, are intended or made.

Site characteristics as provided are for design purposes and not to estimate excavation cost. Any
use of our report in that regard is done at the sole risk of the excavating cost estimator as there
may be variations on the site that are not apparent in the data that could significantly impact
excavation cost. Any parties charged with estimating excavation costs should seek their own site
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characterization for specific purposes to obtain the specific level of detail necessary for costing.
Site safety, and cost estimating including, excavation support, and dewatering
requirements/design are the responsibility of others. If changes in the nature, design, or location
of the project are planned, our conclusions and recommendations shall not be considered valid
unless we review the changes and either verify or modify our conclusions in writing.
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