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1.0

Introduction

The objective of the geotechnical report is to compile and review available geotechnical information
along the Long Bridge Corridor and provide concept-level geotechnical recommendations for the
planning study to inform the NEPA, the decision-making process and future geotechnical engineering
needs. No subsurface exploration or laboratory testing was performed. The scope of services includes:

Task 1: Site Reconnaissance and Gather Existing Data

Perform a one-day site reconnaissance to review existing conditions in the field;

Request available geotechnical reports, boring logs and foundation design and construction
records from owners of major facilities near the alignment;

Obtain published geologic mapping data across the project;

Compile and catalog available geotechnical data for project use; and

Prepare plan showing locations of geotechnical data along the alignment.

Task 2: Geotechnical Investigation and Report

Review existing geologic and geotechnical reports and data;

Prepare a longitudinal profile of subsurface conditions from existing subsurface data;

Develop concept-level recommendations for foundations, retaining walls and embankments;
Consider the potential impacts of the project on existing structures;

Assess application of existing foundations at nearby sites for the project; and

Prepare and submit a geotechnical report with estimated subsurface conditions, concept-level
geotechnical recommendations, and recommendations for future studies.

Long Bridge Project
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2.0 Description of Site and Proposed Construction

2.1. Site Description

The Long Bridge Project consists of potential improvements to the approximately 2.2-mile Corridor and
related railroad infrastructure improvements located between the RO Interlocking in Arlington, Virginia,
and the L’Enfant (LE) Interlocking near 10™ Street SW in the District of Columbia (the District)
(collectively, the Long Bridge Corridor). The Project proposes to provide additional long-term railroad
capacity and to improve the reliability of railroad service through the Corridor.

The Study Area (see Figure 2-1) is surrounded by diverse land uses between the District and Arlington
County, Virginia, including local and national parks, residential mixed use, and commercial development.
These land uses constrain the operational considerations for the railroad. In general, the Project intent is
to increase the number of tracks recommended by the capacity modeling for the Long Bridge corridor
from two-tracks to four-tracks. Operational speeds will be maintained within the narrow railroad
corridor. The Project Study Limits include multiple transportation structures. The proposed railroad
alignment will impact the configuration of six (6) existing undergrade bridges and one existing overgrade
viaduct within the corridor:

e  CSXT bridge over George Washington Memorial Parkway (Unknown Bridge #)

e Long Bridge over Potomac River, Mount Vernon Trail, and Ohio Drive SW
(DDOT Br #510)

e  CSXT bridge over Ohio Drive SW (DDOT Br #512)

e  CSXT bridge over Interstate 395/695 (DDOT Br #1135)

e  CSXT bridge over Washington Channel (DDOT Br #513)

e  CSXT bridge over Maine Avenue SW (DDOT Br #514)

e Maryland Avenue SW decking (viaduct) over CSXT (Unknown Bridge #)

In addition, there will be a new CSXT bridge over the WMATA Yellow Line Tunnel; the pedestrian bridge
over Maine Avenue SW that connects the Mandarin Oriental Hotel and the SW Riverfront will need to be
replaced or reconfigured; new signal bridges will be incorporated along the Corridor; and retaining walls
will be used throughout the corridor.

Long Bridge Project
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Figure 2-1 | Site Vicinity Map
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The conceptual engineering plans! show a proposed track alighment which begins at the south end in
Virginia and continues north into the District. In Virginia, the proposed track alignment passes through
several parks including the Long Bridge Park, which is upstream of the proposed alignment. In the
District between the Potomac River and Washington Channel, the proposed track alignment passes
through East Potomac Park Island.

Three waterways are found along the railroad alighment. Roaches Run Pond in Virginia is located
immediately southeast of the alignment, while the alignment crosses the Potomac River and the
Washington Channel.

The track alignment passes over the George Washington Memorial Parkway (GWMP) in Virginia. In the
District, the track alignment passes over I-395; the WMATA Metrorail Yellow line Tunnel Portal; Ohio
Drive SW; Maine Avenue SW; Maryland Avenue SW bridge deck; the 12th Street bridge; the 12th Street
Expressway; and the L’Enfant Plaza bridge.

2.2. Proposed Construction

The Corridor is owned and operated by CSXT Transportation (CSXT), a Class | freight railroad. In addition
to CSXT, the Corridor is used by Amtrak and Virginia Railway Express (VRE) and is currently a two-track
railway with potential improvements to expand to a four-track railway. The interlockings will consist of
switches and crossovers that will permit the trains to switch between any of the four tracks.

The Project is evaluating two build alternatives for the project. The two alternatives are identical
except:

e Action Alternative A: Construct new two-track bridges over the GWMP and over the Potomac
River upstream of the existing Long Bridge, while maintaining the existing bridges to create a
four-track crossing.

e Action Alternative B: Replace the existing bridges and construct two new two-track bridges over
the GWMP and the Potomac River to create a four-track crossing.

If Alternative B is selected, the new two-track bridges are expected to be constructed first and tied into
the existing track before the existing bridges are removed from service to allow for replacement.

The improvements will involve staged construction to maintain traffic during construction, widening and
raising existing embankments to support the four-track alignment, construction of new embankments
and retaining walls, and installation of new foundations for the proposed new bridges. Major structures
of interest located along the conceptual track alternatives alignment are included indicated on Figure 2-
2.

1 Plans of Proposed Conceptual Engineering of Long Bridge Corridor Track Alignments and Bike-Pedestrian Connection, Draft For
CSXT Review, dated Oct. 19, 2018, prepared by VHB and HNTB for the District of Columbia Department of Transportation.

Long Bridge Project
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Figure 2-2 | Structures of Interest

1) CSXT Bridge over GWMP 7) CSXT Bridge over Maine Avenue SW

2) CSXT Long Bridge over the Potomac River 8) Maryland Avenue Deck over CSXT

3) CSXT over WMATA Metro Yellow Line Tunnel and Tunnel Portal ~ 9) 12th Street SW Bridge over CSXT

4) CSXT Bridge over 1-395 10) 12th Street Expressway Bridge over CSXT
5) CSXT Bridge over Ohio Drive SW 11) L'Enfant Plaza SW Bridge over CSXT

6) CSXT Bridge over Washington Channel

2.3. Vertical Datum

The plans and reports referenced herein are based on several different vertical elevation datums. The
conceptual engineering plans are based on NAVD88. Some of the historic plans and reports reference
the U.S. Coast and Geodetic Survey Mean Sea Level of 1929, which is based on NGVD29. Other historical
plans and reports are based on the datum established by the District of Columbia Engineering
Department, named the D.C. Engineer’s Plane of Reference, or D.C. Engineer’s datum.

In the vicinity of the project alignment, NGVD29 is approximately 0.78 feet below the NAVD88 datum,
based National Weather Service Records, while the D.C. Engineer’s Plane of Reference (DCE) is 0.08 feet
below NAVDS88 and 0.70 feet above NGVD29. Elevation data included in this report indicates which
vertical datum is referenced, either NAVD88, NGVD29, or DCE, consistent with the respective plans and
reports.

3.0 Geology and Subsurface Conditions

3.1. Regional Geology

The site is located within the Atlantic Coastal Plain Physiographic Province with the Piedmont
Physiographic Province to the north and west and the Continental Shelf to the south and east. Coastal

Long Bridge Project
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Plain sedimentary deposits generally consist of sand, gravels, clays, and silts that dip gently to the
southeast. Sand and gravel terraces formed at higher elevations along the sides of major rivers in the
region. The fall line, approximately two miles north of the site, marks the limit of where relatively young
Coastal Plain sedimentary deposits overlie crystalline rock of Piedmont.

The oldest Coastal Plain deposits in the region are the Potomac Formation soils from the Cretaceous
period. This formation typically consists of stiff to hard silts and clays, interbedded with dense sands and
gravels that were deposited in channels, bars, and floodplains by rivers that flowed eastward. The
Potomac Formation is unconformably overlain by deposits from the Tertiary and Quaternary periods.
The Tertiary deposits are typically encountered at higher elevations along with upper-level Quaternary
deposits, and they generally consist of sands and gravels with varying amounts of silt and clay. Low-level
Quaternary fluvial and estuarine deposits underlie much of the broad floodplain adjacent to the
Potomac River and typically consist of sand, silt, gravel, and varying amounts of clay and peat.

3.2. Site Geology

According to the Geologic Map of the Washington West Quadrangle? and the review of the available
geotechnical data along the project alignment, the site is underlain by surficial deposits of low-level
Quaternary deposits, which are underlain by older Potomac Formation soils and crystalline bedrock. The
Tertiary deposits and upper-level Quaternary deposits typically observed at higher elevations have been
eroded away and replaced with low-level Quaternary deposits of the Tabb Formation. In the vicinity of
the project site, the Tabb formation is subdivided into two units, the undifferentiated Lynnhaven and
Poquoson Members (Qqp) and the Sedgefield Member (Qss). In the immediate vicinity of the Potomac
River, younger alluvial deposits are present in low-lying areas and the river channel.

The alluvial deposits generally consist of eroded Coastal Plain soils that have been redeposited as
sediment in the Potomac River channel and adjacent floodplain. The East Potomac Park Island separates
the main Potomac River channel from the smaller Washington Channel and consists of fill soil historically
constructed over tidal flats consisting of alluvial deposits. Variable depths of existing fill soils are present
across the project alignment. The most land surface in urban areas of the District have been cut or filled
artificially. Crystalline bedrock consisting of weathered granite or schist occurs below the Potomac
Formation deposits. A map showing the surficial geology of the site is provided as Figure 3-1.

2 U.S. Department of the Interior/ U.S. Geological Survey, URL: Page Contact
Information: Pubs Warehouse Contact Page Page Last Modified: June 04, 2018 16:56:38
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Figure 3-1 | Surficial Geology Map
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3.3. Generalized Subsurface Stratigraphy

The following generalized subsurface stratigraphy has been categorized based on the subsurface
exploration data and soil descriptions available from the available construction drawings and
geotechnical data. The strata designations do not imply continuity of materials described but reflect the
general description and characteristics of the subsurface materials at the site. Soil descriptions included
in the available historic boring logs and summarized below are generally not in accordance with the
United Soil Classification System. A generalized subsurface profile, indicating the various strata
encountered along the project alignment and described below, is included as Appendix 1, Figure 1.

3.3.1. Existing Fill (Stratum F)

Existing artificial fill soils extend across the alignment from the ground surface to depths of up to 28.5
feet. The existing fill soils typically consist of sands, gravelly sands, clayey and silty sands, and sandy
clays with varying amounts of organics and debris. Within East Potomac Park, the existing fill extends to
depths of up to 26 feet between EL +4 and EL -13 (NGVD29) and typically consists of clayey sands, clays,
and sandy loam containing varying amounts of gravel and cinders. The existing fill soils are of variable
consistencies and densities.

3.3.2. Alluvial Deposits (Stratum A)

Alluvial deposits are present below the Potomac River and Washington Channel and below the artificial
fill creating East Potomac Park. The alluvial deposits are thickest below East Potomac Park Island, where
they extend as deep as EL -94.1 (NGVD29). Typical properties of the alluvial deposits are summarized in
Table 3-1.

Table 3-1 | Generalized Soil Properties of Alluvial Deposits?

Undrained Effective
Shear Strength  Preconsolidation  Friction Angle Total Unit
Description (ksf) Pressure (tsf) (deg.) Weight (pcf)
Organic Clay below Water 0.2t0 0.3 0to0.2 23 110
Organic Clay below East
Potomac Park Island Fill 0.5t007 021003 23 120
Silty Sand -- -- 30 130

The alluvial deposits generally consist of very soft to firm, highly plastic organic clays (OH, OL, and CH)
with discontinuous layers of loose to dense, slightly organic silty sands (SM). The deposits are generally
black to dark gray and contain varying amounts of gravel, silt, and sand. Below the artificial fill of East
Potomac Park Island, the alluvial deposits are slightly more consolidated than the deposits below the

3 WMATA Metrorail Section (L001 to L002), Final Report Subsurface Investigation for L'Enfant — Pentagon Route, dated
December 1970, prepared by Mueser, Rutledge, Wentworin & Johnston General Soil Consultant for WMATA.
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Potomac River or the Washington Channel. Laboratory test results included in Appendix 2 indicate the
alluvial deposits of Stratum A are generally considered corrosive to buried steel and concrete.

3.3.3. Quaternary Deposits (Stratum Q)

Low-level Quaternary deposits were encountered north and south of East Potomac Park Island. The
Quaternary deposits extend from below the ground surface, existing fill, and/or alluvial deposits to
between EL -35 and EL -60 (NGVD29). The Quaternary deposits are eroded away and replaced with
alluvial deposits below East Potomac Park Island. Typical properties of the Quaternary deposits are
summarized in Table 3-2.

The Quaternary deposits typically consist of fine to coarse, crossbedded sand, sandy gravel, silt, and
clay. Layers of silt and silty clay with varying amounts of sand are common, as are layers of gravel,
pebbles, and occasional cobbles. Generally light to dark gray, tan, pale orange, to medium orange in
color. This stratum has SPT N Values of 5 to greater than 100 but is generally medium dense and stiff
consistency. This Stratum is designated as T1 through TX in the WMATA documents*. This stratum was
also interpreted from descriptions included in several other plans and logs available from the historical
data. However, the identification of this stratum was difficult due to the variety of descriptions and soil
classifications used in the various documents.

Table 3-2 | Generalized Soil Properties of Quaternary Deposits*

Undrained Effective
Shear Strength  Preconsolidation Friction Angle Total Unit
Description (ksf) Pressure (tsf) (deg.) Weight (pcf)
Silty Clay to Plastic Clay 0.7 to 3.5 0.5to3 25 130
Silty Sand - - 30to 34 130
Gravelly Sand -- -- 34 to 38 130

3.3.4. Potomac Formation (Stratum P)

Potomac Formation soils were encountered below the Quaternary or Alluvial deposits to between EL -95
and EL-110 (NGVD29). The Potomac soils are completely eroded away replaced with alluvial soils below
East Potomac Park Island. Typical properties of the Potomac soils are summarized in Table 3-3. This
stratum is designated as P1 through PX in the WMATA documents®.

Potomac Formation soils at the site generally consist of sands with some variable amounts of gravel,
interbedded with occasional layers clays. The Potomac sands typically consist of dense to very dense
gray and gray-brown fine to coarse sand (SC, SM, and SC) with varying amounts of gravel and silt. The

4 WMATA Metrorail Section (L001 to L002), Final Report Subsurface Investigation for L’Enfant — Pentagon Route, dated
December 1970, prepared by Mueser, Rutledge, Wentworin & Johnston General Soil Consultant for WMATA.

Long Bridge Project
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Potomac clay typically consists of dark gray to blue, stiff to very hard plastic clay (CH, CL) with very fine
sand and scattered lignite fragments.

Table 3-3 | Generalized Soil Properties of Potomac Formation Soils®

Undrained Effective
Shear Strength  Preconsolidation Friction Angle Total Unit
Description (ksf) Pressure (tsf) (deg.) Weight (pcf)
Plastic Clay 2to5 12 to 20 25 130
Sandy Clay 4t06 15to 20 34 130
Sands and Gravels -- -- 33to 38 130

3.3.5. Rock (Stratum R)

Crystalline bedrock was encountered below the Alluvial deposits or Potomac Formation soils at depths
of 100 feet to 120 feet below existing grades, or EL -90 to EL -110 (NGVD29). Rock consisted of
weathered and jointed schistose gneiss with zones of gneissic schist and granite gneiss. The bedrock is
generally covered by an irregular thickness of decomposed rock. Unconfined compressive strengths of
the rock ranged from approximately 5 to 15 ksi.>

3.4. Groundwater

Groundwater levels across the alignment, particularly on East Potomac Park Island, will be influenced by
the water levels in the Potomac River. A water level gauge installed in the Washington Channel, just
south of the project site and maintained by the National Weather Service (Washington Channel Gauge
at SW Waterfront) indicates the water level in the channel (and presumably the adjacent Potomac River)
typically varies between EL +1 and EL +4 (NAVD88). The record flood was recorded on October 17, 1942,
at EL +9.65 (NAVDA88).

In Washington, DC and Arlington, VA, groundwater was generally observed in the available test borings
between EL +12 and EL -5.5 (NAVD88). Observed groundwater levels are indicated on the generalized
subsurface profile, included as Appendix 1, Figure 1.

Some of the higher water levels indicated on the plans may represent zones where groundwater is
perched above a low permeability layer. The presence and elevation of perched groundwater may vary
significantly with variations in weather conditions. The final design should anticipate the fluctuation of
the water table depending upon variations in tides, precipitation, surface runoff, pumping, evaporation,
river levels, and similar factors.

5 WMATA Metrorail Section (L001 to L002), Final Report Subsurface Investigation for L’Enfant — Pentagon Route, dated
December 1970, prepared by Mueser, Rutledge, Wentworin & Johnston General Soil Consultant for WMATA.

Long Bridge Project
10
Geotechnical Engineering Report April 2019



4.0 Conceptual Geotechnical Recommendations

Concept level geotechnical recommendations are provided below for each major structure identified in
Figure 2-2. Each major structure impacted by the proposed construction is addressed in its own
subsection with the following format:

e Description of structure and summary of proposed construction
e Summary of site stratigraphy

e Summary of existing structure foundation

e Summary of geotechnical issues facing proposed construction

e Conceptual geotechnical recommendations

The structures are discussed in order from south to north, as indicated in Figure 2-2. Based on the
conceptual engineering plans, neither proposed build alternatives are expected to impact the Maryland
Avenue SW viaduct, the 12t Street SW Bridge, the 12" Street Expressway Bridge, or the L’Enfant Plaza
SW Bridge. As discussed in Section 2.2, the proposed concept engineering plans®indicate the CSXT
railroad alignment across the project study limits will be expanded to four tracks. Action Alternatives A
and B are the same except for the replacement of the CSXT bridge over the GWMP and Long Bridge over
the Potomac River.

4.1. CSXT Bridge over George Washington Memorial Parkway

In Arlington, Virginia, the existing two-track CSXT railroad alignment passes over the GWMP and is
supported by a two-span through-girder bridge. The GWMP is owned and maintained by the National
Park Service (NPS). The conceptual engineering plans® indicate the railroad alignment in this section will
be expanded from two tracks to four. Action Alternative A includes retaining the existing bridge and
constructing a new two-track bridge adjacent to the west side of the existing bridge. Action Alternative B
includes constructing a new two-track bridge adjacent to the west side of the existing bridge and
replacing the existing two-track bridge. Retaining walls are planned at the approaches to limit
encroachment on the right-of-way. The conceptual plans indicate the railroad elevations in this section
will be raised up approximately two feet, to between approximately EL +27 and EL +28 (NAVD88).

4.1.1. Site Subsurface Stratigraphy

Information about the subsurface stratigraphy below the CSXT Bridge over the GWMP is available from
a subsurface exploration performed in 1970 by the Washington Metro Area Transit Authority (WMATA)
for the Metrorail Yellow Line between L’Enfant Plaza and the Pentagon’ and included in this report as
Appendix 2. Test borings I-24 and L-27 were performed approximately 25 feet and 150 feet from the
bridge, respectively, and show the bridge is founded on existing fill which extends from the ground
surface to between EL-10 and EL -13 (NGVD29). The existing fill is underlain by very dense sand and

6 Plans of Proposed Conceptual Engineering of Long Bridge Corridor Track Alighments and Bike-Pedestrian Connection, Draft For
CSXT Review, dated Oct. 19, 2018, prepared by VHB and HNTB for the District of Columbia Department of Transportation.

7 WMATA Metrorail Section (L001 to L002), Final Report Subsurface Investigation for L’Enfant — Pentagon Route, dated
December 1970, prepared by Mueser, Rutledge, Wentworin & Johnston General Soil Consultant for WMATA.
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gravel Quaternary deposits and Potomac Formation soils. The subsurface stratigraphy and available data
are summarized in Table 4-1.

Notes on the boring logs included in Appendix 2 indicate that groundwater levels observed during
drilling were at approximately EL 0 (NGVD29). Groundwater levels will be influenced by the level of the
adjacent Potomac River.

Table 4-1| Generalized Subsurface Stratigraphy — CSXT Bridge over GWMP

Top of Strata
Stratum Elevation? Soil Description? Available Data

variable Gravel, Sand, Silt, Clay, with varying

amounts of organics

Artificial Fill (F) Ground Surface N Value: 3 to 44

(GP, SP, SM, ML, CL, OL)

very dense Poorly Graded Sand and Silty Sand,
EL-10 to gray-brown to brown, with varying amounts of

Quaternar ”
y gravel and silt N Value: 29 to 50/5

Deposits (Q) EL-13

(SP, SP-SM, SM, GP)

Very dense fine to medium Clayey Sand and very
EL-30 to stiff to hard Sandy Clay, light brown to gray-green.

Potomac
Some highly plastic clay observed on north side. N Value: 65 to 100+

Formation (P) EL-35

(SC, CL, CH)

Bedrock not encountered. Nearby borings and
Bedrock (R) Not Encountered? historic rock contour map indicate bedrock is --
between approximately EL -100 to EL-120

Notes: 1. Elevations reference U.S. Coast and Geodetic Survey Datum (NGVD29)
2. USCS soil descriptions provided in parentheses
3.  Bedrock not encountered above the boring termination elevations of EL -68 and EL -95

4.1.2. Existing Bridge Foundation

The existing bridge carrying the CSXT tracks over the GWP is a 117-foot long, two span through-girder
bridge originally constructed around 1929. The piers and abutments with integral wing walls are
founded on 20-ton timber piles. The abutments, wing walls, and piers are supported by a combination of
plump and battered piles, with pile batter indicated as 3H:12V. The plans indicate the perimeter piles
are battered outwards from the substructures. The pile cap subgrade elevations are indicated as EL -2.0
(DCE) for the abutments and pier. Notes on the plans indicate estimated pile lengths of 50 feet,
resulting in an estimated tip elevation of EL -52 (DCE).
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4.1.3. Geotechnical Issues

Up to 19 feet of new embankment fill will be required to widen and raise the existing approach
embankments to support the proposed alignment. The new embankment section must be keyed into
the existing embankment section while maintaining site drainage. Over the existing embankment
footprint, less than two feet of new fill will be required to raise the track subgrade. The difference in fill
height across the widened embankment could result in a differential settlement between the new and
existing embankment sections.

4.1.4. Geotechnical Recommendations

The new bridge could be supported by driven steel H pile foundations extending below the existing fill
soils underlying the site with 12-inch steel H-piles driven to tip elevations between EL -30 and EL -35
(NAVD88) into the dense Quaternary deposits could provide factored geotechnical resistances of 200 to
260 kips. The embankment settlement could result in down-drag loading on the new foundations,
though any down-drag is expected to be limited to the existing artificial fill soils and is not expected to
be significant.

The stratigraphy below the bridge generally consists of dense granular soils, suggesting that any
settlement due to embankment construction will occur relatively quickly. Ground improvement is not
expected not be necessary.

4.2. Long Bridge over the Potomac River, Mount Vernon Trail, and Ohio
Drive SW

The Long Bridge over the Potomac River (Long Bridge) is a historic steel girder bridge carrying two tracks
of the CSXT railroad over the Potomac River between Virginia and East Potomac Park Island in the
District. The existing bridge extends 2,522 feet, spanning the Mount Vernon Trail on the Virginia side of
the river and the Rock Creek Park Trail and Ohio Drive SW on East Potomac Park Island.

Construction was completed on the original iron and steel truss bridge in 1904 and it included eleven
truss spans and one swing draw span, supported on two abutments and twelve piers founded in the
Potomac River. Available plans ® °indicate the bridge was modified in 1942 by constructing eleven
supplemental piers between the original truss spans and replacing the iron and steel truss spans with
steel girders. The bridge currently includes twenty-two spans and one swing draw span supported by
two abutments and twenty-three piers. The span lengths vary between 80.3 feet and 108.3 feet at the
typical spans and 140.3 feet at the swing draw spans.

The conceptual engineering plan for the bridge replacement®®includes constructing a new two-track
bridge west (upstream) of the existing bridge, while the existing two-track bridge may remain in service

8 General Plan, Sheet 1/5, dated January 1942, prepared for the Pennsylvania Railroad Reconstruction Bridge No. 138.45 over
the Potomac River Washington DC.

9 Masonry Plan, revised date November 1901, for the Long Bridge over the Potomac River for the Baltimore & Potomac
Railroad.

10 plans of Proposed Conceptual Engineering of Long Bridge Corridor Track Alignments and Bike-Pedestrian Connection, Draft
For CSXT Review, dated Oct. 19, 2018, prepared by VHB and HNTB for the District of Columbia Department of Transportation
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(Action Alternative A) or may be removed and replaced with a new two-track bridge over the same
alignment (Action Alternative B). The conceptual plans indicate the railroad grades at the south
approach to the bridge will be raised approximately 6 feet from EL +27 up to EL +33 (NAVD88), while the
railroad grades at the north side of the bridge and approach will be raised approximately 5 feet from EL
+25 to EL +30 (NAVD88). Up to 25 feet of new fill will be placed to widen the approach embankments
and raise the grades.

4.2.1. Site Subsurface Stratigraphy

Information about the subsurface stratigraphy along the Long Bridge alignment is available from a
subsurface exploration performed in 1970 by WMATA for the Metrorail Yellow Line between L'Enfant
Plaza and the Pentagon®! and included in this report as Appendix 2. Twelve of the test borings were
performed in the Potomac River, directly adjacent to the south side of the Long Bridge. The subsurface
stratigraphy and available data are summarized in Table 4-2.

Table 4-2 | Subsurface Stratigraphy — Long Bridge over the Potomac River

Top of Strata Elevation?

South River North River
South Approach Channel Channel North Approach
Stratum (South Abutment) (Piers 12Ato3A) (Piers3to0) (North Abutment)
Artificial Fill (F) Ground Surface N/E? N/E Ground Surface
Alluvial Deposits ELOto EL-5to EL-4to EL-5to
(A) EL-10 EL-30 EL -5 EL-10
Quaternary EL-6 to EL-23 to N/E EL-54 to
Deposits (Q)3 EL-22 EL-30 EL -55
Potomac EL-50to EL-50to EL-58 to EL-58 to
Formation (P) EL-57 EL-58 EL -60 EL -60
Disintegrated EL-101 to
Rock (D)* Below EL -102 EL-115 N/E N/E
N/E, or EL-104 to N/E
5 _ ’
Bedrock (R) Below EL -104 below EL -120 N/E
Notes: Elevations reference U.S. Coast and Geodetic Survey Datum (NGVD29)

N/E = Not Encountered

Quaternary Deposits are referred to as Strata T1 to T5 in the WMATA exploration (App. 1)
Disintegrated Rock is referred to as Decomposed Rock in the WMATA exploration (App. 1)
Bedrock is referred to as Weathered and Jointed Gneiss in the WMATA exploration (App. 1)

-

11 WMATA Metrorail Section (LO0O1 to L002), Final Report Subsurface Investigation for L’Enfant — Pentagon Route, dated
December 1970, prepared by Mueser, Rutledge, Wentworin & Johnston General Soil Consultant for WMATA.
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The complete report of the subsurface exploration, included in Appendix 2, includes detailed
descriptions of the site geology, subsurface strata, groundwater conditions, as well as boring location
plans and boring logs. Soil laboratory test results, including index, strength, and consolidation are
included and summarized for the various strata. Soil corrosion characteristics are provided for the
Alluvial deposits. Sheets F-L-8 through F-L-10 in Appendix 2 include a detailed subsurface profile of the
Potomac River adjacent to the Long Bridge.

The test boring logs and subsurface profiles included in Appendix 2 show that the Alluvial deposits
below the Long Bridge generally consist of soft to medium stiff organic clays, with occasional
interbedded layers of loose to medium dense silty sands. The Quaternary deposits generally consist
dense to very dense silty sand with varying amounts of gravel. The Potomac Formation soils observed
below the Long Bridge generally consist of clayey sand and sandy clay, with highly plastic clay observed
north of existing Pier 7.

The surface of the mudline below the river may have changed significantly due to erosion and
redeposition since the test borings were performed in 1970.

4.2.2. Existing Bridge Foundation

Limited information is available regarding the existing Long Bridge substructure. Available foundation
information includes several plan sheets from the original construction dated November 1901, several
plan sheets from the reconstruction dated October 19423, as well as a description provided in Section
9.4 of the WMATA exploration, included as Appendix 2. The abutments and piers consist of granite
masonry backed with concrete. The north and south abutments are approximately 27 feet and 18 feet
tall, respectively. The north abutment is founded on 136 timber piles with cut-off elevations of EL -4
(NGVD29). The south abutment is founded on 206 timber piles with cut-off elevations of EL -8
(NGVD29). Pile tip elevations at the north and south abutments are indicated as EL -50 and EL -30,
respectively (NGVD29). Borings included in Appendix 2 suggest the abutment piles are founded in dense
Quaternary deposits or Potomac Formation soils.

The original bridge piers are supported on between 109 and 114 timber piles per pier. Timber pile tip
elevations vary between EL -24 and EL -42 (NGVD29), bearing in dense Quaternary deposits or Potomac
Formation soils. The plans do not indicate the diameter or taper of the piles. The supplemental piers
added in 1942 are supported on steel 14BP73 H Piles, driven to 55-ton at tip elevations between EL -62
to EL-70 (NGVD29) in Potomac Formation soils. The number of piles per pier is not available. Pier 8,
supporting the swing draw span, is founded on a 44-ft diameter timber and concrete caissons tipped at
approximately EL -55 (NGVD29). WMATA plans state that caissons are tipped between EL -34 and EL -42

12 Masonry Plan, revised date November 1901, for the Long Bridge over the Potomac River for the Baltimore & Potomac
Railroad.

13 General Plan, Sheet 1/5, dated January 1942, prepared for the Pennsylvania Railroad Reconstruction Bridge No. 138.45 over
the Potomac River Washington DC.

14 WMATA Metrorail Section (LO0O1 to L002), Final Report Subsurface Investigation for L’Enfant — Pentagon Route, dated
December 1970, prepared by Mueser, Rutledge, Wentworin & Johnston General Soil Consultant for WMATA.
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(NGVD29) in Quaternary deposits. The pier piles are all cut-off below the water line, at elevations
between EL -2 and EL -20 (NGVD29).

Note the reconstruction plans from 1942 indicate submarine cables are present in dredged trenches
adjacent to the existing piers.

4.2.3. Geotechnical Issues

Bedrock grades below the Long Bridge vary from EL -104 at the south side of the bridge to deeper than
EL-120 (NGVD29) at the north side of the bridge. Due to the depth to rock, it is likely more economical
to support the foundations in the dense Quaternary deposits and Potomac Formations soils overlying
the rock. The alluvial deposits of Stratum A may be corrosive to buried steel and concrete elements;
therefore, the foundation design will need to consider corrosion effects.

The new bridge piers constructed through the Potomac River are expected to be necessary with either
build alternative. New piers in the river will likely require temporary cofferdams to construct below the
waterline and must be designed to withstand extreme event limit states that include vessel collisions
and scour. The new foundations, particularly those founded in the river, must consider potential scour
effects. If the existing Long Bridge is replaced, the existing pile foundations could conflict with the new
foundations unless the new piers are installed between the existing piers or the existing pile foundations
are removed. The existing submarine cables will need to be avoided or relocated. The existing navigation
channel must be maintained, further limiting potential pier locations. The impact of pile driving on the
existing bridge should be evaluated during future design phases. Abandoned piers from older bridges
may be present in the riverbed.

Up to 25 feet of new embankment fill will be required to widen and raise the existing approach
embankments to support the proposed four-track alignment. The new embankment section must be
keyed into the existing embankment section while maintaining site drainage. Due to the organic alluvial
deposits below the approach embankments, the significant post-construction settlement could occur
below the widened embankment. Over the existing embankment footprint, less than 5 feet of new fill
will be required to raise the track subgrade. The difference in fill height could result in a differential
settlement between the new and existing embankment. The embankment settlement could result in
down-drag loading on the new foundations.

4.2.4. Geotechnical Recommendations

The new bridge abutments and piers could be supported by piles driven through the soft alluvial
deposits of Stratum A to bear in the underlying dense sands and gravels of Strata Q and P. The new
abutments could be supported by steel H pile foundations driven approximately 20 feet into the
Potomac Formation soils of Stratum P, to tip elevations between EL -70 and EL -80 (NAVDS88). Driving
shoes may be necessary to penetrate some of the harder or denser layers overlying the bearing strata.
The expected embankment settlement could cause down-drag on the abutment piles and should be
considered in future geotechnical studies. 14-inch steel H-piles could provide factored geotechnical
resistances of 200 to 300 kips, depending on the down-drag and corrosion considerations.
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New piers in the river could be supported by pre-stressed concrete piles. Full-length pre-stressed
concrete piles could be barged to the site. Pre-stressed concrete piles are also generally more resistant
to weather and corrosion than steel piles. 36-inch square pre-stressed concrete piles could achieve
factored geotechnical resistances of 1,000 to 1,200 kips when driven approximately 40 feet into the
dense soils of Strata Q or P, to tip elevations between approximately EL -70 to EL -80 (NAVDS88).

Alternatively, larger spun-cast pre-stressed concrete cylinder piles could be driven to even higher
factored resistances, requiring fewer piles per pier. Cylinder piles can also extend directly into the
superstructure support, avoiding the need for a pile cap. Cylinder piles are typically available at
diameters of 36, 42, 54, or 66 inches, depending on the manufacturer. It is expected that 66-inch
diameter spun-cast cylinder piles could achieve 1,500 to 1,700 kips of factored geotechnical resistance
when driven approximately 40 feet into the dense soils of Strata Q or P, to tip elevations between
approximately EL -70 to EL -80 (NAVD88). Large diameter spun cast piles will likely need to be driven
unplugged, so the piles can reach the desired elevations. If the pile plugs during driving, the pile interior
may need to be cleaned.

The estimated factored pile resistances described above use a geotechnical resistance factor of 0.65 and
consider that the nominal resistance of the piles during driving will be measured using dynamic pile
testing equipment with signal matching techniques. Static load tests, performed on at least one pile per
site condition and dynamic testing of at least two piles per site condition, but no less than 2 percent of
the production piles, could allow the use of a higher geotechnical resistance factor (0.80 vs. 0.65) and
result in increased factored pile capacities than if only dynamic pile testing was used. Based on the
subsurface stratigraphy described above, the north and south sides of the river channel below the Long
Bridge alignment consist of two distinct site conditions and would require separate static load tests.

A drivability analysis of the piles should be performed on the selected pile type and size during final
design to demonstrate that available pile hammers can install the piles to the necessary nominal
capacities and desired depths without exceeding the permissible driving stresses. Specialty heavy
hammers such as a Vulcan V060 or V5100 may be necessary to install the large diameter spun-cast
cylinder piles.

The final pile design must consider the pile spacing. If the piles are spaced closer than 2.5B, where B is
the center-to-center distance between the piles, the factored geotechnical resistance must be reduced
to account for group effects.

4.3. CSXT over WMATA Yellow Line Tunnel and Tunnel Portal

On East Potomac Park Island, the existing two-track CSXT alighment passes over the existing pile-
supported cut-and-cover tunnel carrying the Washington Metro Area Transit Authority (WMATA)
Metrorail Yellow Line. The proposed concept engineering plans?® indicate the CSXT railroad alighment in
this area will be expanded from two tracks to four tracks. The existing tracks will be realigned while two
new tracks are planned west of the existing tracks and pass over the WMATA Metrorail Yellow Line

15 Plans of Proposed Conceptual Engineering of Long Bridge Corridor Track Alignments and Bike-Pedestrian Connection, Draft
For CSXT Review, dated Oct. 19, 2018, prepared by VHB and HNTB for the District of Columbia Department of Transportation.
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tunnel portal The existing tracks will remain at-grade over the tunnel structure while the two new tracks
will be supported by a new bridge spanning the tunnel portal. The conceptual plans indicate the railroad
grades in this area will be raised approximately 5 feet from EL +25 to EL +30 (NAVD88). Up to 20 feet of
new fill will be placed to raise the grade and widen the embankment for the new approaches. New
retaining walls are proposed to support the embankments and accommodate the right-of-way. Two
existing sanitary sewer lines cross below the railroad alignment on either side of the tunnel portal.

4.3.1. Site Stratigraphy

The WMATA tunnel portal is located on an artificial island historically constructed over tidal flats.
Geotechnical data at the tunnel portal is available from test borings L-38 and L-39U, which were drilled
in 1970 approximately 25 feet and 80 feet from the tunnel portal, respectively, and are provided on the
as-built plans from WMATA Metrorail Section L-1 L’Enfant — Pentagon Route®® included as Appendix 3.
The subsurface stratigraphy and available data are summarized in Table 4-3. Notes on the boring logs
indicate that average groundwater levels observed during drilling varied between EL +1.5 and EL -6.8
(NGVD29). Groundwater levels are likely influenced by the level of the adjacent Potomac River.

Table 4-3 | Generalized Subsurface Stratigraphy — CSXT over WMATA Yellow Line

Top of Strata
Stratum Elevation? Soil Description? Available Data
Clayey Sand, brown, containing gravel and cinders
Artificial Fill (F) Ground Surface N Value: 18 to 21
(SC)
Soft to stiff Organic Clay and loose to very-compact
EL+3.7 to fine to med.lu.m Sand a.nd Silty Sand, brqwn to dark N value 4 to 8
gray, containing organic matter, shells, fine gravel, and
EL +3.9 silt lenses
Alluvial
Deposits (A) (OH, OL, MH, SP, SM, SP-SM)
Very-compact Silty Sand, gray to dark gray, contains
EL-84.3 to
trace gravel N Value: 30 to 61
EL-87.1
(SM, SP-SM)
EL -90.1 to Very dense fine to medium Clayey Sand and very stiff

Potomac to hard Sandy Clay, gray-green

. N Value: 94 to 100+
Formation (P) EL-94.3

(SC, CL)

16 As-built WMATA Metrorail Section L-1, for L’Enfant Plaza — Pentagon Route, dated November 1975, prepared by Harry Weese
& Associates General Architectural Consultant and De Leuw Cather & Company General Engineering Consultant for WMATA.

Long Bridge Project
18
Geotechnical Engineering Report April 2019



Bedrock not encountered, nearby borings and historic
Bedrock (R)* N/E rock contour map shows bedrock is between --
approximately EL-100 to EL-110

Notes: 1.  Elevations reference U.S. Coast and Geodetic Survey Datum (NGVD29). Elevations are at boring locations.
2. USCS soil descriptions provided in parentheses
3.  Three SPT samples performed in this stratum had N values of 100+ where gravel or layers of very compact sand
were encountered, as shown in the boring logs.
4.  Bedrock not encountered above the boring termination elevations of EL -97.3 and EL -97.6 (NGVD29)

4.3.2. Existing Tunnel and Portal Foundation

Where the WMATA tunnel passes below the CSXT alighment, the as-built plans'’ indicate the tunnel is
supported by pile-supported reinforced-concrete tunnel segments constructed using cut-and-cover
construction techniques. Tunnel Segment L1008 supports the CSXT embankment and railroad
alignment, while on either side Tunnel Segments L1000 and L1015 (tunnel portal) support portions of
the CSXT embankment. The new track alignment is proposed to span over Tunnel Segments L1008 and
L1015.

The existing WMATA railroad grades are near EL +5.4 (NGVD29) at the tunnel portal and descend at
approximately a 4% grade to EL -2.6 (NGVD29) at the end of Tunnel Segment L1000. The tunnel
segments vary from 35-feet to 38-feet wide and are founded on a 4.25-feet thick concrete slab,
supported by 80-ton plump HP14X73 steel piles. Pile lengths are not included on the original plans,
though notes indicate the minimum pile tip elevation is EL -92 (NGVD29).

A sheet pile cofferdam was used east of the CSXT alignment to support the cut-and-cover construction
of the WMATA tunnel. Notes on the as-built plans indicate that the sheet piling was removed after
construction and that the space between the tunnel boxes and the cofferdam backfilled with sand up to
the top elevation of the tunnel box and with structural backfill from the top of the tunnel box elevation
up to the final grade. No anchors were indicated to support the earth pressures applied to the tunnel
segments.

4.3.3. Geotechnical Issues

The concept plans show a new bridge will carry two new CSXT railroad alignments over the WMATA
portal structure, while the existing track embankment extending over the tunnel structure may be
raised by up to 5 feet. The new bridge foundations, retaining walls, and expanded embankments could
surcharge the WMATA tunnel and portal structures.

According to the WMATA Adjacent Construction Project Manual, existing WMATA facilities - including
deep foundations, retaining walls, and underground utility lines - are considered to be affected by the
adjacent construction when the proposed excavation and construction falls within the WMATA Zone of
Influence (ZOl). The WMATA ZOl is generally considered to be within 25 feet (horizontal) of WMATA

17 As-built WMATA Metrorail Section L-1, for L’Enfant Plaza — Pentagon Route, dated November 1975, prepared by Harry Weese
& Associates General Architectural Consultant and De Leuw Cather & Company General Engineering Consultant for WMATA.
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facilities, or within an envelope starting two feet below the lowest point of the WMATA structure
continuing upwards at 45 degrees until it intersects the existing ground line.

Where the proposed construction falls within the ZOl, WMATA Design Criteria and Standard
Specifications are typically required to be used for that portion of the project. CSXT may be exempt from
some or all of the WMATA adjacent construction requirements if they own the right-of-way and have
granted an easement to WMATA for the Metroline. Adjacent construction is typically not permitted to
increase stress or deformation in the existing WMATA tunnels or other underground structures, and any
additional loading typically must be transferred outside and below the tunnel structures.

WMATA prohibits excavation or tunneling below their structures, unsupported excavation within 10 feet
of their facilities, or pile driving within 25 feet (horizontal) of WMATA structures or tracks. Piles located
within 25 feet of WMATA facilities must be installed in pre-augered holes extending at least 10 feet into
the bearing strata below the ZOI or approved bearing subgrade and backfilled with concrete.

Up to 20 feet of new embankment fill is planned to widen the existing approach embankments to
support the four-track alignment. Due to the soft, organic sediments below the embankments, the
significant post-construction settlement could occur. The difference in fill height across the widened
embankment could result in a differential settlement between the new and existing embankment. The
embankment settlement could result in down-drag loading on the new foundations.

4.3.4. Geotechnical Recommendations

The new bridge abutments, embankments, and retaining walls should be set back horizontally from the
tunnel and portal structure at least the height of the proposed wall or embankment, or a minimum of 25
feet, to avoid the WMATA ZOlI. Express permission from WMATA will be needed to raise the existing
embankment over the tunnel structure. Any new fill placed over the tunnel structure or possibly within
or near the ZOl is expected to surcharge the tunnel and its effect must be evaluated in the future design.

A deep foundation will be necessary to transfer the new bridge foundation loads below the tunnel and
portal structure’s ZOl. The new bridge could be supported on 14-inch steel H-piles driven through pre-
augered holes to refusal on rock, estimated between EL -90 and EL -100 (NAVDS88). The piles should be
pre-augered to at least 10 feet below the subgrade of the WMATA tunnel. HP14x73 grade 50 steel piles
driven to refusal on rock could provide factored geotechnical resistances of 250 to 350 kips. The
expected settlement from the new approach embankments could cause down-drag on the piles and
should be considered in future geotechnical studies.

Soft organic sediments underlie the proposed bridge and approach embankments. Organic soils are
problematic due to their potential for long-term settlement regardless of the surcharge. Undercutting
and replacement are not expected to be feasible due to the thickness of the organic soils and the
shallow water table. Construction of the track structure should not begin until settlement of the new
embankment has occurred. If excessive settlements or durations are expected, ground improvements
measures may be necessary. Embankment subgrade settlement and the need for ground improvement
must be evaluated during future geotechnical studies.

Two abandoned below-grade sanitary sewer lines shown on the conceptual engineering track alignment
plans pass below the railroad alignment on either side of the tunnel portal. These abandoned sewer

Long Bridge Project
20
Geotechnical Engineering Report April 2019



lines may require plugging or removal prior to constructing the proposed embankment if the weight of
the embankment has the potential to over-stress them.

Depending on the required set-back of the abutments from the tunnel, it may be cost effective to
combine the proposed CSXT Bridge over the WMATA tunnel with the proposed CSXT Bridge over [-395,
which is approximately 100 feet east of the tunnel portal and described in the next section of this
report.

4.4. CSXT Bridge Over 1-395

On East Potomac Park Island, the existing two-track CSXT alignment passes over I-395 and is supported
by a two-span steel-girder bridge originally constructed in 1959. The District Department of
Transportation (DDOT) owns and maintains |-395. The conceptual engineering plans® indicate the
railroad alignment in this section will be expanded from two tracks to four tracks and the existing two-
track bridge will be replaced with two separate two-track bridges. The conceptual plans indicate the
railroad grades in this section will be raised approximately 5 feet from EL +25 to EL +30 (NAVD88). Up to
25 feet of new fill will be placed to widen the embankment and raise the grade.

4.4.1. Site Subsurface Stratigraphy

The CSXT Bridge over 1-395 is located on an artificial island historically constructed over tidal flats. Two
test borings, B-1 and B-2, were performed adjacent to the bridge to support the construction of the
bridge and their logs are included on the original bridge. The logs contain a description of the subsurface
stratigraphy but do not include Standard Penetration Tests (SPT) or laboratory test results. Groundwater
is indicated on one boring log at EL +4.5 (DCE) and is likely controlled by the level of the adjacent
Potomac River. Additional geotechnical data including SPT results are available from test boring L-38,
which was drilled in 1970 approximately 50-feet southeast of the existing CSXT Bridge to support the
original design and construction of the WMATA Metrorail Yellow Line®. The boring log for L-38 is
provided on the plans included in Appendix 3. Selected sheets from the original bridge construction
plans showing boring logs for B-1 and B-2 are included in Appendix 4. The subsurface stratigraphy and
available data are summarized in Table 4-4.

18 plans of Proposed Conceptual Engineering of Long Bridge Corridor Track Alignments and Bike-Pedestrian Connection, Draft
For CSXT Review, dated Oct. 19, 2018, prepared by VHB and HNTB for the District of Columbia Department of Transportation.

19 As-built WMATA Metrorail Section L-1, for L’Enfant Plaza — Pentagon Route, dated November 1975, prepared by Harry Weese
& Associates General Architectural Consultant and De Leuw Cather & Company General Engineering Consultant for WMATA.
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Table 4-4 | Generalized Subsurface Stratigraphy — CSXT Bridge Over 1-395

Top of Strata

Stratum Elevation? Soil Description? Available Data®
stiff Clay, red and tan, containing gravel, cinders,
Artificial Fill (F) Ground Surface and bricks N Value: 18 to 21
(CL, GP, SC)
soft Clay and lose fine to coarse Sand, brown to
EL-0.3 to dark gray, containing organic matter and fine N Value: 6 to 25
EL-2.7 gravel
Alluvial Deposits (OH, OH, CH, SM)
(A) , . :
EL-29.8 to fg'::; cclgzt";'i';?nsgegr”;: r:fcs;r;ftzpd fine gravel, dark —\ \/alue: 12 t0 24
EL-44. ’
44.7 (OH)
EL -89.7 to .
Bedrock (R) EL-90.3 soft weathered Granite --
Notes: Elevations reference D.C. Engineer’s Plane of Reference (DCE), from borings B-1 and B-2

1.
2. Soil descriptions from B-1 and B-2, USCS soil descriptions provided in parentheses from boring L-38
3. Available SPT data from boring L-38

4.4.2. Existing Bridge Foundation

The existing bridge carrying the CSXT tracks over I-395 is a 163-foot long, two span steel-girder bridge
originally constructed in 1959. The original plans indicate the abutment walls vary from 15 feet to 16
feet tall, while the adjacent wing walls vary from 19 feet to 21 feet tall. The piers, abutments and wing
walls are founded on 64-ton 14BP73 steel piles. The abutments, wing walls, and piers are supported by a
combination of plump and battered piles, with pile batter varying between 1H:6V and 5H:12V. The plans
indicate the abutment piles are battered towards the piers and the piles should not extend beyond the
back of the existing pile caps unless they were driven out of tolerance. The pile cap subgrade elevations
are indicated as EL-1.9, EL-1.1, and EL -3.6 (DCE) for the south abutment, piers and north abutment,
respectively. Pile lengths or tip elevations are not indicated but notes on the plans require the piles to
be driven until a firm bearing on the rock is secured, assumed to be at EL -97 (DCE) for estimating
purposes.

4.4.3. Geotechnical Issues

Up to 25 feet of new embankment fill will be required to widen and raise the existing approach
embankments to support the four-track alignment. The new embankment section must be keyed into
the existing embankment section while maintaining site drainage. Due to soft, organic sediments below
the embankments, the significant post-construction settlement could occur below the widened
embankment. Over the existing embankment footprint, only approximately 5 feet of new fill will be
required to raise the track subgrade. The difference in fill height across the widened embankment could
result in a differential settlement between the new and existing embankment. The embankment
settlement could result in down-drag loading on the new foundations.
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The original plans indicate a temporary runaround was used to offset the track northwest during the
original bridge construction. The runaround plan shows approximately 85-feet of sheet pile was installed
about 70 feet away from the centerline of the existing tracks. The plans indicate the sheet piles were
installed to tip elevations of approximately EL -10 and the top elevations varied from approximately EL
+5 to EL +12 (DCE). The plans do not indicate if the sheet piling was removed after completing
construction. If present, the sheet piles could obstruct new pile installation.

4.4.4. Geotechnical Recommendations

The new bridge could be supported on 14-inch steel H-piles driven to refusal on rock, estimated
between EL -90 and EL -100 (NAVD88). HP14x73 grade 50 steel piles could provide factored
geotechnical resistances of 250 to 350 kips. The expected embankment settlement could cause down-
drag on the abutment piles and should be considered in future geotechnical studies. It is expected that
down-drag effects can be accommodated where piles are driven to refusal on rock.

Vibrations from driving adjacent H-piles are expected to have minimal effect on the adjacent existing
CSXT Bridge. However, the existing bridge piles could present obstructions if the new bridge foundations
are not offset a sufficient distance. Alternatively, it may be possible to incorporate portions of the
existing bridge foundation to support part of the new bridge. A condition assessment of the existing
foundation elements would be necessary.

Drilled shaft foundations were considered; however, drilled shafts could encounter installation
difficulties due to the shallow groundwater table and the presence of sand layers in the clay soils. Full
depth temporary casing and/or drilling slurry combined with wet drilling techniques may be necessary
to successfully install drilled shafts.

Up to 45 feet of soft organic sediments underlie the proposed bridge and approach embankments.
Organic soils are problematic due to their potential for long-term settlement regardless of the
surcharge. Undercutting and replacement are not expected to be feasible due to the thickness of the
organic soils and the shallow water table. Construction of the track structure should not begin until
settlement of the new embankment has occurred. If excessive settlements or durations are expected,
ground improvements measures may be necessary. Embankment subgrade settlement and the need for
ground improvement must be evaluated during future geotechnical studies.

4.5. CSXT Bridge over Ohio Drive SW

On East Potomac Park Island, the existing two-track railroad alignment passes over Ohio Drive
Southwest and is supported by a two-span steel-girder bridge originally constructed in 1905. The
conceptual engineering plans? indicate the railroad alignment in this section may be expanded from
two tracks to four tracks and the existing two-track bridge will be replaced with a new four-track bridge.
Staged construction will be necessary to maintain railroad traffic during construction. The conceptual

20 plans of Proposed Conceptual Engineering of Long Bridge Corridor Track Alignments and Bike-Pedestrian Connection, Draft
For CSXT Review, dated Oct. 19, 2018, prepared by VHB and HNTB for the District of Columbia Department of Transportation.
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plans indicate the railroad elevations in this section will be raised approximately 4 feet from EL +24 to EL
+28 9 (NAVDS88). Up to 24 feet of new fill will be placed to widen the embankment and raise the grade.

4.5.1. Site Subsurface Stratigraphy

Boring information is not available at the existing CSXT Bridge over Ohio Drive SW. The closest boring
information comes from two boring logs shown on plans dated September 10, 19412, for the adjacent
Tidal Basin Bridge carrying Ohio Drive SW over the Washington Channel, located approximately 450 feet
north of the CSXT Bridge. One test boring was performed in the channel while the other was performed
behind the south abutment on East Potomac Park Island. The logs contain a description of the
subsurface stratigraphy but do not include Standard Penetration Tests (SPT) or laboratory test results.
The subsurface stratigraphy is summarized in Table 4-5. Test boring logs from the original construction
of the adjacent Tidal Basin Bridge are included in Appendix 5.

Table 4-5 | Subsurface Stratigraphy — CSXT Bridge over Ohio Drive SW

Stratum? Top of Strata? Soil Description
L fi t

Fill (F) Ground Surface Sandy Loam and fine brown Sand, some concrete and
gravel

Alluvial Deposits (A) EL-4.4 to EL-13.1 S'I|t, black, V\{Ith varylr?g amounts of sand and gravel.
Likely contains organic matter

Potomac Formation (P) EL-79.3 to N/E3 Sand and Gravel, slight blue clay binder

Disintegrated Rock (D) EL-95 to EL-96 Disintegrating Rock, decaying Rock

Bedrock not encountered, historic rock contour map and
Bedrock (R) N/E34 nearby borings indicate bedrock between approximately
EL-100 to EL-110
Stratigraphy estimated from soil descriptions provided on the above referenced boring logs
Elevations reference D.C. Engineer’s Plane of Reference (DCE)
N/E = Not Encountered
Bedrock not encountered above the boring termination elevations of EL -97.4 and EL -105.4

Notes:

P wWNPE

4.5.2. Existing Bridge Foundation

The existing bridge carrying the CSXT tracks over Ohio Drive SW is a 108-feet long, two span, and steel-
girder bridge originally constructed around 1905. The bridge is supported by a pier in the median of
Ohio Drive SW. The abutments, wing walls, and piers are supported by plump timber piles extending
through the soft alluvial soils to tip elevations between EL -71.5 to EL -74.5 (DCE). The existing plans do
not indicate a pile size or capacity. The pile cap subgrade elevations are indicated as EL -6.0 (DCE) for
the north abutment and pier, and EL -8.0 (DCE) for the south abutment.

21 Tidal Basin Bridge, Plan and elevation, dated September 1941, prepared for the Office of the Engineer Commissioner, DC
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4.5.3. Geotechnical Issues

Up to 24 feet of new embankment fill will be required to widen and raise the existing approach
embankments to support the four-track alignment. The new embankment section must be keyed into
the existing embankment section while maintaining site drainage. The new fill will cause settlement of
the embankment subgrade, resulting in down-drag on the new foundations. Over the existing
embankment footprint, only approximately 4 feet of new fill will be required to raise the track subgrade.
The difference in fill height across the widened embankment could result in a differential settlement
between the new and existing embankment.

4.5.4. Geotechnical Recommendations

The new bridge could be supported on 14-inch steel H-piles driven to refusal on rock, estimated
between EL -100 and EL -110 (NAVD88). HP14x73 grade 50 steel piles could provide factored
geotechnical resistances of 250 to 350 kips. The expected approach embankment settlement could
cause down-drag on the abutment piles and should be considered in future geotechnical studies. It is
expected that down-drag effects can be accommodated where piles are driven to refusal on rock.

The existing bridge foundations could present obstructions of the new bridge piles. Because details
about the existing foundation are unknown, future investigations should identify the existing foundation
type, layout, and configuration (i.e. pile batter and direction) so the new foundations can be offset a
sufficient distance to avoid conflict.

Drilled shaft foundations were considered; however, drilled shafts could encounter installation
difficulties due to the shallow groundwater table and the presence of sand layers in the clay soils. Full
depth temporary casing and/or drilling slurry combined with wet drilling techniques may be necessary
to successfully install drilled shafts.

Up to 45 feet of soft organic sediments underlie the proposed bridge abutments that will settle under
the weight of the new embankment. Organic soils are problematic due to their potential for long-term
settlement regardless of the surcharge. Undercutting and replacement are not expected to be feasible
due to the thickness of the organic soils and the shallow water table. Construction of the track structure
should not begin until settlement of the new embankment has occurred. If excessive settlements or
durations are expected, ground improvements measures may be necessary. Embankment subgrade
settlement and the need for ground improvement must be evaluated during future geotechnical studies.

4.6. CSXT Bridge over Washington Channel

The CSXT Bridge over the Washington Channel is a historic, 150-ft long two-span steel girder bridge
carrying two tracks of the CSXT railroad over the Washington Channel between the East Potomac Park
Island and the southwest DC region. The bridge pier is founded in the Washington Channel. The
conceptual plans indicate the railroad alignment in this section may be expanded from two tracks to
four tracks and the existing two-track bridge will be removed and replaced with a new four-track bridge.
Staged construction will be necessary to maintain railroad traffic during construction. The conceptual
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engineering plans?? indicate the railroad elevations in this section will be raised approximately four feet
from EL +24 to EL +28 (NAVDS88). Up to 28 feet of new fill will be placed to raise the grade and widen the
embankment for the new approaches.

4.6.1. Site Subsurface Stratigraphy

Boring information is not available at the existing CSXT Bridge over the Washington Channel, however
two borings logs are found on the original plans dated September 10, 194123, from the adjacent Tidal
Basin Bridge carrying Ohio Drive SW over the Washington Channel, located approximately 150 ft west of
the CSXT Bridge over the Washington Channel. One test boring was performed in the channel while the
other was performed behind the south abutment on East Potomac Park Island. The logs contain a
description of the subsurface stratigraphy but do not include Standard Penetration Tests (SPT) or
laboratory test results. The subsurface stratigraphy is summarized in Table 4-6. Test boring logs from
the original construction of the adjacent Tidal Basin Bridge are included in Appendix 5.

Table 4-6 | Subsurface Stratigraphy — CSXT Bridge over Washington Channel

Stratum? Top of Strata? Soil Description
Fill (F) Ground Surface Sandy Loam and fine brown Sand, some concrete and
gravel
Alluvial Deposits (A) EL-4.4 to EL-13.1 S.I|t, black, V\{Ith varylr?g amounts of sand and gravel.
Likely contains organic matter
Potomac Formation (P) EL-79.3 to N/E3 Sand and Gravel, slight blue clay binder
Disintegrated Rock (D) EL-95 to EL-96 Disintegrating Rock, decaying Rock

Bedrock not encountered, historic rock contour map
Bedrock (R) N/E34 and nearby borings indicate bedrock between
approximately EL-100 to EL -110
Stratigraphy estimated from soil descriptions provided on the above referenced boring logs
Elevations reference D.C. Engineer’s Plane of Reference (DCE)
N/E = Not Encountered
Bedrock not encountered above the boring termination elevations of EL-97.4 and EL -105.4

Notes:

HwON PR

4.6.2. Existing Bridge Foundation

The existing CSXT Bridge over the Washington Channel was originally constructed in 1891 and replaced
in 1904 with the existing 150-ft long two span steel-girder bridge. The bridge was rehabilitated in 1931.
The available plans? indicate the existing bridge is supported on deep foundations. However, the
foundation types, lengths or tip elevations are not indicated. The original abutment foundations were
abandoned behind the new abutments. It is not clear from the plans if the original pier foundations

22 plans of Proposed Conceptual Engineering of Long Bridge Corridor Track Alignments and Bike-Pedestrian Connection, Draft
For CSXT Review, dated Oct. 19, 2018, prepared by VHB and HNTB for the District of Columbia Department of Transportation.
23 Tidal Basin Bridge, Plan and elevation, dated September 1941, prepared for the Office of the Engineer Commissioner, DC
24 Washington Channel of the Long Bridge, dated 1891-1905, prepared for the US Engineer Office.
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were reused or abandoned in-place. A concrete strut is shown to extend along the bottom of the
channel between the abutments and piers, between EL -10.0 and EL -4.0 (DCE). The available plans
indicate the abutment walls vary from 27 ft to 28 ft tall and the pile cap subgrade elevations are
indicated at EL -10 (DCE) for the abutments and pier.

The available plans do not indicate the presence of any buried submarine cables below the Washington
Channel. However; the submarine cables which are expected to extend below the Potomac River may
continue below the Washington Channel.

4.6.3. Geotechnical Issues

Abandoned foundations from the original bridge may be present behind the existing abutments and
around the existing pier. The new bridge foundations will need to avoid the existing and abandoned
bridge foundations to prevent obstructions while installing the new bridge foundations. Alternatively,
the existing and/or abandoned foundations will need to be removed. Submarine cables, if present, will
need to be avoided or relocated.

Up to 28 feet of new embankment fill is planned to widen the existing approach embankments to
support the four-track alignment. The new embankment section must be keyed into the existing
embankment section while maintaining site drainage. Due to the soft, organic sediments below the
embankments, the significant post-construction settlement could occur. The difference in fill height
across the widened embankment could result in a differential settlement between the new and existing
embankment. The embankment settlement could result in down-drag loading on the new foundations.

4.6.4. Geotechnical Recommendations

The new bridge could be supported on 14-inch steel H-piles driven to refusal on rock, estimated
between EL -100 and EL -110 (NAVD88). HP14x73 grade 50 steel piles could provide factored
geotechnical resistances of 250 to 350 kips. The expected approach embankment settlement could
cause down-drag on the abutment piles and should be considered in future geotechnical studies. Itis
expected that down-drag effects can be accommodated where piles are driven to refusal on rock.
Potential scour needs to be evaluated in future design.

Soft organic sediments underlie the proposed bridge and approach embankments. Organic soils are
problematic due to their potential for long-term settlement regardless of the surcharge. Undercutting
and replacement are not expected to be feasible due to the thickness of the organic soils and the
shallow water table. Construction of the track structure should not begin until settlement of the new
embankment has occurred. If excessive settlements or durations are expected, ground improvements
measures may be necessary. Embankment subgrade settlement and the need for ground improvement
must be evaluated during future geotechnical studies.

New piers in the channel could be supported by 36-inch square pre-stressed concrete piles. Full-length
pre-stressed concrete piles could be barged to the site. Pre-stressed concrete piles are also generally
more resistant to weather and corrosion than steel piles. 36-inch square pre-stressed piles could
achieve factored geotechnical resistances of 1,000 to 1,200 kips when driven approximately 40 feet into
the dense soils of Strata Q or P, to tip elevations between approximately EL -70 to EL -80 (NAVDS88).
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Alternatively, larger spun-cast pre-stressed concrete cylinder piles could be driven to even higher
factored resistances, requiring fewer piles per pier. Cylinder piles can also extend directly into the
superstructure support, avoiding the need for a pile cap. Cylinder piles are typically available at
diameters of 36, 42, 54, or 66 inches, depending on the manufacturer. 66-inch diameter spun-cast
cylinder piles could achieve 1,500 to 1,700 kips of factored geotechnical resistance when driven
approximately 40 feet into the dense soils of Strata Q or P, to tip elevations between approximately EL -
70 to EL -80 (NAVD88). Large diameter spun cast piles will likely need to be driven unplugged, so the
piles can reach the desired elevations. If the pile plugs during driving, the pile interior may need to be
cleaned.

The estimated factored pile resistances described above use a geotechnical resistance factor of 0.65 and
consider that the nominal resistance of the piles during driving will be measured using dynamic pile
testing equipment with signal matching techniques. Static load tests, performed on at least one pile per
site condition and dynamic testing of at least two piles per site condition but no less than 2 percent of
the production piles could allow the use of a higher geotechnical resistance factor (0.80 vs. 0.65) and
result in increased factored pile capacities than if only dynamic pile testing was used.

A drivability analysis of the piles should be performed on the selected pile type and size during final
design to demonstrate that available pile hammers can install the piles to the necessary nominal
capacities and desired depths without exceeding the permissible driving stresses. Specialty heavy
hammers such as a Vulcan V060 or V5100 may be necessary to install the large diameter spun-cast
cylinder piles. The final pile design must consider the pile spacing. If the piles are spaced closer than
2.5B, where B is the center-to-center distance between the piles, the factored geotechnical resistance
must be reduced to account for group effects.

4.7. CSXT Bridge over Maine Avenue SW

In southwest DC, the existing two-track railroad alignment passes over Maine Avenue SW and Maiden
Lane and is supported by a five-span steel-girder bridge. The bridge is approximately 160 feet long and
is supported on two abutments, two piers, and six columns. The bridge abutments also support an
existing pedestrian bridge with its own piers on the east side of the existing two-track bridge. The south
abutment wall includes a retaining wall along the west side of the south approach ramp to provide
grade separation between the railroad embankment and the adjacent ramp for Maine Avenue. The east
side of the south approach is supported by an embankment slope. The north abutment consists of a
concrete retaining wall north of Maiden Lane. The pedestrian bridge is a four-span steel-girder bridge
supported on two abutments, one pier, and four columns.

The conceptual plans?® indicate the railroad alignment in this section will be expanded from two tracks
to four tracks and the existing two-track bridge will be removed and replaced with a new four-track
bridge. The addition of two new tracks will require relocation or replacement of the existing pedestrian
bridge. Staged construction will be necessary to maintain railroad traffic during construction. The
conceptual plans indicate the railroad grades in this section will be raised approximately 3 feet from

25 Plans of Proposed Conceptual Engineering of Long Bridge Corridor Track Alignments and Bike-Pedestrian Connection, Draft
For CSXT Review, dated Oct. 19, 2018, prepared by VHB and HNTB for the District of Columbia Department of Transportation.
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approximately EL +25 to EL +28 (NAVDS88). Up to 25 feet of new fill will be placed to widen the
embankment and raise the grade.

4.7.1. Site Subsurface Stratigraphy

Four test borings, 1 through 4, were performed near the existing bridge to support the 1943 renovation
and their logs are included on the original bridge construction plans?®. The logs show the bridge is
founded on existing fill extending from the ground surface to between EL 0 and EL -14 (DCE). The
existing fill is underlain by interbedded deposits of sand, gravel, silt, and clay extending to the bottom of
the borings. The logs contain soil descriptions but do not include Standard Penetration Tests (SPT) or
laboratory test results. Groundwater levels are not indicated on the boring logs but are likely controlled
by the level of the adjacent Potomac River.

Selected sheets from the original bridge construction plans?® showing the boring logs are included in

Appendix 6. The subsurface stratigraphy and available data are summarized in Table 4-7. The boring logs
do not include enough information to identify the soil stratum; however, differentiate the stratigraphy is
generally differentiated based on the available soil descriptions and a comparison to nearby boring data.

Table 4-7 | Subsurface Stratigraphy — CSXT Bridge over Maine Avenue SW

Top of Strata
Stratum Elevation? Soil Description?
’ ’ ’ i i i 7 ’ I 7
Artificial Fill (F) Ground Surface Gr.avel §and Clay, with varying amounts of cinders, coal, shells
bricks, tile, and ash
Undifferentiated ELO to Sand, Gravel, S|It,.gray, brown, and yellpw, Wlt|:1 varylng'
. amounts of organics, clay, gravel, and silt (possible Alluvial
Deposits EL-14 .
Deposits)
Undifferentiated EL-15to Sand, Gravel, Silt, Silty Clay, Clay, gray, brown, reddish brown
Deposits EL-40 (possible Quaternary Deposits)
Undifferentiated EL-50 to Sand, Clay, Silty Clay, gray, greenish-gray, white, blue (possible
Deposits EL-60 Potomac Formation)
Bedrock not encountered, historic rock contour map shows
B E3 !
eloei(5 b bedrock is between approximately EL -100 to EL -110
Notes: 1.  Elevations reference D.C. Engineer’s Plane of Reference (DCE)

2. Soil description from original plans, not in accordance with USCS
3. Bedrock not encountered above the boring termination elevations of EL -85.3 and EL -97

4.7.2. Existing Bridge Foundation

The existing CSXT Bridge over Maine Avenue SW was originally constructed in 1905 and was renovated in
1943 to lengthen the bridge by moving the abutment to the south and adding new piers. The available

26 Plan of Proposed Extension Maine Avenue Underpass East of 14th St. SW, under Penn RR, dated May 1943, approved by the
Corps of Engineer USA Engineer Commissioner for the Office of the Engineer Commissioner DC., and
Plans of Water Street Bridge North of Washington Channel, Washington, D.C., dated January 1905
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plans indicate the existing bridge is supported on deep foundations. The original piers and abutments
from the 1905 construction are supported by round, plumb piles that could be timber or concrete. The
plans do not indicate the piles type, size, or length for the original piles.

The plans from the 1943 renovation indicate the new piers, retaining wall, and abutment are supported
by round, concrete piles. The south abutment and associated retaining walls vary from 10 ft to 19 ft tall
and are supported on a combination of plumb and battered piles. Pile batter is indicated as 3H:12V.
Piers 1 through 3 appears to be founded on plumb piles. The plans indicate the piles are tipped
between elevations EL -13.8 to EL -64.5 (DCE), typically deeper near the Washington Channel. The plans
do not indicate the pile size.

The plans do not indicate if the original foundations were removed or abandoned in-place. The available
plans indicate the abutment walls vary from 27 ft to 28 ft tall and the pile cap subgrade elevations are
found between EL 1.5 and EL 1.6 (DCE).

The available plans do not indicate the presence of any buried submarine cables below the Washington
Channel. However; the submarine cables which are expected to extend below the Potomac River may
continue below the Washington Channel.

4.7.3. Geotechnical Issues

The conceptual engineering plans?’ show a proposed four-track bridge and the pedestrian bridge to be
relocated in order to accommodate the additional track alignments. Accommodating additional tracks
may require the realignment of the existing piers and columns. New tracks cannot be installed without
relocating the pedestrian bridge.

The limited vertical clearance and the requirement to maintain traffic on the rails and on Maine Avenue
during construction will present challenges and may be prohibitive to the use of conventional piles or
drilled shafts. The limited clearance and the maintenance of traffic could prevent driving piles and
excavating drilled shafts and thus micropiles may be the preferred alternative. New foundations
constructed near the previous temporary trestle may encounter buried substructures from this
structure and consideration should be given to offsetting new foundations away from these potential
obstructions.

4.7.4. Geotechnical Recommendations

Micropile foundations are recommended to support the relocated piers. The drill rig used for micropile
installation is smaller than typical drilled shaft rigs and can more easily operate in low-clearance
environments. A significant advantage of using micropiles is that the installation often uses continuous
casing with rotary percussion drilling methods, and can be installed through gravels and below the water
table while maintaining borehole stability and without causing excessive vibrations.

Micropiles typically develop their capacity in side friction. Often, due to their small size and
construction methods, end-bearing is neglected. Micropiles are typically 6 inches to 12 inches in

27 Plans of Proposed Conceptual Engineering of Long Bridge Corridor Track Alignments and Bike-Pedestrian Connection, Draft
For CSXT Review, dated Oct. 19, 2018, prepared by VHB and HNTB for the District of Columbia Department of Transportation.
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diameter. For preliminary estimating, 7 to 9-5/8 inch diameter micropiles are expected to support an
allowable capacity between approximately 60 kips to 80 kips. The micropiles would extend
approximately 20-ft into coarse-grained Quaternary Deposits or Potomac Formation soils. Post grouting
of the micropiles may be necessary to fully develop the bond capacity of the micropile.

4.8. Maryland Avenue SW Viaduct Over CSXT

In southwest DC, the existing CSXT railroad alignment passes below a steel-girder viaduct structure
supporting Maryland Avenue SW east of 12th Street SW, including the Maryland Avenue SW traffic circle
and Linear Park. The viaduct was constructed in several phases. Phase | was originally constructed in
1989 and subsequently expanded to the north during Phase Il. The viaduct extends approximately 668
feet long and divided into 10 ‘bays’ and is supported by one abutment and five rows of reinforced-
concrete multi-column piers with integrated crash walls.

Two existing main tracks extend below the Maryland Avenue SW viaduct between Piers 2 and 3, while a
third spur track extends between Piers 1 and 2 and ties into the main tracks east of the deck-over
structure. The original plans?®indicate the existing spur track may be as much as 2 feet higher in
elevation than the existing main tracks, with the grade difference retained by the crash wall integrated
with Pier 2. The existing main tracks are identified as Tracks A (south track) and B (north track) in the
original plans and as Tracks 2 and 3 in the conceptual plans.

The conceptual engineering plans?® show that the existing track alignment in this area will be expanded
to four through-tracks with no spur track. Tracks 1 through 3 will share one bay, while Track 4 will be in
a second bay. The crash walls will be widened, but no impacts to the existing viaduct structure or
foundations are expected.

4.8.1. Site Subsurface Stratigraphy

Four test boring logs, B-9, B-10, B-13, and B-17, are included on the original plans® of the deck-over
bridge. The plans indicate that the test borings were performed near 14th & D Street SW, however, a
boring location plan is not available. The logs contain a description of the subsurface stratigraphy,
Standard Penetration Test (SPT) results, and unconfined compressive strengths from selected samples
using a penetrometer. Groundwater is not indicated on the logs. Excerpts of the original plans showing
the boring logs are included as Appendix 7. The available subsurface stratigraphy is summarized below
in Table 4-8.

The Geotechnical Engineering Report dated August 12, 1999, prepared by Schnabel Engineering
Associates®! to support the original design and construction of the adjacent Mandarin Oriental Hotel,

28 Construction Plans for Maryland Avenue Over Conrail, dated July 1989, prepared by Dewberry and Davis for The Portals
Development Associates.

29 Plans of Proposed Conceptual Engineering of Long Bridge Corridor Track Alignments and Bike-Pedestrian Connection, Draft
For CSXT Review, dated Oct. 19, 2018, prepared by VHB and HNTB for the District of Columbia Department of Transportation.
30 Construction Plans for Maryland Avenue Over Conrail, dated July 1989, prepared by Dewberry and Davis for The Portals
Development Associates.

31 Geotechnical Engineering Report, dated August 1999, prepared by Schnabel Engineering for the Mandarin Oriental Hotel at
the Portals, Maryland Avenue, SW Washington DC.
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was also reviewed. The Geotechnical Engineering Report for the Mandarin Oriental Hotel is included in
Appendix 8. Seven test borings were performed to support the design of the hotel and water
observation wells were installed in two of the borings. Groundwater was observed in the wells at
approximately EL -2 (DCE) during 1989. Water levels at the site are expected to closely follow the
adjacent Potomac River due to the relatively permeable sands observed in the test borings. The
subsurface stratigraphy is summarized in Table 4-8.

Table 4-8 | Subsurface Stratigraphy — Maryland Avenue

Top of Strata
Stratum Elevation? Soil Description? Available Data

Medium dense Clayey Sand and Silty Sand,
Artificial Fill (F) Ground Surface brown and black, fine to coarse sand, trace N Value: 12 to 17
gravel and clay. Observed in two borings.

. Medium dense to very dense Sand and Gravel,
Coarse-grained

Quaternary EL+16.5to brown, orange-brovx{n, and reddish-brown, flne N Value: 19 to 64
. EL +19.6 to coarse sand, varying amounts of gravel, silt,
Deposits (Q)
and clay.
. . Soft to medium stiff Silt, blackish gray, with
Fine-grained . .
EL+2 to varying amounts of fine sand and traces of
Quaternary N Value: 3to 7
Deposits (Q)? EL-2.4 gravel and cobbles. Observed between 4.4 and
15.5 ft thick.
Coarse-grained Medium dense to very dense Sand and Gravel,
Quaterngar EL-2.4to brown, orange-brown, and reddish-brown, fine N Value: 15 to 100+
y EL-10.9 to coarse sand, varying amounts of cobbles, '

D .
eposits (Q) gravel, silt, and clay.

hard Silty Clay and dense to very dense Clayey

Potomac EL-37 to Sand, blue-gray, greenish gray, and brown, N Value: 40 to 100+
Formation (P)* EL-47.6 varying amounts of fine sand, traces of silt and Pen.: 4.5 tsf +

fine

Bedrock not encountered, historic rock contour
Bedrock (R) Not Encountered® map shows bedrock is between approximately --

EL-100to EL-110
Elevations reference D.C. Engineer’s Plane of Reference (DCE)
Soil description from original plans, not in accordance with USCS
Typical N Values, one SPT N value was 31 and may have been affected by gravel
Typical N Values, one SPT N value was 18
Bedrock not encountered above the boring termination elevations of EL -97.3 and EL -97.6

Notes:

Qi g> e =

4.8.2. Existing Foundation

The original plans® prepared by Dewberry & Davis in 1989 for the Maryland Avenue over Conrail
indicate that the Phase | Maryland Avenue SW viaduct consists of a steel-girder deck-over bridge

32 Construction Plans for Maryland Avenue Over Conrail, dated July 1989, prepared by Dewberry and Davis for The Portals
Development Associates.
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supported by one abutment and five rows of reinforced-concrete multi-column piers with integrated
crash walls. Plans for Phase Il are not available.

Bays 1 and 2, on the west side of the viaduct, are supported by Piers 1 through 4 and abut the Mandarin
Oriental Hotel to the south. Bays 3 and 4 are supported by Piers 1 through 5, while Bays 5 through 10
are supported by Piers 1 through 3 and a stub abutment along the south side that is generally in-line
with Pier 4. The abutment is founded at the top of a 1.5H:1V slope that extends from between EL +41.6
and EL +33.5 (DCE) at the abutment to between EL +23.4 and EL +14.6 (DCE) where the toe of the slope
is retained by the crash wall integrated with Pier 3.

The piers and abutment are supported on a combination of plumb and battered 70 ton to 90 ton
HP12X53 driven steel piles. The plans indicate some piles are in tension. Design batter angles vary
between 3H: 12V and 4H:12V. Pile cap subgrades at the piers vary from EL +5.8 to EL +15.7 (DCE). Pile
cap subgrades at the abutments vary from EL +30.1 to EL +41.2 (DCE). The piles are indicated to be
driven up to the specified bearing capacity at an estimated pipe tip elevation of EL -60 (DCE).

The original plans indicate the minimum vertical clearance above the existing main tracks between Piers
2 and 3 varies from a minimum of 21.0 feet to 25.1 feet. Through vertical clearance is not indicated
above the spur track.

4.8.3. Geotechnical Issues

Minor impacts to the existing structures are expected to accommodate the proposed track alignment
with no impacts to geotechnical considerations.

4.9. 12th Street SW Bridge over CSXT

In southwest DC, the existing CSXT tracks pass below a steel-girder two-span bridge carrying 12th Street
SW that was completely reconstructed around 1985. The conceptual engineering plans®* show that the
existing track alignment in this area will be expanded to four through-tracks with no spur track. No
impacts to the existing structures are expected to accommodate the proposed track alignments.

4.10. 12th Street Expressway Bridge over CSXT

In southwest DC, the existing railroad alignment and D Street Southwest pass below a steel-girder bridge
structure supporting the 12" Street Expressway and the ramp from the 12" Street Express to D Street
Southwest. The conceptual engineering plans®show that the existing track alignment in this area will be
expanded from three tracks to four through-tracks with no spur. No impacts to the existing structures
are expected to accommodate the proposed track alignments.

4.11. L'Enfant Plaza SW Bridge over CSXT

In southwest DC, the existing railroad passes below a steel-girder two-span bridge structure supporting
the L’Enfant Plaza Southwest. The conceptual engineering plans®3 show that the existing track alignment

33 Plans of Proposed Conceptual Engineering of Long Bridge Corridor Track Alignments and Bike-Pedestrian Connection, Draft
For CSXT Review, dated Oct. 19, 2018, prepared by VHB and HNTB for the District of Columbia Department of Transportation.
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in this area will be expanded from three tracks to four tracks and will include part of the L’'Enfant North
track interlocking. No impacts to the existing structures are expected to accommodate the proposed
track alignments.

4.12. General Recommendations

4.12.1. Embankments and Slopes

Widening and raising of existing embankments are planned. Existing fill slopes vary from approximately
1.5H:1V to 4.5H:1V. Most of the slopes are covered with vegetation or stone. Evidence of sloughing or
severe erosion was not observed and slopes appear to be performing satisfactory. Fill slopes of 2H:1V to
3H:1V are expected to be feasible depending on the fill materials proposed to construct the slopes and
soils below the planned embankments. The new embankment section must be keyed into the existing
embankment section while maintaining site drainage.

Where steeper slopes are required to stay within the right of way, reinforced slopes may be
constructed. These slopes utilize geogrids placed in layers within the fill soils to provide lateral support.

Cut slopes in existing fills or quaternary deposits materials are expected to be feasible at 2H:1V to
3H:1V. Future subsurface explorations should verify the presence of Potomac Group clays. Although not
expected based on the current subsurface data, cuts in this formation would need to be shallower at
3H:1V or 3.5H:1V, if encountered. In these areas, retaining walls may be more practical.

As discussed in the bridge sections, soft alluvial soils are present throughout the alignment, particularly
below East Potomac Park Island. The weight from the new embankments will cause settlement of the
underlying soft soils. Waiting periods may be required to allow the settlements to dissipate prior to
track construction. Where excessive waiting times are not practical, the subgrade soils are organic, or
where slope stability issues occur due to these soft soils, ground improvement may be necessary to
reduce the settlement time or magnitudes.

4.12.2. Retaining Walls

Retaining walls may be constructed where the embankment widening will not fit within the right of way.
In fill sections, MSE walls may be a feasible option where the subgrade consists of Quaternary deposits
soils or thin deposits of nonorganic soils with short wall heights. Retaining walls planned over alluvial
soils, may need to be built in stages or with ground improvement. Cast in place walls may need to be
supported on piles when located in areas of alluvial deposits. Locations of alluvial soils are shown on
Appendix 1, Figure 1 and should be expected near the Potomac River, Washington Channel, and East
Potomac Park Island.

Shifting of the track alignment may impact existing retaining walls. These walls must be evaluated for
condition and stability.

4.12.3. Underground Utilities

Construction of new tracks and placement of new fill will create additional stress and possible
settlement of utilities. An inventory of these utilities should be made during future design phases and
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assessments made to determine what protection measures may be required. Protection measures may
include relocation, replacement, protection slabs, lining, ground improvement and/or use of lightweight
fill.
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5.0 Recommended Future Studies

The conclusions and recommendations provided are based on historical subsurface data and
construction records. It is assumed that the data was accurate at the time it was made. However, the
data is very old and the passage of time (grading, climate change, etc.) likely altered the subsurface
conditions, especially the near surface soils. Furthermore, the subsurface data was limited in nature and
lacks geologic data, standard penetration test data, hammer type, and laboratory testing data. In some
instances, there are no borings at the locations of interest. Uncertainty remains in some of the existing
structures regarding the foundation sizes, lengths, capacities, condition and taper, and the soil
corrosively potential is unknown across the site. The conclusions and recommendations herein are
based on this data and were prepared to guide preliminary planning, cost estimating and identify
potential geotechnical challenges that should be addressed in future studies.

A supplemental phased subsurface exploration and testing program should be performed during the
next phase of the project to verify the assumptions, conclusions, and recommendations for final design.
Particular attention should be made to the items discussed in the following sections.

5.1. Soil and Groundwater Properties

Test borings for final design should be performed along the proposed track alignment at 500-foot
intervals with closer spacing at larger embankment heights and bridge approaches. Undisturbed
samples should be obtained for consolidation, strength, and organic content testing. In-situ testing
should be considered where obtaining quality undisturbed samples is difficult. This will be critical to
understanding long-term embankment performance and identifying the need and extent of waiting
periods, surcharging and/or ground improvement.

Test borings should be performed for all new structures to provide foundation recommendations. The
program should satisfy AASHTO, AREMA, DDOT and WMATA requirements where appropriate.

Sampling and testing of the corrosion potential of the subsurface soils with regard to buried steel and
concrete should be performed across the site. The sample locations should consider the subsurface
stratigraphy because the corrosion potential is affected by the type of soil and groundwater conditions.
Samples should be obtained from the ground surface to below the water table to capture potential
corrosive zones. A project corrosion consultant is recommended to provide input to the subsurface
sampling and testing plan.

The groundwater table could affect the location of any potential corrosion zone or impact temporary
excavations during construction. Monitoring wells or piezometers could be installed in completed
boreholes to evaluate the current stabilized groundwater levels and where excavations are expected.

5.2. Foundation Properties and Condition

If the foundations of the existing railroad track bridges are planned to be reused, a targeted exploration
should be performed at selected substructures. Excavations to reveal all or portions of the foundations
is the most direct method of determining information about the existing foundation. Test pit

excavations should be performed at selected foundation locations to verify the dimensions, grades, and
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conditions of pile caps, to verify the type, diameter, and taper of the underlying piles. Nondestructive
testing should be performed to estimate the foundation lengths.

Additional test pits should be performed around foundation elements in areas identified as having a
high potential for soil corrosion to look for damage or deterioration of either the pile cap concrete or
steel. Probing with a small diameter rod may be effective at quickly identifying the depth of the top of
pile caps or footings where test pits are not performed.
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6.0 Limitations

Analyses and recommendations submitted in this report are based on the information revealed by the
available surface data. The data available is not considered sufficient for the final design of this project.
It is attempted to provide for normal contingencies, but the possibility remains that unexpected
conditions may be encountered during construction.

This report was prepared to assist with the conceptual level design, planning, and preliminary budgets
for this project. Future geotechnical investigations, testing, recommendations, and designs will be
required during the preliminary and perhaps final design of this project. The scope of the future
preliminary geotechnical investigation should be developed based on the preliminary designs for the
project. The investigation should address the geotechnical issues identified in this report as well as
geotechnical issues and considerations identified as the preliminary design progresses. Final
geotechnical investigations, site tests, analyses, and reports may also be required to refine the
preliminary study to satisfy the needs for the final design.

This report has been prepared to aid in the evaluation of this site and to assist in the design of the
project. It is intended for use concerning this specific project. The conclusions are based on information
on the site and construction as described in this report. The conclusions, recommendations, and designs
are expected to be refined as additional data, investigations, and designs are completed.

The services identified were completed in a manner consistent with that level of care and skill ordinarily
exercised by members of the profession currently practicing in the same locality and under similar
conditions as this project. No other representation, express or implied, is included or intended, and no
warranty or guarantee is included or intended in this report, or other instrument of service.
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SUBSURFACE EXPLORATION FOR WMATA METRORAIL
SECTION L-1 L'ENFANT PLAZA — PENTAGON ROUTE

Final Report - Subsurface Investigation, L'Enfant — Pentagon Route,Sta. 57+00(L001) to 175+00(L002)
dated December 1970, prepared for WMATA by Mueser, Rutledge, Wentworin & Johnston, General
Soils Consultant
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Selected sheets from As-built WMATA Metro Section L-1, for L’'Enfant Plaza — Pentagon Route, dated
November 1975, prepared by Harry Weese & Associates General Architectural Consultant and De Leuw
Cather & Company General Engineering Consultant
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Selected sheets from the New West Highway Bridge and Approaches over Potomac River, Vicinity of
14th Street, Washington DC, dated April 1959, prepared by Howard, Needles, Tammen & Bergendoff for
the Department of Highways and Traffic, District of Columbia
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Selected sheets from the Tidal Basin Bridge, dated September 1941, prepared for the Office of the
Engineer Commissioner, DC
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Selected sheets from the As-Built Drawings for the Plan of Proposed Extension Maine Avenue Underpass
East of 14th St. SW, under Penn RR, dated May 1943, approved by the Corps of Engineer USA Engineer
Commissioner for the Office of the Engineer Commissioner DC
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