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Executive Summary

The Washington Metropolitan Area Transit Authority (WMATA) conducted a study to determine the
feasibility of the construction of a new pedestrian tunnel in response to the growth the NoMa
neighborhood is experiencing, particularly east of the Northeast Corridor. AECOM has assessed the
engineering needs and applicable codes for construction of this tunnel to link the existing NoMa-
Gallaudet University Metrorail station on the west, to the neighborhood to the east, and has
determined that tunnel construction is feasible.

Currently, there are six Amtrak rail tracks adjacent to the east of NoMa-Gallaudet University Metrorail
station. The station is served by two rail tracks on either side of a central platform. At the present time,
there is no direct route for pedestrian access between the station and the neighborhood and ongoing
redevelopment to the east of the rail tracks. The proposed facility will provide a safe, and ADA
accessible, connection to the station, as well as a more direct route to Gallaudet University.
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The study kicked-off with a meeting on December 10, 2014 to discuss tunnel requirements, constraints,
and design guidelines with WMATA, the consultant team from AECOM and other stakeholders including
DDOT, ANC 6C, NoMa BID, and Gallaudet University. Data was collected from stakeholders and
compiled into an existing conditions report. The stakeholders attended a site visit on January 21, 2015
to review existing conditions, requirements, possible alighments, and major constraints. WMATA,
DDOT, Amtrak, Gallaudet University, Trammell Crow (developer for the adjacent private property to the
east), NoMa BID, ANC 6C, and the consultant team attended the site visit. Concept designs were
developed for various alignments and different tunnel entrance locations. Due to railroad operational
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concerns, open-cut construction was not considered for the new pedestrian tunnel. The following
tunnel construction methods were considered:

. Arch and Flat Roof Pipe Tunneling
. Jacked Box Technique
. Sequential Excavation Method (SEM)

This study determined that a pedestrian tunnel can be constructed beneath the railroad tracks and
provide direct east-west access via connection to the existing mezzanine level. Arch Pipe Tunneling and
the Jacked Box technique are considered the most feasible tunneling methodologies and are discussed
in detail in this engineering assessment. lllustrations of these two methods are shown below.
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Due to clearance requirements beneath the existing track, the tunneling methods resulted in differing
vertical alignments and cross sections. Initial concept sketches for six alignments were presented and
discussed with stakeholders at a meeting on April 27, 2014, and resulted in the selection of three
alignments for further analysis. Following the meeting, Trammell Crow evaluated the alignments and
provided a concept sketch for their site which incorporated a slightly modified version of one of the
alignments. The modifications were incorporated into the concept designs and assessment.

Three primary alignments were reviewed and include the performance of an engineering analysis and
consideration of the primary constraints including the proposed neighborhood redevelopment, the
active railroad tracks, the vicinity of Gallaudet University, and the safety for all Metrorail users.
However, although tunneling is feasible, tradeoffs exist between options in terms of tunnel size,
construction schedule and cost, and impacts to the station and adjacent properties and facilities.

The project construction cost, not including environmental analysis, engineering and public involvement,
is estimated to be between $16.6 million and $23.7 million depending on the tunneling method and
alignment used. It is recommended that the project be advanced to preliminary engineering, including
geotechnical, utility and site investigation, and further coordination with stakeholders, to analyze the
complex and detailed engineering required to select a preferred alignment and tunneling method, and
develop a biddable and constructible design that will bring this project to reality, improve access to the
Metro station and serve as a catalyst for continued area growth.
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1 Introduction

The Washington Metropolitan Area Transit Authority (WMATA) and Washington, DC (the District) are
exploring the feasibility of a pedestrian tunnel beneath the existing Amtrak railroad to provide ADA
compliant access to the NoMa Metrorail Station to the west and support the neighborhood
redevelopment from the east along 3™ Street, NE. This final report includes an analysis of the existing
site and subsurface conditions, an engineering assessment which evaluates feasible pedestrian tunnel
alignments and specific tunneling method options, a discussion of the challenges associated with
implementing and constructing a tunnel, and provides order of magnitude construction cost estimates.

1.1 Approach and Scope of Report

This final report describes the application of several methods of tunnel construction methodology for
the excavation of the proposed pedestrian tunnel beneath six (6) existing Amtrak railroad tracks along
the rail corridor adjacent to the NoMa Metrorail Station, as well as two active Metro tracks which
service the station. The scope of the study is to analyze the constructability and construction costs
associated with these methods in order to determine which alignment and tunneling method will meet
WMATA and the District’s objectives with no disruption to Amtrak railroad service and minimal
disruption to station operations.

Based on review of as-built drawings, available information, coordination with stakeholders, and
customary engineering practice, this assessment considered, but was not limited to, the following:

e Structural/Tunneling practices and concerns

e Geotechnical

e Site Conditions

e Mechanical and Electrical

e Architecture

e Amtrak and Metro infrastructure and guidelines
e Stakeholder needs and requirements

e Fire and Life Safety

o Accessibility

The purpose of this final report and engineering assessment is to present a description and comparison
of tunnel options including the technical feasibility, railroad impacts and order of magnitude costs and
schedule. The content presented herein reflects the latest proposed alignments and design concepts at
the time of preparation of this report, and may require revision should any of this information change.

This Final Report and Engineering Assessment is organized as follows:

e Section 2 — Existing Station Site, Utilities, and Subsurface Conditions
e Section 3 — Alignment Development Process

e Section 4 — Tunneling Methods

e Section 5 —Tunnel Lining Design and Construction Evaluation
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e Section 6 — Accessibility Codes and Standards

e Section 7 — Architectural and Finish Treatment

e Section 8 — Mechanical and Electrical

e Section 9 — Fire Protection and Fire Life Safety

e Section 10 — Tunnel Construction Estimate and Schedule

e Section 11 — Federal Environmental Documentation Requirements
e Section 12 — Conclusion

2 Existing Station Site, Utilities, and Subsurface Conditions

This section describes the existing station site, utilities, and subsurface conditions in order to identify the
physical constraints and challenges associated with the proposed construction of the pedestrian tunnel
beneath the Amtrak railroad tracks. The existing station area and site conditions are outlined below, and
are further documented in the Existing Conditions Memorandum included in Appendix E.

2.1 Existing NoMa Station

2.1.1 Station Layout

The NoMa Station, which opened in 2004, is located between M Street NE and Florida Avenue NE and
between 3™ Street NE and 2™ Street NE. The NoMa Station is divided into two levels. Riders access the
station and pay on the first level. The platform is on the second level which riders access by using an
escalator, staircase, or elevator. There are two entrances to the station, one at the south end, on M
Street NE, between 1% Street NE and 3" Street NE, and one at the corner of N Street NE and 2" Street
NE.

The NoMa Station is a center platform station; the inbound and outbound Metrorail Red Line utilizes the
tracks that run on both sides of the passenger platform to stop at the NoMa Station. The commuter
trains (such as MARC, VRE, and Amtrak) use the tracks adjacent to the NoMa Station, east of the
passenger platform, to access Union Station and the nearby rail yard.

2.1.2 Station Structural Design

The station has a hybrid structural configuration, where the outbound track is on an embankment
supported by a cantilever cast-in-place concrete retaining wall, and the inbound track is on a precast
concrete box girder guideway. The station platform is comprised of twin longitudinal box girders with an
adjoining slab. The platform box girders are supported by transverse precast prestressed concrete cross
girders that rest on the embankment retaining wall at one end and the guideway columns at the other
end. The Metropolitan Branch Trail (MBT), located to the west of the inbound track, is comprised of a
track-level precast concrete box girder viaduct supported on concrete columns.

The vertical stem of the embankment retaining wall is 3’-9” thick. The wall has a spread-footing
foundation with a 5’-9” heel extending behind the wall and 16’-0” toe extending in front of the wall,
under the ground level floor of the station. The back side of the embankment retaining wall has a
Miradrain drainboard and an 8-inch underdrain at approximately floor level of the station. Further
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behind the retaining wall was a temporary support-of-excavation wall that may still have in-place
components. Near track level there is a variable-elevation electrical ductbank running longitudinally
behind the wall. Typical guideway and MBT viaduct column spacing is 66’-8”. This spacing also defines
locations of transverse girders that support the platform.

North of the ground level service rooms between column lines 10 and 11 (just north of the Florida
Avenue entrance pavilion), the embankment retaining wall is comprised of a mechanically stabilized
earth (MSE) wall. Also between column lines 10 and 11, there is about 16 feet of unoccupied wall space
between the Florida Avenue entrance pavilion and the service rooms. Track-level service rooms at north
and south ends of the station are supported on the embankment by cast-in-place concrete slabs and
foundation walls with spread footings.

2.1.3 Station System Design

The NoMa Station obtains power from two 13.8kV electrical feeders from PEPCO, which originate in the
AC Switchboard Room, which is located in the North Service Rooms on the platform level. Fire sprinklers
provide fire protection in required areas of the station. Electrical and mechanical rooms within the
station have various combinations of exhaust, heating and air conditioning which are controlled by the
automated energy management system (AEMS). Control and monitoring of systems are provided
through the data transmissions system (DTS). The outbound track bed within the NoMa Station limits
contains ductbanks for power, communication, contact rail heating, traction power, and grounding.

2.2 Multimodal Access

When accessing the NoMa Station, 81% of the passengers walk, 9% of the passengers take the bus, 9%
of the passengers take a car, and 1% of the passengers use a bicycle. Pedestrians arrive from all areas
around the NoMa Station, including the business and residential developments east of the station, and
Union Market and Gallaudet University east of the station. The pedestrian pathways from east of the
Amtrak rail to the south entrance provide a more desirable pathway due to the wide sidewalks and well-
lit areas. Figure 1 shows the narrow sidewalks on Florida Avenue pedestrians use to get from the
northeast side of the railroad facilities to the northwest entrance. It is expected that the pedestrians
gravitate towards the south entrance to avoid the narrow sidewalk adjacent to the travel lane.

In addition, the station can be accessed from:

e Metro Bus routes X3, 90, 92, and 93, which stop on Florida Avenue between 3" Street NE and
4™ Street NE and then walking to the Metro entrance;

e The Metropolitan Branch Trail, which has an access ramp outside the south entrance and access
stairs at the northwest entrance. A Capital Bike Share station located just outside the south
entrance on M Street NE; and

e Driving and parking in a nearby lot.
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Figure 1: Narrow Sidewalk along Florida Avenue

2.3 Existing Transportation Network

The existing transportation network in the study area includes a mix of pedestrian, bicycle, rail
(Metrorail, commuter rail, and Amtrak), Metrobus, and automobile infrastructure and service. The non-
automobile mode share in NoMa is approximately 35 percent. While the study area itself has between
20 and 40 percent of households with zero cars, areas to the east and north of the study area have
between 40 and 60 percent of households with zero cars.

2.3.1 Pedestrians and Bicycles

2.3.1.1 Network

Sidewalks exist on both sides of nearly every street within the study area, except for 3" Street NE
between Florida Avenue and M Street NE. At these two locations, sidewalk exists on only one side of
the street. There is a staircase entrance near the entrance at the intersection of N Street NE and 2™
Street NE. Bicycle lanes can be found on 1% Street NE and 4™ Street NE. The study area is also served by
a multi-use trail, the Metropolitan Branch Trail, which runs from Union Station to Silver Spring, Maryland
on a combination of off-street and on-street facilities. The segment that runs through the study area is
an off-street facility that runs from Union Station to Franklin Street NE, approximately 2.5 miles.

2.3.1.2 Pedestrian Volumes

According to the NoMa BID, volumes average around 92,000 pedestrians on the streets of the NoMa BID
on weekdays. The intersections with the highest volumes are found on the western side of the study
area, with the intersection of 1* Street NE and N Street NE having high volumes both in the AM and PM
peak. East of the Metrorail Red line, the intersection at 3" Street NE and M Street NE has the highest
volume.

2.3.1.3 Pedestrian/Bicycle Network Deficiencies
The low pedestrian volumes at the Florida Avenue intersections at 2™ Street NE and 3" Street NE may
be related to deficiencies in the east-west connections in the pedestrian and bicycle network within the
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study area. In the vicinity of the NoMa Station, bicycle level of service (LOS) on Florida Avenue is an E,
while nearby north-south streets are D or better. LOS, established by the Highway Capacity Manual,
assigns a letter grade to the relative traffic flow; A is the best grade with free flowing traffic and F is the
worst grade with unstable flowing traffic. The New York Ave-Florida Ave-Gallaudet University Station
Access Improvement Study (2010) also identified east-west connections to the NoMa Station to be
hindered.

The New York Ave-Florida Ave-Gallaudet University Station Access Improvement Study (2010) also
identified deficient pedestrian spaces, using criteria including: proximity of pedestrian activities to
roadway, sidewalk gaps, sidewalk width, presence of planting strips and street trees, traffic volume, and
posted speed limits. Along principle arterials and collector streets in the study area, no street has both
high-pedestrian activity and highly-rated pedestrian deficiency. However, the highest rated streets for
pedestrian activity and deficiency within the study area are found to the east of the Metrorail Red line
and freight and passenger railroad facilities. Higher levels of pedestrian activity and deficiency are found
to the north and west of the study area.

The levels of pedestrian activity and deficiency are only partially reflected in the safety of intersections
in the study area. Between 2010 and 2012, more bicycle and pedestrian crashes occurred on the west
side of the study area, predominately at the intersection of New York Avenue and Florida Avenue and
the intersection of 1% Street NE and N Street NE. On the east side of the corridor, pedestrian and bicycle
crashes are predominately clustered at the intersection of 3™ Street NE and Florida Avenue, which is
also the location of the only pair of bus stops in the study area.

2.3.2 Metrorail Ridership

The ridership at the NoMa Station has increased faster than predicted. In 2008 the Metrorail Station
Access & Capacity Study predicted the average weekday ridership at the NoMa Station to increase from
2,177 boardings in 2005 to 3,919 boardings in 2030, an 80% increase over 25 years.

New York Avenue and Florida Avenue serve as the principle arterial streets within the study area and
each carry 56,800 and 22,100 vehicles per day respectively. 1° Street NE, 4™ Street NE, and M Street NE
serve as collector streets in the study area, while all other streets in the study area serve local traffic.

Florida Avenue is considered a high frequency crash corridor by DDOT, as it had 1,361 total collisions
between 2010 and 2012. Within the study area, the most dangerous intersection is at New York Avenue
and Florida Avenue, where 160 crashes occurred between 2010 and 2012. Of all the intersections in the
District of Columbia, the New York Avenue and Florida Avenue intersection ranked fifth for crash
frequency from 2010 to 2012, third for crash severity cost in 2012, and was the 15" most hazardous
intersection between 2010 and 2012, according to DDOT.

Additionally, the intersection at 1% Street NE and M Street NE was included in DDOT’s ranking of
dangerous intersections, as the 12" highest crash rate (2.85 crashes per million vehicles) in the District
from 2010 to 2012. However, earlier data from 2005 to 2007 shows that the 1% Street NE and M Street
NE intersection crash rates have not always been as high and several other intersections, including 1**
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Street NE and New York Avenue, 3" Street NE and Florida Avenue, and 1% Street NE and N Street NE,
have historically had higher crash rates.

2.3.3 Metrobus

The study area is served by four Metrobus lines: X3 and the 90s line (90, 92, and 93) as well as the other
Metrobus routes that serve the NoMa neighborhood, many of which travel along North Capitol Street
west of the study area and K Street NE south of the study area. Within the study area, there is only one
pair of bus stops, found at the intersection of 3™ Street NE and Florida Avenue.

The 90s line (90, 92, and 93) provides higher frequency service to the study area, with buses arriving
every seven minutes during weekday peak service and 15 minutes during weekday off-peak service. X-3
provides service during peak hours and only in the peak direction, with 15 minute headways westbound
in the morning peak and 30 minute headways eastbound in the afternoon peak.

The 90s line carries the most Metrobus passengers through the study area, with a weekday average of
12,266 riders. X3 carries fewer riders: 1,502 on the average weekday. The westbound stop at the
Florida Avenue and 3™ Street NE intersection contributes more than 600 average daily boardings to the
ridership averages of these two routes, while the eastbound stop contributes between 151 and 300
average daily boardings.

2.4 Site Easement

The NoMa Station is located west of and beneath the passenger and freight rail tracks, stretching from
M Street NE to Florida Avenue, between 2" Street NE and 3" Street NE. Two bridges, one over M Street
NE and one over Florida Avenue, support the Metrorail tracks in the vicinity of the station. The elevated
Metropolitan Branch Trail runs parallel to the tracks on the west side of the station. There is a 66” water
main pipe with a 134” sleeve running east to west, passing only a few feet under the station’s
foundation but is buried approximately 20 feet under the existing ground line east of the station. Figure
2 shows that there is a gravel access road connecting the tracks to 3™ Street NE between Florida Avenue
and N Street NE. There is a Pepco easement near the gravel access road. A billboard is present, adjacent
to the gravel access road. There are also overhead wires, over the railroad tracks. Other easements,
recorded and unrecorded, may be present on the site but records could not be found.
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Figure 2: NoMa Station Site Layout
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2.5 Existing Land Uses

2.5.1 Development

Property in the study area is currently used largely for commercial uses, especially office. Prior to 2005,
over 6 million square feet of office space and over 200,000 square feet of retail space existed in the
NoMa neighborhood. Since 2005, office and retail space has doubled, while over 3,800 residential units
and about 600 hotel rooms have also been added to the area. provides details on where these
developments have occurred, as well as the locations of planned developments in the area.

Northeast of the NoMa Station, an area that has been historically used for wholesale food operations
has recently seen more retail uses introduced, specifically at the Union Market building. At Union
Market, along with several other properties nearby, planned unit development (PUD) for additional
retail and residential units is either active or has been submitted for review.

2.5.2 Residential

Currently, the NoMa neighborhood (in the NoMa BID) has about 3.8 million square feet of residential
space, most of which has been developed since 2005. The construction of additional residential units is
expected to continue over the near-term, with an additional 1.9 million square feet of residential space
to be added over the next five years.

2.5.3 Office

Office space makes up the greatest amount of land use in the NoMa neighborhood, with about 13
million square feet. Over the next five years, another 3.6 million square feet of office space are planned
or proposed to be added.

2.5.4 Retail

Retail uses make up the smallest amount of land uses, with around 380,000 square feet. Aside from the
development at Union Market, the greatest amount of retail is located near the NoMa Station, west of
the Red Metrorail line between M St and N St. Over the next five years, additional retail space is
expected to be constructed, nearly doubling the existing retail space.

2.6 Zoning
All of the study area around the NoMa Station falls under one of three commercial zoning designations:
C-3-C, C-M-1, and C-M-3. Table 1 describes the acceptable uses in each zoning district.

The study area falls within two districts used to finance neighborhood improvements: the New York
Avenue Metro Area Special Assessment District and the NoMa Business Improvement District. The New
York Avenue Metro Area Special Assessment District was created in 2001 to fund the construction of the
NoMa Station through public-private partnership, with private funding coming through an additional
property tax on non-residential properties in the district. The NoMa Business Improvement District was
created in 2006 and funds beautification projects, street ambassadors, marketing, urban planning,
economic development, and other improvements in the neighborhood through additional taxes on
properties in the district.
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Figure 3: NoMa Development Map, NOMABID.ORG (2014)
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Table 1: Study Area Zoning Designations

Zoning
Designation Description
Permits matter-of-right development for major business and employment centers of
medium/high density development, including office, retail, housing, and mixed uses to a
maximum lot occupancy of 100%, a maximum FAR of 6.5 for residential and for other permitted
uses, and a maximum height of ninety (90) feet. Rear yard requirements are twelve (12) feet;
one family detached dwellings and one family semi-detached dwellings side yard requirements
are eight (8) feet.

C-3-C

Permits development of low bulk commercial and light manufacturing uses to a maximum FAR
of 3.0, and a maximum height of three (3) stories/forty (40) feet with standards of external
effects and new residential prohibited. A rear yard of not less than twelve (12) feet shall be
provided for each structure located in an Industrial District. No side yard shall be required on a
lot in an Industrial District, except where a side lot line of the lot abuts a Residence District.
Such side yard shall be no less than eight (8) feet.

C-M-1

Permits development of high bulk commercial and light manufacturing uses to a maximum FAR
of 6.0, and a maximum height of ninety (90) feet with standards of external effects and new
residential prohibited. A rear yard of not less than twelve (12) feet shall be provided for each
structure located in an Industrial District. No side yard shall be required on a lot in an Industrial
District, except where a side lot line of the lot abuts a Residence District. Such side yard shall be
no less than eight (8) feet

Transferable Development Rights - A large portion of NoMa is designated as a “Transferable
TDR Development Rights Receiving Zone” (TDR), developers are able to utilize development rights
purchased from other locations in the city.

Source: DC Office of Zoning

2.7 Utilities

To accommodate the proposed tunnel, it is important that existing utilities are identified and accounted
for early in the design. Being located in a fully developed and urbanized location, numerous existing
utilities, both aerial and subsurface, are found within the project limits. Existing information on utilities
in the entire study area, bounded by the western limits of the Noma Metrorail Station, the northern
curbline of Florida Ave NE, the eastern curbline of 3rd St NE and M St NE, was evaluated. This inventory
of existing surface and subsurface utilities was performed using available documentation and
observation. Topographical survey and/or geophysical prospecting techniques were not employed at
this time, but are strongly recommended for design activities; it is believed that some of the utility
documentation collected previously was based on physical determination, as it is possible that not all
utilities within the project area are accurately represented or located, including any undisclosed
government utilities. In addition, any recent or ongoing utility relocation work by utility companies may
not be included in this discussion.

Based on available documents provided by DDOT and WMATA, utilities that may be encountered
include those listed in Table 2.

The various tunnel alignments attempt to reduce impact to major utilities while maximizing effective
interface with the terrain and existing and proposed structures.
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This inventory of existing utilities is limited, and as such, all utilities may not be accurately accounted. It

is recommended that coordination with facility owners occur as the design advances, and that a

subsurface utility exploration (SUE) program be implemented.
Table 2: Existing Utilities

Utility Type | ___Utility Owner

Available records do not indicate any Washington Gas facilities
in the vicinity of the proposed tunnel. However, facilities are

Gas Washington Gas located in the adjacent streets, and service is provided to the
NoMa Station.
Underground distribution lines and service connections are at
Water DC Water (WASA) yarious Ioc§tions. Pipe size va rie':s from 3” to 621 The r6d6" main
is encased in 132" tunnel, crossing between 2™ and 3™ Streets
at N Street. Fire hydrants are located around the project area.
Aerial — Overhead wires mounted typically to wooden poles are
Potomac Electric and found along east side of tracks; size and type unknown.
Power Company (PEPCO), | Subsurface — Underground facilities throughout project area.
Electric Washington Metropolitan | Extensive underground transmission and distribution facilities,
Transportation Authority | including traction power and track heating, and station
(WMATA) electric/lighting. There is an electrical ductbank located
beneath the eastern WMATA track, along the length of station.
Aerial — Overhead wires mounted typically to wooden poles are
Telephone Verizon Communications | found along east side of tracks; size and type unknown.

Subsurface — Unknown, no lines appear in materials.

Communication/
CATV

Washington Metropolitan
Transportation Authority
(WMATA)

Aerial — Overhead communication wires mounted typically to
wooden poles are observed throughout the project area along
both sides of the roadways; size and type unknown.
Subsurface — Underground train communication cable/conduit
within the project area.

Street Lighting

District Department of
Transportation

Street lighting is throughout the project limits including bridge
mounted lights. Luminaires are acorn (2"d Street) and cobra-
head style (3rd Street) mounted on aluminum poles.

Traffic Signals/
Enforcement

District Department of
Transportation and
Metropolitan Police

Department

DDOT standard traffic signals, control cabinets, and cameras
and devices are around the project and are typically surface
mounted on a standalone pole or foundation. DDOT cameras
are typically for traffic surveillance while the MPD owned
facilities are for red light and speed enforcement. Underground
facilities including manholes, hand holes, and conduit are also
present to services the aboveground equipment. Size and
location of underground facilities are unknown.

Sanitary Sewer

DC Water (WASA)

Sanitary lines of various sizes run along M Street and Florida
Ave. Station cleaner room includes sanitary sewer drain to M
Street.

Storm Drainage

DC Water (WASA)

Storm runoff on ground surface is conveyed by gutters to catch
basins; size and location of drainage piping varies. Existing
underground storage system west of tracks and treatment
structure (between M and N Streets). Tracks are drained by PVC
pipes and small grate inlets. Retaining walls include
underdrains.

Rail

Washington Metropolitan
Transportation Authority
(WMATA)

Project is adjacent to WMATA facilities. As such, underground
utilities may be present. Project crosses beneath and over
existing rail facilities.
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2.8 Subsurface Conditions

The proposed NoMa pedestrian tunnel will be located beneath the live railroad tracks with the finished
tunnel floor at elevation varying from +47 to +53 feet, depending on the proposed alignments, and clear
tunnel height of 10 feet and 5.5 feet clearance requirement between the railroad tracks and the top of
the tunnel. The geologic conditions at the proposed tunnel location are interpreted based on the
geotechnical data from Borings NY-17U and NY-18A and the Geotechnical Engineering Report for
Glenmont Route, New York Avenue Station in 2001 (provides information in the vicinity of the existing
station) ; the geologic section of B&O Route, Station 102+50 to 115+00 dated March 12, 1969; and
initial geotechnical findings in the vicinity of the eastern end of the tunnel to include Borings B4, B5, BS,
and B9 recently drilled in 2015 which were provided by the developer of the Central Armature Works
site Trammell Crow (additional information regarding geotechnical data to the east of the tracks is
available upon request to Trammell Crow).

The subsurface conditions consist of approximately 15 feet of fill overlying 5 feet of silty sands of the
Terrace deposits, which is underlain by clays and sands of the Potomac group. The embankment fill was
placed in the early 1900’s to provide grade separation with the cross streets and was unlikely be
compacted in accordance with the current railroad standards. Fill generally consists of interlayers of
medium stiff to stiff clay/low plasticity silt with Standard Penetration Test (SPT) values ranging from 6 to
17 and loose to medium dense silty/clayey sands, with SPT values ranging from 7 to 17. The Terrace
deposits include interlayers of medium stiff to stiff low plasticity silts/clays with SPT values ranging from
6 to 18 and loose to medium dense silty/clayey sands, with SPT values ranging from 9 to 26. The clays
and sands of the Potomac group consists of stiff to very stiff low plasticity silts/clays with SPT values
ranging from 10 to 25 and medium dense to very dense silty/clayey sands, with SPT values ranging from
15 to 60. The groundwater shown on the geologic section in 1967 and measured in the recent borings
ranges approximately from Elev. 22 to 40 feet, which is well below the invert of the proposed tunnel.

It is anticipated that the proposed pedestrian tunnel will be excavated above the groundwater table.
Depending on the proposed tunnel height, the upper half of the tunnel may be excavated in the old
track embankment fill and the bottom half may be excavated in the Terrace and Potomac deposits. In an
open-face tunnel excavation, the fill materials and Terrace soils may exhibit cohesive-running or slow
raveling. Because of the uncertainty associated with the old track embankment fill materials, a soil
investigation and lab testing program should be performed during the preliminary engineering phase to
obtain more reliable soil properties to help characterize ground condition along the selected tunnel
alignment.

As the proposed tunnel will be excavated beneath live railroad tracks, ground settlement must be
effectively controlled and limited to allowable values. The conceptual design layout will focus on
providing an effective control of face stability during excavation and a comprehensive monitoring
program to control ground loss and ground surface settlement. Pre-support and/or ground
improvement may be required to minimize ground settlement. The geotechnical review focused on the
area closest to the station and it is anticipated that the ground in the area of the station is similar.
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The support of excavation wall, consisting of sheet piling and tie-back tendons, installed during the
construction of the NoMa station, remains in place. The means of addressing this obstruction must be
considered in the design system and construction methods.

2.9 Railroad

The proposed pedestrian tunnel will be located beneath the live railroad tracks of Amtrak and WMATA.
Both sets of tracks support passenger rail traffic only, as there is no freight service at this location. All
trains traveling north from Union Station and all trains heading south to Union Station pass by the NoMa
Gallaudet University Metro Station. Non-Metro trains run on Amtrak’s Northeast Corridor, and are
powered by a combination of diesel engines and electrified overhead catenary structures.

Design and construction beneath these railroad tracks must be in accordance with the WMATA Adjacent
Construction Project Manual, and all applicable standards of Amtrak and the American Railway
Engineering Manual (AREMA), including loading requirements as detailed under Appendix C, and
providing a minimum clearance of 5.5 feet, between the bottom of each respective rail, and the top of
the tunnel.

Additionally, the proposed construction concepts must readily accommaodate, or provide for the
modification of, the existing Amtrak signal bridge, located over the Amtrak tracks, and in line with the
existing station entrance.

Amtrak and other stakeholders are currently undertaking modifications at Washington Union Station —
the Terminal, lvy City Yard — that may require modifications to the Northeast Corridor signals and track
between K and C Interlockings, which govern rail movements through the various junctions and
crossovers near the proposed tunnel location. The proposed pedestrian tunnel will be in the vicinity of
the Home Signal for C Interlocking. As the potential future Amtrak signal bridge configuration is not yet
known, the prudent concept for the pedestrian tunnel will account for the need to shore/underpin the
foundation area beneath the existing signal bridge footings. The relocation of the signal bridge would
only be possible with extreme adjustments by Amtrak and would affect train throughput to and from
the Terminal and the Ivy City Yard with negative effects on the ability to stage trains.

3 Alignment Development Process

This section describes the tunnel alignment development process including an initial universe of
alignments, stakeholder coordination, and preliminary screening criteria.

3.1 General Arrangement for Proposed Tunnel, Tunnel Alignment and Profile
The proposed pedestrian tunnel will connect from a portal on the 3™ Street, NE side of the tracks to the
existing NoMa station at a level beneath the tracks in line with the existing station mezzanine. The
pedestrian tunnel shall provide an open, well lighted concept, and a straight-line alignment between
portals for safety and accessibility. The materials for the finished tunnel surfaces were selected to
support this open and light concept, and are further detailed in Section 7.2.
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Initially, six tunnel alignments were evaluated with respect to the site conditions including, but not
limited to, the surrounding topography, utilities, and potential railroad impacts (see Figure 4). The
proposed pedestrian tunnel alignments range in length from approximately 145 feet to 230 feet.
Through further analysis and discussion with stakeholders several of the alignments were determined to
have significant disadvantages and three alignments were selected for further assessment and cost
estimating. The assessment of the alighments is shown in Table 3.

Major considerations which informed the development and evaluation of the alignments include:

o Preferred tunnel width is 20 feet based on stakeholder preferences and accessibility
considerations

e The existing 132 inch diameter tunnel housing a 66 inch diameter water main shall remain in its
current location, as shown in Figure 4.

e A minimum cover between the top of tunnel and top of railroad tie for the Amtrak and WMATA
tracks is approximately five feet six inches.

e The proposed grade for the pedestrian tunnel finish floor is expected to be a maximum of 3%
from the 3™ Street NE side portal to the station. A low point pump station will be required to
drain the tunnel section in the event of flooding conditions.

e The proposed tunnel must be designed to accommodate support of the Amtrak signal bridge
(shown in Figure 1) by providing either ground modifications or being laid out to provide
structural support for the concentrated signal bridge load. Alternatively, new straddle type
foundation could be constructed to bridge the tunnel alignment, and transfer load to deep side
foundations.

e Tunnel entrance at 3" Street NE will require transition sections from the covered tunnel portal
locations to the existing grades. The structure will consist of a transition or “U” structure section
to grade. Landscaping, fencing and appropriate barriers would be installed.

e Tunnel Ventilation will not be required based on current National Fire Protection Association
(NFPA) requirements since the tunnel is less than the 800-foot minimum length.

e The preferred temporary construction area may be located in areas adjacent to 3™ Street NE. It
is expected that the temporary construction area would need to be an area at least 100 feet
wide by 200 feet long or about % acre.

o The WMATA Metrorail and platform are integrated into the station foundation. The pedestrian
tunnel will exit through the existing station retaining wall.

e Ownership, security, and hours of operation for the tunnel.

Each tunnel alighment and tunneling method was reviewed with respect to its ability to create an ADA
accessible pathway between the station’s existing finished floor elevation of 52 feet, and the eastern
site, while maintaining the required 5.5 feet clearance beneath the eastern WMATA track at an
elevation of 72 feet, and the existing Amtrak rail tracks, at elevations ranging between approximately 69
feet and 71 feet. The necessary clearance beneath the tracks, and the finished floor elevation of the
existing station, were the constraints which most directly defined slope of the tunnel, and therefore the
eastern tunnel inverts, which ranged in elevation from 45 feet to 53 feet, locating between 9 feet and 21
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feet below the existing site elevations at each respective outfall. These relationships are further detailed
on the tunnel profiles in Appendix A.

The various tunnel alignments were presented to and discussed with stakeholders ranging from NoMa
Business Improvement District, the property owner and future developer of the Central Armature Works
(CAW) site at the east portal of the proposed tunnel, Amtrak, Gallaudet University, District of Columbia
Office of Planning, and various WMATA offices. The six initial options shown on Figure 4, and detailed in
Table 3 were evaluated for feasibility and function. Alignments 2A and 2C were eliminated due to their
extended tunnel length and the depth required to tunnel beneath 3™ Street, NE Alignment 4 was
eliminated from consideration due to its impacts on Metro station access during construction.

This resulted in three remaining alignments for further concept development and engineering
assessment. Engineering analysis also considered various tunneling methods for each of the alignments.
Further discussion of tunneling methods is in Section 4 of this report.

3.2 Selected Alignments
Alignments were analyzed with respect to the existing conditions, including the WMATA station and

Amtrak facilities, the impact to the proposed future neighborhood redevelopment, such as the
anticipated tunnel outfall invert, and necessary means of vertical circulation, based upon surrounding
site grades.

3.2.1 Alignment 1
This alignment creates a small entry plaza between the tunnel and the existing sidewalk at Florida

Avenue, NE. This option results in a minimal impact on the developable footprint. However, proximity of
the tunnel to Florida Avenue, NE would require major lane closures and disruption of traffic during
construction.

3.2.2 Alignment 2B
This alignment has the opportunity to integrate into the adjacent development at grade, but also results

in a more significant elevation grade change. This alignment attempts to avoid the signal bridge over
the Amtrak property.

3.2.3 Alignment 3A (slightly modified Alighment 3)
In coordination with the CAW development team, a new alignment, 3A, (minor horizontal adjustment of

initial Alignment 3 and lowered east portal to 47-foot elevation) was determined to have the greatest
feasibility and integration with the proposed development. Alignment 3A represents a logical location
for the tunnel because it is on axis with the adjacent urban street network and provides a tunnel
opening that integrates with current development plans. This alignment however, is located beneath an
Amtrak signal bridge, and represents the most significant elevation change between the pedestrian
tunnel entrance and grade, which can be seen on sheets A-8 and A-10 of Appendix A.
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Figure 4: Initial Pedestrian Tunnel Alignments
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Figure 5: Initial Pedestrian Tunnel Alignments Profile Sketches

See Appendix A for more detailed profile sketches
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Table 3: Initial Alignment Review Matrix
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4 Tunneling Methods

Due to the location of the Northeast Corridor tracks directly adjacent to the NoMa Metrorail Station,
cut-and-cover was eliminated as a means of construction for the pedestrian tunnel. Therefore, the
following tunneling methods beneath the railroad were evaluated as part of this study:

e Pipe Arch/Pipe Flat Roof Tunnel — Consists of installing a series of pipes around the perimeter of
the proposed tunnel (arch or flat roof configuration) to provide temporary support and protect
the adjacent existing structures during the tunnel excavation.

e Jacked Box Tunnel — Consists of horizontally thrusting a box structure forward into the ground
using open shield and jacking technology, then excavating from inside of the tunnel box
structure.

e Sequential Excavation Method (SEM) with soil stabilization ground improvement using
ground/soil stabilization techniques — Consists of sequentially excavating the ground while
providing initial ground support via a shotcrete liner, steel arches (lattice girders), reinforced
forepoling, and face stability ground reinforcement, as needed. The permanent concrete tunnel
lining is then cast-in-place.

The following qualitative factors were assessed for each of these tunneling methods:

e Technical feasibility

e Constructability and staging requirements

e Alignment for the new tunnel and connection to existing Station
e Potential impacts to railroad and adjacent structures

e Environmental impact

e Order of magnitude construction costs

e Construction Schedule

e Impact to the existing right-of-way and utilities

e Local/regional/national contractor availability

During the Preliminary Design phase of the project, additional detailed engineering analysis of the
selected method will be necessary to ensure tunneling will be performed in such a way that above
railroad track elevations will not be displaced, including determining an appropriate method of
providing anti-drag resistance to be implemented.

4.1 Pipe Arch/Flat Roof Tunneling Method

The Pipe Arch/Flat Roof tunneling method consists of installing a series of pipes around the perimeter of
the proposed tunnel to provide temporary support and protect the adjacent existing structures during
the tunnel excavation (See Figure 6, Figure 7 and Figure 8). The pipe arch and flat roof tunneling
methods are similar in construction and design but each has some advantages over the other. The major
advantage of the flat roof tunnel method is a better utilization of the space inside the tunnel. However,
a flat roof tunnel typically requires a heavier lining section than the arch roof tunnel because of its
uneven load distribution. The arch tunnel section typically requires a lighter tunnel lining section;
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however, the utilization of the tunnel space is somewhat restricted by its arch shape, which impacts the
depth of the tunnel invert elevation to maintain minimum clearance (5.5 feet) from the track above.
Because of this arch shape, the arch roof tunnel can provide a maximum clear pedestrian tunnel width
of approximately 16 feet, rather than the preferred 20 feet.

Both pipe arch roof and flat roof methods involve the use of pipe jacking or auger drilling to install a
series of steel pipes and supporting structural steel frame supported on a pile foundation system. The
final section of the tunnel structure uses cast-in-place reinforced concrete tunnel lining. The pipe piles
are reinforced with steel members or reinforcing wide flange steel sections and encased in concrete.
The structural steel frames will be placed approximately at six-foot centers. Excavation of each six-foot
segment is performed with general mining equipment. A pipe pile foundation is placed to support the
steel frames. Both methods will maintain a minimum 5.5 feet of overburden above the tunnel crown
and below the railroad tracks. The cross section of the concept pipe arch and flat roof tunnel is shown
Figure 6 and Figure 7.

An overview of the design and construction procedure for the Pipe Roof Tunnel includes the following
items:

e Design pipe flat/arch tunnel per design criteria outlined in Section 5.4 of the report.

e Evaluate potential impacts of tunnel construction on adjacent structures, buildings and railroad

e Design and install an Instrumentation and Monitoring program to monitor the Amtrak and
Metro Railroad tracks and adjacent structures as needed

e Evaluate potential impacts on adjacent structures and railroad during construction to determine
any need for protection

e Install entry pit and head wall to the bottom of tunnel excavation level

e Through the portal headwall install drilled pipes to create a roof supported underpass beneath
railroad tracks. Pipes may be interlocked to create the pipe arch roof and the fiber glass rods
installed to provide face support during open face excavation.

e Excavate soil beneath pipe sections for approximately six feet, as shown in Figure 8.

e Install pipe piles for foundation support of structural steel frames

e Place concrete foundation at pile locations

e Install structural steel frame supported on pile supported foundation

e Excavate next segment at approximately six-foot sections using a conventional mining
equipment

e Continue until excavation of tunnel is complete

e Construct final cast-in-place reinforced concrete tunnel box liner

e Prepare and remove existing foundation wall to allow an open passage into the station level

e Connect to existing station ensuring waterproofing details

o Apply tunnel finishes
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/ RAILROAD TRACK

Figure 6: Typical Pipe Flat Roof Tunnel Section
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Figure 8: Typical Pipe Arch Roof Tunnel Section A-A
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4.2 Jacked Box Tunneling Method

Jacking a box tunnel beneath the existing Amtrak Railroad with approximately 5.5 feet of cover involves
the advancement of a site cast-in-place or pre-cast reinforced concrete rectangular or other shaped
section using high capacity hydraulic jacks (A potential concern with pre-cast elements will be delivering
the sections by truck, as they may be too large for easy delivery; generally, site cast will be preferred).
The structure to be installed is constructed at an area adjacent to the tunnel drive, in a pre-excavated
launch pit or area. The box structure is then horizontally thrust forward into the ground beneath the
railroad using open shield and jacking technology. Excavation then occurs from inside of the tunnel box
structure. Typical section is shown in Figure 9.

Figure 9: Typical Jacked Box Tunnel Section
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An overview of the design and construction procedure for the Jacked Box Tunnel includes the following
main items:

e Establish design criteria for structural, geotechnical and tunneling

e Structural design of jacked box, design box shield, determine need for compartmentalization or
full open face jacking, determine need for excavation cubicles and breasting plates, design
jacking mechanism/dead-man, drag ropes/sheets

e Evaluation of potential impacts of tunnel construction on adjacent structures, buildings and
railroad

e Design and install Instrumentation and Monitoring program to monitor the impacts on the
adjacent structures and railroad tracks

e Construct a launch or jacking area and prepare a head wall at the entry portal

e  Construct the reinforced concrete box to be jacked on a prepared base

e Prepare the horizontal hydraulic jacks and deadman support

e Install anti-drag system

e Insert fiber glass face reinforcement through the head wall

e |nitiate tunnel jacking operation

e Remove the head wall as jack box interfaces with the head wall

e Excavation the soil face using conventional method for three feet with fiber glass rods providing
tunnel face support. Shotcrete could be utilized if needed.

e Prepare the base of the structure

e Jack box sections approximately three feet into face of tunnel

e Continue procedure until jacked box section arrives at the face of station foundation wall
beyond the railroad

e Prepare and remove existing foundation wall to allow an open passage into the station level

e Apply tunnel finishes

4.3 Sequential Excavation Method (SEM)

SEM (also referred to as NATM — New Austrian Tunneling Method) constitutes a method where the
surrounding rock or soil formations of a tunnel are integrated into an overall horseshoe shaped ring-like
support structure. Figure 10 shows a typical SEM tunnel section. With this method, the tunnel is
sequentially excavated and the excavation sequences can be varied. The initial ground support is
provided by initial shotcrete liner, steel arches (lattice girders), reinforced forepoling and face stability
ground reinforcement, as needed. The permanent tunnel lining would be a cast-in-place reinforced
concrete tunnel providing a clear pedestrian tunnel width of approximately 16 feet and clear height of
10 feet.

The SEM construction process includes the following:

e Install headwall and the support of excavation system
e Provide grouted forepoling and face stability grouting from the headwall prior to excavation
e Remove segments of headwall portion at tunnel face and perform excavation process
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e Remove headwall and excavation top heading followed by bench heading sequentially as shown
in Figure 11

e Provide lattice girders and initial shotcrete liner sections after excavation to provide temporary
support

e Provide waterproofing and cast-in-place concrete final liner

o Apply tunnel finishes

After review of the SEM, it was determined that although the method is technically feasible, the SEM
construction beneath the several Amtrak and Metro lines would expose these facility owners to

unnecessary high risks. These include:

e Potential excessive and uncontrollable ground settlement (without a grouting program from the

track surface) may cause undue disruption to service.
e Forepoling pipes used to reinforce the tunnel crown may interfere and protrude into the
railroad clearance zone (i.e. 5.5 feet cover above tunnel crown).

With the above potential risks, and the fact that the SEM construction does not offer a substantial
reduction in construction cost or schedule compared to other tunneling methods previously mentioned,
this tunneling method was eliminated from further consideration. No further details of cost and

schedule of this tunneling method are included in the report.

Figure 10: Typical SEM Cross Section
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Figure 11: Typical SEM Longitudinal Section and Construction Sequence
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5 Tunnel Lining Design and Construction Evaluation

In this feasibility study, a typical section of pipe arch roof tunnel and jacked box tunnel were evaluated
to estimate the approximate structural requirements for these types of tunnels and provide input for
the rough order or magnitude (ROM) cost estimates. The design of pipe flat roof tunnel would be similar
to that of the pipe arch roof tunnel; hence, it was not evaluated as a separate case. The following
sections discuss the structural design approach, loading conditions, and assumptions used in this
feasibility study.

5.1 Design Codes, Manuals, Standards and Reports
Because this pedestrian tunnel will be located beneath active railroad facilities, the design is based on
the 2013 American Railway Engineering Manual (AREMA).

5.2 Design Assumptions
The following design assumptions were used in the analysis:

e Ground cover over pipe arch/flat roof and jacked box tunnels is 5.5 feet below the track bed

e Preferred tunnel width is 20 feet based on stakeholder preferences and accessibility
considerations

e Uniformly-distributed gravity loads were used

e For the pipe arch/flat roof tunnel, frames and excavation were spaced 6 foot on center. A typical
frame was analyzed with tributary loads over 6-foot spacing. For jacked box tunnel, a typical one
foot wide tunnel section was used in the analysis.

e The overhead structure foundation will exert additional loads on localized areas of the tunnel
roof. This localized load is expected to be minimal and was not included in the design loads for
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the typical section of tunnel design at this feasibility stage. Overhead structure loadings will be
evaluated during the Preliminary Design phases of the project based on the selected alignment.

e The penetration of the station wall was determined to be feasible, via generally similar means
for each tunneling method. Additional detailed engineering work regarding the wall’s
penetration and means of retaining the wall’s structural integrity will be required during the
Preliminary Design phase of the project.

o The phreatic groundwater level is below the invert of the proposed tunnel section, therefore a
fully wrapped structure will not be necessary for water tightness. Preliminary Design should
evaluate the appropriate means of providing water tightness at the roof of the tunnel,
connection points, and joints.

5.3 Design Loads

The loads considered in this analysis include dead load, earth loads, live load, water load, impact load,
and seismic load, and were calculated in accordance with AREMA standards. These loads were
considered for each alignment and tunneling method, and are detailed in Appendix D.

5.4 Tunnel Lining Design Approach

This section briefly discusses the structural analysis of the pipe arch roof and jacked box tunnels
performed for this feasibility study. It also discusses in detail the basis of assessing the feasibility of the
jacked box tunnel application as this appears to be a viable method for the subject project. As noted
throughout the report, further engineering analysis and evaluation will be required during the
Preliminary Engineering phase of the project to confirm the applicability of these tunneling methods and
the required structural tunnel lining.

5.4.1 Pipe Arch Roof Tunnel

A typical section of one-foot wide was analyzed using SAP2000 and the anticipated loads discussed in
Section 5.3. The proposed arch pipe roof tunnel cross section will be 16 feet wide by 10 feet high clear
as shown in the Figure 8. The preferred 20 foot width could not be attained using this tunnel method.
Due to its arch shape, a wider structure becomes taller, which resulted in tunnel slopes which were not
in accordance with ADA requirements. The design of the pipe arch roof tunnel at this stage includes the
following:

5.4.1.1 Design of Steel Sets

The tunnel lining will consist of steel sets used for temporary support during tunnel excavation and a
concrete/shotcrete wall to be placed between the steel sets to provide additional long-term structural
capacity. Two loading conditions need to be considered for the steel sets: short-term loading during
construction and long-term loading. At this feasibility stage, the steel sets were only evaluated for the
short-term condition, where the concrete/shotcrete is not yet installed. Load sharing between steel sets
and the concrete/shotcrete wall will need to be evaluated for the long-term loading condition.

The steel sets were assumed to be 6 feet on center and analyzed with a 2-D frame modeled for the
above estimated loads. The soil reaction was modeled as compression-only springs, having stiffness of
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50 kcf. The steel set structural capacity was checked following the guideline provided in AREMA, Chapter
15 — Steel Structures. A W12x96 would be required for the support set.

The vertical load at each leg of the steel set was supported using a micropile foundation to minimize
settlement. The design of micropile foundation is based on the guidelines provided in FHWA NHI-05-039
Micropile Design and Construction Manual.

5.4.1.2 Design of Arch Pipes

The arch pipes were assumed to be simply supported by the steel sets with a typical span of six feet and
supported by the ground in the unexcavated section of the tunnel. The last span adjacent to the existing
station wall would be a cantilever section during the excavation period, until the last steel set is
installed. The pipe was analyzed as a multiple span, simply supported beam using SAP2000. It was
determined that steel pipes of 18” OD, and 3/8” wall thickness, with in-filled concrete, would be
required to support the anticipated loads.

5.4.2 Jacked Box Tunnel
This section discusses the structural analysis of the jacked tunnel structure and other components of a
jacked tunnel system.

5.4.2.1 Box Tunnel Design

The proposed jacked box tunnel concept is shown in Figure 9. The cross section provides 20 feet wide
and 10 feet high clear distances, 2 feet thick roof slab and side walls, and 3 feet thick base slab to
provide room for jacking operations. At this feasibility level, the jacked box tunnel was analyzed for the
long-term loading condition only. During construction, the jacked box will be subjected to additional
loads from the jacking system. It is anticipated that these temporary loads can be adequately handled
with additional reinforcement at localized areas where the loads are applied. The design of these details
will be addressed during the preliminary engineering and final design phases.

A typical section of one-foot wide was analyzed using SAP2000 and the anticipated loads discussed in
Section 5.3. The soil reaction was modeled as compression-only springs having stiffness of 120 kcf for
springs supporting base slab and 50 kcf for springs on the side walls. Base slab springs at the corners are
two times stiffer than the springs at the middle of the base slab. It was determined that the proposed
thicknesses of tunnel slabs and wall are adequate.

5.4.2.2 Tunnel Jacking Process and Components

Jacked Tunnel Components
The components making up the jacked tunnel scheme are as follows:

e (Casting / thrust pit

e Jacking base

e Jacked units

e Intermediate Jacking Stations (1JS) as needed
e  Rear jacking station
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e Mining shield to allow for safe excavation and ground treatment (as needed) during jacking
e Shield entry through thrust pit head wall

e Jacking process — forces and components

e Alignment control

e Drag sheets/ropes anchorages

e Reception works and shield removal

e Monitoring of ground movements and railroad resurfacing

Jacked Tunnel Construction Sequence
Construction of a jacked box tunnel consists of three main stages that are briefly discussed in the
following sections. These construction stages are schematically shown in Figure 12.

Stage 1 - Casting of Jack Box

Stage 1 provides casting of the concrete boxes to be jacked into place. This includes the head wall and
pit preparation, jacking drive resistance slab, the shield on the lead section of jacked box and placement
and setup of the jacking frame.

The complete concrete box will be cast on the jacking base and meet the required design strength prior
to the start of jacking operation.

In order to ensure continuity of railroad operations, excavation is generally not permitted within 12 feet
of the centerline of the nearest track, and clearances of greater than 18 feet are generally preferred.
These requirements must be taken into account in setting the thrust pit headwall positions and
excavation required on the reception side. Special consideration will be used at the reception location
to include the impacts to the existing retaining wall and structure.

The overall jacked tunnel lengths may be divided into a number of unit lengths to include practical IJS
and rear jack arrangements. The breakdown of units will be determined during preliminary engineering.
It is essential to distribute the jacking reactions without lifting off the jacking base at its front end due to
the eccentricity of the IS jacks, compared to the single tier of rear jacks.

The thrust pit will be sized to allow adequate working space and install rear jacks. Side guides and a
bond breaker will be used to allow smooth jacking and maintain alignment during entry through the
headwall. A load transfer mechanism will be designed to transfer jacking forces to the soil.

The head wall will be skewed to allow progressive shield entry. Ground treatment will be evaluated
during preliminary design. Once units are sufficiently advanced, sheet anchorages are installed behind
rear unit.

The need, application and requirements for 1JS’s will be determined during preliminary design. This
analysis will consider the stresses on drag sheets (ropes), capacity of jacking system, and control
steerage ability.

Stage 2 - Jacking Box

The concrete box will be advanced into ground as the jacks apply pressure to the frame and advancing
the tunnel box. The jacking frame will reach the limit of throw and additional jacking blocks are installed.
After a new set of jacking blocks are installed, the push continues to complete another advancement of
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the box. As the jacked box is moved forward, the tunnel face will be continuously excavated using
conventional excavation equipment. The face stability will be checked and maintained throughout the
operation to provide safety for workers and minimize impacts on adjacent structures. The excavation
cycles are repeated until the jacked box reaches the desired position.

It is critical to ensure the unit begins the jacking process on the correct alignment. For the feasibility
analysis and proposal 1JS’s were not included. 1JS are important in maintaining the ability to “steer” the
units through the ground. The need for these stations will be determined during the preliminary design.
For the feasibility analysis, the unit is considered as a single unit, driven in a straight alignment
approximately 100 feet in length, which is acceptable as a single unit driven from jacks at the back face.

A detailed understanding of the ground conditions, and jacking system (including number of jacks, their
location and applied pressure), are critical to control of the drive. Subsurface conditions for application
of the jacked tunnel construction are favorable. Refer to the Geotechnical Technical Memo for
description of exiting ground conditions.

Stage 3 - Final Position of Jacked Box

Once the jacked box reaches the final position, the shield will be removed or incorporated into the final
structure of the jacked box. The structural connection between the jacked box and the existing station
structure will be constructed and the architectural finishes will be applied
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Figure 12: Construction Sequence of Jacked Box Tunnel
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5.4.2.3 Thrust Pit Wall and Base Design

Thrust Pit Layout

Thrust pit layout will include adequate space for placement of jacked boxes, construction of a backstop
jacking restricting structure, and installation of jacking mechanism. The headwall wall will be
constructed on a 15 degree skew to the face of the shield to allow gradual entrance through the
headwall into the ground. The following minimum thrust pit layouts were considered:

e Minimum distance between the sides of jacked tunnel box and support of excavation is four feet

e (Clearance between the rear of the last cast section and inside back wall is eight feet, to allow for
placement of jacks. A dead man wall of four feet is expected beyond the clearance line.

e Shield and headwall clearance is two feet

e Ascreed finish is laid to the top of the jacking slab to proposed profile and alignment

e The need and use of guide walls will be evaluated during the preliminary design phase and
minor adjustments will be made accordingly

Safety Clearances and Protection

In order to ensure safe operations for both contractor and railroad operations, the appropriate
clearances must be maintained throughout the duration of the project. Any work performed within the
Amtrak right of way, within less than 25 feet from the centerline of track, or with the potential to impact
rail operations, will require railroad flagging services. This will be an additional project expense. Thrust
pits are generally required to be located at least 18 feet from the centerline of the nearest track, but
with appropriate justification, may be considered as close as 12 feet from the centerline of the nearest
track. Amtrak may elect to require the pit be located entirely off of Amtrak property. Railroad safety
clearance, as dictated by Amtrak, must be maintained, and thrust pit layout will conform to the

clearance distances.

Vertically Retained Earth Support System
The need and extent of a vertical support of excavation system will be evaluated in preliminary design.
The cost estimate will include a nominal cost for pit support of excavation.

Thrust Pit Base Design
Thrust pit base provides the mechanism to construct the jacked boxes, a launching slab and jacking
resistance link to resist jacking forces. The analytical model of the base slab will use a 3D finite element
mesh. Resistance to the jacking loads will be mobilized from the following areas:

e  Skin friction between soil interface below the slab

e  Skin friction between thrust pit walls and soil (if walls are used)

e Resistance at the pit rear support wall
5.4.2.4 Tunnel Jacking Shield

General
Railroad and worker safety at the face of excavation is dependent on ensuring face stability during the

mining process.
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Face Stability

Cell dividers and breasting plates are used in difficult ground conditions to maintain face stability;
however, they are not expected to be required to control face stability at this location. The needs for
additional face stability will be evaluated during the preliminary design phase.

Geometry
Dimensions and reinforcement will be evaluated during preliminary design. It is anticipated that a
separate cast-in-place shield with a slight hood at the roof level will be used.

Design Loadings

Design loadings for the feasibility sizing of members will consider vertical loads from ground and
railroads above and lateral load from normal static ground pressures, as discussed in Section 5.3.
Ground water is not expected in the drive locations. During the preliminary engineering phase, the
design will evaluate further loadings due to upward steering, special forepoling/arching loads to shield,
jacking forces at rear of the unit, and 1JS’s transferred loads if needed. These loadings are not expected
to impact the conceptual design provided in the feasibility report.

5.4.2.5 Drag Sheets and perimeter Friction Reduction

Drag sheet designs will be included in the preliminary engineering phase. The drag sheet design will
include the following: drag reducing measures; drag sheet design requirements; drag sheet anchorage;
lubrication systems, etc.

5.4.2.6 Jacking Force Requirements

Jacking Operation

The tunnel units are advanced into the ground by jacks mounted at the rear of the unit. The rear jacks
will react against a thrust block through a series of concrete packers. To simplify analysis during this
feasibility study, the jacked section will be considered a single unit. Multiple tunnel units will be
evaluated with IJS installed. The use of several units can reduce the construction staging area length,
footprint of jacking slab, and realize other advantages which will be evaluated during preliminary design.

Assessment of Jacking Resistance

The jacking resistance includes the friction between the drag sheets and the roof, the soil drag on the
roof (not covered by drag sheets), soil drag on the sides, soil drag on the base in contact with the soil,
and shield end resistance. The jacking resistance will be calculated for values of soil friction/adhesion
compatible with expected stoppage between jacking cycles. The breakout resistance will also be
included; however, in this application no breakout will be required.

For the feasibility design, only basic jacking resistance has been calculated. The soil is not expected to
create horizontal squeezing resistance. The in-situ vertical ground pressure prior to jacking, and the
displacement of the soil due to the jacking affects, may cause minor heave and settlements which will
be assessed in preliminary design.

Major loads contributing to the jacking resistance include:
e Unit base slab to soil resistance — The soil conditions are in a mostly sand and gravel mixture and
the base will remain in contact with the soil
e Roof resistance under drag sheets — Assume resistance beneath drag sheets of total vertical
pressure X coefficient of friction (0.22), excluding railroad live loads
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e  Wall resistance — angle of friction between the structure and soil for granular soils

o Nominal jacking resistance of 400psf was used for this feasibility evaluation

e Shield end reaction — the face area in contact with the soil, assuming a two foot maximum
penetration of the shield, beyond the mined face. Breasting plates are not expected to be
needed in this design because of the favorable ground conditions. Consider end bearing of
shield on soil plus embedment adhesion

e The soil strength sensitivity does not vary largely to develop maximum jacking resistance, and
the resistance variation is not great where the assumption of cohesive or non-cohesive ground
is used in this design and the average strengths of soil were used

Face Stability
Control of face stability within the units, as jacked into place, is critical to ensure that the ground surface
settlement is kept within acceptable limits and to maintain safety at the face during excavation.

For the feasibility analysis, face reinforcement consisting of fiberglass rods were used. A refined
evaluation will be included in the preliminary design.

Assessment of Number of Jacks

The number of jacks required for the factored jacking load is derived from the jack capacity when
operating at the rated pressure of 10,000psi (for this feasibility study) and since the jacking forces are
reduced upon movement, jacks will normally operate at lower pressures.

Factors of Safety are applied to the calculated jacking resistance to include the following:
e Variations in soil strata and strength
e Possible obstruction encounters increasing shield pressure
e Adverse effects on ground treatment on soil properties
e Vertical or horizontal steerage (to maintain direction control or correct a misalignment)
e Leading single unit FOS = 2.0

Steerage is achieved by switching off some of the jacks on one side or top or bottom and increasing the
jack pressure on others.

5.4.2.7 Rear Jack Reaction System
The reaction to the jacking force is resisted through an upstand beam, or dead man, at the back of the
launch base. The resistance to the force is developed through the jacking. The ultimate reaction force
for design is total jack capacity time an additional FOS = 1.1 for robustness. Key features of the rear
jacking arrangement include:
e (Capacity of each of the rear jacks will be determined in preliminary design. Two hundred ton
capacity was used to determine a cost basis for the jacked tunnel option.
e Group jacks to each side for maximum steerage and to ensure the center zone is free for access
e Size each packer consistent with the number and locations of jacks

6 Accessibility Codes and Standards

This section identifies the applicable codes and standards associated with the design of a pedestrian
tunnel, and provides an analysis of the various access issues associated with the various tunnel design
options proposed herein.
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It is expected that the developer for the area in the vicinity of the east entrance would have the ability
to tie into the proposed pedestrian tunnel. This non-system occupancy would require special
consideration beyond the NFPA 130 Standard and are not depicted at the conceptual level.

6.1 List of Codes and Standards

e Federal Standards: Americans with Disabilities Act and Architectural Barriers Act Accessibility
Guidelines, 2004 edition, (ADAAG) as adopted by the USDOT in November 2006

e Federal Standards for Accessible Means of Egress: the 2004 ADAAG references the 2000 ICC/IBC
and the 2003 ICC/IBC for accessible means of egress

e District of Columbia Provisions: Chapter 11 of the D.C. Uniform Construction Code, 2013 edition
which reference ICC A117.1, Accessible and Usable Buildings and Facilities.

e District of Columbia Provisions for Accessible Means of Egress: Section 1007 of the DC
Construction Code, 2013 edition.

e Gallaudet University: DeafSpace Design Guidelines - Volume 1

6.2 Accessibility Criteria

The section identifies the specific ADAAG criteria application to the pedestrian tunnel and its entrance
conditions.

6.2.1 Site Accessibility/ East Entrance

One or more of the accessible elements listed below must be provided for the east portal pedestrian
tunnel entrance, based on the options discussed in Section 6.3 under Site Specific Conditions:

e An accessible ramp, complying with the requirements of ADAAG Section 405, shall provide site
accessibility from the public way on Florida Avenue or 3rd Street, to the east entrance portal of
the pedestrian tunnel

e An accessible stair, complying with the requirements of ADAAG Section 504, shall provide site
accessibility from the public way on Florida Avenue or 3™ Street, to the east entrance portal of
the pedestrian tunnel

e An accessible elevator, complying with the requirements of ADAAG Section 407, shall provide
site accessibility from the public way on 3™ Street, to the east entrance portal of the pedestrian
tunnel

6.2.2 Station Entrance/ West Entrance

The connection to the NoMa Metro Station on the west end of the pedestrian tunnel shall provide a
second accessible entrance to the tunnel. One or more of the below accessible elements must be
provided, based on the options discussed under Site Specific Conditions:

e Anaccessible ramp, complying with the requirements of ADAAG Section 405, shall provide
accessibility from the existing NoMa Metro Station, to the west entrance portal of the
pedestrian tunnel
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e An accessible walking surface, complying with the requirements of ADAAG Section 403, shall
provide accessibility from the existing NoMa Metro Station, to the west entrance portal of the
pedestrian tunnel

6.2.3 Pedestrian Tunnel Walking Surface

These accessible elements must be provided for the pedestrian tunnel:

e An accessible route complying with the requirements of ADAAG Section 402 shall provide
accessibility through the entire length of the pedestrian tunnel.

e An accessible walking surface complying with the requirements of ADAAG Section 403 shall
provide accessibility through the entire length of the pedestrian tunnel.

6.3 Site Specific Conditions

This section describes the specific conditions created by the pedestrian tunnel as a result of the various
tunneling options.

6.3.1 Site Accessibility (East Side)

The elevation at the station mezzanine differs from the existing grade on the east side of the Amtrak
tracks; therefore, a change in level must occur at the east pedestrian tunnel entrance. The level of
elevation change is dependent on both the alignment and tunneling method selected. While there are
many solutions to this issue, the following discussion and supporting graphics illustrate one potential
solution at each condition. In many cases, the solutions could be interchangeable between tunnel
options with few changes (such as a longer ramp). Elevators are introduced below as an option for
consideration because the arch pipe construction method creates an excessive elevation change not
easily navigated with ramps. While elevator use increases costs, it reduces the footprint needed (as
compared to excessive ramps) and provides a better accessible connection to the pedestrian tunnel and
station. It should be noted that the solution chosen has a direct impact on the developable footprint of
the adjacent Central Armature Works site, as depicted by the green area in Figure 13 and Figure 14.

Timing is a key driver for the construction of this pedestrian tunnel. For Alignment 1, the pedestrian
tunnel’s eastern entrance would be at the periphery of the adjacent site, so if the tunnel is installed
prior to the development of the adjacent site, it is not anticipated that the future adjacent construction
will substantially impact its operation. For Alignments 2B and 3A, the pedestrian tunnel’s eastern
entrance would be located in the center of the adjacent site, potentially resulting in greater impacts to
the tunnel’s operation. Alignments 2B and 3A could be built in the following sequences:

e Tunnel opens and is then closed to the public during construction — Tunnel originally opens with
temporary entry elements. Once construction of the proposed adjacent development begins,
the contractor will close the entrance and rebuild a new entrance in its final condition. The
developer will be responsible for design and construction of the entrance.

e Tunnel opens and remains open — Tunnel remains open during construction of the proposed
adjacent development, and contractor is responsible for patron safety during construction.
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e Tunnel opens after construction — No temporary entry is built and pedestrian tunnel is not used
until after the site is developed.

Providing equal access for all patrons is always a priority, but special consideration should be given to
access for deaf patrons, due to the station’s proximity to Gallaudet University. The DeafSpace
Guidelines, Volume 1 should be used as a guideline when designing a space that functions appropriately.
Care should be taken to apply the guidelines while not inadvertently altering the ability of the space to
function as a transportation facility. This is however only the beginning of what should become an
interactive process to engage the eventual users of this space, throughout the design process. The
following are primary considerations and an example of how the criteria may be applied in this
condition, as the project advances into the design phase:

e Space and Proximity — Care should be given for how patrons understand their surroundings with
respect to distance and surroundings.

Specific applications include developing strategies to open the space to create feelings of
security, providing sufficient tunnel width to allow for small gather spaces throughout the
tunnel, and maintaining unobstructed views to the tunnel entrances.

e Sensory Reach — Care should be given to open up spaces to allow for a greater range of multi-
sensory perception.

Specific applications include developing strategies that create clear understanding of path of
travel, the use of transparent materials to enhance visual connection between spaces, and
logically locating patron elements to enhance understanding of the space.

e Mobility and Proximity — Care should be given to creating spaces that are easily traversable and
allow for the continued ability to communicate throughout.

Specific applications include developing strategies that provide soft intersections at the
pedestrian tunnel ends, establishing a preferred width to accommodate interaction along the
length of the tunnel, and locating vertical circulation elements to provide clear uninterrupted
pathways.

e Light and Color — Care should be given to all pedestrian tunnel users for adequate lighting and
the appropriate use of color as it has a profound impact on the overall quality of the space.

Specific applications include developing lighting strategies that provide adequate lighting to
read facial expressions, the use of diffuse lighting on surfaces to reduce the silhouette effect,
and the use of lighting to orient patrons in the space by highlighting vertical circulation
elements.

e Acoustics and Electromagnetic Interference — Care should be given to appropriately designing
spaces to reduce the interference caused by background noise.

Specific applications include developing acoustic strategies to reduce the amount of background
noise generated by multiple patrons in the tunnel at one time, adequately separating
equipment spaces, and the correct installation of equipment to reduce unnecessary vibration.
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Jacked Box Tunnel

This option creates a small entry plaza between the
tunnel and the existing sidewalk. This tunnel
method results in a minimal elevation change
between the pedestrian tunnel finish floor and the
existing sidewalk. As a result, the plaza can simply
slope up to the existing sidewalk without the need
for additional stairs, ramps, or elevators. This option
results in a minimal impact on the developable
footprint.

Final Report and Engineering Assessment

Arch/Flat Roof Pipe Tunnel

This option also creates a small entry plaza between the
tunnel and the existing sidewalk. This tunnel method
results in a more significant elevation change, as
compared to the jacked box option, and therefore
requires the use of stairs and a ramp. Because the
elevation change is still minimal, the use of an elevator is
not recommended for consideration. This option uses a
switchback ramp to provide access for non-ambulatory
patrons which has a direct impact on the adjacent
developable footprint.

This alignment option has the opportunity to
integrate into the adjacent development at grade,
but also results in a more significant elevation grade
change. To ensure a favorable situation that meets
WMATA's needs, space should be preserved at the
tunnel entrance for vertical circulation and the
corresponding circulation needs. This option
illustrates the use of a ramp and stairs to traverse
the elevation change and the space identified for
WMATA use needed, at a minimum, to ensure
functionality of the vertical circulation elements.
The use of a ramp impacts the adjacent
development. Coordination with the developer will
be important to ensure a solution that works for
both WMATA and the developer.

This tunnel option results in a more significant elevation
grade as compared to the jacked box tunnel method. As
a result, this option illustrates the use of an elevator and
stair as a ramp would continue to increase the amount of
disturbance on the adjacent development. To again
ensure a favorable situation that meets WMATA’s needs,
space should be preserved at the tunnel entrance for
vertical circulation and the corresponding circulation
needs. The space illustrated preserves minimal space
needed to ensure functionality of the vertical circulation
elements. Coordination with the developer will again be
important to ensure a solution that works for both
WMATA and the developer.

The alighment 3A option represents a logical
location for the tunnel because it is on axis with the
adjacent urban street network and provides a tunnel
opening that integrates with current development
plans. This alignment also represents the most
significant elevation change between the pedestrian
tunnel entrance and grade. This entrance option
illustrates the use of a ramp and stair, for patrons to
traverse the elevation change as an interim solution.
(The use of an elevator may also be warranted
similar to the Arch Pipe entrance concept discussed
below.) The remaining space at grade could be used
to create a plaza that connects into the existing
urban street network. This also creates a logical
break in the adjacent development although the
developer may still have the opportunity to build
over the plaza space. Tunnel Alignment 3 is also the
preferred option by the developer. The scheme
illustrated would be a temporary condition with the
developer building the final condition as the site is
developed.

This tunnel method at tunnel alignment 3A represents the
most significant elevation change between the pedestrian
tunnel entrance and grade. As a result, this entrance
option illustrates the use of an elevator and stair for
patrons to traverse the elevation change. (The use of a
ramp may also be feasible similar to the Jacked Box
entrance concept discussed above) The remaining space
at grade could again be used to create a plaza, in the
interim condition that connects into the existing urban
street network, which also creates a logical break in the
adjacent development. The scheme illustrated would be
a temporary condition, with the developer building the
final condition as the site is developed.
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6.3.2 Station Entrance (West Side)
This section discusses design options at the west side where the pedestrian tunnel connects into the
existing station.

6.3.2.1 Description

All tunnel alignment schemes interface with the existing station in a similar location which forms an
opening through the station’s east wall, between column line 10 and the wall forming the north limits of
the public mezzanine. While there are a variety of options between the interface of the station and the
new tunnel, two primary options are described below.

Both options provide for potential 24-7 tunnel access, separating the tunnel from the paid area,
however the pass-through creates a more definitive barrier. Providing 24-7 tunnel access presents
significant security issues during times that the station is closed. Coordination between Metro Transit
Police Department, Metropolitan Police Department and any private security employed by the adjacent
development, will be necessary to ensure adequate security.

6.3.2.2 Option 1: Pass-through

This option defines the interface between the proposed pedestrian tunnel and the existing NoMa Metro
Station as simply a pass through, connecting the urban street network on both sides of the Amtrak
tracks. To achieve this option a new barrier must be installed along column line 10 that separates the
paid area of the station and the pedestrian tunnel. This barrier could either be a wall or a fence. A
decorative fence is the preferred approach so the station manager can provide monitoring to the
pedestrian tunnel. A key controlled double service door through the barrier will provide direct access
for WMATA personnel and equipment from the service rooms to the station. New entry doors or roll-
down gates for user egress from the tunnel are also provided.

While this option provides an improved connection between both sides of the track, it creates a
negative situation for the existing station. First, this option is focused solely on connecting the opposite
sides of the tracks. Station users are required to pass through the entire length of the pedestrian tunnel
and continue to walk roughly 60 feet around to the existing entrance. Second, this option effectively
splits the station into two parts, by creating a divide between the station and its service spaces which
include an electrical room, elevator machine room, employee restrooms, a cleaner’s room, and the
station telephone room.
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Figure 15: Pass-through
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6.3.2.3 Option 2: Station Entrance
This option takes advantage of the situation that the pedestrian tunnel creates, by making it not only a
pass-through tunnel, but also a new entrance into the station. To achieve this option a new set of
faregates, service doors, and entry doors must be installed.

The new faregates must be installed just south of the tunnel entryway while still providing access to the
station manager kiosk. The existing length of the paid area allows enough space for the installation of
new faregates, which includes 25 feet on both sides of the faregate for queuing, in accordance with
WMATA’s design criteria. This option also includes a service door so maintenance personnel do not
need to exit the station, which creates a more ideal and efficient operation for maintenance staff. New
entry doors are also included as well, for users who want to connect to the urban street network.

This option’s primary advantage is that it provides multiple functions: One, a pedestrian tunnel pass-
through, and secondly, anew station entrance. As a result, station operations are minimally impacted
and station users originating from east of the tracks have a direct connection to the station.
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Figure 16: Station Entrance
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6.3.2.4 Arch Pipe Construction Type

If the arch pipe construction type is chosen then a ramp must be provided at the interface opening
between the existing station and the pedestrian tunnel due to the elevation change between the
existing station and proposed pedestrian tunnel. The Arch Pipe tunnel creates a deeper overall section
as described earlier in this report. The ramp would measure roughly 75 feet in length (includes bottom,
intermediate, and top landing) at a maximum slope of 1:12. Handrails would be provided on both sides
of the ramp. Though this ramp can be constructed to meet ADA criteria, it is not preferred to include
the ramp if there is another option.

7 Architectural and Finish Treatment

This section discusses main themes to consider when designing a pedestrian tunnel and also proposes
two basic finish schemes.

7.1 Basic Architectural Approach
The addition of this passageway and resultant entrance creates a new connection to the east side which
provides increased connectivity to the adjacent neighborhoods and proposed development. The
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primary architectural objective is to create a scheme that encourages pedestrian connectivity, patron
safety, and where the lighting, finishes, and supporting building systems are integrated into the final
product. The following is a brief discussion of elements for further consideration:

7.1.1 Safety

Safety is not an element to be added to the design, but instead to be considered in all design decisions.
Per WMATA Manual of Design Criteria, Section 3 and industry best practices, the passageway tunnel
should be located to maximize the station manager’s visibility. This includes ensuring sight angles are
aligned so the station manager can monitor the tunnel. Other strategies include avoiding recesses along
the length of the tunnel, strategically locating various elements programmed for the tunnel (such as
farecard vendors), and using transparent surfaces where applicable to minimize areas where potential
lawbreakers can hide. The use of “highly transparent glazing” is also documented in the DeafSpace
Design Guidelines as a positive for opening up and linking spaces within a building to maintain visual
connection.

Active strategies for encouraging safety include provisions for CCTV cameras and emergency phone
locations.

Lighting, discussed in the next section, is also used to create a safe environment.

7.1.2 Lighting

The goal of an effective lighting scheme is to enhance safety, clearly articulate the functionality of the
space, and enhance the architecture of the space. An effective lighting scheme enhances visual acuity of
the space, which results in a better functioning space for patron use. A well-lit space creates the
perception of a safer space, as people are less likely to cause trouble in an environment where they are
easily identifiable. This in turn creates a space that is not just perceived as safer, but is actually safer as
well. The lighting strategy should take into account the various elements within the space, and provide
higher light levels at decision points, such as vertical circulation elements and entrances. The lighting
scheme should be developed with and enhance the architecture of the space, instead of competing with
it. Average illumination levels proposed for the passageway are 10 foot candles (FC) for the tunnel
portion of the passageway, and 25 — 30 FC at vertical circulation elements.

Lighting should also take into account the DeafSpace Design Guidelines. Maintaining visual connection
between people interacting in a space is a primary goal of the guidelines whether this is to enhance
communication through signing or simply to read cultural and facial expressions. Maintaining
illumination levels to preserve this interaction is important within this space.

7.1.3 Acoustics

Acoustics should be considered during the design phase. Selection of materials to absorb sound, and
thus reduce echo, should be taken into account. While many materials, such as wall panels and floor
surfaces, will most likely be hard in nature, the tunnel ceiling is a primary opportunity for acoustic
treatment.
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7.1.4 Signage

Provisions should be made for signage locations within the tunnel. Primary locations include ceiling-
hung and wall-mounted locations. These locations should be included in the architectural concept to
avoid the cluttered look created by adding signage after the design has been completed.

7.1.5 Integrate Systems Components

To the greatest extent practicable, building systems should be integrated into the architectural concept.
Including a hung ceiling in the cross section for the passageway will provide the opportunity to hide
cabling, conduit and piping as needed. Another strategy to hide these elements is to create a cavity wall
along the passageway walls.

The closure gate at the passageway entrances are another opportunity for integration. If practical, the
closure gate should be hidden from view when not in use.

7.1.6 Passageway Size
The section summarizes preferred passageway size.

7.1.7 Width

The passageway should be sized to accommodate the future demand of the space. For this study, a 20
foot clear width was chosen based on stakeholder preferences and accessibility considerations. The
jacked box tunnel is able to provide this clear width, however the arch pipe tunnel can provide no
greater than 16 feet clear width, due to the shape of the structure, and the vertical constraints. Future
analysis including pedestrian modeling should be completed during the design process to confirm the
width needed. At 16 feet clear the design meets the required ADA widths, and has sufficient space for
vertical circulation elements at the east entrance.

7.1.8 Height

The height of the space should be sufficient to accommodate both a 10 foot clear height from finished
floor to hung ceiling and space for building systems in a plenum above the hung ceiling. Providing 10-
foot clear reduces the ability of patrons to harm the space, but also allows for the ability to hang
elements as necessary. Proposed clearance for a hung object from the ceiling such as signage is 8 feet.
The need for signage greater than 2 feet in height is not anticipated, however should be considered
during Preliminary Design.

7.2 General Finish Strategy

There are two proposed conceptual finish options for the pedestrian tunnel summarized in Table 4.
Each scheme relates to the potential function the new pedestrian tunnel will eventually serve. As the
design progresses, the tunnel owner will need to make selections on finishes proposed.

7.2.1 Finish Option 1: Passageway Architecture

This option realizes the pedestrian tunnel function as a passageway connecting the urban street
network on either side of the existing Amtrak tracks. The finishes proposed here reflect the standard
WMATA palette.
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7.2.2 Finish Option 2: Station Architecture

This option realizes the pedestrian tunnel function as a new station entrance. The finishes proposed
here reflect the current palette of the NoMa station and seek to extend the same finish philosophy into
the new station entrance.

Table 4: Architectural Finishing Options

Optio Optio
d O A e e otle
Perf. Aluminum Ceiling Panel Perf. Aluminum Ceiling Panel Perforate Panel according to Acoustical Needs
00 Quarry Paver Tile Granite Paver
Metal Panel or Precast Panel Concrete Wall Joints to match station (Vert = 8'-4", Horiz = 3'
g Wall Mounted Lighting Recessed Lighting Fixture to match station.
andra Stainless Steel Stainless Steel Stainless Steel to match existing station

7.3 Section Considerations

Figure 17 illustrates a cavity wall configuration for the passageway. This configuration results in the
ability to hide building systems behind the finish wall, and also protects the wall from potential water
leakage through the tunnel wall. Use of this configuration would result in a loss of approximately 2 feet
of the clear width. If this strategy is used, care should be taken to design the finish wall for inspection.

Figure 17: Jacked Tunnel Box with Cavity Wall Section
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Figure 18 illustrates a hung ceiling configuration for the passageway. This configuration results in the
ability to hide building systems above the finish ceiling and also to recess lighting elements. If this
strategy is used, care should be taken to account of water leakage from the tunnel ceiling above.
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Figure 18: Arch Pipe Roof with Hung Ceiling Section
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It should be noted that finishes shown in Figure 17 and Figure 18 are not mutually exclusive and are
interchangeable (to a certain degree) with the Option 1 and Option 2 finish options including light
fixtures selected, the decision to expose the structure above or install ceiling panels, and the decision to
expose the walls or install wall panels. These sections are shown to illustrate differing options for the
relationship of finishes within the passageway tunnel.

7.4 General Finish Attribute Considerations
There are many considerations that influence the selection of materials. Some of these considerations
include:

e Finishes used in a high pedestrian use environment, should be durable and long-lasting

e Provisions for encouraging maintenance, and specifying anti-graffiti strategies where
appropriate

e Finishes should be noncombustible and provide low flame spread

e Floor finishes should be nonslip, with a high coefficient of friction

o  Wall finishes should be impact and wear resistant

e Exterior finish elements should be weather resistant while maintaining their appearance despite
direct sunlight

e Special consideration should be given to the light reflectance levels of finishes as they will have a
direct impact on the lighting strategy developed for the passageway

The above discussion should not be seen as all inclusive, but instead a summary of the primary
considerations. Further review and consideration should be given to the WMATA Manual of Design
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Criteria and DeafSpace Design Guidelines to ensure a space that functions according to WMATA’s needs
and also serves the needs of the patrons using this new entrance.

8 Mechanical and Electrical

The proposed pedestrian tunnel will provide additional access to the NoMa Metro Station and as such is
considered an integral part of the station. National Fire Protection Association (NFPA) 130 Standard for
Fixed Guideway Transit and Passenger Rail Systems and the WMATA Manual of Design Criteria define
the mechanical and electrical requirements for the proposed pedestrian tunnel.

The major mechanical and electrical components of the tunnel include:

e Power distribution

e Lighting
e HVAC
e Elevator

e Drainage

8.1 List of Codes and Standards
e NFPA 130 — Standard for Fixed Guideway Transit and Passenger Rail Systems 2014 Edition:
Chapter 5.
e NFPA 70 — National Electrical Code.
e District of Columbia Building Code, 2013 Edition.
o WMATA Manual of Design Criteria, Sections 13 and 14.
e Current version of the International Mechanical Code.

8.2 Power Distribution

Power will be required for tunnel lighting, ventilation, temporary elevator, drainage, and convenience
outlets for facility maintenance. The power requirements for the mechanical and electrical systems in
the tunnel will be in the order 50 to 60kVA (including elevator) and should preferably be fed from the
existing NoMa Station power distribution system at 277/480V and 120/208V, 3 phase, 4 wire. The
availability of spare capacity at the existing power and lighting circuit breaker panels remains to be
determined. If an elevator is utilized to reduce the circulation footprint, a new 208/120V 3 phase, 4 wire
electrical panel will be required in the proposed elevator room. Electrical circuits would be installed in
conduit which would be embedded or concealed.

8.3 Lighting

As indicated in Section7.1.2, the average illumination levels required for the passageway are 10 foot
candles for the tunnel portion of the passageway, and 25 — 30 foot candles at vertical circulation
elements. This can be accomplished with recessed light fixtures installed into the tunnel ceiling. Energy
efficient and low maintenance LED light sources should be considered in the design. Half of the lights
will provide emergency lighting as discussed later in Section 9.3.
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8.4 HVAC

The WMATA Manual of Design Criteria does not require passageways to be heated. The existing NoMa
Metro Station entrance area is not air conditioned; therefore, the connecting pedestrian tunnel is not
required to be air conditioned. Normal tunnel ventilation will depend on gravity ventilation. Emergency
ventilation is discussed in Section 9.2.

8.5 Elevator

A temporary elevator is proposed at the east entrance portal of the pedestrian tunnel, until the
developer buildout of the Central Armature Works site is completed, to provide site accessibility from

3" Street. As the elevator may be removed upon the developer buildout, the need for its construction is
dependent on the phasing of the pedestrian tunnel, with respect to the developer buildout. The elevator
requires an elevator room for mechanical and electrical equipment. Intrusion detection with notification
at the station kiosk will be required for the elevator room door.

8.6 Drainage

Drainage of the tunnel and elevator machine room will be required. A pumping station will be required
at the low end of the tunnel. The drainage system and pump capacity will be provided in accordance
with the WMATA Design Criteria, Section 14.8, and will be further designed during the preliminary
engineering phase.

8.7 Security Gate

A security gate may be required at the east entrance portal to prevent access during nonrevenue hours.
If a gate is determined to be necessary, it will require electrical power and local controls for gate
operation in accordance with WMATA Design Criteria.

9 Fire Protection and Fire Life Safety

The east entrance to the tunnel is considered temporary until the developer build out is completed. The
temporary access will need to comply with all Codes and Standards. It is expected that the developer
will be required to follow the WMATA adjacent construction requirements for the area in the vicinity of
the east entrance. Issues that would need to be addressed by the developer would include fire
separation, security during nonrevenue hours and elevator replacement.

The proposed pedestrian tunnel will provide an additional access point to the NoMa Metro Station, and
as such is considered an integral part of the station. Therefore, the requirements of NFPA 130 and the
WMATA Manual of Design Criteria define the fire protection and fire life safety requirements for the
proposed pedestrian tunnel. The egress requirements are addressed in Section 6.

The major Fire Protection and Fire Life Safety aspects of the tunnel include:

e Emergency Ventilation
e Emergency Lighting
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Fire Alarm

Fire Protection
Communication
Command Center

9.1 List of Codes and Standards

NFPA 130 — Standard for Fixed Guideway Transit and Passenger Rail Systems 2014 Edition:
Chapter 4 and Chapter 5.

NFPA 70 — National Electrical Code.

District of Columbia Building Code (DCBC), 2013 Edition.

WMATA Manual of Design Criteria, Sections 13 and 14.

Current version of the International Mechanical Code.

The pedestrian tunnel is defined as an addition to the existing NoMa Metro Station as defined by DCBC §
202 and must comply with DCBC § 3411 accessibility requirements. As an addition, the building Use and
Occupancy classifications do not change.

WMATA design criteria requires the use of NFPA 130 for station entrances and therefore NFPA 130
should be used in conjunction with the DCBC.

Construction Type — Construction types for the pedestrian tunnel must conform to DCBC Table
503. Fire resistance ratings for building elements must conform to DCBC Table 601 and NFPA
1305.2.2.

Interior finishes — All pedestrian tunnel finishes must comply with NFPA 130 §5.9.

Fire Separations - Rated separations in the pedestrian tunnel must meet the requirements of
NFPA 130 § 5.2.3. The east pedestrian tunnel entrance interface with future development will
need to comply with NFPA 130 § 5.2.3.5. Fire separations between ancillary occupancies in
adjacent facilities to the pedestrian tunnel should meet the requirements of DCBC Table 508.4.

9.2 Emergency Ventilation
The proposed tunnel is not in an enclosed system station and its underground length is less than 1000

feet; therefore, a mechanical emergency ventilation system is not required by NFPA 130. An

engineering analysis should be considered during preliminary engineering.

9.3 Emergency Lighting

Half of the pedestrian tunnel lights are required to be emergency lights designed in accordance with
WMATA Design Criteria. Emergency lights should be independently fed from an emergency power
source. Since the power requirement for the emergency lighting is relatively small, they should be fed

from the existing NoMa Metro Station Emergency Power system.

9.4 Fire Alarm

Fire detection and alarm is required in the tunnel and elevator room. It should be interconnected with

the existing NoMa Metro Station Fire alarm system.
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9.5 Fire Protection
NoMa Metro Station has an existing dry stand pipe. This standpipe can be extended to provide the
required fire protection coverage for the proposed pedestrian tunnel approximately 300 feet in length.

9.6 Communication

The proposed pedestrian tunnel should include signage, passenger information display system (PIDS),
public address system, emergency telephone, and CCTV. All of these systems are present at the existing
NoMa Metro Station and should be extended to the proposed pedestrian tunnel in accordance with
WMATA Manual of Design Criteria.

Modifications to the existing station kiosk would be required to accommodate the proposed elevator,
CCTV cameras, intrusion detection, fire detection, and communication equipment.

9.7 Fire and Smoke Separations

The tunnel is considered a public area and connects to the public area of the existing NoMa Metro
Station so a fire separation is not required between these areas. The new elevator machine room is
considered non-public space and a two hour fire separation is required between these areas.

9.8 Command Center
The tunnel emergency operations should be covered by the NoMa Metro Station existing Command
Center.

10 Tunnel Construction Estimate and Schedule

10.1 Tunnel Construction Estimate

The tunnel construction cost estimate is a “bottom-up” estimate including time, labor and materials.
This estimate includes contractor’s costs and profit, mobilization and demobilization, station demolition,
identified utility relocations, tunnel construction and concrete, geotechnical instrumentation and
monitoring for tunneling and railroad, and tunnel finishes including lighting, wall finishes, retaining
structures and landscaping. Estimate assumes a Design-Bid-Build project delivery and maintaining
operation of the station facility during construction; however, the estimate does not include soft costs
for professional services such as NEPA documentation, engineering and public outreach.

The detailed tunnel construction cost estimate was performed for a tunnel length of 145 feet (Option
3A) for the Pipe Arch Roof tunneling method with a tunnel finish dimension of 175 square feet. The
estimate for the Pipe Flat Roof tunneling method with a tunnel finish dimension of 240 square feet was
prorated from the arch pipe estimate. The overall construction methods are similar. The estimate for
the Jacked Box tunnel was provided by JackedStructures, a consultant specializing in this tunneling
methodology. It should be noted that the width of the Arch Pipe Tunnel is only 16 feet wide, compared
to 20-feet wide for both the Pipe Flat Roof and Jacked Box.
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Alignment 3A includes additional costs for the reconstruction of the Amtrak signal bridge in the
immediate vicinity of the existing signal bridge, and would require several weekend localized track
outages to construct the new signal bridge and cut in all the circuitry. Reconstruction of this signal
bridge is anticipated cost approximately three million dollars. Alternatively, modified foundations could
be incorporated to avoid reconstruction, which reduce this cost to approximately five hundred thousand
dollars.

Order of magnitude construction costs range from $20.5 million dollars to $27.8 million dollars
depending on alignment and tunnel methodology. Table 5 below details the cost estimates for the
different options.
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Table 5: Order of Magnitude Construction Cost Estimates

Jacked Box Tunnel Pipe Flat Roof Arch Pipe Tunnel

Contractor On Site Construction Costs S 1,988,287 S 1,723,182 S 1,590,630 S 1,988,287 S 1,723,182 S 1,590,630 S 1,988,287 S 1,723,182 $ 1,590,630
Utility Relocation S 1,085,238 S 1,085,238 S 1,085,238 S 1,085,238 S 1,085,238 S 1,085,238 S 1,085,238 S 1,085,238 S 1,085,238
Headwall & SOE S 286,108 | S 286,108 S 286,108 S 253,222 S 253,222 S 253,222 S 190,739 S 190,739 S 190,739
Station Demo S 435,740 | S 435,740 S 435,740 S 435,740 S 435,740 S 435,740 S 328,860 S 328,860 S 328,860
Tunnel Excavation & Concrete S 11,668,206 S 8,423,875 S 7,399,350 S 14,004,440 $10,110,522 S 8,880,864 $ 10,529,907 S 7,602,080 S 6,677,502
Geotechnical | & M S 680,740 | S 680,740 S 680,740 S 680,740 S 680,740 S 680,740 S 511,377 S 511,377 S 511,377
Railroad Flagman S 98,658 S 98,658 S 98,658 S 554,129 S 554,129 S 554,129 S 416,008 S 416,008 S 416,008
Total Tunnel Costs S 16,242,977 $ 12,733,542 $ 11,576,464 $ 19,001,796 $ 14,842,774 $ 13,480,563 $ 15,050,417 $ 11,857,484 $ 10,800,354
Tunnel Finishes $ 3,956,020 $ 3,739,276 $ 3,689,700 $ 3,956,020 S 3,739,276 $ 3,689,700 S 3,927,424 $ 3,710,223 $ 3,634,536
Landscaping S 500,000 | $ 500,000 S 500,000 S 500,000 S 500,000 S 500,000 S 500,000 S 500,000 S 500,000
Signal Bridge (New Bridge, down Track) S - S - $ 3,000,000 S - S - $ 3,000,000 S - S - $ 3,000,000
Signal Bridge (Temporary Support) S -| $ 500,000 S - S - $ 500,000 $ - S - $ 500,000 S -
Wing Wall SOE S 200,000 S - S - S 200,000 S - S - S 200,000 S - S -
Construction Total $ 20,900,000 | $ 17,500,000 | $ 18,800,000 | $ 23,700,000 | $ 19,600,000 | $ 20,700,000 | $ 19,700,000 | $ 16,600,000 | $ 18,000,000
Design Services (estimated 17% of construction cost) $ 3,553,000 $ 2975000 | $ 3,196,000 | $ 4,029,000 | $ 3,332,000 | $ 3,519,000 | $ 3,349,000 | S 2,822,000 | $ 3,060,000
Total $ 24,453,000 | $ 20,475,000 | $ 21,996,000 | $ 27,729,000 | S 22,932,000 | $ 24,219,000 | $ 23,049,000 | $ 19,422,000 | $ 21,060,000

Cost Estimating Assumptions:

Cost of Arch Pipe Tunnel is for 16 foot width instead of 20 foot, due to engineering constraints

Estimates are prepared using current dollars (2015)

Assumes cooperation between stakeholders

No escalation is included

Includes base construction, tax, contractor mark-up, subcontractor mark-up, and contingency
Estimate assumes a Design-Bid-Build project delivery

Design services estimates consider unknown site conditions, extensive subsurface utility exploration, coordination with various stakeholders, public

meetings, and NEPA activities

Estimate assumes maintaining operation of the station facility during construction
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10.2 Tunnel Construction Schedule

The tunnel construction schedule is subject to numerous variables and constraints. Duration for tunnel
construction only, will vary based upon the selected alignment/tunnel length, tunneling method,
construction lay-down area available, phasing plan with developer’s construction in the vicinity of the
east portal, and geotechnical conditions beneath the railroad to name a few. Given these variables, it is
anticipated that tunnel construction, not including interior and site finishing, will last approximately 8 to
14 months; additional time may be required for phasing in conjunction with developer’s

construction. Additional elements included in the concept designs (e.g., relocation of the Amtrak signal
bridge, station mezzanine reconfiguration, temporary east side elevators, and finish works) may feasibly
be constructed within an additional 4 to 6 months depending on the final selection of a tunnel
alignment. The overall feasible range of construction time is from 12 to 20 months. Refinement and
selection of preferred alignment and tunneling method, along with coordinating a phasing plan with the
adjacent developer and preliminary engineering, will make it possible to determine a more precise
construction schedule. This schedule estimate does not include pre-construction activities, such as
preliminary engineering, stakeholder coordination, determination of owner, final engineering, and
permitting.

11 Federal Environmental Documentation Requirements

In order to advance the proposed pedestrian tunnel improvements using federal funds, the appropriate
level of federal environmental review must be undertaken. Under NEPA, there are three possible classes
of action that determine the documentation required. Class | actions are those which are likely to
significantly affect the environment, and require preparation of an Environmental Impact Statement
(EIS). Class Il actions are those which do not individually or cumulatively have significant environmental
impacts. For these actions, a Categorical Exclusion (CE) would be issued. Projects qualifying for CEs can
either be listed in regulations (23 CFR771.118 for FTA projects) or agreed to by the federal agency. Class
Il actions are those where the significance of the environmental impact is not clear. These actions
require the preparation of an Environmental Assessment (EA), which can result either in a Finding of No
Significant Impact (FONSI), or in an identification of potentially significant impacts, in which case an EIS
is required.

11.1 Methodology

The environmental scan was conducted using available Geographic Information System (GIS) data
provided by the District of Columbia, as well as web-based inventory tools for each resource area. The
environmental scan considered all resources that lie within the project study area. Unless otherwise
specified, the study area is defined as a %-mile buffer from the NoMa-Gallaudet University Metrorail
station, as shown in Figure 19. For some resources, such as hazardous and contaminated material, a
100-foot buffer was used, as shown in Figure 20.
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Figure 20: 100-Foot Buffer Study Area
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11.2 Preliminary Environmental Scan Findings
Table 6 provides a summary of the preliminary environmental scan findings for each alignment. This

environmental scan covers resource areas typically analyzed in compliance with NEPA, other state and

federal laws, and WMATA Compact policies.

Table 6: Preliminary Environmental Scan Findings

Resource

Land Use & Zoning

Alignment

1, 2B and 3A

Preliminary Findings

Mixed-use squares in the NoMa area have unique
characteristics that allow for a balance of industrial,
residential, and office uses. DC’s Future Land Use Map
shows much of the project study area east of the railroad
tracks as “Mixed Use Production Distribution
Repair/Residential.” The intent of this designation is not
to blend industrial uses with housing, but rather retain
viable industrial activities until market conditions support
their conversion to live/work space, housing, artist
studios, and similar uses.

The area west and inclusive of the railroad tracks is zoned
C-3-C (permits matter-of-right development for major
business and employment centers of medium/high
density development) and is part of the North Capitol TDR
Zone. The area east of the tracks is zoned C-M-3 (permits
development of high bulk commercial and light
manufacturing uses). There are currently no zoning
regulations regarding enclosed pedestrian space criteria
for C-3-C or C-M-3.

Consistency with Local
Plans

1, 2B and 3A

The proposed project is consistent with local area plans
which envision NoMa as a “vibrant, diverse and highly
pedestrian-oriented mixed-use neighborhood, defined by
its unique industrial heritage, linked to its surrounding
neighborhoods, built with enduring character, and
strengthening central Washington with long term
economic viability and environmental sustainability”
(NoMa Vision Plan and Development Strategy, DCOP,
October 2006). Other plans include: NoMa Neighborhood
Access Study and Transportation Management Plan
(DDQT, 2010), NoMa Connected Public Realm Design Plan
(NoMa BID, 2012), and the Comprehensive Plan for the
National Capital: Central Washington Area Element
(DCOP, 2006).

Neighborhoods &
Community Facilities

1, 2B and 3A

The proposed project is unlikely to create barriers
between neighborhoods or prevent access to community
resources.

54



NoMa Pedestrian Tunnel

Feasibility Study

Resource

Alignment

Final Report and Engineering Assessment

Preliminary Findings

The project study area is comprised mostly of the
NoMa/Near Northeast neighborhood in Ward 6, and parts
of lvy City, Eckington, and Truxton Circle in Ward 5.

Community facilities within the project study area include:
Union Market, Two Rivers Public Charter Schools (4th
Street Elementary & Middle Schools), the Metropolitan
Police Department (Prostitution Unit and/or SOD Tactical
Branch), Upon This Rock Tabernacle, and Greater Pleasant
Grove Baptist Church. Gallaudet University is located east
of the project study area, but located outside of the %-
mile boundary.

Major employers within the project study area include:
USDOJ’s Bureau of Alcohol, Tobacco, Firearms and
Explosives Headquarters (approximately 4800
employees), other USDOQJ offices located at Constitutional
Square (approximately 2000 employees), DC Public
Schools Central Office, and the District Department of the
Environment.

Environmental Justice

1, 2B and 3A

Based on the US Census Bureau’s ACS 5-Year Estimates
(2009-2013), minority and low-income populations exist
within the %-mile study area. The proposed project is not
anticipated to have disproportionately high or adverse
impacts on environmental justice populations; however,
as the study progresses, further study will be required.
The project should engage these populations at all stages
of project development.

Public Parklands

1, 2B and 3A

No public parks or parklands are located within the
project study area. Brentwood Park is located nearby, but
outside of the %-mile study area. The proposed project
would not affect access to this park and would require no
additional right-of-way in the vicinity of this resource.

The Metropolitan Branch Trail runs parallel to the inbound
Metro tracks (elevated, off-street) in the project study
area. The trail is an important transportation route for
pedestrian and bicyclists, providing connections to homes,
work, and play. The trail is operated by DDOT and is not
anticipated to be affected by the proposed project.

Historic & Cultural
Resources

1, 2B and 3A

Impacts to historic and cultural resources are unlikely,
though further study will be required. There are two
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known designated historic structures within the project
study area: 1) Woodward & Lothrop Service Warehouse
located at 131 M Street NE and 2) M.J. Uline Ice Company
and Arena (Washington Coliseum) located at 1132, 1140
& 1146 3™ Street NE. Both structures are listed in the DC
Inventory of Historic Sites and the National Register.

The presence of archeological resources within the project
study area will require further study. Given the previous
disturbance in the area where any of the alignments
would be constructed, the potential for archeological
resources is assumed to be low, because the site would be
excavated through fill.

Property Acquisition &
Displacements

1, 2B and 3A

The proposed project would not require property
acquisition or displacement. The developer of the parcel
directly east of the tracks (the Central Armature Works
site) is a vested stakeholder in the project.

An access easement or MOU is likely needed for the
proposed pedestrian tunnel to traverse underneath the
railroad tracks. Further study and coordination will be
required.

Traffic

1, 2B and 3A

Impacts related to traffic would likely occur during
construction, depending on the alignment chosen and
construction staging (see Construction Impacts section
below). Impacts to rail, vehicular, pedestrian, or bicycle
traffic should be avoided or minimized to the greatest
extent possible.

The proposed project is anticipated to improve pedestrian
safety and east-west connectivity in the study area.

Hazardous &
Contaminated
Materials

1, 2B and 3A

Preliminary research indicates the presence of several
hazardous waste facilities within the project study area:
Sunoco Service Station (101 New York Ave NE), Central
Armature Works (1200 3™ Street NE), W.W. Grainger (311
N Street NE), and Saba Cab Company (1232 4™ Street NE).
Further study will be required.

Air Quality

1, 2B and 3A

The proposed project is located in the Washington, DC
Metropolitan Region which is a non-attainment area for
ground level ozone and PM, s criteria pollutants. However,
the proposed project is not anticipated to affect regional
air quality in any measurable or substantial way.
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Considering the project is located in an urban
environment with existing industrial, transit, and rail uses,
the proposed project is not likely to increase ambient
noise or vibration levels above existing conditions.
Residential and institutional receptors are located within
the project study area, but are not adjacent to any of the
proposed alighments.

Noise and vibration levels from construction activities
related to the proposed project, although temporary,
could create a nuisance at nearby locations. Best
management practices would be employed to minimize
temporary effects.

Water Resources

1, 2B and 3A

A review of available mapping did not identify any
streams, wetlands or floodplains within the project study
area; therefore, impacts to water resources are not
anticipated as a result of the proposed project.

Threatened &
Endangered Species

1, 2B and 3A

No impacts to federally-protected species habitat are
anticipated as a result of the proposed project. However,
USFWS IPaC search results indicate the presence of a
threatened species in the project study area—the
Northern Long-eared Bat (Myotis septentrionalis). The
potenti