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ABSTRACT: With a budget of $6.3Billion the East Side Access Project (ESA) is the largest transportation
project ever undertaken in New York City. The construction of the project will require significant tunnelling and
underground work utilizing a variety of construction techniques. In Queens, the project will require the construction of four soft ground tunnels, using pressurized face TBM. The tunnels will be constructed under an active
railroad yard and the main line of the Long Island Rail Road (LIRR). In addition, cut and cover tunnels and underpinning of existing transit lines will be required. In Manhattan the project requires the construction of several
tunnels and two large station caverns in rock. The project faces unique geotechnical and environmental conditions
within the soft-ground tunnel portion of the project located in Sunnyside Yard and Harold Interlocking – mixed
face tunnel excavation, a variety of groundwater contamination plumes, as well as tunnelling through a NewYork
State-listed Class II inactive hazardous waste site. This paper focuses on the technical challenges in the Queens
segment and particularly the innovative construction and monitoring approaches identified to control movement
of contaminated ground water. It addresses engineering aspects, public amenities, railroad operation, environmental issues, and technical challenges related to underground construction in a heavily developed railroad yard
site while maintaining the existing facilities operational and with minimal impact on the public health and safety.

1

INTRODUCTION

1.1 Purpose and needs
The East Side Access (ESA) Project is vital for the
general growth of New York Metropolitan Area by
increasing the transportation facilities in the region and
improving the daily commute to over 300,000 people.
Presently, the Long Island Rail Road (LIRR) operates
36 trains per hour during the morning and evening
rush periods to and from Penn Station carrying about
212,000 commuters each way. Approximately half of
these commuters final destination is the East Side of
Manhattan and they travel within NewYork using transit lines or surface transportation to reach their final
destination. This imposes added congestion on already
overcrowded transit lines and surface streets. In addition, Penn Station, which serves two other railroads, is
at its capacity.
The East Side Access Project will connect LIRR
with Grand Central Terminal (GCT) on the East side
of Manhattan. LIRR is planning to operate 24 additional trains per hour during the morning and evening
rush periods to GCT. This will increase its service by
about 109,000 passengers. In addition, the project will
provide a single seat ride to most of the riders to their
final destination and will reduce their overall travel

Figure 1. General plan.

time by about 30 minutes each day. It will ease the
crowding on the LIRR trains and on transit lines.
Overall, the project will improve mobility in the
region and will stimulate the economic growth in
New York. The project is budgeted to cost $6.3 Billion and to be completed by year 2012. Figure 1 shows
the overall project.
1.2 Alignment
The alignment in Queens extends about 1800 m
(6000 ft) from the existing bulkhead of the 63rd Street
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line near 29th Street and 41st Avenue across Northern
Blvd and connects to the LIRR’s Main Line and the
Port Washington Branch passing beneath Sunnyside
railroad yard and the main line embankment and rising within the embankment to connect to the existing
tracks within Harold Interlocking which has over 740
train movements per day. An existing two track tunnel
branches into four track configuration which in turn
connects to the Harold interlocking complex East of
43rd Street passing across and underneath Yard A and
Sunnyside Yard. In order to provide midday storage
capacity, lead track tunnel will be provided to Yard A.
The alignment crosses Northern Blvd and two existing
transit lines. See Figure 2.
The alignment in Manhattan starts at the corner of
2nd Avenue and 63rd Street where the existing tunnels
are terminated about 50 m (140 ft) underground and
extends south-westerly to Park Avenue turning south
along Park Ave. See Figure 3. The tunnels start as two
single-track tunnels then separate through two wye
caverns into four single-track tunnels. The outer tunnels converge under the inner tunnels. At 51st Street
the tracks converge via two crossover caverns situated
over each other. Then they separate again through two
bi-level wye caverns into four two-level structures that
tie into the end walls of the station caverns. The station
will be situated under the historic Grand Central Terminal and it will consist of two caverns having eight
tracks (two over two in each cavern) with four island
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platforms. The caverns are situated between 44th and
48th Streets approximately 52 m (170 ft) below street
surface. The cavern dimensions are 18.3 m (60 ft) wide
by 20 m (65 ft) high and they are approximately 400 m
(1200 ft) long and they are located 30.5 m (100 ft) on
centres.
The alignment crosses several existing transit lines
including the 63rd Street line, the 60th Street N and
R lines, the Lexington Avenue 4, 5 and 6 lines, and
the 53rd Street E and F lines. In addition, along Park
Avenue the alignment runs under the Park Avenue
Tunnel for the Metro North Commuter Railroad.
2

QUEENS SEGMENT

The Queens segment starts with a cut and cover section adjacent to the existing 63rd Street transit tunnel
bellmouth structure and extends under Northern Blvd
where a five-track subway box and a two tracks elevated transit line exist. The cut and cover construction
extends into Yard A. Crossing Northern Blvd will
require underpinning of the street and the existing
transit lines. Sequential Excavation Method (SEM) in
conjunction with ground freezing will be used for this
section. The open cut west of Northern Blvd will be
used as the Manhattan tunnelling shaft while the eastern section will be used as the launch shaft for the TBM
tunnels in Queens. Three soft ground bored tunnels
will be constructed from the launch shaft and will connect with the LIRR main line embankment. A fourth
tunnel will be constructed from the launch shaft passing beneath the embankment and the other tunnels and
connecting with the existing railroadYard A to provide
for mid-day storage.
The bored tunnels range in length from 670 m
(2200 ft) to 1370 m (4500 ft) and they will have an
internal diameter of 5.94 m (19′ − 6′′ ) and an external
diameter of 6.55 m (21′ − 6′′ ). The tunnels will terminate in open approach structures that will connect with
the existing tracks. The tunnels will be constructed
using a pressurized face tunnel boring machine (TBM)

Figure 2. Queens alignment.
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Figure 3. Manhattan alignment.

Figure 4. Bored tunnels.

266
Copyright © 2006 Taylor & Francis Group plc, London, UK

with precast segmental liner. Additional facilities in
the Queens segment consist of a new yard for mid day
storage, bridges, ventilation facilities, substations, and
other ancillary facilities.
3
3.1

GROUND CONDITIONS

be encountered in this deposit. Glacial till consisting
of dense mixture of sand, silt, clay, cobbles and boulders, and nested boulders, is a major layer along the
tunnels in Queens. Also found along the alignment in
certain areas compressible soils consisting of peat and
partially decayed vegetation underlying the fill within
the limits of Sunnyside Yard, along the course of a
former creek.

Site geology

Geotechnical and hydrological considerations are the
key elements of the success of the Grand Central
Connection project. Most of the construction is underground and geotechnical issues will impact almost all
design and construction activities.
The project site is located near the physiographic
province boundary between the Manhattan Prong and
the Atlantic Coastal Plain. The site is underlain by
metamorphic rock, which is covered by Pleistocene
glacial and inter-glacial deposits as well as postglacial deposits. Bedrock consists mainly of gneisses
and schist with pegmatite sills and dikes scattered
throughout the rock mass. The most common rock
type is granitic gneiss comprised principally of quartz,
biotite and feldspar. The last glacial advance into the
metropolitan New York area is the source of most of
the soil deposits and the present surface morphology.
The glacial deposits above the bedrock can generally
be divided into three groups, mixed glacial deposits,
glacial till, and outwash/reworked till deposits. Each
group is subdivided into several strata. Stratification
is generally complex, and significant variations in the
thickness and location of the individual units are common. Boundaries between strata are not clearly defined
in many cases due to considerable inter-layering of
the glacial materials, particularly in the mixed glacial
deposits. Under such environment, different processes
of deposition occur during cyclical periods of advance
and retreat of the ice front. Prior deposits are re-worked
and new materials are deposited. Overlying the glacial
deposits is a layer of man made fill.
Excavation and tunnelling in Queens will be
predominantly in soil. Some excavations in the
Ravenswood Gneiss will be encountered in the open
cut as well as part of the yard lead bored tunnel. The
soil deposits in Queens represent a complex glacial
depositional environment upon which a post-glacial
tidal marsh environment and man-made fill deposits
were superimposed. The soils consist of fill of heterogeneous mixture of coarse to fine silts and sands
with building rubble and a possibly high concentration
of rock fragments; glacial outwash deposits, predominantly granular soils, deposited by glacial melt-waters,
consisting of clean coarse to fine sands to silty sands.
Ice-rafted boulders of various sizes are anticipated in
this deposit. Glacial lake deposits consisting of stratified silts, sand and clays deposited in quiet water is
another major formation. Ice-rafted boulders may also

3.2

The groundwater at the site is within an unconfined
aquifer formed in the glacial deposits directly overlying the bedrock. The primary source of the regional
groundwater is precipitation, which averages about
1220 mm (48 inches) a year. Actual precipitation
reaching the water table is less than 50 percent because
of surface development and drainage characteristics.
The regional groundwater flow is northwest toward the
East River. However, the groundwater from the site
flows primarily southwest toward Newton Creek.
4

ENVIRONMENTAL CONSIDERATIONS

The results of previous and project-related environmental site investigations revealed that the tunnels
will pass through or nearby existing soil and ground
water contamination in Sunnyside Yard, the existing
Yard A and nearby areas. As a result of previous site
investigations conducted by the site owner National
Railroad Passenger Corporation (Amtrak) under an
Order on Consent, the New York State Department of
Environmental Conservation (NYSDEC) designated
Sunnyside Yard as a Class 2 inactive hazardous waste
disposal site. Furthermore, the project-related environmental site investigations confirmed the presence of
contaminated ground water plumes and contaminated
soil within the area. The NYSDEC issued a Record of
Decision (ROD) which focused on specific types of
contamination and groundwater plumes which would
need to be monitored, properly managed or remediate
prior to or during any type of construction within the
area. The ROD listed lead, polychlorinated biphenyls
(PCB) and carcinogenic polycyclic aromatic hydrocarbons as the principal contaminants of concern in soil.
The ROD also included a floating diesel fuel plume
contaminated with PCBs as an operable unit identified
for remediation. Various dissolved phase petroleum
and chlorinated volatile organic compound plumes
were also identified.
4.1

Soil contamination

In most cases, soil contamination was related to historic petroleum use at the site, coal ash and cinder
fill placed at the site. Buildings identified for demolition or rehabilitation typically contained surfaces with
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Site hydrology

VOC Plumes

To minimize the construction impact, the project
was designed to prevent migration of the plumes by
minimizing drawdown and ground water movement
outside the construction area. This will be accomplished by the use of 760 mm (30 inches) thick (min)
slurry walls keyed into rock for the cut and cover construction supplemented by jet grouting where slurry
walls cannot be constructed. For the bored tunnels, a
pressurized-face tunnel boring machine (TBM) will
be used such as Earth Pressure Balance EPB or a
slurry machine with a single pass segmental, bolted
and gasketed liner.

BTEX plumes
PCB Plume

VOC/SVOC Plume
VOC Plumes

Figure 5. Ground water contaminations.

lead-based paint and asbestos containing materials.
Twenty-four areas of concern (AOCs) were identified
that are contaminated at various levels and would be
impacted by construction activities. Although the limits of contamination in many areas were below the
hazardous levels as defined by regulatory agencies,
it was important to identify them and manage them
during construction. Toxicity characteristics leaching
procedures (TCLP) lead exceeding the threshold limits
was detected in catch basins in existing sewers in the
yards. Total lead exceeding 1000 ppm was detected
in three locations in Yard A. Semi-volatile organic
compounds (SVOCs), toluene, and pesticide-impacted
soils were detected in the railroad yard soils.
4.2

Ground water contamination

Investigations detected the presence of several ground
water plumes of chlorinated volatile organic compounds (VOCs), semi-volatile organic compounds
(SVOCs), and BTEX plumes in the yards and nearby
areas. Figure 5 shows the various contamination of the
ground water.
Seven ground water plumes were identified and
one PCB-contaminated product floating on the ground
water table was identified in and nearby the Queens
tunnels alignment. Of the eight identified plumes three
will transect the alignment and would be directly
affected by the construction activities. The remaining
five could be affected by the construction activities
unless appropriate measures are taken to prevent their
migration.
5

STRUCTURAL MEASURES

Special measures were taken during the design to
deal with the contaminants. These measures include
analytical assessment of the potential migration
of the plumes during construction, implementation
of structural system to prevent such migrations,
and the implementation of an extensive monitoring
program during construction and remedial measures
if migration of the plumes is detected.

5.1

An extensive hydrological modelling of the site and
the ground water regime was developed to assess
the cut and cover construction on the ground water
regime and the potential migration of the plumes.
A three-dimensional steady state ground flow model
was developed and supplemented by parametric sensitivity analysis. In the sensitivity analysis the mean
permeability values for the porous media were selected
for the reference case while maximum and minimum
values for each stratum were used as the upper and
lower case respectively. The rock permeability was
based on the results of packer tests and they ranged
from 1E-6 cm/sec (lower bound) to 5E-5 cm/sec (upper
bound). The results of the analysis were compared
and correlated with the field observations of the 63rd
Street Line Connector project in the immediate vicinity using similar construction techniques. Based on
these analyses it was concluded that the drawdown of
the ground water table outside the slurry walls will be
in the range of 610 mm (2 ft). The effect of such draw
down of the ground water table is determined to have
negligible effect on potential migration of the plumes.
The nearest open cut construction is about 150 m
(500 ft) from the nearest chlorinated VOC plume and
about 300 m (1000 ft) from the PCB-contaminated
petroleum plume. At that distance the hydraulic gradient change at the PCB plume due to dewatering within
the cut and cover excavation will be negligible. The
actual measured average hydraulic gradient within the
project site is 0.004 while the estimated gradient due
to the cut and cover dewatering is 0.0005, an order of
magnitude less than the observed average hydraulic
gradient. Such a gradient change is not expected to
cause movement of the PCB-contaminated petroleum
plume due its viscosity and adsorptive properties. The
migration of the chlorinated VOC plume is impeded
by the slurry wall system and its migration is slower
than that calculated for a “no-build” scenario.
5.2

Cut and cover construction

Due to the close proximity of existing transit structures and buildings and the existence of contaminants
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Numerical modelling

in the vicinity of the project site, dewatering outside
the excavation is not allowed. Therefore, to facilitate
excavation below groundwater, a watertight rigid wall
system is required. Based on the various analyses, it
has been concluded that if the base of a slurry wall is
keyed into bedrock with a permeability, k, less than
1E-5 cm/s or in rock with a higher k, but grouted
to achieve a similar permeability, groundwater drawdown can be limited to 610 mm (2 ft) outside the wall
from the initial groundwater levels, with seasonal variations taken into account. With such a drawdown, the
impact to the groundwater regime is expected to be
minimal. Slurry walls will mainly be used for the
construction of the cut and cover sections. They will
be used as the primary excavation support and as
groundwater cut-off. West of Northern Blvd, the slurry
walls are constructed around the southern perimeter
of the excavation and connected to the existing 63rd
Street Connector slurry walls, along with grouting
and a sheet pile wall to the east to form a continuous watertight retaining structure (bathtub). The slurry
walls will have a thickness ranging from 760 mm (30
inches) to 915 mm (36 inches) and would be keyed
approximately 150 mm (6 inches) into rock. The slurry
wall height will vary from about 15 m (50 ft) to about
26 m (85 ft) while the bottom of the excavation is
about 35 m (115 ft). Borings will be drilled at intervals of 4.5 m (15 ft) along the perimeter of the walls to
a depth of 3 m (10 ft) into rock to determine top of rock,
its quality, and its permeability. For rock permeability
values higher than 1E-5 cm/s as determined by packer
test, cement grouting will be injected to create an effective groundwater barrier in the rock mass. The stability
of the slurry walls will be maintained by tiebacks and
bracing. To maximize open space for construction, the
use of internal bracing would be restricted to certain
areas. The tiebacks will be double corrosion protected
and will have a minimum of 5 m (15 ft) for both stressing length and bonding length. Most of the tiebacks
would be located below the groundwater table. The
presence of boulders could have a potential negative
impact on the slurry wall construction. Nested boulders, especially at the top of the bedrock, are common
at the site. Therefore measures to maintain alignment
of the panels, a good seal at the rock interface, and
a seal of the tie backs are important for a successful
installation. The tie backs could be sources of water
leakage into the excavation resulting in potential drawdown of the ground water table; therefore measures to
prevent water intrusion through the tieback locations
such as installation of casing, grouting, and providing
robust seals would be required.
5.3

Bored tunnel construction

Pressurized face TBM was selected as the preferred
means to construct the soft ground tunnels in Queens.

Figure 6. Initial cut and cover segment.

Water

Figure 7. EPB TBM.

The tunnels will be 5.94 m (19′ − 6′′ ) internal diameter and 6.55 m (21′ − 6′′ ) external diameter. Either
an EPB TBM or Slurry TBM will be used; the final
selection will be left to the Contractor. The use of a
pressurized face TBM will result in less disturbance
to critical areas of the Harold Interlocking and Sunnyside Yard, will limit the movement of ground water by
controlling in situ stress imbalances in the ground, and
will minimize ground settlement and potential risk to
railroad operation.
Pressurized-face TBMs provide their own resistance to soil and to ground water inflow by the use
of sealed, pressurized chamber at the TBM’s cutting
head. The chamber is filled with either bentonite slurry
(slurry shield), or the excavated muck (EPB). The
shield is sealed and pressurized to stabilise the face.
Polymer or foam will be used to condition the soil and
to help balance the ground water and soil pressures.
Supplemental ground water controls would not be
required since ground water inflow will be controlled
by maintaining adequate face pressure during TBM
excavation to prevent infiltration. Ground water inflow
to the launch shaft will be controlled through the use
of a jet grouting block for the TBM breakout.
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Soil

The tunnel liner will consist of precast reinforced
segmental liner consisting of five segments plus a key
to form each ring. The rings are 1.5 m long (5 ft) each
and are fully bolted segment to segment and ring to
ring. The segments are 300 mm (12 inches) thick and
are supplied with 25 mm elastomeric gasket.The lining
is designed to be watertight as it emerges from the
TBM by injecting grout through theTBM tail skin.Any
residual leaks will be dealt with by further pressure
contact grouting through the liner grout ports and if
necessary internal caulking of the joints in a caulking
groove will be provided.
5.4

6

Environmental measures

It was determined that the project designers will
be required to demonstrate to the NYSDEC and to
Amtrak that the project design will not hinder future
remediation activities at the site nor preclude further
site improvements by the site owner. Therefore, the
project has been designed structurally to essentially
eliminate any excessive groundwater drawdown that
may cause the PCB-contaminated petroleum plume
to migrate. Extensive computer-aided modelling has
also shown negligible impact to the relatively diluted,
but widespread dissolved phase chlorinated VOC and
BTEX plumes.
Groundwater for the excavation will be removed,
sampled, treated, and disposed of properly. Water
within the cut and cover excavation will be collected
in a sum system and piped to a sedimentation and
oil/water separation system prior to discharge to the
city sewer system. Sampling ports along the entire system will enable detailed monitoring and analysis of
the groundwater. The ground water treatment system
is equipped with gravity settling tanks, oil/water separators, filtration, flocculation, carbon absorption or
dissolved air floatation treatment system components
necessary to meet the discharge limits.
The project design relies heavily on a comprehensive groundwater monitoring program to effectively
predict movement of any plumes and to provide ample
time for the designer and the contractor to implement any remedial measures or mitigative contingency
plans.
5.5

groundwater elevations and quality around the PCBcontaminated petroleum plume, along the perimeter of
the cut and cover sections, and along the alignment of
the TBM tunnels. Groundwater monitoring and sampling programs will be able to provide the project
adequate data to mitigate excessive drawdowns or
spikes in contaminant concentrations in the groundwater that may impact the construction, the TBM advance
rate, potential settlement, health and safety of workers,
or require the need for remedial measures be taken in
advance of the tunnelling operation.

The East Side Access Project, the largest transportation project ever undertaken in New York City, will
improve the overall New York metropolitan area
transportation system and will stimulate economic
growth. To be successful the project has been planned
using state of the art design concepts, advanced
construction approaches, and careful attention to environmental issues. The project design incorporates
measures to prevent movement of groundwater contaminated plumes by minimizing drawdown of the
water table. In addition, the proposed construction
techniques will prevent harming the public health and
the environment.
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Instrumentation and monitoring

In conjunction with the geotechnical instrumentation program, the environmental engineers and scientists devised a network of sentry wells to monitor
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CONCLUSION

