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WASHINGTON STATE FERRIES TIMBER TRESTLES PROJECT  Puget Sound Area, Washington

INTRODUCTION

This report presents a summary of our preliminary geotechnical design recommendations and the
results of our preliminary geotechnical engineering analyses completed to support the conceptual
retrofit design evaluation of timber trestles as part of the Timber Trestle Asset Management Study
at 12 Washington State Ferries (WSF) Terminals in the Puget Sound Area. Our services were
completed in general accordance with the consultant agreement No. Y-10747, Task Order AF,
executed August 5, 2011.

WSF owns and operates 20 ferry terminals in the Puget Sound area. Fourteen of the 20 terminals
still utilize timber trestles to load/offload vehicles to/from the ferry boats and land. The timber
trestles were constructed between 1952 and 1982 (portions of the Colman Dock trestle date to
1938) and were not designed to sustain earthquakes with predicted seismic loading per modern
building codes. The timber trestles have been identified to pose the highest risk to life/safety and
operation of the ferry terminals in the event of an earthquake.

The Terminal Engineering Group (Terminals) at WSF has developed and is considering
implementing a large trestle replacement program to reduce the seismic risk of ferry terminal
operation in the Puget Sound area. The timber trestles at five terminals have been replaced.
The trestles at 14 terminals have been identified as needing replacement or upgrade. Two of
these terminals, Seattle and Eagle Harbor, have been programmed to be upgraded and were not
included as part of this study. The remaining 12 terminals that were part of this study, include
(and are generally listed based on their geographic position from north Puget Sound to South Puget
Sound): Friday Harbor on San Juan Island, Lopez Island, Shaw Island, Orcas Island, Anacortes,
Mukilteo, Edmonds, Fauntleroy, Vashon Island, Southworth, Tahlequah and Point Defiance.

In keeping with their asset management program, WSF’s goal was to evaluate the return on
investment of the trestle replacement program and consider more cost effective alternatives to
reduce the seismic risk, yet maintain life/safety and operational capacity of the 12 terminals.
This study was unique in that it was developed by BIS Consulting LLC, GeoEngineers Inc., KPFF
Consulting Engineers and WSF. The BIS, GeoEngineers, KPFF team tapped the collective expertise
of lifecycle cost modeling (BIS), seismic analyses as it relates to soil and structural performance
(GeoEngineers and KPFF, respectively).

The more cost effective alternatives include retrofitting the existing trestles by either soil
stabilization and/or structural means are considered as the alternatives to the replacement option.
This report presents the results of GeoEngineers’ preliminary analyses related to seismic hazard
and foundations, which were used as input to the structural analyses completed by KPFF and the
life cycle cost modeling completed by BIS. We understand that more detailed engineering analyses
may be completed for use in the final design of the seismic retrofit of the timber trestles evaluated
in this study.
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WASHINGTON STATE FERRIES TIMBER TRESTLES PROJECT * Puget Sound Area, Washington

SUBSURFACE CONDITIONS

Subsurface Soils

The subsurface soil conditions at the sites were evaluated by reviewing the logs of exploratory
borings completed near the existing timber trestles at each terminal, and by reviewing the USGS
geologic map of the area. The geologic logs of the borings that we reviewed were provided by WSF.
In general, the soils observed in the explorations for all 12 sites can be divided based on their
geographic location within Puget Sound and by the site specific geologic units observed in the
exploratory borings. In the North Puget Sound, around the San Juan Islands, soil consisted of loose
unconsolidated sand and gravel with variable amounts of silt over bedrock while in the Central and
South Puget Sound soil consisted of loose unconsolidated sand and gravel with variable amounts
of silt over glacially consolidated soil. The following presents a general description of the geology
starting with the most recently deposited unit. For specific subsurface soils information reviewed
for each terminal, refer to Appendix A of this report.

m Unconsolidated Deposits: Unconsolidated deposits were encountered in the borings
completed at most of the ferry terminals and generally consisted of loose sand and gravel with
variable amounts of silt.

m Glacially Consolidated Deposits: Glacially consolidated deposits were encountered beneath
the unconsolidated sand and gravel deposits in the borings completed at most of the ferry
terminals. The glacially consolidated deposits generally consisted of dense to very dense sand
with variable amounts of silt and gravel, and/or very stiff to hard clay.

m Bedrock: Bedrock was encountered at four ferry terminals (Friday Harbor, Lopez Island,
Shaw Island, and Orcas Island) and was generally mapped as consisting of meta-sedimentary
formations and conglomerate. The rock quality designation (RQD, developed by Deere, et al
1967 to estimate rock mass quality) number for the top 5 feet of the bedrock encountered
generally ranges from O to 67 percent (O to 50 being poor quality or highly fractured rock, 50 to
90 good quality or slightly to moderately fractured rock, and 90 to 100 excellent quality or
intact rock).

Seismic Site Class Designation

Using the boring data, we established the Seismic Site Class and weighted average shear wave
velocity within the top 30 meters of soil (Vs30) for each ferry terminal, as presented in Table 1.
The Vs30 values were determined using published correlations with the standard penetration blow
counts developed by Seed et al (1986) and Imai & Tonouchi (1982).

ENGINEERING ANALYSES

Preliminary Seismic Hazard
Response Spectra

The site specific ground surface response spectra for each of the 12 ferry terminals were
determined using the 2008 USGS probabilistic seismic hazard model (https://geohazards.usgs.gov
/deaggint/2008/). The response spectra curves were calculated using the Vszo0 values presented
in Table 1, for design earthquakes with return periods of 72, 224, 475 and 975 years. Figures 1

Page 2 | June 15,2012 | GeoEngineers, Inc.
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WASHINGTON STATE FERRIES TIMBER TRESTLES PROJECT  Puget Sound Area, Washington

through 12 present the response spectra curves and data points developed for use in the
structural engineering analyses for the timber trestles at each of the twelve ferry terminals.

Liquefaction Potential

Soil liquefaction refers to the condition by which vibration or shaking of the ground, usually from
earthquake forces, results in the development of excess pore pressures in saturated soils with
subsequent loss of strength. In general, soils that are susceptible to liquefaction include sites with
very loose to medium dense, clean to silty sands and non-plastic silts that are below the water
table.

The evaluation of liquefaction potential is complex and dependent on numerous parameters,
including soil type, grain-size distribution, soil density, depth to groundwater, in-situ static ground
stresses, earthquake-induced ground stresses and excess pore water pressure generated during
seismic shaking.

We completed soil liquefaction analyses using the boring data provided, and the peak ground
acceleration values and mean magnitude determined using the 2008 USGS seismic hazard model.
We evaluated liquefaction potential using the simplified method developed by Youd et al (2001).
Based on our evaluation of the liquefaction potential of the soils at the 12 ferry terminals, we
concluded that all the terminals have potential for liquefaction to occur after an earthquake event,
with the exception of the Friday Harbor, Orcas Island, Tahlequah and Point Defiance terminals,
where the liquefaction potential of the site soils is low. More detailed results are presented in
Table 2.

Lateral Spreading Induced Load on Piles

Lateral spreading involves lateral displacements of large volumes of liquefied soil. Lateral
spreading can occur on near-level ground as blocks of surface soils are displaced relative to
adjacent blocks. Lateral spreading also occurs as blocks of surface soils are displaced toward a
nearby slope or free-face by movement of the underlying liquefied soil. In the case of the ferry
terminals, lateral spreading could occur during earthquakes resulting in the movement of soil or
sediment onto below-water piles, or from movement of bulkhead soils onto downslope terminal
facilities (including piles).

We completed lateral spreading analyses using the results of the soil liquefaction analysis and the
MLR simplified method developed by Youd et al (1999). Based on our analysis, we concluded that
the liquefiable soils at each terminal will spread laterally under the design earthquake levels.

The effect of the lateral spreading on pile foundations is represented by lateral soil pressure that
should be included in the structural analysis. Based on back analysis of case histories, the
average lateral spreading induced soil pressure on piles is estimated to be about 30 percent of the
overburden pressure. For the conceptual design evaluation, we recommend that a rectangular soil
pressure equal to 19H be used, where H is the thickness of critical slope failure surface and in this
case equals to the thickness of liquefiable soils presented in Table 2. The additional lateral
spreading load should be determined by applying the pressure over two pile diameters in the
structural analysis.
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WASHINGTON STATE FERRIES TIMBER TRESTLES PROJECT * Puget Sound Area, Washington

PRELIMINARY FOUNDATION DESIGN RECOMMENDATIONS

Axial Pile Capacities
Existing Timber Piles

Based on our review of the as-built drawings and pile driving records provided for each ferry
terminal, we understand that the timber piles were driven to practical refusal with a recommended
axial downward capacity of 20 tons. We also recommended that the uplift capacity of the timber
piles be neglected in the structural analysis because of the shallow pile embedment depth.

New Steel Pipe Piles

We understand that one of the retrofit options will require driving new piles along the perimeter of
the existing timber trestle. The piles being considered are 16-, 24- and 36-inch-diameter steel pipe
piles. We recommend that the piles be driven open-ended. For the 16- and 24-inch-diameter steel
pipe piles, we estimated the axial pile capacities (both downward and uplift) assuming the piles will
be plugged at the end of driving. For the 36-inch-diameter steel pipe piles, we estimated the axial
pile capacities assuming unplugged conditions at the pile tip at the end of driving. We recommend
that a factor of safety (FS) of 3.0 and 1.5 be used to determine the allowable downward and uplift
capacities, respectively. Figures 18 through 55 present the ultimate vertical downward and uplift
capacities of 16-, 24- and 36-inch-diameter steel pipe piles, for each of the ferry terminals with the
exception of the Shaw Island and Mukilteo Terminals. We understand WSF will not pursue a
retrofit of the Shaw Island terminal, and plans to construct a new terminal to replace the existing
Mukilteo Terminal. Also not included in this section are the Friday Harbor and Lopez Island
Terminals where the use of micropiles is anticipated. Refer to the “Micropile design
recommendations” section of this report for information on these two terminals.

Soil Parameters for LPILE Analysis

Our recommendations for LPILE parameters to be used in seismic lateral pile analyses for
each terminal are provided in Figures 56 through 65, with the exception of the Shaw Island and
Mukilteo Terminals, we understand WSF will not pursue the retrofit of the Shaw Island terminal,
and plans to construct a new terminal to replace the existing Mukilteo Terminal. Since the timber
piles were spaced at least three pile diameters center-to-center, no reduction for pile group action
needs to be made. For the potentially liquefiable soils, a load-reduction multiplier (p-multiplier) of
0.1 should be applied.

Micropile Design Recommendations

For the ferry terminals where shallow bedrock was encountered (e.g. Friday Harbor and
Lopez Island), anchored micropiles are considered in the retrofit option. We understand that the
micropiles considered generally consist of a 8%s-inch steel casing with a 5-inch-diameter grouted
anchor below the steel casing, per Washington State Department of Transportation (WSDOT)
details developed for the Friday Harbor Preservation project completed in 2004. For design of the
anchored micropiles, we recommend an allowable downward bearing capacity of 300 kips per
square foot (ksf) and allowable side friction/uplift capacity of 15 kips per foot for the 8%-inch steel
casing. For the uncased 5-inch-diameter grouted column, we recommend an allowable downward
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WASHINGTON STATE FERRIES TIMBER TRESTLES PROJECT  Puget Sound Area, Washington

capacity of 300 ksf and allowable side friction/uplift capacity of 30 kips per foot to be used in the
design.

BULKHEAD GLOBAL STABILITY ANALYSES

Slope stability analyses were completed to evaluate the global stability of the bulkhead at
7 ferry terminals (i.e., Anacortes, Mukilteo, Edmonds, Fauntleroy, Southworth, Tahlequah and
Point Defiance). The objective of the analysis was to evaluate the potential for added soil pressure
onto the trestle that results from instability of the bulkhead wall under the design earthquake
events. We completed slope stability analyses in accordance with the analytical procedure
presented in WSDOT’s Geotechnical Design Manual (GDM) using the computer program SLOPE/W
(GEO-SLOPE International, Ltd., 2005).

We evaluated five loading conditions:
1. Static condition (Existing soil condition);

2. Seismic conditions with acceleration coefficients of 0.1 g, 0.2g and 0.3g, representing a small,
moderate and large sized earthquake, respectively; and

3. Post earthquake conditions with residual strength for the potential liquefiable soils as
appropriate.

Bulkhead Stability Results

SLOPE/W evaluates the stability of the critical failure surfaces identified using vertical slice
limit-equilibrium methods. This method compares the ratio of forces driving slope movement with
forces resisting slope movement for each trial failure surface, and presents the result as the FS.
Figures 66 through 72 present the critical failure surface, and FS for the different loading
conditions evaluated, for the seven ferry terminals.

Based on the results of our global stability analyses, we concluded that the bulkhead at Anacortes,
Mukilteo and Edmonds terminals would likely be unstable and exert additional load onto the
trestles under the design earthquake events. The additional load exerted from the bulkhead is
determined to be 35.6 and 7.4 kips per foot of bulkhead at Anacortes and Edmonds terminals,
respectively. The additional bulkhead load for Mukilteo terminal was not provided because we
understand that the bulkhead will be replaced.

PRELIMINARY GROUND IMPROVEMENT DESIGN FOR BULKHEAD STABILIZATION

In order to mitigate the bulkhead stability issues at both the Anacortes and Edmonds terminals,
we recommend that ground improvement consisting of either stone columns or compaction
grouting be installed behind the bulkhead. Figures 66 and 68 show the preliminary ground
improvement zone determined for Anacortes and Edmonds Terminal, respectively. Based on our
preliminary analysis, we determined that a 30-foot-wide compaction grouting zone or 50-foot-wide
stone column zone be installed behind the bulkhead. The depth of the compaction grouting or
stone columns is estimated to be about 30 feet. The minimum replacement ratio for the
compaction grouting and stone columns is estimated to be 10 percent.
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WASHINGTON STATE FERRIES TIMBER TRESTLES PROJECT * Puget Sound Area, Washington

LIMITATIONS

We have prepared this report for WSF, their authorized agents and regulatory agencies for the
WSF Timber Trestles project.

Within the limitations of scope, schedule and budget, our services have been executed in
accordance with generally accepted practices for geotechnical engineering in this area at the time
this report was prepared.

Any electronic form, facsimile or hard copy of the original document (email, text, table, and/or
figure), if provided, and any attachments should be considered a copy of the original document.
The original document is stored by GeoEngineers, Inc. and will serve as the official document
of record.

Please refer to Appendix B titled “Report Limitations and Guidelines for Use” for additional
information pertaining to use of this report.
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Table 1

Site Class and Vs-30
Washington State Ferries Timber Trestles Project
Puget Sound Area

Ferry Terminal Site Class Average weighted Shear wave velocity within the top 30-meter of soil (Vs-30 in m/s)
Friday Harbor B/C 760
Lopez Island B/C 760
Shaw Island B/C 760
Orcas Island C 626

Anacortes D 345
Mukilteo™ D 280

E 180
Edmonds D 303
Fauntleroy D 274

Vashon Island D 335
Southworth D 298

Tahlequah D 299
Point Defiance D 313

Notes:

!site Class D for the design earthquakes that do not trigger liquefaction of soil deeper than 20 feet (e.g. the 72-year earthquake), and Site Class E for the design
earthquakes that will trigger liquefaction at depth deeper than 20 feet (e.g. 224-, 475-, 975-year earthquakes).

File No. 0180-284-00
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Table 2

Average Thickness of Potentially Liquefiable Soils - All Designh Earthquakes

Table 2

Washington State Ferries Timber Trestles Project
Puget Sound Area

Desgin Earthquake

Potentially Liquefiable Soils Average Thickness (feet)

Return Period Friday Harbor Lopez Island Shaw Island Orcas Island Anacortes Mukilteo Edmonds Fauntleroy Vashon Island Southworth Tahlequah Point Defiance
72-year EQ 0 See Figure 13 See Figure 14 0 See Figure 15 23 4 See Figure 16 5 See Figure 17 0 0
224- year EQ 0 See Figure 13 See Figure 14 0 See Figure 15 64 8 See Figure 16 5 See Figure 17 0 0
475- year EQ 0 See Figure 13 See Figure 14 0 See Figure 15 67 11 See Figure 16 5 See Figure 17 0 0
975- year EQ 0 See Figure 13 See Figure 14 0 See Figure 15 80 11 See Figure 16 5 See Figure 17 0 0
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SP/0180-284-00/Finals/Figures 1 through 12. Ground Surface Response Spectra.ppt NLU 3/23/12

Ground Surface Response Spectra

Washington State Ferries Timber Trestles Project
Friday Harbor Terminal
Puget Sound Area

Figure 1




SP/0180-284-00/Finals/Figures 1 through 12. Ground Surface Response Spectra.ppt NLU 3/23/12

Ground Surface Response Spectra

Washington State Ferries Timber Trestles Project
Lopez Island Terminal
Puget Sound Area

Figure 2




SP/0180-284-00/Finals/Figures 1 through 12. Ground Surface Response Spectra.ppt NLU 3/23/12

Ground Surface Response Spectra

Washington State Ferries Timber Trestles Project
Shaw Island Terminal
Puget Sound Area

Figure 3




SP/0180-284-00/Finals/Figures 1 through 12. Ground Surface Response Spectra.ppt NLU 3/23/12

Ground Surface Response Spectra

Washington State Ferries Timber Trestles Project
Orcas Island Terminal
Puget Sound Area

Figure 4




SP/0180-284-00/Finals/Figures 1 through 12. Ground Surface Response Spectra.ppt NLU 3/23/12

Ground Surface Response Spectra

Washington State Ferries Timber Trestles Project
Anacortes Terminal
Puget Sound Area

Figure 5




SP/0180-284-00/Finals/Figures 1 through 12. Ground Surface Response Spectra.ppt NLU 3/23/12

Ground Surface Response Spectra

Washington State Ferries Timber Trestles Project
Mukilteo Terminal
Puget Sound Area

Figure 6




SP/0180-284-00/Finals/Figures 1 through 12. Ground Surface Response Spectra.ppt NLU 3/23/12

Ground Surface Response Spectra

Washington State Ferries Timber Trestles Project
Edmonds Terminal
Puget Sound Area

Figure 7




SP/0180-284-00/Finals/Figures 1 through 12. Ground Surface Response Spectra.ppt NLU 3/23/12

Ground Surface Response Spectra

Washington State Ferries Timber Trestles Project
Fauntleroy Terminal
Puget Sound Area

Figure 8




SP/0180-284-00/Finals/Figures 1 through 12. Ground Surface Response Spectra.ppt NLU 3/23/12

Ground Surface Response Spectra

Washington State Ferries Timber Trestles Project
Vashon Island Terminal
Puget Sound Area

Figure 9




SP/0180-284-00/Finals/Figures 1 through 12. Ground Surface Response Spectra.ppt NLU 3/23/12

Ground Surface Response Spectra

Washington State Ferries Timber Trestles Project
Southworth Terminal
Puget Sound Area

Figure 10




SP/0180-284-00/Finals/Figures 1 through 12. Ground Surface Response Spectra.ppt NLU 3/23/12

Ground Surface Response Spectra

Washington State Ferries Timber Trestles Project
Tahlequah Terminal
Puget Sound Area

Figure 11




SP/0180-284-00/Finals/Figures 1 through 12. Ground Surface Response Spectra.ppt NLU 3/23/12

Ground Surface Response Spectra

Washington State Ferries Timber Trestles Project
Point Defiance Terminal
Puget Sound Area

Figure 12
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AVERAGE THICKNESS OF POTENTIALLY LIQUEFIABLE SOILS UNDER ALL DESIGN EQ LEVELS

Average Thickness of Potentially Liquefiable Soils
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Loading Condition FS
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*Seismic (0.1¢g - Small earthquake) 1.246
*Seismic (0.2g - Moderate earthquake) 1.021
*Seismic (0.3g - Large earthquake) 0.859
**Post-Earthquake (No-mitigation) 0.541
**Post-Earthquake (Mitigation) 1.045

Table Notes:

* Seismic condition - During earthquake; includes seismic load.

**Post-Earthquake condition - After earthquake, includes residual strength of
Liquefied soils.

Notes:

1. Thelocations of all features shown are approximate.

2. This drawing is forinformation purposes. It is intended to assist in showing features discussed in the Bulkhead Stability
Results section of this report. GeoEngineers, Inc. cannot guarantee the accuracy and content of electronic files. The
master file is stored by GeoEngineers, Inc. and will serve as the official record of this communication.
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Notes:

1. Thelocations of all features shown are approximate.
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* Seismic condition - During earthquake; includes seismic load.

**Post-Earthquake condition - After earthquake, includes residual strength of

Liquefied soils.

2. This drawing is forinformation purposes. It is intended to assist in showing features discussed in the Bulkhead Stability
Results section of this report. GeoEngineers, Inc. cannot guarantee the accuracy and content of electronic files. The
master file is stored by GeoEngineers, Inc. and will serve as the official record of this communication.
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1. Thelocations of all features shown are approximate.

Distance (ft)

Loading Condition FS
Static 2.061
*Seismic (0.1g - Small earthquake) 1.646
*Seismic (0.2g - Moderate earthquake) 1.362
*Seismic (0.3g - Large earthquake) 1.128
**Post-Earthquake (No-mitigation) 0.346
**Post-Earthquake (Mitigation) 1.031

Table Notes:

* Seismic condition - During earthquake; includes seismic load.

**Post-Earthquake condition - After earthquake, includes residual strength of
Liquefied soils.

2. This drawing is forinformation purposes. It is intended to assist in showing features discussed in the Bulkhead Stability
Results section of this report. GeoEngineers, Inc. cannot guarantee the accuracy and content of electronic files. The
master file is stored by GeoEngineers, Inc. and will serve as the official record of this communication.
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*Seismic (0.3g - Large earthquake) 1.483
**Post-Earthquake (No-mitigation) 8.417

Table Notes:

* Seismic condition - During earthquake; includes seismic load.

**Post-Earthquake condition - After earthquake, includes residual strength of
Liquefied soils.

Notes:

1. Thelocations of all features shown are approximate. .
Fauntleroy Ferry Terminal -

2. This drawing is for information purposes. It is intended to assist in showing features discussed in the Bulkhead Stability Critical Failure Surface

Results section of this report. GeoEngineers, Inc. cannot guarantee the accuracy and content of electronic files. The
master file is stored by GeoEngineers, Inc. and will serve as the official record of this communication. Washington State Ferries Timber Trestles Project

Puget Sound Area

Reference: From SLOPE/W.
Figure 69




: SP:\0\0180284]\00\finals\Figures 72 - 78 Bulkhead Stability.ppt HPD 03/22/12

Bulkhead
— Timper crib wall)

| Soll Layer .

Lh

[}
fom
|

T

=]

]
[ R e R |

i
—
[}

i
—
iyl

[

3
I

95 |—
=0 =
38 |—
40—
A5 |—

50—

(= =

pu b ]

50 |-

Elevation (ft)

Soil Layer 4

et I < T L ¥ - 1. - o

2428

&5

ot r ¢ e PP |

-160 -150 -140 -130 -120 -110 -100 -80 -0 -70 60 -50 -40 -30 -20 -10 0 1w 20 30

Distance (ft)

Loading Condition
Static
*Seismic (0.1g - Small earthquake)
*Seismic (0.2g - Moderate earthquake)
*Seismic (0.3g - Large earthquake)
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* Seismic condition - During earthquake; includes seismic load.

**Post-Earthquake condition - After earthquake, includes residual strength of

Liquefied soils.

Notes:

1. Thelocations of all features shown are approximate.

2. This drawing is forinformation purposes. It is intended to assist in showing features discussed in the Bulkhead Stability
Results section of this report. GeoEngineers, Inc. cannot guarantee the accuracy and content of electronic files. The
master file is stored by GeoEngineers, Inc. and will serve as the official record of this communication.
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Loading Condition FS
Static 2.952
*Seismic (0.1g - Small earthquake) 2.288
*Seismic (0.2g - Moderate earthquake) 1.777
*Seismic (0.3g - Large earthquake) 1.339

Table Notes:

* Seismic condition - During earthquake; includes seismic load.

**Post-Earthquake condition - After earthquake, includes residual strength of
Liquefied soils.

Notes:

1. Thelocations of all features shown are approximate. .
Tahlequah Ferry Terminal -

2. This drawing is forinformation purposes. It is intended to assist in showing features discussed in the Bulkhead Stability Critical Failure Surface

Results section of this report. GeoEngineers, Inc. cannot guarantee the accuracy and content of electronic files. The
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Table Notes:

* Seismic condition - During earthquake; includes seismic load.

**Post-Earthquake condition - After earthquake, includes residual strength of
Liquefied soils.

2. This drawing is forinformation purposes. It is intended to assist in showing features discussed in the Bulkhead Stability
Results section of this report. GeoEngineers, Inc. cannot guarantee the accuracy and content of electronic files. The
master file is stored by GeoEngineers, Inc. and will serve as the official record of this communication.
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Review of Subsurface Soil Conditions



WASHINGTON STATE FERRIES TIMBER TRESTLES PROJECT  Puget Sound Area, Washington

APPENDIX A
SUBSURFACE SOIL CONDITIONS

The subsurface soil conditions at the sites were evaluated by reviewing the logs of borings
completed near the existing timber trestles at each terminal, and by reviewing the U.S. Geological
Survey (USGS) geologic map of the area. The logs of the borings reviewed were provided by the
Washington State Ferries (WSF). The following sections of this appendix describe the units
encountered in each terminal in the order of deposition, starting with the most recent.

Friday Harbor Terminal

The subsurface soil conditions at the site were evaluated by reviewing the logs of the borings
(H-1-03 and H-7-03) completed near the existing timber trestles provided by the WSF and
by reviewing the USGS geologic map of the area. In general two soil types were encountered in the
explorations reviewed: Unconsolidated deposits and Bedrock. The two soil units consisted of the
following:

m Unconsolidated Deposits consist of about 6.5 feet of loose gravel with sand and silt.

m Bedrock was encountered at the mudline at the north end of the existing trestle and at depths
of about 6.5 feet at the south end of the trestle, and generally consisted of meta-sedimentary
formation, with very tightly spaced discontinuities. The rock quality designation (RQD) number
for the top 5 feet of the bedrock encountered generally ranges from O percent to 22 percent.

Lopez Island Terminal

The subsurface soil conditions at the site were evaluated by reviewing the log of one boring
(H-1-97) completed at the terminal provided by the WSF and by reviewing the USGS geologic
map of the area. In general two soil types were encountered in the explorations reviewed:
Unconsolidated deposits and Bedrock. The two soil units consisted of the following:

m Unconsolidated Deposits consist of about 6 feet of loose sand with gravel.

m Bedrock was encountered at depths of about 6 feet, and consisted of a fresh conglomerate
with an average of seven fractures per 0.3 m in the upper 6 m (20 feet). The RQD number for
the top 5 feet of the bedrock encountered is about 67 percent.

Shaw Island Terminal

The subsurface soil conditions at the site were evaluated by reviewing the logs of the borings
(H-1-97, H-2-97 and H-3-02) completed near the existing timber trestles provided by the WSF and
by reviewing the USGS geologic map of the area. In general three soil types were encountered in
the explorations reviewed: Unconsolidated deposits, glacially consolidated soils and Bedrock.
The three soil units consisted of the following:

m Unconsolidated Deposits consist of 5 to 10 feet of loose to medium dense unconsolidated
sand and gravel.

m Glacially Consolidated Soils were encountered beneath the unconsolidated sand and gravel
deposits. The glacially consolidated deposits ranged from 5 to 10 feet thick.
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WASHINGTON STATE FERRIES TIMBER TRESTLES PROJECT * Puget Sound Area, Washington

m Bedrock was encountered at the mudline at the south end of the existing trestle and at depths
of about 15 to 16 feet at the north end of the trestle, and generally consisted of marine
meta-sedimentary rock. The RQD number for the top 5 feet of the bedrock encountered
generally ranges from O percent to 40 percent.

Orcas Island Terminal

The subsurface soil conditions within the footprint of the trestle were evaluated by reviewing the
logs of the borings (3-85 through 5-85) provided by the WSF and by reviewing the USGS geologic
map of the area. In general two soil types were encountered in the explorations reviewed: Glacially
consolidated soils and Bedrock. The two soil units consisted of the following;:

m Glacially Consolidated Soils encountered were very dense and ranged from 14 to 26 feet
thick.

m Bedrock was encountered at about 20 feet below the mudline at the north end of the existing
trestle and at depths of about 26 feet at the south end of the trestle. The rock encountered in
the boring was meta-sedimentary rock generally consisting of fine grained, strong rock with
closely spaced discontinuities.

Anacortes Terminal

The subsurface soil conditions at the site were evaluated by reviewing the logs of the borings
(A-1-93 and H-4-99) completed near the existing trestle provided by the WSF and by reviewing the
USGS geologic map of the area. In general two soil types were encountered in the explorations
reviewed: Unconsolidated deposits and Glacially consolidated soils. The two soil units consisted of
the following:

m  Unconsolidated Deposits consist of loose to medium dense sand with silt, encountered in the
upper 3 to 16 feet.

m Glacially Consolidated Soils were encountered beneath the unconsolidated deposits, and
consist of dense to very dense sand with silt and gravel.
Mukilteo Terminal

The subsurface soil conditions at the site were evaluated by reviewing the logs of the borings
completed at the site for previous projects provided by the WSF and by reviewing the USGS
geologic map of the area. In general two soil types were encountered in the explorations reviewed:
Tide flat deposits and Glacial drift. The two soil units consisted of the following;:

m Tide Flat Deposits consist of loose sand with silt, encountered in the upper 10 to 17 feet.

m Glacial Drift was encountered beneath the tide flat deposits, and consists of medium dense
sand with silt and gravel.

Edmonds Terminal

The subsurface soil conditions at the site were evaluated by reviewing the logs of the borings
(H-5-94 through H-9-94) completed near the existing timber trestles provided by the WSF and by
reviewing the USGS geologic map of the area. In general two soil types were encountered in the
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explorations reviewed: Unconsolidated deposits and Glacially consolidated soils. The two soil units
consisted of the following:

m Unconsolidated Deposits consist of loose to medium dense unconsolidated sand and gravel,
encountered in the upper 4 to 11 feet.

m Glacially Consolidated Soils were encountered beneath the unconsolidated deposits, and
consist of dense to very dense sand with silt and gravel.

Fauntleroy Terminal

The subsurface soil conditions at the site were evaluated by reviewing the logs of the borings
(H-1-83 and H-2-83) completed at the site for previous projects provided by the WSF and by
reviewing the USGS geologic map of the area. In general three soil types were encountered in the
explorations reviewed: Atrtificial Fill, Beach deposits and Recessional glacial drift. The three soil
units consisted of the following;:

m Artificial Fill encountered was loose to medium dense.
m Beach Deposits encountered were medium dense to dense.

m Recessional Glacial Drift was encountered below the beach deposits in all of the borings
reviewed.

Vashon Island Terminal

The subsurface soil conditions at the site were evaluated by reviewing the logs of the borings
(H-01-11 through H-03-11) completed at the site for previous projects provided by the WSF and by
reviewing the USGS geologic map of the area. In general two soil types were encountered in the
explorations reviewed: Unconsolidated deposits and Glacially consolidated soils. The two soil units
consisted of the following:

m  Unconsolidated Deposits were encountered in the upper 3 to 10 feet of the borings, and
consist of loose to medium dense sand with silt.

m Glacially Consolidated Soils were encountered beneath the unconsolidated deposits, and
consist of dense to very dense sand with silt and gravel.

Southworth Terminal

The subsurface soil conditions at the site were evaluated by reviewing the logs of the borings
(H-1-99, H-2-99 and H-4-99) completed near the existing trestle provided by the WSF and by
reviewing the USGS geologic map of the area. In general two soil types were encountered in the
explorations reviewed: Unconsolidated deposits and Glacially consolidated soils. The two soil units
consisted of the following:

m  Unconsolidated Deposits were encountered in the upper 5 to 13 feet and generally consists of
loose to medium dense sand with silt and gravel.

m Glacially Consolidated Soils were encountered beneath the unconsolidated deposits, and
consist of very stiff to hard clay and dense to very dense silty sand and sandy silt soils.
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Tahlequah Terminal

The subsurface soil conditions at the site were evaluated by reviewing the logs of the borings
(H-3-02 and H-4-02) completed near the existing timber trestles provided by the WSF and by
reviewing the USGS geologic map of the area. Subsurface soils near the timber trestle generally
consist of glacially consolidated soils. The soil unit consisted of the following:

m Glacially Consolidated Soils were encountered in all the explorations reviewed, and consist of
medium dense to very dense sand with silt.

Point Defiance Terminal

The subsurface soil conditions at the site were evaluated by reviewing the logs of the borings
(HQ-2, HQ-6 and HQ-7) completed near the existing timber trestles provided by the WSF and by
reviewing the USGS geologic map of the area. Subsurface soils near the timber trestle generally
consist of glacially consolidated soils. The soil unit consisted of the following:

m Glacially Consolidated Soils were encountered in all the explorations reviewed, and consist of
dense to very dense sand with silt.
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APPENDIX B
REPORT LIMITATIONS AND GUIDELINES FOR USE*

This appendix provides information to help you manage your risks with respect to the use of
this report.

Geotechnical Services Are Performed for Specific Purposes, Persons and Projects

This final report has been prepared for the exclusive use of the Washington State Ferries, and their
authorized agents. This report is not intended for use by others, and the information contained
herein is not applicable to other sites.

GeoEngineers structures our services to meet the specific needs of our clients. For example, a
geotechnical or geologic study conducted for a civil engineer or architect may not fulfill the needs
of a construction contractor or even another civil engineer or architect that are involved in the
same project. Because each geotechnical or geologic study is unique, each geotechnical
engineering or geologic report is unique, prepared solely for the specific client and project site.
Our report is prepared for the exclusive use of our Client. No other party may rely on the product of
our services unless we agree in advance to such reliance in writing. This is to provide our firm with
reasonable protection against open-ended liability claims by third parties with whom there would
otherwise be no contractual limits to their actions. Within the limitations of scope, schedule and
budget, our services have been executed in accordance with our Agreement with the Client and
generally accepted geotechnical practices in this area at the time this report was prepared.
This report should not be applied for any purpose or project except the one originally contemplated.

A Geotechnical Engineering or Geologic Report Is Based on a Unique Set of
Project-Specific Factors

This draft report has been prepared for the Washintong State Ferries timber trestles project.
GeoEngineers considered a number of unique, project-specific factors when establishing the scope
of services for this project and report. Unless GeoEngineers specifically indicates otherwise, do not
rely on this report if it was:

m not prepared for you,
m not prepared for your project,
m not prepared for the specific site explored, or

m completed before important project changes were made.

1 Developed based on material provided by ASFE, Professional Firms Practicing in the Geosciences; www.asfe.org .
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For example, changes that can affect the applicability of this report include those that affect:
m the function of the proposed structure;

m elevation, configuration, location, orientation or weight of the proposed structure;

B composition of the design team; or

H project ownership.

If important changes are made after the date of this report, GeoEngineers should be given the
opportunity to review our interpretations and recommendations and provide written modifications
or confirmation, as appropriate.

Subsurface Conditions Can Change

This geotechnical or geologic report is based on conditions that existed at the time the study was
performed. The findings and conclusions of this report may be affected by the passage of time, by
manmade events such as construction on or adjacent to the site, or by natural events such as
floods, earthquakes, slope instability or groundwater fluctuations. Always contact GeoEngineers
before applying a report to determine if it remains applicable.

Most Geotechnical and Geologic Findings Are Professional Opinions

Our interpretations of subsurface conditions are based on field observations from widely spaced
sampling locations at the site. Site exploration identifies subsurface conditions only at those
points where subsurface tests are conducted or samples are taken. GeoEngineers reviewed field
and laboratory data and then applied our professional judgment to render an opinion about
subsurface conditions throughout the site. Actual subsurface conditions may differ, sometimes
significantly, from those indicated in this report. Our report, conclusions and interpretations should
not be construed as a warranty of the subsurface conditions.

Geotechnical Engineering Report Recommendations Are Not Final

Do not over-rely on the preliminary construction recommendations included in this report.
These recommendations are not final, because they were developed principally from
GeoEngineers’ professional judgment and opinion. GeoEngineers’ recommendations can be
finalized only by observing actual subsurface conditions revealed during construction.
GeoEngineers cannot assume responsibility or liability for this report's recommendations if we do
not perform construction observation.

Sufficient monitoring, testing and consultation by GeoEngineers should be provided during
construction to confirm that the conditions encountered are consistent with those indicated by the
explorations, to provide recommendations for design changes should the conditions revealed
during the work differ from those anticipated, and to evaluate whether or not earthwork activities
are completed in accordance with our recommendations. Retaining GeoEngineers for construction
observation for this project is the most effective method of managing the risks associated with
unanticipated conditions.
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A Geotechnical Engineering or Geologic Report Could Be Subject To Misinterpretation

Misinterpretation of this report by other design team members can result in costly problems.
You could lower that risk by having GeoEngineers confer with appropriate members of the design
team after submitting the report. Also retain GeoEngineers to review pertinent elements of the
design team's plans and specifications. Contractors can also misinterpret a geotechnical
engineering or geologic report. Reduce that risk by having GeoEngineers participate in pre-bid and
preconstruction conferences, and by providing construction observation.

Do Not Redraw the Exploration Logs

Geotechnical engineers and geologists prepare final boring and testing logs based upon their
interpretation of field logs and laboratory data. To prevent errors or omissions, the logs included in
a geotechnical engineering or geologic report should never be redrawn for inclusion in architectural
or other design drawings. Only photographic or electronic reproduction is acceptable, but
recognize that separating logs from the report can elevate risk.

Give Contractors a Complete Report and Guidance

Some owners and design professionals believe they can make contractors liable for unanticipated
subsurface conditions by limiting what they provide for bid preparation. To help prevent costly
problems, give contractors the complete geotechnical engineering or geologic report, but preface it
with a clearly written letter of transmittal. In that letter, advise contractors that the report was not
prepared for purposes of bid development and that the report's accuracy is limited; encourage
them to confer with GeoEngineers and/or to conduct additional study to obtain the specific types of
information they need or prefer. A pre-bid conference can also be valuable. Be sure contractors
have sufficient time to perform additional study. Only then might an owner be in a position to give
contractors the best information available, while requiring them to at least share the financial
responsibilities stemming from unanticipated conditions. Further, a contingency for unanticipated
conditions should be included in your project budget and schedule.

Contractors Are Responsible for Site Safety on Their Own Construction Projects

Our geotechnical recommendations are not intended to direct the contractor’'s procedures,
methods, schedule or management of the work site. The contractor is solely responsible for job
site safety and for managing construction operations to minimize risks to on-site personnel and to
adjacent properties.

Read These Provisions Closely

Some clients, design professionals and contractors may not recognize that the geoscience
practices (geotechnical engineering or geology) are far less exact than other engineering and
natural science disciplines. This lack of understanding can create unrealistic expectations that
could lead to disappointments, claims and disputes. GeoEngineers includes these explanatory
“limitations” provisions in our reports to help reduce such risks. Please confer with GeoEngineers
if you are unclear how these “Report Limitations and Guidelines for Use” apply to your project
or site.
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Geotechnical, Geologic and Environmental Reports Should Not Be Interchanged

The equipment, techniques and personnel used to perform an environmental study differ
significantly from those used to perform a geotechnical or geologic study and vice versa. For that
reason, a geotechnical engineering or geologic report does not usually relate any environmental
findings, conclusions or recommendations; e.g., about the likelihood of encountering underground
storage tanks or regulated contaminants. Similarly, environmental reports are not used to address
geotechnical or geologic concerns regarding a specific project.

Biological Pollutants

GeoEngineers’ Scope of Work specifically excludes the investigation, detection, prevention or
assessment of the presence of Biological Pollutants. Accordingly, this report does not include any
interpretations, recommendations, findings, or conclusions regarding the detecting, assessing,
preventing or abating of Biological Pollutants and no conclusions or inferences should be drawn
regarding Biological Pollutants, as they may relate to this project. The term “Biological Pollutants”
includes, but is not limited to, molds, fungi, spores, bacteria, and viruses, and/or any of their
byproducts.

If Client desires these specialized services, they should be obtained from a consultant who offers
services in this specialized field.
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