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The following changes exist between the “SR 99 Bored Tunnel Alternative Design-Build Project 
Geotechnical Baseline Report” and the “Revised SR 99 Bored Tunnel Alternative Design-Build 
Project Geotechnical Baseline Report”: 

• Figure 2 has been added. 

• In Appendix A several notes have been corrected on all sheets. 

• In Appendix B a shoreline data was corrected.  
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Revised SR 99 Bored Tunnel 
Alternative Design-Build Project 

Geotechnical Baseline Report 
 

1.0 Introduction 

1.1 Purpose of the Geotechnical Baseline Report 

The Geotechnical Baseline Report (GBR) is issued as part of the Request for 
Proposals (RFP). The purpose of this GBR is multi-faceted, and has several goals as 
noted below, all from the perspective of a Design-Build contract:  

• Presenting certain project geotechnical and construction considerations and 
information for the subsurface components (Bored Tunnel, portal structures 
and appurtenant construction) of the project and for relating these to specific 
requirements that are included in the project RFP Technical Requirements. 

• Enhancing the Design-Builder’s understanding of the key geotechnical 
features, and important requirements in the RFP documents that need to be 
identified and addressed during bid preparation, preparation of technical and 
cost proposals, and during detailed design and construction. 

• Assisting the Design-Builder in evaluating the anticipated ground behavior 
along the alignment, requirements for elements of the tunnel boring machine 
(TBM), excavating and supporting the ground, maintaining control of 
groundwater, and providing protection for adjacent or overlying structures, 
utilities or other facilities. 

• Guiding WSDOT in administering the contract, reviewing the Design-
Builder’s design, and monitoring the performance during construction. 

• Assisting in administering the differing site conditions clauses contained in 
the Contract Documents.  

• Setting the baseline subsurface site conditions expected to be encountered in 
the performance of the Work 

The GBR is contractually binding and must be read in conjunction with the RFP, 
including but not limited to the Geotechnical and Environmental Data Report 
(GEDR) included as Appendix G-2 of the RFP, which is also a contract document.  
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This GBR was prepared based upon data collected during the geotechnical 
exploration program for the SR 99 Bored Tunnel Alternative, portal structures, and 
appurtenant construction (the Project) which is presented in the GEDR. This GBR 
presents the current understanding of certain subsurface geotechnical, geological and 
hydrogeological conditions. 

The GBR presents baselines derived from the subsurface geotechnical, geological 
and hydrogeological data, which should be utilized in preparing the technical and 
cost proposals. The Design-Builder must implement any additional exploration and 
geotechnical evaluations as deemed necessary to further delineate subsurface 
condition. Additional Geotechnical Explorations and Testing can be undertaken, at 
the discretion of the Design-Builder, as allowed per TR Section 2.6 of the RFP.  

The engineering soil and groundwater parameters of the soil, for which baselines are 
defined in the GBR, will govern in the selection of construction means and methods 
to be used for the Project. The ranges and parameters included herein are for 
baseline purposes. Refer to the Technical Requirements, the GEDR and the 
Geotechnical Design Manual to develop engineering parameters for design. Proper 
geotechnical and civil design requires that material parameters be selected based on 
the closest exploration data and representative test results and that the inherent 
variability of soil materials be taken into account in selecting probable ranges of soil 
parameters to be incorporated into the design process. 

The Design-Builder must not use the GBR baselines in isolation for the planning or 
performance of any aspects of its work, including and without limitation as to means, 
methods, techniques, sequences and procedures of construction, and safety 
precautions to be employed by the Design-Builder. The Design-Builder must 
undertake its own independent review and evaluation of the Contract Documents.  

Construction activities for the excavation of the tunnel, portal structures and 
appurtenant construction will be affected by environmental conditions including 
potential ground and groundwater contamination. The baselines for environmental 
conditions are described in the Environmental Baseline Report, Appendix E6 of the 
RFP.  

Reference documents containing additional information are included in Appendices 
to the RFP and/or listed in the RFP. These include geotechnical design memoranda, 
cited in this GBR, which are not mandatory. In accordance with Section 1.3 of the 
Contract, the cited references are not contract documents and are therefore not 
deemed incorporated in the contract documents. These documents are provided for 
information and as such the Design-Builder should not rely on data, interpretation or 
assessments provided therein.  
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1.2 Program Description & Background 

1.2.1 Tunnel Project Description 

The Project is a part of the Alaskan Way Viaduct Program and contains three major 
components: the South Access Project; the Design Build Tunnel Project; and the 
North Access Project. The Approximate Length of these elements can be shown in 
Table 1.  

Table 1. Project Element Lengths 

Project Elements Approximate Length of 
Element 

South Portal Retained Cut & Cut-and-
Cover 

1500 feet 

Bored Tunnel 8800 feet 

North Portal Cut-and-Cover 450 feet 

 

1.2.1.1 South Access Project Description 

The South Access Project would provide access to the tunnel at a portal near Qwest 
and Safeco Fields. The South Portal area would be located on Alaskan Way, between 
S. Royal Brougham Way and S. Dearborn Street, and would consist of an at-grade 
mainline roadway and ramps leading to a depressed mainline and ramp roadways 
adjacent to the mainline tunnel and ramp portals. In addition, at least one new 
surface cross street would provide a connection between SR 99, Alaskan Way, and 
First Avenue S.  

1.2.1.2 Design Build Tunnel Project Description 

 The Design Build Tunnel Project would begin between S. Royal Brougham Way and 
Charles Street with a depressed roadway section that contains the mainline and 
southbound off-ramps and northbound on-ramps. The South Portal consists of the 
Retained Cut, the Cut-and-Cover and the South Tunnel Operations Building. The 
portals for the ramps and mainline would be in the vicinity of Charles Street. They 
would lead into the Cut-and-Cover portion of the tunnel that extends approximately 
1,000 feet and transitions from a side-by-side roadway to a stacked configuration at a 
Bored Tunnel that would begin immediately south of S. King Street under Alaskan 
Way. The roadway structure inside the Bored Tunnel would stack the roadways with 
two southbound lanes on the upper level and two northbound lanes on the lower 
level. At this location, the base of the cut–and-cover tunnel would be approximately 
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90 feet below the ground surface, and the top of the tunnel would be about 30 feet 
below the ground surface. A southern tunnel operations building located east of SR 
99 between S. Dearborn Street and S. King Street would provide ventilation as well 
as maintenance and operation capabilities. The lowest level of the building would be 
about 75 feet below the ground surface. 

There would be approximately 8,800 feet of Bored Tunnel with an approximate 
outside diameter of 54 feet. The Bored Tunnel would decline at a 4 percent grade 
and pass under Alaskan Way, cross under the existing viaduct, follow a large radius 
curve beginning just south of S. Washington Street, then pass under Western Avenue 
to be parallel with First Avenue. The tunnel would reach a low point under Madison 
Street where the top of the tunnel would be about 120 feet below street level. The 
tunnel would then rise at a 1.6 percent grade to the north as it continues under First 
Avenue to near Stewart Street, where it would follow a large radius curve to the 
north and cross under the street grid of Seattle’s Belltown neighborhood at a 
diagonal. The tunnel would reach a depth of 215 feet from the crown of the tunnel 
to the ground surface at Virginia Street. At Lenora Street, the tunnel transitions to 
approximately 4 percent grade. The North Portal consists of the Cut-and Cover and 
the Tunnel Operations Building. The tunnel would transition back to a Cut-and-
Cover section north of Thomas Street. The Cut-and-Cover section would unbraid 
the tunnel’s stacked northbound and southbound roadways into a side-by-side 
configuration that matches the existing grade of Aurora Avenue N. near Mercer 
Street. Where the Bored Tunnel emerges at Thomas Street, the Cut-and-Cover 
excavation would be about 85 feet deep. There would be a north tunnel operations 
building over the tunnel on the east side of Sixth Avenue N. between Thomas and 
Harrison Streets. The lowest level of the building would be around 75 feet below the 
ground surface. The Cut-and-Cover section of the tunnel would extend 
approximately 450 feet to a portal on the north side of Harrison Street. 

The entire tunnel would have continuous six-foot shoulders on the roadway’s west 
side to maximize access to an enclosed emergency walkway along the west side of 
the tunnel (Figure 1). 
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Figure 1. Bored Tunnel Cross Section 

 

1.2.1.3 North Access Project Description 

The depressed at-grade roadway extending north from the tunnel portal at Harrison 
Street to the existing alignment of Aurora Avenue N. would comprise the bulk of the 
North Access Project. There would also be surface roadway modifications to work 
with the new on- and off-ramps leading to and from the tunnel that merge into 
Republican Street as well as the mainline merge with Aurora Avenue N. 

In the North Access Project, Sixth Avenue N. would be extended from Harrison 
Street to Mercer Street, and John, Thomas, and Harrison Streets would be 
reconnected across Aurora Avenue N. Ramps would be constructed to provide 
northbound off and southbound on movements to and from SR 99 at Republican 
Street. Northbound on-ramps and southbound off-ramps to and from the 
intersection of Harrison Street and Aurora Avenue would also be constructed. 
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1.3 Sources of Geologic and Geotechnical Information 

The primary source of geotechnical data used in identifying and describing 
anticipated physical site conditions are explorations and testing that were completed 
specifically for this Contract. These include borings, groundwater monitoring, 
groundwater pumping tests, gas measurements, in-situ tests, and geotechnical 
laboratory tests. The available factual geotechnical data resulting from the 
explorations and testing, pertaining to the Design-Build Contract, are included in the 
GEDR.  

1.3.1 Subsurface Investigation Program 

Subsurface conditions for the Project alignment were specifically investigated in 
three different phases associated with the Conceptual stage of design. Data from 
early investigations of previous project options has been utilized where appropriate. 
Guidelines for the field explorations are presented in the GEDR. The following 
sections provide a summary of the investigations performed for the Project. 

1.3.1.1 Explorations 

Investigation explorations were drilled in the general project area specifically for the 
Project during the period of March 2009 through March 2010. Additional 
explorations are applicable from earlier investigations. Disturbed soil samples were 
obtained from mud rotary borings with split-spoon (split-barrel) samplers. At select 
locations within these borings, relatively undisturbed samples were obtained using a 
thin-wall, steel-tube sampler, a Pitcher Barrel Sampler or a piston sampler. In 
addition, standard penetration tests (SPTs) or modified penetration tests were 
performed in most of the mud rotary borings. Core samples were obtained from 
borings drilled using sonic core methods. Air rotary drilling methods were used at 
locations along the alignment for the installation of test wells for groundwater 
pumping testing. Soil samples were classified according to the Unified Soil 
Classification System (USCS). Drilling, sampling methods and classification 
procedures are described in the GEDR. Appendix A of the GEDR contains the 
exploration logs and hammer energy transfer measurements.  

1.3.1.2 Groundwater Testing and Measurements 

Select borings were equipped with groundwater observation wells and/or vibrating 
wire piezometers. Four pumping wells and two injection wells were also installed for 
use during pumping tests near the South Portal and along the tunnel alignment. 
Single-well field hydraulic conductivity tests (slug tests) were also performed in most 
observation wells. Appendix C of the GEDR includes summaries of well 
development, observation well and vibrating wire piezometer installations, slug tests, 
and measured groundwater elevations. Groundwater chemistry testing was 
performed and presented in Appendix C of the GEDR. 
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1.3.1.3 Gas Measurements 

Wellhead space gas measurements including methane, hydrogen sulfide, oxygen and 
carbon dioxide, were taken at selected observation wells along the tunnel alignment 
using infrared and electro-chemical gas analyzers. These wells were screened above 
or across the water table. In addition, pressurized groundwater samples from selected 
locations were analyzed using a gas chromatograph. The results of measurements of 
gas concentrations are included in Appendix C of the GEDR. 

1.3.1.4 In-situ Testing and Measurements 

In-situ testing using downhole pressuremeters and downhole seismic shear wave 
velocity techniques was performed in a number of mud rotary borings for this 
project. In-situ tests are described and reported in Appendix B of the GEDR. 

1.3.1.5 Geotechnical Laboratory Tests 

Laboratory index and engineering tests were performed on soil samples retrieved 
from the borings in order to classify the material and to characterize the geologic 
units. A discussion of the test methods is presented in the GEDR. The data from the 
tests are presented in Appendix D of the GEDR. 

1.3.1.6 Soil and Groundwater Contamination Analysis 

Water quality testing was performed on water samples from site investigation borings 
including those adjacent to several building sites that are documented to have 
included gas stations, dry cleaners and other facilities capable of potentially 
contaminating the underlying and nearby soils and groundwater. Analytical results 
and associated quality control data for samples are included in Appendix E of the 
GEDR. Environmental Baselines are contained in Appendix E6 Environmental 
Baseline Report in the RFP.  

1.3.2 Local Construction Experience 

The Project will encounter geologic deposits very similar to those through which 
several local tunnels and deep excavations have been previously constructed. Case 
history summaries have been prepared for 16 projects in order to document 
construction related data and ground behavior for general background information. 
All of the tunnels shown on this list are still in operation. The case histories were 
prepared in an effort to assist with understanding of the behavior of geologic 
deposits similar to those along the Project alignment. The case histories can be found 
in CT-10 Case Histories, which is located in Appendix G4 of the RFP. Ground 
conditions and/or means and methods of construction from the case histories, 
similar to (but smaller in size) the SR 99 Tunnel, are summarized below in Table 2a 
and Table 2b. 
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Table 2a: Summaries of Tunnel Case Histories 

Note: Unchecked boxes indicate only that those conditions or construction methods were not 
reported. Conditions may have been encountered or construction methods may have been used and 
not reported, particularly for older projects.  
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Table 2b: Summaries of Deep Excavation Case Histories 

Note: Unchecked boxes indicate only that those conditions or construction methods were not 
reported. Conditions may have been encountered, or construction methods may have been used, and 
not reported, particularly for older projects.  
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2.0 Regional Setting 

This section provides a brief summary of the geological setting associated with the 
Project and appurtenant construction, in order to provide the Design-Builder with a 
background understanding of the geological processes involved with the soil 
depositional environment.  

Seattle is located within the central portion of the Puget Lowland, an elongated 
topographic and structural depression bordered by the Cascade Mountains on the 
east and the Olympic Mountains on the west. The lowland is characterized by a 
series of north-south trending ridges separated by deeply cut ravines and broad 
valleys, the result of glacial scouring and sub-glacial erosion. The Puget Sound area is 
believed to have been subjected to six or more major glaciations during the 
Pleistocene Epoch (2 million years ago to about 10,000 years ago). During the most 
recent ice coverage of the central Puget Lowland (Vashon period of the Fraser 
Glaciation), the thickness of ice is estimated to have been about 3,000 feet in the 
alignment area. The last ice covering the alignment area receded about 13,500 years 
ago. Geophysical data suggests that top of bedrock in the downtown Seattle area is 
over 3,000 feet deep. The nearest outcrop of bedrock is observed approximately 2.5 
miles south of the alignment. 

2.1 Geological Setting 

The distribution of sediments in the Puget Lowland is complex, because each glacial 
advance partially eroded older deposits and deposited new sediments, including 
glaciolacustrine clays and silt, glacial outwash sands and gravels, glacial till-like soils 
including diamictite, glaciomarine drift, till and ablation till. It is common for the 
glacial deposits to contain cobbles and boulders as outwash braids, drop stones, and 
erratics. During the intervening interglacial episodes, additional geologic activity 
occurred including partial erosion and reworking and redeposition of some soils, and 
the local deposition of fluvial, lacustrine, and marine sediments, that further 
complicate the geologic setting. 

The glacial and interglacial soil units are typically of limited lateral extent and grade 
laterally into, are inter-layered with, or may contain blocks of material from other 
stratigraphic units. Summary descriptions of the Holocene, Vashon and Pre-Vashon 
units mapped during the subsurface exploration program are summarized below. 

• Holocene (Recent) Units have been deposited since the last glaciation. They 
are generally of limited lateral extent and are surficial. Along the project 
alignment, Holocene deposits include engineered and non-engineered fill, 
alluvium, beach deposits, estuarine deposits, and reworked glacial deposits. 

• Quaternary Vashon Units are glacial sediments deposited during the advance 
or recession of the Vashon ice-sheet and mantle portions of alignment. 
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These are interpolated from the borehole data as having an overall horizontal 
stratification, although varying laterally in thickness and persistence. The 
Quaternary Vashon Units include recessional outwash, recessional lacustrine 
deposits and ablation till deposits. 

• Quaternary Pre-Vashon Units consist of both non-glacial (interglacial) 
sediments and sediments deposited by glacial processes during glacial 
episodes prior to the Vashon glaciation. As interpolated between boreholes, 
these vary in thickness and lateral extent within a general horizontal 
stratification, in some instances grading laterally, vertically, or both, into the 
adjacent unit; or may be comprised of slices, blocks, rafts and sedimentary 
dikes of material, juxtaposed against dissimilar material by glacial, interglacial 
or tectonic processes. The Quaternary Pre-Vashon units include nonglacial 
fluvial deposits, nonglacial lacustrine deposits, paleosols, glacial advance and 
recessional outwash, ablation till, lodgment till, till-like deposits, glaciomarine 
deposits and glaciolacustrine deposits.  

The Project north of Pine Street will be constructed through what was an 
approximately 300-feet above sea level, north-south trending ridge that is composed 
of varied glacial and interglacial soils. In 1910 the upper 100 feet of the ridge, 
between about Pine Street and Denny Street, was excavated as part of the Denny 
Regrade. Portions of these overburden soils were used to fill topographic lows as 
part of the regrade and the remainder was sluiced out into Elliott Bay and Puget 
Sound using large hoses and large volumes of water.  

The subsurface geology encountered along the tunnel alignment includes a complex 
mix of: 

• Overlying Holocene (post-glacial or Recent) deposits including estuarine, 
alluvial and beach deposits at the South Portal, overlain by man-place fill 
locally containing abundant logs, timber piles, planks and debris in the upper 
30 to 40 feet to the south of King Street and around Yesler Way, 

• Vashon recessional glacial deposits in and above the tunnel horizon, 

• Pre-Vashon glacial and non-glacial (interglacial) soils in and above the tunnel 
horizon. 

2.2 Hydrogeologic Setting 

The complex glacial stratigraphy in the Seattle area has a strong influence on the 
hydrogeologic regime and the nature of the groundwater flow. The permeabilities of 
glacial deposits typically differ by orders of magnitude between adjacent stratigraphic 
units and locally within a single stratigraphic unit. Because of this, there are multiple 
perched groundwater-bearing layers within the stratigraphic sequence and multiple 
piezometric surfaces. Because of the size of the tunnel bore, multiple piezometric 
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surfaces may be encountered around the tunnel bore and within its face as it 
advances. Discontinuous perched groundwater levels have been observed in several 
borings above the regional groundwater level.  

The direction of groundwater movement is also governed by hydraulic gradients, 
which may decrease or increase with depth in the stratigraphic section. Downward 
hydraulic gradients are typical in upland areas; and upward hydraulic gradients are 
typical in water-bearing units close to the discharge point. In several borings in the 
southern end, where multiple piezometers have been installed, there is up to a 10-
foot difference in elevation between the groundwater levels measured at various 
depths, and several piezometers indicate artesian groundwater levels at up to 5 feet 
above the ground surface. These complex stratigraphic sequences not only result in 
multiple groundwater regimes but also may result in saturated permeable soil 
overlying a low permeability soil, which in turn may overlie a dry or partially 
saturated permeable soil. 

There is tidal influence to groundwater pressure along most of the Project alignment, 
with daily variations of up to 5 feet noted in several borings. However, the 
magnitude of the tidal influence varies by depth as well as distance from Puget 
Sound. Seasonal fluctuation in groundwater is generally less than about 5 feet.  

2.3 Tectonic Setting 

The Puget Lowland is located in the fore-arc of the Cascadia Subduction Zone. The 
tectonics and seismicity of the region are the result of the relative northeastward 
oblique subduction of the Juan de Fuca Plate beneath the North American Plate. 
The convergence of these two plates results in complex east-west compression, 
dextral shear, clockwise rotation, and north-south compression of the crustal blocks 
that form the leading edge of the North American Plate. The compression rate is 
about 0.2 inch per year beneath western Washington and the Puget Lowland. The 
north-south compression in the Puget Lowland is accommodated by a series of west- 
and northwest-trending thrust faults extending to postulated depths of 8 to 16 miles.  

Movement along these thrust faults and associated faults have resulted in numerous 
historic and pre-historic earthquakes. Historic earthquakes in the area have included:  

• Magnitude (Ms) 7.1 Olympia earthquake of April 13, 1949;  

• Magnitude (mb) 6.5 Seattle-Tacoma earthquake of April 29, 1965;  

• Magnitude (Mo) 6.8 Nisqually earthquake of February 28, 2001.  

All of these earthquakes resulted in ground shaking with maximum Modified 
Mercalli Intensities (MMI) of about VII to VIII in the Seattle area. These levels of 
ground shaking are the maximum vibratory ground motion estimated to have 
occurred along the project alignment during the 170 years of historical record, and 
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for the 1949 and 1965 events, are estimated to correspond to peak ground 
accelerations between about 0.10 g and 0.15 g. While actual recorded ground 
motions from the February 28, 2001, Nisqually earthquake on relatively dense soil 
sites in the project vicinity were generally in this range, recorded peak ground 
accelerations were as high as 0.28 g in the relatively soft/loose fill/alluvial soil in the 
Duwamish area and 0.31 g at Seward Park in Seattle, where bedrock is exposed at 
ground surface.  

The nearest potentially active fault to the project is the east-west trending Seattle 
Fault Zone that, extends from Bremerton on the west, through West Seattle and the 
Alki Peninsula, passes just south of downtown Seattle, and extends eastward south 
of 1-90 through Mercer Island and south Bellevue towards the Cascade Mountain 
foothills. In general, the Seattle Fault Zone is described as a south-dipping reverse 
fault with multiple splays or roof thrusts associated with blind thrust at depth. South 
of the Seattle Fault, bedrock is locally present at or relatively near ground surface, 
whereas north of the fault, top of bedrock is over 3,000 feet deep. The width of the 
Seattle Fault generated ground surface deformation zone (associated with 
splays/roof thrusts) is about 3 to 5 miles wide (north-south). Recent geologic 
evidence indicates that ground surface rupture from movement on this fault zone 
occurred as recently as 1,100 years ago. Preliminary estimates of recurrence rates for 
the Seattle Fault are on the order of 3,000 to 5,000 years with a slip rate of 0.03 to 
0.04 inch per year. Earthquake magnitudes of up to 7.5 have been postulated for 
movement on this fault. 

Based on over-water surveys and test trenches accomplished over the last 20 years, 
the Project alignment is located immediately north of the mapped deformation zone, 
with the nearest mapped fault splay located about 600 feet South of Royal 
Brougham. There is no direct evidence of discrete fault offsets in the boring 
exploration logs from the tunnel alignment. Slickensided shears, diced soil, joints, 
sand dikes, and tilted bedding of some soil layers that were observed in project 
borings, and that have been observed during the construction of local tunnels such 
as the Mercer Street Tunnel to the north of the deformation zone, may be the result 
of various processes including landsliding, tectonic movement, and/or glacial 
activity. 
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3.0 Relevant Ground Conditions 

The following section describes baselines for the geotechnical and hydrogeologic 
conditions based upon their Engineering Soil Unit (ESU) and their relevant physical 
and behavioral characteristics. The assigned ESUs are specific to this project. Other 
projects in the Puget Sound area have used different soil groupings and classification 
systems.  

Because of the geologic history of the region and the numerous glacial and post 
glacial episodes the tunnel will be constructed through a highly variable array of 
glacial and non glacial (inter-glacial) soils such that the tunnel face is not anticipated 
to be in homogenous soil conditions, at any location. Numerous contacts between 
soils of contrasting properties including but not limited to high permeability and low 
permeability soils, non-cohesive flowing soils and hard cohesive soils, soils with and 
without boulders, and sheared and intact soils will be encountered during the 
excavation and construction of the Project. 

For purposes of establishing baseline conditions, soil geological units with similar 
behavioral characteristics have been grouped together into ESUs specifically 
developed for the Contract. This process is described in the reference document CT-
6: Geologic Characterization Report, in Appendix G4 of the RFP. The grouping of 
soils is based on the anticipated soil mass parameters and behaviors as discussed in 
this GBR. The baseline range and baseline average values for these parameters and 
behaviors are based on data collected for this project as well as data from other 
nearby projects, and therefore may be different from those that could be interpreted 
strictly from the data in the GEDR, which only presents small specimen, intact soil 
parameters. Following the descriptions, particular aspects of ground behavior are 
described individually. 

3.1 Engineering Behavior Characteristics  

The range of geologic and hydrologic conditions and associated engineering 
parameters and behavioral characteristics expected for the variety of ESUs will 
control design and construction of the Project. The selection of equipment, and the 
means and methods of construction are generally dependent on the soil’s parameters 
such as grain size distribution, classification, hydraulic conductivity, and strength and 
the correlation to observed behavior under similar construction conditions. The 
descriptions of the ESUs along the alignment and their engineering parameters are 
provided in Section 3.2.  

The ground behaviors defined by the Tunnelman’s Ground Classification are 
summarized in the glossary and represent the types of ground behavior that are 
expected in soils along the Project alignment for an unsupported non-pressurized 
face TBM or if loss of face support occurs. Tunnelman’s Classification is a means of 
describing the in-situ performance for soft-ground tunnels.  
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For the Project, the soils encountered fall within three major categories: tills, 
cohesionless soils (sands, gravel and silts) and cohesive soils. There are transitional 
and interspersed lenses, dikes, layers, cobbles, boulders, logs, man-made debris such 
as timber piles and refuse, and organic soils.  

3.2 Engineering Soil Units 

The soils are described in the boring logs in the GEDR using the USCS. For the 
purposes of establishing baselines for the project, the soils along the alignment have 
been grouped by soil type, relative density, and behavioral characteristics into eight 
basic ESUs as discussed below.  

ESU 1 is engineered and non-engineered fill. ESUs 2 and 3 are shallow Holocene 
deposits. These three upper soil units will be excavated in the Retained Cut and Cut-
and-Cover sections at the portals and for 200 to 300 feet in the crown of the Bored 
Tunnel at the southern end of the drive. ESUs 4 to 8 are Quaternary glacial deposits. 
These will be excavated throughout the Project.  

All eight ESUs will be encountered in the zone between the ground surface and the 
Bored Tunnel. Any lost ground that occurs due to tunnel excavation, will propagate 
through various combinations of these ESUs before it reaches the overlying and/or 
adjacent structures and utilities. This GBR addresses all eight ESUs, since all will 
influence construction. 

The following ESUs will be encountered along the alignment: 

• ESU 1: Engineered & Non-Engineered Fill (ENF) 

• ESU 2: Recent Granular Deposits (RGD).  

• ESU 3: Recent Clay and Silt (RCS).  

• ESU 4: Till Deposits (TD).  

• ESU 5: Cohesionless Sand and Gravel (CSG). 

• ESU 6: Cohesionless Silt and Fine Sand (CSF).  

• ESU 7: Cohesive Clay and Silt (CCS). 

• ESU 8: Till-Like Deposits (TLD) 

The generalized subsurface profiles provided in Appendix A are baselines. Where 
borings were located on either side of the alignment, the profiles were developed by 
projecting the interpreted average contacts between ESUs from these borings to the 
profile. Elsewhere, the borings were projected to the profile. The subsurface profiles 
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illustrate, in part, the complex interlayered nature of the ESUs. The locations of the 
contacts shown on the subsurface profile between ESUs have been developed using 
engineering judgment. However, it is not possible to know their precise location. 
Layers and lenses of discrete ESUs greater than 2 feet thick encountered and 
identified in the borings are plotted on the profile. However, additional layers and 
lenses of the various ESUs exist between borings.  

Where provided, engineering parameter baseline ranges and baseline values are for 
the predominate material comprising the ESU. Baseline ranges and baseline values 
for water content are not provided for ESUs predominately comprised of 
cohesionless soils. 

ESU 1: ENF consists of both engineered and non-engineered fill. ESU 2: RGD and 
ESU 3: RCS include both glacially deposited, but not glacially overconsolidated 
soils, and more recently deposited soils. Engineering parameter baseline ranges and 
values are not provided for ESU 1: ENF and engineering parameter baseline values 
are not provided for ESU 2: RGD, and ESU 3: RCS. The Design-Builder is 
referred to the results of field and laboratory testing in the GEDR to develop 
engineering parameters for these ESUs.  

ESU 1: Engineered & Non-Engineered Fill (ENF) 

ESU 1: ENF predominately consists of very loose to very dense sand with varying 
amounts of silt and gravel. For the South and North Portals, Respectively, 10 percent 
and 20 percent by volume of ESU 1: ENF consists of silt, clay, and organic silt. For 
the South and North Portals, respectively, 25 percent and 5 percent by volume of 
ESU 1: ENF consists of debris. These soils have widely variable characteristics, 
depending on the material used as fill and whether the fill was placed in an 
engineered or non-engineered fashion. Fill soils were identified from the presence of 
irregular clasts of one soil type within soil of another type, disturbed appearance, 
iron-oxide staining, or from the presence of debris. The behavior of the granular fill 
soils will be similar to ESU 2: RGD. The behavior of the cohesive fill will be similar 
to ESU 3: RCS. ESU 1: ENF will be unstable unless suitably supported at all times. 

As shown on the generalized subsurface profiles and the Historical Potential Wood 
Foundation and Wood Debris Map (Appendix B) some portions of ESU 1: ENF 
consists of 100 percent wood debris and timber piles.  

ESU 1: ENF will be encountered in the Retained Cut and Cut-and-Cover sections at 
the portals, as shown on the generalized subsurface profiles. 

ESU 2: Recent Granular Deposits (RGD) 

ESU 2: RGD predominantly consists of loose to dense or locally very dense, sand 
and sandy silt. ESU 2: RGD contains localized zones of silt, sandy gravel and 
gravelly sand with varying lateral extent and thickness. These granular soils will run 
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where unsaturated and will flow where saturated, if not supported. ESU 2: RGD will 
be unstable unless suitably supported at all times. 

ESU 2: RGD will be encountered in the Retained Cut and Cut-and-Cover sections 
at the portals and in the Bored Tunnel, as shown on the generalized subsurface 
profiles. The anticipated ranges of parameters for the predominate materials 
comprising ESU 2: RGD are summarized in Table 3. Grain size distribution curves 
for ESU 2: RGD are shown in Figure 2. It is noted that over half of the samples 
tested have 12 percent by weight or more passing the No. 200 sieve. 

Table 3. Representative Material Parameters ESU 2: RGD 

Engineering Parameter Baseline Range 

Natural Water Content (%) N/A 

Moist Unit Weight (pcf) 100 to 130 

At-Rest Earth Pressure Coefficient, KO 0.4 to 0.5 

Effective Cohesion, c’ (psf) 0 

Effective Friction Angle,φ’ (degrees) 28 to 36 

Undrained Shear Strength,Su (psf) N/A 

Shear Modulus, Unload-Reload Strain, Gur (psi) 1,000 to 4,000 

Hydraulic Conductivity, Horizontal (cm/sec) 1E-05 to 1E-02 

Hydraulic Conductivity, Vertical (cm/sec) 1E-06 to 5E-3 

   * N/A means Not Applicable  
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Figure 2. Representative Grain Size Distribution ESU 2: RGD 

 

ESU 3: Recent Clay and Silt (RCS) 

ESU 3: RCS predominantly consists of soft to stiff, silty clay and clayey silt with 
variable amounts of sand and gravel and localized zones of medium dense to dense 
clayey sand. ESU 3: RCS is a cohesive soil and will squeeze. ESU 3: RCS contains 5 
percent by volume layers, lenses, and dikes of cohesionless sand with varying lateral 
extent and thickness. These sand layers, lenses, and dikes will flow when saturated 
and run when unsaturated, if not supported. ESU 3: RCS will be unstable unless 
suitably supported at all times. 

These soil types will be encountered as shown on the generalized subsurface profiles. 
The anticipated ranges of parameters for the predominate materials comprising ESU 
3: RCS are summarized in Table 4. Plasticity plot for ESU 3: RCS are shown in 
Figure 3. 

Table 4. Representative Material Parameters ESU 3: RCS 

Engineering Parameter Baseline Range 

Natural Water Content (%) 15 to 50 

Moist Unit Weight (pcf) 100 to 130 

At-Rest Earth Pressure Coefficient, KO 0.5 to 0.6 
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Engineering Parameter Baseline Range 

Effective Cohesion, c’ (psf) 0 to 200  

Effective Friction Angle,φ’ (degrees) 15 to 32 

Undrained Shear Strength, Su (psf) 400 to 1,500 

Shear Modulus, Unload-Reload Strain, Gur (psi) 500 to 1,700 

Hydraulic Conductivity, Horizontal (cm/sec) 1E-06 to 5E-04 

Hydraulic Conductivity, Vertical (cm/sec) 1E-07 to 5E-05 

 

 

Figure 3. Representative Plasticity Characteristics ESU 3: RCS 

 

ESU 4: Till Deposits (TD) 

ESU 4: TD predominantly consists of a very dense or hard cohesive mixture of 
gravel, sand, silt, and clay. This material will be raveling to firm .  

ESU 4: TD contains fractured cohesive clay and silt with varying lateral extent and 
thickness. The fractured portion of ESU 4: TD will promote fast raveling 
conditions, wedge instability and slow raveling at the tunnel face and along the 
excavation perimeter unless direct and continuous support is provided. This 

CL: Low plasticity inorganic clays; sandy  
and silty clays 

CH: High plasticity inorganic clays 
ML or OH: Inorganic and organic silts and 
clayey silts of low plasticity 
MH or OH Inorganic and organic silts and 
clayey silts of high plasticity 
CL-ML: Silty clays and clayey silts 

LEGEND: 
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fractured clay and silt will comprise 30 percent by volume of ESU 4: TD and will 
behave like ESU 7: CCS.  

ESU 4: TD also contains interbeds, dikes and lenses of saturated cohesionless silt, 
sand and gravel with varying lateral extent and thickness. The sand will flow when 
saturated, and run when unsaturated, if not supported. These layers, lenses, and dikes 
of sand will have varying lateral extent and thickness and will comprise 10 percent by 
volume of ESU 4: TD and will behave like ESU 5: CSG. 

These soil types will be encountered in the Project as shown on the generalized 
subsurface profiles. The anticipated ranges of parameters for the predominate 
materials comprising ESU 4: TD are summarized in Table 5. A histogram of the 
fines content of ESU 4: TD is presented in Figure 4. Grain-size distribution curves 
are shown in Figure 5. Portions of ESU 4: TD with high clay and silt content will 
have a lower strength similar to that of ESU 7: CCS. 

Table 5. Representative Material Parameters ESU 4: TD 

Engineering Parameter Baseline Range Baseline Value 

Natural Water Content (%) 5 to 20 11 

Moist Unit Weight (pcf) 125-150 145 

At-Rest Earth Pressure Coefficient, KO 0.4-1.4 0.6 

Effective Cohesion, c’ (psf) 0-9,000 5,000 

Effective Friction Angle,φ’ (degrees) 30-44 40 

Undrained Shear Strength, Su (psf) 8,000 – 20,000 13,000 

Shear Modulus, Unload-Reload Strain, Gur, (psi) 50,000-500,000 220,000 

Hydraulic Conductivity, Horizontal (cm/sec) 5E-07 to 5E-04 1E-05 

Hydraulic Conductivity, Vertical (cm/sec) 5E-08 to 5E-05 1E-07 
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Figure 4. Representative Distribution of Fines Content ESU 4: TD 
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Figure 5. Representative Grain Size Distribution ESU 4: TD 

 

ESU 5: Cohesionless Sands and Gravels (CSG) 

ESU 5: CSG predominantly consists of dense to very dense silty sand to sandy 
gravel. These granular soils will run where unsaturated and flow where saturated, if 
not supported. Unsaturated, silty sand portions of ESU 5: CSG exhibit cohesive 
running behavior.  

ESU 5: CSG deposits contain lenses and layers of clay and clayey silt that provide 
cohesion within soil layers and impede downward/upward and lateral movement of 
groundwater within ESU 5: CSG. Groundwater tends to remain perched above 
these layers and lenses even during active dewatering because of irregularities in the 
surface of the layers and lenses that tend to pond or trap water and preclude water 
movement courses. These lenses and layers will have varying lateral extent and 
thickness and will comprise 10 percent by volume of ESU 5: CSG. ESU 5: CSG will 
be unstable unless suitably supported at all times.  

ESU 5: CSG will be encountered in the Project as shown on the generalized 
subsurface profiles. The anticipated ranges of parameters for the predominate 
materials comprising ESU 5: CSG are summarized in Table 6. A histogram of the 
fines content of ESU 5: CSG, is presented in Figure 6. It is noted that almost half of 
the samples tested have 12 percent by weight or more passing the No. 200 sieve. 
Grain-size distribution curves are shown in Figure 7. The grain size analyses for 



 

 

The Alaskan Way Viaduct & Seawall Replacement Program June 2010 
Revised SR 99 Bored Tunnel Alternative Design-Build Project Geotechnical Baseline Report 24 

ESU 5: CSG generally fall into two subsets: well-sorted (poorly graded) sand and 
gravel and poorly sorted (well graded) sand and gravel. The depositional nature of 
the soils comprising ESU 5: CSG do not allow for subdividing this ESU spatially 
into two separate ESUs.  

Table 6. Representative Material Parameters ESU 5: CSG 

Engineering Parameter Baseline Range Baseline Value 

Natural Water Content (%) N/A N/A 

Moist Unit Weight (pcf) 125-140 130 

At-Rest Earth Pressure Coefficient, KO 0.4-1.0 0.8 

Effective Cohesion, c’ (psf) 0 to 2,000 0 

Effective Friction Angle,φ’ (degrees) 38-44 39 

Undrained Shear Strength, Su (psf) N/A N/A 

Shear Modulus, Unload-Reload Strain, Gur (psi) 20,000-500,000 170,000 

Hydraulic Conductivity, Horizontal (cm/sec) 1E-04to 1E-01 5E-03 

Hydraulic Conductivity, Vertical (cm/sec) 5E-05 to 5E-02 1E-03 
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Figure 6. Representative Distribution of Fines Content ESU 5: CSG 
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Figure 7. Representative Grain Size Distribution ESU 5: CSG 

 

ESU 6: Cohesionless Silt and Fine Sand (CSF) 

ESU 6: CSF predominantly consists of very dense silt, fine sandy silt, and silty fine 
sand. These granular soils will run where unsaturated and flow where saturated, if 
not supported.  

Twenty percent by volume of ESU 6: CSF consists of interbeds and lenses of silt 
and fine sand, with approximately 5 percent by weight or more of clay content 
(defined as particles smaller than 2 micron). These interbeds and lenses will behave 
like cohesive-soils. These lenses and layers will have varying lateral extent and 
thickness and will contain fractures. The fractured portion of ESU 6: CSF will 
promote fast raveling conditions, wedge instability and slow raveling at the tunnel 
face and along the excavation perimeter unless direct and continuous support is 
provided. Water tends to remain perched above these interbeds and lenses even 
during active dewatering because of irregularities in the surface of the layers and 
lenses that tend to pond or trap water. ESU 6: CSF will be unstable unless suitably 
supported at all times.  

ESU 6: CSF will be encountered in the Project as shown on the generalized 
subsurface profiles and as interbeds within ESU 4: TD, ESU 7: CCS and ESU 8: 
TLD. The anticipated ranges of parameters for the predominate materials 
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comprising ESU 6: CSF are summarized in Table 7. Grain-size distribution curves 
are shown in Figures 8. A histogram of the fines content is shown in Figure 9.  

Table 7. Representative Material Parameters ESU 6: CSF 

Engineering Parameter Baseline Range Baseline Value 

Natural Water Content (%) N/A N/A 

Moist Unit Weight (pcf) 120-130 125 

At-Rest Earth Pressure Coefficient, KO 0.4-0.9 0.8 

Effective Cohesion, c’ (psf) 0 to 2,000 0 

Effective Friction Angle,φ’ (degrees) 34-42 39 

Undrained Shear Strength, Su (psf) N/A N/A 

Shear Modulus, Unload-Reload Strain, Gur (psi) 30,000-70,000 50,000 

Hydraulic Conductivity, Horizontal (cm/sec) 1E-05to 1E-03 1E-04 

Hydraulic Conductivity, Vertical (cm/sec) 1E-06 to 1E-04 1E-05 

 

 

Figure 8. Representative Grain Size Distribution ESU 6: CSF 
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Figure 9. Representative Distribution of Fines Content ESU 6: CSF 

 

ESU 7: Cohesive Clay and Silt (CCS) 

ESU 7: CCS predominantly consists of hard, interbedded silt and clay. The 
anticipated behavior of ESU 7: CCS will range from firm to fast raveling depending 
on the number and extent of slickensides and fractures.  
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Ten percent by volume of ESU 7: CCS will consist of multiple layers, lenses, and 
dikes of cohesionless silt, sand and gravel. These layers, lenses, and dikes of 
cohesionless sand, silt and gravel will have varying lateral extent and thickness. These 
interbedded layers of cohesionless soils will run where saturated or flow where 
unsaturated, if not supported.  

The shear strength of ESU 7: CCS will vary along the alignment with zones of stiff 
to very stiff clay within the hard soil mass. ESU 7: CCS is locally intensely fractured, 
slickensided with very close spacing and diced with fractures as close as 1/10 inch 
apart. Slickensided fractures, shear zones, bedding planes and sand partings within 
the clay mass are planes of weakness. Movements along these weakness planes can 
promote fast raveling condition, wedge instability and slow raveling at the tunnel 
face and along the excavation perimeter unless direct and continuous support is 
provided. ESU 7: CCS will be unstable unless suitably supported at all times. 
Interlayered fractured and unfractured cohesive material and sand lenses will exist at 
all locations in ESU 7: CCS.  

ESU 7: CCS will be encountered in the Project as shown on the generalized 
subsurface profiles. The anticipated ranges of parameters for the predominate 
materials comprising ESU 7: CCS are summarized in Table 8. Where the spacing of 
fractures, shear zones, and bedding planes do not control the material parameters, 
ESU 7: CCS is described as relatively intact. Elsewhere, ESU 7: CCS is described as 
residual. A plasticity chart is presented in Figure 10.  

Table 8. Representative Material Parameters ESU 7: CCS 

Engineering Parameter Baseline Range Baseline 
Value 

Natural Water Content (%) 15 to 40 26 

Moist Unit Weight (pcf) 114-134 120 

At-Rest Earth Pressure Coefficient, KO At-Rest Earth Pressure  
 

0.6 to 2.5 
1.4 

Effective Cohesion, c’ (psf) - Relatively Intact 
Effective Cohesion, c’ (psf) - Residual 

0 to 4,000 
0 to 3,000 

1,200 
0 

Effective Friction Angle,φ’ (degrees) - Relatively Intact 
Effective Friction Angle,φ’ (degrees) - Residual 
 

20 to 30 
12 to 20 

25 
15 

Undrained Shear Strength, Su (psf) - Relatively Intact 
Undrained Shear Strength, Su (psf) - Residual 

2,000 to 14,000 
0-4000 

7,000 
0 

Shear Modulus, Unload-Reload Strain, Gur (psi) - Relatively Intact 
Shear Modulus, Unload-Reload Strain, Gur (psi) - Residual 

25,000-350,000 
10,000-350,000 

60,000 
60,000 

Hydraulic Conductivity, Horizontal (cm/sec) 1E-07 to 1E-04 1E-05 

Hydraulic Conductivity, Vertical (cm/sec) 1E-07 to 1E-05 1E-06 
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Figure 10. Representative Distribution of Plasticity Characteristics ESU 7: 
CCS 

 

ESU 8: Till-Like Deposits (TLD) 

ESU 8: TLD has a high spatial variability and can grade from an unsorted mixture 
of silt, sand and gravel in a short distance to clean or relatively clean sand. 

ESU 8: TLD predominately consists of a heterogeneous mixture of dense to very 
dense gravel, sand, and fines, and exhibits little to no cohesion. These granular soils 
will run where unsaturated and flow where saturated, if not supported. 

Fifteen percent by volume of ESU 8: TLD will include layers and lenses of glacial 
till with strength and behavior similar to that of ESU 4: TD. The fractured portion 
of ESU 8: TLD will promote fast raveling conditions, wedge instability and slow 
raveling at the tunnel face and along the excavation perimeter unless direct and 
continuous support is provided. Perched water will occur above layers or lenses of 
ESU 8: TLD, which contain a large fines fraction. 

Twenty percent by volume of ESU 8: TLD will include layers, lenses, and dikes of 
saturated, flowing cohesionless sand and gravel, if not supported. These layers, 

CL: Low plasticity inorganic clays; sandy  
and silty clays 

CH: High plasticity inorganic clays 
ML or OH: Inorganic and organic silts and 
clayey silts of low plasticity 
MH or OH Inorganic and organic silts and 
clayey silts of high plasticity 
CL-ML: Silty clays and clayey silts 

LEGEND: 
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lenses, and dikes will have varying lateral extent and thickness. ESU 8: TLD will be 
unstable unless suitably supported at all times.   

ESU 8: TLD will be encountered along the alignment as shown on the generalized 
subsurface profiles. The anticipated ranges of parameters for the predominate 
materials comprising ESU 8: TLD are summarized in Table 9. A histogram of the 
fines content is presented in Figure 11. It is noted that over half of the samples 
tested have 12 percent by weight or more passing the No. 200 sieve. Grain-size 
distribution curves are shown in Figure 12. 

Table 9. Representative Material Parameters ESU 8: TLD 

Engineering Parameter Baseline Range Baseline Value 

Natural Water Content (%) N/A N/A 

Moist Unit Weight (pcf) 125-150 145 

At-Rest Earth Pressure Coefficient, KO 0.4-1.4 1.0 

Effective Cohesion, c’ (psf) 0 to 1,500 0 

Effective Friction Angle,φ’ (degrees) 30-44 40 

Undrained Shear Strength, Su (psf) N/A N/A 

Shear Modulus, Unload-Reload Strain, Gur (psi) 50,000-500,000 220,000 

Hydraulic Conductivity, Horizontal (cm/sec) 1E-06 to 5E-03 1E-04 

Hydraulic Conductivity, Vertical (cm/sec) 1E-07 to 5E-04 1E-04 
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Figure 11. Representative Distribution of Fines Content ESU 8: TLD 
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Figure 12. Representative Grain Size Distribution ESU 8: TLD 

3.3 pH 

The pH of the soil will range from 4.3 to 9.8, with an average value of 8.0. The pH 
of groundwater will range from 5.9 to 9.4, with an average of 7.8.  

3.4 Salinity 

Groundwater tested during the geotechnical investigations have a salinity within the 
range of 0.00 to 2.9 percent. This range corresponds to fresh (less than 0.05 percent) 
to mixohaline (brackish) water (less than 3.0 percent). For baseline purposes, the 
Design Builder should assume that groundwater and soils along the waterfront, 
within the Recent soil units (ESU 1: ENF, ESU 2: RGD, and ESU 3: RCS have all 
experienced salt water intrusion and are brackish with a salinity of 0.05 to 3 percent, 
averaging 0.4 percent.  

3.5 Groundwater 

The maximum regional baseline groundwater elevations for the Project are shown on 
the generalized subsurface profiles. These baseline groundwater elevations include 
consideration of artesian, tidal and seasonal variations.  

Artesian groundwater conditions will be encountered in the southern third of the 
project.  
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Perched and isolated or disconnected groundwater levels are anticipated throughout 
the entire project alignment. From Station 220+00 northward, perched groundwater 
levels are anticipated in granular layers and lenses. The perched groundwater 
elevation is above the regional groundwater level shown on the generalized 
subsurface profiles. As reported from other projects within the region, sands of ESU 
5: CSG and ESU 6: CSF often form layers, lenses, sedimentary dikes and joint 
infilling within the cohesive soils of ESU 4: TD, ESU 7: CCS, and ESU 8:TLD 
these confined materials typically contained perched water.  

All cohesionless silt and sand is to be considered to be flowing when saturated and 
running when unsaturated, if not supported.  

Layers and lenses of cohesionless soil at different elevations in a section, and with 
different groundwater levels may be hydraulically connected through dikes and 
discontinuities, or by groundwater flow through less permeable soil. Such hydraulic 
connections between layers and lenses at different elevations exhibit a downward 
hydraulic gradient in recharge areas and an upward hydraulic gradient in discharge 
areas. 

3.6 In-Situ Stress Conditions 

All of the soils of Vashon and pre-Vashon Age along the tunnel alignment have been 
overconsolidated by 2000 to 5000 feet of glacial ice once and as many as 6 times for 
the older glacial and non-glacially derived soils. Glacial overconsolidation of these 
soils has resulted in high soil density and soil strength, as discussed elsewhere, and 
higher horizontal stresses. The ratio between horizontal and vertical stresses, labeled 
KO, have been measured on several prior projects in the Seattle area, including Mt. 
Baker Ridge Tunnel, and have ranged from 0.8 to 3, indicative of over-consolidation 
and locked in stresses. A range and value of KO values are shown in Tables 3 
through 9. 

3.7 Glacially Overconsolidated Peat  

In ESU 4: TD, ESU 5: CSG and ESU 7: CCS glacially overconsolidated peat 
deposits have been observed in several borings. The frequency of occurrence of 
these hard, relatively incompressible glacially overconsolidated peat deposits along 
the Project alignment is expected to be low, and the extent of these deposits is 
expected to be limited. However, they will be encountered at several locations with 
layer thicknesses ranging from less than 1 inch to approximately 5 feet, and over 
lengths of 100 to 400 feet along the tunnel alignment. The anticipated behavior of 
these glacially overconsolidated peat deposits will be similar to ESU 7: CCS and 
range from firm to fast raveling depending on the number and degree of fractures. 
Encountering glacially overconsolidated peat will not constitute a differing site 
condition. 
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3.8 Sticky/Clogging Clays 

The clays present in ESU 4: TD and ESU 7: CCS pose a risk of clogging 
equipment, due to the relationship between the clay plasticity characteristics and the 
natural water content of the clays. This is illustrated graphically in Figure 13 and 
Figure 14. For baseline purposes, samples identified as having either a medium or 
high clogging potential will ball and adhere to equipment and are considered to be 
“sticky”.  

Approximately 90 percent of ESU 7: CCS will be medium to high clogging potential 
and will be “sticky”.  

 

Figure 13. Clogging Potential for ESU 7: CCS 

Although over 85 percent of the ESU 4: TD samples evaluated appear to indicate a 
medium or high clogging potential as shown in Figure 14, the samples tested were 
primarily the clayey portions of ESU 4: TD. These clayey soils only represent about 
30 percent of ESU 4: TD as a whole. Therefore, as a baseline, 25 percent of ESU 4: 
TD will have a medium or high clogging potential and will be “sticky”.  
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Figure 14. Clogging Potential for ESU 4: TD 

Sticky clays can be encountered at any location where clays are encountered. Because 
of the complex and inter-fingered mixed soil conditions, these locations cannot be 
exactly determined.  

3.9 Cobbles and Boulders 

Cobbles and boulders will be encountered in all ESUs and will be expected to be of 
igneous or metamorphic origin or sedimentary concretions and will have a baseline 
range of unconfined compressive strength from 9,000 to 60,000 pounds per square 
inch (psi), with a baseline value of 45,000 psi. Boulders will occur singularly or as 
nests comprising multiple boulders. 

Boulders with a maximum dimension in excess of 20 feet are exposed at ground 
surface in the Seattle Area. Boulders greater than 8 feet in any dimension are not 
anticipated. 
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4.0 Portals and Appurtenant Structures 

4.1 Design & Construction Considerations 

4.1.1 South Portal (Retained Cut, Cut-and-Cover and Tunnel Operations 
Building) 

4.1.1.1 South Portal Description 

The south Retained Cut and Cut-and-Cover sections are located from approximately 
Station 184+00 to Station 199+00. The cut starts at Station 184+00 and descends 
northward to a depth of about 90 feet below ground surface at the transition 
between the Cut-and-Cover and the Bored Tunnel. Additional excavation will be 
required to accommodate the TBM launch pad and reaction frame. The South 
Tunnel Operations Building which is to be located between S. Dearborn Street and 
S. King Street will have its lowest level about 70 feet below ground surface. 

In the South Portal Area ESU 1: ENF, ESU 2: RGD, ESU 3: RCS, ESU 4: TD, 
ESU 5: CSG and ESU 7: CCS, as described in Section 3, will be encountered as 
shown on the generalized subsurface profiles. The South Portal cut is a vertical 
excavation and will need to be supported. The temporary and final support system 
will be designed by the Design-Builder according to the requirements in TR Section 
2.30/2.31 of the RFP.   

4.1.1.2 Mixed Ground 

Due to the complex inter-layering and variation in areal extent of each of the ESUs, 
the presence of interbedded lenses and dikes within each ESU, and the excavation 
size, the excavation will be in mixed ground conditions along the full length of the 
excavation. Both cohesive and cohesionless, loose and dense, soft and hard soils will 
be present in the excavation.  

4.1.1.3 Groundwater Control 

The near-surface unconfined groundwater elevation is located at elevation +7 feet. 
However, the excavation and shoring elements will extend into a lower confined 
groundwater regime which, as shown on the generalized subsurface profiles has a 
groundwater level located at elevation +15 feet (near ground surface).  

Groundwater control will be needed during the excavation and construction of the 
structures. Groundwater-drawdown induced settlement, which will affect the nearby 
buildings and other structures, will occur if un-mitigated. The settlement effects from 
dewatering could be limited with the proper use of a combination of relatively 
impermeable shoring and groundwater recharge. Experience on other projects in the 
vicinity of the South Portal suggest that if dewatering is used inside an excavation to 
lower the groundwater level by more than 2 feet and depending on the type and 
depth of the shoring selected, a combination of dewatering within the shored 
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excavation and recharge wells outside of the shoring will be necessary to limit 
groundwater drawdown and settlement related impacts to adjacent facilities, 
structures, utilities and other surface improvements. Groundwater recharge is 
required to control groundwater drawdown outside of the proposed excavations. 
Refer to TR Section 2.6 of the RFP. 

4.1.1.4 Boulders/Cobbles 

Boulders and cobbles will be encountered during the construction of the temporary 
lateral support walls. The baseline quantities of boulders to be encountered during 
the construction of the temporary lateral support walls are given below in Table 10. 

Table 10. Baseline Quantities of Boulders-Temporary Lateral Support Walls  

Boulder Size 
Number per 100,000 cubic yards of Excavation for 

temporary lateral support walls 
Baseline Value 

1 to 2 feet in size 400 
2 to 5 feet in size 40 
Greater than 5 feet in size 4 

 

Boulders and cobbles will be encountered within the mass excavations for the South 
Portal excavation and will be incidental.  

4.1.1.5 Wood & Debris  

The South Portal is located in former tidelands where the Duwamish River entered 
into Elliott Bay. During the late 1800’s and early 1900’s, non-engineered fill material 
was placed in the tidelands to raise the grade above the tidal water level. A variety of 
pile-supported structures, docks facilities, and railroad tracks were formerly located 
in the filled tidelands. Debris is present in the fill deposits and was encountered in 
some of the borings and has been encountered in nearby excavations. Piles from the 
former structures and railroad alignments were left in place and are now buried. 
Piles, logs and trees are present in the ESU 2: RGD and ESU 3: RCS. Wood 
including portions of piles, logs, trees, and sawmill byproducts that have remained 
continuously saturated are in relatively sound condition. On other projects in the 
area, pre-excavation and pre-trenching have been used to clear obstructions from the 
fill within the shoring footprint.  

Many of the explorations located between Station 193+00 and Station 201+00 and 
near Station 213+00 encountered significant amounts of wood and sawdust. In this 
area, operations from sawmills in the 1800s resulted in the deposition of significant 
wood debris. Recent experience at the 505 First Avenue S. excavation revealed 
extensive deposits of timber piles, mill ends, and horizontal timbers during 
excavation of the below grade portion of a new building. Sawdust and other debris 
were also encountered. The timbers were encountered to depths of at least 30 feet. 
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Many of the timbers, while waterlogged, were in relatively good to relatively fresh 
condition.  

For baseline purposes concrete debris will comprise 15 percent of the total excavated 
volume of ESU 1: ENF, ESU 2: RGD, and ESU 3: RCS within the mass 
excavation and the temporary support wall for the South Portal excavation and will 
not constitute a differing site condition. The documented areal extent of the wood 
foundation and wood debris is provided in the Historical Potential Wood 
Foundation and Wood Debris Map (Appendix B).  All wood debris and timber piles 
below the groundwater table are assumed to be in good to fresh condition. 

4.1.1.6 Contaminated Soil/Groundwater 

Contaminated soil and groundwater are baselined in the Environmental Baseline 
Report, Appendix E6 of the RFP. 

4.1.1.7 Adjacent Exisiting Structures 

The South Portal excavation is in close proximity to the foundations for both the SR 
99 Viaduct and the Railroad Way Avenue Ramp. Specific measures are required to 
keep the Viaduct fully operational and deformations within the specified criteria; 
given in TR Section 2.53 of the RFP. 

4.1.2 North Portal (Cut-and-Cover and Tunnel Operations Building) 

4.1.2.1 North Portal Description 

The North Portal consists of a Cut-and-Cover section approximately 450 feet long 
extending from Thomas Street to Harrison Street and the North Tunnel Operations 
Building. The cut at Thomas Street would be around 75 feet deep transitioning to 
around 40 feet deep at Harrison Street. Additional excavation may be required for 
retrieval of the TBM. The North Tunnel Operations Building’s lowest level is 
approximately 70 feet below ground.  

The North Portal cut is a vertical excavation and will need to be supported. The 
temporary and final support system will be designed by the Design-Builder according 
to the requirements in TR Section 2.31 of the RFP.  

In the North Portal Area excavations, ESU 1: ENF, ESU 2: RGD, ESU 3: RCS, 
ESU 4: TD, ESU 5: CSG, ESU: CSF, ESU 7: CCS and ESU 8: TLD, as 
described in Section 3 will be encountered as shown on the generalized subsurface 
profiles.  

4.1.2.2 Mixed Ground 

Due to the complex inter-layering and variation with areal extent within each of the 
ESUs, the presence of interbedded lenses and dikes of differing soils within each 
ESU and the excavation size, the excavation will be in mixed ground conditions 
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along its full length. Both cohesive and cohesionless, loose to dense and soft to hard 
soils will be present in the excavation.  

4.1.2.3 Groundwater Control/Perched Water 

The regional groundwater elevation will be encountered near the bottom of the 
excavation for the North Portal as shown on the generalized subsurface profiles. 
Groundwater measurements in the vicinity of the North Portal indicate that there are 
numerous localized perched groundwater layers that will be encountered. For 
baseline purposes, perched groundwater levels extend up to elevation +75 feet. The 
perched groundwater layers are not continuous across the site and are irregularly 
shaped. Therefore regional dewatering is not anticipated to be sufficient to dewater 
these layers. It is anticipated that dewatering requirements at the North Portal can be 
handled by a combination of dewatering wells, sumps and eductors and that 
groundwater recharge will not be required to mitigate for potential groundwater 
drawdown induced settlement.  

4.1.2.4 Boulders/Cobbles 

Boulders and cobbles will be encountered during the construction of the temporary 
lateral support walls. The baseline quantities of boulders to be encountered during 
the construction of the temporary lateral support walls are given below in Table 11. 

Table 11. Baseline Quantities of Boulders-Temporary Lateral Support Walls 

Boulder Size 
Number per 100,000 cubic yards of Excavation for 

temporary lateral support walls 
Baseline Value 

1 to 2 feet in size 400 
2 to 5 feet in size 40 
Greater than 5 feet in size 4 

 

Boulders and cobbles will be encountered within the mass excavation for the North 
Portal and will be incidental.  

4.1.2.5 Wood, Debris & Peat  

Debris will be encountered in the fill soils at the North Portal within the mass 
excavation and construction of the temporary lateral support wall excavations. Peat 
will be encountered below the fill soils at the North Portal within the mass 
excavation and temporary lateral support wall excavations. For baseline purposes 
debris and peat will comprise 5 percent by volume of the mass excavation and the 
temporary lateral support wall excavations for the North Portal will not constitute a 
differing site condition.  
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4.1.2.6 Contaminated Soil/Goundwater 

Contaminated soils and groundwater are baselined in the Environmental Baseline 
Report, Appendix E6 of the RFP.  

4.1.3 Shafts 

4.1.3.1 Shafts Description 

Shafts may be required during construction of the Project. The ESU’s encountered 
and the quantity of each ESU will vary depending on the exact location and depth of 
each shaft. The regional groundwater level, as shown on the generalized subsurface 
profile, as well as perched groundwater, particularly in the more granular soils, where 
they sit on top of cohesive soils, will be encountered in the shafts. 

4.1.3.2 Groundwater Control 

Depending on the construction method and ground conditions, dewatering may be 
necessary. Due to the close proximity to buildings, settlement will be a potential 
problem. The settlement effects from dewatering could be controlled with the 
proper use of a combination of relatively impermeable shoring and groundwater 
recharge. If dewatering is used, groundwater recharge may be required to control 
groundwater drawdown depending on shaft location and the ground conditions.  

4.1.3.3 Boulders/Cobbles 

Boulders and cobbles will be encountered during the construction of the temporary 
lateral support walls. The baseline quantities of boulders to be encountered during 
the construction of the temporary support lateral walls are given below in Table 12. 

Table 12. Baseline Quantities of Boulders-Temporary Lateral Support Walls  

Boulder Size 
Number per 100,000 cubic yards of Excavation for 

temporary lateral support walls 
Baseline Value 

1 to 2 feet in size 400 
2 to 5 feet in size 40 
Greater than 5 feet in size 4 

 

Boulders and cobbles will be encountered within the mass excavation of the Shaft 
and will be incidental.  

4.1.3.4 Wood & Debris  

Timber piles, waste and debris will be encountered in the Recent soil deposits and 
during the construction of the temporary lateral support walls, which will not 
constitute a differing site condition.  
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4.1.3.5 Grout Holes 

Depending on location grout holes ranging from vertical to horizontal will be drilled 
in all ESUs. These holes may be drilled below the water table, depending on location. 
Holes drilled in cohesionless soils that dilate and flow will collapse unless appropriate 
methods of drilling and installation of grout pipe are applied. 

Grout holes will also be drilled in soils containing boulders, cobbles and debris that 
will impede or prevent completion of drilling to the targeted length. Boulders, 
cobbles and debris encountered within drill holes will not constitute a differing site 
condition.  
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5.0 Bored Tunnel 

5.1 Design & Construction Considerations 

5.1.1 Boulders and Cobbles 

Cobbles and boulders will be encountered in all ESUs along the alignment.  

Boulders within the soil deposits will slow TBM progress and contribute to wear 
and/or damage to TBM components. When boulders are being excavated, tunnel 
advance rate, muck intake, and face pressure must be carefully controlled to reduce 
ground loss at or through the face as a result of material moving into the TBM 
plenum while cutting a boulder. Boulders must be broken down to suitable size to be 
handled by the spoil removal system and they must be prevented from moving in or 
toward the face, thereby creating obstructions or voids around the perimeter of the 
excavation. Such situations can lead to steering problems for the TBM and/or 
excessive ground loss and surface settlements. The presence of cobbles and boulders 
will result in abrasion, wear, and breakage of cutters on the cutterhead of the TBM.  

Cobbles are ubiquitous in ESU 4: TD, ESU 5: CSG, ESU 6: CSF, ESU 7: CCS 
and ESU 8: TLD and are expected to occur routinely as single cobbles and as nested 
groups, as might occur in stream channels. The TBM and muck handling system 
must be designed to accommodate cobbles routinely.  

The baseline quantities of boulders to be encountered in the Bored Tunnel, are given 
below in Table 13. 

Table 13. Baseline Quantities of Boulders 

5.1.2 Abrasivity 

The soils along the alignment are composed of substantial portions of abrasive 
minerals including quartz grains and quartz-rich rock fragments that range from sub-
rounded to angular particles, in glacial and interglacial sands, gravels, and till. These 
granular soils are abrasive and are expected to cause heavy wear on equipment during 
excavation. 

There is no tunnel industry standard applicable to quantifying the abrasivity of a soil 
and its impact on excavation equipment longevity and replacement. On other 
tunneling projects of smaller size TBMs in the Seattle area, substantial wear occurred 
to the TBMs cutterheads.   

Location Boulder Size Estimated Number of Boulders  

Bored Tunnel < 2 feet Abundant-not measured 

2 to 8 feet 500 
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To qualitatively assess the abrasive nature of the soils present along the tunnel 
alignment, three tests methods have been used to characterize the soils. Tests 
include: X-Ray diffraction analyses to measure the proportions of various minerals, 
Miller Abrasion Tests which are commonly used in the slurry pumping and pipeline 
industry to assess pump and pipe wear, and the relatively new Norwegian Soil 
Abrasion Test (SAT) that has been found to provide results that are reportedly 
comparable with the results from the Norwegian Rock Abrasion Value Tests. A 
baseline for the SAT is not provided because no standard is available. 

Table 14. Soil Abrasion Test Baseline 

 Quartz 

X-Ray Diff. 

Miller  

Abrasion No.** 

 
% Average and 
Range 

Average and 
Range 

Class* 

ESU 4: TD 57 

(38-69) 

198 

(130-261) 

Very High 

ESU 5: CSG 67 

(49-77) 

181 

(139-261) 

Very High 

ESU 6: CSF 43 

(34-52) 

58 

(55-64) 

Moderate 

ESU 7: CCS 
36 

(7-62) 

51 

(29-73) 

Moderate 

ESU 8: TLD 63 

(51-71) 

211 

(161-26) 

Very High 

* Abrasion class based on average value. 
** Miller Abrasion Number from the standard procedure. 
 

ESU 4: TD, ESU 5: CSG, ESU 6: CSF, ESU 7: CCS and ESU 8: TLD are 
abrasive to varying degrees as can be shown in Table 14. The presence of these 
abrasive soils will necessitate frequent inspection of the cutterhead, muck chamber, 
and muck handling system, and replacement of worn or damaged components. 
Proper use of soil conditioners is necessary to reduce wear. For baseline purposes, 
these soils will have Moderate to Very High abrasivity. 
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5.1.3 Shear Zones and Fractures 

Slickensides in soil samples from the borings indicate the presence of sheared 
fracture surfaces within several of the soil units. Slickensided and planar fractures are 
present in ESU 7: CCS. They will also be encountered in the clayey portions of 
ESU 4: TD, and in the cohesive soils within ESU 6: CSF. These discontinuities can 
be expected to have random orientation and dip (sub-horizontal to sub-vertical), and 
will be spaced from 1/10 inch to 25 feet. Their spacing, continuity, and orientations 
can be expected to cause wedge failures, block releases, spalling and sloughing of 
overhead and steeply inclined surfaces if not supported. Fractures in ESU 4: TD, 
ESU 6: CSF, ESU 7: CCS and ESU 8: TLD will transmit hydrostatic pressures to 
the face and annular space along the outside of the shield, and increase the likelihood 
of soil instability unless adequately restrained.  

Where numerous, closely spaced, fractures, spaced several inches to fractions of an 
inch apart, occur, they may indicate the presence of a shear zone. Shear zones are 
composed of highly fractured and slickensided surfaces at their residual shear 
strength. Shear zones locally appear to be "diced." The locations of such shear zones 
cannot be precisely located or oriented by field exploration programs. Several highly 
fractured zones of soil are noted on the boring logs in the GEDR.  

Offsets of up to one-foot were observed on fractures in the Beacon Hill Test Shaft 
and Station excavations, and will be present along the fractures present in the AWV 
Project. 

Movement along fractures and shear zones will occur during excavation and support. 
Experience on other projects indicates that an excavated face in sheared or fracture 
zones will begin to dilate and deteriorate within a few minutes of excavation unless 
they are supported, sealed and stabilized. 

5.1.4 Sticky /Clogging Clays 

The excavated clay will be sticky and have tendencies to pack cutter housings and 
shoes, block cutterhead openings, clog the screw conveyor, stick to conveyor belts 
and hardware, stick to muck cars and truck and be difficult to remove from the face. 
Clay lumping, balling and sticking will occur within the working chamber and muck 
handling system. Requirements regarding soil conditioning are given in TR Section 
2.32 of the RFP. 

For an EPB machine, conditioners could be used to mitigate problems related to clay 
“stickiness”. In the presence of water, the excavated clay will be sticky and difficult 
to handle. The in situ soil behavior can be changed by the addition of conditioners to 
the soil. For a Slurry TBM, the clay will be difficult to separate from the slurry. 
Similar concerns apply to a Slurry TBM, and similar related precautions and 
preventative measures will be required to prevent cutterhead, and other TBM and 
muck handling components, from clogging.  
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5.1.5 Peat 

Peat was encountered in several borings as thin, less than 5-foot thick, highly 
overconsolidated layers. For a Slurry EPB, the high organic content may alter the 
slurry, and may require slurry replacement with fresh slurry in order to maintain the 
desired slurry properties.  

In addition, peat deposits are commonly known to have a moderate acidity (pH as 
low as 4), which may alter either slurry properties, or for an EPB TBM, the 
properties and characteristics of soil conditioning additives. 

5.1.6 Face Stability 

Maintenance of face stability will be critical to reduce lost ground at and behind the 
tunnel face and hence minimizing subsidence and surrounding movements of 
overlying infrastructure. Loss of face pressure and face stability is a serious risk in 
urban construction especially with the varied and inter-layered ground conditions 
exhibited along the tunnel alignment. In addition, the more permeable soils will have 
a higher risk of groundwater flow and soil flow into the cutting chamber. It will be 
necessary to fully account for the groundwater pressure, stability of ground and earth 
pressure in front of the cutterhead to ensure tunnel face stability and to minimize 
ground losses and the subsequent ground subsidence.  

As discussed in Section 3.5, locked-in horizontal stresses related to the glacial over-
overconsolidation of the soils along the alignment are present. The release of locked-
in stresses caused by tunnel excavation will result in fracturing, raveling, slabbing, 
and the development of wedge and block instability in cohesive soils in the 
excavation face and around its perimeter. TBM operations requirements for face 
stability can be found in TR Section 2.32 of the RFP.  

5.1.7 Mixed Face Conditions 

Due to complex inter-layering and variation of areal extent within each of the ESUs, 
the presence of interbedded lenses and dikes of differing soils within each ESU along 
the tunnel alignment, and the large excavated diameter, there will not be any 
locations along the tunnel alignment where a full face of a single, consistent, uniform 
soil type will be encountered. For baseline purposes, “mixed face” conditions will 
exist along the entire tunnel alignment, with both cohesive and cohesionless soils 
present in the face at the same time. Multiple interfaces between ESU are expected, 
with the position and extent of the different ESUs in the face ranging widely in 
thickness and lateral extent. 

Appropriate face pressure must be maintained at all times. Frequent adjustments to 
tunnel operations, i.e., face conditioning, are to be expected as a result of the mixed 
soil conditions encountered throughout the tunneling envelope. These adjustments 
will be more significant within transition zones where soil units with different 
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engineering characteristics are encountered at the face. Changes in the behavior of 
the face and of the excavated material will occur as the proportion of the different 
ESUs exposed in the face change and require adjustments to tunnel operation. Care 
must be taken when tunneling through transitional conditions to avoid ground loss 
from over-excavation of granular material as more resistant material is being 
excavated in other parts of the face. 

5.1.8 Cutterhead and Cutterhead Tool Wear, Maintenance and Replacement 

As noted, in Section 5.1.2, the soils that will be encountered by the TBM will have a 
high potential for abrasion of TBM components. Frequent inspection and 
replacement of cutters, muck removal and conveyance components will be 
necessary. Appropriate selection and application of conditioners for either earth 
pressure balance (EPB) or Slurry TBM operations will reduce the effects of this 
abrasion, but they will not eliminate it.  

5.1.9 Interventions 

Access to the tunnel face will be required during the course of tunneling for periodic 
routine maintenance, and possibly for obstruction removal and/or more major 
repairs. Worker entry into the working chamber to maintain the cutters, cutterhead, 
other TBM components, or remove obstructions is called an “intervention”. Unless 
controlled by face pressure, ground treatment, depressurization or compressed air, 
singularly or in combination, any full tunnel face or partial face exposed during an 
intervention shall be assumed to be unstable at all locations along the alignment. The 
groundwater pressure above the tunnel crown is generally from three to four bars 
where the tunnel is at depth and less at the portal areas. To work at pressures above 
three bars requires a variance from Washington State OSHA and the other 
jurisdictional agencies. The Design-Builder may alternatively use other methods of 
soil stabilization and groundwater pressure reduction to lower the needed air 
pressure requirements and/or groundwater inflow handling capabilities. 
Requirements relating to Intervention can be found in TR Section 2.32 of the RFP 
document.  

5.1.10 Stability of Annulus 

The annular space will be a source of lost ground if not continuously supported, and 
completely and immediately filled as the excavation proceeds forward.  

Depending upon the character of the soil surrounding the TBM, groundwater 
pressures and inflow rates, and the in situ ground stress, the annular space may 
remain open to be grouted, or may progressively close, as a function of time and 
TBM advance. In cohesionless soils, with no natural inherent strength to prevent 
deformation, full closure of the tail void will occur unless bentonite or some other 
“void filling” fluid is injected around the entire shield perimeter under sufficient 
pressure directly behind the cutterhead and along the length of the shield to prevent 
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soil closure against the shield. To prevent partial to full closure of the annular gap, as 
noted above, immediate automatic and full grouting of the annular gap using 
injection pipes embedded in the rear of the tailskin will be required. Shield bentonite 
injection and annular grouting requirements are given in TR Section 2.32 of the RFP. 

5.1.11 Ground Improvement Alternatives  

Ground improvement will be necessary during the project. Several means of ground 
improvement may be considered for use singularly or in combination as discussed 
below and in TR Section 2.43 of the RFP. The local salinity of the groundwater and 
the pH of the soil and groundwater need to be considered when selecting the ground 
improvement method. 

5.1.11.1 Permeation Grouting  

Permeation grouting with cementitious and chemical grouts will have limited 
application in ESU 5: CSG and lenses of sand within ESU 8: TLD soils, depending 
on fines content and uniformity of the soils. Permeation grouting will not be 
applicable for use in ESU 1: ENF, ESU 2: RGD, ESU 3: RCS ESU 4: TD, ESU 
6: CSF and ESU 7: CCS soils.  

5.1.11.2  Jet Grouting  

Jet grouting is typically used to modify soft or granular soils to form a soil cement 
which provides stability and reduces permeability. Jet grouting will not work 
effectively in hard, cohesive units such as ESU 4: TD, ESU 7: CCS and portions of 
ESU 8: TLD. Vertical and steeply inclined jet grouting was accomplished inside the 
BNSF Railroad Tunnel for the Downtown Seattle Bus Tunnel and from ground 
surface at the Beacon Hill Station, however jet grouting involves the generation of 
large volumes of mud that will impact the streets and nearby businesses, which 
would need to be considered. Jet grouting can also be blocked, creating untreated or 
ungrouted shadows or windows behind obstructions such as boulders, piles, logs, 
concrete, construction debris, random fill, etc. which are present in ESU 1: ENF, 
ESU 2: RGD, ESU 3: RCS, ESU 5: CSG and ESU 8: TLD.  

5.1.11.3  Soil Mixing 

Soil mixing involves the use of augers and/or paddles to mix cementitious materials 
with in-situ soils to form a mass of nearly cement-like material. Soil mixing is unlikely 
to have application in ESU 4: TD, ESU 7: CCS, and portions of ESU 8: TLD. 
Wood and other obstructions anticipated in ESU 1: ENF, ESU 2 RGD, and ESU 
3: RCS may further limit the application of soil mixing. 

5.1.11.4 Compensation Grouting 

Compensation grouting will have limited application in ESU 1: ENF, ESU 4: TD, 
ESU 7: CCS, and portions of ESU 8: TLD. The relatively low cover where ESU 1: 
ENF is present may limit the allowable grout pressure. The shear strength of ESU 
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4: TD, ESU 7: CCS, and portions of ESU 8: TLD may require very closely spaced 
drill holes. 

5.1.11.5 Compaction Grouting 

Compaction grouting has been used on several projects in the Seattle area, including 
the Downtown Seattle Transit Tunnels and Mercer Street Sewer Tunnel. 
Compaction grouting has been effective for ground loss control when used 
concurrently with tunnel advance, for real-time control of soil movements during the 
tunnel excavation. Compaction grouting is unlikely to have application in ESU 4: 
TD, and ESU 7: CCS and have limited application in ESU 1: ENF and ESU 8: 
TLD.  

5.1.11.6 Ground Freezing 

Ground freezing has the potential to stabilize ground masses which contain water. 
Groundwater flow rates within the treated soil mass must be very low to allow the 
freeze to be initiated and to be maintained. Wellpoints can be utilized to manage 
hydraulic gradients and flows around the margins of the freeze block to minimize 
erosion of the freeze. Tidal fluctuations would need to be taken into consideration 
before deciding on and during design of a ground freezing plan. Groundwater 
chemistry can also impact the ability to freeze and the rate of freeze. Minor salinity 
and chemical contamination can severely impact the ability to freeze soils. Ground 
freezing was implemented, with mixed success, on the launching and receiving shafts 
for the First Avenue Utilidor beneath the Duwamish River in Seattle. Groundwater 
salinity values are provided in the GEDR. The applicability of ground freezing will 
need to be based on site specific analysis.  

5.1.11.7 Dewatering or depressurization  

Reduction of soil pore pressures will induce consolidation settlements in the ESU 1: 
ENF, ESU 2: RGD, and ESU 3: RCS from the South Portal to about Station 
220+00. Settlement induced down drag forces will have a negative impact on 
supporting pile foundation units that are often found along the alignment. Based on 
experience, to minimize widespread groundwater table drawdown or adverse impacts 
on neighboring structures, sufficient groundwater recharge will be required to 
maintain groundwater levels within 2 feet of pre-construction levels from the South 
Portal to Station 220+00. Local depressurization of ESU 6: CSF using vacuum 
wellpoints will be of limited effectiveness where the ESU 6: CSF has a limited 
connectivity due to lenticular structure or interbeds and layers of cohesive clay. The 
permeability of the clay and silt soils is very low and depressurization by 
conventional wells (deep or otherwise) and vacuum well points will be time 
consuming. ESU 7: CCS cannot be effectively depressurized.  

5.1.12 Scale Effects 

The large face area and the non-homogenous nature of the soils, comprised of many 
layers and lenses of cohesive and granular soils means that the face and excavated 
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tunnel perimeter will generally be unstable. Multiple ESUs will generally be exposed 
over the entire excavated face and perimeter. A heterogeneous face will be present 
along the length of the drive and vary continuously. 

Requirements for EPB and/or Slurry TBM conditioners to control for example, 
adhesion, stickiness, and anticipated TBM steel component wear will constantly vary 
over the face and as the tunnel face advances.  

The annular gap will have varying tendencies to collapse depending on the nature of 
soils above the springline of the tunnel. The size of the tunnel and spans are much 
larger than for typical shields used for transportation projects and will affect standup 
time of the perimeter soils. Due to the large tunnel diameter, the stability/behavior 
of the ESUs as presented in Section 3.2 must be considered.  

5.1.13 Gas Conditions 

Methane has been identified by exploration programs and encountered during 
tunneling during the construction of several local tunnels, including the Lake City 
Trunk Sewer, Mercer Street Tunnel, Alki Combined Sewer Overflow Tunnel and 
West Point Sewer Tunnel, in ground conditions similar to those present along the 
Project alignment. During the explorations, retrieved groundwater samples and 
installed observation wells along the alignment were sampled and tested for 
indications of methane and hydrogen sulfide. Based on prior local experience and the 
results of the testing performed for this project, the Project is classified as 
"potentially gassy" by the owner in accordance with OSHA 29 Subpart S 1926.8. The 
TBM and associated backup equipment shall meet the requirements for Class I 
Division 2 as defined in TR Section 2.32 of the RFP. 

It is not anticipated that work stoppages will be required for hazardous or toxic gas 
accumulations during tunneling.  

5.1.14 Measurement of Excavated Quantities 

In order to avoid excessive excavation of the ground ahead of the TBM, and to 
reduce ground loss from the excavation face, it will be required to balance the muck 
removal volume per unit length of tunnel excavated, with the theoretical in-situ soil 
volume per unit length of tunnel. If the “balance” is not achieved, any over-
excavation will result in unacceptable ground loss which will eventually propagate to 
the ground surface and be manifested as settlement or as a sinkhole. The length of 
time required for this ground loss to reach the ground surface will be a function of 
both the soil type and the depth of the tunnel. In cohesive soils it may take many 
months for the evidence to be seen at the ground surface. This delayed behavior was 
observed on the Sound Transit Beacon Hill bored tunnels (using EPB technology). 

It is therefore critical to balance the excavation rate and the TBM advance rate, so 
that such over-excavation does not take place, regardless of the soil type and tunnel 
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depth and so that ground loss and resulting settlement does not exceed limits set in 
TR Section 2.52 of the RFP. In order to achieve this, specific methods of TBM 
operation and excavation rate monitoring will be required. More information can be 
found in TR Section 2.32 of the RFP.  

5.1.15 Muck Handling and Disposal 

All excavated materials will be environmentally screened, classified and stockpiled in 
accordance with the Environmental Baseline Report, Appendix E6.  

Consistency and chemical properties will need to be considered when transporting 
and disposing of muck.  
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Appendix A 
 

Generalized Subsurface Profiles 
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Appendix B 
 

Historical Potential Wood Foundation and Wood Debris Map 
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Appendix C 
 

Glossary of Tunneling Terms 
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GLOSSARY OF TUNNELING TERMS 

  

Ablation Till: See Till. 

Abrasion; Abrasivity: Wearing, grinding, or rubbing away by friction. Abrasive soils 
can cause excessive wear on excavation equipment or TBMs. 

Abutment: support of pier of a bridge or structure  

Active fault: a fault which displaced earth materials during the Holocene Epoch 
(during the last 11,000 years before present). 

Annulus, Annular space, Annular gap: Space between the excavated tunnel 
surface and the outer surface of the primary lining. 

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

Areaway: The space usually below the sidewalk, between the building wall and the 
street wall. The areaway affords room, access or light to a structure and often 
contains translucent glass element in the sidewalk. Because the walls of an areaway 
literally hold up the streets and sidewalks, it is crucial to maintain their stability.  

Artesian: A condition that exists when the water table piezometric surface lies above 
the ground level 

Atterberg Limits: The water contents of a soil mass corresponding to the transition 
between a solid, semi-solid, plastic solid or liquid. Laboratory test used to distinguish 
the plasticity of clay and silt particles. 

Bedding plane: The surface separating two layers of stratified soil or rock. 

Bent: A structural unit that supports the horizontal span (superstructure) of a bridge 
or viaduct. 

Block release: Sliding or other movement towards the excavation, of a block of 
rock or cohesive soil, bounded by discontinuities.  

Blocky: Intact soils blocks bounded by discontinuities such as fractures and shear 
zones.  

Blowout: 1. Sudden release of soil and water 2. Sudden loss of compressed air into 
the soil-mass during face intervention or pressurized face operation of a slurry TBM. 

Bored tunnel: A circular tunnel excavated using a TBM. 
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Boulder: A boulder is defined as a rock that will not pass through a 12-inch 
(305mm) square opening, no matter how it is oriented in the opening. Boulder sizes 
are defined by the smallest size opening that the boulder can be oriented to pass 
through.  

Bucket: Openings in the TBM cutterhead for transfer of excavated spoil from the 
face into the cutterhead excavation chamber or plenum.. 

Bucket lip teeth: Chisel-like excavating tools installed on the buckets that are 
pushed against the soil-mass to excavate the soil by plucking or ripping action. 

Bulk Unit Weight: The total weight of water and soil particles contained in a unit 
volume of soil. 

Cementitious grouting: Injection of Ordinary Portland Cement type II or III, or 
ultrafine cement grout into fractures or the soil-mass. 

Clogging potential: A method of assessing the likelihood of the adherence to metal 
surfaces of clays by plotting the Consistency Index – Ic (%) against Plasticity Index- 
PI (%) derived from Atterberg Limit tests. 

Closed-face tunneling: Tunneling with a TBM equipped with a pressure bulkhead 
behind the excavation chamber, enabling a pressure to be created in the excavation 
chamber to resist the existing earth pressure and/or water pressure at the excavation 
face.  

Cobbles: Soil particles between 3 inches (76 mm) and 12 inches (305 mm) in size. 

Cohesion: The force that holds together molecules or like particles within a 
substance. 

Cohesionless soils, Non-cohesive soils: Granular soils (silt, sand and gravel type) 
with no shear strength unless confined. 

Cohesive running: See Running. 

Cohesive soils: Contains clay minerals and possesses plasticity. 

Compaction Grouting:  Is the pressurized injection of a relatively stiff, “low-
mobility” grout, consisting of a mix of sand, small amounts of bentonite, and with or 
without cement. The grout does not permeate the soil matrix but rather forms a 
bulbous mass around the point of injection, displacing and thus densifying the 
surrounding soils. 

Compensation grouting: Consists of injecting grout between the tunnel being 
driven and the foundations of the surface structures in precisely calculated quantities 
to offset the effects/compensate for structural settlement or to control/reverse 
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ongoing settlement.  Grouting is performed through sleeve port pipes in two phases, 
pre-conditioning phase and concurrent grouting phase. 

Conditioner: Materials added to the slurry in slurry pressure balance machine, or to 
the cutterhead and screw auger in an earth pressure balance machine to improve the 
nature of the excavated muck, including reducing friction and abrasion, modifying 
and binding flowing or raveling granular soils into a more “plastic” cohesive material, 
stabilizing open-work granular material, etc.  

Consolidation: Reduction in soil volume due to squeezing out of water from the 
pores as the soil comes to equilibrium with the applied loads. 

Crown, Tunnel crown: The highest part of a circular tunnel. 

Crusher: A tool which grinds or breaks the excavated material down to a 
transportable grain size. A stone crusher is typically installed in front of the grid and 
suction lines to avoid blockage of the slurry lines by blocks and boulders.  

Cut-and-Cover tunnel: A tunnel constructed inside a laterally supported excavation, 
completed with a roof slab and usually covered with backfill material.  

Cutter drag bit: Chisel-like excavating tools installed in the front of the TBM 
cutterhead that are pushed against the soil-mass to excavate the soil by plucking or 
ripping action. 

Cutterhead: The rotating forward part of the TBM equipped with cutting tools that 
are in contact with the soil or rock.  

Cutterhead teeth: See Bucket lip teeth. 

Debris: Concrete, brick, asphalt, sawdust, logs, piles, ship ballast, sawmill 
byproducts, trees, manmade debris and other waste within the fill deposits.  

Deep wells: Wells with pumps installed at depth.  

Depressurization: Reduction of water pressure by dewatering or other means.  

Dewatering: The removal of groundwater to reduce the flow rate or diminish water 
pressure. Dewatering is usually done to improve conditions in surface excavations 
and to facilitate construction work. 

Diced soil: A weak discontinuous soil mass consisting of very close spaced shears, 
slickensides or joints in a cohesive soil. 

Disc cutter: Rotating tools equipped with hardened cutting rings (steel; tungsten 
inserts; hard faced) for excavation of hard rock, including boulders. The disc cutters 
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pushed against the rock, breaks off chips of rock, or breaks it up. They may be single 
or multi-disc cutter. 

Dry Unit Weight: The weight of solids (soil grains) to the total unit volume of soil. 
Units lb/ft³, kN/m³.  

Eductor-ejector wells: Small diameter wells installed to depths of up to 150 feet 
that can improve stability of silty sands, fine grained sands, and laminated silts and 
clays. Supply pumps at ground level, feed high-pressure water to the ejector nozzle 
and venturi located at the base of the wells. The flow of water through the nozzle 
generates a vacuum in the well and draws in groundwater. 

Engineered Fill: Soils used as fill, such as retaining wall backfill, foundation 
support, dams, slopes, etc., that are to be placed in accordance to engineered 
specifications. These specifications may delineate soil grain-size, plasticity, moisture, 
compaction, angularity, and many other index properties depending on the 
application. 

Fault: A shear fracture in a rock mass along which movement has taken place.  

Firm, firm ground: Soil that remains stable in walls and face of an opening without 
initial support for sufficient time to permit installation of final support. 

Flowing, flow, flowing ground: Soil that moves like a viscous liquid into an 
excavation. 

Foaming agent: Liquid, which when combined with air forms dense foam. The 
small bubbles formed are able to exert force on the ground surface. The foam also 
conditions the soil plug. 

Fractures: A complete or incomplete break in a rock or soil mass. 

Glacial over-riding, glacially over-ridden: The mechanical process of advance and 
retreat of glaciers over rock and soil. See: Over-consolidated.  

Glacial soils; Glacial deposit: Soil deposited by a glacier or glacial process during a 
period of glacier formation, advance or recession. 

Grain Size Distribution, Particle Size Distribution: Soil particle sizes that are 
determined from a representative sample of soil that is passed through a set of sieves 
of consecutively smaller openings. 

Groundwater: Water that infiltrates into the earth and is stored in the soil and rock 
within the zone of saturation below the earth’s surface.  
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Grout: A fluid mixture of water, cement, and/or sand, or of various additive 
chemicals that is injected directly into soil or voids. The fluid solidifies and hardens 
to fill voids and provide a water barrier and some reinforcement. 

Grouting: Injection of grout under pressure through drilled holes under pressure, to 
fill seams, fractures, or joints and thus seal off water inflows or consolidate soils. 

Hard facing: Replaceable metal used to coat surfaces to protect them from 
abrasion.  

Hydraulic conductivity: See Permeability. The hydraulic conductivity is the volume 
flow rate of water through a unit cross-sectional area of a porous medium under the 
influence of a hydraulic gradient of unity, at a specified temperature. It is measured 
in units of cm/s, m/s or m/day and varies with temperature. 

Hydraulic gradient: The difference in total head (piezometric levels), between two 
points in a hydraulic flow, divided by the length of the flow path (distance between 
the two points).  

Hydrostatic head, hydrostatic pressure, pressure head: The height of a column 
of water required to develop a given pressure at a given point. Head may be 
measured in either height (feet or meters) or pressure (pounds per square inch, 
kilograms per square centimeter, or bars). 

Interglacial soils: Soils formed during the period between glaciations, typically 
consisting of fluvial or lacustrine deposits. 

Invert, Tunnel invert: In a circular-shaped tunnel, this is the bottom portion of the 
arc. The bottom or floor of a tunnel. 

Jet grouting: Ground modification system utilizing injection under pressure of a 
cement-fluid grout mixture to mix grout with soil to develop an in-situ soilcrete of 
enhanced strength.  

Joints: A natural parting in rock or soil exhibiting no evidence of displacement.  

Ko: The Coefficient of Earth Pressure at Rest (Ko) of a soil is the ratio of horizontal 
to vertical effective stress.  

Ko = '

'

v

h

σ

σ

 

Lacustrine: Pertaining to, derived from, or deposited in lakes. Glaciolacustrine 
specifically references glacial lakes. 
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Methane: A colorless, odorless, flammable gaseous hydrocarbon present in natural 
gas and formed by the decomposition of organic matter. 

Moist Unit Weight: Ratio between the total weight of soil including water, and the 
total volume of the soil. 

Muck: See Spoil. 

Natural Water Content: The ratio between the mass of water and the mass of soil 
solids. w = (wet weight - dry weight) / dry weight. 

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

Normally consolidated: A soil where the current effective overburden pressure is 
equal to the maximum overburden pressure.  

Open-face tunneling: Tunneling by a TBM without supporting the face by 
pressurizing the excavation chamber. 

Open cut: see Retained Cut 

Overconsolidated: The soil that has experienced higher vertical loads during past 
geologic periods and subsequently had its load removed is considered to be 
overconsolidated. This is the case for soils which have previously had glaciers on 
them.  

Perched groundwater: 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.  

Permeability: The capacity of a rock or sediment to permit fluids to flow through it. 
See Hydraulic Conductivity.  

Permeation grouting: Injection of cementitious or solution grouts into the pore 
space of granular soils.  

pH Value: A measure of acidity or alkalinity of groundwater or soil water extract 
based on the hydrogen ion content. A pH of 7 is considered neutral, a pH greater 
than 7 is alkaline and a pH of less than 7 is considered acidic.  

Pile: A slender deep foundation unit, wholly or partly embedded in the ground, that 
is installed by driving, drilling, augering, jetting or otherwise and that derives its 
capacity from the surrounding soil and/or from the soil or rock system below its tip. 
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Portal: The tunnel portal is the transition from surface to subsurface. For this 
Geotechnical Baseline Report the portals consist of the works for the Retained Cuts 
and Cut-and-Cover tunnel sections included within the contract. 

Progressive failure: See Raveling. 

Raveling, Slow raveling, Fast raveling: Chunks or flakes of material drop out of 
the excavated surface due to loosening or to overstress and “brittle” fracture. In fast 
raveling ground, the process starts within a few minutes; otherwise, the ground is 
slow raveling. 

Recessional outwash: Soil deposited during the recession of a glacier.  

Retained Cut: A vertical excavation from the ground surface that is provided with 
lateral support. 

Roller bit: Disc cutter with multiple rows of tungsten carbide inserts.  

Running, Cohesive Running ground: Granular soils that move freely into the 
excavated area while the tunnel is being excavated. Granular materials without 
cohesion are unstable at a slope greater than their angle of repose (+ 30°-35°). When 
exposed at steeper slopes, they run like granulated sugar or dune sand until the slope 
flattens to the angle of repose. Cohesive running ground exhibits some apparent 
cohesion that exists from moisture content, weak cementation, and 
overconsolidation. 

Sand dikes: Crossbed or intrastratal fractures infilled with cohesionless material, 
typically as a result of seismic activity. 

Sand partings: Cohesionless laminate or layers in an otherwise cohesive soil-mass. 

Screw conveyor: Steel cylinder with a flight auger for removing spoil from the 
excavation chamber.  

Segmental lining: Tunnel lining made of precast concrete segments which fit 
together to form a ring. Segments may be bolted together, or keyed together without 
bolts. 

Shear: A structural break or discontinuity less than 2 inches wide where differential 
movement has occurred along a surface or zone of failure.  

Shear zone: A zone of closely fractured to diced, and often slickensided material 
deformed by shearing. 

Shear Strength: The maximum shear stress which a soil can sustain under a given 
set of conditions. For clay, shear strength = cohesion. For sand, shear strength = the 
product of effective stress and the tangent of the angle of internal friction.  



 

 

The Alaskan Way Viaduct & Seawall Replacement Program June 2010 
Revised SR 99 Bored Tunnel Alternative Design-Build Project Geotechnical Baseline Report C-8 

Shield: Forward part of the TBM consisting of a steel cylinder in which the 
segmental lining is constructed and which protects propulsion equipment and spoil 
conveyance system behind the excavation chamber. 

Slabbing: See Raveling. 

Slickensides, slickensided: Polished and striated surfaces within soil or rock 
resulting from relative displacement along the surface.  

Sloughing: See Raveling.  

Slurry: A pumpable suspension, usually of clay minerals and water, used to transfer 
pressure to stabilize the tunnel face and shield annular gap; stabilize borehole and 
excavation sidewalls, interface voids, and trenches.  

Soil plug: Conditioned soil forming an impermeable barrier to support the face. 

Solution grouting, Chemical Grouting: Injection of discontinuities or soils using 
non-cementitious grouts. 

Spalling: See Raveling. 

Specific Gravity: The ratio of the density of a body or a substance to the mass of an 
equal volume of water. Unit less.  

Spoil: The soil or rock materials generated in excavating a tunnel. Included with 
these materials are by-products of the tunneling operation such as soil conditioners, 
waste cement, grout, and other construction related residue.  

Squeezing ground: Soil that undergoes a time-dependent deformation near a tunnel 
as the result of load intensities which exceed the soils in situ strength Ground 
squeezes or extrudes plastically into tunnel, without visible fracturing or loss of 
continuity, and without perceptible increase in water content. Ductile, plastic yield 
and flow due to overstress.  

Standard Penetration Test, SPT, N-Value: Field test performed in general 
accordance with ASTM D 1586, Test Method for Penetration Test and Split – Barrel 
Sampling of soils. Test involves driving a 2-inch OD, 1.375 inch ID, split spoon 
sampler with a 140-lb hammer, falling freely from a height of 30 inches. The number 
of blows required to achieve each of three 60 inch increments of sampler penetration 
is recorded. The density of cohesionless or coarse grained soils, and relative 
consistency of cohesive or fine-grained soils is defined as below: 

Cohesionless Soils Cohesive Soils 
N, SPT Blows/ft Relative Density N, SPT Blows/ft Relative Consistency 
0-4 Very loose Under 2 Very soft 
4-10 Loose 2-4 Soft 
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10-30 Medium dense 4-8 Medium Stiff 
30-50 Dense 8-15 Stiff 
Over 50 Very Dense 15-30 Very Stiff 
  Over 30 Hard 

 

Stickiness: The potential for a soil, primarily clay, to adhere to steel or other 
exposed interior parts of a TBM.  

Swelling, Swelling ground: Soil that undergoes a volumetric expansion resulting 
from the addition of water. Swelling ground may appear to be stable when exposed, 
with the swelling developing later. Ground absorbs water, increases in volume, and 
expands slowly into the tunnel. Increase in soil volume; volumetric expansion of 
particular soils due to changes in water content.  

Tail-seal: A seal, typically consisting of steel brushes and viscous grease-like 
material, located at the rear edge of the tail-skin to seal the tail-void/ annular gap 
between the shield and the inside of the primary lining. 

Tail-shield: See Tail-Skin 

Tail-skin: Back part of the shield, wherein the segmental lining is erected. 

Tail void: The lining annular gap or space between the shield and the inside of the 
primary lining. See Annulus. 

Till: 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. Ablation Till is usually supraglacial, deposited by an 
inactive melting glacier.  

Tunnel boring machine (TBM): A machine that uses various mechanical 
processes for rock or soil excavation. Full-face TBMs are mechanical devices that 
provide continuous excavation by means of a rotating cutter head. The cutter head is 
generally equipped with a combination of drag bits, single-disc and multi-disc cutters. 
The machines are outfitted with equipment for placing the tunnel support system 
and typically connected to a skid-mounted system of conveyors and related devices 
for muck removal.  

Tunnel Face: Area where the material is excavated. 

Tunnel eye: Initial section of ground excavated by the TBM. This is typically 
reinforced prior to excavation to prevent loss of ground, and for closed face 
tunneling, typically pre-treated to enable pressure to be maintained through erection 
of the initial sets of segmental lining. 



 

 

The Alaskan Way Viaduct & Seawall Replacement Program June 2010 
Revised SR 99 Bored Tunnel Alternative Design-Build Project Geotechnical Baseline Report C-10 

Ubiquitous: Omnipresent; existing or being everywhere; constantly encountered.  

Unconsolidated: Loose sediment; lacking cohesion or cement.  

Unified Soil Classification System: Known as USCS. A system of soil 
classification based on grain size, liquid limit and plasticity of soils.  

Vacuum dewatering: See wellpoints 

Wear plates: See Hard facing. 

Wedge failure: Two intersecting discontinuities release a wedge-shaped rock-mass.  

Wellpoint: Small diameter, perforated pipe for shallow dewatering in mined tunnel 
excavations, depressurization at the tunnel face, shafts, shallow foundations and 
trench works, effective to a depth of approximately 18 feet. A wellpoint system 
consists of closely spaced wells, connected to a common header main and pumped 
with a high efficiency dewatering pump, with or without vacuum. 

 




