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Executive Summary

In June 2000, the State of Alaska Department of Transportation and Public Facilities
(DOT/PF) completed construction of the Whittier Access Project. One phase of this
project converted the existing 2.5-mile Anton Anderson Memorial Railroad Tunnel (or
Whittier Tunnel) into the world’'s only dual-use highway/rail tunnel with one-way
reversible highway traffic.

The construction project included construction of the tunnel invert (driving surface that
can accommodate both highway vehicles and trains); drainage systems; three different
types of ventilation systems; two vehicle staging areas; Tunnel Control Center (TCC);
communication systems; portal buildings; train signal system and other safety features.

The primary objective of this research project is to: 1) identify the problems affecting the
train signal and rail systems and 2) develop the Scope of Services for an engineering
consultant contract to determine the causes of the train signal system failures and
develop solutions.

The problems identified during the initial tunnel evaluation included: 1) progressive
failure of the train signal system; 2) subsurface drainage; 3) drainage from the tunnel
crown; 4) settlement of invert panels; 5) cracks in the precast concrete panels; 6)
possible corrosion of the rail/panel connections and 7) possible corrosion of the rebar in
the invert panels.

This report recommends the development of three CIP projects to extend the
performance life of the tunnel:

1. Replace Track Circuit System (TCS) Project - This project will replace the
existing Track Circuit System with an axle counter system for train detection in
the Whittier Tunnel. Installation of this system would prevent future shutdowns
of the Whittier Tunnel from “false occupancy” failures of the TCS. This project will
also perform an as-built survey to determine the location of the key components
(telephones, fire alarms, etc.) inside the tunnel and install DOT/PF furnished
reflectors in the curb to establish location control for future work in the tunnel.
Estimated cost of this project is $600K.

2. Drainage Improvements Project - This project will install additional water control
systems in the tunnel crown and modifications to the existing water control
system. This work will also include a LIDAR survey to determine where additional
rock needs to be removed from the tunnel crown to make enough room for the
additional water control systems. This project will reduce the water flowing into
the subgrade, reduce panel settlement and retard corrosion of the panel rebar,
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rail and rail connections (Pandral® e-clips clips). This project will extend the
performance life of the concrete panel driving surface of the Whittier Tunnel and
reduce the need for the ARRC to periodically relevel the invert panels. The
estimated cost of this project is $2 million.

3. Invert Panel Preservation Project - This project replaces the asphalt in the ralil
insert that protects the rail and Pandral® e-clips clips from water and reduces
corrosion. This project may also include sealing the cracks in the concrete
panels which may prevent corrosion of the rebar. This project will extend the
performance life of the concrete panel invert, rail, Pandral® e-clips clips and
shoulders (metal inserts that hold the Pandral® e-clips clips)  Estimated cost of
this project is $1 million.

Safety Enhancements and other improvements that should be considered are:

1. Replacement of the eight Pan Tilt Zoom cameras with wide angle dome
cameras. This will make it easier for the Tunnel Control Operator to visually scan
the tunnel to verify that the tunnel is clear of vehicles prior releasing traffic or
transferring the tunnel to ARRC for train passage.

2. Replace existing signs with strobe at each of the safe house turnouts with LED
signs that are controlled by the Tunnel Control Operator.

3. Install rail flange way ice control at the portals. This will eliminate the need to
use corrosive salt to remove ice from the flange ways.

Another AK DOT/PF research project, Anton Anderson Memorial Tunnel Operations
Study, which evaluated the tunnel operations, was conducted at the same time as this
research project.



1.0 Introduction

In 2000, the AK DOT/PF converted the existing 2.6 mile long Anton Anderson Memorial
railroad tunnel (Whittier Tunnel) into the world’s only dual use highway/rail with one-way
reversible highway traffic. This tunnel provides the first and only highway access to the
port community of Whittier — a vital cargo port, recreational harbor and tourist
destination on Prince William Sound.

The planning, design and construction of the Whittier Tunnel is one of the most unique
projects ever constructed in the world. It was the winner of eight national awards in
engineering excellence including the ASCE Outstanding Civil Engineering Achievement
for 2001.

The Whittier Tunnel has a design life of 20 years. However, there is no performance
history for many of the unique systems incorporated in the tunnel to accurately predict
the design life. Since any future reconstruction of the tunnel would have a severe
impact to both vehicular and rail traffic to Whittier, it is essential that the performance life
of the tunnel systems be extended as long as possible.

Another AK DOT/PF research project, Anton Anderson Memorial Tunnel Operations
Study, evaluated the tunnel operations.

Figure 1 — Location Map



1.1 Problems

The four problems that affect tunnel performance are:

e Progressive failure of the Train Signal System (TSS). This failure periodically
shuts down the tunnel to both highway and railroad operations.

e Settlement of the tunnel invert — rail and driving surface. One area has been re-
leveled three times since 2001.

e Drainage from the tunnel crown and sidewalls may contribute to panel
settlement and deterioration of the concrete panels in the tunnel invert.

e Distress of the concrete panel inverts. It is not known if cracks in the invert
panel occurred during construction or has developed since construction was
completed. If these cracks are developing over time, they may be an indicator of
more significant long term performance problems. There is also a concern that
the rebar in the concrete panels may be corroding which would reduce the
performance life.

1.2 Research Objective

The primary objective of this research project is to: 1) identify the problems affecting the
train signal and rail systems and 2) develop the Scope of Services for an engineering
consultant contract to determine the causes of the failures and develop solutions for
improving the train signal and rail systems operations.

The problems identified during the initial tunnel evaluation included: 1) progressive
failure of the train signal system; 2) subsurface drainage; 3) drainage from the tunnel
crown; 4) settlement of invert panels; 5) cracks in the precast concrete panels; 6)
possible deterioration of the rail/panel connections and 7) possible corrosion of the
rebar in the invert panels.

During the initial evaluation it became apparent that some of these problems could be
solved quicker and more economically if a more thorough analysis and research is
done during this initial research stage. This approach saved the cost of retaining a
general design consultant and contractor to construct/repair some of these problems. It
also permitted quicker implementation of the appropriate corrective action by tunnel
management staff, DOT/PF maintenance staff and/or AKRR crews. Another benefit to
this approach is that it was more cost effective to retain subject matter experts that
require specialized expertise to analyze and design solutions to the specific unique
elements of the tunnel.



1.3 Work Plan
1.3.1 Establish Location Control

The location control during construction was metric and went from west to east (Bear
Valley to Whittier). The ARRC uses mile post that runs from east to west (Whittier to
Bear Valley). ARRC milepost markers are located approximately every .2 mile in the
tunnel.

More accurate location control was needed for the Ground Penetrating Radar (GPR)
survey, TCS evaluation and field inspections. In October 2012, temporary location
control was established. Each invert panel was assigned a unique number based on
its location with respect to the telephones. For example, Panel # 512-6 is the sixth
invert panel east of the Telephone #512. Telephones are spaced approximately every
300 feet.

Currently, survey lath was used for location control. Eventually, the lath will be
destroyed and the temporary location control will be lost. This location control would
have to be reestablished prior to any future inspections.

1.3.2 Evaluation of Track Circuit System

Due to their specialized expertise in railroad track circuit systems, Burns Engineering
was contracted to research the cause and recommend solutions for the progressive
train signal system failure.

On October 8, 9 and 10, 2012, Burns Engineering performed visual observations on the
embedded track system that runs through the Whittier Tunnel. The purpose of the
observations was to assess the condition of the embedded track system and to
determine if its condition is a contributing factor to the problems that Alaska Railroad
(ARRC) is experiencing with the track circuit based signal system. Follow-on research
looked at various ways of re-establishing electrical isolation between the rails and
ground. Their report and details of the field investigation are included in Appendix A.

1.3.3 Ground Penetrating Radar
An existing DOT/PF (Northern Region) term contract for Ground Penetrating Radar

(GPR) with American Engineering Testing was modified to include conducting a GPR
survey of the Whittier tunnel.



The GPR survey was performed on October 9, 2012. The primary purpose was:

1. Identify areas where voids have developed below the invert panels.
2. Determine the rock profile below the tunnel invert that may affect subsurface
drainage

Distance measuring instrument (DMI) was used to determine location calibrated over a
one mile interval three times on October 8, 2012. The tunnel invert surveyed was
delineated using a 10-panel interval linear pattern (Staking). This linear pattern allowed
the GPR data to be consistent with actual measurements. GPR scans in both traveling
directions were performed with most of safe houses marked and recorded.

The GPR testing program, conducted for investigation of voids under the panel,
consisted of three passes at 1.5-ft spacing over the panel — center of the panel and 1.5
feet left/right of centerline. The test program for determining the bedrock depth
consisted of one pass over the CIP portion of the invert (right of the panels — see Figure
5). The scans were performed with 2 GHz and 400 MHz antennas. A scan density of 3
scans per foot was used for all four passes. The GPR system is considered by experts
to be a good compromise for visualizing the voids inside and under the concrete panel
to depths 18 inches with a resolution of the order of less than % inch. The report, test
data and details of the methods used appear in Appendix B.

1.3.4 Tunnel Inspection

Field inspections were conducted between Oct. 2012 and July 2013. The scope of the
field investigation was:

1. Inspect the sub-drains system

2. Document the location of the cracked panels (Appendix E)

3. Visually identify the location of invert settlement areas (Appendix E)

4. Determine locations of the tunnel crown and sidewalls that need additional
drainage control. This included surveying the height of the tunnel crown at
selected locations. Since the amount of water and location of drainage from the
tunnel crown varies between summer and winter, the tunnel was inspected three
times between Oct. 2012 and July 2013. (Appendices D)

5. Photographic survey of the wet areas in the tunnel crown and sidewalls.
(Appendix C).

6. Measure voids below the panels to calibrate the GPR survey. (Appendix F & G)

1.3.5 Develop Scope for Capital Improvement Projects

Recommend Capital Improvement Projects that would enhance the performance of the
Whittier Tunnel.



2.0 Background
2.1 Original Construction — 1943

During World War I, the United States Army constructed an 11 mile long railroad spur
that linked the port of Whittier to the main railroad track that runs between Seward and
Anchorage. As a part of this railroad spur, the Whittier Tunnel was completed on April
23, 1943. The tunnel was constructed specifically for railroad use only.

The primary reason for constructing the railroad spur to the port of Whittier during WW I
was to facilitate the construction and operations of the military bases in Alaska. The
primary benefits of Whittier as a port are:

1. Whittier is an ice free port so it could be used year round. (Anchorage is not an
ice free port.)

2. The distance and travel time for cargo ships to travel from the U. S. ports to
Whittier is significantly less than to the ports of Seward and Anchorage.

3. It is faster and more cost effective to travel by rail from Whittier to Anchorage
than from Seward to Anchorage. Whittier is closer to Anchorage and trains do
not have to climb steep grades to cross the Kenai Mountains.

4. Whittier is a deep water port that does not require dredging (Port of Anchorage
requires annual dredging).

5. The inclement weather provided protection from bombing from enemy planes
and ships could avoid enemy submarines by traveling through Prince William
Sound.

2.2 Railroad Shuttle Service — 1960 to 2000

In the mid-1960s, the railroad began transporting vehicles and pedestrians with special
shuttle train service into Whittier from Portage. Portage is located at Milepost (MP) 80
of the Seward Highway - 11 miles from Whittier.

The shuttle trains consisted of railroad flatcars for transporting vehicles and a
passenger car. Most visitors and residents parked their cars in Portage and boarded the
passenger car. To bring a vehicle into Whittier, drivers could drive vehicles onto flatcars.
Drivers and passengers remained in the vehicles while the train traveled through the
tunnel into Whittier.



Figure 2 — Vehicles on Railcars for Entry to Whittier

The shuttle service was offered daily in the summer and three days per week in the
week in the winter. Trains made six round trips for each day that service was offered.
A single shuttle train could transport the equivalent of 40 cars per trip for a total of 240
cars per day. Longer vehicles, boats, or trailers used more space, thus reducing the
number of vehicles per train. The cost for this service was $72 for the vehicle and driver,
plus $8 per passenger.

2.3 Tunnel Problems

The Alaska Railroad Corporation (ARRC) experienced a number of challenges with
operating the tunnel:

Frequent icing problems inside the tunnel required extensive labor to chip ice from
the rail and tunnel walls prior to train passage.

The ballast and ties were over 55 years old and had deteriorated to the point that
they had to be replaced.

Rock fall from the tunnel crown and side walls posed a danger to the train and
crews. Rock falling from the tunnel crown and sidewalls had to be periodically
removed from the track. An ARRC employee would have to inspect the tunnel
prior to each train passing through the tunnel.

Drainage problems caused the ballast to scour beneath the railroad ties.



Heavy snowfall in Whittier and Bear Valley subjected the tunnel to avalanches that
could bury equipment, cause derailments, and close the tunnel (on several
occasions, avalanches trapped passengers and employees).

The portal doors on both ends of the tunnel had to be opened manually. In addition,
ice formation at the portals occasionally interfered with the operation of the doors
and had to be removed.

Dimensions of the tunnel are only 14.5 feet wide by 20 feet high, which are not high
enough to accommodate double-stacked shipping containers on railcars.

2.4 Whittier Access Project — 2000

The Whittier project included the construction of the tunnel invert (driving surface that
can accommodate highway vehicles and trains); drainage systems; three different types
of ventilation systems; two vehicle staging areas; communication systems; portal
buildings; unique Train Signal System (TSS) that is integrated into the Tunnel Control
System (TCS) and other safety features.

The primary benefits of this project for vehicle access to Whittier are:

Increased number of vehicles that can travel into Whittier daily, from 240 equivalent
cars (one way) to approximately 3,060 to 3,825 (adjusted per Section 4.2.1) per
day.

Expanded time frame for vehicles to enter/leave Whittier allows people to commute
to and from Whittier for work.

24-hour access for wheeled vehicles, which improves emergency response;
(ambulances made 138 trips out of Whittier in 2012).

Improved access for supplies, equipment, and personnel to Prince William Sound in
case of an oil spill from ships transporting oil from Valdez.

The primary benefits to the railroad operations include:
Increased vertical clearance to 21 feet permitted hauling double-stacked shipping
containers in the future;



Reduced rock fall from the tunnel
crown and side walls due to the
installation of ground support
systems (rock bolts, shotcrete, and
wire mesh placed throughout the
entire tunnel);

Water and ice control measures to
eliminate ice build-up during winter
months;

Ballast and ties were replaced with
pre-cast concrete panel invert
system;

Rail joints were removed and the rail
was welded,;

New portal buildings with new doors
that operate by remote control by
either the ARRC dispatcher in
Anchorage or the tunnel control
operator

New communication systems;

Addition of a storm drainage and sub-
drain systems to control surface
and subsurface water;

Figure 3 — Tunnel Invert after Construction

2.5 Tunnel Operations (2000 — Present)

The Whittier Tunnel is operated and maintained by the Alaska Department of
Transportation & Public Facilities (AK DOT&PF). The Alaska Railroad (ARRC) provides
maintenance of the railroad equipment, rails and circuitry through the tunnel.

The tunnel operates on a schedule that allows for highway traffic to transit the tunnel at
half hour intervals — westbound on the hour and eastbound on the half hour. Vehicles
waiting to proceed through the tunnel are held at the respective staging area on either
side of the tunnel. To release vehicular traffic into the tunnel, the tunnel operator
ensures that the tunnel is clear of all highway and rail traffic and proceeds to call for
traffic in an eastbound or westbound direction.

Both passenger and freight trains transit the tunnel between highway openings. Most

freight trains that pass through the tunnel are scheduled with only a few hours’ notice
prior to their arrival.
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3.0 Tunnel Evaluation
3.1 Track Circuit System
3.1.1 Problem

The Track Circuit System (TCS) detects when a train is in the tunnel and closes the
tunnel to both highway and railroad traffic. The TCS is linked to ARRC’s Train Signal
System (TSS) which controls train movements through the tunnel.

A Track Circuit System (TCS) is “an electrical circuit which uses the track rails as the
conductors between the transmitter and receiver devices”. A track circuit sends a
current along the rails, using the rails as conductors, to a track relay at the end of the
block — located near Safe House #4. The track relay attached to the rails is constantly
energized by a closed loop circuit unless opened by an open wire, blown fuse, etc., or
by the axles of the train which allows the current to cross the rails - shunting the current
away from the relay. The track circuit is considered to be “fail safe” because any failure
of the circuit will cause the relay to go to its most restrictive state — train present in the
tunnel and shuts the tunnel down to both highway and railroad operations.

Over the past few years, the TCS has experienced a progressive failure. When the
TCS fails, it indicates that a train occupies the track in the tunnel and the tunnel
automatically shuts down to both highway and railroad operations. The most likely
cause of the failure is that water in the tunnel shunts the track circuit causing a “false
occupancy” failure of the TCS to occur.

In 2012, the TCS has failed 40 times by falsely detecting a train in the tunnel.

e Failure occurs in railroad mode - Five of these TCS failures occurred when the
tunnel was in railroad mode. This failure usually occurred when the TCS failed to
detect that the train had exited the tunnel and the tunnel could not be switched to
highway mode. If the TCS fails when the tunnel is in railroad mode, it may take
up to several hours for the Alaska Railroad (ARRC) dispatcher to send a signal
crew from Anchorage to override the TCS and reopen the tunnel up to highway
traffic. In the meantime, the tunnel was shutdown to both cars and trains.

e Failure occurs in highway mode - Thirty-five of these TCS failures occurred while
the tunnel was in highway mode. The tunnel control operator had to coordinate
with the ARRC dispatcher to override the TCS system to allow the tunnel to
continue operating in the highway mode. This normally only takes a couple of
minutes.
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3.1.2 Track Circuit Design

The TCS that was originally installed during construction was a very simple and singular
system designed to keep rail traffic and highway traffic apart. When a train is in the
circuit, the ARRC dispatcher has control of the tunnel and maintains control of the
tunnel until the train leaves the block.

The tunnel TCS is divided into two track circuits — from Bear Valley to Safe House #4
and from Safe House #4 to Whittier staging area. Insulated rail joints (1J) are installed
at the end of each circuit.

The ARRC attempted to solve the TCS failures by increasing the power to the TCS
circuits in order to overcome the power dissipation caused by leakage of current from
the circuit. Presently, the upper limits of the track circuit voltage have been reached
and can no longer be increased.

3.1.3 Conclusions

The wet environment in the tunnel is the primary cause of the progressive deterioration
of the TCS. TCS systems are not effective in areas with a wet environment. TCS
systems currently are not commonly used in “wet” tunnels.

The most effective method to insure that track conditions within the tunnel do not affect
the operation of the TSS is to replace the existing TCS system with an axle counter
system. The recent implementation of the communication upgrade system provides
spare fiber optic cable that can be used for the axle counter system.

3.1.4 Solutions

Replace the TSS with an axle counter system.

3.2 Settlement of Invert Panels
3.2.1 Problem

The tunnel invert and rails have settled in several isolated areas. Non-uniform
settlement of the rail — one rail settles more than the adjacent rail — is especially critical
for trains. FRA requires that the “cross-level” — difference in elevation between the two
rails — shall not exceed 1.75” within 31'. A section of rail with excessive non-uniform
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settlement will cause the train to sway which may result in possible derailment or rail
cars hitting the sides of the tunnel. ARRC inspects the track twice a week to insure that
the cross level is within FRA operating criteria.

The areas with the most visual settlement of the rail are:

a. Between panels #521-34 and #521-38. Sand leveling material has pumped up
into seven of the nine grout ports inspected. A void of 1” below the invert panel
was measured at Panel #521-36.

b. Between panels #524-27 and #524-29. Sand leveling material has pumped up
into one of the nine grout ports inspected. Voids of .25” - .5” were measured in
2 of the 9 grout ports inspected.

c. Between panels #532-09 and #534-10. This is the worst settlement area in the
tunnel. This section has been re-leveled three times since the tunnel was
opened in 2000. The rail had settled approximately 1.5” and was within %" of
the FRA cross level tolerance before it was re-leveled in Feb 2013. The ground
water had pumped the sand/ballast through the joints between the panels.
Adjusting the sump pumps at Safe House #3 may have lowered the water table
in the subgrade which may reduce further settlement.

d. Between Panels #541-5 and #541-10 - Sand leveling material has pumped up
into one of the 18 grout ports inspected. Voids of .3” to 2” were measured in 3
of the 18 grout ports inspected.

e. Between Panels #581-6 and #581-8 - Sand leveling material has pumped up
into 6 of the 9 grout ports inspected. Voids of .1” to .5” were measured in the
other 3 of the 9 grout ports inspected.

f. Between Panels #586-26 and #586-31 - Sand leveling material has pumped up
into 1 of the 18 grout ports inspected. Voids of .1” to 2.3” were measured in 12
of the 18 grout ports inspected.

The GPR survey (Appendix B) identified approximately 10-12 areas of “severe” voids below the
panels. The six areas with the most significant visual settlement coincided with 6 of the areas
identified with “severe” voids. (Appendix F and K) Void measurements were taken by drilling a
Y4" hole thru the grout plugs and measuring the distance between the top of the invert panel and
the underlying subgrade. The void measurement data is summarized in Appendix G.

As part of the railroad track maintenance, the AKRR is responsible for re-leveling the invert
panels when the cross level exceeds 1.75” within 31’ of track. The ARRC uses a pulley system
mounted on a portable gantry to lift the rails which in turn lifts the invert panels to the proper
level where the panels are flush with the adjacent CIP gutter (Figure 6).  Using this process,
only three panels can be lifted at one time. Sand or grout is pumped into the grout holes to fill
the voids below the panels. This is a very slow and labor intensive process that can only be
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done during night time closures. It takes a crew of 6-10 people one shift to re-level a 75’ to
100’ long section of track.

The ARRC has re-leveled the track three times since the tunnel opened — all three times were at
the same location (Panels #532-09 to #534-10 — near SH #3).

e For the first re-leveling effort, sand was pumped into the grout holes used to fill the voids
below the panels. Within a relatively short period of time, this sand was scoured away
and the invert panels settled again.

e For the second re-leveling effort, a sand/cement mix was pumped in to the voids below
the panels. Due to excessive water in the ballast, the cement apparently did not set up
and the cement/sand mix also scoured and the invert settled in a relatively short period
of time.

e For the third re-leveling effort in Feb. 2013, a premixed commercial leveling grout was
pumped into the voids below the panels. This third process appears to work since no
additional visual settlement of the rail and panels have occurred.

The primary disadvantage of using the gantry/pulley system to raise the panels by lifting the
rails is that it is very time consuming to move and setup the gantry system. This significantly
limits the length of section of rail and panels that can be re-leveled during a single shift. In
addition, some of the Pandral® e-clips clips that attach the rail to the invert panels appear to
break while lifting the ralil.

An alternative re-leveling process that did not use the gantry/pulley system was also tested
during the third re-leveling effort. A high pressure grout pump was used to pump the grout
through the grout holes into the underlying voids. This process raised the panels to be level
with the adjacent gutter pans. One concern with this method is there is less control over lifting
the panel to the proper elevation to match the adjacent gutter. Another concern is that grout
under pressure may migrate and plug up the adjacent sub-drains.

Figure 4 — Pulley/Gantry System Used for Re-leveling Panel Invert
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3.2.2 Subgrade Typical Section

The subgrade below the concrete invert panels consists of (Figure 5):
e 27 of un-compacted sand that is primarily a leveling course
e 6" of granular base material compacted to 95% density
e Separation Geotextile
e Granular aggregate base or suitable exiting ballast compacted to 95% density
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Figure 5 — Subgrade Typical Section

3.3 Subsurface Drainage
3.3.1 Problem

Poor subgrade drainage may be a significant contributing factor in panel settlement at
some of the locations. If water saturates the subgrade, the un-compacted sand can
erode and “pump” through the joints between invert panels. This creates voids below
the invert panels which results in settlement of the invert panels and rail.

The sump pumps were not adjusted properly to pump all of the water from each sub-
drain run into the storm drain. As a result, a majority of the groundwater from the Bear
Valley end of the tunnel was draining to Whittier thru the sub-drain system and not in
the storm drain. The water draining from the sub-drain system saturated the ballast
beneath the panels. This was probably a significant contributing factor for the panel/rail
settlement at Panels #532-09 to #534-10 (Safe House #3).

The sub-drain system has not been cleaned out since it was installed in 2000. The
caps to the cleanouts cannot be removed to clean out the sub-drain system.
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3.3.2 Subdrain Design

The subsurface drainage system consists of two 4" perforated pipes located at the
bottom of the excavation below the curbs. The perforated pipe is surrounded by filter
stone and filter fabric (Figure 6).

ELECTRICAL
DUCTBANK

VENTILATION
DUCT

ROADWAY DRAIN

SUB DRAIN CROSS SECTION

SCALE: 1:50
Figure 6 — Subdrain Typical

SUBDRAIN
I ROADWAY DRAIN

The tunnel invert and drain systems
are sloped from Bear Valley to Whittier
(west to east) at a .5% grade.
Consequently, all water collected
within the tunnel is discharged to a
drainage ditch east of the Whittier
Portal. Runoff from the roadway is
prevented from entering the tunnel at
the Bear Valley portal by a transverse
slot drain.

Approximately every 1300 feet,

adjacent to each safe house, the water

drains into a sump where it is pumped

into the adjacent roadway storm drain.

Sub-drain  cleanouts are located

approximately every 300. However, Figure 7 - Sump Pump

the sub-drain cleanout caps cannot be removed to permit inspection or cleaning of the
sub-drain system.
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3.3.3 Conclusions

The sump pumps were not adjusted properly to pump all of the water from each of the
1200’ to 1400’ long sub-drain pipes into the storm drain. As a result, a majority of the
groundwater from the Bear Valley portal was draining to Whittier thru the sub-drain
system and not in the storm drain. When the sub-drain fills with water, the water drains
into the subgrade instead of removing water from the subgrade.

The water flow measured of the storm drains measured at each of the sumps.
(Appendix E) was less than .1 cfs. There was no significant increase in the quantity of
water flowing through the storm drain system from Bear Valley to Whittier. Further
evaluation will be required if the storm drain leaks.

Slot drains for the storm drain system are spaced approximately every 300’ (100’
spacing near the portals). Many of these slot drains are not needed and allow a
significant amount of sand into the storm drain. Therefore, the water is not flowing
smoothly and efficiently through the storm drain system which may cause water to back
up and leak through the pipe joints into the subgrade.

3.3.4 Solutions

1. Adjust the sub-drain sump pumps to insure that water is properly pumped from
each sump to the storm drain system.

2. Clean storm drain system to allow the water to flow more efficiently through the

storm drain system and possibly reduce the amount of water leaking from the

storm drain pipes.

Replace the cleanout pipes with caps that can be easily removed.

Clean sub-drain system.

5. Additional analysis is needed to determine how much water is leaking from the
storm drain system and if it affects panel settlement.

6. Televise storm drains and sub-drain systems, where appropriate, to identify
blockages or broken pipe. Total length of both storm drain and sub-drain pipes is
approximately 52,000 feet. There are approximately 180 approximately three
hundred foot long sections of sub-drain/storm drain pipes.

7. Place filter geotextile in the slot drains to reduce the amount of road sand and
debris from entering the storm drain system.

B w
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3.4 Drainage in Crown
3.4.1 Problem

There is a significant amount of water draining from the tunnel crown and sidewalls
which accelerates the wear of the concrete panel surface and saturates the underlying
ballast. This may be a factor in panel/rail settlement.

Figure 8 — Water Draining from Tunnel Crown

3.4.2 Water Control Design

Eighty five water pans (Figure 9) — approximately 340 lineal feet - were installed in
some of the wet areas to divert the water from dripping on to the invert surface. The
water pans were added to the contract by Change Order. The unit price for each water
pan section - 46” X 100" as shown in Appendix | - was $3,100 or approximately $775
per lineal foot.

In some areas, the water drips from the edge of the pan on to the tunnel walls and
splashes on to the panel surface. The water from these areas can be controlled by
installing a gutter with drain pipe to the existing pans which will drain the water to the
storm drain system.

The amount of water and location of the water seeping from the tunnel crown and
sidewalls varies from season to season. There is significantly more water that drains
from the tunnel crown and side walls during the summer — especially after periods of
heavy rain.
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Based on three inspection surveys (Appendix D
& E) conducted in December 2012, May 2013
and July 2013, approximately 2,300 lineal feet of
the tunnel crown/sidewall leaks water on to the
invert.  There was significantly less water
dripping from the tunnel crown in December
than there was in May and July. All of the tunnel
crown and sidewall drainage areas identified
during the December '12 and May 13 surveys
were photographed. (Appendix C)

Any future water control systems have to be at
least 21° above the tunnel invert to
accommodate future double stacking trains
(Figure 10). The height of the tunnel crown
above the tunnel invert in the wet areas needing
additional water panning was generally 21’ to 23’
above the invert (Appendix D). A more thorough
survey needs to be conducted to verify that
there is sufficient room for the new water control

systems. Figure 9 — Water Control System

Figure 10 — Tunnel Cross Section
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The AKRR intends to raise the crown of the nearby Portage Tunnel to permit double
stack trains to travel from Whittier to Anchorage. This project may require the same
expertise in rock excavation. It may be possible to add this design and possibly
construction work to the AKRR work on the Portage Tunnel. The approximate cost is
$1 million to $2 million depending on how much rock has to be removed from the tunnel
crown to accommodate the water control systems.

3.4.3 Solutions

1. Installation of approximately 2,300 lineal feet of water control (pans) will
significantly reduce the amount of water draining on to the invert panels and into
the subgrade. The water control system should also include a gutter and pipe
system that collects the water from the pans and drains it directly into the storm
drain system. The location of the areas that need the water control systems is
listed in Appendix D.

2. Installation of gutter and pipe system to the existing 340 lineal feet of water
control systems (pans) will significantly reduce the amount of water draining on to
the tunnel invert.

3.5 Distress in Concrete Invert Panel
3.5.1 Problem

Approximately 15% of the panels are cracked. Most of the cracks are approximately 2
mm wide. It is not known if these cracks occurred during fabrication, installation or after
installation. It is not known if these cracks are an indicator of some distress occurring to
the tunnel invert or if they allow water migrate and corrode the rebar. There does not
appear to be a noticeable pattern or correlation to the cracked panels with areas with
visual settlement of rails and panels.

There are no visual indications on the panel surface of any rebar corrosion. However,
the GPR survey identified several areas of “potential separation” which may be
indicative of corrosion of the transverse rebar 8 inches below the panel surface.

In some areas, the asphalt between the sides of the rail and the concrete inserts has

begun to deteriorate which will allow the rail and Pandral® e-clips to be exposed to
water and possible corrosion.
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3.5.2 Concrete Invert Panel Design

The tunnel invert consists of approximately 1600 Star Track® concrete modules
(panels). Star Track®, a modular pre-cast concrete grade-crossing system produced by
Oldcastle Precast, has been used to build embedded track at port facilities and
numerous railroad grade crossings.

The Star Track® system used for the Whittier Tunnel is a pre-cast concrete panel that is
8 feet wide (across the track), 7.5 feet long (along the track) and 14 inches thick. The
pre-cast panels are cast with two slots for running rails. Three Pandral® e-clips, hooked
into shoulders cast into the bottom of the slots, attach each rail to the panel. A 3/16-
inch thick continuous polyethylene pad between the base of the rail & concrete panel,
and nylon insulators between the Pandral® e-clip and the flange of the rail provide
electrical isolation between the rails and concrete panel.

Figure 11 — Cracks in Star Track® Panels
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Figure 13 - Plan View of Star Track® Panel

To reduce the exposure to water and minimize corrosion of the rail and Pandral® e-clips
clips, asphalt was placed between the side of the rail and the inserts of the concrete
panels. At the portals, PPI Rubber Inserts® were used instead of asphalt.

3.5.3 Solutions

1. Determine if the cracks in the panels are continuing to develop and may be
indicative of panel stability problems. A crack survey of the panels conducted
every 2 years would determine if cracks are continuing to develop in the panels
or if the existing cracks were formed during construction or fabrication. The
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inspection form in Appendix E can be used to identify any new cracks in the
panels that develop.

. Perform GPR survey with the appropriate antennas necessary to identify areas
where longitudinal rebar has corroded. To identify these areas, the GPR
subcontractor recommends that either two 2 GHz air-coupled antennas (high
speed but less sample rates) or one or two 1.6 GHz ground-coupled antennas
(low speed but high sample rates) be used to identify areas of “potential
separation”. In the middle areas with three levels of bar, only ground coupled
antenna might be able to catch the lower bars if the misalignment is greater than
2 inches. The exact same alignment of three level bars will result in the total loss
of energy at the top bar. In the middle areas with three levels of bar, only ground
coupled antenna might be able to catch the lower bars if the misalignment is
greater than 2 inches. The exact same alignment of three level bars will result in
the total loss of energy at the top bar.

. Determine if the anomalies (“area of separation”) identified in the GPR survey are
caused by corrosion of the rebar with chain survey and coring. The primary
benefit of this work will be to determine: 1) if the rebar is corroded; 2) if improved
water control of the tunnel crown will minimize future corrosion; and 3) the
performance life of the invert panels.

. Rail Connection with Panels — Investigate the condition of the Pandral® e-clips
that connect the rail to the precast concrete panels. AKRR will remove pavement
form the panel inserts and expose the Pandral® e-clips for inspection. The
primary benefits are: 1) to determine if the Pandral® e-clips are deteriorating due
to corrosion; 2) determine if the corrosion of the Pandral® e-clips is associated
with the tunnel crown drainage problems; 3) determine if additional water control
system in the tunnel crown would extend the performance life of the Pandral® e-
clips; and 4) determine if the AKRR needs to plan and budget for possible future
replacement of the Pandral® e-clips.

3.6 Safety Enhancements and Other Improvements

3.6.1 Surveillance Cameras

There are 39 stationary surveillance cameras and 8 pan tilt zoom (PTZ) cameras
mounted in the tunnel. Prior to transferring the tunnel to the ARRC dispatcher for train
transit or opening the tunnel to highway traffic, the Tunnel Control Operator views each
camera to verify that all people and vehicles are out of the tunnel.
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The PTZ cameras are mounted opposite each of the eight safe houses. There is a
small portion of each turnout that is not visible to the Tunnel Control Operator unless
they rotate the PTZ camera to view the entire safe house turn outs. Rotating all eight
PTZ cameras significantly increases the time to clear the tunnel. Therefore, it is not
routine practice for the operator to rotate the eight PTZ cameras prior to clearing the
tunnel.

Solution - Replace the eight PTZ cameras with dome cameras that would provide the
Tunnel Control Operator to view the entire the safe house turnout without moving
cameras. Estimated cost is $40k to $45k. Tunnel staff has expertise to install cameras.

3.6.2 Signs at Safe House Turnouts

Signs with a strobe light at each safe house instructs the motorists to proceed to the
safe house when the strobe is flashing. However, motorists are not responding to the
signs and strobe.

Solution - Replace the signs and strobe with a LED sign that can be controlled by the
Tunnel Control Operator. Estimated cost is $180k to $200k. Tunnel staff has expertise
to install the signs.

3.6.3 Flange Way Ice Control —
Ice fills the rail flange ways near the tunnel portals that requires the use of salt.

Solution - Install flange way ice control systems at both portals. The estimated cost is
$200k. The tunnel staff does not have the expertise to perform this work.

4.0 Recommendations for Future Projects

The following capital improvement projects are recommended to improve and extend
the performance life of the Whittier Tunnel.

4.1 Replace Track Circuit System

This project will replace the TCS with an axle counter system which will prevent future
shutdowns of the Whittier Tunnel caused by “false occupancy” failures of the TCS.

The recommended scope of this project is:
e Replace the existing Track Circuit System with an axle counter system for train
detection in the Whittier Tunnel. Since the axle counter system will be integrated
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into the train signal system, this portion of the project can be done by utility
agreement with the ARRC. The recent implementation of the communication
upgrade system provides spare fiber optic cable that can be used for the axle
counter system. The Evaluation of the Track Circuit System of the Whittier
Tunnel research report prepared by Burns Engineering (Appendix A) estimated
the cost to replace the existing TCS with an axle counter system to be $144k.
However, the ARRC estimates the cost to be approximately $431k.

Perform as-built survey to determine the location of the key components
(telephones, fire alarms, etc.). The as-built survey work may possibly be added
by contract amendment to an existing survey term contract or by DOT/PF crews.
The cost of this work is $50k to $60Kk.

Install AK DOT/PF furnished reflectors in the curb to establish location control for
future work in the tunnel. During the tunnel evaluation phase, temporary location
control was established by placing survey lath approximately every 75 feet and
assigning each invert panel a unique number based on the location relative to an
emergency telephone. This temporary location control will be destroyed over
time. The AK DOT/PF tunnel management has already purchased the
reflectors but funding is needed for installation. The tunnel management staff
can install the reflectors. The primary benefit of this work is that permanent
location control is established before the temporary location control is destroyed.
The estimated cost of this work is $40k to $50k.

The total cost of this STIP project is approximately $550k - $600k.

4.2 Drainage Improvements Project

This project will reduce the water flowing on to the concrete invert surface and into the
subgrade. This will reduce panel settlement, and retard corrosion of the panel rebar,
rail and rail connections (Pandral® e-clips clips and shoulders). This project will extend
the performance life of the concrete panel driving surface of the Whittier Tunnel.

The recommended scope of this project is:

Install approximately 2,300 lineal feet of water control in the tunnel crown and
sidewalls. Locations are identified in Appendix D. The typical section of water
control systems installed during initial construction are in Appendix I.

Install gutter and piping system to the existing pans (340 lineal feet) installed
during construction. The gutter and piping system will collect the water from the
pans and drain it to the storm drain system.

Perform LIDAR survey to determine areas where additional rock needs to be
removed from the tunnel crown to make enough room for the additional water
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control systems. Preferably, LIDAR survey would be conducted for the entire
length of the tunnel. However, if funding is limited, only the areas requiring
additional water control systems in Appendix D need to be surveyed.

e Replace the cleanout caps for the sub-drain system

e Install filter geotextile in the slot drains to prevent sand from entering the storm
drain system.

e Improve the sump pump systems by increasing the depth of the sumps

The cost of this project is dependent on the amount of rock in the tunnel crown that has
to be excavated from the tunnel crown to make enough room for the water control
systems. Excavating the rock from the tunnel crown may be extremely expensive. The
total cost for this STIP project is approximately $2 million.

4.2 Invert Panel Preservation Project

This project replaces the asphalt in the rail insert. This will retard corrosion and extend
the life of the rail, Pandral® e-clips clips and shoulders. If it is determined that the
cracks in the panels are allowing water to reach the rebar and cause corrosion, the
cracks should be sealed.

The recommended scope of this project is:
e Replace the asphalt surrounding the rail in the rail insert.
e Replace the Pandral® e-clips clips if needed.
e Determine if the rebar in the invert panels is corroding:
o Perform GPR survey with appropriate antennas to identify areas where
corrosion may be occurring in the rebar in the concrete invert panels
o0 Conduct chain survey and cores to determine if the rebar is corroding.

e Seal the cracks in panels if it is determined if water is causing the rebar to
corrode.

The total cost estimate for this STIP project is $1 million.
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Appendix A

Evaluation of Track Circuit Systems of the Whittier Tunnel
Final Report

By
The Burns Group

http://www.dot.state.ak.us/stwddes/research/assets/pdf/thwa ak rd 13 12.pdf
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Ground Penetrating Radar(GPR) Testing: Anton Anderson Memorial
Tunnel Report

By

American Engineering Testing, Inc.
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1.0 INTRODUCTION

Statewide Materials of Alaska Department of Transportation & Public Facilities (AKDOT/PF)
intends to determine the cause(s) of some of the problems with the concrete panel inverts of the
Anton Anderson Memorial Tunnel in Whittier, Alaska. AKDOT/PF has requested for project
management, quality management, Ground Penetrating Radar (GPR) data acquisition and voids

and bedrock depth analysis.

To assist you with investigation, you have authorized American Engineering Testing, Inc. (AET)
to conduct Ground Penetrating Radar (GPR) testing, subsurface investigation review, and
perform a voids and bedrock depth analysis for the project. With this data and voids
measurements provided by AKDOT/PF, the GPR test reports will be provided so that the
possible future consultant contractor can evaluate the problems with the concrete panels in the
invert. This report presents the results of the above services, and provides our methodology for

data collection and analysis.

2.0 SCOPE OF SERVICES

Our authorized scope of services consisted of the following:

1. Coordinate the project activities with the appropriate AKDOT/PF staff and administer
the approved QC/QA plan that will assure that data is collected accurately and reflects
actual pavement structure condition, within the precision specified. Perform and
document regular maintenance, testing, distance and metal calibration of the GPR

testing system in accordance with specific manufacturer recommendations.

2. Perform Ground Penetrating Radar (GPR) along approximately 2.6 miles (10.4 lane

miles) for the determination of voids under the panel inverts and bedrock depth. Mark
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and report the locations of safe houses and distance stacking encountered during data
collection that affects the data collection process. Data will be collected with 1.5-foot
spacing from the centerline. A scan density of 3 scans per foot is specified for this

project and will determine the speed of travel of the vehicle.

3. Review voids measurements provided by the AKDOT/PF for “ground-truthing”,
develop the methods to relate the measurement locations to the GPR images and
analysis results with linear distance and report any adjustments necessary to accurately

correlate GPR data with the measurement data.

4. Provide a written report describing the GPR testing equipment and field test plan,
summarizing the GPR testing data, and plotting the locations of voids and bedrock
depths in stations and panel numbers. We understand pavement rehabilitation design

will be completed by AKDOT/PF and does not have to be included with the report.

AKDOT/PF provided voids measurements for inclusion in our data quality check and severity
calibration. Although the detailed concrete drilling is necessary to determining existing bedrock

depth, the reinforced concrete drilling is too expensive to perform.

These services are intended for geotechnical purposes. The scope is not intended to explore for

the presence or extent of environmental contamination.

3.0 PROJECT INFORMATION

The objective of the project is to investigate non-destructively some problems including
differential movement of the pre-cast concrete panels in the tunnel invert. One of the keys for
developing a better understanding of the problem is to determine if voids have developed below

the concrete panels and determine the profile of the rock below the tunnel invert.
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This project involves voids detection and bedrock depth data collection using ground penetrating
radar (GPR) and the report of pavement thicknesses for assisting in pavement evaluation and
rehabilitation design. Figures 1 shows the map of the tunnel we tested and reviewed for this

report.

To enhance our understanding of the

reinforced concrete panels you provided _

the as-built invert plan and panel shop . .R.
drawing, including the typical section, Parke g\, ~ =

layer thicknesses, and reinforcement

layout. sz, /

TurriaGain Arrre.,

~ Proposzd Copper
River Highway

To create a surface that would

AliH Ferry Service

Chenegs Bay
Guf of

accommodate automobiles and trains, the

existing railroad track and underlying

Figure 1 Test Location

crushed rock were removed, and 1,800

pre-formed concrete panels 7.5 feet long and 8 feet wide were placed the length of the tunnel.
These panels have a concrete texturized driving surface with grooves for the railroad track that
allows trains to use the same surface when automobiles are not using the tunnel. Asphalt was
placed adjacent to the rail to allow the removal of the rails for maintenance or replacement.

Concrete also was poured adjacent to the panels to provide for an 11.5 foot wide driving surface.

Voids measurements, provided by AKDOT/PF, were performed at approximate 12 locations
selected from the review of the GPR data. The approximate locations of the voids measurements
on a panel are shown in Figure 2. Voids measurements and locations were provided by

AKDOT/PF. Surface elevations at the measurement locations were not provided.
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The above stated information represents our understanding of the project. This information is an
integral part of our engineering review. It is important that you contact us if there are changes
from that described so that we can evaluate whether modifications to our recommendations are

appropriate.

4.0 SITE CONDITIONS

4.1 Panel Surface Condition
The observed panel surface condition consisted of a visual review of the panel surface and
surrounding topography, by our testing technician, supplemented with a video log to document

the major types of surface distress.

The age of the existing steel reinforced panel structures is about 15 years. The surface rating of
the existing concrete panel is considered in fair condition under some maintenance. The major
panel distress types identified include settlement/waving, seal damages in various severities, and
broken rails. Wet surface is also evident in many locations. A few of panels were in poor

condition and re-leveled after the field test.

Waves resulted from settlement and heave are surface defects that often result in poor ride
quality, and excessive impact loading on panels, and may also make vehicle control difficult.
Typical causes are voids under panels, unstable cuts, and base shear failures. This type of defect
may not cause any problem at low speeds but would be objectionable or intolerable at high
speeds. Corrections to the surface should be made as soon as practical when ride quality is

objectionable.
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4.2 Panel Base Condition

The subsurface exploration information provided by AKDOT/PF for the project consisted of
voids depth measurement and material type identification. Figure 2 shows the typical locations
where the measurement was taken. Table A summarizes the results of the voids depth
information provided by AKDOT/PF, including the reference stations, distances from the
reference station, panel number, voids depth measured at the grout port, and pavement surface

condition in the surrounding area.

Table A shows the voids depths ranging from the
plugged (“x”) to 2.8 inches. This table is useful to

identify the voids in the GPR images and to aid in Grout

final design for understanding the extensity and

severity of the voids under the concrete panel.

The "x" in Table A for the void measurements
indicates that the grout plug was either plugged up
or that some of the underlying leveling sand had
pumped up from the bottom into the lower portion of
the grout plug this would indicate that some of the
panel settlement had occurred and that there may be

voids in other spots below the panels. Figure 2 Measurement Locations

Based upon the voids filling types, and voids depth encountered, we differentiated our analysis
by defining three distinct levels of voids severity (< 1 inch, 1-2 inches, and >= 2 inches)
throughout the whole length of the tunnel invert included in our review, as shown in Plot A of

Appendix A.
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5.0 PAVEMENT TESTING

5.1 Pavement Data Collection

5.1.1 Testing Program

The GPR testing program, conducted for investigation of voids under the panel, consisted of

three passes at 1.5-ft spacing over the panel, Passes 1, 2 and 3, as shown Figure 3. The test

program for determining the bedrock depth consisted of one pass (Pass 4) over the roadway

concrete pavement, with 2 GHz and 400 MHz antennas.

A scan density of 3 scans per foot is

specified for all the four passes. The GPR system is considered by experts a good compromise

for visualizing the voids inside and under the concrete panel to depths 18 inches with a resolution

of the order of less than 2 inch. The test data and details of the methods used appear in

Appendix A.
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Both AET 2 GHz air-coupled antenna and 400 MHz ground-coupled antenna were connected to
AET dual channel SIR-20 controlled by the DMI mounted on the driver side rear wheel. Two
antennas were designated by the channel number. More than 160,000 of GPR test points were
processed and analyzed to locate and characterize the voids under the panel with the help of the

void measurements.

5.1.2 Field Testing

Ground Penetrating Radar (GPR) testing was performed on October 9, 2012. Distance
measuring instrument (DMI) was calibrated carefully over a one mile interval three times on
October 8, 2012.  The tunnel invert scanned was delineated using a 10-panel interval linear
pattern (Staking). This linear pattern would allow for GPR data consistent with actual
measurements. GPR scans in both raveling direction was performed with most of safe houses

marked and recorded in the mark table.

The antenna mounted at the back of testing vehicle was aligned with the antenna mounted at the

front of testing vehicle. The distance between two antennas is 26 feet.

Scans of the tunnel invert were collected according to SIR-20 processor settings established by
GSSI Roadscan system, at a specified interval of 3 scans per lineal foot, approximately along the
designated pass in the test plan. Metal plate calibration scans with the same survey setting were
collected on the same day of testing. The field works were performed by a two-person crew that
consisted of a designated driver and a GPR operator. The DMI connected to the SIR-20 provides
for automatic display and recording distance information in both English and metric units with a
1 foot (0.3 meters) resolution and four percent accuracy when calibrated using provided

procedure in the Field Program.
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5.2 Pavement Data Analysis

5.2.1 Analysis Procedures

The method to relate the as-built site plan and layer layout to the GPR images and bedrock
depths was developed with the distance measurement instrument based on the review of the plan
and layout. A series of data processing tasks was performed prior to picking the voids locations
and bedrock depths, including time zero and background noise removal, gain restore, vertical and

horizontal FIR filtering, and integration of dual channels.

Voids and bedrock depths were manually picked with the identification of phase inversion and
interfaces between different types of materials, which was enhanced using RADAN 6.0, a
proprietary software package. A combination of data analysis and engineering judgment was
implemented. The summary was completed utilizing an Excel spreadsheet because of huge
amount of data. The voids locations and bedrock depths in three dimensions were extracted and
calculated from the picks file (depth) and geometrics of surface scan grid (longitudinal and

transverse).

The voids within or under the concrete panel change the polarity of GPR images due to change
in material electromagnetic properties of concrete and air. The appropriate polarity setting was
selected during voids picking process. The negative polarity was selected for air and positive

polarity for steel.

5.2.2 Dielectric Constant
The depth of concrete bottom and bedrock top can be determined either by Kirchhoff migration
or by coring. Since there was no coring program for comparison testing, the migration method

was used for determining the dielectric constant and verified by the panel depth measurement.
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Kirchhoff migration is velocity analysis that involves determining the velocity of concrete
materials using steel bar within the concrete. Then, the velocity is converted to dielectric

constant using the following equation:

c

& =—
r v2

Where,

¢,-= the relative dielectric constant;
¢ = the speed of light or 30 cm/nanosecond (11.8 in/nanosecond);

v = the velocity of the wave through the concrete material.

5.2.3 Data Processing

A phase inversion occurs at a concrete-air interface because of the low dielectric of air. A phase
inversion is a flip-flopping of the normal polarity sequence. So instead of a
positive/negative/positive  (white/black/white) peak, the phase inverted sequence is
negative/positive/negative (black/white/black). A concrete-air reflection starts with a negative
(black) peak followed by a positive (white) peak while concrete-steel reflection with a positive

(white) peak followed by a negative (black) peak.

The Restore Gain function removes the gain applied to the data during acquisition. Restoring
gain is an important option should you wish to export your data to a forward modeling program,
or determine the dielectric permittivity, conductivity, and dispersion (approximate attenuation) of
layers. The Restore Gain function uses gain information found in the file header to remove the

gain function and normalize the gains.
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5.2.4 Amplitude of Reflection

Amplitude of reflection was recorded for screening the air voids within and underneath the
concrete panel. Since the amplitude of reflection at an interface depends on the difference
between relative dielectric constants of the two materials (air, sand, aggregate, and concrete), the

amplitude of reflection is proportional to the following reflection coefficient:

A
12 JE_M+JZ

Where,
pi2 = reflection coefficient;
&1 = relative dielectric constant of material 1;

£ = relative dielectric constant of material 2.

The relative dielectric constant of non-air materials (concrete) is higher than that of air. The
amplitude of reflection at the interface between the non-air materials and air is negative. The
amplitude of the reinforcement bar will increase in the presence of delamination due the
corrosion. The sign of amplitude was used to set the color for visualization in manual picking of
voids. The manual picking of voids was verified by the actual measurements of voids at the

same locations.

5.2.7 Data Analysis

From our analysis of GPR data we further defined three ranges of void depths for summarizing
the voids under the panel. The mark table built in the analysis software, supplemented by the
visual interpretation of the video log, was used to identify the joint location that further guided

the data analysis.
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The range of void depths and locations in three dimensions were extracted and calculated from
the picks file (depth) and geometrics of surface scan grid (longitudinal and transverse). Three

ranges of voids were resulted from coring and GPR data: < 1 inch, 1-2 inches, and >= 2 inches.

5.3 Summary

The GPR data we collected did show clear interfaces between subbase and bedrock under the
roadway pavement adjacent to the panel. After the processing of the GPR data collected on the
panel, the voids under the panel were visible. Voids measurements provided by AKDOT/PF
were used to enhance confidence in our data analysis and improve accuracy in voids depth
determination. The possible delamination at the reinforcement bar in the middle depth of the

panel was noticed and analyzed for their severity and locations.

5.3.1 Voids under Panel

Voids under the concrete panel developed mainly in ten areas, one of which has been re-leveled,
as shown in Plot A of Appendix A. Plot A of Appendix A shows the ranges of void depths at
their locations identified by stations and panel numbers. The voids with the thickness equal and
greater than 2 inches occurred more often along the right rail (17% of voids in all ranges) than
that of centerline and left rail (8% of voids in all ranges). The voids with the thickness less than
1 inch were 74%, 79%, and 64% of voids in all ranges, along the left rail, centerline, and right

rail, respectively.

5.3.2 Bedrock Depth

Bedrock depth under the 8-inch concrete pavement ranged from 22.8 to 45.4 inches from the top
of concrete pavement, as shown in Plot B of Appendix A. Plot B of Appendix A shows the
bedrock depth along the roadway pavement identified by stations and panel numbers. The

thickness of subbase (from geotextile to the top of bedrock) ranged from 1.6 to 24.2 inches.
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5.3.3 Middle Bar Delamination

Delamination at the reinforcement bar in the middle of the concrete panel developed widespread,
as shown in Plot C of Appendix A. Plot C of Appendix A shows the severity of delamination at
their locations identified by stations and panel numbers. The delamination in high severity was
10%, 17%, and 19% of all three levels of severity, along the left rail, centerline, and right rail,

respectively.

6.0 LIMITATIONS
Within the limitations of scope, budget, and schedule, our services have been conducted
according to generally accepted geotechnical engineering practices at this time and location.

Other than this, no warranty, either expressed or implied, is intended.
It should be noted that the voids under the panels change in shape and type of fillings with time
due to the impact of loadings and environments, as well as to the on-going maintenance and

repair acitivities.

Important information regarding risk management and proper use of this report is given in

Appendix B entitled “Pavement Report Limitations and Guidelines for Use”.
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Appendix A
Ground Penetrating Radar Field Exploration and Testing
Report No. 28-00615

A.1 FIELD EXPLORATION

The geophysical conditions at the site were evaluated nondestructively using Ground Penetrating Radar (GPR). The description of
the equipment proceeds in this appendix.

A.2 EQUIPMENT DESCRIPTION

A.2.1 GSSI GPR Test Systems

The GPR test system owned by AET is a GSSI Roadscan System that consists of a bumper-mounted, 400 MHz ground-coupled
antenna and a SIR-20 control and data acquisition processor, featuring dual channels. The GPR processor, including a SIR-20 data
acquisition system, wheel-mounted DMI (Distance Measuring Instrument), and a tough book with the SIR-20 Field Program
constitutes the newest, most sophisticated GSSI Test System, which fulfills or exceeds all requirements to meet ASTM-4748,
ASTM D-6087 Standards. Figure Al provides a view of this equipment.

Figure A1 GSSI 400 MHz ground-coupled GPR Test System

The GPR antenna emits a high frequency electromagnetic wave into the material under investigation. The reflected energy caused
by changes in the electromagnetic properties within the material is detected by a receiver antenna and recorded for subsequent
analysis. The 400 MHz ground-coupled GPR is capable of collecting radar waveforms at more than 100 signals per second, allows
for data to be collected at driving speeds along the longitudinal dimension of the geotechnical or bridge decks with the antennas
fixed at the rear or in front of the vehicle.

The antenna used for Roadscan is the Horn antenna Model 5103 (400 MHz). The 400 MHz antenna is the current antenna of
choice for site survey because it combines excellent resolution with reasonable depth penetration (8-10 feet in geotechnical
materials). The data collection is performed at controlled driving speeds (5-10 mph), requiring no lane closures nor causing traffic
congestion. At this peed the 400 MHz antenna is capable of collecting data at 4-inch interval (3 scans/foot).

The GPR test system owned by AET also includes a GSSI Roadscan System that consists of a bumper-mounted, 2 GHz air-
coupled antenna and a SIR-20 control and data acquisition processor, featuring dual channels. With the dual channel, this antenna
is integrated with the same GPR processor for the 400 MHz antenna, which fulfills or exceeds all requirements to meet ASTM-
4748, ASTM D-6087 Standards. Figure A2 provides a view of this equipment.

Figure A2 GSSI 2 GHz air-coupled GPR Test System
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The 2 GHz air-coupled GPR is capable of collecting radar waveforms at more than 100 signals per second, allows for data to be
collected at driving speeds along the longitudinal dimension of the pavements or bridge decks with the antennas fixed at the rear or
in front of the vehicle.

The antenna used for Roadscan is the Horn antenna Model 4105 (2 GHz). The 2 GHz antenna is the current antenna of choice for
road survey because it combines excellent resolution with reasonable depth penetration (18-24 inches in pavement materials). The
data collection is performed at controlled driving speeds (5-10 mph), requiring no lane closures nor causing traffic congestion. At
this peed the 2 GHz antenna is capable of collecting data at 4-inch interval (3 scans/foot).

The data were collected at a rate of about 3 vertical scans per foot. Each vertical scan consisted of 512 samples and the record
length in time of each scan was 100 nanoseconds. Filters used during acquisition were 75 MHz high pass and 750 MHz low pass.

In a GPR test, the antenna is moved continuously across the test surface and the control unit collects data at a specified distance
increment. In this way, the data collection rate is independent of the scan rate. Alternatively, scanning can be performed at a
constant rate of time, regardless of the scan distance. Single point scans can be performed as well. Data is reviewed on-screen and
in the field to identify reflections and ensure proper data collection parameters.

A.2.2 Ground Truthing

Direct depth measurement is used to get the velocity of the radar energy in the material by measuring concrete panel thickness at
the grout port location. The scan obtained with the antenna is compared with the direct measurements in the synchronized
stationing system.

Survey wheel is calibrated by laying out a long distance (> 50 feet) with tape measure.

A.2.3 Linear Distance and Spatial Reference System

Distance measuring instrument (DMI) is a trailer mounted two phase encoder system. When DMI is connected to the SIR-20 it
provides for automatic display and recording distance information in both English and metric units with a 1 foot (0.3 meters)
resolution and four percent accuracy when calibrated using provided procedure in the Field Program.

A.2.4 Camera Monitoring System
A battery operated independent DC-1908E multi-functional digital camera with a SD card is used for logging the geotechnical
surface condition in the testing lane.

A.3 SAMPLING METHODS

At the project level, the testing interval is set at 24 scans per foot in the survey line spaced at 4 feet at a survey speed of
approximately 5 mph. GPR tests are performed at a constant lateral offset down the survey line by using a guide bar mounted in
the front bumper. The guide bar has a chain dragging on the center joint in the driver side.

At the network level, GPR tests on 6 scans per foot are set but only passes spaced at 10 feet are performed, without statistically
compromising the quality of the data collected. If GPR tests are for the in situ characterization of material GPR data will be
collected in more passes specified.

A.4 QUALITY CONTROL (QC) AND QUALITY ASSURANCE (QA)

Beside the annual system calibration the DMI is also calibrated monthly by driving the vehicle over a known distance to calculate
the distance scale factor. The GPR will be monitored in real time in the data collection vehicle to minimize data errors. The GPR
units will be identified with a unique number and that number will accompany all data reported from that unit as required in the
QC/QA plan.

Scheduled preventive maintenance ensures proper equipment operation and helps identify potential problems that can be corrected
to avoid poor quality or missing data that results if the equipment malfunctions while on site. The routine and major maintenance
procedures established by the LTPP are adopted and any maintenance has been done at the end of the day after the testing is
complete and become part of the routine performed at the end of each test/travel day and on days when no other work is scheduled.

To insure quality data, the GPR assessments only took place on dry geotechnical surfaces, and data is collected in the specified
passes.
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Appendix A
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A.5 DATA ANALYSIS METHODS

A.5.1 Data Editing

Field acquisition is seldom so routine that no errors, omissions or data redundancy occur. Data editing encompasses issues such as
data re-organization, data file merging, data header or background information updates, repositioning and inclusion of elevation
information with the data.

A.5.2 Basic Processing

Basic data processing addresses some of the fundamental manipulations applied to data to make a more acceptable product for
initial interpretation and data evaluation. In most instances this type of processing is already applied in real-time to generate the
real-time display. The advantage of post survey processing is that the basic processing can be done more systematically and non-
causal operators to remove or enhance certain features can be applied.

The data processing procedure is used to eliminate unwanted noise, detects significant reflections, and records the corresponding
time and depth. It uses coring data and/or migration method to calculate the radar signal velocity within the geotechnical.

A.5.3 Advance Processing
Advanced data processing addresses the types of processing which require a certain amount of operator bias to be applied and
which will result in data which are significantly different from the raw information which were input to the processing.

A.5.4 Data Interpretation
The EZ Tracker Target Interpretation procedure uses the output from the first step to map structural objects or anomalies and
calculate the corresponding locations and depths.

A.6 TEST LIMITATIONS

A.6.1 Test Methods

The data derived through the testing program have been used to develop our opinions about the geophysical conditions at your site.
However, because no testing program can reveal totally what is in the subsurface, conditions between test locations and at other
times, may differ from conditions described in this report. The testing we conducted identified geophysical conditions only at those
points where we measured soil layer thicknesses and observed ground surface conditions. Depending on the sampling methods and
sampling frequency, every location may not be tested, and some anomalies which are present in the site may not be noted on the
testing results. If conditions encountered during construction differ from those indicated by our testing, it may be necessary to
alter our conclusions and recommendations, or to modify construction procedures, and the cost of construction may be affected.

A.6.2 Test Standards
Testing is done in general conformance with the described procedures. Compliance with any other standards referenced within the
specified standard is neither inferred nor implied.

A.7 SUPPORTING TEST METHODS
A.7.1 Soil Boring/Coring Field Exploration

If soil layer thicknesses, anomaly types, and subgrade soil types and conditions are desired the shallow coring/boring and sampling
is used. The limited number of coring/boring is necessary to verify the GPR layer thickness data.
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Appendix B
Geotechnical Report Limitations and Guidelines for Use
Report No. 28-00615

B.1 REFERENCE

This appendix provides information to help you manage your risks relating to subsurface problems which are caused by
construction delays, cost overruns, claims, and disputes. This information was developed and provided by ASFE', of which, we
are a member firm.

B.2 RISK MANAGEMENT INFORMATION

B.2.1 Engineering Services Performed for Specific Purposes, Persons, and Projects

Geotechnical engineers structure their services to meet the specific needs of their clients. A geotechnical engineering study
conducted for a civil engineer may not fulfill the needs of a construction contractor or even another civil engineer. Because each
geotechnical engineering study is unique, each geotechnical engineering report is unique, prepared solely for the client. No one
except you should rely on your geotechnical engineering report without first conferring with the geotechnical engineer who
prepared it. And no one, not even you, should apply the report for any purpose or project except the one originally contemplated.

B.2.2 Read the Full Report
Serious problems have occurred because those relying on a geotechnical engineering report did not read it all. Do not rely on an
executive summary. Do not read selected elements only.

B.2.3 A Geotechnical Engineering Report Based on a Unique Set of Project-Specific Factors

Geotechnical engineers consider a number of unique, project-specific factors when establishing the scope of a study. Typically
factors include: the client’s goals, objectives, and risk management preferences; road name and termini; current and future traffic
loading; the general nature of the geotechnical structure involved, its type, its length, and cross section; geotechnical layer type
and thicknesses; and other planned or existing geotechnical improvements, such as access roads, parking lots, and underground
utilities. Unless the geotechnical engineer who conducted the study specifically indicates otherwise, do not rely on a
geotechnical engineering report that was:

not prepared for you,

not prepared for your project,

not prepared for the specific geotechnical tested, or
completed before important project changes were made.

Typical changes that can erode the reliability of an existing geotechnical engineering report include those that affect:
e the function of the proposed geotechnical, as when it’s changed from a minor collector to a major collector, or from a
rural to a urban,
traffic loading or traffic volume, mix, loading factors and growth rates that used to calculate traffic loading
elevation, depth, location, width, or layer of the proposed geotechnical,
composition of the design team, or
project ownership.

As a general rule, always inform your geotechnical engineer of project changes, even minor ones, and request an assessment of
their impact. Geotechnical engineers cannot accept responsibility or liability for problems that occur because their reports do not
consider developments of which they were not informed.

B.2.4 Geotechnical Conditions Can Change

A geotechnical engineering report is based on conditions that existed at the time the study was performed. Do not rely on a
geotechnical engineering report whose adequacy may have been affected by: the passage of time; by man-made events, such as
construction on or adjacent to the site; or by natural events, such as floods, earthquakes, or groundwater fluctuations. Always
contact the geotechnical engineer before applying the report to determine if it is still reliable. A minor amount of additional
testing or analysis could prevent major problems.

1 ASFE, 8811 Colesville Road/Suite G106, Silver Spring, MD 20910
Telephone: 301/565-2733: www.asfe.org

Appendix B — Page 1 of 2 AMERICAN ENGINEERING TESTING, INC


http://www.asfe.org/

Appendix B
Geotechnical Report Limitations and Guidelines for Use
Report No. 28-00615

B.2.5 Most Geotechnical Findings Are Professional Opinions

Geotechnical testing identified geotechnical conditions only at those points where geotechnical tests are conducted or samples
are taken. Geotechnical engineers review field and laboratory data, analyze the data and then apply their professional judgment
to render an opinion about geotechnical conditions throughout the section. Actual geotechnical conditions may differ, sometimes
significantly, from those indicated in your report. Retaining the geotechnical engineer who developed your report to provide
construction observation is the most effective method of managing the risks associated with unanticipated conditions.

B.2.6 A Report’s Recommendations Are Not Final

Do not over rely on the construction recommendations included in your report. Those recommendations are not final, because
geotechnical engineers develop them principally from judgment and opinion. Geotechnical engineers can finalize their
recommendations only by observing actual subsurface conditions revealed during construction. The geotechnical engineer who
developed your report cannot assume responsibility or liability for the report’s recommendations if that engineer does not
perform construction observation.

B.2.7 A Geotechnical Engineering Report Is Subject to Misinterpretation

Other design team members’ misinterpretation of geotechnical engineering reports has resulted in costly problems. Lower that
risk by having your geotechnical engineer confer with appropriate members of the design team after submitting the report. Also
retain your geotechnical engineer to review pertinent elements of the design team’s plans and specifications. Contractors can
also misinterpret a geotechnical engineering report. Reduce that risk by having your geotechnical engineer participate in prebid
and preconstruction conferences, and by providing construction observation.

B.2.8 Do Not Redraw the Engineer’s Tables and Plots

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

B.2.9 Give Contractors a Complete Report and Guidance

Some owners and design professionals mistakenly believe they can make contractors liable for unanticipated subsurface
conditions by limiting what they provide for bid preparation. To help prevent costly problems, give contractors the complete
geotechnical engineering report, but preface it with a clearly written letter of transmittal. In the letter, advise contractors that the
report was not prepared for purposes of bid development and that the report’s accuracy is limited; encourage them to confer with
the geotechnical engineer who prepared the report (a modest fee may be required) and/or to conduct additional study to obtain
the specific types of information they need or prefer. A prebid conference can also be valuable. Be sure contractors have
sufficient time to perform additional study. Only then might you be in a position to give contractors the best information
available to you, while requiring them to at least share some of the financial responsibilities stemming from unanticipated
conditions.

B.2.10 Read Responsibility Provisions Closely

Some clients, design professionals, and contractors do not recognize that geotechnical engineering is far less exact than other
engineering disciplines. This lack of understanding has created unrealistic expectations that have led to disappointments, claims,
and disputes. To help reduce the risk of such outcomes, geotechnical engineers commonly include a variety of explanatory
provisions in their report. Sometimes labeled “limitations” many of these provisions indicate where geotechnical engineers’
responsibilities begin and end, to help others recognize their own responsibilities and risks. Read these provisions closely. Ask
questions. Your geotechnical engineer should respond fully and frankly.

B.2.11 Geoenvironmental Concerns Are Not Covered

The equipment, techniques, and personnel used to perform a geoenvironmental study differ significantly from those used to
perform a geotechnical study. For that reason, a geotechnical engineering report does not usually relate any geoenvironmental
findings, conclusions, or recommendations; e.g., about the likelihood of encountering underground storage tanks or regulated
contaminants. Unanticipated environmental problems have led to numerous project failures. If you have not yet obtained your
own geoenvironmental information, ask your geotechnical consultant for risk management guidance. Do not rely on an
environmental report prepared for someone else.
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Whittier Tunnel - Voids Below the Invert Panels
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Whittier Tunnel - Voids Below the Invert Panels
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Whittier Tunnel - Bedrock Depth
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Whittier Tunnel - Potential Corrosion
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Appendix C

Photographs of Crown and Sidewalls That Require Drainage Control
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BV to Tel #511 (12/5/12)

Tel #512 to Tel # 513 (12/5/12)

512-35 (5/20/13)

Tel #511 to Tel #512 (12/5/12)

BV to SH #1
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Tel #514 to Tel # 515 (12/5/12)
512-35 (5/20/13)

514-03 (5/20/13)

Tel #513 to Tel #514 (12/5/12)

BV to SH #1
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Tel #514-03 to Tel # 514-05 (12/5/12) Tel #515 to SH #1 (12/5/12)

Tel #514-03 to Tel #524-05 (12/5/12)

BV to SH #1



SH #1 to Tel #516 (12/12) 516-49 to 516-51 (12/12)

Tel #516 to Tel #517 (12/12) Tel #517 to Tel #521 (12/12)

SH #1 to SH #2
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517-01 (12/12)

517-10 (12/12)

517-5to0 517-7 (12/12)

517-05 to 517-07(12/12)

SH #1 to SH #2
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517-19 (12/12)
517-10 (12/12)

517-19 (12/12)

Tel #521 to Tel #522 (12/12)

SH #1 to SH #2

a7



521-24 (12/12)
521—-19 to 20 (5/13)

521-31 to 521-33 (12/12)

521-19 to 521-20 (12/12)

SH #1 to SH #2
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522-03 to 522-04 (12/12)

521-31 to 33 (5/13)

521-31 to 521-33 (12/12)
522-03 to 04 (5/13)

522-10 (12/12)

Tel #522 to Tel #523 (12/12)

SH #1 to SH #2
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522-28 (12/12)

522-14 (5/13)

522-24 (12/12)

5-28 (5/13)

522-28 (12/12)

Tel #523 to SWH #2 (12/12)

SH #1 to SH #2
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524-10 to 524-20 (12/12)

SH #2 - Tel #524 (12/12) 524-10 to 524-20 (12/12)

Tel #524 to Tel #525 (12/12)

524- 10 to 28 (5/21/13)

SH #2 to SH #3
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524 —10to 18 (5/21/13)

524 -20(5/30/13)

524-1-(5/21/13)

524-20 to 524-30 (12/12)

SH #2 to SH #3
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Tel #525 to Tel #533 (12/12)

524 — 20 to 26 (5/21/13)

525-05 to 525-07 (12/12)
524-30 (5/30/13)

524-20 to 524-30 (12/12)

SH #2 to SH #3
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525-05 to 07 (5/21/13)

533-1595/21/13)

525-20 (12/12)

533-02 to 533-09 (12/12)

Tel #533 to Tel #535 (12/12)

533-33 to 533-34 (12/12)

SH #2 to SH #3



533-33 to 533-34 (12/12)

Tel #535 to Tel #531 (12/12)

535-19 to 535-28 (12/12)

535-06 (12/12)

535-19 to 535-28 (12/12)

535-19 to 535-28 (12/12)

SH #2 to SH #3
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535-19 to 535-28 (12/12)

535-19 to 535-28 (12/12)

Tel #532 to Tel 532 (12/12)

535—19 to 28 (5/21/13)

Tel #532 to SH #3 (12/12)

SH #2 to SH #3
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534-06 to 534-08 (12/12)

SH #3 to Tel 534 (12/12)

Tel #534 to Tel #536 (12/12)
534-06 to 534-08 (12/12)

SH #3 to SH #4
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534-18 to 534-20 (12/12)

534 — 06 to 08 (5/13)

534 -18 to 30 (5/13)

534-06 to 08 (5/13)

SH #3 to SH #4
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Tel #536 to Tel # 537 (3/5/13)

536 -06 to 07 (5/13)

536-06 to 536-07 (12/12)

536 — 17 to 18 (12/12)

SH #3 to SH #4
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536-17 to 537-18 (12/12)

537 -35 (5/13)

Tel #537 to Tel #541 (12/12)

537-35 (12/12)

Tel #541 to Tel #542 (12/12)

SH #3 to SH #4
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Tel #542 to Tel #543(12/12)

542-10 (12/12)
Tel #543 to SH #4 (12/12)

542 - 09 to 10 (12/12)

SH #3 to SH #4
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544-28 to 544-29 (12/12)

SH #4 to Tel #544 (12/12)

544 -28 to 29 (5/13)

Tel #545 to Tel #546 (12/12)

Tel #544 to Tel #545 (12/12)

SH #4 to SH #5
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545—12 to 19 (5/13)

545-12 to 545-19 (12/12)

545 — 12 to 19 (5/13)

54512 to 19 (5/13)

545-37 to 545-39 (12/12)

SH #4 to SH #5
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545 —37 to 39 (5/13) 546 —6to 7 (12/12)

546-27 to 546-33 (12/12)
Tel #546 to Tel #551 (12/12)

546 -27 (5/13)

SH #4 to SH #5



546 —30 (5/13)

546-27 to 546-33 (12/12)

546 — 27 to 33 (5/13)

Tel #551 to Tel #552 (12/12)

546 — 30 (5/13)

SH #4 to SH #5
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551-05 to 551-07 (12/12)
551-10 to 551-14 (12/12)

551 — 05 to 07 (5/13)
551 —10 to 14 (5/13)

551-10to 14 (5/13)

SH #4 to SH #5
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551 — 18 to 24 (5/13)

551- 10 to 14 (12/12)

551-18 to 551-24 (12/12)

551-30 to 551-36 (3/5/13)

551 — 18 to 24 (5/13)

SH #4 to SH #5
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Tel #552 to Tel #553 (12/12) 552-13 to 552-14 (12/12)

552-01 to 552-05 (12/12) 552-13 to 552-14 (12/12)

552 -13 to 14 (12/12)

552 -1to 5 (5/13)

SH #4 to SH #5
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552 — 13 to 14 (12/12) 552-241026 (5/13)

552-24 to 552-26 (12/12)

552 — 24 to 26 (12/12)

552-24 to 552-26 (12/12)

Tel #553 to SH #5 (12/12)

SH #4 to SH #5
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554 — 11 to 12 (5/13)
SH #5 to Tel #554 (12/12)

554-22 to 554-23 (12/12)

Tel # 554 to Tel #555 (12/12)

SH #5 to SH #6
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554 — 22 to 23 (12/12)
554 — 33 to 34 (12/12)

554-33 to 554-34 (12/12
(12/12) Tel #555 to Tel #556 (12/12)

SH #5 to SH #6

71



Tel #562 to Tel #563 (12/12)

555 — 07 to 09 (12/12)
562-03 (12/12)

555-32 to 555-33 (12/12)

SH #5 to SH #6
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562-08 to 562-12 (12/12)

563-08 to 563-14 (12/12)

563-08 to 563-14 (12/12)

562 — 08 to 16 (5/13)

563 — 08 to 14 (5/13)

Tel #563 to Tel #564 (12/12)

SH #5 to SH #6
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563-19 to 563-24 (12/12)

563 —08 to 14 (5/13)

563 — 19 to 25 (5/13)

563 08 to 14 (5/13)

Tel #564 to SH #6 (12/12)

SH #5 to SH #6
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565—3to 4 (5/13)

SH #6 to Tel #565 (12/12)

565-31 to 565-33 (12/12)

Tel #565 to Tel #566 (12/12)

565 —31to 33 (5/13)

SH #6 to SH #7
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Tel #566 to Tel #567 (12/12) 566 -11 (5/15)

Tel #567 to Tel #571 (12/12)
566-11 (12/12)

566 — 11 (5/13) Tel #571 to Tel #572 (12/12)

SH #6 to SH #7
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571-10 (12/12)

Tel #572 to Tel #573 (12/12)

Tel #573 to SH #7 (3/5/13)

571 - 15 to 16 (12/12)

SH #6 to SH #7

7



SH #7 to Tel #574 (5/3/13)

Tel #575 to Tel #576 (12/12)

575-01 to 575-05 (12/12)

Tel #574 to Tel #575 (12/12)

SH #7 to SH #8
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575-30 to 575-34 (12/12)

576 —17 to 19 (5/13)

Tel # 576 to Tel #581

576-17 to 576-19 (12/12)

SH #7 to SH #8
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576-32 to 576-35 (12/12)

576 - 32 to 35 (5/13)

576 —32 to 35(5/13) Tel #581 to Tel #582 (12/12)

SH #7 to SH #8
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581-36 to 587-37 (12/12)
581-11 to 581-20 (12/12)

581 —-11t0 20 (5/13) Tel #582 to Tel #583 (12/12)

SH #7 to SH #8
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582-01 to 582-02 (12/12) 582-10 (12/12)

582 —01 (5/13)

582-10 (12/12)

SH #7 to SH #8
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582-10 (12/12)

582 -13 (5/13)

582-20 to 582-21 (12/12)

582 -13 (12/12)

SH #7 to SH #8
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583-09 to 583-10 (12/12)
582 — 20 (5/13)

Tel # 583 to SH #8 (12/12) 583 - 09 to 10 (5/13)

SH #7 to SH #8



SH #8 to Tel #584 (12/12) Tel # 584 to T31 585 (12/12)

Tel #585 to Tel #586 (3/5/13)

SH #8 to Tel #584 (12/12)

SH #8 to WP
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585-09 to 585-10 (12/12)

585-26 to 585-33 (12/12)

585 —-9to 10 (5/13)

585-26 to 585-33 (12/12)

SH #8 to WP
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585-26 to 585-33 (12/12)

585 —26 to 33 (5/13)

585 — 26 to 33 (5/13)

585 — 26 to 33 (5/13)

SH #8 to WP
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Tel #586 to Tel #587 (12/12) 585 —40 to 586 — 10 (5/13)

585 — 40 to 586 -06 (5/13)

585-40 to 586-06 (12/12)

SH #8 to WP

88



586-10 (12/12)

586-18 to 586-30 (12/12)

586 -10 (5/13)

586-18 to 586-30 (12/12)

586 —10 (5/13)

SH #8 to WP
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586 — 18 to 30 (5/13)
586-18 to 586-30 (12/12)

586 — 18 to 30 (5/13)
586 — 18 to 30 (5/13)

586 — 18 to 30 (5/13)

SH #8 to WP
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586-30 to 586-38 (12/12)
586 — end of pan (5/13)

586-30 to 586-38 (12/12)
586 — 28 to 30 (12/12)

SH #8 to WP
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586-30 to 586-38 (12/12) 587 —01 to 07 (5/13)

Tel #587 to Tel #588 (12/12) 587-14 to 587-20 (12/12)

587-01 to 587-06 (12/12) 587 — 14 to 20 (5/13)

SH #8 to WP
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587-27 to 587-29 (12/12)

587 — 14 to 20 (5/13)

587-27 to 587-29 (12/12)

587-27 to 587-29 (12/12) 587-27 to 587-29 (12/12)

SH #8 to WP
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587 — 27 to 31 (5/13) 587 —27 to 31 (5/13)

587 —27 to 31 (5/13)
587 —27 to 31 (5/13)

SH #8 to WP
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587-37 (12/12)

Tel #588 to WP (12/12)

587 — 37 (5/13)

SH #8 to WP
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Appendix D

Summary of Tunnel Crown Drainage Areas

Legend
NM = No Water

C=Center
L = Left
R= Right
1, 2, 3 = Subjective Magnitude of Water, 3 = highest, 1= lowest

W&I = water and Ice Control
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Tunnel Crown - Drainage Summary

. Pictures Crown Height a | 8
Begin | End | Landmark - & |5 Comments
Begin | End 12/5/12 | 5/21/13 | 7/11/13 | Lt. (Center| Rt | &= | >
BV BVP
BVP 511
511 512
512 513
512-35 |512-36 no L2,R2 L3,R3 NO
513 514 F5.0
514 515
514-3 |514-5 L3,L3 L3 L3,R1 YES End of W&I control
515 |SH#1
SH#1 | 516
516 517
516-49 |516-51 L2 L2 L2,C1,R1 NO
517 521 F4.8
517-01 no L2 L1 24.1 26| 255 NO
517-05 |517-07 C1 C1 L1,C2,R2 YES
517-10 C1 NW NO
517-19 L2 L1 L3 NO
521 522
521-19 |521-20 NW NW NW NO
521-22 NW L1 L2 NO
521-31 |521-33 R1 C1,R1 YES
522 523
522-03 |522-04 C1 R1 YES
522-14 R1 L2 YES
522-24 C1 ? C2,R2 NO
522-28 R2 R2 R1 NO
523 |[SH#2 SH #2
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Tunnel Crown - Drainage Summary

. Pictures Crown Height a | 8
Begin | End | Landmark - & |5 Comments
Begin | End 12/5/12 | 5/21/13 | 7/11/13 | Lt. (Center| Rt | &= | >
SH#2 | 524
524 525
524-08 |524-18 L2,R3 L2,R2 L3 24.5 26| 24.7| yes | YES Pans start at 524-11
524-20 |524-29 C2,R3 C1,R2 L3 254, 25.1) 24.7 YES may be dry btw 23-30
525 533 F4.6
525-05 |525-07 R2 L2 LS,C1 21.1, 23.7| 233 YES
525-20 R1 L1 YES
533 535
533-02 |533-09 12,C1,R2 | L2,R2 | L2,c3,L2 | 221 229 211 YES
533-15 ? L2 L2 223 222 231 NO
533-33 |533-34 C1,R2 Cc2 L2 YES
535 531 F4.4
535-06 C1,R1 C1 C1
535-19 |535-28 C2,R2 L3,R2 L3 21| 22.9| 21.4] yes ] YES RT - CALCITE
531 532 YES
532 |SH#3 SH #3
SH#3 | 534
534 536
534-04 |534-08 L3,C3,R3 | L2,C1,R2 | L3,C3,R3 21| 21.8| 22.2 YES DAMAGED CONCRETE
534-18 |534-20 Cc2 L2,C2 L3,C3,R2 NO
536 537
536-05 |536-07 L2,C2 L2,C2 L3,C2,R1 | 221 22| 21.8 NO DAMAGED CONCRETE
536-17 |536-18 NW C1 L2,C2 NO
537 541
537-35 C1,R1 L2 L3,C2 YES
541 542 F4.2
542 543
542-08 |542-10 Cc2 Cc2 C2,R2 22.3| 229 21.9 NO DAMAGED CONCRETE
542-32 C2
543 |SH#4 SH #4
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Tunnel Crown - Drainage Summary

. Pictures Crown Height a | 8
Begin | End | Landmark - & |5 Comments
Begin | End 12/5/12 | 5/21/13 | 7/11/13 | Lt. [Center| Rt | & | >
SH#4 | 544
544 545 F4.0
544-9 |544-11 L2
544-28 |544-29 R2 R2 C2,R3 NO
545 546
545-2 |545-3 L2
545-11 |524-21 L2,C2,R2 | L2,C3,R3 | L3,C3,R3 ] 21.6 23.1 22 YES
545-36 |545-40 L2,C2 L2,C2 L3,C3,R3 YES
546 551
546-6 |546-9 no L2 L3 NO
546-27 |546-33 L2,C3 L3,C3,R3 L3,C3 21.6f 229 223 YES
551 552
551-2 |551-5 L3,C2
551-05 |551-07 L2 L3 L3,C2 YES
551-10 |551-14 L2,C2,R2 | L3,C2,R3 | L3,C3,R3 ] 219 23| 214 YES
551-18 |551-24 L2,C2 L3,C2 L3,C1 YES
551-30 |551-36 ? Cc2 L2,C2 YES
552 553 F3.8
552-01 |552-05 L2,C2 L2,C2 L3,C3 213, 223|215 NO
552-13 |552-14 L1,R2 L1,R2 L3,R2 217, 22.7| 21.8 NO
552-24 |552-26 C2,R2 C2,R2 L2,C2,R2 |} 219 22.9| 21.9 NO
553 |SH#5 SH #5
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Tunnel Crown - Drainage Summary

. Pictures Crown Height a | 8
Begin | End | Landmark - & |5 Comments
Begin | End 12/5/12 | 5/21/13 | 7/11/13 | Lt. (Center| Rt | &= | >
SH#5 | 554
554 555
554-11 |554-13 no L3 L3 YES
554-21 |554-23 R1 R2 R3 NO
554-33 |554-34 L2 L2 L2 NO
555 556
555-32 |555-33 C1 L1 L2 YES
556 562 F3.6
556-7 |556-9 no L2 L2 NO
556-31 |556-32 no C1 NW NO
562 563
562-03 |562-05 L1 L2 L2,C2 YES
562-08 |562-17 C1,R1 R2 L3.R3 NO
563 564
563-06 |563-14 L2,C2,R3 L2,R4 L3,R3 22.8| 23.6| 21.9 YES DAMAGED CONCRETE
563-15 |563-28 L2,C3,R4 | L3,C3,R3 | L3,C3,R3 | 21.8 22.3| 215 NO DAMAGED CONCRETE
564 |SH #6 SH #6
SH#6 | 565
565 566
565-3 |565-4 no R1 R3 20.9, 22.3| 21.7 NO
565-31 |565-33 Cc2 L2,C2 L3,C2,R1
566 567 F3.4
566-11 |566-12 C1 L2,C2 L3,R1 219, 22.6| 20.1 NO
567 571
567-4 |567-6 C2
571 572
571-10 C2,R2 NW NO
571-15 571-17 C2,R2 C2,R2 YES
572 573 F3.2
573 |SH#7 SH #7
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Tunnel Crown - Drainage Summary

. Pictures Crown Height a | 8
Begin | End | Landmark - & |5 Comments
Begin | End 12/5/12 | 5/21/13 | 7/11/13 | Lt. (Center| Rt | &= | >
SH#7 | 574
574 575
575 576
575-01 |575-05 L2,C2 L3,C2,R1 | L3,C3,R1 | 20.9| 23.1| 219 NO
575-30 |575-35 C1,R2 R2 C2 NO
576 581 F3.0
576-17 |576-19 C2 C2 L1,C3 21.4| 224 21 NO
576-32 |576-35 L2,R2 L2,R2 L3,R2 NO
581 582
581-11 |581-20 C3,R2 L2,C3,R2 | L3,C3,R2 | 22.1| 22.1| 22.2 YES
581-36 |581-37 Cc2 C1 C2 YES
582 583
582-01 |582-02 C1 C1 C1 215 22.1| 21.6 YES
582-13 L1 L2,R1 L3 NO
582-20 |582-21 L1 L2 L1 NO
583 |SH #8 SH #8
583-09 |583-10 C2 L2,C2 L2,L3 YES
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Tunnel Crown - Drainage Summary

. Pictures Crown Height a | 8
Begin | End | Landmark - & |5 Comments
Begin | End 12/5/12 | 5/21/13 | 7/11/13 | Lt. [Center| Rt | & | >
SH#8 | 584
584 585 F2.8
584-4 |584-6 L1,R1
585 586
585-06 |585-11 L2 R2 L3,R1 20.9 21.7| 21.6 NO
585-26 |585-33 L2,C3,R2 | L3,C3,R3 | L3,C3,R3 22| 21.4| 21.4] YES| YES
586 587
585-40 |586-06 R3 C3,R4 L2,C3,R3 | 21.3| 21.8| 21.9] YES] YES
586-10 C1,R2 R2 NW 22.3 22.4| 20.9 YES
586-18 |586-30 L2,C2,R3 | L2,C4,R4 | L3,C4,R4 | 21.7 YES
586-30 |586-38 L4,R4 L3,C3,R3 | L3,C4,R4 | 21.1| 22.1| 21.7) YES]|YES car wash
587 588
587-01 |587-06 L2,R2 L3,R3 L3,R2 22.1 21.7| 21.5 YES
587-14 |587-20 R2 R2 R1 23.5| 23.8| 22.7]} YES] YES
587-27 |587-31 L2,C2,R3 | L3,C2,R3 C1,R2 219 22.4| 21.4] YES| YES
587-36 |587-37 R3 R3 YES
588 WP F2.6
WP Whit
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Appendix E

Tunnel Inspection Reports

Legend
PN = Panel Number

SH = Safe House
IC = Ice Control
W(x) = Subjective Severity of Water Draining from Crown
W3 = Significant Water Draining From Crown

W1= Minor Amount of Water Draining from Crown
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Whittier Tunnel Inspection Summary

) Land Length Seals Wet Areas (Panels) Crack | Storm Drains
Begin | End - - - Comments
mark | Panels | Feet % 3 2 1 side Pan. N (in) | S (in)
BearV BV Port 15 113] 100% 0 0 0 0 0 0
BV Port 511 23 173] 100% 0 0 0 0 0 3
511 512 38 285 0 0 0 0 0 8
512 513 36 270 0 0 3 0 0 7
513 514 F5.0 41 308 0 0 2 0 0 15 0.4 1.3
514 515 39 293 0 3 1 0 0 5 0.8 1.9 1518
515 516 SH #1 10 75 0 0 0 0 0 3 2 462.6
516 517 59 443 0 3 7 0 0 8 1.4
517 521 F4.8 21 158 0 5 2 0 0 2
521 522 38 285 0 7 3 0 0 5 PN# 521-37 & 38 settled
522 523 40 300 0 4 5 2 3 5 2.4|PN# 522-01-20 settled 1262
523 524 SH #2 10 75 0 1 0 0 0 3 1.5 384.7
524 525 38 285 7 12 2 0 3 5 Broken Rail - PN# 525-16
525 533 F4.6 40 300 0 3 2 0 0 9 Broken Rail - F4.6 PN# 525-01
533 535 37 278 0 10 1 0 5 9
535 531 F4.4 43 323 2 8 3 0 0 7
531 532 37 278 0 0 0 0 2 9 2 1.3 1540
532 534 SH #3 10 75 0 0 0 0 0 6 3 1]Rail Settlement PN#-01 to 10 469.5
534 536 40 300 2 3 7 0 0 10 1
536 537 40 300 0 4 1 0 0 11
537 541 38 285 0 1 0 4 1 9
541 542 F4.2 39 293 0 0 0 1 0 9 F4.2 2 PN#541-01 1570
542 543 42 315 0 2 1 0 1 8 1.8 2.4 478.6
543 544 SH #4 10 75 0 0 0 0 0 1 2.25 Joint Bar - PI Broken Rail
544 545 F4.0 40 300 0 2 0 0 1 8 1.8 1.3
545 546 41 308 0 10 0 2 0 8
546 551 37 278 2 5 0 0 2 5
551 552 39 293 3 14 5 1 0 4
552 553 F3.8 41 308 4 6 0 0 0 6 0.9 0.8 1563
553 554 SH #5 10 75 0 0 0 0 0 1 2.75 476.3
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3998.00

4457.79

380.00
4837.79

471.00
5308.79

478.21
5787.00
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6262.79
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554 555 37 278 0 4 3 0 0 7 2.25 0.9
555 556 40 300 0 3 0 0 0 1
556 562 F3.6 41 308 0 2 2 0 0 3
562 563 39 293 0 2 2 0 0 3
563 564 44 330 7 5 2 0 0 5 0.6 0.4]? # of Panels 1585
564 565 SH #6 10 75 0 0 0 0 0 2 2.75 483.2
565 566 41 308 0 1 2 0 0 10 1.3 1
566 567 F3.4 40 300 0 1 1 0 0 5
567 571 37 278 0 0 0 2 0 3
571 572 42 315 0 0 3 0 3 2
572 573 F3.2 42 315 0 0 2 0 2 3 1.6 1]South SD 10"
573 574 SH #7 10 75 0 0 0 0 0 1 2.75 485.5
574 575 40 300 0 0 0 0 0 4 1.9 1.1
575 576 38 285 2 4 2 2 0 2
576 581 F3.0 38 285 0 6 0 0 1 1
581 582 41 308 7 3 2 0 2 6
582 583 26 195 0 4 0 0 3 2 1.8 1]South SD 10" 1450
583 584 SH #8 10 75 0 2 0 0 0 2 2.75 442
584 585 F2.8 40 300 0 0 3 0 4 6
585 586 40 300 4 6 5 2 2 1
586 587 38 285 11 12 4 0 0 6 Car Wash - PN# 586-28-38
587 588 40 300 0 4] 10 3 1 3 1.9 2.6]1.5" drain
588 W Portal F2.6 19 143 0 0 0 0 0 0 1.1 1 1465
W Portal Whittier 18 135 0 0 0 0 0 0 446.6
1803 13523 51 162 88 19 36 267
28% 9.0% 49% 1.1% 2.0% 14.8%
383 1215 660 143 270

Summary 105

485.00
6747.79

485.00
7232.79

450.00
7682.79

458.21
8141.00

485

485

450

458



Whittier Tunnel Inspection Summary

) Land Length Seals Wet Areas (Panels) Crack | Storm Drains
Begin | End - - - Comments
mark | Panels | Feet % 3 2 1 side Pan. N (in) | S (in)
BearV BV Port 15 113] 100% 0 0 0 0 0 0
BV Port 511 23 173] 100% 0 0 0 0 0 3
511 512 38 285 0 0 0 0 0 8
512 513 36 270 0 0 3 0 0 7
513 514 F5.0 41 308 0 0 2 0 0 15 0.4 1.3
514 515 39 293 0 3 1 0 0 5 0.8 1.9 1518
515 516 SH #1 10 75 0 0 0 0 0 3 2 462.6
516 517 59 443 0 3 7 0 0 8 1.4
517 521 F4.8 21 158 0 5 2 0 0 2
521 522 38 285 0 7 3 0 0 5 PN# 521-37 & 38 settled
522 523 40 300 0 4 5 2 3 5 2.4|PN# 522-01-20 settled 1262
523 524 SH #2 10 75 0 1 0 0 0 3 1.5 384.7
524 525 38 285 7 12 2 0 3 5 Broken Rail - PN# 525-16
525 533 F4.6 40 300 0 3 2 0 0 9 Broken Rail - F4.6 PN# 525-01
533 535 37 278 0 10 1 0 5 9
535 531 F4.4 43 323 2 8 3 0 0 7
531 532 37 278 0 0 0 0 2 9 2 1.3 1540
532 534 SH #3 10 75 0 0 0 0 0 6 3 1]Rail Settlement PN#-01 to 10 469.5
534 536 40 300 2 3 7 0 0 10 1
536 537 40 300 0 4 1 0 0 11
537 541 38 285 0 1 0 4 1 9
541 542 F4.2 39 293 0 0 0 1 0 9 F4.2 2 PN#541-01 1570
542 543 42 315 0 2 1 0 1 8 1.8 2.4 478.6
543 544 SH #4 10 75 0 0 0 0 0 1 2.25 Joint Bar - PI Broken Rail
544 545 F4.0 40 300 0 2 0 0 1 8 1.8 1.3
545 546 41 308 0 10 0 2 0 8
546 551 37 278 2 5 0 0 2 5
551 552 39 293 3 14 5 1 0 4
552 553 F3.8 41 308 4 6 0 0 0 6 0.9 0.8 1563
553 554 SH #5 10 75 0 0 0 0 0 1 2.75 476.3

Summary 106

3998.00

4457.79

380.00
4837.79

471.00
5308.79

478.21
5787.00

475.79
6262.79

460

380

471

478

476



554 555 37 278 0 4 3 0 0 7 2.25 0.9
555 556 40 300 0 3 0 0 0 1
556 562 F3.6 41 308 0 2 2 0 0 3
562 563 39 293 0 2 2 0 0 3
563 564 44 330 7 5 2 0 0 5 0.6 0.4]? # of Panels 1585
564 565 SH #6 10 75 0 0 0 0 0 2 2.75 483.2
565 566 41 308 0 1 2 0 0 10 1.3 1
566 567 F3.4 40 300 0 1 1 0 0 5
567 571 37 278 0 0 0 2 0 3
571 572 42 315 0 0 3 0 3 2
572 573 F3.2 42 315 0 0 2 0 2 3 1.6 1]South SD 10"
573 574 SH #7 10 75 0 0 0 0 0 1 2.75 485.5
574 575 40 300 0 0 0 0 0 4 1.9 1.1
575 576 38 285 2 4 2 2 0 2
576 581 F3.0 38 285 0 6 0 0 1 1
581 582 41 308 7 3 2 0 2 6
582 583 26 195 0 4 0 0 3 2 1.8 1]South SD 10" 1450
583 584 SH #8 10 75 0 2 0 0 0 2 2.75 442
584 585 F2.8 40 300 0 0 3 0 4 6
585 586 40 300 4 6 5 2 2 1
586 587 38 285 11 12 4 0 0 6 Car Wash - PN# 586-28-38
587 588 40 300 0 4] 10 3 1 3 1.9 2.6]1.5" drain
588 W Portal F2.6 19 143 0 0 0 0 0 0 1.1 1 1465
W Portal Whittier 18 135 0 0 0 0 0 0 446.6
1803 13523 51 162 88 19 36 267
28% 9.0% 49% 1.1% 2.0% 14.8%
383 1215 660 143 270

Summary 107

485.00
6747.79

485.00
7232.79

450.00
7682.79

458.21
8141.00

485

485

450

458



WHITTIER TUNNEL INSPECTION FORM

Tele# 516A Sta _4457.8 Panel Cracks a4714 Tele# 516B Sta Pa
#| sta [seals I\?ra"; W& | TM | BW | Dam | Other #| sta | Seals l\?ra"; Wel | ™
1| 44714 46| 4,574.4

2| 44736 47| 4,576.7

3| 44759 48| 4,579.0

4| 4,478.2 2 49( 4,581.3 w3
5| 4,480.5 50| 4,583.6 w3
6| 4,482.8 w2 51| 4,585.9 w3
7| 4,485.1 52| 4,588.1 IC-9
8| 4,487.4 53| 4,590.4 IC-9
9| 4,489.7 54| 4,592.7

10| 4,492.0 55| 4,595.0 IC-10
11| 4,4943 56| 4,597.3 IC-10
12| 4,49.5 57| 4,599.6 IC-10
13| 4,498.8 58| 4,601.9 IC-10
14| 45011 2 59| 4,604.2

15| 4,503.4 1.4

16| 4,505.7 w 3

17| 4,508.0

18| 4,510.3 IC-8

19| 45126 IC-8 2

20| 4,5514.9 IC-8

21| a,517.2 w2

22| 4,519.4 w2

23| 45217 w2

24| 4,524.0

25| 4,526.3

26| 4,528.6

27| 4,530.9 2

28| 4,5533.2

29| 4,535.5

30| 4,537.8 2

31| 4,540.1

32| 45423

33| 4,544.6

34| 4,546.9

35| 4,549.2 2

36| 4,551.5

37| 4,553.8

38| 4,556.1 w2

39| 4,5558.4

40| 4,560.7

41| 4,563.0

42| 4,565.2 w2

43| 4,567.5

44| 4,569.8 2 w4 w3 w2 | wl ws CP
45| 4,572.1 3 7 8

SH1-SH2 108



WHITTIER TUNNEL INSPECTION FORM

SH1-SH2 109

nel Cracks 14 Tele # 517 Sta Panel Cracks 0.000 Tele #
BW | Dam Other | #| sta |seals l\[l"a"; W& | TM | BW | Dam | Other #| sta
1| 4,606.5 w2 2 1| a,652.3
2| 4,608.8 IC-11 2| 4,654.6
3| 4,611.0 IC-11 3| 4,656.8
4| 46133 IC-11 4| 4,659.1
5] 4,615.6 w3 5| 4,661.4
6| 4,617.9 w3 6| 4,663.7
7] 4,620.2 w3 7] 4,666.0
8| 4,622.5 IC-12 8| 4,668.3
9| 4,624.8 IC-12 9| 4,670.6
10| 46271 w3 10| 4,672.9
11| 4,629.4 11| 4,675.2
12| 4,631.7 12| 46775
13| 4,633.9 13| 4,679.7
14| 4,636.2 14| 4,682.0
15| 4,6385 15| 4,684.3
16| 4,640.8 16| 4,686.6
17| 46431 IC-13 17| 4,688.9
18| 4,645.4 IC-13 2 18| 4,691.2
19| 4,647.7 w3 19| 4,693.5
20| 4,650.0 20| 4,695.8
21| 4,698.1
22| 4,700.4
23| 4,702.6
24| a,704.9
25| 4,707.2
26| 4,709.5
27| a,711.8
28| 4,7141
29| 4,716.4
30| 4,718.7
31| 47210
32| 4,7233
33| 4,7255
34| 4,727.8
35| 4,7301
36| 4,732.4
37| 4,734.7
38| 4,737.0
wa w3 | w2|wl ws cP wa

5 2 2




WHITTIER TUNNEL INSPECTION FORM

521 Sta Panel Cracks 0.000 Tele # 522 Sta Panel Cracks
Seals I\?ra"; W& [ TM | BW | Dam Other | #| Sta |Seals ﬁ’a"; W&l | TM | BW | Dam
1| 47393
2| 47416 2
3| 4,743.9 w3
4| a,746.2 w3 4
5| 4,748.4
2 6| 4,750.7 w2
7| 4,753.0 IC-15 2
8| 4,755.3 IC-15
w3 9| 4,757.6 w2
w3 2 10| 4,759.9
11| 4,762.2
2 12| 4,764.5
w2 13| 4,766.8
w2 14| 4,769.1 WS
15| 4,7713 WS
16| 4,773.6
17| 4,775.9
18| 4,778.2 IC-16
2 19| 4,780.5 IC-16
Settlement 20| 4,782.8 w2
w2 2 Settlement 21| 4,785.1
Settlement 22| 4,787.4
Settlement 23| 4,789.7 w2
w3 Settlement 24| 4,792.0 w3
IC-14 Settlement 25( 4,794.2 IC-17
IC-14 Settlement 26| 4,796.5 IC-17
IC-14 Settlement 27| 4,798.8 IC-17
IC-14 Settlement 28| 4,801.1 w3
IC-14 Settlement 29| 4,803.4 IC-18
IC-14 Settlement 30| 4,805.7
w3 Settlement 31| 4,808.0
w3 Settlement 32| 48103
w3 Settlement 33| 48126 2.4]ws
Settlement 34| 4,814.9 wil
Settlement 35| 4,817.1 wil 2
Settlement 36| 4,819.4
Settlement 37| 4,821.7 2
Settlement 38| 4,824.0
39| 4,826.3
Missing As-built sta. 4+660 to 5+020 Missing As-built sta. 4+660 to 5+020
w3 | w2|wl ws CcP wa w3 | w2|wl WS CP
7 3 5 4 5 2 3 5

SH1-SH2 110




WHITTIER TUNNEL INSPECTION FORM

0.000 Tele # 523 Sta Panel Cracks 0.000
Other #| sta [seals l\[l”a"; we&l | T™™M | BW | Dam | Other

Settlement 1| 4,828.6 2

Settlement 2| 4,830.9

Settlement 3| 4,833.2

Settlement 4| 4,835.5 2

Settlement 5| 48378 1.5 good sump

Settlement 6| 4,840.0

Settlement 7| 4,842.3 w3 1

Settlement 8| 4,844.6

Settlement 9| 4,846.9

Settlement 10| 4,849.2

Settlement

Settlement (0.3172)

Settlement

Settlement

Settlement

rx Missing As-built sta. 4+660 to 5+020

Settlement

Settlement

Settlement

Settlement

Settlement

Settlement

Settlement

Settlement

No flow water
is 22" below

surface

w4 w3 | w2|wl ws CP

SH1-SH2 111



WHITTIER TUNNEL INSPECTION FORM

Tele # 524 Sta _4.837.8 48518 Tele # 525 Sta 0.000
# | Sta |[Seals I\?ra"; W&l | Panel Other #| Sta Seals ﬁralr; W&l | Panel Other

1| 48518 1| 4,938.8

2| 4,854.1 2 2] 49411

3| 4,856.4 3| 4,943.4

4| a,858.7 4| 4,945.7

5| 4,861.0 5] 4,948.0 w3

6| 4,863.3 2 6| 4,950.3 w3

7| 4,865.6 7| 4,952.6 w3

8| 4,867.8 8| 4,954.9

9| 4,870.1 9| 4,957.2
10| 4,872.4 w3 10| 4,959.4
11| a4,874.7 w3 11| 49617
12| 4,877.0 Pan,w4 12| 4,964.0
13| 48793 Pan,w4 13| 4,966.3
14| 4,881.6 Pan,w4 14| 4,968.6
15| 4,883.9 w4 2 15| 4,970.9
16| 4,886.2 w4 16| 4,973.2 Broken Rail
17| 4,888.5 wa 17| 49755
18| 4,890.7 w4 Broken Rail 18| 4,977.8
19| 4,893.0 w2 19| 4,980.1
20| 4,895.3 w2 20| 4,982.3
21| 4,897.6 w3 21| 4,984.6
22| 4,899.9 w3 22| 4,986.9
23| 4,902.2 w3 23| 4,989.2
24| 4,904.5 w3 24| 4,991.5
25| 4,906.8 w3 25| 4,993.8
26| 4,909.1 w3 2 26| 4,996.1
27| 49114 w3 27| 4,998.4
28| 4,913.6 w3 2 28| 5,000.7
29| 4,915.9 w3 29| 5,003.0
30| 4,918.2 w3 30| 5,005.2
31| 4,920.5 ws 31| 5,007.5
32| 4,922.8 wSs 32| 5,009.8
33| 4,925.1 ws 33| s5,012.1
34| 4,927.4 ws 34| 5,014.4 w2
35| 4,929.7 35| 5,016.7 w2
36| 4,932.0 36| 5,019.0
37| 4,934.3 37| 5,021.3
38| 4,936.5 38| 5,023.6

39| 5,025.9
40| 5,028.1
Missing As-built sta. 4+660 to 5+020
Missing As-built sta. 4+660 to 5+020
wa w3 | w2|wl WS CpP wa w3 w2 | wl WS CcpP
7 12 2 3 5 3 2 9

SH2-SH3 112




WHITTIER TUNNEL INSPECTION FORM

Tele # 533 Sta 0.000 Tele # 535 Sta 0.000
# | Sta |[Seals I\?ra"; W&l | Panel Other # | Sta |[Seals I\I?ralr; W&l | Panel Other
1| 5,030.4 1 1| 5,115.2
2| 5,032.7 w2 wet 5034-42 2| 5,117.5
3| 5,035.0 w3 2|(wet 5034-42 3| s5,119.7 2
4| 5,037.3 w3 wet 5034-42 4| 5,122.0
5| 5,039.6 w3 wet 5034-42 5] 5,124.3 5
6| 5,041.9 w3 2|(wet 5034-42 6| 5,126.6 w3
7| 5,044.2 w3 7| 5,128.9 w2
8| 5,046.5 w3 8| 5,131.2
9| 5,048.8 w3 9| 5,1335
10| 5,051.0 10| 5,135.8
11| 5,0533 11| s5,138.1
12| 5,055.6 12| 5,140.4
13| 5,057.9 13| 5,142.6
14| 5,060.2 WS 14| 5,144.9 2
15| 5,062.5 ws 15| 5,147.2
16| 5,064.8 ws 16| 5,149.5
17| 5,067.1 ws w 5066 17| 5,151.8
18| 5,069.4 ws 18| 5,154.1 2
19| 5,071.7 19| 5,156.4 w3
20| 5,073.9 2 20| 5,158.7 w3
21| 5,076.2 21| s5,161.0 w3
22| 5,078.5 22| 5,163.3 w3
23| 5,080.8 2 23| 5,165.5 w3
24| 5,083.1 24| s5,167.8
25| 5,085.4 25| s5,170.1 w3
26| 5,087.7 26| 5,172.4 w3 2
27| 5,090.0 2 27| 5,174.7 wa
28| 5,092.3 28| 5,177.0 w4
29| 5,094.6 29| 5,179.3
30| 5,096.8 2 30| s5,181.6 w2
31| 5,099.1 31| s5,183.9 w2
32| s5,101.4 2 32| 5,186.2 2
33| 5,103.7 w3 bad asphalt 33| 5,188.4
34| 5,106.0 w3 2 34| s5,190.7
35| 5,108.3 35| 5,193.0
36| 5,110.6 36| 5,195.3
37| 51129 37| 5,197.6
38| 5,199.9
39| 5,202.2 2
40| 5,204.5
41| 5,206.8
42| 5,209.1
43| 5,211.3
wa w3 | w2|wl WS CpP wa w3 | w2|wl ws CP
10 1 5 9 2| 8 3 7

SH2 -SH3 113




WHITTIER TUNNEL INSPECTION FORM

Tele # 531 Sta 0.000 Tele # 532 Sta 0.000
# | Sta |[Seals I\?ra': W&I | Panel Other # | Sta |[Seals I\I?ralr; W&I | Panel Other
1| 5,2136 F4.4 1| 5,298.4 1.1
2| 5,215.9 2 2| 5,300.7 2
3| 5,218.2 rx 3| 5,302.9
4| 5,220.5 4| 5,305.2 2
5| 5,222.8 2 5| 5,307.5 33 good SP
6| 5,225.1 6| 5,309.8 2
7| 5,227.4 7| 5,312
8| 5,229.7 8| 5,314.4 2
9| 5,232.0 2 9| 5,316.7 2|settle
10| 5,234.2 10| 5,319.0 2|settle
11| 5,236.5
12| 5,238.8
13| 5,241.1 2 (0.0260)
14| 5,243.4
15| 5,245.7
16| 5,248.0
17| 5,250.3
18| 5,252.6
19| 5,254.9
20( 5,257.1
21| 5,259.4
22| 5,261.7
23| 5,264.0
24| 5,266.3 3
25| 5,268.6 ws wet 5267
26| 5,270.9 ws
27| 5,273.2
28| 5,275.5 2
29| 5,277.8 2] 1.3
30| 5,280.0
31| 5,282.3 2
32| 5,284.6 wet 5284-89
33| 5,286.9 wet 5284-89
34| 5,289.2 2|wet 5284-89
35| 5,291.5
36| 5,293.8 2
37| 5,296.1

wa w3 | w2|wl WS CP wa w3 | w2|wl ws CP

2 9 6

SH2-SH3 114




WHITTIER TUNNEL INSPECTION FORM

Tele # 534 Sta _5.308.8 53213 Tele # 536 Sta 0.000
# | Sta |[Seals I\?ra"; W&l | Panel Other #| Sta Seals I\I?ralr; W&l | Panel Other
1| 5,321.3 2|settle 1| 5,412.9
2| 5,323.6 2|settle 2| 5,415.2
3| 5,325.9 settle 3| 5,417.5
4( 5,328.2 w2 settle 4| 5,419.8
5| 5,330.4 w2 2|settle 5] 5,422.0 w2
6| 5,332.7 w4 settle - wet 6| 5,424.3 w3
7| 5,335.0 w4 settle 7| 5,426.6 w3
8| 5,337.3 w3 2|settle 8| 5,428.9
9| 5,339.6 w2 settle 9| 5,431.2
10| 5,341.9 w2 settle 10| 5,433.5
11| 5,344.2 2l 1 11| 5,435.8
12| 5,346.5 w2 12| 5,438.1
13| 5,348.8 w2 13| s5,440.4
14| 5,351.1 2 14| 5,442.7
15| 5,353.3 15| 5,444.9
16| 5,355.6 16| 5,447.2
17| 5,357.9 17| 5,449.5 w3
18| 5,360.2 w3 18| 5,451.8 w3
19| 5,362.5 w3 w - 5362 19| s5,454.1
20| 5,364.8 w3 20| 5,456.4
21| 5,367.1 w2 21| 5,458.7
22| 5,369.4 22| 5,461.0
23| 5,371.7 2 23| 5,463.3
24| 5,374.0 24| 5,465.6
25| 5,376.2 25| 5,467.8
26| 5,378.5 26| 5,470.1
27| 5,380.8 27| 5,472.4
28| 5,383.1 2 28| 5,474.7
29| 5,385.4 29| 5,477.0
30| 5,387.7 2 30| 5,479.3
31| 5,390.0 31| 5,481.6
32| 5,392.3 32| 5,483.9
33| 5,394.6 33| 5,486.2
34| 5,396.9 34| 5,488.5
35| 5,399.1 35| 5,490.7
36| 5,401.4 36| 5,493.0
37| 5,403.7 2 37| 5,495.3
38| 5,406.0 38| 5,497.6
39| 5,408.3 39| 5,499.9
40| 5,410.6 2 40| 5,502.2
wa w3 | w2|wl WS CpP wa w3 w2 | wl ws CP
2.0000 3 7 10 4 1 11

SH3-SH4 115




WHITTIER TUNNEL INSPECTION FORM

Tele # 537 Sta 0.000 Tele # 541 Sta 0.000
# | Sta |[Seals I\?ra"; W&l | Panel Other # | Sta |[Seals ﬁralr; W&l | Panel Other
1| 5,504.5 1| 5,591.5 1|F4.2
2| 5,506.8 2| 5,593.8
3| 5,509.1 3| 5,596.1
4| 55114 4| 5,598.4
5| 5,513.6 5| 5,600.7
6| 5,515.9 WS 6| 5,603.0
7| 5,518.2 7| 5,605.2
8| 5,520.5 8| 5,607.5 2
9| 5,522.8 9| 5,609.8
10| 5,525.1 10| 5,612.1
11| 5,527.4 11| s5,614.4 3
12| 5,529.7 12| s5,616.7
13| 5,532.0 13| 5,619.0
14| 5,534.3 14| 5,621.3
15| 5,536.5 15| s5,623.6
16| 5,538.8 16| 5,625.9
17| s5,541.1 17| 5,628.1
18| 5,543.4 18| 5,630.4 1
19| 5,545.7 19| 5,632.7
20| 5,548.0 20| 5,635.0
21| 5,550.3 21| 5,637.3
22| 5,552.6 22| 5,639.6
23| 5,554.9 23| 5,641.9
24| 5,557.2 24| 5,644.2
25| 5,559.4 25| 5,646.5
26| 5,561.7 26| 5,648.8
27| 5,564.0 27| 5,651.0
28| 5,566.3 wl 28| 5,653.3
29| 5,568.6 wl 29| 5,655.6
30| 5,570.9 30| 5,657.9 wl
31| 5,573.2 w 5573-90 31| 5,660.2
32| 5,575.5 w 5573-91 32| 5,662.5
33| 5,577.8 w 5573-92 33| 5,664.8 2
34| 5,580.1 wl w 5573-93 34| 5,667.1
35| 5,582.3 w3 w 5573-94 35| 5,669.4 2
36| 5,584.6 wl w 5573-95 36| 5,671.7
37| 5,586.9 w 5573-96 37| 5,673.9
38| 5,589.2 w 5573-97 38| 5,676.2 2
39| 5,678.5
wa w3 | w2|wl WS CpP wa w3 | w2|wl WS CcP
1 4 1 9 1 9

SH3-SH4 116




WHITTIER TUNNEL INSPECTION FORM

Tele # 542 Sta 0.000 Tele # 543 Sta 0.000
# | Sta |[Seals I\?ra"; W&l | Panel Other # | Sta |[Seals ﬁralr; W&l | Panel Other
1| 5,680.8 1| 5,777.0
2| 5,683.1 2| 5,779.3
3| 5,685.4 WS 3| 5,781.6 Ins Joint
4| 5,687.7 4| 5,783.9 Ins Joint
5| 5,690.0 5| 5,786.2 2.6 2|Ins Joint
6| 5,692.3 6| 5,788.4 Ins Joint
7| 5,694.6 7| 5,790.7
8| 5,696.8 w2 8| 5,793.0
9| 5,699.1 w3 9| 5,795.3
10| s5,701.4 w3 10| 5,797.6
11| 5,703.7
12| 5,706.0
13| 5,708.3 (0.3900)
14| 5,710.6
15| 5,712.9
16| 5,715.2
17| 5,717.5
18| 5,719.7
19| s5,722.0
20( 5,724.3
21| 5,726.6
22| 5,728.9
23| 5,731.2
24| 5,7335
25| 5,735.8
26| 5,738.1 1.8 2.4
27| 5,740.4
28| 5,742.6
29| 5,744.9
30| 5,747.2
31| 5,749.5
32| 5,751.8 rx
33| 5,754.1
34| 5,756.4
35| 5,758.7
36| 5,761.0
37| 5,763.3
38| 5,765.5
39| 5,767.8 wet 5766
40| 5,770.1
41| 5,772.4
42| 5,774.7

wa w3 | w2|wl WS CP wa w3 | w2|wl WS CcpP

2 1 1 8 1

SH3-SH4 117




WHITTIER TUNNEL INSPECTION FORM

3519.6 0.2461538
0.17
3510

SH3-SH4 118



WHITTIER TUNNEL INSPECTION FORM

Tele # 544 Sta _5.787.8 5.800.3 Tele # 545 Sta 0.000
# | Sta |[Seals I\?ra"; W&l | Panel Other # | Sta Seals I\I?ralr; W&l | Panel Other

1| 5,800.3 1| 5,891.9 F4.0

2| 5,802.6 2| 5,894.2

3| 5,804.9 3| 5,896.5 wl

4| 5,807.2 4| 5,898.8 wil

5| 5,809.4 1 5| 5,901.0

6| 5,811.7 1 6| 5,903.3

7| 5,814.0 2 7| 5,905.6

8| 5,816.3 WS 2 8| 5,907.9 2

9| 5,818.6 9| 5,910.2
10| 5,820.9 10| s5,9125
11| 5,823.2 11| 59148
12| 5,825.5 12| 5,917.1 w3
13| 5,827.8 13| 5,919.4 w3 wet 5919-29
14| 5,830.1 14| 5,921.7 w3 wet 5919-29
15| s5,832.3 15| 5,923.9 wet 5919-29
16| 5,834.6 16| 5,926.2 w3 3|wet 5919-29
17| 5,836.9 1.8] 1.3 2 17| 5,9285 w3 wet 5919-29
18| 5,839.2 18| 5,930.8 w3 wet 5919-29
19| 5,8415 19| 5,933.1 w3 3
20| 5,843.8 20| 5,935.4
21| 5,846.1 2 21| 5,937.7
22| 5,848.4 22| 5,940.0
23| 5,850.7 23| 5,942.3
24| 5,853.0 24| 5,944.6
25| 5,855.2 25| 5,946.8
26| 5,857.5 2 26| 5,949.1
27| 5,859.8 27| 5,951.4
28| 5,862.1 w3 28| 5,953.7 2
29| 5,864.4 w3 29| 5,956.0
30| 5,866.7 30| 5,958.3 2
31| 5,869.0 31| 5,960.6
32| 5,871.3 32| 5,962.9
33| 5,873.6 33| 5,965.2
34| 5,875.9 34| 5,967.5
35| 5,878.1 35| 5,969.7
36| 5,880.4 2 36| 5,972.0 2
37| 5,882.7 37| 5,974.3 w3
38| 5,885.0 38| 5,976.6 w3 2
39| 5,887.3 39| 5,978.9 w3
40| -5,889.6 40| 5,981.2

41| 5,983.5 2
wa w3 | w2|wl WS CpP wa w3 w2 | wl ws CP
2 1 8 10 2 8
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WHITTIER TUNNEL INSPECTION FORM

Tele # 546 Sta 0.000 Tele # 551 Sta 0.000
# | Sta |[Seals I\?ra"; W&l | Panel Other # | Sta |[Seals ﬁralr; W&l | Panel Other

1| 5,985.8 1| 6,070.5 Dip

2| 5,988.1 2| 6,072.8

3| 5,990.4 3| 6,075.1 wl

4| 5,992.6 4| 6,077.4 2

5] 5,994.9 5| 6,079.7 w3

6| 5,997.2 6| 6,082.0 w4 Wet-6082

7| 5,999.5 7| 6,084.2 w3

8| 6,001.8 8| 6,086.5 w2 2

9| 6,004.1 9| 6,088.8 2(Wet 6089-99
10| 6,006.4 10| 6,091.1 w3 Wet 6089-99
11| 6,008.7 11| 6,093.4 Wz Wet 6089-99
12| s6,011.0 12| 6,095.7 w3 Wet 6089-99
13| 56,0133 13| 6,098.0 w3 Wet 6089-99
14| 6,015.5 14| 6,100.3 Wz Wet 6089-99
15| 6,017.8 15| s6,102.6
16| 6,020.1 16| 6,104.9
17| 6,022.4 17| 6,107.1
18| 6,024.7 18| 6,109.4 w3
19| 6,027.0 19| s6,111.7 w3
20| +6,029.3 20( s6,114.0 w2
21| 6,031.6 21| e6,116.3 w2
22| 6,033.9 22( 6,118.6 w2
23| 6,036.2 23| 6,120.9 w2
24| +6,038.4 24| 6,123.2 w3
25| 6,040.7 25| 6,125.5
26| 6,043.0 26| 6,127.8
27| 6,045.3 w3 27| 6,130.0
28| 6,047.6 w3 28| 6,132.3
29| 6,049.9 w3 29| 6,134.6
30| 6,052.2 w3 wet 6053-58 30| 6,136.9 w3
31| 6,054.5 wé wet 6053-58 31| 6,139.2 w3
32| 6,056.8 wé wet 6053-58 32| 6,1415 w3
33| 6,059.1 w3 wet 6053-58 33| 6,143.8 w3
34| 6,061.3 34| 6,146.1 w3
35| 6,063.6 ws 35| 6,148.4 w4
36| 6,065.9 ws 36| 6,150.7 w3
37| 6,068.2 37| 6,152.9 1

38| 6,155.2
39| 6,157.5
wa w3 | w2|wl WS CpP wa w3 | w2|wl WS Ccp
2.0000 5 2 5 3.0000 [ 14 511 4

SH4-SH5 120




Tele #

552

Sta

WHITTIER TUNNEL INSPECTION FORM

0.000

Tele #

53

Sta

0.000

I+

Sta

Seals

Drain

W&I

Panel

Other

I+

6,159.8

w3

F3.8

Sta

Seals

Drain

N|[S

W&I

Panel

Other

6,162.1

w3

6,253.7

6,164.4

wi

6,256.0

6,166.7

wi

Wet 6165

6,258.3

6,169.0

w3

6,260.6

1.6

Adjust SP

6,171.3

6,262.9

6,173.6

6,265.2

6,175.8

6,267.4

O |IN|[O|B]|H|WIN|F

6,178.1

6,269.7

OIX|IN|JOo|LNN|H|WIN|F

[y
o

6,180.4

6,272.0

=
o

[
=

6,182.7

rx

6,274.3

[y
N

6,185.0

wet 6186-94

[y
w

6,187.3

wi

wet 6186-94

[y
s

6,189.6

wi

wet 6186-94

(0.0516)

[y
[,

6,191.9

wet 6186-94

[y
()]

6,194.2

wet 6186-94

[y
~N

6,196.5

[y
(]

6,198.7

iy
[(]

6,201.0

[uny

wet 6202

N
o

6,203.3

N
=

6,205.6

N
N

6,207.9

N
w

6,210.2

Wet- 6209-32

N
H»

6,212.5

w3

Wet- 6209-32

N
(%)

6,214.8

w3

Wet- 6209-32

N
(=)

6,217.1

w3

Wet- 6209-32

N
~N

6,219.4

Wet- 6209-32

N
00

6,221.6

Wet- 6209-32

N
()

6,223.9

Wet- 6209-32

w
o

6,226.2

Wet- 6209-32

w
ety

6,228.5

Wet- 6209-32

w
N

6,230.8

Wet- 6209-32

w
w

6,233.1

0.9

0.8

Wet- 6209-32

w
'

6,235.4

w
v

6,237.7

w
(=)

6,240.0

w
~

6,242.3

w
00

6,244.5

w
()

6,246.8

D
o

6,249.1

H
=

6,251.4

w4

w3

w2

wl

WS

Cp

4.0000

w4

w3

w2 | wl

ws

cp

SH4-SH5 121
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Tele # 554 Sta 6262.79 6,276.7 Tele # 555 Sta 0.000
# | Sta |[Seals I\?ra': W&l | Panel Other #| Sta Seals ﬁralr; W&l | Panel Other
1| 6,276.7 1| 63614
2| 6,278.9 2| 6,363.7 w3
3| 6,281.2 3| 6,366.0
4| 6,283.5 4| 6,368.3
5| 6,285.8 5| 6,370.5
6| 6,288.1 6| 6,372.8
7| 6,290.4 7| 6,375.1
8| 6,292.7 8| 6,377.4
9| 6,295.0 9| 6,379.7
10| 6,297.3 10| s6,382.0
11| 6,299.6 w2 11| 6,384.3
12| 6,301.8 w2 wet 6302 12| 6,386.6
13| 6,304.1 w2 13| 6,388.9
14| 6,306.4 14| 6,391.2
15| 6,308.7 15| 6,393.4
16| s6,311.0 2.3] 0.9 16| 6,395.7
17| 6,313.3 17| 6,398.0
18| 6,315.6 18| 6,400.3
19| 66,3179 19| e6,402.6
20| 6,320.2 20| 6,404.9
21| 6,3225 21| 6,407.2
22| 6,324.7 w3 22| 6,409.5
23| 6,327.0 0.6|w3 23| 64118
24| 6,329.3 24| 66,4141
25| 6,331.6 25| 6,416.3
26| 6,333.9 26| 6,418.6
27| 6,336.2 27| 6,420.9
28| 6,338.5 28| 6,423.2
29| 6,340.8 29| 66,4255
30| 6,343.1 30| 6,427.8
31| 6,345.4 31| 6,430.1
32| 6,347.6 32| 6,432.4 w3
33| 6,349.9 w3 33| 6,434.7 w3
34| 6,352.2 w3 34| 6,437.0
35| 6,354.5 35| 6,439.2
36| 6,356.8 36| 6,441.5
37| 6,359.1 37| 6,443.8
38| 6,446.1
39| 6,448.4
40| 6,450.7
wi w3 | w2|wl WS Ccp wé w3 w2 | wl ws Ccp
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WHITTIER TUNNEL INSPECTION FORM

Tele # 556 Sta 0.000 Tele # 562 Sta 0.000
# | Sta |[Seals I\?ra"; W&l | Panel Other # | Sta |[Seals I\I?ralr; W&l | Panel Other
1| 6,453.0 1| 6,546.9
2| 6,455.3 2? 2| 6,549.2
3| 6,457.6 27 3| 6,551.5 w3 wet 6550
4| 6,459.9 4| 6,553.7
5| 6,462.1 5| 6,556.0
6| 6,464.4 1 6| 6,558.3
7| 6,466.7 w2 7| 6,560.6
8| 6,469.0 w2 8| 6,562.9 w3
9| 6,471.3 9| 6,565.2 w3
10| 6,473.6 10| 6,567.5
11| 6,475.9 11| 6,569.8
12| 6,478.2 12| 6,572.1 w3 settlement
13| 6,480.5 13| 6,574.4
14| 6,482.8 14| 6,576.6
15| 6,485.0 15| 6,578.9
16| 6,487.3 16| 6,581.2
17| 6,489.6 rx 17| 6,583.5
18| 6,491.9 rx 18| 6,585.8
19| 6,494.2 19| s6,588.1
20| 6,496.5 20| 6,590.4
21| 6,498.8 1 21| 6,592.7
22| 6,501.1 22| 6,595.0
23| 6,503.4 23| 6,597.3
24| 6,505.7 24| 6,599.5
25| 6,507.9 25| 6,601.8
26| 6,510.2 26| 6,604.1
27| 6,512.5 27| 6,606.4
28| 6,514.8 28| 6,608.7
29| 6,517.1 29| e6,611.0
30| 6,519.4 30| 6,613.3
31| 6,521.7 31| 6,615.6
32| 6,524.0 2 32| 6,617.9
33| 6,526.3 w3 33| 6,620.2
34| 6,528.6 w3 34| 6,622.4
35| 6,530.8 35| 6,624.7
36| 6,533.1 Minor Setle 36| 6,627.0
37| 6,5535.4 37| 6,629.3
38| 6,537.7 38| 6,631.6
39| 6,540.0 39| 6,633.9
40| 6,542.3
41| 6,544.6
wi w3 | w2|wl WS Ccp wé w3 | w2|wl WS CcpP
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WHITTIER TUNNEL INSPECTION FORM

Tele # 563 Sta 0.000 Tele # 564 Sta 0.000
# | Sta |[Seals I\?ra': W&l | Panel Other # | Sta |[Seals I\I?ralr; W&l | Panel Other
1| 6,636.2 1| 6,736.9 2
2| 6,6385 2| 6,739.2

3| 6,640.8 3| 6,741.5

4| 6,643.1 4| 6,743.8

5| 6,645.3 rx 5] 6,746.1 2.1 No adjust
6| 6,647.6 6| 6,748.4 Water depth 24"
7| 6,649.9 7| 6,750.7

8| 6,652.2 w3 8| 6,753.0

9| 6,654.5 w3 wet 6655-57 9| 6,755.3

10| 6,656.8 w3 10| 6,757.6 2
11| 6,659.1 wi

12| 6,661.4 w4 wet 6662-68

13| 6,663.7 w4 wet 6662-68 (0.4384)

14| 6,666.0 w3 wet 6662-68

15| 6,668.2 wet 6662-68

16| 6,670.5

17| 6,672.8

18| 6,675.1 wet 6675-81

19| 6,677.4 w4 wet 6675-81

20| 6,679.7 w4 wet 6675-81

21| 6,682.0 w4 wet 6675-81

22| 6,684.3 w3

23| 6,686.6 w2

24| 6,688.9 w2

25| 6,691.1

26| 6,693.4

27| 6,695.7

28| 6,698.0

29| 6,700.3

30| 6,702.6

31| 6,704.9

32| 6,707.2

33| 6,709.5 rx

34| 6,711.8

35| 6,714.0

36| 6,716.3 0.6] 0.4

37| 6,718.6

38| 6,720.9

39| 6,723.2

40| 6,725.5

41| 6,727.8

42| 6,730.1

43| 6,732.4

44| 6,734.7 wé w3 | w2|wl WS CcpP
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WHITTIER TUNNEL INSPECTION FORM

Tele # 565 Sta _6.747.8 6.760.3 Tele # 566 Sta 0.000
# | Sta |[Seals I\?ra': W&l | Panel Other #| Sta Seals ﬁralr; W&l | Panel Other
1| 6,760.3 1| 6,854.2
2| 6,762.6 2| 6,856.5
3| 6,764.9 3| 6,858.8
4| 6,767.2 4| 6,861.0 F3.4
5| 6,769.4 5| 6,863.3
6| 6,771.7 6| 6,865.6
7| 6,774.0 7| 6,867.9
8| 6,776.3 8| 6,870.2
9| 6,778.6 9| 6,872.5
10| 6,780.9 10| 6,874.8
11| 6,783.2 11| 6,877.1 w3
12| 6,785.5 12| 6,879.4
13| 6,787.8 13| 6,881.7
14| 6,790.1 14| 6,883.9
15| 6,792.3 15| 6,886.2
16| 6,794.6 131 1 23" below surf 16| 6,888.5
17| 6,796.9 17| 6,890.8
18| 6,799.2 18| 6,893.1
19| 6,801.5 19| 6,895.4
20| 6,803.8 20| 6,897.7
21| 6,806.1 21| 6,900.0
22| 6,808.4 22| 6,902.3
23| 6,810.7 23| 6,904.6
24| 6,813.0 24| 6,906.8
25| 6,815.2 25| 6,909.1
26| 6,817.5 26| 6,911.4
27| 6,819.8 27| 6,913.7 w2
28| 6,822.1 28| 6,916.0
29| 6,824.4 29| 69183
30| 6,826.7 30| 6,920.6
31| 6,829.0 w2 31| 6,922.9
32| 66,8313 w3 32| 6,925.2
33| 6,833.6 w2 33| 6,927.5
34| 6,835.9 34| 6,929.7
35| 6,838.1 35| 6,932.0
36| 6,840.4 36| 6,934.3
37| 6,842.7 37| 6,936.6
38| 6,845.0 141 14 38| 6,938.9
39| 6,847.3 39| 6,941.2
40| 6,849.6 40| 6,943.5
41| 6,851.9
wa w3 | w2|wl WS CpP wa w3 w2 | wl WS CcpP
1 2 10 1 1 5

SH6-SH7 128




WHITTIER TUNNEL INSPECTION FORM

Tele # 567 Sta 0.000 Tele # 571 Sta 0.000
# | Sta |[Seals I\?ra': W&l | Panel Other # | Sta |[Seals I\I?ralr; W&l | Panel Other
1| 6,945.8 1| 7,0305
2| 6,948.1 2 2| 7,032.8
3| 6,950.4 3| 7,035.1
4| 6,952.6 wl 4| 7,037.4
5| 6,954.9 wl 5| 7,039.7
6| 6,957.2 6| 7,042.0
7| 6,959.5 7| 7,084.2
8| 6,961.8 8| 17,046.5 rx
9| 6,964.1 9| 7,048.8
10| 6,966.4 10| 7,051.1
11| 6,968.7 11| 7,053.4
12| 6,971.0 12| 7,055.7 WS
13| 6,973.3 13| 7,058.0 ws
14| 6,975.5 14| 7,060.3 WS 2
15| 6,977.8 15| 7,062.6 w2
16| 6,980.1 16| 7,064.9 w2
17| 6,982.4 17| 7,067.1 w2 2
18| 6,984.7 2 18| 7,069.4
19| 6,987.0 19| 7,071.7
20| 6,989.3 20| 7,074.0
21| 6,991.6 21| 7,076.3
22| 6,993.9 22| 7,078.6
23| 6,996.2 23| 7,080.9
24| 6,998.4 24| 7,083.2
25| 7,000.7 25| 7,085.5
26| 7,003.0 26| 7,087.8 rx
27| 7,005.3 2 27| 7,090.0
28| 7,007.6 rx 28| 17,0923
29| 7,009.9 29| 7,094.6
30| 7,012.2 30| 7,09.9
31| 7,0145 31| 7,099.2
32| 7,016.8 32| 7,1015
33| 7,019.1 33| 7,103.8
34| 7,0213 34| 7,106.1
35| 7,023.6 35| 7,108.4
36| 7,025.9 36| 7,110.7
37| 7,028.2 37| 71129
38| 7,115.2
39| 7,175
40| 7,119.8
41] 7,1221
42| 7,124.4
wa w3 | w2|wl WS CpP wa w3 | w2|wl ws CP
2 3 3 3 2
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WHITTIER TUNNEL INSPECTION FORM

Tele # 572 Sta 0.000 Tele # 573 Sta 0.000
# | Sta |[Seals I\?ra': W&I | Panel Other # | Sta |[Seals I\I?ralr; W&I | Panel Other
1| 71267 rx 1| 7,222
2| 7,129.0 2| 7,225.2
3| 7,313 3| 7,227.4
4| 7,336 4| 7,229.7
5| 7,135.8 51 7,232.0 2.6
6| 7,138.1 P 6| 7,234.3
7| 7,140.4 7| 7,236.6
8| 71427 8| 17,2389
9| 7,145.0 9| 7,241.2
10| 7,147.3 10| 7,2435
11| 7,149.6
12| 7,151.9
13| 7,154.2 (0.5868)
14| 7,156.5
15| 7,158.7
16| 7,161.0
17| 7,163.3 wet 7163-67
18| 7,165.6
19| 7,167.9
20( 7,170.2
21| 7,725
22| 7,174.8
23| 71771
24| 7,179.4
25| 7,181.6
26| 7,183.9
27| 7,186.2
28| 7,188.5 1.6
29| 7,190.8 1 adjust sump
30 7,193.1 25" below surf
31| 7,195.4
32| 7,197.7
33| 7,200.0 2
34| 7,202.3
35| 7,204.5
36| 7,206.8 w2s wet 7207-11
37| 7,209.1 w2s wet 7207-11
38| 7,211.4 2
39| 7,213.7
40| 7,216.0
41| 7,218.3
42| 7,220.6
wa w3 | w2|wl WS CP wa w3 | w2|wl ws CP
2 2 3 1
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WHITTIER TUNNEL INSPECTION FORM

Tele # 574 Sta _7.23238 72064 Tele # 575 Sta 0.000
# | Sta |[Seals I\?ra': W&l | Panel Other #| Sta Seals ﬁralr; W&l | Panel Other
1| 7,246.4 2 1| 7,338.0 w2
2| 7,248.6 2| 7,340.2 w3
3| 7,250.9 3| 73425 w4 wet 7342
4| 7,253.2 4| 73448 wé
5] 7,255.5 5| 73471 w2 wet 7347
6| 7,257.8 6| 7,349.4
7| 7,260.1 rx 7| 7,351.7
8| 7,262.4 8| 7,354.0
9| 7,264.7 9| 17,3563
10| 7,267.0 10| 7,358.6
11| 7,269.3 11| 7,360.9
12| 7,2715 12| 7,363.1 wl
13| 7,273.8 13| 7,365.4 wl
14| 7,276.1 14| 7,367.7
15| 7,278.4 15| 7,370.0
16| 7,280.7 16| 7,372.3
17| 7,283.0 19| 1.1 17| 7,3746 rx
18| 7,285.3 18| 7,376.9
19| 7,287.6 19| 7,379.2
20| 7,289.9 20| 7,3815
21| 7,292.2 21| 7,383.8
22| 7,294.4 2 22| 7,386.0
23| 7,296.7 23| 17,3883
24| 7,299.0 24| 7,390.6
25| 7,301.3 25| 7,392.9
26| 7,303.6 26| 7,395.2
27| 7,305.9 27| 17,3975
28| 7,308.2 rx 28| 7,399.8
29| 7,310.5 29| 7,4021
30| 73128 30| 7,404.4 w3
31| 7,315.1 31| 7,406.7
32| 73173 32| 7,408.9
33| 7,319.6 33| 74112 w3
34| 73219 34| 7,4135 w3
35| 7,324.2 35| 7,415.8
36( 7,326.5 36| 7,418.1
37| 7,328.8 37| 7,420.4
38| 7,331.1 38| 7,422.7
39| 7,3334 39| 7,425.0
40| 7,335.7 40| 7,427.3

wa w3 | w2|wl WS CP wa w3 w2 | wl WS CcP

4 2 4 2| 2 2
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Tele # 576 Sta 0.000 Tele # 581 Sta 0.000
# | Sta |[Seals I\?ra"; W&l | Panel Other # | Sta |[Seals I\I?ralr; W&l | Panel Other
1| 7,429.6 1| 7,516.6
2| 74318 2| 7,518.9
3| 7,434.1 3| 7,521.2
4| 7,436.4 4| 7,523.4 2
5| 7,438.7 5| 7,525.7
6| 7,441.0 6| 7,528.0
7| 7,443.3 7| 75303
8| 74456 8| 17,5326 1
9| 7,447.9 9| 7,534.9
10| 7,450.2 10| 7,537.2
11| 74525 11| 7,539.5 w3 settle
12| 7,454.7 12| 7,541.8 wd 2
13| 7,457.0 13| 7,544.1 wd
14| 7,459.3 14| 7,546.3 w4 Wet 7541-51
15| 7,461.6 15| 7,548.6 w4 dip
16| 7,463.9 16| 7,550.9 w4 Wet 7541-51
17| 7,466.2 w3 17| 7,553.2 w4 Wet 7541-51
18| 7,468.5 w3 18| 7,555.5 w4 2|Wet 7541-51
19| 7,470.8 w3 19| 7,557.8 w2
20( 7,473.1 20| 7,560.1 w2 2|wet 7555
21| 7,475.4 Wet 7369 21| 7,562.4 1
22| 7,477.6 22| 7,564.7 wet 7558
23| 7,479.9 23| 17,567.0
24| 7,482.2 24| 7,569.2
25| 17,4845 25| 17,5715
26| 7,486.8 26| 7,573.8
27| 7,489.1 27| 17,576.1
28| 7,491.4 28| 7,578.4 1.6 1
29| 7,493.7 29| 7,580.7 ws
30| 7,496.0 30| 7,583.0 ws
31| 7,498.3 31| 7,585.3
32| 7,500.5 ws 32| 7,587.6
33| 7,502.8 w3 wet 7499-09 33| 7,589.9
34| 7,505.1 w3 wet 7499-09 34| 7,592.1
35| 7,507.4 w3 wet 7499-09 35| 7,594.4
36| 7,509.7 wet 7499-09 36| 7,596.7 w3
37| 7,512.0 wet 7499-09 37| 7,599.0 w3
38| 7,514.3 wet 7499-09 38| 7,601.3
39| 7,603.6
40| 7,605.9
41| 7,608.2
wa w3 | w2 | wl WS CP wa w3 | w2|wl ws CP
6 1 1 7.0000 3 2 2 6
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WHITTIER TUNNEL INSPECTION FORM

Tele # 582 Sta 0.000 Tele # 583 Sta 0.000
# | Sta |[Seals I\?ra': W&I | Panel Other # Sta Seals I\?ra': W&I | Panel | Other
1| 7,6105 w3 1 7,672.3
2| 7,612.8 w3 2 7,674.6 2
3| 7,615.0 Wet 7611 3 7,676.9
4| 7,617.3 4 7,679.2
5| 7,619.6 1.8 1 26" below surf 5 7,681.5 34
6| 7,621.9 6 7,683.7
7| 7,624.2 7 7,686.0
8| 7,626.5 8 7,688.3
9| 7,628.8 9 7,690.6 w3 3
10| 7,631.1 10 7,692.9 w3
11| 7,633.4 ws
12| 7,635.7 ws
13| 7,637.9 WS (0.0932)
14| 7,640.2
15| 7,642.5 wet 7637
16| 7,644.8
17| 7,647.1
18| 7,649.4
19| 7,651.7
20( 7,654.0 w3
21| 7,656.3 w3
22| 7,658.6
23| 7,660.8
24| 7,663.1
25| 7,665.4
26| 7,667.7 2
27| 17,670.0
wa w3 | w2|wl WS CP wa w3 w2 | wl ws CcpP
4 3 2 2 2
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WHITTIER TUNNEL INSPECTION FORM

Tele # 584 Sta _7.682.8 7.695.3 Tele # 585 Sta 0.000
# | Sta |[Seals I\?ra"; W&I | Panel Other # | Sta Seals ﬁralr; W&I | Panel Other

1| 7,695.3 w2 1| 7,786.9 F2.8

2| 7,697.6 w2 2| 7,789.2

3| 7,699.9 w2 3| 17,7915

4| 7,702.2 ws 4| 7,793.8

5| 7,704.4 ws 5] 7,796.0 ws

6| 7,706.7 ws 6| 7,798.3 ws

7| 7,709.0 WS 2 7| 7,800.6

8| 7,711.3 8| 7,802.9

9| 7,713.6 9| 7,805.2 w3
10| 7,715.9 10| 7,807.5 w3
11| 7,718.2 2 11| 7,809.8 w2 Wet 7808
12| 7,720.5 12| 7,8121 w2
13| 7,722.8 13| 7,814.4 w2
14| 7,725.1 14| 7,816.7
15| 7,727.3 15| 7,818.9
16| 7,729.6 16| 7,821.2
17| 7,731.9 17| 7,8235
18| 7,734.2 2 18| 7,825.8
19| 7,736.5 19| 7,828.1
20| 7,738.8 20| 7,8304 wl
21| 7,7411 2 21| 7,832.7 wl
22( 7,743.4 22| 7,835.0
23| 7,745.7 23| 17,8373
24| 7,748.0 24| 17,839.6 ws
25| 7,750.2 2 25| 17,8418 ws Wet 7742-47
26| 7,752.5 26| 7,844.1 w3 Wet 7742-47
27| 7,754.8 27| 7,846.4 w2 2|Wet 7742-47
28| 7,757.1 28| 17,8487 w3 Wet 7742-47
29| 7,759.4 29| 7,851.0 w4
30| 7,761.7 30| 7,853.3 wé
31| 7,764.0 31| 7,855.6 wé wet 7855
32| 7,766.3 32| 7,857.9 w4
33| 7,768.6 33| 7,860.2 w3
34| 7,770.9 34| 7,862.5 w2
35| 7,7731 Wet 7772 35| 7,864.7
36| 7,775.4 36| 7,867.0
37| 7,777.7 37| 7,869.3
38| 7,780.0 38| 7,871.6
39| 7,782.3 2 39| 7,873.9
40| 7,784.6 40| 7,876.2 w3

wa w3 | w2|wl WS CpP wa w3 w2 | wl WS CcpP
3 4 6 4.0000 6 5| 2 2 1
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WHITTIER TUNNEL INSPECTION FORM

Tele # 586 Sta 0.000 Tele # 587 Sta -
# | Sta |[Seals I\?ra"; W&l | Panel Other # | Sta |[Seals I\I?ralr; W&l | Panel Other

1| 7,8785 w3 1| 7,965.5 w2 wet 7960-72

2| 7,880.8 w3 2| 7,967.8 w3 wet 7960-72

3| 7,883.1 3| 7,970.1 w3 wet 7960-72

4| 7,885.4 w4 4| 7,972.4 w2 end pan

5| 7,887.6 wi 2|Wet 7886 51 7,974.7 w2

6| 7,889.9 w3 6| 7,977.0 w3

7| 7,892.2 7| 7,979.2

8| 17,8945 8| 17,9815 WS

9| 7,89%.8 9| 7,983.8
10| 7,899.1 w3 wet 7891 10| 7,986.1
11| 7,901.4 11| 7,988.4
12| 7,903.7 12| 7,990.7
13| 7,906.0 13| 7,993.0 wet 7991-11
14| 7,908.3 14| 7,995.3 w2 wet 7991-11
15| 7,9105 15| 7,997.6 w2 wet 7991-11
16| 7,912.8 16| 7,999.9 w2 wet 7991-11
17| 7,915.1 17| s8,002.1 wl wet 7991-11
18| 7,917.4 w2 18| 8,004.4 wl wet 7991-11
19| 7,919.7 w2 19| 8,006.7 1.9( 2.6|wl wet 7991-11
20 7,922.0 w2 2|Wet 7920 20| 8,009.0 IC-21
21| 7,924.3 w3 21| 38,0113 IC-21
22| 7,926.6 w3 22| 8,013.6 IC-21
23| 7,928.9 w2 23| 8,015.9 IC-21
24| 7,931.2 w3 2|wet 7929-57 24| 8,018.2 IC-21
25| 7,933.4 w3 2|wet 7929-57 25| 8,020.5 IC-21
26| 7,935.7 w3 wet 7929-57 26| 8,022.8 w2
27| 7,938.0 w3 wet 7929-57 27| 8,025.0 w2
28| 7,940.3 w4 wet 7929-57 28| 8,027.3 w2
29| 7,942.6 wi begin pan 29| 8,029.6 w2
30| 7,944.9 wé wet 7929-57 30| 8,031.9
31| 7,947.2 w4 wet 7929-57 31| 8,034.2
32| 7,949.5 wé wet 7929-57 32| 8,036.5 IC-22
33| 7,951.8 w5 wet 7929-57 33| 8,038.8 IC-22
34( 7,954.1 w5 Carwash 34| 8,041.1 IC-22
35| 7,956.3 w5 wet 7929-57 35| 8,043.4 IC-22
36| 7,958.6 w5 wet 7929-57 36| 8,045.7 IC-22
37| 7,960.9 w3 wet 7960-72 37| 8,047.9 w3
38| 7,963.2 w3 wet 7960-72 38| 8,050.2 IC-23

39| 8,052.5 old port
40( 8,054.8 old port
wa w3 | w2|wl WS CpP wa w3 | w2|wl ws CP
1| 12 4 6 4 0] 3 1 3
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WHITTIER TUNNEL INSPECTION FORM

Tele # 588 Sta 0.000 Tele# WP Sta 0.000
# | Sta |[Seals I\?ra': W&l | Panel Other # | Sta |[Seals I\I?ralr; W&l | Panel Other
1| 8,057.1 F2.6 1| 8,100.6
2| 8,059.4 2| 8,102.9
3| 8,061.7 3| 8,105.2
4| 8,064.0 4| 8,107.5
5| 8,066.3 5| 8,109.8
6| 8,068.6 6| 81121
7| s,070.8 7| 81144
8| 8,073.1 1.1 1 8| 8,116.6
9| 8,075.4 9| 8,189
10| 8,077.7 10| 8,121.2
11| 8,080.0 11| 8,1235
12| 8,082.3 12| 8,125.8
13| 8,084.6 13| 8,128.1
14| 8,086.9 14| 8,130.4
15| 8,089.2 15| s,132.7
16| 8,091.5 16| 8,135.0
17| 8,093.7 17| 8,137.3
18| 8,096.0 18| 8,139.5
19| 8,098.3 ep | 81418
wa w3 | w2|wl WS CpP wa w3 | w2|wl ws CP
0 0
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Appendix F

GPR Survey of VVoid Areas below the Invert Panels

Legend

Water Draining from Crown

—
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Whittier Tunnel - Voids below the Invert Panels

o
o
17
<
T# 9SNOH djes
1-STS
8
8T-v1S g
™ )
w ' [ ]
8E-ETS
8
9-€TS g
0€-21S
.
o
821§ &
<
.
.
ST-TIS
o
a1 S
<
S-dng
leniod As|lep seag
# |sued
7 o
(=]
o
1 0 oY -
o o

(s4918W) 43JUBD XoRA L WOLYIBSPO

Station (meters)

<1lin 1-2in e >=2in =BV Portal =——SH #1

e Right Rail

w— |_eft Rail

82-TTs

9-tes

T

0z-L1S

LS-9T

SE-9T!

v1-91S

4900

T4 9SNOH ajes

4800

A
e

Cx 1]

S

4700

Station (meters)

S

4600

4500

# [oued

T# 9SNOH jes

— n o

4400

=) 5]
(s1818W) J81UD IR | WOULISPO

® >=2in =—SH#l =———SH#2

1-2in

— Right Rail <1lin

—|_eft Rail

o
(=]
g
[Te}
€4 9SNOH 3jes
[ [N
z0-2€S S
3
[}
L1188
d [
o
86-5ES S
B
e
91-5€5 m
. ° .
o m
TE-EES S
e}
6-€€S
g L]
<
o
82-52§ 8
3
[} o
. s Al
9-52§ . . AA —
| o
wzves |2 2
<
A
o1-£25
A # 9SNOH ajes
# |sued
o
(=]
2
- 0 oY u» -
o o

(S4318W) J3)UAD) SOk | WO ISPO

Station (meters)

® >=2in =—SH#2 ——SH#3

1-2in

= Right Rail <lin

—|_eft Rail

Calibrated_Voids 6-18-13

138



Whittier Tunnel - Voids below the Invert Panels
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Whittier Tunnel - Voids below the Invert Panels
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Appendix G

Summary of Void Measurements
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Voids Measurements Locations
Distance from the reference (m) Distance from the reference (ft) Comments Settlement
Begin End | Begin Dist “Actual N ENG
. . West . Middle .
Void Panel  Approx. Panel | Panel from Begin | APProx. Proj Sta.| grout | VOid |[Groutport| VOId [East Grout Panel
Area  Ref. (m) Sta (m) (ft) | east (ft) | Panel (ft) | Panel # | Panel#  (m) |Port(ft)| (in) (ft) (in) | Port(ft) | Void (in)| (ft) Wet Seals Comments | Dr.Han | G Burton
1 BV Port
334.53 4367.88) 336.82 1097.5 1091.7; 5144 514-4 4366.8 |1093.6 X 1095.5 X 1097.3 X 1099.2 blown Broken rail minor
336.82 4370.17} 339.11| 1099.2 1099.2} 514-5 514-5 ! 4369.1 |1101.1 X 1103.0f  x 1104.8; 1.3 1106.7 dry ceal 8 settlon rt.
1106.7} 514-6 514-6 4371.4 |1108.6 0.8 1110.5 X 1112.3 X 1114.2 Rail
1114.2
1121.7
2 SH#1
271.35 4729.14; 273.64 890.2 356.6 885.61 521-35 521-34 : 4727.8 | 887.5 X 889.4 X 891.2 X 893.1 1"to
275.92 473371} 278.21 905.2 341.6 893.1{ 52137 | 521-35 ! 4730.1 | 895.0 X 896.9!  x 898.7 X 900.6] wet bad 9 125" sett
900.6 521-36 ! 4732.4 | 902.5 X 904.4: 1.0 906.2 0.0 908.1
3 SH#2 4863.30 83.61 524-6 524-6 4863.3 85.5 0.0 87.4: 0.0 89.3 0.0 91.1 wet wet to the 2
91.1; 5247 524-7 ! 4865.6 | 93.0i 0.0 94.9; 0.0 96.8i 0.0 98.6 east
3 SH#2
74.42 4912.21!  76.71 244.2 241.1% 524-27 524-27 i 4911.4 | 243.0 0.0 244.9 X 246.7 0.5 248.6 blown | Panel is higher )
76.71 4914.50i  79.00 248.6 248.6: 52428 i 524-28 i 4913.7 | 250.5 0.3 252.4! 0.0 254.2i 0.0 256.1]  wet <eal than CIP 6 4 Rt. Rail -
256.1 524-29 i 4916.0 | 258.0 0.0 259.9; 0.0 261.7 0.0 263.6 .25" settle
4 SH#2
328.03 5165.82: 330.32 1076.2 468.7 1076.2; 535-23 535-23 : 5165.5 |1078.1 0.0 1080.0; 0.4 1081.8 0.3 1083.7 wet Blown 7 5 25" sett
330.32 5168.11: 332.61| 1083.7 461.21 1083.7i s35-24 | 535-24 i 5167.8 |1085.6! 0.3 1087.5! 0.0 1089.3; 0.0 1091.2 Seal
7 SH#3
298.31 5607.10: 300.60 978.7 957.4 541-5 5600.7 0.0 0.0 0.0
300.60 5609.39i 302.89 986.2 964.9 541-6 | 5603.0 0.0 0.0 0.0
302.89 5611.68; 305.18 993.7 972.4 541-7 5605.3 0.0 0.0 0.0 Blown 3 3 .5"to.75"
305.18 5613.97! 307.47| 1001.2 979.9 541-8 | 5607.6 03 X 0.3 dry Seal sett.
307.47 5616.26: 309.76 1008.7 987.4 541-9 5609.9 2.0 0.0 0.0
309.76 5618.55! 312.05| 1016.2 994.9 541-10 | 5612.2 0.0 0.0 0.0
314.80 5623.59: 317.09 1032.5 1025.0; 5415 541-14 : 5621.3 11026.9 0.0 1028.8: 0.0 1030.6 0.0 1032.5
317.09 5625.88: 319.38 1040.0 1032.5; 5416 541-15 : 5623.6 |1034.4 0.3 1036.31 0.3 1038.1 0.1 1040.0 dry ? ?
319.38 5628.17! 321.67| 1047.5 1040.0 541-16 | 5625.9 |1041.9! 0.0 1043.8! 0.0 1045.6! 0.0 1047.5
Al SH#5
33.76 6296.55!  36.05 110.7 106.0; 554-9 554-9 6295.0 | 107.9 0.3 109.8; 0.0 111.6 0.3 113.5
36.05 6298.84: 38.34 113.5 113.5; 554-10 554-10 ! 6297.3 | 115.4 0.0 117.3; 0.0 119.1 0.0 121.0 dry ? ?
121.0 554-11 : 6299.6 | 122.9 0.0 124.8; 0.0 126.6 0.0 128.5
A2 SH#6
319.09 7066.88! 321.38 1046.9 1042.0; 571-17 571-16 ! 7064.9 |1043.9 0.0 1045.8 X 1047.6 0.0 1049.5
321.38 7069.17! 323.67| 1049.5 1049.5! s71-18 | 571-17 i 7067.2 |1051.4i 0.3 1053.3: 2.3 1055.1; 2.8 1057.0]  wet ? ?
1057.0 571-18 i 7069.5 |1058.9 0.0 1060.8; 0.0 1062.6 0.5 1064.5
8 SH#7
295.05 7527.84: 297.34 968.0 968.2; 581-8 581-6 970.1 X 972.0 X 973.8 X 975.7
297.34 7530.13; 299.63 975.7 975.7F 5819 581-7 977.6 X 979.5 X 981.3 X 983.2 wet Blown seal, 5 .5" sett
983.2 581-8 985.1 0.3 987.0f 0.1 988.8 0.5 990.7
9 SH#8
253.67 7936.46! 255.96 832.3 831.3} 586-26 586-26 : 7935.7 | 833.2 0.0 835.1i 0.0 836.9 0.5 838.8
255.96 7938.75; 258.25 838.8 838.81 586-27 586-27 i 7938.0 | 840.7 1.0 842.6;1 0.1 844.4 0.0 846.3
258.25 7941.04! 260.54 846.3 586-28 | 7940.3 | 848.2 2.3 850.1 X 851.9 0.6 853.8 wet 2 1 2 2
260.54 7943.33: 262.83 853.8 586-29 : 7942.6 | 855.7 0.5 857.6: 0.3 859.4 1.0 861.3
262.83 7945.621 265.12 861.3 586-30 : 79449 | 863.2 0.8 865.11 0.3 866.9 0.3 868.8
265.12 794791} 267.41 868.8 586-31 | 7947.2 | 870.7 2.3 872.6; 0.0 874.4 0.0 876.3
10 SH#8
341.58 8024.37! 343.87 1120.7 1116.8! 587-27 587-26 i 8022.8 |1118.7 0.0 1120.6; 0.0 1122.4 0.0 11243
343.87 8026.66] 346.16 1124.3 1124.3} 587-28 587-27 : 8025.7 |1126.2 0.3 1128.1; 0.0 1129.9 0.0 1131.8 wet ? 10 ?
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Appendix H

Plan Sheets for Tunnel Invert
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Appendix |

Plan Sheets for Tunnel Drainage
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Appendix J

Plan Sheets for Concrete Invert Panels
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Appendix K

Track geometry with Void Areas

Legend
Yellow Highlight = GPR identified Void Area below Panel
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Appendix L

Inspection Summary
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Tunnel Inspection Summary

Bear Valley to SH #1
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Tunnel Inspection Summary

SH #1 to SH #2

Telephone 516-517
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Tunnel Inspection Summary

SH #2 to SH #3
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Tunnel Inspection Summary

SH #3 to SH #4
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Tunnel Inspection Summary

SH #4 to SH #5
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Tunnel Inspection Summary

SH #5 to SH #6
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Tunnel Inspection Summary

SH #6 to SH #7
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Tunnel Inspection Summary

SH #7 to SH #8
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Tunnel Inspection Summary

SH # 8 to Whittier
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Appendix M

Potential Corrosion in Invert Panel Rebar

Legend

Water Draining from Crown

—
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Whittier Tunnel - Potential Corrosion
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Whittier Tunnel - Potential Corrosion
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Whittier Tunnel - Potential Corrosion

7300

L# 9SNOHY ajes

€E-TLS

7200

TT-2LS

TE-TLS

7100

6-1LS

STLIS

7000

€-L9S

6900

T2-995

0t-59S

81-995

6800

L-¥9S

94 asNOH 3jes

#9ueq

6700

— 0 o 0
o o
(S4318W) J9JUAD 3joB1 L WO IBSHO

Station (meters)

High ——SH#6 ——SH#7

Medium

e Right Rail Low

w— |_eft Rail

7700

8# 3SNOH ajes
[
}
. -
.
81-78S
s
i
0 is
LE-18S . ©
M
'
s
91-18S
|
I m
.
1
o
z€-9L5 8 -
Y
A p—
i
0T-94S
o
U
A p—
8T-SLS m
~
e
[}
9-LS !
| ¢
p—
o
vT-vis I
I
1
0
H
i
s
EVLS
.
#dued L# 9SNOH djes &
i
o
g |
“ w0 o™~ -
o o

(S43)8W) 431UBD XoR4 L WO IBSPO

Station (meters)

High =———SH#7 ——SH #8

Medium

e Right Rail Low

— |_eft Rail

o
o
S
©
|eMod JamIyMm
T-dm =
86485
o
91-L8S S
8
1
o
ze-985 i
.
i
&
)
!
01-985 8
o~
U .
LA
.
* A p—
'
82-585 I
A =
Ul
Y o
regs 4 g
T e
-
H
.
1
Sz-v8s
8
'
o
€985 e
S
. | e
X d
8# 9SNOH 3jes _
#13ued 9
o
(=]
3
- 0 o~ -
o o

v1-9TS

[s1918LU) 43)UBD oRd L WOAY 13SPO

Station (meters)

High ———SH#8 ———Whittier Portal

Medium

== Right Rail Low

e |_eft Rail

Calibrated_Voids 6-18-13

171



Acknowledgements

Gordon Burton, Facilities Manager, Alaska Department of Transportation and Public
Facilities

Jeff Brown, Retired Project Engineer, Alaska Department of Transportation and Public
Facilities

Dan Breeden, Special Programs Manager, Alaska Department of Transportation and
Public Facilities

Paul Spencer, Project Superintendent, Transfield Services

Transfield Services Employees at the Anton Anderson Memorial Tunnel

Tom Brooks, P.E., Vice President, Engineering, Alaska Railroad Corporation

Brian Lindamood, P.E., Director of Project Management, Alaska Railroad Corporation

Jon Garner, Superintendent of Southern Terminals, Operations, Alaska Railroad
Corporation

Clark Hoppe, Vice President of Engineering, Alaska Railroad Corporation

172



	Executive Summary
	1.0 Introduction
	1.1 Problems
	1.2 Research Objective
	1.3 Work Plan
	1.3.1 Establish Location Control
	1.3.2 Evaluation of Track Circuit System
	1.3.3 Ground Penetrating Radar
	1.3.4 Tunnel Inspection
	1.3.5 Develop Scope for Capital Improvement Projects


	2.0 Background
	2.1 Original Construction – 1943
	2.2 Railroad Shuttle Service – 1960 to 2000
	2.3 Tunnel Problems
	2.4 Whittier Access Project – 2000
	2.5 Tunnel Operations (2000 – Present)

	3.0 Tunnel Evaluation
	3.1 Track Circuit System
	3.1.1 Problem
	3.1.2 Track Circuit Design
	3.1.3 Conclusions
	3.1.4 Solutions

	3.2 Settlement of Invert Panels
	3.2.1 Problem
	3.2.2 Subgrade Typical Section

	3.3 Subsurface Drainage
	3.3.1 Problem
	3.3.2 Subdrain Design
	3.3.3 Conclusions
	3.3.4 Solutions

	3.4 Drainage in Crown
	3.4.1 Problem
	3.4.2 Water Control Design
	3.4.3 Solutions

	3.5 Distress in Concrete Invert Panel
	3.5.1 Problem
	3.5.2 Concrete Invert Panel Design
	3.5.3 Solutions

	3.6 Safety Enhancements  and Other Improvements
	3.6.1 Surveillance Cameras
	3.6.2 Signs at Safe House Turnouts
	3.6.3 Flange Way Ice Control –

	4.1 Replace Track Circuit System
	4.2 Drainage Improvements Project
	4.2 Invert Panel Preservation Project

	Appendix A
	Appendix B
	Appendix B1
	Appendix B2
	Appendix B3

	Appendix C
	Appendix D
	Appendix E
	Appendix F
	Appendix G
	Appendix H
	Appendix I
	Appendix J
	Appendix K
	Appendix L
	Appendix M
	Appendix B_American Engineering Testing, Inc..pdf
	1.0 INTRODUCTION
	2.0 SCOPE OF SERVICES
	3.0 PROJECT INFORMATION
	4.0 SITE CONDITIONS
	4.1 Panel Surface Condition
	4.2 Panel Base Condition

	5.0 Pavement TESTING
	5.1 Pavement Data Collection
	5.2 Pavement Data Analysis
	5.3 Summary

	6.0 LIMITATIONS
	A.1 FIELD EXPLORATION
	The geophysical conditions at the site were evaluated nondestructively using Ground Penetrating Radar (GPR). The description of the equipment proceeds in this appendix.
	A.2 EQUIPMENT DESCRIPTION
	A.2.1 GSSI GPR Test Systems
	A.2.2 Ground Truthing
	A.2.3 Linear Distance and Spatial Reference System
	Distance measuring instrument (DMI) is a trailer mounted two phase encoder system.  When DMI is connected to the SIR-20 it provides for automatic display and recording distance information in both English and metric units with a 1 foot (0.3 meters) re...
	A.2.4 Camera Monitoring System
	A.6.1 Test Methods
	The data derived through the testing program have been used to develop our opinions about the geophysical conditions at your site. However, because no testing program can reveal totally what is in the subsurface, conditions between test locations and ...
	A.6.2 Test Standards
	A.7.1 Soil Boring/Coring Field Exploration
	If soil layer thicknesses, anomaly types, and subgrade soil types and conditions are desired the shallow coring/boring and sampling is used.  The limited number of coring/boring is necessary to verify the GPR layer thickness data.

	Appendix B1 Files.pdf
	Appendix_b1_-Plot__Voids_under_Panel

	Appendix B3 Files.pdf
	Appendix_B3_-Plot_C_Middle_Bar_Delamination

	Appendix C_Revised 8-22-14.pdf
	BV toSH #1 v3
	SH #1 to SH #2    12-5-12 v3
	SH #2 to SH #3  12-5-12 v3
	SH #3 to SH #4    12-5-12 v3
	SH #4 to SH #5    12-5-12 v3
	SH #5 to SH #6    12-5-12 v3
	SH #6 to SH #7    12-5-12 v3
	SH #7 to SH #8   12-5-12 v3
	SH #8 to WP   12-5-12 v3

	Appendix E_Revised files Tom Moses 8-25-14.pdf
	Summary
	BV to SH 1
	SH 1to  SH 2
	SH 2 to SH 3
	SH 3 to SH 4
	SH 4 to SH 5
	SH 5 to SH6
	SH 6 to SH 7
	SH 7 to SH 8
	SH 8 to Whittier




