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Executive Summary
Sam Schwartz Engineering (SSE) was retained by the Town of Chevy Chase to examine the
segment of proposed alignments by the Maryland Transit Administration (MTA) for the Purple
Line between Silver Spring and Bethesda. MTA’s proposed alignments include Bus Rapid
Transit (BRT) along either Jones Bridge Road (JBR) or the Capital Crescent Trail (CCT) and
Light Rail Transit (LRT) line along the Capital Crescent Trail. SSE’s examination focuses on the
key issues of the transportation and economic effectiveness and viability of MTA’s proposed
Purple Line alignments, and the impacts of the Purple Line on the Capital Crescent Trail and
surrounding areas.
We offer the following comments:
1. The low-cost BRT option presented by the MTA for Jones Bridge Road lacks many
generally accepted features of BRT – BRT, as defined by transportation planning
experts and as generally implemented, includes traffic signal priority treatments,
dedicated right-of-way (ROW) and/or designated lanes, none of which is included in the
JBR alignment alternative. We strongly recommend that a “true” BRT option be
considered. Elements that should be included are:
• Use of the dedicated, elevated transitway through downtown Silver Spring as
conceived for all other options.
• Signal priority treatments at Jones Mill Road and other intersections.
• Priority lane assignments between Jones Mill Road and Downtown Bethesda (there
are a number of designs – some of which do not require any roadway widening).
• A more conveniently-located station at the Medical Center where ROW appears to
be available.
• An additional station in North Woodmont, to serve already-approved high-density
development.
2. Existing and future population and employment are higher along the JBR
alternative than along the CCT. With JBR, more people and jobs will have direct
access to the Purple Line. This will make the Purple Line more effective and more
attractive to potential riders.
• As compared to the CCT alignment, the JBR alignment would currently serve more
people and jobs because, in addition to serving downtown Bethesda, it would run
directly to the Medical Center and north Woodmont areas without the need to
transfer. Additionally, projections to 2030 for employment and population show even
more growth along the JBR alignment than along the CCT alignment, as shown in
Figure 1, below. Furthermore, nearly a half million additional visitors annually are
projected for the Medical Center after the relocation of Walter Reed.
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Figure 1: More jobs and residents abut the JBR corridor than the CCT Corridor. Projections to 2030
show the disparity will grow. Source: Metropolitan Washington Council of Governments (MWCOG) Round
7.1 Cooperative Forecasting

•

•

The MTA recently released a report on the impact of the Military Base Realignment
and Closure (BRAC) on Purple Line ridership. SSE disagrees with MTA’s methods of
estimating ridership; the MTA concluded that the CCT alignment would better serve
more riders than would the JBR alignment. To calculate jobs and people served by
the CCT and JBR alignments, the MTA begins by assuming that the Purple Line can
serve only the Medical Center area (via JBR) or downtown Bethesda (via the CCT).
The Bethesda Central Business District (CBD) is, in fact, expected to have more jobs
and people in 2030 than the Medical Center area, but the JBR alignment will serve
both of these areas, in addition to the growing north Woodmont area.
Transportation Analysis Zones (TAZ), comprised of census blocks or census tracks,
are standard units of measurement in transportation and regional planning. Using
TAZs provided by Metropolitan Washington Council of Governments (MWCOG),
MTA simply totaled the jobs and people in the Bethesda CBD and Medical Center
area without regard for walking distance to stations. The Transportation Research
Board’s (TRB) Transit Capacity and Quality of Service Manual, which contains the
standards typically used for transportation planning, defines walking distance to
transit stations as one-half mile. By totaling the TAZs within walking distance of each
station, the JBR alignment definitively serves more people and jobs than the CCT
alignment. Additionally, the JBR alignment could include an additional stop to
effectively serve this growing area (shown in Figure 3 below). The two maps below
demonstrate how SSE arrived at the conclusion that the JBR alignment serves more
people and jobs.
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Figures 2 and 3: Jobs and population within walking distance using TRB standards for the CCT and JBR
alignments. Source: Metropolitan Washington Council of Governments (MWCOG) Round 7.1 Cooperative
Forecasting

•

Based on the above analysis, SSE concludes that MTA projections overestimate
ridership on the CCT alignment and underestimate ridership on the JBR alignment. MTA
is not taking into account the industry standards for walking distance when calculating
jobs and people that are served by the two alignments and is treating the Medical Center
area and Downtown Bethesda as mutually exclusive destinations. Rather, the JBR
alignment serves both of these population and job centers, for a total of roughly 8,200
more jobs and 40,000 additional residents who will be served by the JBR alignment as
compared to the CCT alignment.

3. With a “true” BRT on JBR, overall travel times for a large segment of travelers will
be lower than for any of the CCT alternatives, and the construction cost may be up
to 70% lower– The large employee and visitor population that has the Medical Center
as an origin or destination will have a shorter, more direct, “one-seat” ride than with any
of the CCT options that bypass the Medical Center.
4. Customers will pay a lower fare to reach the Medical Center and National
Institutes of Health (NIH) via the JBR BRT than with any of the CCT alternatives–
The CCT alignment requires a transfer to the Red Line and payment of additional fare.
With the JBR alternative, no additional fare or transfer is required to access the Medical
Center or downtown Bethesda. MTA has not taken this into account in their discussion of
Medical Center-bound passengers transferring to the Metro Red Line to complete their
journey. This factor also contributes to likely over-counting of CCT ridership.
5. JBR traffic can be reduced and Purple Line ridership increased with a true JBR
BRT– Through its combination of low fares and direct, faster service, the JBR alternative
is the only one that will attract substantial transit ridership to and from the Medical
Center area, among both existing and BRAC-relocated employees. The inconvenience
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of the CCT alternatives will perpetuate the use of automobiles to access the Medical
Center. Under the Purple Line CCT scenario, peak hour traffic volumes on Jones Bridge
Road are projected to increase up to 15% by 2011.
6. Overall air pollution may be lower for BRT alternatives than LRT– When taking into
account the emissions from coal-fired power plants that generate the electricity for a
potential LRT line, BRT may be a cleaner mode of transit. While this depends on a
number of factors, it is clear that both BRT and LRT are much cleaner than they were a
generation ago. Either way, Purple Line riders will get a clean mode of transit.
7. Federal funds could be jeopardized for failure to consider a reasonable
alternative– FTA’s review of the Alternatives Analysis as currently structured may
determine that the JBR alternative was not constituted to truly optimize its performance,
as required. In that event, a Purple Line funding application could be rejected or returned
for revision. Our examination of the federal rules for setting priorities for funding
indicates that the JBR alignment, if modified to include true BRT features, may receive a
higher—if not the highest—score for cost effectiveness, based on higher ridership
potential, still-lowest capital costs, and lower annual operations/maintenance costs.
8. The cost for the High-Investment LRT option (using the CCT) is about $1.8 billion.
The cost for an enhanced (but still lowest-investment) BRT using JBR may be in
the range of $500 million to $550 million – The public may get a far greater “bang for
the buck” with BRT on JBR, or almost as much bang for far fewer bucks. This is exactly
what the federal funding formula values, and could result in a much higher rating. In the
competition for funding with 49 other states, a higher score may determine whether or
not the Purple Line gets the funding approval necessary to get it built.
9. The State of Maryland and local governments must contribute at least 50% of the
capital cost of the Purple Line. That share will be $600 million more for HighInvestment LRT versus JBR BRT, and then up to $12 million more in operating
costs each year that it is in service. Where will that money come from? – The
minimum local share for LRT capital costs would be about $900 million, while for the
JBR BRT alternative, it would be under $300 million. The ongoing maintenance costs for
LRT would be $23-26 million annually, while for the BRT they would be $14-17 million,
by MTA February 2008 estimates. The Maryland Department of Legislative Services
notes that the Purple Line is one of four transit projects competing for funds that may not
be sufficient for one. High-Investment LRT would make the Purple Line the most
expensive of the four; JBR BRT would make it the least expensive, encouraging the
selection of the Purple Line for State funding.
10. The trail and bike path will be forced onto the street for over 1/3 mile with the CCT
alignments – Potentially 10,000-20,000 weekly pedestrian and bicycle users of the CCT
will be permanently removed from the CCT and re-routed for one-third mile on narrow
streets and busy intersections in downtown Bethesda if any of the five CCT alternatives
are selected. Unlike the typical 100’-width of the Georgetown Branch right-of-way
(ROW), the ROW in Chevy Chase narrows to 66 feet for most of its length and then to
32 feet from Pearl Street to and under the Air Rights Building (ARB). This ROW is too
narrow to accommodate walkers, bikers, joggers, the stream, and two tracks of LRT.
Under MTA’s plans, LRT will stay on the trail; everyone else will not. MTA’s plans
(shown in Figure 4, below) detail a long, twisting detour on narrow streets and crossing
busy intersections. This route will be less safe and will permanently split the CCT in two.
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It is unlikely that most trail users will continue their journey over the pedestrian-unfriendly
detour that MTA has proposed.

Figure 4: MTA-recommended on-street detour for Capital Crescent Trail through Bethesda

We do not believe that MTA’s high-investment-only option to squeeze in the trail by
hanging it from the ceiling of the ARB and excavating and depressing one of the tracks,
as shown in Figure 5, would ever get built or used. In addition to being costly to build,
there would be security and customer acceptance concerns for a 10’-high, approximately
1,750-foot long confined tunnel, along with local costs for policing, cleaning, and lighting,
in addition to routine maintenance. East of the tunnel, it is questionable whether the trail,
which narrows to 10 feet with fences on both sides can be made ADA accessible without
cumbersome, costly, and visually-intrusive ramps.

Figure 5: Squeezing the trail under the Air Rights Building is expensive
and complex. It is questionable if it can be engineered and made safe.

11. The Woodmont East Plaza in downtown Bethesda would be bisected by a 400-foot
by 30-foot train storage area – MTA has indicated to SSE that two tail tracks will be
needed on the site. These “tail tracks,” each able to accommodate two 180-foot trains,
will be built on the bed of the plaza, creating a physical barrier. This plan would conflict
with another vision for the plaza, currently approved by the Montgomery County
Planning Board, which would transform the area into a green space surrounded by
patios, courtyards, and sidewalk cafes, as shown in Figure 6 (below).
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Figure 6: The vision of a tranquil and elegant Woodmont East Plaza would be lost to “tail tracks”
and vehicle storage from the CCT LRT alternatives.

Conclusion
The JBR alternative offers some unique opportunities for the Purple Line to serve large transit
markets, address BRAC, and lower both capital and annual operating costs. Based on interim
reports issued to date, the way that the JBR alternative has been framed does not reflect true
BRT; the result is a slow option that fails to meet its potential. At the same time, cost and
service measures are not being accurately applied to all of the alternatives. The selection of a
Preferred Alternative should be guided by an Alternatives Analysis that considers each option
equally to its fullest potential and measures the results based on industry standards. Without
such analysis, the selection of a preferred option may be flawed and the project’s approval and
funding may be jeopardized at a later stage.
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Introduction
Sam Schwartz Engineering (SSE) was retained by the Town of Chevy Chase to examine the
alternatives put forth by the Maryland Transit Administration (MTA) for the alignment of the
proposed Purple Line between Silver Spring and Bethesda. SSE has conducted an analysis of
critical issues in the work done by the MTA to date, and has performed independent
assessments. The focus is on two key areas:
1. An independent assessment of the effectiveness and viability of the Purple Line
alignment alternatives; and
2. The impacts of the Purple Line on the Capital Crescent Trail.
The Alternatives Analysis and Draft Environmental Impact Statement (AA/DEIS) for the Purple
Line is due to be released in September of 2008 and contains eight alternatives: a No-Build
alternative, a Transportation Demand Management (TDM) alternative, a Low-Investment Bus
Rapid Transit (BRT) alternative using the JBR alignment, and five alternatives using the CCT
alignment that include Medium- and High-Investment BRT and Low-, Medium-, and HighInvestment Light Rail Transit (LRT). Other alignments have been eliminated by the MTA for the
purpose of restricting the study to a manageable number of alternatives that are likely to meet
cost-effectiveness objectives.
As mentioned above, BRT is being studied for both alignments but LRT is being studied only for
the CCT alignment. Therefore, if BRT could not provide the same economic development and
ridership benefits as LRT, the JBR alignment would be at an initial disadvantage. SSE has
provided an analysis and discussion of BRT which resolves this issue. BRT is recognized
throughout the industry to provide similar economic development potential and to draw
comparable ridership to rail-based transit, if implemented correctly. This puts the two modes of
transit on equal footing entering into the analysis.
After analyzing the two alignments based on ridership potential, travel time, passenger fares,
Federal Transit Administration (FTA) New Starts funding requirements, alignment design,
safety, and other environmental impacts, SSE finds that the JBR BRT alternative expands the
usefulness of the Purple Line by directly serving more jobs and residents today, and by directly
serving the areas projected for the most growth by 2030. It does this at the lowest cost of the six
“build” alternatives and has few impacts on Jones Bridge Road. For these reasons, SSE
expects that it may garner the highest eligibility rating for receiving FTA New Starts funding. It
would also require the smallest “local share” financial contribution, and may be most likely to be
funded and constructed in an environment of limited capital funding availability. This alternative
would not require the use of the Capital Crescent Trail between Woodmont Avenue and Jones
Mill Road, and thus, would render moot any issues regarding loss or degradation of this
segment of the Capital Crescent Trail for pedestrians and cyclists.

Modes of Transit
Both Bus Rapid Transit (BRT) and Light Rail Transit (LRT) alternatives are being studied for the
CCT alignment while only one BRT alternative is being studied for the JBR alignment. Thus, if a
JBR alignment is to be considered seriously, it is important to paint a clear picture of the relative
merits of each mode.
Light Rail
Light rail systems have been gaining in popularity around the globe since Canada and San
Diego, California began implementing them in the 1970’s and 80’s (Light Rail Association,
1998). Light rail differs from conventional urban rail transit systems in that it utilizes lower speed,
lower capacity trains usually running at-grade on a private right of way (ROW). Systems are
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usually powered by overhead electric lines, which eliminate the hazards of having an electrified
third rail. Light rail is considered a flexible mode of transport, implementable in a wide range of
built environments, and fitting a niche between buses and heavy metro railways. It is initially
more expensive to construct than other modes of mass transit,
but can be cheaper to operate depending on a variety of factors
(The Regional Economist, 2004).
Many American cities have discovered how a light rail system
can provide an economic boost to their central business district
by providing a quick, easy, and clean method of transportation
(Light Rail Now–Light Rail Progress, 2006).
Figure 1: Light Rail Train Car

Bus Rapid Transit
Controversy over the effectiveness of BRT versus LRT stems from the diverse array of
definitions for BRT. The following list details elements of a well-designed BRT system that can
improve travel speeds, encourage development opportunities, and attract new riders (TCRP,
2007).
•

Road Infrastructure meant to increase the speed and reliability of bus service, such as
bus bulbs, bus turnouts, and bus boarding islands.

•

Transit Signal Priority for buses can decrease bus delay at traffic intersections.

•

High-Frequency All Day Service to attract and retain riders and quality buses with
increased capacity such as articulated buses.

•

Low-Emission Buses reduce pollution and improve air quality.

•

Branding of the BRT service is essential to distinguishing the improved service from
regular bus service. Branding elements include a marketing name; specially designed
buses, stations, and signage; and automatic ticket vending machines.

•

Off-vehicle fare collection at BRT stations, much like the system in place in subway
systems, can also enhance the branding and functioning of a BRT system. If fares are
collected in the station and platforms become fare-paid zones, then riders can board
from all doors of the bus and improve boarding times and schedule reliability.

•

A dedicated right-of-way meant only for buses and designed to discourage
impediments from other types of traffic, such as private vehicles, taxis, and delivery
vans. This may be accomplished by installing physical barriers such as a curb or
bollards, painting the lane a special color, double-striping, or implementing regulations
with effective enforcement mechanisms.

Figure 2: Branded BRT buses can be more attractive than standard local buses
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The Effect of Bus Rapid Transit on Development
If BRT does not have the same economic development benefits as LRT, then LRT may be
worth the additional cost to the surrounding community. However, the economic development
benefits of BRT have been shown to be similar to those of rail-based rapid transit. If a dedicated
ROW is provided along much of the line with frequent service, attractive stations, off-vehicle fare
collection, and new accessible buses, then BRT can achieve the same perception of
permanence that encourages development around LRT lines (TCRP, 2007).
While the concept of BRT is still new in North America, the successful implementation of BRT in
the following cities demonstrates its potential to stimulate economic development. Pittsburgh,
Boston, and Ottawa are three cities where BRT is luring new investment along its routes (TCRP,
2007):
•

The Pittsburgh East Busway, built in 1983, runs for 9.1 miles through suburban and
downtown Pittsburgh. Between 1983 and 1996, approximately $300 million had been
spent on developing the areas along the bus route, and 59 new developments were built
within 1,500 feet of the stations. Since 1996, an additional $200 million has been
invested, and ridership has reached 30,000 riders per day. The Busway has been
credited with invigorating an economically stagnant area, drawing investment in
buildings available for reuse/redevelopment, and facilitating a boom in the medical
sector.

•

The Boston Silver Line BRT, which opened in 2002, runs 2 miles through the inner city
and has a ridership of approximately 15,000 per day. The project also included an
ambitious streetscape improvement component, as shown in Figure 3. As a result, there
has been $650 million in new development along the route, which includes new retail,
housing, office, and health institutions.

•

The Ottawa Transitway consists of 18 miles of exclusive roadway for buses and 12
miles of exclusive bus shoulder lanes on highways. It opened in 1983, and has created
$675 million in new construction at bus stations, with over 200,000 daily riders.

These examples as well as further examples from around the world show that BRT can, in fact,
achieve similar economic development results as LRT. Thus, economic development does not
need to be a deciding factor when weighing the merits of the two modes of transit. Regardless
of the mode, rapid, frequent, and attractive transit has great potential to induce economic
development along the transit corridor.

Jones Bridge Road Alignment
Two alignments are being studied for the section of Purple Line west of Jones Mill Road, as
shown in Figure 3. One of these alignments, the CCT alignment, continues along the Capital
Crescent Trail to terminate in Downtown Bethesda. The other alignment, the JBR alignment,
leaves the Capital Crescent Trail west of Jones Mill Road and travels along Jones Bridge Road,
stopping at Connecticut Avenue and the Medical Center, before turning left onto Wisconsin
Avenue and then Woodmont Avenue and terminating in Downtown Bethesda. The MTA has
provided travel time, ridership, and cost projections for each alignment; however, based on an
analysis of the materials provided, it seems that the MTA’s travel time and ridership projections
for the JBR alignment are somewhat deficient. SSE has thus carried out additional analysis,
beyond that studied by the MTA, for this particular alignment and has presented this below.
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Figure 3: The JBR and the CCT alignments.

Ridership Projections
On December 12, 2007, the Metropolitan Washington Council of Governments (MWCOG)
released an updated forecast on growth trends in the Washington DC Metropolitan region
(Round 7.1). These updated projections include employment and population growth estimates
that will result from the Military Base Realignment and Closure (BRAC) plan and specifically
include the 2,500 new jobs that are expected to be added to the site of the current National
Naval Medical Center (NNMC) (MWGOC, 2007). The facility will be renamed the Walter Reed
National Military Medical Center (WRNMMC). Projections of access to and from this facility have
not yet been incorporated into the MTA ridership calculations, though MTA does intend to
incorporate this data into the AA/DEIS to be released in September of 2008 (MTA, 2008b).
These updated projections divide the metropolitan area into discreet Traffic Analysis Zones
(TAZ) – a grouping of census blocks or census tracts – and provide employment and population
data for each. By aggregating the TAZs through which each alignment passes, SSE was able to
estimate the household and employment numbers surrounding each alignment west of
Connecticut Avenue. Based on this analysis, SSE has determined that the JBR alignment
currently serves more people and jobs, and is also expected to experience more growth by
2030, than the CCT alignment. In fact, the JBR alignment currently serves more than twice as
many jobs as the CCT alignment and employment in this area is expected to grow 19% by
2030, compared with 16% job growth along the CCT alignment. The JBR alignment also
currently serves more residents than the CCT alignment and is expected to grow by 87%,
compared with 61% growth on the trail alignment, as shown in Figure 4 (MWCOG, 2007).

Sam Schwartz Engineering
New York
611 Broadway, Suite 415, New York, NY10012
T212.598.9010 F212.598.9148

New Jersey
24 Commerce Street, Suite 1425, Newark, NJ 07102
T 973.639.9629 F 973.639.9191

Page 14 of 63

Figure 4: Growth in households and employment along the
JBR and CCT alignments

This analysis conflicts with the MTA analysis in a recently released document titled “An
Assessment of the Base Realignment and Closure Activities on AA/DEIS Travel Assumptions
for the Purple Line.” Here, the MTA reviewed the most recent MWCOG TAZ population and
employment forecasts. They then totaled the jobs and residents projected for the years 2005
and 2030 for the three TAZs that comprise the Bethesda CBD and the two TAZs that comprise
the Medical Center area. By this measure, in the year 2030, downtown Bethesda will be home
to 22,935 people and 40,841 jobs. The National Naval Medical Center (NNMC) and National
Institutes of Health (NIH) area (“Medical Center area”) will be home to 2,311 people and 32,722
jobs, as shown in Figure 5 (MTA, 2008b). By incorrectly assuming that the Purple Line could
only effectively serve one of these two destinations, MTA portrayed the CCT alignment as the
preferred alternative. In fact, the JBR alternative effectively serves both of these major
population and employment centers with a one-seat ride.

Figure 5: Population and Employment Chart from MTA BRAC Assessment

There is an additional deficiency in the MTA analysis. The MTA analysis also assumes that the
entire Bethesda area will be effectively served by the CCT alignment. This is not the case.
Rather, the Transportation Research Board’s (TRB) Transit Capacity and Quality of Service
Manual, which contains the standards typically used for transit planning, defines walking
distance to transit stations as one-half mile (TRB, 2004), putting the north Woodmont area
(shown in Figures 6 and 7) outside of the service area of the CCT alignment. SSE is proposing
a North Woodmont Station on the JBR alignment to more effectively serve this area, though
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even without the additional stop, the entire north Woodmont area is within one-half mile of a
JBR BRT station. This is discussed in more detail in the section titled “Woodmont Avenue Urban
Corridor” below.
SSE used the same MWCOG population and employment forecast data to arrive at a more
accurate estimation of the number of people and jobs served by the JBR and CCT alignments.
Using the standard measure for walking distance to a BRT or rail transit station (one-half mile),
SSE determined that the JBR alignment will effectively serve five TAZs. The CCT alignment, on
the other hand, will effectively serve three TAZs (MWCOG, 2007). By this measure, the JBR
alignment unequivocally serves the most people and jobs, as shown in Figures 6 and 7—with or
without the proposed North Woodmont Station (Department of the Navy, 2007).

Figure 6: SSE Capital Crescent Trail Analysis
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Figure 7: SSE Jones Bridge Road Analysis

SSE then aggregated the employment and population data for the TAZs served by each
proposed alignment. The JBR alignment will serve 8,300 more people and 40,000 more jobs in
the year 2030 than the CCT alignment. The chart in Figure 4 (above) also shows that by the
year 2030 this margin will grow. This is due to the fact that the JBR alignment serves the
Medical Center area, the Woodmont Triangle, and downtown Bethesda, while the CCT
alignment serves only downtown Bethesda.
The above analysis indicates that MTA is likely overestimating ridership on the CCT alignment
and underestimating ridership on the JBR alignment. The MTA projects higher ridership on all of
the CCT alignment alternatives than on the JBR alignment, likely due, in part, to their shorter
travel time projections. However, as discussed below in the section entitled, “Travel Times and
their Effect on Ridership Projections,” overall travel time differences are not likely to be as
dramatic as projected by the MTA. Based on analysis of the new MWCOG TAZ projections,
SSE believes that the JBR alignment has the potential to attract at least as many riders as the
CCT alignment. Despite the fact that the JBR alignment will have slightly longer travel times
than the trail alignment, population and employment projections demonstrate that Jones Bridge
Road is the alignment that will serve more riders.
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The Effect of BRAC on Purple Line Ridership
The National Institutes of Health (NIH) and the National Naval Medical Center (NNMC), located
north of Downtown Bethesda, comprise a large center of employment. The NIH currently
employs almost 14,000 people and the NNMC accommodates 8,000 employees. The NNMC
also receives approximately 435,000 visitors annually. These figures include the Uniformed
Services University of the Health Sciences (USUHS), located on the NNMC campus
(Department of the Navy, 2007).
In 2011, the US Navy is scheduled to complete a Base Realignment and Closure (BRAC), a
mandated relocation of certain medical functions from the Walter Reed Army Medical Center
(WRAMC) in Washington, DC to the NNMC. According the BRAC Draft Environmental Impact
Statement (DEIS), released in December of 2007, this relocation will result in an additional
2,200 employees to be accommodated at the NNMC campus by 2011. In total, the DEIS
projects an estimated 484,000 annual patients, visitors, and employees to the new, expanded
campus, an average of 1,862 weekday visitors (Department of the Navy, 2007).
The relocation of employees and hundreds of thousands of annual patients, their families, and
visitors to the facility will pose serious traffic management challenges to the State, County, and
surrounding communities. The MTA released an assessment of the BRAC DEIS (titled “An
Assessment of the Base Realignment and Closure Activities on AA/DEIS Travel Assumptions
for the Purple Line”) which stated a preference for light rail along the Capital Crescent Trail,
suggesting that people attempting to access the Medical Center area from along the Purple Line
should take the Purple Line to Bethesda Station, transfer to the Metro Red Line at Bethesda,
and travel for one stop to the Medical Center Station (MTA, 2008b). If only a small number of
people were expected to access the medical center area, this transfer to the Red Line would
cause minimal inconvenience to the overall Purple Line-riding public. However, there are
serious discrepancies, omissions, and shortcomings of the MTA’s assessment which may
indicate an underestimation of the population likely to use the Purple Line to reach the Medical
Center area.
The MTA made a rough approximation of the number of new Purple Line riders that the BRAC
action would induce. According to the BRAC DEIS, the action would add approximately 2,200
new employees to the 8,000 people already employed at the existing NMMC facility. For traffic
purposes, the DEIS actually assumes an additional 2,500 new employees to be conservative.
MTA, however, assumes less conservatively that the action will add the predicted 2,200. Thus,
they begin their analysis on a different footing from the BRAC DEIS. Approximately 1,750 of the
2,200 employees are expected to be transfers from the existing Walter Reed Army Medical
Center (WRAMC) and 450 will be new employees (MTA, 2008b).
MTA used location-based analysis to conclude that approximately 650 of the 6,000 employees
of the current WRAMC live within the Purple Line service area. Because the Purple Line service
area is not defined, however, SSE is not able to provide any comment on this part of the MTA
analysis. MTA then approximated that because roughly one-third of total current WRAMC
employees will be transferred (i.e., 1,750 out of 6,000 current employees), one-third of the 650
WRAMC employees that live within the Purple Line service area will be transferred to the new
facility, resulting in 200 potential Purple Line riders to the new facility. Because roughly 24% of
NNMC employees currently receive Metrochecks (Department of the Navy, 2007), MTA
assumed that 30% of the 200 potential Purple Line riders will actually use transit for their
commute. This translates to approximately 60 current Walter Reed employees who would use
transit to commute to the Medical Center area once transferred and only some portion of these
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people would potentially use the Purple Line for travel to the WRNMMC during the peak hour
(MTA, 2008b).
There is an inconsistency in MTA calculations on this last point, because the analysis started by
determining the number of employees that live within the Purple Line service area. To conclude
that only some portion of these transit riders would use the Purple Line (i.e., others would use
other forms of transit) is contradictory. Nonetheless, MTA concludes that the BRAC action
would not result in a significant number of Purple Line riders to the new WRNMMC facility and
that these people could be accommodated by transferring from the CCT alignment in Bethesda
to the northbound Metro Red Line.
SSE finds this analysis lacking for the following reasons:
• Neither the 450 new employees at WRNMMC nor the expected 1,862 additional daily
visitors to the facility are accounted for in the MTA analysis.
• Since the MTA has estimated Purple Line ridership on a daily basis up to this point,
rather than on an hourly basis, the final hourly estimate provided in their BRAC
assessment should be doubled, at the very least, to account for full round-trip journeys.
Off-peak trips should also be added to this total. MTA should provide all ridership
estimates in daily numbers to be consistent with their previous ridership estimates.
• The MTA document does not define the Purple Line service area or even specify which
alignment (Jones Bridge Road or Capital Crescent Trail) the service area is referencing.
• The analysis focuses on only the number of people who currently live in the Purple Line
service area. However, the Purple Line is being built to accommodate long-term transit
needs. Over time, many people make choices about where they live based on where
they work. In particular, many WRAMC employees are military personnel who are
transferred every 2-3 years. Thus, there are many employees who will frequently be
making residential choices. For these reasons, a higher percentage of employees at the
expanded facility in Bethesda could be expected to live within the Purple Line service
area over the course of time, especially if the Purple Line provides direct service to the
Medical Center area.
• The MTA does not consider that the transfer from the CCT alignment to the Metrorail
Red Line will likely be a more expensive option for passengers – an additional $2.00
over taking the JBR BRT alternative directly to their place of employment. By the
completion of the BRAC Action, there will be 24,200 people employed at the National
Institutes of Health and the new WRNMMC facility. In addition, there are 484,000 visitors
expected annually to the newly formed WRNMMC alone. With such a large base of
potential Purple Line riders, this added cost could mean a significant loss of riders.
• Most significantly, MTA’s focus on the 1,750 employees who will be transferred to
WRNMMC distracts from the larger point: by the year 2030, the Medical Center area is
expected to be home to 32,722 jobs (MWCOG, 2007). This employment center is nearly
the size of downtown Bethesda. To omit service to this destination is much more than a
matter of 60 transit trips.
Travel Times
As part of its Alternatives Analysis for the Purple Line, the MTA is required to estimate travel
times for each alternative, broken into segments along each route. Actual travel times will have
a significant effect on Purple Line ridership as the length of a trip often affects people’s travel
choices. Therefore, it is critical that MTA’s travel time projections are as near to accurate as
possible since these are building blocks for ridership projections on which federal funding is
contingent.
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SSE has identified three primary groups of people who will be using the Purple Line: those
destined for the Medical Center area (which includes both the National Institutes of Health and
the new Walter Reed facility), those destined for downtown Bethesda, and those wishing to
transfer to the Red Line en route to another destination. MTA has not yet publicized its ridership
calculations, so the number of people in each of these groups cannot be identified at this time.
To select the preferred alternative, MTA must determine which alternative will provide the
shortest running time for the most passengers and then balance this consideration against the
cost of each alternative. Nonetheless, the following analysis can serve as a basis for
understanding how each alternative affects these three primary passenger groups.
SSE analyzed MTA’s travel time calculations for the BRT alternative on Jones Bridge Road and
compared them to the travel time estimates for the High-Investment LRT alternative on the
Capital Crescent Trail. This analysis has shown that the MTA is likely overestimating travel
times for the BRT alternative on Jones Bridge Road and underestimating travel times for the
CCT alternatives. An accepted practice for estimating BRT travel times is to use the fastest
travel time along the corridor for local buses. This is generally a conservative estimate as local
buses are nearly always slower than BRT buses. BRT routes make fewer stops and include
priority treatments, such as queue jumps or signal priority, which allow the BRT buses to bypass
normal traffic. For these reasons, BRT travel times should always be shorter than current local
bus times. If this time cannot be achieved by running buses in mixed traffic, dedicated BRT
lanes are needed in order to achieve the accepted concept of Bus Rapid Transit.
The J1 Bus travels west from downtown Silver Spring on East-West Highway, turns north onto
Jones Mill Road, and west onto Jones Bridge Road to Rockville Pike. The primary difference
between the proposed BRT route and the J1 route in this section is that the J1 route runs from
Silver Spring to Jones Mill Road on the East-West Highway, while the BRT will be running along
the Capital Crescent Trail in that section of the route. This difference suggests that the BRT will
be able to achieve faster speeds than the J1 bus. Nonetheless, as this bus most closely
approximates the JBR alignment, SSE used the J1 bus route to estimate the anticipated running
time of BRT on this alignment. Both the J2 and J3 travel between the Medical Center Station
and the Bethesda Station and SSE used these travel times to estimate anticipated running time
between these stations (WMATA, 2008).
In line with commonly accepted BRT running time calculations, SSE used the fastest local bus
running times to arrive at a conservative estimate of achievable BRT running times along the
JBR alignment. The J1, J2, and J3 buses achieve the fastest running times in the early morning.
The fastest J1 trip from Connecticut Avenue to the Medical Center Metro Station is 5 minutes,
running at an average speed of 14.4 miles per hour; the fastest J2 trip between the Medical
Center Metro Station and the Bethesda Metro Station is 5 minutes, running at an average speed
of 11.5 mph (WMATA, 2008). SSE used these speeds, along with the distance of the JBR
alignment west of Jones Mill Road, to calculate expected BRT running times along both Jones
Bridge Road and Woodmont Avenue. The running times for westbound, peak-hour morning
service, displayed in Table 1 (below), reflect these calculations. All travel time calculations can
be found in Appendix A. The Appendix includes calculations of both eastbound and westbound
service and calculations with and without initial wait time.
After estimating BRT running times and average speeds, these speeds were verified to ensure
that they were attainable, based on SSE experience with BRT planning and speeds that have
been achieved in congested urban areas in other parts of the country.
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MTA

AM Peak Hour Westbound

LRT
20.8*
8.8
8.8

Silver Spring‐Medical Center
Silver Spring‐Bethesda
Silver Spring‐Red Line

JBR
25.9
24.5
24.5

SSC
JBR
16.5
17.0
12.5

JBR
Difference
‐9.4
‐7.5
‐12.0

Table 1: MTA vs. SSE running Time Calculations
NOTE: all times are in minutes; transfer and wait times based on data provided by MTA; assumes a new entrance to
the Red Line platform will be built at the corner of Jones Bridge Road and Rockville Pike for the JBR alternative;
assumes that a new Metro Red Line entrance to the Medical Center Station on the NW corner of Jones Bridge Road
and Wisconsin Avenue for the CCT alternatives; assumes a Medical Center island station for the JBR BRT on the NE
corner of Jones Bridge Road and Wisconsin Avenue; walk time to WRNMMC from both alignments is included.
*Includes 2 minutes to transfer to underground Red Line via elevator, 2.5 minutes transfer delay, 3 minutes travel on
Red Line, 2 minutes to exit Red Line via deep escalator.

Based on SSE calculations, the MTA is likely overestimating travel time for the JBR BRT
alternative between Silver Spring and downtown Bethesda by more than seven minutes. In an
MTA document entitled “Implications of the Defense Base Realignment and Closure (BRAC)
Process,” the MTA stated that “the congested traffic conditions expected along Jones Bridge
Road contribute travel delay to trips arriving from the east.” This statement, however, conflicts
with previous MTA statements citing that the reason for running BRT in mixed traffic along
Jones Bridge Road and Woodmont Avenue is that traffic is expected to be light enough along
these roads that exclusive bus lanes would not significantly reduce travel times. If traffic
estimates along this corridor have been increased since the alternatives were originally
conceived, the MTA should consider implementing exclusive bus lanes to speed BRT travel
times.
Further, the estimated average speed along the 16-mile route from New Carrollton to Bethesda
is 10 miles per hour. This speed falls below typical speeds for BRT, and is more in line with the
average speeds of local buses operating in mixed traffic (TRB, 2004). If more reasonable
speeds cannot be achieved with current treatments, then the capital plan for this alternative
needs to be revisited. Otherwise, the JBR alternative cannot reasonably be analyzed as a BRT
alternative. It would more appropriately be called simply a bus alternative.
Transfers
It is widely accepted that the inconvenience of transferring from one transit line to another may
act as a deterrent to many potential riders. In fact, in order to accurately reflect the passenger
perception of travel time, the industry-recognized Transit Capacity and Quality of Service
Manual (2004) recommends multiplying the amount of time a passenger spends waiting for a
transit vehicle during a transfer, by 2.5, while the amount of time a passenger spends on a
transit vehicle remains constant. In addition, time spent walking should be multiplied by 2.2
(TRB, 2004). This formula more accurately represents the inconvenience of transferring and the
willingness of a passenger to choose a “one-seat” ride even if this direct route is slightly longer
than a trip involving a transfer. In the planning of a new transit service, providing a “one-seat
ride” can benefit a transit agency, as it increases the attractiveness of the service and thus, the
ridership.
Using these multipliers, SSE calculated the following passenger trip times (in minutes) that
include passenger perception of time. Notably, the perceived trip time via LRT to the Medical
Center area is much longer than the actual trip time due to the need to transfer to the Red Line
and wait for the next train.
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AM Peak Hour Westbound
Silver Spring‐Medical Center
Silver Spring‐Bethesda
Silver Spring‐Red Line

MTA
LRT
32.4
8.8
8.8

JBR
33.2
24.5
24.5

SSC
JBR
21.3
17.0
12.5

Table 2: MTA vs. SSE running Time Calculations including Travel Factors
NOTE: all times are in minutes; transfer and wait times based on data provided by MTA; assumes a new entrance to
the Red Line platform will be built at the corner of Jones Bridge Road and Rockville Pike for the JBR alternative;
assumes that a new Metro Red Line entrance to the Medical Center Station on the NW corner of Jones Bridge Road
and Wisconsin Avenue for the CCT alternatives; assumes a Medical Center island station for the JBR BRT on the NE
corner of Jones Bridge Road and Wisconsin Avenue; walk time to WRNMMC from both alignments is included.
*Includes 2 minutes to transfer to underground Red Line via elevator, 2.5 minutes transfer delay, 3 minutes travel on
Red Line, 2 minutes to exit Red Line via deep escalator.

The JBR alignment will provide direct access to the Medical Center Metro Station area, as well
as to the downtown Bethesda area. The CCT alignment will provide direct access to downtown
Bethesda only. Riders on this alignment destined for the Medical Center area will be required to
transfer in downtown Bethesda to the Metro Red Line for one stop. This transfer will impose an
added burden on riders wishing to access the Medical Center area. In order to transfer from the
Purple Line to the northbound Red Line, riders would descend via elevator to one of the deepest
platforms in the Metro System (Trip Advisor, 2008) and wait for the next train. The Medical
Center Station, where these riders would be exiting, is also very deep and involves one of the
longest escalators in the Metro system (203 feet) (Trip Advisor, 2008). This transfer involves
significant effort to travel for a short distance. Thus, people wishing to access the Medical
Center are more likely to ride the Purple Line if the alignment runs along Jones Bridge Road
where a transfer to the Red Line is unnecessary.
On the other hand, riders on the JBR Purple Line alignment who are destined for Downtown
Bethesda could remain on-board after the Medical Center Station for one more stop. Because
the journey would entail a “one-seat ride,” the additional time involved in accessing Downtown
Bethesda is far less of a burden to riders than the additional time and effort required for traveling
on the CCT alignment and transferring to the Red Line to reach the Medical Center.
Using SSE calculations, JBR BRT travel times also compare more favorably to the HighInvestment LRT alternative than the MTA JBR BRT calculations, though they affect the three
passenger groups differently. Including the passenger perception of time, the journey from
Silver Spring to Medical Center using the JBR BRT alternative is roughly 11 minutes faster than
the CCT High-Investment LRT alternative. The journey from Silver Spring to the Red Line using
the JBR BRT alternative is slightly slower than the same journey using the CCT HighInvestment LRT alternative. Lastly, the journey to Downtown Bethesda will be somewhat longer
using the JBR BRT alternative than the CCT High-Investment LRT alternative (approximately 7
minutes), though not nearly as long as MTA has calculated it to be.
Because MTA is omitting passenger perception of time and incorrectly estimating the JBR BRT
alternative to be unreasonably slow, this contributes to the likelihood that ridership estimates for
the JBR alternative are too low and estimates for the CCT alternatives are too high.
Fare Comparison
It is possible that alternative alignments will affect the fare structure for passengers traveling on
the Purple Line. For the purpose of analysis, SSE has assumed that the Purple Line will likely
be operated as a WMATA Metrobus. Although the fare structure is yet to be determined, SSE
has made a reasonable assumption that it would be priced as a local bus, which is a flat $1.35
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fare in each direction, regardless of distance (WMATA, 2008). It is unlikely that either BRT or
LRT will be priced by distance like the rest of the Metro system, since no turnstiles are planned
for the stations and it is therefore difficult to determine where passengers have boarded and
alighted. Transfers from Metrorail to Metrobus receive a $.90 discount though transfers from
Metrobus to Metrorail do not receive the same discount (WMATA, 2008). Based on these
assumptions, SSE has calculated the fare for the three primary passenger groups who will be
using the Purple Line:
•
•
•

Medical Center Passengers: This group includes those passengers destined for
WRNMMC and the National Institutes of Health (NIH) area;
Bethesda Passengers: This group includes those passengers destined for
downtown Bethesda; and
Transfer Passengers: This group includes those passengers destined to transfer to
the Red Line en route to other locations.
DESTINATION
Silver Spring - Medical Center
Silver Spring - Bethesda
Silver Spring - Red Line

FARE
CCT
JBR
$5.10
$2.70
$2.70
$2.70
$2.70
$2.70

Table 3: Fare Comparison between the alignments
NOTE: Riders transferring to the Red Line will be required to pay slightly more (e.g., $0.20 when destined
for Metro Center) if beginning a journey at Medical Center Station, rather than at Bethesda Station.

If all other factors are equal, the CCT alignment will attract fewer Medical Center
passengers due to the higher cost to passengers. For passengers traveling to Bethesda,
the cost of a roundtrip fare is calculated as $2.70 for both the JBR and the CCT
alignments, since both alignments terminate at Bethesda. For passengers with Medical
Center as their destination, the JBR alignment would also cost $2.70, as there is a
proposed stop at Medical Center. On the CCT alignment, however, passengers who
wish to ride to Medical Center would have to transfer to the Red Line and pay an
additional $2.40 roundtrip, for a total roundtrip fare of $5.10. All other passengers
traveling to other stations along the Red Line would pay $2.70 plus the distance-based
cost of the Red Line fare to their destination station, regardless of alignment. When the
MTA developed the alternatives for the Purple Line DEIS, the Metropolitan Washington
Council of Governments (MWCOG) had not yet released its most recent regional
household and employment estimates, which include the expected growth induced by
the BRAC Action. However, this expected growth will create an increase in Medical
Center Passengers who would pay a higher fare on the CCT alignment because of the
need to transfer to the Metro Red Line.
MTA is expected to update their calculations to use the most recent MWCOG data for
the release of the Purple Line DEIS in September of 2008. It is important these MTA
calculations be fully available to the public for comment and analysis before a preferred
alternative is chosen to ensure that passenger fare has been taken into account when
calculating ridership projections.
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Alignment and Terminus Design Issues
Jones Bridge Road Right of Way
A discussion of the JBR Right of Way is necessary due to concerns raised by residents
about the taking and demolition of homes along Jones Bridge Road. These concerns
may be fueled, in part, to a previously rejected plan to run a separate busway along this
route that would have required strategic taking of property, demolition of houses, and
relocation of families (The “Jones Bridge Road - Purple Line Busway Alternatives
Analysis,” June 2003, from the Montgomery County Department of Parks &
Planning). The County also rejected the plan because of concerns that the North Chevy
Chase Elementary school would be too difficult to access. That concept was completely
rejected, is no longer under consideration, and is not the model for the current JBR BRT.
The only JBR BRT alternative now under consideration by the MTA would run in mixed
traffic west of Jones Mill Road and along Jones Bridge Road between Connecticut
Avenue and Woodmont Avenue and would not require any roadway widening. Between
Connecticut Avenue and Jones Mill Road, Jones Bridge Road would be widened by
approximately nine feet and an extra queue jump lane would be added near Connecticut
Avenue. This would take place entirely within the current ROW, however. According to
MTA documents, between Connecticut Avenue and Jones Mill Road, the Jones Bridge
Road ROW is 90 feet—though most of this ROW will not be needed (MTA, 2007a).
On Wisconsin Avenue, just south of Jones Bridge Road, the roadway will also be
widened to accommodate a bi-directional BRT station platform on the west side of the
roadway. According to MTA drawings, in all other locations west of Jones Mill Road, the
JBR BRT will run in mixed traffic (MTA, 2007b).
In addition to the JBR alignment proposed by the MTA, SSE has developed several
other conceptual BRT alignments along Jones Bridge Road which would likely improve
the JBR BRT running time beyond what is proposed by the MTA. Though some SSE
JBR options require a slight widening of roadway on JBR, all of these options can exist
within the ROW, requiring no taking of property. To date, MTA has not studied any of
these alternatives, though each seems to provide a higher quality of service than MTA’s
proposed alternative. Appendix B provides a sample of what designs are possible for
BRT along Jones Bridge Road.
Woodmont Avenue Urban Corridor
Well-planned urban corridors that include a variety of amenities, inviting public spaces,
and are easily accessible have many proven benefits. Streets designed for public transit
users, pedestrians, and cyclists improve safety, encourage physical activity, ease traffic
congestion, and improve air quality. They are also places for people to interact.
Woodmont Avenue between Bethesda Station and Medical Center Station is already an
area for urban life, as well as commercial and employment activity. At the southern end
of this corridor is Bethesda Metro Station, which is currently in the planning stages for
transformation into a green space surrounded by patios, courtyards, and sidewalk cafes.
A short walk away from the Bethesda BRT Station is Bethesda Row at the confluence of
Woodmont Avenue, Bethesda Avenue, and Elm Street. This area is already an
established restaurant and entertainment district.
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The Woodmont Avenue corridor is also expected to experience significant growth over
the next 20 years. The Metropolitan Washington Council of Governments’ Employment
and Households Forecast (Round 7.1) projects a 133% growth in number of households
and a 10% growth in employment by the year 2030. Together with the Medical Center
area, it is already the largest employment concentration in Montgomery County
(MWCOG, 2007).
By the year 2030, this urban center will be home to 7,202 jobs and 9,328 people. In
2006, the sector plan for the Woodmont Triangle, an area bounded by Woodmont
Avenue, Old Georgetown Road, and the southern boundary of NIH (shown in Figure 8,
below) was amended because building height and density limits were found to have
inhibited redevelopment. The amendment focused on improving the supply of multiincome housing, encouraging small-scale retail, encouraging the establishment of the
Bethesda CBD as an arts and entertainment district, promoting safe and attractive
streets, and providing increased public amenities. The amendment also recommends a
continuation of present transit-oriented development patterns (Department of the Navy,
2007).
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Figure 8: Woodmont Triangle
Source: Department of the Navy, 2007, modified by SSE
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None of the CCT alignment alternatives directly serve this growing urban area, however.
As shown in Figure 9 below, the CCT alignment would directly serve downtown
Bethesda, but would not directly serve the Medical Center area or the Woodmont
Avenue urban corridor. The JBR alignment, on the other hand, directly serves the
Medical Center area and downtown Bethesda, the two ends of the Woodmont Avenue
urban corridor, but does not include a stop anywhere in the center of the corridor.

Figure 9: Woodmont Avenue Urban Corridor

The JBR BRT alternative, however, could include a stop at the center of the corridor.
This would facilitate the transit oriented development outlined in the sector plan for the
Woodmont Triangle and facilitate growth with fewer traffic impacts than car-oriented
development. Improving access with an additional BRT stop would also help to enhance
the development of a vibrant urban street and increase the number of riders projected to
use the Purple Line. SSE proposes that this additional stop be included in MTA’s JBR
BRT alternative and that additional ridership and development benefits be studied
further.
Medical Center Metro Entrance for the Jones Bridge Road Alignment
The MTA has proposed to construct a new entrance to the Bethesda Metro Station at
the southern end of the Bethesda Station platform, which would provide elevator access
to the street from the Metro Red Line platform, 122.5 feet below street level. A second
elevator stop at the proposed CCT Purple Line platform would be located 24.5 feet
below street level (Gazette.net, 2006). This proposed station entrance would only
provide a connection from the Red Line to the CCT alignment of the Purple Line. This
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connection would not provide any connection from the JBR alignment to the Red Line,
as the two Purple Line alignments terminate on opposite sides of the Bethesda metro
station, as shown in Figure 10.
Figures 10 and 11 show the MTA’s current plan for the new station and connection from
the CCT Purple Line to the Metro Red Line. As it is included among maps for the
proposed CCT alignment, MTA appears to be assuming that this station will
automatically be built as part of the CCT alignment. This connection is estimated to cost
roughly $55 million and the county has tentatively approved capital funding for the
project (Beyond DC Newsfeed, 2008).

Figure 10: MTA Proposed entrance at Bethesda Metro Station
Source: Gazette.net, 2006

Figure 11: MTA proposed station entrance in Downtown
Bethesda for the CCT alignment
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Riders on the JBR alignment, on the other hand, would logically use the Medical Center
Station as their primary transfer point to the Metro Red Line. However, the BRT stop is
proposed to be several blocks south of the existing entrance to Medical Center Metro
Station. Thus, in lieu of an additional station entrance at the Bethesda Metro Station, the
JBR alternative should also include plans for a new Metro entrance at Medical Center
Station that would facilitate access for Purple Line passengers to the Red Line platform
below. Figure 12 depicts the location of the Medical Center platform in relation to
Wisconsin Avenue and Jones Bridge Road. The southern end of the WMATA platform at
Medical Center is located approximately 125 feet away from the northern end of the
proposed Purple Line station. As the Medical Center Station, rather than Bethesda
Station, would be the primary point of transfer between the Purple Line and the Metro
Red Line, the funds already anticipated to fund construction of a new station entrance at
Bethesda Station could instead be diverted to the construction of an elevator entrance at
the southern end of Medical Center Station.

Figure 12: Proposed Station Entrance at Medical Center Metro Station
Source: MTA Jones Bridge 1 Drawing, November 28, 2007

The Department of Defense has taken important steps toward approving funds for the
construction of a new station entrance at the Medical Center Metro Station. Due to the
anticipated impact of BRAC on traffic in the area (double the annual patient visits to one
million, and an additional 2,500 employees), the Navy has recommended to Defense
Department officials that federal funds should be contributed toward the expansion of the
Medical Center Metro station.
This $20 million to $25 million project could include building a new entrance, with high
speed elevators, on the east side of Rockville Pike (Route 355). A ruling on this project
could come late in August, 2008, and would then go to Congress for final approval. A
station entrance at this location could prove invaluable to Purple Line passengers on the
Jones Bridge Road alignment and the MTA should adjust its ridership for this alternative
accordingly.
Alignment through Silver Spring
According to the latest MTA documents, the running time difference between the LowInvestment and Medium-Investment BRT alternatives is 23.3 minutes from downtown
Bethesda to New Carrollton (MTA, 2008e). While some of this difference can be
attributed to the slightly longer route taken by the Low-Investment BRT on Jones Bridge
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Road, a significant reason for this time discrepancy is the difference in alignments
through downtown Silver Spring. As shown in Figure 13 below, all of the CCT
alternatives under consideration use an exclusive transitway to access the Silver Spring
Transit Center (SSTC), while only the JBR (Low-Investment BRT) alternative does not.
Instead, the Low-Investment BRT alternative travels through Silver Spring’s downtown
city streets. Traveling east from the SSTC through Silver Spring, the CCT alternatives
also use a different alignment than the on-street route of the JBR BRT alternative (MTA,
2007b). This portion of the alignment through Silver Spring, through and west of the
SSTC, puts the JBR alignment at a significant disadvantage that has nothing to do with
its alignment along Jones Bridge Road.

Figure 13: CCT and JBR alignments through downtown Silver Spring.

Beyond significantly affecting the travel time of the JBR alignment, this routing through
Silver Spring does not make much sense from a financial standpoint. In place of using
the exclusive running way to access the SSTC, buses exit onto the city streets via a
ramp, shown in Figure 13. This ramp does not currently exist and would be created as
part of the construction for this alternative. SSE has estimated that to build the exclusive
transitway would cost approximately $70-$100 million; to build the ramp would cost
approximately $20-$30 million.
The result is that the JBR alternative is 5.6 minutes slower through downtown Silver
Spring than the Medium-Investment BRT, which uses the transitway. This is a very
significant loss of time that accomplishes only a very small capital cost savings. Because
each bus would complete the route more slowly, this also means that by not providing
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direct access to SSTC, MTA will have to purchase two additional vehicles to achieve the
projected 6-minute service frequency. These additional vehicles also have associated
maintenance and operating costs, further adding to the cost of the on-street routing.
Altogether, the plan to route the JBR BRT through city streets in downtown Silver Spring
does not make sense from a financial standpoint and puts this alternative at an
unnecessary disadvantage.
Because the JBR alignment is paired with other slower alignment elements, such as this
on-street routing through Silver Spring, this may automatically put the JBR BRT
alternative at a disadvantage. As the JBR alignment is able to tap an additional source of
ridership (i.e., BRAC) which the Capital Crescent Trail is not, the slower portion of the
alignment through Downtown Silver Spring may prevent the alignment from being a
serious contender for preferred alternative. If the JBR alignment is being studied as a
viable and distinct alternative, all other elements of the route should be comparable to
the other alternatives.
Alignment through College Park
Another area along the proposed Purple Line alignment where the various alternatives
differ significantly is the University of Maryland campus. The MTA’s proposed alignments
through the campus place only the JBR BRT route (Low-Investment BRT) on the
congested Campus Drive in front of the main University entrance, shown in blue in
Figure 14 below. All other alternatives use a new dedicated and inexpensive running
way shown in red below (MTA, 2008a). The effect is that an extra 5.1 minutes will be
spent in traffic on the JBR BRT alignment in roughly ½ mile (MTA, 2008e). This puts the
JBR BRT alternative at yet another disadvantage.
This is an unnecessary disadvantage from a cost perspective. A dedicated running way,
such as that highlighted in yellow below, over what is currently parking lots and grass will
cost approximately $2-3 million. This is a small fraction of the overall costs of these
alternatives, which range from $420 million to $1.75 billion (MTA, 2008d). To bypass the
congested University entrance by constructing a low-cost dedicated running way would
still maintain the JBR BRT as the lowest-investment alternative by a significant amount
while doing more to maximize its effectiveness as an alternative.

Figure 14: MTA and University of Maryland proposed alignments through campus.

In addition to the two alignments proposed by the MTA, the University of Maryland has a
proposed third alternative routing, shown in orange above, which would place all of the
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alternatives on the same alignment (MTA, 2008a). This alignment would run further
south and is shown in orange on the map above. If the University’s alignment is
selected, all alternatives should have roughly equal running times. Yet, the JBR BRT
alternative is still being estimated as 5.1 minutes slower in this section. Therefore, MTA
must adjust the running time for this alternative.
As with the alignment through Silver Spring, the slower travel times for the JBR
alignment also translate into more vehicles needed and higher maintenance costs.
Because each bus could complete the entire route faster, a reduction in running time of
5.1 minutes would mean one less vehicle is needed in each direction. If each vehicle
costs approximately $500,000, plus associated maintenance costs, it makes even less
sense to save $2-3 million by not providing dedicated running ways through the
University campus. MTA needs to re-evaluate both the Silver Spring and University of
Maryland JBR alignments using this type of cost-benefit analysis.
Transit Signal Priority
Transit signal priority (TSP) is a typical feature of BRT and is a proven technology that
decreases overall vehicle running time by minimizing the amount of waiting time at traffic
signals. To operate this technology, a device is located on-board the bus that can
communicate with traffic signals to extend a current green signal phase or shorten a
current red signal phase and allow the bus to move more smoothly through traffic (as
shown in Figure 15, below). When combined with queue jump lanes that allow the bus to
bypass queuing vehicles, buses can achieve remarkably efficient running times.
However, MTA does not plan to include it on the JBR BRT alternative, except at perhaps
three intersections along the entire 16 mile route (Porcari, 2008). This is illogical as the
travel time and cost savings associated with TSP will likely more than offset its cost.
Fewer vehicles will be needed to service the route since each bus will be faster. This
also translates to fewer drivers and less vehicle maintenance – all contributing to further
cost savings. As with routing the JBR alignment in a circuitous manner through
Downtown Silver Spring, by not including TSP on Jones Bridge Road, MTA is putting
this alternative at an unnecessary disadvantage, as compared with the other
alternatives.
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Figure 15: Transit signal priority can extend green signal phases or shorten red signal phases. This
allows a bus to move through traffic more quickly.

According to the report documenting a signal priority pilot project on Victory Boulevard in
Staten Island, New York, TSP decreased bus running times by approximately 17% in the
morning and 11% in the evening. TSP is also being rolled out as part of the new BRT
program in other areas of New York City, proving that this is a viable technology in
congested urban areas.
Travel time savings resulting from TSP have compounding benefits. Because of the
decrease in travel time, fewer buses are needed to service the route. If the JBR BRT
alternative, for example, has an estimated running time of 213 minutes round trip
(including a 10 minute layover at each end) and runs every six minutes during the peak
hour, then 41 buses will be needed to service the route—including a 15% allowance for
back-up vehicles. If a 10% running time reduction could be achieved (19 minutes), then
only 38 buses would be needed. A savings of three buses may seem like a trivial
number, but because each bus will cost roughly $500,000, TSP could save an initial $1.5
million on bus purchases. Savings in the number of drivers needed along the route will
also decrease operating costs and the faster service will attract more riders, which will
increase revenue and result in a higher Federal Transit Administration (FTA) costeffectiveness rating (see section below entitled, “New Starts Funding Issues”). While
there is the possibility that an increase in ridership will mean that more or larger vehicles
will need to be purchased to service the route, higher ridership generally translates to
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better cost-effectiveness. For all of these reasons, TSP is a proven technology that will
more than offset the cost of installation, while improving passenger travel times and
ridership along the route.
Notably, at a meeting on March 11, 2008, MTA conceded that it had not explored the
possibility of including TSP on the JBR BRT alternative (M. Madden, meeting, 3/11/08).
A letter from Secretary John D. Porcari of Maryland Department of Transportation, dated
May 27, 2008, stated that TSP was planned for only three intersections along the entire
16 mile route. This will make a relatively minor difference in overall running time, as
compared to employing TSP along the entire 16 mile route (approximately 49
intersections). This suggests that MTA is not willing to consider full BRT treatment for
the JBR alignment and that this alignment is not being given the proper attention. MTA
should study TSP along the entire Jones Bridge Road corridor and calculate the
estimated savings and impacts as part of the Alternatives Analysis.
Road Diets
The Jones Bridge Road alternative for the Purple Line was created before the BRAC
relocation plan was decreed and released. At the time it was created, traffic impacts
from the new Walter Reed facility were not a factor and the MTA determined that
dedicated bus lanes were not needed along Jones Bridge Road for BRT vehicles to
move freely. With the advent of BRAC, it has become clear that traffic will increase (the
BRAC DEIS has estimated an approximate 15% increase) and that Jones Bridge Road
will require some type of treatment in order for JBR BRT speeds to fall in line with
industry standards. MTA has proposed queue jumps, or lanes specifically to designed to
allow buses to bypass queues of traffic at intersections, at the most congested
intersections and has also stated that it is planning TSP at three intersections (Porcari,
2008). However, queue jumps are not be enough to make this a rapid service and
dedicated bus lanes will be needed to classify this as a true BRT system in the long
term.
One option for creating space for dedicated bus lanes on Jones Bridge Road is to use a
“road diet.” Endorsed by the Maryland State Highway Administration (SHA), this concept
involves taking away travel lanes from cars with the result of decreasing the number of
crashes and allotting road space to other uses (MSHA, 2008). Use of a road diet on
Jones Bridge Road could create space for dedicated bus lanes without any widening of
the roadway. It could also make Jones Bridge Road safer by decreasing the number of
accidents and improving traffic safety in front of North Chevy Chase Elementary School.
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Figure 16: Page from the Maryland State Highway Administration’s Bicycle and Pedestrian
Guidelines demonstrates how a road diet can create space for bicycle lanes.

There are various configurations for Jones Bridge Road that would qualify as a road diet.
SSE has developed some examples of these configurations which can be found in
Appendix B. While this is not an exhaustive analysis of alternatives for dedicated bus
lanes on Jones Bridge Road, it does illustrate that there are many ways to provide
dedicated bus lanes along Jones Bridge Road that have not been studied by the MTA
and which should be included in the Draft EIS.
Jones Bridge Road BRT Treatments Summary
The Federal Transit Administration, in Procedures and Technical Methods for Transit
Project Planning, states that each alternative should be designed to optimize its
performance in order to be considered for federal funding. The JBR alignment, while
designed to minimize cost, sacrifices many other benefits as to make it an inefficient
balance of costs and benefits. Many common features of BRT have not been included in
the Jones Bridge Road BRT alternative, despite the fact that they are cost effective
treatments that would still make Jones Bridge Road the cheapest alternative by a wide
margin. As stated above, TSP and dedicated bus lanes are two of the most effective
treatments for reducing bus travel time and have not been included for this alternative in
some of the most congested sections, including Jones Bridge Road itself. In order to
maximize the effectiveness of this alternative, a real alternatives analysis should include
a process of analyzing various options and selecting the one that provides the best
service within a certain cost bracket. This does not appear to have been done for the
Jones Bridge Road alternative.
SSE has conducted a very preliminary Jones Bridge Road alternatives analysis. Along
Jones Bridge Road there are various configurations of bus lanes that would allow BRT
vehicles to bypass congested areas—some within the current roadway and some
through expanding the roadway slightly within the existing ROW. These configurations
are provided in Appendix B. This type of alternatives analysis for Jones Bridge Road
should be conducted more extensively by the MTA in order to maximize the performance
of this alternative, while still maintaining its status as the low investment alternative.
Case Study: LA Metro Rapid (BRT)
The Los Angeles (LA) Metro Rapid is becoming one of the largest BRT systems in the
United States through small upgrades over time. It is currently comprised of 18 routes,
plus the Orange Line which runs on a completely separated busway. While not all typical
features of BRT have yet been fully implemented throughout the system, all BRT routes
have Transit Signal Priority (TSP) at every traffic signal, frequent service, stops or
stations that are spaced more than ½ mile apart, simple route layouts with color-coded
buses and stations, and level boarding. Exclusive bus lanes have been installed in key
locations and are being increased. Off-vehicle fare payment and higher capacity buses
will be implemented over time.
The LA Metro Rapid system is noteworthy for its ability to reduce passenger travel time
and increase ridership in one of the most congested cities in the United States. Since
implementation, passenger travel times have decreased by 24-29% and average bus
speeds have increased to 13-24 miles per hour. Much of this decrease in travel time can
be attributed to TSP. Further, even in a congested environment like LA, TSP has not
Sam Schwartz Engineering
New York
611 Broadway, Suite 415, New York, NY10012
T212.598.9010 F212.598.9148

New Jersey
24 Commerce Street, Suite 1425, Newark, NJ 07102
T 973.639.9629 F 973.639.9191

Page 35 of 63

significantly delayed cross traffic: the average delay is one second per vehicle per traffic
light cycle. This combined with the fact that TSP is a low cost technology has meant that
LA has been able to significantly decrease bus travel times at a low cost and with almost
no impact to surrounding traffic. As a result ridership has increased by 17-49%.
Significantly, one-third of these new riders are new to transit altogether—demonstrating
BRT’s ability to attract people away from their cars and reduce congestion.
Lessons from the LA case study can be applied to the proposed JBR BRT alternative
because it demonstrates the time savings that TSP can achieve in a congested area.
These time savings, combined with the other passenger amenities included in the
system, have the ability to not only attract new riders but to reduce automobile traffic.
MTA is not acknowledging the ability of BRT to attract new riders away from their cars,
yet it has been shown to work not only in Los Angeles but in other cities around the
world. This failure sells the BRT alternatives short and is a significant omission in the
analysis to date by MTA. A true BRT alternative on Jones Bridge Road will have the
ability to attract people out of their cars and onto transit, lessening the impact of future
traffic increases and reducing congestion. This outcome should be acknowledged as a
benefit of the JBR BRT alternative.
Operating and Maintenance Costs
Between December 7th, 2007 and February 29th, 2008, MTA updated the projected
capital costs and operating and maintenance (O&M) costs. The February estimates
showed that O&M costs for all of the alternatives had increased significantly, but that
those of the JBR alternative increased the most. This may be due to the estimated
number of vehicles projected for each alternative. The MTA estimates that 80 vehicles
will be needed for each of the BRT alternatives and that 40 vehicles will be needed for
each of the LRT alternatives (M. Madden, meeting, 3/11/08). However, because the
number of vehicles required depends on the running time of the route (i.e., if travel time
is faster, fewer vehicles are needed to achieve the same frequency of service), there is
no logical reason that all the BRT alternatives and all the LRT alternatives would require
the same numbers of vehicles. All of the alternatives have different running times. This
may mean that MTA has not carried out a detailed analysis of the topic.
Nonetheless, SSE has analyzed these numbers and finds them to be inaccurate. Even
by first assuming that MTA running times are correct (SSE critiques these running times
in the “Travel Time” section above), and assuming that buses will run every six minutes
during the peak hours (M. Madden, meeting, 3/11/08), the JBR BRT alternative will only
require 41 buses. If the JBR BRT alternative, for example, has an estimated running
time of 96.5 minutes from New Carrollton to downtown Bethesda (or 213 minutes round
trip, including a 10 minute layover at each end) and runs every six minutes during the
peak hour, then 36 buses will be needed during operation. Standard operating
procedure dictates that an additional 15% should be added to this number to account for
necessary vehicle maintenance. This means that 41 buses would be needed to
accommodate this running time.
The number of LRT vehicles, on the other hand, seems to be underestimated. Assuming
that trains will also run every six minutes during peak hours with two cars in each train
(M. Madden, meeting, 3/11/08), the provided MTA running times translate to 55 cars for
the Low-Investment alternative, 54 for the Medium-Investment alternative, and 46 for the
High-Investment alternative—including the 15% allowance for back-up vehicles. The
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MTA estimated 40 cars for each LRT alternative. These calculations are outlined in
Table 4, below.
ONE‐WAY
RUNNING TIME
(minutes)

TOTAL ROUND TRIP
(incl. 10‐min. layover
at each end)

NUMBER OF
VEHICLES
NEEDED*

+15%**

LOW BRT
MED BRT
HIGH BRT

96.5
73.2
60.4

213
166.4
140.8

36
28
23

41
32
27

LOW LRT
MED LRT
HIGH LRT

61.5
60.6
49.9

143
141.2
119.8

48
47
40

55
54
46

ALTERNATIVE

Table 4: Number of vehicles needed for each alternative, based on MTA running times and a sixminute headway.
*LRT alternatives require two cars every six minutes since they will run in a two-car train.
**An additional 15% more cars will be required in order to perform routine maintenance and have
contingency vehicles.

Calculations aside, there is no logical reason that the BRT alternatives would require
twice the number of vehicles, as compared with the LRT alternatives. All alternatives run
every six minutes during the peak period. BRT uses one bus every six minutes, while
LRT uses two cars every six minutes (in two-car trains). Even in a scenario where the
LRT alternative is half the speed of a BRT alternative, it would require the same number
of vehicles as BRT. However, it is more likely that BRT will run at more than half the
speed of LRT and will therefore require fewer – and certainly not double – the vehicles
as MTA has stated.
The effect of overestimating the number of vehicles is that both capital and O&M costs
increase markedly. Each bus, for example, will cost roughly $500,000. So, for example,
the cost of 39 extra vehicles for the JBR alternative is roughly $19.5 million. Each vehicle
also has associated maintenance costs. When these maintenance costs are annualized,
this makes an enormous difference in estimated yearly O&M costs. The reverse is also
true for underestimating the number of LRT vehicles needed. SSE holds that because
MTA is drastically overestimating the number of buses that will be needed for the BRT
alternatives and underestimating the number of vehicles needed for the LRT
alternatives, the capital and O&M costs for these alternatives may be inaccurate.

Capital Crescent Trail Alignment
The CCT alignment of the proposed Purple Line benefits those passengers traveling
directly to Downtown Bethesda from points east (or vice-versa), over the JBR alignment
which is a slower trip to this particular destination. However, in addition to serving fewer
potential passengers overall and missing the opportunity to create a modern, urban
corridor, the CCT alignment unnecessarily imposes significant impacts on a natural trail
environment. Hundreds of trees will be unnecessarily cut down, a stream will be buried,
and trail users will be forced to contend with the visual and noise impacts of passing
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trains or buses, while being relegated to an elevated structure, a narrow ten-foot walled
hiker-biker area, artificial and contrary to today’s trail experience.
Visual and Noise Impacts
While the trail will mostly co-exist with the transitway if the CCT alignment is chosen, the
quality and experience of the natural trail will be diminished by containing it behind a
fence or wall. The unpaved trail currently travels through a quiet, wooded area and
provides the surrounding community with a recreational open space, as well as a
transportation link. By destroying many of the trees along the existing trail and by
containing the trail within fencing and other grade-separating structures, the experience
of the trail as open space will be irreparably changed for the worse.
Furthermore, trail users will be forced to contend with the noise and vibration of frequent,
speeding trains or buses. Anticipated frequencies of these vehicles will be six minutes
during peak periods and vehicles are expected to travel at speeds of up to 35-45 miles
per hour (M. Madden, meeting, 3/11/08; MTA, 2007c). This will further degrade the trail
experience and endanger its function as a community recreational open space.
Capital Crescent Trail On-Street Trail Detour
The CCT ROW from Pearl Street (approximately) to Woodmont Avenue is insufficient to
support the co-existence of a side-by-side trail and a bi-directional transitway.
Consequently, MTA has designed two alternatives for routing the trail through this part of
the alignment. One option will include a 1,950-foot detour on city streets. The trail would
exit the transitway at Elm and 47th Streets and rejoin the existing section of the Capital
Crescent Trail west of Woodmont Avenue (MTA, 2007a). This design would require that
the trail rise in elevation to a height sufficient to cross over the transitway (and catenary
wires in the case of the LRT alternatives) and exit the ROW to the south. This detour
would also require trail users to cross three additional intersections, as shown in Figure
17. In particular, the crossings at Wisconsin and Bethesda Avenues are at large and
busy intersections, compromising user safety and requiring long wait times.
This detour creates a break in the continuous trail that is otherwise completely separated
from traffic until Silver Spring. While the detour will be located on city streets that vary in
width from 25 feet to 44 feet, there is little room for bicycle treatments and MTA currently
has no plans to create any separate, on-street space for bicycles. This portion of the trail
will likely only involve signs directing trail users back to the trail. This will likely decrease
the number of pedestrians and bicyclists who utilize the entire trail.
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Figure 17: On-Street Trail Alignment

Elevated Trail through the Tunnel under the Air Rights Building
The second option for routing the trail through the narrow ROW between Pearl Street
and Woodmont Avenue is to contain the trail within an elevated structure hung from the
ceiling of the Air Rights Building tunnel, as shown in Figure 18 (below). This portion of
the trail would begin its ascent somewhere east of Pearl Street until it is above the height
of the trains or buses. It would then enter the tunnel and continue inside an elevated,
contained structure for approximately 1,080 feet (MTA, 2006).
This option raises some serious safety issues. Generally, enclosed spaces that are not
readily visible to others can be dangerous and may attract crime and graffiti. Even with
good lighting, because this area is hidden from view, safety concerns should be
thoroughly considered before choosing this option. Additionally, this portion of the trail
will further degrade the trail experience as users will be forced into an enclosed space
with a low ceiling.

Figure 18: Squeezing the trail under the Air Rights Building is expensive
and complex. It is questionable if it can be engineered and made safe.
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Conformity with the Americans with Disabilities Act (ADA)
All new facilities must meet the physical requirements of the Americans with Disabilities
Act (ADA). Further, under Title II of the ADA, people with disabilities may not be
discriminated against in the services, programs, or activities of all State and local
governments (United States Department of Justice, 1992). Both of these requirements
may impact the design of the hiker-biker trail adjacent to the CCT alignment alternatives.
As outlined in the two preceding sections, MTA proposes that either the CCT will cross
over the transitway inside the tunnel under the Air Rights Building and exit onto Elm
Street or it will be enclosed in a hanging walkway/bikeway from the ceiling of the Air
Rights Building tunnel. In either case, the trail will need to be elevated above the height
of the trains or buses. To do this will require a significant increase in trail elevation that
will be subject to ADA requirements.
Because MTA has not released detailed drawings of the Purple Line alternatives, SSE
referenced cross section drawings from the MTA website and ADA regulations to
estimate the type of ramping structure that would be required east of the tunnel under
the Air Rights Building. ADA regulations provide for two primary ways of making the trail
ADA accessible.
•

Ramping Option: A slope with a grade of 5% or greater is considered a ramp.
Ramping requires periodic landings, as a ramp can only be a specified length,
depending on how steep it is. To rise to 25 feet (this is an SSE approximation for
the elevation required to clear a light rail car and catenary wires, and MTA may
release different numbers in their detailed plans later this summer), a series of
compliant ramps could be built that would require a total length of between 350
and more than 560 feet, including landings. With this design, the trail would begin
its westward assent inside the fenced structure just east of 45th Street. Because
this option would involve an unusual number of consecutive ramps, it may create
a longer sustained grade than desired, with the result that some users may have
difficulty going up and excessive speed going down. It would also require
additional elements such as railings that would need to be incorporated (United
States Access Board, 2002).

•

Route Option: An ADA-accessible walkway that does not include “ramps” but
that requires a grade change, is called a “route.” The slope for a route would
need to be more gradual (i.e., less than 1:20) so that no part of it is steep enough
to qualify as a ramp and no landings would be required. There are fewer specific
guidelines for recommended slope in relation to overall length for accessible
routes and there are also minimal additional requirements such as slip-resistant
surfaces and minimum clear width (United States Access Board, 2002). This
more gradual slope may be preferable for disabled users, cyclists, and other
users.

Figure 19 depicts the two possible places where a ramp would touch the ground using
the ramping option described above. The two possibilities include the use of the
maximum ADA compliant slope of 8.3% and a more gradual and user-friendly slope of
5%.
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Figure 19: Possible implementations of ADA compliant
ramps to access CCT within the Air Rights Building

It is also possible that MTA will use some combination of the above methods. In any
case, it is clear that the character of this portion of the trail will be severely impacted. In
addition to putting the trail inside a long, elevated structure, it will also need to be fenced
or walled for security and safety reasons for its entire elevated length. This would
drastically differ from the natural, wooded trail located in this section presently. In
addition, any entrances to the trail will need to incorporate these same types of
structures where there is a grade change involved.
Tail Track Extension through Woodmont East Plaza
SSE has reviewed the Maryland Department of Transportation (MDOT)/MTA Purple Line
tail track plans for Bethesda in an effort to determine to what extent the tail track will
affect the planned public plaza where the Purple Line light rail alignment will terminate. A
tail track is a standard design feature for facilitating the switch of direction and temporary
storage of trains and represents good operating practice for LRT. The tail track for the
CCT light rail alternatives is currently proposed to extend into a planned public plaza
near the intersection of Woodmont Avenue and Bethesda Avenue. This area, known as
the Woodmont East site (Figure 20), is currently an open grassy area surrounded by
stores and restaurants. The Montgomery County Planning Board is currently overseeing
a planning process to develop this area into a public plaza.
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Figure 20: Woodmont East site at the intersection of Woodmont Avenue and Bethesda Avenue

The MTA document detailing the tail track plans (MTA, 2008f) provides some important
detail but there is still some uncertainty regarding the exact design. The document states
that trains will be switched east of Bethesda Station and west of Pearl Street, but that a
tail track will still be built in the plaza, west of Bethesda Station, for storing trains and for
adding and removing cars. In a meeting with Mike Madden of the MTA, it was confirmed
that that tail track would, in fact, be a double track (M. Madden, meeting, March 11,
2008). Whether or not the tail track is built on the Woodmont East site will have
important implications for the development of the plaza, since the site is relatively small.
A tail track would occupy a large portion of the available open space for train storage.
SSE will study this issue more closely once MTA finalizes its designs.
The MTA tail track document also details how the CCT BRT alternatives would operate
at their terminus in Bethesda. Plans call for westbound BRT service on the CCT
alignment to exit the trail at Pearl Street and follow a circuitous route, making a stop at
both the existing Red Line Station entrance and the new terminal (MTA, 2008f). This
route traverses many signalized intersections with heavy cross-traffic, making the use of
TSP difficult. This terminal routing may account for most of the 9.5 minute slower time
that MTA predicts for High-Investment BRT vs. High-Investment LRT along the Capital
Crescent Trail between Silver Spring and Bethesda. SSE also noted that the Pearl
Street routing involves a significant grade change, one that is likely to require ramping
and/or structure to be built along the trail east of Pearl Street. SSE has not seen details
or estimates of these plans.
It is possible that the BRT on-street routing through Bethesda, and thus most of the
additional 9.5 minutes of travel time, could be avoided by using the area proposed for
the LRT tail track for a BRT turnaround, but this would require detail of the geometry and
the turning requirements of the recommended BRT vehicles to make that determination.
Further, this would produce similar impacts at the Woodmont East site to those
produced by the LRT tail track.
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Tree Removal
A serious consequence of building a light rail or bus transitway on the existing trail is the
removal of a large number of trees and vegetation. Based on a study done in 1989, the
number of large trees (6-inch caliper plus) is expected to range from 700 to 750 from
Silver Spring to Bethesda, which translates to an average of between 160 and 175 per
linear mile. Based on this average per mile, there would be roughly 307 to 336 large
trees cleared from the CCT alignment west of Jones Mill Road (MCDOT, 1989).
However, this analysis was based on the previously-proposed single track alignment.
Because the current CCT alignment proposes a wider double track alignment, the
number of trees that would need to be taken would be much higher. Also, due to the age
of the study, it is possible that in the ensuing 19 years, more trees have grown and
smaller trees have become larger. No estimates have been made that include the
number of small trees and other shrubbery to be cleared. A new study will have to be
done in order to arrive at a more current number.
Due to the fact that along significant portions of the ROW there is barely enough width to
accommodate both the transitway and the trail, trees will likely have to be cleared from
the entire ROW in many places. Not only does this diminish the natural trail experience
and adjacent property values, but it also degrades the local environment. This may lead
to decreased filtration of local runoff as well as a reduction of air filtration benefits that
are typically provided by mature stands of trees.
While the environmental benefits of a regional transit link may outweigh these local
environmental effects, the JBR alignment would provide comparable (or greater) transit
benefits with far fewer impacts to the natural environment. With this alternative available,
the degradation of a natural trail and the clearing of a large number of mature trees can
be lessened.
Stream
Another potential environmental impact of transit on the Capital Crescent Trail involves
the stream that runs along portions of the northern side of the Capital Crescent Trail.
There is a well-known stream, Coquelin Run, running to the south of the CCT ROW.
However, there is also a lesser-known stream running along the northern side of the
ROW. Under the current MTA plans, this stream would be contained in a culvert (MTA,
2007c). This would be the loss of yet another natural element along the Capital Crescent
Trail. The environmental effects on water quality and filtration of run-off should be fully
disclosed in the Purple Line DEIS.

Emissions Comparison of BRT and LRT
It is often said that LRT is a less polluting form of transit than BRT because LRT is
electrified and BRT runs on fuel. This argument, however, does not account for the fact
that the use of electricity can be far more harmful to air quality than point-source
emissions. Electric power has a clean image yet coal-fired power plants are a leading
source of air pollution. Because of this often false impression, a thorough evaluation that
includes consideration of the power sources for rail alternatives is vital when performing
a comparison.
When analyzing the various types of pollutants emitted by each mode, all forms of
emissions are translated into grams per passenger mile for easier comparison. A 2003
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report by the Breakthrough Technologies Institute reflects the mix of power sources used
specifically in the Washington DC metropolitan region. Carbon dioxide (CO2) is one of
the primary greenhouse gases contributing to global warming and the study mentioned
above shows that in the Washington DC region, a potential LRT line produces
significantly larger amounts of CO2 compared to a potential BRT line. Small particulate
matter (PM2.5) is another hazardous emission that may be a cause of lung cancer.
PM2.5 emissions are also substantially higher for a potential LRT line than for a potential
BRT line in the region. Nitrogen emissions lead to ozone smog and BRT emits levels
which are close to the lower levels of LRT emissions (Breakthrough Technologies
Institute, 2003). Figures 21–25 demonstrate these emissions comparisons.

Figures 21-25: BRT and Rail Emissions Comparison
Source: Breakthrough Technologies Institute, 2003

There are several reasons why this study may not be a completely accurate prediction of
the pollution levels associated specifically with the propped Purple Line. First, this
analysis assumes that any increase in electrical production in the Washington DC region
to power a light rail system will be derived from the same mix of sources being employed
currently. This may or may not be the case. Additional electrical production added to
power a light rail line may be derived from newer cleaner sources or it may be derived
from more coal-fired power plants.
Second, it is difficult to determine how far upstream the analysis should begin. Should
pollution from diesel refining and fuel delivery be included in estimates of BRT
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emissions? Should only regional emissions be counted or should all “fuel cycle
emissions”—meaning a complete accounting of emissions and energy use from fuel
extraction though final energy use—be counted if they occur anywhere in the world?
These questions will need to be answered with a detailed study focusing specifically on
the Purple Line alternatives.
One thing that is clear, however, is that both LRT and BRT are much cleaner and more
energy-efficient than they used to be. New diesel regulations are expected to take effect
in 2010, ensuring that any BRT vehicles chosen for the Purple Line will be nothing like
the dirty, polluting buses of a generation ago. Any new regulations on sources of
electrical power will also affect how clean an LRT alternative would be. Whether the
Purple Line is LRT or BRT, users of the Purple Line will be supporting a clean transit
alternative.

New Starts Funding Issues
The Federal Transit Administration’s (FTA) New Starts program is the federal
government’s primary program for supporting locally-planned, implemented, and
operated transit "guideway" capital investments. As New Starts funding is limited,
proposed projects must demonstrate their worthiness above many other projects in order
to receive funds (FTA, 2007). With four transportation projects in the State of Maryland
competing for crucial funding from the federal New Starts program, the Purple Line
proposal will need to receive high FTA ratings in order to be approved for funding.
Funding for the Purple Line will be based primarily on the following New Starts criteria
(FTA, 2007):
•

•
•
•

Cost-effectiveness – A rating based on the benefits versus the costs of the
proposed project. Benefits include serving a high number of riders and
shortening travel times while costs refer to the capital, operating, and
maintenance costs of the project;
Transit-Supportive Land Use – Existing and future land uses and policies
that complement and encourage transit;
Capital and Operational Financial Planning – The stability and reliability of
the proposed project’s financial plans; and
Local share of financing – The percentage of the total capital costs that the
local agency will contribute.

When evaluating New Starts proposals, the FTA gives Project Justification (costeffectiveness and land use) a weight of 50%. Financial Rating (local financing and
capital and operational financial planning) comprises the other 50%. The FTA assigns
overall ratings on a five-tier scale of High, Medium-High, Medium, Medium-Low, or Low
to each New Starts project subject to evaluation. Without a rating of at least “Medium” for
both Project Justification and Financial Rating, the project is automatically ineligible
(FTA, 2007).
Cost-Effectiveness of BRT and LRT Options
Cost-effectiveness is likely to become one of the most important criteria for meeting FTA
funding since the FTA has a very limited amount of money to allocate to new transit
projects each year. Recently, the planned Washington DC Metrorail extension to Dulles
Airport was dropped from the list of funded projects because it did not receive a high
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enough cost-effectiveness rating and many people are now advocating for BRT as a
more cost-effective alternative along this same alignment (Examiner, 2008).
SSE’s analysis indicates that the public may get a far greater “bang for the buck” with
BRT on JBR increasing the chances that the FTA chooses to allocate New Starts
funding for the Purple Line. Since cost-effectiveness is measured by user benefit per
hour, more riders benefiting from the service during hours of operation and greater time
savings over currently available transit, contribute to a higher cost-effectiveness rating.
Lower capital and operating costs also contribute to increasing the cost-effectiveness of
the project. The cost for the High-Investment LRT alternative using the CCT is roughly
$1.8 billion. The cost for a Low-Investment BRT (with SSE improvements) using JBR is
approximately $550 to $600 million (MTA, 2008d).
As discussed in a previous section entitled “Ridership Projections,” the JBR alignment
serve more people and jobs, as the surrounding area is projected to experience more
growth in population and employment. Together, these two factors suggest that Jones
Bridge Road is the most cost-effective alternative being studied in the AA/DEIS.
Transit-Supportive Land Use
Transit-supportive land uses surrounding a proposed transit investment encourage and
complement transit. This includes higher-density and mixed-use development. East of
Wisconsin Avenue, both alignments run through primarily residential, single-family
housing areas with little potential for substantive modifications to land use or policy.
While this is neither likely nor necessary to change, more opportunities for transitoriented development occur along the JBR alignment west of Wisconsin Avenue, which
runs through the Medical Center area and the existing Woodmont Avenue commercial
corridor.
Additionally, as shown in the section entitled “The Effect of Bus Rapid Transit on
Development,” a well-designed BRT system can generate significant development along
transit lines. Thus, with the Medical Center area and Woodmont Avenue poised to
experience transit-oriented growth, the Land Use rating by the FTA for the JBR
alignment is likely to be higher.
Capital and Operational Financial Planning
Stability and reliability of the proposed project’s financial planning is not likely to differ
between the JBR and CCT alignments, since the MTA is the sole agency responsible for
planning both alignments and the proposed operating agency would not likely differ
based on which alternative is chosen. Details of MTA’s financial plans for the various
alignments have not yet been released and an operating agency has not yet been
selected.
Local Share of Financing
FTA ratings for the local share of financing are determined by the percentage that local
agencies are willing to contribute to the capital costs of the project. Local agencies must
contribute 50% or more in order to be eligible for New Starts funding. A project can
receive a higher rating if it is willing to contribute an even greater percentage (FTA,
2007). This means that if a project is less expensive, then less money is required to
achieve this higher score. It also means that if local agencies have a limited amount of
money to contribute, this money will constitute a higher percentage of the overall cost if
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the project is less expensive. Either way, a less expensive alternative is more likely to
secure a higher rating for Local Share of Financing.
Using MTA estimates, to achieve a rating of Medium, the added burden to the state and
local governments for High Investment LRT, as compared to the JBR BRT, is about
$580 million in capital costs and $5.5 million annually in recurring maintenance and
operating costs. The local share for LRT capital costs would be approximately $790
million, while for BRT it would be approximately $210 million. The maintenance costs
would be $23-26 million annually for LRT and $14-17 million for BRT (MTA, 2008d).

Conclusion
Upon reviewing the history, available data, and impacts/opportunities of the two
alignments that MTA is examining from Silver Spring to Bethesda, it is SSE’s
assessment that JBR offers a combination of:
•
•
•
•

•
•
•
•
•
•

Direct service to more jobs and households, today and in the future;
Lower capital and annual operating costs;
Faster service to the Medical Center and North Woodmont, longer trip times
to downtown Bethesda, and slightly longer connections to the Metro;
Avoidance of any impact to the Capital Crescent Trail between Jones Mill
Road and Wisconsin Avenue – the natural setting (trees, stream, wildlife)
would be retained. East of Jones Mill Road, the 100’-wide right of way would
be shared;
Minimal impact to properties fronting Jones Bridge Road, and only within
existing street ROW;
Better service to approved growth in the North Woodmont area, with potential
to induce transit oriented development and reduce the impact of automobiles;
Lower trip cost for some riders (no transfer costs);
Potential for higher FTA project rating, increasing the chances for approval
and funding;
Smaller impacts on local budgets, as an overall lower project cost will yield a
significantly lower local matching share, as compared to the CCT
alternatives; and
Equal or better air quality than LRT alternatives.

The JBR alignment is only being studied as a BRT alternative, while the CCT alignment
is being studied as either a BRT or an LRT alternative. However, this does not put the
JBR alignment at a disadvantage. Because BRT has comparable potential to attract
similar economic development and equal ridership as compared with LRT, either mode
of transport could support and encourage investment and mitigate traffic in the
surrounding area. BRT has the added benefits of being much less costly to build and
operate. BRT also equals or exceeds the air quality benefits of LRT in the Washington
DC area.
Contributing to the potential for the JBR alignment to draw higher ridership is its design
as a “one-seat ride” with an equal fare for the three primary groups of passengers (those
destined for the Medical Center area, those destined for downtown Bethesda, and those
transferring to the Metro Red Line). The CCT alignment has the disadvantage of
involving a transfer, costing $2.40 more for those en route to the Medical Center area, a
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key employment area that will experience substantial growth over the next several years,
due to the BRAC action. While the operating agency can make a policy decision to
reduce CCT alignment transfer costs, it cannot overcome the impacts of perceived and
actual inconvenience of having to transfer.
The JBR alignment also circumvents the environmental impacts associated with the
CCT alignment. The CCT alignment will involve the removal of hundreds of mature trees
from the ROW that is now occupied by a running and biking trail surrounded with
greenery. The trail will be narrowed and contained within an elevated, walled structure at
certain points. The small stream that runs along the north side of the trail will be buried in
a concrete culvert and/or under the trail and the noise of passing Purple Line vehicles
will subjectively degrade the trail experience. Further, the current MTA plans still show
two tail tracks beyond the Bethesda Station. These tail tracks will consume a large
portion of the planned Woodmont East plaza. The JBR alignment, by operating largely
on the current street network, with priority treatments, will require no taking of property or
shared use of this part of the trail, rendering moot any environmental concerns.
Finally and significantly, the JBR alignment is more likely to secure FTA New Starts
funding. This alignment could potentially attract as many riders as the CCT alignment,
but cost significantly less. This would translate into a higher score for costeffectiveness—a key measure in the evaluation. Because of the lower cost, it would also
require less money to achieve a higher local share rating. The recent Analysis of the FY
2009 Maryland Executive Budget report highlights the fact that there are four major
transit projects in the State of Maryland competing for funding which may only be
sufficient to support one (MTA, 2008c). The more attractive the cost of an effective
Purple Line, the better it can position itself to be first in line. Land use is also an
important measure and because the JBR alignment would serve the Medical Center
area and the Woodmont Avenue urban corridor, it may achieve a higher score in this
area as well.
Nonetheless, the JBR alternative does not show BRT at its full potential. This alternative
does not include Transit Signal Priority, a basic feature of BRT as typically implemented.
The failure to consider dedicated bus lanes along Jones Bridge Road will cause this
alternative to be unreasonably slow, based on projected traffic growth. It also includes a
time-consuming on-street routings through downtown Silver Spring and the University of
Maryland that save very little money—if any, when operating and maintenance costs are
taken into account. Adding the costs of TSP, dedicated bus lanes, and exclusive
transitways to access the SSTC and through the University of Maryland, the JBR BRT
alternative will still be the lowest-investment option at roughly $500 - $550 million.
However, the slightly increased investment will ensure that transit riders will have a
“true” BRT alternative to access the Medical Center and downtown Bethesda. Because
this alternative will be able to achieve the higher ridership numbers at what is still the
lowest cost, it will likely achieve an even higher FTA rating, making it likely to get built in
a competitive environment.
For all of the above reasons, the JBR alignment has a greater likelihood of being built
and will serve current and long-term growth areas along the Purple Line corridor, while
at the same time preserving the Capital Crescent Trail and its surrounding environment.
SSE presents these findings for consideration by the Town Council in its consideration of
Purple Line alternatives.
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Appendix A
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Travel Times
The following are travel times estimates based on information provided by the MTA and
SSE experience with BRT planning. All travel times are based on the following
assumptions:
•
•
•
•
•
•
•
•
•
•
•
•

Purple Line headways of 6 minutes during peak hours and 12 minutes during offpeak hours.
Red Line headways of 5 minutes during the peak hours, 6 minutes in mid-day
and 13 minutes (on average) in the evening.
Two minutes transfer time from the CCT LRT Purple Line to the Red Line via the
proposed elevator in Bethesda.
Two minutes to exit the Red Line via deep escalator at Medical Center Station.
2.5 minutes walking time from Red Line Medical Center Station to the entrance of
WRNNMC, including 45 seconds of traffic signal delay.
Four minutes walking time from the Purple Line BRT Medical Center Station to
the entrance of WRNNMC, including 15 seconds of traffic signal delay.
MTA calculations assume a Medical Center station on the southwest corner of
Jones Bridge Road and Wisconsin Avenue.
MTA calculations assume a new Metro Red Line entrance to the Bethesda
Station on the southwest corner of Elm Street and Wisconsin Avenue.
SSE calculations assume a Medical Center traffic island station for the JBR BRT
on the northeast corner of Jones Bridge Road and Wisconsin Avenue.
SSE calculations assume a new Metro Red Line entrance to the Medical Center
Station on the northwest corner of Jones Bridge Road and Wisconsin Avenue.
Passenger perception of time multipliers (2.5 for waiting time and 2.2 for walking
time) can be found in the Transit Capacity and Quality of Service Manual.
The walking speed used for these calculations of four feet per second is the
standard articulated in the Manual on Uniform Traffic Control Devices.

Travel Times Not Including Walking Time to WRNNMC
MTA
AM Peak Hour Westbound
LRT
JBR
26.9
19.8
Silver Spring-Medical Center
8.8
24.5
Silver Spring-Bethesda
8.8
24.5
Silver Spring-Red Line
MTA

AM Peak Hour Eastbound

LRT
28.1
8.8
8.8

Silver Spring-Medical Center
Silver Spring-Bethesda
Silver Spring-Red Line

JBR
19.8
24.5
24.5

SSE
JBR
12.5
17.0
12.5
SSE
JBR
12.5
17.0
12.5
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MTA

Mid-Day Westbound

LRT
28.1
8.8
8.8

Silver Spring-Medical Center
Silver Spring-Bethesda
Silver Spring-Red Line

JBR
19.8
24.5
24.5

SSE
JBR
12.5
17.0
12.5

JBR
19.8
24.5
24.5

SSE
JBR
12.5
17.0
12.5

JBR
19.8
24.5
24.5

SSE
JBR
12.5
17.0
12.5

JBR
19.8
24.5
24.5

SSE
JBR
12.5
17.0
12.5

JBR
19.8
24.5
24.5

SSE
JBR
12.5
17.0
12.5

JBR
19.8
24.5
24.5

SSE
JBR
12.5
17.0
12.5

JBR
33.2
24.5
24.5

SSE
JBR
21.3
17.0
12.5

MTA

Mid-Day Eastbound

LRT
35.6
8.8
8.8

Silver Spring-Medical Center
Silver Spring-Bethesda
Silver Spring-Red Line

MTA

PM Peak Hour Westbound

LRT
32.4
8.8
8.8

Silver Spring-Medical Center
Silver Spring-Bethesda
Silver Spring-Red Line

MTA

PM Peak Hour Eastbound

LRT
28.1
8.8
8.8

Silver Spring-Medical Center
Silver Spring-Bethesda
Silver Spring-Red Line

MTA

Evening Westbound

LRT
36.9
8.8
8.8

Silver Spring-Medical Center
Silver Spring-Bethesda
Silver Spring-Red Line

MTA

Evening Eastbound

LRT
35.6
8.8
8.8

Silver Spring-Medical Center
Silver Spring-Bethesda
Silver Spring-Red Line

Travel Times Including Walking Time to WRNNMC
MTA
AM Peak Hour Westbound
LRT
32.4
Silver Spring-Walter Reed
8.8
Silver Spring-Bethesda
8.8
Silver Spring-Red Line
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MTA

AM Peak Hour Eastbound

LRT
33.6
8.8
8.8

Silver Spring-Walter Reed
Silver Spring-Bethesda
Silver Spring-Red Line

JBR
33.2
24.5
24.5

SSE
JBR
21.3
17.0
12.5

JBR
33.2
24.5
24.5

SSE
JBR
21.3
17.0
12.5

JBR
33.2
24.5
24.5

SSE
JBR
21.3
17.0
12.5

JBR
33.2
24.5
24.5

SSE
JBR
21.3
17.0
12.5

JBR
33.2
24.5
24.5

SSE
JBR
21.3
17.0
12.5

JBR
33.2
24.5
24.5

SSE
JBR
21.3
17.0
12.5

JBR
33.2
24.5
24.5

SSE
JBR
21.3
17.0
12.5

MTA

Mid-Day Westbound

LRT
33.6
8.8
8.8

Silver Spring-Walter Reed
Silver Spring-Bethesda
Silver Spring-Red Line

MTA

Mid-Day Eastbound

LRT
41.1
8.8
8.8

Silver Spring-Walter Reed
Silver Spring-Bethesda
Silver Spring-Red Line

MTA

PM Peak Hour Westbound

LRT
37.9
8.8
8.8

Silver Spring-Walter Reed
Silver Spring-Bethesda
Silver Spring-Red Line

MTA

PM Peak Hour Eastbound

LRT
33.6
8.8
8.8

Silver Spring-Walter Reed
Silver Spring-Bethesda
Silver Spring-Red Line

MTA

Evening Westbound

LRT
42.4
8.8
8.8

Silver Spring-Walter Reed
Silver Spring-Bethesda
Silver Spring-Red Line

MTA

Evening Eastbound

LRT
41.1
8.8
8.8

Silver Spring-Walter Reed
Silver Spring-Bethesda
Silver Spring-Red Line
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Travel Times Including Walking Time to WRNNMC and Initial Wait Time
MTA
SSE
AM Peak Hour Westbound
LRT
JBR
JBR
39.9
40.7
28.8
Silver Spring-Walter Reed
16.3
32.0
24.5
Silver Spring-Bethesda
16.3
32.0
20.0
Silver Spring-Red Line
MTA

AM Peak Hour Eastbound

LRT
39.9
15.1
15.1

Silver Spring-Walter Reed
Silver Spring-Bethesda
Silver Spring-Red Line

JBR
39.5
30.8
30.8

SSE
JBR
27.6
23.3
18.8

JBR
48.2
39.5
39.5

SSE
JBR
36.3
32.0
27.5

JBR
40.7
32.0
32.0

SSE
JBR
28.8
24.5
20.0

JBR
40.7
32.0
32.0

SSE
JBR
28.8
24.5
20.0

JBR
39.5
30.8
30.8

SSE
JBR
27.6
23.3
18.8

JBR
48.2
39.5
39.5

SSE
JBR
36.3
32.0
27.5

MTA

Mid-Day Westbound

LRT
48.6
23.8
23.8

Silver Spring-Walter Reed
Silver Spring-Bethesda
Silver Spring-Red Line

MTA

Mid-Day Eastbound

LRT
48.6
16.3
16.3

Silver Spring-Walter Reed
Silver Spring-Bethesda
Silver Spring-Red Line

MTA

PM Peak Hour Westbound

LRT
45.4
16.3
16.3

Silver Spring-Walter Reed
Silver Spring-Bethesda
Silver Spring-Red Line

MTA

PM Peak Hour Eastbound

LRT
39.9
15.1
15.1

Silver Spring-Walter Reed
Silver Spring-Bethesda
Silver Spring-Red Line

MTA

Evening Westbound

LRT
57.4
23.8
23.8

Silver Spring-Walter Reed
Silver Spring-Bethesda
Silver Spring-Red Line
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MTA

Evening Eastbound

LRT
57.4
25.1
25.1

Silver Spring-Walter Reed
Silver Spring-Bethesda
Silver Spring-Red Line

JBR
49.5
40.8
40.8

SSE
JBR
37.6
33.3
28.8
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Appendix B
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West of Connecticut Avenue
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East of Connecticut Avenue
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