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SHANNON &WILSON, INC.

GEOTECHNICAL REPORT
DOSEWALLIPS BRIDGE REPLACEMENT, SR-101
JEFFERSON COUNTY, WASHINGTON

1.0 INTRODUCTION

The Washington State Department of Transportation (WSDOT) proposes to replace the existing
Dosewallips Bridge in the town of Brinnon in Jefferson County, Washington (see Figure 1). The
project will consist of moving the existing steel truss bridge onto temporary piers for a
construction detour, and then constructing a replacement bridge at the original bridge location.
This report, which supersedes our January 1998 draft report, summarizes our review of previous
field explorations and laboratory testing, results of current field explorations and laboratory
testing, engineering studies related to foundation and embankment design, and construction

constderations related to the geotechnical aspects of the project.

1.1 Authorization

Shannon & Wilson, Inc. is working on this project in general accordance with an on-call contract
with WSDOT: Consultant Agreement Y-6365. Task No. AD (SR 101, OL-1177, Dosewallips R.
Br. 101/262 Replacement) of this agreement was authorized by Mr. Tony Allen in a letter from
WSDOT to Dr. Ming-Jiun Wu of Shannon & Wilson, Inc., dated 14 November 1997.

1.2 Limitations

The analyses, conclusions, and recommendations contained in this report are based on site
conditions as they presently exist. We further assume that the current and previous exploratory
borings are representative of the subsurface conditions at the bridge site; i.e., the subsurface
conditions everywhere are not significantly different from those disclosed by the field
explorations. Within the limitations of the scope, schedule, and budget, the analyses,
conclusions, and recommendations presented in this report were prepared in accordance with
generally accepted professional geotechnical engineering principles and practice in this area at
the time this report was prepared. We make no other warranty, either express or implied. These

* conclusions and recommendations were based on our understanding of the project as described

in this report and the subsurface conditions as interpreted from the current and previous field

explorations.
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This report was prepared for the exclusive use of WSDOT and other members of the design
team. Shannon & Wilson Inc., has prepared the document, “Important Information About Your
Geotechnical Report,” to help you understand the use and limitations of our report. This
document is included as Appendix D.

2.0 SITE AND PROJECT DESCRIPTION

The existing Dosewallips Bridge is located on State Route 101 (SR-101) in the town of Brinnon
on the Dosewallips River delta near its confluence with Hood Canal. The land adjacent to the
bridge is relatively flat and consists of farm land and wetland areas on the north side of the
bridge and Dosewallips State Park on the south and west side of the bridge. The site is currently
vegetated with numerous trees, brush, and grass, and also contains roadways and other park

facilities.

The existing steel truss bridge was constructed in about 1922 and is supported on timber piles at
two abutment piers and two intermediate piers. The existing bridge is about 93 meters (m) long
with a roadway width of about 7.2 m. The center span of the bridge (between intermediate piers
2 and 3) is about 74 m long. Approach fill embankments with a maximum height of about 4 m
are located at both the north and south end of the existing bridge.

The proposed project consists of the replacement of the existing bridge and foundations. In order
to maintain vehicle flow during construction, the steel truss of the existing bridge will be
temporarily relocated about 12 m downstream (east). This detour will require the construction of
temporary foundations to support the steel truss, short timber trestles, and approach fills east of
the existing bridge location. The centerlines and stationing for the existing bridge and detour
bridge are shown on Figure 2. The new bridge will be about 147 m long and supported on 5
piers. The longest span of the bridge will be about 62 m (between intermediate Piers 3 and 4).

In addition, a park roadway underpass will be constructed between Piers 1 and 2 (see Figure 2).
The new bridge élignment will require up to 1.5 m of additional fill on the south approach fill
embankment and up to 0.8 m of additional fill on the north approach fill embankment.

W-7348-09
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3.0 FIELD EXPLORATIONS

Subsurface conditions at the bridge sites were evaluated based on previous explorations
performed at the site by WSDOT and on six current borings performed for this project. The six
current borings, designated B-1 through B-6, were drilled at selected locations along the existing
bridge alignment to supplement previous explorations and provide additional subsurface
information for the design of the proposed new bridge and detour bridge foundations and
approach fills. A description of the field explorations performed for our current study and the
logs of the borings are presented in Appendix A: Field Exploration Program

The current borings were drilled in December 1997 by a WSDOT drilling crew. An experienced
geologist from Myers Biodynamics, Inc. (MBI), under subcontract to Shannon & Wilson, Inc.
(S&W), observed the drilling operations, collected soil samples, and prepared logs of the
borings. The borings were drilled using mud-rotary drilling techniques to depths ranging from
about 11 to 31 m for a total footage of about 153 m. The boring locations were surveyed by
WSDOT personnel following the completion of drilling. The surveyed locations of the current
borings are shown on Figure 2. The soil samples collected during drilling were returned to the

S&W laboratory in Seattle for laboratory testing (see Section 4.0 and Appendix B).

Standard Penetration tests (SPT) were performed in the borings. This test is performed to obtain
an estimate of the soil relative density or consistency and to obtain a disturbed soil sample. For
this project, one test was generally performed at the ground surface and additional tests were
performed at 0.76-m-depth intervals in the upper 5 m and at 1.5-m-depth intervals thereafter.
The tests were performed in general accordance with the American Society for Testing and
Materials (ASTM) Designation: D 1586: Standard Method for Penetration Test and Split-Barrel
Sampling of Soils. This test consists of driving a 51-millimeter (mm) outside-diameter (0.D.),
split-spoon sampler a total distance of 457 mm into the bottom of the borings with a 63.6-
kilogram (kg) hammer falling a distance of 762 mm. The number of blows required to cause the
last 305 mm of penetration is termed the Standard Penetration Resistance (N-value). When
penetration resistances exceeded 50 to 100 blows for 150 mm or less of penetration, the test was
terminated. The penetration resistances were recorded by the field representative from MBI and
are plotted on the boring logs presented in Appendix A.
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The gravelly nature of the soil encountered in the borings at the site resulted in difficult drilling
conditions. Heave of the base of the borehole and loss of mud into the gravel was experienced at
several locations in the borings. In addition, based on the drill action, large gravels and cobbles
are likely present in the subsurface soils.

In conjunction with the SPT, the split-spoon sampler recovers a disturbed sample of the soil,
which is used for classification and testing purposes. However, at this site it is difficult to
determine if the recovered sample and associated blow count is representative. For instance, in
some of the tests, gravel was wedged in the sampler tip, thus limiting sample recovery. In
addition, the presence of gravel and larger diameter material can result in a high blow count
measurement. As such, the blow counts may not be an accurate measurement of relative density.

Boring B-4 was the first boring drilled at the site. Samples taken in this boring generally
recovered less than 150 mm of soil from the 457-mm-long split-spoon sampler. In our opinion,
this is a result of the gravelly nature of the soil. In order to obtain additional sample for
laboratory testing, a 610-mm-long split-spoon sampler was used for the remainder of the borings.
It should be noted that neither one of these samplers can obtain soil samples with grain sizes
larger than 35 mm (the inside diameter of the split-spoon sampler). Therefore, if larger gravel,
cobbles, or boulders are present in the subsurface at the site, the soil samples obtained may not
be representative.

Previous field exploration and laboratory test data for the site provided by WSDOT included
two test holes performed for the original bridge construction in 1922, and four test holes,
designated H-2-93 and H-3-94 through H-5-94, performed in December 1993 and January 1994.
The approximate locations of the previous WSDOT borings performed in 1993 and 1994 are
shown on Figure 2. Locations of the 1922 borings could not be precisely determined, and
therefore are not shown. The WSDOT boring logs and associated previous laboratory testing are

presented in Appendix C: Previous Explorations and Laboratory Testing.

4.0 LABORATORY TESTING

Geotechnical laboratory tests were performed on selected samples retrieved from the current
borings to determine index properties of the soils encountered at the bridge site. The tests were
performed at the S&W laboratory by an experienced technician and included visual
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classification, natural water content, and grain-size distribution tests. Similar tests were
performed by WSDOT for the previous borings performed at the site. A description of the test
methods and summaries of the test results for the soil samples retrieved from the current borings
are presented in Appendix B: Laboratory Testing Procedures and Results. The natural water
content test results from the current borings are also shown on the individual boring logs
included in Appendix A. Results of previous laboratory testing performed by WSDOT on
samples obtained from the borings performed in 1993 and 1994 are presented in Appendix C.

5.0 GEOLOGY & SUBSURFACE CONDITIONS
5.1  Regional Geology

The project is located at the edge of the foothills on the east flank of the Olympic Mountains.
These mountains are generally composed of siltstone, sandstone, conglomerate, and volcanics.
Outcrops of Tertiary volcanics are located on the hillsides north and south of the project and
occur within one mile of the site. Bedrock, however, may lie hundreds of meters below the
ground surface at the site. Glacial and nonglacial sediments were deposited on top of the
bedrock during one or more of the five glacial episodes and intervening interglacial periods
thought to have occurred in the Puget Sound region over the last 1.5 million years. The glacial
sediments that occur at or near the ground surface in the vicinity of the project were deposited
primarily during the last glacial episode, the Vashon Stade of the Frasier glaciation, which ended

approximately 13,500 years ago.

As the Vashon ice sheet overrode the area, previously deposited sediments were either
compacted by the weight of the ice or stripped away by the moving glacier. In the vicinity of the
project, a mantle of till directly covers the bedrock. This till is typically a poorly sorted mixture
of gravel, sand, silt, and clay deposited beneath the base of the glacier. As the ice sheet
retreated, turbulent, high gradient streams flowing from the foothills of the Olympic Mountains
and off the retreating ice front deposited gravel and sand (recessional outwash). A recessional
delta formed at the location of the present mouth of the Dosewallips River.

After final retreat of the ice, normal drainage conditions developed, and the Dosewallips River
reworked the outwash and formed the present-day delta, upon which the site is located. The
subsurface soils encountered in the borings are primarily deltaic and alluvial deposits but could
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be recessional outwash in the deeper parts of the borings. The deltaic and alluvial deposits
consist of sandy gravel and gravelly sand with lenses of silty sand and lesser amounts of sandy
silt. These deposits have gradually built upward and outward over time by the distributary
channels of the delta. Because distributary channels tend to shift rapidly across the delta, the
distribution of sediment, such as sand lenses, can be quite erratic, as observed at the site.

The finer-grained silt and sandy silt sediments near the existing ground surface are flood plain

deposits. These sediments were deposited outside of the active river channel during flooding.

5.2 Subsurface Conditions

The subsurface conditions were identified based on a review of the previous borings and the
results of the current borings. A generalized subsurface profile is shown on Figure 3. Based on
the borings, the site is primarily underlain by alluvial and deltaic deposits of sand, sandy gravel,
and gravelly sand to depths of greater than 30 m.

The existing approach embankments primarily consist of silty gravelly sand and sandy gravel
fill. The borings indicate that this fill is loose, except the upper about 1 m, which is medium
dense to dense. At the south end of the existing bridge, the approach fill embankment is
underlain by as much as 3 m of very loose to loose silt, sandy silt, and silty sand. This layer also

- contains scattered organics and wood debris.

Beneath the approach fill embankments and underlying silt deposits, alluvial and deltaic
deposits, consisting primarily of sandy gravel and gravelly sand, were encountered throughout
the depth of the current and previous borings performed at the site. Scattered layers of silty sand,
sandy silt, and sand were encountered within these deposits. The relative density of the sand and
gravel ranges from loose to very dense. Based on the SPT results in the borings, there is a
general increasing trend in density with depth. Due to the uncertainty of the measured blow
counts in the gravel soils, however, the blow counts may not be representative of the
corresponding relative densities.

Groundwater was not measured in the current borings performed for the project because mud-
rotary drilling techniques do not facilitate the measurement of a groundwater table during
drilling. Based on the observed water level in the river channel during current drilling operations
and the water table noted in the previous borings performed at the site, we estimate that the
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groundwater level during the field explorations was at about elevation +2 to +3 m. Based on
information supplied by WSDOT, the normal high water at the site is at elevation +4.1 m.
Groundwater conditions likely vary with seasonal changes and may be directly related to the

water elevation in the river.

6.0 ENGINEERING STUDIES AND RECOMMENDATIONS

The analyses presented in this section were based on information provided by WSDOT and the
results of the previous and current borings and laboratory tests. The following sections describe
our understanding of the project and our analyses related to earthquake engineering, bridge

foundations, and approach fill embankments.

6.1 Earthquake Engineering
6.1.1 Ground Motions

In accordance with the American Association of State Highway Transportation Officials .
(AASHTO, 1996) specifications, bridge design should be based on ground motions consistent
with a 10 percent chance of exceedence in 50 years (475 year return interval). The current
AASHTO (1996) map indicates a peak horizontal ground acceleration (PGA) of about 0.27g for
this return interval at the site. This map, however, does not incorporate the probability of
movement on the Cascadia Subduction Zone indicated by recently discovered geologic evidence.
The US Geological Survey (USGS) has recently completed regional probabilistic ground motion
maps for the entire nation (Frankel et al., 1996). The USGS study indicates that for a 475-year
return interval event, the site PGA is 0.30g. Consequently, we recommend that a PGA of 0.30g
be used as the basis for earthquake design.

We recommend that the site response spectrum be based on AASHTO Soil Profile Type
IIT anchored at a PGA of 0.30g. Without the occurrence of liquefaction, subsurface conditions at
the site would co’rrespond to AASHTO Soil Profile Type II (i.e., relatively stable cohesionless
deposits with depth to bedrock of 60 m or more). However, as will be discussed in the following
section of this report, some of the site soils are susceptible to liquefaction and are consequently
unstable. AASHTO does not specifically provide a spectral shape for a site with liquefied soil.
However, the occurrence of liquefaction and associated reduction in shear strength and stiffness
within a soil column typically increases the natural period of the soil column, attenuates short
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period motion, and amplifies long period motion. Consequently, we recommend that
consideration be given to using a response spectrum for this site based on AASHTO Soil Profile
Type II1I, which provides for higher ground motions (as compared to Soil Profile Type II) for
periods of about 1 second and longer.

6.1.2 Earthquake-Induced Geologic Hazards
6.1.2.1 Surface Fault Rupture

The risk of surface fault rupture at the bridge site is low, in our opinion. The
nearest mapped fault to the site is the Hood Canal Fault located approximately 3 kilometers (km)
east of the site. This structure and other mapped faults in the area strike toward the north-
northeast, roughly parallel to the bridge. The Hood Canal Fault does not show evidence of
displacement of Quaternary sediment. Consequently, due to the distance of the bridge to the
nearest fault, the apparent inactivity of the fault, and the strike of the fault, the potential for
surface fault rupture at the bridge site is low.

6.1.2.2  Liquefaction

. Some of the soils at the bridge site are susceptible to liquefaction. The
liquefaction potential of the site soils were evaluated using Seed’s simplified procedure
(Robertson, 1997). This procedure is based on an empirical correlation between the Standard
Penetration Test (SPT) N-value in cohesionless soils and the level of ground shaking. This
correlation shows that a soil’s ability to resist liquefaction increases with increasing N-values.
The analyses indicate that the gravel soils within about 10 m of the ground surface may liquefy
under the design earthquake.

The gravelly nature of the deltaic and alluvial deposits in the subsurface creates
some uncertainty in the liquefaction potential at this site. The liquefaction analyses are based on
correlations that are based on sand soils. If an SPT is taken through gravel, a large N-value may
be recorded which is not indicative of the relative density of the soil. Consequently, the gravelly
nature of the subsurface soils may result in 2 non-conservative prediction of which soils could
liquefy. Additionally, if the gravelly deposits are sufficiently permeable, they may inhibit or
reduce the generation of earthquake-induced pore pressure in the soil, thereby reducing the
potential for the soil to liquefy.
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The yield or critical shear strength of the potentially liquefiable soils was
evaluated using the relationships of Seed and Harder (1990) which are based on SPT N-values.
These relationships indicate that the shear strengths of liquefied soil at the site could range from
about 7 kiloPascals (kPa) to greater than 25 kPa. Based on discussions with WSDOT, a residual
shear strength of 7 to 14.4 kPa was used in our analyses for liquefied silts, sands, or gravels.
These values were used in evaluating the stability of the approach fill embankments, determining
vertical pile capacities, and developing soil properties and parameters for use in lateral pile

resistance analyses.

Liquefaction will also affect the stability of the approach embankments. The
stability of the embankments under earthquake loading conditions is discussed in Section 6.3.1.

6.1.2.3 Lateral Spreading

Lateral displacements of the river delta ground surface towards the river channel
were calculated using the empirical relationship by Bartlett and Youd, (1995) and the subsurface
conditions encountered in each of the borings. The empirical analysis was performed for each

current and previous boring along the alignment.

Our analyses indicate that the estimated ground displacements could range from
0 m to 1.8 m with an average displacement of about 0.5 m. In borings B-2, B-3, B-5, H-3 and
H-4, 0.1 to 1.8 m was estimated. In the other borings, no noticeable lateral displacement was
obtained from our analyses. The procedure developed by Bartlett and Youd (1995) is based on
empirical relationships developed from sand sites; therefore, we performed a slope stability
analysis to better model the site slopes, layered subsurface conditions and zones of liquefaction.

The results of this analysis are presented in Section 6.3.1.2.

6.1.2.4 Dynamic Settlement

Cohesionless soils may be susceptible to settlement due to earthquake ground
shaking., depending on the level of the ground shaking, duration, and relative density of the soil.
Using the procedures presented by Tokimatsu and Seed (1987) and the recommended design
level ground shaking, we estimate that settlement due to ground shaking could be on the order of
0.2to 0.4 m. Settlement of the approach fill embankments may be greater due to embankment
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movement caused by liquefaction of the native soils beneath the fill embankments. The
influence of this settlement on foundation design is discussed in Section 6.2.

6.2 Foundations
6.2.1 Design Information

The alignments of the ekisting bridge and detour bridge are shown on Figure 2. The new
bridge will be constructed along the existing alignment after the existing steel truss of the bridge
is temporarily relocated to the detour bridge alignment. Our analyses were based on the

following assumptions:

> Detour Bridge: The existing steel truss bridge will be relocated onto the detour
alignment and supported on 4 piers with approach fills extending from the
existing roadway alignment. A timber trestle will be constructed at each end to
span from the temporary approach fills to the relocated steel truss bridge. The
temporary piers will be located at the following stations (see Figure 2):

— Pier 1: D Line Station 0+204.5; begin timber trestle

— Pier 2: D Line Station 0+213.9; end timber trestle, begin steel truss
— Pier 3: D-Line Station 0+288.1; end steel truss, begin timber trestle
— Pier 4: D-Line Station 0+297.2; end timber trestle

> New Bridge: Five new piers will be constructed to support the new bridge. The
existing approach fill embankments will be widened and raised. An under-
crossing will be provided for a park access road between Piers 1 and 2. The new
piers will be located at the following stations (see Figure 2):

— Pier 1: A-Line Station 6+028.87; south abutment
— Pier 2: A-Line Station 6+040.27
— Pier 3: A-Line Station 6+077.27
— Pier 4: A-Line Station 6+138.87
— Pier 5: A-Line Station 6+175.87; north abutment

Axial and lateral loads on bridge foundations were not available at the time we submitted this

report.
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6.2.2  Suitable Foundation Types

Due to the loose nature of the existing approach fill embankments and the presence of
very loose to loose silt to sandy silt extending to depths greater than 5 m, it is our opinion that
shallow foundations are not suitable for this site. The use of spread footings or mat foundations
could result in large total and differential settlement of the proposed bridge, especially during the
design earthquake. We recommend deep foundations be used to support the temporary detour
bridge and the permanent replacement bridge. The selection of foundation type typically
depends on economics, the subsurface conditions, the anticipated loads, and the site construction
constraints. Based on the difficulties encountered during drilling of the borings, the subsurface
conditions, our experience with similar projects, our discussions with WSDOT, and construction
considerations; cast-in-place (CIP) concrete piles installed with a driven steel casing are
proposed to support the new Dosewallips Bridge. We understand that steel pipe piles driven
closed-end are proposed to support the temporary detour bridge.

Drilled shafis were not considered as a suitable foundation type for this project because
of the relatively clean, gravelly nature of the subsurface soils. During drilling of the current
borings, the drilling mud was frequently lost into gravel layers. In addition, heave of the gravels
and sands was also encountered in the borings. The construction of drilled shafts in these types
of soils would require the placement of casing (likely permanent) throughout the length of the
shaft and careful monitoring of base stability of the shaft. Due to potential heave at the base of
the shaft, the allowable end bearing of the shafts would have to be reduced, or settlements could
be excessive under the applied loads. Based on these design and construction difficulties (and
associated cost implications) related to the sandy gravel soil at the site, we do not recommend the
use of drilled shafts for this project.

6.2.3  Axial Capacity

Based on discussions with WSDOT, 356-, 457- and 610-mm-diameter CIP piles are
recommended for the new bridge. Axial capacity analyses were performed for these pile sizes
assuming the steel casing for the CIP pile is driven closed-end, with a flat-bottom plate. The
analyses were performed for the new bridge pier locations utilizing an in-house computer
program which uses estimated soil parameters based on the descriptions and SPT results of the
soils encountered in the borings performed along the alignment. The estimated soil parameters
were used to calculate the ultimate side friction and end bearing of the piles.

W-7348-09
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The axial capacity analyses were performed using an in-house computer program. This
program calculates axial capacity by summing skin friction along the side of the pile and end
bearing at the tip of the pile. The analyses were performed for following three cases:

1) existing ground conditions without liquefaction,
2) scour to elevation —1.5 m without liquefaction (piers 2 through 4 only), and
3) liquefaction of the silt and gravel soils below the groundwater table with no scour.

The analyses were performed for each pier location of the new bridge. Intermediate Piers
3 and 4 were grouped together for the purposes of our analysis. Results of the analyses are.
plotted as pile tip elevation versus estimated ultimate axial capacity in Figures 4 through 15 for
the three pile sizes and loading cases at the pier locations. The capacities in these figures are
provided for both downward (compression) and uplift (tension) loading cases. The following
assumptions were used in our analysis:

e
G

> The piles at Piers 3 and 4 are assumed to extend to the existing ground surface. AT Og< N

The top of the piles at Piers 1, 2 and 5 were assumed to be at about elevation .~ '

+3.9m. Le (Q’—@ .

. Z!
- el

> Full end bearing is not developed until the pile penetrates at least one pile

diameter into the bearing layer.

> The groundwater table is assumed to be located at elevation 4.1 m (Normal High
Water) for Cases 1 and 2, and at elevation 2.5 m (existing groundwater table) for
Case 3.

> Analyses were performed for a single pile. No group effects were considered.

»  The ultimate compressive capacity shown on the figures is based on the

summation of ultimate skin friction and ultimate end bearing. Allowable values
can be obtained by applying an appropriate factor-of-safety (FS) for each loading
case. We recommend the following FS values:

1 No liquefaction, no scour 2.5
2 Scour to €1.-1.5 m, no liquefaction 2.0
3 No scour, liquefaction below water table 1.3
W-7348-09
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> An FS of 1.3 is recommended to be applied to the ultimate uplift resistance shown
on Figures 4 through 15.

> For Case 2, scour to elevation —1.5 m is considered at the intermediate piers (Piers
2 through 4) which will result in a loss of overburden as well as side friction -
around the pile.

> For Case 3, liquefaction occurs to varying depths for one loading condition, as
shown on Figures 4 through 15. Although liquefaction is not continuous to the
indicated depths, all soil layers above liquefied soil zones are assumed to
contribute zero resistance to the pile during liquefaction. This accounts for the
possibility of some soil resistance and some downdrag loading occurring .
simultaneously, with a net effect of zero resistance in this zone. Therefore, we do
not recommend applying any downdrag loading forces to the piles.

We recommend that the piles be spaced at least 3 pile diameters apart. This will reduce
the stress overlap between adjacent piles. If the piles are spaced closer than 3 pile diameters
apart, the stress overlap could reduce the axial capacity of the piles that are presented in this
report.

Steel pipe piles (356-, 457- or 610-mm-diameter) driven closed-end with a flat-bottom
plate are being considered to support the temporary detour bridge. The axial capacity analyses
performed for the intermediate piers of the permanent bridge (Piers 3 and 4) may be used for the
intermediate piers of the temporary detour bridge (Figures 10 through 12). For Pier 1 of the
detour bridge, we recommend using the axial capacities determined for Pier 2 of the permanent
bridge (Figures 7 through 9). For Pier 4 of the detour bridge, we recommend using the axial
capacities determined for Pier 5 of the permanent bridge (Figures 13 through 15).

6.2.4 Estimated Settlement

Settlement analyses for pile foundations require specific load and pile conﬁgurafion
information for each pier location. Since this information was not available at the time of this
report, settlement analyses were not performed. However, based on our experience with similar
soils, we anticipate that settlements of the CIP pile foundations would be less than about 25 mm.
Most of this settlement is anticipated to occur as the dead load is applied. We anticipate that

W-7348-09
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approximately 5 percent of this settlement would occur over a long-term period. A more detailed
settlement analysis should be performed after applied loads and pile configurations become

available.

6.2.5 Lateral Resistance

Lateral forces from wind or seismic loading would be resisted by the pile foundations.
We understand that the computer program LPILE™"S (Reese et al., 1997) will be used to
generate the P-Y curves for the lateral resistance analysis of the piles. Based on the subsurface

- conditions interpreted from the current and previous borings, soil parameters for LPILEPYS

input were developed and are shown on Tables 1 and 2 for static and liquefied soil conditions,
respectively. Using the LPILE program, a liquefied soil can either be modeled as a “soft clay” or
as a “sand”. At the request of WSDOT, we have provided parameters for both models. We
recommend that the “sand” model be used for the analyses under liquefied soil conditions

We understand that WSDOT currently performs seismic design of deep foundations
based on methods outlined in a manual prepared by GeoSpectra (1996). For lateral resistance
analyses, this manual presents a simplified method to estimate foundation stiffness versus
deflection under seismic loading. In this method, stiffness matrices are developed based on
seven “standard” soil profiles. Based on the profiles listed in the design manual, the only soil
profile which could be used for this project is Soil Profile S7: “10 feet (3 m) of medium dense
sand overlying 40 feet (12 m) of loose, liquefiable sands underlain by dense to very dense glacial
deposits (groundwater table at 10 feet [3 m]).” In several ways, however, this “standard” soil
profile varies significantly from the actual soil conditions at the site:

» Soil Profile S7 does not account for the very loose silt layer near the top of the piles.

» Soil Profile S7 assumes that very dense glacial soils are present beneath a depth of
12 m. No glacial deposits were encountered in the borings and the relative density
was typically medium dense to dense.

» The depth of liquefaction at the pier locations varies from that assumed in Soil Profile
S7 and does not account for soil layers within that zone that do not liquefy.

If the GeoSpectra “standard” profile is used, we recommend that it be used as an initial

estimate of the foundation stiffness only. The computer program LPILE™" and the parameters

W-7348-09
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shown on Table 2 are recommended for the final lateral resistance analyses under the seismic

loading condition.

- If pile groups are to be used to support the proposed piers, we recommend that efficiency
factors due to group action for lateral resistance follow the guidelines presented in the WSDOT
Bridge Design Manual with some modifications to take into account recent developments
(Brown and Shie, 1991). /

RECOMMENDED EFFICIENCY FACTORS FOR PILE GROUPS

6D* 0.9
5D 0.8
4D 0.65
3D 0.5
2D 0.4

*D = Pile diameter
6.2.6 Pile Caps

If pile caps are to be constructed for this project, excavations through the surficial sand,
gravel and silt will be required. If the excavations are to be constructed above the groundwater
table, the excavations can be accomplished with temporary shoring or unshored open cuts. If
excavations extend below the groundwater table, cofferdams may be required. Based on
WSDOT practices, the shoring design required for construction of the pile caps, if any, will be
the responsibility of the Contractor.

Lateral forces from soil, wind, or seismic loading may be partially resisted by passive
earth pressure against the buried portions of the pile caps. Passive pressure acting against pile
caps can be calculated depending on the soil conditions around the pile caps by using the -

equivalent fluid weights indicated in the following table:
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LATERAL SOIL RESISTANCE AGAINST PILE CAPS

Silt 50 23
Gravel/Sand ‘ 85 40

These values assume that, if shoring is used, it is removed after construction of the pile caps.
The passive earth pressure coefficients used to calculate these values consider friction between
the concrete and the soil and assume a horizontal ground surface beyond the pile cap. The
equivalent fluid weights shown include a FS of 1.5 to account for limited lateral deflections
consistent with the anticipated pile movement. If the pile caps are located below the
groundwater table within liquefied soil zones, passive pressure would be negligible.

6.3 Fill Embankments

The existing approach fill embankments will be widened and raised to match the alignment and
grade of the proposed permanent bridge. Based on information obtained from WSDOT, the
existing south approach fill will be raised by up to 1.5 m (maximum at abutment) and the north
approach fill will be raised by up to 0.8 m (maximum at ébutment). The widening of the fill
embankments is minor because the existing roadway width is approximately the same as the new
roadway width. The minor widening and raising of the approach fill embankments will result in
sliver fills over the existing side slopes of the embankments. These sliver fills should be keyed
into the existing fill according to the 1996 WSDOT Standard Specification 2..03.3(14)L. We
recommend that new fill material that will be part of the permanent embankment consist of
Gravel Borrow as per WSDOT Standard Specification 9.03.14(1) or Select Borrow as per
WSDOT Standard Specification 9.03.14(2). The recommended corresponding permanent side
slopes are 1.75 Horizontal to 1 Vertical (1.75H:1V) and 2H:1V for Gravel Borrow and Select
Borrow, respectively. These recommended slope angles have a FS of at least 1.25 under static
loading conditions. Backfill behind the abutment walls is discussed in Section 6.3.4.

New fill will also be placed for the proposed detour bridge approach ramps. This fill will be
placed adjacent to the east sides of the existing approach fills and will have a maximum height of
about 4 m. Select Borrow (WSDOT Standard Specification 9.03.14[2]) could be used for the
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detour fill; however, Gravel Borrow should be specified in areas where the temporary fills may be
incorporated into the permanent approach fill configuration if a 1.75H:1V permanent slope is

used.

The following sections present our slope stability and settlement evaluation for the new fills.
The bridge abutment walls and approach slabs are also discussed.

6.3.1 Slope Stability
6.3.1.1 Approach Fill Embankments

Slope stability analyses were performed to evaluate the static and dynamic
stability of the permanent north and south approach fill embankments. Based on information
obtained from WSDOT, the final height of the fill embankments will be about 5 m for the south
approach and about 4 m for the north approach. The soil profile modeled in the analyses was
developed based on the soil conditions encountered near the abutments of the approach fill
embankments. For the earthquake-related stability analyses, liquefaction of the silt and gravel
layers below the groundwater table was considered to elevation 0 m and —~1 m for the south and
north fill embankments, respectively.

The stability analyses were performed using the computer program PCSTABLSM
(Purdue, 1988). To estimate the properties of the cohesionless soils (sand, silt and gravel) below
the embankments, the SPT N-values determined in the borings were compared against published
correlations with soil friction angle and unit weight. The model of the liquefied soil condition
involved assigning a residual shear strength of 14.4 (kPa) to the liquefied silt, sand or gravel, as

discussed in Section 6.1.2.2.

Analyses were performed for both static and dynamic loading conditions. The
dynamic loading cases were analyzed by using pseudo-static analyses with a pseudo-static
coefficient (k) equal to either one-half or one-quarter of the design peak ground acceleration of
0.3g.. The following four cases were modeled in our analyses for the north and south fill

embankments:
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Case A:  Static loading with no liquefaction.

Case B: Dynamic loading with k = 0.15 and no liquefaction. This assumes that
liquefaction would not occur simultaneously with peak ground shaking.

Case C:  Dynamic loading with k = 0.075 and liquefaction to elevation 0 m or —1 m for
the south or north fill embankments, respectively. This assumes that
liquefaction would occur during peak ground shaking, but instead near the end
of the earthquake when ground motions are less.

Case D:  Static loading with liquefied soils below the groundwater table to elevation
0 m or ~1 m for the south or north fill embankments, respectively. This
assumes that liquefaction will occur at the end of the earthquake after ground
shaking has stopped.

The results of the analyses are shown on Table 3. Liquefied soil strength
properties were used in one static loading case (Case D) and one seismic loading case (Case C).
As observed in historic earthquakes, the time at which liquefaction occurs during an earthquake
is not well defined and depends on the intensity of shaking, the duration of the earthquake,
subsurface soil and groundwater conditions, and other factors. The testing and analyses required
for evaluating the timing of liquefaction at this site are beyond the scope and budget of our work.
In our opinion, the likely scenario is that liquefaction would occur after the strongest ground
shaking has passed, but before ground shaking has completely ended as is modeled by Case C.

As shown on Table 3, the FS under Case C loading for both the south and north
approach fill embankments is less than 1.0, indicating that the embankments would be unstable.
If the fill embankment fails during an earthquake, we understand that WSDOT will repair the
embankment after the earthquake. No remedial action would be taken during initial construction
to mitigate embankment failure. If the embankment becomes unstable during liquefaction, the
potential damage to the pile foundations of the bridge would be a major concern. The instability
of the embankment could induce lateral loads on the bridge that would have to be resisted by the
piles. Alternatively, ground improvement could be performed in the abutment areas to mitigate
liquefaction and improve embankment stability. We understand, however, that for this project,
WSDOT prefers to design the pile foundations at Piers 1 and 5 for the lateral force which would
be induced by excessive movement of the embankment fill.

The force that could act on the pile foundations at the abutments due to
embankment instability during liquefied soil conditions was estimated in our analyses. This
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force was approximated by determining the magnitude of an imaginary force applied midway

between the bottom of the pile cap (elev. +3.9 m) and the base of the liquefied zone such that the ’u‘),‘gﬂf‘
FS in the slope stability analysis would increase to 1.0 under Case C loading. The force per 62& s
linear meter of embankment width that was calculated in the analysis is.shown on Table 3. This 2«

force may be distributed to the pile group at Piers 1 and 5. This force is the theoretical force that

would be applied on the pile group if the pile group acted like a solid wall and resisted the soil
movement. In reality, the actual force on the pile may be less than shown on Table 3 because the
soils could partially flow through the pile group during slope failure due to the liquefied soil
conditions around the piles. The magnitude of this lesser force cannot be easily determined. We
recommend that the pile group at Piers 1 and 5 be designed for the lateral forces shown on Table

3 as an approximate estimate in the lateral pile resistance analyses (see Section 6.2.5).

6.3.1.2 River Bank Stability

As discussed in Section 6.1.2.3, based on empirical relationships developed from
sand models (Bartlett & Youd, 1995), some of the borings near the river indicate that lateral
spreading could occur. In order to better model the subsurface soil layers, depth of liquefaction,
ground slopes and groundwater levels, a slope stability analysis was performed to evaluate the
stability of the river bank slopes during soil liquefaction. The proposed final ground surface
shown on the WSDOT preliminary plan dated January 1998 was used in the analysis. Based on
Case Cloading, using the same subsurface parameters as in the other stability analyses (see
Section 6.3.1.1), the FS of the riverbank slopes is 1.9 or greater. Therefore, based on these
results, lateral ground movement due to soil liquefaction is not expected to occur at the

intermediate pier locations.

6.3.2  Settlement

Due to the cohesionless nature of the subsurface soil, settlements of the approach fills
would essentially occur as the fill is placed. An approximate estimate of this settlement was
made based on the geometry indicated on WSDOT plans dated December 1997 using
Boussinesq stress distribution to determine the stresses in the soil layers underlying the
embankments. Beneath the 4-m-high detour approach fills, we estimate 0.2 to 0.25 m of
settlement would occur as the fill is placed. Because of the soil characteristics at the site, we
anticipate that about 90 percent of this settlement would occur within one month after
completion of the fill placement. At the existing south approach fill embankment, about 0.1 m of
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settlement was calculated due to the placement of an additional 1.5 m of fill. At the existing
north approach fill embankment, about 0.05 m of settlement is anticipated. Ground settlement
may also occur during the design earthquake from both a rearrangement of cohesionless soil
particles into a denser state and as a result of soil liquefaction. As discussed in Section 6.1.2.4,
we estimate that this settlement may be on the order of 0.2 to 0.4 m.

6.3.3  Approach Slabs

We understand that the WSDOT Bridge Design Manual requires that all bridges have
approach slabs unless approval for their deletion has been given. This decision is primarily
based on the anticipated differential settlement between the bridge abutment and approach
embankment. Usually, approach slabs are not recommended if excessive settlements, creep
settlements, or large differential settlements are anticipated. However, they can also be deleted if
the embankment is not anticipated to settle. As presented in Section 6.3.2, the long-term
settlement of the embankment could be up to 25 mm, therefore, we recommend the use of

approach slabs at this site.

6.3.4 Abutment Walls

The existing fill consists of sandy gravel and gravelly sand that is in a loose state. In
order to construct the abutment walls, some of the existing fill will be removed. To reduce
lateral earth pressures on the abutment walls and reduce potential settlement at the abutments, we
recommend that the first 2.5 m (laterally) of embankment fill adjacent to the proposed abutment
wall be replaced with compacted Gravel Borrow according to WSDOT Standard Specification
2.03.3(14)J. Assuming this distance is achieved, the following parameters are recommended for

the design of abutment and wing walls for the approach fills:

Unit Weight of Backfill: . 19.6 kN/m3
Soil Friction Angle of Backfill: 38 degrees
At-Rest Earth Pressure Coefficient: 0.40

Active Earth Pressure Coefficient: 0.25

If large compacting equipment is used behind abutment walls, compaction-induced earth
pressures could be higher than those calculated by the parameters shown above. As such, we
recommend using small compactors within 1 m (minimum) of the abutment walls.
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7.0 CONSTRUCTION CONSIDERATIONS

The applicability of the design parameters recommended in Section 6.0 are contingent upon good
construction practice. Poor construction techniques may alter conditions from those upon which
our recommendations are based, and therefore result in reduced pile capacity or settlement and
stability of embankments. Our analyses have assumed that this project is constructed according
to standard WSDOT construction practices. The following sections present some additional

construction considerations for this project.

7.1  Site Preparation

Prior to placing additional fill at the site, common practice is to strip and clear the areas that will
receive fill. If this process removes the upper 0.5 to 1 m of topsoil and the root mat, very loose
silt may be exposed at the ground surface beneath the proposed approach fills. This silt exposed
at the stripped ground surface may become disturbed due to construction traffic and other
construction activities. Once disturbed, this soil would have to be removed and replaced with
suitable material. In order to avoid this, one option would be to perform minimal clearing and
leave the root mat in place. In our opinion, if the root mat is left in place, the effect on the
permanent embankment performance would be small. Fill should be carefully placed over the

root mat so that subgrade disturbance would be minimized.

If construction is performed during wet weather conditions, the ground around the existing fill
embankments may become wet and therefore susceptible to disturbance by construction traffic.
If the soil is too soft or wet and compaction of new fill cannot be performed, a construction
geotextile (WSDOT Standard Specification 9-33.1, Table 3, Separation) may be necessary as a
separator between the silt and overlying fill.

7.2  CIP Concrete Pile Installation

CIP concrete piles, which are installed with a steel casing driven into the ground and
subsequently filled with reinforced concrete, will be used for the permanent bridge foundations.
Steel pipe piles will be used for the temporary detour bridge. These piles will range in size from
356-to 610-mm in diameter and will be driven closed-end with a flat-bottom plate.
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The pile design lengths and anticipated capacities are partially based on Figures 4 through 15
presented in this report. Due to the uncertainty of blow counts and corresponding soil
parameters within the gravel soils in the subsurface, the pile depths calculated based on these
plots may not be accurate. The axial capacity analyses were performed based on our best
estimate of the soil parameters. During construction, a test pile program (see Section 7.2.3) is
recommended to confirm that the estimated pile depths and required capacities can be achieved.

7.2.1  Difficult Driving Conditions

The alluvial and deltaic deposits encountered at the bridge site contain varying quantities
of gravel. Based on drill action during the field exploration program, these deposits may also
contain cobbles and/or boulders. The density of these deposits varies from loose to very dense.
Pile installation through these gravelly soils may encounter hard driving. We recommend adding
a statement in the contract special provisions such as the following: “Large gravels, cobbles and
other obstructions may be located in the subsurface materials. The Contractor’s bid shall
include measures to facilitate pile driving through these conditions, and recognize that slow and
difficult driving conditions may be encountered.”

7.2.2  Pile-Driving Criteria

In our opinion, hard driving conditions may be encountered in the medium dense to very
dense gravel encountered at the site. As stated in the WSDOT Standard Specifications (1996),
piles with a required ultimate bearing capacity of 2700 kiloNewtons (kN) or greater require that
a Wave Equation Analysis for Pile Driving (WEAP) be performed to establish the pile driving
criteria. This method includes an evaluation of driving stresses so that an appropriaté”pile-'driving

* hammer size can be selected to obtain the desired pile capacity without damage to the pile.

Parameters for input into WEAP are provided in the WSDOT standard specifications.
Due to the gravel soils encountered in the subsurface, hard driving conditions would result in a
high percentage of the pile load being concentrated at the tip of the pile during driving. To
determine the wall thickness and/or strength for the proposed steel casings or pipe piles, we
recommend using a percent end bearing of up to 70 percent in the WEAP analysis so that
damage to the pile during driving is prevented. Depending on lateral and/or uplift requirements,
piling may have to be driven deeper than that needed for axial design. This overdriving should
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be considered in the selection of the wall thickness and/or strength for the proposed steel casings
or pipe piles.

7.2.3  Test Pile Program

Recommendations for pile foundations and, in particular, the recommendations for pile
penetrations and capacities are based on theoretical and empirical data, the subsurface explora-
tions performed at the site, and our engineering judgment and experience. To substantiate our
recommendations, we recommend that a test pile be driven at each pier of the replacement
structure. Test pile programs are specified in WSDOT Standard Specification 6-05.3(10).
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TABLE 1

RECOMMENDED PARAMETERS FOR DEVELOPMENT OF P-Y CURVES USING LPILE™YS
Static Soil Parameters

Pier, E){istfng . ) 2 o B RIS SR A r o
Station,and /| Ground. | Upper. Lower | . . - | Effective}. . N E.M(')dulus of
(Boring | Surface .| Soil | Boundary | Boundary| Soil | .Unit | - | Friction | Subgrade
Number) Elevation Laye_r, Elévatioh" _Elevz_itioxi 1 Type - Welght ‘v_C‘(‘)‘l_lesiqin‘, & Anglel_:’v_ :Reac‘tim_l,‘ K®
- | (meters) | . (meters) (metgfs) 1 L ('_kN_/ml')! - (kPa)? | (degrees) »@N{!I?’_)" (%)
Pier 1 7.9° 1 7.9 4.1° | sand | 189 0 30 6,000
Sta. 6+029 2 4.1° 39 | Sand | 90 0 30 5,500
(B-2 & H-3-94) 3 39 1.1 Sand 8.3 0 26 5,000
4 1.1 -6.0 Sand 9.8 0 35 20,000
5 -6.0 -7.0 Sand 9.0 0 30 6,000
6 -7.0 -12.5 Sand 9.8 0 35 20,000
7 -12.5 - Sand 10.6 0 40 35,000
Pier 2 7.9° 1 7.9 4.1 | Sand | 189 0 30 6,000
Sta. 6+040 2 4.1 3.9 Sand | 9.0 0 30 5,500
(B-3) 3 39 24 Sand 9.8 0 32 10,000
4 24 1.0 Sand | 8.3 0 26 5,000
5 1.0 -1.0 Sand 9.8 0 32 10,000
6 -1.0 -7.0 Sand 9.8 0 35 20,000
7 -7.0 -9.5 Sand 9.0 0 30 6,000
8 -9.5 -13.5 Sand 9.8 0 35 20,000
9 -13.5 - Sand 10.6 0 40 35,000
" Pier 3 3.7° 1 3.7 -3.5 Sand 9.8 0 32 10,000
Sta. 6+077 2 -3.5 -25.0 Sand 9.8 0 35 20,000
(B-4) 3 -25.0 - Sand 10.6 0 40 35,000
Pier 4 3.7° 1 3.7 -4.0 Sand 9.8 0 32 10,000
Sta. 6+139 2 -4.0 -8.5 Sand 9.0 0 30 6,000
(B-5) 3 -8.5 -13.5 Sand 9.8 0 35 20,000
4 -13.5 - Sand 10.6 0 38 30,000
Pier 5 7.8° 1 7.8 4.1° | Sand [ 189 0 30 6,000
Sta. 6+176 2 4.1 38 Sand 9.0 0 30 5,500
(B-6) 3 3.8 3.0 Sand 8.3 0 26 5,000
4 3.0 -2.0 Sand 9.8 0 32 10,000
5, -2.0 -4.0 Sand 9.8 0 35 20,000
6 -4.0 -7.0. Sand 9.0 0 30 6,000
7 -7.0 -12.0 Sand 10.6 0 38 30,000
8 -12.0 - Sand 10.6 0 42 40,000
NOTES:
a kN/m®:  kilonewtons per cubic meter
kPa: kiloPascal (kN/m®)
b The parameters given are for a single pile and do not reflect group action.
¢ Elevations shown are for existing ground surface or existing roadway.
d Corresponds to Normal High Water elevation provided by WSDOT.
e Liquefied soil parameters are provided on Table 2.
W-7348-09
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TABLE 2

RECOMMENDED PARAMETERS FOR DEVELOPMENT OF P-Y CURVES USING LPILE™"
Liquefied Soil Parameters

Pier, Modulus of Sub-
Station, and Upper Lower | Effective Cohesion, ¢ Friction Angleb grade Reaction, K €59
(Boring Soil | Boundary | Boundary| Unit (kPa)* (degrees) (kN/m*)* (%)
Number) Layer | Elevation | Elevation | Weight | Sand® | Clay’ | Sand® | Clay’ | Sand® Clay’ | Sand® | Clay’
(meters) | (meters) | (kN/m**| Model | Model | Model | Model | Model Model | Model | Model
Pier 1 1 7.9 3.9 18.9 0 - 30 - 6,000 - - -
Sta. 6+029 2 3.9 25 18.1 0 - 26 - 5,000 - - -
(B-2&H-3-94) | 3 2.5° didowgle 83 0 7 5 0 500 4,000 - 0.02 | 1
4 1.1 -6.0 9.8 0 - 35 - 16,000 - - -
5 -6.0 -7.0 9.0 0 7 10 0 600 | 4,000 - 0.02
6 -7.0 -12.5 9.8 0 35 - 20,000 - - -
7 -12.5 - 10.6 0 - 40 - 35,000 - - -
Pier 2 1 7.9 3.9 18.9 0 - 30 - 6,000 - - -
Sta. 6+040 2 3.9 2.4° 19.6 0 - 32 - 10,000 - - -
(B-3) 8 24° 1.0 8.3 0 74 5 0 500 4,000 - 0.02
4 1.0 -1.0 9.8 0 7 10 0 1,000 4,000 - 0.02
D -1.0 -7.0 9.8 0 - 35 - 16,000 - - -
6 -7.0 -9.5 9.0 0 7 10 0 600 4,000 - 0.02
7 -9.5 -13.5 9.8 0 35 - 20,000 - - -
8 -13.5 - 10.6 0 - 40 - 35,000 - - -
Pier 3 1 37 s 19.6 0 32 - 10,000 - - -
Sta. 6+077 2 25 -3.5 9.8 0 7 10 0 1,000 4,000 - 0.02
(B-4) 3 -3.5 -25.0 9.8 0 - 35 - 20,000 - - -
4 -25.0 - 10.6 0 - 40 - 35,000 - - -
Pier 4 1 3. 25 19.6 0 - 32 - 10,000 - - -
Sta. 6+139 2 25 -4.0 9.8 0 7 10 0 1,000 4,000 - 0.02
(B-5) 3 -4.0 -8.5 9.0 0 7 10 0 600 4,000 - 0.02
4 -8.5 -13.5 9.8 0 - 35 - 20,000 - - -
5 -13.5 - 10.6 0 - 38 - 30,000 - - -
Pier 5 1 7.8 3.8 18.9 0 - 30 - 6,000 - - -
Sta. 6+176 2 3.8 3.0 18.1 0 - 26 - 5,000 - - -
(B-6) 3 3.0 25" 19.6 0 - 32 - 10,000 - - -
4 2.5° -2.0 9.8 0 7 10 0 1,000 4,000 - 0.02
5 -2.0 -4.0 9.8 0 - 35 - 16,000 - - -
6 -4.0 -7.0 9.0 0 7 10 0 600 4,000 - 0.02
7 -7.0 -12.0 10.6 0 - 38 E 30,000 - - -
8 -12.0 - 10.6 0 - 42 - 40,000 - - -
NOTES:
a kN/m® kilonewtons per cubic meter
kPa: kiloPascal (kN/m?)
b The parameters given are for a single pile and do not reflect group action.
¢ Under the liquefied condition, liquefied soil layers (shown in italics) are recommended to be modeled as a sand
with a residual friction angle and with a reduced modulus of subgrade reaction (10 percent of static value).
d If clay model parameters are not shown (-), soil does not liquefy and sand model parameters should be used.
Sand model parameters are recommended for use in analysis of the liquefied soil condition. Clay model
parameters are provided on this table for alternate lateral resistance analyses.
e Corresponds to estimated existing groundwater elevation at site (assumed for liquefaction case).
22/98/LPILIigxls-MAN W-7348-09



TABLE 3
RESULTS OF SLOPE STABILITY ANALYSES
Location Embankment | Case Description F.S. Type of Load on Piles
Height Failure to get FS=1.0"
South Sm A Static, No Liquefaction 1.3 shallow circle na
Approach\Fi]l Dynamic w/ k=0.15, No Liquefaction 1.1 shallow circle na
- \Z/f C Dynamic w/ k=0.975, Liquefaction to 0.9 deep cir(fle through bottom of 45 KN/m
< elevation 0 m liquefied zone
Post-Earthquake, Liquefaction to deep circle through bottom of
D ; 1.1 ; na
elevation 0 m liquefied zone
North 4m A Static, No Liquefaction 1.6 shallow circle na
Approach Fill B Dynamic w/ k=0.15, No Liquefaction 122 shallow circle na
C Dynamic w/ k=0.975, Liquefaction to 0.9 deep mrc_le through bottom of 45 KN/m
elevation -1 m liquefied zone
Post-Earthquake, Liquefaction to deep circle through bottom of
D ) 5 ' - na
elevation -1 m liquefied zone
NOTES:
a Load on plane of piles is modeled at the midpoint between the ground surface (el. +3.9 m) and the base of the liquefied zone. @
b The FS shown considers the piles which are located below the abutment in the ana1y51s
South Approach Fill Model North Approach Fill Model
Gravel
Borrow Existing Fill Gravel Borrow
0=38° ®=230°, 7= 18.9 kN/m3 0=38° Y Existing Fill
Y= 19.6 kN/m’ v=19.6 kN/m’ ¢ =230°, y=18.9 kN/m3
+3.9m
Silt, $=26°, y=18.1 kN/m’ Gravel, ¢=32°, y=18.9 kN/m’
+2.5m
(see Note a) Gravel, ¢=32°, y=18.9 kN/m’ +Im|| Silt, ¢=26°, y=18.1 kN/m’ ———— when liquefied, ¢=0° & c=14.4 kPa
when liquefied, $=0° & c=14.4 kPa A m (see Note a)
-Im ||. Gravel, ¢=32°, y=18.9 kN/m’ when liquefied, ¢=0° & c=14.4 kPa
Gravel, ¢=35°, y=19.6 kN/m® Gravel, ¢=35°, ¥=19.6 kN/m’

stabresl.xls-2/2/98-MAN W-7348-09



Ml N S P B e

"y

=

—{ PROJECT
LOCATION

L

Scale in Kilometers

NOTES
1. Map taken from 1:24,000 USGS topographic

map of Brinnon, WA quadrangle, dated 1953,

photorevised 1985.

2. Contours are shown in feet.

Dosewallips Bridge Replacement, SR 101
Jefferson County, Washington

VICINITY MAP
January 1998 W-7348-09
SHANNON & WILSON, INC. FIG. 1
Geotachnical and Environmental Consuftants




LEGEND

B-1 G Current Boring Designation ) : ' 30

H-2-93 @ Previous Exploration Designation _

(peformed by wSDOT) -
A Generalized Subsurface Profile
(See Figure 3) 7
. 4.5
0 20 40 . .
— ! 1 )
| —— T 1

Scale in Meters
Contour Interval = 0.3 Meters

ot

PROPOSED "
UNDERPASS

.........

"""""""" o g e A G _ e [ o N
Existing Bridge + Centeline 2 ' 2 : i1 o N |
............. el ./:g .ne MR 1/

S e

.................... ! ‘ "h -g.i Taa Wd',- -r. al
"""" -~ PROPOSED SR
+ DETOUR
.................. ' CEI}IEBLINE 39
3 y
L3 - :.,
NOTES . : e f Dosewallips Bridge Replacement, SR 101
1. Base map provided by WSDOT o _ T ' Jefferson County, Washington
Environmental and Engineering Service EA F o . . ! ' '
Center, dated December 1997. 38 SITE AND EXPLORATION PLAN
2. Current borings were surveyed by WSDOT. , ' ’ ]
Previous boring locations were estimated ' H . January 1998 W-7348-09
from station and offset references on the Cd
o ogs SHAmOvsMLSON NG | FIG. 2




l"
South e Proposed Bridge Replacement > North
e——————— Existing Bridge Deck i
10.00 — P g~ — 10.00
H-2.93 B-1 B-2 B-3 B-5 5m > H-5-94
(17m E) (21m w) (f;" E) (16m E) (16m E) (15m E) (3173175) (17m E)
FILL: Loose to Medium Dense Silty 3 9 FILL: Loose to Dense Gravelly
Gravelly Sand and Sifty Sandy Gravel 5| H-3-94 3 Sand and Sandy Gravel
5.00 — 5{(16m E) » : P 5.00
Y Dosewa%lips River X i _?2 R | b }"%‘::F
- e T e e g i o e o e e ey = @ S !
Very L Loose Silt, P 114 = mated w i !
% 4 oty St and Sand 0/0.46 m . % . e 12 ER o s ; 13‘6\\2 b ey toome toiooes v
7lg Lo0se 8 P 3 0 30 ;4 11 Silt to Sandy Silt
: '123 ? 6\1\{_15\-—?\ = : 15 . <ol B 47
000 —*- — % - \ 6 18- ALLUVIUM: - g — 0.00
22 ALLUVIUM: 11 24 2 Loose to Medium Dense Sand, 16 2k 21
Medium Dense to Very Dense 28 21 23 Gravelly Sand, and Sandy Gravel 16 19 &
20 Sandy Gravel and Gravelly Sand 17 my oL L 2 4 I &
30 25 2 18 20 I = 40
i e 39 31_L .
a 5.00 = 20 35 2 @4 16 5 1/6/54 =00 ™
o 12/16/93 6 Loose to___| ? — ™
i = ALl e s5 | Medium Derse | 74 19 NEALLUVIUM: W
"Il U__ — 12/1/97 = S”fy Sand 96 % E
s il e iy 35 ! . (| Very Dense s
N H
> -10.00 ‘ 12 50 34 o ey sl L. 4008 3
(@) J X 23 Medium Dense y (o)
= L™ 3 19 ALLUVIUM: 15 <221 _o=sity Sandto Sand =
» ) i H Sandy Silt
< L o e 15 __’—%g Medium Dense to Very Dense c ot
b Wy Saes— 375 34 29+ Sandy Gravel and Gravelly Sand w 2750 Pe’D T
ot Sa”d\i’o",ﬁ 74—»1 B oo kM 38 —— ~
W 1500 — it at -15.00
51 48
62 1 35 _L55/0'15 m
127¢9Lﬁ/—'?—21“5,¥ 20 o 13 12/10/97
2L to Medi v ) >
PR e girryesgwrg 15 D—: B Pt_» S _)J _‘(; 18
-20.00 — 7 | PPV S -20.00
7 79 Az TB 26
50/0.13
ense Silty San {
-25.00 — 48 55 e r14’_/( -25.00
92 168 -Lg2
- 12/3/97 12/6/97
12/4/97
-30.00 + e + o - t —+— t t . + t — =) - = t e o + == —- + — s = -+ - = - t t —+— e -30.00
ot 6+000  Eyisting Station (meters) per FHWA-SA-95-035  ©+100 e
LEGEND: B-1  Current Boring Exploration Location and Designation
21m w) located 21 meters west of Profile
H-2-93 Exploration Location and Designation (Previous Exploration by WSDOT) .
(17mE) located 17 meters east of Profile Approximate Scale:
18 Standard Penetration Test (SPT) Results in blows per 0.30 m 1 mm = 1 m Horizontal
2/0.20m Blows per meters driven
29 * Heave encountered: SPT blowcounts may not be representative r'_-__—m;zo Note:  Cross-Section based on Topographic Mapping provided by the

7

Assumed Geologic Contact

Weshington State Department of Transportation, author unknown,

Y Groundwater level observed during drilling 1 mm = 0.25 m Vertical undated. Profile along centerline of roadway.
Location of thin-walled Shelby Tube Sample FQ
Bottom of Boring 0 25 5
12/6/97 Date Boring Completed
FIGURE NO
R = _ GEOTECHNICAL EXPLORATIONS GENERALIZED SUBSURFACE e
e S Highway 101 Dosewallips Bridge Replacement 97645-5

Bainbridge Island, Washington 98110
TEL: 206/842-6073 FAX: 206/842-3797

Jefferson County, Washington

PROFILE A - A’

DATE
December 1997




GENERALIZED
SUBSURFACE PROFILE ULTIMATE COMPRESSIVE CAPACITY (kN) ULTIMATE UPLIFT RESISTANCE (kN)
(Borings B-2 & H-3-94) 10 0 1,000 © 2,000 3,000 4,000 5,000 10 0 500 1,000 1,500 2,000 2,500
29 New Fill
M Coose to medium |
dense, SAND, | |
sandy GRAVEL 5 5
(Fill) < o ]
3.9m Very loose to static —=— Assumed Pile Cap —— Assumed Pile Cap
loose, SILT and 2quuef.
11m sandy SILT [
0 0
Med. dense to | |
dense, gravelly } } |
SAND and sandy E s |
GRAVEL - - |
=z i -
o -5
-6.0m o
-7.0m Loose to med. S L
dense, silty w |
SAND o AN
Med. dense to o 10 BN
dense, gravelly = SN
SAND and sandy w AN
125m— GRAVEL — F N
: : [ N
Medium dense to -15 [
very dense, sandy
GRAVEL and
gravelly SAND
-20
25 N
NOTES: —— No scour and no liquefaction - ] .

1. The ultimate compressive capacity is a summation of the ultimate skin friction and ultimate Dosewalips Bridge Replacement
end bearing and is based on the assumption that the CIP pile is installed with a steel casing ——- Liquefaction to elev. -7.0 m SR-101, Jefferson County, Washington
driven closed-end with a flat-bottom plate. Appropriate factors of safety should be applied to
obtain allowable values (see text of report).

) ‘ : ESTIMATED AXIAL CAPACITY

2. The analyses assume that a flat-bottom plate is used at the tip of the pile. If conical tips are - .
used, the end bearing should be reduced by 20 to 30 percent to account for smaller 356 MM-DIA. CIP PILE’
densification due to driving below the tip of the pile. Ultimate end bearing can be calculated ) ABUTMENT PIER 1
from the above plot by subtracting ultimate skin friction from ultimate compressive capacity.

January 1998 W-7348-09

3. Difficult pile driving conditions should be anticipated due to the gravelly nature of the soils. -

_ SHANNON & WILSON, INC. | FIG. 4

4. One half of the fill height is considered to contribute to the overburden in the soils along the pile. Geotechnical and Environmenta! Consultants




GENERALIZED . . _ )
SUBSURFACE PROFILE ULTIMATE COMPRESSIVE CAPACITY (kN) ULTIMATE UPLIFT RESISTANCE (kN) ,
(Borings B-2 & H-3-94) 10 0 1,000 2,000 3,000 4,000 5,000 0 0 500 1,000 1,500 2,000 2,500
7.0m New Filf
[ Loose to medium |
dense, SAND, |
sandy GRAVEL sk
(Fill v S
3.9m Very loose 1o static ——— Assumed Pile Cap ——— Assumed Pile Cap
loose, SILT and yquuef.
1.1m sandy SILT |
oF 0
Med. dense to | 1
dense, gravelly |
SAND and sandy E
GRAVEL =
z =
lg 5 -5
-6.0m H
7.0m Loose to rped. § L
dense, silty L
SAND o R
AN
Med. dense to o o 10 N \\
dense, gravelly (o | N
SAND and sandy w N
A28m— GRAVEL —| F o~
~
\\\ \
Medium dense to -15 -15 N
very dense, sandy \\\\
GRAVEL and ~o
gravelly SAND S
\\\
-20 -20 SN
\\~~
~
\\\
r )
.25 - 25
NOTES: —— No scour and no liquefaction ) .

1. The ultimate compressive capacity is a summation of the ultimate skin friction and ultimate Dosewalips Bridge Replacement
eqd bearing and is pased on the assumption that the CIP pile is installed with a steel ca_lsing ——- Liquefaction to elev. -7.0 m SR-101, Jefferson County, Washington
driven closed-end with a flat-bottom plate. Appropriate factors of safety should be applied to .
obtain allowable values (see text of report).

2. Th I hat a flat-bott | d at the tip of the pile. If | ESTIMATED IAL CAPACITY

. e analyses assume that a flat-bottom plate is used at the tip of the pile. If conical tips are : .
used, the end bearing should be reduced by 20 to 30 percent to account for smaller 457-MM-DIA. CIP P“.E,
densification due to driving below the tip of the pile. Ultimate end bearing can be calculated ABUTMENT PIER 1
from the above plot by subtracting ultimate skin friction from ultimate compressive capacity.
y January 1998 W-7348-09
3. Difficult pile driving conditions should be anticipated due to the gravelly nature of the soils.
4. One half of the fill height is considered to contribute to the overburden in the soils along the pile. %‘;ﬁmﬂﬁm g,‘ﬂﬂ;nsta%':f,gu',yng FIG. 5




GENERALIZED . o
SUBSURFACE PROFILE ULTIMATE AXIAL CAPACITY (kN) =z 74 ULTIMATE UPLIFT RESISTANCE (kN)
(Borings B-2 & H-3-94) 10 0 1,000 2,000 3,000 4.009,/ 5,000 10 0 500 1,000 1,500 2,000 2,500
9.3m """'7""""""' AL L AL A S RS AL
New Fill
7ompb-———___— __ |
Loose to medium
dense, SAND,
sandy GRAVEL 5 5
3.9m (Fill R static —~— Assumed Pile Cap —~— Assumed Pile Cap
Very loose to )
loose, SILT and [ fiquef. |
1iml___ sandy SILT | r
0 o ot
Med. dense to —
dense, gravelly £ {
SAND and sandy ; ] ‘
GRAVEL o
= 1
< 5
-6.0m > }
-7.0mi— Loose to med, w e
dense, silty w T
SAND w
Med. dense to ‘2 -10 10
dense, gravelly a1} |
SAND and sandy e
-12.5mf—  GRAVEL —] <
n
n I
Medium dense to 18 -15
very dense, sandy
GRAVEL and
gravelly SAND
-20 -20
25 -25
NOTES: No scour and no liquefaction . ]

1. The ultimate compressive capacity is a summation of the ultimate skin friction and ultimate Dosewalips Bridge Replacem?nt
end bearing and is based on the assumption that the CIP pile is installed with a steel casing ——- Liquefaction to elev. -7.0 m SR-101, Jefferson County, Washington
driven closed-end with a flat-bottom plate. Appropriate factors of safety should be applied to . -
obtain allowable values (see text of report).

‘ _ ESTIMATED AXIAL CAPACITY

2. The analyses assume that a flat-bottom plate is used at the tip of the pile. If conical tips are - - .
used, the end bearing should be reduced by 20 to 30 percent to account for smaller « 610-MM-DIA. CIP PlLE,.
densification due to driving below the tip of the pile. Ultimate end bearing can be calculated Z ABUTMENT PIER 1
from the above plot by subtracting ultimate skin friction from ultimate compressive capacity.

January 1998 W-7348-09

3. Difficult pile driving conditions should be anticipated due to the gravelly nature of the soils. -

SHANNON & WILSON, INC. | FIG. 6

4. One half of the fill height is considered to contribute to the overburden in the soils along the pile. Geotechnical and Environmental Consultants ’




GENERALIZED
SUBSURFACE PROFILE ULTIMATE COMPRESSIVE CAPACITY (kN) ULTIMATE UPLIFT RESISTANCE (kN)
(Boring B-3) 5 0 1,000 . 2,000 3,000 4,000 5,000 5 0 500 1,000 1,500 2,000 2,500
3.9m zSfaﬁc —~=— Assumed Pile Cap —=— Assumed Pile Cap
Med. dense gravelly 4
2.4m SAND/sandy liquef.
1.1m \_GRAVEL /
Loose SILT/ 0 0
-1.0m sandy SILT
) Loose to
med.dense
gravelly
SAND
Med. dense to dense 5
gravelly SAND
-7.0m and sandy _
\_GRAVEL / E
Medium dense, 2z
-9:5M— silty SAND / o -10
Medium dense :;
gravelly SAND E
-13.5 and Sandy |
M\ GRAVEL / A
= -15
w
=
o
Medium dense to -20
very dense, sandy
GRAVEL and
gravelly SAND
-25
-30
. NOTES: . No scour and no liquefaction -

1. The ultimate compressive capacity is a summation of the ultimate skin friction and ultimate Dosewalips Bridge Replacement
end bearing and is based on the assumption that the CIP pile is installed with a steel casing —— Scourtoelev. -1.5m SR-101, Jefferson County, Washington
driven closed-end with a flat-bottom plate. Appropriate factors of safety should be applied to
obtain allowable values (see text of report). ——= Liquefaction to elev. -9.5 m

‘ , _ ESTIMATED AXIAL CAPACITY

2. The analyses assume that a flat-bottom plate is used at the tip of the pile. If conical tips are - .
used, the end bearing should be reduced by 20 to 30 percent to account for smaller 356 MM-DIA. CIP PILE’
densification due to driving below the tip of the pile. Ultimate end bearing can be calculated PIER 2
from the above plot by subtracting ultimate skin friction from ultimate compressive capacity. .

‘ January 1998 W-7348-09

3. Difficult pile driving conditions should be anticipated due to the gravelly nature of the soils.

SHANNON & WILSON, INC.
4. Scouris assumed to occur to an elevation of -1.5 m based on information provided by WSDOT. Geotechnical and Environmental Consultants FIG. 7
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GENERALIZED
SUBSURFACE PROFILE ULTIMATE COMPRESSIVE CAPACITY (kN) ULTIMATE UPLIFT RESISTANCE (kN)

(Boring B-3) 5 © 1,000 2,000 3,000 4,000 5,000 50 500 1,000 1,500 2,000 2,500
. . —eee ————— :

3.9m zStatic —=—— Assumed Pile Caﬁ
Med. dense gravelly
2.4m|—SAND/sandy - liquef.
1.1m w
Loose SILT/
sandy SILT,
Loose to
med.dense
gravelly
SAND
Med. dense to dense
gravelly SAND
-7.0m nd sandy

I\ a /]
GRAVEL
-9.5m|—Medium dense,
’ silty SAND

Medium dense

gravelly SAND
-13.5m and sandy
GRAVEL

— —p—

——— Assumied Pile Cap

-1.0m

-10

-15

PILE TIP ELEVATION (m)

Medium dense to

very dense, sandy
GRAVEL and
gravelly SAND

-30 -30

] . NOTES_: ) -—— No scour and no liquefaction
1. The ultimate compressive capacity is a summation of the ultimate skin friction and ultimate Dosewalips Bridge Replacement
end bearing and is based on the assumption that the CIP pile is installed with a stee! casing —— Scourtoelev. -1.5m - i
driven closed-end with a flat-bottom plate. Appropriate factors of safety should be applied to SR-101, Jefferson County, Washington

obtain allowable values (see text of report). ——- Liquefaction to elev. -9.5 m

ESTIMAT IAL CAPACITY
2. The analyses assume that a flat-bottom plate is used at the tip of the pile. If conical tips are STIMATED AX C c

used, the end bearing should be reduced by 20 to 30 percent to account for smaller 457-MM-DIA. CIP P"..E;
densification due to driving below the tip of the pile. Ultimate end bearing can be calculated PIER 2
from the above plot by subtracting ultimate skin friction from ultimate compressive capacity.

W-7348-
3. Difficult pile driving conditions should be anticipated due to the gravelly nature of the soils. January 1998 48-09

SHANNON & WILSON, INC. FIG. 8

4. Scouris assumed to occur to an elevation of -1.5 m based on information provided by WSDOT. Geotechnical and Environmental Consultants




GENERALIZED :
SUBSURFACE PROFILE ULTIMATE AXIAL CAPACITY (kN) ULTIMATE UPLIFT RESISTANCE (kN)
(Boring B-3) 5 0 1,000 2,000 3,000 4,000 5,000 5 0 500 1,000 1,500 2,000 2,500
. = ' - . r r T ’ —— , .
3.9m N static ——— Assumed Pile Cap —— Assumed Pile Cap
Med. dense gravelly 7 .
2.4m SAND/sandy liquef.
1.1m \GRAVEL / :
\Loose SILT/ / 0 0
1.0 sandy SILT,
1.0m Loose to ‘\\
med.dense [
gravelly
SAND
Med. dense to dense -5 / -5
gravelly SAND 'E
-7.0m and sandy =
\_GRAVEL / =
-9.5m Medium dense, o -
: \sity SAND /| g -10 Fo=—=Tume -10
Medium dense o \
gravelly SAND -
-13.5m and sandy :LJ
\_GRAVEL / 7] :
/</-_1§\ 15
[ i |
(M
<
I
N
Medium dense to 0 -20
very dense, sandy [ [
GRAVEL and
gravelly SAND
.25 -25
-30 -30
NOTES: No scour and no liquefaction i -

1. The ultimate compressive capacity is a summation of the ultimate skin friction and ultimate Dosewalips Bridge Replacement
end bearing and is based on the assumption that the CIP pile is installed with a steel casing —— Scourtoelev. -1.5m SR-101, Jefferson County, Washington
driven closed-end with a flat-bottom plate. Appropriate factors of safety should be applied to Liquefacti |
obtain allowable values (see text of report). ——- Liquefaction to elev. -9.5m

ESTIMATED AXIAL CAPACITY

2. The analyses assume that a flat-bottom plate is used at the tip of the pile. If conical tips are . - .
used, the end bearing should be reduced by 20 to 30 percent to account for smaller 610-MM-DIA. CIP PILE’
densification due to driving below the tip of the pile. Ultimate end bearing can be calculated PIER 2
from the above plot by subtracting ultimate skin friction from ultimate compressive capacity.

January 1998 W-7348-09

3. Ditficult pile driving conditions should be anticipated due to the gravelly nature of the soils.

SHANNON & WILSON, INC. | FIG. 9

4. Scouris assumed to occur to an elevation of -1.5 m based on information provided by WSDOT. Geotechnical and Environmental Consultants -




GENERALIZED
SUBSURFACE PROFILE
(Borings B-4 and B-5)

y static

-4.0m

-8.5m

Very loose to
medium dense,
sandy GRAVEL

and gravelly

SAND

liquef.

Loose to medium
dense, silty SAND
and sandy SILT

Medium dense to
dense, sandy
GRAVEL and
gravelly SAND

-13.5m

Medium dense to
very dense, sandy
GRAVEL and
gravelly SAND

PILE TIP ELEVATION (m)

-10

ULTIMATE COMPRESSIVE CAPACITY (kN)

0 1,000 2,000 3,000

4,000

5,000 0

< Top of Pile at
ground surface

—

ULTIMATE UPLIFT RESISTANCE (kN)
500

1,000 1,500 2,000

2,500

—

Top of

ground

Pile at

surface

-5

T

-30

NOTES:

1. The ultimate compressive capacity is a summation of the ultimate skin friction and ultimate
end bearing and is based on the assumption that the CIP pile is installed with a steel casing
driven closed-end with a flat-bottom plate. Appropriate factors of safety should be applied to
obtain allowable values (see text of report).

2. The analyses assume that a flat-bottom plate is used at the tip of the pile. If conical tips are
used, the end bearing should be reduced by 20 to 30 percent to account for smaller
densification due to driving below the tip of the pile. Ultimate end bearing can be calculated
from the above plot by subtracting ultimate skin friction from ultimate compressive capacity.

3. Difficult pile driving conditions should be anticipated due to the gravelly nature of the soils.

— Scour to elevation -1.5

No scour and no liquefaction

m

——- Liquefaction to elev. -8.5 m

Dosewalips Bridge Replacement
SR-101, Jefferson County, Washington

4. Scouris assumed to occur to an elevation of -1.5 m based on information provided by WSDOT.

ESTIMATED AXIAL CAPACITY
356-MM-DIA. CIP PILE;

PIERS 3 AND 4
January 1998

W-7348-09

SHANNON & WILSON, INC.

Geotechnical and Environmental Consultants

FIG. 10




GENERALIZED
SUBSURFACE PROFILE ULTIMATE COMPRESSIVE CAPACITY (kN) ULTIMATE UPLIFT RESISTANCE (kN)
(Borings B-4 and B-5) s 0 1,000 2,000 3,000 4,000 5,000 s 0 500 1,000 1,500 2,000 2,500
ESfaﬁc L Top of Pile at . Top of) Pile at
liquef. ground surface ground|surface
Very loose to )
medium dense, [
sandy GRAVEL 0 0
and gravelly
SAND [
-4.0m :
Loose to medium -5 -5
dense, silty SAND I [
and sandy SILT E {
-8.5m ~ M~ \
Medium dense to % = \
S -10 -10
dense, sandy -
GRAVEL and <>( [ N \
gravelly SAND i \
-l
-13.5m o | [ \\
o ) .
e 15 15
w
=
a
Medium dense to
very dense, sandy R R
GRAVEL and 20 20
gravelly SAND
-25 -25
|
-30 -30
NOTES: —— No scour and no liguefaction
1. The ultimate compressive capacity is a summation of the ultimate skin friction and ultimate ) Dosewalips Bridge Replacement
end bearing and is based on the assumption that the CIP pile is installed with a steel casing —— Scour to elevation -1.5m SR-101, Jefferson County, Washington
driven closed-end with a flat-bottom plate. Appropriate factors of safety should be applied to . .
obtain allowable values (see text of report). — —- Liguefaction to elev. -8.5 m
ESTIMATED AXIAL CAPACITY
2. The analyses assume that a flat-bottom plate is used at the tip of the pile. If conical tips are . - .
used, the end bearing should be reduced by 20 to 30 percent to account for smaller 457-MM-DIA. CIP PILE’
densification due to driving below the tip of the pile. Ultimate end bearing can be calculated PIERS 3 AND 4
from the above plot by subtracting ultimate skin friction from ultimate compressive capacity.
January 1998 W-7348-09
3. Difficult pile driving conditions should be anticipated due to the gravelly nature of the soils. -
. ' . . . . SHANNON & WILSON, INC. FIG. 11
4. Scour is assumed to occur to an elevation of -1.5 m based on information provided by WSDOT. Geotechnical and Environmental Consultants '




-4.0m

-8.5m

GENERALIZED
SUBSURFACE PROFILE
{(Borings B-4 and B-5)

z static

Very loose to
medium dense,
sandy GRAVEL

and gravelly

SAND

liquef.

Loose to medium
dense, silty SAND
and sandy SILT

-13.5m

Medium dense to
dense, sandy
GRAVEL and
gravelly SAND

Medium dense to
very dense, sandy
GRAVEL and
gravelly SAND

SHAFT BASE ELEVATION (m)

5 0 1,000 2,000 3,000 4,000 5,000
Top o:f Pile at
ground surface
ok 0
-5 ( -5
L ——————
-10 \ N -10
. \ (\k“/u
\ N
! \ //\\Q
-15 -15
\
N\
\
\
-20 | \\ -20
N !
N\
N
N
r NQ
-25 ~ -25
-30 -30

ULTIMATE COMPRESSIVE CAPACITY (kN)

0 .

ULTIMATE UPLIFT RESISTANCE (kN)

500

2,500

NOTES:

1. The ultimate compressive capacity is a summation of the ultimate skin friction and ultimate
end bearing and is based on the assumption that the CIP pile is installed with a steel casing
driven closed-end with a flat-bottom plate. Appropriate factors of safety should be applied to
obtain allowable values (see text of report).

: Top of
ground

Pile at
surface

1,000 1,500

2,000
—

— Scour to elevation -1.5m

~ —- Liquefaction to elev. -8.5 m

No scour and no liquefaction

Dosewalips Bridge Replacement
SR-101, Jefferson County, Washington

2. The analyses assume that a flat-bottom plate is used at the tip of the pile. if conical tips are
used, the end bearing should be reduced by 20 to 30 percent to account for smalier
densification due to driving below the tip of the pile. Ultimate end bearing can be calculated
from the above plot by subtracting ultimate skin friction from ultimate compressive capacity.

3. Difficult pile driving conditions should be anticipated due to the gravelly nature of the soils.

4. Scouris assumed to occur to an elevation of -1.5 m based on information provided by WSDOT.

ESTIMATED AXIAL CAPACITY
610-MM-DIA. CIP PILE;

PIERS 3 AND 4
January 1998 W-7348-09
SHANNON & WILSON, INC. | FIG. 12

Geotechnical and Environmental Consultants




ENERA
SUB§URFACéI§§gFILE ULTIMATE COMPRESSIVE CAPACITY (kN) ULTIMATE UPLIFT RESISTANCE (kN)
(Boring B-6) 10 0 1,000 2,000 3,000 4,000 5,000 0 0 500 1,000 1,500 2,000 2,500
i T.o_os_e_toﬁd;n;ej - |
SAND, sandy - i
GRAVEL (Fill) 5
3.8m 7 cratic —=—— Assumed Pile Cap &d Pils Cap

Loose sandy SILT
8.0m . yliquef.
Med. dense gravelly

SAND and sandy
GRAVEL

-2.0m

Dense gravelly E
-4.0m) SAND =
Loose to medium o
dense, silty SAND 'E
-7.0m E
Medium dense to -
very dense, sandy E
GRAVEL and =
gravelly SAND w
-12.0m d
o
-15
Very dense, sandy
GRAVEL and
gravelly SAND
-20
-25 \\
NOTES: No scour and no liquefaction - -

1. The ultimate compressive capacity is a summation of the ultimate skin friction and ultimate . . -Dosewalips Bridge Replaceme_znt
end bearing and is based on the assumption that the C!IP pile is installed with a steel casing ——- Liquefaction to elev. -7.0 m SR-101, Jefferson County, Washington
driven closed-end with a flat-bottom plate. Appropriate factors of safety should be applied to
obtain allowable values (see text of report).

( ot . . ESTIMATED AXIAL CAPACITY

2. The analyses assume that a flat-bottom plate is used at the tip of the pile. If conical tips are : - 356-MM-DIA. CIP p||_E;
used, the end bearing should be reduced by 20 to 30 percent to account for smaller ’
densification due to driving below the tip of the pile. Ultimate end bearing can be calculated ABUTMENT PIER 5
from the above plot by subtracting ultimate skin friction from ultimate compressive capacity.

Por : pacty January 1998 W-7348-09

3. Difficult pile driving conditions should be anticipated due to the gravelly nature of the soils.

SHANNON & WILSON, INC. | F|G. 13

4, One half of the fill height is considered to contribute to the overburden in the soils along the pile. Geotechnical and Environmental Consultants




GENERALIZED
SUBSURFACE PROFILE ULTIMATE COMPRESSIVE CAPACITY (kN) ULTIMATE UPLIFT RESISTANCE (kN)
(Boring B-6) 10 0 1,000 2,000 3,000 4,000 5,000 10 0 500 1,000 1,500 2,000 2,500
Loose to dense,
SAND, sandy -
GRAVEL (Fill) 7 5 éd Pilg Cap 5 b= agsumed Pils Cap
38mi1 aysr]|
0ose san
3.0m thuef
Med. dense gravelly |
SAND and sandy 0 0
GRAVEL - [ -
-2.0m - —_
Dense gravelly £
4.0m|_SAND — [
Loose to medium o -5
dense, silty SAND :; |
-7.0m E N
Medium dense to — F N\
very dense, sandy E I AN
GRAVEL and = -10 M
gravelly SAND w AN
-12.0m = : N
a
-15
Very dense, sandy
GRAVEL and
gravelly SAND
-20
i
-25
NOTES: —— No scour and no figuefaction . ]

1. The ultimate compressive capacity is a summation of the ultimate skin friction and ultimate ) ) Dosewalips Bridge Replacemgnt
end bearing and is based on the assumption that the CIP pile is installed with a steel casing ——- Liquefaction to elev. -7.0m SR-101, Jefferson County, Washington
driven closed-end with a flat-bottom plate. Appropriate factors of safety should be applied to
obtain allowable values (see text of report).

ESTIMATED AXIAL CAPACITY

2. The analyses assume that a flat-bottom plate is used at the tip of the pile. If conical tips are _ - ILE:
used, the end bearing should be reduced by 20 to 30 percent to account for smaller 457-MM-DIA. CIP P E’
densification due to driving below the tip of the pile. Ultimate end bearing can be calculated ABUTMENT PIER 5
from the above plot by subtracting ultimate skin friction from ultimate compressive capacity.

January 1998 W-7348-09

3. Difficult pite driving conditions should be anticipated due to the gravelly nature of the soils.

SHANNON & WILSON, INC. | FIG. 14

4. One half of the fill height is considered to contribute to the overburden in the soils along the pile. Geotechnical and Environmental Consultants -




GENERALIZED
SUBSURFACE PROFILE ULTIMATE AXIAL CAPACITY (kN) - ULTIMATE UPLIFT RESISTANCE (KN)
(Boring B-6) 10 1,000 2,000 3,000 4,000 5,000 10 0 500 1,000 1,500 2,000 2,500
Loose to dense,
SAND, sandy
GRAVEL (Fill) 7 5 F=Assied Pils Cap 5 FoAssiimed Pile Cap
38mi—7 aysit]
oose san
3.0m zquuef
Med. dense gravelly
SAND and sandy 0 .
GRAVEL 0
-2.0m £
Dense gravelly ;
-4.0 SAND o
Loose to medium L 5 ‘ -5
dense, silty SAND § L \ N
-7.0m EIJ ______ x \
Medium dense to ﬁ TTEEN \\\
very dense, sandy 7 \ S
GRAVEL and & 10 N -10 N
gravelly SAND - \ SN
-12.0m (M Sl N
= T XX
15 AN 15 -
| N A NS N
Very dense, sandy \\\ Sso
GRAVEL and N I S~
gravelly SAND [ N [ : S~o
! ~o
-20 -20 =
-25 - -25
= (400 kN
NOTES: No scour and no liquefaction i i
1. The ultimate compressive capacity is a summation of the ultimate skin friction and ultimate . ) Dosewalips Bridge Replacemgnt
end bearing and is based on the assumption that the CIP pile is installed with a steel casing ——- Liquefaction to elev. -7.0 m SR-101, Jefferson County, Washington
driven closed-end with a flat-bottom plate. Appropriate factors of safety should be applied to
obtain allowable values (see text of report).
ESTIMATED AXIAL CAPACITY
2. The analyses assume that a flat-bottom plate is used at the tip of the pile. If conical tips are . - - .
used, the end bearing should be reduced by 20 to 30 percent to account for smaller 610-MM-DIA. CIP P"'E’
densification due to driving below the tip of the pile. Ultimate end bearing can be calculated ABUTMENT PIER 5
from the above plot by subtracting ultimate skin friction from ultimate compressive capacity.
January 1998 W-7348-09
3. Difficult pile driving conditions should be anticipated due to the gravelly nature of the soils.
- , SHANNON & WILSON, INC. | FIG. 15
4. One half of the fill height is considered to contribute to the overburden in the soils along the pile. Geotechnical and Environmental Consultants -




Hwy 101-Dosewallips 97645-5
January 19, 1998
Appendix A

APPENDIX A
FIELD EXPLORATION PROGRAM

Subsurface conditions for the Highway 101 Dosewallips Bridge Replacement Project were
explored by advancing 6 rotary boring explorations, B-1 through B-6. Approximate exploration
locations are shown on the Site and Exploration Plan, Figure 2. Subsurface conditions
observed in the boring explorations are presented on the logs attached to this appendix. Boring
logs B-1 through B-6 are presented as Figures A-2 through A-7 in this appendix. The borings
were drilled from December 1, 1997 to December 16, 1997. Completed boring depths ranged
from 10 to 30 meters. Depths to completion for individual borings are recorded on the logs
presented herein. Previous borings were also performed by WSDOT in the project area and
include borings H-2-93, H-3-94, H-4-94, and H-5-94. WSDOT borings are presented in
Appendix C.

Boring B-1 was advanced on the west side of the highway embankment, south of the existing
bridge. Borings B-2 and B-6 were advanced in the north-bound lane of the highway, south and
north of the bridge, respectively. Borings B-3 through B-5 were advanced east of the highway
embankment proximal to the active river channel. Borings B-3 and B-4 are on the south side of
the river and B-5 is on the north side of the river. The explorations were located in the field by
taping relative to the existing bridge and roadway structures. Surveyed ground surface
elevations for the boring locations presented on the logs were provided by WSDOT and dated
December 23, 1997. The location and elevation of the explorations should be considered
accurate to the degree implied by the method used.

A geologist from Myers Biodynamics was present throughout the field work to observe the
boring explorations, obtain soil samples, and to prepare field logs of the explorations. Soils
were classified in general accordance with ASTM D-2488 "Standard Practice for Description
and Identification of Soils (Visual-Manual Procedure)' and the Key to Exploration Logs
presented in this Appendix as Figure A-1.

Boring Explorations

The two roadway borings (B-2 and B-6) were drilled with a truck-mounted CME 55 drill rig.
The other borings were drilled with a track-mounted CME 850 drill rig. The drill rigs and
crew were provided by WSDOT. Drilling was performed utilizing wet rotary drilling
methods and HW drill pipe to a depth of 6.1 meters. Below 6.1 meters, mud rotary drilling and
HQ drill pipe were utilized. HW pipe was advanced as casing beyond 6.1 meters for
preventative measures or as subsurface conditions warranted. Sampling was performed
through the drill pipe using Standard Penetration Test methods.

Standard Penetration Tests (SPT) were performed with a split-spoon sampler driven into the
soil with a 140 pound (309 kg) hammer freely falling from a height of 30 inches (0.76 meters).
Sampling intervals were required every 0.76 meters for the first 6.1 meters, and every 1.52
meters thereafter. Poor sample recoveries in the first two borings using the 18 inch (0.46
meter) split-spoon sampler resulted in utilization of the 24 inch (0.61 meter) split-spoon
sampler for the remainder of the borings. Blows for each 6 inches (0.15 meters) of penetration
are shown on the boring logs. The number of blows required to drive the sampler the last 12
inches (0.30 meters) for the 18 inch (0.46 meters) sampler (the middle 12 inches or 0.30 meters

Myers Biodynamics, Inc.
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Appendix A

for the 24 inch or 0.61 meter sampler) is termed the Standard Penetration Resistance (N
Value). The penetration resistance provides a quantitative measure of the relative density of
cohesionless soils and consistency of cohesive soils. Representative portions of the split-spoon
samples were placed in plastic jars, sealed, and submitted to Shannon & Wilson for their
observation and laboratory testing.

In several borings, heave was encountered during drilling and is noted on the boring logs and
the subsurface profile. Blow counts obtained at these intervals may not be representative of
insitu conditions. -

Groundwater levels in the borings could not be determined due to the mud rotary drilling

method used. It is anticipated, however, that groundwater levels were approximately equal to
the river water level at the time of drilling.

Myers Biodynamics, Inc.



Key to Soil Exploration Logs

Sample Descriptions consist of the following:
Minor constituents, major constituents; density or
consistency, color, moisture, and additional comments
including trace constituents. Soil classification is based
on visual field soil sample observations and laboratory
results on selected samples, where indicated on the
logs. Soil classification is based on grain size, plastic-
ity, color, density/consistency, and moisture. Visual-
manual methods of ASTM D2488 were used as an
identification guide.

Soil Density and Consistency

Soil density/consistency in borings is related to the
Standard Penetration Test (SPT) as shown below. Soil
density/consistency estimates in test pits are based on
visual observation and presented parenthetically on the
soil logs.

Coarse-Grained Fine-Grained

Unified Soil Classification System

Soil Density SPT* Soil Consistency SPT*

Very Loose 0-4  Very Soft 02

Loose: - 410 "Soft R~ S

Medium Dense 10-30 Medrum Strff 4-8

Dense ... 30-50 _ Stiff - S 815

Very Dense >50 Very Strff 15-30
’ R Hard @ © v .. ->30-

'Standard Penetratron Test measured in blows per 0.30 meters

5 o Well-graded gravels and
=58 o GW gravel-sand mixtures, little
2poa o or no fines
8o G%g
. o= S o
s F.2.2 SES
S g RS
S S
=K 2.8 3
S5 =3 $)
< CLQ
c& Sg=2
S§ = 7]
& S "’gg 29
© .=
82 | 28§ gL
~O
28 | g°= 63
0wy - @ Well-graded sands and
v o 538 Te SW ravelly sands, little or no
2 EEEY 8 <o ines
=8 £ naeP
E\ -Emg
@ I cCOL
52 T2 3E”
o8 s5cd 3
59 | e85
R} £ SM Silty sands, sand-silt
n B3 20 mixtures
8fs 0g o
© 9.8 e
I Qs cll
noE £
[

Inorganlc silts, very fine
M L sands, rock flour, silty or
clayey llne sands

Silts and Clays -
Liquid limit less than 50

OL Organic silts and organic '
silty clays of low plasticity

< Inorganic silts, micaceous.
M H - diatomaceous fine sand or.
B sr/tysorls elastrc srlts

C H Inorganic cla ys ot hrgh
plasticity, fat clays

OH " Organic cla'y' "fmedrum -
- >*.). lohighplasticity. .. "}

Pt Peat, muck and other

Fine-grained Soils: More than half of
material is smaller than US No. 200 sieve

Silts and Clays -
Liquid limit greater
than 50

TUU . Trraxral Unconsot/dated Undrarned
TCU  Triaxial Consolidated Undrained
TCD Triaxial Consolidated Drained .

Qu Unconfined Compressron '
Ds Direct Shear. == =+ .
K Permeability

CBR . California Bearing Ratio . . .
MD Moisture Density Curve

N Notrients *~ *

Minor Constituents Estimated Percentage Highly Organic Soils highly organic soils
Trace* 0-5%
Slightly (Silty, Sandy, etc.) .- . 5-12% .. .
Clayey, Silty, Sandy, Gravelly 12-30% Observation Well Symbols
Very (Silty, Sandy, efc.)’ 30-50% - Bentonite
*Not identified as a Minor Constituent seal
Ground Water Level:
Moisture 871192 ¥ date of reading
e ATD ¥ ATD: At Time of Drilling
Dry :'-; Little to no percept/ble moisture - = Sand pack and wel
. and pack and we.
,s,;gg,"'y Some perceptible moisture, probably below optimum ! screen or hydrotip
Moist Morsture content probably near optimum ~ . Boring Symbols
,‘:f;}_’“ Much perceptible morsture probably above opt/mum 7 2.0" (0.051 m) dia. Split Spoon
wet - Vrsrble free water el v st 2‘; Sampler (SPT)
52 3 3.25" (0.082 m) dia Split Barrel
Laboratory Test Symbols s o Mg Sampler
MC Moisture Contenit o 3.0" (0.076 m) dia. Thin Wall
GS _Grain Size class ifi P Tube Sampler
AL -
PP P = Sampler pushed  *No sample recovery
TV. .. Torane (shear strength in TSF)"". Test Pit Symbols
CN  Consolidation

S1 Sample number Grab Sample Gar or bag)
2 Ground Water seepage
¥y Ground Water Ievel observed in test p/t excavatron

Myers
Biodynamics inc.

MB Rolling Bay Mercantile Building » 11254 Sunrise Drive
Bainbridge Island, Washington 88110
TEL: 206/842-6073 FAX: 206/842-3797

Figure A-1



B O R | N G L o G B - 1 This log applies only to boring location at the time of drilling. Subsurface conditions may differ at other
locations and may also change over time. This log is a simplified interpretation of the acru_al conditions.
= £ : ' Z n
NEARRE: HIGHWAY 101 DOSEWALLIPS 2 |2k
= Q < 4 =
2|53 |2 JEFFERSON COUNTY, WASHINGTON & |3z~
k=] > W =] w
olaolm| = |0 w8z ¢
w131 a RIG: track-mounted CME 850, 18 inch (0.46 meter) oW 00| &
ojlojw| v |m . ’ .
0——6—13:36 DESCRIPTION sampler, 3 inch (0.08 meter) HQ start oz|=0]o0
__|s1R Y Fine Sandy SILT; very loose, gray brown, moist 355
0.46
m
1 5-2 8/46 Sandy SILT; very loose, gray brown, very moist to wet 43.5
—_— ’ m
5 |1.84 0
___|S3Q|s | wood fragments only 204.9
p 4
o 3
s-41 |2 wood fragments 59.8
- 18 | in shoe: GRAVEL; medium dense, gray, wet
J— 5 |
3 {401 31 S5 |8 Sandy GRAVEL; medium dense, gray, very moist to wet 10.9
- 6
o 0
___{s6Q |3 Sandy GRAVEL; loose, gray, very moist to wet 11.6
6
2 -
5.7 2 Gravelly Coarse SAND; medium dense, dark gray, wet 105
¥ Z 0.61 meters of heave after sampling :
15 [(1.21 ]
___|ssH@|4 Slightly Gravelly Coarse SAND; medium dense, dark gray, wet 13.4 | GS
5 7 ‘
T 13 ' ,
___|S-of |17 | Very Sandy GRAVEL; medium dense, gray brown, wet 13.0
1
6
20 [2.74 )
__I|s-10[ |6 Slightly Gravelly SAND; medium dense, gray brown, wet 16.3
1
7 —
. Rolling Bay Mercantile Bldg.
Myers 11254 Sunrise Drive P ee. 1. 1997 | A2 %1 F 2
Biodynamics inc. Bainbridge Island WA 98110 [ELEVATION (m) PROJECT NO
MB  Bys: (206) 842-6073 FAX: (206) 842-3797 3.36 97645-5
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- .

- BUS: (208) 842-6073

FAX: (206) 842-3797

BORING LOG B-1 (onineg  musmmmusmm s ansimeaais s cotorsny st
= £ : r4 »
elzl o |8 HIGHWAY 101 DOSEWALLIPS S | 2|k
o Ll : < =
Zlz|E|3 |2 JEFFERSON COUNTY, WASHINGTON |z |3z|~
=l > w =1 w
ocfaim| & |0 wad|Lz| T
wiw| | < ' o O
ajojw| « |®| DESCRIPTION 0z|23|6
'Y 4] 5
11 |10 | Sandy GRAVEL; medium dense, gray brown, wet, trace silt 8.6
8 | 15
9
12
17 | Sandy GRAVEL; dense, gray brown, wet, trace silt 1.2
Y
18
|10
49
» 45 | Sandy GRAVEL; very dense, gray brown, wet, trace silt 8.3
19
Bottom of boring at 11.12 meters
12
13
14
15 T
o Rolling Bay Mercantile BIdg. emromes —
Myers . . 11254 Sunrise Drive Dec. 1, 1997 -2 " 2 °F2
Biodynamics Inc.  Bajnbridge Island WA 98110 [ECEvation (m) 3.36 PROJECT NO 97645-5




' B O R I N G L o G B -2 This log applies only to boring location at the time of drilling. Subsurface conditions may differ at other
locations and may also change over time. This log is a simplified interpretation of the actual conditions.
= £ =z n
Spmrrie HIGHWAY 101 DOSEWALLIPS 2 | 2|k
4 = < =
B|252/8|5| JEFFERSON COUNTY, WASHINGTON |5 |f5|E
FliFElS wd [=3 [TV
ocla|m| = |0 nwa|Lz| ¢
wiw) g < RIG: truck-mounted CME 55; 24 inch (0.61 meter) oW | 00| =
' ajajul ® | ®| DESCRIPTION sampier, 4 inch (0.10 meter) HW start ©2|=06|0
3 0.13 meters asphalt pavement thickness 8.1
—_|s-1@ 113 | SILT to Very Silty SAND; medium dense, gray brown, wet (FILL)
10
i N
7
4
l y g drove stone, no recovery (0.05 meter diameter stone)
o 3
5 (628|522
‘ "13 Silty Sandy GRAVEL; loose, gray, wet (FILL) 8.5
i 4
2
I ~|s-alf|4
— :23 Silty to Very Silty Very Gravelly SAND to Sandy GRAVEL; loose, brown, wet (FILL) 15.8
l 1
3 | 10 |a75|5* $
l 4 Very Silty Gravelly SAND to Sandy GRAVEL; loose, gray, moist to very moist (FILL) 10.2
A 4
___[&28H> | 0.10 meters Fine Sandy SILT; loose, gray, moist, over %2
' g 0.05 meters Fine SAND; loose, gray, moist
4 o 2
— 19.8
l S-6( (P SAND over Sandy SILT grading to Silty Fine SAND; gray brown, moist 429
15 |3.23 22.2
. 2
' 5 S-7 ; Fine Sandy SILT; very loose, brown, very moist to wet 33.5
Fig 2
' s-8|||P Slightly Silty SAND; moist to wet, trace gravel 238 | GS
6
l 20 |1.70 :
S-9 5 SAND; loose, gray, very moist to wet, trace silt and gravel 17.0
l e 17
7 gs: 8
l S-10 :g Very Sandy GRAVEL to Gravelly SAND; medium dense, gray, wet, trace silt 11.3
i 13
' Myers '13102’27;{9 SBay_Me rcantile BIdg.  roareoricen FIGURE SH _ OF
d 254 Sunrise Drive Dec. 8, 1997 A3 1 4
Biodynamics inc. Bainbridge Island WA 98110 [ELEVATION (m) PROJECT NO
I MB  pys: (206) 842-6073 FAX: (206) 842-3797 7.80 97645-5




I BORING LOG B=2 (contineq s seve s g v
= E ' z n
AN _ HIGHWAY 101 DOSEWALLIPS 5 |,2|8
| = = < =
I- Zlz|E| 3 |2 JEFFERSON COUNTY, WASHINGTON |& |5z|&
= > wd =] w
alal| = | O - nad L=zl T
, W) g < ' TR e
" ojgjuwj o o DESCRIPTION 2|28 6
' 4 inch (0.10 meter) casing drilled to 8.84 meter depth; changed to
l 8 - 3 inch (0.08 meter) HQ pipe
l — Driller inadvertantly advanced beyond 8.84 meter sampling interval to
. 9 10.36 meter depth. No sample taken.
l 30 [(1.36
l 10 .
l =11 117 0.25 meters Gravelly to Very Gravelly Slightly Silty SAND; dense, gray, wet, 1.2
35 Y2.88); . M |15 | over 0.25 meters Slightly Silty Sandy GRAVEL; dense, gray brown, wet
18
' 11 —
l 12 T 15
40 (4.41)S-12 ;; Sandy GRAVEL; dense, gray brown, wet, trace silt 11.2
' 11
l 13
o 1
' 45 |(5.93)S-13 Z Silty to Very Silty Fine SAND; loose, gray brown, wet 223
3
14— lost circulation
I 15 T
S-14 gg Slightly Silty Very Sandy GRAVEL; very dense, gray, wet 7.9
l . Rolling Bay Mercantile Bldg.
Myers 11254 Sunrise Drive T bec. 8, 1997| | A-3™2 T4
Biodynamics Inc.  Bajnbridge Island WA 98110 [EEvation (m) PROJECT NO
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i
] BORING LOG B-2 (oniney mommmssmmmns sinmamsmsmmdaas:
= E " z »
elzla e HIGHWAY 101 DOSEWALLIPS 2 | 2|k
\ o 1= g o
RIz|5|E|2 | JEFFERSON COUNTY, WASHINGTON |¥ |25/
ole|m|= |23 no| o5 | ¥
- wlwija < -l oW Oo| =~
' e|o|@d| o |@| DESCRIPTION oz | 28|56
UTRT ST S-1 29
L 24
" heave, 0.30 meters
16 ' no circulation
| Pl
' 55 |(8.98)5-15 ;g Very Sandy GRAVEL; dense, gray brown, wet, trace silt _ 8.1
™ |47 17 '
—_— A no circulation
l 18 —
: : 13
, 80 [10.50)S-16 112 Slightly Silty Sandy GRAVEL,; medium dense, gray, wet 136 | GS
l 49
l b no circulation
I S-1748-7 0.13 meters Slightly Gravelly to Gravelly SAND; medium dense, gray, wet, 14.6
' 65 [12.03)5-17 3 over 0.08 meters Gravelly SAND to Sandy GRAVEL,; medium dense, gray 11.5
. 20 s17dl g brown, wet, over 0.23 meters SAND; medium dense, gray, wet 20.4
— loss of circulation: advanced 4 inch (0.10 meter) casing to 19.81 meters
k 21 L .81 meters of heave
’ s-18ff |88/ | Slightly Gravelly SAND; very dense, dark gray, wet, may not be representative 142
I 70 {1355 m
. i
l'l 22 —
\ — 1.83 to 2.13 meters of heave; advanced 4 inch (0. 10 meter) casing
l to 22.55 meters
" 519045 | 0.08 meters SAND; dense, gray, wet, trace silt, over 17.7
' e bar naB-190l 122 | 0.23 meters Very Sandy GRAVEL; dense, gray, wet 14.1
/ Rolling Bay Mercantile Bidg.
Myers . . 11254 Sunrise Drive PATE DmbLéDc, 8. 1997 FIGURE A-3 S 3 oF 4
Biodynamics inc. Bainbridge Island WA 98110 [ELEVATION (m) PROJECT NO
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BUS: (206) 842-6073

FAX: (206) 842-3797

BORING LOG B-2 (onnegy  mumsmmsnemmmmmns e sses oo ot o
= E ' z n
AelZ] . |8 HIGHWAY 101 DOSEWALLIPS S | 2|k
= = < [
sl Eld |2 JEFFERSON COUNTY, WASHINGTON |z |5z|*
<5 |2 ’ T (puW|lc
-
o|e .'f% » | @ | DESCRIPTION o2 50| o
: 23 ToF Tl S-19 14
: cont) R [14
24 L
B8O [16.60
17
—|s-20 13 Sandy GRAVEL; very dense, gray, wet, trace siit 1.5
50/ | -
25 — 0.13
m Bottom of boring at 24.97 meter depth
26 | 85 1812
27
90 [19.65
28 -
29 | 95 [21.17
30
' Rolling Bay Mercantile Bldg. , =
Mgers i i 11254 Sunrise Drive DATE ombl.é%' 9. 1997 IGUREA-3 SH 4 0F4
Biodynamics inc. Bainbridge Island WA 98110 [ELEVATION (m) PROJECT NO
MB 7.80 97645-5




B O R I N G L 0 G B -3 This log applies only to boring location at the time of drilling. Subsurface conditions may differ at other
: locations and may also change over time. This log is a simplified interpretation of the acrugl conditions.
= E ‘ 2 0
elZl s s - HIGHWAY 101 DOSEWALLIPS 2 |2k
=|=|2|9 2| JEFFERSON COUNTY, WASHINGTON |§ |g&|&
El=]> TT ] =] w
ool = (o} - 0w |2z x
wiluwg g < | RIG: track-mounted CME 850; 24 inch (0.61 meler, QW 00
ajajul @ | @ DESCRIPTION sampjer, 4 inch (0.10 meter) HW start ( 4 CHIERIR
) 0.08 meters asphalt pavermnent thickness
- 7
S-1 g Slightly Silty Sandy GRAVEL, medium dense, gray brown, wet 9.4
- 10
6 Sandy GRAVEL to Gravelly SAND; medium densé, gray, wet,
1 s2ff|17 . 106
1 wood fragments in shoe
- 12
5 |2.34
2
—|s3 f SAND:; very loose, gray, wet, with wood fragments 47.7
2 2

SAND; gray, wet, with wood fragments

— |54 shelby tube bent/poor recovery; jar sample taken 271

3 |10} 81|55 Sandy GRAVEL to Gravelly SAND; medium dense, gray, wet, trace silt 9.8

1
T ls-6al |1 0.15 meters Silty SAND; loose, gray brown, wet, over 379
a _ S-6b 57’ 0.10 meters Coarse SAND; loose, gray, wet, trace gravel '
15 |(.71) .
s-7 |14 | Slightly Silty Sandy GRAVEL, dense, gray brown, wet
16
5 15
11
_ 9
S-8 1; Slightly Silty Very Gravelly SAND; medium dense, gray, wet 138 | GS
- 1
6
20 [(2.24) .5
___|s-9f |21 | Slightly Silty Sandy GRAVEL; dense, gray, wet 9.5
20
19 | changed to 3 inch (0.08 meter) diameter HQ drill pipe 4 inches (0.10 meters) HW
- as casing to 6.10 meters
7 -
S-10 :g Sandy GRAVEL; medium dense, gray, wet, trace silt 10.0 | GS
S Rolling Bay Mercantile Bldg.
Myers 11254 Sunrise Drive P ee. 4.1997] | A-41™ 1 U5
Biodynamics inc. Bainbridge Island WA 98110 [ELEVATION (m) PROJECT NO
MB  pys: (208) 842-6073 FAX: (206) 842-3797 3.86 97645-5
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BORING LOG B-3 (ontnueqy  maisemsaus s it sm s sy st o
=2 £ \ : z »
elZl (e HIGHWAY 101 DOSEWALLIPS S | 2|
= P < =
Zlz|E| 2 |2 JEFFERSON COUNTY, WASHINGTON |= (52|
= = wJ =1l w
ala/@| = |0 wd | LZ)
Wwiw(a| < [ wlo
c|a|@| » |@| DESCRIPTION HERE
5-10 ; 10.0
8 — lost circulation
9 T s-110 |7 Gravelly Coarse SAND to Coarse Sahdy GRAVEL; medium dense, gray, 10.2
11 .
30 {(5.28 5 wet, trace silt
7
10 .
: 512 ;0 0.10 meters Silty to Very Silty Fine SAND; medium dense, gray, wet, over 28.4
35 (6.81)512 0.36 meters Silty Sandy GRAVEL; medium dense, gray brown, wet 128
9 y
6
regained circulation
12 " sadl|s | 0.13 meters Slightly Silty SAND; loose, gray brown, wet, over 255
40 B33P "3 g 0.03 meters Silty Fine SAND to Sandy SILT; loose, gray, wet 35.5
2
13
1407 Slightly Silty Gravelly SAND; medium dense, gray brown, wet 16.3 | GS
6
45 {(9.86 7
” L 13
15 T . )
S-15 ;g Slightly Silty Sandy GRAVEL; dense, gray brown, wet 12.5
. Rolling Bay Mercantile Bidg. [pare oricen FIGURE
Myers 11254 Sunrise Drive o Dec. 4, 1997 4™ 2 "5
Biodynamics inc. Bainbridge Island WA 98110 [ELevaTioN (m) PROJECT NO
MB  pys: (206) 842-6073 FAX: (206) 842-3797 3.86 97645-5




BORING LOG B'3 (CONHINUBT)  locstions okt may a0 Changs over s, This og 1 & Ssliiod rerbrataion o o setvel conditone,
= £ . z n
Iolelz! . |8 HIGHWAY 101 DOSEWALLIPS S | 2lh
. = < =
Zl=lEl Y |3 JEFFERSON COUNTY, WASHINGTON = |5z |k
ElE|a| % |3 w4l Gt |
wlw|al < |2 oW | 06| E
o|e Eas, o | @ | DESCRIPTION o=(=0| o0
2om) :i 125
lost circulation
16
regained circulation
s-16)f |16  Slightly Silty Sandy GRAVEL; medium dense, gray brown, wet 11.0
18
55 [12.90 16
17 L 15
lost circulation
18 —
S-17 1 g Slightly Silty Sandy GRAVEL; medium dense, gray brown, wet 12.3
60 {14.43 10
20
19 T
regained circulation
T 18
65 k15.05/5-18 22 Slightly Silty Sandy GRAVEL; very dense, gray brown, wet 7.4
20 29
21 -
S-19 :i Gravelly Coarse SAND; medium dense, gray, wet, trace silt 13.0
70 {(17.48
7
4
22 -

— sa20fl2 0.20 meters medium SAND; medium dense, gray, wet, over 35.3
W s 1 0.30 meters Very Silty Fine SAND; medium dense, gray brown, very moist 25.4
Rolling Bay Mercantile Bldg.

Myers . . 11254 Sunrise Drive OATE Dnll:'iLeEDc_ 4. 1997 FIGURE A-4 st 3 oF 5
Biodynamics inc. Bainbridge Island WA 98110 [ELEVATION (m) PROJECT NO
MB  pys. (206) 842-6073 FAX: (206) 842-3797 3.86 97645-5




| BORING LOG B-3 onineg ey s
= £ ' Z n
P 3 U - HIGHWAY 101 DOSEWALLIPS 2 | 2|k
- Py < =
. =5 4| ¢ JEFFERSON COUNTY, WASHINGTON |= |5z|:
ElE]S i | w
ala|lm| = |0 nd |2z | T
TR TT I | < - oW O =
l o|a|@| » |@| DESCRIPTION HEAE
23 T ot T U S-20 9 *
o cont)li 21
l 24 L
: 5-21 f; Sandy GRAVEL; dense, gray brown, wet, trace silt 109
' 80 |20.52 15
21
. 25 —
l _ S-22 ig Slightly Sifty Sandy GRAVEL; very dense, gray brown, wet 1.3
26 | 85 2205 o8
:
l _ lost circulation
27
' s-za[ go / Slightly Sandy GRAVEL, very dense, gray, wet, trace silt 13.0
90 {23.57 0.13
m
l —_— regained circulation
28 _
s-2a8 |20 | SAND to Very Sandy GRAVEL; dense, gray brown, wet, trace silt 9.5
l 29 | 95 f25.10 2
21
19
l 30 D
S-25 g; Slightly Silty SAND to Very Sandy GRAVEL; very dense, gray brown, wet 9.7
l L Rolling Bay Mercantile Bldg.
Myers o 11254 Sunrise Drive M hec. 4,1997| I A-4]™ 4 U5
Biodynamics inc. Bainbridge Island WA 98110 [eLEvaTion (m) PROJECT NO
l MB  pys: (206) 842-6073 FAX: (206) 842-3797 3.86 97645-5




' BORING LOG B-3 This log applies only to boring location at the time of drilling. Subsurface conditions may differ at other
b locations and may aiso change over time. This log /s a simplified interpretation of the actual conditions.
= E - z "
' elElw |a HIGHWAY 101 DOSEWALLIPS S | »lh
s lw |5 < |gE| W
|5 3 |8 JEFFERSON COUNTY, WASHINGTON | |5z|%
==
AAEIERE 44 a5 |
- o ol k&
' o|o|@| ® |®| DESCRIPTION o0z |23|56
s-25f (39 9.7
43
l 31 Bottorn of boring at 30.78 meter depth
l 32 [105{28.14
. 33
l 110 (29.67
34
I 35 1 115{31.19
l 36 -
l 120 (32.72
l 37
l 38 40 nanNg
Rolling Bay Mercantile Bldg.  paresrces FIGURE SH _ OF
Myers 11254 Surrise Drive Dec. 4. 1997 A-4]"5 75
Biodynamics inc.  Bjjinbridge Island WA 98110 [ECEvaTion (m) PROJECT NO
l MB  gys: (206) 842-6073 FAX: (206) 842-3797 3.86 97645-5



j BORING LOG B-4 T st v ot v v, s st o st
= E ’ z 7
lelZ2l s |8 - HIGHWAY 101 DOSEWALLIPS e | =|b
Q = < =
' |z|2|5]3 |2 JEFFERSON COUNTY, WASHINGTON |z |5z|:
> ' wa i oW
alal@m|{ = |0 na |2z £
wlw|a| < (3 . ; | o
olalal o | o RIG: track-mounted CME 850, 18 inch (0.46 meter) m Ol k=
' 0| o 13.67 DESCRIPTION sampler, 4 inch (0.10 meter) HW start ©2}=20]0
~ 0.15 meters asphalt pavement
s-10(a : 11.3
. 11 7 Sandy GRAVEL; medium dense, gray, wet
5
l 5 |2.15
s2f|s 8.5
- [ 20 | Very Sandy GRAVEL; dense, gray, wet
P 10
l S-38 |11
- 8 Sandy GRAVEL; medium dense, gray brown, wet
l 7
3 11062
~ s484 | .
l , _ 8 Coarse Sandy GRAVEL; medium dense, dark gray, wet
f 10
_ — 0.61 meters of heave
l s-5@ |10 | Sandy GRAVEL; medium dense, gray brown, wet
4 - 14
_ 13
l 15 {(.90 '
t99) S-6Q |20 9.0
. - 18 | Sandy GRAVEL; medium dense, gray brown, wet, trace silt
10
5
1 I
l — 87 8 Coarse Sandy GRAVEL,; medium dense, dark gray, wet 102 GS
1
I 6
20 |(2.43
s-s |10 | Coarse Sandy GRAVEL; medium dense, gray brown, wet 8.1
_ 15 | changes to 3 inch (0.08 meter) diameter HQ pipe 4 inch (0.10 meter)
l 1 | HW as casing to 6.10 meters
R=HN
S-9 gg Coarse Sandy GRAVEL; dense, gray, wet, trace silt v 12.4
l . Rolling Bay Mercantile Bldg. Ig
Myers . 11254 Sunrise Drive A DR‘IL)LéDc_ 1.1997 FIoORE A-5 s 1 OF5
Biodynamics inc.  Bainbridge Island WA 98110 [EcEvationm) PROJECT NO
l MB  pys: (206) 842-6073 FAX: (206) 842-3797 3.67 97645-5



J BORING LOG B-4 conieg  masmmesusmmsm st sntnammmssy
= E ‘ z »
el o (8 HIGHWAY 101 DOSEWALLIPS 2 | #lh
2 = g =W
B 35|28 |5| JEFFERSON COUNTY, WASHINGTON |f |E:|t
AHEIERE 4a|es |4
o|lo|@| w | @| DESCRIPTION 02| 58|56
LN COEC/ IS 23
cont
=N
9 ~ Is-10ff |13 | Sandy GRAVEL; medium dense, gray brown, wet 9.7
12
l '30 [(5.47) 12
l 10 L
I — s-11l s SAND; medium dense, gray brown, wet 33.0
35 |(7.00 13
' 1 —
' 12 5-12 zg Silty Sandy GRAVEL; dense, gray brown, wet 11.0
40 (.52 o
I 13
5-13 gi Slightly Silty Sandy GRAVEL; dense, gray brown, wet 16.1
45 {1005 o6
14 —
|18 Sj :(2) Slightly Silty Sandy GRAVEL; medium dense, brown, wet 10.0
' Rolling Bay Mercantile Bldg.
Myers o 11254 Sunrise Drive AT PRee. 1. 1997] [T A-5]* 2 U5
‘ Biodynamics inc.  Bainbridge Island WA 98110 [ECEvATION (m) PROJECT NO
l MB  gys; (206) 842-6073 FAX: (206) 842-3797 3.67 97645-5



BORING LOG B-4 conineg g s ses sy st oo
= £ ) Z 0
elZ] . |8 HIGHWAY 101 DOSEWALLIPS 2 |25
o b < =
|z|Z|5 |3 |2 JEFFERSON COUNTY, WASHINGTON (= |5z ¢
EIE|G| 2|3 44| ot |
SEFARERE QU ol E
jupl DESCR'PT'ON oS |=0]0
CA SR LTS S”“HQ
cont
16
" sasfla | 0.15 meters Slightly Gravelly SAND; medium dense, brown, wet, trace silt 205 | GS
55 taoo S 14 | over 0.15 meters Silty Sandy GRAVEL, medium dense, brown, wet 10.1
, ' 15 | 1.52 meters of heave _
17 — k169 Driller inadvertantly drove extra sampler after heave clean out. May not be 21.3
S-161] representative. No blow counts taken. Designated S-16a and S-16b. 9.2
4 inch (0.10 meter) HW casing advanced to 16.76 meter depth
18 " |s-17f 15 | Slightly Silty Sandy to Very Sandy GRAVEL, dense, brown, wet 12.9
B0 {1462 2(1)
19 o
: s-18f} |11 | Sandy GRAVEL; dense, brown, wet, trace silt ‘ 13.3
65 [16.14 fg
20
- losing circulation
21 _
S-19 12 Silty Sandy GRAVEL; medium dense, brown, wet 17.9
70 {1767 7
22 -
_ 2.44 meters heave; advanced 4 inch (0.10 meter) casing to 22.56 meter depth
s-20 |° 0.03 meters Very Silty Fine SAND to Sandy SILT, loose, brown, wet
25 k4515 4 (blow counts may not be representative)
Rolling Bay Mercantile Bldg. [oareoriien FIGURE o o
Myers 11254 Suntise Drive Dec. 2. 1997 A-51%3 U5
Biodynamics inc. Bainbridge Island WA 98110 [ecevaTion (m) PROJECT NO
MB  gys: (206) 842-6073 FAX: (206) 842-3797 . 3.67 97645-5




BO

l N G LO G B'4 (continued)

This log applies only to boring location at the time of drilling. Subsurface conditions may differ at other
locations and may also change over time, This log is a simplified interpretation of the actual conditions.

s )

= .» , z 7
elgl s | e HIGHWAY 101 DOSEWALLIPS 2 |, ¢|b
= 5 < -
z|z|g| 4|8 JEFFERSON COUNTY, WASHINGTON = |5z|&
Fikl> . Wed | pb=| W
Bh Y| g |9 2| 68| E
cjgjw ) o o DESCRIPTION o=|=0|o
T RTJdeTT S_2? 2
23 cont)
24 .
s-2100 |21 | Sandy GRAVEL; dense, gray brown, wet
80 ¥20.71 ;2
L lost circulation
25 —
— is-2of a1 Sandy GRAVEL; very dense, gray brown, wet 8.3
44
26 | 85 [2224 a5
— lost circulation
27
" |s-23l{16 | Sandy GRAVEL; dense, gray brown, wet 9.3
15
90 {2376 o3
28 _
T 17
S5 95 (2529 5-24 gf Sandy GRAVEL; very dense, gray brown, wet 9.6
30
~ is2sff |35 | Sandy GRAVEL; very dense, gray brown, wet 10.8
k| 04 48
Rolling Bay Mercantile Bldg. '
Myers 11254 Sunrise Drive " Hec. 3,1997| | A-51™4 75
Biodynamics inc.  gajinbridge Island WA 98110 [Ecevation m) PROJECT NO
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B O R I N G L O G B -4 This log applies only to boring location at the time of drilling. Subsurface conditions may differ at other
locations and may also change over time. This log is a simplified interpretation of the actual conditions.
= E : 2 7))
Azl |8 HIGHWAY 101 DOSEWALLIPS S | =|5
= O = < chk
=|z|E| 4 |2 JEFFERSON COUNTY, WASHINGTON = 5=\ =
D 1?n q:unq i o DESCRIPT|ON o ; 20 O
TUUVIZU.UT (S;?%) 20
- Bottom of boring at 30.78 meter depth
31
32 {105/28.33 ‘
33 T
110 (29.86
34
35 |115{31.38
120 (32.91
37 |
38 nL kaa an
. Rolling Bay Mercantile Bldg.  [gare omuien FIGURE SH _ OF
Myers . - 11254 Sunrise Drive Dec. 3. 1997 A5 5 5
Biodynamics inc. Bainbridge Island WA 98110 [ELEVATION (m) PROJECT NO 976455

MB  gys: (206) 842-6073

FAX: (206) 842-3797

3.67




J BORING LOG B-5 i e ot gt v g, st vy ottt
= £ : " z n
AETRE HIGHWAY 101 DOSEWALLIPS e | ¢|b
= 9 z : < =
B |25/2|4|§| JEFFERSON COUNTY, WASHINGTON | |25/
Flels : [T =] w
alalm| = |0 - ond | 2z £
wiwiJ) < | RIG: track-mounted CME 850; 4 inch (0.10 meter) HQ, oWl oo
' bl Il P i DESCRIPTION >4inch (0.61 meter) sampler ©2|=20|0
cobble and gravel surface
l —
S-18|5 Coarse Sandy GRAVEL; medium dense, gray, wet 3.2
1 6 -
i )
- 6
5 |2.20
s-2 g Sandy GRAVEL; medium dense, gray, wet, trace silt 7.9
T 8
1 9
___|s-3gn Gravelly SAND; loose, gray, wet 6.7
2
5
- 5
3 l10].67 .
l S-4 ;5; Very Gravelly SAND to Sandy GRAVEL; loose, gray, wet, trace silt 9.7
: T 4
L 10
l 0.15 meters heave after sample
4 —[S-6 ?o Very Gravelly SAND to Sandy GRAVEL; medium dense, gray, wet, trace silt 6.0
L 11
l 12
15 |(.85)
S-6 g Slightly Sandy to Sandy GRAVEL,; medium dense, gray, wel, trace silt 14.3
T 9
BE g
l —| 87 go Slightly Silty Gravelly SAND; medium dense, gray, wet 15.0
8
- 8
6
l —| 20|(2.38 .
__ |S-Bal |2 0.13 meters Slightly Silty SAND; loose, brown, wet, over 19.3
S-8b (2 0.23 meters Very Silty SAND; loose, gray, wet, over .| 330
__[Secy |11 | 0.13 meters wood
B=EE
l s Rolling Bay Mercantile Bldg.
Myers . 11254 Sunrise Drive " Bee. 15.1997] I A-61"1 "5
Biodynamics inc.  Bjinbridge Island WA 98110  [EtEvamion (m) - [FrodEcTo
I MB  gys: (206) 842-6073 FAX: (206) 842-3797 3.72 97645-5



FAX: (206) 842-3797

BORING LOG B-5 (continues  maimmngun s s sewes oo e sone
= £ . Zz 17
R HIGHWAY 101 DOSEWALLIPS S | ,2| B
£ = Y < =
HEEERE: JEFFERSON COUNTY, WASHINGTON |2 |SE|&
ElEIS| g | & wa | Be | w
Wi Y| s |3 Q| 58| E
o|o|w |« |@| DESCRIPTION FHESIRE
= P bent tube; no recovery, only 0.15 meter push
_ 10
8 ' 35
5-9 13| Slightly Silty Sandy GRAVEL; dense, gray brown, wet 8.0
- 13
19
30 ((5.42 .
|| [s-10@ |4 Slightly Gravelly Silty SAND; loose, gray brown, wet 233 | GS
4
10 _
35 {(6.95 , . :
5-1120 |1 0.18 meters Silty SAND; loose, gray, wet, with wood fragments,over 35.8
" k-3 0.08 meters Very Silty SAND; loose, gray, wet, with wood fragments 71.1
| 3
L 2
changed to 3 inch (0.08 meter) HQ pipe
12 -
— 40 |B.47 . . .
5-12:8 |2 0.15 meters Silty SAND; medium dense, gray, wet, with wood fragments, 125.0
_ 120 |2 over 0.10 meter Sandy GRAVEL; medium dense, brown, wet, with 18.3
8 wood fragments
L 15
13
45 §10.00 .5
14 ___Is-13@ (16 | Sandy GRAVEL; dense, gray brown, wet 12.7
18
19
15 T
B Rolling Bay Mercantile Bldg.
Myers . o 11254 Sunrise Drive DATE D[?ELED 15, 1997 FIGURE A-6 st 2 oF 5
Biodynamics inc. Bainbridge Island WA 98110 [eLEvation (m) PROJECT NO
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BORING LOG B-5 (conines  mazmsmmgusmmiumunsm s socrmes oo
= £ ’ ' rd 7
elZl . s HIGHWAY 101 DOSEWALLIPS 2 | 2k
B 5 < =
zl=/g|4 2| JEFFERSON COUNTY, WASHINGTON |3 |5z|%
EIEIS|E (2 ’ GolPE| &
afofm| = |0 0wl |2z x
wiwi < ' IR
a|aju @ o | o DESCRIPTION o= 2315
19 7
— 1514 ; Sandy GRAVEL; medium dense, brown, wel, trace silt 121
9
16
55 [13.04
17 S-15 :Z Sandy to Very Sandy GRAVEL; medium dense, brown, wet, trace silt 1.0
T 13
15
18 —
60 [14.57
S-16 ;? Slightly Gravelly to Gravelly SAND; dense, brown, wet 16.9
o 17
L 19
19
—] — fost circulation
65 {16.09
20 14
— |s17 g; Sandy to Very Sandy GRAVEL; dense, gray brown, wet, trace silt 12.1
31
regained circulation
Y] I .
—1 70 {1762
— S-18 g Sandy GRAVEL; medium dense, gray brown, wet (mud in sample), trace silt 15.8
T 4
9
22 -
Myers A ning Drve.© 2199 [Pegess | oa7] [ as "3 "5
Biodynamics inc.  Bajnbridge Island WA 98110 [EfEvanioNm) PROJECT NO
MB  Bus: (206) 842-6073 FAX: (206) 842-3797 3.72 97645-5




BORING LOG B-5 (coninueq  mammsas s i s s oty aro s one
= £ y zZ [0
INEHIRE HIGHWAY 101 DOSEWALLIPS 5 ||t
o T . < -
Z|lz|E| 4|2 JEFFERSON COUNTY, WASHINGTON |& [3z(:
E|lE|m| =S |9 n| oty
wlwi| < - aw| ool =
ajla|w | « | @ DESCRIPTION o=!=0lo
23 Tt T 0T 11
___[s-19m 12 | glightly Silty Sandy GRAVEL,; medijum dense, gray brown, 9.6
23 very moist to wet
24 |
80 {20.66
S-20 1; Sandy to Very Sandy GRAVEL; dense, gray brown, wet 127
T 23
12
25 —
oo | 85 2219
' S-21 1; Sandy GRAVEL; medium dense, gray brown, wet (mud in sample), 10.6
T 13 | trace to slightly silty
L 17
|27
90 {2371
S22 g Very Silty Fine SAND to Very Sandy SILT; loose, brown, wet 36.7
T 3
|28 _ 5
g | 95 f25.24 )
‘ 5234 (4 0.30 meters Silty SAND to Very Silty SAND; medium dense, brown, wet, 29.9
|~ P29 |10 | over0.15 meters Sandy GRAVEL; medium dense, gray brown, wet 15.8
22
{30 o
' Rolling Bay Mercantile Bldg. FIGURE
Myers - 11254 Sunrise Drive PATE lf'_')%%? 16, 1997 ' A-6 i 5
Biodynamics inc.  Bajnbridge Island WA 98110 [Ecevation (m) PROJECT NO
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B 0 R I N G L 0 G B - 5 This log applies only to boring location at the time of drilling. Subsurface conditions may differ at other
locations and may also change over time. This log is a simplified interpretation of the actual conditions.
= E : Z 7))
elZl, |8 HIGHWAY 101 DOSEWALLIPS S | 2|k
i = = < =
EEIERE JEFFERSON COUNTY, WASHINGTON |3 5z|&
clelm| = |0 h| ot |y
wlwi| 4 < - ol 06| =
cjg|wi o | @ DESCRIPTION oz|20| o
TUUIZVI VU 27
—15-24 gg Sandy GRAVEL; very dense, gray brown, wet, trace silt 7.6
31 32
Bottom of boring at 31.09 meter depth
32 ]105(28.28
@3 |
I 110 [29.84
34
35 |115{31.33
120 {32.86
7| |
—3‘8— 400 kna oo
Rolling Bay Mercantile Bldg.  oaeomien FIGURE SH
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l B O R I N G L O G B -6 This log applies only to boring location at the time of drilling. Subsurface conditions may differ at other
locations and may also change over time. This log is a simplified interpretation of the actual conditions.
. = £ ) 2 N
ezl e |8 HIGHWAY 101 DOSEWALLIPS S | =lh
' 24 L g =W
l Zlz|E| 2|2 JEFFERSON COUNTY, WASHINGTON |= |5z|=
il > W = | W
olo|lm| = o wd|2z|
ala|d|d |a DESCRIPTION RIG: truck-mounted CME 55, 4 inch (0.10 meter) HQ, Sg g 8 5
8101775 : 24 inch (0.61 meter) sampler
o7 0.15 meters asphalt pavement
l ~ |s-1fl |22 | Gravelly to Very Gravelly SAND; dense, gray brown, moist (FILL) 6.8
- 15
- 10
s-2 |9 Very Gravelly SAND to Very Sandy GRAVEL, loose, gray, moist (FILL) 5.6
1 5
1 :
. - 3
5 16.23
l S-3 (1 Very Gravelly Coarse SAND; very loose, gray, wet (FILL) 4.7
— ; may not be representative
- |
- P no recovery; tip bent (gravel layer?)
l T 6
3 110|470 2 no recovery; gravel fragment in shoe
' ' L 4
gravel per driller
l BEENA I GRAVEL; medium dense, gray, wet (FILL?) may not be representative
6
4 — 6
6
I S-5 2 Sandy to Very Sandy GRAVEL; medium dense, gray brown, wet 11.4
15 |3.18 s |
7
BE
l —|8-6 g Very Gravelly SAND; medium dense, gray brown, wet, trace silt 12.9
7
: — 5
 REE
201165 s78 |7 Gravelly Very Silty SAND to Sandy SILT: medium dense, gray, wet, with wood 19.7
L 8 fragments
5
i N |
l 7 —is-8|||P
~ ls-9all |3 0.20 meters Slightly Gravelly Coarse SAND; medium dense, gray, wet, with 13.5
I e | o 1S90 6 wood fragments over 0.10 meters Sandy GRAVEL, medium dense, gray, wet 7.0
Rolling Bay Mercantile Bldg.
Myers . 11254 Sunrise Drive oATE [BI(LaLF:D 10, 1997 AT 4
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BORING LOG B-6 (coninuegy B ansmaess sume o s v
= £ ' z n
elZl . |8 HIGHWAY 101 DOSEWALLIPS 2 | 2|
O = : < =
|| 5 |2 JEFFERSON COUNTY, WASHINGTON (= |5z(=
== > wJ [l T
oloi| = | O - wnl|L=| ¢
wiw| b | wio
co|la|w| » |@| DESCRIPTION HESIB
=<4 adod S_g 8 .
cont)l [10
s -
9
30 {1.39 1
| Is-10@ 13 | Slightly Sandy to Sandy GHAVEL; medium dense, gray brown, wet, 1.0 | GS
8 .
- 10 trace silt
10 L
35 (2.92 o1
” ___|s-11g 120 | Sandy to Very Sandy GRAVEL; dense, gray, wel, trace silt 7.0
22
L 21
changed to 3 inch (0.08 meter) HQ pipe
12 p-12 ;o 0.23 meters Gravelly SAND; medium dense, brown, wet, over 14.3
40 [(4.44)5 1ol | 0.15 meters Silty Fine SAND; medium dense, brown, wet 243
3
13
45 §5.97 .
5-13:4 |13 0.20 meters Silty SAND; loose, gray, wet, over 28.5
14 _ B13M13 0.15 meters Sandy SILT; loose, gray, very moist to wet, with charcoal wood 33.0
2 fragments
L 4
s S-1 g Slightly Gravelly SAND; medium dense, gray brown, wet 20.4
- Rolling Bay Mercantile Bldg.
Myers 11254 Sunrise Drive " Dec. 10,1997 | " A-71% 2 "4
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BORING LOG B-6 (conineq  massmess s st i sumucszcrsirs o v
= £ p =z 7
ANEIN HIGHWAY 101 DOSEWALLIPS S | =&
o = < =
zlZ5|3 |2 JEFFERSON COUNTY, WASHINGTON z |3z|E
- > [TTs ] | sl T}
clollw| = |0 wa |z T
w|w | =9 -d mw| O
ojojw| o o DESCRIPTION 828815
4”4 T o ¥J S_14 13
cont) 9
16
o 36 ,
55 |9.01 s-158 |49 | Sandy GRAVEL; very dense, gray brown, wet, trace silt 10.6
: 47
17 L 33
18 — 20
60 k1054 S-16 |15 Gravelly Coarse SAND; dense, gray brown, wet 9.1
) 17
L 12
19 o
RS2 1P 0.13 meters Slightly Gravelly Silty Fine SAND; medium dense, brown, 228
65 11208 5-17b8 {16 very moist to wet, over 0.13 meters Fine Sandy SILT; medium dense, brown, wet 25.8
) 5
20 3
21 -
19
26 11359 S-18 :232 Sandy GRAVEL; very dense, gray brown, wet, trace silt 8.4
26
22 —
—_— 48
S-19 8{ 5| Sandy GRAVEL; very dense, gray, wet, trace silt 10.0
' Rolling Bay Mercantile BIdg. (oo ——
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BORING LOG B-6 (onineq mmmmsmsmmemma o sume s oyt s
= £ 1 z n
=lg|3|o | HIGHWAY 101 DOSEWALLIPS S | 2|
9 o - < =
|| 4|8 JEFFERSON COUNTY, WASHINGTON |z |5z =
=] > [T =] w
ale i = (o} nd |2z
wiw| 4 s | | o
ojo|@| & |@| DPESCRIPTION oz |28|6
23 '
24 L
80 [16.63
s-2o[ 39, | Sandy GRAVEL; very dense, gray, wet, trace silt 9.9
— 0.15
m Bottom of boring at 24.69 meter depth
25 —
oo | 85 1836
27
90 [19.68
28 _
o9 | 95 {2121
30
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SHANNON &WILSON, INC.

APPENDIX B

LABORATORY TESTING PROCEDURES AND RESULTS

B.1 INTRODUCTION

This appendix contains descriptions of the procedures and results of geotechnical laboratory tests
performed on soil samples obtained from the borings drilled for the proposed Dosewallips
Bridge Replacement Project for the Washington State Department of Transportation (WSDOT).
The samples were tested to determine the basic index properties of the soils for use in the

geotechnical engineering design of the new bridge.

The samples were obtained from Myers Biodynamics, Inc. following completion of the field
explorations. The laboratory testing was performed at the Shannon & Wilson, Inc. laboratory in
Seattle in December 1997 by an experienced laboratory technician.

Others also performed laboratory tests on samples obtained from previous borings performed at

the site. These results are presented in Appendix C.

B.2 VISUAL CLASSIFICATION

All of the soil samples recovered from the borings were visually reclassified by Myers
Biodynamics and Shannon & Wilson, Inc. using a system based on the American Society for
Testing of Materials (ASTM) standards. This visual classification method allows for convenient
and consistent comparison of soils from widespread geographic areas and is summarized on
Figure A-1 in Appendix A. The individual sample classifications have been incorporated into

the boring logs presented in Appendix A.

B.3 WATER CONTENT DETERMINATION

The natural water content of selected soil samples recovered from the field explorations was
determined in general accordance with ASTM Designation: D 2216, Standard Test Method for
Laboratory Determination of Water (Moisture) Content of Soil and Rock (ASTM, 1997). The
water content can be useful in characterizing soil unit weight, consistency, compressibility, and
strength. The water contents are plotted on the boring logs presented in Appendix A.

W-7348-09
B-1
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B.4 GRAIN-SIZE ANALYSIS

Grain-size analyses on selected samples of granular soil were performed in general accordance
with ASTM Designation D 422: Standard Test Method for Particle-Size Analysis of Soils
(ASTM, 1997). Three general procedures to determine the grain size distribution of a soil
include sieve analysis, hydrometer analysis and combined analysis. For this project, only sieve

analyses were performed.

Grain size distribution is used to assist in classifying soils and evaluating their liquefaction
potential, and to provide correlation with other soil properties. Results of the grain size analyses
are plotted on grain-size distribution curves presented in Figures B-1 and B-2. Along with the
grain-size distribution is a tabulated summary containing the sample description and natural
water content. For sample S-13 of Borings B-2 and B-6, only the percent passing the No. 200

sieve was determined.

‘B.5S ATTERBERG LIMITS

The Atterberg Limits can be determined for fine-grained soil in general accordance with ASTM
Designation D 4318: Standard Test Method for Liquid Limit, Plastic Limit, and Plasticity Index
of Soils (ASTM, 1997). The Atterberg Limits include Liquid Limit (LL), Plastic Limit (PL), and
Plasticity Index (PI=LL - PL). They are generally used to assist in classification of soils, '
indicate soil consistency (when compared with natural water content), and provide correlation to
soil properties including compressibility and strength. For this project, most of the soil samples
were too coarse-grained to perform these tests. Sample S-2 from Boring B-1 was tested for
plasticity and found to be non-plastic; therefore, Atterberg Limits could not be determined.

W-7348-09
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SIEVE ANALYSIS HYDROMETER ANALYSIS
SIZE OF MESH OPENING IN INCHES F NUMBER OF MESH OPENINGS PER INCH, U.S. STANDARD GRAIN SIZE IN MILLIMETERS
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GRAIN SIZE IN MILLIMETERS
COBBLES COARSE FINE COARSE | _MEDIUM FINE FINES: SILT OR CLAY
GRAVEL SAND
BORING/TEST PIT % NAT. ] ]
AND SAMPLE NO. | DEPTH, M. | U.S.C. CLASSIFICATION FINES| W.C.% |LL % |PL % | Pl % Dosewallips Bridge Replacement
] ] SR-101, Jefferson County, Washington
® B-1, S-8 4.6 SP Dark gray-brown, slightly gravelly SAND; trace of silt. 0.8| 13.4
M B-2,S-8 5.7 SP-SM Brown, slightly silty SAND; trace of gravel. 6.4 | 22.8 '
A B-2,S13 13.4 SM Brown, clayey, silty, gravelly SAND. 32.8{ 223 GRAIN SIZE DISTRIBUTION
O B-2, S-16 18.0 | GP-GM | Brown, slightly silty, sandy GRAVEL. 6.0| 13.6 BORINGS B-1, B-2, AND B-3
® B-3, S-8 5.3 SP-SM Brown, slightly silty, gravelly SAND. 10.8| 13.8
December 19 W-7348-09
A B-3, $-10 7.3 GW Brown, sandy GRAVEL; trace of silt. 4.7 10.0 © 97
O B-3, S-14 13.4 SW-SM | Brown, slightly silty, gravelly SAND. 10.0| 16.3 SHANNON & WILSON, INC.
Geotechnical and Environmental Consultants FIG . B' 1
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SIZE OF MESH OPENING IN INCHES NUMBER OF MESH OPENINGS PER INCH, U.S. STANDARD GRAIN SIZE IN MILLIMETERS
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GRAIN SIZE IN MILLIMETERS
COARSE FINE COARSE MEDIUM FINE
COBBLES FINES: SILT OR CLAY
GRAVEL SAND
BORING/TEST PIT % NAT. . .
AND SAMPLE NO. | DEPTH, M. | U.S.C. CLASSIFICATION FINES| W.C. % |LL % [PL % | P, % Dosewallips Bridge Replacement
) SR-101, Jefferson County, Washington
" @® B-4,S-7 5.3 GW Brown, sandy GRAVEL; trace of silt. 2.8| 10.2
M B-4, S-15 16.5 SP Brown, slightly gravelly SAND; trace of silt. 2.8 2256
A B-5,S-10 9.1 SM Brown, slightly gravelly, silty SAND. 27.0| 23.3 GRAIN SIZE DISTRIBU-“ON
O B-6, S-10 9.1 GW-GM | Brown, sandy GRAVEL; trace of silt. 3.8| 11.0 BORINGS B-4, B-5, AND B-6
© B-6, S-13 13.4 SM Gray, silty SAND; scattered organics. 25.1| 28.5
v, ST o December 1997 W-7348-09
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Figure No.
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C-4
C-5
C-6
c-7
C-8
c-9
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APPENDIX C

PREVIOUS EXPLORATIONS AND LABORATORY TESTING
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APPENDIX C

PREVIOUS EXPLORATION S AND LABORATORY TESTING

The Washington State Department of Transportation (WSDOT) performed previous field
explorations at the site in 1922 and in 1993 through 1994. Two test borings were performed in
1922 for the construction of the original bridge (see Figure C-1). In 1993 and 1994, WSDOT
performed four additional borings, designated H-2-93 and H-3-94 through H-5-94 at the bridge
location. The logs of these borings are shown on Figures C-2 through C-5.

Laboratory testing was performed on samples obtained from the 1993 and 1994 borings by
WSDOT. The testing included natural water content determinations, grain-size analyses,
Atterberg Limits, and soil classification. The results of the testing are shown on the laboratory

summary sheets presented as Figures C-6 through C-9.

1-22-98/W7348-09_Appendix-C/W7348-lkd/lkd
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HOLE No.

PROJECT

Station

Equipment

H-2-93

S

LOG OF TEST BORING

Dosewallips River Bridge #101/262, M.P. 306.65

Job No. _OL-1177

Al _
Washington State
v” Department of Transportation

Bridge Approaches

S.R. 101

54+ 897.6

Method of Boring

Augers

Offset

Casing

18.0m Rt. C.Ss. _1603

100mm Augers to 8.8m  Ground El __12.0 (3.66 m)

Start Date  December 16, 1993 Completion Date December 16, 1993  Sheet 1 of 2
-— [ . —
=3 E o Standard - SPT S g3 £ 13
= = i z a H
% .% I Penetration Blows/6” % 2 2 E 4 Description of Material 2 S
2 3 £ Blows/ft o |E|E 2 - 3| ©
w|® = S £
30 40
A [ 2 D-1 1ft. = 0.3048m
5’ 0< : [ 2 Sandy, silty GRAVEL with cobbles, very loose, dark
. OAB X ! 2 brown, moist. -
S O ) ! 2 Recovered 0.3 ft. (100mm)
r e | ! (4 .
1 > < f ! -
i\ |
bQ O ' I
] o 0. : I |
L4 D § | I |
5Q O b
- : I
° o ° | ' 5 D-2 Sandy GRAVEL with a trace of silt, loose, brown,
0 s I : 3 moist.
5— o ! | 5 Recovered 0.7ft. (200mm) — 7
P ! 8 .
I
"o o ® .
1 [] ‘a 1 ! i
—2 Lo, l : —
. 0. a 1 ) L
2 or 1 \
o & oy 12116793 | ¥
4 o . \ i =
o ‘o . [ T
Lo ) :
1 °- ° ! ( 8 D-3 Sandy GRAVEL with a trace of silt, medium dense,
o : | 12 gray, wet.
103 ° o'o | I 12 Recovered 1.3 ft. {3756mm) L
. ! 12
| o o (24)
o. a : ] -
B - o ' ) i
- 0" o V ! L
Q. I !
fa ‘0 ] !
12 Lo, I : L
0. o ' ' —
. 1 )
4 . Q | =
° | ! 7 pa | mMc | GW,M.C. =11% _
R o o [ X 7 s | Well graded GRAVEL with sand, medium dense,
15— o - ! X 15 gray, wet. ]
b. & : ] 15 Recovered 1.5 ft. (460mm)
. L (22)
) o’ .o ! ! i
—5 o0 . [ : -]
. o ‘o |
- . e | ) L
. o, |
0. 4 ! 1
i b .
o’ .o i !
o . | :
| ° ’O-o’ : | 4 D-5 Sandy GRAVEL, medium dense, gray, wet. i
6 5. a ' I 8 Recovered 1.3 ft. {375mm) _
20 !
FIG. C-2
Sheet 1 of 2




LOG OF TEST BORING

A _
Washington State
v?’ Department of Transportation

HOLE No. _H-2-93
) . Sheet 2 of 2
PROJECT Dosewallips River Bridge #101/262, M.P. 306.65 Job No. OL-1177
- [ I = -
g % ° I;‘Standard SPT S 2 g . § €
= ® 2
‘g 5 ] engtration Blows/6"{ 25 o E @ Description of Material b :Ev
@ ? [y Blows/ft N) EIE 3 - g £
o = Siak g- £
- 12
9. 12
— ‘ (20) n
- o’ .
i o B
o,
4-7 . |
o
’ 'o, 19 D-6 Sandy GRAVEL, dense, gray, wet. r
- 0 16 Recovered 1.4 ft. (430mm) i
25— o 14 |
o- 15
- (30
Ta 0 |
| ’o.
o
i o L A
m ‘o .
L 22 D-7 Sandy GRAVEL, medium dense, gray, wet. i
—9 o 12 Recovered 0.3 ft. (100mm) —
30— ° 8 L
0 10
. (20)
End of the Test Hole Boring at a depth of 31.0 ft.
1 {9.4m) o
110 —
Water Table Elevation: 4.5 ft. (1.4m)
35— -
This is a Summary Log of the Test Hole Boring.
T—n Soil/Rock descriptions are derived from visual field -
identifications and laboratory test data.
1 -
‘1 -
12 —
40— b
13 —
45
FIG. C-2
Sheet2 of 2



LOG OF TEST BORING A \ashington State
v’ Department of Transportation
HOLE No. _H-3-94 ’

PROJECT Dosewallips River Bridge #101/262, M.P. 306.65 Job No. OL-1177
Bridge Approaches S.R. 101
Station 6+030.9 Offset 13.7m Rt. C.Ss. 1603
Equipment 1 Casing 100mm Augers to 8.8m Ground €1 __14.3 (4.36 m)

Method of Boring  Hollow Core Augers

Start Date  January 5, 1994 Completion Date January 5, 1994 Sheet 1 .of 2
- o . _ - -
2 £ o Standard ser |£] 2 3 Y gl €
= L) z Penetration Bl o o @ a ¢ L. A .g E
= 5 ° ows/6 a2l 818 38 Description of Material 2 3
Z g | g Blows/ft gl 5 & 3| 2
a 2 {N} sl 8 [ e 2
10 20 30 40 @ @
X X" o 3 D-1 | MC | 1ft. = 0.3048m
x X ! | ; | 2 GS | ML, M.C. = 33%
1 X .X | ' | | 2 Silt with sand and root hairs, soft, gray, wet. -
W | ! | ! 2 Recovered 1.3 ft. (375mm)
- "X [ T (4) T
- X © X | ! { | L
- X | ] \ |
X x | [
. X t ) t .
[ A0S | O S —
PR 1 : | :
1 o : | | | 1 b2 | mc | SM,M.C. = 22% i
L. ) ! \ ! 1 GS Silty SAND with gravel, very loose, dark gray, moist
5t PR i ! ) I' 1 to wet. | N7
"o | X | | 1 Recovered 0.75 ft. (225mm) -
1 ) | | (2) 1/5/95
-1 LT ,O . ! | | 1 - -
PSR O L VA I _
e 1 | ]
e s 1 | !
o | . ! i
o . a ] ! ] !
T a- ! : ! : -
o o I | 1
i o . ! I ! :
o ‘o ! | ' ' 6 D-3 MC GW, M.C. = 10% i
EY : | : ' 7 Gs | Well graded GRAVEL with sand, medium dense,
w043 Pp.a \ ) \ I 8 brownish gray, wet. L
o | ! \ ! 10 Recovered 0.7 ft. (200mm)
o’ ¢ ] ! ) ! (15)
-1 K I | ! 1 ! -
I S I ]
0 ¢ | . !
1 o. o 1 ! I
| | !
.O' . ' ! 1 !
o’ d | I X 1
T-4 o . | ! X | m —
[a] A~ | ] . 1
| o - ! ) | .
o. a I ! : ! 7 D-4 Sandy GRAVEL, medium dense, brownish gray, wet.
i o ' I: | I| 10 Recovered 1.3 ft. (400mm)
15— o .o : | : | 14 | A
o . | ‘ | | 12 :
°.'° ' i X [ {24)
- .o, | 1 | | =
-5 o. q 1 | . 1 ]
© 0 | | | ]
. o o ( ! | ! r
O . ] ! 1 !
] ‘o ] : 1 !
1 20 IR B .
0. o ! | 1 :
_ o ! 1 ! ! ) |
0" .9 : ] : I 12 D-5 GW, M.C. = 12%
6 © . \ ! ) | 12 Well graded GRAVEL with sand, medium dense, .
20 [« IK-) . ¥ 1
FIG. C-3
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LOG OF TEST BORING A \Washington State
v” Department of Transportation
HOLE No. _H-3-94
Sheet 2 of 2
PROJECT Dosewallips River Bridge #101/262, M.P. 306.65 Job No. OL-1177
z B Standard &l s 3 gl ¢
g E o andard SPT |22 8 ” g é
'g < k] Penetration Blows/6" 2 3 2 § 2 Description of Material 2 3
@ > « Blows/ft EI E S [ 5 s
A s {N) Eis 2 ° 2
. 7 0] =
10 20 30 " 40 .
o T ) 13 gray, wet.
° ! ‘
. I 15 Recovered 1.3 ft. (400mm)
4 e | (25 L
- A | -
.e |
n O . I L
‘o ‘
CH !
19 . o 1 L
o 1
S .
’ 1
] '°,°' I 7 D-6 mc | Sandy GRAVEL, medium dense, gray, wet. i
| o | 10 GS Recovered 1.2 ft. (350mm) i
25 a | 8 -
o | 10
s . (18)
——-8 o . I M
‘o |
o |
4 ° | L
o !
L g ! 4
I X ' L
[« )
.8 !
] ,O'o : 14 D-7 Sandy GRAVEL, dense, gray, wet. B
—9 o ) 17 Recovered 1.1 ft. (325mm) —
30— ‘o 1 22 ‘ -
Re) ! (39)
T
T : End of the Test Hole Boring at a de‘pth of 30.5 ft. M
) (9.3m)
4 I
! L
!
110 | : L ]
[ Water Table Elevation: 9.3 ft. (2.8m)
|
1
i \ L
- 1 =
|
354 ! This is a Summary Log of the Test Hole Boring. B
: Soil/Rock descriptions are derived from visual field
411 | identifications and faboratory test data. L]
I
I
] ! .
t
L | 4
- 3 L
t
t
A ] L
12 ! —
[}
40 ! -
[}
]
1
L | Lo
1
|
. | L
I
—13 | —
i X L
i
|
4 | L
B X .
]
45
FIG. C-3
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HOLE No. _ H-4-94

LOG OF TEST BORING 2B\ zshington State
'?’ Department of Transportation

PROJECT Dosewallips River Bridge #101/262, M.P. 306.65 Job No, _OL-1177
Bridge Approaches S.R. 101 - i
Station 6+164.1 Offset 16.2m Rt, C.S. 1603
Equipment Casing 100mm Augers to 11.9m Ground El _13.5 (4.11 m)
Method of Boring Hollow Core Augers
Start Date  January 6, 1994 Completion Date January 6, 1994 Sheet 1 of 2
s 3 Standard glg = g <
S £ o andar spT 2|2 8 W 5| &
= [ = Penetration o o] 2 o g L . % =
= 3 ° Blows/ft Blows/6"{ 212 2| 8 3 Description of Material e 3
) m a € 3 [ 3 b=
8 3 N B s 2 3| 2
w (&) -
X 1 D-1 1 ft. = 0.3048m
X i SILT, soft, gray, moist.
. x X ; Recovered 0.2 ft. (50mm) -
- X (3) :
4 X x L
X
X X
X
- X x -
—1 X x x —
x
X x
] x A u-2 Mc | U-2/B: ML, M.C. = 60% i
x b4
_ B GS SILT, gray, wet. )
s— % c U-2/C: ML, M.C. = 77% — L -
x X SILT with sand and wood fragments, gray, wet.
| X % Recovered 1.3 ft. (400mm) ; Av4
°.° 10 D-3 1/6/94T=
—2 X °'° 8 Sandy GRAVEL, medium dense, gray, wet. —
y . o 1: Recovered 0.6 ft. (175mm) -
o Q
- ’ ,O' . (19)
B o ‘o 4
T
- 0 . .
C o ° 10 D-4 Sandy GRAVEL, medium dense, gray, wet. i
o o 8 Recovered 1.0 ft. (300mm)
103 "ol 7 L —]
o ‘o 8
Lo (15)
T o. o o
B o
0" .o |
7 0 . -
o ‘0
- . 'O: )
—4 o. o r —
- o
0" o
-1 o, 3 D-5 Sandy GRAVEL, loose, gray, wet. r
| o o 4 Recovered 1.0 ft. (300mm)
15— e, 4 LA
0. a 6
c o (8)
. o’ .6 r
L5 o . ]
0 ‘Q
7 . 'O. ’ -
0. O
- o
he 9 . 'Ol r -
e
] o ‘o
T 4 D-6 MC GP,M.C. = 13% "
L L6 o. a 6 GS Poorly graded GRAVEL with sand, medium dense, A
20 . a: .
FIG. C4
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LOG OF TEST BORING

N )
Washington State
'7’ Department of Transportation

HOLE No. _H-4-94
Sheet 2 of 2
PROJECT _ Dosewallips River Bridge #101/262, M.P. 306.65 Job No. OL-1177
_ - ol o 5|
g E ® Standard sPT |~ 2 ‘Z,' v § é
‘g % ° Penetration Blows/6" g % 3 E’ § Description of Material 2 E]
@ © [ Blows/ft €| E S [ s s
8| 2 CEHEE 2| £
10 20 30 ° 40 @ ©
© .°'°, ) L | 13 gray, wet,
S e 1 ' ) I 14 Recovered 1.3 ft. (375mm)
4 D ] 1 | I (19) L
B o 1 { 1 ! -
o ,© 1 | i 1
. o | i i 1 B
o ‘o { 1 | t
i 'O' ‘ | | ] |
€47 o. o 1 ! [ ' -
< o | | | 1
o’ o ] i ] |
° 4 [} | ] |
] o 'O,o' ! ' I [ a4 D-7 Sandy GRAVEL, medium dense, gray, wet. r
L o ! : I : 6 Recovered 1.2 ft. (350mm) i
e 1 1
25— °o. a | | . ) 12 l—
o P A 22
o o A (18)
1T Q. I | I l =
8 o ‘o I ! 1 [ —
‘o - | 1 \ |
] 0. o ! ! | ! -
L e ! ) !
,° . [ 1 |
B ° .@ | \ ! .
LD § | |
o o Voo
1 - i 1 |
X | | | 2 -8 | MC [ ML MC =27%
}"9 x X I | ( 3 GS | Sandy SILT, medium stiff, brown, wet, sand layers. -]
30 x X : : : : 4 Recovered 2.0 ft. (600mm) —
X 5
x X 1 [ 1 [
] N X \ X | (7) . |
u - ox- | I ! .
X - % | | | !
i P | | X \
P A G 8 D-9 Sandy GRAVEL with a trace of silt, dense, brown,
| 10 AR, | X | X 13 wet. —]
§ - or 1 ) | I 12 Recovered 2.0 ft. (600mm} -
o’ < I ! [ 25
I .O. i | | h § (25)
1 s o ! i 1 ! -
L . . ] | 1 1 |
. o» l | 1 |
35— °o. a | | | | -
Ter I | I I
o ,° | [ I '
+—11 LD . ] ] i 1 o
o ‘o I 1 | )
K- T 1 | [
. 5. o ! ! ! ! L
- o- | ! 1 1
1 . . ] | | I
4 ° .° I t | | L
Ra) . \ } | )
°.° ! ! ' 1
. . o, | ) 1 | |
12 [°- @ I | | I 20 D-10 Sandy GRAVEL, dense, brown, wet. _l
o | ! l ! 22 Recovered 1.5 ft. (460mm)
40— o’ .o ' : ! ¢ 26 L
ad L (48)
4 1 | ] 1
! ! ! ! End of the Test Hole Boring at a depth of 40.5 ft. o
o {12.3m) o
: : : : Water Table Elevation: 7.5 ft. {2.3m) i
—13 | | | ) —1
! : L This is a Summary Log of the Test Hole Boring. -
. 1 . | Soil/Rock descriptions are derived from visual field
4 1 1 \ | identifications and laboratory test data. L
B 1 ! 1 | . B
i ] |
L 4 '
5 1 2 Il
FIG. C-4
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HOLE No.

H-5-94

LOG OF TEST BORING

Job No. OL-1177 -

A _
Washington State
"’ Department of Transportation

PROJECT Dosewallips River Bridge #101/262, M.P. 306.65

Station

Equipment
Method of Boring

Start Date  January 6, 1994

Bridge Approaches

S.R. 101

6+221.6

Offset

Casing

Hollow Core Augers

14.3m Rt. c.s. _1603

100mm Augers to 8.8m Ground El __13.3 {4.05 m)

Completion Date January 6, 1994 Sheet 1 of 2
z. € Standard SPT g g3 % €
= » 2 Penetration e 2| a 2 5 £
Z s | 8 Blows/6"| 2|5 2| & 2 Description of Material 2| 3
8 g a Blows/ft N) g s 5 i 5 E
Sl @ = o c
10 20 30 40 @ ©
X xS ! | ! } g D-1 | MC [ 1ft. = 0.3048m
X - X 1 I GS ML, MC = 31%
. % Lo 3 Sandy SILT with root hairs, medium stiff, gray, wet. |-
x ) ! ) ! 3 Recovered 2.0 ft. (600mm)
- x x.x 1 | I (6) .
J . I '
AR T i
% . % | | ' \
. X ] | § )
- ) X ,x X ) X 1 | -
— X % 1 | -
g i t
| © o ° : | : '
. e | I | 1 9 D-2 Sandy GRAVEL, medium dense, brownish gray, r
- o | ! ) ! 8 moist to wet.
5 o o ' ) ! 6 Recovered 1.2 ft. (350mm) .
¥ . \ i 1 | 8
L.
o ‘o X ) | ) (14) Rvd
] T X ! . ! ) 1/6/94 =
| o 0. a 1 : ! _
i C o AN .
o 0 1 '
A AN
- 4 ‘e l l ‘ I b
- i 'o’ : { | i : .
5. o : | : ) .
- M « B {
o' o ! : ! : 16 D-3 Sandy GRAVEL, dense, gray, wet.
T ol : I | ' 16 Recovered 1.0 ft. (300mm)
103 [ o S 31 =
R i : 1 15
1
c. o | ) 47
] e | : | : L
| o o ! | ! | 4
o . ! | ! :
] o ‘o : | ! i L
.9, ' : ) :
—a 0 'O.G ! ! J ) r -
o’ o : \ : O :
_ o . | | L
o ‘o I | I : 10 D-4 MC GW-GM, M.C. = 11% '
0 | 1 10 Well graded GRAVEL with silt and sand, medium
i .o, | | GS
15— 0. o ! | ! \ 11 dense, gray, wet. L
Tor : ) | ' 12 Recovered 1.3 ft. (400mm)
o’ .o X 1 ( ! (21
. o . X t ' ] -
-5 o . . 9 ! [} | 1 -
. . 1 ! |
7 o. © ) ! ) ! L
- o | : | :
i o .o ! [ ' '
o . : | : ' _
{e] ‘0 1 ]
‘o ] | '
. a : | : |> > 20 D-5 Sandy GRAVEL, very dense, gray, wet. i
6 - | 1 . 1 25 Recovered 1.4 ft. (400mm}
L 20—t ol 1
FIG. C-5
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LOG OF TEST BORING

N )
Washington State
v” Department of Transportation

HOLE No. _H-5-94
Sheet 2 of 2
PROJECT Dosewallips River Bridge #101/262, M.P. 306.65 Job No. OL-1177
— = gl s = 3 -
£ E o Standal:d spT 1> 2 Z,_:; " § E
ﬁ S ° Penetration Blows/6"| 2| 3 2 ﬁ H Description of Material ] S
2 z T Blows/ft gl e S = . 3| %
a = (N) 5 3 e 2 £
10 20 @ Ic]
.C L 32
°. ) | (57)
y . ‘o X . |
- L ! ! E
.° ] |
| Pl B 1 | N
'o ' 1
o \ |
47 . a t ! L —
o t |
s } ]
. \ b
4 .o'Q. | | 6 D-6 Sandy GRAVEL, dense, gray, wet. i
L o " ! : 13 Recovered 1.0 ft. {300mm) 4
. l
25— . a | | 27 —
o | \ 35
-1 \ | {40)
’ o . | ! -
-8 o \ X —
-| 0 | 1
. a ! ! 3
(o ! !
R 1 1
el .o 1 ] S
o . ) '
. ‘e ! !
4 : | -
,O'O : 1 5 D-7 Sandy GRAVEL with a trace of silt, dense, brown,
—9 o- | ! 13 wet. —
30 g I ' 18 Recovered 1.2 ft. (350mm) -
o . ! : 18
. l
. ° 1 ! 3N -
r | ! -
: : End of the Test Hole Boring at a depth of 31.0 f1.
T | 1 (9.4m) - L
1 ] ;
10 1 ! —
| t L
: : Water Table Elevation: 7.3 ft. (2.2m)
T I | I
I Lo |
1 |
35 — \ | —
] I
1 I This is a Summary Log of the Test Hole Boring.
T11 | ! Soil/Rock descriptions are derived from visual field Fo—
: : identifications and laboratory test data.
B } 1 -
1 [}
. [ !
- | t . 7
1 I
1 [}
. 1 ! L
| | .
—12 | | —
40— ! : =
| |
] |
] |
T ' I T
] |
) 1
T I 1 L
| |
—13 | | ]
7 | [} -
1 I
] I
- | | -
L | ) i
) I
45 " S
- FIG. C-5
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Job No. OL-1177 Date January 26, 1998 S Washi S
. ashington State
Hole No. H-2-93 Sheet 1 of 1 Laboratory Summary "’ Deparmgnem of Transportation
project  Dosewallips River Bridge #101/262, M.P. 306.65
D(ef‘t’)th D("'n‘j}h Sample No.| UsCs | - Color Description MC%| L | pL | PI
®| 14.0 4.27 . D4 GW OLIVE GRAY WELL GRADED GRAVEL with SAND 11 NP NP NP
US Sieve Opening In Inches US Sieve Numbers Hydrometer Analysis
GRADATION FRACTIONS o sar v a0 40 4200
] 100 .
%Gravel| %Sand | %Fines| Cc | Cu 90
®| 60.0 37.0 3.0 2.1 117.2 )
‘ 80 \
70
=
2 .
S 60
>
[+1]
E 50 7 N
- w
' § 40 \
GRADATION VALUES °
& 30
D60 D50 | D30 D20 D10
20
®| 8.16 | 6.23 | 2.85 | 1.42 | 0.47 - \4\
. . L
10 A
\\__Nm
Y 5 4 3 2 10 8 5 4 3 2 1 8 5 4 3 2 0.18 5 4 3 2 0.018 5 4 3 2 0.001
3 Grain Size In Millimeter
o
Sand
o Gravel o Silt and Clay
D CoarseJ Medium , Fine




Job Ne. OL-1177 . Date January 26, 1998 Wash S
ashington State
Hole No. H-3-94 Sheet 1 of 1 Laboratory Summary '7-’ Depsart gton State  ortation
Project Dosewallips River Bridge #101/262, M.P. 306.65
Depth | Depth | g, hie No. | USCS Color Description MC%| LL | PL | P
{ft) (m)
[ 0.0 0.00 D-1 ML OLIVE GRAY SILT with SAND W/ROOT HAIRS 33 NP NP NP
X 4.0 1.22 D-2 SM OLIVE GRAY SILTY SAND with GRAVEL 22 NP NP NP
A 9.0 2.74 D-3 GW OLIVE WELL GRADED GRAVEL with SAND 10 NP NP NP
*( 19.0 5.79 D-5 GW OLIVE ) WELL GRADED GRAVEL with SAND 12 NP NP NP
US Sieve Opening In Inches | US Sieve Numbers | Hydrometer Analysis
GRADATION FRACTIONS 3" 3/4r 2 #10 #40 #200
100 PR » ——
%Gravel| %Sand | %Fines| Cc | Cu 90 \ N \
e| 02 | 215 | 783 i \\
80 =
@| 24.1 | 43.9 | 32.0 \ \ﬁ\
_ 10 Eﬁ
A| 558 | 410 | 3.2 [15(36.0/ £ \ T
2 60
*{ 53.7 43.4 2.9 1.2 (15.2 >
@ N
$ 50 ™
£ %ﬁ
w
' ) € a0 . N
3 N
GRADATION VALUES g Y
e 5 X!
D60 D50 D30 D20 D10
20 R
[ \\\\\L
o . N
x| 041} 0.22 K.
_ i \QJ
Al 9.00| 6.01 | 185} 0.78 | 0.25 0 4 3 2 10 8 5 4 2 1 4 2 0.18 5 4 F 0.01 s 4 3 2 0.001
O|x| 7.82 ] 5.44 | 2.20 | 1.09 | 0.51 Grain Size In Millimeter
Sand
9 Gravel ik Silt and Clay
-~ Coarse | Medium l Fine




Job No. OL-1177 Date January 26, 1998 Washi S
ashington State
Hole No. H-4-94 | sheet 1 of 1 Laboratory Summary TV / Department of Transportation
Project Dosewallips River Bridge #101/262, M.P. 306.65
fort))th D(en;:;h Sample No.! USCS Color Description MC% | LL PL Pl
®| 43 1.32 u-2/8 ML DARK GRAY SILT 60 NP NP NP
x| 4.7 1.42 u-2/C ML GRAY - SILT with SAND W/L. WOOD FRAG. IN BOT. 77 NP NP NP
Al 19.0 5.79 D-6 GP OLIVE POORLY GRADED GRAVEL with SAND 13 NP NP NP
* | 29.0 8.84 D-8 ML OLIVE GRAY SANDY SILT 27. NP NP NP
) US Sieve Opening In Inches | US Sieve Numbers I Hydrometer Analysis
GRADATION FRACTIONS 3 a/a" #4 #10 #40 #200

100 +*-

%Gravel| %Sand | %Fines| Cc | Cu 20 f ] h 1T »

e| 00 | 9.9 | 901
80 .3

T~
——

m| 60 | 89 551 \\ ' \\
\

/f

GRADATION VALUES

30 h
D60 | D50 | D30 | D20 | D10 \
i 20

Al 51.6 | 45.1 3.3 | 0.8|17.0 £
‘©
60
*| 0.0 | 49.1 | 50.9 E
[24]
5 50 N
[ =
€ 40
Q
]
[+ 99

® ) \\\
10

A 770 5.08 1.70 0.88 0.45 Y 5 4 3 2 10 8 5 4 3 2 1 8 5 4 3 2 Q.18 5 4 3 2 0.01 5 4 3 2 0.001
m G . . - -
L rain Size | illim
o x| 01 eln M eter
h Sand
O Gravel - - Silt and Clay
& Coarse I Medium I Fine .




JobNo. OL-1177 Date January 26, 1998 h S
Washington State
Hole No. H-5-94 Sheet 1 of 1 Laboratory Summary 77’ Deparltmgent of Transportation
Project Dosewallips River Bridge #101/262, M.P. 306.65
fo’t’)th Dﬁg;h Sample No.| USCS Color Description MC%| LL | PL | PI
[ 0.0 0.00 D-1 ML OLIVE GRAY . SANDY SILT W/ROOT HAIRS ' 31 NP NP NP
X{ 14.0 4.27 D-4 GW-GM OLIVE GRAY WELL GRADED GRAVEL with SILT and SAND 1 NP NP NP
US Sieve Opening In Inches i US Sieve Numbers l Hydrometer Analysis
GRADATION FRACTIONS 3 3/a" 7 £10 #40 #200 A
100 4 -
] I |
%Gravel] %Sand | %Fines| Cc | Cu 20
[ 1.3 43.2 55.5 K \
: 80
X 53.0 41.7 | 5.3 2.1 |143.7 \ \
70
£
)
2 60
>
m
5 50
€
£ |
e 40
GRADATION VALUES o \\u
g L
30
D60 | D50 | D30 | D20 | D10 N
20
®| 0.09 . N
10 L
m| 746 | 5.27 | 1.65 | 0.66 | 0.17 T
0 5 4 3 2 10 8 5 4 3 2 1 8 5 4 3 2 0.18 5 4 3 2 0.018 5 4 3 2 0.001

Grain Size In Millimeter

Sand

Grave! Silt and Clay

6-0 'Old

Coarse I Medium I Fine




SHANNON &WILSON, INC.

APPENDIX D

IMPORTANT INFORMATION ABOUT YOUR
GEOTECHNICAL REPORT

W-7348-09



Geotechnical and Environmental Consultants

A SHANNON & WILSON, INC. Attachment to Report W-7348-09 Page 1 of 2
=l
7

Dated: February 3, 1998

-

To: Mr. Don Chadborne/Mr. Bob Kimmerlin
Olympia, Washington

Important Information About Your Geotechnical/Environmental Report

CONSULTING SERVICES ARE PERFORMED FOR SPECIFIC PURPOSES AND FOR SPECIFIC CLIENTS.

Consultants prepare reports to meet the specific needs of specific individuals A report prepared for a civil engineer may not be
adequate for a construction contractor or even another civil engineer. Unless indicated otherwise, your consultant prepared your
report expressly for you and expressly for the purposes you indicated. No one other than you should apply this report for its
intended purpose without first conferring with the consultant. No party should apply this report for any purpose other than that
originally contemplated without first conferring with the consultant.

THE CONSULTANT’S REPORT IS BASED ON PROJECT-SPECIFIC FACTORS.

A geotechnical/environmental report is based on a subsurface exploration plan designed to consider a unique set of project-
specific factors. Depending on the project, these may include: the general nature of the structure and property involved; its size
l and configuration; its historical use and practice; the location of the structure on the site and its orientation; other improvements
such as access roads, parking lots, and underground utilities; and the additional risk created by scope-of-service limitations
imposed by the client. To help avoid costly problems, ask the consultant to evaluate how any factors that change subsequent to
l the date of the report may affect the recommendations Unless your consultant indicates otherwise, your report should not be
used: (1) when the nature of the proposed project is changed (for example, if an office building will be erected instead of a
parking garage, or if a refrigerated warehouse will be built instead of an unrefrigerated one, or chemicals are discovered on or
l near the site); (2) when the size, elevation, or configuration of the proposed project is altered; (3) when the location or orienta-
tion of the proposed project is modified; (4) when there is a change of ownership; or (5) for application to an adjacent site. -
Consultants cannot accept responsibility for problems that may occur if they are not consulted after factors which were considered
I in the development of the report have changed.

SUBSURFACE CONDITIONS CAN CHANGE.

Subsurface conditions may be affected as a result of natural processes or human activity Because a geotechnical/environmental
report is based on conditions that existed at the time of subsurface exploration, construction decisions should not be based on a
report whose adequacy may have been affected by time. Ask the consultant to advise if additional tests are desirable before
construction starts; for example, groundwater conditions commonly vary seasonally.

Construction operations at or adjacent to the site and natural events such as floods, earthquakes, or groundwater fluctuations may
also affect subsurface conditions and, thus, the continuing adequacy of a geotechnical/environmental report. The consultant
should be kept apprised of any such events, and should be consulted to determine if additional tests are necessary.

MOST RECOMMENDATIONS ARE PROFESSIONAL JUDGMENTS.

Site exploration and testing identifies actual surface and subsurface conditions only at those points where samples are taken. The
data were extrapolated by your consultant, who then applied judgment to render an opinion about overall subsurface conditions
The actual interfaice between materials may be far more gradual or abrupt than your report indicates Actual conditions in areas
not sampled may differ from those predicted in your report. While nothing can be done to prevent such situations, you and your
consultant can work together to help reduce their impacts. Retaining your consultant to observe subsurface construction opera-
tions can be particularly beneficial in this respect.



