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1 Introduction

The Purple Line is a federally-funded “New Starts” Light Rail Transit (LRT) project in the Maryland
suburbs of Washington, DC inside the Capital Beltway (I-495). The Purple Line will extend from
Bethesda in Montgomery County to New Carrollton in Prince George’s County. It will connect both
branches of the Washington Metrorail Red Line, at Bethesda and Silver Spring, the Green Line at
College Park, and the Orange Line at New Carrollton; all three MARC commuter rail lines; local and
regional bus systems; and Amtrak’s Northeast Corridor. The proposed project alignment extends
approximately 16 miles, with separate mainline tracks in each direction, 21 stations, and two yard
and shop facilities.

The Purple Line will not only serve transit patrons whose journey is east-west in the corridor, but
also those who want to access the existing Metrorail system into Washington D.C. The Purple Line
also provides a direct link to the Brunswick, Camden, and Penn Lines of the Maryland MARC
commuter rail system and to Amtrak’s Northeast Corridor service at New Carrollton.

The Purple Line will use modern light rail vehicles that are powered from overhead wires. The
power to the overhead wires is distributed from a network of Traction Power Substations (TPSSs)
that convert the electric utility power to the appropriate voltage and type to power the light rail
vehicles. The Purple Line’s Preferred Alternative would require substations approximately every
mile. Twenty substations are proposed, including 18 along the transit-way and one each at the
Lyttonsville storage and operations facility and Glenridge maintenance facility.

This white paper presents an overview of the TPSS and the site selection methodology employed for
the Purple Line project. It summarizes findings from technical reports regarding the light rail system
simulations, design requirements, and proposed TPSS locations. The latter section discusses the
specifics of the proposed TPSS along Wayne Avenue including alternative sites studied by the MTA
as well as answers to questions asked by communities along the corridor.
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2 What are Traction Power Substations (TPSS)?

A Traction Power Substation (TPSS) converts commercial alternating current electricity into the
direct current power used by the light rail vehicles. TPSS are one component of the overall traction
electrification system for the Light Rail Transit system. Other components include:

. . . TPSS External
e Cables connecting this substation to the i View

wayside distribution system

e Wayside distribution

wire.

e The rails, which carry the negative return |
current from the light rail vehicle back to

system providing _
adequate current at appropriate voltage
levels throughout the alignment. This
primarily consists of the overhead contact
system (OCS), and supplemental cables to
“feed” additional power to the contact

the vicinity of the substation.

e Return system cables connecting the running rails to the substation.

The Purple Line vehicles will be powered from an overhead contact system. The power will be
provided by diode rectifier traction power substations located along the alignment at intervals that

TPSS Internal
View

will support the operating headways for normal operation,
contingency operation if a substation is out of service, and the
ability to run trains more frequently if ridership requires it. The
yards will also have substations to power the vehicles on the yard
tracks and to provide power to the maintenance shop. The
substations will be connected to Potomac Electric Power Company
(PEPCO), the local utility, services and transform the utility power to
a nominal 750 volts (V) direct current (dc). (Note typical systems in
North America use 750V dc, however there are some 1500V dc
systems. Utilizing a 1500V dc system was evaluated however there
were vertical clearance limitations along the alignment that
restricted the ability to use the 1500V system.) Power will be
distributed to the vehicles from the substations by an overhead
contact system comprised of a contact wire supported by a
combination of messenger wire, hangers, poles and attachments to

structures. The light rail vehicles will collect the power through the use of a pantograph that will
make contact with the contact wire as the vehicle traverses the alignment. The running rails will be
used for the traction power return.

The Purple Line traction power substations convert the 13.2 kilo-volts (kV) alternating current (ac)
electric power supplied by PEPCO into the 750V dc power required by the trains. The TPSS get their
power from the same PEPCO distribution lines that serve the neighborhood.
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The average power output of a modern light rail TPSS is not large in comparison with typical
neighborhood electric power requirements. Many PEPCO pad-mounted transformers that are used
to provide power to neighborhoods and commercial office buildings have an equivalent or higher
average power output than do modern light rail TPSS.

13,200 volt, three-phase power distribution lines

- ) ‘q'.- "-; ¥ "'"'!I ¥
Transformer that “steps down” the three phase 13,200
Volts to the singe phase 120/240 volts used in houses

TPSS are very safe, and are regularly used for light rail projects. TPSS can be found in residential
neighborhoods throughout the US and the world, and no study to date has found safety or health
issues associated with TPSS in a neighborhood, adjacent to a senior living facility, or near schools.
Additionally, modern light rail TPSS have more protective features than a PEPCO pad-mounted
transformer in many respects:

e All the electrical equipment in a TPSS is enclosed within a locked building providing security and
sound absorption

e The power transformer in a TPSS is a “dry type” transformer, unlike the typical utility pad-mount
transformer that uses oil for electrical insulation

e Dry type transformers do not leak, and do not catch fire
o All equipment is enclosed by sturdy, grounded metal compartments
e Electricity cannot “get out” of these compartments
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e Even if someone were able to gain entry into the locked substation building, there are no
exposed electrical parts to be contacted

e There are regular site visits to the TPSS by operations staff

Substations are located along the route as close to the tracks as possible within the constraints of
available real estate, to minimize environmental impacts, and with stakeholder input. Moreover, the
final placement also considers interfaces and underground cable duct routes for the power
distribution supply and return systems, access roadways, security requirements, and adequate
spacing to provide sufficient power to the train.

It is highly desirable that each TPSS be located immediately adjacent to the route and generally
approximately a mile apart along the route. TPSSs that are located at a distance from the alighment
of even a few city blocks can increase the voltage drop to the overhead contact wire and running
rails, increase the energy losses, and decrease the required distance to the adjacent TPSSs on each
side.

While the TPSS can be a constructed building into which equipment is installed, most substations for
new and renovated light rail systems are modular, factory-assembled units that are delivered to the
site complete after integrated testing in a controlled factory environment. They are erected on a
prepared base that incorporates an extensive grounding network below the concrete. These
modular units are more economical than constructed buildings. Depending on the neighborhood
where they are sited, modular TPSS units are sometimes screened by landscaping, ornamental
fencing, or architectural walls.
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3 TPSS Site Selection Methodology

3.1 Traction Power Systems Load Flow Simulation

The location of each TPSS is based primarily on the power demand requirements to meet the
normal and contingency level service for the system and the availability of project right of way.

A traction electrification computer simulation tool is used to perform a load flow analysis to confirm
that an adequate number of TPSSs have been provided, and that they are spaced correctly to
provide sufficient power for the LRT to operate. This computer model simulates proposed LRT
operations along an accurate geometrical and geographical depiction of the planned route. The
model includes not only the horizontal and vertical alignment of the track, but also the achievable
design speed so as to determine the power demand of the LRT system during peak periods.

The simulation exercise is typically an iterative process where the system characteristics are input,
and optimal locations for substations are identified which are then adjusted based on the initial
identification of available real estate and access criteria, the adjusted locations are then evaluated
to verify that the design and operational requirements are met. Locations are then further adjusted
if there is a shortcoming identified in the results of the simulation and then the simulation is rerun
to evaluate the adjusted locations. The proposed Purple Line TPSS sites take into account the
simulation modeling result as well as available right-of-way along the corridor.

Using the traction power systems load flow simulation, the Purple Line project team identified
optimal TPSS locations taking into account the design criteria set forth in MTA’s technical
requirements (Design Criteria Manual). These include maintaining minimum train voltage, maximum
rail voltage, and rectifier load/rating ratios throughout the entire line for all anticipated train service
scenarios; normal operations, contingency conditions, and recovery operations.

The simulation takes into account the regular passenger stops, all traffic signal stops and pedestrian
crossing stops. In practical operation, a train may not necessarily stop at every traffic signal,
depending on the status of the signal and timing. There is a degree of randomness on where each
train might stop when it encounters a traffic signal. By including all traffic signal stops, the model
captures the worst case loads for the traction power system.

The TPSS locations have been further adjusted based on discussions with the counties, property
owners, and surrounding communities, and the load flow simulations have been rerun with the
adjusted locations.

3.2 Design Assumptions and Requirements

The Purple Line would operate seven days a week. The hours of operation would be scheduled to
meet the first and last Metrorail train at each of the four stations where the Preferred Alternative
connects with Metrorail. Operational peak-hour headways would be 6 minutes, and off-peak
headways would be 10 to 12 minutes.
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The design and evaluation are based on the MTA’s design criteria for the Purple Line. The design
peak-hour headways under normal operations assume a minimum headway is 5 minutes for
weekday peak period operations, with train weight at AW3®. The trains are based on two-car trains,
each car being approximately 95 feet in length, and achieving a maximum operational speed of 55
miles per hour.

The traction power system load flow simulation evaluates three modeling scenarios:
e Normal operations: two-car train operation at AW3 load at 5-minute headway
e Contingency conditions: six simulations were run to cover all contingency conditions
0 Start and end of line substations have one rectifier out of order
0 All other substations are taken out of order, in alternating patterns, never two
substations out in a row
e Recovery operations: four sequential maximum length trains operating at maximum allowable
speeds at normal light rail vehicle performance levels
0 Eastbound trains with AW3 weight and 5-minute headway; Westbound trains with AW4
weight and 3-minute headway
0 Eastbound trains with AW4 weight and 3-minute headway; Westbound trains with AW3
weight and 5-minute headway

The simulation model must meet three target requirements under the modeling scenarios described
above: target train voltage, maximum rail voltage, and rectifier load/ rating ratios. The design
requirements for the different modeling scenarios are presented below:

e Under normal operation, at least 90% of all train voltage observations during simulation shall be
above the minimum vehicle voltage for full performance, i.e., 650V.

0 Rectifier load should be within its 100% rating for normal operation.
0 The maximum rail voltage should be equal to or less than 50V.

e Under contingency operation (substation outage for single-rectifier substations; or rectifier unit
outage for two-rectifier substations), train voltages should be at or above 525V.

0 Rectifier load should be within its 150% rating for 2 hours for contingency operation.
0 The maximum rail voltage should be equal to or less than 75V.

e Recovery Service of four sequential maximum length trains operating at maximum allowable
speeds with AW4 loads at normal light rail vehicle performance levels at 3-minute headways at
any location on the mainline with simultaneous service of maximum length trains at 5-minute
headways on the other track. The performance requirements are the same as in contingency
operation listed above.

LAW - Assigned Weight. Car weight designation used for light rail design. AWO consists of empty cars; AW1 of seated
passengers; AW2 consists of average peak-period passengers; AW3 is for a “crush” load, which assumes seated plus
standing passengers; and AW4 is for maximum vehicle structural load.
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The system configuration of the Preferred Alternative conforms to the design criteria and the design
build technical requirements established by MTA for the Purple Line project. The results of the
simulation for all three target requirements under all the modeling scenarios are presented below:

e Train voltage

0 Under normal operation condition, the occurrence of train voltages below 650V is 0.28%
of all train voltage observations during simulation, i.e., 99.72% of all observed train
voltages are above 650V. The minimum train voltage identified is 622V.

0 Under all contingency operation conditions, all train voltages are above 525V. The
minimum train voltage identified is 568V.

0 Under recovery operation conditions, all train voltages are above 525V. The minimum
train voltage identified is 603V.

e Maximum rail voltage

O Rail voltage is less than 50V under normal operation. The maximum rail voltage
identified is 39V.

O Rail voltage is less than 75V under all contingency operation conditions. The maximum
rail voltage identified is 61V.

O Rail voltage is less than 75V under all recovery operation conditions. The maximum rail
voltage identified is 42V.

e Rectifier load/rating ratios

0 All rectifier loads are within 100% continuous rating under normal operation. The
maximum ratio identified is 54%.

0 All rectifier loads are within 150% 2-hour rating under all contingency operation
conditions. The maximum ratio identified is 73%.

0 All rectifier loads are within 150% 2-hour rating under all recovery operation conditions.
The maximum ratio identified is 73%.

3.3 TPSS Site Considerations

The Purple Line substation structures are approximately 15 feet by 52 feet, with the two units at the
end of the line approximately 22 feet by 60 feet. The substations would be sited at easily accessible
locations with approximately 10 feet of space around the sub-station building for access and for an
underground ground grid. A broader clear area (approximately 40 feet by 80 feet) is typically
required around the TPSS, and is often surrounded by fencing and vegetation for added security
and/or aesthetics.

A number of factors are considered in locating TPSSs. These include, but are not limited to,
minimizing impacts to natural environmental resources; avoiding flood zones and parks, minimize
visual effects, and residential and business displacements. The Purple Line project has held various
public and community outreach meetings to gather community and other stakeholder comments, as
well as one-on-one meetings with property owners, and evaluated alternate designs, screening, and
locations to integrate the TPSS in to the local surroundings. .
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3.4 Utilities Coordination

Purple Line substations will be in the PEPCO service territory. PEPCO’s standard primary service
voltages in Maryland are 4.16 kV, 13.2 kV and 33 kV. Meetings were held with PEPCO in order to
standardize the TPSS design and the 13.2 kV voltage level was selected for the TPSS primary service

supply.

PEPCO’s requirements for their primary service connections have been agreed upon and
incorporated into the design, including their engineering guide specifications, metering equipment
standards and other documents required for the design, construction and commissioning of TPSS
primary service.

3.5 Proposed TPSS Locations

The Purple Line’s Preferred Alternative requires substations approximately every mile (see Table 1).
Twenty substations are proposed, including 18 along the transit-way and one each at the
Lyttonsville storage and Glenridge maintenance facilities. Each substation is assumed to have one
2000kW rectifier unit, which is the standardized size for MTA LRT rectifiers. The two end-of-line
substations are equipped with two 2000kW rectifier units each. The table below presents the
proposed TPSS in correlation to the station location, and the distances of each substation in relation
to the start of the Purple Line and the next substation:

10
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Table 1 - List of Traction Power Substations

Location (miles Distance to
Name | from Bethesda next TPSS Description of Location
end of line) (miles)

Qo1 0.40 0.86 MQntgomery Ave, approximately 1,600’ beyond
Wisconsin Ave

Q02 1.96 1.07 Georgetown Branch right-of-way, prior to Connecticut
Ave

Q03 2.33 0.84 Montgomery County Ride On Depot

Qo4 3.17 1.04 Approaching CSX tracks, near Kansas Ave

Q05 4.21 0.91 Intersection of Colesville Rd and CSX tracks

Qo6 5.12 0.95 Wayne Ave, just past Cloverfield Rd

Qo7 6.07 0.79 Arliss St, just past Flower Ave

Q08 6.86 0.88 University Blvd, just past Seek Ln

Q09 7.74 0.83 University Blvd, past 14™ Avenue

Qio0 8.57 0.87 University Blvd, just before 23rd Ave

Qi1 9.44 1.12 Intersection of Campus Dr and Presidential Dr

Q12 10.56 1.03 UMD campus, just past proposed East Campus Station

Qi3 11.59 0.86 UMD prgperty, approximately 820’ past College Park
Metrorail Station

Q14 12.45 0.94 River Rd, approximately 315’ prior to Kenilworth Ave

Q15 13.39 0.82 Intersection of Riverdale Rd and 61st Pl

Q16 14.21 0.99 \R/3terans Pkwy, approximately 750’ beyond Riverdale

Q17 15.21 0.93 Intersection of Veterans Pkwy and Annapolis Rd

Q18 16.14 B Ellin Rd, approximately 340" beyond Emerson PI,

adjacent to WMATA (0.21 miles to the end of the line)

11
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4 Wayne Avenue TPSS Site

4.1 Consideration of Alternative Locations

The locations of the TPSS are interrelated between each other as part of the entire traction power
system. This means that one substation location cannot be significantly moved without adjusting the
adjacent TPSS locations. As part of the planning process, and with stakeholder coordination and
input, alternate TPSS sites were evaluated along Wayne Avenue.

4.1.1 Whole Foods Site

The Whole Foods store site on Wayne Avenue, between Fenton Street and Cedar Street, was
evaluated as an alternate TPSS site. However, this location results in a distance of 1.16 miles (6,150’)
to the next TPSS near Flower Avenue which is too far a distance based on the required power draw
for this segment of the alignment. There are many factors that affect the power draw including the
speed of the vehicles, topography (specifically, the steep hill on Wayne), and the multiple stops and
starts at the traffic lights on Wayne Avenue, and the station at Dale Drive.

4.1.2 Along Dale Drive

Two locations along Dale Drive were evaluated as alternate TPSS locations. The first site,
recommended by MNCPPC staff, is the Ertter’s store site located at the intersection of Dale Drive
and Schuyler Road. The building currently houses two local businesses, the Ertter’s store and the
adjacent drycleaners. The second floor of the building houses four apartments. The remainder of
the property is currently parking spaces for the businesses and residences. There is insufficient
space to locate the TPSS at this location without displacing all of the businesses and residences in
the building.

The second location, which was suggested by community members, is 504 Dale Drive, the second
house from the corner of Wayne Avenue across from the Silver Spring International Middle School.
The house is a 5-bedroom 4-story house built in 2009. This site would require the demolition of the
existing house and the placement of the TPSS immediately between two other homes and behind
several others. While not as open a site as the current location, it is closer to the adjacent homes.

These locations are 1.04 miles (5,500’) from the TPSS by the CSX crossover (the closest TPSS to the
west) and both could work from a technical standpoint; although the Ertter’s site is farther from the
alignment than desirable. The proposed locations would require acquisition and demolition of
existing buildings in use. MTA will not displace businesses and residents unnecessarily when there
are other viable options. MTA was not able to identify any other available sites near Dale Drive with
sufficient space for the TPSS.

4.1.3 At Silver Spring International Middle School (above ground)

The Silver Spring International Middle School will undergo reconstruction of its access and parking
lots; therefore the community suggested alternate TPSS locations within the school property. These

13
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locations included: in the reconstructed parking lot near Dale Drive, at the eastern portion of the
school property to the east of the main building and farther east near the track. There is insufficient
space in the reconstructed parking lot near Dale Drive for the TPSS, unless the number of parking
spaces in the reconstructed school lot was to be significantly reduced. The current design concept
for the school parking facility would provide back the same amount of parking that exists today,
which the Silver Spring International Middle School required of MTA’s design. In addition, with the
anticipated renovation of the Old Blair Auditorium, the Montgomery County Public Schools wants to
retain and/or expand parking on the site, and therefore has expressed opposition to additional use
of their property. The locations towards the east both result in distances of 1.14 to 1.33 miles
(6,000’ to 7,000’) from the previous TPSS at the CSX crossover, which is too great a distance for the
operation of the system.

4.1.4 Residences along Wayne Avenue

Community leaders suggested displacing one or two residences east of the current location,
generally across from the Silver Spring International Middle School running track. They stated that
placing the TPSS in that location would be less of a visual intrusion into the neighborhood and
preferred displacing the homes rather than using the current location. One of the homes suggested
is located at 206 Wayne Avenue. The property consists of a single family home built in 1954, and
was temporarily for sale in 2013-2014.

If a TPSS were placed in this area, it would require the displacement and demolition of two homes.
Moreover, this location results in a distance of approximately 1.33 miles (7,000’) from the previous
TPSS at the CSX crossover which is too great a distance for the operation of the system.

4.1.5 Shifting 3 to 4 of the TPSS Locations along the Corridor

Community leaders have suggested that shifting 3 to 4 of the TPSS locations in the Silver Spring area
could address their issues and result in moving the Wayne Avenue TPSS from the location near
Cloverfield Road and Greenbrier Drive. However, as presented in this report, the locations of the
TPSSs are interrelated and one cannot be significantly moved without affecting others in the system.
In one example, community leaders suggest shifting four TPSSs (Q04 — QO07, Lyttonsville through
Flower Avenue) between 500 — 1400 feet each to the east. They suggested shifting Q04
approximately 1,000 feet from its current location near Kansas Avenue to an area near the
Woodside Station and 16" Street. The distance between Kansas Avenue and Woodside Station area
is over 3000, not 1000 as suggested, and would result in too great a distance (approximately 1.46
miles) between the TPSS at the County Bus depot and the newly suggested location.

4.1.6 Adding an Additional TPSS

Adding an additional TPSS is similar to the question of splitting one TPSS into two smaller TPSSs (See
Section 5.3 below). This would require finding two suitable locations instead of one. It would
present the same challenge of finding a location along developed portions of the alignment and
would add both initial construction and long-term maintenance costs. Therefore, MTA will not be
adding an additional TPSS along the alignment.

14
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4.1.7 Underground on Wayne between Cloverfield Road and Greenbrier Drive

Stakeholder input suggested placing the TPSS underground at the currently proposed location,
between Cloverfield Road and Greenbrier Drive. Initial soil boring taken in 2011 along the alignment
in Wayne Avenue showed the groundwater table at 10’ below the surface. Additional borings taken
to investigate the possibility of burying the TPSS found the groundwater at 11’ below the surface on
Greenbrier Drive. The high water table at this location made this option unacceptable for
underground placement. It would result in long-term maintenance issues and higher construction,
operation and maintenance costs. For these reasons MTA is not building any underground TPSS
along the corridor.

Additional issues associated with an underground TPSS are discussed in Section 5.2. In addition,
relevant soil borings and location maps are provided in the Appendix.

Some residents have cited the Park Substation and Roosevelt Park in Anaheim, CA as the model for
placing a TPSS underground. MTA is aware of the Park Substation and did apply some of the same
approaches in their analysis; however the sites and types of facilities are very different and the
design of one cannot simply be applied to the other. Park Substation is located on a 2.7 acre site
and the substation is actually built approximately 20 feet above the level of the adjacent street. Itis

15
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located in a hilly terrain and the site is terraced with adjacent neighborhoods generally at a higher
level than the street in the front of the site. The size of the site facilitated the ability to cover the
substation and build a park on top of the facility. Access is provided via a large entrance from one of
the roadways along the side of the facility.
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4.1.8 Underground at Silver Spring International Middle School

MTA applied the same principles used at the Park Substation and investigated the feasibility of
placing the TPSS under the parking lot at the Silver Spring International Middle School. The
approximate location is shown on the map below with a red box. It would have been a similar
approach with the substation being built at or above the level of the adjacent street. The substation
would have been covered by the school parking lot rather than a park and the access would have
been built into the retaining wall along Wayne Avenue. Unfortunately there was not enough
vertical clearance/cover to put the TPSS under the parking lot. The elevation of the parking lot is not
high enough to fit the TPSS below, considering the TPSS dimensions and structural depth required to
support the parking lot and roadway. The TPSS could not be depressed because there wasn’t room
for a ramp or grading to provide access to the unit.  Finally, it wasn’t possible to raise the parking
lot elevation due to the grading and connections between the different access roads, school
entrance, Dale Drive entrance, and ADA access.
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4.2 Proposed Location

In Silver Spring, the Purple Line’s Preferred Alternative runs from the Silver Spring Transit Center
along Bonifant Street at grade to a station integrated into the new Silver Spring Library. It continues

16
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at grade on Wayne Avenue, in mixed-use lanes. Just past Manchester Road it enters a 1/4-mile-long
tunnel under Plymouth Street and returns to the surface adjacent to Arliss Street in dedicated lanes,
before turning left onto Piney Branch Road and then right onto University Boulevard.

There are three TPSS locations in the Silver Spring area. From west to east, the first TPSS is located
adjacent to the Purple Line prior to crossing over the CSX corridor, west of the Silver Spring Transit
Center, at Sta. 322+50 (Q05). The next is located along Wayne Avenue, between Cloverfield Road
and Greenbrier Drive, at Sta. 370+50 (Q06). The third location is at Flower Avenue and Arliss Street,
at Sta. 420+50 (QOQ7). These locations are the most preferable locations in terms of distance
between each TPSS and the system’s overall operational performance.

These locations contain available right-of-way, with suitable conditions to accommodate the TPSS
without adverse environmental impacts. Environmental constraints and considerations along this
section include the stream and 100-year floodplain associated with Sligo Creek, Sligo Creek Stream
Valley Park, and various historic sites — M:36-61 (First Baptist Church of Silver Spring), M:36-21
(Montgomery Blair High School), M:32-15/PG:65-25 (Sligo Creek Parkway).

The site along Wayne Avenue between Cloverfield Road and Greenbrier Drive is primarily on
County-owned property in a residential area along Wayne Avenue. The TPSS can be accommodated
on this site without resulting in any residential displacements. The development of specific design
considerations to address the residential setting is outlined below.

4.3 Site-Specific Design

In consideration of the residential setting and in response to community concerns, MTA developed
potential conceptual treatment options for the Wayne Avenue TPSS. Early options included both a
built-in-place unit as well as a “standard” unit. The architectural treatment of the TPSS itself as well
as the site layout and design were reviewed to look for opportunities to best develop a design that
would be in concert with the surrounding community.

The built-in-place unit was developed to have a more “square” shape, rather than the longer
rectangular shape of the standard prefabricated unit. It was thought that this may better fit in with
the houses in the neighborhood. Shown below, this configuration would have encroached further
into the property to the north, would have resulted in the need to relocate their driveway, and
would have reduced the available space to landscape around the TPSS unit.
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j Presented to community July 25, 2013

—

The standard unit was then evaluated to maximize the opportunity to grade and landscape around
the TPSS. The standard unit minimized impacts to the property to the north and avoided impacts to
the driveway. It also allowed for greater opportunities to grade the site and provide landscaping
and additional screening.

et

Presented to community July 25, 2013

A conceptual site layout was developed that “pushed” the TPSS into the hill with a berm built up in
the rear of the site. This would screen the TPSS from the homes to the rear. By adding a hip roof,
architectural fence, and vegetative screening, the view from the rear would be of landscaping and
the roof top. Decorative fencing could provide similar visual screening from the street.

These concepts were presented to community leaders in July 2013. MTA received minimal feedback
on the specific of the site plans, as community leaders were focused on wanting the TPSS moved or
put underground (See discussion of alternative locations in Section 4.1).
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MTA continues to meet with the community on
the design of the TPSS and a broader community
meeting is planned as well. Based on continued
community input and a re-assessment of the site
needs, MTA developed concepts and held two
additional design workshops with the community
leaders. Each successive workshop refined the
concepts based on input from the prior meetings
and ongoing discussions.

Below are several key points from MTA’s March
25, 2014 meeting with civic leaders on the Wayne
Avenue TPSS:

e Minimize the “footprint” of the building, keeping its length, width and height compatible with
the surrounding homes.

e Use materials and massing that are consistent with the neighborhood’s single-family residences,
but do not attempt to mimic a real house with doors, windows, interior lighting etc.

e Minimize the size of the service drive. Keep curb cut widths and finishes consistent with
adjacent properties.

e Incorporate a landscaped seating area fronting on Wayne Avenue.

e Use architectural elements to screen power components and access panels from all four sides.
Do not rely on landscaping to provide screening.

e Provide ample exterior lighting for security using residential-scale fixtures and lighting levels
that are similar to surrounding residences.

e Avoid the use of large padlocks, bars and chains for access control.

e Provide signage that addresses public safety and code requirements, but is not excessively large
or obtrusive.

The three options shown on the following pages were developed to specifically address the key
takeaway points outlined above. In two of the scenarios, MTA was able to eliminate the need for a
pull through driveway on the site which provided more space for a built-in-place TPSS structure
without impacting the driveway of the property to the north. In addition, in all cases, architectural
treatments are applied to all four sides of the structure and there is adequate space for both
landscaping as well as a community open space with shaded seating along Wayne Avenue.

Option A — This option maintains the long rectangular shape of a standard TPSS.

Option B — This option splits the TPSS into two side-by-side buildings.

Option C — This option offsets the two sides of the building.

MTA presented these options (shown on pages 21-23) to the community at a follow-up workshop on

April 17, 2014. There was more interest in Options A and C and while the community leaders called
for MTA to move the TPSS to another location, at the conclusion of this design workshop, several
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community leaders and residents stated that they felt the design had come a long way and had
addressed many of their concerns from an aesthetic perspective. MTA is committed to continuing
to work with the community leaders and overall community to fine tune the design and strive to
reach consensus with the community on a preferred design for the TPSS. If the community reaches
consensus, MTA will include the agreed-upon design in the contract documents for the Purple Line.

Traction Power Substations May 20, 2014
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Option A

PLAN

ELEVATION

AERIAL VIEW LOOKING WEST

TPSS Option A
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Option B
PLAN
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s Do e X

AERIAL VIEW LOOKING WEST
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Option C

PLAN

ELEVATION

AERIAL VIEW LOOKING WEST
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5 Community Questions and Answers

5.1 Is the TPSS noisy?

MTA has established criteria for the allowable TPSS noise level on the system. The specified TPSS
noise level is 60 decibels (dBA) at a distance of 3 feet from the substation. Sixty dBA is equivalent to
conversation in a restaurant or office, background music, or an air conditioning unit at 100 feet. The
“transformer hum” that is typical of a PEPCO pole-mounted or pad-mounted transformer is louder
than what may be heard from a traction power substation. All the electrical equipment in a TPSS is
enclosed within a locked building, which provides both security and sound absorption. TPSS are air-
conditioned and the air conditioning units make a low humming noise similar to residential air
conditioners.

5.2 Can you move the TPSS underground?

There were various stakeholders that suggested underground TPSS sites. In various cases, the
project team considered underground sites, but found them unsuitable. MTA’s study further
concluded that there are serious issues associated with an underground TPSS, such that MTA will
not further pursue placing a TPSS underground due to unsuitable topography, groundwater tables,
or access. Placing electric equipment, such as a TPSS, underground requires higher installation costs
for stronger cooling systems and flood controls. Underground structures are typically vulnerable to
leaks which could potentially damage the equipment. The enhanced ventilation and flood control
equipment would require more space, making the structure even larger. Access stairs from the
surface would further enlarge the structure. The right-of-way above the TPSS must still be acquired,
provided access to, and secured. In addition, underground substations require large equipment
access hatches, personnel egress hatches, and ventilation grates (that may not be visually appealing
and potentially generate more noise at the surface). An underground substation would still require
a surface structure, specifically a structural head house with a hoist capable of lifting out the largest
pieces of equipment if they had to be replaced. Specific sites that were evaluated along Wayne
Avenue are presented in the previous section.

5.3 Can you divide one larger TPSS into two smaller TPSS to reduce impacts?

Due to concerns about the size of the TPSS, it was suggested that two smaller substations could be
used instead of a larger one. Splitting one TPSS into two smaller units does not result in two units
approximately half the size. Because each TPSS requires all the same components, most of which
are not smaller, the smaller units would only be a few feet shorter and the system would face the
same challenge in finding suitable locations.

As an example, the Norfolk Light Rail TPSS are 1 megawatt as compared to the 2 megawatt facilities
proposed for the Purple Line. While they are slightly shorter than the TPSSs proposed for the Purple
Line, they are wider than the Purple Line TPSSs, so the resulting size is actually slightly larger. The
Norfolk TPSSs are approximately 20 feet by 40 feet while the typical Purple Line substation
structures are approximately 15 feet by 52 feet.
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In MTA’s assessment, the option of replacing two smaller TPSS for the currently proposed location
on Wayne Avenue is not practical, as it would require finding two suitable locations instead of one.
It would present the same challenge of finding a location along developed portions of the alighment
and would add both initial construction and long-term maintenance costs.

5.4 Why do some systems have 1MW TPSSs and the Purple Line is proposing 2MW
TPSSs?

As discussed in this report, the TPSSs are designed based on the needs of the system which includes
design criteria and factors such as the vehicle, and the frequency of trains. All of these factors go
into the power needed for the system. In our case it is a proposed 2 megawatt TPSS. It is true that
some other systems may have smaller units. For example, the Norfolk light rail uses 1 megawatt
TPSSs; however it has less frequent trains (operating between 10 to 30 minutes apart), and it
operates with 1-car trains both of which results in lower electric loads.

In terms of a concern that this may be heavy rail in the future, it would not be possible to convert
the street-running Purple Line to heavy rail. Heavy rail technology would require a completely
different alignment and could not operate in local streets. Heavy rail was dismissed very early in the
study process due to the high costs and the extent of impacts. As a point of reference, heavy rail
TPSSs are about 4 megawatts (Long Island Rail Road, Metro North, etc.).

5.5 Are TPSSs dangerous and do they present health impacts?

Traction power substations would not introduce any new or different electricity in the community.
The existing power lines which bring electricity to homes and businesses would provide the power
to the substations. The substations simply convert the levels in the existing lines to a lower level
that would power the light rail. No study to date has found safety or health issues associated with
TPSS in a neighborhood, adjacent to a senior living facility, or near schools.

Additionally, modern light rail TPSSs have more protective features than a PEPCO pad-mounted
transformer in many respects:

e All the electrical equipment in a TPSS is enclosed within a locked building providing security and
sound absorption

e The power transformer in a TPSS is a “dry type” transformer, unlike the typical utility pad-mount
transformer that uses oil for electrical insulation

e Dry type transformers do not leak, and do not catch fire
e All equipment is enclosed by sturdy, grounded metal compartments
e Electricity cannot “get out” of these compartments

e Even if someone were able to gain entry into the locked substation building, there are no
exposed electrical parts to be contacted

e There are regular site visits to the TPSS by operations staff
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TPSS are well-secured enclosures. Even if a door could be pried open, which is highly unlikely, an
intrusion alarm would be sent automatically to the Rail Operations Control Center.

Traction Power Substations May 20, 2014

5.6 Are TPSSs large power plants?

No, TPSSs transform the electrical power from the utility into the 750 volts dc required to power the
light rail vehicles. See Section 2, What are Traction Power Substations (TPSSs)?

5.7 How are the TPSS sites maintained?

MTA requirements on site maintenance will be contractual obligations of the Concessionaire and

include:

e Routine trash removal

e Replacement of burned-out lights

e  Graffiti removal, if needed

e Prevention of ice buildup on public walkways adjacent to site; removal of snow when
accumulation reaches 1 inch

e Maintaining grass between 1 % and 2 % inches height; trim lawn edges when mowing

e Removal of fallen leaves and branches

e Weeding planted areas every three weeks

e Replacement of dead plants within the same planting season, or the following season if not in
season when discovered

e Keeping gutters clear of leaves to prevent clogging

5.8 Why didn’t MTA consider putting the TPSSs under bridge approaches, in buildings,
or allow for future air rights above them?

MTA has looked at opportunities to incorporate TPSSs and other project elements into structures
and continues to work with property owners on site requirements to build over the units in the
future and/or incorporate the TPSSs into buildings. One example is the Central Instrument House
(CIH) in downtown Silver Spring which has been located on the edge of an existing parking garage.

5.9 Why were the locations shown to the public late in the planning process?

MTA has made every effort to provide all information relating to the design of the project and has a
long history of outreach efforts including Open Houses, community meetings, brochures and
newsletters, announcements and the project website. While there has been general discussion of
the need for traction power substations every mile for many years, the identification of specific
locations could not be done until the project entered the preliminary engineering phase and a light
rail operations plan had been developed to an appropriate level. During 2013, MTA held a
Neighborhood Work Group meeting focused on the Wayne Avenue area, five Open House meetings,
and coordinated a special meeting with Silver Spring neighborhood associations. Information on
traction power substations was available at each of those meetings. Additionally, a TPSS brochure
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was produced in August 2012 and has been distributed at public events and posted on the website
since that time.

5.10 Will a TPSS act as a Heat Island?

The traction power substation efficiently transforms the electricity received from the local utility; it
is by no means a power plant, nor is it a heat island. There are no contaminants released by the
equipment into the air. During the summer months, fresh air at a slightly elevated temperature will
be vented from the TPSS air conditioner. Usually, the air conditioning will turn on when the interior
temperature reaches about 80 degrees F. The exhaust air will generally be no more than 5 degrees
higher than ambient. During the winter months, the temperature will not typically be raised enough
to activate the ventilation system. The potential for heat island effect is further reduced in buildings
that utilize treatments such as trees and landscaping, using a "cool" roof sheathing material which
repels solar heat, and concrete paving, which is naturally reflective. All of these will minimize heat
buildup at the site.

5.11 Is this the final analysis of the TPSSs and their locations?
No. During final design, once a specific vehicle has been selected, and the design further developed,

a new simulation and load flow analysis will be performed this will verify and/or modify the power
requirements and proposed TPSS locations.

6 Appendices
6.1 Soil Boring Logs

6.2 Select Soil Boring Locations
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6.1

Select Soil Boring Logs

Boring No. 3-LR-B-11

TESTBORINGLOG /\ e 5t
Purfe GENERAL ENGINEERING CONSULTANT s WO #: 31772-001
e
- Number Reference s
PROJECT: MTA Purple Line for Plan View NORT: 485149.7
LOCATION: EAST: 1306606.2
DRILLING BY: E2CR RIG: CME-75 ELEVATION: 301.4
GROUNDWATER DATA (ft) EQUIPMENT | CASING  SAMPLER | CORE 6/29/2011
Date & Time Water Casing Cave-In  |TyPE HSA SET 61292011
100 SIZE, ID (in) 314 | D. Ryan
HAMMER WT. (ib) | | Autormatic 140 | '
HAMMER FALL (in} a0 M. Patel
- wl = LABORATORY
jm =3 3] TEST
b 4E Zwux 2 T RESULTS
']_: % g w % u)J 2 b ELEV. % DESCRIPTION AND CLASSIFICATION MNOTES: =
o |5 & =5 Q¢ s o8 lo. Si
UDJ W= = WO m=— DEPTH | © ga,, EE 03
5 o (moisture, density, color, proportions, etc.) g3 ;_ =
ET 30T Soft Dig to 10.0°
00
[ s Depth to Groundwater Surface Elevation
from Surface Elevation
(10 s1 [/ 14 & [TECIT | [ Tanbrown, dark brown, moist, medium dense, Sifty fine o
A 1 10.0 1 medium SAND, little Mica (SM) (Residual)
[ VN 3
L S22 N/ 12 4
\/\ 8
15 [Z4N 25
L = = —_— \ =
h ) ™\ ) \J / ™
| S— " U™ Tan-brown, gray, 0|st fine to coar;ée Sl fine to coarse \ \
+ S8 4 4] ) e ] R’\PCK Fmg=meng and SAND (GM) (Decamposed Rock) /q Auger refusal
20 | R1 QY 58 Rap Gfay, Hard, Sigl tely\weathered un aiheked modefatel ‘\J 200
r ww | P00 d to souind, fré\sh "GNE& \
i L NN / ( \\ o )
% o EL276 Bottom of Boring @ 25 ft
SAMPLE IDENTIFICATION DRILLING METHOD BLOWS/FT ~ DENSITY BLOWS/FT ~ CONSISTENCY
-S - SPLIT SPOON HSA - HOLLOW STEM AUGERS 0-4 VERY LOOSE 0-2 VERY SOFT
Bl -ST -SHELBYTUBE SSA - SOLID STEM AUGERS 5-10 LOOSE 34 MEDﬁJoI\I'I:-gTIFF
L1 -RC - ROCK CORE DC - DRIVING CASING s MEDIUMDENSE oL STIFF
== - DS -DENNISON MD - MUD DRILLING 50-80 VERY DENSE 16-30 VERY STIFF
HA - HAND AUGER OVER 80 EXTREMELY DENSE OVER 30 HARD

Boring No. 3-LR-B-11
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TEST BORING LOG

Boring No. 3-TPSS-B-25

Page 1of 1
P GENERAL ENGINEERTNSE. CONSULTANT ] . x
 Purpfe R MTA=, WO#: 31772-001
PROJECT: MTA Purple Line NORTH: 485181.0
LOCATION: EAST: 1306558.0
DRILLING BY: E2CR RIG: CME-75 ELEVATION: 304.1
GROUNDWATER DATA (ft) EQUIPMENT | CASING | SAMPLER| CORE | STARTDATE: 3/18/2013
Date & Time Water Casing Cave-In  |TYPE HSA SPT NG2 END DATE: 3/18/2013
3/18/2013 23 SIZE, ID (in) 31/4 o DRILLER: J.Sies
HAMMER WT. (Ib) 140 Ibs Auto
HAMMER FALL (i) 20 LOGGED BY: M. Patel
— IEILJ < LABORATORY
i = ) TEST
Lojwxl> s | o8 =
T a3y zE|29 | Eev ; NOTES RESULTS
= = . E
£ 2312230« [~ o o, |95
W o= [Z]90 m< | DEPTH | O : 35|52
g 4 (moisture, density, color, proportions, etc.) 5 é_
EL Dark brown, moist, Sandy SILT, trace Clay, trace organics and
r 80041 roots (ML)
r G1 [
[ EL Orange brown, moist, micaceous, SILT, trace Clay, trace
- 301.1 :
G2 organics (ML)
3.0
—5
L 63—
:2 EL Mottled brown, yellow, light gray, moist, medium dense to very
F 15 5%5-1 dense, Silty SAND (SM) (Residual)
—10 20 .
S2 N 18| 18 EL Mottled brown, yellow, gray, moist, very dense to extremely
|15 AN 3 %g%.s dense Silty SAND (SM) (Decomposed Rock)
s3 7 10| 22
50/4"
—20 >
LV
L s4 /5 50/5"
N
—25 Auger refusal at
r EC Bottom of Boring @ 26.0 t 61t
2781
SAMPLE IDENTIFICATION DRILLING METHOD BLOWS/FT DENSITY BLOWS/FT  CONSISTENCY
-S - SPLIT SPOON HSA - HOLLOW STEM AUGERS 0-4 VERY LOOSE 0-2 VERY SOFT
B -ST -SHELBY TUBE SSA - SOLID STEM AUGERS 5-10 LOOSE 34 SOFT
I B -RC - ROCK CORE DC - DRIVING CASING = MEDIUM DENSE oL MEDIUM STIFF
=== -DS -DENNISON MD - MUD DRILLING 50-80 VERY DENSE 16-30 VERY STIFF
HA - HAND AUGER OVER 80 EXTREMELY DENSE OVER 30 HARD

Boring No. 3-TPSS-B-25
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TEST BORING LOG Boring No. 3'TPSP§;E'§?

Purpfe  GENERAL ENGINEERING CONSULTANT MTA=, WO#: 31772-001
NORTH: 485213.0

PROJECT: MTA Purple Line

LOCATION: EAST: 1306654.0
DRILLING BY: E2CR RIG: CME-75 ELEVATION: 302.7
GROUNDWATER DATA (ft) EQUIPMENT | CASING | SAMPLER| CORE | START DATE: 3/4/2013
Date & Time Water Casing Cave-in  |TYPE HSA SPT NG2 END DATE: 3/4/2013
3/4/2013 11.5 SIZE, ID (in) 314 o DRILLER: J.Sies
HAMMER WT. (Ib) Automatic 140 T
HAMMER FALL (ir) 30 LOGGED BY: D. Wang
~ W= LABORATORY
= Nl o TEST
LojwE >l 97 =
T a3y zE|29 | Eev ; NOTES RESULTS
F 2312 25/8% o g 5228
W |6z 290 |aS | DEPTH | O 2 |35 |22
% % (moisture, density, color, proportions, etc.) 53 é‘
gOLZ SR ~] Red, brown, Silty SAND, trace Gravel, trace mica (SM) Soft dig 0 8.0-
00 B
r G1 [
[ G-2
—5
L 3
T RS
s1 |\ / 10 g EL Mottled brown, yellow, and dark brown, moist, Sandy SILT,
F X 0 5904-7 trace mica (ML) (Residual)
—10 - 13 :
[ &
D = 50/4"
25_1 go 60% EL GNEISS, gray, stained brown on fractures, medium to coarse q—\;%er refusal at
—15 %gség ol grained, slightly to moderately fractured, very close to close -
L ) // /| fracture spacing, moderately weathered, strong, swirled foliation
EL <« GNEISS, gray, stained brown on fractures, medium to coarse
r %2598 \ grained, sound, slightly weathered, strong, swirled foliation
o ELC =~ - Borehole grouted
283.9 Bottom of Boring @ 18.8 ft Upon completion.
SAMPLE IDENTIFICATION DRILLING METHOD BLOWS/FT DENSITY BLOWS/FT  CONSISTENCY
-S -SPLIT SPOON HSA - HOLLOW STEM AUGERS 0-4 VERY LOOSE 0-2 VERY SOFT
Il -ST -SHELBY TUBE SSA- SOLID STEM AUGERS 5-10 LOOSE 34 SOFT
I B -RC - ROCK CORE DC - DRIVING CASING ;] :% MEDg’é\:‘ngNSE 9-?'185 MED'SUT'\I"FET'FF
== -DS -DENNISON MD - MUD DRILLING 50-80 VERY DENSE 16-30 VERY STIFF
HA - HAND AUGER OVER 80 EXTREMELY DENSE OVER 30 HARD

Boring No. 3-TPSS-B-26
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6.2 Select Soil Boring Log Location

Wayne Avenue at Cloverfield Road
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