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Introduction
This memorandum summarizes the results of geotechnical engineering services provided by
Landau Associates, Inc. (LAI) to support conceptual design of a new campground at Schafer State
Park in Elma, Washington (site). Services were provided in accordance with the scope outlined in
LAI’s August 23, 2018 proposal.
This memorandum has been prepared based on discussions with, and information provided by,
representatives of J.A. Brennan Associates PLLC (project landscape architect) and the Washington
State Parks and Recreation Commission (State Parks; project owner); observed site conditions;
and LAI’s experience with similar projects in the vicinity of the site.

Project Understanding
Schafer State Park is a 122-acre public recreation area located near the Satsop River, midway
between Olympia and Aberdeen in Mason County, Washington. The park is used primarily for
camping, hiking, fishing, and birdwatching. Its 42 campsites are located within the 100-year
floodplain of the Satsop River, and require extensive maintenance as a result of frequent
flooding.
The State Parks proposes to replace the existing campsites with a new campground to be located
outside of the floodplain, south of the existing campsites, and east of West Schafer Park Road.
Other proposed site improvements include the addition of a welcome center, restrooms, and a
picnic shelter. The conceptual design for the new campground is included in Attachment 1.

Scope of Services
LAI provided the following geotechnical services to support conceptual design of the project:
1. Reviewed available geologic and geotechnical information for the site as well as
conceptual design plans provided by J.A. Brennan Associates.
2. Visited the site to observe geologic and topographic conditions that could affect
construction of the proposed campground.
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3. Assessed the site for geotechnical hazards, including seismic hazards, slope instability, and
soft soils that could potentiate foundation settlement.
4. Evaluated feasible foundation types for the new structures and made recommendations
for site earthwork and grading (i.e., reuse of onsite soils).
5. Attended one team meeting on site.
6. Summarized geotechnical conclusions and recommendations, along with supporting data,
in a memorandum.

Geologic Setting
Geologic information for the project area was obtained from The Geologic Map of the Shelton
1:100,000 Quadrangle, Washington (Logan 2003). Near-surface soil at the site is mapped as
alluvium (Qa) or glacial outwash (Qgo). Alluvium typically consists of unconsolidated clay, silt,
sand, and gravel deposited by rivers or streams. Glacial outwash typically consists of sands and
gravels with variable silt content in a loose to dense condition. According to the draft preferred
alternative plans (Attachment 1), the majority of the development would be founded in the
alluvium soil unit.
Marine sedimentary rock (MSR) deposits (QEm[lc]) are mapped immediately south of park limits,
and could underlie the alluvium and glacial outwash at the site. MSR generally consists of fine- to
medium-grained siltstone and sandstone in a very dense or hard condition with little to no
permeability. Typically, the weathered horizon of MSR is soft and measures up to 20 feet thick.
The soils exposed at ground surface during LAI’s September 28, 2018 site visit were generally
consistent with the mapped geology for the site. Sand and gravel alluvium are likely to be
observed within excavations advanced at the site, and will provide suitable foundation support
for the proposed structures. Local soils are likely to consist of poorly sorted sand (over bank
deposits). Organic/peat soils could be encountered in backwater areas or in other localized
depressions within the floodplain. Marshy surface vegetation is often indicative of organic soils;
these soft, compressible soils are poorly suited for foundation support.
MSR deposits could contribute to slope instability. However, MSR was not exposed within park
limits, and no historical landslides are mapped at the site.

Seismic Conditions
The following sections provide seismic design considerations, including seismic design
parameters, liquefaction susceptibility, and seismic slope instability.
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Seismic Design Parameters
LAI understands that the project will be designed in accordance with the 2015 International
Building Code (IBC; ICC 2014). The majority of site soil is likely liquefiable, and the seismic site
classification is Site Class F. For construction in Site Class F soils, the 2015 IBC defers to standards
set forth in Minimum Design Loads of Buildings and Other Structures (American Society of Civil
Engineers [ASCE] 7-10 2010). Per the ASCE, liquefaction susceptibility can be disregarded when
determining the site class for structures with a natural period of vibration of less than 0.5
seconds. Assuming the period of vibration is less than 0.5 seconds, the seismic site classification is
likely Site Class D, and the parameters provided in Table 1 can be used for conceptual design.
Table 1. 2015 International Building Code Seismic Design Parameters
Spectral response acceleration at short periods (S s) = 1.454g
Spectral response acceleration at 1-second periods (S1) = 0.648g
Site class = D
Site coefficient (Fa) = 1.0
Site coefficient (Fy) = 1.5
g = force of gravity

Based on review of available geologic information, LAI believes that the majority of the site is at
moderate risk for seismically induced soil liquefaction or lateral spreading. Considering the
location of the site with respect to the nearest known active crustal faults, the risk of ground
rupture due to surface faulting is low.
In LAI’s experience, single-story camping facilities are not designed to withstand seismic activity.
Foundation tie beams can be used to achieve collapse-prevention objectives in occupied office
spaces.

Conclusions and Recommendations
Based on review of available information, LAI concludes that site soils likely consist of sand and
gravel alluvium. This soil type is suitable for support of shallow foundations, and is typically a
good source of structural fill for site grading. Site soils are anticipated to provide adequate
infiltration capacity for onsite stormwater management systems; however, shallow seasonal
groundwater should be expected throughout the site. During design, these preliminary
conclusions should be verified with subsurface explorations.
LAI has not identified any geotechnical fatal flaws in the draft preferred alternative plans
(Attachment 1). However, flooding is a major natural hazard at the site. Forces imparted by
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flooding have not been evaluated at the time of this writing. Specific flooding conditions can be
evaluated during design, if required.
The following should be considered during conceptual design:


Shallow foundations can be assumed for structures with an allowable bearing capacity of
2,000 pounds per square foot.



The engineering soil properties provided in Table 2 can be assumed for the upper 10 feet
of soil.

Table 2. Engineering Soil Properties
Soil Unit

Moist Unit Weight
(pcf)

Submerged Unit
Weight
(pcf)

Cohesion
(psf)

Internal Angle of
Friction
(degrees)

Alluvium

110

48

0

30

pcf = pounds per cubic foot
psf = pounds per square foot



Groundwater should be assumed to be present within 2 feet of ground surface in the
winter, and at or slightly above the river elevation in the summer.



On average, factored design soil infiltration rates should be assumed to range from 1 to 3
inches per hour. Attachment 2 provides additional information about local variability in
infiltration rates; the rates in Attachment 2 are unfactored percolation rates, and should
not be interpreted as design soil infiltration rates.



Site soils may be reusable as structural fill, provided material larger than 6 inches is
screened.



Site soils are susceptible to liquefaction during a design earthquake. In LAI’s experience,
single-story camping facilities are not designed to withstand seismic activity. Foundation
tie beams can be used to achieve collapse-prevention objectives in occupied office spaces.
The project design should account for the possibility of flooding.

Use of This Technical Memorandum
Landau Associates, Inc. (LAI) prepared this technical memorandum for the exclusive use of J.A.
Brennan Associates PLLC and the Washington State Parks and Recreation Commission for the
Schafer State Park Conceptual Design project in Elma, Washington. Use of this technical
memorandum by others or for another project is at the user’s sole risk. Within the limitations of
scope, schedule, and budget, LAI’s services have been provided in accordance with generally
accepted practices of the geotechnical engineering profession; no other warranty, express or
implied, is made as to the professional advice included in this technical memorandum.
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Closing
We trust that this technical memorandum provides you with sufficient information to proceed. If
you have questions or comments, or if we may be of further service, please contact the
undersigned at (360) 791-3178.
LANDAU ASSOCIATES, INC.

Calvin McCaughan, PE
Principal
CAM/mcs
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Attachments: Figure 1. Geologic Map
Attachment 1. Draft Preferred Alternative Plans (3)
Attachment 2. NRCS Map and Percolation Rates
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Draft Preferred Alternative Plans (3)
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ATTACHMENT 2

NRCS Map and Percolation Rates

Attachment 2 - Soil Conservation Service Data
Park Map:

Table of units with park boundary:
Soil Type #
Ca
Gh
Gm
Hs
Ja
Jb
Jd
Ra
Rb
Ss
Su
W

Soil Type Name and Slope
Carstairs gravelly loam, 0 to 5 percent slopes
Grove gravelly, sandy loam, 0 to 5 percent slopes
Grove gravelly, sandy loam, 15 to 30 percent slopes
Hoquiam and Astoria silt loams, 5 to 15 percent slopes
Juno gravelly, sandy loam, 0 to 3 percent slopes
Juno loam, 0 to 3 percent slopes
Juno sandy loam, 0 to 3 percent slopes
Riverwash, 0 to 3 percent slopes
Rough, broken land
Solduc gravelly loam, 0 to 5 percent slopes
Solduc gravelly, sandy loam, 0 to 5 percent slopes
Water
Total area %

Percent of Area
0.3
15.4
2.7
1.1
21.9
6.3
2.3
5.4
7.8
3.6
25.6
7.6
100

Percolation,
Ksat (in/hr)
5.95 to 19.98
1.98 to 5.95
1.98 to 5.95
0 .0 to 0.06
1.98 to 5.95
1.98 to 5.95
1.98 to 5.95
None given
0.57 to 1.98
0.57 to 1.98
0.57 to 1.98

