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Technical Memorandum
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RE:

Summary of Geotechnical Engineering Services
The Home Course Range Shed
DuPont, Washington
Project No. 1990001.010.011

Introduction
This memorandum summarizes the results of geotechnical engineering services provided by Landau
Associates, Inc. (LAI) in support of The Home Course Range Shed project, located at 2300 Golf House
Road in DuPont, Washington (site; Figure 1).
This memorandum was prepared with information provided by The Home Course (project owner) and
Swalling Walk Architects, LLC (project architect) and with data collected during LAI’s geotechnical field
investigation.

Project Understanding
The Home Course proposes to construct a 963-square-foot practice building (range shed) and golf
cart-parking area approximately 10 feet (ft) southwest of the existing driving range. The range shed
will be supported by an on-grade slab. A dispersion system will be installed to infiltrate stormwater
runoff from impervious surfaces.

Site Conditions
The range shed will be constructed near the center of the golf course. Parts of the course are
underlain by contaminated soils that have been covered, or capped, with 1.5 to 15 ft of clean
material. The range shed may be constructed over, or near, these soils.
The proposed shed location currently is surfaced with manicured grass. The eastern portion of the
proposed shed and cart-parking location is approximately 3 ft higher than the western portion.

Geologic Setting
Geologic information for the site and the surrounding area was obtained from the Geologic Map of
the Nisqually 7.5-minute Quadrangle, Thurston and Pierce Counties, Washington (Walsh et al. 2003).
Surficial deposits at the site are mapped as modified land (Qml), the result of mass grading and land
alterations. The modified land is likely constructed of Vashon recessional outwash gravel (Qgog),
including Steilacoom gravel, a mix of sand, gravel, and cobbles with boulders.
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Subsurface Explorations
On May 28, 2021, The Home Course maintenance personnel excavated two test pits (TP-1 and TP-2) at
the approximate locations shown on Figure 2. The test pits extended 4.5 ft below ground surface.
LAI personnel monitored the test pit excavations, collected representative soil samples, and
maintained detailed logs of the subsurface soil and groundwater conditions observed. Subsurface
conditions were described using the soil classification system shown on Figure 3, in general
accordance with ASTM International (ASTM) standard test method D2488, Standard Practice for
Description and Identification of Soils (Visual-Manual Procedures). Summary logs of the explorations
are presented on Figure 4.
To limit potential exposure to/contact with contaminated site soils, the project team elected to forgo
sample collection and geotechnical laboratory testing.

Soil Conditions
The soils observed underlying existing surface conditions (i.e., topsoil) were categorized into two
general units:
•

Pea gravel fill: Imported pea gravel was observed beneath the topsoil in both test pits and
consisted of brownish-gray, fine gravel in a loose to medium dense condition. The gravel layer
ranged from 3 to 10 inches thick.

•

Fill: Fill was observed beneath the pea gravel in both test pits and consisted of dark brown,
sandy gravel with variable silt, cobble, and wood debris content in a dense to very dense
condition. Both test pits were terminated in the fill unit.

Groundwater Conditions
No perched groundwater or groundwater seepage was observed in LAI’s May 2021 explorations. The
groundwater conditions reported herein are for the specific locations and date indicated and may not
be representative of other locations and/or times. Groundwater conditions will vary depending on
subsurface conditions, weather conditions, and other factors. Site groundwater levels are expected to
fluctuate seasonally, with maximum groundwater levels occurring during late winter and early spring.

Conclusions and Recommendations
In LAI’s opinion, the sandy gravel observed beneath the pea gravel will provide adequate support for
the proposed range shed foundation. Up to 12 inches of topsoil and pea gravel should be stripped to
expose suitable foundation material. To limit disturbance of contaminated soils, all earthwork
activities should be completed in accordance with existing remediation and/or closure plans. The
following recommendations should be incorporated into the project design.
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Seismic Design Considerations
LAI understands that seismic design will be completed using 2018 International Building Code
standards (ICC 2017). The parameters in Table 1 can be used to compute seismic base shear forces.
Table 1. 2018 International Building Code Seismic Design Parameters
Spectral response acceleration at short periods (S S) = 1.377g
Spectral response acceleration at 1-second periods (S1) = 0.489g
Site class = D
Site coefficient (F a) = 1.0
Site coefficient (F v) = 1.811(a)
(a) When using the coefficient Fv = 1.811, adhere to Exception 2 requirements for a ground motion hazard analysis. See
Section 11.4.8 of the American Society of Civil Engineers’ Minimum Design Loads and Associated Criteria for Buildings and
Other Structures (ASCE/SEI 7-16).
Fa, Fv = acceleration (0.2-second period) and velocity (1.0-second period) site coefficients, respectively
g = force of gravity
Ss, S1 = 0.2- and 1.0-second period spectral accelerations, respectively

Based on the subsurface conditions observed in test pits TP-1 and TP-2, there is a low risk that
seismically induced soil liquefaction will occur at the site. Given the distance between the site and the
nearest known active crustal fault, the risk of ground rupture due to surface faulting is low.

Foundation Support
Shallow foundations should be constructed on medium dense, capped soils (sandy gravel) or on
structural fill that extends to such soils. The foundation design parameters in Table 2 should be used
in conjunction with the complete recommendations in this memorandum.
Table 2. Summary of Design Parameters for Shallow Foundations
Allowable soil bearing pressure = 2,500 psf
Friction coefficient (factored) = 0.35
Passive earth pressure = 320 pcf
Minimum foundation width = 18 inches (continuous), 24 inches (isolated)
pcf = pounds per cubic foot
psf = pounds per square foot

When developing design parameters, LAI assumed that shallow foundations would be established on
medium dense to dense subgrades prepared as recommended herein. LAI should evaluate prepared
subgrades prior to placement of structural fill.
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The allowable soil bearing pressure in Table 2 applies to long-term dead and live loads, exclusive of
the weight of the footing and any overlying backfill. The bearing pressure can be increased by o nethird for transient loads, such as those induced by wind and seismic forces.
For frost protection, perimeter footings should be embedded at least 12 inches below the lowest
adjacent grade, where the ground is flat. Interior footings should be embedded at least 6 inches
below the nearest adjacent grade. LAI estimates that continuous and isolated foundations will settle 1
inch or less if constructed as recommended. Differential settlement between similarly loaded
foundation elements is estimated to be on the order of ½ inch or less. Settlement is expected to occur
as building loads are applied during construction.
An allowable coefficient of sliding resistance of 0.35, applied to vertical dead loads only, can be used
to compute frictional resistance acting on the base of footings. This coefficient includes a factor of
safety of 1.5 on the calculated ultimate value.
The passive resistance of properly compacted structural fill placed against the sides of foundations
can be considered equivalent to a fluid with a density of 320 pounds per cubic foot. The foundation
passive earth pressure has been reduced by a factor of 1.5 to limit deflections to less than 2 percent
of the embedded depth. The passive earth pressure and friction components can be combined,
provided the passive component does not exceed two-thirds of the total. The top foot of soil should
be excluded from the calculation, unless the foundation perimeter will be covered by slab-on-grade or
pavement.

Slabs-On-Grade
Slabs-on-grade should be installed on a uniformly firm, unyielding subgrade that consists of sand and
gravel. A modulus of vertical subgrade reaction (subgrade modulus) can be used to design slabs -ongrade. The subgrade modulus will vary based on the dimensions of the slab and the magnitude of
applied loads on the slab surface; slabs with larger dimensions and loads are influenced by soils to a
greater depth. LAI recommends using a subgrade modulus of 225 pounds per cubic inch to design ongrade floor slabs. This subgrade modulus is for a 1-ft by 1-ft square plate and is not the overall
modulus of a larger area.
Interior slabs-on-grade should include a vapor barrier and a capillary break layer, designed and
installed in accordance with industry standards.

Construction Considerations
The following key points should be considered when developing project plans and specifications:
•

Stripping: Approximately 12 inches of topsoil and loose to medium dense pea gravel should
be stripped from areas designated for development (i.e., the proposed slab-on-grade and cart-
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parking locations). Topsoil is not considered suitable for reuse as structural fill. Pea gravel
mixed with deeper site soils may be reused as structural fill.
•

Subgrade preparation: Prior to placement of structural fill or formwork, the prepared
subgrade should be proof-rolled in the presence of a qualified geotechnical engineer, who is
familiar with the site and can check for soft/disturbed areas. Areas of limited access can be
evaluated with a steel T-probe. If probing or proof-rolling reveals loose and/or disturbed
subgrades, the upper 1 ft of subgrade should be scarified; moisture conditioned; and
compacted to a firm, unyielding condition. Alternatively, unsuitable soils can be
overexcavated and replaced with compacted structural fill.

•

Utility trench excavation and backfill: LAI anticipates that utility trenches will be excavated in
medium dense to dense fill soils. A smooth-bladed bucket should be used to remove loose
and/or disturbed soil from the trench bottom. The final trench bottom should be firm and free
of roots, topsoil, lumps of silt and clay, and organic and inorganic debris.

•

Site soil: Sandy, gravelly fill can be reused as structural fill with proper moisture conditioning.

•

Import structural fill: Gravel Borrow can be used as import structural fill. The Gravel Borrow
should conform to the requirements in Section 9-03.14(1) of the Washington State
Department of Transportation’s 2021 Standard Specifications for Road, Bridge, and Municipal
Construction (2021 WSDOT Standard Specifications). During periods of wet weather, the fines
content should not exceed 5 percent, based on the minus ¾-inch fraction.

•

Fill placement and compaction: Structural fill should be placed on an approved subgrade that
consists of uniformly firm, unyielding, inorganic site soils or of compacted structural fill that
extends to such soils. Structural fill should be placed and compacted in accordance with the
requirements in Section 2-03.3(14)C, Method C of the 2021 WSDOT Standard Specifications.
Method A is appropriate for non-structural areas, such as landscaping. Each layer of structural
fill should be compacted to at least 95 percent of the maximum dry density, determined in
accordance with the methods described in Section 2-03.3(14)D of the 2021 WSDOT Standard
Specifications. Alternatively, the maximum dry density can be determined with ASTM standard
test method D1557, Standard Test Methods for Laboratory Compaction Characteristics of Soil
Using Modified Effort (56,000 ft-lbf/ft3 (2,700 kN-m/m3)).

•

Construction dewatering: Zones of perched groundwater are not anticipated at the proposed
range shed location. If groundwater is encountered, temporary excavations should be
dewatered to allow construction to be completed in the dry. Conventional sumps and pumps
should be sufficient to dewater excavations in which groundwater seepage is encountered.
The contractor should be responsible for the design, monitoring, and maintenance of
dewatering systems.

•

Temporary slopes: Temporary excavations should be completed in accordance with the
requirements in Section 2-09 of the 2021 WSDOT Standard Specifications. The contractor
should be responsible for actual excavation configurations and the maintenance of safe
working conditions, including temporary excavation stability. Temporary excavations in excess
of 4 ft should be shored or sloped in accordance with the requirements outlined in Safety
Standards for Construction Work, Part N (Washington Administrative Code Chapter 296-155).
The soil likely to be exposed in construction excavations should be considered Type C, with a
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ICC. 2017. 2018 International Building Code. International Code Council. August 31.
LNI. 2020. Construction Work. Chapter 296-155 WAC; Part N. Excavation, Trenching, and Shoring.
Washington State Department of Labor and Industries. Effective October.
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Soil Classification System
USCS
GRAPHIC LETTER
(1)
SYMBOL SYMBOL

MAJOR
DIVISIONS
COARSE-GRAINED SOIL

(More than 50% of material is
larger than No. 200 sieve size)

FINE-GRAINED SOIL

(More than 50% of
material is smaller than
No. 200 sieve size)

GRAVEL AND
GRAVELLY SOIL

GW
GP
GM
GC
SW
SP
SM
SC
ML
CL
OL
MH
CH
OH
PT

CLEAN GRAVEL
(Little or no fines)

(More than 50% of
GRAVEL WITH FINES
coarse fraction retained
(Appreciable amount of
on No. 4 sieve)
fines)

CLEAN SAND

SAND AND
SANDY SOIL

(Little or no fines)

(More than 50% of
coarse fraction passed
through No. 4 sieve)

SAND WITH FINES
(Appreciable amount of
fines)

SILT AND CLAY
(Liquid limit less than 50)

SILT AND CLAY
(Liquid limit greater than 50)

HIGHLY ORGANIC SOIL

GRAPHIC LETTER
SYMBOL SYMBOL

OTHER MATERIALS

AC or PC
RK
WD
DB

PAVEMENT
ROCK
WOOD
DEBRIS

TYPICAL
(2)(3)
DESCRIPTIONS
Well-graded gravel; gravel/sand mixture(s); little or no fines
Poorly graded gravel; gravel/sand mixture(s); little or no fines
Silty gravel; gravel/sand/silt mixture(s)
Clayey gravel; gravel/sand/clay mixture(s)
Well-graded sand; gravelly sand; little or no fines
Poorly graded sand; gravelly sand; little or no fines
Silty sand; sand/silt mixture(s)
Clayey sand; sand/clay mixture(s)
Inorganic silt and very fine sand; rock flour; silty or clayey fine
sand or clayey silt with slight plasticity
Inorganic clay of low to medium plasticity; gravelly clay; sandy
clay; silty clay; lean clay
Organic silt; organic, silty clay of low plasticity
Inorganic silt; micaceous or diatomaceous fine sand
Inorganic clay of high plasticity; fat clay
Organic clay of medium to high plasticity; organic silt
Peat; humus; swamp soil with high organic content

TYPICAL DESCRIPTIONS
Asphalt concrete pavement or Portland cement pavement
Rock (See Rock Classification)
Wood, lumber, wood chips
Construction debris, garbage

Notes: 1. USCS letter symbols correspond to symbols used by the Unified Soil Classification System and ASTM classification methods. Dual letter symbols
(e.g., SP-SM for sand or gravel) indicate soil with an estimated 5-15% fines. Multiple letter symbols (e.g., ML/CL) indicate borderline or multiple soil
classifications.
2. Soil descriptions are based on the general approach presented in the Standard Practice for Description and Identification of Soils (Visual-Manual
Procedure), outlined in ASTM D 2488. Where laboratory index testing has been conducted, soil classifications are based on the Standard Test
Method for Classification of Soils for Engineering Purposes, as outlined in ASTM D 2487.
3. Soil description terminology is based on visual estimates (in the absence of laboratory test data) of the percentages of each soil type and is defined
as follows:
Primary Constituent:
> 50% - "GRAVEL," "SAND," "SILT," "CLAY," etc.
Secondary Constituents: > 30% and <
_ 50% - "very gravelly," "very sandy," "very silty," etc.
> 15% and <
_ 30% - "gravelly," "sandy," "silty," etc.
Additional Constituents: > 5% and <
_ 15% - "with gravel," "with sand," "with silt," etc.
<
_ 5% - "with trace gravel," "with trace sand," "with trace silt," etc., or not noted.
4. Soil density or consistency descriptions are based on judgement using a combination of sampler penetration blow counts, drilling or excavating
conditions, field tests, and laboratory tests, as appropriate.

Drilling and Sampling Key
SAMPLER TYPE
Code
a
b
c
d
e
f
g
h
i
1
2
3
4
5

Field and Lab Test Data

SAMPLE NUMBER & INTERVAL

Description

Code

3.25-inch O.D., 2.42-inch I.D. Split Spoon
2.00-inch O.D., 1.50-inch I.D. Split Spoon
Shelby Tube
Grab Sample
Single-Tube Core Barrel
1
Double-Tube Core Barrel
2.50-inch O.D., 2.00-inch I.D. WSDOT
3.00-inch O.D., 2.375-inch I.D. Mod. California
Other - See text if applicable
300-lb Hammer, 30-inch Drop
140-lb Hammer, 30-inch Drop
Pushed
Vibrocore (Rotosonic/Geoprobe)
Other - See text if applicable

Sample Identification Number
Recovery Depth Interval
Sample Depth Interval
Portion of Sample Retained
for Archive or Analysis

PP = 1.0
TV = 0.5
PID = 100
W = 10
D = 120
-200 = 60
GS
AL
GT
CA

Description
Pocket Penetrometer, tsf
Torvane, tsf
Photoionization Detector VOC screening, ppm
Moisture Content, %
Dry Density, pcf
Material smaller than No. 200 sieve, %
Grain Size - See separate figure for data
Atterberg Limits - See separate figure for data
Other Geotechnical Testing
Chemical Analysis

Groundwater
Approximate water level at time of drilling (ATD)
Approximate water level at time after drilling/excavation/well
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TP-1

USCS Symbol

Graphic Symbol

SOIL PROFILE

Test Data

Sampler Type

Sample Number
& Interval

0

Elevation (ft)

Depth (ft)

SAMPLE DATA

SPSM
GP
GPGM

2

GROUNDWATER

Excavation Method: John Deere 448
Ground Elevation (ft): Not measured
Excavated By:

The Home Course

Logged By:

LGL

1 inch of dark brown, fine to medium SAND with
silt (loose, moist)
(TOPSOIL)

Groundwater not encountered.

Brownish-gray, fine GRAVEL (pea gravel)
(loose, moist)
(FILL)
Dark brown, sandy, fine to coarse GRAVEL with
silt and cobbles (dense, moist)
-Grades to with wood debris
-Grades to very dense and without wood debris

4
Test Pit Completed 05/28/21
Total Depth of Test Pit = 4.5 ft.
6

USCS Symbol

Graphic Symbol

SOIL PROFILE

Test Data

Sampler Type

Sample Number
& Interval

0

Elevation (ft)

SAMPLE DATA

Depth (ft)

1990001.01 6/21/21 \\OLYMPIA1\PROJECTS\1990\001.010\T\1990001.010.GPJ TEST PIT LOG W/ ELEVATION

TP-2

SPSM
GP
GPGM

2

GROUNDWATER

Excavation Method: John Deere 448
Ground Elevation (ft): Not measured
Excavated By:

The Home Course

Logged By:

LGL

3 inches of dark brown, fine to medium SAND
with silt (loose, moist)
(TOPSOIL)

Groundwater not encountered.

Brownish-gray, fine GRAVEL (pea gravel)
(loose, moist)
(FILL)
Dark brown, sandy, fine to coarse GRAVEL with
silt and cobbles (dense, moist)
-Grades to with wood debris
-Grades to very dense and without wood debris

4
Test Pit Completed 05/28/21
Total Depth of Test Pit = 4.5 ft.
6

Notes:

1. Stratigraphic contacts are based on field interpretations and are approximate.
2. Reference to the text of this report is necessary for a proper understanding of subsurface conditions.
3. Refer to "Soil Classification System and Key" figure for explanation of graphics and symbols.
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