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1.0 INTRODUCTION AND SCOPE OF SERVICES

This report provides geotechnical analysis and certification for the City of Hoquiam North Shore Levee West
Segment project in Hoquiam, Washington. The City of Hoquiam (Hoquiam) is planning to construct
approximately 5 miles of levees and floodwalls. The purpose of the project is to construct a levee that will
be accredited by the Federal Emergency Management Agency (FEMA) and considered by the National Flood
Insurance Program in revising the flood insurance rate map (FIRM) for portions of Hoquiam.

The purpose of this report is to provide analysis demonstrating that the proposed levee and floodwall
system will meet the geotechnical stability requirements of 44 Code of Federal Regulations (CFR) 65.10
based on the 100-year flood event. Additional requirements of 44 CFR 65.10 will be addressed in separate
reports prepared by the team lead. KPFF Consulting Engineers (KPFF) and the team hydraulics engineer
Watershed Science & Engineering (WSE). Our analysis is based on the Geotechnical Evaluation Guidance
from the United States Army Corps of Engineers (USACE) Engineering Circular 1110-2-6067 “USACE
Process for the National Flood Insurance Program (NFIP) Levee System Evaluation”. USACE Engineering
Manual 1110-2-1913 “Design and Construction of Levees,” and sound engineering practices.

Our services have been provided in accordance with our agreement dated September 16, 2019. Our scope
of services for the geotechnical analysis presented in this report includes:
B Reviewing existing subsurface data.

m Performing 17 subsurface explorations: seven cone penetrometer tests (CPTs), six borings and
three electric vane shear tests (eVSTs).

m Performing primary laboratory or index tests on representative soil samples including moisture
contents, Atterberg limits, and percent fines passing no. 200 (0.075 mm) sieve.

m Performing secondary strength laboratory tests laboratory tests on representative soil samples,
including triaxial unconsolidated undrained (TXUU) testing.

m Performing stability and seepage analyses under the three design conditions (end-of-construction,
steady state seepage, and rapid drawdown).

m Performing settlement analysis of the levee embankment to assess the potential settlement of the
levee that could reduce freeboard over time.

m Developing geotechnical desigh recommendations for levee construction.

m Preparing this Geotechnical Analysis and Levee Certification Report summarizing the results of our
exploration program, laboratory testing, analyses, and providing conclusions and recommendations.

2.0 DESIGN CONDITIONS

2.1. Design Hydraulic Conditions
Hydraulic conditions have been analyzed by WSE and will be described in more detail in their accompanying

technical memorandum in the Conditional Letter of Map Revision (CLOMR) application.

The project is in Hoquiam, Washington. The proposed alignment is along the Hoquiam River (north and east
portion of proposed alignment) and north of Grays Harbor (southern portion of alignment). A Vicinity Map is
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provided as Figure 1. An overall Site Plan is presented in Figure 2. Grays Harbor and the Hoquiam River are
primarily tidally influenced within the project area. Hydraulic analysis has shown that variations in the water
level in Grays Harbor influences predicted flood elevations more than variations in the flow of the Hoquiam
River. FEMA Base Flood Elevations (BFEs) in the project area have been determined based on coastal
flooding criteria rather than riverine flooding.

WSE estimates the stillwater elevation within the project area to be Elevation 13.1 feet. Wave run up under
a design storm has been predicted to be ranging from Elevation 13.8 feet to 15.1 feet (WSE 2017). The
currently effective FEMA mapping for Hoquiam shows BFEs of 13.0 feet along the shoreline of Grays Harbor
transitioning to Elevation 14.0 feet upstream from the Puget Sound and Pacific Railroad bridge crossing
the Hoquiam River. WSE believes that the change in BFE (from Elevation 13.0 to 14.0 feet) is a mapping
error. The BFE for this project in Hoquiam has been established at Elevation 14.0 feet. The top of the levees
and floodwalls will be established at Elevation 15.2 feet. All elevations referenced in this report use the
National American Vertical Datum of 1988 (NAVD88). The BFEs are based on coastal flooding and, as a
result, are driven in a large part by the tide cycles. According to WSE’s 2017 hydraulic analysis report for
Aberdeen, Washington: high water events that rise above the surrounding ground surface, at about
Elevation 10 feet (NAVD88), are anticipated to recede within 4 to 6 hours.

2.2. Existing Site Conditions

The proposed alignment of the North Shore Levee West Segment is located within the city of Hoquiam on
the north side of Grays Harbor and to the west of the Hoquiam River. The proposed alighment extends
through residential, commercial, and light industrial areas. Existing surface conditions are relatively flat and
generally range between Elevation 11 and Elevation 16 feet (NAVD88). Existing high ground tie-ins have
been established to be Elevation 15.2 feet or greater.

Structures along the Hoquiam River and Grays Harbor include a shipyard, pump stations, local businesses,
light industrial buildings, railroad tracks, highway bridges, and abandoned timber piles that once supported
structures built on or adjacent the riverbank. There are two highway bridges (Riverside Avenue Bridge and
Simpson Avenue Bridge) and one Puget Sound and Pacific Railroad bridge (proposed levee Station 101+00
to Station 101+50). A seawall with riprap revetment at the base is also present along the Hoquiam River
from Karr Avenue (proposed levee Station 96+00) to 10t Street (proposed levee Station 121+50). In
addition, old timber piles are present along the bank of the Hoquiam River and docking facilities. The piles
are generally located offshore and within the riverbank that is exposed during low tides.

2.3. Proposed Levee System

The approximately 5-mile-long levee system consisting of a combination of earth embankment levees and
various floodwalls (i.e., concrete, sheet pile, stop log closures) is proposed to provide flood protection for
portions of Hoquiam. The north and west portion of the proposed alignment consists of approximately
2.7 miles along the west bank of the Hoquiam River. The 2.7-mile section of alignment extends from
approximate intersection of Endressen Road and Perry Avenue to the southern mouth of the Hoquiam River
near the confluence of Grays Harbor. The southern portion of the proposed alighment continues west from
the southern mouth of the Hoquiam River, parallel to the railroad tracks located inland of Grays Harbor.
Both the north and southwest extents of the levee system will tie-in to existing natural high ground. The
levee system alignment will intersect bridge approach embankments in two locations: Riverside Avenue
Bridge and Simpson Avenue Bridge.
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The levee crest elevation will be designed at Elevation 15.2 feet. To account for future expansion,
modifications, or overbuilding for long-term settlement considerations, we have evaluated all earth
embankment levee sections assuming a crest Elevation 16.0 feet.

For our analysis, we have divided the proposed levee system into five reaches based on the observed
subsurface conditions. These areas are shown on Figure 2. Referenced project stationing is based on the
plan set titled “North Shore Levee West Segment CLOMR Plans,” dated March 3, 2020 provided to us by

KPFF on March 13, 2020. The project stationing has been estimated to the nearest 50 feet.

TABLE 1. LEVEE REACHES

Approximate

Reach Station Limits
Reach 1: 0+80 (Existing
North Alignment  High Ground Tie-
Design Group In) to 32+00
Reach 2: 32+00 to 87+50
Hoquiam River

Design Group

Reach 3: 87+50 to

North Hoquiam 106+00 (north

Design Group
Avenue Bridge

West Approach)

GEOENGINEER@

side of Riverside

Representative Cross Sections
(Approximate Station)

Cross sections are not provided
for this reach. In our opinion
the proposed alighment
maintains sufficient setback
through this reach and in our
opinion slope stability is not a
concern. This design group was
analyzed for settlement and
bearing capacity.

2A (55+00)

3A (95+00),
3B (104+50)

General Description

Reach 1 extends from the high
ground tie-in near the intersection of
Highway 101 and Queen Avenue
through residential neighborhoods
and light industrial areas inland of
the Hoquiam River. The flood
protection system will consist of
concrete floodwalls and a section of
earthen embankment with stop log
closures at some of the street
intersections and private drives.

Reach 2 extends from the north of
the previously occupied lumber mill
and continuing south along the
Hoquiam River through mostly
undeveloped property privately
owned property as well as residential
neighborhoods. The flood protection
system will consist of earthen
embankment sections tied into
existing high ground as well as sheet
pile floodwalls with stop log closures
at some of the street intersections
and private drives.

Reach 3 extends from Chenault
Avenue (Levee Station 87+50)
through light industrial and
commercial property to the north
side of the Riverside Avenue Bridge
approach. The flood protection is
within the City of Hoquiam right-of-
way and will consist of earthen
embankments, concrete and sheet
pile floodwalls.
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Reach

Reach 4:
South Hoquiam
Design Group

Reach 5:
Grays Harbor
Design Group

Approximate
Station Limits

106+00 (south
side of Riverside
Avenue West
Approach) to
130+00

130+00
(Simpson Ave.
Bridge) to
201+00
(Southwest Tie-
in)

Representative Cross Sections
(Approximate Station)

4A (107+00), and
4B (123+50)

Cross sections are not provided
for this reach. In our opinion
the proposed alignment
maintains sufficient setback
through this reach and slope
stability in our opinion is not an
issue. Reach 5 was analyzed
for settlement, bearing capacity
and lateral earth pressures.

General Description

Reach 4 extends from the south side
of the Riverside Avenue Bridge west
approach along Levee Street through
commercial areas and property. The
flood protection is within the City of
Hoquiam right-of-way and will consist
of earthen embankment and
concrete floodwalls

Reach 5 extends from the Simpson
Avenue Bridge intersection through
residential neighborhoods, light
industrial areas and the Puget Sound
& Pacific Railroad to the southwest
high ground tie-in near the
intersection of Paulson Road and
West Emerson Avenue. The flood
protection will consist of concrete t-

walls, earthen embankments (access
road) and sheet pile floodwall at the
southwest tie-in and utilizing existing
high ground along the alignment.

3.0 LEVEE STRUCTURAL ANALYSIS

3.1. Embankment Protection and Scour

The BFE along Grays Harbor and along the Hoquiam River in the project area has been determined by WSE
to be Elevation 14.0 feet (NAVD88). We understand from WSE that this elevation is based on coastal
flooding in Grays Harbor. In Reaches 1 and 5 the North Shore Levee alignment is significantly inland from
the water and wave run up or flowing flood water is not expected to reach the levee. In Reaches 2, 3 and
4, the levee is closer to the water. According to the 2017 report completed by WSE, the fetch is limited to
the width of the Hoquiam river or a narrow section of Grays Harbor. Therefore, erosion from wind generated
waves are not expected to be significant along the length of the proposed levee alignment and wave run-up
on the levee prism or floodwalls is expected to be minor, if it occurs at all.

Based on WSE’s 2017 hydraulic modeling of the levee system in Aberdeen and Hoquiam; models indicated
that shallow flooding along rivers might occur in the 100-year flood. Any overbank flows would be shallow
and largely confined to street flooding less than 2 feet deep. Overbank flows from the Hoquiam river
reaching the proposed levee are expected to have velocities of less than 0.9 feet per second. Based on our
understanding of this potential hydraulic loading, it is our opinion that the proposed earth levees can be
protected from erosion by maintaining a grass covering.

Based on available information for the 2017 North Shore Levee project in Aberdeen, Washington, it is our
opinion that the effects of long-term scour do not need to be included in our stability analyses.
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3.2. Levee Crossings and Adjacent Structures

The impacts of adjacent structures on the levee, including roads, bridges, buildings, and utilities have been
considered in our analysis. Structures that are constructed primarily of soil (i.e., roads, railroad
embankments, and bridge approach embankments) were included in the stability analyses where
appropriate. For example, where roads are located on top or adjacent to the levee or floodwall, the roadway
is included in the analysis.

Significant structures that are adjacent to or cross the proposed levee alignment that are not constructed
of soil include: multiple buildings between the bank of the Hoquiam River and Levee Street, an abandoned
railroad bridge, railroad embankments, the Simpson Avenue Bridge (State Route [SR] 101), and the
Riverside Avenue Bridge (SR 101). The bridge structures are confirmed, either through direct observation
or review of as-built plans, to be supported on deep foundations. Structures supported on deep foundations
will not interfere or add load to the levee structure or levee foundation. Accordingly, no additional structural
analysis is warranted for these existing structures.

3.3. Subsurface Conditions

3.3.1.Foundation Material Characteristics

3.3.1.1. Geologic Setting

The site is located on the north side of Grays Harbor and along the west bank of the Hoquiam River. The
geologic map “Geologic Map of the Humptulips Quadrangle and Adjacent Areas, Grays Harbor County,
Washington” (Weldon W. Rau 1986) indicates the soils are Quarternary Deposits (Qd), with includes
alluvium and glacial drift of alpine origin. The hills where the north high ground tie-in is located are mapped
as the Montesano Formation (Tmss), which is described as sandstone and conglomerate. The Montesano
Formation also borders a thin strip of brecciated basalt (Tab), located along the tree line running south from
the intersection of Highway 101 and Endresen Road to the intersection of Lincoln Street and Ramer
Avenue.

3.3.1.2. Subsurface Explorations

Subsurface conditions along the proposed North Shore Levee Alignment West Segment were explored by
advancing seven CPTs and three eVSTs and performing six geotechnical borings using mud-rotary
techniques. The explorations occurred between June 5 and November 15, 2019. The locations of these
explorations are shown of Figure 2. Additional details regarding our explorations and laboratory testing
program are provided in Appendix A.

3.3.1.3. Reviewed Subsurface Information

We also reviewed existing subsurface information obtained internally and through a search of public
records from the Washington Department of Transportation (WSDOT) and the Washington Department of
Natural Resources’ (DNR) Washington State Geologic Information Portal. Relevant documents included
subsurface data and soils testing information from the WSDOT SR 520 Pontoon Construction Project
(Grays Harbor), Hoquiam River Woodlawn Water Pipeline Crossing project, and from design studies for the
bridges that cross the Hoquiam River (Riverside Avenue Bridge and Simpson Avenue Bridge). A summary
of the documents and the information used as reference and directly in our analysis is provided in Table 2
below.
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TABLE 2. REVIEWED SUBSURFACE INFORMATION NEAR THE PROPOSED LEVEE

Document; Author

Foundation Recommendations Letter -
SR-101, C.S. 1402, L- 7262 West
Hoquiam Connection Little Hoquiam
River Bridge No. 101/130 Widening;
WSDOT

Geotechnical Engineering and
Environmental Evaluation Report -
Hoquiam River Woodlawn Water Pipeline
Crossing; AGRA Earth & Environmental

WSDOT - Aberdeen Hoquiam Couplet

Geotechnical Report - Hoquiam River-
Simpson Bridge No. 101/125W-
Maintenance Turnout; WSDOT

Geotechnical Design Study - WSDOT SR
520 Pontoon Construction Project;
Landau Associates

Geotechnical Engineering Report - BHP
Potash Export Terminal; Clarity
Engineering LLC and Shannon & Wilson

Date of Study
May 1983

December 1997

1967 - 1997

March 2004

March 2009

June 2019

Pertinent Information

Generalized soil profiles, properties and
descriptions of soil units.

Subsurface soil descriptions and moisture
contents.

Subsurface soil conditions; consolidation lab
test results; TXUU and TXCU lab testing data
and results

Pile and drilled shaft foundation design plans,
parameters and calculations including
liguefaction analysis; subsurface conditions at
the bridge crossing; in-situ testing results (vane
shear testing); TXUU and TXCU lab testing data
and results; index testing results including
sieve analysis, moisture content
determinations and Atterberg limits.

Generalized soil profiles, properties and
descriptions of units modeled.

Generalized soil profiles and descriptions of
encountered subsurface soil type.

The reference material listed in Table 2 was reviewed for pertinent subsurface information to evaluate
general geologic conditions and to evaluate site variability. A select number of the reviewed reference
materials are used within this study in direct support of design soil properties and levee system analysis.
The subsurface soil study referenced the most in this report is “Landau Associates, Geotechnical Design
Study for the WSDOT SR 520 Pontoon Construction Project” report dated March 25, 2009. Study is referred
to in this report as the 2009 Landau report. The locations of explorations used directly to develop design

soil properties are shown on Figure 2.

3.3.1.4. Groundwater

CPT data is interpreted to indicate a groundwater level at a depth ranging from approximately 3 to 5 feet
below ground surface (bgs). Water levels in the borings could not be measured directly due to the drilling
method used. Groundwater levels used during analysis are based on the anticipated flood conditions.

GEoENc.lNEERg
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3.3.2.Site Soils and Design Soil Parameters

3.3.2.1. General

The site soils observed in our explorations consist of native alluvium typically overlain by a relatively thin
(5-to 10-foot) layer of fill. We divided the project site into five general groups based on observed differences
in the alluvium soil type. These groups are: North Alignment (Reach 1), Hoquiam River (Reach 2),
North Hoquiam (Reach 3), South Hoquiam (Reach 4), and Grays Harbor (Reach 5).

3.3.2.2. Fill Material

Fill was observed in all reaches of the project, typically where the explorations were advanced in paved or
previously developed areas. It is not clear how much fill is present in vacant lots or other underdeveloped
areas. The observed fill consisted of combinations of variable clay, silt, sand, gravel, and organic matter
(i.e., tree roots and wood debris). Relative density in terms of blow counts or equivalent blow counts
measured in the field within non-cohesive materials in this study as well as previous studies completed in
this area indicate an N value typically between 10 and 40 (medium dense to dense).

3.3.2.3. North Alignment Alluvium (Reach 1)

Data from CPT exploration, CPT-1-19, was used to determine material type and evaluate the soil strength
properties using correlations presented by NCHRP Project 20-05 report. The correlation uses a bearing
factor (Kkt) that is calibrated to the TXUU data. A Nkt value of 7 was determined to provide the best fit for
calibrating the CPT with the TXUU lab results. A lower value of Nk tends to indicate sensitive fine-grained
soils. Figure A-33 shows the calibrated CPT data and strength properties used in design plotted against
elevation for the North Alignment area (Reach 1).

The upper alluvium generally consists of clay with varying quantities of organics and sand particles. The
consistency of the soil ranges from very soft to medium stiff. The upper alluvium generally extends from the
ground surface to approximately Elevation -25 feet. The correlated CPT blow counts (N) measured for this
material are generally between 1 to 7 blows per foot. Based on CPT correlations used to determine soil
shear strength, these fine grained cohesive materials have an estimated undrained shear strength ranging
from 500 pounds per square foot (psf) at approximate Elevation 9 (organic interbed deposit 300 psf,
Elevation 2 to -1 feet) to 1,000 psf at approximate Elevation -12 feet.

The lower alluvium includes layers of silt (ML) with intermittent layers of sensitive fine-grained materials
(i.e., organics). The consistency of the soils for the lower alluvium is on the order of a stiff soil. The lower
alluvium is generally below approximate Elevation -40 feet. Based on CPT correlations, soil shear strength
for these encountered fine-grained cohesive materials have an estimated undrained shear strength of
1,300 psf.

The unit weight of the alluvium was also evaluated from the CPT data using correlations published in the
NCHRP project 20-05 report and calibrated to densities measured from Shelby tube samples. A unit weight
of 104 and 106 pounds per cubic foot (pcf) was used for the upper and lower alluvium, respectively.

3.3.2.4. Hoquiam River Alluvium (Reach 2)

Data from CPT exploration, CPT-2-19, was used to determine material type and evaluate the soil strength
properties using correlations presented by NCHRP Project 20-05 report. Additionally, boring logs B-3 and
B-4 completed by AGRA Earth and Environment (1997) were reviewed to develop a subsurface design
profile along with the CPT correlated soil types. Figures A-33 and A-34 show the calibrated CPT data with
correlated strength and unit weight properties, respectively. The boring logs for B-3 and B-4 are provided
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within Appendix B of this report. These soil properties were plotted against elevation to generate a soil
design profile for the Hoquiam River area (Reach 2).

CPT-2-19 displays results indicating the upper 5 to 10 feet consists of earth fill along the Hoquiam River.
The fill generally consists of a mixture of sandy silt and silty sand. The fill is underlain by fine-grained
alluvium (i.e., clay) with variable interbeds of sand deposits. The consistency of the soil ranges from medium
stiff to stiff. The upper alluvium generally extends from approximate Elevation 2 feet to approximately
Elevation -20 feet. Based on CPT correlations used to determine soil shear strength, these fine-grained
cohesive materials have an estimated undrained shear strength ranging from 600 pounds per square foot
(psf) at approximate Elevation 6 to 1,200 psf at approximate Elevation -20 feet.

The review of boring logs B-3 and B-4 (Agra 2007) document fill in the upper approximate 5 to 8 feet
consisting of silt with variable sand, clay, gravel and organics. The consistency of the fill material is generally
medium dense based on documented blow counts (N) ranging from 5 to 8 blows per foot. The fill is
underlain by fine-grained alluvium (i.e. silt) with variable fine sand and organics. The consistency the upper
alluvium soil shown in boring logs B-3 and B-4 is generally very soft. The upper alluvium shown in boring
logs B-3 and B-4 generally extends from approximate Elevation 5 feet to an elevation ranging from -18
to -23 feet. The documented blow counts (N) shown on boring logs B-3 and B-4 are O blows per foot (0 to
250 psf).

CPT-2-19 shows the lower alluvium includes layers of silty clay (CL). The consistency of the soils within the
lower alluvium is on the order of stiff to very stiff. The lower alluvium is generally below approximate
Elevation -20 feet and extends to CPT termination Elevation -58 feet. Based on CPT correlations, the soil
shear strength of these fine-grained cohesive materials have an estimated undrained shear strength of
1,200 to 2,000 psf.

The review of boring logs B-3 and B-4 (Agra 2007) document the lower alluvium to consist of consolidated
silt and siltstone with variable amounts of fine sand. The consistency of the soils within the lower alluvium
unit is generally very stiff to hard based on documented blow counts (N) ranging from 20 to 85 blows per
foot (2,000 to 4,000 psf).

The subsurface design profile is provided in Figure A-33, showing estimated soil shear strength versus
elevation design profile. The subsurface strength design profile was developed based on the results of
CPT-2-19 and the review of boring logs B-3 and B-4. The upper alluvium strength design is based on the
correlation results of CPT-2-19 and the documented blow counts in borings B-3 and B-4 (Agra 2007) and
based on an approximate average of the three exploration we have provided a shear strength of 400 psf
from ground surface to Elevation -10 feet. The strength design profile increases from Elevation -10 feet
(400 psf) with depth to 1,200 psf at approximate Elevation -20 feet. The provided design strengths for the
lower alluvium (Elevation -10 to -58 feet) range from 1,200 to 2,000 psf.

The unit weight of the alluvium was also evaluated from the CPT data using correlations published in the
NCHRP project 20-05 report and calibrated to densities measured from Shelby tube samples. A unit weight
of 106 to 110 pounds per cubic foot (pcf) was used for the upper alluvium and 108 to 110 pcf for the lower
alluvium. See Figure A-34 for details, estimated soil unit weight versus elevation.
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3.3.2.5. North Hoquiam Alluvium (Reach 3)

Data collected from the CPT exploration, CPT-6-19, was used to determine material type and evaluate the
soil strength properties using correlations presented by NCHRP Project 20-05 repot. Additionally, selected
samples from GEI-5-19 and GEI-6-19 were evaluated for pertinent engineering properties by completing
primary and secondary laboratory testing. We also completed an eVST within Reach 3 to obtain in-situ shear
strength properties. Figures A-35 and A-36 show the calibrated CPT data with correlated soil strength with
TXUU and unit weight properties, respectively.

The upper 4 to 10 feet is made up of fill material along west bank of the Hoquiam River. The fill material
consists of mixture of sand, silty sand and clay with CPT correlated blow counts (N) ranging from 41 to
72 blows per foot. The fill material is underlain by alluvial river deposits. We obtained poor testing results
in CPT-6-19 for the upper 30 feet, and the correlated soil type encountered was inconsistent with the
obtained soil samples for GEI-5-19 and GEI-6-19. CPT-6-19 shows results that correlate to clay alluvium in
the upper 30 feet. The selected soil samples from GEI-5-19 and GEI-6-19 show the upper 20 to 35 feet
consists of silty fine sand. Our analyses and assigned soil properties are based on the completed soil
borings for GEI-5-19 and GEI-6-19. For analyses purposes we evaluated the upper alluvium as a silty sand.

The upper alluvium consists of silty fine sand with an interbedded, non-plastic, silt layer (approximate
Elevation -8 to -13 feet). The soil samples within this zone were obtained by piston sampling. Based on our
experience in this project area for cohesionless alluvium deposits, we assumed an internal soil friction
angle () of 28°. The upper alluvium generally extends to approximate Elevation -18 feet.

The lower alluvium includes fine-grained material, primarily consisting of silt (ML). The consistency of the
soils for the lower alluvium is on the order of medium stiff to stiff. The lower fine-grained alluvium is
generally below approximate Elevation -18. The results of eVST within Reach 3 display a lower alluvium
shear strength of 1,300 to 1,600 psf. Based on CPT correlation, TXUU data, and eVST results; we have
estimated an unconsolidated undrained shear strength for the lower alluvium to range from 500 to
1,200 psf. See Figure A-35 for details on estimated soil shear strength versus elevation design profile.

The unit weight of the alluvial deposits was evaluated using CPT correlation (NCHRP project 20-05 repot)
and calibrated to densities measured from Shelby tube samples (TXUU). A unit weight of 104 to 113 pcf
was used for the upper alluvium and 108 for the lower alluvium. See Figure A-36 for details on estimated
soil unit weight versus elevation design profile.

3.3.2.6. South Hoquiam Alluvium (Reach 4)

Data from the CPT exploration, CPT-7-19, was used to determine material type and evaluate the soil
strength properties using correlations presented by NCHRP Project 20-05 report. Additionally, selected
samples from GEI-1-19, GEI-2-19, GEI-3-19, and GEI-4-19 were evaluated for pertinent engineering
properties by completing primary and secondary laboratory testing. We also completed two eVST within
Reach 4 to obtain in-situ shear strength properties at selected test depths. Figures A-37 and A-38 show the
calibrated CPT data with correlated soil strength with TXUU and unit weight properties, respectively.

The upper 5 to 10 feet is made up of fill material along west bank of the Hoquiam River. The fill material
consists of mixture of sand, silty sand and clay. The fill material is underlain by alluvial river deposits. We
completed CPT-7-19 with Reach 4. The correlated CPT results indicate an upper fine-grained alluvium
(i.e., silt and clay) that extends to approximate Elevation -35 feet. The upper fine-grained alluvium ranges
in consistency from soft to stiff. Based on CPT correlations and TXUU strength testing results; we have
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estimated an unconsolidated undrained shear strength for the upper alluvium to range from 325 psf to
1,000 psf. See Figure A-37 for details on estimated soil shear strength versus elevation design profile.

The lower alluvium consists of silty fine sand with an interbedded. The CPT correlation for internal friction
angle (@), for the lower alluvium results in an average of 28°. The soil samples obtained from the
geotechnical borings (GEI-1-19, GEI-2-19, GEI-3-19 and GEI-4-19) were collected by piston sampling, as a
result representative blow counts were not obtained. We reviewed the collected soil samples and assigned
pertinent lab testing to correlate the CPT data to the collected soil samples. Based on our experience in
this project area, the collected CPT data and the soil testing results, we assumed an internal soil friction
angle () of 28°. The lower alluvium generally extends to the bottom of our CPT and soil boring explorations
(Elevation -58 feet).

The unit weight of the alluvial deposits was evaluated using CPT correlation (NCHRP project 20-05 repot)
and calibrated to densities measured from Shelby tube samples (TXUU). A unit weight of 98 to 110 pcf was
used for the upper fine-grained alluvium and 108 to 118 for the lower alluvium. See Figure A-38 for details
on estimated soil unit weight versus elevation design profile.

3.3.2.7. Grays Harbor Alluvium (Reach 5)

The soil properties and assumptions made for Grays Harbor (Reach 5) are based on the Geotechnical
Design Study by Landau Associates for the WSDOT SR 520 Pontoon Construction Project (2009). The
borings used for the development of soil properties for Reach 5 are shown in Figure 2. The boring logs and
cross-section of the selected borings are presented in Appendix B. The obtained soil properties were used
for the analysis of the proposed access road near the K Street Pump Station and the southwest tie-in near
the intersection of West Emerson Avenue and Paulson Road. The generalized subsurface profile developed
by Landau Associates shows approximately 5 to 10 feet of fill overlying alluvial deposits.

The upper alluvium consists of fine-grained silt of variable plasticity (MH and ML) and was generalized as
Soil Unit 1. The consistency of the soils for the upper alluvium is on the order of very soft to soft. The upper
alluvium silt extends to approximate Elevation -30 feet. The measured blow counts recorded on the select
boring logs from Landau Associates range from O to 3 blows per foot. Landau Associates estimated TXUU
shear strength (reported as UU in Landau 2008) of 540 psf (low TXUU of 240 psf). We used an estimated
shear strength of 300 psf for the upper alluvium for our analyses for Reach 5. The upper alluvium is
underlain by a generalized soil unit, labeled Soil Unit 2B, which consists of silty sand with sandy silt
interbeds. Soil Unit 2B extends to approximate Elevation -60 feet. The recorded blow counts for Soil Unit 2B
presented by Landau Associates, ranges from O to 13 blows per foot.

3.3.2.8. Levee Embankment Fill

Levee embankment fill placed as part of this project will be a silty/clayey sand. Specific recommendations
for levee embankment fill have been provided in our report “Preliminary Design and Construction
Recommendations for Floodwalls and Embankment Levees North Shore Levee West Segment Hoquiam,
Washington” dated March 10, 2020. In addition to meeting the more stringent specifications, we
recommend this material also meet the requirements of WSDOT Standard Specification 9-03.14(3)
(Common Borrow). The WSDOT Geotechnical Design Manual (GDM) presumes that common borrow has a
friction angle between 30 and 34 degrees and a unit weight between 115 and 130 pcf. We used a friction
angle of 34 degrees and a unit weight of 120 pcf to model the levee fill embankment.
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3.4. Embankment Seepage Analysis
3.4.1.Seepage Analysis Method

Groundwater flow through each design section was analyzed using the computer program Seep/W
(GEO-SLOPE International, Ltd., 2016). Seep/W is used to analyze a numerical groundwater flow model
using groundwater flow equations with the finite-element method. We used the program to model the
proposed levee sections as a 2-dimensional cross section. The design sections were analyzed under steady
state conditions to estimate seepage and uplift forces. Alluvial foundation soils were assumed to be fully
saturated.

Horizontal hydraulic conductivity or Kh values for the soils were selected based on correlations with soil
classifications and field observations using guidance from existing literature (Powers, et al. 2007).
Observations from the explorations were also used to estimate the anisotropy, or hydraulic conductivity
ratio (horizontal hydraulic conductivity divided by vertical hydraulic conductivity, Kh/Kv), for the generalized
soil unit. The hydraulic conductivity at saturation (K-Sat), hydraulic conductivity ratio (Kh/Kv), volumetric
water content (6), coefficient of volume compressibility (mv), used in the analyses are shown on the output
Figures S-2A, S-3A, S-4A and S-4B.

For our analysis, we assumed that the groundwater on the land side of the levee is located at the ground
surface and that steady state seepage develops in the profile. The base flood is tidally influenced and,
therefore, is not likely to persist for more than about 6 hours. Based on these factors, it is our opinion that
it is unlikely that full steady state seepage conditions will develop in the levee. Accordingly, we consider our
analysis to be conservative.

3.4.2. Analysis Results

The simulated head equipotentials for the design sections are shown in Figures S-2A, S-3A, S-4A and S-4B.
The color shading in the figures represents the regions between the equipotentials. Where multiple cross
sections were evaluated in a reach, the critical cross section with regard to seepage forces and seepage flow
is reported in Table 3.

TABLE 3. SEEPAGE SUMMARY OF RESULTS

Seepage per Vertical Exit
100 feet of Levee Gradient at Landside Exit Velocity at
Analysis Reach Critical Section (ft3/hr) Toe (ft/ft) Landside Toe (ft/sec)
Reach 2 2A (55+00) 7.68x103 0.051 4.37x1010
Figure S-2A
Reach 3 3A (104+50) 9.68x104 0.074 7.72x101
Figure S-3A
Reach 4 4A (107+00) 2.20x102 0.085 5.97x1010
Figure S-4A
Reach 4 4B (124+00) 1.89x102 0.051 1.94x10°
Figure S-4B

As shown above, the maximum exit velocity is estimated to be 1.94x10° ft/s, or more than an order of
magnitude below the transport velocity for silt or clay. The maximum vertical exit gradient is of the sections
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analyzed is estimated to be 0.05, below the USACE’s recommended limit of 0.5. Accordingly, it is our opinion
that the risk of piping, boiling, or soil transport due to seepage forces is low.

The seepage analysis results for Reach 4, Section 4B are also applicable to the north alignment (north tie-in
to Queen Street Pump Station) due to similar improvements and subsurface conditions. Some seepage
through the levee may occur during high water periods in localized areas of higher permeability. The
seepage does not necessarily affect the stability of the levee provided that the seepage does not heave or
transport soil (piping). Levee monitoring or “levee patrols” during high water periods must check the toe
areas of the levees for seepage areas.

Measures for controlling detrimental seepage or piping during flood fighting are described in the USACE
manual “Levee Owner’s Manual for Non-Federal Flood Control Works”. If piping or sediment transport is
observed during high water periods, these measures must be quickly enacted. We recommend that these
measures be included in the “Operations and Maintenance Manual” and that the individuals designated
for high water levee monitoring be familiar with the requirements of the monitoring program.

3.5. Embankment Stability Analysis
3.5.1. Analysis Method

Slope stability analyses are completed using the computer program SLOPE/W (GEO-SLOPE International,
Ltd., 2016). SLOPE/W evaluates the stability of numerous trial shear surfaces using a vertical slice
limit-equilibrium method. This method compares the ratio of forces and moments driving slope movement
versus forces and moments resisting slope movement for each trial shear surface and presents the result
as the factor of safety. The program then sorts the trial shear surfaces and identifies the surface with the
lowest factor of safety, or the “critical” shear surface. We assumed a circular arc failure surface and used
the Morgenstern-Price method to calculate the forces. The failure surface was optimized using an algorithm
within the SLOPE/W program.

We evaluated the proposed embankments for the following USACE design cases:

1. End of Construction. The end of construction case is based on the current condition of existing
levees or the post-construction condition of improved levees. The water level in the river is assumed to
be at mean lower low water (MLLW) flow for this analysis at Elevation 1.6 feet NAVD8S8.

2. Steady State Seepage. The levee stability is evaluated under flood conditions assuming a river
level at the BFE and assuming that seepage through the levee has achieved a steady state as
modeled in the Seep/W analysis. We evaluated the stability for both the river side and the land side of
the levee.

3. Drawdown. The levee stability under drawdown conditions is evaluated using an undrained strength
analysis using piezometric lines derived from a parent Seep/W analysis. The analysis is completed by
first assuming steady state seepage has developed through the levee at flood stage and then
conservatively assuming the piezometric line follows the ground surface on the waterside of the
levee/floodwall in a drawdown condition to the elevation of MLLW, Elevation 1.6 feet NAVD88.

For the purposes of levee analysis, only shear surfaces that would result in a risk of a levee breach are
considered. Shear surfaces that would reduce the crest of the levee to less than 10 feet of undisturbed
material are considered to be a risk to the levee. Shear surfaces that did not encroach on this 10-foot crest
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width would not affect the function of the levee and are, therefore, considered a riverbank maintenance
issue rather than a levee stability issue.
3.5.2.Slope Stability Analysis Results

The results of the slope stability analyses are provided in Figures 2A-2 through 4B-4. An error message of
“E996” indicates a factor of safety that is too large to accurately calculate (i.e., sliding uphill). An error
message of “E984” indicates that critical slip surfaces intersect the structure and, therefore, global stability
does not control. Table 4 summarizes the results of our analyses.

TABLE 4. SLOPE STABILITY ANALYSIS RESULTS

Calculated Factor of Safety

e Approximate Figure End of Construction Critical Flood Stage Sudden Drawdown
Reach Station Series Water Side Waterside Landside Water Side
USACE Recommended
Factor of Safety 1.3 14 1.4 1.0
2 55+00 2A 1.65 3.14 5.36 1.65
3 104+50 3A 1.60 1.95 3.81 1.14
4 107+00 4A 1.53 2.72 1.85 1.49
4 123+50 4B 2.32 4.79 >5 2.29

The proposed levee cross sections we analyzed meet or exceed USACE recommended minimum factors of
safety for slope stability in all cases.

We chose these analysis cross sections based on the steepest observed riverbanks in the area and have
analyzed them using the lower end of the observed soil strengths. This conservatism is inherent in the
analysis method. Additionally, should this type of slope instability occur, it would be during construction and
could be managed by repairing the segment and modifying the construction sequence. Based on these
considerations, it is our opinion that the calculated factor of safety is appropriate for these conditions.

3.6. Floodwalls

Floodwalls were included in our seepage and slope stability models to evaluate the global stability of the
walls and the foundations. The evaluation of the internal stability of the wall, including evaluation for
overturning and sliding will be provided by KPFF.

3.7. Settlement

Settlement analyses of the levee system were completed using the computer program Settle3D
(Rocscience Inc. 2016). Settle3D evaluates the settlement using a computer model of different soil layers
with compression properties. The model uses a Boussinesq soil stress distribution to calculate soil loading
that induces initial elastic settlement and primary consolidation settlement. Secondary compression, or
creep, was not included in our settlement analysis.

We evaluated settlement using soil properties determined from the results of our consolidations tests,
correlations with moisture content, and the results of consolidation tests from previous studies. For each
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soil profile we estimated a high and low value for the compression index (Cc). These values were used to
provide a range of predicted settlements.

We evaluated settlements using a time dependent consolidation analysis. We used coefficients of
consolidation (Cv) based on the consolidation test results. We also performed a sensitivity analysis where
we varied the coefficient of consolidation. The variations in predicted settlement at different times due to
changes in the coefficient of consolidation were much less than the variations that were a result of the
different compression indexes. Accordingly, we determined that the results were not sensitive to the
coefficient of consolidation and did not vary this parameter in our analyses.

We calculated the predicted settlement for a typical embankment section and access road section using
the Grays Harbor Subsurface Design Profile (Reach 5). This design profile contains the most compressible
layers and is where settlement is expected to be critical. We also calculated the predicted settlement using
years. The results of our analyses and the input values we used are presented in our output results in
Appendix C. A summary of our results is provided in Table 5 and Table 6 below.

TABLE 5. SETTLEMENT ANALYSIS RESULTS OF TYPICAL EMBANKMENT SECTION

Months Low Estimate (inches) High Estimate (inches)
2 6.3 6.5
12 7.2 8.9
120 8.1 10.3
1,200 9.1 11.2

TABLE 6. SETTLEMENT ANALYSIS RESULTS OF ACCESS ROAD SECTION

Months Low Estimate (inches) High Estimate (inches)
2 5.2 5.5
12 6.0 7.3
120 6.9 8.7
1,200 8.0 9.5

The settlement that is predicted between 0 and 2 months is expected to occur during construction and can
be managed by placing additional fill during construction. The settlement that is predicted to occur between
2 months and 1 year (12 months) could be managed by scheduling a follow-up minor regrading project. In
roadways, this may require repairing cracks and repaving. The additional settlement that occurs beyond
one year (120 and 1,200 months) is the predicted long-term settlement. This settlement should be
accounted for by overbuilding embankments so that freeboard is maintained for the entire certification
period. The floodwalls, unlike an embankment levee, cannot be added to easily during construction. In this
case, preloading should be considered where floodwalls will be used in conjunction with earth fills.

We recommend that settlement monitoring points be used to evaluate the rate and amount of settlement
that occurs during construction. This data can then be used to refine the model and adjustments to the
finished design grade can be made during construction.
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4.0 CONCLUSIONS

We conclude, based on the results of our analyses, that the proposed Hoquiam North Shore Levee West
Segment as currently envisioned will meet the geotechnical requirements of 44 CFR 65.10 and USACE
Engineering Circular EC 1110-2-6067 “USACE Process for the National Flood Insurance Program (NFIP)
Levee System Evaluation” for the 100-year (1-percent-annual-chance) design flood and will provide
protection over the certification period of 10 years provided that maintenance is performed, as
recommended, on a regular and timely basis.

The recommendations and analysis included in this report are considered to be final based on our site
explorations, analyses and the plan set titled, “North Shore Levee West Segment CLOMR Plans”, dated
March 3, 2020; but may change based on modifications to the levee design made during final design or
based on different soil conditions observed during construction. We must be retained to monitor the
geotechnical aspects of levee construction in order to confirm that soil conditions in the field are as we
assumed in our analysis and we must be given the opportunity to revise our recommendations as needed.
At the completion of the project, we will provide a Levee Certification Letter documenting our observations
and additional recommendations for submittal with the final Letter of Mapped Revision (LOMR) application.

5.0 LIMITATIONS

We have prepared this report for the exclusive use of KPFF Consulting Engineers, Inc. KPFF may distribute
copies of this report to the City of Hoquiam, the City’s authorized agents, and regulatory agencies including
FEMA and FEMA'’s designated reviewers, as may be required for the project.

Levee certification within the context of this report follow the definition provided in 44 CFR 65.2, which
states that “certification by a registered professional engineer or other party does not constitute a warranty
or guarantee of performance, expressed or implied. Certification of data is a statement that the data is
accurate to the best of the certifier's knowledge. Certification of analyses is a statement that the analyses
have been performed correctly and in accordance with sound engineering practices.”

Qualified engineering and construction practices can help mitigate flooding risks, but they cannot
completely eliminate those risks. Favorable performance of structures in the recent past provides useful
information for anticipating likely near-term future performance, but it cannot predict or imply a certainty
of similar long-term performance. Levee systems require periodic inspection to confirm that all critical
components continue functioning as intended. Confirmation that design flood flows and/or elevations have
not significantly changed also requires the periodic review of design criteria and other potential contributing
factors including, but not limited to, changes in surrounding development, weather patterns, system
operational policies, or sedimentation.

The conclusions and recommendations presented in this report are based on an assumed subsurface
profile developed through interpolation between widely spaced subsurface explorations and review of
plans, titled “North Shore Levee West Segment CLOMR Plans”, dated March 3, 2020. GeoEngineers must
be involved with the final design and construction of the project to confirm that our recommendations are
being properly interpreted and that the soil conditions are consistent with our assumptions.

Within the limitations of scope, schedule and budget, our services have been executed in accordance with
generally accepted practices in the field of geotechnical engineering in this area at the time this report was
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prepared. The conclusions, recommendations and opinions presented in this report are based on our
professional knowledge, judgement and experience. No warranty or other conditions, expressed or implied,
should be understood.

Please refer to Appendix D titled “Report Limitations and Guidelines for Use” for additional information
pertaining to the use of this report.
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Color | Name Model K Function Ky'Mx" | Vol. WC. Function
Ratio

. Silt and Clay with Org. Dep._Upper Alluvium (El. 13to 0 FT) | Saturated / Unsaturated | Upper Alluvium El. 1310 0 0.2 Upper Alluvium EI 13to 0
. Silt and Clay Upper Alluvium (El. -10to -20 FT) Saturated / Unsaturated | Upper Alluvium El -10to -20 0.2 Upper Alluvium EI-10to -20
D Earth Levee Section (El. 16t0 13 FT) Saturated /Unsaturated | Levee Fill (WSDOT Common Borrow) | 0.75 Levee Embankment Fill

(WSDOT Common Borrow)
. Silt and Clay Upper Alluvium {El. 0to-10 FT) Saturated / Unsaturated | Upper Alluvium El.0to-10 0.2 Upper Alluvium EI. 0to -10
D Silt and Clay, Lower Alluvium (EIl. -20to -25 FT) Saturated /Unsaturated | Upper Alluvium El.-20to -25 0.2 Upper Alluvium EI. -20to-25
D Silt and Clay, Lower Alluvium (El. -25to 42) Saturated /Unsaturated | Lower Alluvium El.-25t0 42 02 Lower Alluvium El. -25to 42
D Silt and Clay, Lower Alluvium (El. 42 to -58 FT) Saturated /Unsaturated | Lower Alluvium El. -42 to -58 0.2 Lower Alluvium El. 42to-58
l:‘ Existing Fill Material (El. 13to BFT) Saturated /Unsaturated | Existing Fill Material EI 13to 8 0.6 Existing Fill Material EI. 130 8

Elevation

[ Existing Ground Surface: ~13 FT

Levee Crest El. +16 feet
Levee Crest Width: 10 feet
Fill Material: WSDOT Common Borrow
Levee Embankment with 2H:1V Side Slopes

e &
L1

)

Hoguiam River

o= o f a ” o
-~ ‘/‘Hﬁquiam River Bottom (El. -28 FT)

— —_ — — -

See report text for additional explanation

Distance

Data Source: This report may not be reproduced, except in full, without written approval of GeoEngineers, Inc.

280

Seep/W Steady State Seepage
(Station 55+00)

North Shore Levee — West Segment
Hoquiam, Washington

Figure S-2A
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23944-001-00 Date Exported: 03/08/20

Color | Name Model K-Function KyTKx' | Viol. WC. Function
Ratio
D Upper SM Alluvium (El 11 to-18 | Saturated / Unsaturated | Upper SM Alluvium El 7 to-18 086 Upper SM Alluvium El 7to0-18
FT)
l:‘ Cohesive Alluvium {El -18 to -28 | Saturated / Unsaturated | Cohesive Alluvium ML EI-18t0-28 | 0.2 Cohesive Alluvium (ML) El-18to-28
FT)
D Cohesive Alluvium (El -28 to -38 | Saturated / Unsaturated | Cohesive Alluvium (ML) El -28t0-38 | 0.2 Cohesive Alluvium (ML) EI -28 to -38
FT)
D Cohesive Alluvium {El -38 to -58 | Saturated / Unsaturated | Cohesive Alluvium (ML) El -38to-58 | 0.2 Cohesive Alluvium (ML) EI -38to-58
FT
D Levee Fill/Floodwall Backfill Saturated / Unsaturated | Backfill (W/SDOT Common Borrow) | 1 Backfill (WSDOT Commen Borrow)
(Floodwall Subgrade Prep.)
D Concrete Floodwall Interface 1
D Existing Rip Rap Saturated / Unsaturated | Rip Rap 1 Rip Rap
Earthen Levee Embankment Fill
and Concrete T-Wall Transition (9.33 Base Wicth)
Crest El. +16 feet
Levee Crest Width: 10 feet
fg — Side Slopes: 2H:1V .
[— Existing Ground Surface: ~12 FT . [ i
1= ' 3:?& e
5=
ad— -
51—
& = /— —~ Hoguiam Ri
= 18— 7 ] ! 1 e, oguiam River ’
g g 0 \
o 25 .
Y aE / / | . '
35 — Hoguiam River Bottom {EI. -33 FT)
LR =
45
-50 —
-55 f | L L L L | | L L | | | | L L L | | | | ‘
60 T : : : : T T : : T T : T ? ? ? T T T T
-100 -80 -60 -40 -20 0 20 40 60 80 100 120 140 160 180 200 220 240 260 280 300 320

Distance

See report text for additional explanation

Data Source: This report may not be reproduced, except in full, without written approval of GeoEngineers, Inc.

Seep/W Steady State Seepage
(Station 104+50)

North Shore Levee — West Segment
Hoquiam, Washington

Figure S-3A

GEOENGINEERS /j




23944-001-00 Date Exported: 03/08/20

Color | Name Model KFunction Ky'Kx' | Vol. WC. Function
Ratio

l:‘ Lawer Skt Alluvium (Bl -35 to -40 Saturated / Unsaturated | Lower Shi Alluvium (El -35to 40} 1 Lawrer Skl Alluvium Bl -35 to 40
FT)

l:‘ Cohesive Aluvium (Bl -18 to-25 Saturated / Unsaturated | Cohesive Alluvium (ML EI-18t0-25 |02 Cohesive Alluvium (ML) EIl -18 to -28
FT)

|:| Cchesive Alluvium (Bl -5 to-18FT) | Saturated / Unsaturated | Loweer Sk Alluvium (Bl -35 to 40) 0z Lawrer Skl Alluvium Bl -35 to 40

. Upper Cohesive Alluvium (El 12t | Saturated / Unsaturated | Cohesive Alluvium (MLYEI 12t0-5FT [ 02 Cohesive Alluvium (MLYEl -18to -25
S5 FT)

|:| Levees Fill/Floodwall Backfll Saturated / Unsaturated | Backfll (WSDOT Common Borrow) 1 Backfll (WSDOT Commaon B orrow)
(Floodwall Subgrade Prep.)

l:‘ Existing Fill Material Saturated / Unsaturated | Existing Fill Materal El 11t0 7 08 Existing Fill Material EIl. 1110 7

l:‘ Lawer Skt Alluvium (Bl 40 to -47 Saturated / Unsaturated | Lower Shi Alluvium Bl -40 to-47 1 Lawrer Skt Alluvium Bl -40 to 47
FT)

l:‘ Lawer Skl Alluvium (Bl 47 to -53 Saturated / Unsaturated | Lower Sh Alluvium Bl -47 to-58 1 Lawrer Skl Alluvium Bl -47 to -58
FT)

|:| Cohesive Alluvium (Bl -25t0-35 Saturated / Unsaturated | Lower Shi Alluvium (Bl -35to -40) 0z Lawer Sk Alluvium Bl -35 to 40
FT)

Levee Fill Embankment, Top EI. +16 feet
Leves Height: ~5FT

CrastWidth: 10FT
Levee Embankment Side Slopes. 2H 1Y

15 (— BExisting Ground Surface. ~11-12FT

Elevation

.Ml'l:l' I‘H—r ;

7N

ANNS

Hoguiam River

I Haoguiam RWerBottom(El -33FE 1)

=20 i} 20

See report text for additional explanation

Data Source: This report may not be reproduced, except in full, without written approval of GeoEngineers, Inc.
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120 140 180

Distance

180 200 220 240 260 280 300 320

Seep/W Steady State Seepage
(Station 107+00)

North Shore Levee — West Segment
Hoquiam, Washington

Figure S-4A
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23944-001-00 Date Exported: 03/08/20

Color

Name

Model

K-+Function

KyKx
Ratio

¥ol. WC. Function

Lower S Alluvium (El-35 to -0
FT)

Saturated f Unsaturated

Lower S Alluvium (El-35 to <40}

1

Lower Sh Alluvium El-35t0 40

I:I Cohesive Alluvium (El-18 1o -25 Saturated / Unsaturated | Cohesive Alluvium (ML)EI -18to-258 | 0.2 Cohesive Alluvium (ML) El-18 to 28
]
. Cohesive Alluvium (EI -3t -18 Saturated s Unsaturated | Lower St Alluvium (E1-33 to 40) 0.2 Lower Sh Alluvium EI-35t0 40
. Upper Cohesive Alluvium (El 12 to | Saturated / Unsaturated | Cohesive Alluvium (ML)EI 12t0 -5 FT | 0.2 Cohesive Alluvium (ML) El-18 to 25
S FT)
l:‘ Lewvee Fill/Floodwall B ackfil Saturated f Unsaturated | Backfill (wSDOT Comrmon B orrow) 1 Backfill (WSDOT Com mon B ormiw)
(Floodwall Subgrade Prep.)
I:I Conerete Floodwall Interface 1
l:‘ Existing Fill Material Saturated f Unsaturated | Existing Fill Material El 11to 7 0.8 Existing Fill Material EI 11 to 7
I:I Lower S Alluvium (El-40 to 47 Saturated / Unsaturated | Lower St Alluvium El-40 to 47 1 Lower Sk Alluvium El 40 to 47
FT)
l:‘ LowerSM Alluvium (El-47 10 58 | Saturated s Unsaturated | Lower St Alluvium El-47 to -58 1 Lower SM Alluvium EI 47 to -53
FT)
l:‘ Cohesive Alluvium (E| -25t0 -35 Saturated f Unsaturated | Lower SM Alluvium (E1-35 to 40) 0.2 Lower SM Alluvium El-35to 40
Concrete T-Wall
00 — Top El. +16 feet
15r_JExisting Ground Surface: ~11- 12 FT
10—
5= .
0 a g
5 - Hoquiam River
c ol
£ st { \ \ \
© _oglf= }
& -250 : S5 2
m -0 \ \ Hoguiam River Bottom (EI. -24 FT)
-351 ! 1 I
-40
Bt = | | ]
50 f— ‘
95— . I L . . . L . L L . L . . . . I . I . . . I I .
60" " " " Y " " " Y " Y Y " Y " " " " Y " Y " " " Y Y "
-100 -80 -60 -40 -20 u] 20 40 60 80 100 120 140 160 180 200 220 240 260 280 300 320 340 360 380 400 420 440
Distance

See report text for additional explanation

Data Source: This report may not be reproduced, except in full, without written approval of GeoEngineers, Inc.

Seep/W Steady State Seepage

(Station 123+50)

North Shore Levee — West Segment

Hoquiam, Washington

GEOENGINEERS

Figure S-4B




23944-001-00 Date Exported: 05/06,/20

Color | Name Maodel Unit Cohesion | C-Datum | C-Rate of | C-Maximum | Datum Cohesion' | Phi*
Weight | (psf) (psf) | Change | (psf) (Elevation) | (psf) O
(pch) ((IbsiTe) ft) @)
. Silt and Clay with Org. Dep._Upper Alluvium (El. 13to 0 FT) | Undrained (Phi=0) | 110 400
. Silt and Clay Upper Alluvium (El. -10to -20 FT) S=f(datum) 110 400 80 1,200 -10
D Earth Levee Section (El. 16to 13 FT) Mohr-Coulomb 120 0 34
. Silt and Clay Upper Alluvium (El. 010 -10 FT) S=f{daturn) 108 250 15 400 0
. Silt and Clay, Lower Alluviumn (El. -20to -25 FT) Undrained (Phi=0) | 110 1,200
. Silt and Clay, Lower Alluviumn (El. -25 to -42) Undrained (Phi=0) | 108 1,600
Silt and Clay, Lower Alluvium (El. -42 to -58 FT) S=f(datum) 120 1,600 250 2,000 -42
FofS: 165 Levee Crest El. +16 feet
Levee Crest Width: 10 fest
Fill Material: WSDOT Common Borrow 1.65
Levee Embankment with 2H:1V Side Slopes .

% Existing Ground Surface: ~13 FT

Elevation

Hoguiam River

-100 -80 -60 -40 -20 1}

Note: This report may not be reproduced, except in full, without written approval of GeoEngineers, Inc.

20 40 60 80 100 120 140 160 180 200 220 240 260 280

Distance

Slope/W Stability - End of Construction
Minimum Levee Setback (Station 55+10)

North Shore Levee — West Segment
Hoquiam, Washington

Figure 2A-1

GEOENGlNEERg




Color | Name Model Unit Cohesion | C-Datum | C-Rate of | CdVlaximum | Datum Cohesion’ | Phi'
Weight | (psf) (psf) Change (psf) (Elevation) | (psf) *)
{pcf) ((Ibsft)ift) (
. Silt and Clay with Org. Dep._Upper Alluvium (El. 13to 0 FT) | Undrained (Phi=0) | 110 400
. Silt and Clay Upper Alluvium (El.-10t0 -20 FT) S=f(datum) 110 400 80 1,200 -10
D Earth Levee Section (El. 16to 13 FT) Mohr-Coulomb 120 0 H
. Silt and Clay Upper Alluvium (El. 0to-10 FT) S=f(datum) 106 250 15 400 0
. Silt and Clay, Lower Alluvium (El.-20t0 -25 FT) Undrained (Phi=0) | 110 1,200
. Silt and Clay, Lower Alluvium (El.-25 to -42) Undrained (Phi=0) | 108 1,600
Silt and Clay, Lower Alluvium (El. 42 to -58 FT) S=f(datum) 120 1,600 250 2,000 -42
FofS: 165 Leves Crest El. +16 feet
Levee Crest Width: 10 feet
Fill Material: WSDOT Common Borrow 1.65
Levee Embankment with 2H:1V Side Slopes .

23944-001-00 Date Exported: 05/06,/20

" MExisting Ground Surface: ~13 FT

Elevation

Hoguiam River

-100 -a0 -60 -40 -20 0

20 40

60

Note: This report may not be reproduced, except in full, without written approval of GeoEngineers, Inc.

80

100
Distance

120

140

180

180 200 220 240 280

Slope/W Stability - Sudden Drawdown
Minimum Levee Setback (Station 55+10)

North Shore Levee — West Segment
Hoquiam, Washington

GEOENGlNEERg

Figure 2A-2




23944-001-00 Date Exported: 05/06,/20

Color | Name Model Unit Cohesion | C-Datum | C-Rate of | C-Maximum | Datum Cohesion' | Phi*
Weight | (psf) (psf) Change (psf) (Elevation) | (psf) )
(pcf) ((Ibsfft*)fft) (ft)
. Silt and Clay with Org. Dep._Upper Alluvium (El. 13 to 0 FT) | Undrained (Phi=0) | 110 400
- Silt and Clay Upper Alluvium (El.-10to -20 FT) S=f(datum) 110 400 80 1,200 -10
[:‘ Earth Levee Section (El. 16to 13 FT) Mohr-Coulomb 120 0 A
. Silt and Clay Upper Alluvium (El. 0to-10 FT) S=f(datum) 106 250 15 400 0
. Silt and Clay, Lower Alluvium (El. -20 to -25 FT) Undrained (Phi=0) | 110 1,200
. Silt and Clay, Lower Alluvium (El. -25 to 42) Undrained (Phi=0) | 108 1,600
[ ] | Sittand Clay, Lower Alluvium (EI.-42to -58 FT) S=f(datum) 120 1,600 250 2,000 -42
FofS: 314 Levee Crest El. +16 feet
Levee Crest Width: 10 feet
Fill Material: WSDOT Common Borrow .ﬁ

Xisting Ground Surface: ~13 FT

Elevation

}.gvee Embankment with 2H:1V Side Slopes
!

Hoguiam River

-100 -80 -60 -40

20 40

Note: This report may not be reproduced, except in full, without written approval of GeoEngineers, Inc.

60 80

100

Distance

120

140 160 180 200 220 240

260

280

Slope/W Stability - Critical Flood State - River Side
Minimum Levee Setback (Station 55+10)

North Shore Levee — West Segment
Hoquiam, Washington

Figure 2A-3
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23944-001-00 Date Exported: 05/06,/20

Color | Name Model Unit Cohesion | C-Datum | C-Rate of | C4Vlaximum | Datum Cohesion’ | Phi*

Weight | (psf) (psh Change (psf) (Elevation) | (psf) )
(pcf) ((Ibsft*)ft) (ft)

. Siltand Clay with Org. Dep._Upper Alluvium (El. 13 to 0 FT) | Undrained (Phi=0) | 110 400

. Silt and Clay Upper Alluvium (El. -10to -20 FT) S=f(datum) 110 400 80 1,200 -10

D Earth Levee Section (El. 16t0 13 FT) Mohr-Coulomb 120 0 M

. Silt and Clay Upper Alluvium (EI. 0to -10 FT) S=f{datum} 106 250 15 400 0

. Silt and Clay, Lower Alluvium (El. -20 to -25 FT) Undrained (Phi=0) | 110 1,200

. Silt and Clay, Lower Alluvium (EI. -25 to -42) Undrained {Phi=0) | 108 1,600

. Silt and Clay, Lower Alluvium (El. 42 to -58 FT) S=f(datum) 120 1,600 250 2,000 -42

FofS: 5.36 Levee Crest El. +16 feet

Levee Crest Width: 10 feet
936 Fij| Material: WSDOT Common Borrow
evee Embankment with 2H:1V Side Slopes

xisting Ground Surface: ~13 FT

st

Elevation

-100 -80 -60 -40 -20 0 20 40 60 80 100 120 140
Distance

160 180 200 220 240 260 280

Slope/W Stability - Critical Flood State - Land Side
Minimum Levee Setback (Station 55+10)

North Shore Levee — West Segment
Hoquiam, Washington

Note: This report may not be reproduced, except in full, without written approval of GeoEngineers, Inc.

Figure 2A-4
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23944-001-00 Date Exported: 05/06,/20

Color | Name Madel Unit Cohesion’ | Phi" | Cohesion
Weight | (psf) ) | (psh)
(pch)
D Upper SMAlluvium (El 11 to -18 | Mohr-Coulomb 110 8] 28
FT)
. Cohesive Alluvium (El-18 to -28 | Undrained (Phi=0) | 112 1,200
FT)
. Cohesive Alluvium (El -28 to -38 | Undrained (Phi=0) | 108 500
FT)
. Cohesive Alluvium (EI -38 to -58 | Undrained (Phi=0) | 108 900
FT)
D Levee Fill/Floodwall Backfill Mohr-Coulomb 128 o] 34
(Floodwall Subgrade Prep.)
D Concrete Floodwall High Strength 150
D Existing Rip Rap Mohr-Coulomb 130 8] 40
Earthen Levee Embankment Fill
and Concrete T-Wall Transition
F of S: 1.60 Crest EI. +16 feet .M
Levee Crest Width: 10 feet
20 Side Slopes: 2H:1V
15, {— Existing Ground Surface: ~12 FT N
0= v
5 5 ¥ - - —
o o ]
5 ~
5 12 = i | ;‘ ‘ Hogquiam River *
5 5 o A} 3
>
D -5 *
-35
-40
-45
-50
-55
-E0
-100 -80 -80 -40 -20 0 20 40 80 80 100 120 140 160 180 200 220 240 260 280 300 320
Distance

Note: This report may not be reproduced, except in full, without written approval of GeoEngineers, Inc.

Slope/W Stability - End of Construction
Levee Fill/T-wall Transition (Station 104+50)

North Shore Levee — West Segment
Hoquiam, Washington

Figure 3A-1

GEOENGlNEERg




23944-001-00 Date Exported: 05/06/20

Color | Name Model Unit Cohesion' | Phi' | Cohesion
Weight | (psf) ) | (psf
{pch)
D Upper SM Alluvium (El 11 to-18 | Mohr-Coulomb 110 0 28
FT)
. Cohesive Alluvium (El-18 to -28 | Undrained (Phi=0) | 112 1,200
FT)
. Cohesive Alluvium (El -28 to -38 | Undrained (Phi=0) | 108 500
FT)
. Cohesive Alluvium (El -38 to -58 | Undrained (Phi=0) | 108 900
FT)
D Levee Fil/Floodwall Backfill Mohr-Coulomb 128 0 34
{Floodwall Subgrade Prep.)
[] |concrete Floodwall High Strength 150
D Existing Rip Rap Mohr-Caulomb 130 0 40
Earthen Levee Embankment Fill
and Concrete T-Wall Transition
FofS:1.14 Crest El. +16 feet .M
Levee Crest Width: 10 feet
20 Side Slopes: 2H:1V
15, |— Existing Ground Surface: ~12 FT N
10 v
[ = ~
o= ~ ‘-.‘._.{ - ———— [ ———
Y = W‘
_6 12 = - ‘ “ Hoquiam River %
5 o v
>
o 25 H * %
w30 ‘ ‘ ‘%* ** *
35
40
45
50
55
60
-100 -0 -60 -40 -20 i 20 40 80 0 100 120 140 160 180 200 220 240 260 280 300 320
Distance

Note: This report may not be reproduced, except in full, without written approval of GeoEngineers, Inc.

Slope/W Stability - Sudden Drawdown
Levee Fill/T-wall Transition (Station 104+50)

North Shore Levee — West Segment
Hoquiam, Washington

Figure 3A-2

GEOENGlNEERg




23944-001-00 Date Exported: 05/06/20

Color | Name Model Unit Cohesion’ | Phi* | Cohesion
Weight | (psf) () [(ps)
(pef)
‘:l Upper SM Alluvium (El 11 to -18 | Mohr-Coulomb 10 0 28
FT)
[l | Cohesive Alluvium (EI -18 to -28 | Undrained (Phi=0) | 112 1,200
FT)
] | Cohesive Alluvium (EI-28 to -38 | Undrained (Phi=0) | 108 500
FT)
[T | Cohesive Alluvium (EI -38 to -58 | Undrained (Phi=0) | 108 900
FT)
[] | Levee FillFloodwall Backfil Mohr-Coulomb 128 0 34
{Floodwall Subgrade Prep.)
[] | concrete Floodwall High Strength 150
|:’ Existing Rip Rap Mohr-Coulomb 130 ] 40
Earthen Levee Embankment Fill
and Concrete TWall Transition
FofS5:1.95 Crest El. +16 feet

Levee Crest Width: 10 feet
20 — Side Slopes: 2H:1V
— Existing Ground Surface: ~12 FT

10—

Elevation
L]
(=]

=100 -80 -60 -40 -0 0 20 40 60

Note: This report may not be reproduced, except in full, without written approval of GeoEngineers, Inc.

100 120
Distance

160

Slope/W Stability - Critical Flood State - River Side
Levee Fill/T-wall Transition (Station 104+50)

North Shore Levee — West Segment
Hoquiam, Washington

Figure 3A-3
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23944-001-00 Date Exported: 05/06/20

Color | Name Model Unit Cohesion' | Phi’ | Cohesion
Weight | (psf) ) |(psf)
(pef)
|:| Upper SM Alluvium (EI 11 to -18 | Mohr-Coulomb 110 0 28
FT)
. Cohesive Alluvium (El -18to -28 | Undrained (Phi=0) | 112 1,200
FT)
. Cohesive Alluvium (El -28 to -38 | Undrained (Phi=0} | 108 500
FT)
. Cohesive Alluvium (El -38 to -58 | Undrained (Phi=0) | 108 900
FT)
|:| Levee FillfFloodwall Backfill MohrCoulomb 128 0 34
{Floodwall Subgrade Prep.)
[] |Concrete Floodwall High Strength 150
D Existing Rip Rap Mohr-Coulomb 120 0 40
Earthen Levee Embankment Fill
and Concrete T-Wall Transition
FofS:3.81 CrestEl +16 feet .ﬁ
Levee Crest Width: 10 feet
20— Side Slopes: 2H:1V
15, |— Existing Ground Surface: ~12 FT
10

Elevation

Hogquiam River

SEUTRTImS

-100 -60 -60 -40 -20

Note: This report may not be reproduced, except in full, without written approval of GeoEngineers, Inc.

30

100 120

Distance

180 200 220 240 260 280 300 320

Slope/W Stability - Critical Flood State- Land Side
Levee Fill/T-wall Transition (Station 104+50)

North Shore Levee — West Segment
Hoquiam, Washington

Figure 3A-4
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23944-001-00 Date Exported: 05/06,/20

Elevation

Color | Name Model Unit Cohesion' | Phi* | Cohesion
Weight | (psf) ) | (psf)
(pef)
D Lawer SMAllwvium (Bl -35to-40 | Mohr-Coulomb 14 0 28
FT)
Cohesive Alluvium (Bl -18 to-25 Undrained (Phi=0) | 106 75
FT)
. Cohesive Alluvium (Bl -510-18 FT) | Undrained (Phi=0) | 106 450
. Upper Cohesive Alluvium (B 12to | Undrained (Phi=0) | 98 325
5FT)
D LeveeFill/~loodwall Backfill Mohr-Coulomb 128 0 34
(Floodwrall Subgrade Prep.)
D Existing Fill Materizl Mohr-Coulomb 110 0 32
D Lower SM Alluvium (Bl 40t0-47 | Mohr-Coulomb 18 0 30
FT)
D Lawer SM Alluvium (Bl 47 to-58 | Mohr-Coulomb 10 0 30
FT)
Cohesive Alluvium (Bl -25 to-35 Undrained (Phi=0) | 118 325
FT)
FofS: 153 Leves Fill Embankmert, Top El. +16 feet

Existing Ground Surface: ~11 —.12 =8

Levee Height: ~5FT
Crest Width: 10 FT
Levee Embankment Side Slopes: 2H: 1Y

\

TﬁiH”NM

Hoquiam River

bhi ) e

r

Hoguiam River Bol {El g e

Note: This report may not be reproduced, except in full, without written approval of GeoEngineers, Inc.

100 120
Distance

140

160

180 200 220 240 260 280 300 320

Slope/W Stability - End of Construction
Levee Fill Embankment (Station 107+00)

North Shore Levee — West Segment
Hoquiam, Washington

GEOENGINEERS /J Figure 4A-1




23944-001-00 Date Exported: 05/06,/20

Elevation

Color | Name Model Unit Cohesion' | Phi' | Cohesion
Weight | (psf) ) | (psf)
(pef)

D Lower SM Alluvium (Bl -25to-40 | Mohr-Coulomb 114 0 28
FT)

. Cohesive Alluvium (Bl -18to-25 Undrained (Phi=0) | 106 575
FT)

. Cohesive Alluvium (Bl -5 o -18 FT) | Undrained (Phi=0) | 108 450

. Upper Cohesive Aluvium (Bl 12t | Undrained (Phi=0) | 93 325
SFT)

D Levee FillFloadwall Backfll Mohr-Coulomb 128 0 34
(Floodwall Subgrade Prep )

D Existing Fill Material Mohr-Coulomb 110 0 a2

D Lawier Sk Alluvium (Bl 40to-47 | Mohr-Coulomb 118 0 a0
FT)

D Lower SM Alluvium (Bl 47 to-58 | Mohr-Coulomb 110 0 30
FT)

|:| Cohesive Alluvium (Bl -25to-35 Undrained (Phi=0) | 118 825
FT)

FofS: 149

15 Existing Ground Surface: ~11-12FT

Levee Fill Embankment, Top El. +16 feet

Leves Height: ~5FT

CrestWidth: 10 FT

Levee Embankment Side Slopes: 241V
1

Hoquiam River

Note: This report may not be reproduced, except in full, without written approval of GeoEngineers, Inc.

Hoguiam River Bottom (Bl -33F T
£ 1 I 1 1 I I 1 1 I 1 1 I 1 I I 1 I 1 1 I
-100 &0 40 40 20 a 20 40 &0 a0 100 120 140 160 180 200 220 240 260 280 300 320
Distance

Slope/W Stability - Sudden Drawdown
Levee Fill Embankment (Station 107+00)

North Shore Levee — West Segment
Hoquiam, Washington

Figure 4A-2

GEOENGlNEERg




23944-001-00 Date Exported: 05/06,/20

Color | Name Model Unit Cohesion' | Phi' | Cohesion
Weight | (psf) ) | (psf)
{pef)
D Lower Sh Alluvium (Bl -35to-40 | Mohr-Coulomb 114 0 28
FT)
I Cohesive Alluvium (Bl -18 to-25 Undrained (Phi=0} | 108 575
FT)
. Cohesive Alluvium (El -5 to-18 FT) | Undrained (Fhi=0) | 106 450
. Upper Cohesive Allwvium (El 12to | Undrained (Phi=0}) | 93 325
-5FT)
D Levee FillF loodwall Backil Mohr-Coulormb 128 0 34
(Floodwall Subgrade Prep.j
D Existing Fill Material Mohr-CoLlomb 110 0 32
D Lawisr S AILVILM (Bl 40t0-47 | Mohr-CoLlomb 118 0 30
FT)
D Lower M Alluvium (Bl 47 t0-58 | Mohr-CoLlomb 110 0 30
FT)
E] Cohesive Alluvium (Bl -25 to-35 Undrained (Phi=0) | 118 825
FT)

FofS:272

Existing Ground Surface: ~11-12 FT.

Levee Fill Embankment, Top EI +16 feef
Levee Height: ~5FT
CrestWidth: 100 FT

Levee Embankment Side SIW?%;V

Elevation

\

Hoguiam River

20 40 =)

a0

Note: This report may not be reproduced, except in full, without written approval of GeoEngineers, Inc.

100 120
Distance

140

160

180 200 220 240 260 280 300 320

Slope/W Stability - Critical Flood State - River Side
Levee Fill Embankment (Station 107+00)

North Shore Levee — West Segment
Hoquiam, Washington

Figure 4A-3
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23944-001-00 Date Exported: 05/06,/20

FT})

Color | Name Model Unit Cohesion' | Phi' | Cohesion
Weight | {psf) ) | (psf)
{pcf)
D Lawier S Alluvium (Bl -35t0-40 | Mohr-Coulomb 114 0 38
FT)
. Cohesive Alluvium (Bl -18 to-25 Undrained (Phi=0) | 106 575
FT)
. Cohesive Alluvium (El -5 to -18 FT) | Undrained (Phi=0) | 106 450
. Upper Cohesive Aluium {El 12to | Undrained (Phi=0) | 88 325
SFT)
D Levee FillFloodwall Backfll Mohr-Coulomb 128 0 34
(Floodwall Subgrade Prep.)
D Existing Fill Material Mohr-Coulormb 110 0 32
D Lowier St Alluvium (Bl 40to-47 | Mohr-Coulomb 118 0 30
FT)
D Lower Sh Alluvium (Bl 47 to-55 | Mohr-Coulomb 110 0 30
FT)
|:| Cohesive Alluvium (B -25 1o -35 Undrained (Phi=0} [ 118 825

Fof S:1.85

Existing Ground Surface: ~11 - 12 FT

Levee Fill Embankment, Top El. +16 fest

Levee Height: ~5FT

Crest\Width: 10 FT @

Levee Embankment Side Sl

Elevation

¥rryy wy
y

Haoquiam River

Lty |

Hoguiam River Bottom (Bl -33F 1)

Note: This report may not be reproduced, except in full, without written approval of GeoEngineers, Inc.
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Slope/W Stability - Critical Flood State- Land Side
Levee Fill Embankment (Station 107+00)

North Shore Levee — West Segment
Hoquiam, Washington

Figure 4A-4
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23944-001-00 Date Exported: 05/06,/20

Color | Name Model Unit Cehesion' | Phi' | Cohesion
Weight | (psf) | ps
(pef)
D Lower SM Alluvium (E1-35to 40 | Mohr-Coulomb 114 0 28
. Cohesive Alluviurm (EI-18 to -25 Undrained (Phi=0) | 108 a75
. Cohesive Alluvium (EI -5 to - 18 FT) | Undrained (Phi=0) | 108 450
. Upper Cohesive Alluvium (2112 to | Undrained (Phi=0) | 98 375
-5 FT)
D Levee FillFloodwall Backfil Maohr-Caulomb 128 0 34
(Floodwall Subgrade Prep.)
D Concrete Floodwall High Strength 150
D Existing Fill Material Mohr-Caulormb 10 0 28
D Lower SM Allivium (E1-40t0 47 | Mohr-Coulomb 118 0 30
D Lawear SM Allivium (21-47 to 58 | Mahr-Caulorb "o i 30
FT)
. Cohesive Alluviurm (EI-25 to -35 Undrained (Phi=0) | 110 a25

Fof 5:2.323

20

15, risting Ground Surface: ~{1- 12FT

Concrete T-vall
Top B. +16feet

Elevation

2323

Hoquiam River

Note: This report may not be reproduced, except in full, without written approval of GeoEngineers, Inc.

Distance

240

260 280 300 320 340 360 380 400 420 440

Slope/W Stability - End of Construction
Concrete T-Wall (Station 123+50)

North Shore Levee — West Segment
Hoquiam, Washington

Figure 4B-1
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23944-001-00 Date Exported: 05/06,/20

Color | Name Model Unit Cohesion' | Phi* | Cohesion
Weight | (psf) ) | (psh
{pef)
|:| Lowier Shl Alluwium (E1-35t0 -40 | Mohr-Coulomb 114 0 28
FT)
. Cohesive Alluvium (El-18to -25 Undrained (Phi=0} | 106 575
. Cohesive Alluvium (El-5t0 -18 Undrained (Phi=0) | 106 450
. Upper Cohesive Alluvium (El 1210 | Undrained (Phi=0) | 98 325
EFT)
|:| Levee FilliFloodwall Backill Mohr-Coulomb 128 0 34
(Floodwall Subgrade Prep)
|:| Concrete Floodivall High Strength 150
|:| Existing Fill Material Mohr-Coulomb 110 0 28
|:| Lowier Shl Alluwium (E1-40to -47 | Mohr-Coulomb 118 0 a0
FT)
|:| Lowier Shd Alluvium (Bl -47 to -58 | Mohr-Coulomb 10 0 30
. Cohesive Alluvium (El-25t0 -35 Undrained (Phi=0} | 110 825
FT)
F of §: 2.29

20
15J__E><|5tmg Ground Surface: ~11 -2 FT

Concrete T-¥Wall
Top Bl +16 feet

Elevation

Hoquiam River

oWyt ¥

Note: This report may not be reproduced, except in full, without written approval of GeoEngineers, Inc.

180
Distance

Slope/W Stability - Sudden Drawdown
Concrete T-Wall (Station 123+50)

North Shore Levee — West Segment
Hoquiam, Washington
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23944-001-00 Date Exported: 05/06,/20

Color | Name Model Unit Cohesion' | Phi* | Cohesion
Weight | (psf) ) | (psh
{pef)
|:| Lowier Shl Alluwium (E1-35t0 -40 | Mohr-Coulomb 114 0 28
FT)
. Cohesive Alluvium (El-18to -25 Undrained (Phi=0} | 106 575
. Cohesive Alluvium (El-5t0 -18 Undrained (Phi=0) | 106 450
. Upper Cohesive Alluvium (El 1210 | Undrained (Phi=0) | 98 325
EFT)
|:| Levee FilliFloodwall Backill Mohr-Coulomb 128 0 34
(Floodwall Subgrade Prep)
|:| Concrete Floodivall High Strength 150
|:| Existing Fill Material Mohr-Coulomb 110 0 28
|:| Lowier Shl Alluwium (E1-40to -47 | Mohr-Coulomb 118 0 a0
FT)
|:| Lowier Shd Alluvium (Bl -47 to -58 | Mohr-Coulomb 10 0 30
. Cohesive Alluvium (El-25t0 -35 Undrained (Phi=0} | 110 825
FT)
F of §: 4.79

20
15J__E><|5tmg Ground Surface: ~11- 42 FT

Concrete T-¥Wall
Top Bl +16 feg

Elevation

TR

Hogquiam River

y

AR 11.) MK 5

Note: This report may not be reproduced, except in full, without written approval of GeoEngineers, Inc.
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Hoquiam, Washington

Figure 4B-3
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23944-001-00 Date Exported: 05/06,/20

Color | Name Model Unit Cohesion' | Phi'| Cohesion
Weight | (psf) 0 | (psh
(pehl

D Lowier Sh Alluvium (E1-35to -40 | Mohr-Coulomb 114 0 28

. Cohesive Alluvium (Bl -18to -25 | Undrained (Phi=0j | 106 575
FT)

. Cohesive Alluvium (El -5 to-18 Undrained (Phi=0) | 106 450
H

. Upper Cohesive Alluvium (El 12 to | Undrained (Phi=0) | 98 az25
-5FT)

|:| Levee Fill/Floodwall Backiill Mohr-Coulomb 128 0 24
(Floodwall Subgrade Prep )

|:| Concrete Floodwall High Strength 150

D Existing Fill Material Mohr-Coulomb 10 0 28

D Laowier Sh Alluvium (El-40to -47 | Mohr-Coulomb 18 0 30
H

|:| Lower Shd Alluvium (Bl -47 to -58 | Mohr-Coulomb 110 0 30

. Cohesive Alluvium (B -25t0 -35 | Undrained (Phi=0} | 110 825
FT)

FofS>50 Concrete T-Wall

Top El. +16 feet

20 ’ e
15J:ExmtmgGroundSLm‘ac:e 11 12_FT

Hoquiam River

c
=
S
g -
2 -
Lu -
-40
Ty .
S0
-58 = L L L L L L L L L L L L L L L L L L L L L L L L L L L
-60
-100 -80 -60 -40 -20 a 20 40 60 80 100 120 140 160 180 200 220 240 260 280 300 320 340 360 380 400 420 440
Distance

Slope/W Stability - Critical Flood State- Land Side
Concrete T-Wall (Station 123+50)

North Shore Levee — West Segment
Hoquiam, Washington

Figure 4B-4
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APPENDIX A
Subsurface Explorations and Laboratory Testing



APPENDIX A
SUBSURFACE EXPLORATIONS AND LABORATORY TESTING

General

Subsurface conditions were explored by advancing six mud-rotary borings and eight Cone Penetration Tests
(CPTs) and three electric vane shear tests (eVST). Subsurface exploratory services were completed by
Holocene Drilling, Inc., In-Situ Engineering and ConeTec Inc. under subcontract to GeoEngineers, Inc.

Borings

The second phase of the subsurface exploration program consisted of completing six geotechnical borings.
The borings were completed between October 14, 2019 and October 16, 2019. The locations of the borings
were determined by measuring from existing site features such as roadways and structures. The elevations
presented on the boring logs are based on the topographic survey data provided by KPFF Consulting
Engineers, Inc. The location and elevation of the explorations should be considered approximate. The
exploration locations and other site features are included on the Site Plan, Figure 2.

Our field representative obtained representative soil samples, classified soils, maintained a detailed log of
the exploration and observed groundwater conditions were applicable. The samples were taken with a
standard split spoon sampler as well as a Shelby tube sampler in general accordance with ASTM
International (ASTM) D 1586 and D 1587/D 6519, respectively. ASTM D 6519 is the ASTM standard
practice for sampling soil using a hydraulically operated stationary piston sampler.

The samples collected with the split spoon sampler were retained in sealed plastic bags. The soils were
classified visually in general accordance with the system described in Figure A-1, which includes a Key to
the Exploration Logs. Summary Logs of each exploration are included as Figures A-2 through A-7.

Electronic Vane Shear Tests

The eVSTs were completed as part of the second phase of the subsurface exploration program. The eVSTs
were completed between October 24, 2019 and November 15, 2019. The eVSTs were completed using
truck-mounted hydraulically driven vane blade. The eVST is completed by applying a torque to the vane
blade at a constant rate up to and beyond the yield stress for each test depth. The undrained shear strength
is then calculated from the torque measurements in general accordance with ASTM D 2573.

The eVST results are presented in the attached report titled “Presentation of Site Investigation Results,
North Shore Levee West”, prepared by ConeTec, Inc. No soil samples are obtained by eVSTs.

Cone Penetration Tests

The CPTs were completed as part of the first phase of the subsurface exploration program. The CPTs were
completed between June 5 and 6, 2019. CPT soundings were completed using truck-mounted hydraulically
driven cone penetrometers. Soil friction, tip resistance and dynamic pore pressures were recorded using
electronic methods.

GEOENGINEERS /7] March 17, 2020 | Page A-1
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The CPT soundings were advanced to depths ranging from approximately 40 to 70 feet below ground
surface (bgs). The CPTs data are presented as Figures A-8 through A-15. No soil samples are obtained
during CPT soundings. Soil types are interpreted based on empirical relationships between measured CPTs
data and the parameters described above.

Laboratory Testing

Soil samples obtained from the borings were returned to our laboratory for further examination and testing,
Representative soil samples were selected for testing to assist in our evaluation of pertinent geotechnical
engineering properties and to confirm our field classifications. Laboratory test descriptions are provided
below.

Primary Testing

Moisture Content

The moisture content of selected samples was determined in general accordance with ASTM Test Method
D 2216. The test results are used to aid in soil classification and correlation with other pertinent
engineering soil properties. The results are presented on the exploration logs at the respective sample
depths.

Percent Fines Determination

Selected samples were “washed” through the U.S. No. 200-mesh sieve to estimate the relative percentages
of coarse- and fine-grained particles in the soil. The tests were conducted in general accordance with ASTM
D 1140. The percent passing value represents the percentage by weight of the sample finer than the U.S.
No. 200 sieve. These tests were conducted to verify field descriptions and to estimate the fines content for
analysis purposes. The test results are shown on the exploration logs at the respective sample depths.

Atterberg Limits

Atterberg Limit tests were performed on selected samples in general accordance with ASTM Test Method
D 4318. This test method determines the liquid limit, plastic limit and plasticity index of soil particles
passing the No. 40 sieve. The results of the tests are used to assist in soil classification and determine
pertinent engineering characteristics. Results for plastic soils are presented in Figures A-16 through A-19.
Liquid limits and plasticity index are also presented on the exploration logs at the respective sample depths.

Secondary Testing

Unconsolidated-Undrained Triaxial Tests

Unconsolidated undrained triaxial tests (TXUU) were performed on relatively undisturbed samples obtained
from the borings. The samples were collected during drilling using Thin-Walled Tube Samplers (Shelby
Tubes) in general accordance with ASTM D 1587. The sample was prepared and tested in general
accordance with ASTM D 2850.

The TXUU is completed by subjecting the sample to an axial load at a constant strain rate in an undrained
state. A sample is considered undrained if pore water is prevented from draining from the sample during
testing. The undrained state is achieved by closing the drainage lines, which allow consolidation prior to
the application of axial load. Because the axial load is applied in the undrained state, volume change of the
sample is not permitted during loading resulting in the development of pore pressure changes in
compensation for the sample attempting to contract or dilate. Effective confining pressures were selected
to generally match the effective stresses in the in-situ stress state to develop shear strength parameters

GEOENGINEERS /j March 7,2020 | Page A-2
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that are applicable to the anticipated loading. Axial load, strain and pore pressure are recorded during the
test.

The recorded data was used to estimate the undrained shear strength of the sample. The results of the
TXUU tests are presented on the Figures A-20 through A-32. Dry density and shear strength are also
presented on the exploration logs at the respective sample depths.
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SOIL CLASSIFICATION CHART

ADDITIONAL MATERIAL SYMBOLS

MAJOR DIVISIONS SYMBOLS TYPICAL
GRAPH | LETTER DESCRIPTIONS
o~ J
CLEAN GRAVELS |0 Go o GW gVAE’\I‘_IIS-GMI?Q%ERI‘DE(SERAVELS, GRAVEL -
GRAVEL hQ
AND E o o
GRAVELLY (LTTLEORNOFINES) |+ o o GP POORLY-GRADED GRAVELS,
SOILS b o GRAVEL - SAND MIXTURES
5
COARSE GRAVELS WITH M4 SILTY GRAVELS, GRAVEL - SAND -
GRAINED MORE THAN 50% FINES H GM SILT MIXTURES
SOILS OF COARSE =
FRACTION RETAINED]| o)
ON NO. 4 SIEVE (APPRECIABLE AMOUNT [ & GC CLAYEY GRAVELS, GRAVEL - SAND -
OF FINES) 4 CLAY MIXTURES
SW | WELLGRADED SANDS, GRAVELLY
CLEAN SANDS SANDS
MORE THAN 50% SAND
RETAINED ON
AND (LITTLE OR NO FINES)
NO. 200 SIEVE &
SANDY SP ggﬁsw GRADED SANDS, GRAVELLY
SOILS
MORE THAN 50% SANDS WITH SM | SILTY SANDS, SAND - SILT MIXTURES
OF COARSE FINES
FRACTION PASSING
ON NO. 4 SIEVE
(APPRECIABLE AMOUNT (o] CLAYEY SANDS, SAND - CLAY
OF FINES) MIXTURES
INORGANIC SILTS, ROCK FLOUR,
IVIL | CLAYEY SILTS WITH SLIGHT
PLASTICITY
INORGANIC CLAYS OF LOW TO
SILTS AND cL MEDIUM PLASTICITY, GRAVELLY
FINE CLAYS LIQUID LIMIT CLAYS, SANDY CLAYS, SILTY CLAYS,
LESS THAN 50 LEAN CLAYS
GRAINED
SoiLs OL | ORGANICSILTS AND ORGANIC SILTY
CLAYS OF LOW PLASTICITY
o INORGANIC SILTS, MICACEOUS OR
MR TG MH | DiaToMACEOUS $ILTY SOILS
NO. 200 SIEVE
SILTS AND
INORGANIC CLAYS OF HIGH
CLAYS O g e / ’ CH | plasticy
/ / OH ORGANIC CLAYS AND SILTS OF
s 7 MEDIUM TO HIGH PLASTICITY
HIGHLY ORGANIC SOILS PT | DEO fus, SWAME SILS WITH

NOTE: Multiple symbols are used to indicate borderline or dual soil classifications

Sampler Symbol Descriptions

2.4-inch 1.D. split barrel
Standard Penetration Test (SPT)
Shelby tube

Piston

Direct-Push

Bulk or grab

EEMmIIEXE

Continuous Coring

Blowcount is recorded for driven samplers as the number of
blows required to advance sampler 12 inches (or distance noted).
See exploration log for hammer weight and drop.

"P" indicates sampler pushed using the weight of the drill rig.

"WOH" indicates sampler pushed using the weight of the

hammer.

SYMBOLS TYPICAL
GRAPH | LETTER DESCRIPTIONS
AC Asphalt Concrete
NONN
PAVNZA
NN N eC | Cement Concrete
R
Crushed Rock/
CR Quarry Spalls
NZ2NZ2N
[PENEZENY SOD | Sod/Forest Duff
TS Topsoil

%F
%G
AL
CA
CP
CS
DD
DS
HA
mcC
MD
Mohs
ocC
PM
PI
PL
PP
SA
TX
uc
VS

NS
SS
MS
HS

NOTE: The reader must refer to the discussion in the report text and the logs of explorations for a proper understanding of subsurface conditions.
Descriptions on the logs apply only at the specific exploration locations and at the time the explorations were made; they are not warranted to be
representative of subsurface conditions at other locations or times.

Groundwater Contact

Measured groundwater level in exploration,
well, or piezometer

Measured free product in well or piezometer

Graphic Log Contact

Distinct contact between soil strata
Approximate contact between soil strata

Material Description Contact

Contact between geologic units

Contact between soil of the same geologic
unit

Laboratory / Field Tests

Percent fines

Percent gravel

Atterberg limits

Chemical analysis
Laboratory compaction test
Consolidation test

Dry density

Direct shear

Hydrometer analysis
Moisture content

Moisture content and dry density
Mohs hardness scale
Organic content
Permeability or hydraulic conductivity
Plasticity index

Point lead test

Pocket penetrometer

Sieve analysis

Triaxial compression
Unconfined compression
Vane shear

Sheen Classification

No Visible Sheen
Slight Sheen
Moderate Sheen
Heavy Sheen

Key to Exploration Logs

\.
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GEOTECH_STANDARD_%F_NO_GW

2017.GLB/GEI8_(

DF_STD_US_JUNE

Date:3/4/20 Path:P:\23\23944001\GINT\2394400100.GPJ DBLibrary/Library:GEOENGINEERS

Note: See Figure A-1 for explanation of symbols.
Coordinates Data Source: Horizontal approximated based on . Vertical approximated based on .

' \
Start End Total LoggedBy  ClL . . Drilling
Drilled 10/14/2019 10/14/2019 Depth (ft) 615 Checked By CAH Driller Holocene Drilling Method Mud Rotary
Surface Elevation (ft) " Hammer Autohammer Drilling iedri il i
Vertical Datum Undetermined Data 140 (Ibs) / 30 (in) Drop Equipment Diedrick D-120 Truck mounted drill rig
ﬁ%ﬁlhr:%g()& %);StbenT Groundwater not measured
Notes:
\ J
r
FIELD DATA
= — [5)
5] = ° “E-’ c
S 3| 3lsls =8 & 2 MATERIAL . REMARKS
I S S
s S- 28l T |2] 8 DESCRIPTION oZF| B
8 s |2 3| 218 4Q£ |5| 2% 25| w5
s S| gl3|t HB |28 z2|g2
w o |l x| @ |8 A& S| GO =88
0 T— - -
o AC Approximately 3 inches asphalt concrete pavement
1 °| grpam Brown fine to coarse gravel with silt and sand (loose, 1
n o moist) (fill material) n
(o]
- o - -
(o]
i o L i
(o]
N6l s s1 |, B B
MC
a ° L i
= © - =
[e]
. o - .
(o]
i 5 L i
077 8 | *woH s2 d i - - 59 i i f
e ML Dark gray silt with occasional gravel (very loose, moist) No recovery with Shelby tube, use split spoon for
] o (alluvium) m sample recovery.
*Blow counts potentially understated.
15— — —
Y No recovery
18] 16 $8 Dark gray silt with sand and trace organic matter Drilled to 17 feet, SPT
B o (wood) (very stiff, moist) -
20 24 sS4 I~ e " . . 1 a9 ity =
> Dark gray silt with sand (medium stiff, moist) Dry density = 73.5 pcf
w 0 | Shear strength = 0.69 ksf
25— — — . .
18 | *WOH S5 Dark gray silt with sand and organic matter (very soft, No recovery with Shelby tube, use split spoon for
] o moist) . sample recovery.
- *Blow counts potentially understated.
30— = —
No recovery
30 56 ~ MH | Dark gray silt with occasional sand and organic matter | 67 Sthy d?[”Sité’t: 6%)972‘7; "
medium stiff, moi ear strength = 0.75 ks
w | (mediumstiff, moist) | AL(LL=73; Pl = 33)
35 — —

Log of Boring GEI-1-19

\
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GEOTECH_STANDARD_%F_NO_GW

2017.GLB/GEI8_(

DF_STD_US_JUNE

Date:3/4/20 Path:P:\23\23944001\GINT\2394400100.GPJ DBLibrary/Library:GEOENGINEERS

FIELD DATA

= — [5)
A 1 R - R Y - MATERIAL
g | =l 4|5 § |=| ¢ 2| =2 REMARKS
s 2l Sz Bw 2] .8 DESCRIPTION £ €
E el > > ) 5 o < < Q.-a ER= c
> 2 |6 8| 2 |2 g3 2| 39 82|82
Q o (£ o o |13 o 3 © <l °o5| <8
[} o |£ x m |o (/1= S [GX®) o |iLo

35 6 57 |

40 0 T~ | pakgaysityfinesand I No recovery with Shelby tube. Drilled down to

- No recovery . 42.5 feet.
21 S8 0 ] 32| 14
%F
45 14 s9 — —
50 275 S10 I~ 1 21 24
%F | |
5 275 s11 B ]
8077 o | No recovery N Driller notes last 12 inches pushed like sand.
_ L _ Lost Shelby tube downhole. SPT refusal.

\. J
( A
Log of Boring GEI-1-19 (continued)

Project: North Shore Levee West Segment
G EO E N G | N E E RS / ‘ / PI’OJ.eCt Location: Hoquiam, Washington Figure A-2
L Project Number: 23944-001-00 Sheet20of2 )




GEOTECH_STANDARD_%F_NO_GW

2017.GLB/GEI8_(

DF_STD_US_JUNE

Date:3/4/20 Path:P:\23\23944001\GINT\2394400100.GPJ DBLibrary/Library:GEOENGINEERS

' \
Start End Total LoggedBy  ClL . . Drilling
Drilled 10/16/2019 10/16/2019 Depth (ft) 525 Checked By CAH Driller Holocene Drilling Method Mud Rotary
Surface Elevation (ft) " Hammer Autohammer Drilling iedri il i
Vertical Datum Undetermined Data 140 (Ibs) / 30 (in) Drop Equipment Diedrick D-120 Truck mounted drill rig
ﬁ%ﬁlhr:%g()& g);stbenT Groundwater not measured
Notes:
\ J
r
FIELD DATA
= — [5)
5] = ° “E-’ c
S 3| 3lzls 8 |8 ¢ MATERIAL . REMARKS
I S S
s S- 28l T |2] 8 DESCRIPTION oZF| B
© s [z 3 2 |s gc S| %9 28| o8
& 2|8 gl 3|2 g3 |c| 22 g2)g2
w o |l x| @ |8 A& S| GO =88
0 T— - -
o AC Approximately 3 inches of asphalt concrete pavement
1 O gpgm [ Brownfine to coarse gravel with silt and sand (loose,
] o | moist) (fill material) ]
(o]
- o - -
(o]
i o L i
5— Lo
2] 4 1 ML Dark gray silt with occasional sand and organic matter 58
E - (wood fragments) (loose, moist) (alluvium) E
10— -t —— — .
24 % - MH Dark gray silt (soft, moist) 76 Dry density = 55.2 pcf
_ w0 L _ Shear strength = 0.37 ksf
AL (LL=68; PI=32)
15— 9 s3 I Y P T4
% e ML Silt with sand and occasional gravel (soft, moist)
20_ 1 S4 - _________.____. ___________ ] 66 5 =
7 AL MH Dark gray silt (soft, moist) Dry density = 62.8 pcf
_ U L _ Shear strength = 0.41 ksf
AL (LL = 56; PI = 23)
E iy == T s5 ~ : - 7 83
% e Grades to with occasional sand
30 6 | *woH 56 B ] 67 No recovery from Shelby tube, use split spoon to
| AL L | obtain sample.
*Blow counts potentially understated
| L | AL (LL = 60; PI = 20)

35—

Note: See Figure A-1 for explanation of symbols.
Coordinates Data Source: Horizontal approximated based on . Vertical approximated based on .
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GEOTECH_STANDARD_%F_NO_GW

2017.GLB/GEI8_(

DF_STD_US_JUNE

Date:3/4/20 Path:P:\23\23944001\GINT\2394400100.GPJ DBLibrary/Library:GEOENGINEERS

Elevation (feet)

FIELD DATA
= 2 9
= Q c
z | = |§ £ w0 S MATERIAL A
o 9] S |o Z| = © S S REMARKS
Sls 5l €3 duw |e g DESCRIPTION o] £
| — c c
S |2 3 g k3] £ s Sq 28|08
Sle gl 3|2 g% |8 28 S5|25
o |l x| @ |8 A& S| GO =8|&8
35 K
g 21 s M Silty fine sand (moist) 48
40— *WOH g8 | ML | Darkgraysandysit (very soft, wety " 59 | 63 | Shelbytube sample fell downhole. Sample
_ © L _ obtained by split spoon.
*Blow counts potentially understated
45— ~ =
% 4 so Dark gray silt with organic matter (wet) 118
50 — ] "
26 §10 Dark gray silt with sandy lenses (very stiff, moist) 40 Dry density = 82.0 pcf
w L | Shear strength = 2.01 ksf

Log of Boring GEI-2-19 (continued)
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GEOTECH_STANDARD_%F_NO_GW

2017.GLB/GEI8_(

DF_STD_US_JUNE

Date:3/4/20 Path:P:\23\23944001\GINT\2394400100.GPJ DBLibrary/Library:GEOENGINEERS

' \
Start End Total LoggedBy  ClL . . Drilling
Drilled 10/14/2019 10/15/2019 Depth (ft) 715 Checked By CAH Driller Holocene Drilling Method Mud Rotary
Surface Elevation (ft) i Hammer Autohammer Drilling Diedrick D-120 Truck mounted drill ri
Vertical Datum Undetermined Data 140 (Ibs) / 30 (in) Drop Equipment &
Easting (X) System
Northing (Y) Datum Groundwater not measured
Notes:
\ J
r
FIELD DATA
= — [5)
5] = ° “E-’ c
S 3| 3lsls =8 & 2 MATERIAL . REMARKS
I S S
s S- 28l T |2] 8 DESCRIPTION oZF| B
© s |z 3| ¢ |8 9sg S| 249 23| o8
= 2 | o z |2 IS 53 30 2|82
k) o [ @ & |3 o 3 O S m 5| 2%
w o |£ x m |o (%)= [G] [GRS] So|io
0
o AC Approximately 2 inches of asphalt concrete pavement
1 ° GP-GM Brown fine to coarse gravel with sand and occasional
| © wood debris (loose, moist) (fill material) |
(o]
i o L i
(o]
i o L i
[e]
5 2| 1 st o
a ° L i
o
i o L i
i o L i
[e]
i ° L i
10 14 s2 d . ——— , . .
] ML Dark gray sandy silt (medium stiff, moist) (alluvium) Top of sample contains gravel (fill)
15 — — .
25 S3 46 Dry density = 78.8 pcf
GLLJ B | Shear strength 0.98 ksf
AL (LL=47;PI=17)
20] 25 s4 — —
25— -t —————— = — — — .
18] *6 55 ~ MH Dark gray silt with occasional gravel (medium stiff, 48 No recovery with Shelby tube, use SPT for sampld
a L i i recovery.
- moist) *Blow counts potentially understated
| L | AL (LL = 70; PI = 29)
30 2 S6 I~ e . . 1 66 ity =
7 e Dark gray silt with occasional sand (soft, moist) Dry density = 67.1 pcf
w L _ Shear strength = 0.44 ksf
AL (LL=69; PI = 27)
35 — —

Note: See Figure A-1 for explanation of symbols.

Coordinates Data Source: Horizontal approximated based on . Vertical approximated based on .
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GEOTECH_STANDARD_%F_NO_GW

2017.GLB/GEI8_(

DF_STD_US_JUNE

Date:3/4/20 Path:P:\23\23944001\GINT\2394400100.GPJ DBLibrary/Library:GEOENGINEERS

FIELD DATA
= — [}
3 = £ s g w0 s
S 8| glels & |3 % MATERIAL z| REMARKS
§ €= 8l €|l dw |2 S DESCRIPTION 0| €
2 PR B R = = o= [ b
© S |2 3 2|3 = s| 59 28| 0s
s o lesg|3|s g8 |&| 32 52|52
w o |lE x| @ |8 &AL S| GO =88
35 0| 25 S7 SM No recovery (medium dense) Driller pushed Shelby tube, noted sand at
_ L _ approximately 35 feet. SPT, no recovery
40— -t ———— ———— —
E 18 4 % MH Dark gray silt with occasional sand (medium stiff, wet) 63 AL (LL=61;PI=24)
45 - —————————— — ) e )
275 $9 SM Dark gray silty fine to medium sand with trace organic Driller notes difficulty in pushing Shelby tube
o matter (wood) (moist) B
50— — —
E 12 20 S‘,k)iFO Dark gray silty fine sand (medium dense, wet) 30| 14
55 _E 16| 28 s11 B BENEE
= %F - =
0T 10| 32 s12 ~ ]
E Grades to dense
65— - —
E 18 21 5%1F3 Grades to medium dense 37 |
70 _% 9| 25 s14 ~ 7]
\ J
{ A
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GEOTECH_STANDARD_%F_NO_GW

2017.GLB/GEI8_(

DF_STD_US_JUNE

Date:3/4/20 Path:P:\23\23944001\GINT\2394400100.GPJ DBLibrary/Library:GEOENGINEERS

' \
Start End Total LoggedBy  ClL . . Drilling
Drilled 10/15/2019 10/15/2019 Depth (ft) 715 Checked By CAH Driller Holocene Drilling Method Mud Rotary
Surface Elevation (ft) i Hammer Autohammer Drilling Diedrick D-120 Truck mounted drill ri
Vertical Datum Undetermined Data 140 (Ibs) / 30 (in) Drop Equipment &
Easting (X) System
Northing (Y) Datum Groundwater not measured
Notes:
\ J
r
FIELD DATA
= — [5)
g £ s 2 <
S 3| slsls & |8 = MATERIAL z| g REMARKS
s S- 28l T |2] 8 DESCRIPTION oZF| B
© s |z 3| ¢ |8 9sg s| 2@ 28| o8
2 2 |g O z |2 ISk 2]l 39 2|8l
o o [2 2| & |3 o D ] 2@ SE| et
w o |£ x m |o (%)= [G] [GRS] So|ito
Y] W, - -
) SOD Grassy-sod surface, approximately 3 inch roots
1 °| gpam Brown fine to coarse gravel with silt and sand (loose, 1
n o moist) (fill material) n
(o]
- o - -
(o]
i o L i
5— ° - —
1 6 s1 ° Observed wood debris in cuttings
a ° L i
= © - =
[e]
. o - .
(o]
i 5 L i
10— ° - — )
0 | *15 S-2 o No recovery *Blow counts potentially overstated due to
_ ° L _ wood/log debris.
= ° - =
(o]
. le} - .
[e]
i o L i
15— * s3 d : : 51 i
6 | *WOH S3 ML Dark gray silt (very soft, wet) (alluvium) No recovery with Shelby tube.
_ mc L _ Sample recovery with split spoon.
- *Blow counts potentially understated
207K 12 | *won s4 csiltwi : - i
MH Dark gray elastic silt with sand and occasional organic No recovery with Shelby tube.
m L matter (very soft, wet) - Sample recovery with split spoon.
*Blow counts potentially understated
® > 52 B ium sti 7| 63 Dry density = 7.6 pf
= Becomes medium stiff ry density = 71.6 p
w L _ Shear strength = 0.59 ksf
AL (LL = 69; Pl = 33)
80 275 s6 B T
35 ——_— Y ———————— —

Note: See Figure A-1 for explanation of symbols.

Coordinates Data Source: Horizontal approximated based on . Vertical approximated based on .
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GEOTECH_STANDARD_%F_NO_GW

2017.GLB/GEI8_(

DF_STD_US_JUNE

Date:3/4/20 Path:P:\23\23944001\GINT\2394400100.GPJ DBLibrary/Library:GEOENGINEERS

Elevation (feet)

FIELD DATA
— ()
= ° “E-’ c
z Sl = [§ & w0 S MATERIAL |
3 2l 818 =2 S 5 sl s REMARKS
€l 5| €l Huw |2 RS} DESCRIPTION 0| €
s |2 gl 2|8 <9 |5]| 2% 25| .5
|2 gl 5|2 BF ||k gz |8
A |E x| m |o Nl — S| O SOo|iLo
35
15 sz ~ ML Dark gray silt with occasional sand (very soft, wet) 63 AL (NP)
40 14 s8 — —
45 - _ )
95 S9 30 | 16 Dense sand layer at approximately 46 feet
N Dark gray silty fine sand (wet) T
80—+ sl 20 | g1 PFFro—t—————————————————— —
E 6| 37 S0 Dark gray fine sand with silt (dense, wet) 27
55— - _
E 31 % Grades to fine to medium sand 212
60 _E 18] o sz P W Dark gray Sift with sand (siff, wet) 51 Silty fine to coarse sand with gravel in shoe
65—+ 11| 16 |  s4z kffFm=—T————————————————— —
141 16 B Dark gray fine sand with trace organic material 38 | 31
- (medium dense, wet) -
0 _% 0| 27 s14 ™ Norecovery 7] Driller indicated same drilling conditions as
m L _ above
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GEOTECH_STANDARD_%F_NO_GW

2017.GLB/GEI8_(

DF_STD_US_JUNE

Date:3/4/20 Path:P:\23\23944001\GINT\2394400100.GPJ DBLibrary/Library:GEOENGINEERS

' ~
Start End Total LoggedBy  ClL . . Drilling
Drilled 10/15/2019 10/15/2019 Depth (ft) 725 Checked By CAH Driller Holocene Drilling Method Mud Rotary
Surface Elevation (ft) i Hammer Autohammer Drilling Diedrick D-120 Truck mounted drill ri
Vertical Datum Undetermined Data 140 (Ibs) / 30 (in) Drop Equipment g
Easting (X) System
Northing (Y) Datum Groundwater not measured
Notes:
\ J
r
FIELD DATA
= — )
5] = ° “E-’ c
S 3| 3lsls =8 & 2 MATERIAL . REMARKS
s £l 218l % ° g DESCRIPTION 0| €
8 s o| £ |3 9 o = oz =
& S|z 3| 2 |8 £ |5| 27 25| .5
= Q | O z |2 IS © 30 22|88
K ) =} o IS} © & 4 = © s5|c$S
w o |£ x m |o (%)= [G] [GRS] So|io
0
° GP-GM Brown fine to coarse gravel with silt and sand (loose,
- ° - moist) (fill material) -
o
i ° L i
= ° - =
o]
- e} - -
[¢]
57 4 7 s1 T ar | Gravfine sravel (lonee moet | 20
E NC o GP Gray fine gravel (loose, moist)
i b 9 L i
(o]
b 9
i o L i
b 9
- Ie) - -
b 9
_ o L _
b 9
10— -~
E 0 | WoH T1 swm No recovery
151 17 S92 — I : ] 51
% e Gray silty fine sand (alluvium)
20— |
% 24 3 MH Gray silt 86 AL (LL=65; Pl = 27)
25— =T —————————— —
20 =2 sw Dark gray silty fine sand with trace gravel, organic 40 | 39 | Sample fell out of Shelby tube, bagged sample.
- ? 11 - matter and shells (moist) -
30— — — .
21 * S5 Dark gray silty fine sand with trace gravel (loose, No recovery in Shelby tube, poor sample recovery
_ L moist) _ by split spoon.
*Blow counts potentially understated

35—

Note: See Figure A-1 for explanation of symbols.
Coordinates Data Source: Horizontal approximated based on . Vertical approximated based on .

Log of Boring GEI-5-19

\

GEOENGINEERS /J

Project: North Shore Levee West Segment
Project Location: Hoquiam, Washington
Project Number: 23944-001-00

Figure A-6
Sheet1of2 J




GEOTECH_STANDARD_%F_NO_GW

2017.GLB/GEI8_(

DF_STD_US_JUNE

Date:3/4/20 Path:P:\23\23944001\GINT\2394400100.GPJ DBLibrary/Library:GEOENGINEERS

r
FIELD DATA
= — [0}
8 = S|l .8 & |w» s
S 8| glels & |3 % MATERIAL z| REMARKS
s $1_Bl 8|2 2., 5] B DESCRIPTION 2|
© s |2 3] ¢ |8 9<& S| 29 28| o8
2 2 |g o| 2 |2 g3 2] 39 32| g8
k) o [2 o & |3 o 3 O S m 5| 2%
w o £ x m |o (%)= [G] GO So|ito
35 -
28 56 MH Dark gray sandy silt with organic matter (stiff, moist) 54 Dry density = 73.0 pcf
w L _ Shear strength = 1.39 ksf
40 2 s7 B i wi ; : ] 7 ity =
6 S Dark gray wilt with sand and organic matter (medium Dry density = 68.4 pcf
w - stiff, moist) i Shear strength = 0.65 ksf
' AL (LL = 64; Pl = 27)
45 1 38 — ) 1 51
] e Organic matter grades out
50— * I~ . . . ] p
18 8 S99 Dark gray sandy silt (stiff, moist) 49 No recovery with Shelby tube.
| me L | Split spoon recovery.
*Blow counts potentialy understated
55 22 $10 B - . . o =11tsf
] Dark gray silt with sand an organic matter (stiff, moist) Pocket pen = 1.1 tsf
60— 24 s11 ~ - ' ' e | a4 I
b Dark gray sandy silt with organic matter (medium stiff Dry density = 76.8 pcf
. - to stiff, moist) . Shear strength = 0.96 ksf
8517 2 s12 ™ Becomes stiff 7] Ginch silty sand layer at 65 feet below ground
m - _ surface.
Pocket pen = 1.4 tsf
70_% 25 s13 B —
\ J
{ N

Log of Boring GEI-5-19 (continued)
Project: North Shore Levee West Segment
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r

Start End Total LoggedBy  ClL . . Drilling
Drilled 10/16/2019 10/16/2019 Depth (ft) 66.5 Checked By CAH Driller Holocene Drilling Method Mud Rotary
Surface Elevation (ft) i Hammer Autohammer Drilling Diedrick D-120 Truck mounted drill ri
Vertical Datum Undetermined Data 140 (Ibs) / 30 (in) Drop Equipment &
Easting (X) System
Northing (Y) Datum Groundwater not measured
Notes:
\ J
r
FIELD DATA
= P~ @
g 2| Sl .|E g || s MATERIAL
T 3 3 8|8 2 L s = REMARKS
s |-l els Tu || 8 DESCRIPTION o &
© S |2 3 S g c S| 249 28 3
> 2 |la 8| 2 |2 g% 2]l 39 2|82
K ) =} o IS} © & 4 = © s5|c$S
w o |£ x m |o (%)= [G] [GRS] So|ito
0
° GPGM Gravel with silt and sand (fill material)
i . L i
i ° L i
= ° - =
o]
- e} - -
o]
5—] 8 2 S1 1~ : . . 59
E e ML Dark gray silt (soft, moist) (alluvium)
10_ 11 5,2 _______ _____________ ]
% Dark gray silty fine sand
15— 5 53 —
. i i
wl
2 i i
u_l
o . ]
o
3
4 - =
5
z 204+—.! | < - r------"—"—""————— — .
o 15 % Dark gray silt with sand and organic matter (medium 60 Dry density = 66.4 pcf
2 n w L stiff, moist) 4 Shear strength = 0.52 ksf
9 ’ AL (LL = 59; PI = 22)
g ] L ]
o
g _ L _
g
1 - - =
z
= 25— -—_—— —
f, 23 $5 ML
5 . - i
LDLI = - =
30— - —
_g ° i | Darkgraysitt | 49 AL(LL=47;PI=13)
— /_ _—— e ———— —— — — —

35—

Note: See Figure A-1 for explanation of symbols.
Coordinates Data Source: Horizontal approximated based on . Vertical approximated based on .
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GEOTECH_STANDARD_%F_NO_GW

2017.GLB/GEI8_(

DF_STD_US_JUNE

Date:3/4/20 Path:P:\23\23944001\GINT\2394400100.GPJ DBLibrary/Library:GEOENGINEERS

Elevation (feet)

FIELD DATA
— (o]
= ° “E-’ c
gl S| sls § |2 ¢ MATERIAL A
3 3 5 [&6 = 3 ] gl s REMARKS
.81 el Yuw |2] 8 DESCRIPTION oZF| B
el B3 c c
gls 8|l 218 g |5| 3% g2 g2
|2 8| 5|2 5% || 88 ge |82
o |l x| @ |8 A& S| GO =88
35
g 4 sz "~ MH Dark gray sandy silt 92 AL(LL=51;PI-17)
40_% 24 s8 ~ -
45 24 s9 ~ - ! - 1 52
e Dark gray silt with occasional sand and organic matter
50 — — )
24 % Becomes stiff 55 Dry density = 67.8 pcf
L _ Shear strength = 1.0 ksf
T B T Driller indicates harder drill conditions at
55—t I ] approximately 54 feet below ground surface
6 16 % N GM Dark gray silty fine gravel with sand (medium dense, 19| 23
] N - wet) .
H
60— [
E 15| 64 12 ML Bluish gray silt with sand (hard, moist) a |73
65_% 18| 53 s13 B T
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North Shore Levee West

Introduction

The enclosed report presents the results of the site investigation program conducted by ConeTec Inc. for
GeoEngineers, Inc. at Hoquiam, WA. The program consisted of three electric vane shear tests (eVST).

Project Information

Project

Client GeokEngineers, Inc.
Project North Shore Levee West
ConeTec project number 19-59053

An aerial overview from Google Earth including the eVST test locations is presented below.

Google Earth’
Rig Description Deployment System Test Type
CPT truck rig (M7) 14 ton rig cylinder eVST
CPT truck rig (C20) 14 ton rig cylinder eVST

Coordinates

Test Type Collection Method EPSG Number
eVST Consumer grade GPS 4326
I
CONETEC



North Shore Levee West

Electric Field Vane Shear Test (VST)

Depth reference Depths are referenced to the existing ground surface at the time of each test.
Load cell capacity 100 N'm
Load cell location Surface

Limitations

This report has been prepared for the exclusive use of GeoEngineers, Inc. (Client) for the project titled
“North Shore Levee West”. The report’s contents may not be relied upon by any other party without the
express written permission of ConeTec Inc. (ConeTec). ConeTec has provided site investigation services,
prepared the factual data reporting and provided geotechnical parameter calculations consistent with
current best practices. No other warranty, expressed or implied, is made.

The information presented in the report document and the accompanying data set pertain to the specific
project, site conditions and objectives described to ConeTec by the Client. In order to properly understand
the factual data, assumptions and calculations, reference must be made to the documents provided and
their accompanying data sets, in their entirety.

CONETEC
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ELECTRIC FIELD VANE SHEAR TEST — UPHOLE CONFIGURATION

The electric field vane system is manufactured by Adara Systems Ltd., a subsidiary of ConeTec. An
illustration of the uphole vane system configuration is presented in Figure eVST.

Computer

Data, power
and control
cables

Torque head

«———— Vane torque

“ load cell at surface
System

control box f
Standard cone or

Vane < drill rods

power / data

cable
l <«——— Cased hole

<—— Friction slip
coupler
( <—— Vane blade

Figure eVST. lllustration of the uphole electric field vane system configuration

=

The vane system is designed with an array of strain gauges in a load cell that measure the applied torque.
The torque signal is amplified and converted to digital data within the tool and transmitted to the data
acquisition system through a shielded cable. The system uses a friction slip coupler to permit the free slip
or play of approximately fifteen degrees between the rods and the vane blade in order to isolate and
record rod friction from the soil before rotation of the vane blade starts. The system is designed to use
vane blades of various sizes and configurations that connect to the friction slip coupler. The vane blades
manufactured by Adara have dimensions and tolerances that are in general accordance with the current
ASTM D2573 standards. In very soft soil conditions and at the request of the client, ConeTec may use a
large diameter vane blade that exceeds the ASTM D2573 maximum size specifications in order to
maximize torque resolution. In very stiff soil conditions and at the request of the client, ConeTec may use
a smaller diameter vane blade than the minimum size specified in ASTM D2573 in order to obtain a peak
torque below the capacity of the load cell.

The electric motor (capable of 100 Newton-meters of torque) is designed to clamp onto and rotate the
rods and vane blade at a constant rate.

ConeTec’s calibration criteria of the load cells are in accordance with the current ASTM D2573 standard.

CONETEC
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ELECTRIC FIELD VANE SHEAR TEST — UPHOLE CONFIGURATION

The data acquisition system consists of a computer that records the vane data every 0.2 degrees of
rotation. The system records the following parameters and saves them to a file as the test is conducted:

e Torque in Newton-meters
e Rotation in degrees
e Elapsed time in seconds (from the start of the test)

All testing is performed in accordance to ConeTec’s field vane testing operating procedures and in general
accordance with the current ASTM D2573 standard. For additional information on vane shear testing refer
to Greig et al. (1987).

Prior to the start of a vane shear test profile, a suitable sized vane blade is selected, the vane system is
powered on and the vane load cell baseline reading is recorded with the load cell hanging freely in a
vertical position.

The vane blade, slip coupler and rods are advanced to the desired test depth through a cased hole,
typically using AWJ drill rods or one-meter length rods with an outer diameter of 1.5 inches (38.1
millimeters). Test depths are referenced to the middle of the rectangular portion of the vane blade. The
motor rotates the rods at a near constant rate up to and beyond the vyield stress (peak) until the load
remains near constant (post peak). Following post peak readings, the vane blade is then rapidly rotated
clockwise ten times to completely remold the soil. The test procedure is repeated in order to record the
remolded strength of the soil. The vane blade is then advanced to the next depth and the procedure is
repeated or the vane blade is retracted to allow for drilling and vane blade size changes. Once the vane
profile is complete, the final baseline of the load cell is recorded and compared to previous reading as a
QA/QC check.

Undrained shear strength from the field vane, (Su)s, is calculated from torque measurements using the
following general equation (ASTM D2573) taking into consideration the case of rectangular or tapered
ends at the top and/or bottom of the vane blade.

12-T
(Su)fv= D . D
nD? ( )

cos(it) * cos(ig) +6H

CONETEC
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ELECTRIC FIELD VANE SHEAR TEST — UPHOLE CONFIGURATION

where: . T T a0 T

(Su)tv = undrained shear strength ad ks < ad =
from the field vane

Trmax = maximum value of torque N il i il e AR

iy

D = vane diameter | [ W 1 W |

H = height of the rectangular I
portion of the vane

it = angle of taper at vane top H
(with respect to horizontal)

is = angle of taper at vane
bottom (with respectto | |0 | | |
horizontal) y y

For rectangular vane blades where H/D = 2, the above equation simplifies to:

6-Trmax

S = — =
(u)fv 7T[D3

The recorded rod friction is subtracted from the peak and remolded torque. No correction factors are
applied to the vane results to derive the mobilized shear strength (Tmobilized).

A summary of the vane shear tests, a table of results and individual VST plots are provided in the relevant
appendices. Tabular data in Excel format is provided in the data release folder.
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ASTM D2573 / D2573M-18, 2018, “Standard Test Method for Field Vane Shear Test in Saturated Fine-
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APPENDICES

The appendices listed below are included in the report:

e Electric Field Vane Shear Test Profile Summary and Results
e Electric Field Vane Shear Test Plots
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Electric Field Vane Shear Test Profile Summary and Results
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C T Job Number: 19-59053
M Client: GeoEngineers, Inc
Project: North Shore Levee West
Start Date: 24-0Oct-2019
End Date: 15-Nov-2019
ELECTRIC FIELD VANE SHEAR TEST SUMMARY
Refer to
Sounding ID File Name Rig Date From Date To Latitude’ Longitude1 Notation
Number
VST-2-19 19-59053_VST-2-19 M7 24-0Oct-2019 24-0Oct-2019 46.977180 -123.882020
VST-3-19 19-59053_VST-3-19 C20 14-Nov-2019 14-Nov-2019 46.977870 -123.883480
VST-6-19 19-59053_VST-6-19 C20 15-Nov-2019 15-Nov-2019 46.981990 -123.884770

1. Coordinates were collected using a consumer grade GPS in datum WGS84.
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— Number: 1959053
M J(Z‘Til;ntl;I . GeoEngineers, Inc
Project: North Shore Levee West
Start Date: 24-0Oct-2019
End Date: 15-Nov-2019
ELECTRIC FIELD VANE SHEAR TEST RESULTS
Load Cell Casing/Drillout | Test Vane Vane TopTaper | Bottom Taper Peak | Remolded | Peak | Remolded | _Fe2k | Remolded su Su Refer to
Sounding ID File Name Date Serial Load _CE” Depth Depth] Diameter Height A?gle A?gle Vane Factor Torque Torque Stress Stress Frictional Frictional Peak Remolded | Sensitivity Notation
Number | tocation (ft) (ft) ° H r s (kPa/Nm) | i) (Nm) (tsf) (tsf) Stress Stress (tsf) (tsf) Number
(mm) (mm) (deg) (deg) (tsf) (tsf)
VST-2-19 19-59053_VST-2-19 24-Oct-2019 | AVLCO13 Surface 7.50 10.50 60 120 45 45 1.1926 19.20 8.10 0.24 0.10 0.05 0.03 0.193 0.072 2.69 2
VST-2-19 19-59053_VST-2-19 24-Oct-2019 | AVLCO13 Surface 17.50 20.50 60 120 45 45 1.1926 45.21 16.86 0.56 0.21 0.04 0.04 0.520 0.170 3.06 2
VST-3-19 19-59053_VST-3-19 14-Nov-2019 | AVLC-035 Surface 8.90 10.40 60 120 45 45 1.1926 65.58 13.92 0.82 0.17 0.07 0.04 0.751 0.130 5.79
VST-3-19 19-59053_VST-3-19 14-Nov-2019 | AVLC-035 Surface 18.60 20.10 60 120 45 45 1.1926 83.20 27.64 1.04 0.34 0.23 0.10 0.808 0.245 3.29
VST-3-19 19-59053_VST-3-19 14-Nov-2019 | AVLC-035 Surface 28.80 30.50 60 120 45 45 1.1926 39.69 13.24 0.49 0.16 0.05 0.04 0.439 0.127 3.45
VST-3-19 19-59053_VST-3-19 14-Nov-2019 | AVLC-035 Surface 38.50 40.00 60 120 45 45 1.1926 86.07 20.50 0.26 0.07 0.04 0.217 3
VST-6-19 19-59053_VST-6-19 15-Nov-2019 | AVLC-035 Surface 9.20 10.70 60 120 45 45 1.1926 21.40 6.57 0.27 0.08 0.03 0.02 0.232 0.059 3.91
VST-6-19 19-59053_VST-6-19 15-Nov-2019 | AVLC-035 Surface 12.90 14.40 60 120 45 45 1.1926 47.21 13.93 0.59 0.17 0.04 0.03 0.549 0.143 3.85
VST-6-19 19-59053_VST-6-19 15-Nov-2019 | AVLC-035 Surface 19.00 20.50 60 120 45 45 1.1926 63.64 20.18 0.79 0.25 0.06 0.05 0.732 0.206 3.55
VST-6-19 19-59053_VST-6-19 15-Nov-2019 | AVLC-035 Surface 29.20 30.70 60 120 45 45 1.1926 58.33 16.99 0.73 0.21 0.10 0.05 0.630 0.160 3.93
VST-6-19 19-59053_VST-6-19 15-Nov-2019 | AVLC-035 Surface 38.70 40.20 60 120 45 45 1.1926 75.49 25.41 0.94 0.32 0.08 0.05 0.865 0.265 3.26
VST-6-19 19-59053_VST-6-19 15-Nov-2019 | AVLC-035 Surface 42.40 44.00 60 120 45 45 1.1926 69.99 27.81 0.87 0.35 0.22 0.13 0.654 0.219 2.99

1. Test depths are referenced to the middle of the vane.

2. Remold test results were not fully achieved.
3. Peak not achieved due to equipment issues.
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C T Job Number: 19-59053
M Client: GeoEngineers, Inc
Project: North Shore Levee West
Start Date: 24-Oct-2019
End Date: 15-Nov-2019
ELECTRIC FIELD VANE SHEAR TEST TIMING
Test Vane Peak Test Insertion to Start to Peak Test Remolding Remold Test Remolding to Remold Test Refer to
Sounding ID Dat Depth® Insertion Start Start Failure Avg Completion Start Start Avg Notation
ndin i
ou 8 ate eft Time Time Interval Interval Rate Time Time Interval Rate Number
(ft (HH:mm) (HH:mm) (min) (sec) (deg/sec) (HH:mm) (HH:mm) (min) (deg/sec)
VST-2-19 24-Oct-2019 10.50 10:02 10:03 2 982 0.10 10:44 10:45 1 0.09 2
VST-2-19 24-0Oct-2019 20.50 11:56 11:57 2 3165 0.10 13:16 13:17 2 0.13 2
VST-3-19 14-Nov-2019 10.40 12:45 12:46 2 830 0.12 13:12 13:13 2 0.11
VST-3-19 14-Nov-2019 20.10 14:10 14:11 1 629 0.11 14:31 14:32 2 0.11
VST-3-19 14-Nov-2019 30.50 15:30 15:31 1 456 0.11 15:52 15:53 2 0.11
VST-3-19 14-Nov-2019 40.00 17:04 17:05 1 835 0.12 17:38 17:39 1 0.12 3
VST-6-19 15-Nov-2019 10.70 11:10 11:11 1 249 0.11 11:26 11:28 2 0.11
VST-6-19 15-Nov-2019 14.40 12:04 12:05 1 348 0.11 12:20 12:21 1 0.11
VST-6-19 15-Nov-2019 20.50 12:57 12:58 1 518 0.11 13:12 13:14 2 0.11
VST-6-19 15-Nov-2019 30.70 15:51 15:53 2 570 0.12 16:11 16:12 1 0.12
VST-6-19 15-Nov-2019 40.20 16:57 16:58 1 820 0.12 17:16 17:17 2 0.12
VST-6-19 15-Nov-2019 44.00 17:52 17:53 2 881 0.12 18:17 18:18 1 0.12

1. Test depths are referenced to the middle of the vane.
2. Remold test results were not fully achieved.
3. Peak not achieved due to equipment issues.
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Electric Field Vane Shear Test Plots
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[ ] Job Number: 19-59053 Test Date: 24-Oct-2019 10:03 Coordinate System: WGS 84 Lat/Long

C T Client: GeoEngineers, Inc Test Depth (ft): 10.50 Latitude: 46.97718
ONE EC Project: North Shore Levee West Vane Type: Adara solid double tapered 60 x 120 Longitude: -123.88202
] Sounding: VST-2-19 mm (45°, 45°)
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[ ] Job Number: 19-59053 Test Date: 24-Oct-2019 11:57 Coordinate System: WGS 84 Lat/Long

C T Client: GeoEngineers, Inc Test Depth (ft): 20.50 Latitude: 46.97718
ONE EC Project: North Shore Levee West Vane Type: Adara solid double tapered 60 x 120 Longitude: -123.88202
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Job Number: 19-59053

Test Date: 14-Nov-2019 12:46 Coordinate System: WGS 84 Lat/Long

Client: GeoEngineers, Inc Test Depth (ft): 10.40 Latitude: 46.97787
CONETEC Project: North Shore Levee West Vane Type: Adara solid double tapered 60 x 120 Longitude: -123.88348
] Sounding: VST-3-19 mm (45°, 45°)
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[ ] Job Number: 19-59053 Test Date: 14-Nov-2019 14:11 Coordinate System: WGS 84 Lat/Long

C T Client: GeoEngineers, Inc Test Depth (ft): 20.10 Latitude: 46.97787
ONE EC Project: North Shore Levee West Vane Type: Adara solid double tapered 60 x 120 Longitude: -123.88348
] Sounding: VST-3-19 mm (45°, 45°)
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[ ] Job Number: 19-59053 Test Date: 14-Nov-2019 15:31 Coordinate System: WGS 84 Lat/Long

C T Client: GeoEngineers, Inc Test Depth (ft): 30.50 Latitude: 46.97787
ONE EC Project: North Shore Levee West Vane Type: Adara solid double tapered 60 x 120 Longitude: -123.88348
] Sounding: VST-3-19 mm (45°, 45°)
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[ ] Job Number: 19-59053 Test Date: 14-Nov-2019 17:05 Coordinate System: WGS 84 Lat/Long

C T Client: GeoEngineers, Inc Test Depth (ft): 40.00 Latitude: 46.97787
ONE EC Project: North Shore Levee West Vane Type: Adara solid double tapered 60 x 120 Longitude: -123.88348
] Sounding: VST-3-19 mm (45°, 45°)
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Job Number: 19-59053
Client: GeoEngineers, Inc
Project: North Shore Levee West

Test Date: 15-Nov-2019 11:11
Test Depth (ft): 10.70

Vane Type: Adara solid double tapered 60 x 120

Coordinate System: WGS 84 Lat/Long

Latitude: 46.98199

Longitude: -123.88477

] Sounding: VST-6-19 mm (45°, 45°)
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[ ] Job Number: 19-59053 Test Date: 15-Nov-2019 12:05 Coordinate System: WGS 84 Lat/Long

C T Client: GeoEngineers, Inc Test Depth (ft): 14.40 Latitude: 46.98199
ONE EC Project: North Shore Levee West Vane Type: Adara solid double tapered 60 x 120 Longitude: -123.88477
] Sounding: VST-6-19 mm (45°, 45°)
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Job Number: 19-59053

Test Date: 15-Nov-2019 12:58 Coordinate System: WGS 84 Lat/Long

Client: GeoEngineers, Inc Test Depth (ft): 20.50 Latitude: 46.98199
CONETEC Project: North Shore Levee West Vane Type: Adara solid double tapered 60 x 120 Longitude: -123.88477
] Sounding: VST-6-19 mm (45°, 45°)
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[ ] Job Number: 19-59053 Test Date: 15-Nov-2019 15:53 Coordinate System: WGS 84 Lat/Long

C T Client: GeoEngineers, Inc Test Depth (ft): 30.70 Latitude: 46.98199
ONE EC Project: North Shore Levee West Vane Type: Adara solid double tapered 60 x 120 Longitude: -123.88477
] Sounding: VST-6-19 mm (45°, 45°)
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1.00

Job Number: 19-59053

Client: GeoEngineers, Inc

Project: North Shore Levee West

Sounding: VST-6-19

Test Date: 15-Nov-2019 16:58

Test Depth (ft): 40.20

Vane Type: Adara solid double tapered 60 x 120
mm (45°, 45°)
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[ ] Job Number: 19-59053 Test Date: 15-Nov-2019 17:53 Coordinate System: WGS 84 Lat/Long

C T Client: GeoEngineers, Inc Test Depth (ft): 44.00 Latitude: 46.98199
ONE EC Project: North Shore Levee West Vane Type: Adara solid double tapered 60 x 120 Longitude: -123.88477
] Sounding: VST-6-19 mm (45°, 45°)
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Figure A-9
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Figure A-10
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PLASTICITY CHART
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Moisture Liquid Plasticity
Boring Depth Content Limit Index
Symbol Number (feet) (%) (%) (%) Soil Description
@ GEI-1 32.5 67 73 33 Elastic silt with occasional sand and o0.m. (MH) L.
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17425 NE Unin Hill Road Ste 250, Redmond, WA 98052

1600

1400

1200 /
800 /
600

400 /
200

—_—
o
o
o

DEVIATOR STRESS (psf)

0
0 2 4 6 8 10 12 14 16
STRAIN (%)
SPECIMEN AT FAILURE DESCRIPTION Silt with sand and o.m. (ML)

STRAIN RATE: 1%/min

UU COMP STRENGTH (psf): 1374

UU SHEAR STRENGTH (psf): 687

AXIAL STRAIN AT FAILURE: 13.6

FAILURE TYPE: Bulge

HEIGHT (in): 5.73

DIAMETER (in): 2.83

HEIGHT/DIAMETER: 2.0

WATER CONTENT: 49

INITIAL

WET DENSITY (pcf): 109.3

DRY DENSITY (pcf): 73.5

VOID RATIO: 1.3

BORING ID : GEI-1 SAMPLE NO: 4
DEPTH/ELEV(ft) : 20 DATE: 12/4/19
TECH: SAS CHECKED: SAS

REMARKS:Gs assumed 2.7; ywater = 62.4pcf

CELL PRESSURE: 13.9 psi

ASTM D-2850

G EO E NGINEERS r ] UNCONSOLIDATED UNDRAINED TEST

FIGURE A-20




DEVIATOR STRESS (psf)
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SPECIMEN AT FAILURE

DESCRIPTION Elastic silt with occasional sand and o.m. (MH)

\ I
\
N\

STRAIN RATE: 1%/min

UU COMP STRENGTH (psf): 1,430

UU SHEAR STRENGTH (psf): 750

AXIAL STRAIN AT FAILURE: 8.1

FAILURE TYPE: Multiple Shear

HEIGHT (in): 5.60

DIAMETER (in): 2.85

HEIGHT/DIAMETER: 2.0

WATER CONTENT: 67

INITIAL

WET DENSITY (pcf): 103.5

DRY DENSITY (pcf): 61.9

VOID RATIO: 1.7

BORING ID : GEI-1 SAMPLE NO: 6

DEPTH/ELEV(ft) : 32.5 DATE: 10/24/19

TECH: SAS CHECKED: SAS

REMARKS:Gs assumed 2.7; ywater = 62.4pcf

CELL PRESSURE: 22.6psi

ASTM D-2850

17425 NE Unin Hill Road Ste 250, Redmond, WA 98052

GEOENGINEERS /j

UNCONSOLIDATED UNDRAINED TEST
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DEVIATOR STRESS (psf)
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SPECIMEN AT FAILURE

DESCRIPTION Silt with occasional o.m. (ML)

STRAIN RATE: 1%/min

UU COMP STRENGTH (psf): 735

UU SHEAR STRENGTH (psf): 367

AXIAL STRAIN AT FAILURE: 5.3

FAILURE TYPE: Multiple Shear

HEIGHT (in): 5.81

DIAMETER (in): 2.82

HEIGHT/DIAMETER: 2.1

WATER CONTENT: 78

INITIAL

WET DENSITY (pcf): 98.0

DRY DENSITY (pef): 55.2

VOID RATIO: 2.1
BORING ID : GEI-2 SAMPLE NO: 2
DEPTH/ELEV(ft) : 10 DATE: 10/24/19
TECH: SAS CHECKED: SAS

REMARKS:Gs assumed 2.7; ywater = 62.4pcf

CELL PRESSURE: 6.9psi

ASTM D-2850

17425 NE Unin Hill Road Ste 250, Redmond, WA 98052

GEOENGlNEERsﬁ

UNCONSOLIDATED UNDRAINED TEST
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DEVIATOR STRESS (psf)
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SPECIMEN AT FAILURE

DESCRIPTION Elastic silt with occasional o.m. (MH)

|

STRAIN RATE: 1%/min

UU COMP STRENGTH (psf): 812

UU SHEAR STRENGTH (psf): 406

AXIAL STRAIN AT FAILURE: 11.1

FAILURE TYPE: Angle Shear

HEIGHT (in): 6.04

DIAMETER (in): 2.82

HEIGHT/DIAMETER: 2.1

WATER CONTENT: 67

INITIAL

WET DENSITY (pcf): 104.8

DRY DENSITY (pef): 62.8

VOID RATIO: 2.1
BORING ID : GEI-2 SAMPLE NO: 4
DEPTH/ELEV(ft) : 20 DATE: 10/25/19
TECH: SAS CHECKED: SAS

REMARKS:Gs assumed 2.7; ywater = 62.4pcf

CELL PRESSURE: 13.9psi

ASTM D-2850

17425 NE Unin Hill Road Ste 250, Redmond, WA 98052

GEOENGlNEERsﬁ

UNCONSOLIDATED UNDRAINED TEST

FIGURE A-23
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SPECIMEN AT FAILURE DESCRIPTION Silt with sand lense (ML)
STRAIN RATE: 1%/min
UU COMP STRENGTH (psf): 4016
UU SHEAR STRENGTH (psf): 2008
AXIAL STRAIN AT FAILURE: 15.0
FAILURE TYPE: Bulge
HEIGHT (in): 5.81
DIAMETER (in): 2.84
1 |HEIGHT/DIAMETER: 2.0
<
£ |WATER CONTENT: 40
Z |WET DENSITY (pcf): 114.6
DRY DENSITY (pcf): 82.0
VOID RATIO: 1.1
BORING ID : GEI-2 SAMPLE NO: 10
DEPTH/ELEV(ft) : 50 DATE: 10/28/19
TECH: SAS CHECKED: SAS

REMARKS:Gs assumed 2.7; ywater = 62.4pcf

CELL PRESSURE: 34.7psi

ASTM D-2850

17425 NE Unin Hill Road Ste 250, Redmond, WA 98052

GEOENGlNEERsﬁ

UNCONSOLIDATED UNDRAINED TEST
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DEVIATOR STRESS (psf)
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DESCRIPTION Sandy silt (ML)

STRAIN RATE: 1%/min

UU COMP STRENGTH (psf): 1965

UU SHEAR STRENGTH (psf): 983

AXIAL STRAIN AT FAILURE: 15.0

FAILURE TYPE: Multiple Shear

HEIGHT (in): 5.91

DIAMETER (in): 2.81

HEIGHT/DIAMETER: 2.1

WATER CONTENT: 41

INITIAL

WET DENSITY (pcf): 111.0

DRY DENSITY (pef): 78.8

VOID RATIO: 1.1

BORING ID : GEI-3 SAMPLE NO: 3
DEPTH/ELEV(ff) : 15 DATE: 10/25/19
TECH: SAS CHECKED: SAS

REMARKS:Gs assumed 2.7; ywater = 62.4pcf

CELL PRESSURE: 10.4psi

ASTM D-2850

17425 NE Unin Hill Road Ste 250, Redmond, WA 98052

GEOENGlNEERﬁ

UNCONSOLIDATED UNDRAINED TEST

FIGURE A-25
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17425 NE Unin Hill Road Ste 250, Redmond, WA 98052
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SPECIMEN AT FAILURE DESCRIPTION Elastic slt with sand and o.m. (MH)
- )_-1 l ' STRAIN RATE: 1%/min
B | UU COMP STRENGTH (ps?): 882
3 ‘ UU SHEAR STRENGTH (psf): 441
AXIAL STRAIN AT FAILURE: 15.0
FAILURE TYPE: Multiple Shear
HEIGHT (in): 6.00
DIAMETER (in): 2.82
1 |HEIGHT/DIAMETER: 2.1
é WATER CONTENT: 59
Z [WET DENSITY (pcf): 106.9
DRY DENSITY (pcf): 67.1
VOID RATIO: 1.5
BORINGID:  GEI-3 SAMPLE NO: 6
DEPTH/ELEV(ft) : 30 DATE: 10/29/19
TECH: SAS CHECKED: SAS
REMARKS:Gs assumed 2.7; ywater = 62.4pcf
CELL PRESSURE: 20.8psi
ASTM D-2850
G E UNCONSOLIDATED UNDRAINED TEST
EOENGINEERS /4/ ——




17425 NE Unin Hill Road Ste 250, Redmond, WA 98052
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DEVIATOR STRESS (psf)

0 2 4 6 8 10 12 14 16 18
STRAIN (%)

DESCRIPTION Elastic silt with sand and occasional o.m. (MH)

STRAIN RATE: 1%/min

UU COMP STRENGTH (psf): 1180

UU SHEAR STRENGTH (psf): 590

AXIAL STRAIN AT FAILURE: 15.0

FAILURE TYPE: Angle Shear

HEIGHT (in): 5.99

DIAMETER (in): 2.82

HEIGHT/DIAMETER: 2.1

WATER CONTENT: 49

INITIAL

WET DENSITY (pcf): 106.5

DRY DENSITY (pef): 71.6

VOID RATIO: 1.4

BORING ID : GEI-4 SAMPLE NO: 4
DEPTH/ELEV(ft) : 25 DATE: 10/30/19
TECH: SAS CHECKED: SAS

REMARKS:Gs assumed 2.7; ywater = 62.4pcf

CELL PRESSURE: 17.4psi

ASTM D-2850

G EO E NGINEERS / ] UNCONSOLIDATED UNDRAINED TEST

FIGURE A-27




DEVIATOR STRESS (psf)
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SPECIMEN AT FAILURE

DESCRIPTION Sandy silt with o.m. (ML)

17425 NE Unin Hill Road Ste 250, Redmond, WA 98052

s 1 lF:f"
1 T‘

STRAIN RATE: 1%/min

UU COMP STRENGTH (psf): 2776

UU SHEAR STRENGTH (psf): 1388

AXIAL STRAIN AT FAILURE: 14.8

FAILURE TYPE: Angle

HEIGHT (in): 5.73

DIAMETER (in): 2.85

HEIGHT/DIAMETER: 2.0

WATER CONTENT: 54

INITIAL

WET DENSITY (pcf): 112.4

DRY DENSITY (pcf): 73.0

VOID RATIO: 1.3

BORING ID : GEI-5 SAMPLE NO: 6

DEPTH/ELEV(ft) : 35 DATE: 12/4/19

TECH: SAS CHECKED: SAS

REMARKS:Gs assumed 2.7; ywater = 62.4pcf

CELL PRESSURE: 24.3 psi

ASTM D-2850

GEOENGINEERS /j

UNCONSOLIDATED UNDRAINED TEST

FIGURE A-28




DEVIATOR STRESS (psf)
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DESCRIPTION Elastic silt with sand and o.m. (MH)

17425 NE Unin Hill Road Ste 250, Redmond, WA 98052

STRAIN RATE: 1%/min

UU COMP STRENGTH (psf): 1305

UU SHEAR STRENGTH (psf): 653

AXIAL STRAIN AT FAILURE: 13.3

FAILURE TYPE: Multiple Shear

HEIGHT (in): 5.95

DIAMETER (in): 2.84

HEIGHT/DIAMETER: 2.1

WATER CONTENT: 55

INITIAL

WET DENSITY (pcf): 105.9

DRY DENSITY (pcf): 68.4

VOID RATIO: 1.5

BORING ID : GEI-5 SAMPLE NO: 7
DEPTH/ELEV(ft) : 40 DATE: 10/30/19
TECH: SAS CHECKED: SAS

REMARKS:Gs assumed 2.7; ywater = 62.4pcf

CELL PRESSURE: 27.8psi

ASTM D-2850

GEOENGlNEERsﬁ

UNCONSOLIDATED UNDRAINED TEST

FIGURE A-29
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SPECIMEN AT FAILURE DESCRIPTION Sandy elastic silt with o.m. (MH)

5ie

+ -

- -
-

STRAIN RATE: 1%/min

UU COMP STRENGTH (psf): 1927

UU SHEAR STRENGTH (psf): 963

AXIAL STRAIN AT FAILURE: 15

FAILURE TYPE: Multiple Shear

HEIGHT (in): 5.94

DIAMETER (in): 2.8

5

HEIGHT/DIAMETER: 2.1

INITIAL

WATER CONTENT: 44

WET DENSITY (pcf): 110.4

DRY DENSITY (pef): 76.8

VOID RATIO: 1.2

BORING ID : GEI-5

SAMPLE NO: 11

DEPTH/ELEV(ft) : 60

DATE: 11/8/19

TECH: SAS

CHECKED: SAS

REMARKS:Gs assumed 2.7; ywater = 62.4pcf

CELL PRESSURE: 41.7 psi

ASTM D-2850

17425 NE Unin Hill Road Ste 250, Redmond, WA 98052

GEOENGlNEERsﬁ

UNCONSOLIDATED UNDRAINED TEST
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DEVIATOR STRESS (psf)
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DESCRIPTION Elastic silt with sand and o.m. (MH)

STRAIN RATE: 1%/min

UU COMP STRENGTH (psf): 1048

UU SHEAR STRENGTH (psf): 524

AXIAL STRAIN AT FAILURE: 15

FAILURE TYPE: Bulge

HEIGHT (in): 5.72

DIAMETER (in): 2.83

HEIGHT/DIAMETER: 2.0

WATER CONTENT: 60

INITIAL

WET DENSITY (pcf): 106.4

DRY DENSITY (pef): 66.4

VOID RATIO: 1.5

BORING ID : GEI-6 SAMPLE NO: 4
DEPTH/ELEV(ft) : 20 DATE: 11/8/19
TECH: SAS CHECKED: SAS

REMARKS:Gs assumed 2.7; ywater = 62.4pcf

CELL PRESSURE: 13.9 psi

ASTM D-2850

17425 NE Unin Hill Road Ste 250, Redmond, WA 98052

GEOENGlNEERsﬁ

UNCONSOLIDATED UNDRAINED TEST
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SPECIMEN AT FAILURE

DESCRIPTION Elastic silt with occasional sand and o.m. (MH)

STRAIN RATE: 1%/min

UU COMP STRENGTH (psf): 2000

UU SHEAR STRENGTH (psf): 1000

AXIAL STRAIN AT FAILURE: 9.8

FAILURE TYPE: Bulge

HEIGHT (in): 5.75

DIAMETER (in): 2.85

HEIGHT/DIAMETER: 2.0

WATER CONTENT: 55

INITIAL

WET DENSITY (pcf): 105.0

DRY DENSITY (pef): 67.8

VOID RATIO: 1.5

BORING ID : GEI-6 SAMPLE NO: 10
DEPTH/ELEV(ft) : 50 DATE: 11/8/19
TECH: SAS CHECKED: SAS

REMARKS:Gs assumed 2.7; ywater = 62.4pcf

CELL PRESSURE: 34.7 psi

ASTM D-2850

17425 NE Unin Hill Road Ste 250, Redmond, WA 98052

GEOENGlNEERsﬁ

UNCONSOLIDATED UNDRAINED TEST

FIGURE A-32
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Previous Exploration Logs
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JOHN SPELLMAN * DUANE BERENTSON
Covernor Secretary
STATE OF WASHINGTON
DEPARTMENT OF TRANSPORTATION
Highway Administration Building e  Olympia, Washington 98504 e (206) 753-6005 )
May 23, 1983
C. S. Gloyd

Bridge and Structures Engineer
Transportation Adm1n1strat1on Building

01ymp1a WA 98504
RE: SR-101, C.S. 1402, L-7262
West Hoquiam Connection
Little Hogquiam River -Bridge
No. 101/130 Widening

Dear Sir:

This letter presents the foundation recommendations for the proposed
widening of the existing Little Hoquiam River Bridge 101/130. The pro-
posed construction consists of widening the existing structure almost
19-ft on the right. The structure type consists of a five-span rein-
forced-concrete flat-slab bridge. Approach construction will consist
of widening the existing fills with a maximum height of new fill at

6 ft.

The foundation recommendations herein are based on the specific pro-
ject description detailed in the bridge layout provided by the Struc-
tures Branch, and the existing soils conditions encountered during the
field investigation and exploration. The exploratory borings are as-
sumed to be representative of the subsurface conditions throughout the
project area. In addition, the subsurface conditions found elsewhere g
are assumed not to differ significantly from those found in this in-
vestigation. If subsurface conditions different from those found by
the exploration are encountered dur1ng construction, we should be noti-
fied so that we may assist you in reviewing these subsurface conditions
and re-evaluate our foundation recommendat1ons

F1e1d Investigation

The foundation investigation cons1sted of reviewing the nine test holes
drilled for the existing structure, and the drilling of three supple-
mental test holes. The new test ho]es verified the soil deposition at
the site and provided detailed stratigraphy at Piers 5 and 6 where bed-
rock is dipping steeply. .

The foundation material, in general, consists of basalt conglomerate over-
lain by 4 ft. to 10 ft. of very dense silty gravelly.sand, 10 ft. to
95 ft of very soft to medium stiff organic sandy silt and by up to
10 ft. of medium stiff sandy silty clay at Piers 1, 2, 3.and 4. At
Piers 5 and 6, the organic silt is overlain by up to 17 ft of alter-

- nating layers of very loose silty sand, silt.and gravel, and clayey

gravelly silt. The groundwater level is controlled by the river level

{ﬂ‘“‘:&"-o 3
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and tidal action. The genera]ized soil conditions at the site are pre-
sented on the soil profile in Append1x A. Detailed information is pro—
vided in the.lLogs of Test Bor1ngs in Appendix B.

_Laboratory Test1ng

When the field samp]es were delivered to the Materials Laboratory, the
samples were divided in groups of similar soil types. To verify the
field identifications, sieve analysis and moisture content determina-.
tions were performed on selected samples. Moisture contents were de-
termined in accordance with the procedures of ASTM D2216-80. Grain-
size analyses were performed according to the procedures of AASHTOT88-78.
From the test results, the soil samples were then classified under the
Unified Soil Classification System. A total of 37 samples were identi-
fied and 22 sieve analysis done on samples from holes J-48, B-3 and B-8.

The Logs of Test Borings represent a sunimary description of samples
identifications from both the field and laboratory data. The results
of the laboratory testing are providedirlAppendix C.

Approach Embankments '

New approacﬁ'construct1on will consist of w1den1ng the ex1st1ng 8- to

10-ft high fills approx1mate1y 20 ft at grade level. The maximum

height of new fill will be about 6 ft at the new edge of shoulder. The

existing fills were built under controlled-l1oading conditions because

of the very soft nature of the foundation soil. The foundation soil be-

- neath the existing fills has gained strength due to consolidation caused
by the fills. This will permit a faster rate of loading than the 8=

inch loose 1ift per.day allowed under the original construction.

Single point end dumping should not be allowed in the approach fill
areas. Fill should be placed in 1ifts, and terraced into the existing
fills in accordance with Section 2-03.3(14) of the Standard Specifica-
tions. Fills can be built continuously to subgrade elevation.

Because of the variable depth of fill, embankment settlement will vary
~across the abutments. It is expected that settlement will vary from
about 0.2 ft on the left to about 1.0 ft on the right shoulder. Settle-
‘ment will be slow, with post-construction sett]ement in the order of 0.6
ft being possible.

Bridge Foundation Support
Piling is recommended for support of all piers of this structure. As
an alternate,. spread-footing support is feasible at Piers 5 and 6.

. High-capacity piles, up to 100 tons each, are recommended at all piers.
Concrete piling or steel "H" piles are both feasible. Regardless of
the pile type, driving shoes must be provided to penetrate into the
very dense gravelly sand and the basalt conglomerate. For estimating
pile quantities, it can be assumed that piling will drive to elevation
-105 at Pier 1, elevation -95 at Pier 2, elevation -90 at Pier 3, ele-
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vation -30 at Pier 4, elevation -8 on the left and elevation -17 on the
right at Pier 5, and elevation +6 on the left and elevation -8 on the
right at Pier 6. The allowable uplift capacity at Piers 2 and 3 is 9,
11, and 12 tons- each for 13-, 16-, and 18-in. concrete piles respect-
ively. No significant up]ift capacity is available for Piers 4 and 5
because of shallow pile embedments.

As an alternative to pile support at Piers 5 and 6, spread-footing sup-
port is feasible. At Pier 5, the footing should be Tocated on rock, ele-
vation -10 on the left to elevation -20 on the right. For this condition,
the footing can be designed for loads up to 10 tsf. At Pier 6, the foot-
ing can be located on rock or very dense sand and gravel, elevation +6

on the left to elevation -4 on the right. The footing at this pier can
be designed for loads up to 7 tsf.

Conclusion

" Foundation recommendat1ons are detailed on the attached Foundation Re-
commendation sheet. In addition, the soil profile, Logs of Test Bor-
ings, and the Laboratory Test data are attached in Appendices A, B and
C, respectively. Please note the Section 1-02.4 of the Standard Speci-
f1cat1ons allows the potential bidders to inspect all factual informa-
tion wh1ch includes the boring logs and sample test data.

Very truly yours,
f/“/%

A. J. PETERS, P.E.
Materials Engineer

AJP: jdy

APK

Attach.

cc: dJd. D. Zirkle
D. D. Rude
C. L. STemmer
A. H. Walley



WASHINGTON STATE TRANSPORTATION GCOMMISSION
' Department of Transportation - o,

‘MATERIALS LABORATORY

FOUNDATION DESIGN RECOMMENDATIONS -

S.R. NO.__ 101 PROJECT _MWest Hoguiam River Bridge Widening No. 101/130
JoB NO. _L-7262 ' CONTROL SECTION 1402 DATE
. - PILE .SUPPORT SPREAD FOOTINGS '
' ) . FOOTING ' : -
PIER | STATION ||ESTIMATED | MINIMUM ALLOWABLE|| ELEV. AS RECOMMENDED| ALLOWABLE
NO. ' TIP TIP LOAD - SHOWN ON| FOOTING BEARING
- ' ELEVATION|ELEVATION ~ LAYOUT ELEVATION VALUE
' ' Up to :
1 98+93 =105 - -190 100 TONS concrete or "H" Pile
' ~ T uBTo ! ' :
2 99+36 - 95 =90 100 TONS concrete or "H" Pile
‘ — ' Up_to
3 99+80 - 90 - 85 - ]%0 TONS _concrete or "H" Pile
- Jup to
4 100+45 . - 30 =25 100 _TONS cancrete or "H" Pile
' -8 LT. ~Twpto ' : .
5 1100+89 VAL 100 _TONS concrete -0{0 "f" ile
© Alterndte — — S— 20 Rf. 10 tsf
+ 6 Lt. up _to -
6 . 1101+31 - 8 Rt — 100 TONS concrete or "H_" Pile
Alterndte ' — — J - % gb 7 tsf,

.MARKS=J’_1JJ.DQ_muS.t_b.e_D.EmLid£.d_Mth driving shoes..

APPROACH FILLS

STABILITY: See body of report. . '

. SCTTLEMENT: See bodv of report,

FORM 350-07Y
DUT REVISED 2/ 80
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APPENDIX B

Logs of Test Borings



LOG OF TEST BORING

WASHINGTON STATE DEPARTMENT OF TRANSPORTATION

101 secTion Little Hoquiam River Bridge

Job No. L-1441 (L-7262)

S.H. S.R.
Hole No. Sub Section Cont. Sec. 1402
Station _. 9°8+96 Offset. 10" Lt. ‘Ground EI. 72
Type of Boring ___Jet - Casing 3" W.T.El. Not determined
Inspector __ - Date May 31, 1955 Sheet . 1 of 6
DEPTH ,,2;°F"¥s_ PROFILE _TL,S.;‘E“",G%,E_ . DESCRIPTION OF MATERIAL
A Brown, clayey SILT.
U- .
1 [INo recovery.
5
STD
. Y b, Tren
Y A [4 24||+2 i .
' . Very soft, blue-gray, clayey SILT.
10
No recovery.
15 o Very soft, blue-gray, organic, clayey SILT.
B + U-
C 5
P Y
20 B |
. NOTE: This is a typed copy of the field log. Original to Materials Engineer
. Copy to Bridge Engineer
DOT RovViscn'i2)7s : : ~ Capy to District Administrator

Copy to




Sub Section. -ittle Hoquiam River Bridge

30

P

3R

a0

45 .

Hole No. 1 i Sheet of _
BLOWS . SAMPLE
DEPTH PER FT. | PROFILE TUBE NOS. . DESCRIPTION OF MATERIAL
STD - ,
A 0, PEN|[very soft, blue-gray, organic, clayey SILT.
U 7947 * 6 .
25 ~

B y-
DC 7

Nery soft, b]ué-gray; drganic, clayey SILT.

STD

[ = 2

FORM 351-003A
DOT REVISED 4/80

Dﬁ[[,"

PEN Very soft, blue-gray. organic, clavey SIIT



Sub Section _Little Hoquiam River Bridge

Hole No. 1 Sheet of .
BLOWS SAMPLE . .
DEPTH | pER FT, | PROFILE | TUBE NOS. DESCRIPTION OF MATERIAL
* 10
50 |~ .
N * STD ' - _ '
a 0%4  PEN|Very soft, blue-gray organic, clayey SILT.
J 7 ll+ 11 .
+ STD. '
55 n , PEN |Very soft, blue, peaty, clayey SILT.
e 24"{ 12 - _
60_
A U-
cB + 13
D
65
STD | ' : : ‘
n 0, PEN Il Very soft, blue, peaty, clayey SILT.
v '24"& 14 . '
70
DOT FORM 351-003A

REVISED 4/80




Sub Seéction Little Hoguiam River Bridge

Hole No. 1 Sheet of
BLOWS | . SAMPLE
DEPTH PER FT. | PROFILE|| TUBE NOS. DESCRIPTION OF MATERIAL

- STD :
75 +6 + PEN|l Very stiff., blue., peaty, clayey SILT.
: * 15
80
* STD '
6 - PEN{ Medium stiff, blue, peaty., clayey SILT.
* * 16
85

[v
@Q

“STD
PEN

Stiff, blue-gray, organic, clayey SILT.

90

95

——ten

FORM 351-003A
DOT reviseo 4/80



R REEDR, P IR REE DY,
Hole No. 1 Sub Section __Little Hoquj’am River Bridge Sheet
T BLows SAMPLE ' '
DEPTH | peR FT. | PROFILE[ TUBE NOS. DESCRIPTION OF MATERIAL
STD , :
6 PEN{ Medium stiff, blue-gray, organic, clayey SIIT

. - 19 '

100

_105
+ STD
6 PEN| Medium stiff, blue-gray, organic, clayey SILT.
+ 20 . .
110 : }
' ' * STD ' '
' c _ PEN{ Medium stiff, blue-gray, organic, clayey SILT.
J * 21 . _ )

U=

115 t B ? 22 Decomposed WOQD

120

FORM 351-003A
DOT REVISED 4/80



Hole'No. 1

Sub Section _Little Hoquiam River Bridge Sheet __6

of _6

BLOWS
DEPTH | pER FT, | PROFILE

" SAMPLE

TUBE NOS.

DESCRIPTION OF MATERIAL

—§ SO
‘o + PEN]| Medium dense, black, organic SAND — with decomposed wood.
pae + 23 N - ] j
125 |° '
A STD
: PEN

. KN
<N
hoestlf

e —— >

24

Dense - GRAVEL.

130

Test boring stopped at 128" below ground elevation,

p FORM 351-003A
DOT REVISED 4/80




LOG OF TEST BORING .

S.H. S.

WASHINGTON STATE DEPARTMENT OF TRANSPORTATION

Job No. L-1441 (L-7262)

R._101 SECTION _Little Hoquiam River Bridge
Hole No. 8 " Sub Section | | Cont. Sec. 1402
Station 99+86 Offset 10" Lt. | Ground El. -4.2
Type of Boring. Jet Casing: | 3" . W.T. El. Not determined
Inspector Date ___June 28, 1955 .Shwt 1 of 4
DEPTH | pemPr | PROFILE || TUBE NOS. DESCRIPTION OF MATERIAL

A

Black, organic, silty CLAY.

'.

10

Sk

-y
A

No _recovery.

— ot

Blue, silty CLAY.

15
20 "
) . .- . Orlginal to Materials Engineer
. : . : . Copy to Bridge Engineer
DOT 5oRM 251003, NOTE: This is a typed copy of the field log. Copy to District Administrator’

Copy to




Hole No. 8 - Sub Section __Little Hoquiam 'Ri_Ver Bridge . Sheet of
- “BLOWS SAMPLE . ' ' -
DEPTH PER FT. | PROFILE (| .TusE NOS. DESCRIPTION OF MATERIAL
25 -
. _U-
: CD 3
@ 17 " |
STD || Soft, blue, silty CLAY — with some peat and wood.
PEN -
2 ' 4
30 + | !
35 -
‘ STD ~
: 3 PEN] Soft, blue, clayey SILT.
5 ' '
40 -
E
D A v-
) C v
45 B

FORM 351-003A
Dot :

REVISED 4/80



Hole _No. 8

. Sub Section __Little Hoquiam River Bridge ' - Sheet

of

: BLOWS
DEPTH PER FT. | PROFILE

SAMPLE =~
TUBE NOS.

DESCRIPTION OF MATERIAL

A

STD

PEN-
7

Soft., blue, clayey SILT.

STD
PEN

oft, blue, clayey SILT.

Db

P

A0

‘Wery soft, blue, clayey SILT

65

70

FORM 351-003A
DQT REVISED 4/80

oo st e - . e



e A T T T e e —,

FORM 351-003A
. DoT REVISED 4/80 -

Hole No. 8 Sub Section __ Little Hoquiam River Bridge . _ Sheet __4 of 4
) BLOWS . . SAMPLE : I
DEPTH | peR FT. | PROFILE|[ YUBE NOS. DESCRIPTION OF MATERIAL
STD - .
5 . PEN || Very soft, blue, clayey SILT.
/24n+ 10 :
75 -
" STD : : ‘
18 PEN I Stiff, blue, clayey SIIT — with a trace of sand -
+- 11 :
80
: Black Baéa]tic-Conqlomerate.
ST ‘
100, . 00, PE&
T I4u 12
85

Test hole stoboed at 84'4" below ground elevation.




LOG OF TEST BORING o _ ' : WASHI_NG_TON STATE DEPARTMENT OF TRANSPORTATION

S.H. S.R.__101 - 'SECTION __Little Hoquiam River Bridge Job No. L-1441 (L-7262)
Hole No. 10 Sub Section - - 3 Contsnn 1402
Station __98+96 - : Offset _on & ' : Ground EI. 7.4 at 99+00
TvnéofBoﬁng: Porter _ ' ..' Casing 2" tubes C"W.T.EL. Not determined
Inspector . Date September 23, 1957 Sheet 1 - of 1
BLOWS ' | SAMPLE : | ' S
DEPTH | pgRr FT. | PROFILE TUBE NOS. _ _ _ DESCRIPTION OF MATERIAL
t - Brown , c1avey4,s11tv GRAVEL.
Brown, damp, c]ayey SILT — with 2" 1ayer of b]ack organic,
clayey silt,
' 1 '$ 1 | Brown and gray mottled, clayey SILT — with wood .
5 ' .
5 '
Y . 2 lDark gray, organic, clayey SILT — with roots.
7y  with
3_liDark gray. organic, clayey SILT — with_roots.
. U= c :
t 4 | Dark gray, orqan_i_c._clavev SILT — with bark and wood.
10 ' '

5 . : ,
-6 | Brown, silty, woody PEAT.

Dark gray, organic, clayey SILT.

7 Dark'gray. organic, clayey SILT.

—>
Do
]

Dark gray, organic, clayey SILT,

15 | w o 10lnark gray, arganic, clayey STIT

U- _
7 ' ~11 ) Dark gray, organic, clayey SILT.

Test hole stopped at 16' below ground elevation,

20

Orlginal to Materials Engineer

NOTE: This is a typed copy of the field log. — Jnaneio Materels =ns

FORM 351-003 ~ ~ . . ) S .
DoT REVISED 12/79 ) Copy t_o pnstrict Administrator

Copy to
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Laboratory Test Data



e 7 .| WASHINGTON STATE
’ - : " DEPARTMENT OF TRANSPORTATION
MATERIALS ENGINEER - - _ L
Materials Laboratory ' ' : Place [/ avl & Z 1Ch.
P. O. Box 167, Olympia, WA 98504 (Mailing Address) '

1655 So. 2nd Ave.’ S _ _ . Date
Tumwater, Washington 98504 (Shipping Address) .

Dear Sir: .

I have forwarded by today’s&'gfefaf the following Foundation ‘Samples.
-, Contract or , L. * Section We_,scﬂ‘ogati”uﬂb‘jfo”fs — S
~ Job No. .......! L “7264 ..................... SR No. f.O( ... Sub-Section ..Bk.1. ye ...... “odemri 2t P
Station Z < ) ' ' ’ i
79to0 5o’ 'Rt : : : -
Offeet C]7+ : Hole #.- _B 3
Tube _ ’
Lab No. Drive # - Depth inP‘s’:::;:Lr Clas. ) Dcscription
/ [] 0:(

Hho=929 [BPNM, Fan_etlan-o hee. , V. Sty. - SANO w]dk.

ot «f : , »
3 0 ABrn. 9‘30(./{)/%“ ro#en Wb‘c‘t/', arq. teoks SGron. mold

®7 D
R ce

. ot m G, wlhn outn togm  F. Sy,

2' o"| Hao= 32%4’
. it" o _ . .
. o MmUm. Gr- ALK, £ Sdy. ST w/arq.
4!661 D-3 . |HeerB2 % [T ' ‘ 7
| \ i3 o Sterms § fwibs ; ) Trace alay
Ié' 1_!' . 7 L4
4170 |1 -
—1 U &l ¢ 8
o j6' &
‘Z | 7. o <
/17" o’ D
. =3 P
17+
-
72"~
17" &
_.5 s 4 . F
| /g 0 _ -
‘ : ! L a-¢77% ’ .
: 123 o] ? F Soly. Srcr  w/Sktems I 1B ers
1 copy with samples }
1 copy to addressee ' o | Yours very truly,
_ S Inspector.
FORM 351-002 ’ ’ i 3

DOT reviseo 280 -



L - WASHINGTON STATE
- . ' : DEPARTMENT OF TRANSPORTATION

MATERIALS ENGINEER

Materials Laboratory : Place ...ccoeveieeeee leeeerenan
"P. 0. Box 167, Olympia, WA 98504 (Mailing Address) '

1655 So. 2nd Ave. . - Date .

Tumwater, Washington 98504 (Shlppmg Address)

Dear Sir: -

I have forwarded by today’s ..., the following Foundation Samples.

Contract or - Section ............ I e,
Job No. L-74£2 e SRNO. oo, Sub-Section - -

Sta&io:l ‘{]ci_*ﬂa : f{o' ﬁ+. . o - ' B~?

Offset , . Hole #

. Tube

, ‘ Position . L.
Lab No. Drive # Depth in Sampler Clas. Description

26 .0 M, be. wrg. , Chyo A Sty. Scc7

¢ IS¢ | . |Hossg
‘. > 238 0" u_)SéA/ W/t S a /047 w»&l&(\

3t o T ZirC </77] w]mice= Fr

. 13! _ me cﬂ/l.
4,—,3 D"7 lebq‘f, m, Ge. w/&l( /booze'/sd.? ,'I.
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I copy with samples
1 copy to addressee i g : Yours very truly,

Inspector.
FORM 351-002

DOT REVISED 2/80 . e 2



' WASHINGTON STATE
DEPARTMENT OF TRANSPORTATION

MATERIALS ENGINEER

Materials Laboratory - _ : : . ' P.'lace ..............................
P. O. Box 167, Olympia, WA 98504°(Mailing Address) . '
1655 So. 2nd Ave. - ' . Date

Tumwater, Washington 98504 (Sh_ipping .Address)

Dear Sir:
I have forwérdeq‘ by today’s ... .- the following Foundation Samples.
Contract or . Section ...... oo et et eeeet et e ement ettt et e e emaperernaseasasasaemenne
Job No. L7Z(02' SR No. .. Sub-Section : ereemteeeateeteeatesaneieateeneeantentereneeanenanns
“Station o+ 0 \;0, T o R ; .
- Of‘;;ct. C(q o K Hole # E - 8
o Ttgt'ge .
Lab No. Drive # Depth inP(S):::::\er Clas. Description
e | [He #T
6 Wlo ' B
. Z | 40. 8..
: JYAN) .
' . 41" o ¢
47 o
47 ¢
G
-5 _ [l
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4179 D3 éto Pl Lie 417 w)] B @iy, MTT,
1 copy with samples 63-0. . ’
1 copy to addressee IR : Yours very truly,

Inspector.
FORM 351-002

DOT REVISED 2/80 . . L@ 5



MATERIALS ENGINEER

Materials' Laboratory . . Place .o
P. O. Box 167, Olympxa WA 98504 (Mailing Address)
" 1655 So. 2nd Ave. Date

WASHINGTON STATE
DEPARTMENT OF TRANSPORTATION

Tumwater, Washmgtdn 98504 (Shlppmg Address)

Dear Sir:

I have forwarded by today’s - '

C ' ) Sect eemreeemrasereneae et et eame s ana s aransannes et aen
J::trz:am:':7262 .......... S S:{: Il\?:. .................. Sub-Section eeemreeenneane _ MO
Station (P 17 o /4 ' -
';t%e; qq+0 5- ﬁf . Hole # B g
: Tube |
Lab No. * Drive # Depth ) inpg:l,::;:,_,, Clas. Description
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| ¢ T E
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1 copy with samples
I copy to addressee Yours very truly,
---------------- Inspec'ldr.
DOT renses 2m0 - 3




. WASHINGTON STATE
DEPARTMENT OF TRANSPORTATION

MATERIALS ENGINEER

Materials Laboratory o U Ve S
P. O. Box 167, Olympia, WA 98504 (Mallmg Address)
1655 So. 2nd Ave. Date ..........
Tumwater, Washington 98504 (Shipping Address)
Dear Sir:
| I have forwardedlby today’s ererernearaneenanenanne the following Foundation Samples
Contract or SECHION oot eeeremememeemeee e emeveseeneeameaesmea essenmemmeseasessasesmemtassemssseteemesennentan
Job Noc rp7262 1 SR No, . Sub-Section ........... S —
Station 30 'K+ '
Of‘lg;et. qua b k‘ Hole # B“g
Tube
~ Lab No. Drive # Depth ;np‘s):i,:g:‘er - | Clas. Description
. . /' 01! )
> D7 T o sog P ot Gn d Fen £ Sely ST
. |5 0" d &)y & Weed ; Sty A Sand
4'84’ B g 26 4 ‘ B .
bl ¥ U-f 26" 8"
96 8 B
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" Ng |70 my be. F_ Sedy. §
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-"'3 . ‘ D
77 1

1 copy with samples .
1 copy to addressee

FORM 351-002

DOT REVISED 2/80 .

Yours very truly,

© Inspector.

EZH 3




WASHINGTON STATE
DEPARTMENT OF TRANSPORTATION

MATERIALS ENGINEER
Materials Laboratory - -

Place ...

"P. O. Box 167, Olympia, WA 98504 (Mallmg Address)
1655 So. 2nd-Ave." Date
Tumwater, Washington 98504 (Shipping Address)

Dear Sir:

I have forwarded by today’s R :..... the following Foundation Samples.

Contract or ' Section — - e e emenanne

JobNo.-. 7262 . SR NO. wocovvoer. S

Stauon Q(JA’ . . SD‘K','- ) . . R ?

Offset _ ~ Hole # L

' _ Tube

Position . . ..
Lab No. Drive # Depth in Samipler Clas. | ~ " Description

‘6% U0 | E

Jor' o] : ' ; — |
4187 D-Q_l /0-;’ o' 63670. e Via B 6.124 E &Q’&}&LT
. ) ]

. \\/\of'c
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— A _
l [
1 copy with samples
1 copy to addressee Yours very truly,
o mmmmmmmmm———————w" In..s-'-p-eclar. ------
FORM 351-002

DOT revisep 2180 . ~FTDw 3




WASHINGTON STATE .
DEPARTMENT OF TRANSPORTATION

MATERIALS ENGINEER -

Materials Laboratory ' ' Place 7— “u Wf{_;(_.(_—'.!“ ....................
P. O. Box 167, Olympla WA 98504 (Mallmg Address) . ) -
1655 So. 2nd Ave. : pate .2 10—=&8 3 oo

Tumwater Washmgton 98504 (Shlppmg Address)

. Dear Slr
| I have forwarded by today (] $7217"c64r~ the following Foundatlon Samples
' 'C tract , Secti |~‘C571‘/ radam. bypass o
J:t:l Naoc orL ..... 7‘16‘2‘ ...................... S;{C 1\?: IC’/ ....... Sub- Sect:on B"lyycwb ..... "““’? ................. .
Station : s . .
Of?sef 79 /\/ ;o._ &t . Hole #° ’3 _8
. ) Tbs '
Lab No. Drive # Depth inP(s,:l,:::;Lr Clas. Description'
: . T B : “) ] K . - .
L AbEE e Hrowq19, FoDLZP2 5, Ga. , Sty L€ S £ F
) AR GRAVEL w)ore [1"e) ﬂ«u/; o 7.0y, ftea
'. Ji o &EW! -
) am SAME
“ -2 > ' . .
. 1]+ .
TR N kp o /
-3 'f'Dﬂ:L,L g9 5F | Mowst, Bik., Cin. Crs. SAVO W] F.
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4 ) 15 . | . .
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Tom (5 e 8P| Same W) f. 8ty Aacno.
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"7 D //I7O’. I Slﬂ mC

L€ Jas'g '

| copy with samples s
1 copy to addressee o

Inspector. -

FORM 351-002 _
DOT REVISED 2/80 . . - i 3



golL CLA"“S;dCATIO' AND IDENTIFIC CgloN WORKSW“""

s e

PLASTICITY CHART
60 T .

50 - - - : . 1A

F-3
O

ot
o
Y

N
[e] .
N

PLASTICITY INDEX

o
N

40 50 60 70 80 90
LIQUID LIMIT

SAMPLE NO. £G4 OB NO. MJ HOLE NO. g.g
DATE J-o4. &7 OPERATOR D
SOIL FIELD IDENTIFICATION
TEST SAND | st CLAY
© VISUAL .

DRIED CAST

DILATANCY

BITE

TOUGHNESS - ]

DESCRIPTION: /7)., &7, Tun OUFer Laydn
Ty V. 57"4,1 [ay wl o rg,
Zlenl g rcar! ~

SIEVE ANALYSIS % Passing 3 §.09
. -40 ‘5-1 S ﬁ ‘ I w
.3/4 . -80
-4 ' -140
-0 - 200 2).4) 46%
GRAIN SIZE cunve '
' . SCREEN SIZE . o
3 " ¥ 1A #4 306 #40  #B0Q  #200
C. GRAVEL F. GRAVEL |[C. SAND M. SAND F. SAND
I T e R | A Ot e S A Mt ¥ T T Ty T T 100
[ I | T T [t U I T TR A 1N 117
T T T LI S B L L I .
1. b $ 1.1 1 1 | 1 Lol ) { i | I N IO T |
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1 1 (1 J N | T ] R | L1 i1l 11
OO Y T O ¢ 3L S O L N A A A AN { SR SR I O BN
& HHA—HHHH—H T H o
n 3} I ) I T ) T T | }o L 11 1
S LN L L B L AL L AN I B N S | A 18 B
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[+ W A I R B NS YL L L D W | S DO U T
] | U1 2 1 L1 ! —l | 8 S T
¢ T T 1\/ T 1 1 T+
Ll gty oy by SR T GO W W [ t— 1t 4o
O T R |- S I S LI S L LA t Tt
T ST B IR hf N TV RS AR VI W O (N G N AR Y
t I—T LB [ AL LI 1 T 1 | 1 LI B P B
Il g P U b4 L ol [ j 1 Uy
60 40 30 QD18 oe 6 4 3 2 5 Y8 6 4 3 215 A 08

G

bl

AIN  SIZE ~ MM

LIQUID LIMIT DETERMINATION

. LIQUID LIMIT PLASTIC LIMIT
“fconNa | // 4‘7 :
- [Wet W 13.30| . 99
Dry Wt 1'5 7. 0 _?
%H0 PN e b
Blows : __'32 L : T _L‘l
45T T . '
N )
" 4ol N b L] :
oI
44N S - D
35 -
Y
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(7]
2
Ses
@
20
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- SOIL CLASS"ICAT]OE‘& AND IDERM TIL"ION WORI(SH""'

E . . 60 PL'ASTICITY CHART
SAMPLE NO.%//(,7 JOB No.gLJebpy' HOLE No.  § '
[DATE 3-3-33 = OPERATOR 2 s - | )
SOIL_FIELD IDENTIFICATION | : - i
TEST . SAND . | SILT, CLAY x 40 '
VISUAL - - v g | et
DRIEO CAST - VS - 30 vl
DILATANCY : 5 )
BITE . -/ 7 20 pd
TOUGHNESS v 3
DESCRIPTION: ”7 Lan, \yel/ey - Ofine U374y, 10 P
= SAn0 w/ JIX Brn. #RLL. 7 o
One Pace Rotln wed , org. tvok & 0 ] io ] i'.ao
Hr een aal BZ, éd/j FQ” vee. 0o 4Suouuéol.mmo ©voR e
Haro- GR D - - :
SIEVE ANALYSIS % Passing g3 70 _ ' LIQUID LIMIT DETERMINATION
= . LIQUID LIMIT - PLASTIC LIMIT -
. -40 5. ¢ 94% : . )
: — t Can N :
%/ £9 {00 % |-80 | v
4 .54 97 9, 740 S O R
10 2.29 QT %200 277 54 39, - o -
y 7 L : R -
| GRAIN SIZE CURVE B | T
S SCREEN SIZE : _ 45 :
> 2 g 14" #4 #I0_ #16 #40 _ #80 _#200
C. GRAVEL |F. GRAVEL [C.SAND| M. SAND F. SAND 40
I T D T | 2 =~ T T T T 00
HA— N 3
A Ao
! L It et b ! [ ] IL[ L [ 30
I LRI nmi LR S| T T i 17 LI \[
¢ H—H N o £
b jé lnl O S AU | [ — \‘l 1 | ~125
b B )3 B L L A L L B L AL L \l @
g [l (i F{ I | TN B | [ | [N [ | 111 I' Hao
1 [ L | 1 R} 1T 1 | B T \
P 2 B At e e e e 1 20/
i 1 ] ([ - 11 i ] [ 1 bl i ] | | ] i Lgo
T T LI LR T 1 i 17 1 1 i 1 =
[ SR | S T TN I I AR by L
T 17 =T [ BN O LB} T | 1 T
1 L...L ! id 1 I | 1 O [ 11 | Ho
60 40 30 22 IS 00e 6 4 3 218 1 8 6 A4 3 25 4GB 18
GRAIN SIZE - WU WATER CONTENT

1pPr FOgie Sug gt -
2y -




IDEN

——— —

SOIL CLA"S"’!CATIO' AND *TW‘M‘HO’\' \.VORI(SH'"""
_ - R . N PLASTICITY CHART _
SAMPLE NO..J 4 9§ JOB NO. /-/061 HOLE No.-e,g } | IRz
IDATE 7-7.%3 " OPERATOR (PO ' 50 <K
SOIL_FIELD IDENTIFICATION ' A1
TEST SAND | SILT CLAY % 40 [
VISUAL IV 4 8 D
DRIED CAST - v’ T %0 1
DILATANCY : = L1 |
S T v
. BITE. . _ - % 20 -4
Slignth TOUGHNESS v v v 3
DESCRIPTION: 7] . &G R- RA(K. [~ Soliy, ok p
ST sl @24, Stems 4 -/Lu.'gs Z i
77 ¢l ' '
7 0 0 260 30 40 50 60 70 80 90 100
LIQUID LIMIT o
/Jw: 82 ‘70 . v _
" - - LIQUID LIMIT DETERMINATION
SIEVE ANALYSIS % Passing /5, 70 LIQUID LIMIT PLASTIC LIMIT
~30 y ‘% /dbi Can No. — .
4 780 : Wet W
-4 -140 - S w"'
=10 -200 5“7 /R ,?[% ry Wi, ]
GRAIN SIZE CURVE: o Bre
SCREEN SIZE _ a5
3 2 1"y 1A #4 #0_ #i6 #40  #BO _ #200
C. GRAVEL |F. GRAVEL |C.SAND| M. SAND F. SAND 40
T T T T T T T T T T T T 1700
I B e s e B [ 2 S 3
H o
SR U o3 A VS T IR T PN G T S WS | IR 30|
I N N A CH O AL S B B A L L Lt il I "
=4 I 5 s o s e
@ IR 8"
‘g [ 1 dnl A )« i [ [ 1 L tag ’
o i ' l’ ’l LR | 1 1 T 11 1R T oyt )
| . 1 Ll 1 [ i [ [ LIt 41
21 T LI | T 1 | | B 1 Ty LI 20
T S T Y| SO O I TG T A 1 T VO T N (I | ' SRR 1 YN '
i i T T 1 LI G i | B | L] Ll 1 =
| SN I I | A | | 1 ! —t (IS S| I (1] i
T 1 | (I AN D O SN § t ) IR 1 T
\ oo d oot Uiy by g ] ot Ll Ly 1 s
60 40 30 20 8 oeg 6 4 3 215 A 8 6 4 3 2 15 4 08 15
. GRAIN BIZE ~ MM . WATER CONTENT °
QI PO detany T M




“SOIL CLA‘“SIiCATIO"‘ AND IDEN H1C

6 ON WORKSri" =T

o 6o PLASTICITY CHART
SAMPLE NO..; 7/ JOB NO.9by  ‘HOLE NO. B\[ : |
DATE 3-3-%3 ~__ OPERATOR @@ ~ I s v
SOIL _FIELD IDENTIFICATION P
TEST SAND | SLT | GLAY < 40 &
“VISUAL A & o
DRIED CAST NI =% il
DILATANCY ' L 1
BITE & 20 pdll
TOUGHNESS ) L1 <« 2 i
DESCRIPTION: m GR . w/ AL o »
POszéé = 5d‘7 Srer 27 1
Ww/8%, S#ms >4 (IBERS. oL ]
/ 20 30 - 40 []¢] 60 70 80 90 100,
’ LIOUID LIMIT T
(oe = & Wo
" SIEVE ANALYSIS % Passing 4/é W) LIQUID L|MIT DETERMINAT!ON
: 20 4.0 5 /o‘"D 7 _LIQUID LIMIT PLASTIC LIMIT
. ! y X - 1Gon No.
-% -80 .
4 340 Wet We,
-0 ~200 40, 6/ 877 % ;’: ‘2)"' -
2
GRAIN SIZE CURVE Blows Pl=
) - SCREEN SIZE 45
2 C¥s " #4 $#10_#16 - #40 __ #80 #200 .
C. GRAVEL F. GRAVEL [GC. SAND M. SAND F. SAND ’ 40
BLEE BRLI O L L T T T 7T 7T T 7100
T I | 1 TS DR T I T | . I T | L1 T . T B 35}
1 T v LI I L 0 | L LB LR L
1 { [N .l L1 1 11 ! 11 | 1 ! 11 1 FI |
1 O L L L AL A O L T 11 ™ T —T{80
i [E Wt [ T R | 1 [N | 1 111 11 30
1 LI | j LS LI | S i | R .l I 1B L »
0 I 1 e A —ieo z
T ) A A Ll 1 [ | [ A Ly 25
ol I[ L ™ e L L L N0 BLLI L T ¥ [vo]
[~ 4 | I [ T | o L L) (| (3 L 140
o rrrri T T, LIS R L I 1 LN B ('
| 11 g1 i Al ! T 1 111 A1
PR DL LN B i | I Rt S S R 100 AL 1 L LS| 20
1. L L | i M | . ) L )| .l /] 1 N | ] i 20
1 LB L] T 1 1 L3N ] i T T i1 LN B T 1=
11 1 Mol 41 1 1 ! { I L Ll |
H 1 T | T T 1 T T
L i i ) J 1 | S | i 5] L_Lo
TV R S R e S Y S N RS S R T 15
GRAIN SIZE ~ UM . . WATER CONTENT
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SO IL CLA‘"‘S!*-Q'CATIO“’ AND " IDENTIFIC ;IO.\ WORICSHEET

. 60 ~PLASTICITY CHART
. |SAMFLE NO.4//83  JOB NO. ,Uo{ HOLE NO. 5% i A
paTE 3-3-83 OPERATOR e . )%
SOIL FIELD IDENTIFICATlON ' - | i
TEST =~ . SAND | SWLT GLAY x 40 BE ' [
VISUAL ' N g dl
DRIED CAST - o - v
DILATANGY ' £ V1.
. BITE _ . _ E 9o P
TOUGHNESS A 31 d
DESCRIPTION: /= Suy. S, 7 cul orq q .10 : 4
Weed’ - A’/ﬁa 57‘(4 /~ Sﬂno : 1. r%/%%F/
[+] 20 30 40 $0 60 .70 80 - 90 .
: LIQUID LiMIT : :
}[’7—0 p ‘70 éo :
SIEVE ANALYSIS % Passing ‘,?Z 2 : 1 . LIQUID LIMIT DETERMINATION
w0 Q% 4 9 _ LIQUID LIMIT = " PLASTIC_ LIMIT
s - * - /% Can No. ' '
-% ) -80
-4 . : -140 . ) .. Wet We,
- Dry W¢. .
0 .75 Jow 9,200 /3.97 47 % o —
S GRAIN SlZE CURVE : " Biows : o
SCREEN SIZE : .
3 2 " yg " #4 #10_#16 #40  #80  #200
C. GRAVEL |F. GRAVEL |C.SAND| M. SAND F. SAND 40
LI O IR T O I O L UL =T T 17T T 700
0 B | o e s it 35
At
NS NS 1 Pyt 1 I Y D 1.1 | ‘l\kl - 30
T T LI SR | T 1 1 1 T T TN
(&) i 1 1 ] Jl {1 1 L 4 l 1 i 1 L | | | l | 160 (£
z L L 1 LN LA 1 L LS | I S N I SRR B 3
@ AVG L [ TR (R I R 125
w T , ! o [ L 4 ] T ] T | DL =0 [ L LI | [44]
b QO O T O S T | SN U T B S T {1 N TS U Y 111 1 1140
o 1 [ _l H K] { { 1 T i 1 { 4 L8 WL !
se FH I e e HH_ 20
-+t -t f—t—tt—tHz20
] 1 I T T I P IS ST (I 1 1
7T Ll LS R | 1 i It 1 | LB T
1 [} | Y Lj 1 L1 (I T S L 13 1 19
60 40 30 2 15 e 6 4 3 2 15 M B8 6 &4 3 2 H 4GB 15 -
GRAIN SIZE — MM . . WATER CONTENT -
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OIL CLA‘"‘SI CATIO“' AND IDEN i"l""'lO'\ WORKSHEET

- it 4 s i St o,

-

PLASTICITY CHART

SAMPLE 'NO. +f/§S~  JOB NO./eg . HOLE No-(.j,g " |
DATE 3-3-83. __ OPERATOR - (2P ' 50 ¥
SOIL FIELD IDENTIFICATION . _ . . . ZV
TEST . sanD | suT [ cLay | x qol—L - 4] | 1A
VISUAL K e g || ot
DRIED CAST _ N g Z g
DILATANCY E T 1
BITE & 20 Pdll
TOUGHNESS v s 1
DESCRIPTION: 7). G2 . /. Soh Sci” 0 p
o mice A : /%/%/
o 10 20 30 40 50 60 710 80 90

LIQUID LIMIT

H2o- 5% O

SIEVE ANALYSIS % Pussinq.ag P _ LIQUID LIMIT DETERMINATION
- 20 5' 77 im") - © T LQUID LIMIT - PLASTIC LIMIT
s . : -~ = Con No. - - C
-7 - |80 -
1-4 ’ : -140 Wet We.
y : ‘.‘, ’ Dry wt.
. -0 : : -200 : : . -
23.2% 85 % i - —
GRAIN SIZE CURVE Slows : _ Pl
: SCREEN SIZE : . 45
3 2 35" 14" #4 #0_ #16 #40 _ #80 #200 :
C. GRAVEL |F GRAVEL |C.SAND| M. SAND F. SAND. ‘1" 40
L SELE I IR LB L T | S SN T T 7|00
1 4 Ho1 1] i bl } - 1] v~ 35
I [ ! L IR 1 1 L ISR LI B 5
l L1 U 4 il 1 - 1 | || 111 Ll
1 1Tt T 1T T T 1 111180
L L s | RN %
. : 0
¢ Mo £
@ A B
& H e
I % 1} LZ T BT I 1L g
R I T ML L L L L I N R B | I NN B AL 20,
] ! Il i i 1} ] i } - ] | | | ] 1 'no
L L L O A U AL N (Y R R R TR I I B B ¥ £
] L1 i 1.1 Il 1 ! f S I (| 1 i
1 L O B L ™ 1T L 1 ™1
i 1oL It _ 1 11 L_.L 1 LS | L3 L | 1o
60 4030 2015 0€E 6 4 3 2 15 18 6 & 3 245 ) 08 15
GRAIN SIZE ~ MM B WATER CONTENT -

o T Ty g




SOIL CLASSIZICATION AND IDENT%FI?‘G!ON'WORKSH‘EET‘

PLASTICITY CHART

—— : ~+ ' - 60
SAMPLE NO.cf/§7 .JOB NOSGEy _ HOLE NO. q ‘
DATE 3-3-83 OPERATOR % 9 50 __ IR
SOIL FIELD IDENTIFICATION ) . 1 . P
TEST . sanp | st/ | ciay | 40 ' 1 - f
VISUAL i g ' I ZE
. z >
DRIED CAST = 3 2
DILATANGY 5 )
BITE & o0 P
- TOUGHNESS . o
DESCRIPTION: __ /7) En /I~ 5;:/%, S, T " »
W{z Z1 .
c.

10 20 30 -40 50 60 70 80 90
LIQUID LIMIT :

/—/M:-é 3 90

SIEVE ANALYSIS. % Passing 4'231 _ : LIQUID LIMIT DETERMI_NATl_ON
20 Z— ?/ ~7 /J@ ,7 LIQUID LIMIT PLASTIC LIMIT
3 : _ < 4 = Can No. ' ' -
~24 89 : Wet W
-4 : -140 ' ‘ S W‘
= ry Wt
-10 =200 Ao jh! : - -
39.3 {29 R H0 _ -
GRAIN SIZE CURVE Biows . P
: SCREEN SIZE . a5 '
32 Ve #4 #10_4H6 #40 _ #80 #200 _
C. GRAVEL F. GRAVEL |[C. SAND M. SAND F. SAND 40
T T T T T T T v T T 7 T T T TTT T 7100
I O L . Lt By S L B B~y 35
! Lt 1 [ S S ! [ L1 ! wI\Jw
| A T L L O O IO B Y L IR ] L ™ Tt—T"180
| [ U1 IS [ WS T A I 1o 5 I | 30
(A R A I § O O DL A S 0 G | T 1 T T "
@ - oo x
o 1 1 [ S S A | | 1 [ 1t i 325
b T 1 Ll S S T T 1 LA R O LA Tt LI (1]
< 1 t i Hl 1.1 1 i [] | I 11 111 1 Ino
a 1 1 /ill T 7 T 1 1 1 T L
) =t 7 Tt Attt 20
{0 e o e e o e 20
| [ ) 14 3 1 ! i 11 [ | [ i
H LI L SELA FRCHNE B B A B | T T S 1 1
1 oL B 1 Li.. ) 1L I ] L1 jal 1o
60 4030 =15 106 6 4 3 2 15 18 & 4 3 2 45 1 08 15 -
GRAIN SIZE ~ MM WATER CONTENT

DT rOKM S s



SOIL CLASSIZ

CATION AND

SAMPLE NO.9305-/ VOB NO.74g.  HOLE No.f,3
DATE 3-AY-§3 OPERATOR (AAB =
SOIL FIELD IDENTIFICATION
TEST SAND SILT GLAY
'VISUAL ' ' '
DRIED- CAST
_DILATANCY
" BITE
TOUGHNESS ‘
DESCRIPTION: Y )ovst, Grn. Stz /-E
| saly,. 4G RAVe w/cv/ru(,
1" Lok 4 £ &44 nﬂqﬁa

GRAIN SIZE ~ MM

Hzo- (/% -
- SIEVE ANALYSIS % Passing /06,53
i-1i1. 38 .30 _Joo 40 /. 30 22
4 A3. Go G4y |80 -
-4 /0.9 ] |ae0
N A7 3] %120 /2 37 /39
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GEOTECHNICAL ENGINEERING AND ENVIRONMENTAL EVALUATION 7-91M-11957-0
HOQUIAM RIVER WOODLAWN WATER PIPELINE CROSSING
HOQUIAM, WASHINGTON

1.0 PROJECT DESCRIPTION

The project site is located along Broadway Avenue near the intersection with Rayonier Avenue
on the east side of the Hoquiam River and along Washington Avenue near the intersection
with Tyler Street in the Woodlawn area on the west side of the Hoquiam River in Hoquiam,
Washington. The east side site area has several single-family residences with lots which slope
mildly to the west toward the Hoquiam River. The west side site area was formerly a lumber
and shingle mill, and meat slaughter house, and is currently vacant and generally overgrown
with small trees and surface brush.

Development plans call for directional drill installation of a 16-inch outside diameter (0.D.) high
density polyethylene (HDPE) water pipeline below the Hoquiam River. We advanced test
borings along two alternate routes classified as upstream and downstream crossings. We
understand the upstream crossing is currently the more desirable route and as such we
focused our geotechnical analysis along this area. The upstream crossing is on the order of
988 feet in length from the east side entry point and west side exit location. The entry and
exit angle for the water pipeline is planned at 10 degrees below the horizontal. The current
design shows the upstream pipe centerline low point approximately 70 feet below grade near
the west bank of the Hoquiam River and a minimum of 14 to 15 feet below the river bottom
on the east side of the channel.

Environmental sampling and testing was performed due to the concern with the previous site
history of the west side site area and possible contaminated drill cuttings being encountered
during the directional drilling. A subsurface soil assessment along the proposed alignment was
performed to characterize the potential drill cuttings with respect to analytes consistent with
the historical site activities.

It should be realized that the conclusions and recommendations contained in this report are
based on our understanding of the currently proposed utilization of the project site, as derived
from layout drawings, written information, and verbal information supplied to us.
Consequently, if any changes are made in the currently proposed project, we may need to
modify our conclusions and recommendations contained herein to reflect those changes.

2.0 EXPLORATORY METHODS

We explored surface and subsurface conditions at the project site from 12 through
15 November 1997. Our field exploration and testing program consisted of the following
elements:

] A visual surface reconnaissance was made of the project site;

] A track-mounted excavator cleared the west side site area for drilling access.
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Six hollow stem auger and rotary borings, three borings each for the two

alternate routes were advanced at strategic locations along the upstream and
downstream crossings;

Two grain size analyses, two Atterberg limits and fifteen moisture content tests
were performed on selected soil samples obtained from strategic locations from
the test borings;

A review was made of published geologic maps and seismologic literature;

Four hollow stem auger borings and additional sampling for environmental
testing was accomplished along the west side site area. Soil samples were
field screened for the presence of volatile hydrocarbons using an Organic Vapor
Meter (OVM). Seven samples were collected and tested for petroleum
hydrocarbons, halogenated volatile organics (HVOCs), pentachlorophenol (PCP),
polycyclic aromatic hydrocarbons (PAHs) and RCRA metals.

Table 1, below, summarizes the approximate functional locations, surface elevations, and
termination depths of all subsurface explorations, and our Site & Exploration Plan (Figure 2)
depicts their approximate relative locations. Appendix A of this report describes our field
exploration procedures and borings logs. Appendix B describes our geotechnical laboratory
testing procedures and results and Appendix C describes our analytical test results.

TABLE 1
APPROXIMATE LOCATIONS, ELEVATIONS, AND DEPTHS OF EXPLORATIONS
Exploration | Functional Location Surface Termination Depth
Elevation (feet) (feet)
B-1 Downstream crossing east side 20 50.5
B-2 Upstream crossing east side 10 51.5
B-3 Upstream crossing west side 13 76.5
B-4 Downstream crossing west side 12 91.5
B-5 Upstream crossing west side 12 31.5
B-6 Downstream crossing west side 12 315
B-7 Upstream crossing west side 12 26.5
B-8 Upstream crossing west side 1215 21.5
B-9 Upstream crossing west side 13 16.5
B-10 Upstream crossing west side 12 11.5
Elevation datum: NAVD88 U.S. Feet
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The specific number, locations, and depths of our explorations were selected in relation to the
existing and proposed site features, under the constraints of surface access, and budget
considerations. Roger Lenius Engineering was contracted to perform the site survey and
located our staked boring locations on the site plan. Elevations of our explorations were
estimated by interpolating between spot elevations shown on this same plan. Consequently,
the data listed in Table 1, and the locations depicted on Figure 2, should be considered
accurate only to the degree permitted by our data sources and implied by our measuring
methods.

It should be realized that the explorations performed for this evaluation reveal subsurface
conditions only at discrete locations across the project site and that actual conditions in other
areas could vary. Furthermore, the nature and extent of any such variations would not
become evident until additional explorations are performed or until construction activities have
begun. If significant variations are observed at that time, we may need to modify our
conclusions and recommendations contained in this report to reflect the actual site conditions.

" 3.0 SITE CONDITIONS

The following sections of text present our observations, measurements, findings, and
interpretations regarding development, utility, surface, soil, groundwater, and seismic
conditions at the project site. Descriptive logs of our subsurface explorations and graphic
results of our laboratory tests are included in Appendix A, Appendix B, and Appendix C of this
report.

3.1 velopmen ndition

The east side of the upstream Hoquiam River site area has several single-family residences
and driveways which front on Broadway Avenue to the east. One residence apparently
operates a wholesale operation which includes storage of salal and cedar for decorations. The
downstream location on the east side of the site area consists of an access drive to a
stockpile of crushed rock used by the City of Hoquiam’s Department of Public Works.

The west side of the Hoquiam River site area was formerly a lumber and shingle mill and meat
slaughter house over the past century. The buildings were removed from the site; the site is
currently vacant and generally overgrown with small trees and surface brush. Washington
Avenue formerly accessed the west side of the site area development but is blocked off at
Tyler Street. The Washington Avenue right-of-way on the site is currently overgrown and
serves as a trail. In review of historical documents regarding the west side site area
development, the majority of the buildings were located south of the Washington Street right-
of-way and are not within the proposed directional drilling alignments.

32 Utility Condition

Our site reconnaissance and understanding of the site area indicates that utilities on the east
side site area include overhead power and cable, underground phone, water and sanitary
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APPENDIX A
FIELD EXPLORATION PROCEDURES AND RESULTS
7-91M-11957-0

Our field exploration program for this evaluation included ten borings, using hollow stem auger
and rotary drilling methods. The following paragraphs describe our procedures associated with
these explorations. Descriptive logs of our explorations are enclosed in this appendix.

Soil Boring P |
Our exploratory borings were advanced from 12 through 15 November 1997 with a
hollow-stem auger, using a track-mounted drill rig operated by an independent drilling firm
working under subcontract to AEE. Using the same drill rig we switched to mud rotary drilling
methods to complete the deeper borings, B-3 and B-4. A geologist from our firm continuously
observed the borings, logged the subsurface conditions, and collected representative soil
samples. All samples were stored in watertight containers and later transported to our
laboratory for further visual examination and testing. Soil samples were field screened for the
presence of volatile hydrocarbons using an Organic Vapor Meter (OVM). Any readings greater
than O and any unusual odors or discolorations of the samples are noted on the boring logs.
After each boring was completed, the borehole was backfilled with a mixture of bentonite
chips and soil cuttings, and the surface was patched with asphalt or concrete (where
appropriate).

Throughout the drilling operation, soil samples were obtained at 2%- or 5-foot depth intervals
by means of the Standard Penetration Test (SPT) per ASTM:D-1586. This testing and
sampling procedure consists of driving a standard 2-inch-diameter steel split-spoon sampler
18 inches into the soil with a 140-pound hammer free-falling 30 inches. The number of blows
required to drive the sampler through each 6-inch interval is counted, and the total number of
blows struck during the final 12 inches is recorded as the Standard Penetration Resistance,
or "SPT blow count.” If a total of 50 blows is struck within any 6-inch interval, the driving
is stopped and the blow count is recorded as 50 blows for the actual penetration distance.
The resulting Standard Penetration Resistance values indicate the relative density of granular
soils and the relative consistency of cohesive soils. In addition, a 3-inch-diameter steel split
spoon sampler was used to retrieve a larger sample for analytical testing. The blow counts
for the 3-inch sampler were converted to the Standard Penetration Resistance.

The enclosed Boring Logs describe the vertical sequence of soils and materials encountered
in each boring, based primarily on our field classifications and supported by our subsequent
laboratory examination and testing. Where a soil contact was observed to be gradational, our
logs indicate the average contact depth. Where a soil type changed between sample
intervals, we inferred the contact depth. Our logs also graphically indicate the blow count,
sample type, sample number, and approximate depth of each soil sample obtained from the
borings, as well as any laboratory tests performed on these soil samples. If any groundwater
was encountered in a borehole, the approximate groundwater depth is depicted on the boring
log. Groundwater depth estimates are typically based on the moisture content of soil samples,
the wetted height on the drilling rods, and the water level measured in the borehole after the
auger has been extracted.
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L 10 - . 1l | RN
S-3 A ‘
L 15 . 4 .
S4 | A
Eelo T S - S S S Ve i< (00 SR Sy WS | N E anl
Very soft, wet, gray, clayey SILT with some fine sand, S-5
organics, root fibers and mica flakes /. T SO S .
[ 25 . " 1
1
S-6 |
i 7 S . (N I S R S
(Continued) |
g' 30 : 0 20 0 &0 50 100
MOISTURE CONTENT
LEGEND A Py .
- L 1
] 200inch 0. splt spoon sample X% iy :fmh:doffr‘i’ﬂf;;w g Plastic limit Natural Liquid limit
]I_ 3 00-inch OD split-spoon sample
&) AGRA Earth & Environmental
SE Groundwater level at time of drilling o 5 i s 3
ATD 11335 NE 122nd Way, Suite 100
Kirkland, Washington 98034-6918
Drilling method: HSA/MR Hammer type: Automatic Date drilled: 13, 14 November 1997 Loggedby: CRT



PROJECT: Hoquiam River Crossing W.0. 7-91M-11957-0 BORINGNO. B-4
5:_:. P SOIL DESCRIPTION § g w % % « PENETRATION RESISTANCE Page 2
& 8| Location: Downstream crossing - 10 feet west of river Sl §5| 3 = A A of 4
a Approximate ground surface elevation: 12 feet Gt §2| &= | Standad Blows per foot  Other TES

L 30 0 10 20 30 40 50 TING
Very soft, wet, gray, clayey SILT with some fine sand, s7 | }l
trace organics and root fibers i /RS SRR SOOI TIRNTL DO S SO, (I
- 35 — == = 553
[ls] |a
Medium stiff, wet, gray, clayey SILT with some sand, S S | i A
trace gravel and organics interbedded with loose, wet,
gray, silty, gravelly SAND ;
- | O N O O
77 0 FUSRCINUARE W SR R AL - A
Very stiff, wet, greenish-gray, clayey SILT with some S99 |
fine sand and fine sand laminae and trace white ~ { | | 4 i} A ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,
volcanic ash =
— 45 = — 1 -
S-10
| Al
L 50 d S G| S
[ S-11 A
" Hard, moist to wet, greenish-gray, clayey SILTwith | | | | T
some fine sand and trace fine sand laminae and white | | | |
55 volcanic ash (Siltstone)
S-12
| : . A 8
|
|
(Continued) ‘
L 60 3
4 0 20 40 60 80 100
k= . MOISTURE CONTENT
k - {
I, 2.00-inch O.D. split spoon sample Plastic limit Natural Liquid limit
7 “7 3.00-inch OD split-spoon sample .
5 &) AGRA Earth & Environmental
L. Groundwater 1evsl attime of driliing g se o ) ]
ATD 11335 NE 122nd Way, Suite 100
Kirkland, Washington 98034-6918
Drilling method:  pyga/pRr ~ Hammertype:  Automatic Date drilled: 13, 14 November 1997 Loggedby: CRT




PROJECT: Hoquiam River Crossing W.0. 7-91M-11957-0 BORINGNO. B-4
o SOIL DESCRIPTION o | wil Bak - TETRATIN REREEANCE Page 3
= . m
5 ;g Location:  Downstream crossing - 10 feet west of river Se = S é 7 A VAN of 4
8 | Approximate ground surface elevation: 12 feet G- 2| §=] Standad Diowsper faok | Other TESTIN
L 60 0 1? 20 30 40 50 G
Hard, moist to wet, greenish-gray, clayey SILT with S-13 ‘ i
some fine sand, trace fine sand laminae and white | | |~ T i) A .................
volcanic ash (Siltstone)
L. 65" < o B -
| S-14 | A
........... . WO, . SR R RIS
___________ HEZEE xux
T ol e e e s I B i p ) i !
Hard, moist to wet, greenish-gray, clayey SILT with S-15 \ ‘ ]
some fine sand and trace fine gravel (Siltstone) | | |~ {1 I ]-ee- 1 WY, SN s ol A
i il5 = | i
[]s N
- 80 4 | L
S-17 = Analytical
‘( ........... ,_ SOOI B Bl Testing
AN - o o el Caleti e L |
Very stiff to hard, moist to wet, greenish-gray clayey i A
SILT with some fine sand and white volcanic ash il | R N R A ______
(Siltstone)
(Continued)
u— 90 0 20 40 60 30 |
= MOISTURE
LEGEND ' CONTENT .
— ! . L
J7 2.00-inch O.D. split spoon sample Plastic limit Natural Liquid limit
1]7 3.00-inch OD split-spoon sample
&) AGRA Earth & Environmental
1 Groundwater level at time of drilling ENGENG SIRAL S0l
5 11335 NE 122nd Way, Suite 100
* Blow count conversion to SP.T. Kirkland, Washington 98034-691 8
Drilling method:  yopmpr ~ Hammertype:  Automatic Date drilled: 13, 14 November 1997 Loggedby: CRT




PROJECT: Hoquiam River Crossing W.0. 7-91M-11957-0 BORINGNO. B-4
PENETRATION RESISTANCE
E — ' SOIL DESCRI'PTION . ; . § § g & A A Page 4
& é Location:  Downstream crossing - 10 feet west of river =3 2268 of4
8 | Approximate ground surface elevation: 12 feet - 52| §=| Standad e i, SRl
L 90 0 10 20 30 40 so TESTING

Clayey SILT - as above

o
e
©
| 4

Boring terminated at approximately
91.5 feet SESNESN AL TN S IR, S S L

- 95 —] oA

........................................................

- 100 - ] 4

l L 105 - N | ﬁ N T )

L 110 - - L =L -

=115 - ] b=

- 120

0 20 40

3 % 30
MOISTURE CONTENT

&
I=
LEGEND .
I —& —
2.00-inch O.D. split spoon sample Plastic limit Natural Liquid limit

3.00-inch OD split-spoon sample

& AGRA Earth & Environmental

ENGINEERING GLOBAL SOLUTIONS

Groundwater level at time of drilling 11335 NE 122nd Way' Suite 100
Kirkland, Washington 98034-6918

4=

>
b
o

Drilling method:  pygapgrp ~ Hammertype:  Automatic Date drilled: 13, 14 November 1997 Loggedby: CRT



CONMMISSIONERS

GEORGE D. ZAHN. CHAIRMAN
METHOW

ROBERT L, MIKALSON
CENTRALIA

HAROLD WALSH
EVERETT
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WASHINGTON

STATE HIGHWAY COMMISSION

' DEPARTM :NT OF HIGHWAYS

STATE OF WASHINGTON .

No.
' NO.
NoO.
NO.

NO.

PISTRICT OFFICES

1 SEATTLE 98108
6431 SO. CORSON AVZ.
2 WENATCHEE 98601
P. 0. BOX 98

3 OLYMPIA 98501
F. O. BOX 327

4 VANCOUVER 966€3
4200 MAIN STREET

S YAKIMA gasc1
P. O. BOX 52

NO. 6 SPOKANE 29205

LORENZ GOETZ, SEZRETARY - ) ‘Ce G. PRAHL, DIRECTOR . N, 2714 MAYFAIR ST.
- HIGHWAYS-LICENSES BUILDING ' NO. 7 SEATTLE 98109
OLYMPIA 509 FAIRVIEW AVE. NO.

July 16, 1968

Mr. Géorge Stevens
Bridge. Engineer
Room 6U41.

Highvays-Licenses Building . C.S8. 1418, SR-101, L-3092

Olympia, Weshington * Aberdeen - Hoquiam One-Way Couplet
’ ) . Foundation Investigation

Dear Sir:

The foundation investigation for the subject structure consisted of four
test borings. The test hole locations and the foundation soil stratifica-
tion are shovn on the attached soil profile.

The foundation consists of fine grained friable sandstone bedrock overlain
by 70 to 160 ft of very loose to loose silt, silty clay and silty fine sand.
The sandstone dips on a b1 slope from Pier 1 to Pler 5 abt which point it
becomes essentially horizontal. . '

The 3- to 5-ft approach embankments should be stable, however, they will te
subjected to 0.3 to 0.5 £t of settlement which should occur over a period of
years., Fill settlement could be virtually eliminated by placing a small
overload on each of the embankments. A 3-ft overload left in place for
-approximately 3 months should reduce fill settlement fo a tolerable magnltuae.

Pile support is recommended for all piers. The piling will, with the possible
exception of those beneath Pier 6, develop bearing in the underlying sandstone.
The depth to sandstone at Pier 6 1s in the order of 160 ft which appears to

be excessive and therefore, it may be preferable to use an essentially skin
friction pile rather than attempting to penetrate to the sandstone. The 1ift
span piers (4 and 5) are to be sugported by 6-ft diameter cast-in-place
piling. Tt is our opinion that casing should be required throughout the

total length of the shaft with the casing being driven into the sandstone

to insure that no sloughing ocecurs at the pile tips. This is quite iImporvant
since it is our understanding that these piers can tolerate very little if
any settlement. It is also suggested that the casing be lefit in place since
extraction of the casing would be very critical due to the very high water
head. In order to safely support the design load of 506 tons per pile, it
W1ll be necessary that the shafts extend approximately 10 ft into the saud-

o o - - g(‘?iﬂ,aﬁipc-



R . . . ) -
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"Mr. George Stevens July 16, 1968 Page 2

Detailed foundation recommnendations, including pile tip elevations wvhere
applicable, .are .attached.

Very tfuly yours,

C. G. PRAHL, P.E.
DIRECTOR OF HIGHWAYS

By: R, V, LE CLERC, P.E.
- MATERTAILS ENGINEER

CGP:ar

RVL/AJP/JMB

cc: R. W. Kerslake
D. B. House -
V. G. Rinehart _ -
BPR :

Attach: 1. Data Summary Sheets
- 2, Soil Profile q
" 3, Foundation Reccumendations rL



WAS@NGTOR STATE HIGHWAY C
DEPARTMENT OF HIGHWA
- MATERTALS LABORATORY

FOUNDATION DESIGN RECOMMENDATIONS

)1 SSION

- S.H H0.SR=10L __ pRogecT _Hoguiem River Bridge

JOB NUMBER ___L=3092. - coNTROL SECTION LMLO DATE
PIER . PILE’ I UM SPREAD ‘EFL°E°VT'"AGS RECOME“"’ED ALLOWABLE -
HO. STATIOH SUPPORT TIP | FooTIHGS SHOWH ON At BEARING
- | ELEVATION LAYOUT VALUE
i -1 158481 yes -55 % — - -— —
2. 159+34 yes -68 ¥ | -- - - -
3 '159%85 yes -80 * - R “ - —
4 160+49 yes -100 #% | -- - -- -
5 162483 yes -162 %% | - - — -
6 163+46 yes *K% - - R -

REMARKS: _ Water table is at river elevation.

*This is the approximate elevaticn of bedrock and all piles should be driven to practical

refussl in bedrock.

%% 6 £t dismeter concrete piles should be predrilled approximately 10 ft into competent

sandstone, approximately the elevation shown.

*%¥% To be determined by test pile.

APPROACH .FiLLS

STANLITX The proposed 3 to 5 ft approach fills should be_stable.

'. SETHIHENT 0.3 to 0.5 ft of settlement is anticipated occurring over several yesars
A 3 £t overload for 3 months wiil reduce future settlement

to a tolerable magnitude.




WASHINGTGN STATE HIGHWAY COMMISSION
DEPARTMENT OF HIGHWAYS
Materials Laboratory
UNDISTURBED SAMPLES ~ TEST DATA

. . i —
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WASHINGION STATE HiGHWAY CUI‘-’;’MISSIOI‘I.

DEPARTMENT OF HIGHWAYS
Materials Laboratory
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WASHINGTON STATE HIGHWAY COMMISSION

Sectlon JL/OO /JJ 27 0N

DEPARTMENT OF HIGHWAYS
Materials Laboratory
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D//""

™~ /. L is -

3

Job No. /s 2992 Date Sampled Oct.19¢7
" One-Half
Unconfined
Field Density LCompresgive" Angle of
Sample Station & % Wet Strength  |Cohesion Internal
No. Lab.No. | Offset | Depth Description Ho0 | (#/£¢3) | (#/£4<) (#/£12) |Friction
' Dot ’:'\\“ . . . . . - . .
[J~i1Z-C139aé7-] 3y so|Begw sifdy Live Sond 33.9 1142 20 26
- ot J J v ) .
|-t o2 38 - 40| o ST a w /0. 7 iy
< 4 171 w0 B . TR .y - V .
U = | t [~ -'I 42t O firanncie h:..;-.’mz suh'f‘. elod Sijdu ::!:-.«r{ S7.5 190, R S 7
; ; 7 i )
- 70-1 43 - 4&¥ (‘qﬂ., sifdg £ivwo Sowd [:D. 2] /,.[/
: Y]
D-1e i 47 - 49" WS WY i it
. — . N ‘i-'.': 5 . . _ . . —
1)-{7-8 Ti-i St 8".47:.0.8“!-1:35.2 n0 S r'nA 4saca npa 2853V 4.2 - 230 25
D-iz 72 57 -59" Bpag sifts 2ine 5:",\.\:\ ' W D.6n /’-f
s . DY o J g7 n o — —
i) q-A /21 o 4 Cany aandw cloo '("-?Q(‘P‘ QRo. S35/ ] | : o O &
&1 4 Jd - N - ' oy
> 2 o’ 3 Ogao Liwe Sowdy sl S il joid (Fspnsol
.5 i ! . 6"; L"U J. d‘ v i . . i - )
L. 3 G2 oY Bravsilt Line Sand lewces l46eAl108,7 4o [ 2
’ FA I . v
D 2. 7 4 L& -8 Caau s HI'\'\ 'grno Sicew A LD, on /L’
- 7