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Interim Settlement Evaluation Report 1 

EXECUTIVE SUMMARY 2 

During construction of the State Route 99 Tunnel Project (Project), the Washington 3 
State Department of Transportation (WSDOT) and the Design-Build Contractor, 4 
Seattle Tunnel Partners (STP), have been monitoring ground, structure, utility, and 5 
groundwater (piezometric) elevations.  In November 2014, this monitoring effort 6 
indicated that settlement had occurred in the Project vicinity and Pioneer Square 7 
neighborhood to the east.  This report presents and evaluates available monitoring 8 
data and hypotheses related to the measured settlement that has occurred since 9 
Project initiation in 2012.   10 

Available data that were evaluated in relation to settlement includes: digital level 11 
surveys performed by WSDOT and STP; Light Detection and Ranging analyses 12 
(LiDAR) performed by WSDOT, Interferometric Synthetic Aperture Radar (InSAR) 13 
analyses performed by Soldata (STP consultant), and groundwater elevation data 14 
obtained by Shannon & Wilson, Inc. (Shannon & Wilson) and STP.  The data 15 
indicates the following: 16 

 Ongoing historic settlement and settlement adjacent to non-Project construction 17 
activities have been observed in localized areas in Pioneer Square.  For example, 18 
along Western Avenue, LiDAR analyses indicate that small localized areas of the 19 
street settled up to 3 inches prior to October 2013.  InSAR analyses indicate that 20 
localized areas in Pioneer Square settled at rates of 0.1 to 0.2 inch per year 21 
between July 2012 and August 2014. In our opinion, this settlement is not due to 22 
Project activities. 23 

 When deep dewatering wells were turned on for the tunnel boring machine 24 
access shaft in November 2014, an area of additional settlement developed, 25 
extending over 1,000 feet to the north, south and east.  The settlement that 26 
occurred in the first month after deep dewatering wells were turned on was 27 
about 1.3 inches at the access shaft and decreased with distance from the access 28 
shaft. 29 

In our opinion, the recent measured settlement in the Project vicinity is caused by a 30 
combination of Project dewatering activities (primarily associated with the access 31 
shaft), and non-Project-related settlement from other sources (e.g., other 32 
construction projects, decomposition of subsurface wood debris, etc.).  The 33 
contributions from these settlement causes vary from location to location 34 
throughout the Project vicinity and Pioneer Square.   35 
  36 
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The recent observed settlement caused by deep dewatering at the access shaft has a 1 
low risk to cause damage to infrastructure because it is relatively uniform beneath a 2 
structure, roadway, or utility.  Localized settlement caused by local adverse ground 3 
conditions or other construction projects has a higher risk of causing differential 4 
settlement beneath infrastructure due to potential differential settlements and 5 
distortion over short distances.   6 

WSDOT survey of the control points and viaduct bents and STP survey of the 7 
viaduct bents over the last 3 to 4 months indicate no more than 0.1 inch of 8 
additional settlement has occurred.  The survey data appears to indicate that the 9 
settlement stopped in concert with the stabilization of groundwater drawdowns in 10 
response to the continued dewatering that has reached a steady-state condition.   11 

This report was prepared at the request of WSDOT to present data collected by 12 
WSDOT, STP, and Shannon & Wilson, and to provide an opinion on the potential 13 
cause(s) of measured settlement in the Project vicinity since 2012.  This report does 14 
not and is not intended to provide an exhaustive review of all available data.  Limited 15 
data were available from the City of Seattle and King County at the time of this 16 
report.  This report is a work-in-progress.  As additional information and data 17 
become available, this report may be updated and our opinions and conclusions 18 
revised, if necessary.  19 
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Interim Settlement Evaluation Report 1 

1.0 INTRODUCTION 2 

The State Route (SR) 99 Tunnel Project (Project) is part of the Alaskan Way Viaduct 3 
Replacement Program (AWVRP).  The Project is being constructed by Seattle 4 
Tunnel Partners (STP) as a design-build effort under contract to the Washington 5 
State Department of Transportation (WSDOT).   6 

In November 2014, ground-based digital level surveys performed by STP indicated 7 
that Project vertical survey control had settled such that survey level loops were not 8 
closing within allowable tolerances.  Settlement was also observed in measurements 9 
of the deep benchmarks installed for the Project.  These deep benchmarks are 10 
founded in glacially overridden soils; therefore, observed settlement of these 11 
benchmarks represents movement within the deep glacially overridden soils below 12 
the tips of the benchmarks. 13 

In a cooperative effort between WSDOT and STP, multiple digital level surveys were 14 
performed in November 2014 to evaluate the extent of ground settlement.  These 15 
surveys measured ground settlement in excess of 0.2 inch at distances of over 16 
1,000 feet from Project construction activities in Pioneer Square.  In December 17 
2014, WSDOT requested that Shannon & Wilson, Inc. (Shannon & Wilson) review 18 
WSDOT and STP survey and groundwater data and collect additional groundwater 19 
data to evaluate the extent, rate, and potential causes of the recent measured 20 
settlement.  This report presents the results of that effort to date. 21 

1.1 Purpose of Report 22 

The purpose of this report is to present and evaluate monitoring data and 23 
hypotheses related to the measured settlement that has occurred since Project 24 
initiation.  To that end, this report includes the following: 25 

 Presentation of the available data at the time of this report, including WSDOT 26 
and STP survey data and other ground movement and groundwater data. 27 

 Discussions of data observations and limitations. 28 

 Explanations and evaluations of hypotheses that have been developed about the 29 
cause(s) and contributing factors of measured settlement. 30 

 Identification of potential effects of ongoing construction activities on future 31 
settlement. 32 

This report is a work-in-progress.  As additional information and data become 33 
available, this report may be updated and our opinions and conclusions revised, if 34 
necessary.   35 
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1.2 Settlement Description 1 

Settlement is downward movement of the vertical position of a monitoring point.  In 2 
this report, settlement is presented as a negative value because it is based on the 3 
comparison of the elevation of a point at two dates.  Settlement represents a 4 
reduction of the elevation of a point over time.  5 

This report discusses “widespread” and “localized” settlement.  Widespread 6 
settlement can extend over thousands of feet.  Localized settlement typically extends 7 
a few tens to a few hundreds of feet.  An illustration of what is meant by widespread 8 
versus localized settlement is shown in Figure 1-1:  9 

  10 

Figure 1-1:  Example Plot Illustrating “Widespread” vs. “Localized” Settlement Terms 11 

Widespread settlement has a low risk to cause damage to infrastructure because it is 12 
relatively uniform beneath a structure, roadway, or utility.  Localized settlement, 13 
depending on its extent, has a higher risk to cause damage to infrastructure due to 14 
potential differential behavior over short distances. 15 

Another term used to describe settlement in this report is “historic.”  “Historic 16 
settlement,” as used in this report, represents settlement that has occurred over the 17 
long term (last 50 to 100 years) both before and potentially during Project 18 
construction activities.  19 

20 
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1.3 Standard Units and Datums 1 

In this report: 2 

 Elevations are referenced to the North American Vertical Datum of 3 
1988(NAVD88). 4 

 Coordinates are referenced to State Plane Coordinates in the North American 5 
Datum of 1983. 6 

 Stationing is referenced to the Project stationing established by STP. 7 

 English units (feet, inches, pounds, etc.) are generally used.  Where 8 
measurements were provided in the metric system, they were converted to 9 
English units for our evaluation.   10 

 Pioneer Square, as referred to in this report, corresponds to the limits of the 11 
Pioneer Square Historic District, as shown in Figure 1. 12 

1.4 Definitions of Common Terms 13 

Several geologic and engineering terms are repeatedly used in this report.  These 14 
terms are defined below.  Other less commonly referred to terms are defined within 15 
subsequent text sections of this report. 16 

 Aquifer:  The part of a soil formation that is saturated and sufficiently permeable 17 
to transmit water. 18 

- Unconfined Aquifer:  An aquifer whose groundwater surface is at 19 
atmospheric pressure. 20 

- Confined Aquifer:  An aquifer that is overlain by a lower-permeability layer 21 
(or aquitard).  The groundwater is under a pressure greater than atmospheric 22 
and the groundwater surface can rise above the top of the aquifer when 23 
exposed to the atmosphere. 24 

 Aquitard:  Low-permeability soil that is adjacent to one or more aquifers. It may 25 
lie above or below an aquifer. 26 

 Baseline:  A measurement that represents the initial measurement to which 27 
subsequent measurements are compared to determine changes. 28 

 Drawdown:  The reduction in (lowering of) piezometric elevation due to 29 
dewatering. 30 

 Depressurization:  A lowering of the piezometric pressure in an aquifer using 31 
dewatering systems. 32 

 Engineering Soil Unit (ESU):  A grouping of geologic soil units that has 33 
similar behavioral characteristics as indicated by soil type, strength, permeability, 34 
compressibility, etc. 35 
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 Glacially Overridden Soils:  Soils that have been compacted under the weight 1 
of glacial ice. 2 

 Groundwater Surface:  The top surface of the groundwater in an unconfined 3 
aquifer.  This is often referred to as the “water table.” 4 

 Heave:  Upward movement of the ground surface.  5 

 Permeability:  The ability of a material to allow fluid (e.g. water) to pass through 6 
it.  Low permeability indicates slower rate of water flow through soil. 7 

 Piezometric Elevation:  Elevation of the theoretical surface of the groundwater 8 
in a confined aquifer. 9 

 Piezometric Pressure:  The pressure exerted by groundwater in the soil matrix 10 
of a confined aquifer. 11 

 Rebound:  The process by which the soil matrix will increase in volume, 12 
resulting in upward movement, when stress is removed.  13 

 Well:  A casing that is vertically buried in the ground with a portion that is 14 
slotted to allow water to flow into the casing.  Wells used to monitor 15 
groundwater are termed “observation” wells (OWs). Wells used to forcibly 16 
extract water (e.g. through the use of a pump) are termed “pumping” wells or 17 
“dewatering” wells. 18 

 Vibrating Wire Piezometer (VWP):  A buried electronic instrument that 19 
measures piezometric pressure with a vibrating wire pressure sensor, usually 20 
installed in a borehole at a known depth. 21 

Other less frequently referred to terms are defined within the text of this report.   22 

1.5 Limitations 23 

This report was prepared at the request of WSDOT to present data obtained by 24 
WSDOT and STP and to provide an opinion on the potential cause(s) of measured 25 
settlement in the Project vicinity.  This report does not and is not intended to 26 
provide an exhaustive review of all available data.  We did not include or rely on data 27 
that we understood were not adjusted for survey or instrument-systemic errors, or 28 
where we had questions about the data accuracy.  Data summaries are presented for 29 
review and generalized conclusions and opinions are made based on the data.   30 

We relied on data developed, provided, and reduced by WSDOT and STP.  We 31 
assume these data have been checked for accuracy and correctness prior to our 32 
receipt of the data.  We make no warrantee or guarantee as to the accuracy, 33 
correctness, or representativeness of the data.  To perform our evaluation, we 34 
interpolated between data points and extrapolated beyond data ranges.  Users of this 35 
report should use caution when considering interpolated and extrapolated data. 36 
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The scope of services associated with this report was limited to evaluating settlement 1 
and potential causes of settlement in the Project vicinity and was performed at the 2 
request of and for use by WSDOT in management of the SR 99 Tunnel Project.  3 
The information in this report should not be relied on by anyone else, for any other 4 
project, at any other time, for any other purpose.  Use or reuse of this report or the 5 
information presented herein without written verification or adaptation by us, as 6 
appropriate for the specific purpose intended, shall be at user’s sole risk.  7 
Notwithstanding the foregoing, should an unauthorized user claim reliance on this 8 
report, the unauthorized user agrees to be bound by and subject to all of the 9 
qualifications and limitations contained in the report (see Appendix), and the terms 10 
and conditions of our contract with WSDOT, and shall assume all liability associated 11 
with unauthorized use or reuse of this report or the information presented herein. 12 

Shannon & Wilson has prepared the Appendix, “Important Information About your 13 
Geotechnical Report,” which explains limitations about the use of this report.   14 
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2.0 SITE AND PROJECT DESCRIPTION 1 

The Project includes construction of a 52-foot-diameter (finished inside dimension) 2 
bored tunnel and adjacent south and north approach areas.  The Project alignment is 3 
shown in Figure 1.  The south approach extends from approximately S. Royal 4 
Brougham Way to S. King Street, between First Avenue and Alaskan Way.  The 5 
bored tunnel alignment extends north from S. King Street between the Elliott Bay 6 
Seawall and the Alaskan Way Viaduct (viaduct), until Yesler Way, where it will pass 7 
under the viaduct and continue north.  The bored tunnel will be approximately 9,270 8 
feet long and will terminate at the north portal near Thomas Street and Sixth 9 
Avenue N.   10 

2.1 Major Project Features 11 

Underground Project construction elements discussed in this report are presented in 12 
the following sections.  Details described in the following sections were primarily 13 
obtained from Project Released for Construction plans, with supplementary 14 
information provided by Project construction personnel.  The approximate locations 15 
of the underground construction features are shown in Figure 2.  An approximate 16 
timeline of selected construction activities related to these construction elements is 17 
presented in Section 2.3. 18 

2.1.1 South Approach   19 

The south approach roadway structure (and related excavations) extends from about 20 
S. Royal Brougham Way to the bored tunnel headwall, which is about 500 feet south 21 
of S. King Street.  The south approach roadway will be near existing grade at 22 
S. Royal Brougham Way in a side-by-side configuration (northbound and 23 
southbound lanes).  To the north, the SR 99 alignment will narrow as the 24 
northbound lanes extend under the southbound lanes, increasing in depth to the 25 
north to about 60 feet below the ground surface (bgs) at the tunnel headwall.  The 26 
excavation shoring for the south approach excavations consists of braced secant pile 27 
walls (overlapping drilled shafts) that extend 20 to 60 feet below the base of the 28 
excavation.  The excavation for the roadway structure consists of three primary 29 
sections (from south to north): 30 

 Pantleg:  The south end of the south approach is referred to as the “pantleg” 31 
because it consists of two separate roadway structures (400 to 450 feet long) that 32 
converge and get deeper as they extend north (in the shape of a pair of pants).  33 
Where the two structures come together, the maximum excavation width is 34 
about 100 feet.  At the north end of the pantleg, the maximum excavation depth 35 
is about 35 feet bgs.  Interior struts are used to brace the shoring walls.  At the 36 
time of this report, the south end of the east pantleg has been completed. 37 
Excavation of the west section of the pantleg, including operation of associated 38 
dewatering systems, is in progress. 39 
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 Cut and Cover Section:  This section connects to the pantleg and extends to 1 
the north for about 630 feet as the roadway gets deeper.  The excavation ranges 2 
in width from about 75 to 85 feet.  At its connection to the launch pit to the 3 
north, the excavation depth is about 55 feet bgs.  Interior steel struts are used to 4 
brace the shoring walls.  At the time of this report, the cut and cover section 5 
excavation is complete, associated dewatering systems have been turned off, and 6 
construction of the roadway structure is in progress. 7 

 Launch Pit:  This section of the excavation is about 400 feet long, 85 feet wide, 8 
and 65 to 75 feet deep.  The launch pit walls are supported by multiple rows of 9 
tieback anchors and four reinforced concrete interior struts at the top of the 10 
secant pile walls.  At the time of this report, the launch pit excavation has been 11 
completed, associated dewatering systems have been turned off, and 12 
construction of the roadway structure and adjacent operations building is in 13 
progress. 14 

Figure 2-1 presents a photograph showing the approximate locations of the south 15 
approach excavations.  The extents of each excavation are also indicated in Figure 2. 16 

 17 

Figure 2-1:  Photograph of South Approach Excavations, looking southwest (WSDOT, 2013) 18 

2.1.2 Bored Tunnel   19 

The portion of the roadway north of the launch pit will be bored by the 57.5-foot-20 
diameter tunnel boring machine (TBM).  The TBM was assembled in and launched 21 
from the launch pit excavation in August 2013.  From the tunnel headwall (start of 22 
the tunnel and north wall of launch pit) at Station 194+50 to about Station 198+50, 23 

Launch Pit 

Cut and Cover 

Pantleg (approx.) 

Tunnel 
Headwall 
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jet grout and mortar piles were installed to create an improved ground mass.  A thick 1 
concrete slab (termed the buoyancy slab – see Figure 2-2) was constructed over the 2 
improved ground mass to further resist hydrostatic uplift of the shallowest section of 3 
the bored tunnel.  As described in Section 2.4, the TBM advanced about 996 feet and 4 
then experienced an equipment malfunction.  At the time of this report, the TBM 5 
has tunneled about 1,040 feet north from the headwall at S. King Street into an 6 
access shaft that will be used for TBM repairs.   7 

2.1.3 South End Settlement Mitigation Plan (SESMP)   8 

The SESMP consists of closely spaced concrete drilled shafts that were installed 9 
between the tunnel headwall (Station 194+50) and approximately S. Washington 10 
Street.  The east SESMP wall is about 1,460 feet long, and the west SESMP wall is 11 
about 1,130 feet long.  The purpose of the SESMP was to reduce the lateral extent of 12 
settlement that could be caused by tunnel boring activities along the portion of the 13 
alignment adjacent to the viaduct, where the crown of the TBM is less than 80 feet 14 
deep.  At the time of this report, construction of the SESMP has been completed.   15 
A conceptual sketch illustrating the SESMP is shown below:  16 

 17 

Figure 2-2:  Conceptual Sketch of Bored Tunnel and SESMP Walls, looking southeast 18 
(WSDOT, 2014) 19 

2.1.4 Viaduct Mitigation Measures   20 

The bored tunnel will pass under the viaduct near Yesler Way.  To reduce the effect 21 
of ground movement due to tunneling on the viaduct foundations, STP installed 22 
closely spaced micropiles (7-inch-diameter) to create underground walls between the 23 
proposed tunnel perimeter and the viaduct foundations.   Twenty-two distinct wall 24 
sections, approximately 10 to 75 feet long, were installed (see Figure 2, Sheet 1).  The 25 
walls were installed at various angles (45 to 90 degrees from horizontal) under the 26 
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Tunnel 
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viaduct between Bents 93 to 100.  The tips of the micropiles extend to about 1 
elevation -87 to -104 feet (varies by location).  The micropiles were installed in 2012.  2 
A schematic diagram indicating the micropile walls in cross-section is shown in 3 
Figure 2-3: 4 

 5 

Figure 2-3:  Schematic Diagram of Micropile Walls Under Viaduct (WSDOT, 2012) 6 

2.1.5 Access Shaft   7 

A 120-foot-deep access shaft, with an inside diameter of about 80 feet, was recently 8 
completed to allow for removal and repair of the TBM just south of S. Main Street 9 
(see Figure 2, Sheet 2).  The access shaft is shored by a ring of drilled unreinforced 10 
concrete shafts that vary in diameter from 3 to 10 feet.  No internal or external 11 
bracing is used for the access shaft excavation.  South of the shaft, STP performed 12 
grouting in between the SESMP piles and below the TBM to prepare for TBM repair 13 
work.  Additional information about the access shaft is presented in Section 2.4.2. 14 

2.1.6 North Approach  15 

The north approach is located north of Thomas Street along Sixth Avenue N. (see 16 
Figure 1).  At the time of this report, the north approach excavation is complete, 17 
associated dewatering systems have been shut down, and roadway construction is in 18 
progress.  The north approach was not included in our evaluation because it is 19 
located over a mile north of Pioneer Square and is about 100 feet higher in elevation 20 
than the area where settlement has been measured. 21 

2.2 Geologic and Hydrogeologic Conditions 22 

A description of the site geology, soil conditions, and groundwater regime along the 23 
Project alignment is included in the Geotechnical Characterization Report (GCR), 24 
prepared for the Project (Shannon & Wilson, 2010).  The following paragraphs 25 
provide a brief overview of the geologic conditions – refer to the GCR for a detailed 26 



 

 

Alaskan Way Viaduct Replacement Program May 2015 
Interim Settlement Evaluation Report 10 

understanding and additional information.  Geologic units and other notations in this 1 
report are summarized in Figure 3. 2 

2.2.1 Regional Geology 3 

The Puget Sound Region was geologically shaped by several glacial events thousands 4 
of years ago.  These glacial events shaped the Seattle topography and resulted in 5 
layered soils that were compacted under the weight of thousands of feet of ice 6 
(glacially overridden).  Numerous soil types including clay, silt, sand, and gravel were 7 
glacially overridden or left behind by the glaciers and are termed “Quaternary” 8 
deposits.  After the glaciers receded, the Quaternary deposits were covered in low-9 
lying areas by deposits from the Duwamish River and other streams, and marine 10 
deposits from Elliott Bay, as well as mud flows from volcanic eruptions in the 11 
Cascade Range.  These more recent soils are termed “Holocene” deposits.   12 

Starting in the late 1800s and continuing into the early 1900s, filling of land in the 13 
southern part of Seattle resulted in the creation of additional land where water had 14 
once been present.  The historic shoreline in 1879, prior to most of the man-made 15 
fill activities, is shown in Figure 1.  Pioneer Square is located in the filled area south 16 
and east of the historic shoreline.  The topography in Pioneer Square is relatively flat, 17 
with a ground surface elevation ranging from about +15 to +20 feet.   18 

2.2.2 Subsurface Soil Conditions 19 

The GCR prepared for the Project included a generalized profile along the tunnel 20 
alignment.  A portion of this profile is presented in Figure 4.  Based on our previous 21 
studies and additional publicly available information from the Washington Division 22 
of Geology and Earth Sciences (WDGER) (2012) and Shannon & Wilson files, we 23 
developed generalized subsurface profiles along east-west and north-south streets in 24 
Pioneer Square.  The approximate locations of available subsurface explorations and 25 
the profile locations and extents are shown in Figure 2.  The profiles are presented in 26 
Figures 4 through 13.  A key to the symbology used on the profiles is shown in 27 
Figure 3.  The profiles are intended to present generalized subsurface conditions and 28 
the extent of available information.  Detailed soil information (e.g., geology, field 29 
test, and soil classification versus depth) has not been included on the profiles.  Logs 30 
of the borings are available from WSDOT or WDGER.      31 

The profiles indicate soil type in terms of ESUs, as follows: 32 

 ESU 1:  Holocene Engineered and Non-engineered Fill  33 

 ESU 2:  Holocene Recent Granular Deposits  34 

 ESU 3:  Holocene Recent Clay and Silt  35 

 ESU 4:  Quaternary Till Deposits  36 

 ESU 5:  Quaternary Cohesionless Sand and Gravel  37 

 ESU 6:  Quaternary Cohesionless Silt and Fine Sand  38 

 ESU 7:  Quaternary Cohesive Clay and Silt  39 

 ESU 8:  Quaternary Till-like Deposits  40 
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For non-Project borings, the ESUs are not shown on the profiles in Figures 5 1 
through 13 because we did not have access to soil samples for review.  For these 2 
borings, we indicate the estimated bottom of fill deposits and top of glacially 3 
overridden soils only, based on a review of the WDGER logs. 4 

The soil below Pioneer Square consists of loose to dense fill soils overlying thin 5 
layers (less than 10 feet thick) of Holocene alluvium, beach deposits, and/or 6 
reworked glacial deposits.  The fill soils typically consist of sandy soils with layers of 7 
wood debris.  The Holocene deposits overlay Quaternary glacially overridden soils, 8 
which are typically very dense or hard.  The approximate thickness of the fill deposits 9 
is shown in Figure 14.  Figure 14 includes, where known, the approximate 10 
percentage of wood layers (sawdust, wood chips, etc.) within the fill thickness, as 11 
determined from a review of soil samples in Project borings.  Figure 14 also indicates 12 
locations where wood was noted in WDGER database.   13 

The approximate elevation of the top of the Quaternary glacially overridden deposits 14 
is shown in Figure 15.  The glacially overridden deposits are complexly layered along 15 
the Project alignment.  Project borings that extended more than 200 feet bgs indicate 16 
that ESUs 4 and 5 (glacial till and sand and gravel) are the primary units that directly 17 
underlie the Holocene soils (see Figure 4).  A thick layer (greater than 30 feet thick) 18 
of ESU 7 (clay and silt) was encountered in many of the borings below about 19 
elevation -100 feet.  Subsurface information in the Pioneer Square area, away from 20 
the Project alignment, is limited, as shown in Figures 5 through 13.  Soil samples for 21 
the WDGER borings were not available for review; therefore, we have not 22 
attempted to interpret the layering of the glacially overridden soils in this area. 23 

2.2.3 Groundwater Conditions 24 

The groundwater regime in the Project area is complex.  Groundwater readily flows 25 
through sand and gravel layers, which, if of sufficient extent, are termed “aquifers” 26 
(see definition in Section 1.4).  When a layer of silt and/or clay extends over a 27 
widespread area such that water is partially cut off from aquifers above and below, it 28 
is termed an “aquitard” (see definition in Section 1.4).  There are multiple aquifer 29 
systems within the Quaternary deposits in the Project area.  In addition, water is 30 
transmitted through shallow sands and gravels within the Holocene deposits.  The 31 
extents of the aquifers and aquitards are not well known in the Pioneer Square area, 32 
in part due to a lack of subsurface information extending to sufficient depths (see 33 
Figures 5 through 13). 34 

Based on the subsurface conditions along the Project alignment, we estimate that at 35 
least three aquifers, locally separated by aquitards, may be present within the upper 36 
200 feet bgs.  For discussion purposes, we have designated these aquifers as follows: 37 

 Upper Aquifer:  unconfined groundwater within ESUs 1 and 2 (located above 38 
elevations indicated in Figure 15). 39 
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 Middle Aquifer:  confined groundwater within glacially overridden deposits 1 
(primarily ESU 5) located above about elevation -120 feet (varies with location).  2 

 Lower Aquifer:  confined groundwater within glacially overridden deposits 3 
(primarily ESU 5) below the thick ESU 7 layer (aquitard) described in 4 
Section 2.2.2.  This aquifer is located below about elevation -140 feet (varies with 5 
location), and, based on a review of the subsurface geology, may be connected to 6 
the middle aquifer south of S. Jackson Street.  The bottom elevation of this 7 
aquifer and its hydraulic interconnectivity with deeper aquifers is not known. 8 

Typical depth extents of these aquifers, as assumed in our evaluation, are shown as 9 
an example in Figure 4.  The aquifers may be locally connected depending on the 10 
extent of aquitards.  There is insufficient deep subsurface information in Pioneer 11 
Square to determine the extent and interconnectivity of these aquifers east of the 12 
Project alignment.  Later in this report, we also reference a “deep aquifer,” which 13 
represents a confined aquifer that may be present below about elevation -300 feet, in 14 
which a water supply well installed at the Seattle Steam Plant (Enwave) is screened 15 
(see Section 3.2.1.4).  However, except for this deep well, no soil information is 16 
available about this deep aquifer because Project explorations did not extend to this 17 
elevation. 18 

2.3 Construction Timeline 19 

The following bullets describe elements of Project construction that involve 20 
modification of the ground or groundwater: 21 

 Prior to July 2012: 22 

- Start installing secant piles for the TBM launch pit. 23 

- Install micropiles beneath the viaduct near Yesler Way. 24 

 July to December 2012: 25 

- Continue installing secant piles for the launch pit. 26 

- Perform excavation and dewatering of the east pantleg. 27 

- Perform dewatering for utilities on S. King Street near Alaskan Way. 28 

- Start installing drilled shafts for SESMP area.  29 

- Install dewatering wells in launch pit area. 30 

- Start excavating the launch pit, including installing struts and tiebacks and 31 
performing groundwater dewatering. 32 

- Start excavating the cut and cover section, including installing struts and 33 
performing groundwater dewatering. 34 

- Start construction of tunnel headwall, including jet grouting north of the 35 
headwall. 36 

- Start excavation and relocation of sewer at S. King Street, west of viaduct. 37 
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 January to June 2013: 1 

- Continue launch pit and cut and cover excavation, including installing struts 2 
and tiebacks and performing groundwater dewatering. 3 

- Construct buoyancy slab at start of tunnel alignment (north of tunnel 4 
headwall). 5 

- Construct TBM assembly crane. 6 

- Start TBM assembly in the launch pit. 7 

 July 2013 to December 2013 8 

- Complete TBM assembly. 9 

- Install water line from S. King Street to Yesler Way along Alaskan Way S. 10 

- Start tunnel boring (see Section 2.4 for TBM advance plot) 11 

- Stop tunnel boring due to TBM equipment malfunction (December). 12 

- Start excavation for South Tunnel Operations Building including dewatering 13 
and installing struts. 14 

 January 2014 to June 2014: 15 

- Perform intervention (with dewatering) to inspect TBM cutterhead (January). 16 

- Start installing secant piles for the west pantleg. 17 

- Start installing drilled shafts for TBM access shaft. 18 

 July 2014 to December 2014: 19 

- Continue installing drilled shafts for access shaft. 20 

- Continue installing secant piles for the west pantleg. 21 

- Start excavation and dewatering for access shaft (October). 22 

- Construct Mammoet lift crane and load distribution slab. 23 

 January 2015 to present: 24 

- Start excavation and dewatering of the west pantleg. 25 

- Complete excavating the access shaft. 26 

- Continue dewatering for access shaft and SESMP box. 27 

- Advance TBM into access shaft. 28 

Additional details for the period from December 2013 to January 2015 are presented 29 
in the next section.  This period coincides with activities related to the TBM 30 
cutterhead intervention and access shaft construction. 31 
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2.4 Construction Activities after TBM Stop 1 

The TBM started advancing north from the launch pit on August 1, 2013.  A plot of 2 
the TBM location (station) versus date is shown in Figure 2-4.  The start of the 3 
bored tunnel (south tunnel headwall) is at Station 194+50 feet, just south of S. King 4 
Street. 5 

 6 

Figure 2-4:  TBM Cutterhead Position versus Date (Soldata, 2015a) 7 

On December 6, 2013, after advancing about 996 feet north from the headwall, the 8 
TBM experienced equipment overheating issues and a reduction in advance rate.  9 
The following sections summarize construction activities that occurred after this date 10 
to investigate these issues and repair the TBM. 11 

2.4.1 Cutterhead Intervention 12 

When the TBM was stopped at about Station 204+70, STP performed an emergency 13 
intervention to inspect the cutterhead and look for potential obstructions.  This work 14 
included installing and testing a dewatering system, drilling exploratory holes in front 15 
of the TBM cutterhead, and performing internal TBM inspections. 16 

STP installed and operated a temporary dewatering system around the TBM 17 
cutterhead so that the cutterhead inspection could be performed in a reduced-18 
pressure hyperbaric intervention.  The dewatering system included ten dewatering 19 
wells, designated DP1 through DP10.  The following summarizes our understanding 20 
of this system based on our review of available information: 21 

 The dewatering system developed by STP (Bender, 2013) included five 22 
dewatering wells on each side (east and west) of the tunnel alignment, spaced at 23 
about 20 feet in a north-south direction.  On each side of the alignment, three 24 
wells were located north of the cutterhead, and two wells were located south of 25 
the cutterhead. 26 
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 Each dewatering well included 15-foot-long screened sections between about 1 
elevation -50 to -65 feet (varies by well) and elevation -80 to -95 feet.  2 

 The six dewatering wells north of the cutterhead (DP3 through DP6, DP9, and 3 
DP10) were initially activated on December 15, 2013, for testing purposes.  The 4 
additional four wells installed south of the cutterhead (DP1, DP2, DP7, and 5 
DP8) were activated within the next two weeks.  During this testing phase, the 6 
ten-well system collectively pumped about 400 gallons per minute (gpm) from 7 
the middle aquifer (Bender, 2013). 8 

 All ten dewatering wells were operated from January 2 through 27, 2014.  The 9 
groundwater level was reportedly lowered to at least the crown of the tunnel 10 
(about elevation -35 feet).  Records of pumping volumes were not available for 11 
our review.  12 

2.4.2 Access Shaft Construction 13 

After it was determined that the TBM could not advance without being repaired, 14 
STP constructed an access shaft, into which the TBM could be driven and then 15 
disassembled for repair.  The location of the access shaft is shown in Sheet 2 of 16 
Figure 2.  The access shaft is about 120 feet deep and about 80 feet in diameter 17 
(inside), and is located just north of the TBM inside the SESMP walls.  A plan sheet 18 
of the access shaft is presented as Figure 16 (Brierley Associates, 2014).   19 

The two primary underground elements related to the access shaft, as referred to in 20 
this report, are the shaft itself, and the SESMP box to the south.  A photograph 21 
illustrating the location of these elements is shown in Figure 2-5.  22 

 23 

Figure 2-5:  Access Shaft and SESMP Box, looking northeast (WSDOT, 2015) 24 

SESMP Box 

Access Shaft 
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 Access Shaft:  The walls of the access shaft consist of overlapping unreinforced 1 
concrete drilled shafts (secant piles), varying in diameter from 3 to 10 feet, 2 
extending to a tip elevation of about -115 feet.  No internal or external bracing is 3 
used for this excavation.  The existing SESMP walls, consisting of 3- to 4-foot-4 
diameter drilled shafts, spaced at 6.3 feet, center-to-center, were incorporated 5 
into the access shaft walls by jet grouting and installation of additional shafts. 6 

 SESMP Box:  A jet grout wall was installed about 80 feet south of the south 7 
wall of the access shaft in between the east and west SESMP walls (see 8 
Figure 16).  The jet grout wall was installed around the upper half of the tunnel 9 
(above springline).  Supplementary chemical grouting was performed below the 10 
tunnel through the tunnel walls to extend the grout wall down into ESU 7 11 
material below about elevation -90 feet.  Jet grouting was performed in between 12 
the SESMP piles to close the gaps in between the piles.  This enclosed area, 13 
consisting of SESMP piles and supplementary grouting on the east and west 14 
sides, the access shaft wall on the north side, and the jet grout wall on the south 15 
side, is termed the “SESMP box” in this report.  The bottom of the SESMP 16 
walls extends to about elevation -100 to -105 feet in the area of the box.  17 

According to STP’s design, dewatering and depressurization of the upper, middle, 18 
and lower aquifers were necessary to construct and excavate the access shaft and 19 
allow for TBM break-in to the access shaft.  Continued dewatering and 20 
depressurization of the middle and lower aquifers is required while the access shaft is 21 
open until the TBM is repaired and tunneling continues.  Once the TBM has 22 
advanced north of the access shaft, we understand that the shaft will be filled in and 23 
the dewatering system turned off.  The access shaft and SESMP box dewatering 24 
system implemented by STP includes the following (see Figure 16 for well locations): 25 

 Access Shaft Wells:  Four dewatering wells, designated DW1, DW2, DW3, and 26 
DW6 were operated to remove groundwater from inside the access shaft.  These 27 
wells extend to about elevation -132 feet (about 17 feet below the tips of the 28 
access shaft secant pile walls) and are screened at multiple depths to the bottom 29 
of the wells.  Based on flow meters on the discharge pipes, these wells 30 
cumulatively pumped about 10 to 20 gpm prior to access shaft excavation, 31 
reducing to about 5 to 10 gpm as excavation progressed. Once excavation was 32 
completed, the pumping rates were less than 2 gpm.  These wells were turned off 33 
on February 19, 2015, when the TBM entered the access shaft. 34 

 Deep Wells:  Four deep dewatering wells, designated DDW1, DDW2, DDW3, 35 
and DDW4A, are being operated outside the perimeter of the access shaft (see 36 
Figure 16) to reduce the piezometric pressure in the lower aquifer below the 37 
access shaft.  These wells are screened between about elevation -110 and -185 38 
feet.  Cumulatively, these wells have pumped and are currently pumping about 39 
650 to 750 gpm. 40 

  41 
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 SESMP Box Wells:  Four dewatering wells, designated DW4, DW5, DW8, and 1 
DW9, are being operated in the SESMP box area to lower the groundwater 2 
around the TBM.  Wells DW4 and DW5, located about 15 to 25 feet south of 3 
the access shaft, extend to about elevation -132 feet.  Wells DW8 and DW9, 4 
located about 60 to 65 feet south of the access shaft, extend to about 5 
elevation -100 feet.  All four wells are screened at multiple depths to the bottom 6 
of the wells.  Prior to access shaft excavation, these wells cumulatively pumped 7 
about 60 to 90 gpm (based on flow meters on the discharge pipes).  During 8 
access shaft excavation, the pumping rates increased to about 100 to 120 gpm. 9 
This same rate was being maintained at the time of this report. 10 

 Silt Wells:  Layers of ESU 6 (Cohesionless Silt and Fine Sand) were encountered 11 
within ESU 7 (Cohesive Silt and Clay) below the base of the access shaft.  To 12 
address potential access shaft bottom stability concerns, STP installed additional 13 
wells to reduce the piezometric pressure within the silt soils.  Three wells, 14 
designated SW1 through SW3, were installed and are screened between about 15 
elevation -102 and -132 feet (top of screen elevation varies).  Cumulatively, these 16 
wells have pumped and are pumping about 6 to 8 gpm.  Over 80 percent of the 17 
flow is being generated by well SW1, located north of the access shaft on the 18 
west side (see Figure 16). 19 

 Well Points:  After the access shaft excavation reached elevation -90 feet, STP 20 
installed 36 well points inside the access shaft (about 4 to 5 feet from the access 21 
shaft wall) to reduce the piezometric pressure in the underlying soils.  These well 22 
points extended to about elevation -126 feet and cumulatively pumped less than 23 
1 gpm. These well points were decommissioned as the TBM cradle was 24 
constructed in the base of the access shaft. 25 

The locations of the access shaft, box, deep, and silt wells are shown in Figure 16. 26 
The following section provides a detailed timeline of the construction of the access 27 
shaft and related dewatering. 28 

2.4.3 December 2013 to February 2015 Construction Timeline 29 

As discussed in Section 3.1.2, survey control issues related to ground settlement were 30 
noted in late 2014.  An understanding of the construction timeline prior to and 31 
during this period is necessary when evaluating the data related to ground settlement 32 
and groundwater conditions.  The following list presents key dates in the access shaft 33 
construction and dewatering: 34 

 December 15, 2013:  Perform testing of wells for cutterhead intervention. 35 

 January 2 through 27, 2014:  Operate 10-well dewatering system around TBM 36 
and complete cutterhead intervention. 37 

 April 14 to May 12, 2014:  Install jet grout wall around TBM 38 

 May 12 through September 5, 2014:  Install access shaft piles. 39 
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 August 17 to September 20, 2014:  Perform jet grouting in between SESMP 1 
piles. 2 

 September 22, 2014:  Start testing of dewatering wells. 3 

 October 2, 2014:  Turn on internal access shaft dewatering wells (DW1, DW2, 4 
DW3, and DW6). 5 

 October 17, 2014:  Start access shaft excavation. 6 

 October 27, 2014:  Turn on SESMP dewatering wells (DW4, DW5, DW8, and 7 
DW9). 8 

 October 29, 2014:  Turn on silt dewatering wells (SW1 through SW3). 9 

 November 8, 2014:  Turn on deep dewatering wells (DDW1, DDW2, DDW3, 10 
and DDW4A). 11 

 November 20, 2014:  Start Mammoet crane construction. 12 

 December 15 to 25, 2014:  Replace power system for all dewatering wells, 13 
resulting in slight increase in pumping rates. 14 

 January 14, 2015:  Install new flow meters on all deep wells. 15 

 January 16, 2015:  Replace pump (resulting in an increased pumping rate) in 16 
dewatering well DW4A. 17 

 January 21, 2015:  Install well point system at base of access shaft. 18 

 January 30, 2015:  Complete access shaft excavation and start TBM concrete 19 
cradle construction. 20 

 February 19, 2015:  Complete break-through of TBM into access shaft.  21 
Continue operating silt, SESMP, and deep dewatering wells (ongoing). Shaft 22 
wells abandoned. 23 

2.5 Other Dewatering Activities 24 

Sections 2.4.1 and 2.4.2 present details related to the cutterhead intervention and 25 
access shaft dewatering.  The locations and dates of other Project-related dewatering 26 
activities that employed the use of dewatering wells include the following:       27 

 Southeast Pantleg Dewatering:  Two dewatering wells were operated within 28 
the upper 50 feet bgs for this excavation at the south end of the Project, just 29 
north of S. Royal Brougham Way and west of First Avenue S.  No information 30 
was available for our review regarding the depth of the wells and pumping rates.  31 
Based on our review of groundwater information provided by STP, these wells 32 
were likely operated between about November 2012 and February 2013. 33 

  34 



 

 

Alaskan Way Viaduct Replacement Program May 2015 
Interim Settlement Evaluation Report 19 

 King Street Utility Installation Dewatering:   Dewatering wells were operated 1 
at the intersection of Alaskan Way and S. King Street at several different times 2 
between August 2012 and October 2013 to install utility infrastructure.  These 3 
dewatering wells were relatively shallow and screened in the upper aquifer.  4 
Specific details about pumping rates and screened lengths were not available for 5 
our review. 6 

 Launch Pit Dewatering:  Dewatering for the launch pit initially included the 7 
use of eight interior dewatering wells, extending to about elevation -55 to -65 feet 8 
and screened in the upper and middle aquifers.  The wells were activated on 9 
October 19, 2012, and excavation progressed.  To meet dewatering goals, two 10 
additional wells were added and activated on November 29, 2012.  Four 11 
additional wells were installed on December 17, 2012, but only one was operated 12 
because the other three were dry.  The total collective average flow rate from 13 
these wells was about 20 to 60 gpm, with localized spikes in excess of 100 gpm.  14 
All but one of the wells had been turned off or decommissioned by March 1, 15 
2013.  Dewatering was also performed for the adjacent South Tunnel Operations 16 
Building excavation between about July and October 2013. 17 

 Cut and Cover Dewatering:  The cut and cover excavations south of the 18 
launch pit were constructed in several stages.  The north cut and cover 19 
excavation was dewatered with eight dewatering wells screened at multiple 20 
locations, with the deepest extending to about elevation -75 feet.  The wells were 21 
activated on November 9, 2012, and operated through June 2013 with collective 22 
pumping rates ranging from 100 to 200 gpm.  By September 2013, all but three 23 
of these wells were decommissioned.  The south cut and cover excavation was 24 
dewatered with six dewatering wells, extending to about elevation -45 feet.  25 
These wells were activated on May 17, 2013.  These wells collectively pumped 26 
about 20 to 30 gpm. 27 

 West Pantleg Dewatering:  Seven dewatering wells were operated within the 28 
upper 80 feet bgs in this area, just north of S. Royal Brougham Way.  These wells 29 
were turned on in January 2015.  At the time of this report, the combined flow 30 
from these wells was about 5 to 10 gpm.   31 

Except for the wells currently being operated for the west pantleg, all other wells not 32 
related to the access shaft dewatering were turned off by mid-2014.  Additional 33 
information regarding Project dewatering activities is available in Project 34 
documentation prepared by STP.  35 
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3.0 DATA COLLECTION AND OBSERVATIONS 1 

STP implemented a Construction Monitoring Plan (CMP), as required by the 2 
Project’s Technical Requirements (TRs), which includes specifications for installing 3 
and monitoring numerous instruments along the Project alignment (STP, 2012 and 4 
2014).  CMP instruments that are used to monitor ground movements, structure and 5 
utility movements, and groundwater include the following: 6 

 Automatic Motorized Total Stations (AMTSs) consisting of remote-7 
controlled automatic total station devices that measure the location of targets on 8 
structures to monitor movement. 9 

 Manual Survey Monitoring Points (MSMPs) consisting of targets or rods that 10 
are measured using manual surveying techniques to estimate movement of 11 
utilities (USPs), structures (SMPs) and near surface ground (NSSPs).  The Project 12 
TRs require a vertical position accuracy of ±0.01 foot for surveys of MSMPs. 13 

 Multiple Point Borehole Extensometers (MPBXs) consisting of an 14 
assemblage of sleeved rods, anchors, and displacement sensors installed in 15 
boreholes to measure relative ground movement at different depths. 16 

 Automatic Reflectorless Settlement Points (ARSPs) consisting of remote-17 
controlled automatic total station devices that measure changes in vertical 18 
location of reflecting surfaces (e.g. roads, sidewalks, structures). 19 

 Vibrating wire piezometers (VWPs) consisting of instruments installed in 20 
boreholes at various depths that measure piezometric pressure in the ground. 21 

 Observation wells (OWs) consisting of 2-inch-diameter polyvinyl chloride 22 
pipes with solid and slotted (screened) sections that are installed in a borehole 23 
and extend to various depths. 24 

Measurements obtained from these instruments are stored in a database called 25 
“Geoscope” that is maintained by Soldata, Inc. (STP’s instrumentation consultant).  26 
Other instruments including inclinometers, load cells, strain gages, crack gages, etc., 27 
are also part of the CMP but are not described in this report because they were not 28 
reviewed as part of our evaluation.  The distribution of monitoring points along the 29 
Project alignment is shown in Figure 17.  The locations of the CMP instruments are 30 
focused on the tunnel alignment and north and south approach areas.  In Pioneer 31 
Square, these instruments are generally located west of First Avenue S., and therefore 32 
do not provide information about ground settlement or groundwater to the east.  33 
Further discussions of these points are presented in subsequent sections. 34 

STP obtained satellite images in the Project vicinity for use in estimating ground 35 
movements using Interferometric Synthetic Aperture Radar (InSAR) methods.  36 
WSDOT has performed ground-based imaging (Light Detection and Ranging 37 
[LiDAR]) along the Project alignment.  Discussions of these methods are included in 38 
Sections 3.1.7 and 3.1.8, respectively.   39 
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3.1 Survey Data 1 

STP installed six deep benchmarks, designated as DBM1 through DBM6, as part of 2 
the CMP in 2012 for use as primary survey control for the Project.  The deep 3 
benchmarks are rods that extend through the Holocene soils into the underlying 4 
Quaternary glacially overridden soils.  The deep benchmarks consist of a 1-inch-5 
diameter fiberglass rod grouted into a 3- to 4-inch-diameter borehole within glacially 6 
overridden soils.  A 3-inch casing filled with heavy grease surrounds the rod above 7 
the grouted zone (in the Holocene soils) to allow for free movement of the rod 8 
inside the casing.  The intent of the deep benchmarks was to provide a stable survey 9 
elevation that would not be affected by settlement of the Holocene soils.  The 10 
locations of the deep benchmarks are shown in Figure 17.  These deep benchmarks, 11 
and secondary control points located closer to the tunnel alignment, serve as STP’s 12 
vertical survey control for measurements of MSMPs (NSSPs, USPs, and SMPs).   13 

WSDOT has established benchmarks in Downtown Seattle that are used for periodic 14 
digital level surveys of Interstate 5 and SR 99.  A list of WSDOT’s benchmarks and 15 
other survey points measured by WSDOT are presented in Table 1.  Based on 16 
information provided by the WSDOT Geodetic Survey Group (Iverson, 2010), we 17 
understand that the digital level surveys performed by WSDOT and STP were 18 
performed according to Federal Standards (Federal Geographic Data Committee, 19 
2002) for Second Order, First Class specifications.  Based on these standards, the 20 
digital level surveys performed by WSDOT and STP are accurate to within about 21 
1 millimeter (mm), or ±0.04 inch.  For purposes of this report, we have reported 22 
elevations to the nearest 0.1 inch. 23 

3.1.1 Survey Control 24 

WSDOT established Project survey control with the Project Geometric Framework 25 
which is tied to the Washington State High Accuracy Reference Network.  The 26 
Project survey control was published in a Record of Survey recorded in 2010 and 27 
provided to STP in the contract documents (WSDOT, 2010).  STP tied into the 28 
Project survey control in establishing elevations for their deep benchmarks (DBM1 29 
through DBM6) and local secondary control.   30 

3.1.2 Survey History 31 

Based on discussions with STP and WSDOT surveyors, we understand that the 32 
following were observed and performed with regard to digital level survey activities: 33 

 With the exception of localized points adjacent to construction activities (e.g. 34 
micropile installation), STP monitoring performed through mid-November 2014 35 
on MSMPs for viaduct bents and utilities did not show significant movement 36 
“other than slight trends and noise” (McAfee, 2015).   37 
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 STP surveyors performed approximately quarterly checks between early 2012 1 
and late September 2014 that indicated that secondary control points checked 2 
with primary control points (deep benchmarks) to within about 0.05 inch or less.   3 

 On November 20, 2014, STP surveyors found differences between secondary 4 
control points in excess of 0.4 inch.  Subsequent checking of survey level loops 5 
through primary and secondary control points confirmed this difference.  STP 6 
indicated that they were observing “…gradual sinking of benchmarks from Pike Street 7 
to King, increasing from 0.014’ to 0.114’, respectively.” (McAfee, 2015).  This 8 
information was reported to WSDOT. 9 

 WSDOT surveyors performed digital level surveys in late December 2014 and 10 
early January 2015 to confirm settlement trends measured by STP.  These 11 
surveys indicated that the Project survey control established by WSDOT had also 12 
been affected.  WSDOT subsequently republished elevations for survey control 13 
points used for the Project. 14 

 Using WSDOT’s revised survey control elevation data, STP re-established local 15 
primary and secondary Project control, including the deep benchmarks.  STP 16 
adjusted settlement readings in Geoscope for MSMPs to account for the revised 17 
survey control elevation data. 18 

WSDOT’s elevation data for survey control points are summarized in Table 1.  19 
STP’s survey control point elevation data are summarized in Table 2. 20 

3.1.3 Measured Ground Settlement 21 

Settlement can be estimated from elevation comparisons of a survey point over time.  22 
If the elevation of a point decreases over time, the elevation change has a negative 23 
value, which represents settlement.  If the elevation of the point increases over time, 24 
the elevation change has a positive value, which represents heave (upward ground 25 
movement).  Based on WSDOT and STP manual survey data (see Tables 1 and 2), 26 
we noted the following trends in the elevation data: 27 

 Between 2009 and 2012, less than 0.2 inch of settlement was measured for points 28 
in the Project vicinity, except at the following locations: 29 

- Points X08 and X09, located along First Avenue at Columbia Street and 30 
Marion Street, respectively, indicated 0.3 to 0.4 inch of settlement between 31 
2009 and 2012. 32 

- Point X39, located near the intersection of Second Avenue S. and S. King 33 
Street exhibited about 0.6 inch of settlement between 2009 and 2012, prior to 34 
start of major Project dewatering and excavation.   35 

- Points X49, X51, and X52, located along Western Avenue between Madison 36 
Street and University Street exhibited about 0.3 to 0.7 inch of settlement 37 
between 2009 and 2010.  38 
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 Between 2012 and 2013 (prior to cutterhead intervention and access shaft 1 
construction), WSDOT survey data indicate less than 0.2 inch of settlement, 2 
except for survey points on First Avenue S. between S. Royal Brougham Way 3 
and S. Jackson Street.  Points in this area (MTC019, X05, X03, Y04, and Y05) 4 
exhibited 0.4 to 1.1 inches of settlement (see Table 1).  These same points 5 
exhibited an additional 0.2 to 0.3 inch of settlement from 2013 to 2015.  The 6 
exact timing of this settlement cannot be confirmed. 7 

 STP survey data indicate less than 0.2 inch of settlement for all survey control 8 
points shown in Table 2 from Project initiation in 2012 through early to mid-9 
2014.  Based on a comparison of measurements obtained in the nine months 10 
prior to November 2014 to those obtained between December 2014 and 11 
February 2015, ground surface settlements of 0.9 to 1.2 inches were observed 12 
between First Avenue S. and the viaduct between S. King Street and S. Main 13 
Street. 14 

 Deep benchmarks DBM 1, DBM2, and DBM3 (see Figure 17 for locations) 15 
experienced about 0.7, 0.3, and 0.1 inch of settlement, respectively, between 16 
survey measurements obtained in April 2014 and the next measurements taken in 17 
January 2015.  The deep benchmarks are installed so that they are not affected by 18 
potential settlement of the Holocene soils.  Therefore, the observed settlement 19 
of the deep benchmarks indicates settlement of the glacially overridden soils.   20 

3.1.4 Viaduct Monitoring 21 

WSDOT and STP have been surveying portions of the viaduct since the start of the 22 
Project in 2012 at locations adjacent to construction activity and where the tunnel 23 
will extend below the viaduct.  Table 3 presents the WSDOT viaduct bent survey 24 
data and includes the change in surveyed elevation (negative values represent 25 
settlement) between various dates.  WSDOT has surveyed the viaduct gutter lines on 26 
the upper deck since 2001 to evaluate the long-term viaduct movement.  Prior to 27 
March 2012, surveys were typically performed twice per year for the entire viaduct 28 
alignment, and quarterly for Bents 88 through 100, between about Marion Street and 29 
S. Washington Street, respectively.  The gutter line elevations between Bent 88 and 30 
the south end of the existing viaduct (Bent 121) are shown in Table 4.  Table 4 31 
includes the change in surveyed elevation between various dates. 32 

STP has been surveying SMPs on most of the viaduct bents between Bent 92 and 33 
122 (Columbia Street to the south end of the viaduct), and the west and interior 34 
bents along the Railroad Way ramp to the south (Bents 123 through 130).  Table 5 35 
presents viaduct SMP data obtained from Geoscope for the period from January 36 
2013 to February 2015.   The data after November 23, 2014, were adjusted by STP 37 
to account for settlement of the Project vertical survey control (see Section 3.1.2).     38 
  39 
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Our observations related to viaduct settlement are based on WSDOT data because 1 
WSDOT used a more accurate survey method (Second Order, First Class).  Based on 2 
the calculated settlements shown in Tables 3 and 4, we noted the following trends 3 
for the viaduct: 4 

 Between May 2010 and June 2012 (prior to Project construction in the area), 5 
Bents 96, 97, and 98 near Yesler Way exhibited about 0.5 to 1.6 inches of 6 
settlement.  These bents exhibited about 0.2 to 0.4 inch of additional settlement 7 
between October 2012 and August 2014. 8 

 No settlement was measured for Bents 93 and 94 from May 2010 to August 9 
2014.  These bents experienced settlement of over 4 inches between 2001 and 10 
2006 and were retrofitted with micropile foundations in 2007.  11 

 Settlement of the viaduct increased between October 2014 and March 2015 12 
south of Yesler Way (Bent 96 to 121).  Based on the gutter line survey (see 13 
Table 4), the measured settlement for this section of the viaduct during this 14 
period was 0.8 to 1 inch between Bents 104 to 119, centered at about S. Jackson 15 
Street.  About 0.8 to 0.9 inch of settlement was measured at Bents 106 and 107 16 
immediately adjacent to the access shaft. 17 

 Bent surveys performed between December 2014 and February 2015, indicate 18 
that bents located south of Yesler Way experienced about 0.1 to 0.3 inch of 19 
additional settlement (see Table 3, pages 4 and 5) during this period.  Since 20 
February 2015, negligible additional settlement has been observed on these 21 
bents. 22 

3.1.5 Near Surface Settlement Points 23 

The purpose of the NSSPs is to provide a means of monitoring the ground surface 24 
within the zone of influence of excavation and tunneling (STP, 2012).  NSSP data 25 
consists of measured vertical movement since baseline measurements were taken.  26 
Tables 6 and 7 present NSSP data reviewed for this study (Soldata, 2015a).  We 27 
limited our review of NSSP data to measurements obtained prior to October 2014. 28 
The NSSP data after this date are affected by the survey control settlement (see 29 
Section 3.1.2).     30 

The NSSPs consist of a 2-foot-long, 1-inch-diameter stainless steel pipe that is 31 
driven into the ground surface below pavement.  The top of the pipe is capped with 32 
a rounded bolt and protected inside a monument in the pavement.  The top of the 33 
bolt can then be measured using digital level survey methods.  The NSSPs are 34 
located directly over the tunnel alignment centerline south of Marion Street (about 35 
Station 219+00) and extend east and west of the tunnel alignment centerline about 36 
0.5 to 1 block at Thomas Street, John Street, Lenora Street, Marion Street, Columbia 37 
Street, Yesler Way, S. Main Street, and S. Jackson Street (see Figure 17).  38 
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The Project TRs require the NSSPs to be monitored when the TBM is within 1 
200 feet of the point.  We evaluated data from 192 NSSPs stored in Geoscope and 2 
noted the following trends: 3 

 NSSPs above the first 1,000 feet of the tunnel alignment (within the SESMP 4 
box) experienced up to 5 inches of settlement during TBM advance (see 5 
Table 6).  The risk for large settlement in this area was anticipated by STP due to 6 
low soil cover over the TBM.  The presence of the SESMP walls mitigated this 7 
risk by containing large settlements inside the SESMP so that viaduct and 8 
adjacent infrastructure would not be damaged.  North of about Station 201+50, 9 
where soil cover over the TBM increased, measured settlements were in the 10 
range of 0.1 to 0.6 inch.   11 

 NSSPs located outside and north of the SESMP box experienced 0.1 to 0.4 inch 12 
of settlement through February 2014.  Over half of this measured settlement 13 
occurred during dewatering for the cutterhead intervention (see Table 7).  14 

 NSSP data for locations west of the viaduct, south of Yesler Way may have been 15 
affected by other construction activities such as ground loading from TBM 16 
components and other Project construction activities.  For example, several 17 
points located just north of the TBM cutterhead were affected during test drilling 18 
for potential obstructions after the TBM stop.   19 

 Twenty-six NSSPs have been read since access shaft excavation and dewatering 20 
started (October 2014).  During preparation of this report, STP was in the 21 
process of adjusting the data collected after November 2014 to account for 22 
reference survey control settlement.   23 

NSSPs were not installed farther than about 100 feet east of the viaduct and 24 
therefore cannot be used to improve the understanding of settlement in Pioneer 25 
Square.   26 

3.1.6 Multiple Point Borehole Extensometers 27 

The purpose of an MPBX is to provide a means of monitoring ground movement 28 
versus depth within the zone of influence of excavation and tunneling.  The Project 29 
MPBXs consist of a series of anchors, usually 3 but ranging from 2 to 5, grouted into 30 
a borehole.  Sleeved fiberglass rods connect the anchors to vibrating-wire joint 31 
meters installed on a reference head.  The reference head is protected by a surface 32 
monument mounted in the existing surface pavement.  The sleeved rods permit 33 
measurement of anchor movement relative to the reference head.  MPBX data 34 
consists of relative vertical movement between the anchor and the reference head 35 
since baseline readings were taken.  Digital level survey of the reference head is 36 
required to calculate the actual anchor movement based on the relative movement.   37 
  38 



 

 

Alaskan Way Viaduct Replacement Program May 2015 
Interim Settlement Evaluation Report 26 

The MPBXs are generally located along the tunnel centerline, as shown in Figure 17.  1 
Exceptions include areas where utilities, buildings, or other physical obstructions did 2 
not permit installation along the tunnel centerline; where test sections were planned; 3 
and critical locations such as where the tunnel will extend below the viaduct, BNSF 4 
Railway Company (BNSF) railroad tunnel, and the Monorail.  5 

The data in Table 8 represents the relative movement, in terms of vertical 6 
compression (typically interpreted as settlement) or extension (typically interpreted as 7 
heave) between the deepest anchor and the MPBX reference head (at the ground 8 
surface).  The relative movement can be used to calculate actual movements based 9 
on ground surface elevation measurements.  Actual anchor movements were not 10 
calculated because the reference heads have not been recently surveyed.   11 

The data presented in Table 8 for the deepest MPBX anchors were obtained from 12 
Geoscope through January 21, 2015.  Data for shallower anchors above the deepest 13 
anchor in each MPBX are not presented in this report.  The deepest MPBX anchor 14 
typically indicates the highest relative movement of the multiple MPBX anchors at a 15 
given MPBX location.   16 

3.1.6.1 Observations 17 

Based on the data obtained from Geoscope (see Table 8), we noted the following 18 
trends: 19 

 Of the 122 MPBXs reviewed, over half of the MPBXs were not being monitored 20 
during access shaft dewatering because monitoring is not required by the Project 21 
TRs during the TBM stop.  In some cases, the MPBXs are not being monitored 22 
because they are damaged (e.g., inside seawall construction zone). 23 

 Recent digital level survey of the MPBX reference heads was not available during 24 
this study.  Therefore, the movement between the deepest anchor and reference 25 
head is assumed to be the minimum ground movement that can be estimated 26 
from the MPBX data. 27 

 Two MPBX locations show readily discernable changes occurring around the 28 
time of the access shaft dewatering: 29 

- MPBX 07_AS_20556_12801 (near Station 205+56) was installed adjacent to 30 
the access shaft to monitor settlement associated with access shaft 31 
construction.  The measurements of the deepest anchor indicate 32 
approximately 0.14 inch of compression between October 31, 2014 (before 33 
initiation of the deep dewatering wells) and January 21, 2015 (see Figure 4-8).   34 

- The measurements of the deepest anchor for MPBX 07_18_21200_12601, 35 
located on Yesler Way, indicate approximately 0.23 inch of compression 36 
between October 31, 2014, and January 21, 2015.  This MPBX was showing 37 
movement prior to the access shaft dewatering and the trend has increased 38 
since dewatering was initiated.   39 
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3.1.6.2 Data Validity Evaluation 1 

The MPBX data are locally useful for analyzing shallow settlement and areas of local 2 
or historic settlement immediately along the Project alignment.  However, in our 3 
opinion the MPBX data are currently not useful for analyzing the potential causes or 4 
magnitude of the recent widespread settlement.  This opinion is based on the 5 
following considerations:  (a) the MPBXs are primarily located outside of the Pioneer 6 
Square area; (b) MPBXs can only measure relative movement within the zone in 7 
which the anchors are installed; (c) MPBX installations are primarily along the tunnel 8 
alignment with the lowermost anchor located above the tunnel crown and therefore 9 
are not anchored below the lower aquifer, and (d) we observed inconsistencies 10 
between MPBX and other data.   11 

3.1.6.2.1 Relative Movement 12 

The MPBX measures relative movement between the anchor and the reference head 13 
and therefore the measurements do not provide sufficient information to evaluate 14 
the recent widespread surface settlement magnitude.  Additional unmeasured 15 
settlement could be occurring below the deepest anchor.  For the original intended 16 
purpose of the MPBX to measure tunneling-induced ground movement, this is 17 
generally not an issue because:  (a) movement of the deepest anchor occurs prior to 18 
the movement of the reference head (relative movement) and (b) survey of the 19 
reference head can be used to calculate the total movement of each anchor.  For the 20 
MPBX data to be useful for evaluating the observed widespread settlement, pre-21 
construction baseline and current adjusted surveys of the reference head would be 22 
required to evaluate the total movement and potential movement below the deepest 23 
anchor.  24 

3.1.6.2.2 Data Inconsistencies 25 

There are unanswered questions about trends in the MPBX data outside of known 26 
active construction areas.  As shown in Table 8, the compression measured in the 27 
MPBXs indicates a relatively consistent increase in movement over time at most 28 
MPBX locations.  Possible explanations for these MPBX-indicated ground 29 
movement trends include ongoing historic settlement of Seattle and/or potential 30 
MPBX system error or drift.   31 

To evaluate if the trends in the MPBX measurements represent ongoing historic 32 
surface settlement in Seattle, we compared the relative movement indicated by the 33 
MBPX data to ground surface settlement data obtained from WSDOT digital level 34 
surveys (see Table 1).  We selected MPBXs located near survey control points and 35 
compared the MPBX measurement between the reference head and deepest anchor 36 
to the settlement results indicated by the digital level survey.  The results of our 37 
comparison are shown in Table 3-1:  38 

  39 
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Table 3-1:  MPBX DATA COMPARISON TO DIGITAL LEVEL SURVEY 1 

STP MPBX Data WSDOT Survey Control Point Data 

Instrument 
Designation1 

Reading 
Date 

Settlement2 
(inch) 

Survey Point 
Designation 

Settlement3 
(inch) 

21602 1/12/15 -0.39 X47 -0.11 

22256 6/30/14 -0.28 X11 0.00 

23129 2/28/14 -0.12 X13 0.00 

23597 1/12/15 -0.15 X14 0.00 

24047 8/13/14 -0.16 X15 0.00 

24364 1/12/15 -0.16 X16 0.00 

24700 2/28/14 -0.11 X17 0.07 

25503 1/12/15 -0.34 X63 0.14 

26142 1/12/15 -0.23 X70 0.09 

27455 1/12/15 -0.09 X420 0.00 

1 Designation shown represents the last 5 digits of a longer designation (see Table 8) 2 
2 Settlement above the deepest anchor is interpreted from the compression between the deepest anchor and 3 

the reference head between the baseline reading (2012) and the reading date indicated.  Compression as 4 
presented in Table 8 is a positive value, but is listed above as a negative value to represent settlement. 5 

3 Negative values of survey data represent the change in elevation that has been measured at that point 6 
between 2012 and 2015 digital level surveys.   7 

As shown in Table 3-1, the MPBXs located near WSDOT survey control points 8 
consistently show more settlement (compression between the deepest anchor and 9 
the reference head) than indicated by the digital level survey results.  In our opinion, 10 
most of the MPBX measured movement at these locations may be an artifact of the 11 
instrumentation system and not real ground movement.  This opinion is based on 12 
two primary observations:  (a) the MPBX data shows more movement than the 13 
digital level survey; and (b) MPBX measurements can only measure settlement that 14 
occurs above the elevation of the deepest anchor and does not included settlement 15 
of underlying soil layers.     16 

A comparison of the MPBX measurements to InSAR analyses (see Section 3.1.8) 17 
also indicates a discrepancy in ground surface elevation change.  InSAR analyses 18 
performed north of about Madison Street generally show no movement or up to 19 
about 0.2 inch of heave (upward movement).  While this is similar to the trend 20 
suggested by the digital level surveys, it contradicts the MPBX measurements, which 21 
indicate settlement of about 0.1 to more than 0.3 inch in this same general area. 22 

In our opinion, the MPBX measurements at this time cannot be relied upon to 23 
evaluate ongoing historic settlement because other data (digital level surveys and 24 
InSAR) do not appear to support the observed MPBX trends.  It is our opinion that 25 
the MPBX data should only be used to evaluate short-term trends such as those 26 
expected when tunneling is active near the MPBX points, which was the original 27 
intent of the installed MPBX system. 28 
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3.1.7 LiDAR Analyses 1 

WSDOT has performed ground-based LiDAR image scans in the Project area since 2 
2009. Ground-based LiDAR is performed by setting up a laser scanner that is rotated 3 
in multiple directions while emitting a light beam that reflects from nearby surfaces.  4 
The scanner analyzes the reflected light to determine the horizontal and vertical 5 
distance from the scanner to the reflected surface.  This process creates a cloud of 6 
points that can be used to create an image of existing features including pavements, 7 
sidewalks, and structures.  These images can be compared at different dates to 8 
evaluate changes over time.  Based on discussions with WSDOT, we understand that 9 
the following LiDAR scans have been performed for the Project: 10 

 2009 and 2010:  For this report, this scan is referred to as “2010.”  Scans were 11 
performed within several blocks of the Project alignment from S. Royal 12 
Brougham Way at the south end to Valley Street at the north end. 13 

 October 2013:  For this report, this scan is referred to as “2013.”  Scans were 14 
performed along the tunnel alignment between Yesler Way and Bell Street.  15 
These scans typically extended about one block east and west of the tunnel 16 
alignment. 17 

 December 2014 and January 2015:  For this report, this scan is referred to as 18 
“2015.”  Scans were performed in the following areas:   19 

- Between Yesler Way and Madison Street, scans were performed between the 20 
viaduct and Third Avenue. 21 

- Between S. King Street and Yesler Way, scans were performed between the 22 
viaduct and Second Avenue S. 23 

- South of S. King Street, scans were performed along First Avenue S., 24 
Occidental Avenue, Alaskan Way, and Railroad Avenue.  25 

The LiDAR scanner locations provided by WSDOT are shown in Figure 18.  26 
WSDOT performed digital level survey of selected points to check against the 27 
LiDAR scan results and observed that the LiDAR measurements were within about 28 
0.1 inch of digital level measurements.  Based on information provided by WSDOT 29 
LiDAR specialists, the average vertical accuracy of the LiDAR scans and analyses is 30 
about ± ¼ inch.   31 

To evaluate movement occurring between scan dates, the point cloud obtained by 32 
each scan was compared to determine changes in the position of pavements, 33 
sidewalks, and structures.  WSDOT performed change detection analyses of data 34 
collected between the 2010 and 2013 scans, and between the 2010 and 2015 scans.  35 
The results of the change analyses performed by WSDOT were provided as digitized 36 
deviation values (change in elevation between scan dates) averaged over a 2.5-foot-37 
square grid.   The digitized results of the change analyses on streets and sidewalks are 38 
shown in plan view on Figure 19.   39 
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Based on the LiDAR change analyses, we noted the following: 1 

 We evaluated the estimated settlement of street pavements south of Yesler Way 2 
using the LiDAR change analyses performed between 2010 and 2015.  We did 3 
not consider upward movement in these averages because, in most areas, upward 4 
movement is likely due to street modifications (e.g., repaving).  In the LiDAR 5 
change analyses performed south of Yesler Way (see Figure 19 for extents), the 6 
estimated elevation change between 2010 and 2015 was: 7 

- Yesler Way:  -1.0 inch (mean) ±0.5 inch (standard deviation) 8 
- S. Washington Street:  -1.2 inch ±0.4 inch 9 
- S. Jackson Street:  -1.2 inch ±0.4 inch 10 
- S. Main Street:  -1.1 inch ±0.4 inch 11 
- S. King Street:  -1.4 inch ±0.4 inch 12 
- First Avenue S.:  -1.4 inch ±0.6 inch 13 
- Occidental Avenue S.:  -1.0 inch ±0.4 inch 14 

 Along Western Avenue, between Columbia Street and Spring Street, the LiDAR 15 
change analyses indicate the following elevation change: 16 

- 2010 to 2013:  -0.8 inch (mean) ±0.6 inch (standard deviation) 17 
- 2010 to 2015:  -1.0 inch ±0.6 inch 18 

 Specific dates that settlement occurred in Pioneer Square cannot be determined 19 
from the LiDAR scans because the original scans were performed in 2009/2010, 20 
and the latest scans were performed in December 2014/January 2015.  The scans 21 
performed in October 2013 covered a limited area north of Yesler Way (see 22 
Figure 18). 23 

 Street repaving and construction projects appear to have affected the change 24 
analyses in localized areas.  These effects are observed by distinct color features 25 
in Figure 19 that follow the patterns of sidewalks and/or streets.   Where known, 26 
comments are included in the figure to indicate areas of construction, street 27 
repaving, or other activities that may have affected the results.   28 

Figure 19 and the observations listed above are intended to present an overall review 29 
of the LiDAR analyses.  For this report, we have not performed a detailed review of 30 
the LiDAR analyses to describe or evaluate settlement of individual structures, 31 
utilities, or other infrastructure.  32 

3.1.8 InSAR Analyses 33 

Soldata has collected high-resolution synthetic aperture radar (SAR) satellite images 34 
and performed InSAR analyses of ground movement using their ATLAS software.  35 
Each SAR image contains amplitude and phase information.  When this information 36 
is compared to subsequent images, it is possible to estimate ground displacements.  37 
A primary benefit of this method is that it provides a relatively high density of 38 
displacement information over a wide geographic area. 39 
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Based on our review of Soldata’s baseline report (Soldata, 2013) and subsequent 1 
discussions with Soldata representatives, we understand the following: 2 

 Soldata is using a baseline SAR image dated July 10, 2012.  Subsequent SAR 3 
images were collected approximately every 16 days.  Additional images from 4 
October to December 2014 (approximately every 8 days) were analyzed by 5 
Soldata to provide further resolution during the period of observed settlement. 6 

 Movements interpreted from the analyses are only determined for specific points 7 
inside the image.  These points are termed “permanent scatterers” (PS), which 8 
are points whose amplitude (strength of the backscattering signal) remains 9 
constant over different images.  Examples of these PS points include building 10 
walls, roofs, bridges, and other structures.  Flat surfaces such as streets or 11 
surfaces where cars or vehicles are constantly moved (e.g., parking lots) are not 12 
suitable PS points.  The distribution of the PS points analyzed for this Project is 13 
shown in Figure 18.  Soldata indicates that the horizontal position accuracy of 14 
these points is approximately ±3 meters. 15 

 Interpretations cannot be made if more than 10 mm of movement between two 16 
neighboring points occurs between consecutive SAR images. 17 

 In areas where the density of points is low (i.e., only a few points are present 18 
without a large number of surrounding points), the InSAR analysis results may 19 
not be reliable. 20 

 Analysis of the data is affected by temperature and moisture gradients that exist 21 
in the atmosphere.  Estimation and filtering of these effects is typically 22 
performed for each SAR image to isolate potential displacement from 23 
atmospheric effects.   24 

 Data resolution requires at least 20 images to result bracket a specific image to 25 
result in a reasonable estimate of ground displacement for that image.  Therefore, 26 
the most recent data is subject to change as more SAR images are acquired and 27 
analyzed in the future.  Based on information provided by Soldata, the accuracy 28 
of the vertical change estimates is ±3 to 5 mm (±0.1 to 0.2 inch) except for the 29 
estimates from three most recent image values, which have a lower accuracy (up 30 
to ±0.5 inch), pending analyses of future images.  Accuracy of analyses based on 31 
older images increases as additional subsequent images are analyzed. 32 

 Soldata’s reports present the InSAR analysis results as smoothed curves that are 33 
developed using a sliding median filter on the raw data.  An example of the 34 
smoothing method is shown in the graph in Figure 3-1. 35 
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 1 

Figure 3-1:  Example of Smoothing Filter used by Soldata for Raw InSAR Data 2 

3.1.8.1 Observations 3 

The results of the InSAR analyses based on Soldata’s Report No. 11 (Soldata, 2015b) 4 
are presented in Figure 20.  The results are presented as elevation change of the PS 5 
points between July 10, 2012 (initial SAR image) and the following subsequent dates: 6 

 October 1, 2013:  Presents estimated settlements from the initial SAR image to 7 
an image taken prior to start of tunneling. 8 

 February 2, 2014:  Presents estimated settlements from the initial SAR image to 9 
an image taken just after completion of the cutterhead intervention. 10 

 October 4, 2014:  Presents estimated settlements from the initial SAR image to 11 
an image taken just after the access shaft interior wells were turned on. 12 

 November 13, 2014:  Presents estimated settlements from the initial SAR image 13 
to an image taken just after the deep wells at the access shaft were turned on (all 14 
other access shaft wells also in operation). 15 

 December 7, 2014:  Presents estimated settlements from the initial SAR image 16 
to an image taken after most of the groundwater drawdown caused by access 17 
shaft dewatering had occurred.   18 

Based on our review of the InSAR analyses, we noted the following:   19 

 Settlement was observed along BNSF’s Seattle Subdivision track alignment along 20 
the east side of Century Link Stadium and localized areas in Pioneer Square prior 21 
to November 2014.  The rate of settlement increased in November 2014. 22 

 The area within about 200 feet of the south approach excavations settled about 23 
0.2 to 0.5 inch through February 2014. 24 
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 An increase in the rate of settlement in Pioneer Square occurred in late 1 
September 2014, with a larger increase in early November 2014.  It should be 2 
noted that exact timing of quick settlement rate changes cannot be determined 3 
from InSAR analyses due to the smoothing filter that is applied to the raw data.  4 

3.1.8.2 InSAR Method Validity 5 

To evaluate the validity of the settlements calculated using the InSAR method, we 6 
compared the settlements estimated from the InSAR analyses to the results of digital 7 
level surveys performed by WSDOT for selected survey control points.  The selected 8 
survey control points used in the comparison are based on available survey data in 9 
2012 and 2015 and the density of nearby PS points.  The results of our comparison 10 
are shown in Table 3-2:  11 

Table 3-2:  INSAR ANALYSES COMPARISON TO DIGITAL LEVEL SURVEY 12 
(2012 –2015) 13 

WSDOT Survey Control Point Data InSAR Analyses within 50 feet of Survey Point 

Survey Point 
Designation 

Elevation 
Change1 
(inch) 

No. of 
Nearby 

PS Points  

Range of 
Elevation Change2 

(inch) 

Average Elevation 
Change2  

(inch) 

GP319 0.0 13 -0.5 to 0 -0.1 

X03 -1.4 14 -1.3 to -0.4 -1.0 

X05 -0.9 6 -0.9 to -0.3 -0.6 

X06 -0.3 10 -0.5 to -0.2 -0.4 

X07 -0.2 13 -0.3 to -0.1 -0.2 

X09 -0.1 20 -0.2 to 0 -0.1 

X39 -1.1 23 -1 to -0.4 -0.6 

X49 -0.3 74 -0.8 to 0.1 -0.2 

X51 -0.2 26 -0.1 to 0.3 0.0 

X52 -0.2 41 -0.4 to 0.3 -0.1 

X76 0.0 13 -0.3 to 0.2 0.0 

Y05 -1.1 18 -0.9 to -0.4 -0.6 

1 Value shown represents elevation change between the 2012 measurement and the January 2015 measurement.  14 
Negative values represent settlement.  See Table 1 for survey point location and elevation history.   15 

2 Represents the range (minimum to maximum) and average of settlement analyzed based on all Permanent 16 
Scatterer (PS) points within 50 feet of the survey point.  Settlement represents the change in PS elevation 17 
between July 2012 and January 2015. 18 

The results of this comparison indicate that the survey data is in the range of 19 
settlements estimated from the surrounding PS points.  The settlement estimated 20 
from the InSAR analyses has a wide range (up to 1 inch) in some cases because some 21 
of the points are on buildings, and others are on the ground.  InSAR-interpreted 22 
settlements of buildings are typically less than the InSAR-interpreted settlements of 23 
the surrounding ground.  Most of the PS points are on buildings or other structures.  24 
  25 
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Based on our discussions with Soldata and other specialists, the InSAR analyses are 1 
affected by the following: 2 

 Because the shape of the settlement area is similar to the shape of atmospheric 3 
effects, we understand that Soldata has not performed atmospheric filtering.  4 
Without atmospheric filtering, the accuracy of the settlement magnitude 5 
estimated from the InSAR analyses may be lower in some areas, depending on 6 
the atmospheric conditions that existed at the time of a specific SAR image.   7 

 The InSAR data are processed to remove noise, which can soften observed 8 
timing trends (e.g., settlement shown on a specific date is affected by previous 9 
and subsequent SAR images).  Therefore, in our opinion, the analysis results 10 
cannot be used to determine exact dates of ground movements because of the 11 
smoothing filter applied to the data.   12 

 The validity of settlement magnitude estimated from the InSAR analyses is 13 
affected by the quality of the PS point and the density of surrounding points.   14 

In our opinion, InSAR analyses should not be used in isolation of other methods 15 
(e.g., survey measurements) to determine settlements.  However, in our opinion, the 16 
results of the InSAR analyses provide an indication of settlement trends that are 17 
useful for the evaluation in this report. 18 

3.1.9 Access Shaft Survey 19 

STP installed 14 SMPs on top of the access shaft secant piles in late October 2014, 20 
before the deep dewatering wells were turned on.  Based on data obtained from 21 
Geoscope, these SMPs experienced about 1.1 to 1.3 inches of settlement after STP 22 
adjusted their elevation measurements to account for survey control settlement.  In 23 
our opinion, this data primarily represents settlement of the glacially overridden soils 24 
below the shaft structure.   25 

3.1.10 Other Survey Data 26 

STP has installed numerous targets on buildings and utilities in the vicinity of the 27 
tunnel alignment.  We have not reviewed these data in our settlement evaluation 28 
because these data were in the process of being corrected based on republished 29 
WSDOT survey control during preparation of this report.   30 

We understand that STP does not plan to adjust AMTS and ARSP data because the 31 
purpose of these instruments is primarily to evaluate short-term changes in ground 32 
movement during the TBM advance.  Therefore, AMTS and ARSP data are not used 33 
in the settlement evaluation outlined in this report. 34 

We understand that the City has performed utility surveys at several locations in the 35 
Project area during construction.  In addition, the City is performing global 36 
positioning system and radar analyses from an instrument located on the Smith 37 
Tower.  This data was not available to us for review at the time of this report.  38 
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3.2 Groundwater Data 1 

Groundwater data has been collected from VWPs and OWs installed by Shannon & 2 
Wilson during early design phases (2001 to 2010) and by STP during final design and 3 
construction phases (2011 to 2014).  In late 2014, Shannon & Wilson started 4 
collecting additional groundwater data at the request of WSDOT, to supplement 5 
STP data in the Project vicinity and in Pioneer Square.  6 

3.2.1 Piezometric Elevation Data 7 

The piezometric elevation can be calculated from the depth of the groundwater 8 
surface in an OW or the piezometric pressure measured in a VWP as compared to 9 
the ground surface elevation.  Piezometric data is collected either manually through 10 
the use of an electronic water level indicator (in OWs) or data readout unit (for 11 
VWPs); or through data loggers (OWs or VWPs), which record and store 12 
measurements at regular intervals.  The frequent measurements obtained with the 13 
dataloggers are able to capture short-term fluctuations, including tidal influences, and 14 
therefore can be more useful to evaluate short-term trends.   15 

Shannon & Wilson has been evaluating the piezometric data collected by STP on a 16 
periodic basis throughout the Project area.  For purposes of our evaluation in this 17 
report, we grouped the piezometric data based on the aquifers in which the OWs 18 
and VWPs are isolated.  The upper, middle, and lower aquifers are described in 19 
Section 2.2.3.  We used boring logs, OW and VWP installation reports, and/or 20 
generalized subsurface profiles to evaluate the ESU and aquifer in which each OW 21 
or VWP is located.  The following groups were developed: 22 

 Upper Aquifer:  Table 9 provides piezometric elevation data for the unconfined 23 
groundwater within ESUs 1 and 2 (above elevations indicated in Figure 15).   24 

 Middle Aquifer:  Table 10 provides piezometric elevation data for the confined 25 
groundwater within glacially overridden deposits (primarily ESU 5) above about 26 
elevation -120 feet (varies with location).  27 

 Lower Aquifer:  Table 11 provides piezometric elevation data for the confined 28 
groundwater within glacially overridden deposits (primarily ESU 5) below the 29 
thick ESU 7 layer (aquitard) described in Section 2.2.2 (see Figure 4).   30 

 Other Data:  Table 12 provides piezometric elevation data for OWs or VWPs 31 
that are located within ESUs 4 and 7, and therefore represent piezometric 32 
elevations within aquitards.  Table 12 includes data at locations north of Stewart 33 
Street where the middle aquifer is not well defined.  These data were not used in 34 
our settlement evaluation. 35 

Specific hourly or daily measurements, where obtained, are not shown in Tables 9 36 
through 12 due to the large quantity of measurements.  The tables include the lowest 37 
piezometric elevation measured during the period indicated based on a weekly 38 
average.  After averaging the weekly measurements at a particular OW or VWP, we 39 
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selected the lowest of the average weekly measurements to represent the period 1 
indicated.   2 

A Geographic Information System database was used to generate spatial distribution 3 
maps using colored ranges to represent the piezometric elevation data.  Maps of 4 
colored ranges representing the lowest average weekly piezometric elevation at 5 
various dates for the upper, middle, and lower aquifers are presented in Figures 21 6 
through 23.  The date ranges selected for presentation on these figures are as follows: 7 

 Prior to 2011:  The lowest piezometric elevation measured prior to 2011 is 8 
assumed to represent the approximate baseline (original) piezometric elevations 9 
that existed prior to Project construction.  Measurements were typically obtained 10 
in 2010 as part of preliminary studies performed by WSDOT.  Selected readings 11 
were obtained prior to that date, as early as 2004, where 2010 data was not 12 
available.  Localized dewatering performed in the area between 2004 and 2010 13 
may have affected some of the data.  Based on groundwater data collected 14 
between 2002 and 2010 for the AWVRP and other projects, the average 15 
piezometric elevations in Pioneer Square are typically at about elevation +5 to 16 
+10 feet for the upper aquifer and +10 to +15 feet in the middle and lower 17 
aquifers when no dewatering is being performed. 18 

 November 2012 through November 2013:  The lowest average weekly 19 
piezometric elevations during this period represent the time during which active 20 
dewatering was underway in launch pit and cut and cover excavations.    21 

 December 2013 through January 2014:  The lowest average weekly piezometric 22 
elevations during this period include the effects of activities associated with the 23 
TBM advance and subsequent dewatering activities associated with the 24 
cutterhead intervention after the TBM stop (near Station 204+50).  25 

 October 2014 through January 2015:  The lowest average weekly piezometric 26 
elevations during this period include the effects of access shaft dewatering. 27 

Figures 21 through 23 were developed to evaluate patterns and trends and should 28 
only be used as a visualization of piezometric elevation distribution.  The color 29 
ranges were generated by creating a three-dimensional surface through the available 30 
data using numerical inverse distance-weighted interpolation methods.  Color ranges 31 
shown in between data points may not represent the actual piezometric elevations.   32 

3.2.1.1 South Approach Dewatering Observations 33 

From October 2012 through October 2013, dewatering was performed in the upper 34 
and middle aquifers adjacent to the launch pit and cut and cover excavations.  Maps 35 
showing color ranges that represent the approximate distribution of the lowest 36 
average weekly piezometric elevation measured from November 2012 through 37 
November 2013 for the upper, middle, and lower aquifers are included in Figures 21 38 
through 23.  We noted the following effects on groundwater due to these dewatering 39 
activities: 40 
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 Upper Aquifer:  Measurements from OWs and VWPs within 100 feet of the 1 
excavations indicate a decrease in the piezometric elevation (termed 2 
“drawdown”) of up to 20 feet near the launch pit excavation and up to 10 feet 3 
near the cut and cover excavations.  After the dewatering was discontinued, 4 
piezometric elevations began recovering (rising) slowly, in some cases as slowly 5 
as 2 feet per year.  Drawdown in OWs in the upper 40 feet bgs and more than 6 
100 feet away from the excavations was less than 5 feet.   7 

 Middle Aquifer:  Measurements from OWs and VWPs within 100 feet of the 8 
excavations indicate up to 40 feet of drawdown.  Since dewatering has stopped, 9 
the piezometric elevations are rising at a rate of about 5 to 10 feet per year.  10 
Piezometric elevations in OWs and VWPs more than 100 feet away from the 11 
excavations experienced up to 15 feet of drawdown.  The piezometric elevations 12 
in these OWs and VWPs are rising at a rate of about 5 to 10 feet per year.   13 

 Lower Aquifer:  OW and VWP measurements indicate that piezometric 14 
elevations in the lower aquifer were not significantly affected by the launch pit 15 
and cut and cover excavation dewatering activities. 16 

3.2.1.2 TBM Cutterhead Intervention Dewatering Observations 17 

In December 2013 and January 2014, dewatering was performed to allow for access 18 
to the TBM cutterhead (see Section 2.4.1) near Station 204+50.  Maps showing color 19 
ranges that represent the approximate distribution of the lowest average weekly 20 
piezometric elevation measured from December 2013 to January 2014 for the upper, 21 
middle, and lower aquifers are included in Figures 21 through 23.  We noted the 22 
following effects on groundwater due to TBM cutterhead intervention dewatering 23 
activities:   24 

 Upper Aquifer:  No OW or VWP measurements are available during the 25 
cutterhead intervention within about 100 feet of the TBM face (see Figure 2).  26 
Measurements from OWs and VWPs located 300 to 400 feet to the south 27 
indicate several feet of drawdown.  Measurements from OWs and VWPs located 28 
about 100 to 200 feet to the north indicate 1 to 5 feet of drawdown during this 29 
period. 30 

 Middle Aquifer:  One VWP located near the TBM face (Station 204+50) 31 
indicated about 20 feet of drawdown during this period.  Measurements from 32 
remaining OWs and VWPs located more than 100 feet to the north indicate up 33 
to 50 feet of drawdown.  The piezometric elevation in the middle aquifer has 34 
been lowered as much as 50 feet over an area extending at least 500 feet north 35 
and south of Station 204+50.  Measurements from OWs and VWPs located over 36 
100 feet to the east indicate similar drawdown during this period. 37 

 Lower Aquifer:  OW and VWP measurements indicate that piezometric 38 
elevations in the lower aquifer were not significantly affected by the cutterhead 39 
intervention and associated dewatering activities. 40 
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3.2.1.3 Access Shaft Dewatering Observations 1 

Access shaft dewatering commenced in October 2014 for dewatering wells in the 2 
upper and middle aquifers, and in November 2014 for dewatering wells in the lower 3 
aquifer (see Section 2.4.3).  Maps showing color ranges that represent the 4 
approximate distribution of the lowest average weekly piezometric elevation 5 
measured from October 2014 through January 2015 for the upper, middle, and lower 6 
aquifers are included in Figures 21 through 23.  We noted the following effects on 7 
groundwater due to access shaft dewatering activities: 8 

 Upper Aquifer:  Measurements from OWs and VWPs located outside the 9 
access shaft and SESMP box indicate about 10 feet of drawdown, except VWP 10 
06_AS_20468_PZ10_0030, which indicates about 20 feet of drawdown 11 
(assuming an original piezometric elevation of about +6 feet prior to 12 
dewatering).  Available measurements indicate that this drawdown is localized 13 
around the access shaft.  Piezometric elevations measured in OWs and VWPs 14 
located over 100 feet from the access shaft indicate less than about 5 feet of 15 
drawdown. 16 

 Middle Aquifer:  Inside the access shaft and SESMP box to the south, the 17 
middle aquifer was drawn down over 100 feet by the dewatering wells.  The 18 
effect of this dewatering has resulted in about 30 to 80 feet of drawdown within 19 
100 feet of the access shaft.  The magnitude of drawdown decreases with 20 
distance from the access shaft.  Drawdown of the middle aquifer was measured 21 
in OWs and VWPs in the area from S. King Street to Yesler Way, and as far east 22 
as Second Avenue S (see Table 10 and Figure 22). 23 

 Lower Aquifer:  When the deep dewatering wells were turned on at the 24 
beginning of November 2014, piezometric elevations measured in OWs and 25 
VWPs within 100 feet of the access shaft were drawn down (lowered) by as 26 
much as 140 feet (see Table 11 and Figure 23).  Based on data from OWs and 27 
VWPs south of the access shaft, drawdown of over 90 feet occurred over 28 
500 feet to the south.  About 300, 500, and 900 feet north of the access shaft, 29 
OW and VWP measurements indicate that piezometric elevations in the lower 30 
aquifer have been drawn down about 90, 50, and 20 feet, respectively.  OW and 31 
VWP measurements along First Avenue S. in the north end of Pioneer Square 32 
indicate about 50 to 90 feet of drawdown in the lower aquifer. 33 

When the shaft dewatering wells (DW1, DW2, DW3, and DW6) were turned off on 34 
February 19, 2015, during TBM breakthrough, the piezometric elevations for VWPs 35 
located below the access shaft in the middle aquifer came up about 10 to 30 feet 36 
within about 1 to 2 days.  Piezometric elevations in VWPs located outside the access 37 
shaft and VWPs in the lower and middle aquifers, regardless of location, did not 38 
experience the same effect when the shaft dewatering wells were turned off. 39 
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3.2.1.4 Observations at the Seattle Steam Plant Well (Enwave) 1 

The Seattle Steam Plant, operated by Enwave Seattle, installed a water supply well in 2 
December 2013.  This well was brought online in late April 2014.  We have been 3 
informed by Enwave that the well was pumping at a rate of about 200 gpm until 4 
March 4, 2015, when the pumping rate was reduced to 150 gpm.  The well is located 5 
between Union Street and University Street, between the viaduct and Western 6 
Avenue, about 2,600 feet north of the access shaft.  The well is about 380 feet deep 7 
and is screened in sand and gravel soils from about elevation -320 to -355 feet.  The 8 
screened portion of this well is more than 100 feet lower in elevation than any of the 9 
Project dewatering wells or OWs or VWPs.   10 

Enwave contacted WSDOT in December 2014 with a concern that their well had 11 
experienced drawdown during access shaft dewatering.  Enwave provided 12 
piezometric data as shown on the plot below from their well transducer (annotated for 13 
this report with key dates): 14 

 15 

Figure 3-2:  Enwave Well Piezometric Level Data (Enwave, 2015) 16 

As shown in Figure 3-2, the piezometric level in the Enwave well dropped by about 17 
25 feet in early November after the deep dewatering wells for the access shaft were 18 
turned on.  We understand that Enwave did not change the pumping rate during this 19 
period.  We interpret the daily fluctuations shown on the plot above (about 2 to 20 
5 feet) to be caused by tidal effects.   21 

The Enwave well was turned on in late April 2014.  Based on our review of Project 22 
groundwater data, groundwater pumping at this well may have affected, and may be 23 
continuing to affect piezometric elevations in the lower aquifer in Pioneer Square.  24 
Data from two VWPs located in Pioneer Square that were measuring piezometric 25 
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elevations in the lower aquifer during this period (see Table 11) indicate that 1 
initiation of pumping at the Enwave well coincided with a 7-foot piezometric 2 
elevation drop in the lower aquifer near Yesler Way (VWP 06_18_21200_126_0159) 3 
and a 2-foot piezometric elevation drop near Columbia Street and Western Avenue 4 
(VWP 06_19_21570_127_0173).  Lower aquifer OWs and VWPs located elsewhere 5 
along the Project alignment did not have a discernable change in piezometric 6 
elevation at the time of initiation of pumping at the Enwave well. 7 

3.2.2 Groundwater Salinity Data 8 

We collected groundwater samples at three OWs isolated in the lower aquifer north 9 
of the access shaft for salinity testing.  This effort was requested by WSDOT to 10 
address aquifer degradation considerations outlined in Section 173-200-030 of the 11 
Washington Administrative Code (Washington State Department of Ecology, 1990).   12 

The laboratory salinity test results are shown in Table 3-3, including test results for 13 
samples obtained in 2010 for comparison purposes. 14 

Table 3-3:  GROUNDWATER SALINITY TEST RESULTS 15 

OW Name 
Nearest 

Intersection 

Well Screen 
Elevation 

(feet) 
Sampling 

Date 

Laboratory 
Salinity Result1 

(ppm) 

TB-316 
Post Alley and 

Spring St. 
-164.7 to  

-174.2 

5/11/2010 176 

1/8/2015 194 

2/13/2015 201 

3/17/2015 198 

4/16/2015 203 

TB-318 
Western Ave. 
and Marion 

St. 

-157.4 to  
-167.0 

5/12/2010 151 

1/8/2015 135 

2/13/2015 146 

3/18/2015 149 

4/16/2015 150 

TB-321 
Western Ave. 

and Yesler 
Way 

-141.0 to  
-150.7 

4/29/2010 168 

12/30/2014 189 

2/13/2015 168 

3/16/2015 150 

4/16/2015 146 

1 Tests were performed by Fremont Analytical using Method SM2025B  16 
ppm = parts per million 17 

Based on a salinity measurement scale developed by Cowardin and others (1979), 18 
water is “fresh” if the salinity is less than 0.05 percent (500 parts per million).  The 19 
data from the three OWs, as listed in Table 3-3, indicate that the groundwater in the 20 
lower aquifer at those locations is fresh.  Based on the data collected to date, there is 21 
no consistent increase in salinity for the samples tested.   22 
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3.3 Data from Other Projects 1 

Other projects have been constructed in the vicinity of the Project since the Project 2 
start in 2012.  We reviewed information on the City’s Department of Planning and 3 
Development (DPD) website to collect permit numbers for buildings constructed 4 
between 2010 and 2015 in the Pioneer Square area.  We then reviewed plans, 5 
geotechnical reports, and other documents stored in DPD’s library to obtain 6 
information about the following items, if available: 7 

 Dewatering information 8 

 Size and depth of excavation 9 

 Shoring type and bracing methods 10 

 Foundation types and depths 11 

 Groundwater and settlement monitoring observations. 12 

A summary of our findings is presented in Table 13.  The approximate locations 13 
(typically excavation extents, if known) of each project are shown in Figure 17.  14 
Other projects, including utility installations and King County (County) projects, may 15 
have affected groundwater and/or caused localized settlement in the Project vicinity.  16 
This information was not available for our review at the time of this report.    17 
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4.0 DATA EVALUATION AND ANALYSES 1 

Our evaluation was focused on a review of various hypotheses for the measured 2 
recent settlement and assessing the potential for additional settlement to occur due 3 
to continued dewatering for the access shaft.  Our scope for this report did not 4 
include developing a rigorous, comprehensive soil and groundwater flow model of 5 
the Project area and Pioneer Square.  Therefore, our evaluation is based on our 6 
review and observations of the available data and our experience with soils in the 7 
Project area.  Our conclusions represent our opinion of the likely primary causes of 8 
the recent measured settlement.  Local variations that do not fit in with our opinions 9 
may exist based on local soil conditions, adjacent construction activity, and other 10 
factors.  Our conclusions may change as additional data become available. 11 

4.1 Potential Settlement Sources 12 

We have reviewed the data and evaluated various hypotheses that we have postulated 13 
or have been postulated by WSDOT and STP.  The following hypotheses were 14 
discussed during internal meetings between WSDOT and STP: 15 

 Hypothesis 1:  Pioneer Square has a long history of settlement, as evidenced by 16 
uneven ground and cracks observed on streets, sidewalks, and buildings.  This 17 
settlement was occurring before the Project and continues to occur, exclusive of 18 
Project activities. This settlement may be due to continued compression of 19 
subsurface wood debris and soft soil, soil loss into utility pipes, traffic loading, or 20 
other unknown causes. 21 

 Hypothesis 2:  Construction projects performed by others in the vicinity of 22 
Pioneer Square (e.g., other building projects) have included excavations and 23 
dewatering and have contributed to the measured settlement. 24 

 Hypothesis 3:  Downtown Seattle is in an active seismic zone and ground 25 
vibrations are known to occur over time.  Ground vibrations and/or ground 26 
movements caused by seismic or tectonic sources have contributed to the 27 
measured settlement. 28 

 Hypotheses 4 and 5:  Dewatering activities performed for the Project 29 
excavations have caused the subsurface soils to compress, thereby causing 30 
ground settlement.  Settlement may be due to: (a) Hypothesis 4:  compression or 31 
consolidation of Holocene deposits; or (b) Hypothesis 5:  compression of 32 
glacially overridden soils.   33 

The following sections present a discussion and evaluation of each hypothesis and 34 
our opinion based on the available data reviewed for this report and our geotechnical 35 
expertise. 36 
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4.1.1 Historic Settlement 1 

Hypothesis 1:  Historic settlement, independent of recent Project activities and 2 
related mechanisms, has occurred over the long term and is continuing to occur in 3 
the Pioneer Square area. 4 

4.1.1.1 Discussion 5 

Potential causes of ongoing historic settlement may include the following: 6 

 Wood Decomposition:  Subsurface soils below Pioneer Square are known to 7 
contain large quantities of wood within the upper fill soils.  The approximate 8 
areas of known wood deposits are indicated in Figures 4 through 14.  These 9 
wood deposits (e.g., wood chips, sawdust, debris, timber piles, wood decking, 10 
etc.) decompose over time.  The rate of decomposition depends on many 11 
factors, including local wood thickness, type, groundwater levels, loading, etc.  12 
Because these factors are not well defined in the Project area, we did not estimate 13 
potential settlement magnitudes due to decomposition of wood.     14 

 Soft Soil Compression:  Based on our experience with this Project and other 15 
projects in Pioneer Square, the existing fill deposits are heterogeneous and soft 16 
and loose in localized areas.  Long-term secondary compression (caused by 17 
creep, compression of organics, and other processes) of the fill soils may 18 
contribute to observed historic settlement. 19 

 Utilities:  Old utility pipes may be allowing loss of soils and groundwater into 20 
the pipes, which could result in ground settlement.  For example, we understand 21 
that 36- to 72-inch-diameter, old (early to mid-20th century) utility pipes are 22 
present within the upper 20 feet below S. King Street, near the area of maximum 23 
measured settlement.  Our scope for this report did not include reviewing utility 24 
types and alignments and associated long-term infiltration of water and soil into 25 
these pipes.   26 

 Traffic Loading:  Some City streets are more commonly used by large trucks 27 
than are other streets.  Operation of these large trucks could compress soil below 28 
the pavement to depths of up to 10 feet, depending on axle loads.  We are not 29 
aware of the existence of traffic data of sufficient detail to be able to evaluate the 30 
traffic loading contribution to ground settlement. 31 

4.1.1.2 Evaluation 32 

Infrastructure in Pioneer Square has a history of settlement over the last 50 to 33 
100 years.  This settlement may be a result a variety of causes including soft soil 34 
conditions, wood debris in the subsurface, earthquakes, construction projects, utility 35 
leakage, truck loading on City streets, etc.  Most of this evidence is anecdotal, based 36 
on discussions with City representatives and local citizens.  Specific causes of 37 
settlement are not confirmed for most locations.  Evidence of historic settlement can 38 
be observed when walking through Pioneer Square in uneven and tilted sidewalks, 39 
roadway cracks, differential movement between buildings and adjacent 40 
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sidewalks/loading docks/sidewalks, etc.  During a site walk performed on 1 
December 16, 2014, observed evidence of settlement appeared to be old, based on 2 
our observations of debris, moss, and paint/caulking in cracks and offsets (see 3 
photographs in Figure 4-1). 4 

 5 

Figure 4-1:  Observations of Historic Settlement in Pioneer Square (December 16, 2014) 6 

During our December 16, 2014, site walk, we did not observe significant fresh cracks 7 
or offsets, suggesting that the majority of the observed settlement likely pre-dates the 8 
Project.  Additional information related to historic settlement in Pioneer Square may 9 
be maintained by the City, but was not available for our review. 10 

4.1.1.2.1 Survey Control Point Data 11 

We reviewed WSDOT primary survey control history provided by WSDOT for 12 
points located in Seattle.  Many survey points have only one reading and therefore 13 
cannot be used to evaluate settlement over time.   Table 4-1 presents a listing of all 14 
survey points located south of Denny Way and north of S. Atlantic Street, east of 15 
Interstate 5 that have more than one reading prior to October 2014. 16 

Table 4-1:  WSDOT SURVEY CONTROL HISTORY IN DOWNTOWN SEATTLE1 17 

Survey Point 
Designation Nearest Intersection 

Years 
Measured1 

Elevation 
Change 
(inch) 

Calculated 
Settlement Rate2 

(inch/year) 

GP17005-52 Sixth and Yesler 1992 & 2005 -0.5 0.04 

GP17005-231 Fourth and Seattle Blvd. 2004 & 2009 -0.6 0.12 

GP17005-232 Fourth and Jackson 1997 & 2009 -0.4 0.03 

GP17099-276 First and Atlantic 2004 & 2009 -0.4 0.08 

GP17099-277 First and Dearborn 2004 & 2009 -0.2 0.04 

MYRTLE Myrtle Edwards Park 2008 & 2009 +0.2 -- 

TIDAL 17 1922 Alaskan Way & 
Washington 

2007 & 2009 +0.2 -- 

1 Data obtained from:  http://www.wsdot.wa.gov/monument/ 18 
2 WSDOT indicates that survey change could also be due to upgraded survey methods, survey network 19 

expansion, and/or National Geodetic Survey adjustments (Iverson, 2015). 20 

WSDOT survey points along S. King Street and Western Avenue (see Table 1) 21 
indicate that localized settlement occurred prior to start of the Project in 2012.  22 
WSDOT survey point X39, located near the intersection of Second Avenue S. and S. 23 
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King Street, experienced about 0.6 inch of settlement between 2009 and 2012, and 1 
points X49, X51, and X52, located along Western Avenue between Madison Street 2 
and University Street, experienced about 0.3 to 0.7 inch of settlement between 2009 3 
and 2010.  Other survey control points with data in 2009 and 2012 show no change 4 
in ground elevation during the three-year period prior to start of major Project 5 
construction.  Further investigation into traffic loading, extent of soft soils and wood 6 
debris, and video surveys of utility pipes in this area may provide more insight into 7 
potential causes of this localized settlement.   8 

4.1.1.2.2 InSAR Analysis 9 

We used the InSAR analysis results provided by Soldata to evaluate locations that 10 
may be experiencing ongoing settlement not related to Project activities.  We 11 
calculated the average rate of settlement (using a linear best-fit method) between 12 
July 10, 2012, and August 2, 2014.  August 2, 2014 was selected as the end date of 13 
the range because it is prior to the period when survey control issues were 14 
experienced.   InSAR data prior to July 10, 2012, were not obtained for this Project, 15 
but could be useful for further evaluation of potential historic settlement.  An 16 
example of how we calculated the average rate of settlement is shown in Figure 4-2.  17 
The calculated rate for each PS point during the period between July 10, 2012, and 18 
August 2, 2014, is shown in Figure 4-3.   19 

 20 

Figure 4-2:  Example of Settlement Rate Calculation Based on Selected InSAR PS Points 21 
(data obtained from Soldata [2015b]) 22 
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 1 

Figure 4-3:  Calculated Settlement Rate from 7-10-2012 to 8-2-2014 Based on InSAR  2 

Over 80 percent of the available InSAR PS points are located on buildings.  The 3 
response of buildings to ground settlement depends on a number of factors, 4 
including foundation type, depth, and structure configuration.  No data were 5 
available in areas where no points are shown on the map in Figure 4-3.  In most 6 
areas, streets, parking lots, and sidewalks do not have a high density of PS points.  7 
For example, along S. King Street, where survey control data indicates the largest 8 
measured settlement (Point X39), very few PS points are located on the street or 9 
sidewalk for use in a comparison to digital level surveys in this area. 10 

4.1.1.2.3 LiDAR Change Analyses 11 

We used the LiDAR change analyses performed by WSDOT for scans between 2010 12 
and October 2013 to evaluate settlement that occurred prior to access shaft 13 
dewatering.   The area between about Yesler Way and Spring Street was scanned in 14 
2010, 2013, and 2015.  Results from these scans and change analyses performed by 15 
WSDOT were used to evaluate ground elevation change between these time periods.   16 



 

 

Alaskan Way Viaduct Replacement Program May 2015 
Interim Settlement Evaluation Report 47 

 1 

Figure 4-4:  Calculated Elevation Change since 2010 Based on LiDAR Analyses  2 

The plotted LiDAR change analysis results shown in Figure 4-4 indicate the presence 3 
of localized areas of settlement that were present prior to Project activities in the 4 
area: 5 

 At the intersection of Marion Street and Western Avenue, an average of about 6 
2 inches of settlement occurred between 2010 and 2013.  This area experienced 7 
an average of about 0.2 inch of additional settlement between 2013 and 2015. 8 

 South of the Western Building, an average of about 1.5 inches of settlement 9 
occurred in an existing parking lot between 2010 and 2013.  This area 10 
experienced an average of about 0.6 inch of additional settlement between 2013 11 
and 2015.  ARSP data stored in Geoscope indicates that this area has 12 
experienced a relatively consistent rate of settlement since the start of ARSP data 13 
collection in late 2013.      14 

Other settlement areas along Western Avenue are indicated by the change analyses 15 
performed between the 2010 and 2013 scans (see Figure 4-4).  No Project activities 16 
were conducted in these areas between 2010 and 2013.  Settlement in these areas did 17 
not significantly increase between 2013 and 2015. 18 
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4.1.1.3 Opinion 1 

The digital level survey data indicate that settlement has occurred in localized areas in 2 
the Pioneer Square area prior to Project dewatering activities.  Although survey data 3 
prior to 2009 was not available, this observed settlement may be due to ongoing 4 
historic settlement.  The causes and rates of this potential historic settlement are 5 
expected to vary from point to point, depending on the subsurface conditions, site 6 
use, traffic, and other issues.  7 

LiDAR change analyses indicate that localized areas along Western Avenue settled 8 
up to 3 inches between 2010 and 2013, prior to Project dewatering activities.   The 9 
cause of this settlement is not known, but may be an indicator of areas of ongoing 10 
historic settlement.  Although only a small area of LiDAR coverage is available 11 
between 2010 and 2013, a larger area is available between 2010 and 2015.  Because 12 
no scans were performed between 2010 and 2015 in the larger area, we cannot 13 
determine the timing of the settlement indicated by the LiDAR change analyses 14 
performed between these two dates.    15 

The InSAR analyses provide indicators that ongoing settlement may be occurring at 16 
multiple locations (based on observed rates between July 2012 and August 2014).  As 17 
shown in Figure 4-3, potential areas of ongoing settlement are mostly located south 18 
and west of the 1879 historic shoreline.  This area (including much of Pioneer 19 
Square) was filled in the late 19th Century during large regrading projects performed 20 
in Seattle (e.g., the Denny Regrade).  Soil conditions in this area are looser/softer 21 
than uphill areas (north and east of the historic shoreline), and extensive wood debris 22 
is known to be present (see Figure 14).  The InSAR analyses indicate that the rate of 23 
settlement at most locations may be less than about 0.1 inch/year.  Localized areas 24 
such as BNSFs railway east of Century Link Stadium and locations along S. Jackson 25 
Street, First Avenue S., and Western Avenue may be experiencing larger rates of 26 
ongoing historic settlement (up to 0.2 inch per year).  Further InSAR analyses of pre-27 
2012 SAR images may be useful to further evaluate potential locations and rates of 28 
ongoing settlement.   29 

4.1.2 Settlement Caused by Other Construction Projects 30 

Hypothesis 2:  Construction activities from other projects in Pioneer Square have 31 
contributed to the measured settlement.   32 

4.1.2.1 Discussion 33 

Downtown Seattle is continually experiencing construction activities related to 34 
demolition, construction of new buildings, utility installations, pavement repair, etc.  35 
Construction projects that include foundations and excavations with shoring and/or 36 
dewatering are known to cause ground settlement.  The magnitude and extent of 37 
these movements depends on the nature of the subsurface soils, excavation depth, 38 
and the means and methods employed by the contractor.   39 
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In our opinion, there are three primary sources of potential settlement associated 1 
with construction projects, all of which are typically localized around the source. 2 

 Vibrations from construction activities can densify (and thereby compact) 3 
existing loose fill and sandy soils.  Typically, the largest vibrations are 4 
experienced during demolition activities and pile driving and are localized to the 5 
immediate vicinity of the activity.  As an example, using a relationship developed 6 
by Clough and O’Rourke (1990), vibration-induced settlements for relatively easy 7 
driving of sheet piles could range from about 0.5 inch within 10 feet of the sheet 8 
pile location to less than 0.1 inch more than 50 feet from the sheet pile. 9 
Therefore, settlements related to this source would be localized. 10 

 Excavations, even those with properly design shoring systems, can result in 11 
lateral and vertical movement outside the excavation.  Based on case histories of 12 
vertical settlements that occurred adjacent to excavations having flexible and 13 
rigid shoring walls (Clough and O’Rourke, 1990), ground settlements behind 14 
shoring walls could be on the order of 0.15 to 0.5 percent of the excavation 15 
height.  For example, for a 40-foot-deep excavation, 1 to 2 inches of settlement 16 
could occur immediately behind the shoring wall.  These settlements would 17 
decrease with distance from the excavation to near zero at a distance 2 times the 18 
excavation height.  Therefore, settlements related to this source would be 19 
localized around the excavation. 20 

 Dewatering activities reduce the piezometric pressures in the soil and cause 21 
consolidation and/or compression, which can result in ground settlement, similar 22 
to what is discussed in Sections 4.1.4 and 4.1.5.  The extent of this effect 23 
depends on the ground conditions, the dewatering system operation and 24 
configuration, and other factors. 25 

Ground settlement resulting from these activities would occur as the activities are 26 
performed and would not, in our opinion, result in long-term settlement after 27 
construction is complete.   28 

4.1.2.2 Evaluation 29 

Based on our review of DPD project files (see Section 3.3 and Table 13) for 30 
construction projects performed between 2010 and 2012, the only nearby 31 
construction activity involving the installation of foundations was at 201 S. King 32 
Street (see Figure 17 for location).  Driving of 24-inch-diameter piles in January 2012 33 
likely caused vibration, which could have resulted in ground settlement.  No 34 
settlement-monitoring data specific to this activity were available.  Based on a review 35 
of WSDOT’s survey data (see Table 1), 0.1 inch of settlement was measured between 36 
2010 and 2012 at Point X39 (northwest of the 201 S. King Street building site). 37 

Based on our review of DPD project files, several projects were performed in 2014 38 
in the Pioneer Square Area (see Table 13 and Figure 17).  These projects are listed 39 
below in order of construction activity date: 40 
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 424 S. Main Street:  Excavation for this project was performed prior to July 1 
2014.  It is likely that dewatering was required; however, we did not find or 2 
review data that confirm this.  A July 28, 2014, field report indicated that 3 
settlement occurred around the excavation, although specific magnitudes and 4 
extents were not listed.  5 

 Elliott Bay Seawall Project (EBSP):  The EBSP includes construction of a 6 
10- to 16-foot-deep, 50-foot-wide excavation along the west side of Alaskan 7 
Way.  The portion between about Washington Street and Yesler Way was 8 
constructed between April and July 2014.  The excavation between about 9 
Columbia Street and Pike Street began in October 2014 and is currently 10 
underway (see Figure 4-5).  Ground freezing and jet grouting have been 11 
performed along this alignment.  We understand that sumps are being used to 12 
remove water from the excavation.  Recent groundwater data collected near this 13 
project between S. Washington Street and Pike Street indicate that piezometric 14 
elevations in the upper aquifer have been lowered by about 2 to 3 feet between 15 
Madison Street and Union Street.  16 

 17 

Figure 4-5:  EBSP Excavation at Madison Street, looking north (March 16, 2015) 18 

 400 S. Jackson Street:  DPD records indicate that installation of shoring began 19 
in October 2014 and excavation is ongoing (see Figure 4-6).  Based on 20 
discussions with site construction personnel, we understand that dewatering was 21 
performed in February 2015 to remove water within fill soils inside the 22 
excavation.  The dewatering was reportedly performed using five, 20-foot-deep 23 
wells, extending to about elevation +1 to +3 feet.  This information is anecdotal.  24 
We did not find specific information about dewatering activities or potential 25 
settlement in the DPD files.   26 
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 1 

Figure 4-6:  Excavation at 400 S. Jackson Street, looking east (March 18, 2015) 2 

 255 S. King Street:  Sheet pile installation began in November 2014 and 3 
foundation pile driving began in December 2014.  Based on discussions with site 4 
construction personnel, dewatering systems at the site include 30-foot-deep well 5 
points extending to about elevation -13 feet.  The well points are inside the 6 
excavation, which is surrounded by sheet piles (see Figure 4-7).  Reportedly, the 7 
sheet piles extend to about elevation -25 to -30 feet.  We understand that these 8 
well points were operated as early as October 2014 for utility relocations that 9 
extended to the groundwater table.  More recently, the dewatering system was 10 
restarted in February 9, 2015, for dewatering of the building excavation.  This 11 
information is anecdotal.  We could not find information about dewatering 12 
activities or potential settlement in the DPD files.   13 

 14 

Figure 4-7:  Excavation at 255 S. King Street, looking west (March 18, 2015) 15 



 

 

Alaskan Way Viaduct Replacement Program May 2015 
Interim Settlement Evaluation Report 52 

 80 S. Main Street:  Augercast pile installation began in December 2014.  Crack 1 
monitors in adjacent buildings indicated minor movements in December 2014.  2 
No signification excavation has been performed for this building through March 3 
2015.  Because no excavation has been performed it is likely that no dewatering 4 
has been performed, but this has not been confirmed. 5 

We cannot isolate specific magnitudes of settlement related to these projects using 6 
the available data.  The dewatering systems, as described to us by construction 7 
personnel, are located within Holocene soils in the upper 30 feet bgs.  It is possible 8 
that construction activities related to these projects contributed to localized 9 
settlement within about 50 to 100 feet of the construction activities caused by 10 
compression or consolidation of the Holocene soils due to dewatering (see 11 
Section 4.1.4), and/or constant volume distortion of soil from shoring or foundation 12 
system installation, and/or excavation activities.  Additional information may be 13 
available in DPD or County files that were not available to us at the time of this 14 
report. 15 

Information related to other construction projects not administered by a building 16 
permit was not available at the time of this report.  It is possible that activities 17 
associated with projects such as utility installations, road projects, and other City or 18 
County construction may have contributed to measured settlements.   19 

4.1.2.3 Opinion 20 

The timing of other construction projects and the activities that were performed 21 
suggest that localized contribution to the measured settlement may have occurred 22 
near these sites during construction of these projects.   In our opinion, settlements 23 
caused by these construction projects are expected be localized in extent and time. 24 

Our opinion is based on our review of available DPD building permit records and 25 
anecdotal information provided by contractor representatives.  We did not have 26 
information about other construction activities (not requiring a building permit) that 27 
may have occurred in Pioneer Square between 2012 and 2015.   28 

4.1.3 Seismic Sources 29 

Hypothesis 3:  Tectonic and seismic sources have caused ground vibrations and 30 
movement that have contributed to widespread settlement in the Project vicinity.  31 
Sources of potential seismically induced settlement include: (a) ground deformation 32 
associated with tectonic/structural deformation; and (b) soil settlement induced by 33 
ground shaking 34 

4.1.3.1 Discussion 35 

Ground deformations, including land level changes, often accompany tectonic or 36 
structural deformations.  These deformations are related to accumulation and release 37 
of strain in the earth’s crust and are typically accompanied by earthquake activity.  38 
Strain accumulation and release also occurs episodically on the Cascadia Subduction 39 
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Zone (CSZ) in “slow slip” events.  Rogers and Dragert (2003) described these events 1 
on the CSZ as Episodic Tremor Slip (ETS) that occurs over 10 to 20 days at 2 
approximately 13- to 16-month cycles.  They estimate that ETS is the result of 3 
approximately 20 to 40 mm of relative movement between the subducted Juan de 4 
Fuca Plate and the overriding North America Plate at a depth of about 20 to 5 
40 kilometers (km).  Measured ground surface movements for these events are less 6 
than 0.6 centimeter (cm) (Szeliga and others, 2008) and occur over broad regions of 7 
western Oregon, Washington, and southwest British Columbia.   8 

Ground surface displacements can also occur from movement on closer, nearby 9 
faults.  The nearest active fault to the site is the Seattle Fault Zone (SFZ) located 10 
within approximately 1 km south of the site.  The SFZ is characterized as a 60-km-11 
long (east-west) south-dipping reverse or thrust master fault at depths of more than 12 
4 km that produces a series of strands at the ground surface.  No moderate or large 13 
earthquakes have occurred on this fault in historic times (i.e., last 170 years), nor has 14 
ground surface displacement from movement on this structure in historic times been 15 
documented.  Ground surface displacement associated with the most recent major 16 
earthquake on this structure approximately 1,100 years ago resulted in up to 7 meters 17 
of relative vertical displacement (south side up) across the fault (Bucknam and 18 
others, 1992).  19 

Soil settlement can occur where earthquake ground shaking is sufficiently strong.  20 
The strong ground shaking can induce ground settlement by causing compaction of 21 
loose soils.  Soil liquefaction and ground settlement in the Pioneer Square area is 22 
documented to have occurred during and immediately following the February 28, 23 
2001, Nisqually Earthquake.  Analysis procedures to calculate earthquake-induced 24 
ground settlement by compaction of loose soils are based on the soil type and 25 
gradation and earthquake ground motions and magnitude.  Typically, ground 26 
settlements of engineering significance do not occur for light or minor earthquakes 27 
(i.e., earthquake magnitudes less than 5).   28 

4.1.3.2 Evaluation 29 

We performed our evaluation by reviewing available seismic data for November and 30 
December 2014, when the largest settlements were measured.  The most recent ETS 31 
event closest to the Downtown Seattle area occurred beneath the Olympic 32 
Mountains to the west between November 23, 2014, and December 10, 2014 (Pacific 33 
Northwest Seismic Network, 2014); the previous event was in the fall of 2013.  34 
Regardless of whether or not these events caused minor (less than 0.6 cm [0.2 inch]) 35 
settlement in Pioneer Square, the settlement would not have been measured by the 36 
survey system because of the broad nature of this ground displacement.  It is likely 37 
that most of the survey control in Western Washington would have been affected. 38 

Bill Steele, Seismology Lab Coordinator for the University of Washington, compiled 39 
a list of earthquakes and ground shaking measurements in 2014 for events within 40 
approximately 50 km of the Project site.  He reported that the largest ground shaking 41 
in the vicinity of the site was from a magnitude 3.5 event in the Bremerton area on 42 
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July 28, 2014 (Steele, 2014).  The largest peak ground acceleration (PGA) recorded in 1 
Seattle associated with this event was 3.8 percent of gravity (0.038g) recorded at 2 
Harbor Island on fill.   3 

4.1.3.3 Opinion 4 

Given the relatively small ground surface displacements (widespread over western 5 
Washington) expected during ETS events (less than 0.6 cm [0.2 inch]) and the lack of 6 
significant seismically induced ground shaking in Seattle during the Project, and 7 
specifically during November 2014, in our opinion, seismic sources are not 8 
significant contributors to the measured settlement in the Project area.  We did not 9 
perform analysis to calculate earthquake-induced settlement of loose soils because, in 10 
our opinion, these calculations would not indicate settlements of engineering 11 
significance for the very low earthquake magnitudes and PGAs that occurred in 12 
2014.   13 

4.1.4 Compression/Consolidation of Holocene Soils 14 

Hypothesis 4:  Compression and consolidation of Holocene soils below the ground 15 
surface contributed to the measured settlement due to stress increases caused by 16 
Project dewatering activities. 17 

4.1.4.1 Discussion 18 

The Holocene soils below the ground surface have not been compacted by the 19 
weight of glacial ice and therefore are more susceptible to settlement under changes 20 
in internal stress or external loading than glacially overridden soils.  When the 21 
piezometric elevation in a soil is reduced, the stress in the soil increases, and ground 22 
settlements can occur due to the following two processes: 23 

 Compression:  When the stress in a soil is increased, the soil matrix can 24 
compress.  When the stress is decreased, the soil matrix may partially rebound 25 
(move upward).  If the soil experiences the same stress again, similar or less 26 
settlement would occur, depending on the amount of rebound that occurred 27 
previously. 28 

 Consolidation:  When the stress in a soil is increased, the water is partially 29 
squeezed out, and the soil particles re-arrange into a closer configuration with 30 
respect to each other.  When the stress is decreased, there is usually little 31 
rebound.  If the soil experiences the same stress again, little additional settlement 32 
would occur under the same stress. 33 

We have performed calculations of settlement related to piezometric stress changes 34 
in the Holocene soils for other phases of the AWVRP.  Based on these calculations, 35 
we estimate that, for 5 feet of groundwater drawdown in the upper aquifer, 36 
settlement of about 0.1 to 0.5 inch could occur in soft/loose Holocene soils with 37 
thicknesses ranging from 10 to 50 feet, respectively.  For stiffer/denser Holocene 38 
soil conditions, settlement could be less than 0.2 inch for up to 50 feet of layer 39 
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thickness.  These estimates are based on ranges of constrained modulus of the 1 
Holocene soils developed during studies performed for the AWVRP using in situ 2 
field tests and published correlations.  The moduli were used in combination with 3 
the estimated change in soil stress caused by groundwater drawdown and the 4 
estimated soil layer thickness, using the same method. 5 

Settlement of granular (sand and gravel) Holocene soils would occur within a few 6 
weeks following drawdown because water can rapidly move through the granular 7 
material and the increase in stress and adjustment to the stress increase by the soil 8 
also occurs rapidly.  Settlement of clayey Holocene soils would occur more slowly 9 
due to the lower permeability of the clayey soils.  As shown in Figures 4 through 14, 10 
most locations in Pioneer Square do not contain significant thickness of clayey soils.  11 
Therefore, we expect most of the settlement would occur within a few weeks after 12 
drawdown occurs.   13 

4.1.4.2 Evaluation 14 

Based on a review of Table 9 and Figure 21, we observed the following related to 15 
groundwater drawdown in the upper aquifer during the major Project construction 16 
dewatering activities: 17 

 During dewatering of the south portal excavations in 2013, drawdown of up to 18 
about 20 feet was measured in the upper aquifer near First Avenue S., east of the 19 
excavations.  Survey data in this area indicate that settlement of up to 0.2 inch 20 
may have occurred during this period, which may have been due to 21 
compression/consolidation of the Holocene soils.  Less than 5 feet of drawdown 22 
occurred in the upper aquifer to the northeast, in the center part of Pioneer 23 
Square, during this period. 24 

 During dewatering for the cutterhead intervention in January 2014, less than 25 
2 feet of drawdown was measured in the upper aquifer, east of the viaduct in 26 
Pioneer Square.  27 

 During dewatering of the access shaft, less than 5 feet of drawdown was 28 
measured the upper aquifer east of the viaduct in Pioneer Square.    29 

Because groundwater drawdown in the Holocene soils during these construction 30 
activities was typically less than 5 feet at distances of more than 100 feet from the 31 
dewatering activities, minor settlement (less than 0.2 inch) likely resulted from 32 
compression/consolidation of the Holocene soils in Pioneer Square during this 33 
period as a result of Project dewatering.    34 

4.1.4.3 Opinion 35 

The available groundwater and survey data indicate that the 36 
compression/consolidation of thee Holocene soils in the vicinity of the Access Shaft 37 
contributed no more than about 0.2 inch to the recent measured settlement.  38 
Localized settlement larger than 0.2 inch may have occurred where thick deposits of 39 
loose or soft Holocene soils are present.   40 
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4.1.5 Compression of Glacially Overridden Soils 1 

Hypothesis 5:  Measured settlements are a result of compression of the glacially 2 
overridden soils due to stress increases caused by depressurization of the middle and 3 
lower aquifers caused by dewatering activities.     4 

4.1.5.1 Discussion 5 

Two slightly different models are used to describe compression of soils.  The first 6 
method generally applies to both confined and unconfined aquifers while the second 7 
method only applies to confined aquifers. 8 

1) Decreasing the piezometric pressure in the soil (i.e., lowering the piezometric 9 
elevation) results in an equivalent increase in the stress felt by the soil matrix.  10 
This stress increase causes soil compression.   11 

2) The upward gradient (seepage force) associated with a confined aquifer is 12 
reduced by the depressurization of the aquifer (induced by the dewatering 13 
system).  This reduction in upward seepage force is assumed to be equal to an 14 
increase in downward force acting on the top of the aquifer and the underlying 15 
soils.  This increased force is applied over the area where depressurization occurs 16 
and increases the stress in the aquifer and underlying soils.  This stress increase 17 
causes soil compression. 18 

4.1.5.2 Evaluation 19 

Based on our review of the available data, the largest settlements in the Project 20 
vicinity occurred in November 2014 concurrent with the activation of the access 21 
shaft dewatering system.  The deep dewatering wells operated for the access shaft 22 
lowered the piezometric elevations in the middle and lower aquifers, which resulted 23 
in a stress increase in and below the middle and lower aquifer soils.  We reviewed 24 
available groundwater and survey data during the period between October 2014 and 25 
January 2015 to evaluate potential correlations between piezometric elevations in the 26 
middle and lower aquifers and these ground movements. 27 

4.1.5.2.1 Timing Comparison 28 

The timing of the measured settlement relative to groundwater drawdown in the 29 
lower aquifer during access shaft dewatering supports the hypothesis that 30 
compression of the glacially overridden soils is contributing to the measured surface 31 
settlement.  An example is shown in the Figure 4-8 where settlement of viaduct 32 
Bent 101W occurs after a significant decrease in the piezometric elevation is 33 
measured in a VWP in nearby boring CB-107.  The relatively rapid settlement of 34 
Bent 101W occurs coincident with the depressurization of the lower aquifer. 35 
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 1 

Figure 4-8:  Piezometric Elevation versus Viaduct Column Settlement 2 

Although not useful to evaluate total settlement (see Section 3.1.6.2), the relative 3 
movement measurements from an MPBX near the access shaft (see Figure 4-9) 4 
indicates that compression of the middle aquifer soils occurred during access shaft 5 
dewatering.   6 

 7 

Figure 4-9:  MPBX Relative Movement versus Piezometric Elevation (data obtained from 8 
Geoscope for MPBX 20556_12801 and VWP PZ06) 9 

The graph in Figure 4-9 shows a change in the rate of movement of the deepest 10 
MPBX anchor (located in the middle aquifer) to a drop in the piezometric elevation 11 
in the middle and lower aquifers.  Because the deepest MPBX anchor (135 feet deep) 12 
is over 30 feet above the top of the lower aquifer, the MPBX assembly cannot 13 
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measure potential settlement associated with the compression of the soil within and 1 
below the lower aquifer.  The compression shown in Figure 4-9 (i.e., the increase in 2 
relative movement rate after November 8, 2014) for the MPBX anchor therefore 3 
likely reflects compression of soils in the middle aquifer.   4 

4.1.5.2.2 Settlement Magnitude 5 

We performed calculations using a method similar to that used by STP (Brierley 6 
Associates, 2014) to estimate the potential settlement that could occur from 7 
increased stress caused by depressurization of the lower aquifer soils.  Similar to 8 
elastic shortening of a column, the compression is equal to the change in stress times 9 
the length over which the change in stress occurs divided by the modulus 10 
(stiffness).   The three primary variables used in estimating settlement in soils include 11 
the stress change, the soil modulus, and the soil layer thickness:  12 

 Stress Change:  At the access shaft, the stress change was estimated using the 13 
measured change in piezometric elevation in VWP 06_AS_20526_DPM1_0185 14 
(see Table 11) in the lower aquifer.   The lowest average weekly piezometric 15 
elevation in December 2014 was -134 feet.  Assuming an original piezometric 16 
elevation of about +6 feet, as observed in nearby VWPs, a piezometric elevation 17 
change of about 140 feet was experienced in the lower aquifer.  By multiplying 18 
this change in piezometric elevation by the unit weight of water (62.4 pounds per 19 
cubic foot), the estimated stress change is about 8,700 pounds per square foot 20 
(psf) in the lower aquifer.   21 

 Soil Modulus:  The Project Geotechnical Baseline Report (GBR, Parsons 22 
Brinkerhoff and Shannon & Wilson, Inc., 2010) provides the baseline ranges and 23 
a baseline value for the shear modulus of the glacially overridden soils.  We 24 
derived the constrained modulus required for the settlement calculations from 25 
the shear modulus based on a relationship with Poisson’s ratio.  Based on soil 26 
borings in the access shaft area and the information provided in the GBR, we 27 
used constrained moduli ranging from 12,500 to 312,000 kips per square foot for 28 
our calculations. 29 

 Layer Thickness:  The thickness of the soil that is affected by the stress change 30 
is difficult to determine.  At boring EB-18B, located about 400 feet south of the 31 
access shaft, the lower aquifer is at least 70 feet thick (the boring was terminated 32 
in ESU 5).  The well construction details of the Enwave well, which is screened 33 
from elevation -320 to -355 feet, and the effect of pumping at the Enwave well 34 
(see Section 3.2.1.4), lead us to suspect that the affected layer thickness may be 35 
greater than 200 feet. 36 

To account for uncertainty, we performed a series of calculations varying the three 37 
inputs:  the change in stress due to groundwater drawdown, the thickness of soil 38 
influenced by the stress change, and the constrained modulus.  Our calculation 39 
results are shown in Figures 4-9 and 4-10, for 100- and 200-foot soil thicknesses, 40 
respectively.  For comparison, the figures include measured ground settlement at 41 
selected locations where both piezometric elevation and survey data were available.   42 
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 1 
Figure 4-10:  Measured and Computed Settlement versus Groundwater 2 

Drawdown (assuming 100-foot-thick influence depth) 3 

 4 
Figure 4-11:  Measured and Computed Settlement versus Groundwater 5 

Drawdown (assuming 200-foot-thick influence depth) 6 

Figures 4-9 and 4-10 indicate that, depending on the assumed thickness of soil 7 
affected by the stress change and the variability of the soil modulus, the calculated 8 
settlements are comparable to measured settlements that occurred during access 9 
shaft dewatering.   10 
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4.1.5.2.3 Stress Influence Thickness 1 

The depth of influence of the stress increase within and below the lower aquifer is 2 
unknown.  In our opinion, the thickness of soils affected by depressurization of the 3 
lower aquifer (below about elevation -160 feet) could be in excess of 200 feet 4 
because of the following observations: 5 

 SMPs on the access shaft piles indicate that about 1.3 inches of settlement was 6 
experienced during access shaft dewatering.  Based on our calculations, this 7 
would result in an aquifer thickness of at least 150 feet, using the low end of the 8 
assumed constrained soil modulus range.  9 

 The Enwave well, which is screened from approximately elevation -10 
320 to -355 feet, was affected by the deep dewatering wells at the access shaft, 11 
which are screened from elevation -115 to -185 feet in the lower aquifer (see 12 
Section 3.1.2.4).  The access shaft and the Enwave well are approximately 13 
2,600 feet apart.  This information provides an indication that the lower aquifer 14 
is potentially over 200 feet thick and/or may have a significant hydraulic 15 
connection with a deeper aquifer.  16 

 The upward groundwater gradient (seepage force) associated with a confined 17 
aquifer is reduced when the aquifer is depressurized with dewatering wells.  This 18 
reduction in upward seepage force is assumed to be equal to an increase in 19 
downward force acting on the top of the aquifer and the underlying soils (similar 20 
to a large foundation load).  This load causes stress change (increase) in the 21 
underlying soils.  The magnitude of stress change decreases with distance below 22 
the applied load.  Based on the extent of groundwater drawdown observed 23 
during access shaft dewatering (see Figure 23), in our opinion, the thickness of 24 
soil influenced by stress changes from depressurization of the lower aquifer 25 
could be greater than 200 feet.    26 

4.1.5.2.4 Settlement Distribution 27 

Figure 24 presents a comparison of the settlement along the tunnel centerline to 28 
measured groundwater drawdown for the Project segment between about S. Royal 29 
Brougham Way and Pine Street.  This figure shows the piezometric elevation 30 
changes indicated by OW and VWP data within about 200 feet of the tunnel 31 
alignment and the elevation changes indicated by digital level survey data, InSAR 32 
analyses, and LiDAR analyses.  Figure 25 presents a comparison of settlement of 33 
buildings, the access shaft, and the viaduct bents and gutter lines along the existing 34 
SR 99 alignment as compared to measured piezometric elevation in nearby OWs and 35 
VWPs.  Based on the plots in Figures 24 and 25, we observe that the settlement 36 
distribution approximately corresponds to the distribution of the groundwater 37 
drawdown in the middle and lower aquifers.  In general, areas where the piezometric 38 
elevation in these aquifers is the lowest (i.e., has been subjected to the greatest 39 
groundwater drawdown) correspond to areas where the settlement is greatest.  40 
Figure 25 differs from Figure 24 in that it compares settlement and piezometric 41 
elevation for the periods before and after the start of access shaft dewatering.   42 
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The digital level survey data for SMPs on the access shaft and viaduct bents and 1 
buildings close to the access shaft, shown in Figure 25, indicate a settlement range 2 
from about 1.1 to 1.4 inches from prior to the start of dewatering (i.e., prior to the 3 
recognized need to make survey control corrections) to February 17, 2015.  When 4 
these measurements are considered in the context of the InSAR analyses, the largest 5 
settlements are concentrated in the access shaft vicinity and decrease with increasing 6 
distance from the access shaft. The measured settlement of the access shaft secant 7 
piles (Figure 25, Plot B), supports the hypothesis that the primary cause of measured 8 
widespread settlement is due to compression of the deep soils below the tips of the 9 
access shaft piles (elevation -115 feet).  The access shaft secant piles are founded in 10 
ESU 7, which separates the lower and middle aquifers and is above the lower aquifer. 11 

Figure 4-12 presents estimated settlement based on InSAR analyses between 12 
October 4, 2014, and December 7, 2014.  This period coincides with the initial large 13 
drawdown observed when the deep wells at the access shaft were turned on.   14 

 15 

Figure 4-12:  Settlement between 10-4-2014 and 12-7-2014 based on InSAR Analyses 16 

The settlement distribution shown in Figure 4-12 depicts a settlement pattern that 17 
extends over 2,000 feet northeast and over 3,000 feet southeast from the access 18 
shaft.  The settlement shown includes components of historic settlement, local 19 
settlement, and potentially Project-induced settlement. To the northeast, the 20 
estimated settlement is observed on both sides of the historic shoreline (1879).  21 



 

 

Alaskan Way Viaduct Replacement Program May 2015 
Interim Settlement Evaluation Report 62 

Settlement to the east and south of Century Link Stadium is likely affected by 1 
railroad operations and construction activity south of S. Royal Brougham Way, 2 
respectively. 3 

4.1.5.3 Opinion 4 

In our opinion, compression of glacially overridden soils due to depressurization of 5 
the lower aquifer caused some of the recent measured settlement along and near the 6 
Project corridor.  Most of this settlement has occurred since the access shaft 7 
dewatering wells started pumping in October 2014.  Similar widespread ground 8 
settlement caused by groundwater extraction has been observed in other United 9 
States cities including Houston (Gabrysch, 1984) and New Orleans (Dixon and 10 
others, 2006).  The magnitude and large areal extent of the depressurization of the 11 
lower aquifer suggest that the majority of the measured widespread settlement (as 12 
defined in Section 1.2) is likely a result of depressurization of the lower aquifer.  This 13 
observation is reinforced by the observed timing of settlement with respect to 14 
initiation of deep dewatering at the access shaft. 15 

Assuming the subsurface conditions are more or less similar throughout the area 16 
where settlement is shown in Figure 4-12, the areal extent of settlement (e.g., 17 
settlement east of the railroad tracks) is greater than we would anticipate if the 18 
depressurization of the lower aquifer was the sole cause of the recent settlement.    19 

Depressurization of the middle aquifer, based on the available data near the access 20 
shaft, may account for about 0.1 to 0.2 inch of settlement near the access shaft.  21 
Because of the relatively small drawdown in the middle aquifer and limited lateral 22 
extent of the effects of middle aquifer drawdown, the contribution of settlement due 23 
to dewatering of the middle aquifer would also be limited in lateral extent and 24 
decrease with increasing distance from the access shaft. 25 

In addition to the access shaft dewatering, the Enwave well is extracting groundwater 26 
from a deep aquifer near the intersection of University Street and Western Avenue.  27 
InSAR analyses did not indicate discernable settlement at this location or in Pioneer 28 
Square when pumping at the Enwave well was initiated in April 2014.  As noted in 29 
Section 3.1.2.4, two VWPs in Pioneer Square exhibited 2 to 7 feet of groundwater 30 
drawdown when the Enwave well pumping started.  In our opinion, potential 31 
settlement due to compression of glacially overridden soils experiencing 2 to 7 feet 32 
of groundwater drawdown would likely be less than 0.1 inch.  This magnitude is 33 
smaller than the accuracy of the InSAR and STP survey measurements.  34 

35 
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4.2 Potential Ongoing Impacts from Dewatering 1 

The access shaft dewatering is anticipated to remain active until late 2015.  The 2 
following sections address potential risks related to the ongoing dewatering activities. 3 

4.2.1 Cone of Depression Expansion 4 

Pumping groundwater from an aquifer results in the lowering of the piezometric 5 
pressure in the aquifer.  The amount of pressure reduction (drawdown) typically 6 
decreases with greater distance away from the pumping well, with the most 7 
drawdown occurring nearest to the well.  This drawdown distribution around a 8 
pumping well, roughly speaking, has the shape of a downward-pointing cone - hence 9 
the term “cone of depression.”  The cone of depression typically extends in all 10 
directions away from the pumping well out to a distance where there is no 11 
drawdown resulting from the operation of the pumping well.  The extent of the cone 12 
of depression in a specific direction is affected by subsurface conditions (material 13 
extents and properties) in that direction.  The distance away from the pumping well 14 
to a point of zero drawdown is known as the “radius of influence” of a well. 15 

Typically, the longer a well is pumped continuously, the more drawdown may occur 16 
at a given distance from the well, and the more the radius of influence of the well 17 
may increase.  The cone of depression can be expected to expand in this way until a 18 
steady state is achieved in which the amount of drawdown at a given distance away 19 
from the well stabilizes.  The pumping duration needed for the cone of depression to 20 
stop expanding may vary from several hours to several years, and is dependent upon 21 
the pumping rate; recharge rate; and aquifer properties, geometry, and extent. 22 

Figures 26 through 28 show color ranges that represent the approximate distribution 23 
of drawdown from the upper, middle, and lower aquifers compared to the 24 
piezometric elevation measured on December 1, 2014, after the initial drawdown due 25 
to access shaft dewatering had occurred.  The change in piezometric elevation for 26 
each month after December 1, 2014, is compared in each figure, through May 1, 27 
2015.  Plotting groundwater drawdown at successive time steps in this way provides 28 
information to evaluate if the cone of depression is expanding with increased 29 
duration of pumping.  Figures 26 through 28 show the following trends regarding 30 
expansion of the cone of depression: 31 

 About 0 to 3 feet of additional drawdown has occurred in the upper aquifer since 32 
December 1, 2014.  At the time of submittal of this report (May 2015), this 33 
drawdown is not consistently increasing with time. 34 

 Between December 2014 and March 2015, the drawdown rate (rate of lowering 35 
of the piezometric elevation) in the middle and lower aquifers was about 2 feet 36 
per month.  In April 2015 the drawdown rate decreased and, at the time of 37 
submittal of this report (May 2015), drawdown is not consistently increasing with 38 
time at most locations in the middle and lower aquifers. 39 
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 The shape of the cone of depression in the upper, middle, and lower aquifers is 1 
irregular and may correlate to the spatial distribution and properties of aquifer 2 
materials in the subsurface; the direction and amount of groundwater recharge 3 
(from rainfall and other sources); hydraulic connection between aquifers; and/or 4 
the distribution of available piezometric data. 5 

The rate and shape of the expansion of the cone of depression may change if the 6 
radius of influence of pumping reaches a boundary in the aquifer.  Aquifer 7 
boundaries could include locations where the edge of the aquifer makes contact with 8 
a low-permeability material (barrier boundary), or makes contact with a source of 9 
recharge such as a higher-permeability material or surface water body (recharge 10 
boundary).  Continued monitoring is necessary to evaluate this potential.   11 

4.2.2 Settlement 12 

As noted in the previous section, at the time of this report, groundwater levels have 13 
stabilized.  In our opinion, the widespread settlement is primarily due to 14 
compression of the glacial soils due to piezometric elevation changes.  Therefore, if 15 
groundwater drawdown does not increase, in our opinion the risk of additional 16 
widespread settlement is low.   17 

Data collected to date, and summarized in Tables 1 through 5, indicate that no more 18 
than about 0.1 inch of settlement has occurred over the last 3 to 4 months.   .   19 

Survey data and MPBX data do not indicate that consolidation of soils in the upper 20 
Holocene deposits is a major contributor to the recent measured settlement, 21 
although it may be occurring in localized areas in Pioneer Square where clayey 22 
and/or organic/woody soils are present.  Insufficient data currently exist to evaluate 23 
locations and magnitudes of this potential risk.   24 

4.2.3 Rebound 25 

When the access shaft dewatering wells are turned off, we anticipate that rebound 26 
(upward movement) would occur as the piezometric pressures in the aquifers return 27 
to normal, pre-Project levels.  The rebound (upward movement) is anticipated to be 28 
widespread and smaller in absolute magnitude than the settlement (downward 29 
movement) that has already occurred.  The magnitude of rebound is not possible to 30 
determine due to the variability of subsurface stratigraphy and soil properties.  31 
Because the rebound is also anticipated to be widespread, in our opinion there would 32 
be a low risk of damage to buildings, utilities, or other infrastructure due to the 33 
anticipated rebound.  Because it may take several months for the piezometric 34 
pressures to return to pre-Project levels, rebound should be expected to occur over 35 
several months.  Benchmarks used for digital level surveys may be affected by the 36 
rebound and should be checked using survey control located outside of the Project 37 
area. 38 
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4.2.4 Saltwater Instrusion 1 

As noted in Section 3.2.2, based on three wells that we have sampled north of the 2 
access shaft, we have not observed a consistent increasing trend in groundwater 3 
salinity at the time of this report.  Based on current piezometric elevations, however, 4 
the mechanics of groundwater flow are such that the possibility for saltwater 5 
intrusion exists.  This is because the piezometric elevation in the lower and middle 6 
aquifer is lower than the elevation of Elliott Bay.  If Elliott Bay has become a 7 
recharge boundary due to dewatering, then the potential for saltwater flow towards 8 
the wells exists.  The potential for saltwater intrusion also depends on the amount of 9 
fresh water recharge coming from uphill areas.  These factors are unknown. 10 

The potential for saltwater intrusion increases with duration of groundwater 11 
pumping – longer pumping equals greater risk.  An estimate of the time until 12 
saltwater intrusion occurs cannot be performed due to large-scale regional 13 
groundwater flow effects, unknown subsurface conditions, and other factors.  14 
Periodic groundwater sampling and testing would be necessary to evaluate 15 
groundwater salinity trends.  When the access shaft dewatering wells are turned off, 16 
piezometric elevations will recover, likely over a period of several months.  The 17 
potential for saltwater intrusion will decrease as the piezometric elevations return to 18 
pre-Project levels. 19 

  20 
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5.0 CONCLUSION 1 

In our opinion, the recent measured settlement in the Project vicinity was caused by 2 
a combination of: 3 

 Long-term and continuing settlement of the Pioneer Square area, 4 

 Construction projects performed by others, and  5 

 Project dewatering activities (primarily associated with the access shaft).   6 

The magnitude of contributions from these settlement mechanisms likely varies from 7 
location to location throughout the Project vicinity and Pioneer Square.   8 

Based on our evaluation, it is our opinion that the data indicates that lowering of the 9 
piezometric elevation (drawdown) in the lower aquifer in conjunction with access 10 
shaft dewatering activities has resulted in compression of the deep glacially 11 
overridden soils and corresponding recent widespread settlement in the Project 12 
vicinity.  Survey measurements indicate that the access shaft structure settled about 13 
1.3 inches, where drawdown of as much as 140 feet was experienced in the lower 14 
aquifer.  Ground surface settlement decreases with distance from the access shaft.  15 
We expect that rebound (upward ground movement) will occur after the dewatering 16 
systems are turned off.  In our opinion, the magnitude of the rebound will be less 17 
than the magnitude of settlement that occurred due to dewatering. 18 

Settlement-induced damage of structures and utilities is typically a result of angular 19 
distortion and horizontal strains resulting from differential settlement (settlement 20 
magnitudes that change over short distances).  In our opinion, compression of the 21 
glacially overridden soils (and related widespread settlement) is not anticipated to 22 
result in significant differential settlement or damage to most infrastructure, because 23 
the settlement would be relatively uniform beneath an individual structure or 24 
relatively gradual along a long utility pipe.  In early 2015, WSDOT consultants 25 
performed visual assessments on 62 buildings in the Pioneer Square Historic District.  26 
Based on information provided by Project personnel (Clare, 2015), we understand 27 
that no recent damage was found in 45 of the buildings that were assessed.  Visual 28 
assessments of the remaining 17 buildings indicated potentially recent cosmetic 29 
damage that cannot be clearly linked to Project-related settlement based on existing 30 
information.  We understand that no structural damage has been identified in the 31 
visual assessments. 32 

Other contributors to the measured settlement that are not related to this Project 33 
include localized areas where historic settlement was observed and may be 34 
continuing, and localized settlement caused by other construction projects.  35 
Localized settlements have a higher risk of causing differential settlement and 36 
damage to infrastructure than the widespread settlement caused by Project 37 
dewatering.  The exact contribution magnitudes of the localized settlement sources 38 
to the total measured settlement since Project initiation cannot accurately be 39 
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determined due to the variability in soil stiffness, soil layering, influence depth, 1 
construction details, and data limitations.  2 

Based on the survey data, localized areas near the Project experienced settlement in 3 
the range of 0.2 to 0.6 inch prior to the start of the Project in 2012.  These areas 4 
include the location of largest measured settlement along S. King Street., and 5 
locations along Western Avenue between Yesler Way and University Street.  LiDAR 6 
analyses along Western Avenue indicate that localized areas of the street settled up to 7 
3 inches between 2010 and October 2013.  Project activities (dewatering/tunneling) 8 
were not conducted along Western Avenue during this period.  The cause of pre-9 
Project settlement at these locations is unknown.  We recommend that additional 10 
evaluation of settlement in these areas be performed, including evaluation of utilities 11 
to determine if groundwater and soil is infiltrating into the utility pipes.  Review of 12 
LiDAR and InSAR analyses may also provide useful information.  Additional InSAR 13 
analyses of images obtained prior to Project construction may provide indications of 14 
areas of ongoing settlement. 15 

OW and VWP measurements reviewed through May 1, 2015, indicate that 16 
groundwater drawdown due to access shaft dewatering appears to have stabilized in 17 
most areas.  We recommend that continued survey and groundwater measurements 18 
be obtained and reviewed at regular intervals throughout the Project area and 19 
Pioneer Square.  Reading frequency may need to be adjusted depending on observed 20 
trends.  Review of new piezometric elevation and survey data and/or new sources of 21 
data may change the analyses, evaluations, and conclusions presented in this report.  22 
Further limitations about the use of this report are included in Section 1.5 and the 23 
Appendix.  24 
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Table 1

WSDOT SURVEY CONTROL POINT DATA

Survey Point 

Type1
Northing

(feet)

Easting

(feet) 2009 2010 2012 2013 1
2
/3
/2
0
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5015 BD ‐ Ground Pike St and 5th Ave 226,334 1,269,881 128.74 128.75 128.76 2009 0.1 ‐ ‐ 0.2 ‐

5016 BD ‐ Ground University St and 5th Ave 225,606 1,270,315 163.52 163.53 163.54 2009 0.1 ‐ ‐ 0.2 ‐

5028 BD ‐ Ground Denny Way and Broad St 229,357 1,266,375 130.14 130.15 130.15 2009 ‐ ‐ ‐ 0.1 0.0

AWV011 SC ‐ Ground James St and 5th Ave 223,734 1,271,410 141.99 141.98 141.97 141.97 141.97 2009 0.0 ‐ ‐ ‐0.2 0.0

AWV014 SC ‐ Ground Stewart St and 2nd Ave 226,464 1,268,753 150.98 150.98 150.96 2009 0.0 ‐ ‐0.2 ‐ ‐

AWV015 SC ‐ Ground Blanchard St and Alaskan Way 226,384 1,266,954 15.71 15.71 15.71 15.71 15.71 15.71 2009 0.0 0.0 0.0 0.0 0.0

AWV3004 LT ‐ Ground Clay St and Western Ave 228,323 1,265,774 61.52 61.53 2009 ‐ ‐ 0.1 ‐ ‐

DBMN009 BD ‐ Ground Marion St and 5th Ave 224,555 1,270,985 177.63 177.64 177.63 177.64 2009 0.2 ‐ ‐ 0.1 0.0

DBMN01 BD ‐ Ground S Washington St and Prefontaine Pl S 223,051 1,271,216 66.79 66.78 66.75 66.75 66.75 66.75 66.74 2009 ‐0.1 ‐ ‐ ‐0.5 0.0

DBMN010 AC ‐ Ground Westlake Ave and 7th Ave 227,964 1,269,352 93.47 93.47 93.47 2009 ‐0.1 ‐ ‐ 0.0 ‐

DBMN011 BD ‐ Ground Westlake Ave and John St 229,651 1,269,259 60.33 60.33 60.34 2009 0.1 ‐ ‐ 0.2 ‐

DBMN02 BD ‐ Ground Columbia St and 3rd Ave 223,948 1,270,531 91.63 91.63 91.61 91.61 91.61 91.61 91.61 2009 0.0 ‐ ‐ ‐0.2 0.0

DBMN03 BD ‐ Ground Seneca St and 3rd Ave 225,066 1,269,925 122.94 122.94 122.94 122.94 2009 0.0 ‐ ‐ 0.0 0.0

DBMN04 BD ‐ Ground Pike St and 3rd Ave 226,033 1,269,369 125.91 125.91 125.91 125.91 2009 0.0 ‐ ‐ 0.0 0.1

DBMN05 BD ‐ Ground Stewart St and 3rd Ave 226,722 1,268,922 144.35 144.35 144.35 144.35 144.36 2009 0.0 0.0 ‐ 0.0 0.0

DBMN06 BD ‐ Ground Lenora St ‐ Between 4th and 5th Ave 227,634 1,268,605 121.65 121.65 121.64 2009 0.0 ‐ ‐0.2 ‐ ‐

DBMN07 BD ‐ Ground Blanchard St and 7th Ave 228,830 1,268,449 107.66 107.66 2009 0.0 ‐ ‐ ‐ ‐

DBMN08 AC ‐ Ground Harrison St and 8th Ave N 230,570 1,268,575 64.81 64.81 64.84 2009 0.0 ‐ ‐ 0.3 ‐

GP17209 BD ‐ Ground Denny Way and Aurora Ave N 229,347 1,267,979 116.70 116.70 116.70 116.70 116.72 116.72 2009 0.0 0.0 0.0 0.2 0.0

GP17232 BD ‐ Ground S Jackson St and 2nd Ave Ext S 222,199 1,271,264 38.79 38.79 38.73 38.73 2009 ‐ 0.0 ‐ ‐0.7 0.0

GP17276 BD ‐ Ground S Atlantic St and 1st Ave S 218,966 1,270,124 17.85 17.85 17.82 2009 0.0 ‐ ‐ ‐0.4 ‐

GP319 BD ‐ Ground Alaskan Way ‐ Between Marion and Madison St 223,763 1,269,145 16.28 16.28 16.28 16.28 16.28 16.28 16.28 16.28 16.28 2009 0.0 0.0 0.0 0.0 ‐

GP1752 BD ‐ Ground Yesler Way and 6th Ave S 223,026 1,272,072 164.93 164.93 164.93 2009 0.0 ‐ ‐ ‐0.1 ‐

GP231 BD ‐ Ground Seattle Blvd and 4th Ave S 221,104 1,271,356 43.48 43.38 43.39 2009 ‐ ‐ ‐ ‐1.2 0.1

MTC19 BD ‐ Ground S Washington St and 1st Ave S 222,822 1,270,130 26.76 26.77 26.75 26.75 26.72 26.71 26.71 26.70 26.70 26.70 26.70 26.70 26.70 26.70 26.70 26.70 2009 0.0 ‐0.2 ‐0.2 ‐0.8 0.0

MYRTLE BD ‐ Ground Bay St ‐ In Myrtle Edwards Park 228,697 1,264,459 16.16 16.16 16.16 2009 0.0 ‐ 0.0 ‐ ‐

T252 BD ‐ Seawall Broad St and Alaskan Way 228,034 1,265,074 16.19 16.19 16.19 16.19 16.19 2009 ‐ 0.0 0.0 0.0 0.0

UU252 BD ‐ Building Alaskan Way ‐ Between Seneca and University St 228,034 1,265,074 16.06 16.06 16.06 16.06 2009 0.0 0.0 0.0 ‐ ‐

X03 BP ‐ Ground S King St and 1st Ave S 221,829 1,270,105 17.80 17.80 17.79 17.79 17.70 17.70 17.69 17.68 17.68 17.68 17.68 17.67 17.68 17.68 17.67 17.67 2009 0.0 ‐0.1 ‐0.1 ‐1.4 ‐0.1

X05 BP ‐ Ground S Main St and 1st Ave S 222,516 1,270,122 26.15 26.15 26.15 26.15 26.09 26.09 26.08 26.07 26.07 26.07 26.07 26.07 26.07 26.07 26.06 26.06 2009 0.0 0.0 0.0 ‐1.0 ‐0.1

X06 BP ‐ Ground Yesler Way and 1st Ave S 223,136 1,270,141 26.65 26.65 26.64 26.64 26.63 26.62 26.62 26.61 26.61 26.61 26.61 26.61 26.61 26.61 26.61 26.61 2009 0.0 ‐0.1 ‐0.1 ‐0.5 0.0

X07 BP ‐ Ground Cherry St and 1st Ave S 223,363 1,270,138 30.85 30.85 30.85 30.85 30.84 30.84 30.84 30.83 30.83 30.83 30.83 30.83 30.83 30.83 30.83 30.83 2009 0.0 0.0 0.0 ‐0.2 0.0

X08 BP ‐ Ground Columbia St and 1st Ave 223,624 1,269,983 30.48 30.48 30.45 30.45 30.44 30.44 30.43 30.43 30.43 30.43 30.43 30.43 30.43 30.43 30.43 2009 0.0 ‐ ‐0.4 ‐0.6 0.0

X09 BP ‐ Ground Marion St and 1st Ave 223,948 1,269,792 32.45 32.44 32.42 32.41 32.41 32.41 32.40 32.40 32.40 32.41 32.41 32.41 32.41 32.41 32.41 2009 ‐0.2 ‐0.4 ‐0.5 ‐0.6 0.1

X10 BP ‐ Ground Madison St and 1st Ave 224,149 1,269,674 34.80 34.80 34.81 34.80 34.80 34.80 2009 0.0 0.0 0.0 0.0 0.0

X11 BP ‐ Ground Spring St and 1st Ave 224,414 1,269,515 43.70 43.70 43.70 43.70 43.70 43.70 2009 0.0 0.0 0.0 0.0 0.0

X12 BP ‐ Ground Seneca St and 1st Ave 224,733 1,269,324 58.02 58.02 58.02 58.02 58.02 58.02 2009 0.0 0.0 0.0 0.0 ‐0.1

X13 BP ‐ Ground University St and 1st Ave 224,985 1,269,177 70.92 70.93 70.93 70.93 70.93 70.93 2009 0.0 0.0 0.0 0.0 0.0

X14 BP ‐ Ground Union St and 1st Ave 225,310 1,268,985 92.16 92.16 92.17 92.17 92.17 92.17 2009 0.0 0.0 0.0 0.0 0.0

X15 BP ‐ Ground Pike St and 1st Ave 225,746 1,268,725 120.82 120.82 120.82 120.82 120.82 120.83 2009 0.0 0.0 0.0 0.0 0.1

X16 BP ‐ Ground Pine St and 1st Ave 226,052 1,268,544 138.97 138.97 138.97 138.97 138.97 138.98 2009 0.0 0.0 0.0 0.0 0.1

X17 BP ‐ Ground Stewart St and 1st Ave 226,306 1,268,474 145.35 145.35 145.35 145.35 145.36 145.36 2009 0.0 0.0 0.0 0.1 0.1

X19 BP ‐ Ground Lenora St and 3rd Ave 227,303 1,268,227 146.31 146.31 146.31 146.31 146.33 146.33 2009 0.0 0.0 0.0 0.2 0.0

X20 BD ‐ Ground Blanchard St and 4th Ave 227,843 1,268,225 131.82 131.82 131.83 131.84 131.86 2009 0.0 0.1 0.1 0.4 ‐

X22 BP ‐ Ground Battery St and 4th Ave 228,365 1,267,530 125.99 125.99 125.99 125.99 125.99 2009 0.0 0.0 0.0 0.0 ‐

X24 BP ‐ Ground Bell St and 5th Ave 228,408 1,268,086 125.24 125.24 125.25 2009 0.0 ‐ ‐ 0.1 ‐

X25 BP ‐ Ground Bell St and 6th Ave 228,595 1,268,252 116.84 116.84 116.86 2009 0.0 ‐ ‐ 0.2 ‐

X26 BP ‐ Ground Blanchard St and 5th Ave 228,086 1,268,441 123.52 123.52 123.53 123.53 123.57 2009 0.0 0.1 0.1 0.5 ‐
X28 BP ‐ Ground Lenora St and 4th Ave 227,600 1,268,496 134.12 134.11 134.11 134.13 2009 0.0 ‐ 0.0 0.1 ‐

See Page 3 for Notes.
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X31 BP ‐ Ground Pike St and 2nd Ave 225,869 1,269,107 121.50 121.50 121.50 121.50 121.50 121.50 2009 0.0 0.0 0.0 0.0 0.1

X32 BD ‐ Ground University St and 2nd Ave 225,191 1,269,508 90.45 90.45 90.45 90.45 90.45 90.45 2009 0.0 0.0 0.0 0.0 0.0

X34 BP ‐ Ground Marion St and 2nd Ave  224,134 1,270,134 75.17 75.17 75.17 75.17 75.17 75.17 75.17 75.18 75.17 2009 0.0 0.0 0.0 0.0 0.0

X35 BP ‐ Ground Cherry St and 2nd Ave 223,611 1,270,452 52.27 52.27 52.27 52.27 52.25 52.25 52.25 52.25 52.25 2009 0.1 0.0 0.0 ‐0.2 0.0

X36 BD ‐ Ground Yesler Way and 2nd Ave Ext S 223,058 1,270,782 42.30 42.30 42.30 42.30 42.25 42.25 2009 0.0 0.0 0.0 ‐0.6 0.0

X38 BP ‐ Ground S Main St and 3rd Ave S 222,506 1,270,841 28.99 28.99 28.99 28.99 28.92 28.92 2009 0.0 0.0 0.0 ‐0.8 0.0

X39 BP ‐ Ground S King St and 3rd Ave S 221,874 1,270,825 18.82 18.81 18.77 18.76 18.66 18.66 2009 ‐0.1 ‐0.6 ‐0.7 ‐1.9 0.0

X40 BP ‐ Ground Republican St and Aurora Ave N 230,966 1,267,940 75.90 75.90 2009 ‐ ‐ 0.0 ‐ ‐

X42 BP ‐ Ground Thomas St and Aurora Ave N 230,112 1,267,906 95.79 95.79 2009 ‐ ‐ 0.0 ‐ ‐

X43 BP ‐ Ground John St and Aurora Ave N 229,741 1,267,890 107.19 107.19 107.21 107.21 2009 ‐ ‐ 0.0 0.2 0.0

X44 BP ‐ Ground Harrison St and 5th Ave N 230,559 1,267,059 102.03 102.03 2009 ‐ ‐ 0.0 ‐ ‐
X45 BP ‐ Ground Mercer St and 5th Ave N 231,530 1,267,079 89.62 89.62 2009 ‐ ‐ ‐0.1 ‐ ‐
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6013 PK ‐ Ground Western Ave ‐ Between Blanchard and Bell St 227,032 1,267,138 87.11 87.11 87.10 87.10 87.10 2010 0.0 ‐0.1 ‐0.1 0.0

AWVHD1 SC ‐ Ground Virginia St and Western Ave 226,280 1,267,930 103.82 103.82 103.81 103.81 103.81 2010 ‐0.1 ‐0.2 ‐0.2 0.0

X420 BD ‐ Ground Wall St and 5th Ave 228,861 1,267,583 128.14 128.14 128.14 128.14 128.14 2010 0.0 0.0 0.0 0.0

X47 BP ‐ Ground Columbia St and Western Ave 223,494 1,269,762 17.43 17.41 17.41 17.41 17.41 17.40 17.40 17.41 17.40 17.40 17.40 17.41 17.41 2010 ‐0.2 ‐0.2 ‐0.3 0.0

X49 BP ‐ Ground Madison St and Western Ave 224,043 1,269,369 15.05 15.01 15.01 15.01 14.98 14.98 14.99 14.98 14.98 14.98 14.98 14.98 14.98 2010 ‐0.4 ‐0.5 ‐0.8 0.0

X50 BP ‐ Ground Spring St and Western Ave 224,308 1,269,205 16.32 16.31 16.31 16.33 16.31 16.32 16.32 16.32 16.32 16.32 16.32 16.32 16.32 2010 ‐0.1 ‐0.1 ‐0.1 0.1

X51 BP ‐ Ground Seneca St and Western Ave 224,565 1,269,057 16.95 16.92 16.93 16.92 16.92 16.92 16.92 16.92 16.92 16.92 16.92 16.92 16.92 2010 ‐0.3 ‐0.3 ‐0.4 0.0

X52 BP ‐ Ground University St and Western Ave 224,787 1,268,924 17.63 17.57 17.58 17.57 17.56 17.57 17.57 17.57 2010 ‐0.7 ‐0.6 ‐0.8 0.1

X53 BP ‐ Ground Union St and Western Ave 225,191 1,268,684 39.06 39.05 39.05 39.05 39.07 2010 ‐0.1 ‐0.1 ‐0.1 0.2

X54 BP ‐ Ground Pike St and Western Ave 225,536 1,268,479 59.89 59.89 59.89 59.89 59.90 2010 ‐0.1 ‐0.1 ‐0.1 0.2

X55 BP ‐ Ground Pine St and Western Ave 225,877 1,268,278 78.22 78.21 78.22 78.22 78.22 2010 ‐0.1 ‐0.1 ‐0.1 0.1

X56 BP ‐ Ground Western Ave ‐ Between Stewart and Virginia St 226,060 1,268,074 91.57 91.56 91.55 91.55 91.56 2010 ‐0.1 ‐0.2 ‐0.2 0.1

X57 BP ‐ Ground Lenora St and Western Ave 226,638 1,267,624 96.97 96.97 96.96 96.96 96.97 2010 0.0 ‐0.1 ‐0.1 0.1

X58 BP ‐ Ground Blanchard St and Western Ave 226,927 1,267,306 90.53 90.53 90.52 90.52 90.52 2010 0.0 0.0 0.0 0.0

X59 BP ‐ Ground Blanchard St and 1st Ave 227,118 1,267,482 123.29 123.29 123.29 123.29 123.29 2010 0.0 0.0 0.0 0.0

X60 BP ‐ Ground Bell St and 1st Ave 227,409 1,267,168 116.17 116.16 116.18 116.18 116.18 2010 ‐0.1 0.1 0.1 0.0

X62 BP ‐ Ground Blanchard St and 2nd Ave 227,350 1,267,697 143.07 143.06 143.06 143.07 2010 ‐0.1 ‐ ‐0.1 0.1

X63 BP ‐ Ground Lenora St and 2nd Ave 227,065 1,268,010 156.22 156.22 156.22 156.23 156.23 2010 ‐0.1 ‐0.1 0.0 0.0

X64 BP ‐ Ground Lenora St and 1st Ave 226,828 1,267,797 138.02 138.02 138.03 138.02 138.03 2010 0.0 0.1 0.0 0.0

X65 BP ‐ Ground Wall St and 2nd Ave 228,098 1,266,889 115.26 115.26 115.26 115.26 2010 0.0 ‐ 0.0 0.1

X66 BP ‐ Ground Wall St and 3rd Ave 228,393 1,267,152 119.02 119.01 119.00 119.00 119.00 2010 ‐0.1 ‐0.2 ‐0.2 0.0

X67 BP ‐ Ground Wall St and 4th Ave 228,570 1,267,316 125.33 125.33 125.33 125.33 125.33 2010 0.0 0.0 0.0 0.0

X68 BP ‐ Ground Wall St and 6th Ave 229,046 1,267,748 124.33 124.33 124.33 124.33 124.33 2010 0.0 0.0 0.0 0.0

X69 BP ‐ Ground Battery St and 3rd Ave 228,219 1,267,342 122.99 122.98 122.98 122.98 122.99 2010 ‐0.1 ‐0.1 ‐0.1 0.0

X70 BP ‐ Ground Blanchard St and 3rd Ave 227,648 1,267,964 137.39 137.39 137.39 137.39 137.39 2010 ‐0.1 ‐0.1 0.0 0.0

X71 BP ‐ Ground Virginia St and 2nd Ave 226,738 1,268,371 168.94 168.94 168.94 168.94 2010 ‐0.1 ‐0.1 0.0

X72 BP ‐ Ground Virginia St and 1st Ave 226,510 1,268,155 152.04 152.04 152.08 152.05 2010 0.0 0.4 0.1

X73 BP ‐ Ground Battery St and 2nd Ave 227,926 1,267,076 118.02 118.02 118.02 118.03 2010 ‐ 0.0 0.0 0.1

X74 BP ‐ Ground Stewart St and 2nd Ave 226,509 1,268,729 152.99 152.98 152.98 152.99 152.99 2010 ‐0.1 ‐0.1 0.0 0.1

X75 BP ‐ Ground Spring St and 2nd Ave 224,617 1,269,849 83.29 83.29 83.29 83.29 83.29 2010 0.0 0.0 0.0 0.0

X76 BP ‐ Ground Pike St and Alaskan Way 225,311 1,268,146 16.09 16.09 16.11 16.11 16.10 16.11 16.11 16.11 16.11 2010 0.0 0.3 0.2 0.0

See Page 3 for Notes.
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DEA2010 BD ‐ Ground Alaskan Way and Pine St 225,610 1,267,810 15.99 15.99 15.99 15.99 2012 0.0 0.0 0.0

GP347 BD ‐ Ground S Atlantic St and 1st Ave S 218,976 1,270,041 17.66 17.66 17.64 17.64 2012 0.0 ‐0.3 0.0

GP348 BD ‐ Ground S Royal Brougham Way and 1st Ave S 219,609 1,270,057 16.66 16.66 16.62 16.61 2012 0.0 ‐0.5 ‐0.1

X87 BP ‐ Ground Bell St and Western Ave 227,182 1,267,031 85.63 85.64 85.64 85.64 2012 0.1 0.2 0.0
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213 BD ‐ Ground Marion St and Western Ave 223,771 1,269,525 16.38 16.41 16.40 16.39 16.38 16.38 16.38 16.38 16.38 16.38 16.38 16.38 16.38 2013 0.0 ‐0.1

Y04 BP ‐ Ground S Jackson St and First Avenue 222,215 1,270,119 25.99 25.92 25.92 25.91 25.90 25.90 25.90 25.90 25.90 25.90 25.90 25.90 2013 ‐1.1 0.0

Y05 BP ‐ Ground Railroad Way S and 1st Ave S 221,254 1,270,087 16.77 16.71 16.70 16.70 16.69 16.69 16.68 16.68 16.68 16.68 16.68 16.68 16.68 2013 ‐1.1 ‐0.1

Y09 BP ‐ Ground 1st Ave S ‐ North of S. Royal Brougham 220,214 1,270,152 17.46 17.40 17.39 2013 ‐0.7 ‐0.1

Y10 BP ‐ Ground S Royal Brougham Way and 1st Ave S 219,757 1,270,142 16.76 16.71 16.71 2013 ‐0.6 ‐0.1

Y12 SC ‐ Ground John St and Taylor Ave N 229,755 1,267,342 117.54 117.54 117.54 2013 0.1 0.0
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4
/1
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1‐2015

to Latest

2 nd PK ‐ Ground S Washington St and 2nd Ave S 222,743 1,270,831 31.55 31.55 31.55 31.55 31.55 2015 0.0

Box SCR ‐ Ground S Washington St and Occidental Ave S 222,809 1,270,450 26.95 26.95 26.95 26.95 26.94 26.94 12‐2014 ‐0.1

Cadi LT ‐ Ground S Jackson St and 2nd Ave S 222,197 1,270,766 28.49 28.49 28.49 28.49 28.49 28.49 2015 0.0

DBM01 DBM  Railroad Wayand Occidental Ave 220,715 1,270,362 16.24 16.24 16.24 16.22 16.22 16.22 16.22 16.22 16.22 16.22 16.22 16.22 12‐2014 ‐0.1

DBM02 DBM  Second Ave. and Union St. 224,066 1,270,167 73.28 73.28 73.28 73.28 73.28 2015 0.0

DBM04 DBM  Third Ave. and Virginia St. 227,123 1,268,543 151.77 151.77 2015 0.0

DBM05 DBM  Third Ave. and Wall St. 228,329 1,267,081 117.40 117.41 2015 0.0

DBM06 DBM  Taylor Ave. and John St. 229,741 1,267,373 116.84 116.84 2015 0.0

FX SCR ‐ Ground S King St and Occidental Ave S 221,807 1,270,403 17.52 17.51 17.51 17.51 17.50 17.51 12‐2014 ‐0.1

Garage SCR ‐ Ground Yesler Way and Occidental Ave S 223,124 1,270,460 30.12 30.12 30.12 30.12 30.11 30.11 12‐2014 ‐0.1

Loan SCR ‐ Ground S. Washington and Second Ave S. 222,794 1,270,825 32.39 32.39 32.39 32.39 32.39 2015 0.0

Park SCR ‐ Ground S Main St and Occidental Ave S 222,481 1,270,443 27.72 27.78 27.85 27.84 27.84 27.84 12‐2014 1.5

Pier50 BD ‐ Seawall Marion St and Alaskan Way 223,042 1,269,514 15.57 15.57 2015 0.0

Temple SCR ‐ Ground S Jackson St and Occidental Ave S 222,170 1,270,440 27.56 27.56 27.56 27.56 27.55 27.56 12‐2014 ‐0.1

TIDAL14 BD ‐ Building Columbia St and Alaskan Way 223,379 1,269,609 18.66 18.67 2015 0.1

TIDAL17 BD ‐ Building S Washington St and Alaskan Way 222,887 1,269,771 21.32 21.31 2015 ‐0.1

TIDALD BD ‐ Footing Alaskan Way and Marion St 223,654 1,269,381 18.10 18.10 2015 0.0

Y99 SC ‐ Ground Bell St and 2nd Ave 227,645 1,267,370 130.70 130.70 2015 0.1

NOTES:
1.

2. The data was compiled based on information provided by WSDOT.  Point elevation information was provided in meters and converted to feet.  Data is grouped by date of earliest reading.  Points with no data prior to February 2015 are not shown.

3.

4. Elevation change is gradationally shaded as follows:   Elevation Change (inches) 0.0 ‐0.3 ‐0.5 ‐0.8 ‐1.0 ‐1.8 ‐2.0 Intermediate colors are used for settlement in between these values.  

This same gradational scale is used on Tables 1 through 7, regardless of the maximum value in each table, to allow for consistent comparison of elevation change across all tables.

WSDOT 

Survey 

Point Name Nearest Intersection

Point Elevation
2 (feet)

WSDOT 

Survey 

Point Name Nearest Intersection

Point Elevation
2 (feet)

WSDOT 

Survey 

Point Name Nearest Intersection

Point Elevation
2 (feet)

Survey point types were obtained from WSDOT data sheets and are abbreviated as follows:  AD = Aluminum Disk;  BD = Brass Disc; BL = Bolt; BP = Brass Plug; DBM = Deep Bench Mark; LT = Lead and Tack; PK = PK Nail; SC = Survey Cap; SCR = Scribe Mark.  "Ground" indicates the survey point is embedded in a sidewalk or 

street.  Other points that are located on structures (e.g. building, seawall) are noted as such.

Movement is the elevation change between the dates indicated.  A negative value indicates downward movement (settlement). 

No data prior to 

2012

No data prior to 2013

No WSDOT data prior to December 

2014 (available data was obtained 

after access shaft dewatering 

commenced)

Date of 

Earliest 

Reading
2

Elevation Change3,4 (inches)

Elevation Change3,4 (inches)

Elevation Change3,4 (inches)

Date of 

Earliest 

Reading2

Date of 

Earliest 

Reading2
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Table 2

STP PRIMARY AND SECONDARY CONTROL POINT DATA
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Baseline 

to

Dec'14 ‐

Apr'15

15_01_18774_DB01 DBM  Railroad Wayand Occidental Ave 16.27 16.27 16.27 16.27 16.27 16.27 16.27 16.27 16.22 16.22 16.22 0.0 0.0 ‐0.6

15_06_22310_DB02 DBM  Second Ave. and Union St. 73.29 73.29 73.29 73.30 73.27 73.27 73.28 0.0 0.2 ‐0.1

15_06_23890_DB03 DBM  Western Ave. and University St. 16.30 16.30 16.30 16.30 0.0 0.0 ‐0.1

15_08_25350_DB04 DBM  Third Ave. and Virginia St. 151.77 151.77 151.77 151.77 151.77 0.0 0.0 0.0

15_34_26930_DB05 DBM  Third Ave. and Wall St. 117.42 117.42 117.42 0.0 0.0 ‐

15_36_28265_DB06 DBM  Taylor Ave. and John St. 116.85 116.85 116.85 116.85 0.0 0.0 ‐

19_02_PIG BL ‐ Steps Western Ave and Pike St. steps 60.23 60.23 60.23 60.24 60.25 0.0 0.1 0.3

19_02_STEAMER BL ‐ Light Base Western Ave and Union St. 39.24 39.24 39.24 39.24 39.24 39.24 39.23 39.24 0.0 ‐0.1 0.0

19_04_COS‐5133 BD ‐ Ground First Ave and S. Jackson St. 26.26 26.26 26.26 26.26 26.26 26.26 26.26 26.26 26.26 26.26 0.0 0.0 ‐

19_04_COWGIRL BL ‐ Building First Ave and S. King St 21.35 21.34 21.35 21.35 21.35 21.34 21.35 21.34 21.34 21.34 0.0 0.0 ‐

19_04_HOLYOKE PK ‐ Vault First Ave and Spring St. 44.10 44.10 44.10 44.10 44.10 0.0 0.0 0.0

19_04_SENECA BL ‐ Light Base First Ave and Seneca St. 58.79 58.79 58.79 58.79 58.79 58.79 0.0 0.0 0.0

19_06_BATTERY BL ‐ Ground Second Ave and Battery St. 118.07 118.07 118.07 118.07 118.07 0.0 0.0 ‐

19_06_COS‐5020 BD ‐ Ground Second Ave and Madison St. 78.97 78.97 0.0 ‐ ‐

19_06_MAXIMUS BL ‐ Ground 2nd Ave, btwn Union and Pike St. 119.00 118.99 119.00 119.00 119.00 118.99 118.99 118.99 118.99 0.0 0.1 ‐0.1

19_06_SMP‐405 BD ‐ Ground 2nd Ave, btwn Cherry and Columbia 53.11 53.11 53.11 53.11 53.11 53.08 53.08 53.09 53.08 0.0 0.0 ‐0.3

19_06_SMP‐408 BD ‐ Ground Second Ave and Seneca St. 87.07 87.07 87.07 87.06 87.06 87.05 87.07 0.0 ‐ 0.0

19_06_SMP‐409 BD ‐ Ground Second Ave and University St. 91.03 91.04 91.04 91.03 91.02 91.02 91.02 91.03 0.0 0.0 ‐0.1

19_06_SPRING BL ‐ Ground Second Ave and Spring St. 83.63 83.63 83.63 83.61 83.61 83.61 83.63 0.1 ‐ 0.0

19_06_TARGET BL ‐ Ground Second Ave and Union St. 105.25 105.25 105.25 105.25 105.23 105.23 105.23 105.24 0.0 ‐ ‐0.1

19_06_UNITED BL ‐ Ground Second Ave and Columbia St. 63.16 63.16 63.16 63.16 63.16 63.14 63.14 63.15 63.15 0.0 0.0 ‐0.2

19_08_BERGMAN BL ‐ Ground Third Ave and Stewart St. 143.99 143.99 143.99 143.99 143.99 143.99 143.99 143.99 143.99 0.0 0.0 0.0

19_08_LENORA BL ‐ Ground Third Ave and Lenora St. 146.75 146.75 146.75 146.75 146.75 146.75 0.0 0.0 ‐

19_08_PIKE BL ‐ Ground Third Ave and Pike St. 126.87 126.87 126.87 0.0 ‐ ‐

19_08_US BANK BL ‐ Ground Third Ave and Battery St. 121.53 121.53 121.53 121.52 0.0 0.0 ‐

19_10_POPSICLE BL ‐ Ground Fourth Ave and Blanchard St. 133.26 133.26 133.26 133.26 133.27 0.0 0.0 ‐

19_10_VINE BL ‐ Ground Fourth Ave and Vine St. 123.53 123.53 0.0 ‐ ‐

19_10_WALL BL ‐ Ground Fourth Ave and Wall St. 125.01 125.01 125.01 125.01 125.01 0.0 0.0 ‐

19_16_BREAD BL ‐ Building First Ave and S. Main St. 29.58 29.58 29.58 29.58 29.58 29.58 29.58 29.58 29.58 29.58 0.0 0.0 ‐

19_22_ROCHE PK ‐ Ground Alaskan Way and Spring St 15.00 15.00 14.94 ‐0.1 ‐ ‐0.8

19_23_NAILS BL ‐ Meter Cap Western Ave and Seneca St. 16.67 16.67 16.67 16.67 16.67 16.65 16.67 0.0 0.0 ‐0.1

19_24_STEPS BL ‐ Ground Western Ave and University St. 18.43 18.43 18.43 18.43 18.43 18.43 18.42 18.43 0.0 ‐0.1 0.0

19_319 BD ‐ Ground Alask. Wy ‐ btwn Marion & Madison 16.28 16.28 16.28 16.28 16.29 16.28 16.30 16.28 0.0 0.0 0.0

19_37_DUCK BL ‐ Ground Taylor Ave and Thomas St. 110.17 110.17 110.17 110.17 110.17 110.17 0.0 0.0 ‐

19_38_DENNY LT ‐ Ground Taylor Ave and Denny Way 127.88 127.88 127.88 0.0 0.1 ‐

19_38_M.RAIL BL ‐ Ground Taylor Ave and Vine St. 129.28 129.28 129.28 129.29 129.28 0.0 0.0 ‐

19_55_JOHN BL ‐ Ground Aurora Ave and John St. 108.73 108.73 108.73 108.73 108.73 108.73 108.73 0.0 0.0 0.0

19_55_PINKY BL ‐ Ground Aurora Ave and Denny Way 119.58 119.57 0.0 ‐ ‐

19_7130‐Tidal G BD ‐ Ground Alask. Wy, btwn Columbia & Marion 16.20 16.20 16.20 16.20 16.20 16.20 16.20 16.20 16.21 16.21 16.19 0.0 ‐0.1 ‐0.2

19_BME PK ‐ Ground Broad St and Sixth Ave. 89.54 89.54 ‐ 0.0 ‐

19_BMW PK ‐ Ground Broad St. and Taylor Ave. 98.37 98.37 ‐ 0.0 ‐

19_BRAIN BL ‐ Ground Denny Way and Sixth Ave. 126.38 126.38 126.38 126.38 0.0 0.0 ‐

19_BUTTNICK BL ‐ Building First Ave and S. Washington St. 27.89 27.90 27.89 27.89 27.89 27.89 27.89 27.89 27.90 27.90 27.89 0.0 0.0 ‐

19_COS‐5029 BD ‐ Ground Denny Way and Sixth Ave. 126.42 126.41 ‐0.1 ‐ ‐

19_COS‐6901 BD ‐ Ground First Ave and Railroad Way 16.97 16.97 16.96 16.96 16.97 16.96 16.96 16.96 16.95 16.95 16.88 16.88 16.87 ‐0.1 ‐0.2 ‐1.2

19_COS‐MTC19 BD ‐ Ground S Washington St and 1st Ave S 26.77 26.71 26.70 26.70 ‐ ‐ ‐0.8

See Page 2 for Notes.

Elevation Change3,4 (inches)Point Elevation2 (feet)

Nearest Intersection

STP Survey Point 

Name
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Table 2

STP PRIMARY AND SECONDARY CONTROL POINT DATA
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Elevation Change3,4 (inches)Point Elevation2 (feet)

Nearest Intersection

STP Survey Point 

Name

19_CP‐5 SCR ‐ Ground First Ave and S. Plummer ROW 17.28 17.28 17.28 17.28 17.28 ‐ ‐ 0.0

19_GP17005‐232 BD ‐ Ground Second Ave. and S. Jackson St. 38.78 38.73 38.72 ‐ ‐ ‐0.7

19_KING PK ‐ Pole Thomas St and Aurora Ave. 94.94 94.94 ‐ ‐0.1 ‐

19_KONG PK ‐ Pole Aurora Ave btwn Thomas & John 98.28 98.28 98.28 ‐ 0.0 0.0

19_MYST PK ‐ Ground Cherry St., btwn 1st and 2nd Ave 40.71 40.71 40.71 40.71 40.70 40.67 40.68 40.68 40.68 40.68 0.0 0.0 ‐0.3

19_SMP‐412 BD ‐ Ground Second Ave and Stewart St. 153.62 153.62 153.61 153.61 ‐ ‐0.1 ‐

19_STP‐Jack PK ‐ Ground First Ave and S. Jackson St. 25.86 25.87 25.87 25.77 25.78 25.77 25.77 25.78 ‐ ‐ ‐0.9

19_STP‐KING LT ‐ Ground King St., btwn 1st Ave and viaduct 17.01 17.01 17.01 17.01 17.01 16.91 16.92 16.91 16.91 16.91 ‐ ‐ ‐1.2

19_STP‐MAIN LT ‐ Ground First Ave and S. Main St. 26.15 26.07 26.08 26.08 26.07 26.08 ‐ ‐ ‐0.9

19_TIDAL‐11 BD ‐ Ground Alaskan Way and Madison St. 16.06 16.06 0.0 ‐ ‐

19_USGS‐23 BD ‐ Wall Western, btwn Madison & Marion 18.76 18.76 18.76 18.76 18.76 18.75 18.75 18.75 0.0 0.0 0.0

19_X‐6 BP ‐ Ground Yesler Way and 1st Ave S 26.61 26.61 26.61 ‐ ‐ 0.0

NOTES:
1.

2. The data was compiled based on information provided by STP.  Elevations are shown to the nearest 100th foot, but data is retained to the nearest 1000th foot for purposes of estimating settlement in inches.

3. Movement is the elevation change calculated from the 2012 baseline reading to the date range shown. A negative value indicates downward movement (settlement).   For selected points, if no December or January measurement was obtained, the February measurement was used.

4. Elevation change is gradationally shaded as follows:   Elevation Change (inches) ‐0.3 ‐0.5 ‐0.8 ‐1.0 ‐1.3 ‐1.5 ‐1.8 ‐2.0 Intermediate colors are used for settlement in between these values.  

This same gradational scale is used on Tables 1 through 7, regardless of the maximum value in each table, to allow for consistent comparison of elevation change across all tables.

Survey point types were obtained from information provided by STP and are abbreviated as follows:  BD = Brass Disc; BL ‐ Bolt; BP = Brass Plug; DBM = Deep Bench Mark; LT = Lead and Tack; PK = PK Nail; SC = Survey Cap; SCR = Scribe Mark.  

"Ground" indicates the survey point is embedded in a sidewalk or street.  Other points that are located on structures (e.g. building, light pole) are noted as such.
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Table 3
WSDOT ALASKAN WAY VIADUCT BENT SURVEY DATA
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to
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to
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Aug 2014

88E Marion  21.34 21.34 21.34 21.34 21.34 21.34 21.34 21.34 21.34 21.34 21.34 21.34 21.34 21.34 21.34 21.34 21.34 21.34 21.34 21.34 0.0 0.0 0.0 0.0

88W 21.35 21.35 21.35 21.35 21.35 21.34 21.34 21.35 21.35 21.35 21.35 21.35 21.35 21.35 21.35 21.35 21.35 0.0 0.0 0.0 ‐0.1

89E 21.35 21.35 21.34 21.34 21.34 21.34 21.34 21.35 21.34 21.34 21.34 21.35 21.34 21.34 21.34 21.34 21.35 21.34 21.34 0.0 0.0 0.0 0.0

89W 21.35 21.35 21.35 21.35 21.34 21.34 21.34 21.35 21.34 21.34 21.34 21.34 21.35 21.34 21.34 21.34 21.34 21.34 21.34 21.34 ‐0.1 0.0 0.0 0.0

90E 21.23 21.23 21.23 21.23 21.23 21.22 21.22 21.23 21.23 21.23 21.22 21.23 21.23 21.23 21.23 21.22 21.23 21.23 21.23 21.23 0.0 0.0 0.0 0.0

90W 21.24 21.23 21.23 21.23 21.23 21.22 21.23 21.23 21.23 21.23 21.23 21.23 21.23 21.23 21.23 21.23 21.23 21.23 21.23 21.23 ‐0.1 0.0 ‐0.1 ‐0.1

91NE 21.23 21.23 21.23 21.23 21.22 21.22 21.22 21.22 21.22 21.22 21.22 21.22 21.22 21.22 21.22 21.22 21.22 21.23 21.23 21.23 ‐0.1 0.0 0.1 0.1

91NW 21.23 21.23 21.23 21.23 21.23 21.22 21.23 21.23 21.22 21.22 21.23 21.23 21.23 21.23 21.23 21.22 21.23 21.23 21.23 21.23 ‐0.1 0.0 0.0 0.0

91SE 21.24 21.24 21.23 21.23 21.23 21.22 21.23 21.23 21.22 21.23 21.23 21.23 21.22 21.22 21.23 21.23 21.23 21.23 21.23 21.23 ‐0.2 0.1 0.0 0.1

91SW 21.22 21.23 21.22 21.22 21.22 21.21 21.21 21.22 21.22 21.22 21.22 21.22 21.22 21.22 21.22 21.21 21.22 21.22 21.22 21.22 ‐0.1 0.0 0.1 0.1

92E 20.82 20.82 20.81 20.82 20.81 20.81 20.81 20.81 20.81 20.81 20.81 20.81 20.80 20.81 20.81 20.81 20.81 20.81 20.80 20.80 ‐0.2 0.0 ‐0.1 0.0

92W 20.82 20.82 20.82 20.82 20.82 20.81 20.81 20.81 20.82 20.82 20.81 20.81 20.81 20.81 20.82 20.81 20.82 20.82 20.82 20.82 ‐0.1 0.1 0.0 0.1

93E 20.82 20.82 20.82 20.82 20.82 20.82 20.82 20.82 20.82 20.82 20.81 20.82 20.82 20.82 20.82 20.82 20.82 20.82 20.82 20.82 0.0 0.0 0.0 0.0

93W 20.82 20.82 20.82 20.82 20.82 20.82 20.82 20.82 20.82 20.82 20.81 20.82 20.81 20.82 20.82 20.81 20.82 20.82 20.82 20.82 ‐0.1 0.0 0.0 0.0

94NE 19.57 19.57 19.57 19.58 19.57 19.57 19.57 19.57 19.57 19.57 19.57 19.57 19.57 19.58 19.57 19.57 19.57 19.57 19.57 19.57 0.0 0.0 0.0 0.0

94NW 19.57 19.57 19.57 19.57 19.56 19.57 19.57 19.57 19.57 19.57 19.57 19.57 19.57 19.57 19.57 19.56 19.57 19.57 19.56 19.57 ‐0.1 0.0 0.0 0.0

94SE 19.58 19.58 19.58 19.58 19.57 19.58 19.58 19.57 19.58 19.57 19.57 19.57 19.57 19.58 19.57 19.57 19.57 19.57 19.57 0.0 0.0 0.0 0.0

94SW 19.57 19.57 19.57 19.58 19.57 19.57 19.57 19.57 19.57 19.57 19.56 19.57 19.57 19.57 19.57 19.57 19.57 19.57 19.57 19.57 0.0 0.0 0.0 0.0

95E 19.58 19.58 19.58 19.58 19.58 19.58 19.58 19.58 19.58 19.58 19.57 19.58 19.57 19.58 19.57 19.56 19.56 19.56 19.55 19.55 ‐0.1 ‐0.1 ‐0.1 ‐0.2

95W 19.57 19.57 19.57 19.57 19.57 19.57 19.57 19.57 19.57 19.57 19.56 19.57 19.57 19.57 19.57 19.56 19.57 19.57 19.56 19.56 ‐0.1 0.0 0.0 ‐0.1

96E Yesler  19.97 19.97 19.97 19.97 19.97 19.97 19.97 19.97 19.97 19.97 19.97 19.96 19.92 19.92 19.92 19.91 19.92 19.92 19.92 19.91 19.91 19.91 19.90 19.90 ‐0.7 0.0 ‐0.1 ‐0.2

96W 19.97 19.97 19.97 19.97 19.97 19.97 19.97 19.96 19.97 19.96 19.95 19.96 19.96 19.96 19.96 19.96 19.96 19.96 19.95 19.95 19.95 19.95 19.95 ‐0.2 0.0 ‐0.1 ‐0.1

97NE 19.95 19.95 19.91 19.91 19.90 19.90 19.90 19.89 19.88 19.87 19.87 19.85 19.82 19.82 19.81 19.81 19.81 19.81 19.81 19.80 19.79 19.78 19.77 19.77 ‐1.8 ‐0.2 ‐0.2 ‐0.4

97NW 19.97 19.97 19.96 19.96 19.95 19.95 19.95 19.96 19.95 19.96 19.95 19.95 19.94 19.94 19.94 19.94 19.93 19.94 19.94 19.93 19.94 19.93 19.92 ‐0.4 0.0 ‐ ‐0.1

97SE 19.96 19.95 19.91 19.91 19.90 19.90 19.90 19.90 19.88 19.87 19.87 19.86 19.82 19.82 19.81 19.82 19.81 19.81 19.81 19.80 19.80 19.79 19.77 19.78 ‐1.8 ‐0.2 ‐0.2 ‐0.4

97SW 19.96 19.97 19.96 19.96 19.95 19.96 19.96 19.96 19.96 19.96 19.96 19.95 19.94 19.94 19.93 19.94 19.94 19.94 19.94 19.93 19.94 19.94 19.93 ‐0.3 0.0 ‐ ‐0.1

98E 20.21 20.21 20.19 20.20 20.19 20.19 20.19 20.18 20.18 20.18 20.18 20.17 20.16 20.16 20.16 20.16 20.16 20.16 20.15 20.15 20.14 20.13 20.13 ‐0.6 ‐0.1 ‐0.2 ‐0.3

98W 20.21 20.21 20.21 20.21 20.21 20.21 20.21 20.21 20.21 20.21 20.21 20.21 20.20 20.20 20.20 20.20 20.20 20.20 20.20 20.19 20.19 20.19 20.18 ‐0.2 0.0 ‐ ‐0.2

99E 20.21 20.21 20.20 20.20 20.20 20.20 20.20 20.20 20.21 20.20 20.20 20.20 20.20 20.20 20.19 20.19 20.19 20.18 20.18 ‐0.1 ‐0.2 ‐ ‐0.3

99W 20.21 20.21 20.20 20.21 20.20 20.20 20.20 20.20 20.20 20.20 20.20 20.20 20.20 20.19 20.19 20.19 20.19 20.18 20.17 20.17 ‐0.1 0.0 ‐0.3 ‐0.3

100NE 20.73 20.73 20.73 20.73 20.73 20.73 20.73 20.73 20.73 20.73 20.73 20.73 20.73 20.73 20.72 20.72 20.73 20.72 20.71 20.71 0.0 0.0 ‐0.1 ‐0.2

100NW 20.72 20.72 20.72 20.72 20.73 20.73 20.72 20.72 20.72 20.72 20.72 20.72 20.72 20.73 20.72 20.72 20.71 20.70 20.71 0.0 ‐0.1 ‐0.1 ‐0.2

100SE 20.72 20.72 20.72 20.72 20.72 20.72 20.72 20.72 20.72 20.72 20.72 20.72 20.72 20.72 20.71 20.72 20.72 20.71 20.70 20.71 0.1 ‐0.1 ‐0.1 ‐0.2

100SW 20.72 20.72 20.72 20.72 20.72 20.73 20.72 20.72 20.73 20.72 20.72 20.72 20.72 20.72 20.72 20.71 20.70 0.0 0.0 ‐ ‐0.2

101E 20.72 20.72 20.72 20.72 20.72 20.72 20.72 20.72 20.72 20.72 20.72 20.72 20.72 20.72 0.0 ‐ ‐ ‐

101W 20.72 20.72 20.72 20.72 20.72 20.73 20.72 20.72 20.72 20.71 20.71 20.70 20.70 ‐ ‐ ‐ 0.0

NOTES:

1. See Figure 2 for Bent locations and numbers.

2. The data was compiled based on information provided by WSDOT.  Point elevation information was provided in meters and converted to feet.  Bent survey marks consist of a scribe on the bent column above the ground.

3. Elevation change is  between the dates indicated (date may vary by a few days depending on avalailable data).  A negative value represents downward movement (settlement).

4. Settlement data is gradationally shaded as follows:   Elevation Change (inches) 0.0 ‐0.3 ‐0.5 ‐0.8 ‐1.0 ‐1.3 ‐1.5 ‐1.8 ‐2.0 Intermediate colors are used for settlement in between these values. 
This same gradational scale is used on Tables 1 through 7, regardless of the maximum value in each table, to allow for consistent comparison of elevation change across all tables.

Elevation Change3,4 (inches)

Bent 

No.1

Bent Survey Mark Elevation2 (feet)

Nearest Cross‐

Street

S. Washington 

Columbia 
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2/4/2015

2/4/2015
to 

3/9/2015

53 CNE 22.38 22.38 22.38 ‐ ‐ ‐ ‐

53CSE 22.43 22.43 22.43 ‐ ‐ ‐ ‐

53CW 22.34 22.34 22.34 ‐ ‐ ‐ ‐

53NE 23.10 23.10 23.10 ‐ ‐ ‐ ‐

53NW 21.24 21.24 21.24 ‐ ‐ ‐ ‐

53SE 22.95 22.95 22.95 ‐ ‐ ‐ ‐

53SW 21.07 21.08 21.07 ‐ ‐ ‐ ‐

54C 22.13 22.13 22.13 ‐ ‐ ‐ ‐

54E 21.29 21.29 21.29 ‐ ‐ ‐ ‐

54W 21.51 21.51 ‐ ‐ ‐ ‐

55C 19.85 19.85 19.85 ‐ ‐ ‐ ‐

55E 20.15 20.15 20.15 ‐ ‐ ‐ ‐

55W Pike St 21.99 21.99 21.99 ‐ ‐ ‐ ‐

56C 23.70 23.70 23.70 ‐ ‐ ‐ ‐

56E 23.79 23.79 23.79 ‐ ‐ ‐ ‐

56W 24.06 24.06 24.06 ‐ ‐ ‐ ‐

57CN 23.79 23.79 23.79 ‐ ‐ ‐ ‐

57CS 23.77 23.78 23.77 ‐ ‐ ‐ ‐

57NE 23.67 23.67 23.67 ‐ ‐ ‐ ‐

57NW 21.72 21.72 21.72 ‐ ‐ ‐ ‐

57SE 23.70 23.70 23.70 ‐ ‐ ‐ ‐

57SW 21.51 21.52 21.51 ‐ ‐ ‐ ‐

58E 20.77 20.77 20.77 20.77 ‐ 0.0 ‐ ‐

58W 20.79 20.79 20.79 20.79 ‐ 0.0 ‐ ‐

59E 20.35 20.35 20.35 20.35 ‐ 0.0 ‐ ‐

59W 20.66 20.66 20.67 20.67 ‐ 0.1 ‐ ‐

60NE 20.31 20.31 20.31 20.31 ‐ 0.0 ‐ ‐

60NW 20.24 20.24 20.24 20.24 ‐ 0.0 ‐ ‐

60SE 20.16 20.16 20.16 20.16 ‐ 0.0 ‐ ‐

60SW 20.24 20.25 20.24 20.25 ‐ 0.0 ‐ ‐

61E 20.35 20.35 20.34 20.35 ‐ 0.0 ‐ ‐

61W 21.36 21.36 21.36 21.36 ‐ 0.0 ‐ ‐

62E 19.44 19.44 19.44 19.44 ‐ 0.0 ‐ ‐

62W Union St. 20.07 20.07 20.07 20.07 ‐ 0.0 ‐ ‐

63NE 19.74 19.74 19.74 19.74 ‐ 0.0 ‐ ‐

63NW 20.18 20.18 20.18 20.18 ‐ 0.0 ‐ ‐

63SE 19.69 19.69 19.69 19.69 ‐ 0.0 ‐ ‐

63SW 20.18 20.19 20.18 20.19 ‐ 0.0 ‐ ‐

64E 19.65 19.65 19.65 19.65 ‐ 0.0 ‐ ‐

64W 20.16 20.16 20.16 20.16 ‐ 0.1 ‐ ‐

65E 19.40 19.41 19.40 19.40 ‐ 0.0 ‐ ‐

65W 20.15 20.15 20.15 20.15 ‐ 0.0 ‐ ‐

66NE 19.60 19.60 19.60 19.60 ‐ 0.0 ‐ ‐

66NW 20.20 20.20 20.20 20.20 ‐ 0.0 ‐ ‐

66SE 19.65 19.66 19.65 19.65 ‐ 0.0 ‐ ‐

66SW 20.06 20.06 20.06 20.06 ‐ 0.0 ‐ ‐

67E 19.80 19.80 19.80 19.80 ‐ 0.0 ‐ ‐

See Page 1 for Notes
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67W 20.60 20.59 20.59 20.59 ‐ 0.0 ‐ ‐

68E 19.80 19.80 19.79 19.79 ‐ 0.0 ‐ ‐

68W 20.93 20.93 20.92 20.93 ‐ 0.0 ‐ ‐

69E University St. 20.29 20.30 20.29 20.29 ‐ 0.0 ‐ ‐

69W 20.11 20.10 20.10 20.09 ‐ ‐0.1 ‐ ‐

70E 19.78 19.79 19.78 19.78 ‐ ‐0.1 ‐ ‐

70W 20.06 20.06 20.06 20.05 ‐ ‐0.1 ‐ ‐

71E 20.02 20.02 20.02 20.02 ‐ 0.0 ‐ ‐

71W 20.48 20.48 20.48 20.48 ‐ 0.0 ‐ ‐

72E 19.81 19.81 19.81 19.81 ‐ 0.0 ‐ ‐

72W 20.15 20.15 20.14 20.12 ‐ ‐0.3 ‐ ‐

73NE 19.18 19.18 19.17 ‐ ‐ ‐ ‐

73NW 20.20 20.20 20.18 20.17 ‐ ‐0.3 ‐ ‐

73SE Seneca St. 19.19 19.19 19.18 ‐ ‐ ‐ ‐

73SW 20.30 20.30 20.28 20.28 ‐ ‐0.3 ‐ ‐

74E 19.41 19.42 19.40 ‐ ‐ ‐ ‐

74W 19.88 19.87 19.85 19.86 ‐ ‐0.3 ‐ ‐

75E 19.84 19.84 19.83 19.83 ‐ ‐0.1 ‐ ‐

75W 19.85 19.85 19.84 19.83 ‐ ‐0.3 ‐ ‐

76NE 19.81 19.81 19.81 19.80 ‐ ‐0.1 ‐ ‐

76NW 19.88 19.88 19.88 19.88 ‐ ‐0.1 ‐ ‐

76SE 19.81 19.81 19.81 19.80 ‐ ‐0.1 ‐ ‐

76SW 19.89 19.88 19.88 19.88 ‐ ‐0.1 ‐ ‐

77E 19.18 19.18 19.18 19.18 ‐ 0.0 ‐ ‐

77W 20.34 20.33 20.33 20.34 ‐ 0.0 ‐ ‐

78E 18.99 18.99 18.99 18.99 ‐ 0.0 ‐ ‐

78W Spring St. 19.91 19.91 19.91 19.91 ‐ 0.0 ‐ ‐

79NE 18.96 18.96 18.96 18.95 ‐ ‐0.1 ‐ ‐

79NW 20.07 20.07 20.07 20.07 ‐ 0.0 ‐ ‐

79SE 18.82 18.82 18.82 18.81 ‐ ‐0.1 ‐ ‐

79SW 20.14 20.14 20.14 20.14 ‐ 0.0 ‐ ‐

80E 18.84 18.84 18.83 ‐ ‐ ‐ ‐

80W 20.08 20.08 20.08 20.08 ‐ 0.0 ‐ ‐

81E 18.92 18.91 18.91 ‐ ‐ ‐ ‐

81W 19.86 19.86 19.86 19.87 ‐ 0.0 ‐ ‐

82NE 19.49 19.49 19.48 19.48 ‐ 0.0 ‐ ‐

82NW 20.62 20.62 20.62 20.62 ‐ 0.0 ‐ ‐

82SE 19.54 19.54 19.54 19.54 ‐ 0.0 ‐ ‐

82SW 20.66 20.66 20.66 20.66 ‐ 0.0 ‐ ‐

83E Madison St. 20.04 20.04 20.04 20.04 ‐ 0.0 ‐ ‐

83W 20.26 20.26 20.26 20.26 ‐ 0.0 ‐ ‐

84E 18.85 18.85 18.85 18.85 ‐ 0.0 ‐ ‐

84W 20.38 20.38 20.38 20.38 ‐ 0.0 ‐ ‐

85NE 19.02 19.02 19.02 19.02 ‐ 0.0 ‐ ‐

85NW 19.92 19.92 19.92 19.92 ‐ 0.0 ‐ ‐

85SE 19.13 19.13 19.13 19.13 ‐ 0.0 ‐ ‐

85SW 19.98 19.98 19.98 19.98 ‐ 0.0 ‐ ‐

See Page 1 for Notes
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10/13/2014
to

to 2/4/2015

10/13/2014
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86E 19.39 19.39 19.39 19.39 ‐ ‐ ‐ ‐

86W 20.45 20.46 20.45 ‐ ‐ ‐ ‐

87E 19.76 19.76 19.76 19.76 ‐ ‐ ‐ ‐

87W Marion St. 20.11 20.10 20.10 20.10 ‐ ‐ ‐ ‐

88E 21.34 21.34 21.33 21.34 21.34 21.34 21.34 21.34 21.34 21.34 21.34 21.34 21.34 21.34 21.34 21.34 21.34 ‐0.1 ‐0.1 0.0 0.0

88W 21.35 21.34 21.34 21.34 21.34 21.35 21.34 21.34 21.34 21.34 21.34 21.34 21.34 21.34 21.34 21.34 21.34 ‐0.1 ‐0.1 0.0 0.0

89E 21.34 21.34 21.34 21.34 21.34 21.34 21.34 21.34 21.34 21.34 21.34 21.34 21.34 21.34 21.34 21.34 21.34 0.0 ‐0.1 0.1 0.0

89W   21.34 21.34 21.34 21.34 21.34 21.34 21.34 21.34 21.34 21.34 21.34 21.34 21.34 21.34 21.34 21.34 21.34 0.0 0.0 0.0 0.0

90E 21.23 21.22 21.22 21.22 21.22 21.22 21.22 21.22 21.22 21.23 21.23 21.23 21.23 21.23 21.23 21.22 21.23 0.0 0.0 0.1 0.0

90W 21.23 21.23 21.22 21.23 21.23 21.22 21.22 21.22 21.22 21.22 21.22 21.22 21.22 21.22 21.22 21.22 21.22 ‐0.1 ‐0.1 0.0 0.0

91NE 21.22 21.22 21.22 21.22 21.22 21.22 21.22 21.22 21.22 21.22 21.22 21.22 21.22 21.22 21.22 21.22 21.22 ‐0.1 ‐0.1 0.0 0.0

91NW 21.23 21.22 21.22 21.23 21.23 21.22 21.23 21.22 21.22 21.22 21.22 21.22 21.22 21.22 21.22 21.22 21.22 0.0 0.0 0.0 0.0

91SE 21.23 21.23 21.22 21.22 21.22 21.23 21.23 21.23 21.23 21.23 21.23 21.23 21.23 21.23 21.23 21.23 21.23 0.0 0.0 0.1 0.0

91SW 21.22 21.22 21.21 21.22 21.22 21.22 21.22 21.21 21.21 21.21 21.22 21.22 21.21 21.21 21.21 21.21 21.22 ‐0.1 ‐0.1 0.0 0.0

92E 20.80 20.80 20.79 20.79 20.79 20.79 20.79 20.79 20.79 20.79 20.79 20.79 20.79 20.79 20.79 20.79 20.79 ‐0.2 ‐0.2 0.0 0.0

92W 20.82 20.81 20.81 20.81 20.81 20.81 20.81 20.81 20.81 20.81 20.81 20.81 20.81 20.81 20.81 20.81 20.81 ‐0.1 ‐0.1 0.0 0.0

93E 20.82 20.81 20.81 20.81 20.81 20.81 20.81 20.81 20.81 20.81 20.81 20.81 20.81 20.80 20.81 20.81 20.81 ‐0.1 ‐0.2 0.0 0.0

93W 20.82 20.81 20.81 20.81 20.81 20.81 20.81 20.81 20.81 20.81 20.81 20.81 20.81 20.80 20.81 20.81 20.81 ‐0.1 ‐0.1 0.0 0.0

94NE 19.57 19.56 19.56 19.56 19.56 19.56 19.56 19.55 19.56 19.56 19.56 19.55 19.55 19.55 19.55 19.55 19.56 ‐0.2 ‐0.2 ‐0.1 0.0

94NW 19.57 19.56 19.56 19.56 19.56 19.56 19.56 19.55 19.55 19.55 19.55 19.55 19.55 19.55 19.55 19.55 19.55 ‐0.2 ‐0.2 ‐0.1 0.0

94SE 19.57 19.57 19.56 19.56 19.56 19.57 19.57 19.56 19.56 19.56 19.56 19.56 19.56 19.56 19.56 19.56 19.56 ‐0.1 ‐0.1 0.0 0.0

94SW 19.57 19.56 19.56 19.56 19.56 19.55 19.56 19.55 19.55 19.55 19.55 19.55 19.55 19.55 19.55 19.55 19.55 ‐0.2 ‐0.2 ‐0.1 0.0

95E 19.55 19.54 19.54 19.54 19.54 19.54 19.54 19.54 19.54 19.54 19.54 19.54 19.54 19.54 19.54 19.54 19.54 ‐0.1 ‐0.2 0.0 0.0

95W 19.56 19.55 19.54 19.54 19.55 19.55 19.55 19.54 19.54 19.54 19.54 19.54 19.54 19.54 19.54 19.54 19.54 ‐0.2 ‐0.2 ‐0.1 0.0

96E Yesler Way 19.90 19.89 19.88 19.88 19.88 19.88 19.88 19.88 19.88 19.88 19.88 19.88 19.87 19.87 19.87 19.87 19.87 ‐0.3 ‐0.3 ‐0.1 0.0

96W 19.95 19.93 19.93 19.93 19.93 19.93 19.93 19.93 19.93 19.93 19.93 19.93 19.92 19.92 19.92 19.92 19.92 ‐0.3 ‐0.3 ‐0.1 0.0

97NE 19.76 19.74 19.74 19.74 19.74 19.74 19.74 19.74 19.74 19.74 19.73 19.73 19.73 19.73 19.73 19.73 19.72 ‐0.4 ‐0.5 ‐0.1 ‐0.1

97NW 19.93 19.90 19.90 19.90 19.90 19.90 19.90 19.90 19.90 19.90 19.90 19.89 19.89 19.89 19.89 19.89 19.89 ‐0.4 ‐0.4 ‐0.1 0.0

97SE 19.77 19.74 19.74 19.74 19.75 19.75 19.74 19.74 19.74 19.74 19.74 19.74 19.73 19.73 19.73 19.73 19.73 ‐0.4 ‐0.5 ‐0.1 ‐0.1

97SW 19.92 19.91 19.90 19.90 19.90 19.90 19.90 19.90 19.90 19.90 19.90 19.89 19.89 19.89 19.89 19.89 19.89 ‐0.4 ‐0.4 ‐0.1 0.0

98E 20.13 20.10 20.09 20.09 20.10 20.09 20.09 20.09 20.09 20.09 20.09 20.08 20.08 20.08 20.08 20.08 20.08 ‐0.5 ‐0.6 ‐0.1 ‐0.1

98W 20.18 20.16 20.16 20.16 20.16 20.16 20.16 20.15 20.15 20.15 20.15 20.15 20.15 20.15 20.15 20.15 20.14 ‐0.4 ‐0.5 ‐0.1 0.0

99E 20.17 20.13 20.13 20.13 20.13 20.13 20.13 20.12 20.12 20.12 20.12 20.11 20.12 20.11 20.11 20.11 20.11 ‐0.6 ‐0.7 ‐0.2 ‐0.1

99W 20.17 20.16 20.14 20.13 20.13 20.13 20.13 20.13 20.13 20.13 20.13 20.13 20.13 20.13 20.13 20.13 20.12 ‐0.5 ‐0.6 0.0 ‐0.1

100NE 20.71 20.68 20.67 20.67 20.67 20.67 20.67 20.66 20.66 20.66 20.66 20.65 20.65 20.65 20.65 20.65 20.65 ‐0.6 ‐0.7 ‐0.1 0.0

100NW 20.70 20.68 20.66 20.66 20.67 20.66 20.66 20.66 20.66 20.66 20.65 20.65 20.65 20.65 20.65 20.65 20.65 ‐0.6 ‐0.7 ‐0.1 0.0

100SE 20.70 20.67 20.66 20.66 20.66 20.66 20.66 20.66 20.65 20.65 20.65 20.65 20.65 20.64 20.65 20.65 20.64 ‐0.6 ‐0.7 ‐0.1 ‐0.1

100SW 20.70 20.67 20.66 20.66 20.66 20.66 20.66 20.66 20.65 20.65 20.65 20.65 20.65 20.65 20.65 20.65 20.64 ‐0.7 ‐0.7 ‐0.2 ‐0.1

101W 20.70 20.66 20.65 20.65 20.65 20.65 20.65 20.65 20.64 20.64 20.64 20.64 20.64 20.64 20.64 20.64 20.63 ‐0.7 ‐0.8 ‐0.1 ‐0.1

102E 20.23 20.23 20.24 20.23 20.23 20.23 20.23 20.23 20.23 20.22 20.22 20.22 20.22 20.22 20.22 ‐ ‐ ‐0.1 ‐0.1

102W 19.50 19.50 19.50 19.50 19.50 19.50 19.49 19.49 19.49 19.49 19.49 19.49 19.49 19.48 19.48 ‐ ‐ ‐0.1 ‐0.1

103NE 19.76 19.76 19.76 19.76 19.76 19.76 19.76 19.76 19.75 19.75 19.75 19.75 19.75 19.75 19.75 ‐ ‐ ‐0.2 0.0

103NW 19.20 19.20 19.21 19.21 19.21 19.20 19.20 19.20 19.20 19.19 19.19 19.19 19.19 19.19 19.19 ‐ ‐ ‐0.2 0.0

103SE 19.78 19.78 19.78 19.78 19.78 19.77 19.77 19.77 19.77 19.76 19.76 19.76 19.76 19.76 19.76 ‐ ‐ ‐0.2 0.0

103SW 19.27 19.27 19.28 19.28 19.27 19.27 19.27 19.27 19.27 19.26 19.26 19.26 19.26 19.26 19.26 ‐ ‐ ‐0.2 0.0

104E 19.11 19.11 19.11 19.11 19.10 19.10 19.10 19.10 19.10 19.09 19.09 19.09 19.09 19.09 19.09 ‐ ‐ ‐0.2 0.0

104W 19.59 19.59 19.59 19.59 19.59 19.59 19.58 19.58 19.58 19.57 19.57 19.57 19.57 19.57 19.57 ‐ ‐ ‐0.2 0.0

See Page 1 for Notes
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Table 3
WSDOT ALASKAN WAY VIADUCT BENT SURVEY DATA
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10/13/2014
to

to 2/4/2015

10/13/2014
to

to 4/27/2015

12/10/2015
to

2/4/2015

2/4/2015
to 

4/27/2015

105E 19.42 19.42 19.42 19.42 19.42 19.41 19.41 19.41 19.41 19.40 19.40 19.40 19.40 19.40 19.40 ‐ ‐ ‐0.2 0.0

105W 18.90 18.91 18.90 18.91 18.90 18.90 18.90 18.90 18.89 18.89 18.89 18.89 18.89 18.89 18.89 ‐ ‐ ‐0.2 0.0

106NE S. Main St. 19.77 19.77 19.77 19.77 19.77 19.76 19.76 19.76 19.76 19.75 19.75 19.75 19.75 19.75 19.75 ‐ ‐ ‐0.2 0.0

106NW 19.98 19.98 19.98 19.98 19.98 19.97 19.97 19.97 19.97 19.96 19.96 19.96 19.96 19.96 19.96 ‐ ‐ ‐0.2 0.0

106SE 19.89 19.89 19.89 19.89 19.89 19.89 19.89 19.89 19.88 19.88 19.88 19.88 19.88 19.88 19.88 ‐ ‐ ‐0.1 0.0

106SW 20.01 20.01 20.01 20.01 20.01 20.01 20.01 20.01 20.01 20.00 20.00 20.00 20.00 20.00 20.00 ‐ ‐ 0.0 0.0

107E 19.48 19.48 19.48 19.48 19.48 19.48 19.47 19.47 19.47 19.46 19.46 19.46 19.47 19.46 ‐ ‐ ‐0.2 0.0

107W 19.60 19.60 19.60 19.60 19.60 19.60 19.60 19.59 19.59 19.59 19.58 19.58 19.58 19.58 19.58 ‐ ‐ ‐0.2 0.0

108E 19.68 19.69 19.69 19.68 19.68 19.68 19.68 19.67 19.67 19.67 19.67 19.67 19.67 19.67 ‐ ‐ ‐0.2 0.0

108W 19.53 19.53 19.53 19.53 19.53 19.52 19.52 19.52 19.51 19.51 19.51 19.51 19.51 19.51 ‐ ‐ ‐0.2 0.0

109NE 18.99 18.99 18.99 18.99 18.99 18.98 18.98 18.98 18.98 18.97 18.97 18.97 18.97 18.97 18.97 ‐ ‐ ‐0.2 0.0

109NW 19.46 19.46 19.46 19.46 19.46 19.45 19.45 19.45 19.44 19.44 19.44 19.44 19.44 19.44 19.44 ‐ ‐ ‐0.2 0.0

109SE 19.29 19.29 19.29 19.28 19.28 19.28 19.28 19.27 19.27 19.27 19.27 19.27 19.27 19.27 ‐ ‐ ‐0.2 0.0

109SW 19.53 19.53 19.53 19.53 19.52 19.52 19.52 19.52 19.51 19.51 19.51 19.51 19.51 19.51 19.51 ‐ ‐ ‐0.2 0.0

110E 19.40 19.40 19.40 19.40 19.40 19.39 19.39 19.39 19.39 19.38 19.38 19.38 19.38 19.38 19.38 ‐ ‐ ‐0.2 0.0

110W 20.10 20.10 20.10 20.10 20.09 20.09 20.09 20.09 20.08 20.08 20.08 20.08 20.08 20.08 20.08 ‐ ‐ ‐0.2 0.0

111E 20.07 20.07 20.07 20.07 20.07 20.07 20.06 20.06 20.06 20.05 20.05 20.05 20.05 20.05 20.05 ‐ ‐ ‐0.2 0.0

111W 20.25 20.25 20.25 20.25 20.25 20.25 20.25 20.24 20.24 20.23 20.23 20.23 20.23 20.23 20.23 ‐ ‐ ‐0.2 0.0

112NE 19.93 19.94 19.94 19.94 19.93 19.93 19.93 19.93 19.92 19.92 19.92 19.92 19.92 19.92 19.92 ‐ ‐ ‐0.2 0.0

112NW 19.63 19.63 19.63 19.63 19.63 19.63 19.62 19.62 19.61 19.61 19.61 19.61 19.61 19.61 19.61 ‐ ‐ ‐0.2 0.0

112SE 19.79 19.79 19.79 19.79 19.79 19.79 19.78 19.78 19.77 19.77 19.77 19.77 19.77 19.77 19.77 ‐ ‐ ‐0.2 0.0

112SW 19.97 19.97 19.97 19.97 19.96 19.96 19.96 19.96 19.95 19.95 19.95 19.95 19.95 19.95 19.95 ‐ ‐ ‐0.2 0.0

113E 20.12 20.12 20.12 20.12 20.12 20.11 20.11 20.11 20.10 20.10 20.10 20.10 20.10 20.10 20.10 ‐ ‐ ‐0.2 0.0

113W 19.85 19.86 19.86 19.86 19.85 19.85 19.85 19.84 19.84 19.84 19.83 19.83 19.83 19.83 19.83 ‐ ‐ ‐0.2 0.0

114E 19.49 19.49 19.49 19.49 19.48 19.48 19.48 19.47 19.47 19.47 19.47 19.47 19.47 19.46 19.46 ‐ ‐ ‐0.2 0.0

114W 19.82 19.83 19.83 19.82 19.82 19.82 19.82 19.81 19.81 19.80 19.80 19.80 19.80 19.80 19.80 ‐ ‐ ‐0.2 0.0

115NE 19.69 19.69 19.69 19.69 19.69 19.69 19.69 19.68 19.68 19.67 19.67 19.67 19.67 19.67 19.67 ‐ ‐ ‐0.2 ‐0.1

115NW 20.07 20.07 20.07 20.07 20.07 20.07 20.07 20.06 20.05 20.05 20.05 20.05 20.05 20.05 20.05 ‐ ‐ ‐0.3 ‐0.1

115SE 19.69 19.69 19.69 19.68 19.68 19.68 19.68 19.67 19.67 19.66 19.66 19.66 19.66 19.66 19.66 ‐ ‐ ‐0.3 0.0

115SW 20.04 20.04 20.04 20.04 20.04 20.04 20.04 20.03 20.02 20.02 20.02 20.02 20.02 20.02 20.02 ‐ ‐ ‐0.2 ‐0.1

116E 19.78 19.78 19.78 19.78 19.78 19.77 19.77 19.77 19.76 19.76 19.76 19.76 19.76 19.76 19.75 ‐ ‐ ‐0.2 ‐0.1

116W S. King St. 20.10 20.10 20.10 20.10 20.10 20.10 20.10 20.09 20.08 20.08 20.08 20.08 20.08 20.08 20.08 ‐ ‐ ‐0.2 ‐0.1

117E 20.03 20.03 20.03 20.03 20.03 20.03 20.02 20.02 20.01 20.01 20.01 20.01 20.01 20.01 20.01 ‐ ‐ ‐0.2 0.0

117W 19.97 19.97 19.97 19.97 19.97 19.96 19.96 19.96 19.95 19.95 19.95 19.95 19.95 19.95 19.94 ‐ ‐ ‐0.3 ‐0.1

118NE 19.25 19.25 19.25 19.25 19.25 19.25 19.25 19.24 19.23 19.23 19.23 19.23 19.23 19.23 19.23 ‐ ‐ ‐0.2 0.0

118NW 19.54 19.55 19.55 19.54 19.54 19.54 19.54 19.53 19.53 19.52 19.52 19.52 19.52 19.52 19.52 ‐ ‐ ‐0.3 ‐0.1

118SE 19.24 19.25 19.24 19.24 19.24 19.24 19.24 19.23 19.23 19.22 19.22 19.22 19.22 19.22 19.22 ‐ ‐ ‐0.2 ‐0.1

118SW 19.55 19.55 19.55 19.55 19.55 19.54 19.54 19.54 19.53 19.53 19.53 19.53 19.53 19.53 19.52 ‐ ‐ ‐0.2 ‐0.1

119E 19.89 19.89 19.89 19.89 19.88 19.88 19.87 19.87 19.87 19.86 19.86 19.86 19.86 19.86 19.86 ‐ ‐ ‐0.3 0.0

119W 19.60 19.60 19.60 19.60 19.60 19.60 19.59 19.59 19.58 19.58 19.58 19.58 19.58 19.58 19.57 ‐ ‐ ‐0.2 ‐0.1

120E 20.42 20.42 20.42 20.42 20.42 20.41 20.41 20.40 20.40 20.39 20.39 20.39 20.39 20.39 20.39 ‐ ‐ ‐0.3 0.0

120W 19.55 19.56 19.55 19.55 19.55 19.55 19.55 19.55 19.54 19.54 19.54 19.54 19.53 19.53 19.53 ‐ ‐ ‐0.2 ‐0.1

121E 19.61 19.62 19.61 19.61 19.61 19.61 19.60 19.60 19.59 19.59 19.59 19.59 19.59 19.59 19.59 ‐ ‐ ‐0.3 0.0

121W S. End Viaduct 19.76 19.77 19.77 19.77 19.77 19.76 19.76 19.75 19.75 19.74 19.74 19.74 19.74 19.74 19.74 ‐ ‐ ‐0.3 0.0

See Page 1 for Notes
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Table 4
WSDOT ALASKAN WAY VIADUCT GUTTER LINE SURVEY DATA
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88 East Marion 60.64 60.64 60.64 60.64 60.66 60.65 60.67 60.67 60.66 60.67 60.67 60.69 60.68 60.69 60.70 60.71 60.71 60.72 0.4 0.1 0.3 0.1

88 West 60.60 60.62 60.62 60.61 60.64 60.63 60.63 60.64 60.63 60.64 60.65 60.65 60.66 60.66 60.67 60.68 60.68 60.69 0.6 0.1 0.3 0.1

89 East 60.67 60.64 60.64 60.65 60.67 60.65 60.67 60.67 60.66 60.68 60.67 60.69 60.68 60.69 60.71 60.71 60.72 60.73 0.0 0.1 0.3 0.2

89 West 60.60 60.61 60.61 60.61 60.62 60.62 60.63 60.63 60.65 60.65 60.66 60.65 60.66 60.67 60.67 60.68 60.68 0.5 0.1 0.2 0.1

90 East 60.65 60.63 60.65 60.63 60.65 60.64 60.65 60.65 60.65 60.67 60.66 60.68 60.68 60.68 60.69 60.70 60.70 60.70 0.2 0.1 0.2 0.1

90 West 60.60 60.62 60.64 60.61 60.64 60.64 60.65 60.65 60.64 60.66 60.66 60.67 60.67 60.67 60.68 60.69 60.69 60.69 0.7 0.1 0.2 0.0

91 East 60.63 60.63 60.64 60.63 60.65 60.64 60.65 60.65 60.65 60.66 60.66 60.67 60.68 60.68 60.69 60.69 60.69 60.71 0.4 0.2 0.1 0.2

91 West 60.62 60.63 60.65 60.63 60.65 60.65 60.66 60.66 60.65 60.67 60.67 60.67 60.67 60.68 60.69 60.69 60.69 60.71 0.5 0.1 0.2 0.2

92 East Columbia 60.49 60.48 60.49 60.49 60.50 60.49 60.49 60.50 60.48 60.50 60.49 60.49 60.50 60.50 60.51 60.51 60.51 60.52 0.0 0.1 0.2 0.1

92 West 60.59 60.60 60.62 60.61 60.62 60.62 60.63 60.63 60.63 60.65 60.64 60.64 60.65 60.65 60.66 60.67 60.67 60.68 0.6 0.1 0.2 0.1

93 East 60.33 60.28 60.26 60.25 60.24 60.24 60.20 60.20 60.20 60.21 60.21 60.22 60.22 60.22 60.23 60.24 60.24 60.24 ‐1.4 0.1 0.2 0.0

93 West 60.51 60.37 60.35 60.32 60.32 60.31 60.28 60.27 60.27 60.29 60.28 60.29 60.29 60.30 60.31 60.31 60.31 60.32 ‐2.8 0.1 0.3 0.1

94 East 60.52 60.40 60.27 60.25 60.22 60.21 60.16 60.17 60.17 60.18 60.17 60.19 60.18 60.19 60.21 60.19 60.21 ‐4.1 0.1 0.2 0.0

94 West 60.55 60.38 60.30 60.26 60.26 60.24 60.20 60.21 60.22 60.22 60.21 60.23 60.21 60.23 60.25 60.24 60.25 ‐4.0 0.2 0.2 0.0

95 East 60.57 60.56 60.58 60.57 60.57 60.57 60.57 60.58 60.58 60.59 60.59 60.59 60.59 60.58 60.59 60.60 60.60 60.60 0.3 ‐0.1 0.2 ‐0.1

95 West 60.59 60.60 60.62 60.60 60.62 60.61 60.61 60.62 60.62 60.63 60.63 60.63 60.64 60.64 60.65 60.66 60.64 60.64 0.5 0.1 0.2 ‐0.2

96 East 60.86 60.88 60.90 60.88 60.89 60.90 60.90 60.91 60.93 60.91 60.91 60.88 60.87 60.88 60.88 60.89 60.87 60.87 0.6 ‐0.4 0.1 ‐0.2

96 West Yesler 60.26 60.28 60.30 60.28 60.30 60.29 60.30 60.31 60.34 60.32 60.31 60.31 60.31 60.31 60.32 60.33 60.32 60.32 0.6 0.0 0.2 ‐0.2

97 East 61.43 61.45 61.47 61.45 61.46 61.46 61.45 61.46 61.44 61.36 61.33 61.29 61.30 61.29 61.29 61.29 61.26 61.27 ‐1.2 ‐0.4 ‐0.1 ‐0.3

97 West 59.71 59.71 59.75 59.71 59.74 59.73 59.74 59.75 59.77 59.74 59.74 59.72 59.72 59.73 59.73 59.73 59.72 59.71 0.3 ‐0.2 0.1 ‐0.2

98 East 61.27 61.29 61.29 61.28 61.29 61.29 61.29 61.29 61.31 61.27 61.26 61.24 61.25 61.24 61.24 61.24 61.21 61.21 ‐0.1 ‐0.1 ‐0.1 ‐0.4

98 West 59.49 59.50 59.52 59.50 59.54 59.53 59.52 59.53 59.55 59.53 59.53 59.53 59.53 59.53 59.53 59.54 59.51 59.51 0.5 0.0 0.1 ‐0.4

99 East 61.19 61.24 61.17 61.17 61.23 61.22 61.21 61.23 61.19 61.20 61.20 61.19 61.19 61.19 61.18 61.17 61.14 61.13 0.1 ‐0.1 ‐0.2 ‐0.5

99 West 59.48 59.56 59.50 59.50 59.57 59.55 59.56 59.58 59.55 59.55 59.55 59.55 59.56 59.55 59.55 59.55 59.51 59.50 0.9 0.1 ‐0.1 ‐0.6

100 East 61.67 61.76 61.71 61.71 61.77 61.76 61.76 61.76 61.75 61.76 61.75 61.76 61.75 61.76 61.75 61.75 61.71 61.71 1.0 0.0 ‐0.1 ‐0.5

100 West 59.50 59.58 59.53 59.52 59.58 59.57 59.58 59.58 59.57 59.56 59.56 59.57 59.55 59.56 59.55 59.55 59.52 59.52 0.8 ‐0.1 0.0 ‐0.3

101 East 61.64 61.72 61.66 61.66 61.72 61.71 61.71 61.72 61.70 61.71 61.71 61.71 61.70 61.71 61.70 61.71 61.66 61.65 0.8 ‐0.1 0.0 ‐0.6

101 West S. Washington 59.49 59.57 59.45 59.51 59.58 59.56 59.57 59.58 59.56 59.56 59.57 59.56 59.55 59.56 59.55 59.55 59.50 59.51 0.9 ‐0.2 ‐0.1 ‐0.4

102 East 61.63 61.70 61.65 61.67 61.70 61.70 61.70 61.70 61.69 61.70 61.70 61.69 61.69 61.69 61.69 61.68 61.64 61.63 0.8 ‐0.1 ‐0.1 ‐0.7

102 West 59.43 59.50 59.45 59.47 59.51 59.51 59.50 59.50 59.49 59.51 59.50 59.50 59.48 59.49 59.48 59.47 59.43 59.42 0.8 ‐0.2 ‐0.1 ‐0.6

103 East 61.48 61.54 61.48 61.52 61.54 61.53 61.54 61.54 61.53 61.54 61.54 61.53 61.53 61.53 61.52 61.52 61.47 61.46 0.7 ‐0.1 ‐0.1 ‐0.7

103 West 59.66 59.75 59.69 59.72 59.74 59.73 59.74 59.74 59.73 59.74 59.73 59.73 59.71 59.72 59.71 59.71 59.67 59.66 0.9 ‐0.2 0.0 ‐0.6

104 East 60.90 60.99 60.94 60.97 61.00 60.99 60.99 60.99 60.97 60.98 60.97 60.97 60.96 60.97 60.96 60.96 60.90 60.89 0.9 ‐0.1 ‐0.1 ‐0.8

104 West 60.20 60.27 60.22 60.25 60.28 60.28 60.28 60.28 60.27 60.28 60.28 60.28 60.26 60.26 60.26 60.26 60.20 60.19 0.9 ‐0.1 0.0 ‐0.8

105 East 60.54 60.61 60.57 60.60 60.61 60.60 60.61 60.61 60.61 60.61 60.61 60.61 60.60 60.60 60.60 60.59 60.53 60.52 0.8 ‐0.1 ‐0.1 ‐0.9

105 West S. Main 60.56 60.63 60.58 60.61 60.63 60.63 60.63 60.63 60.63 60.63 60.63 60.64 60.62 60.62 60.61 60.61 60.55 60.54 0.8 ‐0.1 ‐0.2 ‐0.8

106 East 60.52 60.62 60.57 60.61 60.63 60.61 60.62 60.62 60.61 60.62 60.62 60.62 60.61 60.61 60.61 60.60 60.55 60.53 1.2 ‐0.1 ‐0.1 ‐0.9

106 West 60.56 60.64 60.59 60.62 60.65 60.64 60.64 60.64 60.63 60.63 60.64 60.64 60.62 60.62 60.62 60.60 60.54 60.54 0.9 ‐0.2 ‐0.2 ‐0.8

107 East 60.54 60.63 60.59 60.62 60.63 60.63 60.63 60.64 60.63 60.62 60.63 60.64 60.62 60.63 60.63 60.62 60.55 60.54 1.1 ‐0.1 0.0 ‐0.9

107 West 60.57 60.64 60.58 60.64 60.65 60.64 60.64 60.65 60.64 60.64 60.65 60.64 60.63 60.63 60.62 60.61 60.54 60.54 1.0 ‐0.3 ‐0.2 ‐0.9

108 East 60.52 60.62 60.57 60.61 60.63 60.62 60.62 60.62 60.62 60.62 60.62 60.62 60.62 60.62 60.62 60.61 60.54 60.54 1.2 ‐0.1 ‐0.1 ‐0.9

108 West 60.55 60.62 60.57 60.61 60.63 60.61 60.63 60.63 60.62 60.62 60.62 60.62 60.60 60.61 60.61 60.60 60.53 60.52 0.9 ‐0.2 ‐0.1 ‐0.9

109 East 60.52 60.61 60.56 60.60 60.61 60.61 60.61 60.61 60.61 60.61 60.61 60.61 60.61 60.61 60.61 60.61 60.53 60.53 1.1 ‐0.1 0.0 ‐1.0

109 West 60.49 60.56 60.50 60.53 60.58 60.55 60.55 60.55 60.55 60.55 60.55 60.55 60.54 60.54 60.53 60.54 60.47 60.47 0.7 ‐0.1 0.0 ‐0.9

110 East 60.56 60.61 60.57 60.61 60.62 60.62 60.62 60.62 60.62 60.63 60.62 60.62 60.62 60.62 60.62 60.62 60.55 60.55 0.7 ‐0.1 0.0 ‐0.8

110 West 60.54 60.59 60.55 60.58 60.60 60.59 60.60 60.60 60.60 60.61 60.60 60.60 60.59 60.60 60.60 60.60 60.52 60.52 0.8 ‐0.2 0.1 ‐0.9

See Page 2 for Notes.

Bent No.1 Side

Nearest Cross‐

Street

Gutterline Elevation2 (feet) Gutterline Elevation Change3,4 (inches)
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Table 4
WSDOT ALASKAN WAY VIADUCT GUTTER LINE SURVEY DATA
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Mar 2001

to

Mar 2012

Mar 2012

to

Mar 2013

Mar 2013

to

Oct 2014

Oct 2014

to

Mar 2015Bent No.1 Side

Nearest Cross‐

Street

Gutterline Elevation2 (feet) Gutterline Elevation Change3,4 (inches)

111 East 60.52 60.60 60.59 60.61 60.62 60.61 60.62 60.61 60.62 60.61 60.61 60.61 60.61 60.61 60.61 60.54 60.54 1.1 ‐0.1 0.1 ‐0.9

111 West S. Jackson 60.51 60.56 60.55 60.58 60.57 60.57 60.58 60.57 60.59 60.57 60.57 60.56 60.56 60.56 60.57 60.49 60.49 0.7 ‐0.2 0.1 ‐1.0

112 East 60.50 60.59 60.58 60.60 60.60 60.60 60.60 60.60 60.61 60.60 60.59 60.60 60.60 60.60 60.60 60.52 60.52 1.2 0.0 0.1 ‐1.0

112 West 60.54 60.59 60.59 60.62 60.60 60.61 60.61 60.61 60.61 60.60 60.60 60.59 60.60 60.59 60.59 60.51 60.52 0.8 ‐0.2 0.0 ‐0.9

113 East 60.54 60.57 60.56 60.60 60.58 60.59 60.59 60.58 60.59 60.58 60.59 60.58 60.58 60.58 60.58 60.51 60.51 0.5 ‐0.1 0.0 ‐0.8

113 West 60.50 60.56 60.54 60.56 60.57 60.57 60.56 60.57 60.56 60.56 60.56 60.55 60.55 60.55 60.48 60.47 0.8 ‐0.1 ‐0.1 ‐0.9

114 East 60.52 60.57 60.58 60.59 60.58 60.60 60.59 60.59 60.58 60.59 60.59 60.58 60.59 60.59 60.58 60.52 60.51 0.8 ‐0.2 0.1 ‐0.9

114 West 60.52 60.57 60.56 60.58 60.57 60.58 60.58 60.58 60.57 60.58 60.58 60.57 60.57 60.57 60.57 60.50 60.49 0.7 ‐0.1 0.0 ‐0.9

115 East 60.53 60.57 60.57 60.58 60.58 60.59 60.58 60.59 60.58 60.59 60.58 60.58 60.58 60.59 60.58 60.52 60.52 0.7 0.0 0.0 ‐0.8

115 West 60.51 60.56 60.56 60.57 60.57 60.58 60.57 60.57 60.56 60.57 60.57 60.56 60.56 60.57 60.56 60.51 60.49 0.7 ‐0.1 0.0 ‐0.8

116 East 60.53 60.57 60.53 60.57 60.60 60.58 60.59 60.58 60.58 60.58 60.58 60.60 60.58 60.59 60.59 60.59 60.53 60.51 0.6 0.0 0.1 ‐0.9

116 West S. King 60.53 60.58 60.54 60.57 60.59 60.58 60.59 60.58 60.58 60.59 60.59 60.58 60.58 60.58 60.58 60.58 60.52 60.51 0.7 ‐0.1 0.1 ‐0.9

117 East 60.42 60.46 60.43 60.47 60.47 60.47 60.48 60.48 60.47 60.49 60.48 60.48 60.48 60.48 60.48 60.48 60.42 60.41 0.7 0.0 0.1 ‐0.9

117 West 60.50 60.54 60.50 60.54 60.56 60.55 60.57 60.55 60.55 60.56 60.55 60.55 60.54 60.54 60.54 60.54 60.48 60.47 0.6 ‐0.1 0.0 ‐0.9

118 East 60.32 60.39 60.33 60.38 60.39 60.38 60.39 60.39 60.38 60.40 60.39 60.38 60.39 60.39 60.39 60.39 60.34 60.32 0.9 0.0 0.1 ‐0.9

118 West 60.52 60.57 60.53 60.57 60.59 60.58 60.59 60.59 60.58 60.59 60.58 60.58 60.56 60.56 60.55 60.56 60.51 60.49 0.7 ‐0.2 ‐0.1 ‐0.8

119 East 60.06 60.11 60.07 60.12 60.13 60.12 60.13 60.13 60.12 60.13 60.14 60.13 60.13 60.13 60.14 60.13 60.08 60.07 0.9 ‐0.1 0.0 ‐0.8

119 West 60.49 60.54 60.51 60.54 60.56 60.55 60.55 60.56 60.55 60.56 60.55 60.55 60.54 60.53 60.53 60.54 60.48 60.47 0.7 ‐0.1 0.0 ‐0.8

120 East 59.46 59.42 59.46 59.48 59.48 59.47 59.48 59.48 59.48 59.49 59.49 59.48 59.49 59.49 59.49 59.43 59.42 ‐ 0.0 0.0 ‐0.7

120 West 60.53 60.58 60.54 60.56 60.60 60.58 60.59 60.60 60.58 60.58 60.58 60.59 60.57 60.57 60.57 60.57 60.52 60.51 0.6 ‐0.1 0.0 ‐0.8

121 East 60.50 60.55 60.52 60.54 60.58 60.57 60.57 60.58 60.54 60.60 60.51 ‐ ‐ ‐ ‐

121 West S. End Viaduct 60.52 60.57 60.52 60.55 60.58 60.58 60.58 60.59 60.55 60.60 60.53 ‐ ‐ ‐ ‐

NOTES:

1. See Figure 2 for Bent locations and numbers.

2. The data was compiled based on information provided by WSDOT.  Point elevation information was provided in meters and converted to feet. 

3. Elevation change is between the dates indicated.  A negative value represents downward movement (settlement).

4. Elevation change data is gradationally shaded as follows:   Elevation Change (inches) 0.0 ‐0.3 ‐0.5 ‐0.8 ‐1.0 ‐1.3 ‐1.5 ‐1.8 ‐2.0

This same gradational scale is used on Tables 1 through 7, regardless of the maximum value in each table, to allow for consistent comparison of elevation change across all tables.

Intermediate colors are used for settlement in between these values.  Settlements larger than 2 inches are also 

shown in red.
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Table 5

STP ALASKAN WAY VIADUCT BENT SURVEY DATA
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92E 01_01_B092E_0001Z ‐0.1 ‐0.1 ‐0.2 0.0 ‐0.2 ‐0.4

92W 01_01_B092W_0001Z 0.0 ‐0.1 ‐0.1 0.0 ‐0.1 ‐0.2

93E 01_01_B093E_0001Z 0.1 0.1 0.0 0.1 0.0 ‐0.1

93W 01_01_B093W_0001Z 0.1 0.0 ‐0.1 0.1 ‐0.1 ‐0.2

94E 01_01_B094E_0001Z 0.1 ‐0.1 0.0 ‐0.2

95E 01_01_B095E_0001Z ‐0.1 ‐0.2 ‐0.3 ‐0.1 ‐0.2 ‐0.3 ‐0.4 ‐0.3 ‐0.2 ‐0.2 ‐0.2 ‐0.5

95W 01_01_B095W_0001Z 0.1 0.1 ‐0.1 0.1 ‐0.1 0.0 ‐0.4

96E 01_01_B096E_0001Z ‐0.6 ‐0.7 ‐0.7 ‐0.6 ‐0.7 ‐0.7 ‐0.8 ‐0.8 ‐0.7 ‐0.8 ‐0.7 ‐1.2

97E 01_01_B097E_0001Z ‐0.9 ‐1.1 ‐1.1 ‐1.3 ‐1.0 ‐1.2 ‐1.2 ‐1.7

97W 01_01_B097W_0001Z ‐0.3 ‐0.1 ‐0.2 ‐0.3 ‐0.2 ‐0.8

98E 01_01_B098E_0001Z ‐0.7 ‐0.8 ‐0.9 ‐0.9 ‐0.7 ‐0.9 ‐1.3

98W 01_01_B098W_0001Z ‐0.2 ‐0.1 ‐0.2 ‐0.3 ‐0.8

103N 01_01_B103NE 0.2 0.2 0.3 0.3 0.3 0.3 0.3 0.2 0.3 0.3 0.3 0.2 0.4 0.4 ‐0.8 ‐0.8 ‐0.8 ‐0.8 ‐0.7 ‐0.8 ‐0.8 ‐0.7 ‐0.8 ‐0.8 ‐0.8 ‐0.8 ‐0.8

103S 01_01_B103SE 0.2 0.2 0.3 0.3 0.3 0.3 0.3 0.2 0.3 0.3 0.3 0.2 0.4 0.4 ‐0.8 ‐0.9 ‐0.8 ‐0.7 ‐0.7 ‐0.8 ‐0.8 ‐0.7 ‐0.8 ‐0.8 ‐0.8 ‐0.8 ‐0.8

103W 01_01_B103W_0001Z ‐0.1 ‐0.2 ‐0.1 ‐0.1 ‐0.4 ‐0.3 ‐0.3 ‐0.1 ‐0.3 ‐0.3 ‐0.5 ‐0.2 ‐0.3 ‐0.3 ‐0.3 ‐0.2 ‐0.3 ‐0.1 ‐0.1 ‐1.3 ‐1.3 ‐1.3 ‐1.2 ‐1.2 ‐1.3 ‐1.3 ‐1.2 ‐1.3 ‐1.3 ‐1.3 ‐1.2 ‐1.3

104E 01_01_B104E 0.2 0.2 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.2 0.3 0.2 0.3 0.4 ‐0.9 ‐0.9 ‐0.9 ‐0.8 ‐0.8 ‐0.9 ‐0.9 ‐0.8 ‐0.9 ‐0.8 ‐0.8 ‐0.8 ‐0.8

104W 01_01_B104W_0001Z ‐0.1 ‐0.1 ‐0.1 0.0 ‐0.4 ‐0.3 ‐0.3 ‐0.2 ‐0.2 ‐0.2 ‐0.3 ‐0.4 ‐0.2 ‐0.2 ‐0.2 ‐0.2 ‐0.2 ‐0.2 ‐0.2 ‐0.1 ‐1.3 ‐1.3 ‐1.3 ‐1.3 ‐1.3 ‐1.3 ‐1.3 ‐1.2 ‐1.3 ‐1.3 ‐1.3 ‐1.3

105E 01_01_B105E 0.1 0.2 0.3 0.3 0.3 0.3 0.3 0.3 0.2 0.2 0.2 0.2 0.2 ‐1.0 ‐1.0 ‐1.0 ‐0.9 ‐0.9 ‐1.0 ‐1.0 ‐0.9 ‐1.0 ‐0.9 ‐0.9 ‐0.9 ‐1.0

105W 01_01_B105W_0001Z ‐0.2 ‐0.1 ‐0.2 0.0 ‐0.4 ‐0.2 ‐0.3 ‐0.3 ‐0.3 ‐0.2 ‐0.3 ‐0.3 ‐0.2 ‐0.3 ‐0.3 ‐0.3 ‐0.3 ‐0.3 ‐0.4 ‐0.3 ‐1.5 ‐1.5 ‐1.5 ‐1.4 ‐1.4 ‐1.5 ‐1.5 ‐1.4 ‐1.4 ‐1.4 ‐1.4 ‐1.4 ‐1.4

106S 01_01_B106SE 0.2 0.2 0.3 0.3 0.3 0.3 0.4 0.3 0.2 0.3 0.2 0.2 0.2 0.2 ‐1.0 ‐1.0 ‐1.0 ‐0.9 ‐0.9 ‐1.0 ‐1.0 ‐0.9 ‐0.9 ‐0.9 ‐1.0 ‐0.9 ‐1.0

106W 01_01_B106W_0001Z ‐0.1 ‐0.1 ‐0.1 0.0 ‐0.2 ‐0.3 ‐0.3 ‐0.3 ‐0.2 ‐0.2 ‐0.3 ‐0.2 ‐0.3 ‐0.4 ‐0.3 ‐0.3 ‐0.3 ‐0.3 ‐0.4 ‐1.5 ‐1.6 ‐1.5 ‐1.5 ‐1.4 ‐1.5 ‐1.5 ‐1.5 ‐1.5 ‐1.5 ‐1.5 ‐1.5 ‐1.5

107E 01_01_B107E 0.2 0.2 0.3 0.3 0.3 0.3 0.4 0.3 0.2 0.2 0.3 0.2 0.1 0.1 ‐1.0 ‐1.1 ‐1.0 ‐1.0 ‐1.0 ‐1.0 ‐1.0 ‐0.9 ‐1.0 ‐1.0 ‐1.0 ‐0.9 ‐1.0

107W 01_01_B107W_0001Z ‐0.3 ‐0.1 ‐0.2 0.0 ‐0.3 ‐0.3 ‐0.3 ‐0.3 ‐0.2 ‐0.2 ‐0.3 ‐0.3 ‐0.4 ‐0.4 ‐0.4 ‐0.4 ‐0.4 ‐0.4 ‐0.4 ‐1.6 ‐1.6 ‐1.6 ‐1.6 ‐1.4 ‐1.7 ‐1.6 ‐1.6 ‐1.6 ‐1.6 ‐1.6 ‐1.6 ‐1.7

108E 01_01_B108E 0.0 0.0 ‐0.1 ‐0.1 ‐0.1 ‐0.1 ‐0.1 ‐0.2 ‐0.1 ‐1.3 ‐1.4 ‐1.4 ‐1.3 ‐1.3 ‐1.4 ‐1.4 ‐1.3 ‐1.4 ‐1.3 ‐1.3 ‐1.3 ‐1.3

108W 01_01_B108W_0001Z 0.0 ‐0.1 0.1 ‐0.1 ‐0.1 ‐0.1 ‐0.2 ‐0.2 ‐0.1 ‐0.1 ‐0.1 ‐0.1 ‐0.2 ‐0.2 ‐0.2 ‐0.2 ‐0.2 ‐0.3 ‐0.2 ‐1.4 ‐1.5 ‐1.4 ‐1.4 ‐1.4 ‐1.5 ‐1.5 ‐1.4 ‐1.4 ‐1.4 ‐1.4 ‐1.4 ‐1.5

109W 01_01_B109W_0001Z 0.0 ‐0.1 0.1 0.0 ‐0.1 ‐0.1 ‐0.1 ‐0.1 0.0 ‐0.1 ‐0.1 0.8 ‐0.1 ‐0.1 ‐0.1 ‐0.1 ‐0.1 ‐0.2 ‐0.1 ‐1.3 ‐1.4 ‐1.4 ‐1.3 ‐1.3 ‐1.4 ‐1.4 ‐1.3 ‐1.4 ‐1.3 ‐1.3 ‐1.3 ‐1.4

110W 01_01_B110W_0001Z 0.0 ‐0.1 0.1 0.0 0.0 ‐0.1 ‐0.1 0.0 0.1 0.0 0.0 ‐0.1 ‐1.3 ‐1.2 ‐1.3 ‐1.2 ‐1.3 ‐1.3 ‐1.3 ‐1.3 ‐1.3 ‐1.3

111W 01_01_B111W_0001Z 0.0 ‐0.1 ‐0.1 ‐0.2 ‐0.2 ‐0.1 ‐0.1 ‐0.1 ‐0.1 ‐0.1 ‐0.1 ‐0.1 ‐0.1 ‐0.1 ‐0.1 ‐0.1 ‐0.1 ‐0.1 ‐0.1 ‐0.2 ‐0.1 ‐1.4 ‐1.4 ‐1.4 ‐1.3 ‐1.3 ‐1.4 ‐1.4 ‐1.3 ‐1.3 ‐1.3 ‐1.4 ‐1.3 ‐1.3

112W 01_01_B112W_0001Z ‐0.1 ‐0.1 ‐0.1 ‐0.2 ‐0.1 ‐0.1 ‐0.1 ‐0.1 ‐0.1 ‐0.2 ‐0.1 ‐0.1 ‐0.1 ‐0.1 ‐0.1 ‐0.1 ‐0.1 ‐0.1 ‐0.1 ‐0.1 ‐0.1 ‐1.3 ‐1.4 ‐1.3 ‐1.3 ‐1.3 ‐1.4 ‐1.4 ‐1.3 ‐1.4 ‐1.4 ‐1.4 ‐1.3 ‐1.4

113W 01_01_B113W_0001Z ‐0.1 0.0 0.0 ‐0.1 ‐0.2 ‐0.1 0.0 0.0 ‐0.1 ‐0.2 0.0 ‐0.1 ‐0.1 ‐0.1 ‐0.1 ‐0.1 ‐0.1 0.0 ‐0.1 0.0 ‐0.1 ‐1.3 ‐1.3 ‐1.3 ‐1.3 ‐1.3 ‐1.4 ‐1.4 ‐1.3 ‐1.4 ‐1.3 ‐1.3 ‐1.3 ‐1.3

01_SP_19605_B121I_000NZ 0.1 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.4 0.3 0.3 0.2 0.3 0.3 0.3 0.3 0.4 ‐0.6 ‐0.6 ‐0.6 ‐0.6 ‐0.7

01_SP_19601_B121I_000SZ 0.1 0.2 0.1 0.1 0.1 0.1 0.1 0.2 0.2 0.3 0.3 0.2 0.1 0.3 0.2 0.2 0.3 0.3 ‐0.7 ‐0.7 ‐0.7 ‐0.7 ‐0.7

01_SP_19616_B121M_000NZ 0.1 0.1 ‐0.8

01_SP_19613_B121M_000SZ 0.0 0.1 ‐0.8

121W 01_SP_19608_B121W_000WZ 0.1 0.1 0.1 0.1 0.1 0.2 0.1 0.3 0.3 0.2 0.1 0.3 0.3 0.3 0.3 ‐0.7 ‐0.7 ‐0.7 ‐0.7 ‐0.7

122M 01_SP_19575_B122M_0000Z 0.0 0.0 0.0 ‐0.9

123M 01_SP_19524_B123M_0000Z 0.1 0.0 0.0 0.0 0.0 0.1 ‐0.2 ‐1.0

123W 01_SP_19512_B123W_0000Z 0.1 0.1 0.0 0.1 0.1 0.1 0.0 0.1 0.0 0.1 0.1 0.1 0.0 0.1 0.1 0.1 0.2 0.2 ‐0.8 ‐0.8 ‐0.8 ‐0.9

01_SP_19486_B124M_000NZ 0.1 0.1 0.1 0.1 0.1 0.0 0.2 0.1 0.1 0.0 ‐0.8

01_SP_19484_B124M_000SZ 0.1 0.0 0.0 0.0 0.0 0.0 0.1 0.1 0.0 ‐0.1 ‐0.9

01_SP_19473_B124W_000NZ 0.0 ‐0.1 ‐0.1 0.0 0.0 ‐0.1 ‐0.1 ‐0.1 ‐0.2 ‐0.1 0.0 ‐0.1 ‐0.1 ‐0.2 0.0 0.0 ‐0.1 0.1 0.1 ‐1.0 ‐1.0 ‐0.9 ‐1.0 ‐1.0

01_SP_19471_B124W_000SZ 0.1 0.0 0.0 0.1 0.1 0.1 0.0 0.0 ‐0.1 ‐0.1 0.1 0.0 0.0 ‐0.1 0.0 0.0 ‐0.1 0.1 0.2 ‐0.9 ‐0.9 ‐0.9 ‐0.9 ‐1.0

125M 01_SP_B125M_0000Z 0.1 0.0 ‐0.1 ‐0.2 ‐0.1 ‐0.1 0.0 0.0 0.0 ‐0.2 0.0 0.0 0.2 ‐0.9 ‐0.9 ‐1.0 ‐0.9 ‐1.0

125W 01_SP_B125W_0000Z 0.0 0.0 ‐0.1 0.0 0.0 0.0 ‐0.2 ‐0.1 ‐0.2 ‐0.2 ‐0.1 ‐0.2 ‐0.2 ‐0.3 ‐0.1 ‐0.2 ‐0.2 ‐0.1 0.0 ‐1.1 ‐1.1 ‐1.1 ‐1.1 ‐1.1

See page 2 for notes

Elevation Change2,3 ‐ Adjusted4 (inch)

121M

121I

124M

124W

Elevation Change2,3 (inch)

Bent

No.1
Geoscope Point Name
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Table 5

STP ALASKAN WAY VIADUCT BENT SURVEY DATA

1
/2
8
/2
0
1
3

2
/1
/2
0
1
3

2
/2
5
/2
0
1
3

4
/2
9
/2
0
1
3

5
/2
8
/2
0
1
3

8
/2
7
/2
0
1
3

1
0
/1
/2
0
1
3

1
1
/2
5
/2
0
1
3

1
2
/3
/2
0
1
3

1
2
/1
1
/2
0
1
3

1
2
/1
8
/2
0
1
3

1
2
/3
1
/2
0
1
3

1
/1
3
/2
0
1
4

1
/3
1
/2
0
1
4

2
/2
5
/2
0
1
4

3
/2
9
/2
0
1
4

4
/3
0
/2
0
1
4

5
/2
8
/2
0
1
4

6
/2
9
/2
0
1
4

7
/3
0
/2
0
1
4

8
/2
4
/2
0
1
4

9
/2
8
/2
0
1
4

1
0
/3
1
/2
0
1
4

1
1
/1
/2
0
1
4

1
1
/7
/2
0
1
4

1
1
/1
6
/2
0
1
4

1
1
/2
3
/2
0
1
4

1
1
/2
4
/2
0
1
4

1
2
/1
/2
0
1
4

1
2
/8
/2
0
1
4

1
2
/1
6
/2
0
1
4

1
2
/2
4
/2
0
1
4

1
2
/3
0
/2
0
1
4

1
/5
/2
0
1
5

1
/1
3
/2
0
1
5

1
/1
8
/2
0
1
5

1
/2
0
/2
0
1
5

1
/2
5
/2
0
1
5

2
/1
/2
0
1
5

2
/5
/2
0
1
5

2
/8
/2
0
1
5

2
/1
5
/2
0
1
5

Elevation Change2,3 ‐ Adjusted4 (inch)Elevation Change2,3 (inch)

Bent

No.1
Geoscope Point Name

126M 01_SP_B126M_0000Z 0.0 ‐0.2 ‐0.1 0.0 ‐0.1 ‐0.1 0.0 0.0 ‐0.1 ‐0.1 0.0 0.0 0.2 ‐0.9 ‐0.9 ‐0.9 ‐0.9 ‐0.9

126W 01_SP_B126W_0000Z ‐0.2 ‐0.2 ‐0.2 ‐0.2 ‐0.2 ‐0.2 ‐0.5 ‐0.4 ‐0.6 ‐0.6 ‐0.4 ‐0.5 ‐0.5 ‐0.7 ‐0.5 ‐0.5 ‐0.6 ‐0.5 ‐0.3 ‐1.4 ‐1.4 ‐1.4 ‐1.4 ‐1.4

127M 01_SP_B127M_000NZ 0.0 ‐0.1 ‐0.1 ‐0.1 ‐0.1 0.1 0.0 0.0 ‐0.1 0.0 0.0 0.2 ‐0.8 ‐0.8 ‐0.9 ‐0.8 ‐0.9

127M 01_SP_B127M_000SZ 0.0 ‐0.1 ‐0.1 ‐0.1 ‐0.1 ‐0.1 ‐0.1 ‐0.1 ‐0.1 0.0 ‐0.8 ‐0.9 ‐0.9 ‐0.9 ‐0.9

127W 01_SP_B127W_000NZ 0.0 ‐0.1 ‐0.1 ‐0.1 ‐0.1 0.0 ‐0.2 ‐0.2 ‐0.3 ‐0.3 ‐0.1 ‐0.2 ‐0.3 ‐0.4 ‐0.2 ‐0.2 ‐0.3 ‐0.1 0.0 ‐1.0 ‐1.1 ‐1.1 ‐1.1 ‐1.1

127W 01_SP_B127W_000SZ ‐0.1 ‐0.2 ‐0.2 ‐0.1 ‐0.1 ‐0.1 ‐0.4 ‐0.3 ‐0.4 ‐0.4 ‐0.2 ‐0.3 ‐0.4 ‐0.4 ‐0.3 ‐0.3 ‐0.4 ‐0.3 ‐0.1 ‐1.1 ‐1.2 ‐1.2 ‐1.2 ‐1.2

128M 01_SP_B128M_0000Z 0.0 ‐0.1 ‐0.1 ‐0.1 ‐0.1 ‐0.1 0.0 0.0 ‐0.1 0.0 0.0 0.2 ‐0.8 ‐0.8 ‐0.8 ‐0.8 ‐0.9

128W 01_SP_B128W_0000Z 0.0 ‐0.1 ‐0.1 0.0 0.0 0.0 ‐0.1 ‐0.1 ‐0.2 ‐0.1 0.0 ‐0.1 ‐0.1 ‐0.2 ‐0.1 ‐0.1 ‐0.1 0.1 0.1 ‐0.9 ‐0.9 ‐0.9 ‐0.9 ‐0.9

129W 01_SP_B129W_0000Z 0.0 ‐0.2 ‐0.1 0.0 0.0 0.0 ‐0.1 ‐0.1 ‐0.1 0.1 0.0 0.0 ‐0.1 0.0 0.0 0.2 0.3 ‐0.7 ‐0.8 ‐0.8 ‐0.8 ‐0.8

130W 01_SP_B130W_000NZ 0.1 ‐0.1 0.0 0.0 0.0 0.0 ‐0.1 ‐0.1 0.1 0.1 0.0 0.1 0.3 ‐0.7 ‐0.7 ‐0.7 ‐0.7 ‐0.7

130W 01_SP_B130W_000SZ 0.0 ‐0.1 ‐0.1 0.0 0.0 0.0 ‐0.1 ‐0.1 0.1 0.0 ‐0.1 0.1 0.3 ‐0.7 ‐0.7 ‐0.7 ‐0.7 ‐0.7

NOTES:

1. See Figure 2 for Bent locations and numbers ‐ see also Table 3.

2. Data downloaded from Geoscope on February 24. 2015.  Selected dates were omitted from this table for printing purposes where no changes in elevation were observed.

3. Elevation change is gradationally shaded as follows:   Elevation Change (inches) 0.0 ‐0.3 ‐0.5 ‐0.8 ‐1.0 ‐1.3 ‐1.5 ‐1.8 ‐2.0 Intermediate colors are used for settlement in between these values.  

4. Data in Geoscope was adjusted by STP to account for settlement of survey control ‐ see Section 3.1.2 of main text of report for further explanation.
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Table 6

NEAR SURFACE SETTLEMENT POINT DATA PRIOR TO AND DURING TBM DRIVE

1
1
/1
2
/2
0
1
3

1
1
/1
4
/2
0
1
3

1
1
/1
5
/2
0
1
3

1
1
/1
6
/2
0
1
3

1
1
/1
7
/2
0
1
3

1
1
/1
8
/2
0
1
3

1
1
/1
9
/2
0
1
3

1
1
/2
0
/2
0
1
3

1
1
/2
1
/2
0
1
3

1
1
/2
2
/2
0
1
3

1
1
/2
3
/2
0
1
3

1
1
/2
5
/2
0
1
3

1
1
/2
6
/2
0
1
3

1
1
/2
7
/2
0
1
3

1
1
/2
9
/2
0
1
3

1
2
/2
/2
0
1
3

1
2
/3
/2
0
1
3

1
2
/4
/2
0
1
3

1
2
/5
/2
0
1
3

1
2
/6
/2
0
1
3

03_01_19941_T508 X 199+41 7/24/2013 ‐0.1 0.0 0.0 ‐1.3 ‐1.0 ‐1.1 ‐1.0 ‐1.0 ‐1.0 ‐1.0 ‐1.0 ‐1.0

03_01_19941_W509 X 199+41 7/24/2013 0.0 0.0 0.1 ‐0.5 ‐0.4 ‐0.5 ‐0.5 ‐0.5 ‐0.5 ‐0.5 ‐0.5 ‐0.5

03_01_19967_T542 X 199+67 8/1/2013 ‐0.1 0.0 0.0 ‐1.3 ‐1.1 ‐1.4 ‐1.2 ‐1.2 ‐1.2 ‐1.2 ‐1.2 ‐1.2

03_01_19968_E510 X 199+68 8/1/2013 ‐0.1 0.0 0.0 ‐0.6 ‐0.4 ‐0.6 ‐0.4 ‐0.4 ‐0.4 ‐0.4 ‐0.4 ‐0.4

03_01_19968_W541 X 199+68 7/24/2013 ‐0.1 0.0 0.0 ‐0.2 ‐0.2 ‐0.2 ‐0.3 ‐0.2 ‐0.2 ‐0.2 ‐0.2 ‐0.2

03_01_19983_E001 199+83 10/16/2012 ‐0.1 ‐0.1 ‐0.2 ‐0.1 ‐0.1 ‐0.1 ‐0.1 ‐0.1

03_01_19991_T511 X 199+91 8/1/2013 ‐0.1 ‐0.1 ‐0.1 ‐0.6 ‐1.4 ‐1.6 ‐1.8 ‐1.7 ‐1.7 ‐1.7 ‐1.6 ‐1.6 ‐1.6

03_01_20041_T512 X 200+41 7/24/2013 ‐0.1 ‐0.1 ‐0.1 ‐0.1 ‐0.2 ‐0.4 ‐4.9 ‐4.9 ‐4.9 ‐4.8

03_01_20047_W501 X 200+47 7/24/2013 ‐0.1 0.0 ‐0.1 ‐0.1 ‐0.1 ‐0.1 ‐3.2 ‐3.2 ‐3.2 ‐3.2

03_01_20091_T513 X 200+91 7/24/2013 ‐0.1 0.0 ‐0.1 ‐0.1 0.0 ‐0.1 ‐4.7 ‐4.9 ‐5.1 ‐5.0 ‐5.0 ‐5.1 ‐5.2

03_01_20140_T514 X 201+40 7/24/2013 ‐0.1 ‐0.1 ‐0.1 0.0 0.0 ‐0.3 ‐0.7 ‐1.8 ‐1.4 ‐1.3 ‐1.5 ‐1.5 ‐1.5

03_01_20144_W502 X 201+44 7/24/2013 ‐0.1 ‐0.2 ‐0.1 ‐0.1 ‐0.1 ‐0.2 ‐0.2 ‐0.4 ‐1.3 ‐1.1 ‐1.1 ‐1.2 ‐1.1 ‐1.2

03_01_20191_T515 X 201+91 7/24/2013 ‐0.1 ‐0.1 ‐0.1 ‐0.1 ‐0.1 ‐0.1 ‐0.1 ‐0.1 ‐0.2 ‐0.6 ‐0.5 ‐0.6 ‐0.6 ‐0.6 ‐0.6 ‐0.6

03_01_20230_W503 X 202+30 8/1/2013 0.0 ‐0.1 0.1 ‐0.1 0.0 ‐0.1 0.0 0.0 ‐0.1 ‐0.3 ‐0.5 ‐0.4 ‐0.5 ‐0.5 ‐0.4 ‐0.5

03_01_20240_T516 X 202+40 7/24/2013 0.0 0.0 ‐0.1 ‐0.1 ‐0.1 ‐0.1 ‐0.1 0.0 0.0 0.0 ‐0.3 ‐0.5 ‐0.5 ‐0.5 ‐0.5 ‐0.5 ‐0.5

03_01_20274_W504 X 202+74 7/24/2013 ‐0.1 ‐0.1 ‐0.1 ‐0.1 0.0 0.0 0.1 ‐0.1 ‐0.4 ‐0.3 ‐0.4 ‐0.4 ‐0.3 ‐0.3

03_01_20293_T517 X 202+93 7/24/2013 ‐0.1 ‐0.1 ‐0.1 0.0 0.0 0.1 0.0 ‐0.3 ‐0.3 ‐0.3 ‐0.4 ‐0.3 ‐0.3

03_01_20315_W544 203+15 7/24/2013 ‐0.1 ‐0.1 ‐0.1 0.0 ‐0.1 ‐0.1 ‐0.1 ‐0.1 ‐0.2 ‐0.1 ‐0.1

03_01_20316_E519 X 203+16 7/24/2013 ‐0.1 0.0 0.0 0.1 0.0 ‐0.1 ‐0.1 ‐0.2 ‐0.2 ‐0.2 ‐0.2

03_01_20316_T543 X 203+16 8/1/2013 0.0 0.1 0.0 ‐0.1 ‐0.1 ‐0.2 ‐0.3 ‐0.3 ‐0.2

03_01_20316_W518 X 203+16 7/24/2013 ‐0.1 0.0 0.0 ‐0.2 ‐0.1 ‐0.2 ‐0.3 ‐0.2 ‐0.2

03_01_20316_W545 203+16 7/24/2013 ‐0.2 ‐0.1 ‐0.2 ‐0.1 0.0 ‐0.1 ‐0.1 ‐0.1 ‐0.1 ‐0.1

03_01_20320_E002 203+20 10/16/2012 ‐0.1 ‐0.1 0.0 0.0 ‐0.1 ‐0.1 ‐0.1 ‐0.1 0.0 0.0

03_01_20324_E003 203+24 10/16/2012 ‐0.1 ‐0.1 0.0 0.0 0.0 ‐0.1 ‐0.1

03_01_20340_T520 X 203+40 8/1/2013 0.0 0.1 0.1 ‐0.1 0.0 ‐0.1 ‐0.3 ‐0.2 ‐0.2

03_01_20379_W505 X 203+79 8/1/2013 0.0 0.0 ‐0.1 0.0 ‐0.1 ‐0.2 ‐0.3 ‐0.4

03_01_20391_T521 X 203+91 7/24/2013 0.0 0.0 0.0 0.0 ‐0.1 ‐0.3 ‐0.5

03_01_20441_T522 X 204+41 7/24/2013 ‐0.1 ‐0.1 ‐0.1 ‐0.1 ‐0.4 Green line represents approx.

03_01_20476_W506 X 204+76 7/24/2013 ‐0.1 ‐0.1 ‐0.1 ‐0.1 ‐0.2 location of TBM cutterhead

03_01_20490_T523 X 204+90 7/24/2013 ‐0.1 ‐0.1 ‐0.1 ‐0.1 ‐0.1 ‐0.1

03_01_20544_T524 205+44 8/1/2013 0.0 0.0

03_01_20566_E526 205+66 7/24/2013 ‐0.1 ‐0.1

03_01_20567_E004 205+67 10/16/2012 ‐0.1

03_01_20587_W507 205+87 7/24/2013 ‐0.1 ‐0.1 ‐0.1

03_01_20590_T527 205+90 7/24/2013 ‐0.2 ‐0.1 ‐0.1

03_01_20597_E565 205+97 8/14/2013 ‐0.1 0.0 0.0

03_01_20598_E566 205+98 8/14/2013 0.0 0.1 0.1

03_01_20599_T567 205+99 8/14/2013 ‐0.1 0.0 ‐0.1

03_01_20600_W568 206+00 8/14/2013 ‐0.1 0.0 0.0

03_01_20601_W569 206+01 8/14/2013 0.1 0.0

03_01_20664_W529 206+64 7/24/2013 ‐0.1

NOTES:
1. Data above was downloaded from STP's Geoscope platform on 2‐12‐2015.  
2. Negative values represent downward movement (settlement).  Data is gradationally shaded as follows: Vertical Movement (inches) 0.0 ‐0.3 ‐0.5 ‐0.8 ‐1.0 ‐1.3 ‐1.5 ‐1.8 ‐2.0

3. See Table 7 for data obtained after 12‐6‐2013.
NSSP = Near Surface Settlement Point

SESMP = South End Settlement Mitigation Plan

Intermediate colors are used for settlement in between these values.  Settlements 

larger than 2 inches are also shown in red.

This same gradational scale is used on Tables 1 through 7, regardless of the maximum value in each table, 

to allow for consistent comparison of elevation change across all tables.

Geoscope 

Measurement 

Point Name In
si
d
e
 S
ES
M
P

Date of 

Baseline 

Reading

Vertical Movement2 (inches) since Baseline Reading

Approx. 

Tunnel 

Station 

(feet)
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Table 7

NEAR SURFACE SETTLEMENT POINT DATA AFTER TBM STOP

1
2
/9
/2
0
1
3

1
2
/1
0
/2
0
1
3

1
2
/1
1
/2
0
1
3

1
2
/1
2
/2
0
1
3

1
2
/1
3
/2
0
1
3

1
2
/1
6
/2
0
1
3

1
2
/1
7
/2
0
1
3

1
2
/1
8
/2
0
1
3

1
2
/1
8
/2
0
1
3

1
2
/1
9
/2
0
1
3

1
2
/2
0
/2
0
1
3

1
2
/2
3
/2
0
1
3

1
2
/3
1
/2
0
1
3

1
/1
/2
0
1
4

1
/2
/2
0
1
4

1
/4
/2
0
1
4

1
/5
/2
0
1
4

1
/6
/2
0
1
4

1
/7
/2
0
1
4

1
/8
/2
0
1
4

1
/9
/2
0
1
4

1
/1
0
/2
0
1
4

1
/1
3
/2
0
1
4

1
/1
7
/2
0
1
4

1
/2
1
/2
0
1
4

1
/2
4
/2
0
1
4

1
/2
7
/2
0
1
4

1
/2
8
/2
0
1
4

1
/2
9
/2
0
1
4

1
/3
0
/2
0
1
4

1
/3
1
/2
0
1
4

2
/4
/2
0
1
4

2
/5
/2
0
1
4

2
/1
2
/2
0
1
4

4
/3
0
/2
0
1
4

5
/1
/2
0
1
4

03_01_20230_W503 X 202+30 8/1/2013 ‐0.5 ‐0.4 ‐0.5 ‐0.5 ‐0.5 ‐0.5 ‐0.5 ‐0.5 ‐0.6 ‐0.5 ‐0.4 ‐0.5 ‐0.6 ‐0.6 ‐0.6 ‐0.6 ‐0.5 ‐0.5 ‐0.6 ‐0.6

03_01_20240_T516 X 202+40 7/24/2013 ‐0.6 ‐0.5 ‐0.5 ‐0.5 ‐0.5 ‐0.6 ‐0.6 ‐0.6 ‐0.6 ‐0.6 ‐0.6 ‐0.6 ‐0.7 ‐0.6 ‐0.6 ‐0.7 ‐0.6 ‐0.6 ‐0.6 ‐0.6 ‐0.6 ‐0.6 ‐0.6 ‐0.6 ‐0.7 ‐0.7 ‐0.7 ‐0.7

03_01_20274_W504 X 202+74 7/24/2013 ‐0.4 ‐0.4 ‐0.4 ‐0.4 ‐0.4 ‐0.5 ‐0.4 ‐0.5 ‐0.5 ‐0.5 ‐0.5 ‐0.5 ‐0.5 ‐0.5 ‐0.5 ‐0.6 ‐0.5 ‐0.5 ‐0.5 ‐0.5 ‐0.5 ‐0.5 ‐0.5 ‐0.5 ‐0.5 ‐0.5 ‐0.5 ‐0.5 ‐0.5 ‐0.5

03_01_20293_T517 X 202+93 7/24/2013 ‐0.4 ‐0.3 ‐0.3 ‐0.4 ‐0.4 ‐0.5 ‐0.5 ‐0.6 ‐0.6 ‐0.6 ‐0.6 ‐0.6 ‐0.6 ‐0.6 ‐0.6 ‐0.6 ‐0.6 ‐0.6 ‐0.6 ‐0.6 ‐0.6 ‐0.6 ‐0.6 ‐0.6 ‐0.6 ‐0.6 ‐0.6

03_01_20315_W544 203+15 7/24/2013 ‐0.2 ‐0.1 ‐0.1 ‐0.1 ‐0.1 ‐0.2 ‐0.1 ‐0.2 ‐0.2 ‐0.2 ‐0.2 ‐0.3 ‐0.3 ‐0.3 ‐0.3 ‐0.3 ‐0.3 ‐0.2 ‐0.3 ‐0.3 ‐0.3 ‐0.3 ‐0.3 ‐0.3 ‐0.3 ‐0.2 ‐0.3 ‐0.3 ‐0.3 ‐0.3

03_01_20316_E519 X 203+16 7/24/2013 ‐0.2 ‐0.2 ‐0.2

03_01_20316_T543 X 203+16 8/1/2013 ‐0.3 ‐0.3 ‐0.3 ‐0.3 ‐0.6 ‐0.7 ‐0.6 ‐0.6 ‐0.7 ‐0.7 ‐0.7 ‐0.7

03_01_20316_W518 X 203+16 7/24/2013 ‐0.3 ‐0.3 ‐0.3 ‐0.3 ‐0.3 ‐0.3 ‐0.4 ‐0.5 ‐0.5 ‐0.5 ‐0.7 ‐0.7 ‐0.7 ‐0.7 ‐0.7 ‐0.7 ‐0.6 ‐0.7 ‐0.7 ‐0.7 ‐0.7 ‐0.7 ‐0.9 ‐0.9 ‐0.9 ‐0.8 ‐0.9 ‐0.9 ‐0.9 ‐0.9

03_01_20316_W545 203+16 7/24/2013 ‐0.2 ‐0.1 ‐0.2 ‐0.1 ‐0.2 ‐0.2 ‐0.2 ‐0.3 ‐0.2 ‐0.3 ‐0.3 ‐0.4 ‐0.3 ‐0.3 ‐0.4 ‐0.3 ‐0.3 ‐0.3 ‐0.3 ‐0.3 ‐0.3 ‐0.3 ‐0.3 ‐0.4 ‐0.3 ‐0.4 ‐0.4 ‐0.4 ‐0.4

03_01_20320_E002 203+20 10/16/2012 ‐0.1 0.0 0.0 0.0 0.0 ‐0.1 ‐0.1 ‐0.1 ‐0.1 ‐0.1 ‐0.1 ‐0.1 ‐0.1 ‐0.1 ‐0.1 ‐0.1 ‐0.1 0.0 ‐0.1 ‐0.1 ‐0.1 ‐0.1 0.0 ‐0.1 ‐0.1 0.0 ‐0.1 ‐0.1 ‐0.1 ‐0.1

03_01_20324_E003 203+24 10/16/2012 0.0 ‐0.1 ‐0.1 ‐0.1 ‐0.1 ‐0.1 ‐0.1 ‐0.2 ‐0.2 ‐0.1 ‐0.2 ‐0.2 ‐0.1 ‐0.2 ‐0.1 ‐0.1 ‐0.2 ‐0.2 ‐0.1 ‐0.1 ‐0.1 ‐0.1 ‐0.1 ‐0.1 ‐0.1 ‐0.1 ‐0.1 0.0

03_01_20340_T520 X 203+40 8/1/2013 ‐0.3 ‐0.1 ‐0.2 ‐0.4 ‐0.3 ‐0.6 ‐0.5 ‐0.6 ‐0.6 ‐0.5 ‐0.6 ‐0.5 ‐0.4 ‐0.6 ‐0.6 ‐0.6 ‐0.5 ‐0.5 ‐0.5 ‐0.5 ‐0.5 ‐0.6 ‐0.6 ‐0.6 ‐0.6

03_01_20379_W505 X 203+79 8/1/2013 ‐0.4 ‐0.4 ‐0.4 ‐0.5

03_01_20391_T5216 X 203+91 7/24/2013 ‐0.5 ‐0.5 ‐0.5 ‐0.8 ‐0.8 ‐0.8 ‐0.8 ‐0.8 ‐0.8 ‐0.8 ‐0.7 ‐0.9 ‐0.9 ‐0.9 ‐0.9 ‐1.0 ‐1.0 ‐1.0 ‐1.0

03_01_20441_T5226 X 204+41 7/24/2013 ‐0.6 ‐0.5 ‐0.5 ‐0.6 ‐1.6 ‐1.5 ‐1.6 ‐1.6 ‐1.5 ‐2.0 ‐2.0 ‐2.0 ‐2.0 ‐2.1 ‐2.1 ‐2.1 ‐2.2

03_01_20476_W506 X 204+76 7/24/2013 ‐0.3 ‐0.2 ‐0.3 ‐0.3

03_01_20490_T5236 X 204+90 7/24/2013 ‐0.3 ‐0.2 ‐0.2 ‐0.2 ‐1.9 ‐1.9 ‐2.0 ‐1.9

03_01_20544_T524 205+44 8/1/2013 ‐0.1 ‐0.1 ‐0.1 ‐0.5 ‐0.5 ‐0.5 ‐0.6 ‐0.6 ‐0.5

03_01_20565_W525 205+65 8/1/2013 ‐0.1 ‐0.1 ‐0.1 ‐0.1 ‐0.5 ‐0.4 ‐0.4 ‐0.4 ‐0.4 ‐0.4 ‐0.4 ‐0.5 ‐0.4 ‐0.5 ‐0.4 ‐0.4 ‐0.4 ‐0.4 ‐0.4 ‐0.4 ‐0.5 ‐0.5 ‐0.5

03_01_20566_E526 205+66 7/24/2013 ‐0.1 ‐0.1 ‐0.1 ‐0.1 ‐0.1 ‐0.2 ‐0.2 ‐0.2 ‐0.2 ‐0.1 ‐0.2 ‐0.2 ‐0.2 ‐0.2

03_01_20567_E004 205+67 10/16/2012 ‐0.2 ‐0.1 ‐0.1 ‐0.1 ‐0.1 ‐0.3 ‐0.2 ‐0.3 ‐0.3 ‐0.3 ‐0.2 ‐0.3 ‐0.2 ‐0.3 ‐0.4 ‐0.2 ‐0.3 ‐0.3 ‐0.3 ‐0.3 ‐0.3 ‐0.3 ‐0.3 ‐0.3 ‐0.3 ‐0.3 ‐0.2 ‐0.3 ‐0.3 ‐0.3 ‐0.3 ‐0.1

03_01_20587_W507 205+87 7/24/2013 ‐0.1 ‐0.1 ‐0.1 ‐0.1 ‐0.1 ‐0.2 ‐0.2 ‐0.2 ‐0.2 ‐0.2 ‐0.2 ‐0.2 ‐0.3 ‐0.3 ‐0.2 ‐0.3 ‐0.2 ‐0.2 ‐0.2 ‐0.2 ‐0.2 ‐0.2 ‐0.2 ‐0.2 ‐0.2 ‐0.2 ‐0.2 ‐0.2 ‐0.2 ‐0.2 ‐0.3

03_01_20590_T527 205+90 7/24/2013 ‐0.2 ‐0.1 ‐0.1 ‐0.2 ‐0.1 ‐0.2 ‐0.2 ‐0.2 ‐0.3 ‐0.2 ‐0.2 ‐0.2 ‐0.3 ‐0.3 ‐0.2 ‐0.3 ‐0.2 ‐0.3 ‐0.2 ‐0.2 ‐0.2 ‐0.2 ‐0.2 ‐0.2 ‐0.2 ‐0.2 ‐0.2 ‐0.2 ‐0.2 ‐0.2 ‐0.3

03_01_20597_E565 205+97 8/14/2013 0.0 0.0 0.0 0.0 0.0 ‐0.1 ‐0.1 ‐0.1 ‐0.2 0.0 ‐0.1 ‐0.1 ‐0.1 ‐0.1 ‐0.1 ‐0.2 ‐0.1 ‐0.1 ‐0.1 ‐0.1 ‐0.1 ‐0.1 ‐0.1 ‐0.1 ‐0.1 ‐0.1 ‐0.1 ‐0.1 ‐0.1 ‐0.1 ‐0.1

03_01_20598_E566 205+98 8/14/2013 0.0 0.0 0.0 0.0 0.0 ‐0.1 0.0 ‐0.1 ‐0.1 0.0 ‐0.1 0.0 ‐0.1 ‐0.1 0.0 ‐0.1 ‐0.1 0.0 ‐0.1 ‐0.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 ‐0.1

03_01_20599_T567 205+99 8/14/2013 ‐0.1 ‐0.1 ‐0.1 ‐0.1 ‐0.1 ‐0.2 ‐0.2 ‐0.2 ‐0.2 ‐0.2 ‐0.3 ‐0.2 ‐0.3 ‐0.3 ‐0.2 ‐0.3 ‐0.2 ‐0.2 ‐0.2 ‐0.2 ‐0.2 ‐0.2 ‐0.2 ‐0.2 ‐0.2 ‐0.2 ‐0.2 ‐0.3 ‐0.2 ‐0.2 ‐0.3

03_01_20600_W568 206+00 8/14/2013 0.0 0.0 0.0 0.0 0.0 ‐0.2 ‐0.1 ‐0.1 ‐0.2 ‐0.1 ‐0.2 ‐0.1 ‐0.2 ‐0.2 ‐0.1 ‐0.2 ‐0.2 ‐0.2 ‐0.2 ‐0.2 ‐0.2 ‐0.1 ‐0.2 ‐0.2 ‐0.2 ‐0.1 ‐0.2 ‐0.2 ‐0.2 ‐0.2 ‐0.2

03_01_20601_W569 206+01 8/14/2013 0.0 0.0 0.0 0.0 0.0 ‐0.1 ‐0.1 ‐0.1 ‐0.1 ‐0.1 ‐0.2 ‐0.1 ‐0.2 ‐0.2 ‐0.1 ‐0.2 ‐0.1 ‐0.1 ‐0.1 ‐0.1 ‐0.1 ‐0.1 ‐0.1 ‐0.1 ‐0.1 ‐0.1 ‐0.2 ‐0.2 ‐0.2 ‐0.1 ‐0.2

03_01_20638_T528 206+38 7/29/2013 ‐0.2 ‐0.1 ‐0.1 ‐0.1 ‐0.1 ‐0.2 ‐0.2 ‐0.1 ‐0.2 ‐0.2 ‐0.2 ‐0.2 ‐0.2 ‐0.2

03_01_20664_W529 206+64 7/24/2013 ‐0.2 ‐0.1 ‐0.1 ‐0.2 ‐0.1 ‐0.2 ‐0.1 ‐0.2 ‐0.2 ‐0.2 ‐0.2 ‐0.2 ‐0.3 ‐0.2 ‐0.2 ‐0.3 ‐0.2 ‐0.2 ‐0.2 ‐0.2 ‐0.2 ‐0.2 ‐0.2 ‐0.2 ‐0.2 ‐0.2 ‐0.2 ‐0.2 ‐0.2 ‐0.2 ‐0.2

03_01_20666_E546 206+66 7/24/2013 ‐0.2 ‐0.2 ‐0.2 ‐0.2 ‐0.2 ‐0.2 ‐0.2 ‐0.2 ‐0.3 ‐0.2 ‐0.2 ‐0.2 ‐0.2 ‐0.3 ‐0.2 ‐0.3 ‐0.2 ‐0.3 ‐0.2 ‐0.2 ‐0.2 ‐0.2 ‐0.2 ‐0.2 ‐0.2 ‐0.2 ‐0.2 ‐0.2 ‐0.2 ‐0.2 ‐0.2

03_01_20666_W547 206+66 7/24/2013 ‐0.1 ‐0.1 ‐0.1 ‐0.1 ‐0.1 ‐0.1 ‐0.2 ‐0.2 ‐0.1 ‐0.2 ‐0.2 ‐0.1 ‐0.2 ‐0.2 ‐0.1 ‐0.1 ‐0.1 ‐0.2 ‐0.1 ‐0.1 ‐0.2 ‐0.2 ‐0.1 ‐0.2 ‐0.2 ‐0.2 ‐0.1

03_01_20667_E530 206+67 7/24/2013 ‐0.1 ‐0.1 0.1 ‐0.1 ‐0.1 ‐0.2 ‐0.1 ‐0.1 ‐0.2 ‐0.1 ‐0.2 ‐0.1 ‐0.2 ‐0.2 ‐0.1 ‐0.2 ‐0.2 ‐0.2 ‐0.1 ‐0.1 ‐0.1 ‐0.1 ‐0.3 ‐0.1

03_01_20667_W548 206+67 7/24/2013 ‐0.2 ‐0.2 ‐0.2 ‐0.1 ‐0.1 ‐0.1 ‐0.1 ‐0.1 ‐0.2 ‐0.2 ‐0.2

03_01_20672_E005 206+72 10/16/2012 ‐0.1 ‐0.1 ‐0.1 ‐0.1 ‐0.1 ‐0.3 ‐0.2 ‐0.3 ‐0.3 ‐0.2 ‐0.1 ‐0.3 ‐0.2 ‐0.3 ‐0.3 ‐0.2 ‐0.3 ‐0.3 ‐0.3 ‐0.3 ‐0.3 ‐0.3 ‐0.3 ‐0.3 ‐0.3 ‐0.3 ‐0.2 ‐0.2 ‐0.3 ‐0.2 ‐0.3 ‐0.1

03_01_20673_E006 206+73 10/16/2012 ‐0.1 ‐0.1 ‐0.1 ‐0.1 ‐0.3 ‐0.2 ‐0.3 ‐0.3 ‐0.2 ‐0.1 ‐0.3 ‐0.1 ‐0.2 ‐0.3 ‐0.2 ‐0.3 ‐0.2 ‐0.3 ‐0.3 ‐0.3 ‐0.3 ‐0.3 ‐0.3 ‐0.3 ‐0.3 ‐0.3 ‐0.2 ‐0.3 ‐0.2 ‐0.3 ‐0.1

03_01_20738_T531 207+38 8/14/2013 ‐0.3 ‐0.2

03_01_20784_T532 207+84 8/14/2013 ‐0.2 0.0

03_01_20825_W533 208+25 8/14/2013 ‐0.2 0.0

03_01_20852_E007 208+52 10/16/2012 ‐0.2 ‐0.1

03_01_20853_E008 208+53 10/16/2012 ‐0.1 0.0

03_01_20901_W563 209+01 8/14/2013 ‐0.2 0.0

03_01_20905_T535 209+05 8/14/2013 ‐0.3 ‐0.1

See page 2 for notes.
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Table 7

NEAR SURFACE SETTLEMENT POINT DATA AFTER TBM STOP

1
/2
4
/2
0
1
4

1
/2
8
/2
0
1
4

2
/4
/2
0
1
4

2
/1
2
/2
0
1
4

4
/3
0
/2
0
1
4

5
/1
/2
0
1
4

1
/2
4
/2
0
1
4

1
/2
8
/2
0
1
4

2
/4
/2
0
1
4

2
/1
2
/2
0
1
4

4
/3
0
/2
0
1
4

5
/1
/2
0
1
4

03_01_20906_E561 209+06 8/14/2013 ‐0.2 0.0 ‐0.2 ‐0.3

03_01_20906_E562 209+06 8/28/2013 ‐0.2 0.0 0.0 ‐0.1

03_01_20942_E537 209+42 8/14/2013 ‐0.2 0.0 ‐0.2

03_01_20949_W536 209+49 8/14/2013 ‐0.2 0.0 ‐0.1

03_01_20961_E009 209+61 10/16/2012 ‐0.2 ‐0.1 ‐0.4 ‐0.4

03_01_20961_T538 209+61 8/14/2013 ‐0.1 0.2 ‐0.1

03_01_21002_E549 210+02 8/30/2013 ‐0.2 0.0 ‐0.1 ‐0.1

03_01_21003_E550 210+03 8/30/2013 ‐0.1 0.0 ‐0.1

03_01_21005_T551 210+05 8/14/2013 ‐0.2 0.0 ‐0.2 ‐0.1

03_01_21007_T539 210+07 8/14/2013 ‐0.1 ‐0.2 ‐0.1

03_01_21059_T540 210+59 8/28/2013 ‐0.1 ‐0.1 ‐0.1

03_01_21077_E554 210+77 8/30/2013 ‐0.1 0.0 ‐0.1

03_01_21079_E555 210+79 8/30/2013 ‐0.1 0.0 0.0

03_01_21082_T556 210+82 8/28/2013 ‐0.1 ‐0.2

03_01_21085_W557 210+85 8/14/2013 ‐0.1 ‐0.2

03_01_21088_W558 210+88 8/14/2013 ‐0.1 ‐0.1 NOTES:

03_01_21089_E010 210+89 10/16/2012 ‐0.2 ‐0.3 1. Data above was downloaded from STP's Geoscope platform on 2‐12‐2015.  

03_01_21164_E011 211+64 2/1/2013 0.1 ‐0.1 2. Negative values represent downward movement (settlement).

03_01_21206_E015 212+06 2/1/2013 0.0 ‐0.3 Data is gradationally shaded as follows:  Vertical Movement (inches) 0.0 ‐0.3 ‐0.5 ‐0.8 ‐1.0 ‐1.3 ‐1.5 ‐1.8 ‐2.0
03_01_21211_E559 212+11 8/30/2013 0.1 ‐0.1

03_01_21219_W560 212+19 8/30/2013 0.0 0.1

03_01_21268_E021 212+68 2/1/2013 ‐0.4

03_01_21522_W022 215+22 10/16/2012 0.0 0.1 3. See Table 6 for data obtained prior to 12‐6‐2013.

03_01_21545_W023 215+45 10/16/2012 0.0 0.1 4. NSSPs located north of Marion Street are not shown.

03_01_21551_T025 215+51 10/16/2012 ‐0.1 0.0 5. Data obtained points in December 2014 are not shown because they have not yet been

03_01_21603_E026 216+03 10/16/2012 ‐0.2 ‐0.1 corrected for survey control reference settlement.

03_02_21640_E031 216+40 2/1/2013 0.0 0.0 6. Points likely disturbed by construction activity and equipment during cutterhead intervention.

03_02_21713_T100 217+13 6/4/2013 ‐0.1 ‐0.1 NSSP = Near Surface Settlement Point

03_02_21779_T101 217+79 6/4/2013 SESMP = South End Settlement Mitigation Plan

03_02_21779_T101_A 217+79 10/15/2013 ‐0.1 0.0

03_02_21825_T102 218+25 6/4/2013 ‐0.2 ‐0.2

03_18_21183_E018 211+83 10/16/2012 ‐0.1 ‐0.3 ‐0.2

03_18_21190_W012 211+90 10/16/2012 0.0

03_18_21192_E017 211+92 10/16/2012 0.0 ‐0.1

03_18_21194_W014 211+94 10/16/2012

03_18_21197_E016 211+97 10/16/2012 ‐0.1 ‐0.2

03_18_21198_W013 211+98 10/16/2012 ‐0.1

03_19_21569_W024 215+69 10/16/2012 ‐0.1 0.0

03_19_21599_E032 215+99 10/16/2012 ‐0.1 0.0

03_19_21611_E033 216+11 10/16/2012 ‐0.1 0.0

03_20_21789_W120 217+89 3/13/2013 0.0

03_20_21816_W118 218+16 3/13/2013 0.0

03_20_21834_W115 218+34 3/13/2013 ‐0.1

03_20_21844_W119 218+44 3/21/2013 0.0

03_20_21854_W117 218+54 3/13/2013 ‐0.1
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03_20_21960_E103

03_20_21969_E105

03_20_21988_E104

219+69

219+88

219+41

219+52

219+60

03_20_21928_E106

03_20_21941_E109

03_20_21952_E108

03_20_21862_W114

03_20_21879_E111

03_20_21883_W116

03_20_21896_E110

03_20_21900_W113

03_20_21911_E107

03_20_21915_E112

219+11

3/13/2013

3/13/2013

3/13/2013

3/13/2013

3/13/2013

3/13/2013

3/13/2013

219+15

219+28

3/13/2013219+00

218+62

218+79

218+83

218+96

Date of 

Baseline 

Reading

3/13/2013

3/13/2013

3/13/2013

3/13/2013

Intermediate colors are used for settlement in between these values.  

Settlements larger than 2 inches are also shown in red.

This same gradational scale is used on Tables 1 through 7, regardless of the 

maximum value in each table, to allow for consistent comparison of elevation 

change across all tables.
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Table 8

MULTIPLE POINT BOREHOLE EXTENSOMETER DATA

Ja
n
‐3
1
‐1
3

Fe
b
‐2
8
‐1
3

M
ar
‐3
1
‐1
3

A
p
r‐
3
0
‐1
3

M
ay
‐3
1
‐1
3

Ju
n
‐3
0
‐1
3

Ju
l‐
3
1
‐1
3

A
u
g‐
3
1
‐1
3

Se
p
‐3
0
‐1
3

O
ct
‐3
1
‐1
3

N
o
v‐
3
0
‐1
3

D
e
c‐
0
9
‐1
3
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07_01_19920_00101 X 24.5 199+20 7/15/2013 0.15 0.17 0.19 0.21 1.57 1.60 1.68 1.73 1.74 1.75 1.77 1.78 1.79 1.90 1.94

07_01_19990_12401 X 110.5 199+90 9/12/2013 0.04 0.05 0.82 0.85 0.87 0.92 0.92 0.93 0.96 0.99 1.00 0.99 0.99 0.99 1.00 1.01

07_01_20016_00201 X 28.5 200+16 6/24/2013 0.02 0.05 0.06 0.07 0.11 ‐1.39 ‐1.39 ‐1.39 ‐1.39 ‐1.39 ‐1.39 ‐1.39 ‐1.38 ‐1.38 ‐1.37 ‐1.36 ‐1.36 ‐1.34 ‐1.32 ‐1.31 ‐1.31 ‐1.29 ‐1.25 ‐1.23 ‐1.22 ‐1.23 ‐1.23 ‐1.23 ‐1.23 ‐1.23 ‐1.23 ‐1.23 ‐1.23 ‐1.23

07_01_20066_00301 X 30.5 200+66 6/27/2013 0.05 0.06 0.07 0.10 ‐2.14 ‐2.10 ‐2.10 ‐2.11 ‐2.10 ‐2.10 ‐2.10 ‐2.09 ‐2.09 ‐2.06 ‐2.04 ‐2.03 ‐1.96 ‐1.95 ‐1.91 ‐1.90 ‐1.87 ‐1.79 ‐1.71 ‐1.70 ‐1.72 ‐1.71 ‐1.73 ‐1.72 ‐1.72 ‐1.71 ‐1.72 ‐1.72 ‐1.72

07_01_20116_00401 X 32.5 201+16 6/11/2013 0.04 0.06 0.06 0.10 0.13

07_01_20166_00501 X 34.5 201+66 6/14/2013 0.05 0.06 0.07 0.13 0.11 0.13 0.12 0.12 0.13 0.13 0.12 0.13 0.13 0.14 0.14 0.14 0.14 0.14 0.14 0.14 0.14 0.14 0.14 0.14 0.14 0.14 0.14 0.14 0.14 0.14 0.14 0.14 0.14

07_01_20216_00601 X 36.5 202+16 6/18/2013 0.03 0.05 0.08 0.08 0.11 0.14 0.17 0.16 0.16 0.16 0.16 0.16 0.17 0.17 0.17 0.17 0.17 0.17 0.17 0.17 0.17 0.17 0.17 0.17 0.17 0.17 0.17 0.17 0.17 0.17 0.17 0.17 0.17 0.17

07_01_20251_00701 X 37.5 202+51 6/15/2013 0.03 0.06 0.07 0.08 0.11 ‐0.53 ‐0.55 ‐0.55 ‐0.55 ‐0.55 ‐0.55 ‐0.54 ‐0.54 ‐0.54 ‐0.54 ‐0.54 ‐0.54 ‐0.54 ‐0.54 ‐0.54 ‐0.54 ‐0.54 ‐0.54 ‐0.54 ‐0.54 ‐0.54 ‐0.54 ‐0.54 ‐0.54 ‐0.54 ‐0.54 ‐0.54 ‐0.54 ‐0.54

07_01_20320_12501 X 123.5 203+20 9/17/2013 0.14 0.19 0.32 0.42 0.52 0.49 0.52 0.57 0.58 0.58

07_01_20329_00801 X 40.5 203+29 6/8/2013 0.17 0.19 0.20 0.21 0.22 0.20 0.37 0.41 0.42 0.42 0.42 0.41 0.41 0.41 0.41 0.41 0.41 0.41 0.41 0.41 0.41

07_01_20379_00901 X 42.5 203+79 7/24/2013 0.03 0.06 0.07 0.08 0.11 ‐1.52 ‐1.47 ‐1.38 ‐1.38 ‐1.37 ‐1.30 ‐1.29 ‐1.30

07_01_20426_01001 X 42.5 204+26 7/22/2013 0.03 0.06 0.08 0.10 0.11

07_01_20476_01101 X 46.5 204+76 7/24/2013 0.02 0.05 0.06 0.08 0.08 0.08 0.26 0.48

07_01_20550_1TS101 X 48.5 205+50 6/23/2013 0.02 0.04 0.05 0.07 0.09 0.10 0.11 0.32 0.34 0.33 0.35 0.35 0.35 0.35

07_AS_20556_12801

_135
135 205+56 9/25/2014 0.02 0.04 0.06 0.07 0.08 0.09 0.09 0.11 0.11 0.12 0.12

07_01_20600_1TS201 50.5 206+00 6/20/2013 0.03 0.08 0.11 0.12 0.15 0.16 0.16 0.18 0.18 0.20 0.20 0.21 0.21 0.20 0.21

07_01_20600_1TS301 52.5 206+00 6/20/2013 0.03 0.06 0.08 0.09 0.09 0.10 0.12 0.12 0.15 0.16 0.17 0.17 0.17 0.17

07_01_20600_1TS401 53.5 206+00 7/17/2013 0.05 0.06 0.10 0.12 0.14 0.18 0.20 0.23 0.23 0.25 0.26 0.26 0.27 0.24 0.27 0.36 0.58 1.60

07_01_20600_1TS501 134.9 206+00 7/24/2013 0.03 0.06 0.13 0.15 0.16 0.42 0.51 0.45 0.60 0.66 0.67 0.66 0.54 0.54 0.55 1.20 1.47

07_01_20650_1TS601 53.5 206+50 8/2/2013 0.13 0.15 0.16 0.16 0.17 0.19 0.21 0.21 0.22 0.25 0.27 0.27 0.27 0.28 0.28

07_01_20655_01501 53.5 206+55 1/11/2013 0.05 0.07 0.09 0.10 0.11 0.11 0.12 0.14 0.15 0.16 0.16 0.18 0.18 0.22 0.23 0.25 0.25 0.26 0.27 0.26 0.27 0.26 0.27 0.27 0.28 0.32

07_01_20688_01801 54.5 206+88 8/2/2013 0.05 0.07 0.08 0.05 0.05 0.06 0.07 0.08 0.09 0.11 0.11 0.11 0.11 0.11 0.12 0.12 0.14 0.19 0.21 0.22 0.27 0.30 0.31 0.31 0.31 0.31

07_01_20713_01901 55.5 207+13 8/21/2013 0.04 0.07 0.08 0.09 0.10 0.11 0.12 0.12 0.13 0.14 0.14 0.14 0.14 0.14 0.14 0.14 0.28 0.29 0.30 0.40 0.45 0.46 0.46 0.46 0.46

07_01_20763_02001 57.5 207+63 8/5/2013 0.07 0.09 0.10 0.19 0.20 0.21 0.23 0.22 0.23 0.25 0.26 0.27 0.29 0.28 0.29 0.30

07_01_20812_02101 60.5 208+12 8/5/2013 0.04 0.06 0.08 0.09 0.10 0.12 0.14 0.13 0.15 0.16 0.16 0.17 0.14 0.15 0.23 0.20 0.21 0.21 0.22 0.23 0.24 0.25 0.27

07_01_20836_02201 59.5 208+36 1/3/2013 0.05 0.06 0.06 0.06 0.07 0.08 0.12 0.15 0.13 0.13 0.13 0.13 0.15 0.17 0.16 0.17 0.19 0.20 0.20 0.17 0.17 0.17 0.17 0.18 0.19 0.23

07_01_20850_2TS101 60.5 208+50 8/12/2013 0.10 0.21 0.20 0.22 0.22 0.24 0.27 0.25 0.28 0.29 0.30 0.31 0.27 0.27 0.27 0.27 0.28 0.30 0.32 0.32

07_01_20900_2TS201 60.5 209+00 8/21/2013 0.03 0.10 0.09 0.11 0.12 0.13 0.15 0.15 0.16 0.18 0.19 0.19 0.18 0.18

07_01_20900_2TS301 64.5 209+00 8/6/2013 0.03 0.15 0.13 0.14 0.14 0.15 0.18 0.17 0.19 0.21 0.22 0.20 0.21 0.21

07_01_20900_2TS401 61.5 209+00 8/6/2013 0.01 0.04 0.04 0.05 0.06 0.06 0.09 0.08 0.10 0.12 0.13 0.14 0.18 0.19 0.18

07_01_20900_2TS501 146.9 209+00 8/7/2013 0.06 0.11 0.15 0.19 0.21 0.27 0.36 0.34 0.38 0.44 0.43 0.45 0.45

07_01_20950_2TS601 65.5 209+50 8/19/2013 0.07 0.08 0.08 0.09 0.09 0.09 0.11 0.04 0.12 ‐0.10 ‐0.15 ‐0.21 0.01 0.04 0.05 0.06 0.06

07_01_20985_02801 67.5 209+85 8/23/2013 0.11 0.14 0.15 0.15 0.17 0.18 0.19 0.20 0.21 0.12

07_01_21035_02901 68.5 210+35 8/19/2013 0.05 0.08 0.09 0.10 0.11 0.12 0.14 0.15 0.16 0.17 0.18 0.19 0.18 0.19 0.19 0.19 0.19 0.19

07_01_21078_03001 71 210+78 12/29/2012 0.21 0.22

07_01_21078_03001

_rev2
71 210+78 8/23/2013 0.15 0.18 0.18 0.18 0.18 0.17 0.17 0.18 0.18 0.19 0.19 0.19

07_01_21135_03101 72.5 211+35 9/3/2013 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.03

07_01_21172_03301 73.5 211+72 7/2/2013 0.04 0.07 0.09 0.12 0.14 0.14 0.15 0.17 0.17 0.18 0.20 0.21 0.22 0.22 0.23 0.25 0.25 0.30 0.31 0.34 0.34 0.35 0.34 0.34 0.34 0.35 0.35 0.36

07_01_21185_03201 70.5 211+85 12/29/2012 0.12 0.13 0.14 0.16 0.43 0.44 0.44 0.45 0.47 0.47 0.48 0.48 0.49 0.49 0.50 0.50 0.52 0.52 0.52

07_18_21200_12601 84 212+00 9/10/2013 0.05 0.10 0.16 0.17 0.19 0.23 0.23 0.26 0.28 0.31 0.33 0.30 0.31 0.33 0.35 0.38 0.42 0.45 0.47 0.49 0.52 0.57 0.60 0.62 0.63 0.64 0.66 0.68 0.70 0.72

07_01_21241_03401 76.5 212+41 7/30/2013 0.01 0.04 0.07 0.09 0.11 0.13 0.12 0.14 0.14 0.15 0.16 0.17 0.18 0.16 0.16 0.17 0.20 0.29 0.32 0.34 0.36 0.39 0.38 0.39 0.39 0.39 0.39 0.41 0.42 0.43

07_01_21295_034h01 78.5 212+95 8/1/2013 0.05 0.07 0.10 0.13 0.14 0.14 0.16 0.16 0.17 0.18 0.18 0.19 0.18 0.20 0.21 0.21 0.22 0.24 0.25 0.26 0.27 0.29 0.30 0.31 0.30 0.30 0.30 0.31 0.30 0.32

07_01_21305_03501 78.5 213+05 7/30/2013 0.02 0.04 0.05 0.05 0.06 0.06 0.06 0.07 0.07 0.08 0.07 0.08 0.09 0.09 0.09 0.09 0.09 0.10 0.11 0.12 0.12 0.12 0.13 0.12 0.13 0.13 0.13 0.13 0.13 0.13 0.13

See page 3 for notes.
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Vertical Compression or Extension2 (inches) of Lowest Anchor Relative to MPBX Reference Head since Baseline Reading

Geoscope 

Measurement 

Point Name In
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o
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Length 
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Tunnel 

Station 

(feet)

Date of 
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07_02_21372_03601 N/A 213+72 7/22/2013 0.06 0.07 0.08 0.09 0.10 0.10 0.10 0.11 0.11 0.11 0.11 0.11 0.11 0.12 0.12 0.12 0.12 0.12 0.12 0.13 0.13 0.14 0.14 0.15 0.15 0.15 0.15 0.15 0.15 0.16 0.16 0.15

07_19_21546_03701 89.5 215+46 9/12/2012 0.05 0.06 0.07 0.08 0.08 0.08 0.10 0.11 0.15 0.16 0.15 0.16 0.15 0.15 0.15 0.16 0.15 0.16 0.16 0.16 0.16 0.16 0.16 0.17 0.17 0.18 0.20 0.21 0.21 0.22 0.22 0.23 0.22 0.23 0.23 0.23 0.23 0.23

07_19_21570_12701 20 215+70 10/11/2013 0.03 0.04 0.04 0.04 0.04 0.08 0.08 0.08 0.09 0.10 0.14 0.18 0.21 0.24 0.27 0.28 0.29 0.29 0.30 0.30 0.30 0.30 0.31 0.30 0.30 0.30 0.30 0.30 0.30

07_19_21602_03801 93.5 216+02 1/11/2013 0.04 0.05 0.06 0.08 0.09 0.10 0.12 0.15 0.18 0.21 0.22 0.23 0.23 0.24 0.24 0.24 0.25 0.26 0.26 0.28 0.29 0.30 0.31 0.31 0.31 0.33 0.36 0.36 0.37 0.38 0.39

07_02_21658_04001 95.5 216+58 5/8/2013 0.04 0.05 0.11 0.13 0.15 0.16 0.17 0.17 0.17 0.17 0.18 0.17 0.18 0.18 0.18 0.19 0.19 0.20 0.21 0.21 0.24 0.25 0.26 0.26 0.27 0.26 0.26 0.27 0.27 0.28 0.29

07_02_21756_04101 97.5 217+56 4/23/2013 0.03 0.05 0.07 0.10 0.15 1.06 0.06 0.08 0.09 0.09 0.10 0.11 0.11 0.12 0.12 0.13 0.14 0.15 0.16 0.17 0.19 0.20 0.22 0.25 0.25 0.26

07_02_21802_04201 99.5 218+02 4/23/2013 0.28 0.28 0.27 0.30 1.52 0.05 0.07 0.08 0.08 0.08 0.09 0.09 0.10 0.10 0.12 0.13 0.12 0.11 0.13 0.14 0.15 0.17 0.22 0.23 0.23 0.24 0.25 0.25 0.25 0.26 0.28 0.29 0.30

07_02_21842_04301 100.5 218+42 4/24/2013 0.26 0.29 0.32 0.36 0.65 1.33 0.08 0.10 0.11 0.11 0.11 0.12 0.13 0.13 0.14 0.15 0.16 0.18 0.20 0.22 0.25 0.27 0.34 0.35 0.36 0.37 0.38 0.38 0.41

07_20_21877_04401 102.5 218+77 N/A

07_20_21894_04501 102.5 218+94 N/A

07_20_21895_04601 103.5 218+95 11/2/2012 0.23 0.24 0.26 0.28 0.31 0.33 0.38 0.41 0.44 0.43 0.43 0.44 0.45 0.45 0.47 0.48 0.48 0.50 0.51 0.53 0.55 0.57 0.58 0.60 0.62 0.61 0.61 0.62 0.62 0.65 0.67 0.69 0.71

07_20_21896_04701 103.5 218+96 11/2/2012 0.16 0.19 0.21 0.24 0.26 0.28 0.29 0.31 0.36 0.31 0.32 0.32 0.33 0.32 0.33 0.34 0.34 0.44 0.44 0.43 0.45 0.47 0.52 0.50

07_20_21906_04801 98.5 219+06 11/2/2012 0.13 0.14 0.15 0.17 0.18 0.20 0.22 0.23 0.24 0.24 0.24 0.25 0.25 0.25 0.25 0.26 0.26 0.27 0.27 0.27 0.28 0.29 0.31 0.32 0.33 0.02 0.28 0.22 ‐0.01 0.03

07_02_21949_04901 103.5 219+49 1/11/2013 0.06 0.10 0.25 0.28 0.29 0.29 0.30 0.31 0.31 0.31 0.32 0.33 0.34 0.35 0.35 0.35 0.37 0.38 0.40 0.40 0.39 0.40 0.42 0.42 0.42 0.42 0.39 0.05 0.08 0.12 0.14

07_21_22250_05301 113.5 222+50 3/28/2013 0.03 0.06 0.08 0.10 0.13 0.15 0.17 0.20 0.22 0.23 0.24 0.24 0.25 0.25 0.26 0.26 0.27 0.30 0.32 0.33 0.34 0.34 0.36 0.37

07_03_22298_05401 112.5 222+98 12/28/2012 0.07 0.11 0.13 0.16 0.18 0.21 0.23 0.26 0.29 0.31 0.33 0.33 0.33 0.34 0.36 0.36 0.37 0.37 0.39 0.41 0.42 0.43 0.44 0.45 0.34 0.36 0.38 0.39 0.40 0.41 0.41 0.41 0.41 0.42 0.42 0.43 0.43

07_03_22340_05501 113.5 223+40 12/28/2012 0.05 0.06 0.08 0.10 0.11 0.13 0.16 0.18 0.20 0.22 0.23 0.24 0.24 0.25 0.25 0.26 0.26 0.27 0.27 0.29 0.29 0.30 0.31 0.32 0.33

07_03_22435_05601 112.5 224+35 11/12/2012 0.28 0.31 0.32 0.33 0.33 0.33 0.34 0.34 0.34 0.34 0.34 0.35 0.35 0.35 0.36 0.36 0.36 0.37 0.38

07_03_22499_05701 113.5 224+99 12/29/2012 0.04 0.06 0.07 0.07 0.08 0.09 0.11 0.12 0.14 0.17 0.21 0.22 0.22 0.22 0.22 0.23 0.22 0.24 0.25 0.27

07_22_22526_05801 111.5 225+26 4/27/2013 0.03 0.06 0.09 0.13 0.16 0.18 0.19 0.20 0.22 0.21 0.22 0.22 0.22 0.22 0.23 0.23 0.24 0.25 0.26 0.27 0.28

07_04_22664_05901 120 226+64 11/21/2013 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.04 0.04 0.04 0.04

07_23_22821_06001 119 228+21 8/26/2013 0.02 0.04 0.04 0.04 0.05 0.04 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.06 0.05 0.06 0.07 0.07 0.08 0.09 0.09 0.09 0.09 0.09 0.09 0.09 0.10 0.10 0.10 0.10 0.10

07_23_22880_12301 120 228+80 6/24/2013 0.02 0.07 0.10 0.14 0.16 0.18 0.19 0.20 0.20 0.20 0.20 0.21 0.21 0.21 0.22 0.23 0.24 0.25 0.25 0.26 0.27 0.27 0.28 0.28 0.29 0.29 0.29 0.29 0.29 0.29 0.30 0.30 0.30

07_04_22957_06101 144.5 229+57 7/23/2013 0.04 0.04 0.06 0.07 0.08 0.09 0.09 0.09 0.09 0.09 0.09 0.09 0.10 0.10 0.10 0.10 0.10 0.10 0.10 0.11 0.12 0.13

07_04_23059_06201 146.5 230+59 7/23/2013 ‐0.01 ‐0.01 0.01 0.05 0.08 0.09 0.09 0.10 0.10 0.11 0.11 0.12 0.12 0.14 0.15 0.16 0.17 0.18 0.19 0.21 0.22 0.24 0.24 0.25 0.25 0.26 0.26 0.26 0.26 0.27 0.27 0.27

07_24_23129_06301 149.5 231+29 9/3/2013 0.04 0.06 0.08 0.09 0.10 0.10 0.11 0.11 0.12 0.12

07_04_23244_06401 151.5 232+44 4/27/2013 0.01 0.07 0.14 0.20 0.22 0.27 0.30 0.33 0.34 0.35 0.35 0.36 0.37 0.37 0.40

07_04_23323_06501 156.5 233+23 9/4/2013 0.04 0.06 0.07 0.07 0.07 0.07 0.07 0.07 0.07 0.07 0.07 0.07 0.07 0.07 0.07 0.08 0.08 0.09 0.10 0.10 0.10 0.10 0.10 0.09 0.10

07_04_23420_06601 74.5 234+20 9/5/2013 0.04 0.05 0.05 0.05 0.06 0.06 0.07 0.07 0.07 0.06 0.06 0.06 0.06

07_04_23513_06701 163.5 235+13 9/6/2013 0.03 0.03 0.03 0.04 0.04 0.04 0.04 0.04 0.04 0.04 0.04 0.04 0.04 0.04 0.05 0.05 0.06

07_25_23597_07001 165 235+97 9/18/2013 0.04 0.05 0.06 0.08 0.07 0.07 0.08 0.08 0.08 0.08 0.08 0.08 0.09 0.08 0.09 0.11 0.12 0.14 0.15 0.15 0.15 0.15 0.15 0.15 0.15 0.15 0.15 0.15 0.15 0.15

07_04_23667_06901 168.5 236+67 9/11/2013 0.05 0.06 0.06 0.07 0.06 0.06 0.07 0.07 0.06 0.07 0.07 0.06 0.07 0.07 0.07 0.07 0.08 0.09 0.10 0.10 0.10 0.11 0.11 0.11 0.11 0.11 0.11 0.11 0.11 0.11

07_04_23704_07101 170.5 237+04 9/11/2013 0.05 0.07 0.08 0.09 0.10 0.09 0.06 0.10 0.10 0.11 0.12 0.13

07_04_23783_07201 174.5 237+83 9/12/2013 0.04 0.04 0.03 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.06 0.06 0.07

07_04_23858_06801 176 238+58 8/14/2013 0.04 0.06 0.07 0.08 0.08 0.08 0.08 0.08 0.08 0.08 0.08 0.08 0.10 0.11 0.11 0.11 0.11 0.12 0.16 0.17 0.16 0.16 0.16 0.16 0.16 0.16

07_04_23858_07301 179.5 238+58 9/12/2013 0.04 0.06 0.08 0.09 0.09 0.09 0.09 0.10 0.10 0.10 0.11 0.12 0.12 0.14 0.14 0.15 0.16

07_04_23911_07401 180.5 239+11 9/13/2013 0.06 0.08 0.10 0.10 0.10 0.11 0.11 0.11 0.11 0.12 0.12 0.14 0.15 0.16 0.17 0.18 0.20 0.21 0.22 0.22 0.22 0.23 0.23 0.23 0.23 0.23 0.23 0.23 0.23

07_26_24040_07501 185.5 240+40 10/15/2013 0.01 0.02 0.03 0.03 0.03 0.03 0.04 0.04 0.04 0.04 0.05

07_26_24047_07601 184.5 240+47 7/16/2013 0.05 0.06 0.08 0.09 0.10 0.11 0.10 0.11 0.11 0.11 0.11 0.11 0.12 0.12 0.12 0.12 0.13 0.14 0.14 0.16

07_04_24092_07701 186.5 240+92 10/20/2013 0.01 0.03 0.04 0.04 0.04 0.04 0.05 0.05 0.05 0.06 0.08 0.09 0.11

07_04_24213_07801 191.5 242+13 9/19/2013 0.02 0.05 0.06 0.07 0.06 0.06 0.07 0.07 0.07 0.07 0.08 0.07 0.08 0.07 0.08 0.10 0.12 0.13 0.14 0.15 0.16 0.16

07_04_24290_07901 194.5 242+90 9/19/2013 0.04 0.05 0.05 0.07 0.05 0.05 0.05 0.06 0.05 0.06 0.06 0.06 0.06 0.06 0.11 0.13 0.16

07_04_24364_08001 196.5 243+64 9/19/2013 0.03 0.06 0.07 0.08 0.09 0.09 0.09 0.10 0.10 0.11 0.12 0.12 0.12 0.11 0.12 0.13 0.14 0.15 0.15 0.16 0.16 0.15 0.15 0.15 0.16 0.15 0.16

07_04_24523_08101 199.5 245+23 4/12/2013 0.11 0.20 0.25 0.31 0.35 0.37 0.38 0.43 0.44 0.44 0.44 0.45 0.46 0.46 0.47 0.47 0.49 0.51

07_04_24700_08201 200.5 247+00 7/9/2013 0.05 0.07 0.09 0.10 0.11 0.11 0.11 0.11 0.11 0.11 0.11 0.11 0.11 0.11

See page 3 for notes.
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Table 8

MULTIPLE POINT BOREHOLE EXTENSOMETER DATA
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Vertical Compression or Extension2 (inches) of Lowest Anchor Relative to MPBX Reference Head since Baseline Reading

Geoscope 

Measurement 

Point Name In
si
d
e
 S
ES
M
P
 B
o
x

Rod 

Length 

(feet)

Approx. 

Tunnel 

Station 

(feet)

Date of 

Baseline 

Reading

07_04_24765_08301 200.5 247+65 7/8/2013 0.03 0.06 0.12 ‐0.76 0.45 0.73 0.03 0.03 0.04 0.05 0.06 0.07 0.07 0.09

07_04_24848_08401 200.5 248+48 7/9/2013 0.04 0.05 0.07 0.08 0.08 0.09 0.08 0.08 0.08 0.09 0.08 0.09 0.09 0.09 0.09 0.09 0.10 0.11 0.13

07_29_25045_08501 205 250+45 9/20/2013 0.03 0.04 0.04 0.05 0.05 0.05 0.06 0.07 0.07 0.08 0.09 0.12 0.14 0.16 0.17 0.19 0.21 0.24 0.25 0.26 0.26 0.26 0.26 0.27 0.26 0.26 0.26 0.26 0.26 0.26

07_29_25093_08601 207 250+93 9/22/2013 0.02 0.07 0.08 0.09 0.08 0.09 0.10 0.11 0.11 0.11 0.12 0.17 0.19 0.19 0.25 0.29 0.31 0.35 0.36 0.36 0.36 0.37 0.37 0.38 0.37 0.37 0.37 0.37 0.37 0.37

07_05_25169_08701 210 251+69 10/4/2013 0.05 0.08 0.10 0.10 0.10 0.11 0.12 0.12 0.13 0.14 0.17 0.19 0.21 0.24 0.27 0.29 0.31 0.35 0.37 0.37 0.39 0.39 0.40 0.40 0.40 0.40 0.40 0.41 0.41

07_06_25287_08901 202.5 252+87 10/4/2013 0.03 0.08 0.11 0.12 0.13 0.15 0.16 0.16 0.17 0.18 0.22 0.25 0.28 0.30 0.31 0.35 0.36 0.38 0.40 0.41 0.42 0.42 0.42 0.43 0.43 0.43 0.43

07_30_25497_12201 196.5 254+97 5/21/2013 0.02 0.03 0.05 0.07 0.09 0.09 0.09 0.09 0.09 0.09 0.10 0.09 0.10 0.10 0.09 0.09 0.09 0.10 0.13 0.15 0.20 0.21 0.21 0.21 0.21 0.20 0.21 0.20 0.21 0.21 0.21 0.20 0.21

07_06_25503_09101 199.5 255+03 10/3/2013 0.03 0.04 0.05 0.05 0.05 0.05 0.06 0.06 0.08 0.11 0.13 0.16 0.18 0.21 0.25 0.27 0.29 0.31 0.32 0.32 0.33 0.33 0.33 0.33 0.33 0.33 0.34 0.34 0.34

07_06_25618_09401 193.5 256+18 10/22/2013 0.02 0.02 0.02 0.01 0.01 0.01 0.01 0.01 0.01 ‐0.01 ‐0.01 ‐0.01 ‐0.01 0.02 0.06 0.12 0.14 0.12 0.10 0.11 0.10 0.10 0.08 0.07 0.07 0.07 0.06 0.06

07_06_25651_09301 191.5 256+51 10/22/2013 0.03 0.04 0.04 0.04 0.04 0.04 0.04 0.04 0.04 0.05 0.04 0.04 0.04 0.05 0.06 0.09 0.13 0.14 0.13 0.13 0.13 0.13 0.13 0.12 0.12 0.12 0.12 0.11 0.11

07_07_25852_09501 185 258+52 3/28/2013 0.02 0.03 0.04 0.04 0.05 0.06 0.07 0.07 0.08 0.08 0.08 0.08 0.08 0.08 0.08 0.08 0.08 0.09 0.10 0.10 0.11 0.12 0.13 0.14 0.16 0.16 0.16 0.16 0.16 0.16 0.16 0.16

07_07_25934_09601 179 259+34 10/23/2013 0.02 0.03 0.04 0.03 0.03 0.04 0.04 0.05 0.06 0.05 0.08 0.10 0.12 0.13 0.15 0.17

07_08_26142_09801 157.5 261+42 10/23/2013 0.06 0.05 0.05 0.06 0.06 0.06 0.06 0.06 0.06 0.06 0.08 0.12 0.14 0.16 0.17 0.18 0.20 0.21 0.21 0.21 0.22 0.22 0.22 0.22 0.22 0.22 0.22 0.22 0.23

07_08_26227_09901 162 262+27 10/24/2013 0.01 0.02 0.02 0.02 0.02 0.03 0.03 0.04 0.05 0.06 0.08 0.10 0.13 0.15 0.18 0.20 0.22 0.23 0.24 0.25 0.24 0.26 0.24

07_08_26333_10001 153 263+33 12/3/2013 0.01 0.01 0.01 0.01 0.01 0.02 0.03 0.04 0.04 0.04 0.03 0.04 0.03 0.09 0.10 0.12 0.12 0.13 0.13 0.13 0.14 0.13 0.13 0.13 0.13 0.13

07_32_26538_10101 143 265+38 11/22/2013 0.04 0.05 0.05 0.06 0.06 0.06 0.06 0.07 0.07 0.08 0.09 0.09 0.11 0.12 0.13 0.13 0.14 0.14 0.15 0.16 0.15 0.16 0.15 0.15 0.15 0.15 0.15 0.15

07_10_26637_10201 137 266+37 12/4/2013 ‐0.01 0.01 0.01 0.02 0.02 0.02 0.02 0.03 0.04

07_10_26769_10301 125.5 267+69 10/25/2013 0.03 0.04 0.05 0.04 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.06 0.07 0.08 0.09 0.10 0.11 0.11 0.11 0.11 0.11 0.11 0.11 0.11 0.11 0.11 0.11

07_11_26943_10501 125 269+43 12/5/2013 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.02 0.02 0.02 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.03

07_11_27016_10601 124 270+16 11/26/2013 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.03 0.03 0.03 0.04 0.04 0.05 0.07 0.10 0.11 0.12 0.13 0.13 0.14 0.14 0.15 0.15 0.15 0.15 0.15 0.16 0.16

07_12_27245_10701 113 272+45 9/18/2013 0.03 0.03 0.05 0.06 0.05 0.05 0.05 0.06 0.05 0.06 0.06 0.05 0.06 0.05

07_12_27296_10801 111 272+96 5/29/2013 0.01 0.03 0.05 0.05 0.06 0.12 0.12 0.14 0.12 0.12 0.13 0.13 0.12 0.13 0.13

07_12_27363_10901 110 273+63 9/19/2013 0.02 0.03 0.03 0.03 0.03 0.03 0.03 0.04 0.04 0.04 0.04 0.04 0.05 0.06 0.07 0.08 0.09 0.11 0.11 0.11 0.12 0.12 0.12 0.12 0.12 0.11 0.11 0.11 0.11 0.11

07_34_27455_11001 126 274+55 11/26/2013 0.02 0.04 0.03 0.03 0.03 0.04 0.03 0.04 0.04 0.04 0.04 0.04 0.05 0.06 0.07 0.08 0.08 0.09 0.09 0.10 0.09 0.09 0.09

07_13_27738_11201 92 277+38 11/26/2013 0.02 0.03 0.03 0.03 0.04 0.04 0.04 0.04 0.05 0.05 0.06 0.05 0.06 0.07 0.07 0.10 0.11 0.12 0.12 0.13 0.13 0.13 0.13 0.13 0.13 0.13 0.13 0.13

07_13_27866_11301 88 278+66 11/27/2013 0.03 0.03 0.03 0.03 0.04 0.04 0.04 0.04 0.04 0.04 0.03 0.04 0.05 0.05 0.06 0.06 0.06 0.07 0.05 0.06 0.06 0.06 0.05 0.06

07_13_27940_11401 85 279+40 11/27/2013 0.04 ‐0.05 0.04 0.04 0.05 0.05 0.05 0.06 0.06 0.07 0.08 0.08 0.08 0.09 0.08 0.09 0.10 0.11 0.12 0.13 0.12 0.13 0.12 0.13 0.12 0.13 0.12 0.13

07_13_28043_11501 78 280+43 11/28/2013 0.01 0.02 0.01 0.01 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.01 0.01 0.01 ‐0.01 0.01 0.01 0.01 0.01 0.02 0.02 0.03 0.02 0.02 0.02 0.02 0.02 0.02

07_13_28162_11601 71 281+62 12/2/2013 ‐0.02 0.01 0.01 0.01 0.01 0.01 0.01 0.02 0.01 0.02 0.02 0.01 0.02 0.02 0.03 0.03 0.04 0.03 0.04 0.03 0.03

07_13_28294_11701 60 282+94 12/2/2013 0.03 0.03 0.02 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.01 0.01 0.01 0.01 0.02 0.03 0.04 0.04 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05

07_13_28363_11801 56 283+63 12/2/2013 0.02 0.03 0.03 0.03 0.04 0.03 0.04 0.04 0.04 0.04 0.03 0.03 0.03 0.03 0.05 0.06 0.06 0.07 0.08 0.07 0.08 0.07 0.07 0.07 0.07 0.07 0.07

07_13_28473_11901 49 284+73 12/3/2013 0.02 0.02 0.02 0.02 0.03 0.02 0.02 0.03 0.02 0.02 0.01 0.01 0.01 0.01 0.01 0.02 0.02 0.03 0.03 0.03 0.04 0.03

07_13_28574_12001 41 285+74 12/3/2013 ‐0.03 0.01 0.01 0.01 0.01 0.01 0.02 0.01 0.02 0.01 0.01 0.02 0.02 0.03 0.04 0.04 0.05 0.05 0.05 0.06 0.05 0.05 0.05 0.06 0.05 0.06

07_37_28672_12101 20 286+72 12/3/2013 0.01 0.01 0.01 0.02 0.02 0.02 0.03 0.03 0.05 0.06 0.05 0.05 0.05 0.05 0.05 0.06 0.07 0.07 0.08 0.08 0.11 0.10 0.11 0.11 0.11 0.11 0.11

NOTES:
1. Data above was downloaded from STP's Geoscope platform on 1‐21‐2015.  Readings were averaged over one day and are for the date shown.
2. Positve (compression) values and negative  (extension) values are a measured shortening or lengthening, respectively, in the distance between the MPBX reference plate and the anchor.  

Positive values provide a relative indication of potential settlement between the ground surface and the bottom anchor.  Data is gradationally shaded as follows: 0.0 0.3 0.5 0.8 1.0 1.3 1.5 1.8 2.0 inches

A similar gradational scale is used on Tables 1 through 7 (except shown as negative) to allow for consistent comparison of elevation change across all tables.
SESMP = South End Settlement Mitigation Plan

N/A = Not Avaialable

Intermediate colors are used in between these values.  
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Table 9
UPPER AQUIFER PIEZOMETRIC ELEVATION DATA
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06_SP_18025_0STP1_0025 South Portal 180+25 N ‐8.3 RGD ‐ ‐ ‐ ‐ 11 11 12 12 11 ‐ ‐ 10 10 10 ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ 10 ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

06_SP_TB203_0034 South Portal 181+00 N ‐19 RGD 6 7 5 3 3 3 2 2 2 ‐ ‐ 1 0 0 ‐ ‐ 1 1 ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ 1 0 1 0

06_SP_TB203_00OW South Portal 181+00 N ‐59 RGD 8 5 ‐ 9 8 ‐ ‐1 ‐3 ‐4 ‐ ‐ ‐4 ‐5 ‐4 ‐ ‐ ‐ 0 ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ 3 1 2 0

06_SP_0UMW2_0035 South Portal 181+00 N ‐20 RGD ‐ ‐ ‐ ‐13 ‐13 ‐12 ‐12 ‐ ‐13 ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

06_SP_0UMW2_0060 South Portal 181+00 N ‐45 RCS ‐ ‐ ‐ ‐ 7 6 ‐3 ‐ ‐5 ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

06_SP_0UMW1_0060 South Portal 182+80 N ‐45 RGD ‐ ‐ ‐ 7 ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

06_SP_0STP9_0035 South Portal 184+00 Y ‐19.1 RGD ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ 6 6 6 6 4 ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ 3 1 0 ‐1

06_SP_0STP9_0053 South Portal 184+00 Y ‐37.1 RGD ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ 3 1 1 1 2 ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ 5 2 2 1

06_SP_CCMW4_0035 South Portal 185+00 N ‐20 RGD ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ 4 ‐11 ‐13 ‐15 ‐18 ‐18 ‐19 ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

06_SP_STP9A_0010 South Portal 185+05 N 6 ENF ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ 7 6 7 7 7 7 7 7 7 7 ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

06_SP_STP9A_0018 South Portal 185+05 N ‐2 RGD ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ 3 3 4 4 5 5 6 5 5 5 ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

06_SP_STP9A_0026 South Portal 185+05 N ‐10 RGD ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ 4 3 4 7 9 10 10 9 9 8 ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

06_SP_STP9A_0034 South Portal 185+05 N ‐18 RGD ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ 3 3 4 5 7 8 8 7 6 5 ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

06_SP_STP9A_0042 South Portal 185+05 N ‐26 RCS ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ 2 2 3 4 4 5 7 7 7 6 ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

06_SP_TB101_0025 South Portal 185+10 Y ‐8.9 RGD 7 8 7 6 6 6 5 4 3 3 4 3 3 3 ‐ ‐ ‐ 3 ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

06_SP_TB101_0053 South Portal 185+10 Y ‐34.3 RGD 8 11 10 9 7 7 ‐3 ‐5 ‐6 ‐7 ‐6 ‐8 ‐8 ‐8 ‐ ‐ ‐6 ‐3 ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

06_SP_0STP8_0025 South Portal 186+60 N ‐9.5 RGD ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ 5 3 3 3 3 3 4 4 3 4 4 5 5 5 5 5 5 4 4 5 5 5 5 4

06_SP_0STP8_0050 South Portal 186+60 N ‐34.5 RGD ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐3 ‐7 ‐8 ‐8 ‐8 ‐7 ‐7 ‐5 ‐5 ‐4 ‐4 ‐3 ‐2 ‐2 ‐1 ‐1 ‐1 ‐2 ‐1 ‐1 ‐1 ‐3 ‐3 ‐3

06_SP_CCMW3_0030 South Portal 187+00 N ‐15 RCS ‐ ‐ ‐ ‐ ‐ ‐ ‐ 7 ‐ ‐ 2 ‐2 ‐3 ‐ ‐14 ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

06_SP_TB208_0020 South Portal 187+80 Y ‐3.5 RGD 10 ‐ 11 7 6 7 7 7 6 ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

06_SP_0AH11_00OW South Portal 188+00 N ‐10.97 RGD 7 6 7 ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ 1 0 ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

06_SP_TB208B_0020 South Portal 188+00 Y ‐4.5 RGD ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ 6 6 6 5 5 5 5 5 5 5 4 4 5 5 6 6 5 5 5 5 6 6 6 6 6

06_SP_TB208B_0035 South Portal 188+00 Y ‐19.5 RCS ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ 2 2 2 2 1 1 2 2 2 2 1 2 3 4 4 4 4 4 4 4 5 5 4 4 5

06_SP_CCMW2_0022 South Portal 188+90 N ‐7 ENF ‐ ‐ ‐ ‐ ‐ 0 ‐2 ‐4 ‐7 ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

06_SP_CCMW2_0047 South Portal 188+90 N ‐32 RGD ‐ ‐ ‐ ‐ ‐ ‐4 ‐25 ‐27 ‐29 ‐ ‐37 ‐37 ‐36 ‐36 ‐34 ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

06_SP_0RMW2_0025 South Portal 189+00 N ‐10 RGD ‐ ‐ ‐ ‐ ‐ 7 5 4 3 2 2 ‐ 1 1 1 2 2 2 2 3 3 3 4 4 ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

06_SP_0RMW2_0035 South Portal 189+00 N ‐20 RCS ‐ ‐ ‐ ‐ ‐ 5 3 2 0 ‐1 ‐1 ‐ ‐3 ‐3 ‐2 0 0 1 1 1 1 2 2 2 ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

06_SP_0RMW2_0045 South Portal 189+00 N ‐30 RGD ‐ ‐ ‐ ‐ ‐ ‐4 ‐9 ‐10 ‐11 ‐11 ‐11 ‐ ‐9 ‐9 ‐8 ‐7 ‐7 ‐5 ‐5 ‐5 ‐5 ‐4 ‐4 ‐3 ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

X_BBT361_MW‐03 Pioneer Square 189+70 Y ‐1 ENF 10 ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ 9 8 8

06_SP_CCMW1_0022 South Portal 189+80 N ‐7 ENF ‐ ‐ ‐ ‐ ‐ ‐9 ‐12 ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

06_SP_CCMW1_0047 South Portal 189+80 N ‐32 CSG ‐ ‐ ‐ ‐ ‐ ‐13 ‐30 ‐ ‐36 ‐36 ‐36 ‐36 ‐34 ‐35 ‐32 ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

06_SP_TB102_0015 South Portal 190+20 Y ‐0.1 RGD ‐ ‐ 7 5 5 5 5 4 4 4 4 3 3 3 2 2 3 ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ 2 2 3

06_SP_TB102_0040 South Portal 190+20 Y ‐25.1 RGD ‐ ‐ 8 7 5 ‐2 ‐6 ‐7 ‐8 ‐9 ‐9 ‐10 ‐10 ‐10 ‐9 ‐8 ‐8 ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐4 ‐4 ‐3

06_SP_0RMW1_0015 South Portal 190+40 N 0 ENF ‐ ‐ ‐ ‐ ‐ 6 5 3 2 2 1 ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

06_SP_0RMW1_0035 South Portal 190+40 N ‐20 RCS ‐ ‐ ‐ ‐ ‐ 2 ‐3 ‐5 ‐6 ‐7 ‐6 ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

06_SP_0RMW1_0050 South Portal 190+40 N ‐35 RGD ‐ ‐ ‐ ‐ ‐ ‐8 ‐17 ‐19 ‐22 ‐23 ‐23 ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

06_SP_0STP7_0025 South Portal 190+90 N ‐8.3 ENF ‐ ‐ ‐ ‐ 5 5 5 5 4 3 3 ‐ 2 2 2 2 2 2 1 0 1 1 2 3 3 3 2 2 2 3 3 3 2 3

06_SP_0STP7_0035 South Portal 190+90 N ‐18.3 RCS ‐ ‐ ‐ ‐ 5 1 0 1 ‐1 ‐2 ‐3 ‐ ‐2 ‐3 ‐5 ‐4 ‐4 ‐5 ‐5 ‐4 ‐4 ‐3 ‐2 ‐5 ‐5 ‐5 ‐5 ‐5 ‐2 ‐3 ‐3 ‐3 ‐3 ‐2

06_SP_0RMW3_0035 South Portal 190+95 N ‐20 RCS ‐ ‐ ‐ ‐ ‐ ‐1 ‐3 ‐4 ‐6 ‐8 ‐9 ‐10 ‐10 ‐9 ‐8 ‐7 ‐6 ‐5 ‐5 ‐5 ‐5 ‐4 ‐4 ‐3 ‐3 ‐2 ‐2 ‐3 ‐2 ‐2 ‐2 ‐2 ‐1 ‐2

06_SP_0RMW3_0050 South Portal 190+95 N ‐35 RGD ‐ ‐ ‐ ‐ ‐ ‐7 ‐16 ‐20 ‐22 ‐22 ‐21 ‐21 ‐21 ‐21 ‐20 ‐18 ‐18 ‐14 ‐15 ‐15 ‐15 ‐14 ‐13 ‐11 ‐10 ‐10 ‐10 ‐10 ‐10 ‐11 ‐11 ‐11 ‐9 ‐8

06_SP_LPMW2_0030 South Portal 191+40 N ‐15 RCS ‐ ‐ ‐ 5 ‐7 ‐10 ‐14 ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

06_SP_0STP6_0025 South Portal 191+50 N ‐7.6 RGD ‐ 6 6 ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

06_SP_0STP6_0037 South Portal 191+50 N ‐19.6 RCS ‐ 7 7 ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

06_SP_ASTP6_0040 South Portal 191+50 N ‐24 RCS ‐ ‐ ‐ ‐ 3 ‐1 ‐3 ‐4 ‐6 ‐6 ‐6 ‐7 ‐8 ‐8 ‐8 ‐7 ‐7 ‐6 ‐6 ‐7 ‐7 ‐5 ‐5 ‐5 ‐4 ‐4 ‐4 ‐5 ‐5 ‐5 ‐5 ‐5 ‐3 ‐4

See Page 3 for Notes.
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Table 9
UPPER AQUIFER PIEZOMETRIC ELEVATION DATA
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Monitoring Point Name1
Geographic

Area
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Tunnel 
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Lowest Piezometric Elevation Based on Average Weekly Measurements3 (feet)

06_SP_ASTP6_0025 South Portal 191+50 N ‐9 ENF ‐ ‐ ‐ ‐ 5 3 2 1 0 ‐1 ‐2 ‐2 ‐3 ‐3 ‐3 ‐2 ‐2 ‐2 ‐2 ‐2 ‐2 ‐1 ‐1 ‐1 ‐1 ‐1 ‐1 ‐1 ‐1 ‐1 0 ‐1 ‐1 ‐1

06_SP_TB211_0025 South Portal 192+00 Y ‐5.1 RCS 8 7 8 7 7 2 1 0 0 0 ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

06_SP_TB211B_0025 South Portal 192+00 Y ‐8 RCS ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ 6 6 5 5 5 4 4 4 4 3 3 3 3 4 4 4 4 4 4 4 4 4 4 4 4

06_SP_TB211B_0045 South Portal 192+00 Y ‐28 RGD ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ 0 1 1 1 1 1 1 2 2 1 1 1 2 3 3 4 4 3 3 3 3 3 3 2 3

X_BBT358_MW‐02 Pioneer Square 192+30 Y ‐1.9 ENF 10 ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ 6 8 8

06_SP_LPMW1_0030 South Portal 193+05 N ‐15 ENF ‐ ‐ ‐ 4 ‐6 ‐13 ‐14 ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

06_SP_19369_CB35A_00OW South Portal 193+69 Y ‐0.3 ENF 6 7 6 6 5 6 4 1 1 ‐1 1 0 0 0 0 0 0 ‐1 ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

06_04_TB103_0021 Pioneer Square 194+00 Y ‐3.8 ENF 7 ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ 6 ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ 6 6 6 6 6

06_SP_00005_0025 King to Yesler 194+62 N ‐10 ENF ‐ ‐ ‐ ‐ ‐ ‐ 6 6 5 4 ‐ ‐ 3 ‐ 1 ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

X_5‐MW‐2 King to Yesler 195+32 Y 4 ENF 13 ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ 10 10 10

TB‐213_VWP1 Pioneer Square 195+70 Y ‐12.1 RCS 6 ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ 5 4 4

TB‐213A_OW1 Pioneer Square 195+70 Y ‐3.3 RGD 9 ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ 7 7 7 7

X_5‐MW‐1 King to Yesler 196+02 Y 4 ENF 13 ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ 11 11 11

06_01_19722_CB30A_00OW King to Yesler 197+22 N 0.8 ENF 6 ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ 5 4 4 4

06_SP_CB30A_00OW King to Yesler 197+22 N 0.8 ENF 6 7 7 3 4 5 7 5 4 2 3 4 4 4 4 ‐ 3 ‐ ‐ 2 ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ 5 5 4 4 4

AH‐41_OW1 Pioneer Square 198+60 Y ‐11.6 ENF 6 ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ 4 3 4 3

06_SP_19870_CB27A_00OW King to Yesler 198+69 N ‐0.7 ENF 6 ‐ ‐ 3 4 5 7 7 5 2 3 4 3 3 3 3 3 0 1 1 2 ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ 5 5 5 5 5

06_01_19920_001_0025 King to Yesler 199+19 N ‐9.3 ENF ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐2 ‐ 2 ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ 5 ‐

X_BBT359_MW‐01 Pioneer Square 199+63 Y 0 ENF 9 ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ 8 8 9

X_BCS199_MW‐16D Pioneer Square 199+84 Y ‐6.7 ENF 7 ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ 6 7 6

X_BCP485_MW‐18D Pioneer Square 199+84 Y ‐5 ENF 8 ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ 7 7 6

06_01_20016_002_0029 King to Yesler 200+14 N ‐13.4 RGD ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ 4 3 3 ‐5 ‐6 2 2 2 4 4 4 4 4 4 ‐ ‐ ‐ 4 3 3 3

06_SP_20052_TB326_0040 King to Yesler 200+52 N ‐24.1 RGD 5 4 ‐ ‐3 ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

06_SP_20056_CB28A_00OW King to Yesler 200+56 N ‐2.4 ENF 5 ‐ ‐ ‐3 ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ 8 ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

06_01_20066_003_0031 King to Yesler 200+65 N ‐15.6 RGD ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ 4 4 4 4 ‐2 ‐3 2 2 2 4 4 4 4 4 4 4 4 3 4 3 3 3

06_01_20116_004_0033 King to Yesler 201+17 N ‐18 RGD ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ 4 4 4 4 ‐1 ‐2 ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

06_01_20138_EB18A_00OW King to Yesler 201+38 N ‐9.64 RGD 5 ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐2 2 1 2 ‐ ‐ ‐ ‐ ‐ ‐ 4 4 4 5 3 3 3

06_01_20166_005_0035 King to Yesler 201+67 N ‐20.1 RCS ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ 4 4 4 4 1 1 1 1 2 4 4 4 5 5 4 3 3 3 3 3 3 2

06_SP_CB26A_00OW King to Yesler 201+95 N ‐1.8 ENF 5 ‐ ‐ 4 3 5 7 4 4 3 5 5 4 5 ‐ 5 5 4 5 ‐ ‐ ‐ ‐ 6 ‐ ‐ 5 6 6 5 7 6 6 5

06_01_20216_006_0037 King to Yesler 202+16 N ‐21.6 RCS ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ 4 4 4 4 2 1 0 0 1 4 4 4 5 5 4 3 3 2 2 2 2 1

06_15_20312_0TW22_00OW Pioneer Square 203+12 Y 8.1 ENF 10 ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ 11 10 10 ‐ ‐ 11 ‐ ‐ 11 ‐ 11 12 11 11 12 12

06_15_20313_0TW23_00OW Pioneer Square 203+13 Y 3.93 ENF 6 ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ 7 9 10 ‐ ‐ 12 ‐ ‐ ‐ 12 11 ‐ ‐ 5 6 7

06_01_20346_CB25A_00OW King to Yesler 203+46 N ‐1.2 ENF 6 ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ 3 1 1 1 3 ‐ 6 ‐ ‐ 6 6 5 ‐ ‐ ‐ ‐ ‐

06_AS_20373_PZ14_0018 Access Shaft 203+74 N ‐3 ENF ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ 4 4 4 ‐ ‐ ‐

06_AS_20373_PZ14r1_0018 Access Shaft 203+74 N ‐3 ENF ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ 3 3 3 3 2

06_AS_20374_PZ13_0020 Access Shaft 203+74 N ‐5 ENF ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ 2 1 2 1 0 0

06_AS_20430_PZ11_0015 Access Shaft 204+31 N 0 ENF ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ 4 0 ‐1 ‐1 ‐1 ‐1

06_AS_20431_PZ12_0018 Access Shaft 204+32 N ‐3 ENF ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ 1 ‐1 ‐2 ‐2 ‐2 ‐3

06_01_20465_CB108_00OW King to Yesler 204+65 N ‐14.8 RGD 6 ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ 5 5 ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

06_AS_20468_PZ10_0030 Access Shaft 204+69 N ‐15 RGD ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐2 ‐14 ‐14 ‐14 ‐14 ‐14

06_AS_20469_PZ09_0018 Access Shaft 204+69 N ‐3 ENF ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐1 ‐2 ‐3 ‐3 ‐3 ‐3

06_AS_20483_PZ08_0032 Access Shaft 204+84 N ‐17 RGD ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ 5 2 ‐4 ‐5 ‐5 ‐5 ‐5

06_AS_20484_PZ07_0035 Access Shaft 204+84 N ‐20 RGD ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ 7 4 5 4 4 3

06_AS_20552_PZ05_0025 Access Shaft 205+53 N ‐10 RGD ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ 7 6 2 3 2 1 1
‐

See Page 3 for Notes.
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Table 9
UPPER AQUIFER PIEZOMETRIC ELEVATION DATA
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Monitoring Point Name1
Geographic

Area

Approx. 

Tunnel 

Station

(feet)

More than 

100' from 

Alignment

Elevation of 

VWP or 

Bottom of 

Well Screen 

(feet)

ESU2 at 

Well or 

VWP 

Depth

Lowest Piezometric Elevation Based on Average Weekly Measurements3 (feet)

06_AS_20556_PZ06_0025 Access Shaft 205+57 N ‐10 RGD ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ 6 5 3 3 2 2 0

06_16_20580_0TW24_00OW Pioneer Square 205+81 Y ‐2.4 ENF 7 ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ 5 4 4 ‐ ‐ 8 ‐ ‐ 7 7 7 7 6 5 5 5

06_01_20649_TB411_00OW King to Yesler 206+49 N ‐15.6 RGD 5 ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ 4 ‐1 ‐2 ‐1 ‐ ‐ 4 ‐ ‐ 5 ‐ ‐ ‐ ‐ ‐ ‐ ‐

06_01_20675_TB324_0017 King to Yesler 206+75 N ‐1.3 CSG 8 ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ 5 4 5 ‐ ‐ 7 ‐ ‐ 8 8 7 5 6 5 4 4

X_SW‐2‐07 Pioneer Square 206+83 Y 11.2 ENF 15 ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ 15 ‐ 15 15 15

06_01_20747_CB22A_00OW King to Yesler 207+47 N ‐1 ENF 5 ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ 6 4 4 5 ‐ ‐ 5 ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

06_01_20800_TB408_00OW King to Yesler 208+00 N ‐14.7 RGD 4 ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ 0 ‐2 ‐1 ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ 1 ‐1 ‐1 ‐1

06_01_CB107_00OW Pioneer Square 208+43 Y ‐20 RGD 7 ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ 2 0 1 ‐ ‐ 7 ‐ ‐ ‐ 6 5 2 3 1 1 0

06_01_CB106_00OW Pioneer Square 210+60 N ‐19.7 RGD 7 ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ 5 ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ 5 4 4 3 2 2

06_01_21252_TB401_00OW Pioneer Square 212+52 N ‐35 CSG 4 ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ 7 ‐ ‐ ‐ 6 ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ 4 2 3 1

X_84‐689_TB1 Pioneer Square 213+90 Y 0.2 ENF ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ 6 5 5 5

CB‐46A_OW1 Yesler to Union 218+47 Y ‐3.1 ENF 5 ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ 5 6 6 6 6 ‐ 6 6 5 ‐ 6 5 3 3 3

06_20_21906_048_0013 Yesler to Union 219+30 N 4.7 ENF ‐ ‐ ‐ ‐ ‐ 6 ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ 8 8 8 8 8 7 7 7 7 7 7 7 7 7 7 7 7 6 5 5

CB‐10A_OW1 Yesler to Union 224+81 Y ‐3.03 ENF 5 ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ 5 ‐ ‐ ‐ ‐ ‐ ‐ 3 2 2 2

EB‐19A_OW1 Yesler to Union 226+80 Y ‐10.4 ENF 5 ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ 6 6 6 6 6 ‐ 6 6 6 ‐ 6 3 2 ‐ 3

EB‐8A_OW1 Union to Thomas 242+00 Y ‐9.1 RGD 5 ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ 6 6 7 6 7 ‐ 6 6 6 ‐ 6 ‐ 6 6 6

EB‐20A_OW1 Union to Thomas 250+08 Y ‐9.6 ENF 4 ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ 7 ‐ ‐ ‐

NOTES:

1. Monitoring Point Name is the point identification in Geoscope (prefix of 06_) or the point identification by Shannon & Wilson for points not being read by STP.

2. Engineering Soil Unit (ESU) was determined by reviewing logs and/or profiles.  See Figure 3 for an explanation of the ESUs.

3. Measurements were averaged over 1 week periods for the duration of monitoring.  The values shown are the lowest of the weekly averages within the period indicated.  Some locations have up to 2 feet of change due to tidal effects.

4. Monitoring point names shown in blue may have potential issues with the data that have not yet been resolved.

5. Monitoring point names shown in green indicate that the well or vibrating wire piezometer is inside an excavation and therefore may have a reduced response do the excavation shoring walls.

6. Data is gradiationally shaded as follows:   Elevation (feet): 0 ‐5 ‐10 ‐15 ‐20 ‐25 ‐30

TBM Intervention Near Sta. 204+50South Portal Dewatering Access Shaft Dewatering
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Table 10
MIDDLE AQUIFER PIEZOMETRIC ELEVATION DATA
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06_SP_18025_0STP1_0060 South Portal 180+25 N ‐43.3 CSG ‐ ‐ ‐ ‐ 4 4 ‐3 ‐4 ‐5 ‐ ‐ ‐7 ‐7 ‐7 ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐6 ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

06_SP_TB203_0087 South Portal 181+00 N ‐72.0 CSG 4 4 2 3 3 2 ‐7 ‐8 ‐9 ‐ ‐ ‐11 ‐11 ‐11 ‐ ‐ ‐7 ‐6 ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐3 ‐5 ‐5 ‐6

06_SP_CCMW4_0060 South Portal 185+00 N ‐45.0 CSG ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ 3 ‐22 ‐32 ‐31 ‐33 ‐33 ‐35 ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

06_SP_STP9A_0060 South Portal 185+05 N ‐44.0 CSG ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐5 ‐7 ‐6 ‐6 ‐5 ‐3 ‐2 ‐2 ‐1 ‐1 ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

06_SP_CCMW3_0055 South Portal 187+00 N ‐40.0 CSG ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐7 ‐ ‐ ‐1 ‐5 ‐9 ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

06_SP_CCMW2_0067 South Portal 188+90 N ‐52.0 CSG ‐ ‐ ‐ ‐ ‐ ‐5 ‐16 ‐20 ‐21 ‐ ‐22 ‐23 ‐23 ‐23 ‐21 ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

06_SP_CCMW1_0067 South Portal 189+80 N ‐52.0 CSG ‐ ‐ ‐ ‐ ‐ ‐13 ‐24 ‐ ‐32 ‐32 ‐32 ‐32 ‐31 ‐31 ‐47 ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

06_SP_0STP7_0060 South Portal 190+90 N ‐43.3 CSG ‐ ‐ ‐ ‐ 5 ‐3 ‐8 ‐10 ‐11 ‐12 ‐12 ‐ ‐13 ‐13 ‐12 ‐10 ‐10 ‐8 ‐8 ‐8 ‐9 ‐7 ‐6 ‐5 ‐5 ‐4 ‐4 ‐4 ‐4 ‐4 ‐4 ‐6 ‐6 ‐4

06_SP_0RMW3_0065 South Portal 190+95 N ‐50.0 TLD ‐ ‐ ‐ ‐ ‐ ‐6 ‐15 ‐17 ‐19 ‐19 ‐19 ‐19 ‐19 ‐19 ‐18 ‐16 ‐16 ‐11 ‐11 ‐11 ‐11 ‐10 ‐9 ‐8 ‐7 ‐6 ‐7 ‐7 ‐6 ‐7 ‐7 ‐7 ‐7 ‐6

06_SP_LPMW2_0060 South Portal 191+40 N ‐45.0 CSG ‐ ‐ ‐ 5 ‐11 ‐26 ‐37 ‐40 ‐42 ‐41 ‐33 ‐34 ‐35 ‐34 ‐33 ‐33 ‐33 ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

06_SP_0STP6_0065 South Portal 191+50 N ‐47.6 CSG ‐ 9 9 ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

06_SP_ASTP6_0065 South Portal 191+50 N ‐49.0 CSG ‐ ‐ ‐ ‐ ‐5 ‐12 ‐19 ‐27 ‐28 ‐29 ‐27 ‐26 ‐26 ‐26 ‐26 ‐24 ‐24 ‐21 ‐21 ‐21 ‐22 ‐21 ‐20 ‐19 ‐18 ‐17 ‐18 ‐18 ‐18 ‐19 ‐18 ‐18 ‐14 ‐13

06_SP_0STP9_0070 South Portal 184+00 Y ‐54.1 CSG ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ 0 ‐2 ‐2 ‐1 0 0 0 1 1 1 2 2 3 3 3 3 2 2 2 3 3 0 ‐1 ‐1

06_SP_TB101_0075 South Portal 185+10 Y ‐69.7 CSG 10 11 10 9 7 8 ‐3 ‐5 ‐6 ‐7 ‐6 ‐8 ‐7 ‐8 ‐ ‐ ‐4 ‐1 ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

06_SP_TB101_00OW South Portal 185+10 Y ‐69.7 CSG 10 5 ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ 16 ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

06_SP_TB208_0060 South Portal 187+80 Y ‐64.5 CSG 10 ‐ 10 9 7 0 ‐5 ‐6 ‐7 ‐7 ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

06_SP_TB208B_0060 South Portal 188+00 Y ‐44.5 CSG ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐7 ‐7 ‐8 ‐7 ‐7 ‐7 ‐5 ‐5 ‐2 ‐2 ‐3 ‐2 ‐1 0 1 1 2 1 1 1 1 1 0 0 0

06_SP_TB102_0065 South Portal 190+20 Y ‐49.9 CSG 8 9 10 9 7 0 ‐4 ‐6 ‐7 ‐8 ‐7 ‐8 ‐8 ‐7 ‐6 ‐5 ‐5 ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ 0 ‐7 0

06_SP_TB211_0045 South Portal 192+00 Y ‐29.1 CSG 10 11 12 11 9 2 ‐2 ‐3 ‐4 ‐5 ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

06_SP_TB211_0065 South Portal 192+00 Y ‐58.1 CSG 10 10 12 11 9 2 ‐2 ‐3 ‐4 ‐5 ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

06_SP_TB211_0100 South Portal 192+00 Y ‐76.1 CSG 12 13 13 12 10 4 0 0 ‐1 ‐1 ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

06_SP_19374_CB35B_0094 South Portal 193+74 Y ‐78.3 CSG 5 6 5 4 4 2 1 ‐1 ‐3 ‐5 ‐3 ‐3 ‐3 ‐3 ‐3 ‐3 ‐3 ‐3 ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

06_04_TB103_0059 Pioneer Square 194+00 Y ‐41.8 CSG 8 12 12 11 10 5 2 2 1 1 1 1 ‐ ‐ 2 3 3 3 ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ 2 1 0 0 0

TB‐213_VWP2 Pioneer Square 195+70 Y ‐84.1 CSG 7 ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐16 ‐17 ‐18

TB‐213_VWP3 Pioneer Square 195+70 Y ‐113.6 CSG 9 ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐22 ‐23 ‐24

06_04_TB214_0080 Pioneer Square 197+16 Y ‐63.0 CSG 16 ‐ 17 16 7 11 5 9 7 6 9 9 9 9 7 7 7 ‐1 ‐18 ‐19 ‐14 ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐7 ‐9 ‐11 ‐13 ‐14

06_04_TB214_00OW Pioneer Square 197+16 Y ‐113.0 CSG ‐3 16 14 13 ‐1 8 5 5 3 4 5 6 6 6 2 ‐ 7 ‐6 ‐28 ‐28 ‐26 ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐13 ‐15 ‐18 ‐20 ‐20

06_01_19728_CB30B_0043 King to Yesler 197+29 N ‐27.2 CSG 5 ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐16 ‐11 ‐18 ‐18 ‐14 ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐7 ‐8 ‐8 ‐8

06_SP_CB30B_0043 King to Yesler 197+29 N ‐27.2 CSG 5 ‐ 5 ‐2 ‐4 2 3 1 ‐3 ‐9 ‐2 ‐3 ‐3 ‐4 ‐ ‐5 ‐5 ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐7 ‐8 ‐8 ‐8

06_SP_19878_CB27B_0043 King to Yesler 198+75 N ‐27.8 CSG 5 ‐ ‐ ‐1 ‐3 1 3 2 ‐2 ‐7 ‐1 ‐1 ‐2 ‐2 ‐3 ‐3 ‐13 ‐10 ‐3 ‐3 ‐3 ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐4 ‐2 ‐2 ‐3 ‐3

06_14_19975_UB102_00OW Pioneer Square 199+76 Y ‐74.2 CSG ‐6 ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ 4 ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐14 ‐16 ‐18 ‐19

06_14_TB104_00OW Pioneer Square 199+86 Y ‐62.2 CSF 7 12 11 10 9 9 6 7 6 ‐ ‐ ‐ 8 ‐ 7 ‐ 10 4 ‐19 ‐25 ‐20 ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐10 ‐13 ‐15 ‐18 ‐18

06_14_TB104_0125 Pioneer Square 199+86 Y ‐108.2 CSG 7 12 10 9 7 4 4 4 4 5 6 7 7 7 7 7 7 4 ‐24 ‐38 ‐24 ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐27 ‐24 ‐27 ‐31 ‐31

06_SP_20052_TB326_00OW King to Yesler 200+52 N ‐104.1 CSG 12 12 ‐ 9 ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

06_SP_EB18B_00OW King to Yesler 201+29 N ‐98.3 CSF 11 12 ‐ 8 ‐ ‐ ‐ ‐ ‐ ‐3 ‐ ‐ ‐ ‐ ‐ ‐ ‐ 4 ‐17 ‐23 ‐13 ‐ ‐ ‐ ‐ ‐ ‐ ‐ 4 ‐32 ‐36 ‐35 ‐ ‐

06_15_20279_TB215_0050 Pioneer Square 202+79 Y ‐25.7 CSG 10 ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐11 ‐20 ‐18 ‐ ‐ ‐ ‐ ‐ ‐ 8 6 ‐ ‐13 ‐14 ‐15 ‐16

06_15_20279_TB215_0080 Pioneer Square 202+79 Y ‐55.7 CSF 11 ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐32 ‐35 ‐31 ‐ ‐ ‐ ‐ ‐ ‐ 8 4 ‐ ‐21 ‐22 ‐24 ‐27

06_15_20279_TB215_00OW Pioneer Square 202+79 Y ‐99.7 CSF 12 ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐23 ‐44 ‐27 ‐ ‐ ‐ ‐ ‐ ‐ 9 5 ‐ ‐22 ‐26 ‐29 ‐31

06_15_20282_UB103_00OW Pioneer Square 202+83 Y ‐57.7 CSG 11 ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ 6 ‐28 ‐42 ‐42 7 ‐ 12 ‐ ‐ ‐ 7 2 ‐18 ‐23 ‐25 ‐27 ‐29

06_15_20282_UB103_0100 Pioneer Square 202+83 Y ‐83.7 CSG 11 ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ 4 ‐31 ‐49 ‐32 6 ‐ 8 ‐ ‐ ‐ 4 2 ‐22 ‐26 ‐29 ‐34 ‐34

06_01_20334_TB325_0030 King to Yesler 203+34 N ‐14.0 CSG 4 ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ 1 1 ‐4 ‐2 ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

06_01_20334_TB325_0070 King to Yesler 203+34 N ‐54.0 CSG 5 ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ 3 2 ‐27 ‐25 ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

06_01_20334_TB325_00OW King to Yesler 203+34 N ‐88.0 CSG 12 ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ 7 6 ‐34 ‐17 ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

See Page 4 for Notes.

South Portal Dewatering TBM Intervention Near Sta. 204+50
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Table 10
MIDDLE AQUIFER PIEZOMETRIC ELEVATION DATA
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Monitoring Point Name1
Geographic

Area

Approx. 

Tunnel 

Station

(feet)

More than 

100' from 

Alignment

Elevation of 

VWP or 

Bottom of 

Well Screen 

(feet)

ESU
2
 at 

Well or 

VWP 

Depth

Lowest Piezometric Elevation Based on Average Weekly Measurements
3 (feet)

06_AS_20373_PZ14_0068 Access Shaft 203+74 N ‐53.0 CSG ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐3 ‐8 ‐19 ‐ ‐ ‐

06_AS_20373_PZ14_0100 Access Shaft 203+74 N ‐85.0 CSG ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐5 ‐15 ‐41 ‐ ‐ ‐

06_AS_20373_PZ14r1_0068 Access Shaft 203+74 N ‐53.0 CSG ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐19 ‐19 ‐21 ‐23 ‐20

06_AS_20373_PZ14r1_0100 Access Shaft 203+74 N ‐85.0 CSG ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐37 ‐41 ‐44 ‐47 ‐48

06_AS_20374_PZ13_0070 Access Shaft 203+74 N ‐55.0 CSG ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐3 ‐43 ‐47 ‐48 ‐49 ‐50

06_AS_20374_PZ13_0105 Access Shaft 203+74 N ‐90.0 CSG ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐3 ‐49 ‐52 ‐54 ‐57 ‐58

06_01_20476_011_0047 King to Yesler 204+27 N ‐32.5 CSG ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ 4 4 4 3 2 ‐19 3 ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

06_AS_20430_PZ11_0070 Access Shaft 204+31 N ‐55.0 CSG ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐2 ‐52 ‐52 ‐52 ‐53 ‐53

06_AS_20430_PZ11_0105 Access Shaft 204+31 N ‐90.0 CSG ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐5 ‐75 ‐77 ‐79 ‐80 ‐80

06_AS_20431_PZ12_0075 Access Shaft 204+32 N ‐60.0 CSG ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ 3 ‐56 ‐56 ‐56 ‐57 ‐52

06_AS_20431_PZ12_0100 Access Shaft 204+32 N ‐85.0 CSG ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ 1 ‐71 ‐75 ‐76 ‐78 ‐78

06_AS_20468_PZ10_0070 Access Shaft 204+69 N ‐55.0 CSF ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐5 ‐42 ‐53 ‐53 ‐53 ‐53

06_AS_20468_PZ10_0105 Access Shaft 204+69 N ‐90.0 CSG ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐1 ‐45 ‐52 ‐76 ‐79 ‐77

06_AS_20469_PZ09_0068 Access Shaft 204+69 N ‐53.0 CSG ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐3 ‐49 ‐50 ‐49 ‐49 ‐50

06_AS_20469_PZ09_0098 Access Shaft 204+69 N ‐83.0 CSF ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐2 ‐65 ‐68 ‐70 ‐70 ‐71

06_AS_20483_PZ08_0070 Access Shaft 204+84 N ‐55.0 CSG ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ 6 ‐3 ‐19 ‐24 ‐27 ‐31 ‐33

06_AS_20483_PZ08_0105 Access Shaft 204+84 N ‐90.0 CSG ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ 6 ‐1 ‐24 ‐29 ‐33 ‐38 ‐40

06_AS_20484_PZ07_0070 Access Shaft 204+84 N ‐55.0 CSG ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ 1 ‐44 ‐49 ‐50 ‐50 ‐51

06_AS_20484_PZ07_0103 Access Shaft 204+84 N ‐88.0 CSG ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐1 ‐53 ‐60 ‐62 ‐63 ‐63

06_AS_20484_PZ07_0150 Access Shaft 204+84 N ‐135.0 CSF ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐21 ‐89 ‐96 ‐99 ‐99 ‐98

06_AS_20510_PZ04_0125 Access Shaft 205+09 N ‐109.7 CSF ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐13 ‐82 ‐91 ‐91 ‐100 ‐95 ‐75

06_AS_20510_PZ04_0130 Access Shaft 205+09 N ‐114.7 CSF ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐10 ‐90 ‐99 ‐98 ‐111 ‐107 ‐88

06_AS_20510_PZ04_0140 Access Shaft 205+09 N ‐124.7 CSF ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐15 ‐98 ‐109 ‐109 ‐123 ‐121 ‐109

06_AS_20513_PZ03_0133 Access Shaft 205+13 N ‐118.0 CSF ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐3 ‐61 ‐93 ‐96 ‐110 ‐107 ‐98

06_AS_20550_PZ02_0126 Access Shaft 205+50 N ‐111.2 CSF ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐9 ‐72 ‐92 ‐90 ‐100 ‐101 ‐99

06_AS_20550_PZ02_0135 Access Shaft 205+50 N ‐120.2 CSF ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐7 ‐70 ‐99 ‐101 ‐109 ‐107 ‐102

06_AS_20550_PZ02_0145 Access Shaft 205+50 N ‐130.2 CSF ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐9 ‐84 ‐107 ‐107 ‐115 ‐113 ‐

06_AS_20552_PZ05_0070 Access Shaft 205+53 N ‐55.0 CSF ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ 5 ‐4 ‐47 ‐50 ‐50 ‐51 ‐51

06_AS_20552_PZ05_0102 Access Shaft 205+53 N ‐87.0 CSG ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ 1 ‐8 ‐54 ‐59 ‐60 ‐61 ‐61

06_AS_20552_PZ05_0145 Access Shaft 205+53 N ‐130.0 CSF ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ 2 ‐41 ‐85 ‐91 ‐94 ‐93 ‐92

06_01_20550_1TS1_0049 Access Shaft 205+54 N ‐34.2 CSG ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ 8 7 7 7 6 5 ‐18 ‐24 ‐19 6 ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

06_AS_20556_PZ06_0070 Access Shaft 205+57 N ‐55.0 CSG ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ 4 ‐2 ‐18 ‐22 ‐25 ‐29 ‐30

06_AS_20556_PZ06_0100 Access Shaft 205+57 N ‐85.0 CSG ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ 4 0 ‐19 ‐24 ‐28 ‐32 ‐33

TB‐105_VWP2 Pioneer Square 205+80 Y ‐99.4 CSG 21 ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ 17 ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ 8 6 5 ‐

TB‐105_VWP1 Pioneer Square 205+80 Y ‐64.9 CSG 18 ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ 7 ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ 9 8 7 ‐

06_01_20600_1TS4_0054 King to Yesler 205+94 N ‐38.4 CSG ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ 4 4 4 5 5 ‐17 ‐27 ‐22 5 6 5 6 6 ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

06_01_20600_1TS3_0053 King to Yesler 206+00 N ‐37.5 CSG ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ 8 7 8 8 8 6 ‐24 ‐37 ‐34 7 ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

06_01_20600_1TS2_0051 King to Yesler 206+11 N ‐36.0 CSG ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ 8 7 7 7 7 6 ‐17 ‐35 ‐30 6 9 ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

X_B‐1‐00 Pioneer Square 206+33 Y ‐48.7 CSF 15 ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ 14 11 10 10 10

06_01_20655_015_0054 King to Yesler 206+42 N ‐37.7 CSG ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ 4 4 4 4 3 3 ‐7 ‐11 ‐9 4 4 3 5 5 3 3 ‐ ‐ ‐ ‐ ‐ ‐

06_01_20650_1TS6_0054 King to Yesler 206+52 N ‐38.5 CSF ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ 5 4 4 4 ‐15 ‐24 ‐19 5 5 4 ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

06_01_20675_TB324_0060 King to Yesler 206+75 N ‐44.3 CSG 11 ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐25 ‐34 ‐34 ‐ ‐ 7 ‐ ‐ 6 4 0 ‐15 ‐19 ‐22 ‐25 ‐27

06_01_20675_TB324_00OW King to Yesler 206+75 N ‐89.3 CSG 13 ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐29 ‐49 ‐30 ‐ ‐ 10 ‐ ‐ 7 7 1 ‐17 ‐21 ‐25 ‐29 ‐30

06_01_20688_018_0055 King to Yesler 206+88 N ‐39.7 CSG ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ 5 5 5 4 ‐15 ‐25 ‐20 5 6 5 6 7 4 3 0 ‐19 ‐19 ‐ ‐ ‐

06_01_20713_019_0056 King to Yesler 207+14 N ‐40.8 CSG ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ 5 5 5 4 ‐17 ‐28 ‐22 5 6 5 6 7 4 3 ‐1 ‐21 ‐22 ‐ ‐ ‐

See Page 4 for Notes.
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Table 10
MIDDLE AQUIFER PIEZOMETRIC ELEVATION DATA
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Monitoring Point Name1
Geographic

Area

Approx. 

Tunnel 

Station

(feet)

More than 

100' from 

Alignment

Elevation of 

VWP or 

Bottom of 

Well Screen 

(feet)

ESU
2
 at 

Well or 

VWP 

Depth

Lowest Piezometric Elevation Based on Average Weekly Measurements
3 (feet)

06_01_20750_CB22B_0091 King to Yesler 207+51 N ‐75.0 CSG 7 ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ 7 ‐18 ‐23 ‐6 ‐ ‐ 7 ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

06_01_20763_020_0058 King to Yesler 207+64 N ‐42.9 CSG ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ 5 5 5 4 ‐23 ‐40 ‐30 5 7 7 7 ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

X_B‐2‐00 Pioneer Square 207+87 Y ‐37.6 CSG 13 ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ 15 ‐ 12 12 12

TW‐25_OW1 Pioneer Square 208+00 Y ‐69.0 CSG 22 ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ 17 15 15 14

TW‐25_VWP1 Pioneer Square 208+00 Y ‐45.0 CSG 20 ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ 14 13 12 12

06_01_20815_TB323_00OW King to Yesler 208+15 N ‐53.0 CSG 5 ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ 6 ‐22 ‐28 ‐22 ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐24 ‐27 ‐26 ‐26

06_01_20815_TB323_0105 King to Yesler 208+15 N ‐89.0 CSG 4 ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ 4 ‐24 ‐30 ‐24 ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐26 ‐29 ‐29 ‐29

06_01_20836_022_0060 King to Yesler 208+36 N ‐44.2 CSG ‐ ‐ ‐ ‐ ‐ ‐ ‐ 5 5 4 5 5 5 4 4 5 5 5 ‐15 ‐23 ‐18 5 6 6 7 7 5 4 ‐ ‐ ‐ ‐ ‐ ‐

06_01_CB107_0100 Pioneer Square 208+43 Y ‐86.0 CSG 12 ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐27 ‐46 ‐29 ‐ ‐ ‐ ‐ ‐ ‐ 7 ‐16 ‐17 ‐21 ‐25 ‐29 ‐30

06_01_20850_2TS1_0061 King to Yesler 208+48 N ‐45.9 CSG ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ 7 7 7 6 ‐22 ‐43 ‐28 7 8 8 9 9 7 7 2 ‐2 ‐ ‐ ‐ ‐

TB‐216_OW1 Pioneer Square 208+70 Y ‐85.8 CSG 24 ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ 11 9 8 8

06_03_20872_UB105_00OW Pioneer Square 208+72 Y ‐75.2 CSF 23 ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ 15 5 7 ‐ ‐ ‐ ‐ ‐ ‐ 21 21 ‐ 11 9 8 8

06_01_20900_2TS3_0065 King to Yesler 209+00 N ‐50.1 CSG ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ 7 7 7 6 ‐19 ‐38 ‐25 7 8 8 ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

06_01_20900_2TS2_0061 King to Yesler 209+00 N ‐45.5 CSG ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ 7 7 7 6 ‐15 ‐29 ‐20 7 9 ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

06_01_20900_2TS4_0062 King to Yesler 209+04 N ‐47.3 CSG ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ 6 6 6 5 ‐19 ‐37 ‐33 6 8 8 ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

06_01_20950_CB21B_0087 King to Yesler 209+50 N ‐70.6 CSG 10 ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐21 ‐44 ‐30 ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

06_01_20950_2TS6_0066 King to Yesler 209+57 N ‐50.7 CSG ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ 7 7 7 6 ‐16 ‐33 ‐22 7 9 9 9 9 ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

06_01_21035_029_0069 King to Yesler 210+47 N ‐54.1 CSG ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ 7 7 7 7 ‐5 ‐13 ‐8 7 8 8 8 8 7 ‐ ‐ ‐ ‐ ‐ ‐ ‐

06_01_CB106_0080 Pioneer Square 210+60 N ‐64.7 CSG 10 ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐13 ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐15 ‐19 ‐23 ‐26 ‐27

06_01_21078_030_0071 King to Yesler 210+78 N ‐55.3 CSG ‐ ‐ ‐ ‐ ‐ ‐ ‐ 6 5 5 ‐ ‐ ‐ ‐ 6 6 6 6 0 ‐4 ‐2 ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

06_01_21135_031_0073 King to Yesler 211+07 N ‐57.0 CSG ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ 6 6 6 1 ‐3 ‐1 6 7 ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

06_01_21185_032_0075 King to Yesler 211+66 N ‐59.6 TLD ‐ ‐ ‐ ‐ ‐ ‐ ‐ 7 6 6 6 5 6 ‐ 6 6 6 6 2 ‐1 0 5 6 6 ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

06_01_21172_033_0074 Pioneer Square 211+73 N ‐59.6 CSG ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ 5 5 6 6 6 3 0 1 6 6 6 6 ‐ ‐ ‐ 6 3 2 1 1 0

TB‐217_OW1 Pioneer Square 211+95 Y ‐81.1 CSG 2 ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ 1 ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐2 ‐3 ‐3 ‐3

UB‐106_OW1 Pioneer Square 212+64 Y ‐75.3 CSG 5 ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐5 ‐5 ‐6 ‐6

TB‐218A_VWP1 Pioneer Square 213+96 Y ‐58.3 CSG 0 ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐1 ‐1 ‐2 ‐1

TB‐106_VWP1 Pioneer Square 214+94 Y ‐73.0 CSG 5 ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐12 ‐13 ‐14 ‐15

UB‐8_OW1 Yesler to Union 220+17 N ‐60.6 CSG 9 ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ 7 8 8 7 8 ‐ 8 8 7 ‐ 7 7 6 6 ‐

06_21_22259_TB221_0034 Yesler to Union 222+60 Y ‐4.6 CSG ‐1 ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ 0 ‐ ‐ ‐ ‐ ‐ ‐ ‐1 ‐1 ‐2 ‐2 ‐3 ‐3

UB‐109_OW1 Yesler to Union 226+37 Y ‐58.3 TLD 11 ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ 10 10 10 ‐

06_23_TB315_0100 Yesler to Union 228+00 Y ‐77.9 CSG 9 ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ 8 8 8 8 8 ‐ 8 8 8 ‐ 8 7 7 6 ‐

06_25_23567_TB223_0113 Yesler to Union 235+67 N ‐18.4 CSG 11 ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ 9 9 ‐

B‐101_OW1 Yesler to Union 237+00 Y ‐76.4 CSG 9 ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ 11 12 10 9 10 ‐ 10 10 8 ‐ 9 ‐ 5 7 ‐

B‐101_VWP1 Yesler to Union 237+00 Y ‐42.0 CSG 4 ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ 5 5 6 5 5 ‐ 5 5 5 ‐ 5 ‐ 5 4 ‐

EB‐8B_OW1 Union to Thomas 242+00 Y ‐62.2 CSG 3 ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ 6 8 9 4 6 ‐ 8 9 6 ‐ 9 ‐ 4 9 8

EB‐8B_VWP1 Union to Thomas 242+00 Y ‐108.9 CSF 8 ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ 8 8 9 5 6 ‐ 8 8 7 ‐ 9 ‐ 4 6 5

06_04_25220_0B102_0160 Union to Thomas 252+22 Y ‐13.9 CSF ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ 10 ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

06_10_26127_TB232_0130 Union to Thomas 261+58 Y 1.2 TLD 14 ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ 15 ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

06_08_26333_100_0148 Union to Thomas 263+33 N ‐14.1 CSF ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ 12 12 12 12 12 12 12 12 12 12 11 11 11 12 ‐ 11

06_32_26538_101_0137 Union to Thomas 265+36 N ‐7.8 CSF ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ 13 12 12 12 12 12 12 12 12 12 12 12 12 12 12 12 12

06_10_26637_102_0133 Union to Thomas 266+37 N ‐3.6 CSG ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ 16 16 16 16 16 16 16 16 ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

06_10_26769_103_0126 Union to Thomas 267+66 N 2.1 TLD ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ 14 13 13 13 12 12 12 12 13 13 13 13 13 13 12 12 12 12

06_11_26943_105_0120 Union to Thomas 269+43 N 7.0 TLD ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ 17 17 17 17 17 17 17 17 16 16 16 16 16 16 16 16

06_12_27245_107_0109 Union to Thomas 272+45 N 17.9 TLD ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ 19 19 19 19 19 19 19 18 18 ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ 18

See Page 4 for Notes.
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Table 10
MIDDLE AQUIFER PIEZOMETRIC ELEVATION DATA
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Monitoring Point Name1
Geographic

Area

Approx. 

Tunnel 

Station

(feet)

More than 

100' from 

Alignment

Elevation of 

VWP or 

Bottom of 

Well Screen 

(feet)

ESU
2
 at 

Well or 

VWP 

Depth

Lowest Piezometric Elevation Based on Average Weekly Measurements
3 (feet)

06_12_27296_108_0107 Union to Thomas 272+95 N 21.0 TLD ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ 20 20 20 20 20 21 21 21 21 ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

06_12_27363_109_0100 Union to Thomas 273+65 N 27.5 TLD ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ 27 27 27 27 27 27 27 27 27 27 27 27 27 27 27 27 27 27 27

06_34_27455_110_0100 Union to Thomas 274+55 N 26.3 TLD ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ 28 28 28 27 27 27 27 27 27 27 27 27 27 ‐ 27 27 27

06_13_TB238_0047 Union to Thomas 276+73 Y 74.1 TLD 77 ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ 76 ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

06_13_27738_112_0088 Union to Thomas 277+38 N 37.2 CSG ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ 38 38 38 38 38 38 38 38 38 38 38 38 38 39 39 39 39

06_13_27866_113_0082 Union to Thomas 278+65 N 43.2 CSG ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ 44 44 44 44 44 ‐ ‐ ‐ 44 44 44 44 44 44 44 44 44

06_13_27940_114_0077 Union to Thomas 279+39 N 46.0 CSG ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ 50 50 50 50 50 50 50 50 50 51 51 51 51 51 51 51 51

06_13_28043_115_0070 Union to Thomas 280+43 N 50.2 TLD ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ 51 51 51 51 51 51 51 51 51 51 51 51 51 51 52 51 51

06_13_28162_116_0062 Union to Thomas 281+63 N 54.9 CSG ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ 55 55 54 54 54 54 54 54 54 54 54 54 54 ‐ 55 55

06_13_28294_117_0053 Union to Thomas 282+94 N 60.3 CSG ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ 62 62 62 62 62 62 62 63 63 63 63 63 64 64 64 65

06_13_28363_118_0049 Union to Thomas 283+64 N 62.0 TLD ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ 62 62 62 62 62 62 63 63 63 63 63 63 63 63 63 63

06_13_28473_119_0041 Union to Thomas 284+73 N 66.8 TLD ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ 77 77 78 79 80 81 81 81 81 80 80 80 81 ‐ 81 81

06_13_28574_120_0034 Union to Thomas 285+73 N 71.2 TLD ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ 72 72 72 72 72 72 72 72 71 71 71 71 71 71 71 71

06_37_28672_121_0027 Union to Thomas 286+71 N 76.0 TLD ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ 76 76 76 76 77 77 77 77 77 77 77 77 77 78 77 77

06_37_28680_TB303_0078 Union to Thomas 286+80 N 24.7 CSG 36 ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ 39 ‐ ‐ ‐ 52 48 ‐ 47 49 ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

06_37_28700_TB304_00OW Union to Thomas 286+97 N 24.0 CSG 36 ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ 39 ‐ ‐ 37 33 27 25 26 36 ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

NOTES:

1. Monitoring Point Name is the point identification in Geoscope (prefix of 06_) or the point identification by Shannon & Wilson for points not being read by STP.

2. Engineering Soil Unit (ESU) was determined by reviewing logs and/or profiles.  See Figure 3 for an explanation of the ESUs.

3. Measurements were averaged over 1 week periods for the duration of monitoring.  The values shown are the lowest of the weekly averages within the period indicated.  Some locations have up to 2 feet of change due to tidal effects.

4. Monitoring point names shown in blue may have potential issues with the data that have not yet been resolved.

5. Monitoring point names shown in green indicate that the well or vibrating wire piezometer is inside an excavation and therefore may have a reduced response do the excavation shoring walls, depending on screen or instrument depth.

6. Data is gradiationally shaded as follows:   Elevation (feet): 0 ‐5 ‐10 ‐15 ‐20 ‐25 ‐30

Access Shaft DewateringTBM Intervention Near Sta. 204+50South Portal Dewatering
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06_14_TB104_0174 Pioneer Square 199+86 Y ‐157.2 CSF 7 4 3 2 2 3 1 ‐ ‐ ‐ ‐ ‐80 ‐92 ‐94 ‐95 ‐97

06_SP_EB18B_0219 King to Yesler 201+29 N ‐203.7 CSG 14 15 ‐ 14 15 14 13 ‐ ‐ ‐ 6 ‐74 ‐79 ‐81 ‐83 ‐85

06_AS_20526_DPM1_0185 Access Shaft 205+27 N ‐169.0 CSG ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐124 ‐134 ‐138 ‐139 ‐140

06_AS_20556_PZ06_0165 Access Shaft 205+57 N ‐150.0 CSG ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ 7 4 ‐133 ‐136 ‐136 ‐134 ‐133

TB‐105_VWP3 Pioneer Square 205+80 Y ‐160.6 CSG 17 ‐ ‐ ‐ ‐ 14 ‐ ‐ ‐ ‐ ‐ ‐ ‐49 ‐55 ‐55 ‐

06_01_CB107_0169 Pioneer Square 208+43 Y ‐154.0 CSG 17 ‐ ‐ ‐ ‐ 16 15 ‐ ‐ 9 5 ‐74 ‐96 ‐83 ‐83 ‐85

TB‐216_VWP2 Pioneer Square 208+70 Y ‐165.4 CSG 13 ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐66 ‐67 ‐68 ‐70

06_01_CB106_0160 Pioneer Square 210+60 N ‐143.7 CSG 17 ‐ ‐ ‐ ‐ 15 ‐ ‐ ‐ ‐ ‐72 ‐83 ‐55 ‐57 ‐59 ‐74

06_18_21137_TB321_00OW Pioneer Square 211+37 N ‐150.1 CSG 16 ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐41 ‐46 ‐49 ‐52 ‐54

06_18_21200_126_0159 Pioneer Square 212+05 N ‐144.8 CSG ‐ ‐ ‐ ‐ ‐ 17 10 9 9 9 8 ‐41 ‐48 ‐47 ‐50 ‐52

TB‐218A_VWP2 Pioneer Square 213+96 Y ‐176.0 CSG 18 ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐38 ‐40 ‐41 ‐44

TB‐106_OW1 Pioneer Square 214+94 Y ‐144.1 CSG 18 ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐34 ‐35 ‐37 ‐39

TB‐106_VWP2 Pioneer Square 214+94 Y ‐211.1 CSG 13 ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐24 ‐25 ‐25 ‐27

06_02_21538_TB319_00OW Pioneer Square 215+38 N ‐166.9 CSG 14 ‐ ‐ ‐ ‐ ‐ 15 ‐ ‐ ‐ 12 ‐8 ‐13 ‐14 ‐13 ‐

06_19_21570_127_0173 Pioneer Square 215+69 N ‐157.5 CSG ‐ ‐ ‐ ‐ ‐ 15 11 11 11 11 11 ‐10 ‐12 ‐14 ‐15 ‐15

TB‐219_OW1 Pioneer Square 216+31 Y ‐160.9 CSG 14 ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐11 ‐13 ‐13 ‐14

06_02_21938_TB318_00OW Yesler to Union 219+38 N ‐167.2 CSG 14 ‐ ‐ ‐ ‐ 16 ‐ ‐ ‐ ‐ 12 ‐2 ‐4 ‐5 ‐7 ‐7

TB‐220_OW1 Yesler to Union 219+74 Y ‐153.0 CSG 14 ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐2 ‐3 ‐3 ‐4

TB‐220_VWP2 Yesler to Union 219+74 Y ‐182.7 CSG 12 ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐8 ‐9 ‐9 ‐10

06_02_22181_TB317_00OW Yesler to Union 221+81 N ‐178.3 CSG 14 ‐ ‐ ‐ ‐ 17 13 ‐ ‐ ‐ 12 ‐ ‐1 ‐3 ‐5 ‐3

06_02_22181_TB317_0170 Yesler to Union 221+81 N ‐153.3 TLD 11 ‐ ‐ ‐ ‐ 10 9 ‐ ‐ ‐ 8 ‐ ‐6 ‐7 ‐9 ‐9

06_21_22259_TB221_00OW Yesler to Union 222+60 Y ‐152.6 CSG 14 ‐ ‐ ‐ ‐ ‐ 14 ‐ ‐ ‐ 12 1 ‐1 ‐2 ‐4 ‐3

06_21_22259_TB221_0210 Yesler to Union 222+60 Y ‐180.6 CSG 11 ‐ ‐ ‐ ‐ ‐ 10 ‐ ‐ ‐ 8 ‐2 ‐4 ‐5 ‐7 ‐6

06_22_22530_SPR_0196 Yesler to Union 225+26 N ‐169.0 CSG ‐ ‐ ‐ ‐ ‐ 2 0 ‐ ‐ ‐ ‐ ‐ ‐ ‐13 ‐13 ‐13

06_22_22532_TB316_00OW Yesler to Union 225+32 N ‐173.7 CSG 13 ‐ ‐ ‐ ‐ 14 13 ‐ ‐ ‐ ‐ ‐ 2 0 0 ‐1

06_22_TB107_00OW Yesler to Union 225+76 Y ‐132.9 CSG 14 ‐ ‐ ‐ ‐ ‐ 14 ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

06_23_TB315_00OW Yesler to Union 228+00 Y ‐179.9 CSG 12 ‐ ‐ ‐ ‐ ‐ 10 11 12 9 ‐ 8 4 3 4 ‐

06_23_22817_SEN_0206 Yesler to Union 228+17 N ‐181.5 CSG ‐ ‐ ‐ ‐ ‐ 13 10 10 10 11 11 3 2 1 1 1

06_23_TB222_00OW Yesler to Union 228+83 Y ‐155.3 CSG 14 ‐ ‐ ‐ ‐ ‐ 36 ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

06_24_TB108_00OW Yesler to Union 231+80 Y ‐153.9 CSG 9 15 ‐ ‐ ‐ ‐ 11 ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

06_25_23567_TB223_0222 Yesler to Union 235+67 N ‐126.4 CSG 8 ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ 4 2 ‐

06_04_24023_TB109_00OW Union to Thomas 240+24 Y ‐99.4 CSG 11 ‐ ‐ ‐ ‐ 13 12 ‐ ‐ ‐ ‐ ‐ ‐ 9 9 ‐

06_04_24166_TB224_00OW Union to Thomas 241+66 N ‐100.6 TLD 12 ‐ ‐ ‐ ‐ 18 12 ‐ ‐ ‐ ‐ ‐ ‐ 9 8 ‐

06_27_TB225_00OW Union to Thomas 243+99 Y ‐141.6 CSG 12 ‐ ‐ ‐ ‐ ‐ 12 ‐ ‐ ‐ ‐ ‐ ‐ 9 9 ‐

06_27_TB225_0220 Union to Thomas 243+99 Y ‐81.2 CSG 11 ‐ ‐ ‐ ‐ ‐ 1 ‐ ‐ ‐ ‐ ‐ ‐ ‐1 ‐2 ‐

06_28_24632_TB226_00OW Union to Thomas 246+33 N ‐143.2 CSG 12 ‐ ‐ ‐ ‐ 13 12 ‐ ‐ ‐ ‐ ‐ ‐ 9 10 ‐

06_28_24632_TB226_0220 Union to Thomas 246+33 N ‐73.2 CSG 11 ‐ ‐ ‐ ‐ 11 10 ‐ ‐ ‐ ‐ ‐ ‐ 7 6 ‐

06_04_TB110_0296 Union to Thomas 248+00 N ‐148.2 CSG 20 ‐ ‐ ‐ ‐ ‐ 19 ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

06_05_24995_TB227_0257 Union to Thomas 249+95 Y ‐95.1 CSG 12 ‐ ‐ ‐ ‐ ‐ 11 ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

06_05_24995_TB227_0297 Union to Thomas 249+95 Y ‐135.1 CSG 10 ‐ ‐ ‐ ‐ ‐ 9 ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

EB‐20B_OW1 Union to Thomas 250+17 Y ‐104.4 CSG 10 ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ 9 ‐ ‐ ‐

EB‐20B_VWP2 Union to Thomas 250+17 Y ‐173.5 CSG 8 ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ 6 ‐ ‐ ‐

SB‐18_VWP1 Union to Thomas 251+52 Y ‐64.7 CSF 3 ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ 4 ‐ ‐ ‐

06_05_25216_TB314_0230 Union to Thomas 252+16 N ‐72.7 CSG 10 ‐ ‐ ‐ ‐ 10 ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

06_05_25216_TB314_0300 Union to Thomas 252+16 N ‐143.7 CSG 10 ‐ ‐ ‐ ‐ 9 ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

See Page 2 for Notes.
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06_06_25287_089_0203 Union to Thomas 252+88 N ‐42.5 CSG ‐ ‐ ‐ ‐ ‐ 10 8 8 8 8 8 7 7 7 ‐ ‐

06_06_25414_TB111_0225 Union to Thomas 254+14 N ‐63.9 TLD 11 ‐ ‐ ‐ ‐ ‐ 10 ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

06_06_25414_TB111_00OW Union to Thomas 254+14 N ‐133.9 CSG 12 ‐ ‐ ‐ ‐ ‐ 40 ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

06_06_25468_090_0201 Union to Thomas 254+69 N ‐42.7 CSG ‐ ‐ ‐ ‐ ‐ 13 10 11 11 11 11 10 10 9 9 9

06_30_25497_122_0197 Union to Thomas 254+96 N ‐41.9 CSG ‐ ‐ ‐ ‐ 10 9 7 7 8 8 8 7 6 6 6 5

06_06_25618_094_0194 Union to Thomas 256+29 N ‐39.9 CSG ‐ ‐ ‐ ‐ ‐ 3 0 1 1 1 1 0 0 ‐1 ‐1 ‐1

06_06_25651_093_0192 Union to Thomas 256+53 N ‐38.8 CSG ‐ ‐ ‐ ‐ ‐ 3 0 0 0 1 1 0 ‐1 ‐1 ‐1 ‐2

06_07_25852_095_0177 Union to Thomas 258+52 N ‐31.8 CSG ‐ ‐ ‐ ‐ 14 13 12 12 12 12 ‐ 12 11 11 11 11

06_07_25934_096_0172 Union to Thomas 259+34 N ‐29.8 CSG ‐ ‐ ‐ ‐ ‐ 14 12 12 12 12 12 ‐ ‐ 12 11 11

06_31_TB313_0172 Union to Thomas 259+54 Y ‐29.4 CSG 5 ‐ ‐ ‐ ‐ 17 ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

06_31_25954_TB313_0173 Union to Thomas 259+54 Y ‐29.4 CSG 5 ‐ ‐ ‐ ‐ 19 ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

06_08_26142_098_0158 Union to Thomas 261+33 N ‐21.0 CSF ‐ ‐ ‐ ‐ ‐ 11 11 11 11 10 10 10 10 10 10 9

06_10_26127_TB232_00OW Union to Thomas 261+58 Y ‐58.8 CSG 13 ‐ ‐ ‐ ‐ ‐ 13 ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

06_10_26127_TB232_0166 Union to Thomas 261+58 Y ‐33.8 TLD 13 ‐ ‐ ‐ ‐ ‐ 11 ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

06_08_26227_099_0153 Union to Thomas 262+28 N ‐18.0 TLD ‐ ‐ ‐ ‐ ‐ 14 13 14 13 13 13 13 13 ‐ ‐ 13

06_10_TB310_0158 Union to Thomas 268+26 N ‐29.5 CSF 12 ‐ ‐ ‐ ‐ ‐ 10 ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

06_10_TB310_0185 Union to Thomas 268+26 N ‐56.7 CSG 10 ‐ ‐ ‐ ‐ ‐ 7 ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

06_11_27016_106_0117 Union to Thomas 270+16 N 9.6 TLD ‐ ‐ ‐ ‐ ‐ 16 15 15 15 15 15 14 14 14 14 14

06_12_27200_TB309_00OW Union to Thomas 272+00 N ‐72.9 TLD 15 ‐ ‐ ‐ ‐ 14 12 ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

06_12_27200_TB309_0133 Union to Thomas 272+00 N ‐5.9 CSG 15 ‐ ‐ ‐ ‐ 16 15 ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

06_12_27200_TB309_0164 Union to Thomas 272+00 N ‐36.9 CSG 14 ‐ ‐ ‐ ‐ 14 12 ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

06_12_27445_TB308_00OW Union to Thomas 274+46 Y ‐63.2 CSG 15 ‐ ‐ ‐ ‐ ‐ 12 ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

06_12_27445_TB308_0126 Union to Thomas 274+46 Y 1.8 CSF 13 ‐ ‐ ‐ ‐ ‐ 10 ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

06_12_27445_TB308_0144 Union to Thomas 274+46 Y ‐16.2 CSG 13 ‐ ‐ ‐ ‐ ‐ 10 ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

06_13_27657_TB307_00OW Union to Thomas 276+57 N ‐45.6 CSG 14 ‐ ‐ ‐ ‐ ‐ 13 ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

06_13_27657_TB307_0120 Union to Thomas 276+57 N 4.4 TLD 16 ‐ ‐ ‐ ‐ ‐ 17 ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

06_13_TB238_0140 Union to Thomas 276+73 Y ‐19.4 TLD 8 ‐ ‐ ‐ ‐ ‐ 8 ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

06_36_TB305_00OW Union to Thomas 282+57 N ‐19.4 CSG 16 ‐ ‐ ‐ ‐ 25 28 ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

06_36_28271_TB241_00OW Union to Thomas 282+73 Y 3.6 CSG 19 ‐ ‐ ‐ ‐ ‐ 20 ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

06_37_28680_TB303_00OW Union to Thomas 286+80 N ‐18.3 TLD 17 ‐ ‐ ‐ 11 15 5 ‐ ‐ ‐ ‐ ‐ 103 ‐ ‐ 14

06_37_28700_TB304_0106 Union to Thomas 286+97 N ‐6.0 CSG 16 ‐ ‐ ‐ 11 15 1 ‐ ‐ ‐ ‐ ‐ 100 ‐ ‐ ‐

South Portal Dewatering TBM Intervention

NOTES:

1. Monitoring Point Name is the point identification in Geoscope (prefix of 06_) or the point identification by Shannon & Wilson for points not being read by STP.
2. Engineering Soil Unit (ESU) was determined by reviewing logs and/or profiles.  See Figure 3 for an explanation of the ESUs.
3. Measurements were averaged over 1 week periods for the duration of monitoring.  The values shown are the lowest of the weekly averages within the period indicated.  Some locations have up to 2 feet of change due to tidal effects.
4. Monitoring point names shown in blue may have potential issues with the data that have not yet been resolved.

5. Data is gradiationally shaded as follows:   Elevation (feet): 0 ‐5 ‐10 ‐15 ‐20 ‐25 ‐30

Access Shaft Dewatering
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06_SP_0STP8_0080 South Portal 186+60 N ‐64.5 T ‐ ‐ ‐ ‐ 11 11 12 12 11 ‐ ‐ ‐13 ‐13 ‐14 ‐13 ‐11 ‐11 ‐7 ‐7 ‐7 ‐6 ‐5 ‐4 ‐3 ‐2 ‐2 ‐2 ‐2 ‐2 ‐2 ‐2 ‐4 ‐4 ‐4

06_SP_LPMW2_0075 South Portal 191+40 N ‐60 T ‐ ‐ ‐ 6 ‐8 ‐25 ‐33 ‐37 ‐42 ‐40 ‐40 ‐39 ‐41 ‐39 ‐39 ‐39 ‐39 ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

06_SP_TB211B_0065 South Portal 192+00 Y ‐48 T ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐3 ‐3 ‐2 ‐2 ‐2 ‐2 ‐1 0 1 0 0 0 2 3 3 4 4 4 3 4 3 3 2 2 2

06_SP_TB211B_0100 South Portal 192+00 Y ‐83 T ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐1 ‐1 ‐2 ‐1 ‐1 ‐1 0 1 2 0 ‐1 ‐1 3 4 4 5 5 5 5 5 2 2 1 1 1

06_SP_LPMW1_0070 South Portal 193+05 N ‐55 CCS ‐ ‐ ‐ 4 ‐10 ‐24 ‐34 ‐38 ‐52 ‐52 ‐50 ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

06_04_TB103_00OW Pioneer Square 194+00 N ‐91.8 CSG ‐16 14 14 11 3 7 4 3 3 2 4 4 3 4 2 3 14 ‐4 ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐5 ‐7 ‐9 ‐11 ‐11

06_SP_00005_0065 King to Yesler 194+62 N ‐50 CCS ‐ ‐ ‐ ‐ ‐ ‐ 2 1 ‐6 ‐8 ‐ ‐ ‐4 ‐ ‐8 ‐ ‐8 ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

06_SP_00005_0085 King to Yesler 194+62 N ‐70 CCS ‐ ‐ ‐ ‐ ‐ ‐ 1 ‐1 ‐8 ‐9 ‐ ‐ ‐5 ‐ ‐9 ‐ ‐8 ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

06_04_TB214_0052 Pioneer Square 197+16 Y ‐35 T 12 15 13 12 7 9 7 7 5 5 7 7 7 7 6 6 6 1 ‐10 ‐13 ‐11 ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐4 ‐6 ‐8 ‐9 ‐10

06_01_19990_124_0111 King to Yesler 200+30 N ‐95.5 CCS ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ 7 6 5 ‐26 ‐51 ‐37 7 8 8 9 8 6 ‐ ‐ ‐ ‐ ‐43 ‐ ‐

06_01_20251_007_0038 King to Yesler 202+52 N ‐22.3 T ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ 3 3 3 3 1 0 ‐2 ‐3 ‐2 4 4 4 4 4 3 3 2 ‐1 0 0 0 ‐1

06_01_20320_125_0124 King to Yesler 203+22 N ‐109.1 CCS ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ 10 10 9 ‐4 ‐20 ‐20 6 8 9 10 9 9 8 6 ‐ ‐ ‐ ‐ ‐

06_01_20329_008_0041 King to Yesler 203+29 N ‐25.6 T ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ 4 4 3 2 1 ‐1 ‐1 ‐1 ‐2 ‐3 ‐3 ‐3 ‐3 ‐3 ‐2 ‐2 ‐2 ‐ ‐ ‐ ‐ ‐

06_01_20379_009_0043 King to Yesler 203+77 N ‐28.1 T ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ 4 4 3 2 ‐8 ‐13 ‐5 5 5 ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

06_01_20426_010_0045 King to Yesler 204+26 N ‐30.8 T ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ 6 6 6 5 4 17 ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

06_AS_20430_PZ11_0148 Access Shaft 204+31 N ‐133 CCS ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐10 ‐79 ‐80 ‐95 ‐96 ‐96

06_AS_20431_PZ12_0140 Access Shaft 204+32 N ‐125 CCS ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐8 ‐69 ‐70 ‐86 ‐87 ‐88

06_AS_20483_PZ08_0140 Access Shaft 204+84 N ‐125 CCS ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ 0 ‐28 ‐99 ‐102 ‐107 ‐107 ‐108

06_AS_20513_PZ03_0125 Access Shaft 205+13 N ‐110 CCS ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐4 ‐59 ‐85 ‐ ‐ ‐ ‐

06_AS_20513_PZ03_0150 Access Shaft 205+13 N ‐135 CCS ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐1 ‐71 ‐101 ‐103 ‐112 ‐109 ‐100

06_AS_20526_DPM1_0135 Access Shaft 205+27 N ‐119 CCS ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐88 ‐95 ‐97 ‐99 ‐101

06_AS_20526_DPM1_0150 Access Shaft 205+27 N ‐134 CCS ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐112 ‐116 ‐117 ‐118 ‐119

06_01_20600_1TS5_0135 King to Yesler 206+06 N ‐119.2 CCS ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ 5 5 5 5 4 ‐16 ‐38 ‐35 2 6 6 7 7 ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

TB‐216_VWP1 Pioneer Square 208+70 Y ‐105.4 CSF 21 ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ 6 4 3 2

06_01_20900_2TS5_0147 King to Yesler 209+04 N ‐132.5 CCS ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ 5 5 5 4 ‐16 ‐35 ‐20 3 6 6 ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

06_01_20985_028_0068 King to Yesler 209+84 N ‐52.6 T ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ 6 ‐ 6 5 ‐20 ‐40 ‐26 6 8 ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

06_18_21137_TB321_0134 Pioneer Square 211+37 N ‐119.1 CSG 8 ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐13 ‐15 ‐15 ‐16 ‐16

06_01_21241_034_0077 Pioneer Square 212+42 N ‐62.8 CCS ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ 5 5 5 4 2 0 1 5 5 5 5 ‐ 4 4 4 2 1 1 0 0

06_01_21295_034h_0079 Pioneer Square 212+78 N ‐64.5 CCS ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ 5 5 5 5 3 1 2 5 5 5 5 5 4 4 4 2 2 1 1 0

06_01_21305_035_0079 Pioneer Square 213+06 N ‐64.5 CCS ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ 4 4 4 4 2 1 1 4 4 4 4 4 4 4 4 2 2 1 0 0

06_02_21372_036_0079 Pioneer Square 213+72 N ‐63 CCS ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ 5 5 5 5 5 4 2 2 5 5 5 5 5 5 5 5 3 3 2 2 1

TB‐218A_OW1 Pioneer Square 213+96 Y ‐148.7 CSG 19 ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐36 ‐37 ‐39 ‐41

06_02_21538_TB319_0075 Pioneer Square 215+38 N ‐58.9 T 11 ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ 15 ‐ ‐ ‐ ‐ ‐ ‐ ‐ 12 ‐7 ‐10 ‐11 ‐10 ‐

06_02_21538_TB319_0138 Pioneer Square 215+38 N ‐121.9 CCS 14 ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ 16 ‐ ‐ 15 ‐ ‐ ‐ ‐ ‐ ‐ ‐ 12 ‐8 ‐12 ‐14 ‐13 ‐

06_19_21546_037_0090 Pioneer Square 215+48 N ‐74 T ‐ ‐ ‐ ‐ ‐ ‐ 6 5 5 4 4 5 4 4 4 4 5 4 4 2 2 4 5 5 4 5 4 4 4 2 2 1 0 0

06_19_21602_038_0092 Yesler to Union 216+04 N ‐76 T ‐ ‐ ‐ ‐ ‐ ‐ ‐ 4 4 4 3 4 3 3 3 3 3 3 3 2 2 3 3 3 3 3 3 3 ‐ ‐ 1 1 0 ‐1

TB‐219_VWP1 Pioneer Square 216+31 Y ‐70.1 T 1 ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐10 ‐12 ‐13 ‐13

TB‐219_VWP2 Pioneer Square 216+31 Y ‐105.1 T 11 ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐12 ‐14 ‐14 ‐15

06_02_21658_040_0096 Yesler to Union 216+58 N ‐80.3 CCS ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ 9 8 8 8 8 9 9 9 8 8 8 8 8 8 8 8 ‐ 8 7 7 7 7 7

06_02_21756_041_0098 Yesler to Union 217+56 N ‐82.3 CCS ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ 10 10 10 10 9 9 10 10 10 9 9 9 9 9 9 9 9 9 ‐ 9 9 ‐ 8 7

06_02_21802_042_0100 Yesler to Union 218+03 N ‐84.4 CCS ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ 7 7 6 6 6 6 6 6 6 5 5 6 6 6 6 6 5 5 ‐ 5 5 4 3 3

06_02_21842_043_0101 Yesler to Union 218+39 N ‐85.8 CCS ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ 8 8 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 ‐ 7 7 ‐ 6 6

06_20_21840_MAR_0140 Yesler to Union 218+41 Y ‐124 CCS ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ 12 11 10 9 8 8 7 7 7 7 7 7 7 6 6 6 6 6 5

06_20_21876_UB108_0096 Yesler to Union 218+76 N ‐80.5 CSG 10 ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ 12 ‐ 11 11 11 11 11 ‐ 11 11 10 11 10 10 10 10 10

See Page 3 for Notes.
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South Portal Dewatering TBM Intervention
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ESU2 at 

Well or 

VWP 

Depth

Lowest Piezometric Elevation Based on Average Weekly Measurements3 (feet)

Monitoring Point Name1
Geographic

Area

Approx. 

Tunnel 

Station

(feet)

More than 

100' from 

Alignment

Elevation of 

VWP or 

Bottom of 

Well Screen 

(feet)

06_20_21877_044_0103 Yesler to Union 218+86 N ‐88.2 CCS ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ 10 10 11 11 11 11 11 11 11 11 11 11 ‐ ‐ ‐ ‐ ‐ ‐ 10 9

06_20_21894_045_0103 Yesler to Union 219+04 N ‐86.2 CCS ‐ ‐ ‐ ‐ ‐ 10 ‐ ‐ ‐ ‐ 10 9 9 9 9 8 9 8 8 8 8 8 8 8 ‐ ‐ ‐ ‐ ‐ 7 7 7 6 6

06_20_21895_046_0104 Yesler to Union 219+07 N ‐87 CCS ‐ ‐ ‐ ‐ ‐ 11 ‐ ‐ ‐ ‐ 10 10 9 9 9 7 6 5 9 9 8 8 8 8 7 7 7 6 6 6 5 5 4 3

06_20_21896_047_0104 Yesler to Union 219+13 N ‐86.1 CCS ‐ ‐ ‐ ‐ ‐ 12 ‐ ‐ ‐ ‐ 11 10 10 10 10 10 10 10 10 9 9 9 ‐ ‐ ‐ ‐ ‐ ‐ ‐ 9 8 8 8 7

06_20_21906_048_0099 Yesler to Union 219+30 N ‐81.3 CCS ‐ ‐ ‐ ‐ ‐3 ‐4 ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐6 ‐6 ‐6 ‐6 ‐6 ‐7 ‐6 ‐6 ‐6 ‐6 ‐6 ‐6 ‐7 ‐7 ‐7 ‐7 ‐8 ‐8 ‐9

06_02_21949_049_0104 Yesler to Union 219+39 N ‐87.9 CCS ‐ ‐ ‐ ‐ ‐ ‐ ‐ 11 11 11 ‐ ‐ ‐ ‐ ‐ ‐ 10 10 10 10 10 10 10 10 10 10 10 10 9 9 8 8 7 7

TB‐220_VWP1 Yesler to Union 219+74 Y ‐82.3 CCS ‐1 ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ 2 2 1 1

06_02_22181_TB317_0102 Yesler to Union 221+81 N ‐85.3 T 10 ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ 9 ‐ ‐ ‐ 9 ‐ ‐ ‐ ‐ ‐ ‐ 9 ‐ 9 9 8 8

06_21_22250_053_0112 Yesler to Union 222+39 N ‐90.5 CCS ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ 12 12 11 11 11 11 10 11 10 10 10 10 10 10 10 10 10 10 10 ‐ ‐ ‐ 10 9 9

06_03_22298_054_0113 Yesler to Union 222+92 N ‐91.2 CCS ‐ ‐ ‐ ‐ ‐ ‐ ‐ 10 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 8 8 8

06_03_22340_055_0114 Yesler to Union 223+43 N ‐92.3 CCS ‐ ‐ ‐ ‐ ‐ ‐ 11 11 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 ‐ ‐ ‐ ‐ 9 9 9

06_03_22435_056_0113 Yesler to Union 224+38 N ‐91.3 CCS ‐ ‐ ‐ ‐ ‐ ‐ 10 10 ‐ ‐ ‐ ‐ ‐ ‐ ‐ 9 9 9 9 9 9 9 9 9 9 9 9 9 9 ‐ ‐ 9 8 8

06_03_22499_057_0114 Yesler to Union 224+98 N ‐90.4 CCS ‐ ‐ ‐ ‐ ‐ ‐ ‐ 9 9 9 9 9 8 8 8 8 8 8 8 8 8 8 ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ 7 7 7

06_22_22526_058_0114 Yesler to Union 225+26 N ‐90.1 CCS ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 ‐ ‐ ‐ ‐ ‐ 8 8 8

06_22_22532_TB316_0090 Yesler to Union 225+32 N ‐67.7 T 10 ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ 9 ‐ ‐ 9 ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ 9 8 8 8

06_22_TB107_0140 Yesler to Union 225+76 Y ‐89.5 CSG 10 ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ 11 ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

06_04_22664_059_0111 Yesler to Union 226+63 N ‐87 CCS ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ 11 11 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10

06_23_TB315_0120 Yesler to Union 228+00 Y ‐99.9 CCS 7 ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ 4 3 3 3 3 ‐ 3 3 3 ‐ 3 2 2 1 ‐

06_23_22821_060_0110 Yesler to Union 228+21 N ‐84.6 CCS ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 7 7 6 6 6

06_23_22880_123_0095 Yesler to Union 228+81 N ‐62 T ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ 11 11 11 11 11 11 11 10 10 10 10 10 10 10 10 10 10 10 9 9 9 9

06_23_TB222_0120 Yesler to Union 228+83 Y ‐55.5 T 9 ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ 7 ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

06_23_TB222_0150 Yesler to Union 228+83 Y ‐85.4 CCS 9 ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ 9 ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

06_04_22957_061_0145 Yesler to Union 229+50 N ‐84.7 CCS ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ 7 7 7 7 7 7 7 6 6 6 6 6 6 6 6 6 6 ‐ ‐ 5 5

06_04_23059_062_0147 Yesler to Union 230+62 N ‐81 T ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ 5 5 5 5 5 5 5 4 4 4 4 4 4 4 4 4 4 3 3 3 3

06_24_23129_063_0150 Yesler to Union 231+28 N ‐81 CSG ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ 2 2 2 2 2 2 2 ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ 0 0

06_24_TB108_0165 Yesler to Union 231+80 Y ‐87.8 CSG 10 9 ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ 9 ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

06_04_23244_064_0152 Yesler to Union 232+54 N ‐77 CSG ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ 7 6 6 6 6 6 6 6 6 6 6 6 ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ 4 4

06_04_23323_065_0157 Yesler to Union 233+24 N ‐78 T ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ 7 7 7 7 7 6 6 6 6 6 6 6 6 6 5 5 ‐ 4 4

06_04_23420_066_0160 Yesler to Union 234+18 N ‐75 T ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ 6 6 6 6 6 6 6 5 5 ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ 3 3

06_04_23513_067_0164 Yesler to Union 235+13 N ‐73 T ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ 6 7 6 7 6 6 6 6 5 5 5 5 ‐ ‐ ‐ ‐ ‐ 3 3

06_25_23567_TB223_0168 Yesler to Union 235+67 N ‐73.4 T 10 ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ 6 5 ‐

06_25_23597_070_0165 Yesler to Union 235+97 N ‐71.2 T ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ 10 11 10 11 10 10 10 9 9 9 9 9 9 9 8 7 7 7 7

06_04_23667_069_0169 Union to Thomas 236+66 N ‐71 CCS ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ 8 8 8 8 8 7 7 7 6 6 6 6 6 6 4 4 3 3 3

06_04_23704_071_0171 Union to Thomas 237+05 N ‐70 CCS ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ 7 7 7 7 7 6 6 5 5 5 5 5 5 ‐ ‐ ‐ ‐ ‐ 2

06_04_23783_072_0175 Union to Thomas 237+83 N ‐68.9 CCS ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ 7 7 7 7 7 7 6 6 5 5 5 5 ‐ ‐ ‐ ‐ ‐ 3 2

06_04_23858_068_0179 Union to Thomas 238+59 N ‐68.5 CCS ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ 11 11 11 11 11 11 10 10 10 9 9 9 9 ‐ ‐ 8 8 7 7 7

06_04_23858_073_0180 Union to Thomas 238+76 N ‐69.5 CCS ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ 12 12 12 12 12 12 11 11 10 10 10 10 ‐ ‐ ‐ ‐ ‐ ‐ 8

06_04_23911_074_0181 Union to Thomas 239+11 N ‐67 CCS ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ 7 7 7 7 7 7 6 6 6 6 6 6 6 6 5 4 4 4 3

06_26_24047_076_0185 Union to Thomas 240+47 N ‐65.2 CCS ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ 10 10 10 10 10 10 10 10 9 9 8 8 8 8 8 ‐ ‐ ‐ ‐ ‐ 6

06_26_24040_075_0186 Union to Thomas 240+72 N ‐64.1 CCS ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ 7 7 7 7 6 6 ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ 2

06_04_24092_077_0187 Union to Thomas 241+36 N ‐61.9 CCS ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ 6 6 6 6 5 5 5 4 4 ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ 2

06_04_24166_TB224_0133 Union to Thomas 241+66 N ‐5.6 T 30 ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ 24 ‐ ‐ ‐ 23 ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ 20 19 ‐

06_04_24213_078_0192 Union to Thomas 242+16 N ‐62.6 CCS ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ 8 8 8 8 8 8 7 7 6 6 6 6 6 7 6 ‐ ‐ ‐ 4

06_04_24290_079_0195 Union to Thomas 242+95 N ‐61.6 CCS ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ 8 9 9 9 8 8 7 7 7 6 7 7 ‐ ‐ ‐ ‐ ‐ ‐ 4

See Page 3 for Notes.
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Table 12
OTHER PIEZOMETRIC ELEVATION DATA
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ESU2 at 

Well or 

VWP 

Depth

Lowest Piezometric Elevation Based on Average Weekly Measurements3 (feet)

Monitoring Point Name1
Geographic

Area

Approx. 

Tunnel 

Station

(feet)

More than 

100' from 

Alignment

Elevation of 

VWP or 

Bottom of 

Well Screen 

(feet)

06_04_24364_080_0197 Union to Thomas 243+64 N ‐60.1 CSF ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ 2 2 2 2 2 1 1 1 1 0 0 1 1 ‐ 0 0 0 ‐1 ‐1

06_27_TB225_0170 Union to Thomas 243+99 Y ‐31 CSG 12 ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ 11 ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ 10 9 ‐

06_04_24523_081_0200 Union to Thomas 245+35 N ‐58 CCS ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ 2 2 2 2 2 2 2 2 2 2 1 0 0 ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

06_28_24632_TB226_0160 Union to Thomas 246+33 N ‐13.2 CSG 17 ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ 28 ‐ ‐ ‐ 27 ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ 26 26 ‐

06_04_24700_082_0201 Union to Thomas 247+02 N ‐55 T ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ 9 9 9 9 9 9 9 8 8 ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

06_04_24765_083_0201 Union to Thomas 248+04 N ‐53 CSF ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ 9 9 9 9 9 9 9 8 8 8 8 8 8 8 ‐ ‐ ‐ ‐ ‐ ‐ ‐

06_04_24848_084_0201 Union to Thomas 248+32 N ‐53 CSF ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ 12 12 12 12 12 12 12 11 11 11 11 10 10 11 ‐ ‐ ‐ ‐ ‐ ‐ ‐

06_05_24995_TB227_0187 Union to Thomas 249+95 Y ‐25.1 T 14 ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ 13 ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

06_05_24995_TB227_0232 Union to Thomas 249+95 Y ‐70.1 T 11 ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ 10 ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

EB‐20B_VWP1 Union to Thomas 250+17 Y ‐31.5 CSG 0 ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ 3 ‐ ‐ ‐

06_29_25045_085_0205 Union to Thomas 250+45 N ‐49.4 CSF ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ 6 6 6 6 6 5 5 5 4 4 4 4 4 5 4 3 3 3 3

06_29_25093_086_0206 Union to Thomas 250+88 N ‐48.4 CSG ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ 13 14 14 14 14 12 12 12 11 11 11 11 11 12 10 10 9 9 9

06_05_25169_087_0206 Union to Thomas 251+69 N ‐47.8 CSG ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ 14 14 14 14 13 13 12 11 11 11 11 12 12 11 10 10 9 9

06_05_25216_TB314_0195 Union to Thomas 252+16 N ‐38.7 CSG 11 ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ 12 ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

06_06_25414_TB111_0176 Union to Thomas 254+14 N ‐14.9 CCS 13 ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ 13 ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

06_31_26023_097_0165 Union to Thomas 260+23 N ‐25.7 CCS ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ 11 11 11 11 11 11 11 11 11 11 11 11 11 11 11 11 11 11

06_NP_NPMW2_0066 North Portal 301+40 N 31 T ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ 44 44 46 48 48 45 44 41 37 36 33 33 33 ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

06_NP_NPMW1_0060 North Portal 303+00 N 33 T ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ 50 50 51 52 51 48 46 41 40 40 39 ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

NOTES:

1. Monitoring Point Name is the point identification in Geoscope (prefix of 06_) or the point identification by Shannon & Wilson for points not being read by STP.

2. Engineering Soil Unit (ESU) was determined by reviewing logs and/or profiles.  See Figure 3 for an explanation of the ESUs.

3. Measurements were averaged over 1 week periods for the duration of monitoring.  The values shown are the lowest of the weekly averages within the period indicated.  Some locations have up to 2 feet of change due to tidal effects.

4. Monitoring point names shown in blue may have potential issues with the data that have not yet been resolved.

5. Monitoring point names shown in green indicate that the well or vibrating wire piezometer is inside an excavation and therefore may have a reduced response do the excavation shoring walls, depending on screen or instrument depth.

6. Data is gradiationally shaded as follows:   Elevation (feet): 0 ‐5 ‐10 ‐15 ‐20 ‐25 ‐30
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FIG. 3

NOTES

1. Profiles are constructed from surface elevations and grades provided by Parsons

Brinckerhoff, "BT MAY 10 - To Nykamp 051910.dgn" on 5-19-10, and are based

on the North American Vertical Datum 1988 (NAVD88).  Project alignment

information was obtained from RFC drawings prepared by STP.  Access shaft

adapted from Secant Pile Longitudinal Section, "S-D-PAK-TUN-TR2.

32-00433-04-RFC-1405-08.pdf", provided by WSDOT, dated 5-2-14.

2. "Original" water levels shown were measured on various dates prior to 2012.

Groundwater fluctuations should be expected.  2015 water levels were measured

in between December 2014 and February 2015.

3. Please refer to the project Geotechnical Characterization Report (Shannon &

Wilson, 2010) for explanations of geologic units and gradation, density,

consistency, and other terms used above.
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Approximate Top of Glacially

Overridden Soil

Bottom of Boring

Date of Completion

(Proj. 45' W.)

31-329

GENERALIZED ENGINEERING SOIL UNIT EXPLANATION

ENGINEERED AND NON-ENGINEERED FILL:

Includes granular and cohesive FILL

RECENT GRANULAR DEPOSITS:

Loose to dense SILT and SAND with gravel; includes normally consolidated

alluvium, beach deposits, reworked glacial deposits, and recessional

ice-contact deposits.

RECENT CLAY AND SILT:

Soft to very stiff CLAY and SILT with fine sand beds; includes normally

consolidated estuarine deposits, and recessional lacustrine deposits.

TILL DEPOSITS:

Dense to very dense, silty SAND and GRAVEL, and hard, silty CLAY with

sand and gravel; cobbles and boulders are common in these deposits;

includes glacially overconsolidated till, glaciomarine drift, and till-like deposits.

COHESIONLESS SAND AND GRAVEL:

Very dense SAND and GRAVEL to SAND with variable silt; cobbles can be

found in these deposits; includes glacially overconsolidated fluvial and glacial

outwash deposits.

COHESIONLESS SILT AND FINE SAND:  Very dense SILT, silty fine SAND,

and fine sandy SILT with trace of clay; predominantly cohesionless; includes

glacially overconsoidated lacustrine deposits.

COHESIVE CLAY AND SILT:

Very stiff to hard, silty CLAY and clayey SILT with trace of sand and gravel;

scattered cobbles and boulders can be found in these deposits; includes

glacially overconsolidated lacustrine, peat, and paleosol deposits.

TILL-LIKE DEPOSITS:

Dense to very dense, unsorted mixture of SILT, SAND, and GRAVEL, but are

highly variable spatially; cobbles and boulders are common in this deposit.

This ESU can have a similar appearance to the Till but can grade in a short

distance to a clean or relatively clean sand.  The spatial variability of the

Till-Like ESU makes it difficult to correlate between borings.  This unit can be

adjacent to, and transitional in nature with, Cohesionless Sand and Gravel

and Till ESUs as described above.

PEAT OR WOOD

4

5

6

7

8

2

3

1

NOTE:  Borings shown as gray on profiles represent

areas where subsurface information exits on both

sides of the alignment and the contact information

was interpolated along the centerline.

BORING LOG LEGEND

(Project Borings)

(Proj. 133' SE)

CB-40B

Designation of Boring

Projection (Distance/Direction)

Ground Surface

Estimated ESU

Approximate Top of Glacially

Overridden Soil

Bottom of Boring

Date of Completion

21-1-21400-058May 2015

Settlement Evaluation

Seattle, Washington

Original Water Level

(See Note 2)

2015 Water Level

(See Note 2)

Well or

Vibrating Wire

Piezometer

ESU

No.

?

?

?

?

Original Water Level

(See Note 2)

2015 Water Level

(See Note 2)

Well or

Vibrating Wire

Piezometer
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1. Profile shown corresponds to the centerline profile presented in the

Geotechnical Characterization Report prepared for the project

(Shannon & Wilson, 2010).

2. Cut and cover and launch pit are projected onto profile.

3. See Figure 3 for geologic profile legend and notes.

NOTES

FIG. 4

GENERALIZED

SUBSURFACE PROFILE

SR 99 CENTERLINE

21-1-21400-058May 2015

Settlement Evaluation

Seattle, Washington

0
50 100

Vertical Scale in Feet

Vertical Exaggeration = 2X
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Bottom of

SESMP Piles

End of East

SESMP Wall

Underground Project Construction

Elements (approximate)

LEGEND

The subsurface conditions shown are generalized from material

observed from borings conducted by Shannon & Wilson and

others for this and previous studies.  The geology, as

encountered in the borings, has been projected into the plane

of the profile or section.  Elevations and contacts should be

considered approximate.  Variations between the profile and

actual conditions are likely to exist.

4.
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1. The subsurface conditions shown are generalized from material observed from

borings conducted by Shannon & Wilson and others for this and previous studies.

The geology, as encountered in the borings, has been projected into the plane of

the profile or section.  Elevations and contacts should be considered approximate.

Variations between the profile and actual conditions are likely to exist.

2. Areas on profiles where ESU colors (see above) have been added represent

locations where soil samples were reviewed as part of project design.  ESU colors

are not shown for non-project borings because soil samples were not available for

review.  ESU colors were interpreted for specific use in this settlement evaluation

report and may not be used for other purposes.

3. See Figure 3 for geologic profile legend and notes.

NOTES

FIG. 5

GENERALIZED

SUBSURFACE PROFILE

FIRST AVENUE S.

21-1-21400-058May 2015

Settlement Evaluation

Seattle, Washington

0
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Vertical Scale in Feet

Vertical Exaggeration = 2X
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FIG. 6

GENERALIZED

SUBSURFACE PROFILE

OCCIDENTAL AVENUE S.

21-1-21400-058May 2015

Settlement Evaluation

Seattle, Washington

0
50 100

Vertical Scale in Feet

Vertical Exaggeration = 2X

1. The subsurface conditions shown are generalized from material observed from

borings conducted by Shannon & Wilson and others for this and previous studies.

The geology, as encountered in the borings, has been projected into the plane of

the profile or section.  Elevations and contacts should be considered approximate.

Variations between the profile and actual conditions are likely to exist.

2. Colored ESU limits are not shown on this profile because samples for these

non-project borings were not available for review.

3. See Figure 3 for geologic profile legend and notes.
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FIG. 7

GENERALIZED

SUBSURFACE PROFILE

SECOND AVENUE S.

21-1-21400-058May 2015

Settlement Evaluation

Seattle, Washington

0
50 100

Vertical Scale in Feet

Vertical Exaggeration = 2X

1. The subsurface conditions shown are generalized from material observed from

borings conducted by Shannon & Wilson and others for this and previous studies.

The geology, as encountered in the borings, has been projected into the plane of the

profile or section.  Elevations and contacts should be considered approximate.

Variations between the profile and actual conditions are likely to exist.

2. Areas on profiles where ESU colors (see above) have been added represent locations

where soil samples were reviewed as part of project design.  ESU colors are not

shown for non-project borings because soil samples were not available for review.

3. See Figure 3 for geologic profile legend and notes.
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FIG. 8

GENERALIZED

SUBSURFACE PROFILE

THIRD AVENUE S.

21-1-21400-058May 2015

Settlement Evaluation

Seattle, Washington

0
50 100

Vertical Scale in Feet

Vertical Exaggeration = 2X

1. The subsurface conditions shown are generalized from material observed from

borings conducted by Shannon & Wilson and others for this and previous studies.

The geology, as encountered in the borings, has been projected into the plane of

the profile or section.  Elevations and contacts should be considered approximate.

Variations between the profile and actual conditions are likely to exist.

2. Colored ESU limits are not shown on this profile because samples for these

non-project borings were not available for review.

3. See Figure 3 for geologic profile legend and notes.
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FIG. 9

GENERALIZED

SUBSURFACE PROFILE

S. LANE STREET

21-1-21400-058May 2015

Settlement Evaluation

Seattle, Washington

0
50 100

Vertical Scale in Feet

Vertical Exaggeration = 2X

1. The subsurface conditions shown are generalized from material observed from borings

conducted by Shannon & Wilson and others for this and previous studies.  The geology,

as encountered in the borings, has been projected into the plane of the profile or

section.  Elevations and contacts should be considered approximate.  Variations

between the profile and actual conditions are likely to exist.

2. Areas on profiles where ESU colors (see above) have been added represent locations

where soil samples were reviewed as part of project design.  ESU colors are not shown

for non-project borings because soil samples were not available for review.  ESU colors

shown in Extended Interpretation Section indicated above were interpreted for specific

use in this settlement evaluation report and may not be used for other purposes.

3. See Figure 3 for geologic profile legend and notes.

NOTES



A
p
p
r
o
x
i
m

a
t
e
 
E

l
e
v
a
t
i
o
n
 
i
n
 
F

e
e
t

A
p
p
r
o
x
i
m

a
t
e
 
E

l
e
v
a
t
i
o
n
 
i
n
 
F

e
e
t

-150

-100

-50

0

50

100

West

KING

East

KING'

-200

-250

-150

-100

-50

0

50

100

-200

-250

CL

SR99

CL FIRST CL OCCIDENTAL CL SECOND CL THIRD

BORED

TUNNEL

?

?

?

?

?

?

?

?

?

?

?

?

?

?

?

?

?

?

?

?

?

?

?

?

?

?

?

?

?

?

?

?

?

Existing Ground Surface

?

?

?

SESMP Wall

(Typ.)

AH-42

AH-44A

CB-27B

TB-104

UB-102

14157

14158

17455

31796

5881

62925

879

0
100 200

Horizontal Scale in Feet

F
i
l
e
n
a
m

e
:
 
J
:
\
2
1
1
\
2
1
4
0
0
-
0
5
8
\
2
1
-
1
-
2
1
4
0
0
-
0
5
8
 
P

r
o
f
i
l
e
s
.
d
w

g
 
 
 
 
 
D

a
t
e
:
 
0
5
-
0
8
-
2
0
1
5
 
 
 
 
 
L
o
g
i
n
:
 
s
a
c

FIG. 10

GENERALIZED

SUBSURFACE PROFILE

S. KING STREET

21-1-21400-058May 2015

Settlement Evaluation

Seattle, Washington
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Vertical Scale in Feet

Vertical Exaggeration = 2X

1. The subsurface conditions shown are generalized from material observed from borings conducted

by Shannon & Wilson and others for this and previous studies.  The geology, as encountered in the

borings, has been projected into the plane of the profile or section.  Elevations and contacts should

be considered approximate.  Variations between the profile and actual conditions are likely to exist.

2. Areas on profiles where ESU colors (see above) have been added represent locations where soil

samples were reviewed as part of project design.  ESU colors are not shown for non-project borings

because soil samples were not available for review.  Colors shown do not match Figure 16 in the

Geotechnical Characterization Report (Shannon & Wilson, 2010) because alignment of profile is

different.  ESU colors shown were interpreted for specific use in this settlement evaluation report

and may not be used for other purposes.

3. See Figure 3 for geologic profile legend and notes.
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GENERALIZED

SUBSURFACE PROFILE

S. JACKSON STREET

21-1-21400-058May 2015

Settlement Evaluation

Seattle, Washington

0
50 100

Vertical Scale in Feet

Vertical Exaggeration = 2X

1. The subsurface conditions shown are generalized from material observed from borings

conducted by Shannon & Wilson and others for this and previous studies.  The geology,

as encountered in the borings, has been projected into the plane of the profile or

section.  Elevations and contacts should be considered approximate.  Variations

between the profile and actual conditions are likely to exist.

2. Areas on profiles where ESU colors (see above) have been added represent locations

where soil samples were reviewed as part of project design.  ESU colors are not shown

for non-project borings because soil samples were not available for review.  ESU colors

shown in Extended Interpretation Section indicated above were interpreted for specific

use in this settlement evaluation report and may not be used for other purposes.

3. See Figure 3 for geologic profile legend and notes.
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GENERALIZED

SUBSURFACE PROFILE

S. MAIN STREET

21-1-21400-058May 2015

Settlement Evaluation

Seattle, Washington

0
50 100

Vertical Scale in Feet

Vertical Exaggeration = 2X

1. The subsurface conditions shown are generalized from material observed from borings

conducted by Shannon & Wilson and others for this and previous studies.  The geology,

as encountered in the borings, has been projected into the plane of the profile or

section.  Elevations and contacts should be considered approximate.  Variations

between the profile and actual conditions are likely to exist.

2. Areas on profiles where ESU colors (see above) have been added represent locations

where soil samples were reviewed as part of project design.  ESU colors are not shown

for non-project borings because soil samples were not available for review.  ESU colors

shown in Extended Interpretation Section indicated above were interpreted for specific

use in this settlement evaluation report and may not be used for other purposes.

3. See Figure 3 for geologic profile legend and notes.
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FIG. 13

GENERALIZED

SUBSURFACE PROFILE

S. WASHINGTON STREET

21-1-21400-058May 2015

Settlement Evaluation

Seattle, Washington

0
50 100

Vertical Scale in Feet

Vertical Exaggeration = 2X

1. The subsurface conditions shown are generalized from material observed from borings

conducted by Shannon & Wilson and others for this and previous studies.  The geology,

as encountered in the borings, has been projected into the plane of the profile or

section.  Elevations and contacts should be considered approximate.  Variations

between the profile and actual conditions are likely to exist.

2. Areas on profiles where ESU colors (see above) have been added represent locations

where soil samples were reviewed as part of project design.  ESU colors are not shown

for non-project borings because soil samples were not available for review.  ESU colors

shown were interpreted for specific use in this settlement evaluation report and may not

be used for other purposes.

3. See Figure 3 for geologic profile legend and notes.
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Settlement
In Inches (in)

Shaft Wells
Turned On

Deep Wells
Turned On

10-JUL-12
to

1-OCT-13

10-JUL-12
to

6-FEB-14

10-JUL-12
to

4-OCT-14

10-JUL-12
to

13-NOV-14

10-JUL-12
to

7-DEC-14

Alaskan Way Viaduct

Project Alignment
Approximate 1879 Historic Shoreline

Pioneer Square Historic District

Access Shaft

South Approach Excavations

Bored Tunnel

Cutterhead
Intervention
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1. Plot A - Settlement Before Start of Access Shaft Dewatering 3. Plot C - Piezometric Elevation Before Start of Access Shaft Dewatering
a. Includes data for west viaduct bents, west viaduct gutterline, and west building edges adjacent to viaduct. a. Includes data from Tables 9-11 that are within 200 feet of the project alignment.
b. Settlement for STP viaduct bent survey is for the period from initial baseline in 2012 to 9/28/14. b. Data shown was selected at dates where the most data was available when dewatering was not occurring.
c. Settlement for STP Building survey is for the period from initial baseline in 2012 to 9/30/14.
d. Settlement for WSDOT viaduct bent survey is for the period from 10/2/12 to 5/3/14 or 8/4/14. 4. Plot D - Piezometric Elevation After Start of Access Shaft Dewatering
e. Settlement for WSDOT gutterline survey is for the period from 10/6/12 to 10/18/14. a. Includes data from Tables 9-11 that are within 200 feet of the project alignment.

2. Plot B - Settlement After Start of Access Shaft Dewatering
a. Includes data for west viaduct bents, west viaduct gutterline, and west building edges adjacent to viaduct.
b. Settlement for STP viaduct bent survey is the for the period from initial baseline in 2012 to 2/23/15.
c.

d. Settlement for WSDOT viaduct bent survey is the for the period from 10/2/12 to 2/11/15.
e. Settlement for WSDOT gutterline survey is the for the period from 10/6/12 to 12/6/14.

Because of variations in available measurement dates, elevation change for STP Building survey is the for the 
period from initial baseline in 2012 to the date of the smallest settlement between 11/24/14 and 2/22/15.
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IMPORTANT INFORMATION ABOUT YOUR GEOTECHNICAL/ENVIRONMENTAL  
REPORT 

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

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

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

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

SUBSURFACE CONDITIONS CAN CHANGE. 

Subsurface conditions may be affected as a result of natural processes or human activity.  Because a geotechnical/environmental report 
is based on conditions that existed at the time of subsurface exploration, construction decisions should not be based on a report whose 
adequacy may have been affected by time.  Ask the consultant to advise if additional tests are desirable before construction starts; for 
example, groundwater conditions commonly vary seasonally. 
 
Construction operations at or adjacent to the site and natural events such as floods, earthquakes, or groundwater fluctuations may also 
affect subsurface conditions and, thus, the continuing adequacy of a geotechnical/environmental report.  The consultant should be kept 
apprised of any such events, and should be consulted to determine if additional tests are necessary. 

MOST RECOMMENDATIONS ARE PROFESSIONAL JUDGMENTS. 

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

The conclusions contained in your consultant's report are preliminary because they must be based on the assumption that conditions 

revealed through selective exploratory sampling are indicative of actual conditions throughout a site.  Actual subsurface conditions can 

be discerned only during earthwork; therefore, you should retain your consultant to observe actual conditions and to provide 

conclusions.  Only the consultant who prepared the report is fully familiar with the background information needed to determine 

whether or not the report's recommendations based on those conclusions are valid and whether or not the contractor is abiding by 

applicable recommendations.  The consultant who developed your report cannot assume responsibility or liability for the adequacy of 

the report's recommendations if another party is retained to observe construction. 

THE CONSULTANT'S REPORT IS SUBJECT TO MISINTERPRETATION. 

Costly problems can occur when other design professionals develop their plans based on misinterpretation of a 

geotechnical/environmental report.  To help avoid these problems, the consultant should be retained to work with other project design 

professionals to explain relevant geotechnical, geological, hydrogeological, and environmental findings, and to review the adequacy of 

their plans and specifications relative to these issues. 

BORING LOGS AND/OR MONITORING WELL DATA SHOULD NOT BE SEPARATED FROM THE REPORT. 

Final boring logs developed by the consultant are based upon interpretation of field logs (assembled by site personnel), field test 

results, and laboratory and/or office evaluation of field samples and data.  Only final boring logs and data are customarily included in 

geotechnical/environmental reports.  These final logs should not, under any circumstances, be redrawn for inclusion in architectural or 

other design drawings, because drafters may commit errors or omissions in the transfer process.   

 

To reduce the likelihood of boring log or monitoring well misinterpretation, contractors should be given ready access to the complete 

geotechnical engineering/environmental report prepared or authorized for their use.  If access is provided only to the report prepared 

for you, you should advise contractors of the report's limitations, assuming that a contractor was not one of the specific persons for 

whom the report was prepared, and that developing construction cost estimates was not one of the specific purposes for which it was 

prepared.  While a contractor may gain important knowledge from a report prepared for another party, the contractor should discuss 

the report with your consultant and perform the additional or alternative work believed necessary to obtain the data specifically 

appropriate for construction cost estimating purposes.  Some clients hold the mistaken impression that simply disclaiming 

responsibility for the accuracy of subsurface information always insulates them from attendant liability.  Providing the best available 

information to contractors helps prevent costly construction problems and the adversarial attitudes that aggravate them to a 

disproportionate scale. 

READ RESPONSIBILITY CLAUSES CLOSELY. 

Because geotechnical/environmental engineering is based extensively on judgment and opinion, it is far less exact than other design 

disciplines. This situation has resulted in wholly unwarranted claims being lodged against consultants.  To help prevent this problem, 

consultants have developed a number of clauses for use in their contracts, reports and other documents.  These responsibility clauses 

are not exculpatory clauses designed to transfer the consultant's liabilities to other parties; rather, they are definitive clauses that 

identify where the consultant's responsibilities begin and end.  Their use helps all parties involved recognize their individual 

responsibilities and take appropriate action.  Some of these definitive clauses are likely to appear in your report, and you are 

encouraged to read them closely.  Your consultant will be pleased to give full and frank answers to your questions. 

 

 

 The preceding paragraphs are based on information provided by the 

 ASFE/Association of Engineering Firms Practicing in the Geosciences, Silver Spring, Maryland  
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