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1 Introduction

1.1  University Link Project Overview

The University Link Project (Project) consists of approximately 3.15 miles of Light Rail Transit tunnel
commencing at the north end of the Initial Segment (at the north end of the Pine Street Stub Tunnel) in
downtown Seattle to the University of Washington Station near Husky Stadium. (See Figure 1.) The
project includes construction of two cut-and-cover stations: Capitol Hill Station and University of
Washington Station. There are cross passages at selected locations along the Project’s tunnel alignment.

The U220 contract is one of ten contracts for construction of the project. The other project contracts
include:

U210 Advance Utility Relocation, University of Washington Station

U211 Demolition and Environmental Remediation, Capitol Hill Station

U215 I-5 Undercrossing Construction Pits

U230 Capitol Hill Station Excavation And Tunnels From Capitol Hill Station
To Pine Street Stub Tunnel

U240 Capitol Hill Station Civil and Finishes

U250 University of Washington Station Civil and Finishes

U260 Trackwork

U820 LRV Storage Yard Expansion

U830 Systems

This Geotechnical Baseline Report documents and defines baseline conditions for the U220 Contract.
Separate GBRs will be prepared for the U230 and U240 contracts.

1.2 Geotechnical Contract Documents

The geotechnical contract documents include this GBR and the Geotechnical Data Report (GDR). The
GDR provides details of the geotechnical investigation, such as drilling procedures, soil sampling, in situ
testing, hydrogeologic testing, and gas monitoring. The GDR also includes exploration logs, details
pertaining to laboratory testing, such as the procedures used in conducting various index tests, strength
and deformation tests, geologic test results, and environmental assessment reports. Definitions for terms
used in both the GBR and GDR are contained in the Glossary section of this report.

1.3  Purpose of the Geotechnical Baseline Report

The purposes of this GBR are: (1) to set baselines geotechnical for specific conditions to be encountered
during construction, (2) to provide a basis for bidding, and (3) to provide a basis for evaluation and
resolution of differing site conditions.

1.4 Warranty Statement

The baseline values in this report were developed from geotechnical information and data gathered
through exploration borings, laboratory and field tests, and other relevant factors such as local
construction experience. The judgment applied in the interpolations and extrapolations of this information
reflects the view of Sound Transit in establishing the baseline conditions.

University Link Light Rail Geotechnical Baseline Report IFB NO. RTA/LR 1-09
TBM Tunnels (UWS to CHS) Page 1 Link Contract U220
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Introduction

The geotechnical baseline conditions presented in this report are not a warranty that these conditions will,
in fact, be encountered. This baseline report is a representation of the conditions to be assumed for
bidding purposes, and for which the contractor is responsible during construction.

University Link Light Rail Geotechnical Baseline Report IFB NO. RTA/LR 1-09
TBM Tunnels (UWS to CHS) Page 2 Link Contract U220
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2 Project Description

Contract U220 includes two, segmentally lined, bored tunnels between University of Washington Station
(UWS) and Capitol Hill Station (CHS). The tunnels will be constructed with pressurized face tunnel
boring machines. There will be 16 cross passages excavated using sequential excavation methods
between the running tunnels. This contract also includes all of the site civil work and installation of slurry
diaphragm walls for both the Station and Crossover Boxes for UWS. Excavation and bracing of the
Crossover Box is also included in the U220 Contract. The tunnel alignment and station locations are
shown on Figure 2.

2.1  University of Washington Station

The UWS slurry diaphragm walls will be installed in the U220 Contract. The Crossover Box will be
excavated, braced, and the base slab constructed prior to launching the TBMs in the U220 Contract. The
excavation and finishes of UWS will be completed as part of Contract U250.

2.2 Twin Running Tunnels

Each tunnel will be 18 feet 10 inches inside diameter and about 11,400 feet long. The ground cover over
the tunnel varies from 15 feet at Montlake Cut to 310 feet at Capitol Hill/\VVolunteer Park. The tunnel
crosses beneath 226 structures, mostly single-family residences; however, there are several brick
buildings near the TBM retrieval excavation at CHS. The TBMs will be launched from the Crossover
Box at UWS. Muck will be hauled from the tunnel heading back to the cross over box for removal.
Precast concrete segments will be delivered to the Crossover Box and hauled to the TBM. The TBMs will
be retrieved at CHS (Figure 2).

2.3 Cross Passages
There are sixteen (16) cross passages connecting the parallel tunnels in the U220 contract are spaced at
250 to 800-foot intervals between the bored tunnels. Cross Passages 6 to 17, 17A, and 19 to 21 are 12 feet

in diameter. Cross Passage 18 includes a pump station, and it is larger than the other cross passages. It
includes sump, pumps and piping to transport stormwater to Roanoke Street via a riser pipe.

2.4 TBM Retrieval
Retrieval of the U220 TBMs from CHS box will need to be coordinated with the U230 contractor. The

U230 contractor will also accomplish ground improvement around the CHS box for the reception of the
U220 TBMs.

2.5 Contract Interfaces

The U220 contract will interface with the following University Link construction contracts:

2.5.1 Contract U210

The scope of work of the U210 Contract includes utility relocation, and other work associated with

preparing the UWS site for the U220 Contract. This work will be completed prior to commencement of
site work of the U220 Contract.

University Link Light Rail Geotechnical Baseline Report IFB NO. RTA/LR 1-09
TBM Tunnels (UWS to CHS) Page 3 Link Contract U220
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2.5.2 Contract U230

The TBMs launched from UWS will be received at the CHS site. The U230 Contractor will be
responsible for constructing the temporary support of excavation, and the ground improvement for the
TBM reception. A portion of the site will be reserved for the U220 Contractor to retrieve their TBMs and
prepare them for shipment offsite.

2.5.3 Contract U250

Contract U250 will commence work on the Station Box after the U220 work has commenced, but before
it is finished. For a period of time, both U220 and U250 Contractors will share the UWS site. When the
work of the U220 contract is complete, the U250 will take over operation and maintenance of the UWS
site.

University Link Light Rail Geotechnical Baseline Report IFB NO. RTA/LR 1-09
TBM Tunnels (UWS to CHS) Page 4 Link Contract U220
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3 Project Geology

A brief summary of the regional geologic setting and the geology along the University Link project
alignment is presented below. This section includes descriptions of tectonics, groundwater, and geologic
deposits along the project alignment.

3.1 Geologic Setting

The Puget Lowland is located within a complex tectonic environment and an area of active seismicity.
Starting at about 25 million years ago, the geologic evolution of western Washington has been dominated
by the subduction of the Juan de Fuca oceanic plate beneath the North American continental plate. This
convergence of plates has created the Puget Trough, which is flanked by the Olympic Mountains to the
west and the Cascade Range to the east. The University Link project will be constructed within the Puget
Trough.

The Tertiary and Quaternary sediments of the Puget Trough are estimated to be approximately 4 miles
thick. Depth to bedrock is estimated to range from 3,700 feet near the south end of the project area to
1,800 feet near the UWS. No bedrock was encountered during University Link exploratory borings, and
bedrock will not be encountered in the U220 contract.

The present-day land surface in the project area reflects glacial and non-glacial sediments deposited
during the Quaternary Period (within the last 2 million years) over Tertiary volcanic and sedimentary
bedrock. Only the late Quaternary and Holocene (within the last 10,000 years) deposits are exposed in the
project area at land surface or present at the depths of the tunnels, stations, and cross passages.

The Quaternary geologic history of the Puget Sound region is dominated by a succession of at least six
continental glaciations. During episodes of cooler mean global temperatures, continental ice sheets
originating in Canada advanced southward covering much of low-lying northern North America with
glacial ice over a mile thick in places. During the most recent continental glaciation, the Puget lobe of the
Cordilleran ice sheet extended from the foothills of the Cascade Range and Olympic Mountains to just
south of Olympia, Washington. During this glacial advance, the ice exceeded 3,000 feet in thickness in
the project area. Because of the significant ice thickness, the soils in the Puget Sound region are generally
overconsolidated The recent Holocene and recessional deposits are normally consolidated.

As the glaciers advanced from Canada, the northern end of the Puget Lowland was partially or completely
blocked by glacial ice. When the lowland waterways were covered by floating ice on marine waters,
deposition was dominated by glaciomarine silts, clays, and diamicts (unsorted deposits containing larger
particles in a fine-grained matrix). When ice thickness and extent was sufficient to completely block the
normal northward discharge from the lowland rivers, a large freshwater lake formed in the lowland as the
ice sheet advanced southward. Sediment carried by the lowland rivers and the advancing ice sheet was
deposited in the lake as glaciolacustrine deposits of silt and clay. As the ice sheet advanced farther south,
the supply of sediment to the lake coarsened, and sand and gravel filled the lowland from the Olympic
Mountains to the Cascade foothills to an elevation of about 500 feet. During glaciations, when grounded
ice reached the latitude of the project area, sub-glacial meltwater and ice scoured the underlying sediment
and rock, reworked and entrained more sediment, and deposited it south of the ice front. When the ice
was thick enough to block drainage via the northward end of the Puget Lowland, meltwater discharged
south through a bedrock spillway in the Black Hills near Olympia. As the climate warmed, the glacier
stagnated and began to melt and the ice front receded, depositing its ice-entrained sediment load over the

University Link Light Rail Geotechnical Baseline Report IFB NO. RTA/LR 1-09
TBM Tunnels (UWS to CHS) Page 5 Link Contract U220
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Project Geology

uncovered landscape. Each successive glaciation partially eroded the pre-existing ground surface, and
then deposited a fresh sequence of glacial sediment over the land.

3.2 Geologic Deposits

Explorations for the project encountered deposits from at least three glacial cycles and three non-glacial
cycles. Distinguishing between non-glacial and glacial deposits is based on observation of sediment type,
texture, sedimentary structures, amounts of organics present, presence or absence of dropstones,
identification of old soil horizons, and other geologic indicators. The deposits consist of clays, silts,
sands and gravels in various combinations, relative densities and consistencies. Boulders are present in
all glacial deposits, but in tills (Qvt, Qpgt) and diamicts (Qvd) more than others. Boulders will also be
encountered in non-glacial geologic units and at erosional contacts between units.

Descriptions of the geologic units are presented in Appendix A.
3.3  Groundwater

The depositional environment has formed a sequence of aquifers and aquitards that vary in thickness and
lateral continuity. Aquifers are generally comprised of granular water-bearing sediments and aquitards are
comprised of finer-grained sediments that retard water flow. Within the project area, six deposits have
been identified as aquifers or aquitards.

Groundwater flow through the area is initiated by recharge infiltrating the ground in uplands and moving
downward until reaching the upper most regional aquifer. The movement of groundwater between the
upper aquifer and underlying aquifers will be slow, reflecting the layered nature of the glacial and non-
glacial deposits, and the presence of thick lower-permeability confining deposits. Because of the vertical
gradients present between aquifers, changes in groundwater head will be experienced as the tunnel
heading transitions from one hydrogeologic regime to another.

3.4  Seismicity

The University Link project will be constructed within an area of active tectonic forces associated with
the interaction of the offshore Juan de Fuca plate, the Pacific plate, and the onshore North American plate.
While there is some evidence that faults are present in the area of the proposed alignment, this data is
speculative as to the existence, location, and activity of the faults.

University Link Light Rail Geotechnical Baseline Report IFB NO. RTA/LR 1-09
TBM Tunnels (UWS to CHS) Page 6 Link Contract U220
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4 Soil Groups

The soils that will be encountered along the tunnel alignment, in the cross passages and at the UWS
excavation are described using five Soil Groups (SGs). Because of the wide variability of each geologic
unit in terms of texture, strength and deformation properties, defining baseline conditions with respect to
geologic units would be difficult, would include both objective data and subjective opinions, and prone to
multiple interpretations and disputes. Therefore, several SGs were defined in order to define the baseline
conditions. Each SG can be defined based on objective information such as laboratory index test data.
The descriptions of each SG are presented in this section. Each SG is comprised of several geologic units
and each geologic unit may be represented by several SGs. When classifying a soil in terms of SGs, the
objective definitions provided should be used; not the geologic units.

The baseline properties for each SGs are presented in Table 1. Soils encountered in the borings were
grouped into SGs according to soil index properties, particle size, Atterberg Limits, and strength and
deformation properties. The SGs are identified by color. The following general descriptions apply.

o Blue SG represents overconsolidated fine-grained, plastic soils

e Turquoise SG represents overconsolidated fine-grained, non-plastic soils

e Yellow SG represents overconsolidated fine to coarse sand, with varying amounts of gravel, silt,
and clay

o Red SG represents overconsolidated coarse sand and gravel, with varying amounts of fine to
coarse sand, silt, and clay

e Purple SG represents normally consolidated fine to coarse sand, with varying amounts of gravel,
silt, and clay.

The distribution of these SGs along the project alignment is illustrated in Figures 3, 4,5, 7, 8, and 9 as
color bars on the stick log for each boring.

Within each SG thin intervals of a different SG have been encountered. If this thin interval of a different

SG was less than one foot thick, it was not considered as part of the dominating SG. For example, within
a 20-foot thickness of Blue SG, if a 6-inch thickness of Yellow SG was encountered, it was not identified
due to its relative thickness. Refer to the boring logs in the GDR for more information about generalized

soil layering.

4.1 Blue Soil Group

The Blue SG is comprised of plastic, fine-grained soil, classified by the following USCS soil types: CH,
CL, ML, MH, CL-ML and OL. The Blue SG is comprised of glaciolacustrines (Qpgl and Qvlc), fine-
grained tills (Qvt, Qpgt), diamicts (Qvd, Qpgd) and some fine-grained non-glacial lacustrine deposits
(Qpnl). The Blue SG has a PI greater than or equal to 4.

The Blue SG ranges from massive to thinly laminated or varved. The thickness of silty fine sand and silt
beds are variable, ranging up to 1 foot.

Zones of fractured, slickensided and sheared soils exist in the Blue SG along the U220 tunnel alignments.
In the Blue SG, high-angle seams of wet sand will be encountered.

University Link Light Rail Geotechnical Baseline Report IFB NO. RTA/LR 1-09
TBM Tunnels (UWS to CHS) Page 7 Link Contract U220
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Soil Groups

4.5 Purple Soil Group

The Purple SG is normally consolidated and will be encountered only at UWS. This SG is typically fill
(AfF) and other normally consolidated granular deposits (Qal, Qvr). Its relative density is described as
loose to medium dense. It consists of SM, SW, GM, and SP-SM soil types

The Purple SG is variable in gradation, permeability, thickness, and lateral extent and continuity.
Although it is generally cohesionless, there are inclusions of cohesive materials.

University Link Light Rail Geotechnical Baseline Report IFB NO. RTA/LR 1-09
TBM Tunnels (UWS to CHS) Page 9 Link Contract U220
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5 Tunnel Baseline Conditions

The soils that will be encountered along the U220 tunnels are described using the SGs presented in
Section 4. The Purple SG will not be encountered in the U220 tunnels. The occurrence of the SGs along
the U220 tunnel alignment is presented in Figure 4 as color bars at each boring location, and in Figure 5
as baseline face conditions. Other conditions that will affect construction of the U220 tunnels, such as
groundwater head, boulders, and gas, among others, are also discussed in this section.

51 Baseline Face Sections

The excavated tunnel face will contain one SG, or combinations of several SGs at any one location along
the alignment. The baseline face conditions to be expected in the U220 tunnels are presented on Figure 5.

5.2 Groundwater Head and Quality

Groundwater head at the tunnel invert intrados will be up to 5.8 bars of pressure. The baseline
groundwater head at the tunnel invert is presented as the blue line along the tunnel profile on Figure 4.
This groundwater head line was developed using measured groundwater levels throughout the project
alignment. Where vibrating wire piezometers and observation well screens are shown either above or
below the tunnel invert, calculations to account for the vertical permeability of the soil strata were
incorporated to establish the groundwater head at the tunnel invert.

Groundwater quality parameters are baselined in Table 2, Groundwater Quality Parameters.
5.3 Boulders and Logs

Twelve (12) boulders greater than 3 feet in largest dimension will be encountered during excavation of
the U220 Contract tunnels (Table 3). These baseline estimates are based on boulder occurrences in local
tunnel projects and boulder occurrence in local outcrops of similar geologic units. Boulders smaller than 3
feet will be encountered.

Boulders can be expected to be igneous and metamorphic rock. The baseline unconfined compressive
strength of boulders is 42,000 psi.

Randomly scattered boulders may be found in any of the SGs but boulders are more likely to occur in
groups of several boulders at erosional contacts between geologic deposits of different ages.

Boulders will occur in both nested configurations and in a random arrangement of individual, isolated
boulders within the soil matrix. For the purposes of this GBR, nested boulders are defined as 3 or more
boulders within 6 feet of each other that prevent the advance of the TBM. There will be 2 interventions
within the Yellow SG, and one intervention within the Yellow2 SG to remove boulders.

The baseline definition of a log is a piece of naturally occurring wood greater than 6 inches in diameter
and greater than 3 feet in length. No logs will be encountered in the tunnel; the baseline quantity for logs
is established at zero for the U220 Tunnel.

University Link Light Rail Geotechnical Baseline Report IFB NO. RTA/LR 1-09
TBM Tunnels (UWS to CHS) Page 10 Link Contract U220
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Tunnel Baseline Conditions

5.4 Abrasion

The ranges of abrasive mineral content (i.e., quartz, feldspars, hornblende) and clay mineral content are
summarized by SG in the respective Appendix. Baseline SAT values of natural soil without conditioners
are presented in Table 1. Lower SAT values are less abrasive than higher SAT values. A soil with an
SAT value equal to 0 or 1 would be considered an extremely low abrasive material. Conversely, a soil
with an SAT value greater than 44 would be considered an extremely high abrasive material. SAT values
between 13 and 25 are considered moderately abrasive.

55 Stickiness

Soil stickiness is the potential for a soil, generally a clay at its natural moisture content, to adhere to steel
and to other clay particles. Only the Blue SG has the potential to be sticky. Forty-four (44) percent of the
tunnel alignment with either a full-face Blue SG or a partial-face Blue SG will have a high stickiness
potential; 33 percent has a moderate stickiness potential, and 23 percent has a low stickiness potential.
The data use to evaluate sticky potential is shown in Appendix B.

5.6 Gas Conditions

The U220 tunnels will pass through zones of soil with organics. The tunnels are baselined as potentially
gassy (based on definitions in 29 CFR 1926.800). Methane and hydrogen sulfide will be encountered.
Information on gas occurrence and testing may be found in the GDR.

5.7 Hazardous or Contaminated Substances

Hazardous or contaminated substances in concentrations that exceed Model Toxics Control Act (MTCA,
Washington Department of Ecology standards) cleanup levels — either method A or B — are not expected
within the U220 tunnels.

5.8 Montlake Cut Crossing Considerations

The Montlake Cut crossing will be encountered about 300 feet after the TBMs are launched from UWS
(from Sta. 1199+00 to 1196+50). The specifications describe requirements for preparing for the crossing
and procedures for the crossing itself.

The baseline soil conditions of the Montlake Cut crossing are Blue SG throughout. There will be lenses,
layers, and seams of Turquoise and Yellow SGs within the Blue SG.

Historical photographs indicate that the Montlake Cut was constructed within the Blue SG, with minor
amounts of other constituents.” The photographs also indicate that Montlake Cut was constructed with a
horizontal base as shown on Figure 4. Since it’s opening, Montlake Cut has not been dredged and a layer
of very loose or very soft alluvium has accumulated in the bottom. Recent probes indicate the alluvium is
5 feet thick on average, but varies from 4 to 7 feet thick.

! Nilsen, B., F. Dahl, J. Holzhauser, P. Raleigh. 2007. New test method for estimating the abrasiveness of
soils for tbm tunneling. In Rapid Excavation and Tunneling (RETC) Conference: 2007 Proceedings.104-
116. Littleton, Colo: Society for Mining, Metallurgy, and Exploration Inc.

? http://content.lib.washington.edu/index.html

University Link Light Rail Geotechnical Baseline Report IFB NO. RTA/LR 1-09
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5.9 Inspection Stops

Analyses of borehole samples and boring logs have identified areas where previous ground movement
and disturbance to the soil has occurred. Observed disturbance consisted of brecciated (angular and
broken) textures, slickensides (fractured and polished surfaces), sheared zones, closed soil fractures, and
fractures infilled with different soil materials. These features are typically observed in the Blue SG; but
may also be encountered in the Turquoise and Yellow SGs. Depending on the type and extent of
disturbance, these disturbed soils will encompass the full excavation face , or a portion of the excavation
face.

The specifications require inspection stops at each of the cross passage locations. Face support during
inspection stops is specified. For baseline purposes, 6 inspection stops will require supplemental face
support for the entire duration of the stop. Fourteen inspection stops will occur within the Blue SG; 2
inspection stops will occur within the Turquoise SG.

5.10 Soil pH

The natural pH of the soil that will be encountered in the tunnel varies from 5.5 to 9.8. For baseline
purposes, 20 percent of the excavated untreated soil will have a natural pH greater than 8.5; 3 percent of
the excavated untreated soil will have a pH less than 6.5. The actual pH of the muck will vary depending
on construction means and methods, which will affect disposal options.

University Link Light Rail Geotechnical Baseline Report IFB NO. RTA/LR 1-09
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6 University of Washington Station Baseline Conditions

The proposed UWS layout and the geotechnical boring locations are illustrated in the Site and
Exploration Plan, Figure 6. The 780-foot-long structure is comprised of the crossover box from about
station 1202+08 to 1205+26 and the station box from station 1205+26 to 1209+07. The depth of the
excavation will vary from about 114 to 117 feet.

Existing ground surface elevations vary from about elevation 58 feet at the crossover box to 67 feet at the
station box area. Due to the natural slope from northwest to southeast across the site, a shored temporary
vertical excavation up to 20 feet deep will be required for site grading purposes around much of the site.

Concrete diaphragm walls (or “slurry”” walls) will form the temporary support of excavation and be
incorporated into the permanent UWS structure. The slurry walls will provide both uplift resistance and
groundwater cut-off. The walls will be internally braced as the Crossover and Station Boxes are
excavated. Dewatering the excavation from wells located outside the excavation will not be allowed due
to the potential for widespread groundwater drawdown and resulting settlement to surrounding areas.

6.1 Surface Conditions and Existing Manmade Features

A busy urban roadway, Montlake Boulevard NE, borders the west side of the site at a distance of about
140 feet from the southwest corner of the UWS excavation and 20 feet from the northwest corner of the
excavation. Major overhead and buried utility lines run along Montlake Boulevard NE. Husky Stadium is
located in the northeast portion of the site about 80 feet east of the station excavation. The stadium
structure is supported by pile foundations; the adjacent low-rise structures around the stadium perimeter
(e.g., stadium gates, ticket buildings, concession buildings) are founded on shallow spread footings.

From Montlake Boulevard NE on the west, the site and surrounding topography slope gently downward
to the east. The crest of the Montlake Cut Ship canal slope begins about 120 feet south of UWS. The 40
degree slope descends about 80 feet to the bottom of the canal. Lake Washington shoreline is located
about 1,200 feet east of the UWS.

6.2 Subsurface Conditions

The baseline subsurface conditions at UWS are shown in the Subsurface Profiles, Figures 7 and 8 in
terms of the SGs described in Section 4. The SGs are presented as the color bars on the left side of the
borehole stick logs.

6.3 Groundwater Head

The baseline groundwater levels for construction of UWS are shown on the subsurface profiles in Figures
7 and 8. The groundwater level increases from about elevation 29 feet at the south end to about elevation
36 feet at the north end (about 27 feet to 32 feet below ground surface at the south and north ends,
respectively).

6.4 Boulders
Boulders will be encountered in excavations for soldier piles, diaphragm walls and the Crossover Box.

For the slurry wall construction, the baseline estimates of boulder occurrences are given in Table 4 for
boulders ranging in size from 1 foot up to 6 feet. For the mass excavation of the crossover box, a baseline

University Link Light Rail Geotechnical Baseline Report IFB NO. RTA/LR 1-09
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University of Washington Station Baseline Conditions

boulder count is provided only for boulders 3 feet and larger in Table 4a. Boulders less than 3 feet
(maximum dimension) are considered incidental to the mass excavation.

6.5 Hazardous or Contaminated Substances

Hazardous or contaminated substances in concentrations that exceed MTCA cleanup levels — either
method A or B — will not be encountered within UWS nor in the excavation for the Crossover Box.

Methane and Hydrogen sulfide gases were not detected during the field explorations for the UWS. These
gases will not be encountered during the Crossover Box excavation.

6.6 Soil pH

The natural pH of the soil at UWS varies from 5.5 to 9.8. For baseline purposes, 20 percent of the
excavated untreated soil will have a natural pH greater than 8.5; 3 percent of the excavated untreated soil
will have a pH less than 6.5. The actual pH of the excavated soil will vary depending on construction
means and methods, which will affect disposal options.

University Link Light Rail Geotechnical Baseline Report IFB NO. RTA/LR 1-09
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7 Cross Passage Baseline Conditions

The subsurface conditions expected for the sixteen (16) cross passage excavations are baselined in this
section. Typical face sections are discussed, along with groundwater head, boulders, and gas conditions.
The plan locations of the cross passages are shown on Figure 2.

7.1 Subsurface Conditions

The baseline subsurface conditions at each cross passage are presented in Table 5 and in Figure 9 (16
sheets). The soil conditions are presented and baselined in terms of the SGs described in Section 4.

7.2 Disturbed Soil Zones

Analyses of borehole samples from the cross passages have identified areas where previous ground
movement and disturbance to the soil has occurred due to natural causes. Disturbed soils will be
encountered in the excavations for Cross Passages 7, 8, 12, 15, 19, and 20. These are noted in Table 5.

Table 1 provides baseline strength data for both disturbed and intact SGs. Depending on the type and
extent of disturbance, these disturbed soils will encompass the full excavation face or a portion of the
excavation face.

In addition to naturally disturbed soils, tunnel excavation will cause disturbance to already disturbed and
intact soils. This mechanical disturbance should be considered in planning and installation of temporary
support at each cross passage.

7.3 Groundwater Head and Flow

The baseline groundwater head at each cross passage can be determined based on the groundwater levels
shown on the individual cross passage figures (Figure 9).

Baseline groundwater flow volumes into the cross passage excavations are provided on Table 5. The
groundwater inflows are based on the baseline subsurface conditions specific to each cross passage (i.e.,
soil types and permeability), and groundwater head. These flow volumes will be constant during the cross
passage excavation until the initial lining is complete.

7.4 Boulders and Logs

Five boulders ranging in size from 1 to 3 feet in largest dimension will be encountered during excavation
of the U220 Cross Passages. Table 5 presents the baseline boulder estimate. This quantity is based on the
geologic units that will be encountered during cross passage excavation, the location of erosional contacts
near the cross passages, and boulder occurrences in local outcrops of similar geologic units. Boulders can
be expected to be igneous and metamorphic rock, with a baseline unconfined compressive strengths of
42,000 psi.

A log is defined as a piece of naturally occurring wood greater than 6 inches in diameter and greater than
3 feet in length. For baseline purposes, no logs will be encountered in any of the U220 cross passages.

University Link Light Rail Geotechnical Baseline Report IFB NO. RTA/LR 1-09
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Cross Passage Baseline Conditions

7.5 Gas Conditions

The U220 Cross Passages will pass through zones of soil with organics. They are considered potentially
gassy (per 29 CFR 1926.800). Methane and hydrogen sulfide will be encountered. Information on gas
occurrence and testing may be found in the GDR.

7.6 Hazardous or Contaminated Substances

Hazardous or contaminated substances in concentrations that exceed Model Toxics Control Act (MTCA,
Washington Department of Ecology standards) cleanup levels — either method A or B — are not expected
within the U220 cross passages.

7.7  Soil pH

The natural pH of the soil that will be encountered in the cross passages varies from 5.5 to 9.8. For
baseline purposes, 20 percent of the excavated untreated soil will have a natural pH greater than 8.5; 3
percent of the excavated untreated soil will have a pH less than 6.5. The actual pH of the muck will vary
depending on construction means and methods, which will affect disposal options.

University Link Light Rail Geotechnical Baseline Report IFB NO. RTA/LR 1-09
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Wearing, grinding, or rubbing away by friction.

A layer of high permeability material that is capable of storing significant
quantities of water and through which groundwater flows. The saturated
portion of an aquifer is referred to as the zone of saturation. An unconfined
aquifer is one in which the water table defines the upper water limit. A
confined aquifer is sealed above and below by low permeability material. A
perched aquifer is an unconfined groundwater body in a generally limited
area above the regional water table and is separated from it by a low
permeability, unsaturated zone of rock or soil.

A layer of fine-grained sediments or low permeability rock that inhibits the
flow of water underground.

The arrangement of soil in layers of varying thickness and character.

A naturally occurring piece of rock with minimum dimension greater than
12 inches in size.

Code of Federal Regulations

Capitol Hill Station

The degree of cohesion between soil particles as related to the strength of
the soil. Described in terms of soft, stiff, or hard.

A very poorly sorted sediment, typically a deposit due to glacial activity.
The removal of groundwater to reduce the flow rate or diminish pressure.
Dewatering is usually done to improve conditions in excavations and to
facilitate construction work.

A soil deposit characterized with angular and broken (brecciated) texture,
slickensided (fractured, polished surfaces), sheared zones, and/or fractured;
caused by natural or man-made occurrences.

Material used to raise the level of a low area or to make an embankment.
Earth fill is rock and soil material generally placed and compacted under
controlled conditions.

Soil with high strength characteristics and low deformation potential and
low permeability. Tunnel heading can be advanced without support.

Low strength with moderate deformation potential and high to moderate
permeability. A mixture of soil and water that flows like a viscous liquid.
Soil deposited by a glacier or glacial process during a period of glacier
formation, advance or recession.

Water that infiltrates into the earth and is stored in the soil and rock within
the zone of saturation below the earth’s surface. Rainfall or water in rivers
and streams soaks into the ground and flows down until it is collected in an
aquifer. Groundwater then usually flows laterally toward a river, lake, or
ocean. It is often used for supplying wells and springs.

The potential energy of water. Head may be measured in either height (feet
or meters) or pressure (pounds per square inch, kilograms per square
centimeter, or bars).

The lowest point of the internal cross section of a pipe or of a channel.
Pertaining to, derived from, or deposited in lakes. Glaciolacustrine
specifically references glacial lakes

A soil deposit characterized by very thin parallel, usually alternating, layers
A deposit bounded by converging surfaces; thick in the middle and thinning
toward the edges, resembling a convex lens.

IFB NO. RTA/LR 1-09
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A colorless, odorless, flammable gaseous hydrocarbon present in natural
gas and formed by the decomposition of vegetable matter.

Alluvium, colluvium, lacustrine, and other soils that were deposited
between periods of glacial formation, advance and retreat.

A soil which is currently experiencing its highest stress is said to be
normally consolidated and to have an OCR equal to 1.

the ratio of maximum past pressure to current vertical effective stress on a
soil.

A monitoring well that is primarily used for measurement of the water table
elevation.

A soil containing abundant organic material produced by partial
decomposition and disintegration of plants and animals that grow in
marshes, bogs, and wetlands.

The soil which had its load removed is considered to be overconsolidated.
This is the case for soils which have previously had glaciers on them.
pounds per cubic foot

pounds per square inch

The capacity of a rock or sediment to transmit fluid.

An instrument for measuring pressure or head in a pipe, tank, or
groundwater.

A structural element, typically timber, steel, or concrete, driven or drilled
into the earth to support a building, a pier, or other superstructure; or to
resist lateral pressure in structures such as bulkheads and cofferdams.

A soil with a moderate strength characteristics and moderate permeability;
chunks or flakes of material begin to drop sometime after the ground has
been exposed; brittle fractures.

Measure of how dense a granular material is compared to its maximum
density; usually described (qualitatively) as loose or dense.

Low strength characteristics with moderate deformation potential; high to
moderate permeability; deforms like granulated sugar; usually a clean dry
granular material.

Soil Abrasion Test — A test of soil abrasion potential.

One or less per some large volume or distance

A thin layer or stratum separating two distinct layers of different
composition.

A construction method used to construct a structural or low permeability
wall in place below the ground surface. As a trench is excavated, it is filled
with bentonite (an absorbent clay) slurry. This fluid mixture allows the
excavation to continue while preventing the passage of groundwater or the
collapse of the trench walls. The trench is later backfilled with concrete and
reinforcing steel. Also known as a “diaphragm wall.”

Tunnel Boring Machine, the equipment used to cut and excavate the soil
Less than 5 percent

Pertaining to or designating the rock structure and external forms resulting
from the deformation of the earth’s crust.

Glacial drift, consisting of a poorly sorted mixture of clay, silt, sand, gravel,
and boulders ranging widely in size and shape. Glacial till is commonly
overconsolidated by the weight of the glacial ice.

IFB NO. RTA/LR 1-09
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topography

USCS
Uws
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The shape of the Earth’s surface, above and below sea level, the set of
landforms in a region, or the distribution of elevations.

Unified Soil Classification System

University of Washington Station

Vicker’s Hardness Number Soil — a weighted average measure of the soil
abrasion potential based on the Vicker’s Hardness Number of a mineral and
it’s relative concentration.
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Table 1 — Baseline Soil Properties

Soil Group Wet Unit Dry Unit  Water LL® PI®  Ppoisson’s SAT© Permeability
Weight ~ Weight Content Ratio
(pcf) (pcf) (%) (%) (%) (cm/sec)
Horizontal Vertical
Blue 128+/-4 100+/-6 28+/-8 48+/-14 24+/-5 0.48 2+/-2 2x10°-3x10° 1x10°-1x10°
Turquoise 125+/-4 100 +/-3 24 +/-6 NP NP 0.45 6+-1 4x10*-1x10° 1x107-1x107°
Yellow 1x10™*-7x10®° 7x10° - 3x10™
127 +/-4 110+/-5 16+/-6 NP NP 0.45 18 +/- 6
Yellow2 1x10°-5x10° 1x107 - 1x10°®
Red 135+4/-5 115+/-6 16+/-6 NP NP 0.45 15+/-6 1x10*-5x10° 5x10°-3x107
Purple 125+/-3 105+/-6 18 +/-6 NP NP 0.45 N/A  1x10°-1x10? 1x107-1x10*
(a) Liquid Limit
(b) Plasticity Index
(c) Soil Abrasion Test
NP = Nonplastic
N/A = Not applicable
Soil Group Effective Cohesion Undrained Shear Shear
Friction Angle Intercept Strength , Sy Modulus, G
(degrees) (psf) (psH @ (psf)
Intact Disturbed Intact Disturbed Intact Disturbed
i 3 7,000 + 0.270,’ 3,500 +0.14 0’ See Shear Modulus Degradation
Blue 83+-2 210450 0 +/- 4,000 +/- 2,000 Curves: Appendix B
Turquoise 36 +/- 2 0 0 N/A N/A See Shear Mgdulus Dggradatlon
Curves: Appendix C
Yellow/Yellow2 39 +/-3 0 0 N/A N/A See Shear Modulus Degradation
Curves: Appendix D
Red 42 +/- 4 0 0 N/A N/A 8.0x10°®
Purple 34 +/-2 0 0 N/A N/A 4.0x10*®

(d) Vertical effective stress, g,’; units are pounds per square foot (psf)
(e) Shear Modulus value is for a working stress level of 50% peak shear strength

University Link Light Rail
TBM Tunnels (UWS to CHS)
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Table 2 — Baseline Groundwater Quality Parameters

Constituent Baseline Value® Units
pH 8.0 pH
Temperature 115 C
Dissolved Oxygen 0.1 mg/L
Specific Conductance 250 uS/cm
Dissolved Solids 158 mg/L
Hardness 81 mg/L as CaCOs
Alkalinity 113 mg/L as CaCOs
Calcium 16 mg/L
Magnesium 9.6 mg/L
Sodium 14 mg/L
Potassium 2.3 mg/L
Sulfate 4.4 mg/L
Chloride 5.4 mg/L
Iron 0.2 mg/L
Manganese 0.7 mg/L

#Regional average cited from USGS WRI 96-4312, Undifferentiated geologic unit

University Link Light Rail Geotechnical Baseline Report IFB NO. RTA/LR 1-09
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Table 3 — Baseline Tunnel Boulder Count

Boulder Size ? Number of
(ft) Boulders
Northbound Southbound
Tunnel Tunnel

3to4 4 4
4105 2°
5t0 6 1°

>6 1°

a Largest boulder dimension

® Baseline total number of boulders that will be encountered

during excavation of both tunnels.

Geotechnical Baseline Report

IFB NO. RTA/LR 1-09
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Table 4 — Baseline Boulder Count in University of Washington Station Slurry Walls®

Boulder Size® Number of

(feet) Boulders ”
1to?2 252
2103 46
3to4 16
4t05 7
5t06 4

> 6 3

a Largest boulder dimension

® Includes boulders completely in slurry
wall trench and boulders that are partially
in slurry wall trench.

¢ includes slurry walls for station and
crossover boxes.

Table 4a — Baseline Boulder Count for Crossover Box Excavation

Boulder Size® Number of

(feet) Boulders

3to4 55

4t05 22

5t06 10
>6 6

a Largest boulder dimension

University Link Light Rail Geotechnical Baseline Report IFB NO. RTA/LR 1-09
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TABLE 5
Cross Passage Baseline Conditions

Approx. Limit of

Geologic Profile (Conditions at springline and one diameter above)

Ground Cross Theoretical
Cross Cross Passage Surface Passage Excavation - Ground-  Ground- Bottom Top Ground
Passage Location Elevation Invert Invert Elevation water Head water Head Unified Soil Elevation of Elevation of Thickness of Boulder Count Support Groundwater
Number (NB Station) (NAVD 88, ft) Depth (ft) (ft) (ft) (bar) Boring Classification sgW Unit (ft) Unit (ft) Unit (ft) Notes & Size Category ® Flow (gpm)
SP-SM Yellowl 280 292 12 Silty clay and sand, disturbed, massive, fractured
6 1094+50 332 84.2 247.8 72 21 UL 515 ML Turquoise 242 280 38 Silt and sandy silt, slow dilatancy 0 2 <5
CH Blue 230 242 12 Sandy silt and clayey silt, massive, disturbed, shearing, slickensides
clayey SILT interbedded with silty CLAY; frequent large rotated clay fragments;
CLML Blue 226 246 20 highly disturbed, fractured, frequent slickensides,blocky texture, rapid dilatancy
7 1102+00 345 128.0 21r.0 9% 29 UL 569 ML Blue 217 226 9 trace to slightly clayey SILT; clay occurs as pockets, slow to rapid dilatancy 0 2 <5
ML/CL Blue 206 217 11 sil.ty CLAY interbec‘ided with clayey SILT; disturbed, blocky texture, rapid dilatancy,
faint hydrogen sulfide odor.
ML Blue 171 212 41 Sandey silt, slow dilatancy, slickensides, massive
CH Blue 142 198 56 Silty clay, slickensides, disturbed, laminated, shearing
8 1109+80 386 201.0 185.0 140 41 UL 518 CH Blue 137 179 42 Silty clay, slickensides, dropstones, massive, laminated, shearing 0 2 <5
SM Yellow2 163 170 7 Silty, gravelly sand, till-like structure, boulder at Elev. 166
SM/ML Turquoise 171 183 12 No sample recovered; drill action suggests sand and silt.
9 1117+00 431 275.6 155.4 208 6.1 UL 571 ML Turquoise 148.5 171 225 fine sandy SILT; rapid dilatancy 1, < 3 feet 2 10
MH Blue 137 148.5 115 clayey SILT, thin silty CLAY partings, small slickensides
MH Blue 145 170 25 Clayey silt, massive with slickensides
CH Blue 137 145 8 Plastic silty clay, scattered slickensides
10 1125+00 462 3395 1225 151 45 uL 522 ML Blue 119 137 18 Non-plastic clayey silt, massive, folded, disturbed, slow dilatancy 0 ! !
ML Turquoise 93 119 26 SILT; nonplastic.
ML Turquoise 119 135 16 fine sandy SILT; slow dilatancy, faint hydrogen sulfide odor
ML Blue 109 119 10 SILT; medium dilatancy, massive
1 1133+00 414 3243 89.7 123 3.6 uL 572 ML/MH Blue 90 109 19 clayey SILT; slow to no dilatancy, scattered pieces of slickensided clay 1, <3feet 2 <5
ML/MH Turquoise 84 90 6 SILT; nonplastic; fine sand laminae
CL Blue 111 131 20 Silty clay and clayey silt, fractures, scattered dropstones, slickensides, joints 1 7
12 1141+00 362 305.2 56.8 143 4.2 UL 573 MH Blue 91 111 20 Silty clay, fractured, slickensided joints, massive 0
CH-ML Blue 45 91 46 slightly silt CLAY; scattere slickensides and fractures.
13 1146+50 319 284.8 34.2 157 4.6 UL 568 CH/ML Blue 33 112 79 Silty clay, high-angle bedding 1, < 3 feet 1 <5
CL-ML Blue 27 40 13 Plastic silty clay and clayey silt, very stiff
CH Blue 21 27 6 Clay, hard
14 1153+40 138 132.1 5.9 111 3.3 UL 529 CH Blue 10 21 1 Silty clay, hard 0 1 7
CL Blue -8 10 18 Clay, massive, soft sediment deformation
ML Blue 5 12 7 Plastic clayey silt, slickensides, slow dilatancy, laminated
CH Blue -8 5 13 Silty clay, slickensides, disturbed
15 1159+60 78 97.6 -19.6 71 2.1 UL 531 CH Blue -20 -8 12 Silty clay, slickensides, shearing, scattered rotated fragments 0 1 <5
CH Blue -24 -20 4 Silty clay and clayey silt
CL Blue -33 -24 9 Plastic silty clay, slickensides, laminated
CL/CH Blue -23 14 37 Plastic silty clay, slickensides, disturbed, blocky
16 1167+00 108 158.0 -50.0 131 3.9 UL 533 CL Blue -43 -23 20 Plastic silty clay, scattered cobbles at Elev. -26 0 1 <5
CL/CH Blue -66 -43 23 Plastic silty clay
37 60 23 Hard clay; thin interbeds silty sand, trace fine gravel; zones of blocky, distrubed
17 1172+60 102.3 173.1 -70.8 150 4.4 UL 534 CH Blue clay. 1, < 3 feet 1 <5
ML Blue -60 -77 6 Hard clay; scattered inclusions of slickensided clay.
Hard clayey silt; high plasticity; thin beds of clay fragments; high-angle
-55 -60 5 ) ;
MH Blue slickensides.
17A 1180+10 79.5 164.3 848 131 3.9 UL 574 CL/CH Blue -60 -70 10 Hard c!ay; homogengous; scattered fine gravel dropstones. 0 1 <5
ML Blue -70 -73 3 Hard silt; scattered fine gravel dropstones.
CH Blue -73 -83 10 Stiff clay; medium to high plasticity; homogeneous; scattered slickensides.
ML Blue -83 -100 17 Hard clayey silt; high plasticity; homogeneous; thin silt laminations
CH Blue -70 -48 22 Silty clay, massive, scattered laminations
CL/ML Blue -83 -70 13 Silty clay to clayey silt
18 1182+62 66 157.7 L7 121 3.7 NB 251 CL/CH Blue -91 -83 8 Silty clay, scattered sheared seams 0 ! <5
ML/CL Blue -112 -01 21 Clayey silt to silty clay
CH Blue -53 5 58 Plastic silty clay, massive, shearing, slickensides, disturbed, dropstone
19 1189+94 62 139.8 -77.8 119 35 UL 538 CL Blue -63 -53 10 Silty clay, massive, shearing 1, < 3 feet 1 <5
CL Blue -96 -63 33 Silty clay, shearing
20 1194470 63 1271 641 89 26 UL 540 oL N 93 6 87 Plastic silty clay, massive, blocky, slickensides, fractures, joints; distorted, dices 0 1 <5
ue zones
Notes:

(1) SG - Soil Group; See Section 4.
(2) See Contract Drawings for Support Category plans.
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