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Executive Summary

From 2012 through 2017, the Federal Railroad Administration provided funding to Harsco Rail
and the University of Delaware to conduct a study on a region of Amtrak’s Northeast Corridor
where regions of track that experience high rates of track geometry degradation tend to require
frequent maintenance interventions, typically surfacing or tamping where this can be a costly
process. In the case of high-speed track where track geometry tolerances are very strict, frequent
maintenance cycles can become quite burdensome.

This region of track (Oakington Road, Havre de Grace, MD—Milepost [MP] 63.7) was selected
to have a geocell-based subgrade stabilizing material installed as part of a subgrade renewal
project. The expectations of this material were to decrease the degradation of track geometry as
well as decrease ballast/subgrade interface pressure and increase surfacing cycle. A testing plan
was developed to monitor and evaluate the geocell material to determine if it is a valid means of
controlling track geometry degradation and if it is cost effective for the results achieved. To do
this, pressure transducers were installed below the left and right rails at the ballast/sub-ballast
interface both inside and outside of regions of track where the geocell was installed. Pressure
reading was monitored at predefined intervals over a 7-month period after completion of track
maintenance. In addition to pressure data, monthly track geometry data was also supplied by
Amtrak and analyzed to look at changes in the rate of track geometry degradation association
with the installation of the geocell material.

Analysis of the pressure and track geometry data showed that the geocell material was very
effective in minimizing and controlling track geometry degradation. After installation, interface
pressure in the geocell region of track was roughly half of the measurements made outside of the
geocell zone. With respect to track geometry degradation, analysis of the track condition, as
defined by the track quality index (TQI), showed that the geocell region had a measurably
reduced rate of degradation.. This, in turn, translates into a corresponding extension of
maintenance (surfacing) cycles.

Thus, by utilizing a geocell-based subgrade stabilizing material on a location of high-speed track
showing significant historic geometry degradation, it was shown that an increase in surfacing
cycle by a factor of 6.7 can be realized. A cost benefit analysis was done to determine the return
on investment (ROI) of installing the geocell material. For the current location, an ROI of nearly
113 percent was realized by installing the geocell material. This report describes the renewal of
the track region as well as the experimental setup, data, and results used to quantify the
effectiveness of the geocell material and maintenance activity.



1. Introduction

Harsco Rail and the University of Delaware conducted a survey sponsored by the Federal
Railroad Administration (FRA) to investigate ballast fouling and associated degradation of track
geometry, as indicated by the track quality index (TQI) in Figure 1, that this is a serious problem
for railway systems in general and high-speed passenger rail systems. This is the case for
Amtrak’s Northeast Corridor (NEC) where a historical problem area existed near Oakington
Road, Havre de Grace, MD, in the vicinity of Milepost (MP) 63.7 between Philadelphia, PA, and
Washington, DC. The original problem seems to have developed after the undercutting of the
middle track, Track 3, was performed in the 1990s as part of a double stack clearance project.
This undercutting appeared to have impinged upon an underlying clay layer beneath the track
with the result that fouling and drainage problems developed in the area of Oakington Road, MP
63.7. Over time the ballast became fouled with clay, and after rain, would become muddy, as
illustrated in Figure 2 and Figure 3.
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Figure 1: Track Geometry Degradation Rate Before and After Geocell Installation
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Figure 2: Fouling and Mud Spots at Oakington Road; 1998



Figure 3: Fouling and Mud Spots at Oakington Road; 2010

In addition, the clay has been migrating to the adjacent high-speed tracks with the result that
frequent surfacing has been required on these key high-speed tracks.

1.1 Background

Maintaining track geometry is a key element in the maintenance of railroad track structure,
particularly for high-speed passenger operations. In locations with poor subgrade (parent soil)
and/or poor ballast conditions, track geometry degrades rapidly resulting in the need for frequent
expensive maintenance, such as surfacing and other ballast maintenance activities. Track
geometry maintenance, to include surfacing, ballast cleaning, and related maintenance activities,
represents one of the three major maintenance cost areas for the track structure. In the case of
high-speed rail, it is often the largest single maintenance cost area, since the geometry
requirements for high-speed rail are extremely tight, with little tolerance for degradation. This in
turn, results in the need for frequent surfacing to maintain these tight geometry standards. In the
location of poor track substructure, due to either weak or water susceptible soils or fouled ballast,
the rate of surface degradation is increased with the need for frequent surface maintenance
resulted in high costs and the loss of track time for train operations due to the maintenance
activities.

The new generation of geotechnical materials based on three-dimensional cellular confinement
system technology (geocells) provides reinforcement to the substructure and serves as a
structural support element at the ballast/subgrade interface in railroad track. The use of this
geocell materials, placed under the ballast layer, usually at the ballast/subgrade interface area has
been shown to decrease the rate of track surface geometry degradation (both surface and cross-
level) under a range of traffic loadings. The availability of a proven effective way to reduce the
rate of degradation, particularly in these high degradation rate locations, will be of great value
and could be adopted both in the construction of new lines and in the maintenance of existing
lines.

The use of geotechnical (geosynthetic) materials to provide reinforcement of soil materials under
highways and related systems is a mature technology. The application of these materials to
railways with their high stress levels and service requirements is relatively new and untried.



Earlier geosynthetic materials such as geotextiles did not live up to their initial expectations and
did not provide the improvements originally envisioned.

Geocells were first developed in the late 1970’s as a three-dimensional cellular structure
designed to confine soils (Alford S. J., and Webster, S. L., 1977). Geocells were typically made
of high density polyethylene (HDPE) materials. They can be collapsed and transported easily to
the construction sites. Installations are rapid and only light equipment is needed. There are
many successful cases of application of geocells in unpaved roadways that reduced surface
rutting (Han et al., 2008). Additionally, geocells have also been found to give excellent
performance as retaining walls.

Application of geocells in railway track, particularly in the ballast/subgrade layer is relatively
recent and has been limited to date. Early testing at Transportation Technology Center, Inc.
(TTCI) in Pueblo, CO, showed promise in soft subgrade conditions together with limited testing
and applications in South Africa, Japan, Russia, United Kingdom, and Israel (Chrismer, S.,
1999). In order to investigate the effectiveness of the stiffer and less temperature sensitive Novel
Polymeric Alloy (NPA) geocells in reinforcing the ballast,! a series of monotonic and cyclic
loading tests were conducted on a sandstone ballast embankment at Columbia University in the
period of 2009-2012 (Leshchinsky et al., 2010, 2013). The significant improved performance
compared to unreinforced embankments, such as reduction in vertical settlement and lateral
spreading, was confirmed. Application of the geocells in the ballast/subgrade interface, results in
the geocells generating a basic confinement of the subgrade material, which testing shows will
result in an improvement in the mechanical behavior of any soil composition.

In the Columbia University testing of a geocell layer in the ballast, the geocells confine the
ballast particles. When subjected to repeated vertical stress due to train loading, this
confinement constrains movement of the individual ballast particles thus exhibiting stiffer
reaction (i.e., less elastic settlement under given load). Moreover, because the particles are
restrained, there is less abrasion and/or plastic deformation of the ballast. Confinement also
increases the apparent strength of the composite ballast-geocells. All these factors appear to
reduce the rate of ballast degradation as well as track geometry loss.

The materials used in manufacturing geocells can be very important because longer lived
materials with minimum creep preserve the cells’ geometry and enhance (and maintain) the
confinement effects. This is of particular importance in the railroad environment, especially
within the ballast, which is a harsh environment for any geosynthetic material. Better
confinement means very little movement of ballast particles confined within the three-
dimensional cells when subjected to repeated train loading, thus insuring less abrasion of ballast
as well as to the walls of the geocell material. Creep resistant geocell materials also provide for
longer term performance.

The latest generation of geotechnical materials based on three-dimensional cellular confinement
system technology (geocells) shows significant promise in being able to provide reinforcement to
the substructure and serve as a structural support element at the ballast/subgrade interface in
railroad track. Laboratory testing such as the recent test program at Columbia University and
preliminary field testing such as at TTCI in Pueblo and in some overseas test locations (e.g.,

! The use of the old generation HDPE geocells for reinforcement of the ballast is questionable because of the relatively
high polymeric creep of the HDPE.



South Africa) have shown reductions in rate of degradation (corresponding to extension in
surfacing intervention cycles) ranging from factors of 1.7 to 5+ under very controlled conditions
(Chrismer, S., 1997) (Kae, J. K., 2007) (Leshinsky, B. et al., 2010, 2013).

1.2 Objectives

This report presents the results of a research study looking at the application of a new generation
of three-dimensional cellular confinement systems (geocells)? in reducing the rate of track
geometry degradation, particularly in poor subgrade and ballast locations which require frequent
and expensive track surface maintenance.

1.3 Overall Approach

The research activities included load cell monitoring and track geometry degradation trending on
Amtrak’s NEC Main Line. The project specifically focused on resolving subgrade instability
beneath tracks two and three in the area of the Oakington Road bridge, located in Havre de
Grace, MD, through the use of geocell material reinforced with granular stone material.
Monitoring and subsequent trending analysis was conducted over a 5-year span.

1.3.1 Oakington Road Site

The test site for this activity was on Amtrak’s NEC Main Line—Mid-Atlantic Division, NEC
AP-Line, MP 63.7, at Oakington Road, Havre de Grace, MD, as shown in Figure 4. As shown
previously in Figure 2 and Figure 3, this site has ballast fouling and develops significant mud-
spots, particularly after rain. The original problem seems to have developed after undercutting of
the middle track, Track 3, was performed in the 1990s as part of a double stack clearance project.
This undercutting appeared to have impinged upon an underlying clay layer beneath the track
with the result that fouling and drainage problems developed in the area of Oakington Road, MP
63.7.

2 The specific geocell material used in this research project was Neoweb™, a product of PRS Mediterranean Ltd. of
Tel Aviv, Israel.
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Figure 4: Track Chart: Oakington Road

Traffic includes high-speed Acela service, conventional and regional rail service, and occasional
freight traffic (see Figure 5). Because the traffic includes high-speed passenger operations, the
track is FRA Class 7 with a maximum authorized speed of 125 mph. This requires frequent track
maintenance because of the very tight track geometry limits for this class of track. The presence
of the clay in the ballast and the development of mud spots result in more rapid degradation of
the track geometry and the need for more frequent surfacing, an expensive activity.

Figure 5: Mix of High-Speed and Conventional Passenger Train Operations



Testing at this site has shown that this is a location with known soil problems including highly
plastic clay, which has been shown to be a particularly weak subgrade. Significant information
is available about this sites soil condition and history of track geometry degradation to include
extensive track geometry history data.

Figure 6 shows a typical cross section of the three tracks in this area. Figure 7 shows a cross-
trench used to investigate the soil condition. Note the poor condition of the clay subgrade.
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Figure 6: Typical Cross-Section

Figure 7: Cross-Trench for Soil Investigation



Cone penetrometer testing was used to measure soil strength in this area in the mid-1990s. Cone
penetrometer tests use the tip resistance, i.e., the resistance at the tip of the cone, to determine
soil condition. Figure 8 shows the results of the cone penetrometer test under Track 3 at
Oakington Road. The resistance of the ballast, and in particular the top 2 feet of the ballast had
lower than expected resistance, with a maximum of ~2,000 psi as opposed to the expected
resistance of between 5,000 to 6,000 psi which is typical for good clean ballast. The next 10 feet
of clay had very low resistance, with a very low measured tip resistance of ~175 psi. This poor
subgrade condition was subsequently confirmed by subsequent ground penetrating radar (GPR)
measurements of the site.

Figure 9 shows an overlay of the cone penetrometer measurements on the track profile to show
the areas of weak performing ballast and subgrade.
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Figure 9: Overlay of Cone Penetrometer Measurements on Track Profile

GPR measurements support and expand on the cone penetrometer test results as shown in Figure
10. This includes the definition of the top of subgrade shown in Figure 11.
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Figure 10: GPR Measurements and Track Surface Measurements (Track 2)
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GPR provides subgrade elevation along track

Track 3 e ——
Swan Track 4 e

s

=5

Elevation (i)
it

@

&

200 s 40 4800 a0 amy 4200 B 3800 a0 2200 2000
Distance from MP&3 (ft)

{_.u..."r.'.f..'..." Q307

Figure 11: Subgrade Elevations for all Three Tracks from GPR Measurements

Likewise track geometry measurements show this zone in the vicinity of Oakington Road has a
rapid rate of track geometry degradation. This is clearly illustrated in the overlay of three
different geometry runs in Figure 12, Figure 13, and Figure 14 for Right Profile, Left Profile, and
cross-level measurements, respectively. As can be seen, the center zone in the vicinity of
Oakington Road experienced very rapid geometry degradation over a period of 8 months.
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Figure 12: Right Profile Measurements (Three Runs Overlaid)
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Figure 14: Cross-Level Measurements (Three Runs Overlaid)
Analysis of these geometry degradation zones led to three possible test options:
e Option 1) Install the geocell in section C only
e Option 2) Install the geocell in sections A and C
e Option 3) Install the geocell in all three sections (A, B, C)

Option 1 was determined to be the most cost effective and time efficient option, with a minimum
track outage to disrupt traffic on the NEC. It also allowed for a portion of the track that
experiences significant geometry degradation to be left as a “control” zone (Zone A) to compare
performance with the zone in which the geocell is installed (Zone C). Note, it all leaves the
ability to install additional geocell at a later time

1.4 Scope

As noted previously, the purpose of this test was to perform a full scale in-track field evaluation
of geocell materials under actual main line track conditions on Amtrak track on the NEC.
Specifically, track with a high rate of track geometry degradation and corresponding high level
of track geometry maintenance was selected by Amtrak for testing. The selected location on MP
63.7 near Havre de Grace is an existing three track location with significant mud pumping and
track geometry degradation, particularly in the center track (Track 3).
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A geocell material, Neoweb™, was installed in the ballast/subgrade interface area to improve the
strength of the poor performing soil. * This is accomplished by the geocell’s working mechanism
which confines the ballast particles within the cells of the Neoweb™ material. When subjected
to repeated vertical stress due to train loading, this confinement constrains movement of the
individual ballast particles thus exhibiting stiffer reaction (i.e., less elastic settlement under given
load). Moreover, because the particles are restrained, there is less abrasion and/or plastic
deformation of the ballast. Confinement also increases the apparent strength of the composite
ballast-geocells. That is, due to increased confinement, the ballast bed exhibits higher

strength. All these factors were expected to reduce the rate of ballast degradation as well as track
geometry loss.

Thus, the purpose of this test is to examine and demonstrate the effectiveness of the geocells
technology in reducing the rate of track geometry degradation, with the expectation that there
will be an increase in surfacing cycle (reduction in rate of geometry degradation to failure) of the
order of a factor of double or even more.

The original test plan was to install of the geocell material on the center track: Track 3.
However, Amtrak was most concerned about the two high-speed tracks, Tracks 2 and 4 and
subsequently shifted the focus of the test to Track 2 because of concern that the same type of
ballast fouling/subgrade failure problems will occur on Track 2.

In addition to the installation of the geocell material in the test zone, undercutting of Track 2
occurred in spring 2015, with the goal of increasing clearances, since Track 2 has the highest
elevation of all three tracks (see Figure 6 and Figure 11). In addition, drainage was improved in
the test zone and in the adjacent tracks that were part of the upgrade and rehabilitation activity.

As a result, rehabilitation of approximately 2,400 feet of Track 2 was performed in September
2015. Approximately 800 feet of geocell material was installed in the center of the zone, around
Oakington Road. In addition, Track 2 was shifted down approximately 18 inches (undercutting),
and was shifted away from Track 3 approximately 18 inches. Also, as noted previously,
additional drainage in the entire zone.

The installation was performed by Amtrak, with support by PRS Mediterranean Ltd. the supplier
of the geocell material. Instrumentation was installed by a team consisting of Harsco Rail,
Columbia University, and University of Delaware personnel.

1.5 Organization of the Report
This report is organized into the following 10 sections:
Section 1 is the introduction.

Section 2 provides the design of the test site that holds geocell material and the
instrumentation of the test zones.

Section 3 describes the installation of geocell materials and load cells.

3 The Neoloy® Neoweb™ Cellular Confinement System and its use are protected by US and other international
patents. PRS Mediterranean Ltd. owns the rights to the Neoloy® and Neoweb™ patents. Neoweb™ and Neoloy®
are registered trademarks of PRS Mediterranean Ltd.

13



Section 4 provides monitoring of the key track geometry parameters.

Section 5 presents the measurements and results of testing that was monitored over a
10-month time period.

Section 6 describes an economic life cycle benefit analysis.

Section 7 details a post-mortem of the test site containing the geocell material that was
performed.

Section 8 provides a conclusion of the comparison of two distinct sets of track conditions that
includes zones with and without a layer of Neocell™ geocell material.
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2. Design of Test Site with Geocell Material

As noted above, the test site is Track 2 at MP 63.7 near Oakington Road, Havre de Grace, as
shown in Figure 15 below. Track 2 is a high-speed 125 mph passenger track with 20 to 25
million gross tons (MGT) of traffic annually that experiences track geometry degradation.

.Ctmgli:

Figure 15: Geocell Installation Area

The geocell test zone is approximately 800 feet of track centered under the Oakington Road
overpass, as shown in Figure 11. An additional 800+ feet of track was rebuilt, with improved
drainage, but without the use of the geocell on each end of the geocell test zone.

Figure 16 presents the final design of the geocell test zone.
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Figure 16: Final Design for Geocell Installation

As can be seen in Figure 16, there is a minimum 15 inches of AREMA No. 3 ballast under the
concrete ties, above the Neoweb™ geocell material. Underneath this ballast layer and directly
above the Neoweb™ geocell material is a 3-inch layer of AASHTO No. 57 sub-ballast followed
by a 6 inch this layer of the Neoweb™ geocell material filled with the same AASHTO No. 57
crushed aggregate sub-ballast (see discussion and photos later in the installation section). Note
the geocell layer is full track width; approximately 12 feet in width. Directly under the
Neoweb™ geocell layer is an additional 5 inches of sub-ballast (PennDOT 2A) overlaid on a
layer of geogrid material (Tensar BX 1200), to provide a footing for the maintenance work and
to support the work equipment.

Instrumented pressure cells were inserted below the geocell layer. See the discussion below for
more details.

2.1 Instrumentation

Primary instrumentation of the test zones consists of four load cells (pressure transducers)
mounted as shown in Figure 16 and Figure 17. As can be seen in these figures, these load cells
(pressure transducers) are located along the interface with the subgrade. The objective is to
measure how much stress reduction is there due to load redistribution resulting from the geocells
mattress acting as a flexible plate. The pressure transducers were installed concurrent with the
installation of the geocell material, two in the unmodified sections of track (without geocell
material) south of the southern end of the geocell material and two in the modified sections (with
geocell material) approximately 100 feet north of the southern end of the geocell material. The
force transducers were installed in the Leveling Coarse at the bottom of sub-ballast layer. One
transducer was placed under each rail at the two instrumentation sections (four transducers total).
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The two sections were at a distance approximately 230 feet (70 m) apart, and more than 100 feet
(30 m) from the boundary of geocell and non-geocell zones (Figure 17). At each section, two
force transducers (load cells) were used to measure the vertical pressure acting under the track at
the locations of the rails. In the reinforced section, the load cells were installed under the geocell
layer (Figure 16), at the same depth as in the case of unreinforced section, thus allowing for a
direct comparison of measured results. A biaxial geogrid was laid under the sub-ballast layer

under the geocell. The thicknesses of different layers under the track are summarized in Figure
16 and Table 1.

instrumented section instrumented section
to Washington DC zone without /
9 /F/ geocell layer zone with geocell layer t to New York
load cell I
cable
- - -
100 ft. | 130t

to data acquisition device

Figure 17: Plan of Instrumented Site

Table 1: Thickness of Layers Under the Track

Thickness
Layer

(inches) (cm)
Ballast 15 38.1
Sub-Ballast 3 7.6
Geocell Infill Sub-Ballast 6 15.2
Sub-Base 5 12.7
Geogrid - -

The force transducers (pressure cells) were 8 inches (20 cm) in diameter and have a thickness of
6.6 inches (2.6 cm). They were manufactured by Tokyo Sokki Kenkyujo, Ltd. (Type KDA), see
Figure 18. They have a capacity of 72 psi (500 kPa). They were installed in the sub-ballast layer
directly under the geocells, as shown in Figure 16. The size was selected with consideration to
the size of sub-ballasts. In the installation, a biaxial geogrid was laid with sand above it,
followed by the load cell. Then, a sand bag was put over the surface of the load cells, such that
the ballasts maintained a uniform contact with the surface of load cell (see Figure 29 through
Figure 33 in installation section).
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Figure 18: Force Transducer

The cables (0.354” (9 mm) diameter) connecting the load cells were buried in the ground and
protected by flexible PVC conduit (1 inch (25.4 mm) in diameter) and was buried during the
installation to avoid damage and vandalism. The conduit terminated at a junction box outside of
the track zone, so that data recording will not require track access. Additional cabling was
spooled inside the boxes to protect it between data recording sessions.

The portable data acquisition device was attached to this cabling during testing and removed
when measurements were not being actively taken. The data acquisition was conducted using a
portable high-speed dynamic strain recorder DC-104A, also manufactured by Tokyo Sokki
Kenkyujo, with a sampling rate of 5,000 Hz (or interval of 200 micro-second). Data logging
could be controlled through a computer. Figure 19 shows the data acquisition system.
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(a) Portable Dynamic Strain Recorder

{b) Computer Controlled Data Acquisition System

Figure 19: Data Acquisition System
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3. Installation

The installation of geocell materials and load cells was conducted on September 28-30, 2015.
Installation was performed by Amtrak supported by PRS Mediterranean Ltd., and the Harsco
Rail and Columbia University team. Amtrak personnel performed the actual section
rehabilitation to include the geocell installation, which consisted of taking the track out of
service, removing the track superstructure, and the ballast/subgrade rehabilitation and upgrade
(with geocell material). PRS Mediterranean Ltd., the manufacture of the Neoweb™ geocell
material contributed the material, expertise, and on-site advice to Amtrak both in the design of
the installation and also in the actual installation procedure.

The Columbia University team, working with Harsco and its sub-consultant (University of
Delaware) installed the soil pressure transducers during the track renewal process (September 30,
2015). Figure 20 through Figure 26 documents the installation of the geocell material and
rebuilding of Track 2. Figure 27 and Figure 28 show the rebuilt zones without the geocell
material.

Figure 20: Compacted Sub-Ballast Layer
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Figure 22: Opening the Neoweb™ Material
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Figure 23: Opening the Neoweb™ Material
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Figure 24: Filling the Neoweb™ Geocell Layer with Sub-Ballast
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Figure 26: Track at Completion
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Figure 27: Soil at Cut Line for Unreinforced Section

Figure 28: Overlapping Biaxial Geogrid Layers at End of Reinforced Zone

Installation of the pressure cells are shown in Figure 29 through Figure 33.
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Figure 30: Load Cell with Protected Cable
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Figure 31: Pressure Cell Close-Up

Figure 32: Load Cells at Locations Under the Track, Covered by Sand Bags
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Figure 33: Pressure Cells in Zone Without Geocell Material
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4. Monitoring of Track Geometry

Amtrak, as part of its ongoing maintenance activity (and in accordance with FRA’s Track Safety
Standards), operates a high-speed track geometry car on the NEC recording key track geometry
data on a monthly basis. As part of this monthly inspection, the geometry car measures the key
track geometry parameters to include surface (vertical), alignment (horizontal), cross-level,
gauge, and twist (change in cross-level). These parameters are used to define the geometric
condition of the track and to determine when the track requires maintenance (or else train traffic
is slow ordered). This is clearly illustrated in the proposed test site, where Track 2 is a 125-mph
track (FRA Class 7), which deteriorates to Class 6 (110 mph) or even Class 5 (90 mph). This
requires slow ordering the track, i.e., imposing speed restrictions on the operating trains, until the
track is surfaced and the geometry is restored.

The key track geometry parameters which are addressed by the use of the geocell technology are
the vertical surface, cross-level and twist. These were recorded by the Amtrak Track Geometry
Car during each of the regular (monthly) inspections and the data provided to Harsco team for
analysis.

4.1 Data Collection

Upon commencement of rail service on Track 2, measurement data, to include pressure cell data
(related to the four load cells) as well as track geometry data were measured and analyzed. The
service was resumed on October 31, 2015. The test site was monitored for approximately 10
months to include both pressure cell and track geometry measurements.

The pressure cell monitoring plan was accomplished in several phases. In the first phase, daily
measurements were taken for a week, followed by the second phase where weekly (10 days)
measurements were taken for a month. In the third phase, measurements were taken on a
monthly basis for a period of 6 months. The main purpose of instrumentation was to observe
possible changes in results following the construction with the passages of trains.

The schedule of instrumentation is given in Table 2. A minimum of two passages were recorded
each day for Northeast Regional and Acela trains given the fact that they are of different weights
and also traveling at different speeds (150 mph or 240 km/h for Acela, 125 mph or 201 km/h for
Regional).
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Table 2: Field Instrumentation Schedule

Temperature Temperature
Phase Date
°F (low) °C (low)
October 31, 2015 57.2 (39.2) 14 (4)
November 1, 2015 66.2 (53.6) 19 (12)
Phase 1
) November 2, 2015 64.4 (46.4) 18 (8)
Daily Measurements
November 3, 2015 68.0 (41.0) 20 (5)
November 4, 2015 73.4 (44.6) 23(7)
November 13, 2015 60.8 (50.0) 16 (10)
Phase 2 November 23, 2015 42.8 (30.2) 6 (-1)
Weekly Measurements December 7, 2015 57.2 (32.0) 14 (0)
December 16, 2015 53.6 (44.6) 12 (7)
January 29, 2016 42.8 (24.8) 6 (-4)
February 26, 2016 39.2 (30.2) 4 (-1)
Phase 3 March 30, 2016 57.2 (33.8) 14 (1)
Monthly .
Measurements April 20, 2016 68.0 (44.6) 20(7)
May 18, 2016 66.2 (51.8) 19 (11)
June 14, 2016 78.8 (60.8) 26 (16)

Figure 34 shows the first passage of train after construction, which was a Regional train for New
York.

Figure 34: The First Train Passage after Completion of Construction (October 31, 2015)
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Pressure cell measurements captured by the data acquisition system are shown in Figure 35.

Figure 35: Pressure Cell Hardware for Pressure Cell Measurements

Track geometry measurements occurred as part of Amtrak’s normal inspection scheduled and
were made routinely once a month. Track geometry data was supplied for both pre- and post-
geocell installation from June 2013 to the present.
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5. Measurement Results and Analysis

After installation of the geocell materials and instrumentation, the performance of the test and
control sites was monitored to include the key parameter of subgrade pressure and vertical track
geometry. The test was monitored over a 10-month time period between November 2015
through August 2016.

5.1 Subgrade Pressure Data

As noted in the instrumentation section, subgrade pressure was monitored using four pressure
cells (load cells) of which two of each where under the geocell and control sections respectively.
Figure 36 shows the load cell numeral designations. Note load cells 2 and 4 are in the geocell
zone and cells 1 and 3 are in the outside control zone. Load cells 2 and 3 are under the west rail
and 1 and 4 under the east rail.

The results for the passage of one train as recorded by the load cells are shown in Figure 37. As
can be seen from the figure, the locomotive generates higher loads than the passenger cars. The
figure shows clearly that the pressure increments measured in the geocell reinforced zone (cells 2
and 4) were less than those of the unreinforced zone (cells 1 and 4). The average values acting in
the reinforced and unreinforced zones were 10.3 psi (70.8 kPa) and 5.4 psi (37.2 kPa),
respectively. Thus, geocell layer has resulted in a redistribution and reduction of vertical
pressure by nearly half.

Figure 38 shows the results of daily and weekly measurements for Acela and Regional trains for
a period of approximately 4 months after installation and resumption of service. Note, separate
measurements are presented for the Acela and Regional trains because of differences in car
weight and speed. The pressures increased slightly over time, but they appeared to have returned
to initial value toward the end of February. Some of result variations were related to
maintenance work. It can be clearly seen that the values along the left and right rails were quite
consistent with the pressure measurements in the geocell zone approximately half of those for the
cells in the control zone (no geocell).

Figure 39 shows the long-term results over a period of 7 months. Again, the results appear to be
stable, with only slight variation, and the pressure measurements in the geocell zone
approximately half of those for the cells in the control zone (no geocell).

The measurements obtained from Acela seemed more consistent compared to those of Regional
trains. This may be due to larger variations in speed and passenger load for the regional trains
over the 7-month time period.
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33



5.2 Track Geometry Measurement Data

Track geometry measurement were made using Amtrak’s track geometry vehicle, which
measures left and right rail surface (profile), cross-level and twist at 1 foot intervals along the
track. It also records all exceptions to both Amtrak and FRA track standards.

Measurements are made monthly and data was collected as far back as 2012 (see Figure 12
through Figure 14). Figure 40 through Figure 42 present track geometry data for surface (left
and right) and cross-level immediately before and immediately after the track reconstruction and
geocell installation. The geocell zone is highlighted in yellow and the non-geocell zone appears
on both sides of the geocell zone. Four geometry runs are presented in these figures: August
2015 (the month before the reconstruction) and January, April and June 2016, all after the
reconstruction. Note, the June 2016 data is approximately 7 months after traffic resumed on the
reconstructed track.

As can be clearly seen in the control zone north of the geocell zone (vicinity of MP 63.62) there
were signficant geometry variations immediately before reconstruction. These were corrected
during reconstruction, but by June 2016, these geometry variations reappeared at the same if not
greater amplitudes. By contract, in the geocell zone, such as in the vicinity of MP 63.78, the
“after” geometry variations are significantly smaller than the pre-reconstruction geometry
variations, less than half the magnitude in several locations in this geocell zone. This behavior
can be clearly seen in the left and right surface plots as well as in the cross-level plot ( after
accounting for the change in “zero” for the pre and post cross-level data.
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Figure 40: Pre- and Post-Installation Track Geometry Data—Left Surface (62° Chord)
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Figure 41: Pre- and Post-Installation Track Geometry Data—Right Surface (62’ Chord)
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Figure 42: Pre- and Post-Installation Track Geometry Data—Cross-Level

Thus, the geocell test zone(s) clearly have a lower rate of track degradation and a
correspondingly longer surfacing cycle.

This behavior is reinforced in Figure 43 and Figure 44, which shows after data through
September 2016. It should be again noted that this geometry data is collected monthly.
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Figure 43: Left Surface 62' Through September 2016
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Figure 44: Right Surface 62' Through September 2016

The track geometry data was also converted to an equivalent TQI for each test zone which was
calculated for each measurement cycle (monthly based on current Amtrak testing frequency) and
then plotted against traffic (defined in terms of MGT of traffic). This allows for the definition of
the rate of degradation of each of the test zones and serve as the basis of performance
comparison.

The TQI data was calculated as follows:
e TQI was calculated for multiple channels
o Left surface 62
o Right surface 62
o Cross level
e TQI defined as the standard deviation of a particular channel

e Total TQI defined as the sum of the TQI of left surface 62, right surface 62, and cross
level

SDcombined = a*SDieft profile T b* SDright profile T c*SDecross-level
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Where a=b=c =1
e TQI calculated:
o Continuously
= 50 ft moving average window

o At various segmented window sizes:

= 50ft
= 200 ft
= 800 ft

Figure 45 presents a 50-foot moving window calculation for combined left and right surface TQI
for the same four time periods as shown previously in Figure 40 through Figure 42. As seen
here, the results match those presented previously with the non-geocell control zone north of the
geocell zone showing high pre-reconstruction TQI values, corrected during reconstruction and
then reappearing and growing even larger by 7 months after reconstruction. By contrast, the
geocell zone had large pre-reconstruction TQI values which were corrected during reconstruction
and has a significantly reduced rate of regrowth, such that 7 months after reconstruction the TQI
values were about 1/3 the pre-reconstruction values (as opposed to the northern control zone
where they exceeded the August 2015 pre-reconstruction maximum values).
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Figure 45: TQI Calculated with Moving 50-foot Window; Left and Right Surface

Figure 46 through Figure 48 present TQI data for all three measurements as a function of time,
starting from September 2014 and going through June 2016 (reconstruction was September
2016). The results are quite significant.

In the northern reconstructed control zone (Figure 46), there was significant levels of TQI pre-
construction, dropping to good quality track after construction (November 2015), and then
reappearing and growing to levels greater than the pre-contruction levels within 6 months. The
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data indciates that a follow up surfacing cycle was required and performed at that time in this
zone.

By contrast, the geocell zone showed extremely good post-construction performance. This was
most clearly illustrated in the geocell zone between MP 63.76 and 63.8 (Figure 47) where the
high pre-reconstruction TQI values never reappeared after reconstruction and installation of the
geocell material, instead remained at a very low level even 7 months after reconstruction. The
rate of track degradation, in this zone, appears to be reduced by more than a factor of 3,
suggesting a corresponding increase in surfacing cycles by the same factor of more than 3.

It should be further noted that the south control zone (Figure 48) did not show this level of
improvement because the corresponding rate of geometry degradation for this zone was low,
suggesting better subgrade support conditions here than north of the geocell zone.
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Figure 46: 200-foot Window TQI: North Control and Northernmost Geocell Zones
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Figure 47: 200-foot Window TQI: Center Geocell Zone
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Figure 48: 200-foot Window TQI: South Control and Southernmost Geocell Zones

Figure 49 presents a “cross-mapping” of the TQI and pressure cell data for the Acela and
Regional traffic, respectively. This cross-mapping is a correlation analysis between the two
different sets of data. For the geocell zone, under both the left and right rails, there is a well
defined relationship between lower pressure and lower TQI, corresponding to better track
quality. This appears in the lower left quadrant of the graph in Figure 49. For the non-geocell
zone, under both the left and right rails, there is, likewise, a well defined relationship between
higher pressure and higher TQI, corresponding to poorer track quality. This appears in the upper
right quadrant of the graph in Figure 49. In each of the four cases, corresponding to each one of
the pressure cells, there is a linear relationship between the actual pressure and TQI values.
Furthermore, this relationship appears to exist for both the Acela and the Regional traffic,
through the actual loads, speeds, and pressure values are different. This data supports the
previously shown results that the introduction of the geocell material improved track support,
reduced bearing pressures on the subgrade and provided improved track geometry performance
over time.
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Figure 49: Cross-Mapping of Pressure and TQI Data

Figure 50 summarizes this behavior, in a manner simular to that presented in earlier, where the
non-geocell zone shows the reoccurrence of rapid track geometry degradation, particularly in the
area immediately to the north of the geocell zone where there appears to be a modest shift of the
locaion of maximum geometry degradation northwards. Likewise, the geocell zone shows a
dramatically reduced level fo geometry degradation, particularly in the southern portion fo the

geocell zone.
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Figure 50: TQI (50° Moving Average) Before and After Reconstruction

5.3 Increase in Surfacing Cycle

One of the key determinants of the effectiveness of the geocell’s reinforcement technology is the
ability to reduce the rate of degradation of the track geometry. This was accomplished by
analyzing the track geometry data by the Amtrak Track Geometry Car and calculating a TQI for
each defined segment, as shown in the previous Figure 46 through Figure 48. The TQI used in
this analysis includes the Standard Deviation (SD) of the left and right profiles (surfaces) and the
Standard Deviation (SD) of the cross-level. The track degradation rate is defined by the slope of
the TQI vs. the time graph as shown in Figure 51, which shows the change in TQI over time.
Figure 51 represents a track segment of 200 feet, over a period of just under 2 years, with the
installation of the geocell material occurring in September 2015, corresponding to the large
improvement in TQI shown at that time. In addition, there was what appears to be a spot
tamping (maintenance) cycle in January 2015. Looking at the left and right surface TQIs, the
pre-geocell installation behavior can be seen in the period from January 2015 through August
2015 where there was a change in total TQI value of approximately 0.15 over a period of

7 months for a slope of 0.021. The post geocell installation behavior can be seen in the period
October 2015 through June 2016, where there was a change in TQI value of approximately 0.25
over a period of 8 months for a slope of 0.03. The result of the geocell installation appears to be
a reduction in rate of change of track geometry degradation (slope of the curve in Figure 51) of a
factor of 7.
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Figure 51: Track Geometry Degradation Rate Before and After Geocell Installation

Figure 52 presents the results of the combined TQIs which consists of the Standard Deviation
(SD) of the left and right profiles (surfaces), the Standard Deviation (SD) of the cross-levels,
combined linearly using the following equation:

SDcombined =  a*SDieft profile b* SDright profile c*SDcross-level
Where a=b=c=1

For the combined TQI, the pre-geocell installation behavior can be seen in the period from
January 2015 through August 2015 where there was a change in total TQI value of
approximately 0.185 over a period of 7 months for a slope of 0.0265. The post geocell
installation behavior can be seen in the period November 2015 through August 2016, where
there was a change in TQI value of approximately 0.036 over a period of 9 months for a slope of
0.004. The result of the geocell installation appears to be a reduction in rate of change of track
geometry degradation (slope of the curve in Figure 51) of a factor of 6.7.
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Figure 52: Combined TQI Degradation Behavior

Other parts of the geocell zone experienced smaller levels of improvement. However, it should
be noted that the surfacing cycle is determined by the “worst” segment in a zone, so that the
surfacing of the entire geocell zone (and most probably the entire test zone) would be set by the
“worst case” 200-foot segment shown in Figure 51.

In both cases, the effect of installing the geocell material was to significantly increase the
surfacing cycle by a factor of 6.7 times the pre-geocell installation surfacing cycle.

42



6. Economic Analysis for the Use of the Geocell Material

Since installation of geocell material has a measurable cost, an economic life cycle benefit
analysis was performed to evaluate the overall economics of installing the geocell material and
the resulting reduction in follow up maintenance costs due to the extended surfacing cycles.
Thus, an economic analysis of the use of the geocell material was performed to assess the cost-
benefit tradeoff between the reduction in maintenance (surfacing) costs as compared to the cost
of the material and its installation. This analysis is a Life Cycle Cost (LCC) analysis that looks
at the cumulative cost of the frequent surfacing cycles, under the ‘existing’ condition operations,
i.e., with the high rate of track geometry degradation and frequent surfacing (corresponding to
the “left” side of Figure 51), as compared to the reduced rate of surface degradation after
installation of the geocell material (corresponding to the “right” side of Figure 51). The actual
rates of degradation were based on the analysis of the track geometry degradation, as performed
in the previous section for the pre- and post-geocell installation time periods in the defined test
section. Figure 52 presents the degradation behavior for combined TQI which shows a reduction
in rate of degradation after geocell installation of a factor of 6.7.

In addition, LCC sensitivity analyses were performed to examine the sensitivity of the LCC costs
of the geocells implementation (and associated economic benefits) to both material and
installation costs. These sensitivities provide guidance to the manufacturers and the railroads in
terms of how to maximize their economic benefits using these techniques.

The economic analysis was performed used a LCC model developed for PRS Mediterranean
Ltd., using Amtrak costs and operating parameters. Note, the study team validated the analysis
model and the results presented here-in.

6.1 Economic Input Parameters

The following sections will detail the various inputs used in the LCC model.

6.1.1 Costs

The costs used in this analysis were based on estimates of actual costs incurred by Amtrak. It
should be noted that the costs and benefits are defined on a per mile basis except as noted below.
The expected costs for a section of track less than 1 mile (e.g., the Oakington Road test
installation was 800 feet) is assumed to be linear, so that the corresponding ROI results will
remain the same irrespective of the actual length of track. (Note, Amtrak costing indicates that
there will be economies of scale associated with application to longer segments of track, while
very short applications may have a higher installation cost per square foot.)

It includes the following cost areas:
e Surfacing costs
e Cost of installation of geocell material
e Train delay costs

e Cost of money
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These costs will be discussed here-in:

Surfacing costs were assumed to be $12,000 per mile. This is consistent with industry
reported surfacing costs

The cost of installation of the geocell material.

The costs of the Neoweb™ geocell material itself, was obtained from the manufacturer
PRS Mediterranean Ltd. at approximately $10 per square meter or $0.93 per square foot
corresponding to a cost of approximately $60,000 per mile.

The cost of the geogrid material used at the bottom of the rebuild section was estimated at
approximately $3 per square meter or $0.28 per square foot corresponding to a cost of
approximately $18,000 per mile.

Amtrak has indicated that the cost of installation, to include both the geocell and geogrid
layers, is of the order of $200+ per square yard ($22 + per square foot) for this short
installation. However, it further noted that these costs would be reduced for longer
installations, such as the per mile costs used in this analysis. Further noting that Amtrak
had performed additional work in this area, to include draining improvement both in this
zone and in the adjacent, non-geocell zones, the analysis used here as a baseline is based
on an installation cost of $7.40 a square foot (excluding materials).

The corresponding total cost of installation, to include materials and labor, came to
approximately $545,000 per mile. Because of the uncertainty in this cost, a sensitivity
analysis was performed on this cost of geocell installation with a range of $200,000 to
$1,000,000 per mile (corresponding to $3.16 to $15.78 per square foot).

Train delay costs
o Train delay costs were divided into two parts:

1. Train delay costs associated with the loss of track time due to surfacing.

2. Train delay costs associated with poor track quality and associated with reduced
track speeds, for the time between surfacing cycles.

In both cases, train delay costs were taken to be $1,000 per train. Assuming
traffic to be 25 MGT per year with an average train weight of 1,000 tons, this
corresponds to approximately 3 trains per hour, and the corresponding train delay
cost is $2,850 per hour.

The corresponding train delay due to surfacing, based on a tamping rate of 20 ties
per minute and concrete tie track with 2,640 ties per mile, is based on a delay of
2.2 hours per mile which comes to $6,280 per mile.

The corresponding train delay due to slow orders on track with degraded
geometry was calculated for a 0.25-mile section of slow ordered track, with a
speed reduction of 30 mph (corresponding to one FRA class of track) and an
acceleration and braking rate of 1 mph/sec. Assuming only 10 percent of trains
are affected by this slow order and that the duration of the slow order is 5 percent
of the surfacing cycle, then the cost of this train delay is approximately $18,034.
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The corresponding total cost of train delay was calculated to be approximately
$24,000.

e Cost of money

o The cost of money was assumed to be 7 percent with inflation accounting for
2 percent for a net cost of money of 5 percent.

6.1.2 Surfacing Cycle

As noted previously, the surfacing cycle for the Oakington Road zone, prior to installation of the
geocell material was approximately 6 months (see Figure 51). While other portions of the zone
had a slower rate of geometry degradation, if surfacing has to be performed because of a poor
subsection of the zone, normal practice is to surface between 0.5 and 1 miles so that the entire
geocell zone would be surfaced. The base case in the analysis used a surfacing cycle of 0.5 years
(6 months) which corresponded to the behavior shown in Figure 51.

However, because of the potential for variation, the sensitivity analysis was performed for
surfacing cycles of between 0.5 and 3 years.

6.1.3 Surfacing Cycle Extension

The actual surfacing cycle extension, which is the same as the reduction in the rate of track
geometry degradation as defined by the slope of the TQI vs. time curve (Figure 51) was
calculated to be 7 for left and right profile (Figure 1) and approximately 6.7 for combined TQI.
The base case in the analysis used an extension factor of 6.7.

Again, because of the potential for variation, the sensitivity analysis was performed for surfacing
cycle variations of between 3 and 8.

6.1.4 Life Cycle

The life of the Neoweb™ geocell material was assumed to be 50 years. This assumption is
conservative based on specification from the manufacturer.

6.2 Savings and ROI Calculation

Using the above input, the total LCCs and savings were calculated together with the ROI as
shown in Table 3.
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Table 3: NPV Savings Analysis

Cost per surfacing cycle $12,000 | per mile
Train delay costs $24,313 | per mile
Total surfacing costs $36,313 | per mile
Neoweb™ costs $545,464 | per mile
Neoweb™ life 50 | years

Surfacing cycles:

No geofabric 0.5 years
Neoweb™ 34 years
Net cost of money 5.0%

Annualized total
surfacing cost:

No geofabric $ 75,338 | per mile
Neoweb™ $ 12,041 | per mile
Annual Total

Surfacing Savings (No

geofabric — Neoweb) $ 63,297 | per mile
Present Value $ 1,155,545 | per mile
Neoweb™ costs $ 545,464 | per mile
Annualized Neoweb™

costs $ 29,879 | per mile
Net annual savings due

to Neoweb™ $ 33,418 | per mile
NPV of savings $ 610,081 | per mile
ROI 112%

The corresponding annual savings in delayed surfacing costs and avoided train delay costs came
to $75,000 per mile with a Net Present Value (NPV) of approximately $1,155,000. The
associated Neoweb™ material and installation costs came to $545,000 or approximately $29,879
a year. The resulting net savings was $33,418 a year with a NPV of $610,000 and an ROI of 112
percent.

Thus, for the analyzed case at Oakington Road, the economics prove to be strongly favorable for
the geocell material.
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6.3 Sensitivity Analysis

As noted previously, there is expected variability in several of the key inputs to include:
e Surfacing cycle
e Surfacing cycle extension
e Cost of geocell installation

As a result, a serious of sensitivity analyses were performed for these three variables.

6.3.1 Surfacing Cycle

Surfacing cycle on Amtrak NEC is expected to vary from every 6 months for very poor condition
track (such as the Oakington Road section shown in Figure 1) to every 3 years for better quality
track with good ballast and subgrade support conditions. The sensitivity of the surfacing costs
savings (both annual and NPV) are presented in Table 4, Figure 53, and Figure 54.

As can be seen in this table and figures, for surfacing cycles of 0.5 to 2 years, the geocell shows
significant economic benefit above and beyond the cost of the geocell material and installation.

Table 4: Sensitivity to Surfacing Cycle

Present Worth

Annualized oycle Annualized annual savings of Savings MeoWeb Cost Meoweb co
yEars cost with NeoWeb cost per mile per mile annualized
0.5 575,338 3.35 512041 563,297 51,155,545 5545466 S 29,879
1 538,128 6.70 56511 531617 $577,198 5545,466 5 29,879
2 519,529 13.40 $3,783 $15,7456 $287,458 $545,466 $ 29,879
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Figure 53: Sensitivity of Annual Surfacing Costs Savings to Surfacing Cycle
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Figure 54: Sensitivity of NPV of Surfacing Costs Savings to Surfacing Cycle

6.3.2 Surfacing Cycle Extension

As noted above, the calculated surfacing cycle extension due to the installation of the geocell
material at Oakington Road (see Figure 1) was a factor of 6.7. However, this was the zone with
the greatest geocell effect, other zones had a lower rate of extension. As a result, a sensitivity
analysis was performed for extension values ranging from 3 to 8. These results, which are
presented in terms of ROI are shown in Table 5 and Figure 55.

As can be seen in this table and figure, at a surfacing life extension of 7, the ROI for the base
case Oakington Road analysis is almost 113 percent.

Table 5: Sensitivity to Surfacing Cycle Extension

Surfacin Present
Cvele € | Annualized Cycle Cycle w | Annualized | Annual | Worth of | Cost of ROI
y Cost Extension | NeoWeb Cost Savings Savings NeoWeb
(years) :
per Mile
0.5 $75,338 3 1.50 $25,728 $49,610 | $905,681 | $545,466 | 66%
0.5 $75,338 4 2.00 $19,529 $55,809 | $1,018,840 | $545,466 | 87%
0.5 $75,338 5 2.50 $15,812 $59,526 | $1,086,709 | $545,466 | 99%
0.5 $75,338 6 3.00 $13,334 $62,004 | $1,131,933 | $545,466 | 108%
0.5 $75,338 7 3.50 $11,566 $63,772 | $1,164,216 | $545,466 | 113%
0.5 $75,338 8 4.00 $10,241 $65,097 | $1,188,412 | $545,466 | 118%
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Figure 55: Sensitivity of ROI to Surfacing Cycle Extension

6.3.3 Cost of Geocell Installation

Another variable, which is not readily quantifiable, is the cost of installation of the geocell
material to include the cost of the material itself and the cost of the installation. While an
accurate cost for the material was obtained from the manufacturer, PRS Mediterranean Ltd., the
actual cost of installation was difficult to quantify for a number of reasons. First the total project
involved more than simply installing the geocell (and geogrid) material, it also involved
renovation and drainage improvement for a section of track more than three times the length of
the geocell zone. It was also Amtrak’s first attempt to install geocell materials and as such there
was a significant learning curve associated with this installation. As a result, for this analysis, a
combination of manufacturer experience in other parts of the world was used, together with
estimated Amtrak cost numbers to obtain the installation cost of $7.40 a square foot used in this
analysis. Due to the “softness” of this number, sensitivity analysis was performed for installation
costs (material plus installation) ranging from $3.16 to $15.78 per square foot corresponding to a
per mile cost of $200,000 to $1,000,000. These results, which are presented in terms of ROI are
shown in Table 6 and Figure 56.

As can be seen in this table and figure, at an installation cost of $545,000, the ROI for the base
case Oakington Road analysis is almost 112 percent and significant ROI is obtained even if the
installation cost triples from the base assumption.

Table 6: Sensitivity to Cost of Geocell Installation

Present Worth

Annualizec cycle cycle Annualized annual savings of Savings Cost of NeoWeb ROI
years cost extension  wMNeoWeb cost YEars per mile Install cost/sq ft
0.5 575,338 6.7 335 512,041 563,297 51,155,545 $200,000 5 3.16 4TB%
0.5 575,338 6.7 335 512,041 563,297 51,155,545 5300,000 5 473 2B5%
0.5 575,338 6.7 335 512,041 563,297 51,155,545 5400,000 5 6.31 189%
0.5 575,338 6.7 335 512,041 £63,297 51,155,545 5500,000 5 7.89 131%
0.5 575,338 6.7 335 512,041 $63,297 1,155,545 5600,000 5 9.47 93%
0.5 575,338 6.7 335 512,041 563,297 51,155,545 5700,000 5 11.05 B5%
0.5 575,338 6.7 335 512,041 563,297 51,155,545 S800,000 5 12.63 4%
0.5 575,338 6.7 335 512,041 563,297 51,155,545 5500,000 5 14.20 28%
0.5 575,338 6.7 335 512,041 £63,297 51,155,545 £1,000,000 5 1578 16%
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Figure 56: Sensitivity of ROI to Installation Cost of Geocell Material
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7. Geocell Material and Site Post-Mortem

As part of this project, a post-mortem of the test site containing the geocell material was
performed. In order to accomplish this, excavations were performed at two locations in the test
zone and a section of the geocell material removed from service and sent out for testing. The
purpose of the testing was to evaluate the rate of degradation of the geocell material. Testing
was performed by PRS Mediterranean Ltd., the supplier of the Neoweb™ geocell material used
in the test. PRS Mediterranean Ltd.’s test coordinator was Itay Asoolin, who was their envoy
throughout the test program. In addition to obtaining material samples for testing, the condition
of the support layers were compared to those outside the geocell zone.

Two access pits were dug and the geocell material extracted on Friday, October 21, 2016.

7.1 Digging the First Pit in an Area without the Geocell Material

The first access pit was dug in the area outside the geocell zone close to where the pressure
transducers were installed. The pit was located near MP 63.9, close to the ties, on the field side
of Track 2 rail (Figure 57).

Figure 57: Beginning of Pit Digging Around MP 63.9

As can be seen in Figure 58, a layer of geogrid material was installed between the ballast and
sub-ballast. In addition, a layer of geotextile was installed between the sub-ballast and subgrade
as shown in Figure 59.
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Figure 58: Geogrid Layer Installed Between the Ballast and Sub-Ballast
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Figure 59: Geotextile Layer Installed Between the Sub-Ballast and Subgrade

The subgrade was observed to be in good, dry condition, as shown in Figure 60.
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Figure 60: Subgrade Condition

Upon conclusion of the field observations, the pit was closed. The onsite crew then proceeded to
dig the second pit to extract the geocell material.

7.2 Digging the Second Pit in an Area with the Geocell Zone

In order to retrieve a sample of the geocell material, as close as possible to the area directly
below the rail, the second pit was dug as near to the end of the tie as possible near the southern
end of the geocell installation zone (approximately MP 63 + 4240). Similar to the first pit, the
second pit was on the field side of Track 2. Since the ballast section in this region would take a
long time to remove by hand, a backhoe was utilized to assist (Figure 61). Approximately

2 hours of foul time was necessary to dig out the ballast with the backhoe.
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Figure 61: Utilizing a Backhoe to Dig the Second Pit on Track 2 Field Side (Geocell)

As pit depth approached the geocell layer, small hand held tools, such as a shovel, were used to
avoid damage to the geocell material (Figure 62). Once the geocell layer was reached, the sub-
ballast was manually removed so a sample of the geocell could be obtained (Figure 63 and
Figure 64).
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Figure 62: Hand Held Tools Were Used to Reach the Geocell Material Without Damaging
It
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Figure 63: Top Surface of Geocell Layer
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Figure 64: Removing the Sub-Ballast by Hand

When the geocell was fully excavated, the edge of the geocell material was accessible, making it
easier to cut out a sample (Figure 65).

TR s
TR

Figure 65: Edge of Geocell Layer

The sample was removed utilizing a set of cutting pliers. Figure 66 and Figure 67 show the geocell
sample, containing two full cells, after removal.
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Figure 66: Side View of the Geocell Sample

Figure 67: Top of Geocell Sample

After removing the sample, the ballast was restored and then hand tamped, as shown in Figure
68, Figure 69, and Figure 70.
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Figure 68: Covering the Pit
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Figure 69: Tamping the Ballast Around the Ties
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Figure 70: Second Pit Completely Covered and Tamped

7.3 General Site and Material Observations

During the extraction procedure, numerous visual observations of the excavation sites were
made, in addition to observations of the condition of the geocell material itself.

7.3.1 Pit Observations

One of the primary reasons for the selection of this test site was the presence of a significant
ballast/sub-ballast fouling issue. Figure 71 shows mud spot development in the maintenance
area before reconstruction of the site and installation of the geocell.
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Figure 71: Historical Ballast Fouling of Track

The excavation pits dug inside and outside of the geocell zones showed a significant
improvement in ballast/sub-ballast condition. In both sections, the following improvements were
noted:

e The ballast and sub-ballast layers were in good condition and dry
o Non-geocell pit: Figure 60
o Geocell pit: Figure 63

e The subgrade below the geocell was in good condition and dry

This suggests that the added drainage and geocell layers have been successful, to date, in
preventing fouling of the ballast/sub-ballast layers.

7.3.2 Geocell Observations

The geocell material was removed and initial observations were made of the condition of the
material. Based on initial visual observations, the following could be stated:

e The geocell material was:
o Intact
o Free of deformation
o Maintaining shape
o Functioning as expected

e No puncturing was noted
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e Appeared to be in new condition aside from surface discoloration from dirt 1 year after
installation

Sample Testing

In order to more accurately and effectively asses the condition of the geocell material removed
from track, the geocell sample was sent to PRS Mediterranean Ltd. for laboratory evaluation.
This is to include laboratory assessment of the condition of the material, and if possible,
supplement cyclic loading to determine the remaining life of the material and whether it has
deteriorated more than expected. When test results are made available from PRS Mediterranean
Ltd., a supplement report will be prepared.
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8. Conclusion

As discussed in this report, this test program compared two distinct sets of track conditions, to
include zones with and without a layer of Neocell™ geocell material. It should be noted that all
measurement zones were rebuilt with improved drainage and well defined track structure and
substructure (to include a well-defined depth of clean ballast). The test measurements included
pre- and post-geocell track geometry measurements together with comparative subgrade pressure
measurements inside and outside the geocell cell zones. Pre-installation/rebuild geometry data
was available for over a year before the rebuild, while post-rebuild data encompassed a period of
approximately 10 months.

The pressure cell measurements, which looked at subgrade pressure under left and right rails in
both the geocell zone and the control (non-geocell) zones included measurements under both

Acela high-speed trains and lower speed regional trains. In all cases, the subgrade pressures in
the geocell zone were approximately half of those for the cells in the control zone (no geocell).

Track geometry measurement was made using Amtrak’s track geometry vehicle which measures
left and right rail surface (profile), cross-level and twist at 1-foot intervals along the track.
Measurements were made monthly.

Examination of the pre-rebuild data showed there were several well defined locations in the
overall test zone that experienced significant track geometry degradation with a great deal of
geometry variations. These were all corrected during reconstruction.

In the zones with no geocell material, these geometry variations reappeared within 6 to 7 months
with the same if not greater amplitudes. By contrast, in the geocell zone, such as in the vicinity
of MP 63.78, the “after” geometry variations were significantly smaller than the pre-
reconstruction geometry variations, less than half the magnitude in several locations in this
geocell zone. This behavior was seen in the left and right surface plots as well as in the cross-
level plot (after accounting for the change in “zero” for the pre and post cross-level data).
Furthermore, the rate of geometry degradation was significantly less for the geocell zones than
for the pre-geocell time periods for the exact same track, indicating the effectiveness of the
geocell material in reducing the rate of track geometry degradation and extending the surfacing
maintenance cycles. Analysis of the rate of degradation showed that the effect of installing the
geocell material was to significantly reduce the rate of degradation (and thus increase the
surfacing cycle) by a factor of 6.7 times the pre-geocell installation surfacing cycle.
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Abbreviations and Acronyms

FRA Federal Railroad Administration
GPR Ground Penetrating Radar

LCC Life Cycle Cost

HDPE High Density Polyethylene

MP Milepost

MGT Million Gross Tons

NPV Net Present Value

NEC Northeast Corridor

NPA Novel Polymeric Alloy

ROI Return on Investment

SD Standard Deviation

TQI Track Quality Index

TTCI Transportation Technology Center, Inc.
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