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South Station Expansion: Environmental Justice Analysis Background

Federal guidance mandates that transportation projects should not unfairly
burden low-income and minority communities, also known as “environmental
justice communities”. This memorandum explains the methodology employed
by CTPS in its analyses of potential disproportionate burdens on environmental
justice populations in the realms of environmental impacts, mobility,
congestion, and accessibility to services and employment for the South Station
Expansion project. A brief project description precedes the presentation of
environmental justice definitions, methodology, and results.

PROJECT BACKGROUND

Four different alternatives were analyzed for the South Station Expansion
project. Three distinct “Build” scenarios, described below, were modeled for the
2035 horizon year, in addition to a No-Build scenario.

Transportation Improvements Only (TI10)

In the TIO alternative, South Station would be expanded onto the adjacent 16-
acre USPS property. MassDOT would acquire and demolish the USPS
General Mail Facility/South Postal Annex; the 1000 jobs associated with this
facility would be relocated to a new USPS facility to be constructed in South
Boston. The existing South Station terminal would be expanded with an
expanded passenger concourse and passenger support services, including
amenities such as retail, food, and beverage outlets. Capacity improvements
would include construction of seven new tracks and four platforms for a total of
20 tracks and 11 platforms. Some existing platforms, towers, and approach
interlockings would be reconfigured and/or reconstructed. There would be no
private development beyond what has already been programmed for the site in
the 2035 Regional Long Range Transportation Plan (LRTP).
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Dorchester Avenue would be restored for public and station access.
Restoration of Dorchester Avenue would reconnect Dorchester Avenue to
Summer Street as a public way. It would include landscaping and improved
pedestrian and cycling connections and facilities (including adjacent sidewalks
and crosswalks). Restoration also would include construction of a long-awaited
extension of the Harborwalk along reopened Dorchester Avenue.

The TIO alternative, like the No-Build alternative, also includes all adopted
highway and transit projects included in the LRTP. In terms of transit service
planning changes incorporated into both TIO and No-Build alternatives, rapid
transit fares and improved frequencies are assumed on the MBTA Fairmount
commuter rail line. In addition, the TIO alternative includes an increase in
Amtrak intercity service at South Station, rising from the existing 40 daily
combined arriving and departing trains to a total of 80 daily trains. The TIO
alternative also assumes South Coast Rail commuter rail service and adds
additional peak period, peak direction trains on the Needham, Franklin,
Providence, and Worcester/Framingham commuter rail lines.

Amtrak and South Coast Rail service are not built into the CTPS travel demand
model, but rather were incorporated into the South Station Expansion travel
demand forecasting using post-modeling processes. As a result, the
environmental justice benefits and burdens related to these services are not
directly examined as part of this analysis. Even so, any environmental justice
benefits and burdens associated with improved Amtrak intercity service are
expected to have a negligible impact on the results of this analysis. For a
comprehensive analysis of environmental justice benefits and burdens related
to and conducted for the South Coast Rail project, please refer to the CTPS
memorandum "South Coast Rail Environmental Justice Study" dated October
30, 2009.

Joint/Private Development Minimum Build (MIN LU)

This alternative would include everything contained in the TIO scenario, as well
as provisions for future private development at the South Station site by
incorporating appropriate structural foundations into the overall station and
track design. Future private development could include approximately 660,000
square feet (sf) of mixed-use development consisting of residential, office, and
commercial uses, including retail and hotel uses, approximately 235 parking
spaces, and with building heights ranging up to approximately 12 stories. This
analysis assumes this new development will add 1,020 new service jobs, 255
new retail jobs, and 280 new households containing a population of 620
persons.
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Joint/Private Development Maximum Build (MAX LU)

This alternative would include everything contained in the MIN LU scenario, but
with a greater provision for future private development at the South Station site.
The maximum potential for future private development would be limited by the
Federal Aviation Administration’s (FAA’s) maximum building height limits,
pursuant to the Terminal Instrument Procedures (TERPS) regulations
applicable to Boston Logan International Airport. Accordingly, building heights
would be limited to approximately 290 feet and an amendment to the Municipal
Harbor Plan, modifying applicable Chapter 91 regulations, would be required.
Future private development could include approximately 2.1 million sf of mixed-
use development consisting of residential, office, and commercial uses,
including retail and hotel uses, approximately 510 parking spaces, and with
building heights up to approximately 26 stories. This analysis assumes this new
development will add 3,000 new service jobs, 750 new retail jobs, and 830 new
households containing a population of 1,830 persons.

DEFINITIONS

Recent documents such as the Federal Transit Administration (FTA)'s 2011
Title VI Circular, the FTA 2011 Environment Justice Circular, and the Federal
Department of Transportation (DOT)’s 2012 Environmental Justice Order, have
traditionally informed the CTPS’s identification of geographic areas of minority
and low-income populations (municipalities and Boston neighborhoods). Such
geographic regions are determined by the demographics of the people living in
a transportation analysis zone (TAZ). A TAZ is an aggregation of census
geography based on population and estimated trip volumes. The Boston
Region MPO regional travel demand model area is composed of 2,727 TAZs
that comprise nearly all of eastern Massachusetts. It encompasses 164 cities
and towns, including the 101 Boston Region MPO cities and towns and 63
additional communities’. The current assumed thresholds? for these
environmental justice (EJ) populations are as follows:

N

For further background information on the travel demand model set, please consult
Methodology and Assumptions of Central Transportation Planning Staff Regional Travel
Demand Modeling: Green Line Extension New Starts Analysis, November 24, 2010. Please
note that the calibration work described on pp. 11-13 have been superseded for this study.
Furthermore, the horizon year has been updated to 2035 from 2030. For more information
regarding the South Station Expansion project model’s calibration, please see South Station
Expansion: Model Year Questions, March 17, 2014.

’The study team requested that the Environmental Justice threshold criteria to be used were in
line with those used by the Massachusetts Executive Office of Energy and Environmental
Affairs (EEA). Detailed information can be found at http://www.mass.gov/anf/research-and-
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* Minority —A minority (non-white or Hispanic) TAZ was defined as having a
percentage of minority population greater than or equal to 25 percent,
according to the 2010 US Census.

* Low income — The state median household income in 2012, based on the
latest American Community Survey (ACS)’s 5-year summary data, was
approximately $69,393. A low-income TAZ was defined as having a median
household income at or below 60 percent of this level ($42,497).

» Linguistic Isolation —Households in which all members 14 years old and over
speak a non-English language and also speak English less than "Very well"
(have difficulty with English) is "linguistically isolated." A linguistically isolated
TAZ was defined as having a percentage of linguistically isolated population
greater than or equal to 25 percent, according to the 2012 ACS 5-year
summary data.

» Disabled —A disabled TAZ was defined as having a percentage of self-
reported disabled population greater than or equal to 10.4%, which is the
percentage of self-reported disabled persons in the MBTA service area,
according to the 2012 ACS 5-year summary data.

Based on these definitions, 913 of the 2,727 TAZs in the model set area qualify
as minority (Figure 1); 400 qualify as low-income (Figure 2); 87 as linguistically
isolated (Figure 3); and 1,081 as disabled (Figure 4). Figure 5 overlays the
disabled populations over the other EJ populations. Figure 6 displays the 1,596
TAZs that meet at least one of these four criteria. 973 TAZs meet one criterion,
57 TAZs meet all four criteria, 148 TAZs meet three criteria, and 418 TAZs
meet two criteria. Please note that for the purposes of this analysis, an “all or
nothing” approach is assumed regarding TAZ population definition. That is, if a
TAZ meets one or more of the aforementioned criteria, then the entire
population of that TAZ is then assumed to have those characteristics (low
income, minority, disabled, linguistic isolation) for analytical purposes since the
subsequent analysis is performed at the TAZ level, as opposed to a finer
geographic level in which differing populations might be able to be better
parsed.

The future demographic forecasts used for the analysis assumed these
attributes of the residential population TAZs remain the same as they were
observed in the data used to determine the thresholds. Thus, the modeled

tech/it-serv-and-support/application-serv/office-of-geographic-information-
massgis/datalayers/cen2010ej.html

For the disabled population threshold, the MBTA service area average was chosen instead of
the statewide average, since it was more inclusive.
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future-year classifications of populations solely reflect the demographic
conditions represented in the 2010 Census and the 2012 ACS.

METHODOLOGY

Certain performance measures were used as indicators of benefits and
burdens for EJ and non—EJ populations. The environmental justice populations
were further subdivided for analysis into low-income, minority, linguistic
isolation, and disabled categories, and tested separately. The tested
performance measures fall into three categories: accessibility to needed
services and jobs; mobility and congestion; and environmental impacts.

Accessibility Analysis

This study analyzed access to needed services and jobs in terms of average
transit and highway travel times from EJ and non-EJ population zones to basic,
retail, and service employment opportunities; health care; and institutions of
higher education. Data related to Boston-area higher education data was
gathered within the past 4 years in conjunction with CTPS’s refinement of the
regional travel demand model’s Home-Based School trip purpose routines.
Data related to the Boston area’s largest concentration of hospitals was
collected approximately 4 — 5 years ago. The accessibility analysis featured an
examination of the number of destinations within a 40-minute transit trip and a
20-minute auto trip. The analysis of transit travel times included destinations
within a 40-minute transit trip, and the analysis of highway travel times included
destinations within a 20-minute auto trip. The examined accessibility
performance measures were:

» The average number of basic, retail, and service jobs within a 40-minute
transit trip and a 20-minute auto trip.

» The average travel time to basic, retail, and service jobs within a 40-minute
transit trip and a 20-minute auto trip.

» The average number of hospital beds within a 40-minute transit trip and a 20-
minute auto trip.

» The average travel time to a hospital, weighted by the number of hospital
beds, within a 40-minute transit trip and a 20-minute auto trip.

» The average number of students at facilities of two- and four-year institutions
of higher education within a 40-minute transit trip and a 20-minute auto trip.

» The average travel time to facilities of two- and four-year institutions of higher
education, weighted by enroliment, within a 40-minute transit trip and a 20-
minute auto trip.
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Mobility, Congestion, and Environmental Analysis

The mobility, congestion, and environmental impacts were analyzed by
comparing performance measures for EJ population zones to those for non—-EJ
population zones. As in the accessibility analysis, differences between the
average levels of these performance measures within the two types of zones
were calculated for the No-Build and Build scenarios. The results are
aggregated in the same manner. The examined mobility, congestion, and
environmental performance measures were:

» Congested VMT per square mile — the number of vehicle-miles traveled on
congested roadways (volume/capacity>0.75) per square mile of dry land within
a TAZ.

» CO per square mile — the number of kilograms of carbon monoxide emitted
per square mile of dry land within a TAZ.

* Transit production time — the average door-to-door travel time for all transit
trips produced in the TAZ.

» Highway production time — the average door-to-door travel time for all
highway trips produced in the TAZ.

» Transit attraction time — the average door-to-door travel time for all transit trips
attracted to the TAZ.

» Highway attraction time — the average door-to-door travel time for all highway
trips attracted to the TAZ.

RESULTS

The tables in the appendices display that minimal or no change occurs among
the alternatives across the communities of concern for accessibility to needed
services and jobs, mobility and congestion, or environmental impacts.
Furthermore, change is negligible for both environmental justice population
zones and non—environmental justice population zones in the build scenarios
compared to the no build scenario.

Statistical tests were performed to determine if the estimated differences
between the changes experienced by each pair of community classifications
(e.g. minority and non-minority) among the alternatives were significant. If there
is a statistically significant difference, an area in one community classification is
more likely to experience a larger change than an area in the other community
classification; if there is not such a significant difference, an area is likely to
experience about the same level of change regardless of community
classification. The difference between the pair of community classifications is
considered significant if the variations of the changes within the classifications
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are together smaller than the difference between the average changes
experienced by the community classifications. Each Build alternative’s
categorized metrics’ changes (e.g. low income average transit production time
and non-low income average transit production time) was tested against those
of the No-Build scenario. A two group sample t-test was used to determine if
the samples in the model area of 1) minority, low-income, linguistically isolated,
and disabled communities and 2) non-minority, non-low income, non-
linguistically isolated, and non-disabled communities were different at the 95%
confidence level. None of the metrics had statistically significant differences
between the averages of the two groups. Hence none of the EJ populations
(low-income, minority, linguistic isolation, disabled) experiences a greater
burden than any non-EJ population as result of implementation of any of the
Build alternatives.

BK/bk
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Appendix 1

Results - Accessibility Summary (Build Alternatives vs No Build Alternative)

1.1 Basic Employment
Low-Income Population

Average Number of Available
Basic Jobs within a 40-Minute

Transit Trip
Low-Income Not Low-Income Low-Income
No Build 25,460 13,590 314
TIO 25,480 13,630 315
MIN 25,190 13,490 31.4
MAX 25,190 13,470 31.4

Percentage Change from No Build Scenario

Average Number of Available
Basic Jobs within a 40-Minute

Transit Trip
Low-Income Not Low-Income Low-Income
TIO 0.1% 0.3% 0.3%
MIN -1.1% -0.7% 0.0%
MAX -1.1% -0.9% 0.0%
Minority Population

Average Number of Available
Basic Jobs within a 40-Minute

Transit Trip
Minority Non-Minority Minority
No Build 23,130 10,260 31.9
TIO 23,160 10,310 31.9
MIN 22,840 10,250 31.9
MAX 22,840 10,220 31.9

Percentage Change from No Build Scenario

Average Number of Available
Basic Jobs within a 40-Minute

Transit Trip
Low-Income Not Low-Income Low-Income
TIO 0.1% 0.5% 0.0%
MIN -1.3% -0.1% -0.1%
MAX -1.3% -0.4% -0.1%

Average Transit Time (minutes)

Not Low-
Income

31.8
31.8
31.8
31.8

Average Transit Time (minutes)

Not Low-
Income

0.0%
0.0%
0.0%

Average Transit Time (minutes)

Non-Minority

31.7
31.6
31.6
31.6

Average Transit Time (minutes)

Not Low-
Income

-0.3%
-0.2%
-0.2%

Average Number of Available
Basic Jobs within a 20-Minute

Auto Trip
Not Low-
Low-Income Income
60,670 49,750
60,670 49,750
60,650 49,710
60,650 49,710

Average Number of Available
Basic Jobs within a 20-Minute

Auto Trip
Not Low-
Low-Income Income
0.0% 0.0%
0.0% -0.1%
0.0% -0.1%

Average Number of Available
Basic Jobs within a 20-Minute

Auto Trip
Minority Non-Minority
63,610 43,810
63,610 43,810
63,570 43,760
63,570 43,760

Average Number of Available
Basic Jobs within a 20-Minute

Auto Trip
Not Low-
Low-Income Income
0.0% 0.0%
-0.1% -0.1%
-0.1% -0.1%

Average Highway Time

(minutes)
Not Low-
Low-Income Income
13.2 13.7
13.2 13.7
13.3 13.7
133 13.7

Average Highway Time

(minutes)
Not Low-
Low-Income Income
0.0% 0.0%
0.8% 0.0%
0.8% 0.0%

Average Highway Time

(minutes)

Minority Non-Minority
13.7 13.7
13.7 13.7
13.7 13.7
13.7 13.7

Average Highway Time

(minutes)
Not Low-
Low-Income Income
0.0% 0.0%
0.0% 0.0%
0.0% 0.0%
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Results - Accessibility Summary (Build Alternatives vs No Build Alternative)

1.1 Basic Employment

Linguistically Isolated Population

Average Number of Available
Basic Jobs within a 40-Minute

Transit Trip
Not
Linguistically Linguistically
Isoslated Isolated
No Build 31,300 14,230
TIO 31,300 14,270
MIN 31,040 14,120
MAX 31,030 14,100

Percentage Change from No Build Scenario

Average Number of Available
Basic Jobs within a 40-Minute

Transit Trip
Not
Linguistically Linguistically
Isoslated Isolated
TIO 0.0% 0.3%
MIN -0.8% -0.8%
MAX -0.9% -0.9%
Disabled Population

Average Number of Available
Basic Jobs within a 40-Minute

Transit Trip
Disabled Non-Disabled
No Build 14,240 15,450
TIO 14,260 15,500
MIN 14,110 15,340
MAX 14,100 15,320

Percentage Change from No Build Scenario

Average Number of Available
Basic Jobs within a 40-Minute

Transit Trip
Disabled Non-Disabled
TIO 0.1% 0.3%
MIN -0.9% -0.7%
MAX -1.0% -0.8%

Average Transit Time (minutes)

Not
Linguistically  Linguistically
Isoslated Isolated
32.0 31.7
32.0 31.7
32.0 31.7
32.0 31.7

Average Transit Time (minutes)

Not
Linguistically  Linguistically
Isoslated Isolated
0.0% 0.0%
0.0% 0.0%
0.0% 0.0%

Average Transit Time (minutes)

Disabled Non-Disabled
32.0 31.6
31.9 31.6
31.9 31.6
31.9 31.6

Average Transit Time (minutes)

Disabled Non-Disabled
-0.3% 0.0%
-0.3% 0.0%
-0.3% 0.0%

Average Number of Available
Basic Jobs within a 20-Minute

Auto Trip
Not
Linguistically  Linguistically
Isoslated Isolated
66,580 50,320
66,580 50,320
66,500 50,280
66,490 50,280

Average Number of Available
Basic Jobs within a 20-Minute

Auto Trip
Not
Linguistically  Linguistically
Isoslated Isolated
0.0% 0.0%
-0.1% -0.1%
-0.1% -0.1%

Average Number of Available
Basic Jobs within a 20-Minute

Auto Trip
Disabled Non-Disabled
47,350 53,760
47,350 53,760
47,330 53,700
47,330 53,700

Average Number of Available
Basic Jobs within a 20-Minute

Auto Trip
Disabled Non-Disabled
0.0% 0.0%
0.0% -0.1%
0.0% -0.1%

Average Highway Time

(minutes)
Not
Linguistically  Linguistically
Isoslated Isolated

131 13.7
13.1 13.7
131 13.7
13.1 13.7

Average Highway Time

(minutes)
Not
Linguistically  Linguistically
Isoslated Isolated
0.0% 0.0%
0.0% 0.0%
0.0% 0.0%

Average Highway Time

(minutes)

Disabled Non-Disabled
13.5 13.8
13.5 13.8
13.5 13.8
13.5 13.8

Average Highway Time

(minutes)

Disabled Non-Disabled
0.0% 0.0%
0.0% 0.0%
0.0% 0.0%
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Results - Accessibility Summary (Build Alternatives vs No Build Alternative)

1.2 Retail Employment

No Build
TIO

MIN
MAX

Low-Income Population

Average Number of Available
Retail Jobs within a 40-Minute

Transit Trip
Low-Income Not Low-Income
25,290 12,440
25,320 12,490
25,420 12,580
25,610 12,620

Percentage Change from No Build Scenario

TIO
MIN
MAX

No Build
TIO

MIN
MAX

Average Number of Available
Retail Jobs within a 40-Minute
Transit Trip

Low-Income Not Low-Income
0.1% 0.4%
0.5% 1.1%

1.3% 1.4%

Minority Population

Average Number of Available
Retail Jobs within a 40-Minute

Transit Trip
Minority Non-Minority
22,870 8,790
22,910 8,840
23,000 8,930
23,180 8,910

Percentage Change from No Build Scenario

Tio
MIN
MAX

Average Number of Available
Retail Jobs within a 40-Minute

Transit Trip
Low-Income Not Low-Income
0.2% 0.6%
0.6% 1.6%
1.4% 1.4%

Average Transit Time

(minutes)
Not Low-
Low-Income Income
30.9 32.0
30.9 32.0
30.9 32.0
30.9 32.0

Average Transit Time

(minutes)
Not Low-
Low-Income Income
0.0% 0.0%
0.0% 0.0%
0.0% 0.0%

Average Transit Time

(minutes)

Minority Non-Minority
31.7 32.0
31.7 32.0
31.7 31.9
31.8 31.9

Average Transit Time

(minutes)
Not Low-
Low-Income Income
0.0% 0.0%
-0.1% -0.3%
0.3% -0.3%

Average Number of Available
Retail Jobs within a 20-Minute

Auto Trip
Low-Income Not Low-Income
53,690 39,370
53,690 39,370
53,810 39,420
54,040 39,510

Average Number of Available
Retail Jobs within a 20-Minute

Auto Trip
Low-Income Not Low-Income
0.0% 0.0%
0.2% 0.1%
0.7% 0.4%

Average Number of Available
Retail Jobs within a 20-Minute

Auto Trip
Minority Non-Minority
54,390 33,360
54,390 33,360
54,500 33,390
54,710 33,440

Average Number of Available
Retail Jobs within a 20-Minute

Auto Trip
Low-Income Not Low-Income
0.0% 0.0%
0.2% 0.1%
0.6% 0.2%

Average Highway Time

(minutes)
Not Low-
Low-Income Income
13.0 13.5
13.0 13.5
13.0 13.5
13.0 13.5

Average Highway Time

(minutes)
Not Low-
Low-Income Income
0.0% 0.0%
0.0% 0.0%
0.0% 0.0%

Average Highway Time

(minutes)
Minority Non-Minority
13.4 13.5
134 135
13.4 13.5
134 135

Average Highway Time

(minutes)
Not Low-
Low-Income Income
0.0% 0.0%
0.0% 0.0%
0.0% 0.0%
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Results - Accessibility Summary (Build Alternatives vs No Build Alternative)

1.2 Retail Employment

Linguistically Isolated Population

Average Number of Available
Retail Jobs within a 40-Minute

Transit Trip
Not
Linguistically Linguistically
Isoslated Isolated
No Build 26,850 13,340
TIO 26,860 13,390
MIN 26,960 13,480
MAX 27,130 13,530

Percentage Change from No Build Scenario

Average Number of Available
Retail Jobs within a 40-Minute

Transit Trip
Not
Linguistically Linguistically
Isoslated Isolated

TIO 0.0% 0.4%
MIN 0.4% 1.0%
MAX 1.0% 1.4%
Disabled Population

Average Number of Available
Retail Jobs within a 40-Minute

Transit Trip
Disabled Non-Disabled
No Build 12,780 14,740
TIO 12,810 14,780
MIN 12,910 14,880
MAX 12,960 14,930

Percentage Change from No Build Scenario

Average Number of Available
Retail Jobs within a 40-Minute

Transit Trip
Disabled Non-Disabled
TIO 0.2% 0.3%
MIN 1.0% 0.9%

MAX 1.4% 1.3%

Average Transit Time

(minutes)
Not
Linguistically  Linguistically
Isoslated Isolated

31.0 31.9
31.0 31.9
31.0 31.9
31.0 31.9

Average Transit Time

(minutes)
Not
Linguistically  Linguistically
Isoslated Isolated
0.0% 0.0%
0.0% 0.0%
0.0% 0.0%

Average Transit Time

(minutes)

Disabled Non-Disabled
32.0 31.8
32.0 31.8
32.0 31.8
32.0 31.8

Average Transit Time

(minutes)

Disabled Non-Disabled
0.0% 0.0%
0.0% 0.0%
0.0% 0.0%

Average Number of Available
Retail Jobs within a 20-Minute
Auto Trip

Linguistically Not Linguistically Linguistically

Isoslated Isolated
50,850 40,560
50,850 40,560
50,990 40,620
51,240 40,720

Average Number of Available
Retail Jobs within a 20-Minute
Auto Trip

Linguistically Not Linguistically Linguistically

Isoslated Isolated
0.0% 0.0%
0.3% 0.1%
0.8% 0.4%

Average Number of Available
Retail Jobs within a 20-Minute

Auto Trip
Disabled Non-Disabled
38,180 43,130
38,180 43,130
38,230 43,180
38,340 43,300

Average Number of Available
Retail Jobs within a 20-Minute

Auto Trip
Disabled Non-Disabled
0.0% 0.0%
0.1% 0.1%
0.4% 0.4%

Average Highway Time

(minutes)
Not
Linguistically
Isoslated Isolated

13.3 13.5
13.3 13.5
13.3 13.5
13.3 13.5

Average Highway Time

(minutes)
Not
Linguistically
Isoslated Isolated
0.0% 0.0%
0.0% 0.0%
0.0% 0.0%

Average Highway Time

(minutes)

Disabled Non-Disabled
13.3 13.6
13.3 13.6
13.3 13.6
13.3 13.6

Average Highway Time

(minutes)

Disabled Non-Disabled
0.0% 0.0%
0.0% 0.0%
0.0% 0.0%
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Results - Accessibility Summary (Build Alternatives vs No Build Alternative)

1.3 Service Employment

No Build
TIO

MIN
MAX

Low-Income Population

Average Number of Available
Service Jobs within a 40-Minute

Transit Trip
Low-Income Not Low-Income
186,400 85,810
186,590 86,130
187,020 86,320
187,780 86,650

Percentage Change from No Build Scenario

TIO
MIN
MAX

No Build
TIO

MIN
MAX

Average Number of Available
Service Jobs within a 40-Minute
Transit Trip

Low-Income Not Low-Income
0.1% 0.4%
0.3% 0.6%

0.7% 1.0%

Minority Population

Average Number of Available
Service Jobs within a 40-Minute

Transit Trip
Minority Non-Minority
169,930 55,770
170,200 56,100
170,590 56,210
171,300 56,410

Percentage Change from No Build Scenario

TiO
MIN
MAX

Average Number of Available
Service Jobs within a 40-Minute
Transit Trip

Low-Income Not Low-Income
0.2% 0.6%
0.4% 0.8%

0.8% 1.1%

Average Transit Time

(minutes)
Not Low-
Low-Income Income
30.4 32.0
30.4 32.0
30.4 32.0
30.4 32.0

Average Transit Time

(minutes)
Not Low-
Low-Income Income
0.0% 0.0%
0.0% 0.1%
0.0% 0.0%

Average Transit Time

(minutes)

Minority Non-Minority
31.7 31.9
31.7 31.9
31.7 31.9
31.7 31.9

Average Transit Time

(minutes)
Not Low-
Low-Income Income
0.0% 0.0%
0.0% 0.1%
0.0% 0.1%

Average Number of Available
Service Jobs within a 20-Minute

Auto Trip
Low-Income Not Low-Income
310,670 185,200
310,670 185,200
311,140 185,410
312,050 185,790

Average Number of Available
Service Jobs within a 20-Minute

Auto Trip
Low-Income Not Low-Income
0.0% 0.0%
0.2% 0.1%
0.4% 0.3%

Average Number of Available
Service Jobs within a 20-Minute

Auto Trip
Minority Non-Minority
304,030 139,830
304,030 139,830
304,500 139,940
305,340 140,150

Average Number of Available
Service Jobs within a 20-Minute

Auto Trip
Low-Income Not Low-Income
0.0% 0.0%
0.2% 0.1%
0.4% 0.2%

Average Highway Time

(minutes)
Not Low-
Low-Income Income
12.8 13.7
12.8 13.7
12.8 13.7
12.8 13.7

Average Highway Time

(minutes)
Not Low-
Low-Income Income
0.0% 0.0%
0.0% 0.0%
0.0% 0.0%

Average Highway Time

(minutes)
Minority Non-Minority
13.4 13.7
134 13.7
13.4 13.7
134 13.7

Average Highway Time

(minutes)
Not Low-
Low-Income Income
0.0% 0.0%
0.0% 0.0%
0.0% 0.0%



Appendix 1 (continued)
Results - Accessibility Summary (Build Alternatives vs No Build Alternative)

1.3 Service Employment
Linguistically Isolated Population

Average Number of Available
Service Jobs within a 40-Minute

Average Transit Time

Average Number of Available
Service Jobs within a 20-Minute

Average Highway Time

Transit Trip (minutes) Auto Trip (minutes)
Not Not
Linguistically Not Linguistically Linguistically Linguistically Linguistically Not Linguistically Linguistically Linguistically
Isoslated Isolated Isoslated Isolated Isoslated Isolated Isoslated Isolated

No Build 186,690 93,330 30.2 31.9 291,780 195,390 13.3 13.6
TIO 186,720 93,650 30.2 31.9 291,780 195,390 13.3 13.6
MIN 186,950 93,860 30.2 31.9 292,450 195,620 13.3 13.6
MAX 187,650 94,230 30.2 31.9 293,400 196,040 133 13.6

Percentage Change from No Build Scenario

Average Number of Available
Service Jobs within a 40-Minute

Average Transit Time

Average Number of Available
Service Jobs within a 20-Minute

Average Highway Time

Transit Trip (minutes) Auto Trip (minutes)
Not Not
Linguistically Not Linguistically Linguistically Linguistically Linguistically Not Linguistically Linguistically Linguistically
Isoslated Isolated Isoslated Isolated Isoslated Isolated Isoslated Isolated
TIO 0.0% 0.3% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%
MIN 0.1% 0.6% 0.0% 0.0% 0.2% 0.1% 0.0% 0.0%
MAX 0.5% 1.0% 0.0% 0.0% 0.6% 0.3% 0.0% 0.0%
Disabled Population
Average Number of Available Average Number of Available
Service Jobs within a 40-Minute Average Transit Time Service Jobs within a 20-Minute Average Highway Time
Transit Trip (minutes) Auto Trip (minutes)
Disabled Non-Disabled Disabled Non-Disabled Disabled Non-Disabled Disabled Non-Disabled
No Build 90,780 101,970 31.8 31.9 177,380 216,100 134 13.7
TIO 91,020 102,340 31.8 31.8 177,380 216,100 13.4 13.7
MIN 91,220 102,560 31.8 31.8 177,610 216,350 134 13.7
MAX 91,660 102,890 31.8 31.8 178,024 216,810 13.4 13.7

Percentage Change from No Build Scenario

Average Number of Available
Service Jobs within a 40-Minute

Average Transit Time

Average Number of Available
Service Jobs within a 20-Minute

Average Highway Time

Transit Trip (minutes) Auto Trip (minutes)
Disabled Non-Disabled Disabled Non-Disabled Disabled Non-Disabled Disabled Non-Disabled
TIO 0.3% 0.4% 0.0% -0.3% 0.0% 0.0% 0.0% 0.0%
MIN 0.5% 0.6% 0.0% -0.3% 0.1% 0.1% 0.0% 0.0%
MAX 1.0% 0.9% 0.0% -0.3% 0.4% 0.3% 0.0% 0.0%



Appendix 1 (continued)
Results - Accessibility Summary (Build Alternatives vs No Build Alternative)

1.4 Hospital Beds

No Build
Tio

MIN
MAX

Low-Income Population

Average Number of Available
Hospital Beds within a 40-

Minute Transit Trip Average Transit Time (minutes)

Not Low-
Low-Income Not Low-Income Low-Income Income
1,870 670 26.5 22.2
1,870 670 26.5 22.2
1,870 670 26.5 22.2
1,870 670 26.5 22.2

Percentage Change from No Build Scenario

TIO
MIN
MAX

No Build
Tio

MIN
MAX

Average Number of Available
Hospital Beds within a 40-

Minute Transit Trip Average Transit Time (minutes)

Not Low-
Low-Income Not Low-Income Low-Income Income
0.0% 0.0% 0.0% 0.0%
0.0% 0.0% 0.0% 0.0%
0.0% 0.0% 0.0% 0.0%
Minority Population

Average Number of Available
Hospital Beds within a 40-

Minute Transit Trip Average Transit Time (minutes)

Minority Non-Minority Minority Non-Minority
1,450 440 26.6 20.5
1,450 440 26.6 20.5
1,450 440 26.6 20.5
1,450 440 26.6 20.5

Percentage Change from No Build Scenario

Tio
MIN
MAX

Average Number of Available
Hospital Beds within a 40-

Minute Transit Trip Average Transit Time (minutes)

Minority Non-Minority Minority Non-Minority
0.0% 0.0% 0.0% 0.0%
0.0% 0.0% 0.0% 0.0%
0.0% 0.0% 0.0% 0.0%

Average Number of Available
Hospital Beds within a 20-
Minute Auto Trip

Not Low-
Low-Income Income
4,240 2,430
4,240 2,430
4,240 2,430
4,240 2,430

Average Number of Available
Hospital Beds within a 20-
Minute Auto Trip

Not Low-
Low-Income Income
0.0% 0.0%
0.0% 0.0%
0.0% 0.0%

Average Number of Available
Hospital Beds within a 20-
Minute Auto Trip

Minority Non-Minority
4,040 1,830
4,040 1,830
4,040 1,830
4,040 1,830

Average Number of Available
Hospital Beds within a 20-
Minute Auto Trip

Minority Non-Minority
0.0% 0.0%
0.0% 0.0%
0.0% 0.0%

Average Highway Time

(minutes)
Not Low-
Low-Income Income
12.0 129
12.0 129
12.0 12.9
12.0 129

Average Highway Time

(minutes)
Not Low-
Low-Income Income
0.0% 0.0%
0.0% 0.0%
0.0% 0.0%

Average Highway Time

(minutes)

Minority Non-Minority
12.7 12.9
12.7 12.9
12.7 12.9
12.7 12.9

Average Highway Time

(minutes)

Minority Non-Minority
0.0% 0.0%
0.0% 0.0%
0.0% 0.0%



Appendix 1 (continued)

Results - Accessibility Summary (Build Alternatives vs No Build Alternative)

1.4 Hospital Beds
Linguistically Isolated Population

Average Number of Available
Hospital Beds within a 40-

Minute Transit Trip Average Transit Time (minutes)

Not Not
Linguistically Linguistically Linguistically  Linguistically
Isoslated Isolated Isoslated Isolated
No Build 1,500 780 27.4 22,5
TiO 1,500 780 27.4 22.5
MIN 1,500 780 27.4 225
MAX 1,500 780 27.4 225

Percentage Change from No Build Scenario

Average Number of Available
Hospital Beds within a 40-

Minute Transit Trip Average Transit Time (minutes)

Not Not
Linguistically Linguistically Linguistically  Linguistically
Isoslated Isolated Isoslated Isolated
TIO 0.0% 0.0% 0.0% 0.0%
MIN 0.0% 0.0% 0.0% 0.0%
MAX 0.0% 0.0% 0.0% 0.0%
Disabled Population
Average Number of Available
Hospital Beds within a 40-
Minute Transit Trip Average Transit Time (minutes)
Disabled Non-Disabled Disabled Non-Disabled
No Build 740 860 23.0 22.4
TiO 740 860 23.0 22.5
MIN 740 860 23.0 22.5
MAX 740 860 23.0 22.5

Percentage Change from No Build Scenario

Average Number of Available
Hospital Beds within a 40-

Minute Transit Trip Average Transit Time (minutes)

Disabled Non-Disabled Disabled Non-Disabled
TIO 0.0% 0.0% 0.0% 0.4%
MIN 0.0% 0.0% 0.0% 0.4%
MAX 0.0% 0.0% 0.0% 0.4%

Average Number of Available
Hospital Beds within a 20-
Minute Auto Trip

Not
Linguistically  Linguistically
Isoslated Isolated
3,250 2,600
3,250 2,600
3,250 2,600
3,250 2,600

Average Number of Available
Hospital Beds within a 20-
Minute Auto Trip

Not
Linguistically  Linguistically
Isoslated Isolated
0.0% 0.0%
0.0% 0.0%
0.0% 0.0%

Average Number of Available
Hospital Beds within a 20-
Minute Auto Trip

Disabled Non-Disabled
2,440 2,780
2,440 2,780
2,440 2,780
2,440 2,780

Average Number of Available
Hospital Beds within a 20-
Minute Auto Trip

Disabled Non-Disabled
0.0% 0.0%
0.0% 0.0%
0.0% 0.0%

Average Highway Time

(minutes)
Not
Linguistically  Linguistically
Isoslated Isolated

13.0 12.8
13.0 12.8
13.0 12.8
13.0 12.8

Average Highway Time

(minutes)
Not
Linguistically  Linguistically
Isoslated Isolated
0.0% 0.0%
0.0% 0.0%
0.0% 0.0%

Average Highway Time

(minutes)
Disabled Non-Disabled
12.2 13.3
12.2 13.3
12.2 13.3
12.2 13.3

Average Highway Time

(minutes)

Disabled Non-Disabled
0.0% 0.0%
0.0% 0.0%
0.0% 0.0%



Appendix 1 (continued)

Results - Accessibility Summary (Build Alternatives vs No Build Alternative)

1.5 Colleges
Low-Income Population

Average Number of Available
College Enrollment within a 40-

Average Transit Time

Minute Transit Trip (minutes)
Not Low-
Low-Income Not Low-Income Low-Income Income
No Build 24,270 9,010 21.6 18.5
TIO 24,280 9,050 21.8 18.6
MIN 24,300 9,040 21.8 18.7
MAX 24,300 9,040 21.8 18.5

Percentage Change from No Build Scenario

Average Number of Available
College Enrollment within a 40-

Average Transit Time

Minute Transit Trip (minutes)
Not Low-
Low-Income Not Low-Income Low-Income Income
TIO 0.0% 0.4% 0.9% 0.5%
MIN 0.1% 0.3% 0.9% 1.1%
MAX 0.1% 0.3% 0.9% 0.0%
Minority Population

Average Number of Available
College Enroliment within a 40-
Minute Transit Trip

Minority Non-Minority
No Build 19,890 5,520
TIO 19,930 5,550
MIN 19,930 5,550
MAX 19,930 5,550

Percentage Change from No Build Scenario

Average Number of Available
College Enrollment within a 40-
Minute Transit Trip

Minority Non-Minority
TIO 0.2% 0.5%
MIN 0.2% 0.5%

MAX 0.2% 0.5%

Average Transit Time

(minutes)

Minority Non-Minority
24.3 15.8
24.4 15.8
24.4 15.8
24.4 15.8

Average Transit Time

(minutes)

Minority Non-Minority
0.4% 0.0%
0.4% 0.0%
0.4% 0.0%

Average Number of Available
College Enrollment within a 20-
Minute Auto Trip

Low-Income Not Low-Income
46,020 23,820
46,020 23,820
46,020 23,850
46,020 23,850

Average Number of Available
College Enrollment within a 20-
Minute Auto Trip

Low-Income Not Low-Income
0.0% 0.0%
0.0% 0.1%
0.0% 0.1%

Average Number of Available
College Enrollment within a 20-
Minute Auto Trip

Minority Non-Minority
42,320 17,230
42,320 17,230
42,390 17,230
42,390 17,230

Average Number of Available
College Enrollment within a 20-
Minute Auto Trip

Minority Non-Minority
0.0% 0.0%
0.2% 0.0%
0.2% 0.0%

Average Highway Time

(minutes)
Not Low-
Low-Income Income
12.5 12.8
12.5 12.8
12.5 12.8
12.5 12.8

Average Highway Time

(minutes)
Not Low-
Low-Income Income
0.0% 0.0%
0.0% 0.0%
0.0% 0.0%

Average Highway Time

(minutes)
Minority Non-Minority
13.4 12.5
134 12.5
13.4 12.5
134 12.5

Average Highway Time

(minutes)

Minority Non-Minority
0.0% 0.0%
0.0% 0.0%
0.0% 0.0%



Appendix 1 (continued)

Results - Accessibility Summary (Build Alternatives vs No Build Alternative)

1.5 Colleges

Linguistically Isolated Population

Average Number of Available
College Enrollment within a 40-
Minute Transit Trip

Not
Linguistically Linguistically
Isoslated Isolated
No Build 21,430 10,270
TIO 21,430 10,310
MIN 21,430 10,310
MAX 21,430 10,310

Percentage Change from No Build Scenario

Average Number of Available
College Enrollment within a 40-
Minute Transit Trip

Not
Linguistically Linguistically
Isoslated Isolated
TIO 0.0% 0.4%
MIN 0.0% 0.4%
MAX 0.0% 0.4%
Disabled Population

Average Number of Available
College Enrolliment within a 40-
Minute Transit Trip

Disabled Non-Disabled
No Build 8,940 12,100
TIO 8,940 12,150
MIN 8,940 12,160
MAX 8,940 12,160

Percentage Change from No Build Scenario

Average Number of Available
College Enrollment within a 40-
Minute Transit Trip

Disabled Non-Disabled
TIO 0.0% 0.4%
MIN 0.0% 0.5%

MAX 0.0% 0.5%

Average Transit Time

(minutes)
Not
Linguistically  Linguistically
Isoslated Isolated

21.6 18.8
21.6 18.8
21.6 18.8
21.6 18.8

Average Transit Time

(minutes)
Not
Linguistically Linguistically
Isoslated Isolated
0.0% 0.0%
0.0% 0.0%
0.0% 0.0%

Average Transit Time

(minutes)

Disabled Non-Disabled
19.0 18.8
19.0 18.9
19.0 18.9
19.0 18.9

Average Transit Time

(minutes)

Disabled Non-Disabled
0.0% 0.5%
0.0% 0.5%
0.0% 0.5%

Average Number of Available

College Enrollment within a 20- Average Highway Time

Minute Auto Trip (minutes)
Not
Linguistically Not Linguistically Linguistically  Linguistically
Isoslated Isolated Isoslated Isolated

33,860 26,000 14.2 12.7
33,860 26,000 14.2 12.7
34,220 26,010 14.2 12.7
34,220 26,010 14.2 12.7

Average Number of Available

College Enrollment within a 20- Average Highway Time

Minute Auto Trip (minutes)
Not
Linguistically Not Linguistically Linguistically  Linguistically
Isoslated Isolated Isoslated Isolated
0.0% 0.0% 0.0% 0.0%
1.1% 0.0% 0.0% 0.0%
1.1% 0.0% 0.0% 0.0%

Average Number of Available

College Enrollment within a 20- Average Highway Time

Minute Auto Trip (minutes)

Disabled Non-Disabled Disabled Non-Disabled
22,360 29,350 13.3 12.4
22,360 29,350 13.3 12.4
22,400 29,360 13.3 12.4
22,400 29,360 13.3 12.4

Average Number of Available

College Enrollment within a 20- Average Highway Time

Minute Auto Trip (minutes)

Disabled Non-Disabled Disabled Non-Disabled
0.0% 0.0% 0.0% 0.0%
0.2% 0.0% 0.0% 0.0%
0.2% 0.0% 0.0% 0.0%



Appendix 2
Results

Mobility Summary (Build Alternatives vs. No Build Alternative)

2. 1 Transit

Low Income Population

Average Transit Production Time (minutes)

Not Low- Not Low-
Low-Income Income Low-Income Income
No Build 45.1 53.2 Compared to No Build
TIO 45.1 53.2 0.0% 0.0%
MIN 45.1 53.2 0.0% 0.0%
MAX 45.1 53.2 0.0% 0.0%
Minority Population

Average Transit Production Time (minutes)

Minority Non-Minority Minority Non-Minority

No Build 46.0 55.9 Compared to No Build
TIO 46.0 55.9 0.0% 0.0%
MIN 46.0 55.9 0.0% 0.0%
MAX 45.9 55.9 -0.2% 0.0%

Linguistically Isolated Population

Average Transit Production Time (minutes)

Not Not
Linguistically Linguistically Linguistically  Linguistically
Isoslated Isolated Isoslated Isolated
No Build 45.6 52.6 Compared to No Build
TiO 45.6 52.6 0.0% 0.0%
MIN 45.6 52.6 0.0% 0.0%
MAX 45.6 52.6 0.0% 0.0%
Disabled Population

Average Transit Production Time (minutes)

Disabled Non-Disabled Disabled Non-Disabled

No Build 51.9 52.7 Compared to No Build
TiO 51.9 52.7 0.0% 0.0%
MIN 51.8 52.6 -0.2% -0.2%

MAX 51.9 52.6 0.0% -0.2%

Average Transit Attraction Time (minutes)

Not Low- Not Low-
Low-Income Income Low-Income Income
41.0 42.3 Compared to No Build
41.0 423 0.0% 0.0%
41.0 423 0.0% 0.0%
41.0 423 0.0% 0.0%

Average Transit Attraction Time (minutes)

Minority Non-Minority Minority Non-Minority

42.3
42.3
42.3
42.3

42.1 Compared to No Build
421 0.0% 0.0%
42.1 0.0% 0.0%
421 0.0% 0.0%

Average Transit Attraction Time (minutes)

Not Not
Linguistically  Linguistically Linguistically Linguistically
Isoslated Isolated Isoslated Isolated
42.0 42.1 Compared to No Build
42.1 42.1 0.2% 0.0%
42.1 42.1 0.2% 0.0%
42.1 42.1 0.2% 0.0%

Average Transit Attraction Time (minutes)

Disabled Non-Disabled Disabled Non-Disabled

43.6
43.6
43.6
43.6

41.0 Compared to No Build
41.0 0.0% 0.0%
41.0 0.0% 0.0%
41.0 0.0% 0.0%



Appendix 2 (continued)

Results

Mobility Summary (Build Alternatives vs. No Build Alternative)

2.2 Auto

No Build
TIO

MIN
MAX

No Build
TIO

MIN
MAX

No Build
TIO

MIN
MAX

No Build
Tio

MIN
MAX

Low Income Population

Average Highway Production Time (minutes) Average Highway Attraction Time (minutes)
Not Low- Not Low- Not Low- Not Low-
Low-Income Income Low-Income Income Low-Income Income Low-Income Income
12.8 14.0 Compared to No Build 12.6 12.5 Compared to No Build
12.8 14.0 0.0% 0.0% 12.6 12.5 0.0% 0.0%
12.8 14.1 0.0% 0.5% 12.6 12.5 0.0% 0.0%
12.8 14.1 0.0% 0.5% 12.6 12.5 0.0% 0.0%
Minority Population
Average Highway Production Time (minutes) Average Highway Attraction Time (minutes)
Minority Non-Minority Minority Non-Minority Minority Non-Minority Minority Non-Minority
13.2 14.3 Compared to No Build 12.8 12.3 Compared to No Build
13.2 14.3 0.0% 0.0% 12.8 12.3 0.0% 0.0%
13.2 14.3 0.1% 0.0% 12.9 12.3 0.5% 0.0%
13.2 14.3 0.1% 0.0% 12.9 12.3 0.5% 0.0%

Linguistically Isolated Population

Average Highway Production Time (minutes) Average Highway Attraction Time (minutes)
Not Not Not Not
Linguistically  Linguistically  Linguistically Linguistically Linguistically  Linguistically  Linguistically  Linguistically
Isoslated Isolated Isoslated Isolated Isoslated Isolated Isoslated Isolated
13.4 13.9 Compared to No Build 12.5 12.5 Compared to No Build
13.4 13.9 0.0% 0.0% 12.5 12.5 0.0% 0.0%
13.4 13.9 0.0% 0.0% 12.5 12.5 0.0% 0.0%
13.4 13.9 0.0% 0.0% 125 12.5 0.0% 0.0%
Disabled Population
Average Highway Production Time (minutes) Average Highway Attraction Time (minutes)
Disabled Non-Disabled Disabled Non-Disabled Disabled Non-Disabled Disabled Non-Disabled
13.7 14.0 Compared to No Build 11.9 12.9 Compared to No Build
13.7 14.0 0.0% 0.0% 11.9 12.9 0.0% 0.0%
13.7 14.0 0.0% 0.0% 11.9 12.9 0.0% 0.0%
13.8 14.0 0.7% 0.0% 11.9 12.9 0.0% 0.0%



Appendix 3

Results

Environmental Summary (Build Alternative vs. No Build Alternative)

No Build
Tio

MIN
MAX

No Build
TIO

MIN
MAX

No Build
TIO

MIN
MAX

No Build
Tio

MIN
MAX

Low Income Population

CO per Square Mile (kg/mile?)

Not Low- Not Low-
Low-Income Income Low-Income Income
410 210 Compared to No Build
410 210 0.0% 0.0%
410 210 0.0% 0.0%
410 210 0.0% 0.0%
Minority Population
€O per Square Mile (kg/mile?)
Minority Non-Minority Minority Non-Minority
350 170 Compared to No Build
350 170 0.0% 0.0%
350 170 0.0% 0.0%
350 170 0.0% 0.0%

Linguistically Isolated Population

CO per Square Mile (kg/mile?)
Not Not
Linguistically  Linguistically  Linguistically  Linguistically

Isoslated Isolated Isoslated Isolated
350 230 Compared to No Build
350 230 0.0% 0.0%
350 230 0.0% 0.0%
350 230 0.0% 0.0%
Disabled Population

CO per Square Mile (kg/mile?)

Disabled Non-Disabled Disabled Non-Disabled
240 230 Compared to No Build
240 230 0.0% 0.0%
240 230 0.0% 0.0%
240 230 0.0% 0.0%

Congested VMT per Square Mile

Not Low- Not Low-
Low-Income Income Low-Income Income
1,990 7,040 Compared to No Build
1,980 7,030 -0.5% -0.1%
2,000 7,050 0.5% 0.1%
2,000 7,050 0.5% 0.1%
Congested VMT per Square Mile
Minority Non-Minority Minority Non-Minority
4,100 7,810 Compared to No Build
4,100 7,800 0.0% -0.1%
4,110 7,820 0.2% 0.1%
4,120 7,830 0.5% 0.3%
Congested VMT per Square Mile
Not Not
Linguistically  Linguistically Linguistically Linguistically
Isoslated Isolated Isoslated Isolated
1,500 6,680 Compared to No Build
1,500 6,670 0.0% -0.1%
1,500 6,690 0.0% 0.1%
1,510 6,690 0.7% 0.1%
Congested VMT per Square Mile
Disabled Non-Disabled Disabled Non-Disabled
5,280 7,370 Compared to No Build
5,280 7,360 0.0% -0.1%
5,300 7,380 0.4% 0.1%
5,300 7,390 0.4% 0.3%
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Socioeconomic Conditions Technical Report

1. South Station Study Area
1.1. Population

The one-half-mile South Station study area encompasses the Leather District and much of the Chinatown
neighborhood to the west; extends to the east across the Fort Point Channel to include a portion of the
South Boston Waterfront/Innovation District; and extends to the north to include a portion of the
Downtown neighborhood. According to the U.S. Census, the South Station study area had a population of
approximately 12,659 residents in 2010. The population in the study area is concentrated to the west of
the station in the neighborhoods of Chinatown and the Leather District, with smaller populations north of
the station in the Downtown neighborhood, and to the east in the South Boston Waterfront/Innovation
District area.

Table 13 presents population trends for the South Station study area, neighborhoods within a one-half
mile radius of South Station, Boston, Suffolk County, and Massachusetts. The population of the South
Station study area and the populations of neighborhoods near South Station increased at substantially
higher percentages over the 10 year period than did the populations of Boston, Suffolk County, and
Massachusetts. The study area population grew by almost 55% from 2000 to 2010. All of the
neighborhoods in close proximity to South Station increased their populations by more than 10%, and the
populations of the Leather District and South Boston Waterfront/Innovation District neighborhoods
increased by close to 200% and 300%, respectively. In comparison, from 2000 to 2010, the City of
Boston’s population increased by almost 5%, Suffolk County increased by slightly less than 5%, and the
state population increased by slightly more than 3%.

Table 13—Population Trends, South Station Study Area, 2000-2010

Area Population Population % Change
2000 2010 2000 to 2010

South Station Study Area 8,190 12,659 54.6
Chinatown 3,559 4,444 24.9
Leather District 219 639 191.8
Downtown 7,355 11,215 52.5
South Boston Waterfront 509 1,889 271.1
City of Boston 589,141 617,594 4.8
Suffolk County 689,807 722,023 4.6
Massachusetts 6,349,097 6,547,629 3.1

Sources: 2010 Census, Summary File 1, Boston Redevelopment Authority Research Division Analysis; 2010 Census

1.2. Housing

There were approximately 6,444 housing units in the South Station study in 2010. Mirroring the
population characteristics in the study area, the housing units in the study area are generally concentrated
to the west and north of South Station, in the neighborhoods of Chinatown, the Leather District, and
Downtown, with smaller numbers in the South Boston Waterfront/Innovation District neighborhood. Of
the total number of housing units, 5,443 units were occupied, indicating a 2010 housing occupancy rate of
84.5% and a vacancy rate of 15.5%.

Table 14 presents housing stock and occupancy trends for the South Station study area, neighborhoods
within a one-half mile radius of South Station, Boston, Suffolk County, and Massachusetts. From 2000 to
2010, the increase in the number of housing units in the South Station study area and in the
neighborhoods proximate to South Station far exceeded the growth rate of housing in the city, Suffolk
County, and Massachusetts. All of the neighborhoods increased their housing stock by more than 50%

South Station Expansion October 2014
Massachusetts Department of Transportation Page 3



Socioeconomic Conditions Technical Report

over the past decade.

Waterfront/Innovation District neighborhood.

Table 14—Housing Stock and Occupancy Trends, South Station Study Area, 2000-2010

The data are reflective of the recent development boom in the South Boston

Area ‘ Housing Housing % Change | % Vacant % Vacant % Change
Units 2000  Units 2010 2000-2010 2000 2010 2000-2010
i‘;:;h Station Study 3,860 6,444 66.9 9.0 15.5 187.6
Chinatown 1,367 2,114 54.6 2.9 6.2 230.0
Leather District 157 377 140.1 11.5 4.0 -16.7
Downtown 3,305 5,390 63.1 11.4 21.0 201.1
South Boston 270 1,214 349.6 8.5 15.3 708.7
Waterfront
City of Boston 251,935 272,481 82 4.9 7.3 59.4
Suffolk County 292,520 315,522 7.9 4.7 7.2 64.9
Massachusetts 2,621,989 | 2,808,254 7.1 6.8 9.3 46.4

Sources: 2010 Census, Summary File 1, Boston Redevelopment Authority Research Division Analysis (November 2011); Boston Redevelopment
Authority, South Boston Waterfront, 2010 Census Population, March 2011.

Table 15 presents an overview of housing tenure in the South Station study area and neighborhoods
proximate to South Station, in comparison to Boston, Suffolk County, and Massachusetts. With the
exception of the Chinatown and Leather District neighborhoods, in 2010, the ratios of owner- and renter-
occupied housing in the South Station study area and in neighborhoods proximate to South Station were
similar to the housing occupancy characteristics of the City of Boston and Suffolk County. From 2000 to
2010, the percentage of owner-occupancy in the South Station study area increased by approximately 6%,
from approximately 27% to 33% of all occupied housing units. Conversely, from 2000 to 2010, the
percentage of renter-occupancy in the South Station study area decreased by approximately 6%, from
approximately 73% to less than 67% of all occupied housing units. Similarly, the percentages of owner-
occupied units increased in the City of Boston from approximately 32% in 2000, to almost 34% in 2010.
In Suffolk County, the rate of owner-occupancy increased from approximately 34% in 2000 to over 35%
in 2010; while the rate of renter-occupancy decreased from slightly less than 68% in 2000, to less than
65% in 2010.

Table 15—Housing Tenure, South Station Study Area, 2010
Total Occupied

Owner- % Owner- RE NG S % Renter-

Housing Units occupied occupied occupied occupied
South Station Study Area 5,443 1,805 33.2 3,638 66.8
Chinatown 1,982 133 6.7 1,849 93.3
Leather District 362 252 69.6 110 30.4
Downtown 4,258 1,620 33.2 2,638 62.0
South Boston Waterfront 1,028 388 37.7 640 62.3
City of Boston 252,699 85,791 33.9 166,908 66.1
Suffolk County 292,767 103,220 353 189,547 64.7
Massachusetts 2,547,075 1,587,158 62.3 959,917 37.7

Sources: 2010 Census, Summary File 1, Boston Redevelopment Authority Research Division Analysis; Boston Redevelopment Authority,
Neighborhood 2010 Census Population Reports, March 2011
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1.3. Housing Characteristics

Table 16 presents household characteristics in the South Station study area, in comparison to the
neighborhoods proximate to South Station, Boston, Suffolk County, and Massachusetts. In 2010 the
South Station study area contained approximately 5,443 households, with an average household size of
approximately 1.8 residents per household. Almost 64% of the households in the study area consisted of
nonfamily households, with slightly more than 36% of the households representing family households.
With the exception of Chinatown, which had a roughly 50-50 split between family and nonfamily
households in 2010, and an average household size greater than 2 residents per household, the
neighborhoods located within one-half mile of South Station generally exhibited the same household
characteristics of the study area: higher percentages of nonfamily over family households, and an average
household size of less than 2 residents per household. In contrast, in Boston, Suffolk County and
Massachusetts, the percentages of family households exceeded the percentages of nonfamily households
in 2010, and the average household size exceeded 2 persons per household.

Table 16—Household Characteristics, South Station Study Area, 2010

Area ‘ Total Family % of Nonfamily % of Average
Households  Households Total Households Total | Household Size
South Station Study Area 5,443 1,983 36.4 3,460 63.6 1.8
Chinatown 1,928 976 49.2 1,006 50.8 2.2
Leather District 362 136 37.6 226 62.4 1.7
Downtown 4,258 1,297 30.5 2,961 69.5 1.6
South Boston Waterfront 1,028 284 27.6 744 72.4 1.6
City of Boston 252,699 116,244 46.0 136,455 54.0 2.3
Suffolk County 292,767 140,412 48.0 152,355 52.0 2.3
Massachusetts 2,547,075 1,603,591 63.0 943,484 37.0 2.5

Source: 2010 Census, Summary File 1, Boston Redevelopment Authority Research Division Analysis; 2010 U.S. Census

Table 17 presents median household income for the neighborhoods encompassing or in the immediate
vicinity of South Station, as estimated in the 2006-2010 ACS. Both the Downtown and the South Boston
Waterfront neighborhoods had higher median household incomes than did the City of Boston or Suffolk
County.

Table 17—Median Household Income, South Station Study Vicinity

Estimated Median Household Income
2006-2010

Area

Downtown (including Chinatown and Leather District) $57,322
South Boston Waterfront $81,126
City of Boston $50,866
Suffolk County $50,597
Massachusetts $65,201

Sources: 1) Boston Redevelopment Authority Research Department, Reports #570, #573 and #574, December 15, 2003;
2) Boston Redevelopment Authority, Boston in Context: Neighborhoods, 3/28/2013 (American Community Survey, 2006-2010).

1.4. Employment

Table 18 presents the occupational profile of the South Station study area and surrounding areas for the
civilian employed population 16 years and over, as estimated in the 2006-2010 ACS. The South Station
study area and the immediate neighborhoods had substantially higher percentages of people employed in
the management, business, science and arts sectors than did the, Suffolk County, and Massachusetts.
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Correspondingly, the South Station study area and immediate neighborhoods had lower percentages of
people employed in all other sectors.

Table 18—Estimated Occupational Profile for Residents in the South Station Study Area
Estimated Percentage of Total Employment, 2006-2010"

Management, Sales and Natural Resources, Production,
Business, Service Office Construction & Transportation &
Science & Arts Maintenance Material Moving
South Station Study Area 58.3 16.0 20.7 0.3 4.6
Downtown" 59.2 153 20.7 0.3 4.6
South Boston Waterfront 70.5 14.1 11.8 0.7 3.0
City of Boston 44.8 21.6 22.9 43 6.4
Suffolk County 423 219 234 5.0 7.4
Massachusetts 42.8 16.6 24.2 7.4 9.1

Sources: Boston Redevelopment Authority, Boston in Context: Neighborhoods, 3/28/2013 (American Community Survey [ACS], 2006-2010).
U.S. Census Bureau, American Fact Finder, Selected Economic Characteristics, Suffolk County, 2006-2010 ACS Selected Population Tables

a Total for civilian employed population 16 years and over

b The Downtown neighborhood includes Chinatown and the Leather District.

Table 19 presents the estimated commute to work percentages, as reported by the 2006-2010 ACS. In
comparison to the City of Boston, Suffolk County, and Massachusetts the percentages of people in the
South Station study area and proximate neighborhoods who drove alone or carpooled were lower; and the
percentages who used other means to commute, including walking or bicycling were substantially higher.
These data reflect the mixed-use development that characterizes the Downtown and South Boston
Waterfront neighborhoods.

Table 19—Commute to Work, South Station Vicinity, 2006-2010
Percentage of Total Employment®
Public

Drove Alone Carpool . Other”
Transportation
Downtown 18.0 2.2 21.9 57.8
South Boston Waterfront 33.5 7.7 30.3 28.5
City of Boston 40.0 7.9 34.1 18.0
Suffolk County 42.5 8.4 32.7 16.4
Massachusetts 75.6 8.6 9.4 6.4

Sources: American Community Survey, 2006-2010; Boston Redevelopment Authority, Boston in Context: Neighborhoods, 3/28/13
a Total for civilian employed population 16 years and over
b Includes taxicab, motorcycle, bicycle, walked or by other means

Table 20 presents the employment profile by industry for South Station and surrounding areas, as
estimated in the 2006-2010 ACS. Percentages of people employed in the business and professional
services in the South Station study area, Downtown and South Boston Waterfront neighborhoods
exceeded those in the City of Boston, Suffolk County, and Massachusetts. Percentages of people
employed in construction, retail trade, and education, health and social services were lower in the South
Station area and proximate neighborhoods than those in the city, county, or state.
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Table 20—Employment Profile by Industry of Residents in the South Station Study Area, 2010
Percentage of Total Employment®

Transportation, Business & Education, Arts Public

Wholesale Retail Ware.h.o.using, FlREb Professional Heal.th, >
Trade Trade Utilities, Social

Information Services

Entertainment, Administration

Construction = Manufacturing
Food Services” & Other®

. C
Services

i‘;g;h Station Study 13 5.7 2.0 6.5 5.4 17.0 19.9 2.1 12.2 79
e - 13 54 0.7 6.1 45 18.4 204 241 11.9 72
South Boston 23 5.1 6.7 1.8 77 8.2 213 232 9.5 142
Waterfront

City of Boston 34 47 16 83 62 98 15.0 30.5 112 93
Suffolk County 40 5.1 2.0 8.7 6.5 95 14.5 29.0 11.4 93
s 5.9 9.9 2.7 10.7 64 8.1 127 26.7 2.0 8.9

Sources: Boston Redevelopment Authority, Boston in Context: Neighborhoods, 3/28/13; U.S. Census Bureau, American Fact Finder, Selected Economic Characteristics, 2006-2010 American Community
Survey Selected Population Tables, Suffolk County

a Total for civilian employed population 16 years and over

b Includes finance and insurance, and real estate and rental and leasing

¢ Includes professional, scientific, management, and administrative and waste management services

d Includes arts, entertainment, recreation, accommodation and food services

e Includes public administration; agriculture, forestry, fishing, hunting, and mining; and other services

f The Downtown neighborhood includes Chinatown and the Leather District.
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2. Layover Facilities Study Areas

1.1. Population

All of the layover facility sites are located within existing industrial areas. The population of the one-
half-mile Widett Circle study area is generally concentrated in the South End neighborhood, west of the
site, and to a lesser extent, in the eastern portion of the study area in South Boston. Readville - Yard 2 is
located in the Hyde Park neighborhood, with the one-half=mile study area population located primarily
south and northwest of the site.

Table 21 presents population trends for the three layover facility study areas. The Widett Circle study
area grew substantially more than any other study area or neighborhood. Population trends within the
Beacon Park Yard study area closely resembled that of the Allston neighborhood in which it is located,
growing by almost 14% between 2000 and 2010. With the exception of the Readville — Yard 2 study
area, which lost population from 2000 to 2010, the growth rate of the study area populations exceeded the
city, county or state growth rates over the same time period.

Table 21—Population Trends, Layover Facility Study Areas, 2000-2010

Area Population Population %  Change ‘
2000 2010 2000 to 2010
Widett Circle Study Area’ 7,405 11,299 52.6
South Boston 31,005 33,311 7.4
South End 21,911 24,577 12.2
Beacon Park Yard Study Area 16,948 19,232 13.5
Allston 25,623 29,196 13.9
Readville Yard — 2 Study Area 5,615 5,111 -9.0
Hyde Park 30,076 30,637 1.9
City of Boston 589,141 617,594 4.8
Suffolk County 689,807 722,023 4.6
Massachusetts 6,349,097 6,547,629 3.1

Sources: 2010 Census, Summary File 1, Boston Redevelopment Authority Research Division Analysis; 2010 Census
a The Widett Circle study area includes the Suffolk County House of Corrections, which had 1,512 residents in 2010.

1.2. Housing

Table 22 presents housing stock and occupancy trends in the three layover facility areas, in comparison to
their neighborhoods, the City of Boston Suffolk County, and Massachusetts. Similar to population trends,
housing stock in the Widett Circle study area increased substantially more than any other study area,
including the neighborhoods in immediate proximity to the site, and far exceeded the housing growth
rates in the City of Boston, Suffolk County, or Massachusetts. Vacancy rates in the Widett Circle study
area declined substantially over the 10 year period. Housing trends in the Beacon Park Yard study area
more closely aligned with the Allston neighborhood, increasing approximately 6% and seven%,
respectively, between 2000 and 2010. Both the Readville — Yard 2 study area and Hyde Park experienced
modest housing growth rates.
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Table 22—Housing Stock and Occupancy Trends, Layover Facility Study Areas, 2000-2010

2 % %
ElEmEs Vacant Vacant

2000-
2010 2000 2010

Housing Housing

Units 2010

Units 2000

Widett Circle Study Area 2,742 4,797 74.9 9.7 8.2 -15.5
South Boston 14,761 16,409 11.2 6.6 7.4 25.6
South End 12,000 13,648 13.7 54 6.0 25.7
Beacon Park Yard Study Area 6,274 6,667 6.3 1.4 3.1 133.7
Allston 10,373 11,095 7.0 1.4 34 161.0
Readville Yard — 2 Study Area 2,058 2,128 34 4.0 7.2 84.3
Hyde Park 11,289 11,816 4.7 33 6.2 97.6
City of Boston 251,935 272,481 ]2 4.9 7.3 59.4
Suffolk County 292,520 315,522 7.9 4.7 7.2 64.9
Massachusetts 2,621,989 | 2,808,254 7.1 6.8 9.3 46.4

Sources: 2010 Census, Summary File 1, Boston Redevelopment Authority Research Division Analysis; Boston Redevelopment Authority,
Neighborhood 2010 Census Population Reports, March 2011, Boston 2010 Census Population Neighborhood Comparison, April 2011.

Table 23 presents housing tenure data for the three layover facility study areas and their immediate
neighborhoods. Owner and renter occupancy percentages in the Widett Circle study area resemble the
owner/renter rates of Suffolk Country, with owner-occupancy rates in the study area and neighborhoods
slightly exceeding the city and county rates. The high percentage of renter-occupied units in the Beacon
Park Yard study area and Allston reflects the large student population in the area. The owner-occupancy
rates in the Readville - Yard 2 study area and Hyde Park exceed the Suffolk County rates, and are just
slightly lower than the Massachusetts owner-occupancy rate.

Table 23—Housing Tenure, Layover Facility Study Areas, 2010

Total
Occupied

7 Renter- 2
Owner- . Renter-
. occupied .
occupied occupied

Owner-
occupied

Housing
Units

Widett Circle Study Area 4,404 1,639 37.2 2,765 62.8
South Boston 15,191 6,108 40.2 9,083 59.8
South End 12,831 5,026 39.2 7,805 60.8
Beacon Park Yard Study Area 6,488 1,225 19.0 5,263 81.1
Allston 10,714 1,379 12.9 9,335 87.1
Readville Yard — 2 Study Area 1,975 994 50.3 981 49.7
Hyde Park 11,079 6,431 58.0 4,648 42.0
City of Boston 252,699 85,791 33.9 166,908 66.1
Suffolk County 292,767 103,220 35.3 189,547 64.7
Massachusetts 2,547,075 1,587,158 62.3 959,917 37.7

Sources: 2010 Census, Summary File 1, Boston Redevelopment Authority Research Division Analysis; Boston Redevelopment Authority,

Neighborhood 2010 Census Population Reports, March 2011
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1.3. Housing Characteristics

Table 24 presents household characteristics in the three layover facility study areas, in comparison to
surrounding neighborhoods, the City of Boston, Suffolk County, and Massachusetts. Household
characteristics in the three study areas closely align with the neighborhoods in which they are located.
Nonfamily households are predominant in the Widett Circle study area and the Beacon Park Yard study
area. In contrast, family housecholds are predominant in the Readville — Yard 2 study area, exceeding the
percentages of family household in the City of Boston, Suffolk County, and Massachusetts.

Table 24—Household Characteristics, Layover Facility Study Areas, 2010

Total Family % of Nonfamily % of Average

Households Households Total Households | Total | Household Size

Widett Circle Study Area 4,404 1,764 40.1 2,640 | 59.9 2.2
South Boston 15,191 6,012 39.6 9,179 | 60.4 2.1

South End 12,831 4,370 34.1 8,461 | 65.9 1.8
Beacon Park Yard Study Area 6,459 1,854 28.7 4,605 | 71.3 2.9
Allston 10,714 2,684 25.1 8,030 | 74.9 2.2
Readville Yard 2 Study Area 1,975 1,267 64.2 708 | 35.8 2.4
Hyde Park 11,079 7,485 67.6 3,594 | 324 2.7

City of Boston 252,699 116,244 46.0 136,455 | 54.0 2.3
Suffolk County 292,767 140,412 48.0 152,355 | 52.0 2.3
Massachusetts 2,547,075 1,603,591 63.0 943,484 | 37.0 2.5

Source: 2010 Census, Summary File 1, Boston Redevelopment Authority Research Division Analysis; 2010 Census

Table 25 presents median household income for the neighborhoods encompassing the three layover
facility sites, as estimated in the 2006-2010 ACS. With the exception of the Allston neighborhood, with a
median age of approximately 25 and a predominance of students, the median household income in the
neighborhoods exceeded the median household incomes of the City of Boston and Suffolk County.

Table 25—Median Household Income, Layover Facility Sites Vicinity
Median Household Income

Area 2006-2010
South Boston $62,922
South End $57,669
Allston $36,617
Hyde Park $59,502
City of Boston $50,866
Suffolk County $50,597
Massachusetts $65,201

Source: Boston Redevelopment Authority, Boston in Context: Neighborhoods, 3/28/2013 (American Community Survey, 2006-2010).
1.4. Employment

Table 26 presents the occupational profile of the three layover facility study areas and their surrounding
neighborhoods for the civilian employed population 16 years and over, as estimated in the 2006-2010
ACS. The occupational profile of the Widett Circle study area closely reflects the neighborhoods abutting
the sites. Similar to the South Station study area and its immediate neighborhoods, the Widett Circle
study area had higher percentages of people employed in the management, business, science and arts
sectors than did the City of Boston, Suffolk County, and Massachusetts. Correspondingly, the Widett
Circle study area and immediate neighborhoods had lower percentages of people employed in nearly all
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other sectors. The occupational profile of the Beacon Park Yard study area reflects the Allston
neighborhood profile, with slightly higher percentages of people employed in the management, business,
science, art, and service sectors, and a smaller percentage of people employed in the sales and office
sector than the city, county or state. Relative to other study areas and city, county, and state, the
Readville — Yard 2 study area had the highest percentage of people employed in the sales and office
sector, and the lowest percentage of people employed in the management, business, science, and art
sector.

Table 26—Occupational Profile, Layover Facility Study Areas, 2006-2010
Percentage of Total Employment®

M ¢ Natural Production,
e — . Sales and Resources, transportation
Business, Service . .
. Office construction & & material
Science & Arts . ]
maintenance moving
Widett Circle Study Area 53.8 17.5 20.0 34 53
South Boston 46.9 17.1 25.8 54 4.7
South End 58.1 14.2 19.8 3.7 4.2
Beacon Park Yard Study Area 48.1 24.2 20.3 2.3 5.0
Allston 44.0 26.8 20.3 2.2 6.6
Readville Yard -2 Study Area 37.7 23.5 31.3 4.4 3.1
Hyde Park 34.6 25.7 25.7 6.1 7.8
City of Boston 44.8 21.6 22.9 4.3 6.4
Suffolk County 42.3 21.9 23.4 5.0 7.4
Massachusetts 42.8 16.6 24.2 7.4 9.1

Sources: Boston Redevelopment Authority, Boston in Context: Neighborhoods, 3/28/2013; American Community Survey, 2006-2010.
a Total for civilian employed population 16 years and over

Table 28 presents the occupational profile by industry for the civilian employed population 16 years and
over within the three layover facility study areas, as estimated in the 2006-2010 ACS. White collar jobs,
particularly education, health, and social service, dominated the industry profile in the three layover
facility study areas, similar to the profiles for the City of Boston, Suffolk County, and Massachusetts.
Also similar to the city, fewer workers in the layover facility study arecas were employed in blue collar
and service jobs such as construction, manufacturing, and transportation and warehousing.

Table 27 presents the commute to work for neighborhoods in the vicinity of the layover facility sites. The
percentage of employees using public transportation in the Widett Circle study area generally matched
that of the City of Boston, at approximately 34%. Public transportation was the dominant means of
transportation to work in the Allston neighborhood. In the Hyde Park neighborhood, the percentage of
employees who used public transportation was the lowest of the study area neighborhoods, less than 25%
of the employed population; conversely, at over 64%, the percentage of workers who drove alone to work
was the highest in the Hyde Park neighborhood.
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Table 27—Commute to Work, Layover Facility Sites Vicinity, 2006-2010
Percentage of Total Employment®

% Drove Alone % Carpool 2 Publlc. % Other®
Transportation

South Boston 51.2 4.2 34.2 10.4
South End 27.0 3.8 34.0 353
Allston 20.3 6.0 48.0 25.7
Hyde Park 64.1 8.5 24.6 2.7
City of Boston 40.0 7.9 34.1 18.0
Suffolk County 42.5 8.4 32.7 16.4
Massachusetts 75.6 8.6 9.4 6.4

Source: Boston Redevelopment Authority, Boston in Context: Neighborhoods, 3/28/13 (2006-2010 American Community Survey).
a Total for civilian employed population 16 years and over
b Includes taxicab, motorcycle, bicycle, walked or by other means
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Table 28—Employment Profile by Industry, Layover Facility Study Areas
Percentage of Total Employment®

. Transportation, Business & Education, Arts, Public
Construction Manufacturing W}l!oleiisale {l}et::;l Wag:e.lll.(:}lsmg, FIREb Professional Health, Social  Entertainment, Administration
race rade I nfml'rln;etsi;) n Services® Services Food Servicesd & Other®
\AVI‘de“ Circle Study 24 6.9 3.9 8.4 5.7 16.6 19.9 20.8 9.0 6.4
ca
South Boston 4.5 5.1 2.9 5.9 8.8 14.1 18.0 23.9 7.4 9.4
South End 2.6 5.9 2.4 6.5 4.5 15.9 21.7 23.7 10.3 6.5
Beacon Park Yard
Simdyy Az 2.6 5.4 1.2 8.1 4.2 7.8 13.9 33.1 19.1 4.6
Allston 2.4 5.5 0.8 10.4 4.7 5.7 12.2 31.5 20.6 6.2
Readville — Yard 2
Simdy Az 43 1.9 1.0 11.4 4.5 9.6 9.4 32.9 14.5 10.5
Hyde Park 4.1 3.6 1.4 8.3 7.7 9.1 8.8 39.2 8.1 9.7
City of Boston 3.4 4.7 1.6 8.3 6.2 9.8 15.0 30.5 11.2 9.3
Suffolk County 4.0 5.1 2.0 8.7 6.5 9.5 14.5 29.0 11.4 9.3
Massachusetts 5.9 9.9 2.7 10.7 6.4 8.1 12.7 26.7 8.0 8.9

Sources: Boston Redevelopment Authority, Boston in Context: Neighborhoods, 3/28/13; U.S. Census Bureau, American Fact Finder, Selected Economic Characteristics, 2006-2010 American
Community Survey Selected Population Tables, Suffolk County

a Total for civilian employed population 16 years and over

b Includes finance and insurance, and real estate and rental and leasing

¢ Includes professional, scientific, management, and administrative and waste management services

d Includes arts, entertainment, recreation, accommodation and food services

e Includes public administration; agriculture, forestry, fishing, hunting, and mining; and other services
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Attachment C Central Transportation Planning Staff South Station
Expansion Project TREDIS Methodology
Demographic Profile of Study Areas
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CTPS CENTRAL TRANSPORTATION PLANNING STAFF
CENTRAL TRANSPORTATION Staff o the Boston Region Metropolitan Planning Organization
TECHNICAL MEMORANDUM

DATE: September 3, 2014

TO: South Station Expansion Project Files

FROM: Nicholas Hart

RE: South Station Expansion Project: TREDIS® Methodology

1 BACKGROUND

CTPS staff used the Transportation Economic Development Impact System
(TREDIS®) software to estimate how the impacts resulting from the proposed
South Station Expansion (SSX) alternatives will translate into economic benefits
for the city of Boston and the surrounding region. TREDIS® is a predictive impact
model that uses information about future travel patterns, market access, and
construction spending to estimate the costs, benefits, and economic impacts that
flow from them. More specifically, TREDIS® incorporates Impact Analysis for
Planning (IMPLAN) data into an input-output economic model to trace how
changes in household spending patterns and business costs flow through the
economy. These IMPLAN data sets include the economic structure of the study
region, and applicable multipliers to estimate indirect and induced economic
activities by industry. A glossary of the TREDIS® inputs and outputs used for this
analysis is provided in Appendix A.

Using a constant dollar year of 2014, the economic impacts of four South Station
expansion alternatives were estimated and compared for the year 2035. The four
alternatives included a True No-Build alternative (No-Build) and three build
alternatives: Transportation Improvement Only (T10), Joint Public/Private
Development Minimum Build (Min), and Joint Public/Private Development
Maximum Build (Max). The results of the analyses of the three build alternatives
were compared to the analysis results of the No-Build alternative (the base
alternative for this analysis). The assumptions for each alternative are shown in
Table 1.
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TABLE 1
South Station Expansion Alternatives

Alternative Land Use Data Transit Service Assumption
2035 True No-Build 2035 population and 1. The Fairmount Line will incorporate the
(No-Build) employment adopted by improved service plan and implement the

MPO for LRTP

MBTA'’s rapid transit fare structure (except
for fares at Readville Station).

2035 Transportation
Improvement Only

(TIO)

Relocate Fort Point US
post office facility from the
South Station area to the
Reserve Channel site

1. Additional peak-period, peak-direction
local trains added to Worcester/
Framingham, Needham, Franklin, and
Providence/Attleboro commuter rail lines.

2. South Coast Rail, Intercity Buses, and
Amtrak ridership were estimated using
post-modeling process.

3. The Fairmount Line will incorporate the
improved service plan and implement a
new rapid transit fare structure (except for
fares at Readville Station).

2035 Joint
Public/Private
Development
Minimum Build

1. Relocate Fort Point US
post office facility from the
South Station area to the

Reserve Channel site

1. Additional peak-period, peak-direction
local trains added to Worcester/
Framingham, Needham, Franklin, and
Providence/Attleboro commuter rail lines.

(Min) 2. Assumes the addition of 2. South Coast Rail, Intercity Buses, and
280 households, 620 Amtrak ridership were estimated using
persons, 1,020 service post-modeling process.
employees, and 255 retail . . -
employees to the South 3 The Falrmognt Line will mcorporate the
Station TAZ improved service plan and implement a

new rapid transit fare structure (except for
fares at Readville Station).

2035 Joint 1. Relocate Fort Point US 1. Additional peak-period, peak direction

Public/Private
Development
Maximum Build

(Max)

post office facility from the
South Station area to the
Reserve Channel site

2. Assumes the addition of
830 households, 1,830
persons, 3,000 service
employees, and 750 retail
employees to the South
Station TAZ

local trains added to
Worcester/Framingham, Needham,
Franklin, and Providence/Attleboro
commuter rail lines.

2. South Coast Rail, Intercity Buses, and
Amtrak ridership were estimated using
post-modeling process.

3. The Fairmount Line will incorporate the
improved service plan and implement a
new rapid transit fare structure (except for
fares at Readville Station).

Note: All alternatives assume that several highway and transit projects, consistent with the currently adopted Long Range
Transportation Plan (LRTP), and the Silver Line Gateway project will be implemented by the year 2035.
TAZ = transportation analysis zone
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CTPS applied TREDIS® to estimate the following economic impacts, by source:

The economic value of travel efficiency gains and losses as a result of the
transportation changes in the region due to the proposed transportation
improvement to South Station and the permanent household population
gains and permanent employment gains from the proposed joint
public/private development above the station. The study region for this
analysis was the entire Boston Region Metropolitan Planning
Organization’s (MPO) regional travel demand model area, which includes
164 municipalities located in Eastern Massachusetts, centered on the
Boston Region MPO area, which has 101 municipalities. The results of
this analysis present an estimation of the total travel cost savings to
transportation users by the type of savings and by trip purpose for the
horizon year of 2035. The results of the three build alternatives were
compared to the no-build alternative (see Appendix B).

The economic impacts of expenditure on construction. The study region
for this analysis was the entire MPO model region. The results of this
analysis present an estimation of changes in business output, value
added, jobs, and wage income as a result of construction for each year of
construction activities. The results of the three build alternatives

were compared to the no-build alternative (see Appendix C).

The economic impacts of permanent household population gains and
employment gains from the proposed joint public/private development
above the station, and permanent employment gains from the increase in
operations and maintenance personnel from the expansion of the South
Station terminal. The study region for this analysis was composed of zip
code boundaries within Boston and Cambridge that were selected based
on their propensity to receive business from the additional households and
workers moving into the South Station transportation analysis zone (TAZ).
The results of this analysis present an estimation of changes in business
output, value added, jobs, and wage income for each year of the analysis
period (2018-35). The results of the three build alternatives were
compared to the no-build alternative (see Appendix D).

ESTIMATING THE ECONOMIC VALUE OF TRAVEL EFFICIENCY GAINS

To estimate user travel cost savings, TREDIS® uses the changes in vehicle-
hours of travel (VHT) and vehicle-miles of travel (VMT) between different
alternatives and transforms them into changes in travel time, vehicle operating
cost, and other out-of-pocket expenses. These effects are then monetized to
calculate the total change in user travel costs for the region.
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2.1

2.2

Assumptions

This analysis relied heavily on the TREDIS® standard data assumptions and
routines for estimating travel cost savings and on travel demand model output
data for each of the alternatives listed in Table 1. The remaining necessary data
were gathered from existing sources. The following inputs were generated by
CTPS for this analysis.

Inputs

Minimal calculation was necessary to transform some key regional travel demand
model outputs into inputs usable by TREDIS®. The number of vehicle-trips, VMT,
and VHT were calculated from the travel demand model for each alternative’s
mode and purpose categories, described below. The percentages of VMT
occurring on congested roadway segments, where the volume-to-capacity ratio is
greater than 80 percent, were computed for the Single-Occupancy-Vehicle
(SOV), High-Occupancy-Vehicle (HOV), and truck modes for each alternative.
The percentage of trips occurring wholly within the model region; the percentage
of trips with one end outside the model region; and the percentage of trips
traversing the region with both ends outside of the region were also computed for
the two automobile modes.

Modes

The transit, automobile, truck, and nonmotorized modes were investigated in this
analysis. To be consistent with the travel demand model, the automobile mode
was divided into two categories: SOV and HOV. The truck mode is composed of
commercial vehicles in three categories: hazardous materials tanker trucks,
vans/pickup trucks used for commercial purposes, and other commercial trucks.
There are four transit mode categories. The rapid transit mode category includes
all heavy rail, light rail, and bus rapid transit service provided by the MBTA. The
bus mode category includes all MBTA local and express buses, Logan Express,
private bus service, and buses operated by RTAs. The commuter rail category
includes all MBTA commuter rail service. The Amtrak category includes all
Amtrak service that connects to South Station; Amtrak’s Downeaster service,
which operates out of Boston’s North Station, was not included. Ferries and
shuttles were not included in this analysis. The nonmotorized modal category
from the travel demand model was split into pedestrian trips and bike trips.

Purposes

TREDIS® assumes different default values of time for different trip purposes
because people place a higher value on time when making mandatory trips (such
as work) than when making discretionary trips. The two trip purposes assumed
for the analysis are “commute” and “personal.” The travel demand model’s home-
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based work trips served as a proxy for assigning auto and nonmotorized trips to
the commute category. The model’s other trip purposes—home-based other,
home-based school, non-home-based work, and non-home-based other—were
assumed to fall under the personal category. Rapid transit, passenger bus, and
Amtrak trips made during the AM and PM peak periods were assumed to be
commute trips, while trips made during the rest of the day were assumed to be
personal trips. For commuter rail, survey results show that approximately 90
percent of trips are commute trips; the remaining 10 percent are assumed to be
personal trips.

Annualization Factors

TREDIS® requires annual figures, as opposed to daily ones, for inputs. Hence it
was necessary to annualize the needed outputs from the travel demand model.
CTPS developed the annual transit factors from recently collected MBTA and
Amtrak data and the annual automobile and nonmotorized factors from
permanent highway station count data. The numbers presented in Table 2 were
applied to daily figures to achieve annual numbers.

TABLE 2
Annualization Factors by Mode
Mode Annualization Factor
Automobile 340
Bus 298
Rapid transit 313
Bike and pedestrian 340
Commuter rail 276
Amtrak 252

Average Fare per Passenger Trip

The average fares per passenger trip were calculated from SFY 2013 MBTA
revenue numbers for the rapid transit, bus, and commuter rail modes. Amtrak’s
fare was calculated as the average fare between Boston and Providence,
accounting for both the Northeast Regional and Acela services.

Average Passenger per Vehicle

The regional survey provided data on the average number of passengers per
vehicle for HOV trips within the region. The number of passengers per transit
vehicle was calculated from model data for each of the four defined transit modes
on a daily basis.
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3.1

3.2

Average Toll per Trip

The average tolls accrued on entire vehicle journeys were calculated in SFY2013
dollars on a daily basis from model data. These calculations were performed for
truck, SOV, and HOV trips.

ESTIMATING THE ECONOMIC IMPACTS OF CONSTRUCTION

To estimate the economic impacts of construction, TREDIS® uses an estimation
of the total construction costs for each alternative. These cost inputs are
transformed into an estimation of business output, value added, jobs, and wage
income for the study region.

Assumptions

The study area for estimating the impacts of construction was the entire MPO
model region, the same area used for estimating travel cost savings. This large
area was chosen in order to increase the likelihood of capturing the location of
construction offices and supply facilities and the home locations of construction
workers and employees.

CTPS received capital cost estimates from the project team for the
Transportation Improvement Only (T10) alternative and joint development. The
costs of the TIO alternative were added to the costs of joint development to
produce the total cost of construction of the Min and Max alternatives. The costs
of the TIO alternative were provided to CTPS in 2019 dollars, and were deflated
at an annual rate of 4 percent to the 2014 constant dollar year required for the
analysis. The cost components were itemized according to the type of cost,
categorized for input by TREDIS®: property acquisition, engineering and design,
right-of-way, transport structures, and terminal.

Inputs

The construction costs, derived using the assumptions described in Section 3.1,
are displayed in Tables 3, 4, and 5. The costs in Table 3 were input into
TREDIS® to estimate the economic impacts of constructing the TIO alternative.
The costs in Table 3 and Table 4 were combined to estimate the economic
impacts of constructing the entire Min alternative. Likewise, the costs in Table 3
and Table 5 were combined to estimate the economic impacts of constructing the
entire Max alternative.
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TABLE 3
TIO Construction Costs
Construction Cost

Type of Cost Component Period ($Million)
Property Acquisition USPS facility 2018 236.7

Widett Circle 2020 52.0
Engineering and Design  Final design 2018 65.2
Right-of-Way USPS demolition 2020 39.2

Urban streetscape 2020-2023 13.1

Roadway improvements 2020-2023 24.6
Transport Structures Signal, track, and platforms 2018-2022 268.6

Layover facility 2020-2023 159.6
Terminal New concourse 2020-2023 460.1

Foundations for overbuild 2020-2021 111.3
Total 1,430.3
Note: Costs are in 2014 dollars.

TABLE 4
Min Joint Development Construction Costs
Construction Cost

Type of Cost Component Period ($Millions)
Engineering and Design  Final design 6/2020-12/2022 74.9
Right of Way Urban streetscape 6/2020-12/2029 14.8

Utilities infrastructure 6/2020-12/2029 5.0

Road and access ramp 6/2020-12/2029 132.8

Joint development plaza places 6/2020-12/2029 20.3

Joint development open spaces 6/2020-12/2029 7.8
Terminal Joint development 1 1/2022-12/2029 166.1

Joint development 2 1/2022-12/2029 135.1

Joint development 3 1/2022-12/2029 170.6

Joint development 4 1/2022-12/2029 159.1

Joint development 5 1/2022-12/2029 122.2

Joint development 6 1/2022-12/2029 128.4

Underground parking 6/2020-12/2021 85.6
Total 1,222.5

Note: Costs are in 2014 dollars.
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4.1

TABLE 5
Max Joint Development Construction Costs

Construction Cost

Type of Cost Component Period  ($Millions)
Engineering and Design  Final design 6/2020-12/2022 167.2
Right of Way Urban streetscape 6/2020-12/2031 14.8
Utilities infrastructure 6/2020-12/2031 5.0

Road and access ramp 6/2020-12/2031 132.8

Joint development plaza places 6/2020-12/2031 20.3

Joint development open spaces 6/2020-12/2031 7.8

Terminal Joint development 1 1/2022-12/2031 3291
Joint development 2 1/2022-12/2031 337.4

Joint development 3 1/2022-12/2031 551.1

Joint development 4 1/2022-12/2031 472.8

Joint development 5 1/2022-12/2031 383.5

Joint development 6 1/2022-12/2031 212.9

Underground parking 6/2020-12/2021 93.6

Total 2,728.3

Note: Costs are in 2014 dollars.

ESTIMATING THE ECONOMIC IMPACTS OF PERMANENT HOUSEHOLD
POPULATION GAINS AND PERMANENT EMPLOYMENT GAINS

To estimate the economic impacts of permanent household population gains and
employment gains for each alternative, TREDIS® requires the user to estimate
the additional household spending expected to occur within the study region from
people living in the new development, and the total number of new employees
(sorted by industry) working in the new development. TREDIS® then uses this
information to estimate the increase in business output, value added, jobs, and
wage income for the study region.

Assumptions

The study region for estimating the economic impacts of the joint public/private
development is composed of zip code boundaries within Boston and Cambridge
that were selected based on their propensity to receive business from the
addition of new households and workers to the South Station TAZ. In order to
guide the selection, the travel demand model was used to calculate the
distribution of home-based trips emanating from the South Station TAZ. These
trips were assigned to each zip code and were normalized by zip code area. Any
zip code that received more than 50 daily home-based trips per square mile from
the South Station TAZ was included in the study region. These zip codes are
shown in Figure 1. Due to the location of Logan International Airport, East Boston
was added to the study region, although it did not meet the threshold of 50 daily
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home-based trips per square mile. Figure 2 shows the complete set of 20 zip
codes that form the boundary of the study region.

Cost estimations were provided by the project team for the operation and
maintenance of the expanded portion of the South Station terminal, and were
used to estimate the number of permanent jobs created by the expansion of this
terminal. These costs were used to estimate the economic impact of the TIO
alternative on the study region, and should be included together with the
economic impacts of the private development above the terminal to estimate the
total economic impacts of the Min and Max alternatives.

The Min and Max alternatives each assume that a certain number of “service”
employees and “retail” employees will be added as part of the private
development. The “service” and “retail” employment categories are used in the
travel demand model. In order to input these data into TREDIS®, employees from
each of these two categories had to be distributed into the 440 industry sectors
used within the TREDIS® model. The industry sectors were selected using
professional judgment, which accounted for the existing types of businesses in
the study region. Employees were assigned proportionally to each industry sector
for each alternative based on the predicted distribution within the 20-zip-code
study region for the no-build alternative.

The Min and Max alternatives each assume that a certain number of households
will be added as part of the private development. To incorporate the impact of
new households on the 20-zip-code study region, TREDIS® requires the user to
input an estimation of the total increase in household spending within the region
that would result from the increase in the number of households. An increase in
annual household spending was represented using an estimation of disposable
income for each household. To develop this estimation, a rate of disposable
income was estimated by using data from the US Bureau of Economic Analysis
(BEA) for the state of Massachusetts. The total net earnings were divided by the
total personal income to obtain an average statewide disposable income factor of
0.66. Using TREDIS®, the total employment and total income for the region were
estimated in order to calculate the average income per employee. This was
multiplied by the disposable income factor of 0.66 to obtain an estimation of
disposable income per employee for the study area. Next, 2006—10 American
Community Survey (ACS) data were used to calculate the average number of
workers per household for the city of Boston, which was then used to estimate
the disposable income per household for the study area. Finally, the number of
households was multiplied by the estimation of disposable income per
household, for both the Min alternative and for the Max alternative, to produce an
estimation of additional household spending within the 20-zip-code study region.
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4.2

As shown in Table 1, each alternative is contingent upon the relocation of the US
Postal Service (USPS) facility that is adjacent to South Station. Although the
USPS facility relocation will affect approximately 1,000 workers, the relocation
site is within the 20-zip-code study region, and the new facility is assumed to
house the same number of workers. Therefore, any potential impacts based on
this relocation were not included in this portion of the analysis.1

The project team acknowledged that a significant portion of the employment and
household gains associated with both the Min and Max alternatives could be
redistributed from areas within the bounds of the study region, and therefore
might not represent a true net increase within the 20-zip-code study region. As a
result, some of the estimated economic benefits shown by the analysis may be
inflated when considered in the context of the defined study region. Interpretation
of the results should focus on the fact that the analysis is quantifying the
economic impact of the household and employment migration that will relocate to
the area near South Station.

Inputs

Tables 6 and 7 display the industries that were selected to represent “retail” and
“service” employment as inputs into TREDIS®. The tables also display the
percentage of employment represented by each industry within the study area,
and the resulting distribution of jobs to each industry under the Min and Max
alternatives.

TABLE 6
Assignment of Retail Employees

Percent of Additional Additional

“Retail” Jobs under Jobs under

Industry the Min the Max

Industry Jobs Alternative Alternative
Retail — Furniture and home furnishings 2.2% 6 16
Retail — Electronics and appliances 2.4% 6 18
Retail — Food and beverage 26.2% 67 197
Retail — Health and personal care 11.1% 28 83
Retail — Clothing and clothing accessories 27.3% 70 205
Retail — Sporting goods, hobby, book and music 6.6% 17 50
Retail — General merchandise 7.8% 20 58
Retail — Miscellaneous 8.6% 22 65
Retail — Non-store 7.8% 20 58
Total 100% 255 750

' The relocation of the USPS facility is accounted for in the travel demand model, and is therefore
included in the estimation of travel cost savings.
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TABLE 7
Assignment of Service Employees
Percent of Additional Additional
“Service” Jobs under Jobs under
Industry the Min the Max
Industry Jobs  Alternative Alternative
Legal services 10.3% 105 309
Accounting, tax preparation, bookkeeping, and
payroll services 4.9% 50 147
Architectural, engineering, and related services 5.5% 56 165
Specialized design services 0.4% 4 12
Other computer-related services, including
facilities management 0.4% 4 12
Scientific research and development services 11.5% 117 344
Advertising and related services 3.3% 33 99
Office administrative services 2.3% 24 69
Facilities support services 0.5% 5 14
Business support services 1.5% 15 45
Investigation and security services 6.8% 70 205
Services to buildings and dwellings 2.3% 24 70
Other support services 0.3% 3 9
Waste management and remediation services 0.3% 3 8
Child day care services 1.0% 10 29
Individual and family services 6.8% 69 204
Other accommodations 1.6% 17 49
Food services and drinking places 34.8% 354 1,041
Personal and household goods repair and
maintenance 0.1% 1 3
Personal care services 1.7% 18 52
Dry-cleaning and laundry services 0.3% 3 9
Other personal services 3.5% 35 104
Total 100% 1,020 3,000

Table 8 displays the derivation of TREDIS® inputs for household spending as
estimated for the Min and Max alternatives.

TABLE 8
Estimation of Additional Household Spending
Item Source Value
Disposable income, percent of total income BEA 66%
Income per employee TREDIS® $113,218
Disposable income per employee BEA, TREDIS® $74,724
Workers per household ACS 1.25
Disposable income per HH BEA, TREDIS®, ACS $93,405
Min total new HH spending (280 HH) BEA, TREDIS®, ACS $26,153,000
Max total new HH spending (830 HH) BEA, TREDIS®, ACS $77,526,000

BEA = US Bureau of Economic Analysis (BEA)
ACS = American Community Survey
HH = household
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CONCLUSION

This memorandum has outlined the methodology that CTPS staff used to
estimate how the impacts resulting from the proposed South Station Expansion
alternatives will translate into economic benefits for the city of Boston and the
surrounding region. Three types of economic impacts were estimated:

e The economic value of travel efficiency gains and losses resulting from the
transportation changes in the region due to the proposed transportation
improvement to South Station and the transportation changes due to the
travel associated with the additional jobs and households in the proposed
joint public/private development above the station.

e The economic impacts of expenditure on construction.

e The economic impacts of permanent household population gains and
employment gains from the proposed joint public/private development
above the station, and permanent employment gains from the increase in
operations and maintenance personnel from the expansion of the South
Station terminal.

The results of these analyses are provided in Appendices B, C, and D.

NH/BK/nh
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GLOSSARY OF TREDIS® INPUTS AND OUTPUTS

The following definitions are from the “TREDIS® Data Sources and Default Values”
guide made available to registered TREDIS® users by the Economic Development
Research Group Inc.

Buffer Time Cost ($/hr.): The business opportunity cost, or user valuation, of lost
scheduling time due to unreliable travel conditions (i.e., effect of “schedule padding”).

Crew Time Cost ($/hr. per crew member): The business cost of labor for professional
drivers and paid crew (including cost of wages plus fringe benefits).

Economic Multipliers: These are region-specific factors that translate a direct
economic change into total economic impacts, including indirect (inter-industry supply-
chain) effects, and induced (wage spending) effects. In IMPLAN, multiplier impacts are
applied with source and target industry detail, meaning that it is possible to determine
the effect of direct spending in one sector (say, construction) on another (say, retail).

Employment: This is the total head count of workers in an industry, including self-
employed, railroad workers, and agriculture workers. Because employment is measured
as employee head count, it is important to note that a single individual with two part-time
jobs is counted twice, regardless of which industries those jobs are in. Therefore, the
job count is typically higher than “full-time-equivalent” employment.

Environmental Cost: Mileage-Based ($/VMT): Cost of air pollution and greenhouse
gases per vehicle-mile of travel.

Freight Logistics Time Cost ($/hr. per ton): Business opportunity cost of freight
delay, including shipper inventory, dock handling & consignee schedule disruption.

Income: This is total compensation (including benefits) to all employees of an industry,
including business owners (proprietors).

Output: These are final sales, or total revenues, by industry. Depending on the
industry, sales can be to any combination of other businesses, households, or the
federal/state/local government.

Passenger Time Cost ($/hr. per occupant): The business opportunity cost, or user
valuation, of the average passenger’s time. This is in addition to the passenger vehicle
operating cost per hour. The same values apply for in-vehicle and out-of-vehicle time
(except for transit OVTT = out-of-vehicle travel time).



Value Added: This metric describes the value of goods sold by an industry over and
above the value of goods purchased by it. It is generally used as a broad measure of
value creation by an industry, including wage income, employee benefits, profits, and
tax payments. Summed across all industries, total regional value added is precisely
“Gross Regional Product.”

Vehicle Mileage-Based Operating Cost: Free Flow ($/mile): The average per-mile
cost of vehicles’ fuel, tires, maintenance, and depreciation for travel in free-flow
conditions.

Vehicle Mileage-based Operating Cost: Congested ($/mile): The per-mile costs of
roadway vehicles operating under congested roadway conditions.

Vehicle Time-Based Operating Cost: ($/hr.): the average per-hour cost of vehicles’
fuel, tires, maintenance, and depreciation for travel.
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Traveler Cost Savings TIO vs No-Build

Generated by TREDIS 4.0.0
July 29, 2014

Project Setup

General Information

ID:

Name: SSX Traveler Cost Savings

Group: Archived Projects

Study Region(s)

MPO Model Region

Construction Period Operation Period Financial Factors
Start Year: 2018 Start Year: 2023 Constant Dollar Year: 2014
End Year: 2023 End Year: 2035 Discount Rate: 7.0%

Analysis Year: 2035

Travel Growth Rate: 0.5%

Inputs
Startup Costs O&M Costs
$1,430.3 million $166.7 million/(all years)

Travel Changes

Total All Total Business Total Commute Total Personal Total Freight
Vehicle Trips 0 1,727,720 61,037 0
Vehicle Miles Traveled ( VMT) 0 73,873,687 472,602 12,257,221




Vehicle Hours Traveled (VHT) 0 0 226,082 543,869 4,315,407
Vehicle Buffer-Hours 0 0 121,326 4,766 0
Passenger-Hours 0 0 -1,858,307 227,420 0
Freight US Ton-Hours 0 0 0 0 103,785,538

Results

Traveler Cost Savings - All Regions and Periods

Total No Split Total Business Total Commute Total Personal Total Freight All Travel
Passenger Cost 0 0 -44,041,884 2,694,929 0 -41,346,955
Crew Cost 0 0 -647,645 -678,577 116,041,294 114,715,072
Freight Cost 0 0 0 0 141,513,412 141,513,412
Reliability Cost 0 0 2,875,430 56,481 0 2,931,911
Veh. Oper. Cost 0 0 36,939,835 -1,808,441 15,824,072 50,955,466
Toll Cost 0 0 51,997 681 0 52,678
Safety Cost 0 0 10,936,043 95,067 133,683 11,164,793
Environmental Cost 0 0 2,222,717 19,277 741,562 2,983,556
Total Cost Savings (0] 274,254,023 282,969,933




Traveler Cost Savings Min vs No-Build

Generated by TREDIS 4.0.0
July 29, 2014

Project Setup

General Information

ID:

Name: SSX Traveler Cost Savings

Group: Archived Projects

Study Region(s)

MPO Model Region

Construction Period Operation Period Financial Factors
Start Year: 2018 Start Year: 2023 Constant Dollar Year: 2014
End Year: 2023 End Year: 2035 Discount Rate: 7.0%

Analysis Year: 2035

Travel Growth Rate: 0.5%

Inputs
Startup Costs O&M Costs
$2,652.8 million $166.7 million/(all years)

Travel Changes

Total All Total Business Total Commute Total Personal Total Freight
Vehicle Trips 0 1,612,307 -731,873 0
Vehicle Miles Traveled ( VMT) 0 73,203,340 -6,238,689 12,211,601




Vehicle Hours Traveled (VHT) 0 0 122,132 -32,285 4,315,407
Vehicle Buffer-Hours 0 0 115,699 -11,436 0
Passenger-Hours 0 0 -2,308,969 -924,201 0
Freight US Ton-Hours 0 0 0 0 103,785,538

Results

Traveler Cost Savings - All Regions and Periods

Total No Split Total Business Total Commute Total Personal Total Freight All Travel
Passenger Cost 0 0 -54,643,383 -10,951,782 0 -65,595,165
Crew Cost 0 0 -647,645 -678,577 116,041,294 114,715,072
Freight Cost 0 0 0 0 141,513,412 141,513,412
Reliability Cost 0 0 2,742,055 -135,514 0 2,606,541
Veh. Oper. Cost 0 0 37,372,352 -3,096,986 15,765,177 50,040,543
Toll Cost 0 0 49,495 -1,883 0 47,612
Safety Cost 0 0 10,834,371 -826,475 133,185 10,141,081
Environmental Cost 0 0 2,203,260 -171,910 738,802 2,770,152
Total Cost Savings 0 -15,863,127 274,191,870 256,239,248




Traveler Cost Savings Max vs No-Build

Generated by TREDIS 4.0.0
July 29, 2014

Project Setup

General Information

ID:

Name: SSX Traveler Cost Savings

Group: Archived Projects

Study Region(s)

MPO Model Region

Construction Period Operation Period Financial Factors
Start Year: 2018 Start Year: 2023 Constant Dollar Year: 2014
End Year: 2023 End Year: 2035 Discount Rate: 7.0%

Analysis Year: 2035

Travel Growth Rate: 0.5%

Inputs
Startup Costs O&M Costs
$4,158.5 million $166.7 million/(all years)

Travel Changes

Total All Total Business Total Commute Total Personal Total Freight
Vehicle Trips 0 1,539,449 -1,874,081 0
Vehicle Miles Traveled ( VMT) 0 70,288,408 -11,568,773 12,120,360




Vehicle Hours Traveled (VHT) 0 0 -59,102 -666,885 4,315,407
Vehicle Buffer-Hours 0 0 115,637 -13,465 0
Passenger-Hours 0 0 -2,511,475 -1,762,748 0
Freight US Ton-Hours 0 0 0 0 103,785,538

Results

Traveler Cost Savings - All Regions and Periods

Total No Split Total Business Total Commute Total Personal Total Freight All Travel
Passenger Cost 0 0 -59,285,589 -20,888,568 0 -80,174,157
Crew Cost 0 0 -647,645 -678,577 116,041,294 114,715,072
Freight Cost 0 0 0 0 141,513,412 141,513,412
Reliability Cost 0 0 2,740,601 -159,558 0 2,581,043
Veh. Oper. Cost 0 0 35,055,638 -7,705,597 15,647,385 42,997,426
Toll Cost 0 0 49,318 -2,631 0 46,687
Safety Cost 0 0 10,398,769 -1,499,453 132,190 9,031,506
Environmental Cost 0 0 2,117,110 -311,529 733,282 2,538,863
Total Cost Savings 0 -31,245,913 274,067,563 233,249,852
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Economic Impacts of Construction: TIO vs No-Build

Generated by TREDIS 4.0.0
July 29, 2014

Total Economic Impacts By Year Generated by TREDIS 4.0 07/29/14

TOTAL ECONOMIC IMPACTS - BY YEAR (4b)

Analysis Year: 2035 Project: SSX Economic Impacts of Construction
Constant $ Year: 2014 Region: MPO Model Region
Base Alternative: No-Build Period: All Periods
Project Alternative: TIO Impact Type: Construction
Alternatives: Detail Detail Level: Change

Year Count Business Output ($ mil.) Value Added ($ mil.) Wage Income ($ mil.)
1 2018 197.393 116.734 1,379 98.726
2 2019 85.484 44.624 549 36.579
3 2020 497.239 281.613 3,456 233.473
4 2021 435.686 248.814 3,065 207.356
5 2022 347.028 195.615 2,409 162.579
6 2023 261.545 150.991 1,859 126.000
7 2024 0.000 0.000 0 0.000
8 2025 0.000 0.000 0 0.000
9 2026 0.000 0.000 0 0.000
10 2027 0.000 0.000 0 0.000
11 2028 0.000 0.000 0 0.000




12 2029 0.000 0.000 0 0.000
13 2030 0.000 0.000 0 0.000
14 2031 0.000 0.000 0 0.000
15 2032 0.000 0.000 0 0.000
16 2033 0.000 0.000 0 0.000
17 2034 0.000 0.000 0 0.000
18 2035 0.000 0.000 0 0.000

Sum of Impact for all Years 1,824.374 1,038.391 864.712

Economic Impact - Jobs (by source) - All Regions Aggregated

I Market Access

I Contingent Development
Dperational

I Construction

2018 2020 2022 2024 2026 2028 2030 2032 2034



Economic Impact - Output, Value Added, and Income ($millions) - All Regions Agaregated
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Economic Impacts of Construction: Min vs No-Build

Generated by TREDIS 4.0.0
July 29, 2014

Total Economic Impacts By Year Generated by TREDIS 4.0 07/29/14

TOTAL ECONOMIC IMPACTS - BY YEAR (4b)

Analysis Year: 2035 Project: SSX Economic Impacts of Construction
Constant $ Year: 2014 Region: MPO Model Region
Base Alternative: No-Build Period: All Periods
Project Alternative: Min Impact Type: Construction
Alternatives: Detail Detail Level: Change

Year Count Business Output ($ mil.) Value Added ($ mil.) Wage Income ($ mil.)
1 2018 197.393 116.734 1,379 98.726
2 2019 85.484 44.624 549 36.579
3 2020 583.355 333.423 4,078 277.053
4 2021 607.919 352.436 4,310 294.518
5 2022 603.897 350.022 4,280 292.486
6 2023 466.932 272.226 3,349 227.318
7 2024 205.387 121.235 1,490 101.318
8 2025 205.387 121.235 1,490 101.318
9 2026 205.387 121.235 1,490 101.318
10 2027 205.387 121.235 1,490 101.318
11 2028 205.387 121.235 1,490 101.318




12 2029 205.387 121.235 1,490 101.318
13 2030 0.000 0.000 0 0.000
14 2031 0.000 0.000 0 0.000
15 2032 0.000 0.000 0 0.000
16 2033 0.000 0.000 0 0.000
17 2034 0.000 0.000 0 0.000
18 2035 0.000 0.000 0 0.000

Sum of Impact for all Years

3,777.302

1,834.589

Economic Impact - Jobs (by source) - All Regions Aggregated
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Economic Impact - Output, Value Added, and Income ($millions) - All Regions Agaregated
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Economic Impacts of Construction: Max vs No-Build

Generated by TREDIS 4.0.0
July 29, 2014

Total Economic Impacts By Year Generated by TREDIS 4.0 07/29/14

TOTAL ECONOMIC IMPACTS - BY YEAR (4b)

Analysis Year: 2035 Project: SSX Economic Impacts of Construction
Constant $ Year: 2014 Region: MPO Model Region
Base Alternative: No-Build Period: All Periods
Project Alternative: Max Impact Type: Construction
Alternatives: Detail Detail Level: Change

Year Count Business Output ($ mil.) Value Added ($ mil.) Wage Income ($ mil.)
1 2018 197.393 116.734 1,379 98.726
2 2019 85.484 44.624 549 36.579
3 2020 616.718 355.022 4,328 295.706
4 2021 674.640 395.630 4,810 331.822
5 2022 850.873 501.379 6,115 420.830
6 2023 650.517 382.736 4,714 320.458
7 2024 388.972 231.746 2,855 194.459
8 2025 388.972 231.746 2,855 194.459
9 2026 388.972 231.746 2,855 194.459
10 2027 388.972 231.746 2,855 194.459
11 2028 388.972 231.746 2,855 194.459




12 2029 388.972 231.746 2,855 194.459
13 2030 388.972 231.746 2,855 194.459
14 2031 388.972 231.746 2,855 194.459
15 2032 0.000 0.000 0 0.000
16 2033 0.000 0.000 0 0.000
17 2034 0.000 0.000 0 0.000
18 2035 0.000 0.000 0 0.000

Sum of Impact for all Years 6,187.403 3,059.794

Economic Impact - Jobs (by source) - All Regions Aggregated
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Total Economic Impacts By Year

Economic Impacts of Household and Employment Gains: TIO vs No-Build

Generated by TREDIS 4.0.0
July 29, 2014

Generated by TREDIS 4.0 07/29/14

TOTAL ECONOMIC IMPACTS - BY YEAR (4b)

Analysis Year:

Constant $ Year:
Base Alternative:
Project Alternative:
Alternatives:

2035 Project:

2014 Region:
No-Build Period:
TIO Impact Type:
Detail Detail Level:

SSX Economic Impacts of Permanent Household Population
Gains and Permanent Employment Gains

South Station Region (20 zip codes)
All Periods
Contingent Development

Change

Year Count Year Business Output ($ mil.) Value Added ($ mil.) Wage Income ($ mil.)
1 2018 0.000 0.000 0 0.000
2 2019 0.000 0.000 0 0.000
3 2020 0.000 0.000 0 0.000
4 2021 0.000 0.000 0 0.000
5 2022 0.000 0.000 0 0.000
6 2023 21.572 6.387 177 12.443
7 2024 21.572 6.387 177 12.443
8 2025 21.572 6.387 177 12.443
9 2026 21.572 6.387 177 12.443
10 2027 21.572 6.387 177 12.443
11 2028 21.572 6.387 177 12.443




12 2029 21.572 6.387 177 12.443
13 2030 21.572 6.387 177 12.443
14 2031 21.572 6.387 177 12.443
15 2032 21.572 6.387 177 12.443
16 2033 21.572 6.387 177 12.443
17 2034 21.572 6.387 177 12.443
18 2035 21.572 6.387 177 12.443
Sum of Impact for all Years 280.437 83.027 161.753




Economic Impacts of Household and Employment Gains: Min vs TIO

Generated by TREDIS 4.0.0
September 3, 2014

Total Economic Impacts By Year Generated by TREDIS 4.0 09/3/14

TOTAL ECONOMIC IMPACTS - BY YEAR (4b)

SSX Economic Impacts of Permanent Household Population

Analysis Year: 2035 Project: Gains and Permanent Employment Gains
Constant $ Year: 2014 Region: South Station Region (20 zip codes)
Base Alternative: TIO Period: All Periods

Project Alternative: Min Impact Type: Contingent Development
Alternatives: Detail Detail Level: Change

Year Count Year Business Output ($ mil.) Value Added ($ mil.) Wage Income ($ mil.)
1 2018 0.000 0.000 0 0.000
2 2019 0.000 0.000 0 0.000
3 2020 0.000 0.000 0 0.000
4 2021 0.000 0.000 0 0.000
5 2022 0.000 0.000 0 0.000
6 2023 0.000 0.000 0 0.000
7 2024 0.000 0.000 0 0.000
8 2025 0.000 0.000 0 0.000
9 2026 0.000 0.000 0 0.000
10 2027 0.000 0.000 0 0.000
11 2028 0.000 0.000 0 0.000




12 2029 0.000 0.000 0 0.000
13 2030 94.786 70.533 767 50.077
14 2031 189.572 141.067 1,534 100.154
15 2032 189.572 141.067 1,534 100.154
16 2033 189.572 141.067 1,534 100.154
17 2034 189.572 141.067 1,534 100.154
18 2035 189.572 141.067 1,534 100.154
Sum of Impact for all Years 1,042.646 775.868 550.848




Economic Impacts of Household and Employment Gains: Max vs TIO

Generated by TREDIS 4.0.0
September 3, 2014

Total Economic Impacts By Year Generated by TREDIS 4.0 09/3/14

TOTAL ECONOMIC IMPACTS - BY YEAR (4b)

SSX Economic Impacts of Permanent Household Population

Analysis Year: 2035 Project: Gains and Permanent Employment Gains
Constant $ Year: 2014 Region: South Station Region (20 zip codes)
Base Alternative: TIO Period: All Periods

Project Alternative: Max Impact Type: Contingent Development
Alternatives: Detail Detail Level: Change

Year Count Year Business Output ($ mil.) Value Added ($ mil.) Wage Income ($ mil.)
1 2018 0.000 0.000 0 0.000
2 2019 0.000 0.000 0 0.000
3 2020 0.000 0.000 0 0.000
4 2021 0.000 0.000 0 0.000
5 2022 0.000 0.000 0 0.000
6 2023 0.000 0.000 0 0.000
7 2024 0.000 0.000 0 0.000
8 2025 0.000 0.000 0 0.000
9 2026 0.000 0.000 0 0.000
10 2027 0.000 0.000 0 0.000
11 2028 0.000 0.000 0 0.000




12 2029 0.000 0.000 0 0.000
13 2030 0.000 0.000 0 0.000
14 2031 0.000 0.000 0 0.000
15 2032 299.800 213.581 2,429 159.294
16 2033 599.600 427.162 4,857 318.589
17 2034 599.600 427.162 4,857 318.589
18 2035 599.600 427.162 4,857 318.589
Sum of Impact for all Years 2,098.600 1,495.066 1,115.060
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1. Introduction

The objective of the study was to evaluate the No Build Alternative as a baseline condition, to assess the
effect of Alternative 3 — Joint/Private Development Maximum Build on local wind conditions in
pedestrian areas around the study site and study the effect of wind control measures for minimizing
adverse effects. The sensor locations used to model the No Build Alternative are shown in Figure 6. The
sensor locations modeled in Alternative 3 are shown on Figure 7.

The study involved wind simulations on a 1:400 scale model of the proposed building and surroundings.
The tests were conducted a boundary-layer wind tunnel, for the purpose of quantifying local wind speed
conditions and comparing to appropriate criteria for wind comfort and safety in pedestrian areas. The
criteria recommended by the Boston Redevelopment Authority (BRA) were used in this study (refer to
Section 3). The present report describes the methods and presents the results of the wind tunnel
simulations.

2. Overview

Major buildings, especially those that protrude above their surroundings, often cause increased local wind
speeds at the pedestrian level. Typically, wind speeds increase with elevation above the ground surface,
and taller buildings intercept these faster winds and deflect them down to the pedestrian level. The
funneling of wind through gaps between buildings and the acceleration of wind around corners of
buildings may also cause increases in wind speed. Conversely, if a building is surrounded by others of
equivalent height, it may be protected from the prevailing upper level winds, resulting in no significant
changes to the local pedestrian level wind environment. The most effective way to assess potential
pedestrian level wind impacts around a proposed new building is to conduct scale model tests in a wind
tunnel.

The consideration of wind in planning outdoor activity areas is important since high winds in an area tend
to deter pedestrian use. For example, winds should be light or relatively light in areas where people
would be sitting, such as outdoor cafes or playgrounds. For bus stops and other locations where people
would be standing, somewhat higher winds can be tolerated. For frequently used sidewalks, where people
are primarily walking, stronger winds are acceptable. For infrequently used areas, the wind comfort
criteria can be relaxed even further. The actual effects of wind can range from pedestrian inconvenience,
due to the blowing of dust and other loose material in a moderate breeze, to severe difficulty with walking
due to the wind forces on the pedestrian.

3. Methodology

Information concerning the site and surroundings was derived from: site photographs; information on
surrounding buildings and terrain; site plans and 3D models of the proposed development provided by the
design team. While three massing options were considered for the proposed project, Alternative 3 has
been selected for this analysis as it represents the largest proposed development being considered for the
site. The massing configuration for Alternative 3 was studied with and without the proposed wind control
features (screens and trees). The following site configurations were modeled and tested for this massing
scheme:

e No Build Alternative which includes all existing surrounding buildings and the South Station Air
Rights (SSAR) project; and

e Alternative 3 massing of the proposed South Station Expansion Project, Joint Development buildings
(JD1 through JD6), SSAR project and all existing surroundings.

South Station Expansion October, 2014
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e Alternative 3 with Mitigation which includes the Alternative 3 model with wind control features,
namely:
o Six coniferous trees to the south of JD1; and
o Wind screen at grade at the west end of the JD1.

As shown in Figures 28, 29 and 30, the wind tunnel model included the proposed development and all
relevant surrounding buildings and topography within a 1,600 ft radius of the study site. The mean speed
profile and turbulence of the natural wind approaching the modeled area were also simulated. The scale
model was equipped with 80 specially designed wind speed sensors that were connected to the wind
tunnel's data acquisition system to record the mean and fluctuating components of wind speed at a full
scale height of five feet above grade in pedestrian areas throughout the study site. Wind speeds were
measured for 36 wind directions, in 10 degree increments, starting from true north. The measurements at
each sensor location were recorded in the form of ratios of local mean and gust speeds to the reference
wind speed in the free stream above the model. The results were then combined with long term
meteorological data, recorded during the years 1983 to 2013 at Boston's Logan International Airport, in
order to predict full scale wind conditions. The analysis was performed separately for each of the four
seasons and for the entire year.

Figures 31, 32 and 33 present "wind roses", summarizing the seasonal and annual wind climates in the
Boston area, based on the data from Logan Airport. The left side wind rose in Figure 31, for example,
summarizes the spring (March, April, and May) wind data. In general, the prevailing winds at this time of
year are from the west northwest, northwest, west, south-southwest and southwest. In addition to these
directions, strong winds are also prevalent from the northeast direction as indicated by the red and yellow
color bands on the wind rose.

On an annual basis (Figure 5) the most common wind directions are those between southwest and
northwest. Winds from the east and east-southeast are also relatively common. In the case of strong
winds, northeast and west-northwest are the dominant wind directions.

This study involved state of the art measurement and analysis techniques to predict wind conditions at the
study site. Nevertheless, some uncertainty remains in predicting wind comfort. For example, the
sensation of comfort among individuals can be quite variable. Variations in age, individual health,
clothing, and other human factors can change a particular response of an individual. The comfort limits
used in this report represent an average for the total population. Also, unforeseen changes in the project
area, such as the construction or removal of buildings, can affect the conditions experienced at the site.
Finally, the prediction of wind speeds is necessarily a statistical procedure. The wind speeds reported are
for the frequency of occurrence stated (1% of the time). Higher wind speeds would occur but on a less
frequent basis.

4. Pedestrian Wind Comfort Criteria

The BRA has adopted two standards for assessing the relative wind comfort of pedestrians. First, the
BRA wind design guidance criterion states that an effective gust velocity (hourly mean wind speed +1.5
times the root mean square wind speed) of 31 mph should not be exceeded more than 1% of the time.
The second set of criteria used by the BRA to determine the acceptability of specific locations is based on
the work of Melbourne' . This set of criteria is used to determine the relative level of pedestrian wind
comfort for activities such as sitting, standing, or walking. The criteria are expressed in terms of

! Melbourne, W.H., 1978, "Criteria for Environmental Wind Conditions," Journal of Industrial Aerodynamics, 3 (1978) 241 - 249.
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benchmarks for the 1-hour mean wind speed exceeded 1% of the time (i.e., the 99-percentile mean wind
speed). They are as follows:

BRA Mean Wind Criteria*

Dangerous > 27 mph
Uncomfortable for Walking > 19 and <27 mph
Comfortable for Walking > 15 and < 19 mph
Comfortable for Standing > 12 and < 15 mph
Comfortable for Sitting <12 mph

* Applicable to the hourly mean wind speed exceeded 1% of the time.

The wind climate found in a typical downtown location in Boston is generally comfortable for the
pedestrian use of sidewalks and thoroughfares and meets the BRA effective gust velocity criterion of 31
mph. However, without any mitigation measures, this wind climate is likely to be frequently
uncomfortable for more passive activities such as sitting.

5. Test Results

Table 12 presents the mean and effective gust wind speeds for each season, and as represented annually.
For each model configuration, Figures 34, 35 and 36 graphically depict the mean wind speeds and Figures
37, 38 and 39 depict the effective gust speeds at each wind measurement location based on the annual
winds. Typically the summer and fall winds tend to be more comfortable than the annual winds, while
the winter and spring winds are less comfortable than the annual winds.

A total of 80 sensors were used in the model. Note that the placement of the wind measurement locations
was based on our experience and understanding of pedestrian usage of the site, and reviewed by members
of the project team.

The following summary of pedestrian wind comfort is based on the annual winds for each configuration
tested, except where noted below in the text.

5.1. Building Perimeter and Dorchester Avenue (Locations 1 through
22)

51.1. No Build Alternative

A wind comfort categorization of walking is considered appropriate for sidewalks. Lower wind speeds
conducive to standing are preferred at building entrances. As shown in Figure 36, winds at all locations
are comfortable for walking, standing, or sitting, annually. Uncomfortable wind speeds exist at the south
end of the development site (Location 17 in Figure 36).

The effective gust criterion was met seasonally and annually at all locations.

5.1.2.  Alternative 3 — Joint/Private Development Maximum Build
With the addition of the South Station Expansion project, winds at most locations are expected to remain
comfortable for walking or better on an annual basis. Marginal increases in wind speeds are expected

locally around building corners, with uncomfortable winds expected to the south of JD1, east of JD3 and
JD6 buildings of the proposed project (Locations 12, 17, 18 and 20 in Figure 37).

South Station Expansion October 2014
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Localized accelerations are also expected to yield wind speeds that could potentially exceed the effective
gust criterion on windy days at two locations to the south of JD1 (Locations 17 and 18 in Figure 40). The
elevated wind speeds, mainly due to winds approaching from the westerly directions, can be reduced with
the aid of wind screens and vegetation that retain foliage throughout the year. The effect of these wind
control elements have been assessed in the Alternative 3 with Mitigation configuration, as presented in
Section 5.1.3.

5.1.3. Alternative 3 — Joint/Private Development Maximum Build with Mitigation

The following wind control elements were included in this configuration in order to mitigate the high
wind activity on the south side of JD1 by the addition of the proposed Alternative 3 massing;:

o Six mature coniferous trees to the south of JD1 at grade level; and
o 10’ tall, 70% solid screen along the west edge of the site to the south of the JD1 at grade level.

The locations of these elements and the results pertaining to this configuration are shown in Figures 38
and 41. The addition of the trees would reduce the intensity of wind flows along the south side of JD1 and
thereby mitigate the effective gust exceedance that previously predicted (Locations 17 and 18 in Figure
41). Coniferous trees were chosen as they retain foliage during the winter months. It is also recommended
that tall evergreen shrubs be interspersed among the trees if the tree foliage is maintained above 6 to 10
feet above ground, in order to provide protection at pedestrian level.

Figure 1—Examples of coniferous trees — Arborvitae and Spruce

5.2. South Street, Atlantic Avenue and the East Bank of Fort Point
Channel (Locations 23 through 40 and 74 through 80)

5.2.1. No Build Alternative
Wind conditions along South Street, Atlantic Avenue and the east bank of Fort Point Channel are
generally comfortable for walking, standing or sitting on an annual basis, which is appropriate for
pedestrian usage. Uncomfortable winds exist at the intersection of Atlantic Avenue and Essex Street and

along the east bank of Fort Point Channel (Locations 38 and 77 in Figure 36).

Winds at Location 38 also exceed the annual effective gust criterion (Figure 39).

October, 2014 South Station Expansion
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5.2.2. Alternative 3 — Joint/Private Development Maximum Build

The addition of the proposed projects is expected to result in similar or improved wind microclimate
along these streets. Wind speed categorizations are very similar to those in the No Build configuration,
with no change to the effective gust exceedance at Location 38 (Figures 35 and 38).

5.2.3. Alternative 3 — Joint/Private Development Maximum Build with Mitigation

The mitigation measures incorporated in the Alternative 3 configuration did not affect the findings
presented in 5.2.2, as their zone of influence was limited to the immediate vicinity of the proposed JD1
and JD4 buildings.

5.3. Albany Street and Summer Street (Locations 41 through 73)

5.3.1. No Build Alternative

Winds along Albany Street and Summer Street, west of the Fort Point Channel, are generally high and fall
under the categorization of walking and uncomfortable. Closer to the Fort Point Channel and along the
Summer Street Bridge, wind speeds are lower and comfortable for standing or walking in general.

Wind speeds at one location on Summer Street, in front of the Federal Reserve Bank currently exceed the
effective gust criterion (Location 55 in Figure 39).

5.3.2. Alternative 3 — Joint/Private Development Maximum Build

The addition of the proposed project is not predicted to significantly affect wind speeds along Albany
Street and Summer Street. While there a marginal increase in wind speeds to the north of the development
on Summer Street, the overall wind microclimate is expected to remain similar to that in the No Build
condition. The addition of the new massing improves wind conditions on the Summer Street Bridge by
providing blockage to the westerly winds.

The effective gust exceedance on Summer Street that exists in the No Build configuration is predicted to
remain in this scenario as well (Location 55 in Figure 40).

5.3.3. Alternative 3 — Joint/Private Development Maximum Build with Mitigation

The mitigation measures incorporated in the Alternative 3 configuration did not affect the findings
presented in 5.3.2, as their zone of influence was limited to the immediate vicinity of the proposed JD1
and JD4 buildings.

South Station Expansion October 2014
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Table 12—Pedestrian Wind Comfort and Safety Categories - Multiple Seasons
Notes: 1)  Wind speeds are for a 1% probability of exceedance; and,
2) % Change is based on comparison with Configuration A and only those that are greater than 10% are listed.

Configurations Mean Wind Speed Criteria Effective Gust Criteria
A - No Build Alternative Comfortable for Sitting: <12 mph Acceptable: <31 mph
B - Alternative 3 Comfortable for Standing: >12 and < 15 mph Unacceptable: > 31 mph
C - Alternative 3 with Mitigation Comfortable for Walking: > 15 and < 19 mph
Uncomfortable for Walking: > 19 and < 27 mph
Dangerous Conditions: > 27 mph
BRA Criteria Mean Wind Speed Effective Gust Wind Speed
Loc. Config.  Season Speed (mph) %Change RATING Speed (mph)  %Change RATING
1 A Spring 7 Sitting 10 Acceptable
Summer 6 Sitting 8 Acceptable
Fall 6 Sitting 9 Acceptable
Winter 7 Sitting 10 Acceptable
Annual 7 Sitting 9 Acceptable
B Spring 8 14% Sitting 11 Acceptable
Summer 7 17% Sitting 9 12% Acceptable
Fall 7 17% Sitting 10 11% Acceptable
Winter 9 29% Sitting 11 Acceptable
Annual 8 14% Sitting 10 11% Acceptable
C Spring 10 43% Sitting 13 30% Acceptable
Summer 8 33% Sitting 10 25% Acceptable
Fall 9 50% Sitting 11 22% Acceptable
Winter 10 43% Sitting 13 30% Acceptable
Annual 10 43% Sitting 12 33% Acceptable
2 A Spring 7 Sitting 11 Acceptable
Summer 6 Sitting 10 Acceptable
Fall 7 Sitting 11 Acceptable
Winter 7 Sitting 11 Acceptable
Annual 6 Sitting 11 Acceptable
B Spring 10 43% Sitting 13 18% Acceptable
Summer 8 33% Sitting 10 Acceptable
Fall 8 14% Sitting 12 Acceptable
Winter 10 43% Sitting 13 18% Acceptable
Annual 9 50% Sitting 12 Acceptable
C Spring 10 43% Sitting 14 27% Acceptable
Summer 8 33% Sitting 11 Acceptable
Fall 8 14% Sitting 12 Acceptable
Winter 10 43% Sitting 14 27% Acceptable
Annual 9 50% Sitting 13 18% Acceptable
October, 2014 South Station Expansion
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BRA Criteria Mean Wind Speed Effective Gust Wind Speed
Loc. Config.  Season Speed (mph) %Change RATING Speed (mph)  %Change RATING
3 A Spring 11 Sitting 17 Acceptable
Summer 9 Sitting 14 Acceptable
Fall 10 Sitting 16 Acceptable
Winter 12 Sitting 18 Acceptable
Annual 11 Sitting 17 Acceptable
B Spring 18 64% Walking 22 29% Acceptable
Summer 14 56% Standing 17 21% Acceptable
Fall 15 50% Standing 20 25% Acceptable
Winter 18 50% Walking 23 28% Acceptable
Annual 16 45% Walking 21 24% Acceptable
C Spring 20 82% Uncomfortable 25 47% Acceptable
Summer 16 78% Walking 20 43% Acceptable
Fall 18 80% Walking 22 38% Acceptable
Winter 21 75% Uncomfortable 26 44% Acceptable
Annual 19 73% Walking 24 41% Acceptable
4 A Spring 19 Walking 26 Acceptable
Summer 14 Standing 19 Acceptable
Fall 17 Walking 23 Acceptable
Winter 18 Walking 25 Acceptable
Annual 17 Walking 24 Acceptable
B Spring 16 -16% Walking 23 -12% Acceptable
Summer 13 Standing 18 Acceptable
Fall 15 -12% Standing 22 Acceptable
Winter 17 Walking 24 Acceptable
Annual 16 Walking 22 Acceptable
C Spring 16 -16% Walking 23 -12% Acceptable
Summer 13 Standing 19 Acceptable
Fall 15 -12% Standing 22 Acceptable
Winter 17 Walking 24 Acceptable
Annual 15 -12% Standing 22 Acceptable
5 A Spring 15 Standing 22 Acceptable
Summer 12 Sitting 17 Acceptable
Fall 13 Standing 20 Acceptable
Winter 15 Standing 22 Acceptable
Annual 14 Standing 21 Acceptable
B Spring 11 -27% Sitting 18 -18% Acceptable
Summer 9 -25% Sitting 14 -18% Acceptable
Fall 10 -23% Sitting 17 -15% Acceptable
Winter 11 -27% Sitting 18 -18% Acceptable
Annual 10 -29% Sitting 17 -19% Acceptable
C Spring 11 -27% Sitting 18 -18% Acceptable
Summer 9 -25% Sitting 15 -12% Acceptable
Fall 10 -23% Sitting 17 -15% Acceptable
Winter 11 -27% Sitting 18 -18% Acceptable
Annual 10 -29% Sitting 17 -19% Acceptable
South Station Expansion October 2014
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BRA Criteria Mean Wind Speed Effective Gust Wind Speed
Loc. Config.  Season Speed (mph) %Change RATING Speed (mph)  %Change RATING
6 A Spring 18 Walking 25 Acceptable
Summer 14 Standing 19 Acceptable
Fall 16 Walking 23 Acceptable
Winter 18 Walking 25 Acceptable
Annual 17 Walking 23 Acceptable
B Spring 20 11% Uncomfortable 29 16% Acceptable
Summer 15 Standing 21 11% Acceptable
Fall 18 12% Walking 26 13% Acceptable
Winter 19 Walking 27 Acceptable
Annual 18 Walking 26 13% Acceptable
C Spring 21 17% Uncomfortable 29 16% Acceptable
Summer 15 Standing 21 11% Acceptable
Fall 19 19% Walking 26 13% Acceptable
Winter 19 Walking 27 Acceptable
Annual 19 12% Walking 26 13% Acceptable
7 A Spring 16 Walking 23 Acceptable
Summer 13 Standing 17 Acceptable
Fall 15 Standing 21 Acceptable
Winter 16 Walking 23 Acceptable
Annual 15 Standing 21 Acceptable
B Spring 18 12% Walking 26 13% Acceptable
Summer 13 Standing 19 12% Acceptable
Fall 16 Walking 24 14% Acceptable
Winter 17 Walking 25 Acceptable
Annual 16 Walking 24 14% Acceptable
C Spring 18 12% Walking 26 13% Acceptable
Summer 13 Standing 19 12% Acceptable
Fall 16 Walking 24 14% Acceptable
Winter 17 Walking 25 Acceptable
Annual 16 Walking 24 14% Acceptable
8 A Spring 17 Walking 23 Acceptable
Summer 14 Standing 18 Acceptable
Fall 16 Walking 21 Acceptable
Winter 17 Walking 23 Acceptable
Annual 16 Walking 22 Acceptable
B Spring 13 -24% Standing 21 Acceptable
Summer 11 -21% Sitting 16 -11% Acceptable
Fall 13 -19% Standing 20 Acceptable
Winter 13 -24% Standing 21 Acceptable
Annual 13 -19% Standing 20 Acceptable
C Spring 13 -24% Standing 21 Acceptable
Summer 11 -21% Sitting 17 Acceptable
Fall 13 -19% Standing 19 Acceptable
Winter 13 -24% Standing 20 -13% Acceptable
Annual 13 -19% Standing 19 -14% Acceptable
October, 2014 South Station Expansion
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BRA Criteria Mean Wind Speed Effective Gust Wind Speed
Loc. Config.  Season Speed (mph) %Change RATING Speed (mph)  %Change RATING
9 A Spring 18 Walking 24 Acceptable
Summer 15 Standing 19 Acceptable
Fall 16 Walking 22 Acceptable
Winter 18 Walking 24 Acceptable
Annual 17 Walking 22 Acceptable
B Spring 16 -11% Walking 24 Acceptable
Summer 12 -20% Sitting 18 Acceptable
Fall 15 Standing 22 Acceptable
Winter 15 -17% Standing 23 Acceptable
Annual 15 -12% Standing 22 Acceptable
C Spring 16 -11% Walking 23 Acceptable
Summer 12 -20% Sitting 17 -11% Acceptable
Fall 14 -12% Standing 21 Acceptable
Winter 15 -17% Standing 22 Acceptable
Annual 14 -18% Standing 21 Acceptable
10 A Spring 15 Standing 22 Acceptable
Summer 12 Sitting 17 Acceptable
Fall 14 Standing 20 Acceptable
Winter 15 Standing 21 Acceptable
Annual 14 Standing 20 Acceptable
B Spring 18 20% Walking 24 Acceptable
Summer 13 Standing 17 Acceptable
Fall 16 14% Walking 22 Acceptable
Winter 16 Walking 23 Acceptable
Annual 16 14% Walking 22 Acceptable
C Spring 17 13% Walking 24 Acceptable
Summer 12 Sitting 17 Acceptable
Fall 15 Standing 22 Acceptable
Winter 16 Walking 23 Acceptable
Annual 15 Standing 22 Acceptable
11 A Spring 16 Walking 22 Acceptable
Summer 13 Standing 18 Acceptable
Fall 15 Standing 20 Acceptable
Winter 16 Walking 22 Acceptable
Annual 15 Standing 20 Acceptable
B Spring 14 -12% Standing 22 Acceptable
Summer 11 -15% Sitting 17 Acceptable
Fall 14 Standing 20 Acceptable
Winter 14 -12% Standing 21 Acceptable
Annual 13 -13% Standing 20 Acceptable
C Spring 14 -12% Standing 21 Acceptable
Summer 11 -15% Sitting 17 Acceptable
Fall 13 -13% Standing 20 Acceptable
Winter 14 -12% Standing 21 Acceptable
Annual 13 -13% Standing 20 Acceptable
South Station Expansion October 2014
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BRA Criteria
Loc. Config.
12 A
B
C
13 A
B
C
14 A
B
C

Season

Spring
Summer
Fall
Winter
Annual

Spring
Summer
Fall
Winter
Annual

Spring
Summer
Fall
Winter
Annual

Spring
Summer
Fall
Winter
Annual

Spring
Summer
Fall
Winter
Annual

Spring
Summer
Fall
Winter
Annual

Spring
Summer
Fall
Winter
Annual

Spring
Summer
Fall
Winter
Annual

Spring
Summer
Fall
Winter
Annual

Speed (mph)

16
13
15
17
16

16
12
15
16
15

16
12
15
16
15

15
13
14
15
14

15
11
14
14
14

15
11
14
14
14

10
8
9
10
9

18
15
15
18
17

20
16
17
20
18

Mean Wind Speed

%Change

-15%

-15%

80%
88%
67%
80%
89%

100%
100%
89%

100%
100%

RATING

Walking
Standing
Standing
Walking
Walking

Walking
Sitting

Standing
Walking
Standing

Walking
Sitting

Standing
Walking
Standing

Standing
Standing
Standing
Standing
Standing

Standing
Sitting

Standing
Standing
Standing

Standing
Sitting

Standing
Standing
Standing

Sitting
Sitting
Sitting
Sitting
Sitting

Walking
Standing
Standing
Walking
Walking

Uncomfortable
Walking
Walking
Uncomfortable
Walking

Effective Gust Wind Speed

Speed (mph)

22
18
22
23
22

24
18
22
23
22

24
18
22
23
22

21
18
20
21
20

22
17
20
22
20

22
17
21
22
21

16
12
14
16
15

26
21
22
26
24

25
21
23
26
24

%Change RATING

Acceptable
Acceptable
Acceptable
Acceptable
Acceptable

Acceptable
Acceptable
Acceptable
Acceptable
Acceptable

Acceptable
Acceptable
Acceptable
Acceptable
Acceptable

Acceptable
Acceptable
Acceptable
Acceptable
Acceptable

Acceptable
Acceptable
Acceptable
Acceptable
Acceptable

Acceptable
Acceptable
Acceptable
Acceptable
Acceptable

Acceptable
Acceptable
Acceptable
Acceptable
Acceptable

62%
75%
57%
62%
60%

Acceptable
Acceptable
Acceptable
Acceptable
Acceptable

56%
75%
64%
62%
60%

Acceptable
Acceptable
Acceptable
Acceptable
Acceptable
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BRA Criteria Mean Wind Speed Effective Gust Wind Speed
Loc. Config.  Season Speed (mph) %Change RATING Speed (mph)  %Change RATING
15 A Spring 11 Sitting 16 Acceptable
Summer 9 Sitting 13 Acceptable
Fall 10 Sitting 15 Acceptable
Winter 11 Sitting 16 Acceptable
Annual 10 Sitting 15 Acceptable
B Spring 17 55% Walking 23 44% Acceptable
Summer 14 56% Standing 19 46% Acceptable
Fall 16 60% Walking 22 47% Acceptable
Winter 16 45% Walking 23 44% Acceptable
Annual 16 60% Walking 22 47% Acceptable
C Spring 22 100% Uncomfortable 29 81% Acceptable
Summer 19 111% Walking 25 92% Acceptable
Fall 19 90% Walking 26 73% Acceptable
Winter 20 82% Uncomfortable 27 69% Acceptable
Annual 20 100% Uncomfortable 27 80% Acceptable
16 A Spring 12 Sitting 19 Acceptable
Summer 10 Sitting 16 Acceptable
Fall 11 Sitting 17 Acceptable
Winter 10 Sitting 17 Acceptable
Annual 11 Sitting 17 Acceptable
B Spring 16 33% Walking 23 21% Acceptable
Summer 12 20% Sitting 19 19% Acceptable
Fall 14 27% Standing 22 29% Acceptable
Winter 16 60% Walking 23 35% Acceptable
Annual 15 36% Standing 22 29% Acceptable
C Spring 15 25% Standing 23 21% Acceptable
Summer 12 20% Sitting 19 19% Acceptable
Fall 14 27% Standing 21 24% Acceptable
Winter 15 50% Standing 23 35% Acceptable
Annual 14 27% Standing 22 29% Acceptable
17 A Spring 20 Uncomfortable 27 Acceptable
Summer 17 Walking 22 Acceptable
Fall 20 Uncomfortable 26 Acceptable
Winter 22 Uncomfortable 29 Acceptable
Annual 20 Uncomfortable 26 Acceptable
B Spring 25 25% Uncomfortable 34 26% Unacceptable
Summer 21 24% Uncomfortable 28 27% Acceptable
Fall 23 15% Uncomfortable 32 23% Unacceptable
Winter 26 18% Uncomfortable 36 24% Unacceptable
Annual 24 20% Uncomfortable 33 27% Unacceptable
C Spring 22 Uncomfortable 30 11% Acceptable
Summer 17 Walking 24 Acceptable
Fall 19 Walking 26 Acceptable
Winter 22 Uncomfortable 30 Acceptable
Annual 21 Uncomfortable 28 Acceptable
South Station Expansion October 2014
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BRA Criteria Mean Wind Speed Effective Gust Wind Speed
Loc. Config.  Season Speed (mph) %Change RATING Speed (mph)  %Change RATING
18 A Spring 20 Uncomfortable 25 Acceptable
Summer 16 Walking 21 Acceptable
Fall 19 Walking 25 Acceptable
Winter 21 Uncomfortable 27 Acceptable
Annual 19 Walking 25 Acceptable
B Spring 27 35% Uncomfortable 34 36% Unacceptable
Summer 23 44% Uncomfortable 29 38% Acceptable
Fall 26 37% Uncomfortable 33 32% Unacceptable
Winter 29 38% Dangerous 36 33% Unacceptable
Annual 26 37% Uncomfortable 34 36% Unacceptable
C Spring 19 Walking 26 Acceptable
Summer 17 Walking 22 Acceptable
Fall 19 Walking 25 Acceptable
Winter 20 Uncomfortable 28 Acceptable
Annual 19 Walking 25 Acceptable
19 A Spring 16 Walking 22 Acceptable
Summer 13 Standing 18 Acceptable
Fall 15 Standing 21 Acceptable
Winter 17 Walking 24 Acceptable
Annual 16 Walking 22 Acceptable
B Spring 18 12% Walking 26 18% Acceptable
Summer 15 15% Standing 21 17% Acceptable
Fall 18 20% Walking 26 24% Acceptable
Winter 19 12% Walking 28 17% Acceptable
Annual 18 12% Walking 26 18% Acceptable
C Spring 18 12% Walking 26 18% Acceptable
Summer 15 15% Standing 21 17% Acceptable
Fall 17 13% Walking 25 19% Acceptable
Winter 19 12% Walking 28 17% Acceptable
Annual 18 12% Walking 26 18% Acceptable
20 A Spring 13 Standing 19 Acceptable
Summer 11 Sitting 16 Acceptable
Fall 13 Standing 18 Acceptable
Winter 14 Standing 20 Acceptable
Annual 13 Standing 19 Acceptable
B Spring 21 62% Uncomfortable 29 53% Acceptable
Summer 18 64% Walking 24 50% Acceptable
Fall 20 54% Uncomfortable 28 56% Acceptable
Winter 21 50% Uncomfortable 30 50% Acceptable
Annual 20 54% Uncomfortable 28 47% Acceptable
C Spring 21 62% Uncomfortable 30 58% Acceptable
Summer 18 64% Walking 26 62% Acceptable
Fall 20 54% Uncomfortable 29 61% Acceptable
Winter 21 50% Uncomfortable 30 50% Acceptable
Annual 20 54% Uncomfortable 29 53% Acceptable
October, 2014 South Station Expansion
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BRA Criteria Mean Wind Speed Effective Gust Wind Speed
Loc. Config.  Season Speed (mph) %Change RATING Speed (mph)  %Change RATING
21 A Spring 16 Walking 22 Acceptable
Summer 12 Sitting 17 Acceptable
Fall 15 Standing 21 Acceptable
Winter 16 Walking 22 Acceptable
Annual 15 Standing 21 Acceptable
B Spring 16 Walking 24 Acceptable
Summer 13 Standing 20 18% Acceptable
Fall 15 Standing 22 Acceptable
Winter 17 Walking 25 14% Acceptable
Annual 15 Standing 23 Acceptable
C Spring 13 -19% Standing 21 Acceptable
Summer 11 Sitting 17 Acceptable
Fall 13 -13% Standing 20 Acceptable
Winter 14 -12% Standing 22 Acceptable
Annual 13 -13% Standing 20 Acceptable
22 A Spring 16 Walking 23 Acceptable
Summer 13 Standing 18 Acceptable
Fall 15 Standing 22 Acceptable
Winter 17 Walking 24 Acceptable
Annual 16 Walking 22 Acceptable
B Spring 13 -19% Standing 21 Acceptable
Summer 11 -15% Sitting 17 Acceptable
Fall 13 -13% Standing 19 -14% Acceptable
Winter 12 -29% Sitting 19 -21% Acceptable
Annual 12 -25% Sitting 19 -14% Acceptable
C Spring 13 -19% Standing 19 -17% Acceptable
Summer 11 -15% Sitting 16 -11% Acceptable
Fall 12 -20% Sitting 18 -18% Acceptable
Winter 12 -29% Sitting 18 -25% Acceptable
Annual 12 -25% Sitting 18 -18% Acceptable
23 A Spring 17 Walking 26 Acceptable
Summer 14 Standing 21 Acceptable
Fall 16 Walking 24 Acceptable
Winter 18 Walking 26 Acceptable
Annual 16 Walking 24 Acceptable
B Spring 16 Walking 24 Acceptable
Summer 15 Standing 21 Acceptable
Fall 16 Walking 23 Acceptable
Winter 17 Walking 25 Acceptable
Annual 16 Walking 23 Acceptable
C Spring 16 Walking 23 -12% Acceptable
Summer 14 Standing 21 Acceptable
Fall 15 Standing 23 Acceptable
Winter 16 -11% Walking 24 Acceptable
Annual 16 Walking 23 Acceptable
South Station Expansion October 2014
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BRA Criteria
Loc. Config.
24 A
B
C
25 A
B
C
26 A
B
C

Season

Spring
Summer
Fall
Winter
Annual

Spring
Summer
Fall
Winter
Annual

Spring
Summer
Fall
Winter
Annual

Spring
Summer
Fall
Winter
Annual

Spring
Summer
Fall
Winter
Annual

Spring
Summer
Fall
Winter
Annual

Spring
Summer
Fall
Winter
Annual

Spring
Summer
Fall
Winter
Annual

Spring
Summer
Fall
Winter
Annual

Speed (mph)

19
17
18
19
18

18
16
17
18
17

18
15
17
18
17

16
13
15
17
15

13
11
13
14
13

13
11
13
14
13

10
8

10
11
10

Mean Wind Speed

%Change

-12%

-19%
-15%
-13%
-18%
-13%

-19%
-15%
-13%
-18%
-13%

RATING

Walking
Walking
Walking
Walking
Walking

Walking
Walking
Walking
Walking
Walking

Walking
Standing
Walking
Walking
Walking

Walking
Standing
Standing
Walking
Standing

Standing
Sitting

Standing
Standing
Standing

Standing
Sitting

Standing
Standing
Standing

Sitting
Sitting
Sitting
Sitting
Sitting

Sitting
Sitting
Sitting
Sitting
Sitting

Sitting
Sitting
Sitting
Sitting
Sitting

Effective Gust Wind Speed

Speed (mph)

27
24
26
28
26

26
22
25
26
25

25
22
24
25
24

22
18
21
24
22

19
16
19
21
19

20
16
19
21
19

17
14
16
18
16

16
13
15
16
15

16
13
15
16
15

%Change RATING

Acceptable
Acceptable
Acceptable
Acceptable
Acceptable

Acceptable
Acceptable
Acceptable
Acceptable
Acceptable

Acceptable
Acceptable
Acceptable
-11% Acceptable
Acceptable

Acceptable
Acceptable
Acceptable
Acceptable
Acceptable

-14% Acceptable
-11% Acceptable

Acceptable
-12% Acceptable
-14% Acceptable

Acceptable
-11% Acceptable
Acceptable
-12% Acceptable
-14% Acceptable

Acceptable
Acceptable
Acceptable
Acceptable
Acceptable

Acceptable
Acceptable
Acceptable
-11% Acceptable
Acceptable

Acceptable
Acceptable
Acceptable
-11% Acceptable
Acceptable
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BRA Criteria Mean Wind Speed Effective Gust Wind Speed
Loc. Config.  Season Speed (mph) %Change RATING Speed (mph)  %Change RATING
27 A Spring 14 Standing 22 Acceptable
Summer 12 Sitting 18 Acceptable
Fall 14 Standing 21 Acceptable
Winter 15 Standing 23 Acceptable
Annual 14 Standing 21 Acceptable
B Spring 13 Standing 20 Acceptable
Summer 11 Sitting 17 Acceptable
Fall 12 -14% Sitting 20 Acceptable
Winter 13 -13% Standing 21 Acceptable
Annual 12 -14% Sitting 20 Acceptable
C Spring 9 -36% Sitting 14 -36% Acceptable
Summer 7 -42% Sitting 12 -33% Acceptable
Fall 8 -43% Sitting 14 -33% Acceptable
Winter 9 -40% Sitting 15 -35% Acceptable
Annual 8 -43% Sitting 14 -33% Acceptable
28 A Spring 12 Sitting 18 Acceptable
Summer 10 Sitting 15 Acceptable
Fall 11 Sitting 17 Acceptable
Winter 12 Sitting 19 Acceptable
Annual 11 Sitting 18 Acceptable
B Spring 11 Sitting 17 Acceptable
Summer 9 Sitting 15 Acceptable
Fall 10 Sitting 16 Acceptable
Winter 11 Sitting 17 -11% Acceptable
Annual 10 Sitting 16 -11% Acceptable
C Spring 11 Sitting 17 Acceptable
Summer 10 Sitting 15 Acceptable
Fall 10 Sitting 16 Acceptable
Winter 11 Sitting 17 -11% Acceptable
Annual 10 Sitting 17 Acceptable
29 A Spring 12 Sitting 18 Acceptable
Summer 10 Sitting 15 Acceptable
Fall 12 Sitting 18 Acceptable
Winter 13 Standing 19 Acceptable
Annual 12 Sitting 18 Acceptable
B Spring 10 -17% Sitting 16 -11% Acceptable
Summer 8 -20% Sitting 13 -13% Acceptable
Fall 9 -25% Sitting 15 -17% Acceptable
Winter 10 -23% Sitting 16 -16% Acceptable
Annual 9 -25% Sitting 15 -17% Acceptable
C Spring 10 -17% Sitting 16 -11% Acceptable
Summer 8 -20% Sitting 13 -13% Acceptable
Fall 10 -17% Sitting 16 -11% Acceptable
Winter 10 -23% Sitting 17 -11% Acceptable
Annual 10 -17% Sitting 16 -11% Acceptable
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Coastal Resources Technical Report

BRA Criteria
Loc. Config.
30 A
B
C
31 A
B
C
32 A
B
C

Season

Spring
Summer
Fall
Winter
Annual

Spring
Summer
Fall
Winter
Annual

Spring
Summer
Fall
Winter
Annual

Spring
Summer
Fall
Winter
Annual

Spring
Summer
Fall
Winter
Annual

Spring
Summer
Fall
Winter
Annual

Spring
Summer
Fall
Winter
Annual

Spring
Summer
Fall
Winter
Annual

Spring
Summer
Fall
Winter
Annual

Speed (mph)

16
14
15
15
15

13
11
12
12
12

13
12
12
12
12

13
11
12
13
12

O © O o

O 0 O

10

16
14
15
16
15

11

11
12

00 W 00N

Mean Wind Speed

%Change

-19%
-21%
-20%
-20%
-20%

-19%
-14%
-20%
-20%
-20%

-31%
-27%
-25%
-31%
-25%

-31%
-27%
-25%
-23%
-25%

-31%
-36%
-27%
-25%
-27%

-44%
-50%
-47%
-44%
-47%

RATING

Walking
Standing
Standing
Standing
Standing

Standing
Sitting
Sitting
Sitting
Sitting

Standing
Sitting
Sitting
Sitting
Sitting

Standing
Sitting
Sitting
Standing
Sitting

Sitting
Sitting
Sitting
Sitting
Sitting

Sitting
Sitting
Sitting
Sitting
Sitting

Walking
Standing
Standing
Walking
Standing

Sitting
Sitting
Sitting
Sitting
Sitting

Sitting
Sitting
Sitting
Sitting
Sitting

Effective Gust Wind Speed

Speed (mph)

22
19
21
22
21

20
17
18
19
18

20
17
19
19
19

18
15
17
18
17

15
13
14
16
15

15
13
14
16
15

22
18
21
22
21

18
15
17
19
17

14
11
13
14
13

%Change RATING

Acceptable
Acceptable
Acceptable
Acceptable
Acceptable
Acceptable
-11% Acceptable
-14% Acceptable
-14% Acceptable
-14% Acceptable
Acceptable
-11% Acceptable
Acceptable
-14% Acceptable
Acceptable
Acceptable
Acceptable
Acceptable
Acceptable
Acceptable
-17% Acceptable
-13% Acceptable
-18% Acceptable
-11% Acceptable
-12% Acceptable
-17% Acceptable
-13% Acceptable
-18% Acceptable
-11% Acceptable
-12% Acceptable
Acceptable
Acceptable
Acceptable
Acceptable
Acceptable
-18% Acceptable
-17% Acceptable
-19% Acceptable
-14% Acceptable
-19% Acceptable
-36% Acceptable
-39% Acceptable
-38% Acceptable
-36% Acceptable
-38% Acceptable
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Coastal Resources Technical Report

BRA Criteria Mean Wind Speed Effective Gust Wind Speed
Loc. Config.  Season Speed (mph) %Change RATING Speed (mph)  %Change RATING
33 A Spring 8 Sitting 14 Acceptable
Summer 7 Sitting 12 Acceptable
Fall 8 Sitting 13 Acceptable
Winter 9 Sitting 15 Acceptable
Annual 8 Sitting 13 Acceptable
B Spring 8 Sitting 13 Acceptable
Summer 7 Sitting 12 Acceptable
Fall 8 Sitting 13 Acceptable
Winter 9 Sitting 14 Acceptable
Annual 8 Sitting 13 Acceptable
C Spring 8 Sitting 13 Acceptable
Summer 7 Sitting 12 Acceptable
Fall 8 Sitting 13 Acceptable
Winter 8 -11% Sitting 14 Acceptable
Annual 8 Sitting 13 Acceptable
34 A Spring 12 Sitting 18 Acceptable
Summer 9 Sitting 14 Acceptable
Fall 11 Sitting 17 Acceptable
Winter 11 Sitting 17 Acceptable
Annual 11 Sitting 17 Acceptable
B Spring 11 Sitting 17 Acceptable
Summer 8 -11% Sitting 13 Acceptable
Fall 10 Sitting 15 -12% Acceptable
Winter 10 Sitting 16 Acceptable
Annual 10 Sitting 15 -12% Acceptable
C Spring 13 Standing 17 Acceptable
Summer 11 22% Sitting 14 Acceptable
Fall 12 Sitting 17 Acceptable
Winter 14 27% Standing 18 Acceptable
Annual 13 18% Standing 17 Acceptable
35 A Spring 14 Standing 19 Acceptable
Summer 10 Sitting 14 Acceptable
Fall 13 Standing 17 Acceptable
Winter 13 Standing 18 Acceptable
Annual 13 Standing 17 Acceptable
B Spring 14 Standing 19 Acceptable
Summer 10 Sitting 14 Acceptable
Fall 12 Sitting 17 Acceptable
Winter 13 Standing 18 Acceptable
Annual 12 Sitting 17 Acceptable
C Spring 14 Standing 19 Acceptable
Summer 10 Sitting 13 Acceptable
Fall 12 Sitting 17 Acceptable
Winter 12 Sitting 17 Acceptable
Annual 12 Sitting 17 Acceptable
South Station Expansion October 2014
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Coastal Resources Technical Report

BRA Criteria
Loc. Config.
36 A
B
C
37 A
B
C
38 A
B
C

Season

Spring
Summer
Fall
Winter
Annual

Spring
Summer
Fall
Winter
Annual

Spring
Summer
Fall
Winter
Annual

Spring
Summer
Fall
Winter
Annual

Spring
Summer
Fall
Winter
Annual

Spring
Summer
Fall
Winter
Annual

Spring
Summer
Fall
Winter
Annual

Spring
Summer
Fall
Winter
Annual

Spring
Summer
Fall
Winter
Annual

Speed (mph)

16
11
14
14
14

16
11
14
14
14

19
13
16
16
16

17
13
16
17
16

17
13
16
17
16

18
14
16
18
17

27
23
25
27
26

27
23
26
27
26

27
23
25
28
26

Mean Wind Speed

%Change

19%
18%
14%
14%
14%

RATING

Walking
Sitting

Standing
Standing
Standing

Walking
Sitting

Standing
Standing
Standing

Walking
Standing
Walking
Walking
Walking

Walking
Standing
Walking
Walking
Walking

Walking
Standing
Walking
Walking
Walking

Walking
Standing
Walking
Walking
Walking

Uncomfortable
Uncomfortable
Uncomfortable
Uncomfortable
Uncomfortable

Uncomfortable
Uncomfortable
Uncomfortable
Uncomfortable
Uncomfortable

Uncomfortable
Uncomfortable
Uncomfortable
Dangerous

Uncomfortable

Effective Gust Wind Speed

Speed (mph)

22
15
19
20
19

22
16
19
20
20

23
16
21
21
21

25
20
24
26
24

25
20
23
26
24

25
20
24
27
25

35
29
33
36
34

35
30
33
36
34

35
29
33
36
34

%Change

11%

11%

RATING

Acceptable
Acceptable
Acceptable
Acceptable
Acceptable

Acceptable
Acceptable
Acceptable
Acceptable
Acceptable

Acceptable
Acceptable
Acceptable
Acceptable
Acceptable

Acceptable
Acceptable
Acceptable
Acceptable
Acceptable

Acceptable
Acceptable
Acceptable
Acceptable
Acceptable

Acceptable
Acceptable
Acceptable
Acceptable
Acceptable

Unacceptable
Acceptable

Unacceptable
Unacceptable
Unacceptable

Unacceptable
Acceptable

Unacceptable
Unacceptable
Unacceptable

Unacceptable
Acceptable

Unacceptable
Unacceptable
Unacceptable
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Coastal Resources Technical Report

BRA Criteria Mean Wind Speed Effective Gust Wind Speed
Loc. Config.  Season Speed (mph) %Change RATING Speed (mph)  %Change RATING
39 A Spring 12 Sitting 20 Acceptable
Summer 11 Sitting 18 Acceptable
Fall 12 Sitting 19 Acceptable
Winter 12 Sitting 20 Acceptable
Annual 12 Sitting 19 Acceptable
B Spring 12 Sitting 20 Acceptable
Summer 11 Sitting 18 Acceptable
Fall 12 Sitting 19 Acceptable
Winter 12 Sitting 20 Acceptable
Annual 12 Sitting 19 Acceptable
C Spring 12 Sitting 20 Acceptable
Summer 11 Sitting 18 Acceptable
Fall 12 Sitting 19 Acceptable
Winter 12 Sitting 20 Acceptable
Annual 12 Sitting 19 Acceptable
40 A Spring 19 Walking 27 Acceptable
Summer 15 Standing 21 Acceptable
Fall 17 Walking 25 Acceptable
Winter 19 Walking 27 Acceptable
Annual 18 Walking 25 Acceptable
B Spring 19 Walking 27 Acceptable
Summer 15 Standing 21 Acceptable
Fall 17 Walking 25 Acceptable
Winter 19 Walking 27 Acceptable
Annual 18 Walking 26 Acceptable
C Spring 19 Walking 27 Acceptable
Summer 15 Standing 21 Acceptable
Fall 17 Walking 25 Acceptable
Winter 19 Walking 27 Acceptable
Annual 18 Walking 26 Acceptable
41 A Spring 18 Walking 26 Acceptable
Summer 14 Standing 21 Acceptable
Fall 17 Walking 25 Acceptable
Winter 18 Walking 27 Acceptable
Annual 17 Walking 25 Acceptable
B Spring 18 Walking 26 Acceptable
Summer 14 Standing 21 Acceptable
Fall 17 Walking 25 Acceptable
Winter 18 Walking 27 Acceptable
Annual 17 Walking 25 Acceptable
C Spring 18 Walking 26 Acceptable
Summer 14 Standing 21 Acceptable
Fall 17 Walking 25 Acceptable
Winter 18 Walking 27 Acceptable
Annual 17 Walking 25 Acceptable
South Station Expansion October 2014
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Coastal Resources Technical Report

BRA Criteria
Loc. Config.
42 A
B
C
43 A
B
C
44 A
B
C

Season

Spring
Summer
Fall
Winter
Annual

Spring
Summer
Fall
Winter
Annual

Spring
Summer
Fall
Winter
Annual

Spring
Summer
Fall
Winter
Annual

Spring
Summer
Fall
Winter
Annual

Spring
Summer
Fall
Winter
Annual

Spring
Summer
Fall
Winter
Annual

Spring
Summer
Fall
Winter
Annual

Spring
Summer
Fall
Winter
Annual

Speed (mph)

22
19
21
21
21

22
19
20
21
21

22
19
20
21
21

18
14
16
17
17

18
14
17
18
17

18
14
17
18
17

22
19
21
22
21

22
19
21
23
21

22
19
21
23
21

Mean Wind Speed

%Change

RATING

Uncomfortable
Walking

Uncomfortable
Uncomfortable
Uncomfortable

Uncomfortable
Walking

Uncomfortable
Uncomfortable
Uncomfortable

Uncomfortable
Walking

Uncomfortable
Uncomfortable
Uncomfortable

Walking
Standing
Walking
Walking
Walking

Walking
Standing
Walking
Walking
Walking

Walking
Standing
Walking
Walking
Walking

Uncomfortable
Walking

Uncomfortable
Uncomfortable
Uncomfortable

Uncomfortable
Walking

Uncomfortable
Uncomfortable
Uncomfortable

Uncomfortable
Walking

Uncomfortable
Uncomfortable
Uncomfortable

Effective Gust Wind Speed

Speed (mph)

29
24
27
28
27

29
24
27
29
27

29
24
27
29
27

26
21
24
26
25

26
21
24
27
25

26
21
24
27
25

28
25
28
29
28

29
25
28
30
28

29
25
28
30
28

%Change

RATING

Acceptable
Acceptable
Acceptable
Acceptable
Acceptable

Acceptable
Acceptable
Acceptable
Acceptable
Acceptable

Acceptable
Acceptable
Acceptable
Acceptable
Acceptable

Acceptable
Acceptable
Acceptable
Acceptable
Acceptable

Acceptable
Acceptable
Acceptable
Acceptable
Acceptable

Acceptable
Acceptable
Acceptable
Acceptable
Acceptable

Acceptable
Acceptable
Acceptable
Acceptable
Acceptable

Acceptable
Acceptable
Acceptable
Acceptable
Acceptable

Acceptable
Acceptable
Acceptable
Acceptable
Acceptable
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Coastal Resources Technical Report

BRA Criteria Mean Wind Speed Effective Gust Wind Speed
Loc. Config.  Season Speed (mph) %Change RATING Speed (mph)  %Change RATING
45 A Spring 22 Uncomfortable 29 Acceptable
Summer 19 Walking 25 Acceptable
Fall 21 Uncomfortable 28 Acceptable
Winter 22 Uncomfortable 30 Acceptable
Annual 21 Uncomfortable 28 Acceptable
B Spring 22 Uncomfortable 30 Acceptable
Summer 19 Walking 25 Acceptable
Fall 21 Uncomfortable 29 Acceptable
Winter 23 Uncomfortable 31 Acceptable
Annual 21 Uncomfortable 29 Acceptable
C Spring 22 Uncomfortable 30 Acceptable
Summer 19 Walking 25 Acceptable
Fall 21 Uncomfortable 29 Acceptable
Winter 23 Uncomfortable 31 Acceptable
Annual 21 Uncomfortable 29 Acceptable
46 A Spring 18 Walking 27 Acceptable
Summer 15 Standing 23 Acceptable
Fall 17 Walking 26 Acceptable
Winter 19 Walking 28 Acceptable
Annual 17 Walking 26 Acceptable
B Spring 19 Walking 28 Acceptable
Summer 16 Walking 24 Acceptable
Fall 18 Walking 26 Acceptable
Winter 19 Walking 28 Acceptable
Annual 18 Walking 26 Acceptable
C Spring 18 Walking 27 Acceptable
Summer 16 Walking 23 Acceptable
Fall 17 Walking 26 Acceptable
Winter 19 Walking 28 Acceptable
Annual 18 Walking 26 Acceptable
47 A Spring 17 Walking 25 Acceptable
Summer 14 Standing 21 Acceptable
Fall 16 Walking 24 Acceptable
Winter 17 Walking 26 Acceptable
Annual 16 Walking 24 Acceptable
B Spring 17 Walking 25 Acceptable
Summer 15 Standing 21 Acceptable
Fall 17 Walking 24 Acceptable
Winter 18 Walking 26 Acceptable
Annual 17 Walking 24 Acceptable
C Spring 17 Walking 25 Acceptable
Summer 15 Standing 22 Acceptable
Fall 17 Walking 25 Acceptable
Winter 18 Walking 26 Acceptable
Annual 17 Walking 25 Acceptable
South Station Expansion October 2014
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Coastal Resources Technical Report

BRA Criteria
Loc. Config.
48 A
B
C
49 A
B
C
50 A
B
C

Season

Spring
Summer
Fall
Winter
Annual

Spring
Summer
Fall
Winter
Annual

Spring
Summer
Fall
Winter
Annual

Spring
Summer
Fall
Winter
Annual

Spring
Summer
Fall
Winter
Annual

Spring
Summer
Fall
Winter
Annual

Spring
Summer
Fall
Winter
Annual

Spring
Summer
Fall
Winter
Annual

Spring
Summer
Fall
Winter
Annual

Speed (mph)

15
13
15
16
15

15
13
15
16
15

16
13
15
16
15

20
17
19
19
19

20
18
19
19
19

19
16
17
18
18

25
20
23
25
24

25
21
24
25
24

25
20
23
25
24

Mean Wind Speed

%Change

-11%

RATING

Standing
Standing
Standing
Walking
Standing

Standing
Standing
Standing
Walking
Standing

Walking
Standing
Standing
Walking
Standing

Uncomfortable
Walking
Walking
Walking
Walking

Uncomfortable
Walking
Walking
Walking
Walking

Walking
Walking
Walking
Walking
Walking

Uncomfortable
Uncomfortable
Uncomfortable
Uncomfortable
Uncomfortable

Uncomfortable
Uncomfortable
Uncomfortable
Uncomfortable
Uncomfortable

Uncomfortable
Uncomfortable
Uncomfortable
Uncomfortable
Uncomfortable

Effective Gust Wind Speed

Speed (mph)  %Change
25
20
24
26
24

24
20
24
26
24

25
20
24
26
24

30
25
28
29
28

30
26
28
29
29

28
24
26
27
27

32
26
30
32
31

33
26
30
32
31

33
26
30
32
31

RATING

Acceptable
Acceptable
Acceptable
Acceptable
Acceptable

Acceptable
Acceptable
Acceptable
Acceptable
Acceptable

Acceptable
Acceptable
Acceptable
Acceptable
Acceptable

Acceptable
Acceptable
Acceptable
Acceptable
Acceptable

Acceptable
Acceptable
Acceptable
Acceptable
Acceptable

Acceptable
Acceptable
Acceptable
Acceptable
Acceptable

Unacceptable
Acceptable
Acceptable
Unacceptable
Acceptable

Unacceptable
Acceptable
Acceptable
Unacceptable
Acceptable

Unacceptable
Acceptable
Acceptable
Unacceptable
Acceptable
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Coastal Resources Technical Report

BRA Criteria Mean Wind Speed Effective Gust Wind Speed
Loc. Config.  Season Speed (mph) %Change RATING Speed (mph)  %Change RATING
51 A Spring 23 Uncomfortable 32 Unacceptable
Summer 19 Walking 27 Acceptable
Fall 22 Uncomfortable 30 Acceptable
Winter 23 Uncomfortable 33 Unacceptable
Annual 22 Uncomfortable 31 Acceptable
B Spring 23 Uncomfortable 32 Unacceptable
Summer 20 Uncomfortable 27 Acceptable
Fall 22 Uncomfortable 31 Acceptable
Winter 24 Uncomfortable 33 Unacceptable
Annual 22 Uncomfortable 31 Acceptable
C Spring 21 Uncomfortable 31 Acceptable
Summer 18 Walking 26 Acceptable
Fall 21 Uncomfortable 29 Acceptable
Winter 22 Uncomfortable 32 Unacceptable
Annual 21 Uncomfortable 30 Acceptable
52 A Spring 22 Uncomfortable 30 Acceptable
Summer 17 Walking 23 Acceptable
Fall 19 Walking 27 Acceptable
Winter 21 Uncomfortable 30 Acceptable
Annual 20 Uncomfortable 28 Acceptable
B Spring 23 Uncomfortable 30 Acceptable
Summer 18 Walking 24 Acceptable
Fall 19 Walking 27 Acceptable
Winter 21 Uncomfortable 31 Acceptable
Annual 20 Uncomfortable 28 Acceptable
C Spring 23 Uncomfortable 30 Acceptable
Summer 17 Walking 23 Acceptable
Fall 19 Walking 27 Acceptable
Winter 21 Uncomfortable 30 Acceptable
Annual 20 Uncomfortable 28 Acceptable
53 A Spring 22 Uncomfortable 32 Unacceptable
Summer 19 Walking 26 Acceptable
Fall 20 Uncomfortable 30 Acceptable
Winter 22 Uncomfortable 33 Unacceptable
Annual 21 Uncomfortable 31 Acceptable
B Spring 22 Uncomfortable 32 Unacceptable
Summer 19 Walking 26 Acceptable
Fall 20 Uncomfortable 29 Acceptable
Winter 22 Uncomfortable 33 Unacceptable
Annual 21 Uncomfortable 31 Acceptable
C Spring 22 Uncomfortable 32 Unacceptable
Summer 18 Walking 26 Acceptable
Fall 20 Uncomfortable 30 Acceptable
Winter 22 Uncomfortable 34 Unacceptable
Annual 21 Uncomfortable 31 Acceptable
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Coastal Resources Technical Report

BRA Criteria Mean Wind Speed Effective Gust Wind Speed
Loc. Config.  Season Speed (mph) %Change RATING Speed (mph)  %Change RATING
54 A Spring 26 Uncomfortable 33 Unacceptable
Summer 21 Uncomfortable 26 Acceptable
Fall 23 Uncomfortable 29 Acceptable
Winter 27 Uncomfortable 34 Unacceptable
Annual 24 Uncomfortable 31 Acceptable
B Spring 27 Uncomfortable 33 Unacceptable
Summer 21 Uncomfortable 26 Acceptable
Fall 23 Uncomfortable 29 Acceptable
Winter 27 Uncomfortable 34 Unacceptable
Annual 25 Uncomfortable 31 Acceptable
C Spring 26 Uncomfortable 33 Unacceptable
Summer 21 Uncomfortable 26 Acceptable
Fall 23 Uncomfortable 29 Acceptable
Winter 27 Uncomfortable 33 Unacceptable
Annual 24 Uncomfortable 30 Acceptable
55 A Spring 26 Uncomfortable 34 Unacceptable
Summer 21 Uncomfortable 27 Acceptable
Fall 25 Uncomfortable 33 Unacceptable
Winter 28 Dangerous 37 Unacceptable
Annual 25 Uncomfortable 33 Unacceptable
B Spring 27 Uncomfortable 34 Unacceptable
Summer 22 Uncomfortable 27 Acceptable
Fall 25 Uncomfortable 33 Unacceptable
Winter 28 Dangerous 37 Unacceptable
Annual 26 Uncomfortable 34 Unacceptable
C Spring 27 Uncomfortable 34 Unacceptable
Summer 22 Uncomfortable 28 Acceptable
Fall 25 Uncomfortable 33 Unacceptable
Winter 29 Dangerous 37 Unacceptable
Annual 26 Uncomfortable 34 Unacceptable
56 A Spring 19 Walking 23 Acceptable
Summer 14 Standing 18 Acceptable
Fall 17 Walking 21 Acceptable
Winter 19 Walking 23 Acceptable
Annual 17 Walking 22 Acceptable
B Spring 19 Walking 23 Acceptable
Summer 14 Standing 17 Acceptable
Fall 17 Walking 21 Acceptable
Winter 18 Walking 23 Acceptable
Annual 17 Walking 22 Acceptable
C Spring 18 Walking 26 13% Acceptable
Summer 17 21% Walking 23 28% Acceptable
Fall 18 Walking 25 19% Acceptable
Winter 20 Uncomfortable 27 17% Acceptable
Annual 18 Walking 25 14% Acceptable
October, 2014 South Station Expansion
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Coastal Resources Technical Report

BRA Criteria Mean Wind Speed Effective Gust Wind Speed
Loc. Config.  Season Speed (mph) %Change RATING Speed (mph)  %Change RATING
57 A Spring 14 Standing 21 Acceptable
Summer 11 Sitting 16 Acceptable
Fall 13 Standing 19 Acceptable
Winter 14 Standing 21 Acceptable
Annual 13 Standing 20 Acceptable
B Spring 13 Standing 20 Acceptable
Summer 10 Sitting 16 Acceptable
Fall 12 Sitting 19 Acceptable
Winter 14 Standing 21 Acceptable
Annual 13 Standing 19 Acceptable
C Spring 14 Standing 21 Acceptable
Summer 11 Sitting 16 Acceptable
Fall 13 Standing 19 Acceptable
Winter 14 Standing 21 Acceptable
Annual 13 Standing 20 Acceptable
58 A Spring 15 Standing 22 Acceptable
Summer 13 Standing 18 Acceptable
Fall 15 Standing 21 Acceptable
Winter 16 Walking 23 Acceptable
Annual 15 Standing 21 Acceptable
B Spring 14 Standing 20 Acceptable
Summer 11 -15% Sitting 16 -11% Acceptable
Fall 13 -13% Standing 19 Acceptable
Winter 15 Standing 22 Acceptable
Annual 14 Standing 20 Acceptable
C Spring 15 Standing 23 Acceptable
Summer 14 Standing 21 17% Acceptable
Fall 15 Standing 23 Acceptable
Winter 16 Walking 24 Acceptable
Annual 15 Standing 23 Acceptable
59 A Spring 19 Walking 28 Acceptable
Summer 15 Standing 22 Acceptable
Fall 18 Walking 27 Acceptable
Winter 21 Uncomfortable 30 Acceptable
Annual 19 Walking 28 Acceptable
B Spring 20 Uncomfortable 29 Acceptable
Summer 16 Walking 23 Acceptable
Fall 19 Walking 27 Acceptable
Winter 22 Uncomfortable 31 Acceptable
Annual 20 Uncomfortable 28 Acceptable
C Spring 20 Uncomfortable 29 Acceptable
Summer 16 Walking 23 Acceptable
Fall 19 Walking 28 Acceptable
Winter 22 Uncomfortable 31 Acceptable
Annual 20 Uncomfortable 29 Acceptable
South Station Expansion October 2014
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Coastal Resources Technical Report

BRA Criteria Mean Wind Speed
Loc. Config.  Season Speed (mph) %Change RATING
60 A Spring 19 Walking
Summer 16 Walking
Fall 19 Walking
Winter 20 Uncomfortable
Annual 19 Walking
B Spring 20 Uncomfortable
Summer 17 Walking
Fall 19 Walking
Winter 21 Uncomfortable
Annual 20 Uncomfortable
C Spring 20 Uncomfortable
Summer 17 Walking
Fall 20 Uncomfortable
Winter 22 Uncomfortable
Annual 20 Uncomfortable
61 A Spring 22 Uncomfortable
Summer 19 Walking
Fall 21 Uncomfortable
Winter 23 Uncomfortable
Annual 22 Uncomfortable
B Spring 23 Uncomfortable
Summer 19 Walking
Fall 22 Uncomfortable
Winter 24 Uncomfortable
Annual 22 Uncomfortable
C Spring 23 Uncomfortable
Summer 20 Uncomfortable
Fall 23 Uncomfortable
Winter 24 Uncomfortable
Annual 23 Uncomfortable
62 A Spring 19 Walking
Summer 18 Walking
Fall 19 Walking
Winter 20 Uncomfortable
Annual 19 Walking
B Spring 20 Uncomfortable
Summer 19 Walking
Fall 20 Uncomfortable
Winter 21 Uncomfortable
Annual 20 Uncomfortable
C Spring 21 11% Uncomfortable
Summer 19 Walking
Fall 21 11% Uncomfortable
Winter 22 Uncomfortable
Annual 21 11% Uncomfortable

Effective Gust Wind Speed

Speed (mph)  %Change

28
24
28
30
28

29
24
28
31
29

29
24
29
32
29

31
27
30
32
30

32
27
30
33
31

32
27
30
33
31

29
25
28
30
28

29
26
28
31
29

30
26
29
31
29

RATING

Acceptable
Acceptable
Acceptable
Acceptable
Acceptable

Acceptable
Acceptable
Acceptable
Acceptable
Acceptable

Acceptable
Acceptable
Acceptable
Unacceptable
Acceptable

Acceptable
Acceptable
Acceptable
Unacceptable
Acceptable

Unacceptable
Acceptable
Acceptable
Unacceptable
Acceptable

Unacceptable
Acceptable
Acceptable
Unacceptable
Acceptable

Acceptable
Acceptable
Acceptable
Acceptable
Acceptable

Acceptable
Acceptable
Acceptable
Acceptable
Acceptable

Acceptable
Acceptable
Acceptable
Acceptable
Acceptable
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Coastal Resources Technical Report

BRA Criteria Mean Wind Speed Effective Gust Wind Speed
Loc. Config.  Season Speed (mph) %Change RATING Speed (mph)  %Change RATING
63 A Spring 11 Sitting 17 Acceptable
Summer 10 Sitting 15 Acceptable
Fall 11 Sitting 17 Acceptable
Winter 11 Sitting 18 Acceptable
Annual 11 Sitting 17 Acceptable
B Spring 12 Sitting 18 Acceptable
Summer 11 Sitting 16 Acceptable
Fall 11 Sitting 18 Acceptable
Winter 12 Sitting 19 Acceptable
Annual 11 Sitting 18 Acceptable
C Spring 12 Sitting 18 Acceptable
Summer 11 Sitting 16 Acceptable
Fall 12 Sitting 18 Acceptable
Winter 13 18% Standing 19 Acceptable
Annual 12 Sitting 18 Acceptable
64 A Spring 10 Sitting 18 Acceptable
Summer 8 Sitting 14 Acceptable
Fall 10 Sitting 16 Acceptable
Winter 10 Sitting 17 Acceptable
Annual 10 Sitting 16 Acceptable
B Spring 9 Sitting 15 -17% Acceptable
Summer 7 -12% Sitting 11 -21% Acceptable
Fall 8 -20% Sitting 14 -12% Acceptable
Winter 8 -20% Sitting 15 -12% Acceptable
Annual 8 -20% Sitting 14 -12% Acceptable
C Spring 8 -20% Sitting 15 -17% Acceptable
Summer 6 -25% Sitting 11 -21% Acceptable
Fall 8 -20% Sitting 13 -19% Acceptable
Winter 8 -20% Sitting 15 -12% Acceptable
Annual 8 -20% Sitting 14 -12% Acceptable
65 A Spring 19 Walking 28 Acceptable
Summer 14 Standing 20 Acceptable
Fall 17 Walking 25 Acceptable
Winter 18 Walking 26 Acceptable
Annual 17 Walking 25 Acceptable
B Spring 16 -16% Walking 24 -14% Acceptable
Summer 11 -21% Sitting 18 Acceptable
Fall 15 -12% Standing 23 Acceptable
Winter 15 -17% Standing 23 -12% Acceptable
Annual 14 -18% Standing 22 -12% Acceptable
C Spring 16 -16% Walking 25 -11% Acceptable
Summer 12 -14% Sitting 18 Acceptable
Fall 15 -12% Standing 23 Acceptable
Winter 15 -17% Standing 24 Acceptable
Annual 15 -12% Standing 23 Acceptable
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Coastal Resources Technical Report

BRA Criteria
Loc. Config.
66 A
B
C
67 A
B
C
68 A
B
C

Season

Spring
Summer
Fall
Winter
Annual

Spring
Summer
Fall
Winter
Annual

Spring
Summer
Fall
Winter
Annual

Spring
Summer
Fall
Winter
Annual

Spring
Summer
Fall
Winter
Annual

Spring
Summer
Fall
Winter
Annual

Spring
Summer
Fall
Winter
Annual

Spring
Summer
Fall
Winter
Annual

Spring
Summer
Fall
Winter
Annual

Speed (mph)

22
15
20
20
20

20
14
18
18
18

20
14
18
18
18

15
13
14
15
14

17
15
17
18
17

17
15
17
18
17

14
14
15
15
15

15
14
15
16
15

15
15
16
16
16

Mean Wind Speed

%Change

13%
15%
21%
20%
21%

13%
15%
21%
20%
21%

RATING

Uncomfortable
Standing

Uncomfortable
Uncomfortable
Uncomfortable

Uncomfortable
Standing
Walking
Walking
Walking

Uncomfortable
Standing
Walking
Walking
Walking

Standing
Standing
Standing
Standing
Standing

Walking
Standing
Walking
Walking
Walking

Walking
Standing
Walking
Walking
Walking

Standing
Standing
Standing
Standing
Standing

Standing
Standing
Standing
Walking
Standing

Standing
Standing
Walking
Walking
Walking

Effective Gust Wind Speed

Speed (mph)  %Change
33
23
30
30
30

30
21
27
28
27

31
22
28
28
28

25
21
24
25
24

26
23
25
27
25

26
23
26
27
26

23
21
23
24
23

23
22
24
25
23

24
22
24
25
24

RATING

Unacceptable
Acceptable
Acceptable
Acceptable
Acceptable

Acceptable
Acceptable
Acceptable
Acceptable
Acceptable

Acceptable
Acceptable
Acceptable
Acceptable
Acceptable

Acceptable
Acceptable
Acceptable
Acceptable
Acceptable

Acceptable
Acceptable
Acceptable
Acceptable
Acceptable

Acceptable
Acceptable
Acceptable
Acceptable
Acceptable

Acceptable
Acceptable
Acceptable
Acceptable
Acceptable

Acceptable
Acceptable
Acceptable
Acceptable
Acceptable

Acceptable
Acceptable
Acceptable
Acceptable
Acceptable
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Coastal Resources Technical Report

BRA Criteria Mean Wind Speed Effective Gust Wind Speed
Loc. Config.  Season Speed (mph) %Change RATING Speed (mph)  %Change RATING
69 A Spring 19 Walking 27 Acceptable
Summer 14 Standing 19 Acceptable
Fall 17 Walking 24 Acceptable
Winter 18 Walking 25 Acceptable
Annual 17 Walking 24 Acceptable
B Spring 17 -11% Walking 25 Acceptable
Summer 12 -14% Sitting 18 Acceptable
Fall 15 -12% Standing 23 Acceptable
Winter 16 -11% Walking 23 Acceptable
Annual 15 -12% Standing 23 Acceptable
C Spring 18 Walking 26 Acceptable
Summer 13 Standing 18 Acceptable
Fall 16 Walking 23 Acceptable
Winter 16 -11% Walking 24 Acceptable
Annual 16 Walking 23 Acceptable
70 A Spring 18 Walking 24 Acceptable
Summer 14 Standing 19 Acceptable
Fall 16 Walking 22 Acceptable
Winter 17 Walking 23 Acceptable
Annual 16 Walking 22 Acceptable
B Spring 16 -11% Walking 22 Acceptable
Summer 12 -14% Sitting 17 -11% Acceptable
Fall 14 -12% Standing 21 Acceptable
Winter 15 -12% Standing 22 Acceptable
Annual 14 -12% Standing 21 Acceptable
C Spring 16 -11% Walking 22 Acceptable
Summer 12 -14% Sitting 18 Acceptable
Fall 14 -12% Standing 21 Acceptable
Winter 15 -12% Standing 22 Acceptable
Annual 15 Standing 21 Acceptable
71 A Spring 19 Walking 25 Acceptable
Summer 16 Walking 21 Acceptable
Fall 17 Walking 23 Acceptable
Winter 18 Walking 24 Acceptable
Annual 17 Walking 23 Acceptable
B Spring 16 -16% Walking 23 Acceptable
Summer 13 -19% Standing 18 -14% Acceptable
Fall 15 -12% Standing 21 Acceptable
Winter 16 -11% Walking 22 Acceptable
Annual 15 -12% Standing 21 Acceptable
C Spring 16 -16% Walking 23 Acceptable
Summer 13 -19% Standing 19 Acceptable
Fall 15 -12% Standing 21 Acceptable
Winter 16 -11% Walking 22 Acceptable
Annual 15 -12% Standing 21 Acceptable
South Station Expansion October 2014
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BRA Criteria
Loc. Config.
72 A
B
C
73 A
B
C
74 A
B
C

Season

Spring
Summer
Fall
Winter
Annual

Spring
Summer
Fall
Winter
Annual

Spring
Summer
Fall
Winter
Annual

Spring
Summer
Fall
Winter
Annual

Spring
Summer
Fall
Winter
Annual

Spring
Summer
Fall
Winter
Annual

Spring
Summer
Fall
Winter
Annual

Spring
Summer
Fall
Winter
Annual

Spring
Summer
Fall
Winter
Annual

Speed (mph)

16
13
15
16
15

15
12
14
15
14

15
12
14
15
14

16
12
15
16
15

16
13
16
17
16

16
13
16
17
16

17
16
17
18
17

14
13
14
15
14

13
12
13
13
13

Mean Wind Speed

%Change

-18%
-19%
-18%
-17%
-18%

-24%
-25%
-24%
-28%
-24%

RATING

Walking
Standing
Standing
Walking
Standing

Standing
Sitting

Standing
Standing
Standing

Standing
Sitting

Standing
Standing
Standing

Walking
Sitting

Standing
Walking
Standing

Walking
Standing
Walking
Walking
Walking

Walking
Standing
Walking
Walking
Walking

Walking
Walking
Walking
Walking
Walking

Standing
Standing
Standing
Standing
Standing

Standing
Sitting

Standing
Standing
Standing

Effective Gust Wind Speed

Speed (mph)

22
18
21
22
21

21
17
20
21
20

21
17
20
21
20

23
18
22
24
22

23
18
22
25
23

23
18
22
25
23

26
24
26
28
26

23
21
22
24
22

20
19
20
21
20

%Change RATING

Acceptable
Acceptable
Acceptable
Acceptable
Acceptable

Acceptable
Acceptable
Acceptable
Acceptable
Acceptable

Acceptable
Acceptable
Acceptable
Acceptable
Acceptable

Acceptable
Acceptable
Acceptable
Acceptable
Acceptable

Acceptable
Acceptable
Acceptable
Acceptable
Acceptable

Acceptable
Acceptable
Acceptable
Acceptable
Acceptable

Acceptable
Acceptable
Acceptable
Acceptable
Acceptable

-12% Acceptable
-12% Acceptable
-15% Acceptable
-14% Acceptable
-15% Acceptable

-23% Acceptable
-21% Acceptable
-23% Acceptable
-25% Acceptable
-23% Acceptable
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BRA Criteria Mean Wind Speed Effective Gust Wind Speed
Loc. Config.  Season Speed (mph) %Change RATING Speed (mph)  %Change RATING
75 A Spring 12 Sitting 19 Acceptable
Summer 12 Sitting 17 Acceptable
Fall 12 Sitting 18 Acceptable
Winter 13 Standing 20 Acceptable
Annual 12 Sitting 19 Acceptable
B Spring 11 Sitting 17 -11% Acceptable
Summer 9 -25% Sitting 15 -12% Acceptable
Fall 10 -17% Sitting 16 -11% Acceptable
Winter 11 -15% Sitting 18 Acceptable
Annual 10 -17% Sitting 17 -11% Acceptable
C Spring 12 Sitting 19 Acceptable
Summer 10 -17% Sitting 16 Acceptable
Fall 11 Sitting 18 Acceptable
Winter 12 Sitting 19 Acceptable
Annual 12 Sitting 18 Acceptable
76 A Spring 18 Walking 27 Acceptable
Summer 14 Standing 21 Acceptable
Fall 17 Walking 25 Acceptable
Winter 18 Walking 27 Acceptable
Annual 17 Walking 25 Acceptable
B Spring 18 Walking 27 Acceptable
Summer 14 Standing 21 Acceptable
Fall 17 Walking 25 Acceptable
Winter 18 Walking 26 Acceptable
Annual 17 Walking 25 Acceptable
C Spring 18 Walking 26 Acceptable
Summer 14 Standing 20 Acceptable
Fall 17 Walking 25 Acceptable
Winter 18 Walking 26 Acceptable
Annual 17 Walking 25 Acceptable
77 A Spring 21 Uncomfortable 30 Acceptable
Summer 17 Walking 23 Acceptable
Fall 20 Uncomfortable 28 Acceptable
Winter 21 Uncomfortable 30 Acceptable
Annual 20 Uncomfortable 28 Acceptable
B Spring 19 Walking 28 Acceptable
Summer 15 -12% Standing 22 Acceptable
Fall 18 Walking 26 Acceptable
Winter 19 Walking 28 Acceptable
Annual 18 Walking 26 Acceptable
C Spring 17 -19% Walking 26 -13% Acceptable
Summer 14 -18% Standing 20 -13% Acceptable
Fall 16 -20% Walking 24 -14% Acceptable
Winter 17 -19% Walking 26 -13% Acceptable
Annual 16 -20% Walking 25 -11% Acceptable
South Station Expansion October 2014
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BRA Criteria
Loc. Config.
78 A
B
C
79 A
B
C
80 A
B
C

Season

Spring
Summer
Fall
Winter
Annual

Spring
Summer
Fall
Winter
Annual

Spring
Summer
Fall
Winter
Annual

Spring
Summer
Fall
Winter
Annual

Spring
Summer
Fall
Winter
Annual

Spring
Summer
Fall
Winter
Annual

Spring
Summer
Fall
Winter
Annual

Spring
Summer
Fall
Winter
Annual

Spring
Summer
Fall
Winter
Annual

Speed (mph)

14
11
13
14
13

15
12
14
15
14

15
12
14
15
14

16
14
15
16
15

16
14
16
17
16

17
15
16
17
16

12
10
12
13
12

12
10
11
12
11

13
11
13
13
13

Mean Wind Speed

%Change

RATING

Standing
Sitting

Standing
Standing
Standing

Standing
Sitting

Standing
Standing
Standing

Standing
Sitting

Standing
Standing
Standing

Walking
Standing
Standing
Walking
Standing

Walking
Standing
Walking
Walking
Walking

Walking
Standing
Walking
Walking
Walking

Sitting
Sitting
Sitting
Standing
Sitting

Sitting
Sitting
Sitting
Sitting
Sitting

Standing
Sitting

Standing
Standing
Standing

Effective Gust Wind Speed

Speed (mph)

21
17
20
22
20

22
18
21
22
21

22
18
22
23
22

24
19
22
24
22

23
20
22
23
22

24
20
22
24
23

18
15
17
18
17

17
14
16
18
17

19
16
18
20
18

%Change RATING

Acceptable
Acceptable
Acceptable
Acceptable
Acceptable

Acceptable
Acceptable
Acceptable
Acceptable
Acceptable

Acceptable
Acceptable
Acceptable
Acceptable
Acceptable

Acceptable
Acceptable
Acceptable
Acceptable
Acceptable

Acceptable
Acceptable
Acceptable
Acceptable
Acceptable

Acceptable
Acceptable
Acceptable
Acceptable
Acceptable

Acceptable
Acceptable
Acceptable
Acceptable
Acceptable

Acceptable
Acceptable
Acceptable
Acceptable
Acceptable

Acceptable
Acceptable
Acceptable
11% Acceptable
Acceptable
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Page 40

South Station Expansion

Massachusetts Department of Transportation



Coastal Resources Technical Report

Figure 2—Wind Tunnel Study Model - No Build
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Figure 4—Wind Tunnel Study Model —Alternative 3 - Joint/Private Development Maximum Build
with Mitigation

South Station Expansion October 2014
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INTRODUCTION

The regional travel forecasting model set of the Central Transportation
Planning Staff (CTPS) is based on procedures that have evolved over many
years at CTPS. It follows the traditional four-step travel-modeling process of trip
generation, trip distribution, mode choice, and trip assignment. This modeling
process is employed to estimate present and future daily transit ridership and
daily highway traffic volumes, primarily on the basis of demography and the
characteristics of the transportation network. The model set simulates travel on
the entire eastern Massachusetts transit and highway systems. When the
model set is estimating future travel, the inputs include forecasts of
demography and projections of transit and highway improvements.

This document provides an overview of the well-calibrated model set developed
for the South Station Expansion Analysis, including some notable model
features, structures, and inputs. There is a description of the calibration to
current study area conditions, as well as of the future scenarios tested for the
project. The appendix contains more detailed information and calibration data
for each model component.

OVERVIEW OF THE MODEL’S FOUR STEPS

In the first step, trip generation, the number of trips generated by residents of
the CTPS Modeling Area (the 101 cities and towns that make up the Boston
Region Metropolitan Planning Organization [MPO] area, together with 63
communities outside of the MPO area, that are shown in Figure 1) is calculated
using socioeconomic data and trip rates. Similarly, the number of trips attracted
to different types of land use, such as employment centers, schools, hospitals,
shopping centers, etc., is estimated using land use data and trip rates obtained
from past household travel surveys. These aforementioned trip rates are
categorized by the type of trip being made. The model contains eight distinct
trip purposes: home-based work (HBW); home-based work-related (HBWR);
home-based personal business (HBPB); home-based social-recreational
(HBSR); home-based school (HBSC); home-based pick-up/drop-off (HBPD);
non-home-based work (NHBW); and non-home-based-other (NHBO). Trip
information is produced at the level of disaggregated geographic areas known
as transportation analysis zones (TAZs) for each of these purposes.

In the second step, trip distribution, the model determines how the trips
generated in each TAZ are distributed throughout the region. Trips are
distributed based on transit and highway travel times, distances, and costs
between TAZs. The relative “attractiveness” of each TAZ for activity, influenced
by the number of trips generated by a TAZ, also factors into this process.
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Once the number of trips of each purpose between each pair of TAZs is
determined, the mode choice step of the model (step three) allocates the trips
among the available modes of travel. The available modes of travel are
walk/bike, auto (single-occupancy vehicle [SOV] and carpool [HOV]), and
transit (subdivided by access mode: walking to transit or driving to transit). To
determine the proportion of trips to allocate to each mode, the model takes into
account the travel times and distances, parking availability, costs associated
with each option, and potential number of transit transfers required. Other
variables, such as auto ownership and household size, are also included in the
model.

After estimating the number of trips by mode for each purpose for all possible
TAZ combinations, the model assigns trips to their respective specific routes in
trip assignment (the fourth and final step). Typically, there is often more than
one highway route or transit path between a pair of TAZs.

NOTABLE FEATURES OF THE MODEL

The model developed for the South Station Expansion project uses the best
component routines, networks, and input data available to CTPS at this time. It
incorporates both motorized and non-motorized trips. Transit and highway
travel are simulated during four time periods of a typical weekday. The model
base year (2009/2010) was calibrated to adequately represent the project base
year conditions (Spring 2012). The “Model Year Representation” memorandum
of March 17, 2014, contains further discussion of this base year calibration
issue. The project forecast horizon year is 2035.
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FIGURE 1
CTPS Modeled Area — Spring 2012
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MODEL INPUTS

Modeled Area

The modeled area is divided into 2,727 internal TAZs. There are 124 external
stations around the periphery of the modeled area that allow for travel between
the modeled area and adjacent areas of Massachusetts, New Hampshire, and
Rhode Island.

Transportation Networks

The model performs its analysis on one integrated transportation network
representing the Eastern Massachusetts travel network. This network includes
two component networks with different attributes: transit and highway. The
highway network component comprises express highways, principal and minor
arterials, and local roadways. The transit network component comprises
commuter rail lines, rapid transit lines, bus lines (MBTA and private carriers),
and boat lines. This component contains service frequency (i.e., how often
trains and buses run), routing, travel time, and fares for all lines.

CTPS

Highway Network Component. The regional highway network contains in
excess of 40,000 links and 15,000 nodes. It is fairly dense in the study
area, although like any modeled network, it does not include some local
and collector streets; it does however, include HOV-only links, truck-only
links, and vehicle-restricted links. Each link is coded with the appropriate
free-flow speed, length, number of lanes, and lane capacity. Functional
class is coded, as are various geographic flags useful for summarizing
emissions.

Transit Network Component. The transit network represents all regional
transit agency services in eastern Massachusetts, as well as private
express buses and ferries. Most-likely travel paths are built through the
network; accompanying impedances for each path are calculated from
associated travel times and distances, costs, and potential number of
transfers. These paths and impedances are input to the trip distribution
and mode choice models. After mode choice, transit trip tables by time of
day are assigned to the network travel paths. For the South Station
Expansion analysis, a detailed transfer link network was added to
accurately represent the many options and paths that patrons have at
South Station.
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Major Data Inputs

Several major data sources underlie CTPS’s travel model. Some of these were
collected independently of and predate the South Station Expansion project,
while others were gathered specifically for the purpose of best understanding
current conditions at South Station. Particular attention was paid to the study
area, shown in Figure 2, so as to be able to best represent the existing situation
in the model.

Study Area Data

» South Station Pedestrian and Passengers Counts: A series of pedestrian
and passenger counts were conducted at South Station during
November, December 2012 and January 2013. This compilation included
the tabulation of boardings and alightings for rapid transit, commuter rail,
Amtrak, and intercity bus lines; pedestrian movements within the South
Station terminal; entry to/egress from the terminal; and transfers between
transit services. This enabled the calculation of a composite weekday of
traveler activity in and around South Station, including the creation of a
transfer matrix. For more details, please see the “South Station Counts”
memorandum of January 30, 2013.

* MBTA Rapid Transit Counts at Downtown Stations: Automatic Fare
Collection data from 2012 were used to compute and impute rapid transit
boardings, alightings, and transfers at selected study area rapid transit
stations.

» Roadway Counts: The study team collected vehicle counts on the study
area roadways in September and December of 2012. Turning movements
were also collected at the same time at intersections in the vicinity of
South Station.

» Development Survey: Employment and population data for the TAZ
containing South Station as well as for nearby TAZs, provided by MAPC
(as described below), were carefully scrutinized to ensure that they
incorporated the most up-to-date housing and job information for the
study area.
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FIGURE 2
South Station Expansion Study Area
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General Data

Commuter Rail Passenger Counts: Passenger counts were conducted on
all MBTA commuter rail lines in Spring 2012.

MBTA Rapid Transit, Bus, and Ferry Passenger Counts: Automatic Fare
Collection data from 2012 were used to compute rapid transit ridership on
the MBTA system. Additional historical passenger counts on buses and
boats were used to calculate their ridership on a line basis.

Traffic Volumes: Data collected by MassDOT and other agencies
between 2005 and 2012 were used for highway calibration.

On Board Transit Passenger Survey: CTPS surveyed passengers on all
MBTA transit modes in an effort spanning the years 2008-2010. Data
from this survey, specifically for transit service in the study area, were
used to validate components of trip distribution and mode choice for the
model.

2000 U.S. Census: Various census files were used in model estimation
and calibration processes. In particular, Census Journey to Work
information was incorporated into the model at several stages of model
development. Aggregate population estimates for the year 2009 were
used to update this data for this study.

Site-Level Employment Database: Employment estimates for 2000 were
taken from a single, unified regional employment database based on
employment data from the Department of Employment and Training and
on extensive research by CTPS. Aggregate employment data for the year
2009 were used to update this database for use for the base year
analysis in the regional model version used for this study.

Household Travel Survey: In 1991, CTPS conducted a household travel
survey. The survey took the form of an activity-based travel diary that was
filled out for one weekday. Approximately 4,000 households, generating
some 39,000 weekday trips, were represented in the final database. The
data were used to estimate new models for trip generation, auto
ownership, trip distribution, and mode choice.

External Cordon Survey: Also in 1991, a survey of automobile travelers
bound for the modeled area from adjacent areas was performed. Survey
results were used in trip generation and distribution to update estimates
of external trips.

Population, Household, and Employment Forecasts

Households and employment by type are major inputs to the travel model
process: they are the variables upon which trip generation is performed. The

CTPS
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forecasts for the region were developed by combining household and
employment forecasts produced independently by the seven regional planning
agencies (RPASs) in eastern Massachusetts: the Central Massachusetts
Regional Planning Commission (CMRPC), Merrimack Valley Planning
Commission (MVPC), Metropolitan Area Planning Council (MAPC),
Montachusett Regional Planning Commission (MRPC), Northern Middlesex
Council of Governments (NMCOG), Old Colony Planning Council (OCPC), and
Southeastern Regional Planning and Economic Development District
(SRPEDD). Future year (2035) demographic forecasts for the 101 cities and
towns that make up the MAPC area (also the Boston Region MPO area) were
developed by MAPC based on a scenario it has developed, known as the
MetroFuture scenario, in which growth was targeted to communities’ denser
areas, with a focus on development around transit stations.

Employment base year estimates were developed in a different fashion than
population and household estimates. CTPS examined the annual employment
estimates produced by the state’s Division of Employment and Training (DET).
Differences in employment between 2000 and April 2008 were calculated at the
town level for the region. These differences were then applied to the Boston
Region MPQO'’s year 2000 town level data and then distributed among each
town’s TAZ system according to the year 2000 employment distribution. The
realm of “basic” employment was refined according to the extensive up-to-date
manufacturing employment database maintained by CTPS. Thus, these
sources were utilized to best reflect the reality of employment throughout the
model area’s geography in 2009. The usage of 2009 socio-economic data
does not in any way compromise the accurate representation of a 2012 model
base year. A further explanation of this issue can be found in the “Model Year
Representation” memorandum of March 17, 2014.

Forecasts for the 63 communities in the model belonging to RPAs other than
MAPC were developed in a slightly different fashion. Each RPA independently
maintains its own travel demand model, TAZ system, base year estimates, and
future-year forecasts. However, the Boston Region MPQO'’s year 2000 data have
long been accepted as the best possible and most refined and detailed
demographics data set for the year 2000 for eastern Massachusetts, and
significant faith has been invested in it.

For population and households, estimates for the 2009 base year were
calculated through interpolation of the 2000 estimates and 2010 forecasts. The
absolute changes between the 2010 and 2035 forecasts were calculated at
each RPA’s TAZ level and then, for the 63 communities outside of the Boston
Region MPO, converted into the Boston Region MPQO’s TAZ system by use of a
series of correspondence factors between the two sets of TAZs. The growth
was then added to the year 2009 TAZ data for the future-year population and
household forecasts.
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Employment forecasts were developed differently but also pivoted off the
Boston Region MPO'’s year 2000 data. The base year estimate was calculated
in the same fashion as for the 101 communities. However, the absolute
changes between the 2010 and 2035 forecasts were then added to these
numbers for the 63 communities to produce a new set of 2035 employment
forecasts.

This combination of forecasts ensured the accuracy of the Boston Region
MPOQO’s widely accepted demographic data sets while still capturing and
respecting much of the growth expressed and projected by the individual RPAs
for the other 63 communities.

Time-of-Day Considerations

The mode choice and transit assignment steps of the modeling process are
conducted on the basis of time periods. The four time periods modeled are an
AM peak period (6:00 AM—9:00 AM), a midday period (9:00 AM-3:00 PM), a
PM peak period (3:00 PM-6:00 PM), and a nighttime period (6:00 PM—6:00
AM). The trip generation model, however, is based on daily trips. The trip
distribution model considers two time periods: peak (the AM peak and PM peak
periods) and non-peak.

The trip volumes produced by the trip generation model are split into peak and
off-peak period trips, the trip tables produced by the trip distribution model are
split into the four time periods defined above, and the highway vehicle trips and
transit person trips created by the mode choice model are converted from
production/attraction format to an origin/destination format, based upon factors
created from the data collected in the 1991 Household Travel Survey.

The final trip tables created for each time period reflect observed levels of
congestion on the highway system. The results of the four assignments are
summed to obtain daily (average weekday traffic [AWDT]) results.

CALIBRATION OF THE MODEL

Calibration is the process in which model results or outputs are compared with
observed data in order to assess the accuracy of a model. The travel model
results were compared with and validated against the aforementioned base
year data sources. CTPS established benchmarks for these data sources that
we strived to match in the model results, and succeeded in most instances. The
benchmarks focused on systemwide and study area transit measures. Special
attention was paid to getting the transit services and stations within and close
to the study area, even more accurate than these threshold measures.

The benchmarks below are compared against the post-calibrated model
results.
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The systemwide transit measures consist of:
 Daily unlinked transit trips (+/-10%), achieved +9%
+ Daily commuter rail boardings (+/-10%), achieved +5%
+ Daily rapid transit boardings (+/-10%), achieved +7%
» AM mode for transit access via walk/bike, (+/-15%), achieved -8%
« AM mode for transit egress via walk/bike, (+/-15%), achieved -7%
» AM mode for transit access via drive, (+/-15%), achieved -5%
» AM mode for transit access via transfers, (+/-15%), achieved +13%
» AM mode for transit egress via transfers, (+/-15%), achieved +13%
« AM transit trip destinations for Boston (+/-10%), achieved —3%
» AM transit trip destinations for Cambridge (+/-10%), achieved +1%
* AM home-based-work transit trips (+/-10), achieved +3%
» AM home-based-other transit trips (+/-10), achieved +4%

* AM home-based-school transit trips (+/-10), achieved 0%

The project specific transit measures consist of:
+ Daily South Station transit boardings (all modes) (+/-20%), achieved +5%
 Daily South Station transfers (+/-15%), achieved 0%

 Daily boardings at other downtown rapid transit stations (+/-20%),
achieved -21%

+ Daily ridership on south side commuter rail lines (+/-10), achieved 0%

+ Daily ridership for key MBTA bus routes serving South Station (+/-20%),
achieved +19%

TESTED SCENARIOS

Four different alternatives were analyzed for the South Station Expansion
project. Three distinct “Build” scenarios, described below, were modeled for the
2035 horizon year, in addition to a No-Build scenario. A development survey,
similar to that one conducted for the base year, was performed for the South
Station area in the 2035 horizon year to ensure that the proper demographic
assumptions were accounted for and all projects properly incorporated in the
MetroFuture socio-economic projections.

CTPS 11 May 13, 2014



Transportation Improvements Only (TI10)

In the TIO alternative, South Station would be expanded onto the adjacent 16-
acre USPS property. MassDOT would acquire and demolish the USPS
General Mail Facility/South Postal Annex; the 1,000 jobs associated with this
facility would be relocated to a new USPS facility to be constructed in South
Boston. The existing South Station terminal would be expanded with an
expanded passenger concourse and passenger support services, including
amenities such as retail, food, and beverage outlets. Capacity improvements
would include construction of seven new tracks and four platforms for a total of
20 tracks and 11 platforms. Some existing platforms, towers, and approach
interlockings would be reconfigured and/or reconstructed. There would be no
private development beyond what has already been programmed for the site in
the 2035 Regional Long Range Transportation Plan (LRTP).

Dorchester Avenue would be restored for public and station access.
Restoration of Dorchester Avenue would reconnect Dorchester Avenue to
Summer Street as a public way. It would include landscaping and improved
pedestrian and cycling connections and facilities (including adjacent sidewalks
and crosswalks). Restoration also would include construction of a long-awaited
extension of the Harborwalk along reopened Dorchester Avenue.

The TIO alternative, like the No-Build alternative, also includes all adopted
highway and transit projects included in the LRTP. In terms of transit service
planning changes incorporated into both TIO and No-Build alternatives, rapid
transit fares and improved frequencies are assumed on the MBTA Fairmount
Line. In addition, the TIO alternative includes an increase in Amtrak intercity
service at South Station, rising from the existing 40 daily combined arriving and
departing trains to a total of 80 daily trains. The TIO alternative also assumes
South Coast Rail commuter rail service and adds additional peak period, peak
direction trains on the Needham, Franklin, Providence, and
Worcester/Framingham commuter rail lines.

Joint/Private Development Minimum Build (MIN LU)

This alternative would include everything contained in the TIO scenario, as well
as provisions for future private development at the South Station site by
incorporating appropriate structural foundations into the overall station and
track design. Future private development could include approximately 660,000
square feet (sf) of mixed-use development consisting of residential, office, and
commercial uses, including retail and hotel uses, approximately 235 parking
spaces, and with building heights ranging up to approximately 12 stories. This
analysis assumes this new development will add 1,020 new service jobs, 255
new retail jobs, and 280 new households containing a population of 620
persons.
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Joint/Private Development Maximum Build (MAX LU)

This alternative would include everything contained in the MIN LU scenario, but
with a greater provision for future private development at the South Station site.
The maximum potential for future private development would be limited by the
Federal Aviation Administration’s (FAA’s) maximum building height limits,
pursuant to the Terminal Instrument Procedures (TERPS) regulations
applicable to Boston Logan International Airport. Accordingly, building heights
would be limited to approximately 290 feet and an amendment to the Municipal
Harbor Plan, modifying applicable Chapter 91 regulations, would be required.
Future private development could include approximately 2.1 million sf of mixed-
use development consisting of residential, office, and commercial uses,
including retail and hotel uses, approximately 510 parking spaces, and with
building heights up to approximately 26 stories. This analysis assumes this new
development will add 3,000 new service jobs, 750 new retail jobs, and 830 new
households containing a population of 1,830 persons.

POST-MODEL PROCESSES FOR TRANSIT SERVICES

A number of important elements related to the South Station Expansion travel
demand forecasting effort are not built into the CTPS travel demand model.
These include Amtrak, intercity bus, and components of South Coast Rail
service located outside of the Eastern Massachusetts model region. Hence, it
was necessary to incorporate ridership related to these elements into the
forecasting using post-modeling processes. Ridership produced by the Silver
Line Gateway project, which was not present in the future regional model
network, was also added via post-model processing.
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APPENDIX
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THE FOUR STEPS OF THE TRAVEL DEMAND MODELING PROCESS

Figure 1 displays a schematic overview of the travel demand forecasting
process. For reference, the modeled area encompasses 164 cities and towns
in eastern Massachusetts, which includes the 101 Boston Region MPO cities
and towns and 63 additional communities, as shown in Figure 2. The figure
also shows the boundaries of five concentric rings into which the modeled area
is divided for model estimation and calibration purposes. These rings will be
referred to in subsequent discussions.

TRIP GENERATION

The first step in the travel forecasting process is performed by the model set’s
trip generation model. This model uses socioeconomic characteristics of the
region’s population and information about the region’s transportation
infrastructure, transportation services, and geography to predict the amounts of
travel that will be produced by and attracted to each of the TAZs within the
region.

The trip generation model is composed of seven parts:
» Base year detailed inputs
» Future-year inputs
+ Estimation of detailed input requirements for future years
+ Estimation of detailed socioeconomic characteristics
» Estimation of vehicle ownership
 Estimation of trip productions and attractions

» Balancing of trip productions and attractions

A description of each of these parts is presented following the two
aforementioned figures.

CTPS 15 May 13, 2014



FIGURE 1

The Four-Step Demand Modeling Process
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FIGURE 2
CTPS Modeled Area and Ring Boundaries
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Base Year Detailed Inputs

The base year inputs required for the trip generation model are presented in
Table 1.

Future-Year Inputs

The future-year input requirements for the trip generation model, some of which
are the same as for the base year, are:

Total TAZ households

Total TAZ population

Total TAZ group quarters population

Total community population by age

TAZ employment in basic industries

TAZ retail trade employment

TAZ employment in service industries

Regional labor participation rates

External trip production and attraction growth factors

Transit walk-access factors

Estimation of Detailed Input Requirements for Future Years

Various procedures are used to prepare the trip generation model input data for
future years. The variables that are estimated in these procedures are listed
below. A description of how future-year estimations for these variables are
made follows the list.

CTPS

Households by household size
Households by income quartile
Resident workers

Households by workers per household
School employment (K-12 and college)
Dorm population

External person trips

Attraction and production terminal times
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TABLE 1

Trip Generation Model: Base Year Input Requirements

Data Source Geographic Level
Population 2009 estimates TAZ (census block)
Group Quarters Population 2009 estimates TAZ (census block)
Household Size, Income,

Workers, Vehicles 2009 estimates TAZ (census block)

Population Age

2009 estimates

City or town

Basic, Retail, Service

Employment 2009 estimates TAZ

Public K-12 Employment 2009 estimates TAZ

Private K-12 Employment 2009 estimates TAZ

College Employment 2009 estimates TAZ

Resident Workers 2009 estimates TAZ (census block group)
Dorm Population 2009 estimates TAZ (census block)
Labor Participation Rate by

Age Group Bureau of the Census Region

Land Area CTPS regional database TAZ

Geographical Ring CTPS regional database TAZ

Public Use Microdata Areas  |CTPS regional database Public Use Microdata Areas

External Trip Productions and
Attractions

1991 External Travel Survey,
2000 U.S. Census, and 2009
traffic counts

External station

External Growth Factors

RPA and CTPS forecasts

External station

Transit Walk Access Factor

Transit network

TAZ

External Attraction and
Production Terminal Times

1991 External Travel Survey

External station

Household Size

The change in TAZ average household size is implied in the base year inputs
and future-year forecasts (total population minus group quarters population
divided by total households). The distribution of future-year households by
household size is estimated by the following procedure:

CTPS
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First, the future-year households are distributed among the household size
categories in the same proportions as in the base year. It is then assumed that
all households capable of making the implied change (households of two or
more for household size reductions; all households for household size
increases) will have the same probability of changing in size by one person.
This probability of changing is set equal to the extent needed to match the
forecasted change in household size, and the resulting distribution of
households by household size is used for the future-year scenario.

As an example, suppose that in the base year the numbers of 1-person, 2-
person, 3-person, 4-person, 5-person, and 6+-person households, totally 390
base year households, are, respectively, 100, 200, 50, 25, 10, and 5, with a
total household population of 835. This represents an average household size
of 2.141. If there were 780 future-year households, they would initially be
distributed as 200, 400, 100, 50, 20, and 10 1-person, 2-person, 3-person, 4-
person, 5-person, and 6+-person households, respectively.

However, if the future-year average household size were 2.000, then the
households with 2 or more persons would have a 19 percent [(2.141 - 2) *
780/580] probability of dropping in size by one. The resulting distribution would
thus be estimated as follows:

276 1-person households [200 + (.19 * 400)]

343 2-person households [400 — (.19 * 400) + (.19 * 100)]
90.5 3-person households [100 — (.19 * 100) + (.19 * 50)]
44.3 4-person households [50 — (.19 * 50) + (.19 * 20)]
26.2 5+-person households [20 — (.19 * 20) + 10]

In the case of TAZs with no households in the base year, the proportional
distribution of households by household size at the community level is used for
the base year in these calculations.

Household Income

The future-year distribution of households by household income quartile is
estimated by assuming that the proportional distribution of households by
income quartile remains constant within each TAZ. In the case of TAZs with no
households in the base year, the proportional distribution of households by
household income at the community level is used for the base year.

Resident Workers per Household

The change in the number of resident workers at the community level is
obtained by multiplying the base year and future-year estimates of over-age-15
population by labor force participation rates by age cohort. Dividing the base
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year and future-year estimates of community-level resident workers by the
base year and future-year numbers of households in the community,
respectively, produces estimates of the base year and future-year average
workers per household. All of the TAZs within each community are assumed to
have the proportional change in workers per household implied by these base
year and future-year community-level estimates. Multiplying the resultant
estimate of resident workers per household by the forecasted number of
households yields the forecasted number of resident workers by TAZ.

For example, assume that a community’s 2000 and 2010 populations are
distributed by age as follows: 1,000 and 1,200, 10,000 and 11,000, 2,000 and
2,500, and 500 and 600, respectively, in the 16-24, 25-54, 55-64, and 65+ age
ranges. If the applicable labor force participation rates are applied (see Table
2), the estimated numbers of community resident workers become 10,317 and
11,785 for 2000 and 2010, respectively. If the estimated numbers of community
households were 5,500 and 6,000 for 2000 and 2010, respectively, the
community average workers per household for 2000 and 2010 would be 1.88
and 1.96, respectively. As 1.96 is 4.3% greater than 1.88, all of the TAZs in that
community would be assumed to have a 4.3% increase in workers per
household between 2000 and 2010.

TABLE 2
Labor Force Participation Rates

Age 2000 2010 2025 2030
16-24 65.9% 63.9% 63.4% 63.4%
25-54 84.1% 84.7% 85.1% 85.0%
55-64 59.2% 64.4% 63.6% 63.7%
65+ 12.8% 15.2% 15.6% 14.5%

Household Workers

The future-year number of households per TAZ within each category of number
of workers per household is estimated by using workers-per-household
distribution curves developed by CTPS from the 1990 U.S. Census. These
curves, summarized in Table 3 below, indicate a default percentage distribution
of households for the base year and future-year TAZ estimates of average
workers per household. The proportional changes in the default number of
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households within each category of workers per household implied by this
comparison are applied to the actual base year TAZ distribution of households
to obtain the distribution of households by workers per household to be used
for the future scenario. The average number of workers per household at the
community level is used for the base year in TAZs with no households in the
base year.

For example, if the average number of workers per household changes from
1.7 to 1.8, the default distribution of households among the categories 0-
worker, 1-worker, 2-worker, and 3+-worker would change from 7%, 32%, 45%,
and 16% to 5%, 29%, 47%, and 19%, respectively. If the actual base year
distribution of households among those categories is 8%, 31%, 44%, and 17%,
the changes in the default distributions indicate a future-year distribution of
households of 6%, 28%, 46%, and 20% 0-worker, 1-worker, 2-worker, and 3+-
worker households, respectively.

School Employment
« K12
The level of employment in schools providing education up to the 12"

grade is assumed to be proportional to the number of community
residents of ages 5-19.

+ College

The level of employment at all colleges and technical schools within the
region is assumed to be proportional to the number of regional residents
of ages 20-24
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Workers per Household Diversion Curves

TABLE 3

Avg. Workers Households by Number of Workers
per HH 0 1 2 3+ Total
<=45 58% 40% 2% 0% 100%
45-.55 52% 46% 2% 0% 100%
.55 -.65 47% 46% 6% 1% 100%
.65-.75 43% 46% 10% 1% 100%
75 - .85 38% 46% 13% 3% 100%
.85-.95 34% 46% 16% 4% 100%
95-1.05 30% 45% 20% 5% 100%
65% - (35% * 60% - (16% * | (36% * Avg)- | (15% * Avg) -

1.05 - 1.65 Avg) Avg) 15% 10% 100%
1.65-1.75 7% 32% 45% 16% 100%
1.75-1.85 5% 29% 47% 19% 100%
1.85-1.95 4% 26% 48% 22% 100%
1.95-2.05 3% 22% 48% 27% 100%
2.05-2.15 2% 18% 49% 31% 100%
2.15-2.25 1% 14% 49% 36% 100%
2.25-2.35 1% 10% 49% 40% 100%
2.35-245 1% 4% 50% 45% 100%
2.45-2.55 1% 4% 50% 45% 100%
>2.55 0% 5% 50% 45% 100%

Dorm Population

The dorm population within a TAZ is assumed to be proportional to the total
group quarters population within a TAZ.

External Person Trips

Base year external person trips are adjusted to produce traffic volumes at the
external stations that match the observed counts for the base year. These base
year external person trips are then adjusted according to growth factors for the
vehicle volumes at each external station. These growth factors are presently
based upon an analysis of historical trends.
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Attraction and Production Terminal Times

The attraction and production terminal times (the time it takes to walk between
a parked vehicle and the trip origin or destination) are estimated through the
application of a model developed at CTPS. This model first estimates terminal
times as a function of household density (see Table 4). An alternative estimate
of the production and attraction terminal times for each TAZ is based on
employment density ranges (see Table 5). For regional modeling, the larger of
the two estimates is assigned to a TAZ. Several TAZs with regionally unique
characteristics (locations of major generators such as airports or large colleges)
were assigned terminal times in the base year different from those estimated by
the terminal-time model. In these cases, the model is used to estimate changes
in terminal times.

TABLE 4
Household Terminal Time

Household Density Production Attraction
(HH per acre) (minutes) (minutes)
0-5 1 1
5-10 2 2
10-15 3 3
15-25 4 4
>25 5 5
TABLE 5

Employment Terminal Time

Employment Density Production Attraction
(employees per acre) (minutes) (minutes)
0-5 0 0
5-10 1 1
10 -25 2 2
25-50 3 3
50-100 4 4
100 - 200 5 5
> 200 6 6
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Estimation of Detailed Socioeconomic Characteristics

A three-way distribution of the households within each TAZ by household size,
income, and workers is required in order to estimate the distribution of
households by vehicle ownership levels. While this is available from the U.S.
Census at the subregional level, such distributions at the TAZ level are
estimated through iterative proportional fitting techniques. Using the
appropriate subregional matrix as a seed, the cell values are adjusted through
10 iterations to match row and column totals to the estimated TAZ-level totals
in order to produce an estimated three-way distribution of households for each
TAZ.

Estimation of Vehicle Ownership

Base year households are distributed by vehicle ownership based on data from
the 2000 U.S. Census. The distribution of future-scenario households by
vehicle ownership is estimated through the application of a set of models
developed by CTPS.

The CTPS vehicle ownership model was estimated as a set of four multinomial
logit disaggregate choice models, one for each of four income categories, in
which the decision maker was the household unit and the set of alternatives
was the ownership, by the household, of 0, 1, 2, or 3-or-more vehicles. In this
model, households are segmented into four income categories, since income is
believed to be the most significant variable in vehicle-ownership choice. Other
variables included in the model are household size, workers per household,
household density, employment density, household location, and transit walk-
access factors. The data set used to estimate this model contained 3,504
observations. Once estimated, the model was validated to observed vehicle
ownership data. The models, one for each household income quartile, are
presented in Table 6.

Estimation of Trip Productions and Attractions

The number of trip productions and trip attractions within a TAZ are estimated
through the application of a set of models developed at CTPS. These models
estimate the number of trip productions and attractions as a function of
household size, workers per household, vehicles per household, income,
household location, number of households, basic employment, retail
employment, college employment, school employment, and service
employment. The trip production models for the home-based purposes (home-
based work ([HBW], home-based work-related [HBWR], home-based personal
business [HBPB], home-based social-recreational [HBSR], home-based school
[HBSC], and home-based pick-up/drop-off [HBPD]) are presented in Table 7,
and the trip production models for the non-home-based purposes (non-home-
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based work [NHBW] and non-home-based-other [NHBO]) and the trip attraction
models for all purposes are presented in Table 8.

TABLE 6
Summary of Vehicle Ownership Model

HH Workers HHs Employ High- Low- Transit Walk-
Constant Size per HH | per Acre | per Acre | Density | Density | Ring01 | Accessibility

Low-Income Household Model

0 Vehicles -0.0474 | -0.1692 | -0.1312 0.0239 0.7136
1 Vehicle

2 Vehicles -3.139 0.6182 0.4414 -0.0424

3+ Vehicles -5.074 0.7968 0.6927 -0.2232

Medium-Low-Income Household Model

0 Vehicles -1.573 -0.1874 | -0.3417 0.05 0.5716 0.5392

1 Vehicle

2 Vehicles -1.745 0.5202 0.4279 -0.0627 | -0.0334 -0.0056
3+ Vehicles -5.101 0.7371 1.112 -0.0627 | -0.0693

Medium-High-Income Household Model

0 Vehicles -2.63 0.0459 0.7704

1 Vehicle

2 Vehicles -1.223 0.6609 0.2377 -0.0391 0.4026 -0.5962 -0.0054
3+ Vehicles -4.572 0.7899 1.289 -0.0779 -1.223 -0.0073

High-Income Household Model

0 Vehicles -2.793 0.0349

1 Vehicle

2 Vehicles 0.5049 0.3475 0.2688 -0.06 -0.0154 -0.0074
3+ Vehicles -3.807 0.5717 1.628 -0.136 -0.0468 -0.0077

High-Density = 1 if HH/acre > 6 or Employ/acre > 7

Low-Density = 1 if HH/acre < 0.5 and Employ/acre< 0.7

Ring01 = 1 if TAZ is in Ring 0 or Ring 1

Transit Walk-Accessibility = Portion of TAZ within walk-access distance of transit service

Balancing of Trip Productions and Attractions

Connecting a trip production with a trip attraction of the same trip purpose
forms a trip. As a result, the number of productions and attractions for each trip
purpose must be equal. In order to achieve this, the trip productions and
attractions are balanced.
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For most trip purposes, the number of regional attractions is the least reliable
estimate. Therefore, the normal balancing procedure is to set the total number
of regional attractions equal to the difference between the grand total of
productions and the total number of external attractions.

TABLE 7
Home-Based Trip Production Rate Models
Home-Based Work Trip Production Rates Home-Based Personal Business Trip Production Rates
Workers HH Vehicles per HH Workers HH Vehicles per HH
per HH Size 0 1 2+ per HH Size 0 1 2 3+
1 1 0.94 .17 1.11 0 1 1.19 1.95 211 2.87
1 2 1.01 1.23  1.18 0 2 291 332 350 424
1 3 1.15 1.38  1.32 0 3 329 370 3.88  4.62
1 4 1.48 1.70  1.65 0 4 416 458 473 5.49
1 5+ 1.56 1.78  1.71 0 5+ 1.56 471 487  5.63
2 2 247 266 247 1 1 0.50 1.01 1.20 1.27
2 3 2.64 281 2.6l 1 2 1.85 235 255 262
2 268 284 2.64 1 3 225 282 3.04 311
2 5+ 283 299 279 1 4 252 291 3.08  3.13
1 5+ 255 293 3.15 3.23
3+ 3 272 314  3.68
3+ 4 275 4.02 455 2 2 1.04 1.50 1.63  2.12
3+ 5+ 2.88 415 4.68 2 3 1.40 1.87 1.99 248
2 4 237 283 2.95 3.45
2 5+ 244 291 3.03 3.52
3+ 3 1.43 1.96 224 249
3+ 4 2.00 275 3.14  3.49
HB Work-Related Trip Production Rates 3+ 5+ 2.34 3.20 3.67 4.08
HH Workers per HH
Size 1 2 3+
1 0.12
2 0.10 0.18
3 0.10 020 0.28
4 0.18 023 035
5+ 0.21 029 041
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TABLE 7 (cont.)
Home-Based Trip Production Rate Models

Home-Based School Trip Production Rates HB Social/Recreational Trip Production Rates
HH Household Income Quartile HH Workers per Household
Ring Size Low Med-low Med-high High Size 0 1 2 3+
0&1 1 0.20 0.12 0.08 0.06 1 0.88 0.70
0&1 2 1.22 0.56 0.28 0.26 2 1.79 1.13 1.17
0&1 3 1.82 1.42 0.51 0.51 3 1.79 1.49 1.68 2.24
0&1 4 2.53 1.82 1.77 1.72 4 2.02 1.95 2.14 2.87
0&1 5+ 5.07 4.05 3.04 2.53 5+ 3.58 3.50 3.85 3.94
2 1 0.15 0.03 0.02 0
2 2 0.41 0.18 0.13 0.05
2 3 1.30 0.92 0.35 0.25
2 4 2.01 1.55 1.47 1.19 HB Pick-up/Drop-off Trip Production Rates
2 5+ 2.57 2.28 2.11 2.06 HH Vehicles per Household
Size 0 1 2 3+
3&4 1 0.01 0.04 0.04 0.02 1 0.04 0.04 0.04 0.04
3&4 2 0.06 0.25 0.05 0.04 2 0.10 0.22 0.13 0.13
3&4 3 0.54 0.41 0.41 0.41 3 0.30 0.41 0.36 0.28
3&4 4 0.90 1.07 1.02 0.97 4 0.36 0.58 1.07 0.42
3&4 5+ 1.35 2.53 2.24 1.85 5+ 0.85 1.73 1.58 1.08
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TABLE 8

Trip Attraction Rates and Non-Home-Based Trip Production Rates

Basic Retail Service Employment
Households | Employment Employment College ‘ K-12 ‘ Other
Production Rate Models
Non-Home-Based Work 0.07 0.47 1.78 1.86 0.93 0.93
Non-Home-Based Other 0.57 1.74 2.49 0.28 0.28
Attraction Rate Models
Home-Based Work 1.42 1.64 1.23 1.23 1.23
Home-Based Work-Related 0.06 0.35 0.27 0.08 0.08
Home-Based Personal Business 1.25 4.17
Home-Based Social/Recreational 1.28 1.34 1.13
Home-Based School 3.30 9.25
Home-Based Pick-Up/Drop-Off 0.13 0.04 0.04 0.04 4.25 0.04
Non-Home-Based Work 0.11 0.32 2.36 1.85 0.79 0.79
Non-Home-Based Other 0.59 1.91 2.01 0.22 0.22

However, more information is available about regional patterns for the home-
based work (HBW) trip during the base year. In order to produce base year

home-based work trip ends that reflect the observed patterns, the following
changes are made as part of the base year balancing procedure:

» Total regional HBW attractions are adjusted to match the base year ratio

of total regional HBW attractions to total regional HBW productions with

the ratio from the 2000 U.S. Census Journey to Work data (1.077).

« Total external HBW attractions are adjusted to match the base year ratio

of total external HBW attractions to total regional HBW productions with

the ratio from the 2000 U.S. Census Journey to Work data (.0442).

» Total external HBW productions are set equal to the difference between
the grand total of HBW attractions and the regional HBW productions.

In addition, forecasts of future regional employment (the determinant of home-

based work trip regional attractions) are available, so the estimates of future
external HBW productions and attractions are less reliable than the estimates
of future regional HBW productions and attractions. The model assumes that

the number of external HBW productions will satisfy the forecasted employment
within the region, so the HBW external productions are set equal to the
difference between the total HBW attractions and the regional HBW

productions.
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TRIP DISTRIBUTION

The trip distribution model performs the second step in the travel forecasting
process. It combines the estimated trip productions and trip attractions
prepared by the trip generation model (combining the HBW and HBWR
purposes into a new HBW purpose) into: an interregional vehicle trip table and
an intraregional pick-up/drop-off vehicle trip table, to be used as input into the
highway assignment model; and intraregional person trip tables to be used as
inputs into the mode choice model.

The trip distribution model is made up of three components: a set of internal-
external trip distribution models and two sets of intraregional trip distribution
models (one for peak travel periods and the other for non-peak travel periods).
An overview of the model is presented below.

Internal-External Trip Distribution

Internal-external trip distribution refers to a process in which all internal and
external average weekday (AWD) trip ends (trip productions and attractions)
are combined into trips using AWD highway impedances, but only the trips with
one end in an internal zone and the other end in an external zone are retained.
The resultant internal-external trip tables are used as inputs to the highway
assignment model. The remaining trip ends are used as inputs to the
intraregional trip distribution model.

The model includes a separate process for each of seven trip purposes: home-
based work, home-based personal business, home-based social/recreational,
home-based school, home-based pick-up/drop-off, non-home-based work, and
non-home-based other. The process undertaken for each purpose consists of
the following five steps:

« Convert highway travel times from time period origin-destination format to
AWD production-attraction format

» Apply gamma functions to create an initial trip table estimate

« Initiate a three-dimensional balancing process, adjusting the initial trip
table to match trip productions, trip attractions, and a trip-length
frequency distribution

 Create internal/external vehicular trip tables

« Create intraregional person trip table productions and attractions

Each of these steps is described below.
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Conversion of Highway Travel Times

Estimates of highway travel times are prepared using the highway assignment
model on an origin-destination basis for each time period. In order to use these
estimates with the trip productions and attractions from the trip generation
model, the estimates from origin TAZ to destination TAZ and from destination
TAZ to origin TAZ produced by the highway assignment are combined for each
trip purpose based upon temporal directional factors developed for each trip
purpose from the latest regional household travel survey.

Application of Gamma Functions

Interregional gamma functions are estimated using linear regression fitting to
reflect the relationship between base year highway travel time estimates and
survey trip tables. These functions are used to provide an estimate of the
number of trips within each cell of the trip table for a future scenario based
upon the highway travel times for that future scenario.

The resultant trip table is referred to as the seed trip table. A trip length
frequency distribution is imposed upon the seed trip table by dividing the table
into classes of zone pairs. The zone pairs within each class connect a common
pair of districts (forming an “interchange”) and fall within a designated range of
trip lengths (or “class”). A separate gamma function is used for each
interchange. The number of interchanges and classes used for each trip
purpose is presented in Table 9.

TABLE 9
Number of Interchanges and Classes Used for Each Trip Purpose
Internal-External Intraregional Peak Intraregional Non-Peak
Trip Purpose Interchanges Classes Interchanges Classes Interchanges Classes

HBW 36 250 36 250 36 250
HBPB 36 250 34 228 36 246
HBSR 35 247 33 227 36 244
HBSC 24 229 16 218 16 224
HBPD 25 241 4 49 4 51
NHBW 36 250 36 250 36 249
NHBO 25 244 33 226 36 249

Three-Dimensional Balancing

The seed trip table is adjusted through an iterative process in order to match its
subtotals as closely as possible to the estimated trip productions, trip
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attractions, and trip length frequency distribution. Each iteration consists of
adjusting all the cells within a dimension (row, column, or class) by the factor
needed to match the sum of that dimension to the estimated subtotal in that
dimension (productions for row, attractions for column, trip length range trips for
class) and then performing the same calculations for the other two dimensions.
Since there is more confidence in trip production estimates than in the trip
attraction or trip length frequency estimates, the iterative process ends with an
exact matching of the trip table production totals to the input trip productions for
each purpose.

Internal-External Trip Tables

The portions of the resultant trip table connecting external stations and regional
TAZs are saved and adjusted for use in the highway assignment model.
Vehicle occupancy data from the latest external travel survey are used to
convert the person trips to vehicle trips. Temporal and directional factors from
the latest external travel survey are then used to convert the trips from one
matrix of AWD trips from production zone to attraction zone to four matrices of
time period trips from origin zone to destination zone.

Intraregional Productions and Attractions

The portions of the resultant trip table connecting a pair of regional TAZs are
summed by TAZ of production and TAZ of attraction for use in the Intraregional
Trip Distribution Model. Data from the latest household travel survey are used
to split these trip production and trip attraction files into peak-period and non-
peak-period files.

Intraregional Trip Distribution (Peak and Non-Peak)

Intraregional trip distribution refers to a process in which all peak-period and
non-peak-period intraregional trip ends are separately combined into trips using
composite impedances from the mode choice model. The resultant peak and
non-peak intraregional trip tables are used as inputs to the mode choice model
and highway assignment model.

The model includes a separate process for each of seven trip purposes: home-
based work, home-based personal business, home-based social/recreational,
home-based school, home-based pick-up/drop-off, non-home-based work, and
non-home-based other. Similarly to the Internal-External Trip Distribution
Model, the process undertaken for each purpose consists of the following three
steps:

» Convert composite impedance estimates from time period to peak and
non-peak format

» Apply gamma functions to create an initial trip table estimate
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+ Initiate a three-dimensional balancing process, adjusting the initial trip
table to match trip productions, trip attractions, and a trip-length
frequency distribution

The results of these steps are then processed to final form in the following two
steps:

» Create pick-up/drop-off vehicular trip tables
» Create intraregional person trip tables

The five steps are described below.

Conversion of Composite Impedances

Estimates of purpose-specific composite impedances are prepared using the
mode choice model for origin-destination TAZ pairs for each time period. In
order to use these with the intraregional trip productions and attractions from
the Internal-External Trip Distribution Model, the composite impedance
estimates produced by the mode choice model are adjusted for production-
attraction TAZ pairs for each trip purpose by temporal factors for each trip
purpose from the latest regional household travel survey.

Application of Gamma Functions

Intraregional gamma functions are estimated using linear regression fitting to
reflect the relationship between base year composite impedance estimates and
survey trip tables. These functions are used to provide an estimate of the
number of trips within each cell of the trip table for a future scenario based
upon the composite impedances for that future scenario.

The resultant trip table is referred to as the seed trip table. A trip length
frequency distribution is imposed upon the seed trip table by dividing the table
into classes of zone pairs. The zone pairs within each class connect a common
pair of districts (forming an “interchange”) and fall within a designated range of
trip lengths (or “class”). A separate gamma function is used for each
interchange. The number of interchanges and classes used for each trip
purpose is presented in Table 9 (above).

Three-Dimensional Balancing

The seed trip table is adjusted through an iterative process to match its
subtotals as closely as possible to the estimated trip productions, trip
attractions, and composite impedance range frequency distribution. This
process is the same as the one used in the Internal-External Trip Distribution
Model. Since there is more confidence in trip production estimates than in the
trip attraction or trip length frequency estimates, the iterative process ends with
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an exact matching of the trip table production totals to the input trip productions
for each purpose.

Pick-Up/Drop-Off Vehicular Trip Tables

Since all trips for the home-based pick-up/drop-off purpose are assumed to be
vehicular trips, the resultant trip tables for that purpose are converted directly to
vehicular trip tables so that they can be used in the highway assignment model.
Vehicle occupancy data from the latest household travel survey are used to
convert the person trips to vehicle trips. Temporal and directional factors from
the latest household travel survey are then used to convert the trips from
matrices of peak-period and non-peak-period trips from production zone to
attraction zone to matrices of time period trips from origin zone to destination
zone.

Intraregional Person Trip Tables

The resultant trip tables for the other purposes are then prepared. Data from
the latest household travel survey are used to split these peak-period and non-
peak-period files into person trip tables for each time period. These trip tables
are then used as inputs to the mode choice model.

MODE CHOICE

Overview

Mode choice is the third step in travel demand forecasting and in CTPS’s
regional travel demand model. It is the process in which the trips from
distribution are split between the various available modes of the transportation
network.

CTPS developed multinomial logit mode choice models by trip purpose using
1991 Household Travel Survey data, travel impedances obtained from highway
and transit networks, 1990 and 2000 U.S. census data, and a variety of other
data sources. The mode choice models estimate modal splits for four trip
purposes: HBW, HBO (which includes HBPB and HBSR), HBSC, and NHB.
These models have been calibrated and validated. The mode choice models
are applied, by purpose, to the intraregional person trip tables that result from
the trip distribution model.

The mode choice models split the trips for each purpose among six modes: 1)
walk-access transit, 2) drive-access transit, 3) single-occupancy vehicles, 4)
high-occupancy vehicles with two persons, 5) high-occupancy vehicles with
three or more persons (for the HBW trip purpose only), and 6) a pure walk
mode. The stations used in the execution of drive-access transit trips are
identified using a special component of the mode choice model: a station
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choice model. Specific sub-mode selection (i.e., local bus, express bus, light
rail, commuter rail, etc.) occurs during the transit assignment process.

The mode choice models estimate mode splits for intraregional trips only (trips
contained within the model boundaries). They estimate mode shares for both
inter-zonal trips (from one zone to another zone) and intra-zonal trips (from and
to the same zone); however, intra-zonal trips are only split between the walk
and auto modes.

Factors based upon the latest household travel survey are used to divide the
trip tables produced by the trip distribution models into two trip tables: one for
the trips made from production TAZ to attraction TAZ, the other for the trips
made from attraction TAZ to production TAZ. The mode choice models are
applied to these trip tables in two stages: first for the trips made from
production TAZ to attraction TAZ (using the origin-destination input matrices),
then for the trips made from attraction TAZ to production TAZ (using the
inverse of the origin-destination input matrices).

Variables

The following are brief descriptions of the variables the mode choice models
use to estimate mode splits:

« Nest coefficient. Represents the degree of interactivity between the
modes within the nest and other modes or nests. The value ranges
between 0 and 1, with 1 indicating that switches to and from other modes
are as likely as switches to and from modes within a nest. A value of 0
indicates there would be no switching between the nest modes and other
modes.

 In-vehicle travel time (IVTT). Represents time spent in the modal vehicle
during a given trip.
» Out-of-vehicle time: Includes all walk, boarding, and wait time.

» Drive-access time: Represents driving time between a trip end and a
transit station parking lot.

« Terminal time: Represents the time it takes to travel between a vehicle
and the trip origin or destination.

» Fare: Represents the transit fare, in dollars, a transit rider will pay to use
the system. Also included is one-half of any applicable parking costs
(one-half because such costs are calculated on the basis of a one-way
trip) at a transit station parking facility.

» Auto cost: Represents auto operating and toll costs. Also included is
one-half of any applicable parking costs (one-half because such costs are
calculated on the basis of a one-way trip) on the street or in a parking
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facility. Also, for shared-ride modes, total auto costs are divided by the
appropriate auto occupancy.

» Household size: Represents the number of persons per household. This
estimate is obtained from the trip generation model.

» Vehicles/person: Represents the total number of vehicles per person in a
household. Vehicles are estimated using the vehicle availability model
described earlier.

» Population density: Represents total population per acre of dry land.

» Percent transit origins/destinations: Represents the AM peak period
transit share of work trip ends within a TAZ, as computed by the home-
based-work mode-choice model.

The Four Trip Purposes and the Station Choice Model

Home-Based Work Model

Home-based work (HBW) is the only trip purpose for which the mode choice
models distinguish between two-person carpools (HOV2) and three-or-more-
person carpools (HOV3+). The model specifications are shown in Table 10.

A transit nest is incorporated into the model on the basis that the decision to
take transit over the other modes is made before selection of a particular transit
mode. The transit coefficients are the same for both walk access (WAT) and
drive access (DAT) and include coefficients for in-vehicle, initial wait, transfer
wait, and total walk time. Drive-access time and production terminal times are
included in DAT as one parameter.

The WAT fare includes the transit fare in dollars. For DAT, costs include the
transit fare and half of any parking cost. Population density by traffic zone, in
people per acre, is included in walk-access transit, and it is positively
correlated: the greater the density, the more likely a traveler is to choose this
mode. The zones with high population densities also have more transit stops.
Vehicles per worker is a socioeconomic input unique to this trip purpose for
DAT. It is also positively correlated, since a higher vehicles-per-worker ratio
increases the likelihood of a vehicle’s being available for a trip to a park-and-
ride lot.

The auto times and cost coefficients are the same for the three auto modes.
For HOV2 and HOV3+ the auto cost is divided by the average vehicle
occupancies to reflect the sharing of costs between vehicle occupants.
Household size is included as a positively correlated variable for the shared-
ride modes and has a somewhat greater impact for HOV3+ than HOV2.
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TABLE 10
Home-Based-Work Mode Choice Model Specifications

Impedance Variable

Socioeconomic Variable

Nest Terminal Walk Initial Transfer Auto Boarding Fare Auto Population | Vehicles/ HH
Coeff IVIT Time Time Wait Wait Access Time %) Cost ($) Density Worker Size

Drive-Alone

Top Level 1| -0.05466 -0.292 -0.32

Application Level -0.05466 -0.292 -0.32

Ratio to IVTT ($/hr) 1 5.34211 $ 10.25
HOV2

Top Level 1| -0.05466 -0.292 -0.32 0.07322

Application Level -0.05466 -0.292 -0.32 0.07322

Ratio to IVTT ($/hr) 1 5.34211 $ 10.25 -1.33955
HOV3+

Top Level 1| -0.05466 -0.292 -0.32 0.2168

Application Level -0.05466 -0.292 -0.32 0.2168

Ratio to IVTT ($/hr) 1 5.34211 $ 10.25 -3.96634
Walk

Top Level 1 -0.1007

Application Level -0.1007

Ratio to IVTT ($/hr)
Walk-Access Transit

Top Level 0.6791| -0.05466 -0.1007| -0.11292| -0.11292 -0.05466 -0.32 0.01889

Application Level -0.08049 -0.14828| -0.16628| -0.16628 -0.08049| -0.47121 0.02781

Ratio to IVTT ($/hr) 1 1.8423 2.06593 2.06593 1 $ 10.25 -0.34551
Drive-Access Transit

Top Level 0.6791 -0.05466 -0.292 -0.1007| -0.11292| -0.11292| -0.13665| -0.05466 -0.32 -0.32 0.2897

Application Level -0.08049| -0.42998| -0.14828| -0.16628| -0.16628| -0.20122| -0.08049| -0.47121| -0.47121 0.4266

Ratio to IVTT ($/hr) 1 5.34211 1.8423 2.06593 2.06593 2.5 1 $ 10.25 $ 10.25 -5.30011
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Home-Based Other Model

The home-based other (HBO) mode choice model combines the home-based
shopping and home-based recreational trip tables output from the trip
distribution process into a single HBO trip table. The model specifications are
shown in Table 11. The model is similar to the HBW mode choice model,
except for the following three differences. First, since there is only one shared-
ride mode, HOV2+, household size is only a parameter for this one mode.
Second, the vehicles per person in a household is used, as opposed to
vehicles per worker. Finally, a distance dummy equal to one if the trip distance
is less than a mile and zero otherwise is added to the walk mode. This reflects
the fact that people taking short trips for this purpose are more likely to walk
than choose another mode.

Non-Home-Based Model

The non-home-based (NHB) model splits work trips and non-work trips. The
model specifications are shown in Table 12. There is a work dummy variable in
the two auto modes which is equal to one if the trip is a non-home-based work
trip and zero otherwise. The coefficient is positive for SOV and negative for
HOV, indicating that the SOV mode is more likely on work-related trips than on
non-work trips. The percentage of trips attracted to the origin and destination
zones that is SOV is a variable in the drive-alone mode. The percentage is
taken from the results of the HBW mode choice model and is positively
correlated. Finally, the distance dummy in the walk mode is equal to one if the
distance is less than a mile. It has a positive coefficient.

Home-Based School Model

The home-based school (HBSC) model was re-estimated and restructured in
2004 to allow for compatibility of the HBSC purpose with the Federal Transit
Administration’s Summit program. The previous HBSC model had one nest
comprising all motorized modes. The revised HBSC model has two nests,
transit and highway. The revised HBSC model specifications are shown in
Table 13.

Station Choice Model

The final part of the mode choice model is the assignment of drive-access
transit trips to transit stations in the station choice model. This model uses
estimates of highway travel times and costs from the highway assignment
model, estimates of transit impedances from the walk-access transit
assignment model, and estimated transit parking lot capacities to distribute
drive-access transit trips among the transit stations with parking lots. The
model also estimates the impedances associated with the drive-access transit
trips between each TAZ pair and, if parking at the transit parking lots is
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constrained, reassigns demand for full parking lots to other parking lots or to
other modes of transportation.
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TABLE 11

Home-Based-Other Mode Choice Model Specifications

Impedance Variable

Socioeconomic Variable

Nest Terminal Walk Initial Transfer Auto Boarding Fare Auto Population | Vehicles/ HH Distance
Coeff IVTT Time Time Wait Wait Access Time O] Cost ($) Density Worker Size Dummy

Drive-Alone

Top Level 1| -0.01965 -0.2308 -0.22378

Application Level -0.01965 -0.2308 -0.22378

Ratio to IVTT ($/hr) 1 11.7463 § 527
HOV2+

Top Level 1| -0.01965 -0.2308 -0.22378 0.1976

Application Level -0.01965 -0.2308 -0.22378 0.1976

Ratio to IVTT ($/hr) 1 11.7463 $ 527 -10.0566
Walk

Top Level 1 -0.05895 0.9005

Application Level -0.05895 0.9005

Ratio to IVTT ($/hr) -15.2757
Walk-Access Transit

Top Level 0.3722( -0.01965 -0.05895| -0.05895| -0.05895 -0.01965| -0.22378 0.00883

Application Level -0.05279 -0.15838| -0.15838| -0.15838 -0.05279| -0.60123 0.02373

Ratio to IVTT ($/hr) 1 3.0002 3.0002 3.0002 1 $ 527 -0.44951
Drive-Access Transit

Top Level 0.3722( -0.01965 -0.2308| -0.05895| -0.05895| -0.05895| -0.04912| -0.01965| -0.22378| -0.22378 0.71239

Application Level -0.05279 -0.6201| -0.15838| -0.15838| -0.15838| -0.13198| -0.05279| -0.60123| -0.60123 1.914

Ratio to IVTT (§/hr) 1 11.7463 3.0002 3.0002 3.0002 2.5 1 $ 527 $ 527 -36.2564
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Non-Home-Based-Work Mode Choice Model Specifications

TA

BLE 12

Impedance Variable

Socioeconomic Variable

Nest Terminal Walk Initial Transfer Auto Boarding Fare Auto Work Distance Percent
Coefficient IVTIT Time Time Wait Wait Access Time %) Cost ($) Dummy Dummy SOV

Drive-Alone

Top Level 1{ -0.03022 -0.3197 -0.1817 0.1926 0.00885

Application Level -0.03022 -0.3197 -0.1817 0.1926 0.00885

Ratio to IVTT ($/hr) 1 10.5791 $ 998 -6.37326 -0.29295
HOV2+

Top Level 1] -0.03022 -0.3197 -0.1817 -0.7627

Application Level -0.03022 -0.3197 -0.1817 -0.7627

Ratio to IVTT ($/hr) 1 10.5791 $ 9.98 25.2383
Walk

Top Level 1 -0.07525 0.493

Application Level -0.07525 0.493

Ratio to IVTT ($/hr) -6.5515
Walk-Access Transit

Top Level 1] -0.03022 -0.07525| -0.08333| -0.08333 -0.03022 -0.1817

Application Level -0.03022 -0.07525| -0.08333| -0.08333 -0.03022 -0.1817

Ratio to IVTT ($/hr) 1 2.49007 2.75745 2.75745 1 $ 9.98
Drive-Access Transit

Top Level 1| -0.03022 -0.3197| -0.07525| -0.08333| -0.08333| -0.07555| -0.03022 -0.1817 -0.1817

Application Level -0.03022 -0.3197| -0.07525| -0.08333| -0.08333| -0.07555| -0.03022 -0.1817 -0.1817

Ratio to IVTT ($/hr) 1 10.5791 2.49007 2.75745 2.75745 25 1 $ 9.98 $ 9.98
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TABLE 13
Home-Based-School Mode Choice Model Specifications

Impedance Variable
Nest Terminal Walk Wait | Drive-Access Fare Auto Population
Coefficient IVIT Time Time Time Time %) Cost ($) Density
Drive-Alone
Top Level 0.5559 -0.0305 -0.0904 -0.1803
Application Level -0.0548 -0.1626 -0.3244
Ratio to IVTT ($/hr) 1.0000 2.9672 $10.14
HOV2+
Top Level 0.5559 -0.0305 -0.0904 -0.1803
Application Level -0.0548 -0.1626 -0.3244
Ratio to IVTT ($/hr) 1.0000 2.9672 $10.14
Walk
Top Level 1 -0.0791
Application Level -0.0791
Ratio to IVTT ($/hr)
'Walk-Access Transit
Top Level 0.5559 -0.0305 -0.0791 -0.0791 -0.1803 0.0150
Application Level -0.0548 -0.1423 | -0.1423 -0.3244 0.0270
Ratio to IVTT ($/hr) 1.0000 2.5967 2.5967 $10.14 -0.4927
Drive-Access Transit
Top Level 0.5559 -0.0305 -0.0904 -0.0791 -0.0791 -0.0762 -0.1803 -0.1803 0.0150
Application Level -0.0548 -0.1626 -0.1423 | -0.1423 -0.1371 -0.3244 -0.3244 0.0270
Ratio to IVTT ($/hr) 1.0000 2.9672 2.5967 2.5967 2.5018 $10.14 $10.14 -0.4927

The probability of selecting a station is determined by the combination of

utilities for the auto and transit legs of the drive-access transit trip. The utility of
the auto leg (Ujk) is a combination of the auto travel time between production

TAZ i and transit station k (ATTjk) and the parking capacity at transit station k
(PCk).

Uik =-.125 ATTjk + .001 PCk

The utility of the transit leg (Ukj) is a function of the composite impedance used in

transit path selection, which includes transit in-vehicle travel time (ITTkj), boarding

time (BTkj), waiting time (WtTkj), and walk time (Wkaj) accumulated between

station k and attraction TAZ j.

Ukj = -.05 " (ITTkj + BTkj + (2 * (WtTkj + WKT;)))
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The auto leg utilities are used to identify the five most likely stations to be used
for each production TAZ, the combined utilities are used to estimate the
probabilities of selecting each of those stations for each pair of TAZs, and the
trips are assigned to transit stations. If transit parking is constrained to capacity,
some trips may not be possible since the parking demand exceeds the capacity
at the station, so, for those trips, the auto leg utilities are re-estimated to identify
the five most likely stations with available parking capacity, and the trips are
assigned to transit stations based upon the combined utilities. Trips which are
still not assignable due to inadequate parking capacity are then switched to the
walk-access transit, single-occupancy vehicle, or high-occupancy vehicle mode
in the same proportion of other trips of the same purpose between the same
pair of TAZs.

TRIP ASSIGNMENT

Trip assignment is the fourth step in the travel demand forecasting process and
in CTPS’s regional travel demand model. Trip assignment is the process by
which each trip in the trip tables resulting from the mode choice model is
assigned to a specific submode (for example, bus or rapid transit) and a
specific route. The CTPS model uses two distinct assignment procedures, one
for the transit trips and one covering the highway modes.

Highway Assignment Routine

The highway assignment implemented is an equilibrium assignment. The
fundamental assumption underlying such an assignment procedure is that each
user of the highway network will choose the route that he or she perceives to
be the best. The assignment is an aggregate assignment in that traffic volumes
on any given link are an aggregate number, as opposed to being associated
with a specific trip. There are several inputs used by the equilibrium assignment
procedure. The key inputs are the highway demand matrices, the volume delay
function, and the highway network:

Highway demand matrices

The demand matrices that the highway assignment procedure uses as an input
are the demand matrices that result from the mode choice and distribution
models and other sources. These are origin-destination matrices of single-
occupancy vehicles, trucks, taxis, internal-external trips, through trips, and
high-occupancy vehicles.

To prepare the mode choice trip tables for use in highway assignments, it is
necessary to convert person trips to vehicle trips by applying vehicle occupancy
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factors for HOV modes. These occupancy factors, presented below, vary by trip
purpose and are based upon the latest household travel survey.

Home-based work trips ~ HOV2: 2 persons/vehicle

HOV3+: 3.373 persons/vehicle

Home-based other trips  HOV2+: 2.404 persons/vehicle

Home-based school trips  HOV2+: 2.788 persons/vehicle

Non-home-based trips HOV2+: 2.385 persons/vehicle

In addition to manipulating the output matrices from mode choice, it is necessary
to bring in vehicle trip tables produced outside of the mode choice process.
These vehicle trip tables are:

External Through — This matrix consists of trips that pass through the
study area without stopping and hence are exogenous to the travel
model. The trips were estimated from the 1991 external travel survey,
2000 Census Journey to Work data, and traffic counts.

Taxi — The taxi vehicle trip table was originally developed from a 1993
survey and has since been revised several times based upon a factoring
process.

Logan Airport SOV and HOV — This trip table is developed from a
separate Logan Airport Passenger Mode Choice Model, which was
developed based on a 2007 Massachusetts Port Authority survey.

Drive-Access-Transit Auto Access — DAT trips are determined through
the station choice model, which is a part of the mode choice process.
Each DAT trip requires a vehicle access trip.

Interregional SOV and HOV — The interregional vehicle trip tables are
generated through the interregional trip distribution model.

Pick-Up/Drop-Off SOV and HOV — The pick-up/drop-off (PUDO) tables,
produced by the interregional trip distribution model, cover those trips in
which a person is dropped off at his or her destination (not an
intermediate parking lot).

Truck — The truck trip tables are produced from the new tour-based truck
trip model.

The Boston MPO regional travel demand forecasting model previously had a
truck trip table, developed from data several decades old, as a fixed input into the
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highway assignment model. This approach was eventually found wanting,
hence, a different approach was taken to improve the estimation of the major
elements that compose the commercial vehicle portion of highway traffic. An
integrated behavioral tour-based model was developed from the Vehicle
Inventory and Use Survey, Massachusetts Registry of Motor Vehicle files, and
existing truck trip generation rates. These existing sources were supplemented
by specifically-focused telephone and travel-intercept surveys and video data
capture which provided information used to quantify key behavioral relationships.

The revised truck travel forecasting model incorporates new several factors into
the truck trip tables used for highway assignments. With these changes, the
truck model produces truck travel estimates which are sensitive to demographic
changes and which are consistent with the roadway network and observed truck
travel patterns and operating characteristics. These innovative features can be
characterized into three major elements:

« BEHAVIORAL. The model is based upon functional usage categories
which capture relatively homogeneous patterns of truck operation and are
tied to regional socioeconomic characteristics.

« TOUR-BASED. The model differentiates between truck trip tour ends
and their intermediate starts and stops in order to impose a tour-like form
on the pairing of truck trip ends. This, as a result, distributes truck trip
ends appropriately between truck garage sites and truck starts and stops
along delivery routes.

« INTEGRATED. The model is sensitive to changes in a specific set of
interacting variables that are internally consistent and externally
constrained. The variables include sector employment and population,
truck ownership and operational characteristics, highway network truck
restrictions, link truck volume counts, time-of-day, and intra-regional and
inter-regional truck travel demand. Truck travel volumes are estimated as
a function of the population and employment by type of business in each
TAZ.

The underlying premise of the modeling approach is that overall truck travel
demand can be divided into nine relatively identifiable and homogenous
functional usage categories. Each of the nine is comprised of relatively similar
travel characteristics as measured in such variables as tours per day, trips per
tour, and trip length.

These nine distinct categories are:
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» Tankers — distinct body type, many carry hazardous materials.

» Household Goods - perform distinct service, as they move the
belongings (not products) of their clients

» Less-than-truckload/Truckload — commercial carriers transporting wide
varieties of goods

» Food and Warehouse Distribution — distributing goods (sometimes non-
durable, so time-sensitive) to retail outlets.

 Intermodal — picking up or delivering goods also carried by rail or boat.
» Package — distinct service type, many stops per tour.

» Heavy — large vehicles, most subject to weight limitations.

» Retail — delivering goods to end users.

» Pickup/Van — small vehicles, least subject to restrictions.

Within the modeling process, a series of relationships were established among
firm employment, firm truck ownership/usage, and truck type and usage
category. These relationships are expressed in terms of both FHWA physical
vehicle classes and usage categories. This correspondence made it possible
to validate and, where necessary, to adjust our new travel demand matrices
through use of trip table estimation techniques. In this way, we adjusted our
initial demand levels for four time periods to observed truck volumes from
counts conducted on links of the highway system.

Volume-delay function

The function used in the highway assignment procedure is a volume-delay
function, which, when applied in the context of a highway assignment, changes
the speeds users of the network experience based upon the volumes on the
network. The volume-delay function employed in the CTPS regional model is a
variation on the so-called Bureau of Public Roads (BPR) function. Developed
by its now defunct namesake, the BPR function is a widely used and validated
volume-delay function that is parabolic in shape and takes the form:

Congested Speed = (Free-Flow Speed)/(1 + [Volume/Capacity]*)

The CTPS regional model is segmented by time periods. For each time period,
the BPR function is altered to reflect the number of hours in that period.

Highway network

The highway network is an abstract digital representation of the real highway
network in eastern Massachusetts. For future-year scenarios, the highway
network depicts roadway links that are planned in addition to the existing
highway network. The base year highway network is a depiction of the eastern
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Massachusetts highway network as it existed in the year 2009. The highway
network in the base and future years includes information about number of
lanes, free-flow speeds, and capacity (in vehicles per lane per hour). Freeways
typically have a free-flow speed of 60 miles per hour, are three lanes, and have
a capacity of 1,950 vehicles per lane per hour. Smaller arterials typically have a
free-flow speed of 30 to 45 miles per hour, are coded as having one or two
lanes, and have a capacity of 900 to 1,000 vehicles per lane per hour. Such
parameters are consistent with widely accepted traffic engineering principles
and the Transportation Research Board’s Highway Capacity Manual.

The highway assignment procedure performs a multi-class generalized cost
equilibrium auto assignment. The multi-class assignment runs an assignment
for the demand matrices of three modes, SOV, HOV, and trucks, from the total
vehicle trip tables for each class, which are assigned by time period. Tolls
affect the assignment and are stored on the network.

The highway assignment procedure is iterative in that the assignment is
calculated repeatedly, in order to mathematically optimize assignment results.
Three criteria are used to determine how many iterations of the assignment
procedure are used:

First, the relative gap is an estimate of the difference between the current
assignment and a perfect equilibrium assignment, in which all paths used for a
given origin-destination pair would have exactly the same time. The default
relative gap is 0.5%, but CTPS employs 0.01% so that a more accurate
assignment will result.

Another criterion for when to stop the iterations is the normalized gap (or trip
time differential), which is the difference between the mean trip time of the
current assignment and the mean minimal trip time. The mean trip time is the
average trip time on the paths used in the previous iteration; the mean minimal
trip time is the average trip time computed using the shortest paths of the
current iteration. Again, a minimum level is selected, 0.01 minutes, in order for
the designated number of iterations to be carried out.

If neither of these criteria is met, the CTPS regional model highway assignment
procedure is set to stop after running through 50 iterations.

Transit Assignment Routine

The transit assignment is a multi-path assignment based on the calculation of
optimal transit strategies for system users. A transit strategy is roughly
analogous to a path in highway assignment. The transit assignment allows for
users of the transit system switching within the transit network between various
available transit services in order to reach their destination. In basic terms, the
transit assignment algorithm identifies the optimal service or services at each
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node in the transit network for each origin and destination node pair. This
algorithm is repeated for all nodes, starting with the destination node and
culminating at the origin node.

Like the highway assignment procedure, the transit assignment procedure
utilizes several key inputs to estimate a transit assignment. Three of the key
inputs are the transit demand matrices, the transit functions, and the transit
network:

Transit demand matrices

The transit demand matrices are just that, matrices of trips that have been split
into the transit mode because the utility of their trip suggests that transit is an
attractive mode choice for their particular origin-destination pair. These trip
tables come from three sources:

« Walk-access transit trip tables from the mode choice model
» Drive-access transit trip tables from the station choice model

« Logan transit trip tables from the Logan Airport Passenger Mode Choice
Model

Functions

The function used in the transit assignment procedure depicts the relative
levels of attractiveness among the numerous paths available in the eastern
Massachusetts transit network for each pair of TAZs. Costs are translated to
time assuming a value of time of $12 per hour (using 1991 dollars) and
doubling the out-of-vehicle time (walk and wait times) before adding it to in-
vehicle time.

Transit network

The transit network is an abstract digital representation of the real transit
network in eastern Massachusetts. For future-year scenarios, the transit
network depicts transit links that are planned in addition to the existing transit
network. The base year transit network is a depiction of the eastern
Massachusetts transit network as it existed in the year 2009. The transit
network includes every commuter rail line, rapid transit line, bus route, and ferry
route in eastern Massachusetts. The bus routes run on the highway network,
and their run times are influenced by roadway traffic congestion. Among other
things, the transit network in the base and future years includes estimated
vehicle headways, wait times, transit run times, and fares for each line. The
assignment algorithm takes into consideration all of these elements in
calculating a transit assignment.
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Additionally, the transit network represents and accounts for park-and-ride
facilities. Park-and-ride nodes provide connections between the highway and
transit networks via a walk link. As a result, drive-access transit trips use both
the highway and the transit networks.

The transit network also includes an extensive set of walk-access and transfer
links. All these links assume a speed of 3 miles per hour.

Walk-access links are an abstract representation of all of the walking routes
transit users utilize in eastern Massachusetts to access the transit system. In
other words, they are an aggregate abstraction of the sidewalks, roadways,
backyards, driveways, and shortcuts people use to walk to the transit system.

The walk-access estimation process is an automated process that involves
three steps. The first step builds paths and distances on a walk network
roadway geographic information system (GIS) coverage that is created from
the most recent statewide digital line graph (DLG) coverage of the roadway
network. The roadways that are unsuitable for walking within the study area are
then cut from that coverage. The path building and distance skimming between
transit stops and zones is calculated on this coverage. The distances between
the transit stops and stations active under the scenario under study and each
TAZ are then calculated from this coverage. Up to two walk links are created
between each TAZ and the stations and stops on each transit line, with no links
over one mile. Transfer links are created to connect all stations and stops
within a quarter-mile walk.

Fare Coding

Average transit fares based on collected empirical data are used for coding in
the model network. Each transit submode (boat, bus rapid transit, rapid transit,
bus, commuter rail, and shuttle) is assigned a boarding fare that is placed on
the walk access links connected to the nodes that serve the stations and stops
for that submode. In addition, each pair of submodes is assigned a transfer fare
that is placed on the transfer links connected to the nodes that serve the
stations and stops for that submode. Additional zone fares are represented as
segment fares placed on the transit links crossing the fare zone boundaries. In
addition, park-and-ride parking charges are coded onto the walk links that
connect the park-and-ride nodes to the transit station and stop nodes.

Fares are translated into time for influencing path selection by assuming a
value of time of $12 (in 1991 dollars) per hour. Although fares are expressed in
minutes to allow them to be included in the impedances that influence path
selection, they are kept separate from travel times for input into the mode
choice model.
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CTPS CENTRAL TRANSPORTATION PLANNING STAFF

Staff o the Boston Metropolitan Planning Organization

MEMORANDUM

DATE March 17, 2014

TO Kristine Wickham-Zimmerman, Joseph Wanat, Caroline Ducas - VHB
Matthew Ciborowski - MassDOT

FROM Bruce Kaplan, Ying Bao
CTPS

RE South Station Expansion: Model Year Representation

This memorandum serves to clarify a few issues regarding the vintage of some
of the input data used in the travel demand forecasting work. Some base year
regional model data, such as demographic data and the transit service plans,
do represent 2009/2010 conditions as opposed to the desired 2012 base year
situation. Nonetheless, we are confident that the base year model does
adequately represent conditions in 2012.

First, very little socio-economic and transit ridership change occurred in the
Boston area between 2009 and 2011. According to the town-level estimates
from US Census Bureau Population Estimates Program, the region’s
population grew by 0.21% and its employment grew by only 2%. Additionally,
the region’s commuter rail ridership remained constant during that period, only
varying about 0.5%; moreover, very little service change occurred.

Second, although the base year model employed some input data from 2009
and 2010, it was calibrated to spring 2012 conditions. Transit ridership for the
South Side commuter rail lines were calibrated to the spring 2012 counts. Peak
hour volumes were specifically calibrated to the peak hour balanced counts that
were collected in 2012. Transfer volumes at South Station were also calibrated
to ensure consistency with the data collected in 2012 and 2013. Rapid transit
station boardings and transfers at downtown stations (South Station, Downtown
Crossing, Park Street, State, and Government Center) were calibrated to the
2012 MBTA AFC count data.

BK/bk
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Project Office Telephone (978) 905-4000
99 High Street, 10" Floor Facsimile (978) 905-4001
Boston, MA 02110

SOUTH STATION
E X BRASNESH[NO N

Date To

April 30,2014 Drew Galloway - Amtrak
SOUTH STATION From

EXPANSION Matt Ciborowski - MassDOT
PROJECT TEAM

Prepared By

CORRESPONDENCE Caroline Ducas, Kristine Wickham -
VHB
Subject
Amtrak 2035 Horizon Year
Ridership Projections
Background

In September 2013, the National Railroad Passenger Corporation (Amtrak) provided the South Station
Expansion (SSX) project team with a 2040 horizon year service plan and corresponding ridership
projections for SSX planning purposes.' In November 2013, Amtrak provided the SSX team with an
updated 2020-2040 service plan for the SSX project’s 2035 horizon year. Consequently, the SSX team
updated the ridership projections to correspond with the most current service plan (the November 2013
Update). Amtrak approved the updated ridership forecasts in February 2014 for use in the SSX project.

This memorandum documents the methodology used to prepare the final intercity ridership forecasts for
the SSX project, which correspond to Amtrak’s future year 2020-2040 intercity service plan
(November 2013 Update) and include estimated 2035 horizon year ridership for Amtrak intercity trains
serving the Boston area stations of South Station, Back Bay, and Route 128. The results of the ridership
forecasting analysis are also presented in this memorandum.

Proposed Intercity Service Plan

Table 1 below summarizes the proposed intercity service plan received from Amtrak in September 2013 as
well as the November 2013 service plan update.

According to the most recent intercity service plan received from Amtrak, dated November 2013, rail
service to/from Boston is anticipated to double from an existing 40 trains per weekday to a total of 80 trains
per weekday in the future 2020-2040 horizon. As detailed below, the proposed service plan maintains
existing Regional service operating via the Shore Line? and existing Long Distance service operating via
the Inland Route,® expands Acela high speed service operating via the Shore Line, and adds new Regional
service via the Inland Route.

! A summary of Amtrak’s September 2013 ridership projections, along with supporting background materials, is included for reference in
Exhibit A.

% The Shore Line refers to the Northeast Corridor railway line through southern Connecticut.

3 The Inland Route refers to the Boston-Worcester-Springfield railway corridor.
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Table 1

Proposed Amtrak Intercity Service Plan Summary

2013 Future Year (2020-2040 Horizon)
Existing Intercity Service | Intercity Service Plan
Schedule Plan (Sept. 2013) | (Nov. 2013 Update)
NextGen High Speed - N/A N/A
Acela High Speed Service ig IS\IE? }2 18\11133 ij 1;1133
(Shore Line) 20 30 28
9NB 9NB 9NB
Regional Service (Shore Line) 9SB 9 SB 9 SB
18 18 18
3 NB/EB 4 NB/EB
Regional Service (Inland Route) - 3 SB/WB 4 SB/WB
6 8
. . 1 NB/EB 1 NB/EB 1 NB/EB
Long Distance Service 1SB/WB | 1SB/WB 1 SB/WB
(Inland Route) ) ) 2
New England Regional i 18 IS\IBB//\E/% 3 I;g //\E,%
(Inland Route) Y 24
20 NB/EB 38 NB/EB 40 NB/EB
TOTAL 20 SB/WB 38 SB/WB 40 SB/WB
40 76 80

Note: NB = Northbound, EB = Eastbound, SB = Southbound, WB = Westbound.

Existing Intercity Service To Remain

The nine existing daily round trip Regional trains that operate between Boston, New York and points further
south via Providence and the Shore Line are maintained in Amtrak’s proposed intercity service plan. Also
maintained is the existing Lake Shore Limited Service, which consists of one daily round trip Long Distance
train that operates between Boston and Chicago via the Inland Route.

Existing Intercity Service To Be Expanded

Amtrak’s proposed service plan increases Acela high speed service to/from Boston by an additional four
round trips a day, for a total of 14 daily round trip Acela trains serving Boston via Providence and the Shore
Line.

Proposed New Intercity Service

Amtrak’s proposed service plan adds new intercity rail service operating via the Inland Route. Specifically,
four new round trip Regional trains operating via the Inland Route between Boston, New York and points
further south are proposed. Combined with improvements currently underway along the Springfield Line,
which serves the Connecticut River Valley from New Haven to Vermont, the Springfield Line/Inland Route
offers an opportunity to provide improved services between the cities along its corridor as well as additional
Regional service to points west of New Haven.
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In addition, 12 new round trip New England Regional trains operating between Boston and Springfield via
the Inland Route are proposed. Distinct from the proposed Inland Route Regional service to New York, the
New England Regional Service along the Inland Route would provide for an opportunity to provide
enhanced service, appropriately sized to meet the demand of the New England region, without being
required to operate the long train consists needed to meet passenger demand to/from New York Penn
Station.

Next-Generation (NextGen) High Speed Rail Program

Amtrak’s vision for next-generation (NextGen) high speed rail services for the Boston to Washington
corridor are described in Amtrak’s 4 Vision for High-Speed Rail in the Northeast Corridor (2010) and The
Amtrak Vision for the Northeast Corridor — 2012 Update Report (2012). For the purposes of advancing the
SSX project, it is assumed that the proposed NextGen service would require a new alignment with dedicated
high speed tracks (likely subsurface in tunnels) due to the capacity constraints along the existing Northeast
Corridor. Due to the extremely dense and therefore challenging land use patterns approaching Boston, the
proposed NextGen service would also likely require a dedicated Lower Level Concourse at South Station.
As such, NextGen service plans and ridership are being developed independently from the SSX project.

Intercity Ridership Projection Methodology

The following describes the methodology used to prepare the final Amtrak-approved intercity ridership
projections for the SSX project’s 2035 horizon year (provided in Exhibit B):

1. Baseline annual ridership by train was estimated. The Baseline ridership represents existing (2012)
ridership for current services that will be maintained (Shore Line Regional and Long Distance) as well
as the estimated year 2012 start-up ridership for expanded (Acela) and new proposed services (Inland
Route Regional and Inland Route New England Regional).

a. Shore Line Regional and Long Distance train Baseline ridership was estimated using FY 2012
ridership data.

b. Inland Route train ridership (Regional and New England Regional) was estimated using a service
elasticity* approach and previous Inland Route projections prepared by Amtrak. The methodology
used for Inland Route ridership projections is detailed in a subsequent section of this memorandum,
Inland Route Ridership Methodology.

c. Acela ridership was estimated using a service elasticity approach and existing FY 2012 ridership
data. The methodology used for Acela ridership projections is detailed in a subsequent section of
this memorandum, Acela Ridership Methodology.

2. Total eastbound Baseline annual ridership was adjusted to equal westbound Baseline annual ridership
for each Boston-area station (South Station, Back Bay, and Route 128). The overall difference in
directional ridership was distributed evenly amongst all eastbound trains.

3. Inorder to estimate 2035 horizon year ridership, average weekday ridership by train was estimated for
No Growth (equal to Baseline), Low Growth (145% of Baseline), and High Growth (175% of Baseline)
scenarios. The assumptions for growth percentages and days run per year are consistent with those used
in the prior (September 2013) Amtrak projections.

4 Service elasticity refers to the degree to which ridership changes in response to changes in the frequency of service offered. Service elasticity is
measured as the percentage change in ridership resulting from a one percent change in service frequency. For example, a service elasticity of 0.5
means that each one percent increase in frequency causes ridership to increase by 0.5 percent. A service elasticity of less than 1 is considered to be
inelastic because a change in service frequency causes less than a proportional change in ridership. In contrast, a service elasticity of greater than 1
is considered to be elastic, corresponding to a change in service frequency causing more than a proportional change in ridership.
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Inland Route Ridership Methodology

In 2012, AECOM prepared a ridership forecast for the New Haven to Boston corridor built around a service
plan of five round trips a day and a horizon year of 2030. Amtrak used this AECOM forecast, (with
adjustment factors to account for service frequency and horizon year changes), to prepare SSX ridership
estimates based on the September 2013 service plan, which consisted of 13 combined Inland Route
Regional/New England Regional round trips per day. The November 2013 service plan update increased
the number of combined Inland Route Regional/New England Regional trains from 13 to 16 round trips per
day. The following outlines the methodology used by the SSX team to estimate 2035 Inland Route ridership
based on the November 2013 service plan update (see Exhibit C for detailed calculations):

1. A service elasticity of 0.34° for Amtrak Regional service, based on the Amtrak travel demand model
as reported in the New Haven-Hartford-Springfield Rail Project Service Development Plan, was used
to prepare Inland Route ridership projections (see Exhibit C, Step 1).

2. Annual start-up ridership for the November 2013 operating plan, corresponding to 16 daily round trips,
was estimated using the service elasticity in Step 1 above and the SSX ridership projections previously
prepared by Amtrak in September 2013, which correspond to 13 daily round trips.® (Refer to Exhibit C,
Step 2).

3. The demand split between South Station and Back Bay was calculated using FY 2012 demand splits,
consistent with Amtrak’s September 2013 projection methodology (see Exhibit C, Step 3).

4. All trains from the November 2013 service plan were assigned to a demand curve time slot (see
Exhibit C, Step 4).

5. The Inland Route service demand curve prepared by Amtrak in September 2013 was adjusted to assign
a demand percentage to each time slot associated with a proposed train. Adjustments were
approximated based on overall demand trends from Amtrak’s September 2013 projections. (Refer to
Exhibit C, Step 5).

6. Inland Route ridership by station and train was calculated based on the estimated demand splits (Step 3)
and the adjusted demand curve (Step 5). (Refer to Exhibit C, Step 6).

Acela Ridership Methodology

Amtrak’s November 2013 service plan update increased Acela service from 10 existing round trips per day
to a proposed 14 round trips per day. The following methodology was used by the SSX team to estimate
2035 Acela ridership, corresponding to the November 2013 service plan update (see Exhibit D for
detailed calculations):

5 A service elasticity of 0.34 means that each one percent increase in frequency will cause ridership to increase by 0.34 percent.

¢ Industry research shows that ridership is more sensitive to service frequency changes in cases where prior service levels are comparatively low
(TCRP Report 95). A service elasticity of 0.34 is relatively modest (as compared to the range of train service elasticities reported in TCRP Report
95) and therefore would be most appropriate for calculations involving modest service changes. As such, the Inland Route projections for the
November 2013 service plan (16 daily round trips) were calculated using this 0.34 service elasticity with the September 2013 Amtrak projections
(13 daily round trips) as opposed to the 2013 AECOM projections (5 daily round trips).

To check the order of magnitude of the results, the service elasticity corresponding to the projected ridership increase between the 2012 AECOM
projections (93,232 annual Inland Route riders for a 5 daily round trip service) and the November 2013 projections (315,361 annual Inland Route
riders for a 16 daily round trip service) was calculated. The resulting service elasticity, equal to 1.04, is within a reasonable order of magnitude,
particularly given the very significant increase in train service.
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1. A service elasticity of 0.35” for Amtrak Acela service, based on the Amtrak travel demand model as
reported in the New Haven-Hartford-Springfield Rail Project Service Development Plan, was used to
prepare the Acela ridership projections (see Exhibit D, Step 1).

2. Annual start-up ridership by station for the November 2013 operating plan, corresponding to 14 daily
round trips, was estimated using the service elasticity in Step 1 above and existing (FY 2012) Acela
ridership data. (Refer to Exhibit D, Step 2).

3. Baseline demand distribution curves by station were approximated based on existing demand
distribution trends and proposed new service slots (see Exhibit D, Step 3).

4. Acela ridership by station and train was calculated based on the estimated ridership by station (Step 2)
and the estimated demand curves (Step 3). (Refer to Exhibit D, Step 4).

Intercity Ridership Projection Summary

The final Amtrak-approved intercity ridership projections for the SSX project 2035 horizon year are
summarized below in Table 2. By 2035, approximately 12,690 to 15,320 combined weekday boardings and
alightings are projected for South Station, Back Bay and Route 128 stations based on the Low Growth and
High Growth scenarios, respectively. Please refer to Exhibit B for detailed results.

Table 2 SSX Project 2035 Horizon Year Intercity Ridership Summary

Weekday Boardings & Alightings (Per Nov. 2013 Service Plan Update)

Baseline/No Growth

Low Growth Scenario

High Growth Scenario

South Station 5,290 7,680 9,270
Back Bay 2,020 2,920 3,530
Route 128 1,440 2,090 2,520
TOTAL 8,750 12,690 15,320

Note: Results are rounded to the nearest 10.

7 A service elasticity of 0.35 means that each one percent increase in frequency will cause ridership to increase by 0.35 percent.
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Exhibit A Amtrak Projected 2040 Horizon Year Ridership (September

2013)

Amtrak Projected 2040 Horizon Year Ridership
Summary (September 2013)

Amtrak Projected 2040 Horizon Year Ridership
Supplementary Background Materials
(September 2013)
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Amtrak 2035 Horizon Year Ridership Projections

Table A-1 Amtrak Projected 2040 Horizon Year Ridership Summary (September 2013),
Westbound/Southbound Trains

PROJECTED 2040 HORIZON-YEAR INTERCITY TRAIN USAGE
Weekday Passengers Boarding Westbound / Southbound Trains from South, Back Bay and Route 128 Stations
Constructed Weei(day Service Schedule / Frequenc, Constructed Baseline No Growth = 1 Est. LowGrowth= 145 | Est High Growth = 7,75 |
FY13 | New | Total || Train Inland Route Days Annual Weekday Ons Avg. Wkdy Ons Total Avg. Wkdy Ons Total Avg. Wkdy Ons Total
Route | Trains | Trains | Trains| | Starts| BOoS | SPG | NHV | Run [ BOS BBY RTE ao‘éj'sgg’y_ﬁ'l'r Avg. 'BEQ'EEVY_RTE' Avg. Avg.
2151 2151 HST 5:10 A 252 6,909 3,203 11,845 27 13 47 87 40 18 68 126 48 22 82 162
Inland 5501 | 5501 || NREG | 5:30A| T7:15A 262 3,729 1415 - 15 6 - 20 21 8 - 30 26 10 - 36
2153 2153 HST 6:05A 247 13,242 5,956 18,993 54 24 77 155 8 35 11 224 94 42 136 271
95 95 REG 6:10 A 252 14479 5,035 9,044 57 20 36 113 83 29 52 164 101 a5 63 198
Inland 143 143 || REG 6:30A| 8:15A| 940A| 252 7991 3,031 - 32 12 - 44 46 17 - 63 55 21 - e
2155 2155 HST T15A 252 22,141 9,877 20,540 88 39 82 209 127 57 118 302 154 69 143 365
Inland 5503 5503 | | NREG 7:30A| 9115A 252 6926 2,627 - 27 10 - 38 40 15 - 55 48 18 - 66
Shore L. 2157 | 2157 || HsT 8:15 A 252 22,909 9,830 17.241 91 39 68 198 | 132 57 99| 288| 159 68 120 47
171 171 || REG 8:20 A 252 31,015 12,001 12,752 123 48 51 221 178 69 73| 321] 215 83 89 387
Inland 5505 | 5505 || NREG B8:30A| 10:15A 252 5,860 2,223 - 23 9 - 32 34 13 - 47 41 15 - 56
2159 2159 || HST 915 A 251 23676 9,782 13,942 94 39 56| 189] 137 57 81 274| 165 68 97 330
Inland 145 145 || REG 9:30A| 11:15A| 1240P| 252 6926 2,627 - 27 10 - 38 40 15 - 55 48 18 - 66
83 83| reg 9:35 A 52 6,081 2,296 2,098 17 44 40| 201 170 64 59| 292| 205 77 71 353
93 93 9:35 A 200 21614 8488 6,791 108 42 34| 184| 157 62 49| 267| 189 74 59 323
Shore L. 2161 2161 HST 10:15 A 252 22518 9,050 11,556 89 36 46 171 130 52 66 248 156 63 80 299
Inland 5507 | 5507 10:30A| 12:15P 252 4,795 1819 - 19 7 - 26 28 10 - 38 33 13 - 46
173 173 || REG | 11:05A 262 30,040 10,190 7.075 119 40 28| 188| 173 59 a1 272] 209 7 49 329
2163 2163 || HST | 11:15A 252 21,360 8,317 9,169 85 33 3| 154 123 48 53| 224 148 58 64 270
Inland 449 449 LD 11:55A| 1:50P 260 15,349 3,939 59 15 - 74 86 2 - 108 103 27 - 130
2165 2165 1215P 246 17.346 6,739 6,172 7 27 25 123 102 40 36 178 123 48 44 215
2167 2167 1:15P 252 23,466 9,056 8,500 93 36 4 163 135 52 49 236 163 63 59 285
Inland 6513 | 5513 1:30P| 3:15P 252 5327 2,021 - 21 8 - 29 3 12 - 42 37 14 - 51
137 137 REG 140 P 252 32,640 11,904 6,686 120 47 27 203 188 68 a8 295 227 83 46 356
Shore L. 2189 2169 215P 252 26,949 10,099 8512 107 40 34 181 165 58 49 262 187 70 59 316
Inland 5515 | 5515 2:30P| 4:15P 252 7458 2,629 - 30 1" - 41 43 16 - 59 52 20 - 7
2171 2171 315P 252 30432 11,141 8,623 121 44 34 199 175 64 49 288 21 77 59 us
175 175 320P 252 40,003 14,941 5425 159 59 22 240 230 86 d| 347 278 104 38 419
Inland 147 147 3:30P| ©515P| 640P| 252 10,122 3,839 - 40 15 - 55 58 22 - 80 70 27 - 97
2173 2173 4:30P 247 29,212 11,232 6,249 118 45 25 189 171 66 37 274 207 80 44 331
Inland 5517 | 5517 4:30P| 6:15P 252 12,786 4,850 - 51 19 - 70 74 28 - 101 89 34 - 122
2175 2175 5:20P 250 25,960 10,263 427 104 41 17 162 151 60 25| 235] 182 72 30 283
177 177 5:35 P 252 58,054 23,046 4,368 230 91 17| 339] 334 133 25| 492 403 160 30 594
Inland 5597 | 5597 5:35P| 7:20P| B45P| 252 14,917 5,658 - 59 22 - 82 86 33 - 18] 104 39 - 143
Shore L. 2177 2177 6:30 P 252 23,364 9,237 3,844 93 37 15 45| 134 53 22| 210] 182 64 27 253
Inland 5519 | 5519 6:35P| 8:20P 252 11,188 4244 - 44 17 - 61 64 24 - 89 78 29 - 107
179 179 6:45 P 252 42,008 16,773 3582 167 67 14| 247] 242 97 21 359 292 116 25| 433
Inland 5521 5521 7:35P| S:20P 252 8524 3,233 - 34 13 - 47 49 19 - 68 59 22 - a2
Shore L. 2197 2197 740P 252 17.523 6,928 2,883 70 27 1" 108 101 40 17 167 122 48 20 190
67 67 || REG 9:30 P 260 21,027 5490 1,957 81 21 8| 110] 117 kil 11 159 142 37 13 192
HST 10 5 15 7 | High Speed Train 745866 285225 212,017 103 39 37| 1711 149 57 53| 248] 178 69 64 | 300
REG 9 3 12 8 | Regional Service
LD 1 - 1 1| Long Distance Service Note 1: All trains run on the Shore Line via Providence and New London unless noted in the "Route” column
NREG - 10 10 3 | New England Regional Note 2: Blue shaded trains operate on Inland Route via Framingham, Worcester, Springfield, Hartford, N. Haven
1| Spare Layover Space Note 3: Beige shaded trains with red font indicate new services on Shore Line
TOTAL [~ 20 8 38 | 20 | Total SSX Layovers
Frepafed by Amtrak NECID Department: a‘g - 6/21/13 (Revised 9/19/13)  ---- FOR PLANNING PURPOSES ONLY -
Note: BOS = South Station, BBY = Back Bay, RTE = Route 128, SPG = Springfield, NHV = New Haven.
South Station Expansion April 30, 2014
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Table A-2 Amtrak Projected 2040 Horizon Year Ridership Summary (September 2013),
Eastbound/Northbound Trains

PROJECTED 2040 HORIZON-YEAR INTERCITY TRAIN USAGE
Weekday Passengers Arriving from Eastbound / Northbound Trains at South, Back Bay and Route 128 Stations
Adjusted Weekday Service Schedule / Frequency Constructed Baseline No Growth = 1 Est. Low Growth = 1.45 | Est. High Growth = .75 |
FY13 | New | Total || Train Inland Route Days Annual Weekday Ons Avg. Wkdy Ons Total Avg. Wkdy Ons Total Avg. Wkdy Ons Total
Route | Trains | Trains | Trains|| Finish| NHV | SPG | BOS | Run |~ BOS BBY RTE ﬁﬁ%ﬂ'ﬁ' Avg. 'ﬁlﬁﬂ%ﬂ' Avg. 'R?LEE?YTTF Avg.
178 178 || REG 12:25A| 248 13,429 5506 6,210 54 22 25| 101 79 32 36| 147 95 39 441 177
Inland 5500 | 5500 6:05 Al 750A| 252 14,917 5,658 - 59 22 - 82 86 33 -| 118| 104 39 -| 143
66 66 || REG 8:00A] 252 58,126 22,571 2,549 231 90 10| 330 334 130 15| 479 404 157 18] 578
Inland 5502 | 5502 7:05A 850A] 252 13,851 5254 - 55 21 - 76 80 30 - 110 96 36 -| 133
Shore L. 2192 | 2192 9:00A| 252 22,000 7519 8,825 87 30 35| 152 127 43 51| 221 153 52 61| 266
2180 2190 10:10A| 251 24,149 9,294 4123 96 37 16| 150 140 54 24| 217| 168 65 29| 262
Inland 5580 | 5590 6:40A B8:05A| 950A| 252 10,655 4,042 - 42 16 - 58 61 23 - 85 74 28 -| 102
190 190 10:59 A 252 32,492 10421 2,978 129 41 12| 182 187 60 17| 264 | 226 72 211 318
Iniand 5504 | 5504 9:20 A 11:05A| 252 4,262 1,617 - 17 6 - 23 25 9 - 34 30 11 - 41
2150 2150 11:40 A 246 26,344 10,272 6,203 107 42 25| 174 155 61 37| 252 187 73 44| 305
Inland 140 140 8:55 A 10:20A| 12:05P| 252 7,458 2828 - 30 1 - 41 43 16 - 59 62 20 - 7
Shore L. 2152 | 2152 12:40P| 252 24,092 9,892 7,197 99 39 29| 167] 144 57 41| 242 174 69 50| 292
170 170 1253 P] 251 33,611 12,237 5,166 134 49 21| 203 194 71 30| 205| 234 85 36| 356
2154 2154 140P| 252 23,639 9411 7.540 94 37 30| 161 136 54 43| 234| 164 65 52| 282
Intand 5508 | 5508 12.00P| 145P] 252 5,327 2021 - 21 8 - 29 3 12 - 42 37 14 - 51
172 172 312P] 252 37,540 14,766 8,058 149 59 32| 240| 216 85 46 | 347| 261 103 56| 419
Shore L. 2156 | 2156 240P] 252 23,440 8,958 8,324 a3 36 33| 162 135 52 48 | 234| 163 62 58| 283
2158 2158 3:39P] 252 23,241 8405 8,457 92 33 34| 158] 134 48 49 231 161 58 59| 278
Inland 5512 | 5512 2:00P| 345P] 252 8,524 3233 - 34 13 - 47 49 19 - 68 59 22 - 82
86 86 || REG 436 P| 252 31,298 12,519 7.420 124 50 29| 203| 180 72 43 205| 217 87 52| 356
2160 2160 441P| 247 22513 8,662 9,571 91 35 39| 165| 132 51 56| 239| 160 61 68| 288
Inland 5514 | 5514 3:30P| 5:15P] 252 - - - - - - - - - - - - - - -
Shore L. 2162 | 2162 || HST 540P] 252 23277 9,212 13,364 92 37 53| 182 134 53 77| 264 162 64 93| 318
Inland 5516 | 5516 4:30P| 6:15P] 252 8,524 3,233 - 34 13 - 47 49 19 - 68 59 22 - 82
174 174 || REG 6:30P| 252 31,370 10,366 9,689 124 41 38| 204| 181 60 56| 206| 218 72 67 | 357
2164 2164 || HST 645P| 252 24,040 9,661 16,556 95 38 66| 199| 138 56 95| 289| 167 67 115] 349
Inland 144 144 || REG | 4.05P| 530P, 7:A5P| 252 8,524 3,233 - 34 13 - 47 49 19 - 68 59 22 - 82
2166 2166 || HST 739P] 252 21,397 8,253 14,557 85 33 58| 175 123 47 84| 254| 149 57 101]| 307
176 176 || REG 8:12P] 252 22,857 7469 8,730 91 30 35| 155| 132 43 50| 225| 159 52 61| 271
Inland 5518 | 5518 6:30P| 815P] 252 8,524 3233 - 34 13 - 47 49 19 - 68 59 22 - 82
2168 2168 || HST 843 P| 252 21,986 9,084 15,749 87 36 62| 186 127 52 91| 269| 153 63 109| 325
Inland 448 448 LD 9:10P| 260 15,349 4339 59 17 - 76 86 24 -| 110| 103 29 -| 133
Iniand 146 146 || REG | 6:10P| 7:35P 9:20P| 252 6,393 2425 - 25 10 - a5 37 14 - 51 44 i - 61
2170 2170 || HST 940 P] 252 19,932 8407 14,341 79 33 571 169 115 48 83| 246| 138 58 100 | 296
94 94 || REG 9:52P] 252 18,973 6,635 8,013 75 26 32| 133] 109 38 46 193] 132 46 56| 233
Inland 5520 | 5520 845P| 10:30 P} 252 3,196 1,212 - 13 5 - 17 18 i - 25 22 8 - 31
2172 2172 )| HST 10:39P| 252 17,426 7551 10,599 69 30 421 141 100 43 61| 205| 121 52 74| 247
Shore L. 2174 | 2174 || HST 11:40P| 252 11,550 6,235 7,800 46 25 kil 102 66 36 45 | 147 80 43 54| 178
HST 10 5 15 7 | High Speed Train 725127 275636 212017 96 37 35] 161 139 53 51| 233] 168 64 61| 281
REG 9 3 12 8 | Regional Service
LD 1 - 1 1| Long Distance Service Note 1: All trains run on the Shore Line via Providence and New London unless noted in the "Route” column
NREG - 10 10 3 | New England Regional Note 2: Blue shaded trains operate on Inland Route via Framingham, Worcester, Springfield, Hartford, N. Haven
1| Spare Layover Space Note 3: Beige shaded trains with red font indicate new services on Shore Line
TOTAL 20 18 36 | 20 | Total SSX Layovers Note 4: Eastbound total riders adjusted to equal westbound total riders
|Frepared by Amirak NECID Depariment- ajg - 5/21/13 (Revised 9/19/13) _-——-FOR PLANNING PURPOSES ONLY —

Note: BOS = South Station, BBY = Back Bay, RTE = Route 128, SPG = Springfield, NHV = New Haven.
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Amtrak Projected 2040 Horizon Year Ridership Supplementary Background Materials
(September 2013)

Table A-3 South Station and Back Bay Origin/Destination Ridership Forecasts for
Inland Route Start-Up Service

South Station Expansion
Alternative C1 Base Fares Project (Baseline for Sept 2013
(Assumes 5 Regional Inland Op Plan Assumes 13 Regional
Baseline RTs/Day) Inland RTs/Day)
Station Connect Connect From Headway

Pair (total) Direct | via NHV | Total Direct via NHV Total Alt C1 Factor Total
BOS FRA 0 0 0 290 0 290 290 7.00 2,032
BOS | WOR 81 0 81 460 0 460 460 7.00 3,221
BOS SPG 3,188 0| 3,188 15,048 0 | 15,048 15,048 7.00 | 105,334
BOS ENF 0 0 0 254 0 254 254 2.00 507
BOS WNL 0 0 0 1,786 0 1,786 1,786 2.00 3,572
BOS WND 0 0 0 117 0 117 117 2.00 235
BOS HFD 0 0 0 19,158 0 [ 19,158 19,158 2.00 38,316
BOS BER 0 0 0 329 0 329 329 2.00 658
BOS MDN 0 0 0 6,701 0 6,701 6,701 2.00 13,402
BOS WFD 0 0 0 266 0 266 266 2.00 533
BBY FRA 14 0 14 528 0 528 528 7.00 3,696
BBY [ WOR 54 0 54 308 0 308 308 7.00 2,154
BBY SPG 1,027 0| 1,027 4,860 0 4,860 4,860 7.00 34,019
BBY ENF 0 0 0 386 0 386 386 2.00 772
BBY WNL 0 0 0 2,701 0 2,701 2,701 2.00 5,402
BBY WND 0 0 0 178 0 178 178 2.00 357
BBY HFD 0 0 0 28,893 0 [ 28,893 28,893 2.00 57,786
BBY BER 0 0 0 499 0 499 499 2.00 998
BBY MDN 0 0 0 10,067 0 [ 10,067 10,067 2.00 20,134
BBY WFD 0 0 0 403 0 403 403 2.00 805
4,364 93,232 293,931

Source: In 2012, AECOM Inc. provided horizon-year 2030 forecasts for ALT C-1. Amtrak provided train schedule Alternative C1.
Note: BOS and BBY volumes combined as intercity model does not discriminate between the two.

Table A-4  Assignment of Inland Route Ridership to South Station and Back Bay
Stations — Using Current BOS/BBY Demand Split

FY’12 Actuals

BOS 526,054 72.5%
BBY 199,668 27.5%
Shore Line 725,722

Future Allocation

BOS 213,100 72.5%
BBY 80,831 27.5%
Inland Rte 293,931

Note: BOS = South Station, BBY = Back Bay

South Station Expansion April 30, 2014
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Amtrak Projected 2040 Horizon Year Ridership Supplementary Background Materials

Distribution of Westbound Inland Route Riders by Time of Day

Con’t.
Table A-5
(September 2013)
Using Current NEC Ridership Demand Curve
FY'12 Time Slot BOS  Percent
Actuals 4a -6a 6909 1.4%
Boarding 6a -8a 49862 9.8%
Trains 8a-10a 82386 16.1%
(WB) 10a-12p 51400 10.1%
12p -2p 73452 14.4%
2p-4p 70435  13.8%
4p -6p 113226 22.2%
6p -8p 42008 8.2%
8p -10p 21027 4.1%
Shore Line 510705

Time periods with no value in

them do not contain train

departures for the respective

period.

Future
Allocation

Boarding
Trains

(WB)

Using High Frequency Inland Rt Service Demand Curve
Time Slot Percent BOS BBY Train No.
4a- 5a 0.0% - -
Sa - 6a 3.5% 3,729 1,415 5501
B6a-7a 7.5% 7,991 3,031 143
7a-8a 6.5% 6,926 2,627 5503
8a- %a 5.5% 5,860 2,223 5505
9a-10a 6.5% 6,926 2,627 145
10a -11a 4.5% 4,795 1,819 5507
11a-12p 0.0% - -
12p-1p 0.0% - -
1p-2p 5.0% 5,327 2,021 5513
2p-3p 7.0% 7,458 2,829 5515
3p-4p 9.5% 10,122 3,839 147
4p - 5p 12.0% 12,786 4,850 5517
5p- 6p 14.0% 14,917 5,658 5597
6p-7p 10.5% 11,188 4,244 5519
7p- 8p 8.0% 8,524 3,233 5521
8p-9p 0.0% - -
9p-10p 0.0% - -
10p -11p 0.0% = 5
11p-12a 0.0% - -
100.0% 106,550 40,416

Inland Rte (One half of trips)

Note: BOS = South Station, BBY = Back Bay.

Table A-6  Distribution of Eastbound Inland Route Riders by Time of Day
(September 2013)
Using Current NEC Ridership Demand Curve Using High Frequency Inland Rt Service Demand Curve
FY'12 Time Slot BOS  Percent Future Time Slot Percent BOS BBY Train No.
Actuals 7a-9a 58126 11.4% Allocation  4a - 5a 0.0% - -
Arriving  9a-11a 56641 11.1% Arriving  5a- 6a 0.0% -
Trains  11a-1p 59955 11.7% Trains Ba-7a 0.0% - -
(EB) 1p -3p 61179 12.0% (EB) 7a-8a 14.0% 14917 5,658 5500
3p -5p 77052 15.1% 8a- 9a 13.0% 13,851 5,254 5502
5p -7p 55410 10.8% 9a -10a 10.0% 10,655 4,042 5590
7p -9p 57277 11.2% 10a -11a 4.0% 4,262 1,617 5504
9p-11p 56331 11.0% 11a-12p 7.0% 7,458 2,829 140
11p-1a 13429 2.6% 12p-1p 0.0% - -
Shore Line 495400 1p-2p 5.0% 5327 2,021 5508
2p-3p 0.0% - -
3p-4p 8.0% 8,524 3,233 5512
4p - 5p 0.0% - -
5p - 6p 8.0% 8,524 3,233 5514
Time periods with no value in 6p-7p 9.0% 9,589 3,637 5516
them do not contain train arrivals 7p-8p 8.0% 8,524 3,233 144
for the respective period. 8p-9p 5.0% 5,327 2,021 5518
9p-10p 6.0% 6,393 2,425 146
10p-11p 3.0% 3,196 1,212 5520
11p-12a 0.0% - -
Inland Rte (One half of trips) 100.0% 106,550 40,416
Note: BOS = South Station, BBY = Back Bay.
South Station Expansion April 30, 2014
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Exhibit B Amtrak-Approved SSX Project 2035 Horizon Year
Ridership Summary (November 2013 Update)
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Table B-1

Westbound/Southbound Trains

Amtrak-Approved SSX Project 2035 Horizon Year Ridership Summary (November 2013 Update),

PROJECTED 2035 HORIZON-YEAR INTERCITY TRAIN USAGE
Weekday Passengels Boarding Westbound / Southbound Trains from South, Back Bay and Route 128 Stations —
Adjusted Weekday Service Schedule / Frequency FY '12 Constructed Baseline 2035 Low Growth = 1.45 2035 High Growth = 1.75 Baseline/No Growth = 1 2035 Est Low Growth = 1.45 | 2035 Est High Growth= 175
FY13 | New [ 11713 Op Plan || Train Depart Days Annual Weekday Ons Annual Weekday Ons Annual Weekday Ons Avg. Wkdy Ons Total Avg. Wkdy Ons Total Avg. Wkdy Ons Total
Route | Trains | Trains Train # BOS Run BOS BBY RTE BOS BBY RTE BOS BBY RTE BOS BBY RTE | Avg. | BOS BBY RTE | Avg. BOS BBY RTE | Avg.
2151 3151 HST 510 A 252 7,207 3,366 13,377 10,450 4,880 19,367 12,612 5,890 23,410 29 13 5-3 95 41 18 7 138 50 23 a3 186
Inland 5501 5501 NREG 5:30 A 252 4,001 1518 = 5,802 2,201 o 7,002 2,656 B 18 8 o 22 23 9 = 32 28 " = 38
95 85 REG 6:05 A 252 14,478 5,035 9,044 20,995 7,301 13,114 25,338 8811 15,827 57 20 36 113 83 29 52 164 101 35 63 198
2153 3153 HST 610 A 247 10,810 6,251 16,417 15675 8,084 23,805 18,918 10,939 28,730 44 25 66 136 83 37 86 197 7 44 118 237
Inland 143 143 REG 6:10 A 252 8574 3,252 = 12,432 4,718 ) 15,004 5,691 s 34 13 = 47 48 19 = 68 60 23 o 82
21585 31565 HST 7:10 A 252 14,414 7,693 17,633 20,900 11,158 25560 25224 13,463 30,859 57 3 70 158 83 44 101 229 100 53 122 276
Inland 5503 5503 | | NREG 70 A 252 7,431 2818 = 10,775 4,087 = 13,004 4932 = 29 1 E 41 43 16 & 59 52 20 B 71
Shore L. 3157 3167 || HsT 810 4 252 16,816 8174 14,503 24,383 11,852 21,160 29,428 14,305 25,528 67 32 58 157 97 47 a4 228 17 57 101 275
171 171 REG 810 A 252 31015 12,001 12,752 44,972 17,401 18,480 54,276 21,002 22316 123 48 51 221 178 69 73 321 215 83 -} 387
Infand 5505 5505 || NREG 8:10A 252 6,288 2,385 - 8117 3458 = 11,003 4174 ) 25 8 = 34 36 14 “ 50 44 17 = 60
2158 3159 HST 910 A 251 18,017 7,693 11,553 26,125 11,155 16,752 31,530 13,463 20,218 72 3 46 148 104 44 87 215 126 54 81 260
Inland 5507 5507 | | NREG 910 A 252 5,144 1,951 - 7,459 2,829 - 9,003 3415 - 20 8 - 28 30 " - 41 36 14 - 49
a3 a3 REG 9:30 A 52 6,081 2,206 2,008 8817 3320 3,042 10,642 4,018 3672 T 44 40 201 170 64 58 202 205 77 71 353
23 23 930 A 200 21614 8,488 6,791 31340 12,308 9,847 37,825 14,854 11,884 108 42 34 184 157 62 49 267 189 74 59 323
Inland 145 145 REG 10:10 A 252 4,001 1,518 = 5,802 2,201 = 7,002 2,656 2 18 6 = 22 23 B = 32 28 11 = 38
Shore L 3181 3161 HST 10:10 A 252 16,818 8,732 8,513 24,383 8,781 12,343 29,428 11,780 14,887 &7 2 34 127 o7 38 49 184 "7 47 59 223
2163 3163 HST 11:10 A 252 14,414 5,289 6,081 20,900 7,669 8,817 25,224 9,256 10,641 57 21 24 102 83 30 35 148 100 37 42 179
Inland 5513 5513 | | NREG 11:10 & 252 3,430 1,301 - 4973 1,886 s 6,002 2,277 = 14 5 = 19 20 7 ” 27 24 8 » 33
Inland 448 449 LD 11:55 A 260 15,349 3,939 = 22,256 5712 < 26,861 6,893 = 58 15 = 74 86 2 ] 108 103 27 = 130
173 173 REG 12:00 P 252 30,040 10,180 7,075 43,558 14,776 10,250 52,570 17,833 12,381 118 40 28 188 173 58 41 272 208 7 49 329
2185 3185 HST 12:10 P 248 12,011 3,847 3,648 17,416 5578 5,280 21,020 8,732 6,385 49 18 15 79 71 23 22 115 85 27 28 139
Intand 5517 5517 | | NREG 1:10P 252 5716 2,168 = 8,288 3,144 =) 10,003 3794 < 23 8 = ki) 33 12 & 45 40 15 = 55
2167 3167 HST 1:10 P 252 16,818 6,251 5,081 24,383 8,084 8817 29,428 10,939 10,641 67 25 24 116 97 36 35 168 117 43 42 202
137 137 REG 1:30 P 252 32640 11,904 6,688 47328 17,261 9,685 57,120 20,832 11,701 130 47 27 203 188 B8 38 205 227 83 46 356
Shore L 3169 3169 HST Z:10 P| 252 21,620 7.693 6,689 31,349 .188 9,698 37,836 13,463 11,706 86 3 27 143 124 44 38 207 150 83 46 250
Inland 5519 5519 || NREG 2:10 P 252 8,002 3,035 - 11,603 4,401 - 14,004 5312 - 32 12 - 44 46 17 - 64 56 21 - 7
2171 37 HST 310 P 252 26,425 8,655 6,081 38,316 12,550 8,817 46,244 15,146 10,641 105 34 24 163 152 50 35 237 184 60 42 286
Inland 5521 5521 NREG 210 P 252 10,860 4,119 = 15,747 5973 — 19,005 7.200 = 43 186 = 50 62 24 = 86 75 28 < 104
175 175 REG 33I5P 252 40,003 14,941 5425 58,004 21,664 7,866 70,005 26,147 9,494 159 59 22 240 230 88 3 347 278 104 38 418
Inland 147 147 REG 3:55 P| 252 13,147 4,987 - 19,063 7,231 3 23,007 8727 = 52 20 < 72 76 29 = 104 91 35 g 126
2173 3173 HST 4:10 P 247 25,224 9,136 4,864 36,574 13,247 7,053 44,142 15,988 8513 102 37 20 159 148 54 22 230 179 685 34 278
Infand 5525 5525 | | NREG 5:10 P 252 14,861 5,837 - 21,549 8,174 - 26,007 8,865 - 59 22 = 81 -} 32 - 118 103 39 = 142
2193 3175 HST 5:20 P 250 21,820 8,655 3,648 31349 12,550 5,200 37,838 15,146 6,385 86 a5 15 136 125 50 21 197 151 81 26 237
177 177 REG 540 P 252 58,054 23,046 4,368 84,178 33417 6,324 101,585 40331 7,644 230 o1 17 339 334 133 25 492 403 160 30 504
Inland 5527 5527 || NREG 6:10 P 252 8717 3,688 = 14,090 5,344 = 17.005 6,450 = 39 15 = 53 56 21 = 77 67 26 5 83
Shore L 3197 3167 HST 8:20 P| 252 18,017 8,732 2,432 28,125 9781 3,527 31,530 11,780 4,256 Eal 27 10 108 104 38 14 158 125 47 17 189
Inland 149 149 REG 710 P 252 5716 2,168 o 8,288 3,144 ~ 10,003 3794 = 23 9 = 31 23 12 = 45 40 15 ] 55
178 179 REG T:15 P 252 42,008 16,773 3,682 60,912 24,321 5,184 73,514 29,353 6,269 167 87 14 247 242 a7 21 359 292 118 25 433
Inland 5531 5531 NREG 810 P 252 4,001 1518 & 5,802 2,201 = 7.002 28656 = 16 ] = 22 23 8 5 32 28 1" -] 38
Inland 6533 6533 | | NREG 9:10 P| 252 3,430 1,301 < 4,973 1,886 = 6,002 2277 = 14 5 = 19 20 7 = 27 24 8 = 33
67 67 REG 9:30 P! 2_60 21‘0_27 5.490 1,857 30,489 7,961 2,838 36,797 9,608 3,425 81 21 8 110 117 31 11 159 142 37 13 19_2
HST 10 4 14 High Speed Train 666,854 253631 181388 966,939 367,765 263013 | 1,166,995 443854 317429 2,645 1,007 721| 4373 3835 1460 1045| 6340] 4629 1762 1261] 7,652
REG 9 4 13 Regional Service
LD 1 - 1 Long Distance Service Note 1: All frains run on the Shore Line via Providence and New London unless noted in the "Route" column
NREG - 12 12 New England Regional Note 2: Blue shaded trains operate on Inland Route via Framingham, Worcester, Springfield. Hartford, N. Haven
Note 3. Beige shaded trains with red font indicate new services on Shore Line
TOTAL 20 20 40
Frepared y SSX Team: cd - 2/4/14  -—— FOR PLANNING PURPOSES ONLY ——
Note: BOS = South Station, BBY = Back Bay, RTE = Route 128.
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Amtrak 2035 Horizon Year Ridership Projections

Table B-2

Amtrak-Approved SSX Project 2035 Horizon Year Ridership Summary (November 2013 Update),

Eastbound/Northbound Trains

PROJECTED 2035 HORIZON-YEAR INTERCITY TRAIN USAGE
Weekday Passengers Arriving from Eastbound / Northbound Trains at South, Back Bay and Route 128 Stations |
Ad£s|ed Weekday Service — Schedi\el Freguency FY 12 Constructed Baseline 2035 Low Grgwth = 1.45 2035 High Grgwih = 1.75 Baseline/No Growth = 1 2035 Est. Low Growth = 1.45 | 2035 Est. High Growth = 1.75
FY13 | New | 11/13 Op Plan Train Arrive Days Annual Weekday Offs Annual Weekday Offs Annual Weekday Offs Avg. Wkdy Offs Total Avg. Wkdy Offs Total Avg. Wkdy Offs Total
Route | Trains | Trains Train # BOS Run BOS BBY RTE BOS BBY RTE BOS BBY RTE BOS BBY RTE Avg. BOS BBY RTE Avg. | BOS BBY RTE Avg.
178 178 REG 12:03 A 248 13,630 5,404 6,268 19,764 7.836 9,089 23,853 9,458 10,970 55 22 25 102 80 32 37 148 96 38 44 179
Inland 5500 5500 || NREG 7:53 A 252 16,206 6,500 - 23,499 9438 - 28,360 11,391 - 64 26 - 50 a3 37 - 131 13 45 - 158
86 66 REG 8:00 A 252 58,327 21,609 2,807 84,575 31,333 3781 102,073 37,818 4,583 il 868 10 328 336 124 15 475 405 150 13 573
Inland 5502 5502 | | NREG 853A 252 15,063 8,075 . 21,841 8,809 = 26,360 10,832 = 60 24 = 84 87 35 = 122 105 42 = 147
2190 3190 HST 9:51 A 251 16,566 6,518 3,298 24,020 9,451 4,782 28,980 11,407 5771 66 26 13 105 96 38 19 152 115 45 23 184
Inland 5504 5604 | | NREG 9:53 A 252 11,633 4,775 = 16,868 6,923 = 20,358 8,355 = 46 19 = 85 67 2 B 84 5 33 = 114
Shore L. 3182 3102 HST 10:36 A 252 17,825 6,986 3,881 25846 10,130 5627 31,183 12,225 6,791 71 28 16 114 103 40 2 165 124 49 7 198
Inland 140 140 REG 10:58 A 252 7,061 3,040 - 10,238 4,408 - 12,356 5,320 - 28 12 - 40 41 17 58 49 21 - 70
190 190 || RrES 1116 A 252 32,693 10,359 30368 47405 15,021 4,408 57,213 18,120 5314 130 41 12 183 188 60 17 265 227 TE 21 320
2150 3150 HST 1135 A 246 19,083 7.454 4,464) 27,671 10,808 6,472 33,396 13,044 7.812 78 30 18 126 112 44 26 183 136 53 32 221
Infand 5506 5506 | | NREG 1203 P 252 5917 2,606 < 8,580 3779 = 10,355 4561 o 23 10 B 34 34 15 = 49 41 18 = 58
Shaore L. 3152 3152 HST 12:35 P 252 17,825 6,986 5,047 25846 10,130 7.318 31,183 12,225 8,832 71 28 20 118 103 40 29 172 124 49 B 207
170 170 REG 12:51 P 251 33,812 12,175 5,224 49,028 17,654 7,575 50,172 21,307 9,143 135 49 21 204 195 70 30 206 238 85 6 357
Inland 5508 5508 | | NREG 103 P 252 4,203 1,856 - 8,004 2836 - 7,354 3.423 - 17 8 - 24 24 " - 35 29 14 - 43
2154 3154 HST 135 P 252 16,566 6,518 5,6304 24,020 9.451 8,163 28,980 11,407 9.852 66 26 22 114 95 38 32 165 115 45 39 199
Iniand 142 142 REG 223P 252 5917 2,806 & 8,580 3,779 = 10,355 4,561 = 23 10 #: 34 34 15 = 49 41 18 = 59
Shore L. 3156 3186 || HsT 235 P 252 16,566 6,051 6213 24020 8773 9,008 28,990 10,589 10,872 66 24 25 114 95 35 36 166 115 42 43 200
172 172 || REG 251 P 252 37,741 14,704 811688 54725 21,321 11,769 66,047 25,733 14,204 150 58 32 240 217 85 47 348 262 102 56 421
2158 3158 || HST 3:35 P 252 16,566 6,051 6795 24,020 8773 8,853 28,980 10,589 11,892 66 24 27 17 95 35 39 169 115 42 a7 204
Inland 5512 5512 | | NREG 403 P 252 7,061 3,040 - 10,238 4,408 - 12,356 5,320 - 28 12 - 40 41 17 - 58 49 21 - 70
2160 3160 HST 435 P 247 16,566 6,051 7,961 24020 8773 11,544 28,990 10,589 13,932 87 24 32 124 a7 36 47 180 117 43 56 217
86 86 REG 4:41 P 252 31,499 12,457 7,503 45674 18,063 10,880 56,124 21,800 13,131 125 49 30 204 181 72 43 206 218 87 52 357
Inland 5514 5514 | | NREG 523 P 252 8,204 3474 = 11,895 5037 = 14,356 6.079 = 33 14 B 46 47 20 I 67 57 24 = 81
Shore L. 3162 3162 HST §:35P 252 17,825 6,518 9,127} 25846 9,451 13,234 31,183 11,407 15,972 71 26 36 133 103 38 53 193 124 45 83 232
174 174 REG 5:51 P 252 31,571 10,304 9.772 45,779 14.941 14,170 55,250 18,033 17,102 125 41 39 205 182 59 56 207 219 72 68 359
Inland 5516 5516 | | NREG 623 P 252 9,918 4,124 = 14,382 5,980 - 17,357 7217 - 39 16 - 56 57 24 = 81 69 29 - 98
2164 3164 HST 635 P 252 19,083 7,454 12.042 27.671 10,808 17,460 33,396 13,044 21,073 76 30 48 153 110 43 69 222 133 52 &4 268
Inland 5518 5518 || NREG 703 P 252 4,774 2173 - 6,923 3151 - 8,355 3,802 - 19 9 - 28 27 13 - 40 33 15 - 48
Inland 144 144 || REG 727 P 252 4,774 2,173 - 8923 3,151 - 8,355 3,802 - 19 9 - 28 27 13 - 40 33 15 - 48
2166 3166 || HST 7:35P 252 20,342 7,921 14,956 29,496 11,486 21,687 35,599 13,862 26,173 81 31 59 172 17 46 86 249 141 55 104 300
176 176 || REG 7:49 P 252 23,058 7,407 8,813 33,435 10741 12,779 40,352 12,963 15,423 92 29 35 156 133 43 51 226 160 51 61 273
Inland 5520 5520 | | NREG 8:03 P 252 5917 2,606 i 8,580 3779 = 10,355 4,561 = 23 10 = 34 34 15 = 49 “1 18 = 5@
2168 3168 HST 8:35 P 252 20,342 8,389 16,539 29,496 12,164 22,532 36,5689 14.681 27,193 a1 33 62 176 117 48 a9 255 141 58 108 307
Inland 448 448 LD 9:10 P| 260 13,224 2,587 = 19,175 3752 = 23,143 4.528 = 51 10 B 61 74 14 E 88 89 17 106
Inland 5522 5522 | | NREG 9:18 P 252 3,631 1,739 - 5,265 2522 - 6,354 3.044 - 14 %, - 21 21 10 - 3] 25 12 - 37
2170 3170 HST 935 P 252 20,342 8,389 15,539 29,496 12,164 22,532 35,509 14.881 27,193 a1 33 62 178 "7 48 89 255 141 58 108 307
94 94 REG 943 P 252 19,174 6,573 8,006 27,803 9531 11,740 33,555 11.503 14,169 76 26 32 134 110 38 47 195 133 48 56 235
Inland 146 146 REG 946 P 252 3,631 1,739 E 5,265 2522 5 6,354 3,044 = 14 7 = 21 21 10 5 3 25 12 & 37
2172 3172|| HsT 10:35 P 252 19,083 8,389 11,458 27,671 12,164 18,615 33,396 14,681 20,053 76 33 45 154 110 48 66 224 133 58 270
Inland 5524 5524 || NREG 10:53 P 252 3,631 1,739 - 5,265 2522 - 8,354 3,044 - 14 7 - 21 21 10 - 31 25 12 - 37
HST 10 4 14 High Speed Train 666,854 253631 181,388 ) 966938 367.765 263013 ] 1.166,994 443854 317.420|] 2648 1008 721 | 4379) 3842 1462 1.046| 6349) 4637 1764 1.262| 7663
REG 9 4 13 Regional Service
LD 1 % 1 Long Distance Service Note 1: All trains run on the Shore Line via Providence and New London unless noted in the "Route” column
NREG B 12 12 New England Regional  Note 2: Blue shaded trains operate on Inland Route via Framingham, Worcester, Springfield, Hartford, N. Haven
Note 3: Beige shaded trains with red font indicate new services on Shore Line
TOTAL 20 20 40 Note 4: Eastbound constructed baseline total riders adjusted to equal westbound total riders BOS= 201 BBY= 438 RTE= 383
| pared by SSX Team: cd - 2/4/14 - FOR PLANNING F‘URPOSE_S ONLY -—
Note: BOS = South Station, BBY = Back Bay, RTE = Route 128.
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Amtrak 2035 Horizon Year Ridership Projections

Exhibit C Inland Route Ridership Calculations
(November 2013 Update)
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Amtrak 2035 Horizon Year Ridership Projections

Inland Route Ridership Calculations (November 2013 Update)

1.

Assume Inland Regional service elasticity equals 0.34, based on the Amtrak travel demand
model as reported in the New Haven-Hartford-Springfield Rail Project Service Development
Plan for Amtrak Regional service (March 2011).

Calculate estimated start-up ridership for the proposed operating plan (November 2013
Update) with increased Inland Regional service from 13 to 16 round trips a day, based on the
elasticity in Step 1 and previously prepared Amtrak ridership projection for SSX
(September 2013). Midpoint Arc Elasticity (h) = (Q2-Q1)(F1+F2) / (F2-F1)(Q1+Q2)

Ridership 1 Ridership 2 Frequency 1 (RTs) Frequency 2 (RTs) Service Elasticity
293,931 315,361 13 16 0.34

Calculate the South Station/Back Bay (BOS/BBY) demand split using FY 2012 actual
percentage splits. (Amtrak's September 2013 ridership projections were also based on FY 2012
actual splits.)

Assignment of Inland Route Ridership to BOS and BBY stations

Using Current BOS / BBY Demand Split

BOS 72.5% 228,637

BBY 27.5% 86,724
Inland Rte 315,361

Assign trains from the operating plan (November 2013 Update) to time slots. Please refer to
the "Time Slot" and "Train No." columns in Tables C-1 and C-2.

Adjust the previously prepared Inland Route service demand curves (September 2013, see
Tables A-5 and A-6 in Exhibit A) as necessary to assign demand percentages to all time periods
associated with train departures/arrivals. Demand percentage adjustments are indicated in bold
in the "Percent" column of Tables C-1 and C-2.

6. Calculate ridership by train based on the demand splits (Step 3) and the adjusted demand curves
(Step 5). Westbound and eastbound ridership results by train are calculated below in
Tables C-1 and C-2.

South Station Expansion April 30, 2014
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Amtrak 2035 Horizon Year Ridership Projections

Inland Route Ridership Calculations (November 2013 Update) Con’t.

Table C-1 Distribution of Westbound Inland Route Riders by Time of Day
(November 2013 Update)

Future Time Slot Percent BOS BBY Train No.
Allocation 4a - 5a 0.0%
Boarding 5a - 6a 3.5% 4,001 1,518 5501
Trains 6a-7a 7.5% 8,574 3,252 143
(WB) 7a-8a 6.5% 7,431 2,819 5503
8a- 9a 5.5% 6,288 2,385 5505
9a -10a 4.5% 5,144 1,951 5507
10a -11a 3.5% 4,001 1,518 145
11a-12p 3.0% 3,430 1,301 5513
12p - 1p 0.0%
1p-2p 5.0% 5,716 2,168 5517
2p-3p 7.0% 8,002 3,035 5519
3p-4p 9.5% 10,860 4,119 5521
4p - 5p 11.5% 13,147 4,987 147
5p - 6p 13.0% 14,861 5,637 5525
6p - 7p 8.5% 9,717 3,686 5527
7p-8p 5.0% 5,716 2,168 149
8p-9p 3.5% 4,001 1,518 5531
9p-10p 3.0% 3,430 1,301 5533
10p -11p 0.0%
11p-12a 0.0%
Inland Rte (One
half of trips) 100.0% 114,318 43,362

Note: BOS = South Station, BBY = Back Bay. Demand percentage adjustments are indicated in bold in the "Percent" column.

Table C-2 Distribution of Eastbound Inland Route Riders by Time of Day
(November 2013 Update)

Future Time Slot Percent BOS BBY Train No.
Allocation 4a - 5a 0.0%
Arriving 5a - ba 0.0%
Trains 6a-7a 0.0%
(EB) 7a-8a 14.0% 16,005 6,071 5500
8a- 9a 13.0% 14,861 5,637 5502
9a -10a 10.0% 11,432 4,336 5504
10a -11a 6.0% 6,859 2,602 140
11a -12p 0.0%
12p-1p 5.0% 5716 2,168 5506
1p-2p 3.5% 4.001 1,518 5508
2p-3p 5.0% 5716 2,168 142
3p-4p 0.0%
4p - 5p 6.0% 6,859 2,602 5512
5p - 6p 7.0% 8,002 3,035 5514
6p-7p 8.5% 9,717 3,686 5516
7p - 7:30p 4.0% 4573 1,734 5518
7:30p - 8p 4.0% 4573 1,734 144
8p-9p 5.0% 5716 2,168 5520
9p -9:30p 3.0% 3.430 1,301 5522
9:30p - 10p 3.0% 3.430 1,301 146
10p-11p 3.0% 3.430 1,301 5524
11p-12a 0.0%
Inland Rte (One
half of trips) 100.0% 114,318 43,362

Note: BOS = South Station, BBY = Back Bay. Demand percentage adjustments are indicated in bold in the "Percent" column.
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Exhibit D Acela Ridership Calculations
(November 2013 Update)
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Amtrak 2035 Horizon Year Ridership Projections

Acela Ridership Calculations (November 2013 Update)

1. Assume Acela service elasticity equals 0.35, based on the Amtrak travel demand model as reported in the New Haven-Hartford-
Springfield Rail Project Service Development Plan for Amtrak Acela service (March 2011).

2. Calculate total Baseline Acela ridership by station for the proposed operating plan (November 2013 Update) with increased Acela
service from 10 to 14 roundtrips a day, based on the elasticity in Step 1 and FY 2012 Acela ridership. Midpoint Arc Elasticity (h) =

(Q2-Q1)(F1+F2) / (F2-F1)(Q1+Q2)

Baseline Acela Ridership at South Station (Westbound)
Ridership 1 Ridership 2 | Frequency 1 | Frequency 2 | Service Elasticity
213,744 240,226 10 14 0.35

Baseline Acela Ridership at South Station (Eastbound)
Ridership 1 Ridership 2 | Frequency 1 | Frequency 2 | Service Elasticity
224,007 251,760 10 14 0.35

Baseline Acela Ridership at Back Bay (Westbound)
Ridership 1 Ridership 2 | Frequency 1 | Frequency 2 | Service Elasticity
85,565 96,166 10 14 0.35

Baseline Acela Ridership at Back Bay (Eastbound)
Ridership 1 Ridership 2 | Frequency 1 | Frequency 2 | Service Elasticity
83,227 93,538 10 14 0.35

Baseline Acela Ridership at Route 128 (Westbound)
Ridership 1 Ridership 2 | Frequency 1 | Frequency 2 | Service Elasticity
108,204 121,610 10 14 0.35

Baseline Acela Ridership at Route 128 (Eastbound)
Ridership 1 Ridership 2 | Frequency 1 | Frequency 2 | Service Elasticity
103,731 116,583 10 14 0.35

3. Estimate the proposed Baseline demand distribution by station based on existing demand distribution trends and proposed new
service slots. Refer to the "Existing Demand Distribution" and "Proposed Baseline Demand Distribution" columns in Tables D-1
and D-2.
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4. Calculate projected ridership by train based on the total ridership by station (Step 2) and the estimated demand distributions (Step
3). Westbound and eastbound ridership results by train are calculated in the "Estimated Baseline Ridership - All Trains" columns in
Tables D-1 and D-2.

Table D-1 Ridership and Demand Distribution for Westbound Acela Riders by Train (November 2013 Update)

Existing (FY 2012) Demand Proposed Baseline Demand Estimated Baseline Ridership
11/13 Op Existing (FY 2012) Ridership Distribution Distribution All Trains

Plan Train # BOS BBY RTE BOS BBY RTE BOS BBY RTE BOS BBY RTE
3151 6,909 3,203 11,845 3.2% 3.7% 10.9% 3.0% 3.5% 11.0% 7,207 3,366 13,377

3153 13,242 5,955 18,993 6.2% 7.0% 17.6% 4.5% 6.5% 13.5% 10,810 6,251 16,417

3155 22,141 9,877 20,540 10.4% 11.5% 19.0% 6.0% 8.0% 14.5% 14,414 7,693 17,633

3157 - - - - - - 7.0% 8.5% 12.0% 16,816 8,174 14,593

3159 23,676 9,782 13,942 11.1% 11.4% 12.9% 7.5% 8.0% 9.5% 18,017 7,693 11,553

3161 - - - - - - 7.0% 7.0% 7.0% 16,816 6,732 8,513

3163 21,360 8,317 9,169 10.0% 9.7% 8.5% 6.0% 5.5% 5.0% 14,414 5,289 6,081

3165 17,346 6,739 6,172 8.1% 7.9% 5.7% 5.0% 4.0% 3.0% 12,011 3,847 3,648

3167 23,466 9,056 8,500 11.0% 10.6% 7.9% 7.0% 6.5% 5.0% 16,816 6,251 6,081

3169 - - - - - - 9.0% 8.0% 5.5% 21,620 7,693 6,689

3171 30,432 11,141 8,523 14.2% 13.0% 7.9% 11.0% 9.0% 5.0% 26,425 8,655 6,081

3173 29,212 11,232 6,249 13.7% 13.1% 5.8% 10.5% 9.5% 4.0% 25,224 9,136 4,864

3175 25,960 10,263 4,271 12.1% 12.0% 3.9% 9.0% 9.0% 3.0% 21,620 8,655 3,648

3197 - - - - - - 7.5% 7.0% 2.0% 18,017 6,732 2,432
SUM 213,744 85,565 108,204 100.0% 100.0% 100.0% 100.0% 100.0% 100.0% 240,226 96,166 121,610

Note: BOS = South Station, BBY = Back Bay, RTE = Route 128.
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Table D-2 Ridership and Demand Distribution for Eastbound Acela Riders by Train (November 2013 Update)
Existing (FY 2012) Demand Proposed Baseline Demand Estimated Baseline Ridership
11/13 Op Existing (FY 2012) Ridership Distribution Distribution All Trains
Plan Train # BOS BBY RTE BOS BBY RTE BOS BBY RTE BOS BBY RTE
3190 24,149 8,794 3,798 10.8% 10.6% 3.7% 6.5% 6.5% 2.5% 16,364 6,080 2,915
3192 - - - - - - 7.0% 7.0% 3.0% 17,623 6,548 3,497
3150 26,344 9,772 5,878 11.8% 11.7% 5.7% 7.5% 7.5% 3.5% 18,882 7,015 4,080
3152 - - - - - - 7.0% 7.0% 4.0% 17,623 6,548 4,663
3154 23,639 8,911 7,215 10.6% 10.7% 7.0% 6.5% 6.5% 4.5% 16,364 6,080 5,246
3156 - - - - - - 6.5% 6.0% 5.0% 16,364 5,612 5,829
3158 23,241 7,905 8,147 10.4% 9.5% 7.9% 6.5% 6.0% 5.5% 16,364 5,612 6,412
3160 22,513 8,162 9,271 10.1% 9.8% 8.9% 6.5% 6.0% 6.5% 16,364 5,612 7,578
3162 - - - - - - 7.0% 6.5% 7.5% 17,623 6,080 8,744
3164 24,040 9,161 16,256 10.7% 11.0% 15.7% 7.5% 7.5% 10.0% 18,882 7,015 11,658
3166 21,397 7,753 14,257 9.6% 9.3% 13.7% 8.0% 8.0% 12.5% 20,141 7,483 14,573
3168 21,326 7,811 14,569 9.5% 9.4% 14.0% 8.0% 8.5% 13.0% 20,141 7,951 15,156
3170 19,932 7,907 14,041 8.9% 9.5% 13.5% 8.0% 8.5% 13.0% 20,141 7,951 15,156
3172 17,426 7,051 10,299 7.8% 8.5% 9.9% 7.5% 8.5% 9.5% 18,882 7,951 11,075
SUM 224,007 83,227 103,731 100.0% 100.0% 100.0% 100.0% 100.0% 100.0% 251,760 93,538 116,583
Note: BOS = South Station, BBY = Back Bay, RTE = Route 128.
South Station Expansion April 30, 2014
Massachusetts Department of Transportation Page 25
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Attachment H Transportation Analysis Zone (TAZ) Subareas
Surrounding South Station
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Attachment| 2025 Opening Year Ridership Interpolation
Methodology
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CTPS CENTRAL TRANSPORTATION PLANNING STAFF

Staff to the Boston Region Metropolitan Planning Organization

MEMORANDUM

DATE December 3, 2013

TO Matt Ciborowski, MassDOT
Kristine Wickham-Zimmerman, Joseph Wanat, and Caroline Ducas, VHB

FROM Bruce Kaplan and Ying Bao
CTPS Staff

RE Methodology for Interpolating Modeling Results for Year 2025

In lieu of performing model runs for the year 2025 for the South Station
Expansion project, CTPS was requested to suggest a methodology for using
the existing model outputs from the base year (2009/2010) model run and 2035
model runs to derive forecasts for 2025.

The future year 2025 roadway and transit networks are relatively similar to
those in the 2035 horizon year, thus no major discrepancies between the 2035
results and any 2025 results are anticipated as a result of network changes. All
of the MPO'’s programmed transit projects (including South Coast Rail) and the
majority of programmed roadway projects are scheduled to be completed by
2025. Only four programmed highway projects (listed below) are scheduled to
be completed between 2025 and 2035. However, none of them are located in
the immediate South Station study area.

. Route 126/Route 135 Grade Separation — Framingham
. [-93/Route 3 (Braintree Split) — Braintree
. [-93/1-95 Interchange — Reading, Woburn

. Route 1 Improvements — Malden, Revere, Saugus

One way of accounting for the growth in transit boardings, alightings, and
transfers, as well as roadway volumes for 2025 is to use the associated growth
rates in employment and households as a proxy. Table 1 on the next page
shows the total household, population, and employment by year within 101
communities of MAPC region.

State Transportation Building - Ten Park Plaza, Suite 2150 - Boston, MA 02116-3968 - (617) 973-7100 - Fax (617) 973-8855 - TTY (617) 973-7089 . cips@«ctps.org
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CTPS 2 December 3, 2013
TABLE 1
Household, Population and Employment in MAPC Region
Year Household Population Employment
2009 1,282,858 3,139,718 1,810,686
2020 1,359,446 3,294,000 1,921,000
2025 1,398,359 3,353,500 1,926,500
2030 1,437,272 3,413,000 1,932,000
2035 1,464,349 3,475,000 1,937,000

As Table 1 shows, approximately 93% of the employment growth and
approximately 63% of the household growth, in the 101 MAPC communities,
from 2009 to 2035, occurs by 2025. Both of these growth percentages are
higher than the growth percentage derived by a direct linear interpolation.
Therefore, CTPS recommends applying a factor of 78% (the average between
the two aforementioned growth percentages) to the projected growth between
the 2009 and 2035 results to estimate forecasts for 2025 transit boardings,
alightings, transfers, and roadway volumes.

BK/YB/BK/bk
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Attachment J Final SSX Ridership Results

Final Amtrak Projections

¢ Final Pedestrian Transfer Matrices
Final Geographic Distribution of Ridership To/From Surrounding
Neighborhoods

¢ Final Ridership Summaries

October 2014 South Station Expansion
Massachusetts Department of Transportation



Ridership Forecasting Technical Report

This Page Intentionally Left Blank

October 2014 South Station Expansion
Massachusetts Department of Transportation



Final SSX Ridership Results

PROJECTED 2035 HORIZON-YEAR INTERCITY TRAIN USAGE
Weekday Passengers Boarding Westbound / Southbound Trains from South, Back Bay and Route 128 Stations
Adjusted Weekday Service Schedule / Frequency FY '12 Constructed Baseline 2035 Low Growth = 1.45 2035 High Growth = 1.75 Baseline/No Growth = 1 2035 Est. Low Growth = 1.45 | 2035 Est. High Growth = 1.75
FY13 | New | 11/13 Op Plan || Train Depart Days Annual Weekday Ons Annual Weekday Ons Annual Weekday Ons Avg. Wkdy Ons Total Avg. Wkdy Ons Total Avg. Wkdy Ons Total
Route | Trains  Trains Train # BOS Run BOS BBY RTE BOS BBY RTE BOS BBY RTE BOS BBY RTE | Avg. | BOS BBY RTE | Avg. BOS BBY RTE | Avg.
2151 3151 HST 510 A 252 7,207 3,366 18,377 10,450 4,880 19,397 12,612 5,890 23,410 29 13 53 95 41 19 7 138 50 23 93 166
Inland 5501 5501 NREG 5:30 A 252 4,001 1,518 - 5,802 2,201 - 7,002 2,656 - 16 6 - 22 23 9 - 32 28 11 - 38
95 95 REG 6:05 A 252 14,479 5,035 9,044 20,995 7,301 13,114 25,338 8,811 15,827 57 20 36 118 83 29 52 164 101 35 63 198
2153 3153 HST 6:10 A 247 10,810 6,251 16,417 15,675 9,064 23,805 18,918 10,939 28,730 44 25 66 136 63 37 96 197 7 44 116 237
Inland 143 143 REG 6:10 A 252 8,574 3,252 - 12,432 4,716 - 15,004 5,691 - 34 13 - 47 49 19 - 68 60 23 - 82
2155 3155 HST 710 A 252 14,414 7,693 17,633 20,900 11,155 25,569 25,224 13,463 30,859 57 31 70 158 83 44 101 229 100 53 122 276
Inland 5503 5503 NREG 710 A 252 7,431 2,819 = 10,775 4,087 = 13,004 4,932 = 29 11 = 41 43 16 = 59 52 20 = 71
Shore L. 3157 3157 HST 8:10 A 252 16,816 8,174 14,593 24,383 11,852 21,160 29,428 14,305 25,538 67 32 58 157 97 47 84 228 117 57 101 275
171 171 REG 8:10 A 252 31,015 12,001 12,752 44,972 17,401 18,490 54,276 21,002 22,316 128 48 51 221 178 69 73 321 215 83 89 387
Inland 5505 5505 | | NREG 8:10 A 252 6,288 2,385 = 9,117 3,458 = 11,003 4,174 = 25 &) = 34 36 14 = 50 44 17 = 60
2159 3159 HST 9:110 A 251 18,017 7,693 11,553 26,125 11,155 16,752 31,530 13,463 20,218 72 31 46 148 104 44 67 215 126 54 81 260
Inland 5507 5507 NREG 9:10 A 252 5,144 1,951 - 7,459 2,829 - 9,003 3,415 - 20 8 - 28 30 11 - 41 36 14 - 49
83 83 REG 9:30 A 52 6,081 2,296 2,098 8,817 3,329 3,042 10,642 4,018 3,672 117 44 40 201 170 64 59 292 205 7 71 353
93 93 9:30 A 200 21,614 8,488 6,791 31,340 12,308 9,847 37,825 14,854 11,884 108 42 34 184 157 62 49 267 189 74 59 323
Inland 145 145 REG 10:10 A 252 4,001 1,518 - 5,802 2,201 - 7,002 2,656 - 16 6 - 22 23 9 - 32 28 11 - 38
Shore L. 3161 3161 HST 10:10 A 252 16,816 6,732 8,513 24,383 9,761 12,343 29,428 11,780 14,897 67 27 34 127 97 39 49 184 117 47 59 223
2163 3163 HST 11:10 A 252 14,414 5,289 6,081 20,900 7,669 8,817 25,224 9,256 10,641 57 21 24 102 83 30 35 148 100 37 42 179
Inland 5513 5513 NREG 11:10 A 252 3,430 1,301 - 4,973 1,886 - 6,002 2,277 - 14 5 - 19 20 7 - 27 24 9 - 33
Inland 449 449 LD 11:55 A 260 15,349 3,939 = 22,256 5,712 = 26,861 6,893 = 59 15 = 74 86 22 = 108 108 27 = 130
178 173 REG 12:00 P 252 30,040 10,190 7,075 43,558 14,776 10,259 52,570 17,833 12,381 119 40 28 188 173 59 41 272 209 71 49 329
2165 3165 HST 12:10 P 246 12,011 3,847 3,648 17,416 5,578 5,290 21,020 6,732 6,385 49 16 15 79 71 23 22 115 85 27 26 139
Inland 5517 5517 NREG 1:10 P 252 5,716 2,168 = 8,288 3,144 = 10,003 3,794 = 23 9 = 31 33 12 = 45 40 15 = 55
2167 3167 HST 1:10 P 252 16,816 6,251 6,081 24,383 9,064 8,817 29,428 10,939 10,641 67 25 24 116 97 36 35 168 117 43 42 202
137 137 REG 1:30 P 252 32,640 11,904 6,686 47,328 17,261 9,695 57,120 20,832 11,701 130 47 27 203 188 68 38 295 227 83 46 356
Shore L. 3169 3169 HST 2:110P 252 21,620 7,693 6,689 31,349 11,155 9,698 37,836 13,463 11,705 86 31 27 143 124 44 38 207 150 53 46 250
Inland 5519 5519 NREG 2:110P 252 8,002 3,035 - 11,603 4,401 - 14,004 5,312 - 32 12 - 44 46 17 - 64 56 21 - 7
2171 3171 HST 3:10P 252 26,425 8,655 6,081 38,316 12,550 8,817 46,244 15,146 10,641 1056 34 24 163 152 50 35 237 184 60 42 286
Inland 5521 5521 NREG 3:10P 252 10,860 4,119 - 15,747 5,973 - 19,005 7,209 - 43 16 - 59 62 24 - 86 75 29 - 104
175 175 REG 3:35P 252 40,003 14,941 5,425 58,004 21,664 7,866 70,005 26,147 9,494 159 59 22 240 230 86 31 347 278 104 38 419
Inland 147 147 REG 3:55 P 252 13,147 4,987 = 19,063 7,231 = 23,007 8,727 = 52 20 = 72 76 29 = 104 91 35 = 126
2173 3173 HST 410 P 247 25,224 9,136 4,864 36,574 13,247 7,053 44,142 15,988 8,513 102 37 20 159 148 54 29 230 179 65 34 278
Inland 5525 5525 NREG 510 P 252 14,861 5,637 = 21,549 8,174 = 26,007 9,865 = 59 22 = 81 86 32 = 118 108 39 = 142
2193 3175 HST 5:20 P 250 21,620 8,655 3,648 31,349 12,550 5,290 37,836 15,146 6,385 86 35 15 136 125 50 21 197 151 61 26 237
177 177 REG 5:40 P 252 58,054 23,046 4,368 84,178 33,417 6,334 101,595 40,331 7,644 230 91 17 339 334 133 25 492 403 160 30 594
Inland 5527 5527 NREG 6:10 P 252 9,717 3,686 - 14,090 5,344 - 17,005 6,450 - 39 15 - 53 56 21 - 7 67 26 - 93
Shore L. 3197 3197 HST 6:20 P 252 18,017 6,732 2,432 26,125 9,761 3,527 31,530 11,780 4,256 71 27 10 108 104 39 14 156 125 47 17 189
Inland 149 149 REG 710 P 252 5,716 2,168 = 8,288 3,144 = 10,003 3,794 = 23 9 = 31 33 12 = 45 40 15 = 55
179 179 REG 7:15P 252 42,008 16,773 3,582 60,912 24,321 5,194 73,514 29,353 6,269 167 67 14 247 242 97 21 359 292 116 25 433
Inland 5531 5531 NREG 8:10 P 252 4,001 1,518 - 5,802 2,201 - 7,002 2,656 - 16 6 - 22 23 9 - 32 28 " - 38
Inland 5533 5533 NREG 9:10 P 252 3,430 1,301 = 4,973 1,886 = 6,002 2,277 = 14 5 = 19 20 7 = 27 24 9 - 33
67 67 REG 9:30 P 260 21,027 5,490 1,957 30,489 7,961 2,838 36,797 9,608 3,425 81 21 8 110 117 31 11 159 142 37 13 192
HST 10 4 14 High Speed Train 666,854 253,631 181,388 | 966,939 367,765 263,013 | 1,166,995 443,854 317,429 || 2,645 1,007 721 | 4,373 3,835 1,460 1,045| 6,340 | 4,629 1762 1,261 7,652
REG 9 4 13 Regional Service
LD 1 - 1 Long Distance Service Note 1: All trains run on the Shore Line via Providence and New London unless noted in the "Route" column
NREG - 12 12 New England Regional Note 2: Blue shaded trains operate on Inland Route via Framingham, Worcester, Springfield, Hartford, N. Haven
Note 3: Beige shaded trains with red font indicate new services on Shore Line
TOTAL 20 20 40
Prepared by SSX Team: cd - 2/4/14  ----- FOR PLANNING PURPOSES ONLY ----
South Station Expansion October 2014
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Final SSX Ridership Results

PROJECTED 2035 HORIZON-YEAR INTERCITY TRAIN USAGE
Weekday Passengers Arriving from Eastbound / Northbound Trains at South, Back Bay and Route 128 Stations

Adjusted Weekday Service Schedule / Frequency FY '12 Constructed Baseline 2035 Low Growth = 1.45 2035 High Growth = 1.75 Baseline/No Growth = 1 2035 Est. Low Growth = 1.45 | 2035 Est. High Growth = 175 |
FY13 | New | 11/13 Op Plan || Train Arrive Days Annual Weekday Offs Annual Weekday Offs Annual Weekday Offs Avg. Wkdy Offs Total Avg. Wkdy Offs Total Avg. Wkdy Offs Total
Route | Trains | Trains Train # BOS Run BOS BBY RTE BOS BBY RTE BOS BBY RTE BOS BBY RTE | Avg. BOS BBY RTE | Avg. | BOS BBY RTE | Avg.
178 178 REG 12:03 A 248 13,630 5,404 6,268 19,764 7,836 9,089 23,853 9,458 10,970 55 22 25 102 80 32 37 148 96 38 44 179
Inland 5500 5500 NREG 7:53 Al 252 16,206 6,509 - 23,499 9,438 - 28,360 11,391 - 64 26 - 920 93 37 - 131 113 45 - 158
66 66 REG 8:00 A 252 58,327 21,609 2,607 84,575 31,333 3,781 102,073 37,816 4,563 231 86 10 328 336 124 15 475 405 150 18 573
Inland 5502 5502 NREG 8:53 Al 252 15,063 6,075 - 21,841 8,809 - 26,360 10,632 - 60 24 - 84 87 35 - 122 105 42 - 147
2190 3190 HST 9:51A 251 16,566 6,518 3,298 24,020 9,451 4,782 28,990 11,407 5,771 66 26 13 105 96 38 19 152 115 45 23 184
Inland 5504 5504 NREG 9:53 Al 252 11,633 4,775 - 16,868 6,923 - 20,358 8,355 - 46 19 - 65 67 27 - 94 81 33 - 114
Shore L. 3192 3192 HST 10:35 A| 252 17,825 6,986 3,881 25,846 10,130 5,627 31,193 12,225 6,791 71 28 15 114 103 40 22 165 124 49 27 199
Inland 140 140 REG 10:58 A| 252 7,061 3,040 - 10,238 4,408 - 12,356 5,320 - 28 12 - 40 41 17 - 58 49 21 - 70
190 190 REG 11:16 A 252 32,693 10,359 3,036 47,405 15,021 4,403 57,213 18,129 5,314 130 41 12 183 188 60 17 265 227 72 21 320
2150 3150 HST 11:35 Al 246 19,083 7,454 4,464 27,671 10,808 6,472 33,396 13,044 7,812 78 30 18 126 112 44 26 183 136 53 32 221
Inland 5506 5506 | | NREG 12:03 P 252 5917 2,606 - 8,580 3,779 - 10,355 4,561 - 23 10 - 34 34 15 - 49 41 18 - 59
Shore L. 3152 3152 HST 12:35 P 252 17,825 6,986 5,047 25,846 10,130 7,318 31,193 12,225 8,832 7 28 20 118 103 40 29 172 124 49 35 207
170 170 REG 1251 P 251 33,812 12,175 5,224 49,028 17,654 7,575 59,172 21,307 9,143 135 49 21 204 195 70 30 296 236 85 36 357
Inland 5508 5508 NREG 1:03 P 252 4,203 1,956 - 6,094 2,836 - 7,354 3,423 - 17 8 - 24 24 1 - 35 29 14 - 43
2154 3154 HST 1:35 P 252 16,566 6,518 5,630 24,020 9,451 8,163 28,990 11,407 9,852 66 26 22 114 95 38 32 165 115 45 39 199
Inland 142 142 REG 2:23P 252 5,917 2,606 - 8,580 3,779 - 10,355 4,561 - 23 10 - 34 34 15 - 49 41 18 - 59
Shore L. 3156 3156 HST 2.35P 252 16,566 6,051 6,213 24,020 8,773 9,008 28,990 10,589 10,872 66 24 25 114 95 35 36 166 115 42 43 200
172 172 REG 2:51P 252 37,741 14,704 8,116 54,725 21,321 11,769 66,047 25,733 14,204 150 58 32 240 217 85 47 348 262 102 56 421
2158 3158 HST 3:35P 252 16,566 6,051 6,795 24,020 8,773 9,853 28,990 10,589 11,892 66 24 27 17 95 35 39 169 115 42 47 204
Inland 5512 5512 NREG 4:03 P 252 7,061 3,040 - 10,238 4,408 - 12,356 5,320 - 28 12 - 40 41 17 - 58 49 21 - 70
2160 3160 HST 4:35 P 247 16,566 6,051 7,961 24,020 8,773 11,544 28,990 10,589 13,932 67 24 32 124 97 36 47 180 M7 43 56 217
86 86 REG 4:41P 252 31,499 12,457 7,503 45,674 18,063 10,880 55,124 21,800 13,131 125 49 30 204 181 72 43 296 219 87 52 357
Inland 5514 5514 | | NREG 5:23 P 252 8,204 3,474 - 11,895 5,037 - 14,356 6,079 - 33 14 - 46 47 20 - 67 57 24 - 81
Shore L. 3162 3162 HST 5:35P 252 17,825 6,518 9,127| 25,846 9,451 13,234 31,193 11,407 15,972 7 26 36 133 103 38 53 193 124 45 63 232
174 174 REG 5:51 P 252 31,571 10,304 9,772 45,779 14,941 14,170 55,250 18,033 17,102 125 41 39 205 182 59 56 297 219 72 68 359
Inland 5516 5516 NREG 6:23 P 252 9,918 4,124 - 14,382 5,980 - 17,357 7,217 - 39 16 - 56 57 24 - 81 69 29 - 98
2164 3164 HST 6:35 P 252 19,083 7454 12,042 27,671 10,808 17,460 33,396 13,044 21,073 76 30 48 153 110 43 69 222 133 52 84 268
Inland 5518 5518 NREG 7.03P 252 4,774 2,173 - 6,923 3,151 - 8,355 3,802 - 19 9 - 28 27 13 - 40 33 15 - 48
Inland 144 144 REG 7:2TP 252 4,774 2,173 - 6,923 3,151 - 8,355 3,802 - 19 © - 28 27 13 - 40 33 15 - 48
2166 3166 HST 7:35P 252 20,342 7,921 14,956 29,496 11,486 21,687 35,599 13,862 26,173 81 31 59 172 17 46 86 249 141 55 104 300
176 176 REG 7:49P 252 23,058 7,407 8,813 33,435 10,741 12,779 40,352 12,963 15,423 92 29 35 156 133 43 51 226 160 51 61 273
Inland 5520 5520 NREG 8:.03P 252 5,917 2,606 - 8,580 3,779 - 10,355 4,561 - 23 10 - 34 34 15 - 49 41 18 - 59
2168 3168 HST 8:35P 252 20,342 8,389 15,539 29,496 12,164 22,532 35,599 14,681 27,193 81 33 62 176 17 48 89 255 141 58 108 307
Inland 448 448 LD 9:10 P 260 13,224 2,587 - 19,175 3,752 - 23,143 4,528 - 51 10 - 61 74 14 - 88 89 17 - 106
Inland 5522 5522 | | NREG 9:18 P 252 3,631 1,739 - 5,265 2,522 - 6,354 3,044 - 14 7 - 21 21 10 - 31 25 12 - 37
2170 3170 HST 9:35 P 252 20,342 8,389 15,539 29,496 12,164 22,5632 35,599 14,681 27,193 81 33 62 176 117 48 89 255 141 58 108 307
94 94 REG 9:43 P 252 19,174 6,573 8,096 27,803 9,531 11,740 33,555 11,503 14,169 76 26 32 134 110 38 47 195 133 46 56 235
Inland 146 146 REG 9:46 P 252 3,631 1,739 - 5,265 2,522 - 6,354 3,044 - 14 7 - 21 21 10 - 31 25 12 - 37
2172 3172 HST 10:35 P 252 19,083 8,389 11,459 27,671 12,164 16,615 33,396 14,681 20,053 76 33 45 154 110 48 66 224 133 58 80 270
Inland 5524 5524 NREG 10:53 P 252 3,631 1,739 - 5,265 2,522 - 6,354 3,044 - 14 7 - 21 21 10 - 31 25 12 - 37
HST 10 4 14 High Speed Train 666,854 253,631 181,388 | 966,938 367,765 263,013 | 1,166,994 443,854 317,429 || 2,649 1,008 721 4379 3,842 1,462 1,046 | 6,349 | 4637 1,764 1,262 | 7,663
REG 9 4 13 Regional Service
LD 1 - 1 Long Distance Service Note 1: All trains run on the Shore Line via Providence and New London unless noted in the "Route" column
NREG - 12 12 New England Regional Note 2: Blue shaded trains operate on Inland Route via Framingham, Worcester, Springfield, Hartford, N. Haven
Note 3: Beige shaded trains with red font indicate new services on Shore Line
TOTAL 20 20 40 Note 4: Eastbound constructed baseline total riders adjusted to equal westbound total riders BOS= 201 BBY= 438 RTE= 383
Prepared by SSX Team: cd - 2/4/14  ----- FOR PLANNING PURPOSES ONLY ----
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Final SSX Ridership Results

Base Year (2009-2010) Transfer Activities in South Station

AM Peak (6 am - 9 am)
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From/to < O
Cc Rail 66 3,216 586 14 129 73 33 3 2 19 11,316 15,457
Red Line 380 0 2,221 4 173 440 130 1 4 6 7,070 10,429
Silver Line 12 213 0 0 5 4 3 0 1 0 160 398
Taxi 0 4 1 0 0 23 46 0 0 0 16 90
MBTA Bus 8 80 15 0 12 27 0 0 0 0 206 348
Commuter/Intercity Bus 10 439 23 27 57 19 7 5 0 3 790 1,380
AMTRAK 2 38 5 12 0 2 0 0 0 0 165 224
Auto Pick Up/Drop Off
(Kiss and Ride) 4 9 10 0 0 49 8 0 0 0 53 133
Parking 2 24 0 0 0 2 8 0 0 0 137 173
Private Shuttle 1 6 0 0 0 2 1 0 0 0 0 10
Walk Access 253 713 219 12 25 138 86 1 3 0 0 1,450
To Mode Total 738 4,742 3,080 69 401 779 322 10 10 28 19,913 30,092
Midday (9 am - 3 pm)
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From/to < O
Cc Rail 25 1,041 132 11 34 42 15 8 3 5 1,892 3,208
Red Line 531 0 1,670 11 167 938 224 17 19 6 4,845 8,428
Silver Line 46 694 0 0 13 20 13 0 9 0 318 1,113
Taxi 1 8 2 0 0 104 162 0 0 0 22 299
MBTA Bus 10 81 11 0 11 52 0 0 0 0 124 289
Commuter/Intercity Bus 20 689 28 112 79 58 16 78 2 4 741 1,827
AMTRAK 5 119 12 91 0 12 0 11 5 2 302 559
Auto Pick Up/Drop Off
(Kiss and Ride) 11 20 16 0 0 205 29 0 0 0 69 350
Parking 1 12 0 0 0 2 7 0 0 0 41 63
Private Shuttle 2 7 0 0 0 5 4 0 0 0 0 18
Walk Access 704 2,242 459 72 49 585 289 19 24 0 0 4,443
To Mode Total 1,356 4,913 2,330 297 353 2,023 759 133 62 17 8,354 20,597
South Station Expansion October 2014
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Final SSX Ridership Results

Base Year (2009-2010) Transfer Activities in South Station

PM Peak (3 pm - 6 pm)
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From/to S @«
Cc Rail 48 309 20 2 9 11 3 2 2 0 184 590
Red Line 3,191 0 671 7 124 545 134 9 29 2 999 5,711
Silver Line 493 1,749 0 0 19 31 16 0 26 0 130 2,464
Taxi 3 5 0 0 0 49 61 0 0 0 3 121
MBTA Bus 185 253 20 0 34 166 0 0 0 0 280 938
Commuter/Intercity Bus 80 539 9 54 45 33 8 33 2 1 139 943
AMTRAK 42 180 8 84 0 13 0 9 11 0 109 457
Auto Pick Up/Drop Off
(Kiss and Ride) 24 8 3 0 0 64 8 0 0 0 7 114
Parking 2 4 0 0 0 0 2 0 0 0 3 11
Private Shuttle 18 11 0 0 0 6 3 0 0 0 0 38
Walk Access 10,292 6,786 382 129 104 1,395 497 30 103 0 0 19,718
To Mode Total 14,378 9,844 1,113 276 335 2,313 732 83 173 3 1,854 31,105
Night (6 pm - 6 am)
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From/to <
Cc Rail 10 131 10 2 4 4 0 3 0 2 535 701
Red Line 524 0 358 3 28 146 16 9 1 3 1,397 2,485
Silver Line 162 1,432 0 0 12 18 5 0 1 0 48 1,678
Taxi 1 4 0 0 0 36 25 0 0 0 18 84
MBTA Bus 8 23 2 0 2 10 0 0 0 0 58 103
Commuter/Intercity Bus 35 460 9 82 38 26 2 119 0 5 809 1,585
AMTRAK 15 126 7 104 0 9 0 27 0 4 520 813
Auto Pick Up/Drop Off
(Kiss and Ride) 16 11 4 0 0 76 5 0 0 0 62 174
Parking 0 1 0 0 0 0 0 0 0 0 8 9
Private Shuttle 1 2 0 0 0 1 0 0 0 0 0 4
Walk Access 4,544 5,509 129 200 89 1,005 223 110 7 0 0 11,816
To Mode Total 5,316 7,699 519 391 173 1,331 275 268 9 14 3,455 19,451
October 2014 South Station Expansion
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Base Year (2009-2010) Transfer Activities in South Station

Final SSX Ridership Results

Daily
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From/to <0 «
Ci Rail 149 4,697 748 29 176 130 51 16 7 26 13,927 19,956
Red Line 4,626 0 4,920 25 492 2,069 503 36 53 17 14,311 27,052
Silver Line 713 4,088 0 0 49 73 37 0 37 0 656 5,653
Taxi 5 21 3 0 0 212 294 0 0 0 59 594
MBTA Bus 211 437 48 0 59 255 0 0 0 0 668 1,678
Cc /Intercity Bus 145 2,127 69 275 219 136 33 235 4 13 2,479 5,735
AMTRAK 63 464 33 292 0 36 0 48 16 5 1,097 2,052
Auto Pick Up/Drop Off
(Kiss and Ride) 55 48 33 0 0 394 50 0 0 0 191 771
Parking 5 41 0 0 0 4 17 0 0 0 189 256
Private Shuttle 22 26 0 0 0 14 9 0 0 0 0 71
Walk Access 15,793 15,250 1,189 413 267 3,123 1,094 160 137 0 0 37,426
To Mode Total 21,787 27,199 7,043 1,034 1,262 6,446 2,088 495 254 61 33,577 || 101,244
October 2014

South Station Expansion

Massachusetts Department of Transportation
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Final SSX Ridership Results

2025 True No-Build Transfer Activities in South Station

AM Peak (6 am - 9 am)
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From/to S &
Commuter Rail 121 3,962 821 16 171 75 38 4 2 22 13,040 18,272
Red Line 648 0 2,756 4 217 440 156 1 4 7 7,597 11,828
Silver Line 82 946 0 0 25 15 13 0 3 0 661 1,744
Taxi 0 4 1 0 0 23 52 0 0 0 16 96
MBTA Bus 17 114 24 0 19 32 0 0 0 0 276 483
Commuter/Intercity
Bus 10 451 27 28 65 19 8 5 0 3 793 1,409
AMTRAK 3 54 7 14 0 2 0 0 0 0 199 279
Auto Pick Up/Drop Off
(Kiss and Ride) 7 11 13 0 0 49 11 0 0 0 58 148
Parking 4 28 0 0 0 2 10 0 0 0 149 192
Private Shuttle 2 6 0 0 0 2 2 0 0 0 0 12
Walk Access 468 897 297 14 34 147 113 1 3 0 0 1,975
To Mode Total 1,360 6,473 3,946 75 531 807 402 11 12 32 22,788 36,438
Midday (9 am - 3 pm)
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From/to < 0
Commuter Rail 41 1,530 254 12 36 42 12 10 3 6 2,092 4,037
Red Line 938 0 2,884 13 167 984 302 21 21 7 5,363 10,699
Silver Line 122 1,546 0 0 16 31 28 0 15 0 535 2,293
Taxi 2 10 3 0 0 106 181 0 0 0 22 323
MBTA Bus 16 114 19 0 11 54 0 0 0 0 134 348
Commuter/Intercity
Bus 26 747 39 112 74 58 18 79 2 4 749 1,908
AMTRAK 16 205 21 101 0 12 0 13 5 2 322 697
Auto Pick Up/Drop Off
(Kiss and Ride) 17 28 26 0 0 207 38 0 0 0 74 390
Parking 2 16 0 0 0 2 8 0 0 0 41 69
Private Shuttle 3 8 0 0 0 5 4 0 0 0 0 20
Walk Access 1,121 2,969 746 75 49 587 356 21 24 0 0 5,949
To Mode Total 2,304 7,172 3,992 312 353 2,089 946 143 70 19 9,331 26,731
October 2014 South Station Expansion
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Final SSX Ridership Results

2025 True No-Build Transfer Activities in South Station

PM Peak (3 pm - 6 pm)
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From/to < O «
Commuter Rail 107 524 147 5 31 25 18 5 4 0 826 1,692
Red Line 3,689 0 1,237 8 180 554 164 10 30 2 1,442 7,315
Silver Line 1,122 2,721 0 0 49 55 35 0 47 0 415 4,443
Taxi 3 5 0 0 0 51 65 0 0 0 4 128
MBTA Bus 201 253 35 0 46 166 0 0 0 0 353 1,054
Commuter/Intercity
Bus 80 539 15 56 60 33 9 33 2 1 183 1,011
AMTRAK 45 174 17 109 0 14 0 12 13 0 186 570
Auto Pick Up/Drop Off
(Kiss and Ride) 27 8 6 0 0 66 10 0 0 0 10 126
Parking 2 4 0 0 0 0 2 0 0 0 4 12
Private Shuttle 20 11 0 0 0 6 4 0 0 0 0 42
Walk Access 11,521 6,882 649 143 150 1,405 606 32 105 0 0 21,493
To Mode Total 16,816 11,121 2,104 321 516 2,375 913 92 201 3 3,423 37,886
Night (6 pm - 6 am)
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From/to < O
Commuter Rail 35 360 66 4 9 8 0 6 0 4 1,047 1,538
Red Line 967 0 1,186 5 42 191 30 14 2 4 1,807 4,246
Silver Line 288 2,263 0 0 17 24 8 0 1 0 59 2,660
Taxi 1 5 0 0 0 36 32 0 0 0 20 94
MBTA Bus 10 30 4 0 3 12 0 0 0 0 60 120
Commuter/Intercity
Bus 40 526 20 91 40 26 3 127 0 4 826 1,703
AMTRAK 22 183 22 145 0 11 0 37 0 4 589 1,014
Auto Pick Up/Drop Off
(Kiss and Ride) 21 14 10 0 0 83 6 0 0 0 62 196
Parking 0 1 0 0 0 0 0 0 0 0 9 10
Private Shuttle 1 2 0 0 0 1 0 0 0 0 0 4
Walk Access 5,124 6,015 270 211 89 1,005 265 112 7 0 0 13,099
To Mode Total 6,510 9,399 1,578 456 199 1,397 343 296 10 16 4,479 24,683
South Station Expansion October 2014
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Final SSX Ridership Results

2025 True No-Build Transfer Activities in South Station

Daily
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From/to < O Ly
Commuter Rail 304 6,376 1,288 37 246 150 68 25 9 31 17,005 25,539
Red Line 6,241 0 8,063 29 606 2,169 651 45 56 19 16,208 34,088
Silver Line 1,614 7,476 0 0 107 125 83 0 66 0 1,669 11,140
Taxi 6 23 4 0 0 217 329 0 0 0 62 641
MBTA Bus 244 511 82 0 79 264 0 0 0 0 824 2,004
Commuter/Intercity
Bus 157 2,264 100 286 239 136 38 244 4 12 2,552 6,030
AMTRAK 86 616 66 369 0 41 0 62 18 6 1,296 2,560
Auto Pick Up/Drop Off
(Kiss and Ride) 72 60 55 0 0 405 64 0 0 0 204 861
Parking 7 49 0 0 0 4 20 0 0 0 202 283
Private Shuttle 26 27 0 0 0 14 10 0 0 0 0 77
Walk Access 18,234 16,763 1,963 443 322 3,144 1,339 167 139 0 0 42,516
To Mode Total 26,991 34,165 11,620 1,164 1,599 6,668 2,604 543 293 69 40,022 125,738
October 2014 South Station Expansion
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Final SSX Ridership Results

2025 Transportation Improvement Only Alternative Transfer Activities in South Station

AM Peak (6 am - 9 am)
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From/to S &
Commuter Rail 159 4,563 1,022 19 180 75 85 5 2 24 17,165 23,299
Red Line 693 0 2,748 4 217 432 249 1 4 7 7,514 11,869
Silver Line 83 941 0 0 25 15 13 0 3 0 652 1,732
Taxi 0 4 1 0 0 23 85 0 0 0 18 131
MBTA Bus 18 114 24 0 19 32 0 0 0 0 272 479
Commuter/Intercity Bus 16 442 27 25 62 17 11 5 0 2 791 1,398
AMTRAK 6 106 14 24 0 2 0 0 0 0 382 534
Auto Pick Up/Drop Off
(Kiss and Ride) 7 11 13 0 0 49 17 0 0 0 58 155
Parking 4 28 0 0 0 2 16 0 0 0 149 198
Private Shuttle 2 6 0 0 0 2 3 0 0 0 0 13
Walk Access 554 813 206 14 34 140 186 1 3 0 0 1,951
To Mode Total 1,542 7,027 4,055 87 537 789 667 12 12 33 26,999 41,759
Midday (9 am - 3 pm)
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From/to < 0
Commuter Rail 61 1,728 309 15 37 42 36 12 4 7 2,780 5,029
Red Line 1,006 0 2,884 13 167 956 442 21 21 7 5,298 10,815
Silver Line 138 1,538 0 0 16 31 43 0 15 0 506 2,287
Taxi 2 10 3 0 0 103 268 0 0 0 22 407
MBTA Bus 19 114 19 0 11 54 0 0 0 0 130 346
Commuter/Intercity Bus 30 739 39 108 71 54 26 78 2 3 738 1,889
AMTRAK 35 441 45 200 0 25 0 27 10 4 659 1,445
Auto Pick Up/Drop Off
(Kiss and Ride) 20 28 26 0 0 205 55 0 0 0 74 407
Parking 2 16 0 0 0 2 11 0 0 0 41 72
Private Shuttle 3 8 0 0 0 4 6 0 0 0 0 21
Walk Access 1,371 2,841 691 79 46 583 532 21 24 0 0 6,188
To Mode Total 2,685 7,462 4,016 414 348 2,059 1,419 159 76 21 10,247 28,906
South Station Expansion October 2014
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Final SSX Ridership Results

2025 Transportation Improvement Only Alternative Transfer Activities in South Station

PM Peak (3 pm - 6 pm)
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From/to < O «
Commuter Rail 172 670 152 5 33 25 27 5 5 0 802 1,896
Red Line 4,327 0 1,237 8 180 553 234 10 30 2 1,171 7,751
Silver Line 1,384 2,706 0 0 49 54 51 0 46 0 392 4,683
Taxi 4 5 0 0 0 49 92 0 0 0 5 154
MBTA Bus 216 253 35 0 46 163 0 0 0 0 351 1,065
Commuter/Intercity Bus 80 518 15 56 60 30 13 33 2 1 182 989
AMTRAK 84 227 23 152 0 20 0 16 18 0 263 803
Auto Pick Up/Drop Off
(Kiss and Ride) 33 7 6 0 0 65 14 0 0 0 10 135
Parking 2 4 0 0 0 0 3 0 0 0 4 13
Private Shuttle 23 11 0 0 0 6 6 0 0 0 0 47
Walk Access 14,827 6,717 644 149 150 1,403 864 32 105 0 0 24,891
To Mode Total 21,153 11,118 2,111 369 519 2,368 1,303 97 207 3 3,179 42,426
Night (6 pm - 6 am)
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From/to < O
Commuter Rail 37 388 82 5 9 8 0 7 0 4 1,240 1,779
Red Line 1,104 0 1,182 5 42 191 54 14 2 4 1,741 4,338
Silver Line 354 2,251 0 0 17 24 15 0 1 0 40 2,703
Taxi 2 5 0 0 0 36 62 0 0 0 20 124
MBTA Bus 12 30 4 0 3 10 0 0 0 0 53 112
Commuter/Intercity Bus 40 499 19 91 40 26 6 126 0 5 802 1,654
AMTRAK 33 220 28 187 0 15 0 48 0 5 751 1,286
Auto Pick Up/Drop Off
(Kiss and Ride) 25 14 10 0 0 80 12 0 0 0 62 203
Parking 0 1 0 0 0 0 0 0 0 0 9 10
Private Shuttle 1 2 0 0 0 1 0 0 0 0 0 4
Walk Access 6,375 5,984 267 211 88 1,000 531 112 7 0 0 14,575
To Mode Total 7,982 9,394 1,592 498 199 1,390 681 307 10 17 4,718 26,788
October 2014 South Station Expansion
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Final SSX Ridership Results

2025 Transportation Improvement Only Alternative Transfer Activities in South Station

Daily
5 9 ‘*gl"a 2 “ 5

S © s §& § £
From/to < O Ly
Commuter Rail 428 7,349 1,564 44 260 150 148 28 11 34 21,987 32,003
Red Line 7,131 0 8,051 29 606 2,132 980 45 56 19 15,724 34,773
Silver Line 1,960 7,436 0 0 106 124 122 0 66 0 1,590 11,404
Taxi 7 23 4 0 0 211 506 0 0 0 64 816
MBTA Bus 265 511 82 0 79 258 0 0 0 0 806 2,002
Commuter/Intercity Bus 167 2,198 100 280 232 127 56 242 4 11 2,513 5,930
AMTRAK 157 993 111 562 0 62 0 91 28 9 2,054 4,068
Auto Pick Up/Drop Off
(Kiss and Ride) 85 60 55 0 0 399 99 0 0 0 204 901
Parking 7 49 0 0 0 4 31 0 0 0 202 293
Private Shuttle 29 27 0 0 0 13 15 0 0 0 0 84
Walk Access 23,127 16,354 1,808 454 318 3,125 2,113 167 139 0 0 47,605
To Mode Total 33,363 35,001 11,775 1,368 1,602 6,605 4,070 574 305 74 45,144 139,880

South Station Expansion October 2014
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Final SSX Ridership Results

2025 Minimum Land Use Alternative Transfer Activities in South Station

AM Peak (6 am - 9 am)
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From/to S &
Commuter Rail 160 4,560 1,020 19 190 78 82 5 2 24 17,213 23,351
Red Line 694 0 2,741 4 213 432 248 1 4 7 7,583 11,927
Silver Line 85 930 0 0 24 15 16 0 3 0 669 1,743
Taxi 0 4 1 0 0 23 84 0 0 0 18 129
MBTA Bus 18 110 24 0 18 32 0 0 0 0 277 479
Commuter/Intercity
Bus 16 443 27 26 62 17 11 5 0 2 802 1,412
AMTRAK 6 99 14 24 0 2 0 0 0 0 388 534
Auto Pick Up/Drop Off
(Kiss and Ride) 7 10 13 0 0 49 16 0 0 0 61 155
Parking 4 28 0 0 0 2 16 0 0 0 152 201
Private Shuttle 2 6 0 0 0 2 3 0 0 0 0 13
Walk Access 559 860 223 14 37 150 191 1 3 0 0 2,038
To Mode Total 1,551 7,050 4,063 88 544 801 667 12 12 33 27,163 41,982
Midday (9 am - 3 pm)
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From/to < 0
Commuter Rail 61 1,718 313 15 38 47 36 12 4 7 2,796 5,046
Red Line 996 0 2,865 13 165 965 446 21 21 7 5,361 10,859
Silver Line 138 1,531 0 0 18 32 42 0 15 0 517 2,293
Taxi 2 10 3 0 0 105 268 0 0 0 26 413
MBTA Bus 19 112 19 0 11 54 0 0 0 0 133 348
Commuter/Intercity
Bus 31 757 40 108 70 56 26 78 2 3 751 1,921
AMTRAK 34 434 44 198 0 21 0 26 10 4 673 1,445
Auto Pick Up/Drop Off
(Kiss and Ride) 20 27 26 0 0 207 57 0 0 0 76 414
Parking 2 15 0 0 0 2 11 0 0 0 43 73
Private Shuttle 3 8 0 0 0 4 6 0 0 0 0 21
Walk Access 1,402 2,888 722 78 47 588 527 22 26 0 0 6,299
To Mode Total 2,708 7,500 4,031 412 348 2,082 1,419 159 77 21 10,376 29,132
October 2014 South Station Expansion
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Final SSX Ridership Results

2025 Minimum Land Use Alternative Transfer Activities in South Station

PM Peak (3 pm - 6 pm)
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From/to < O <
Commuter Rail 172 672 153 5 35 25 26 5 5 0 812 1,911
Red Line 4,320 0 1,220 8 187 550 228 9 29 2 1,236 7,789
Silver Line 1,357 2,707 0 0 55 54 50 0 46 0 421 4,689
Taxi 4 5 0 0 0 49 90 0 0 0 5 152
MBTA Bus 218 249 33 0 47 156 0 0 0 0 361 1,064
Commuter/Intercity
Bus 80 525 15 55 65 30 13 33 2 1 193 1,011
AMTRAK 75 233 22 144 0 19 0 17 17 0 276 803
Auto Pick Up/Drop Off
(Kiss and Ride) 33 7 6 0 0 65 14 0 0 0 12 136
Parking 2 5 0 0 0 0 3 0 0 0 5 14
Private Shuttle 23 13 0 0 0 6 6 0 0 0 0 48
Walk Access 14,874 6,736 663 148 179 1,438 873 34 108 0 0 25,053
To Mode Total 21,156 11,152 2,112 359 568 2,392 1,303 98 208 3 3,319 42,672
Night (6 pm - 6 am)
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From/to < O
Commuter Rail 38 388 71 5 9 9 0 7 0 4 1,258 1,790
Red Line 1,104 0 1,183 5 42 195 53 13 2 3 1,761 4,361
Silver Line 365 2,230 0 0 17 25 15 0 1 0 53 2,706
Taxi 2 5 0 0 0 36 60 0 0 0 20 123
MBTA Bus 12 29 4 0 2 10 0 0 0 0 55 112
Commuter/Intercity
Bus 41 508 21 88 40 26 6 128 0 4 811 1,673
AMTRAK 33 218 27 183 0 14 0 48 0 5 757 1,286
Auto Pick Up/Drop Off
(Kiss and Ride) 25 13 10 0 0 80 12 0 0 0 63 204
Parking 0 1 0 0 0 0 0 0 0 0 9 10
Private Shuttle 2 2 0 0 0 1 0 0 0 0 0 5
Walk Access 6,386 6,044 275 211 90 1,007 535 115 7 0 0 14,669
To Mode Total 8,008 9,438 1,592 492 199 1,404 681 310 10 16 4,788 26,938
South Station Expansion October 2014
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Final SSX Ridership Results

2025 Minimum Land Use Alternative Transfer Activities in South Station

Daily
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From/to < O «
Commuter Rail 431 7,339 1,557 44 272 159 145 28 11 34 22,079 32,098
Red Line 7,114 0 8,009 29 607 2,143 975 44 55 19 15,942 34,937
Silver Line 1,945 7,398 0 0 113 126 123 0 66 0 1,660 11,431
Taxi 7 23 4 0 0 213 502 0 0 0 68 818
MBTA Bus 267 500 80 0 79 252 0 0 0 0 826 2,004
Commuter/Intercity
Bus 168 2,232 102 277 237 128 55 244 4 11 2,558 6,017
AMTRAK 148 984 108 549 0 57 0 91 28 9 2,094 4,068
Auto Pick Up/Drop Off
(Kiss and Ride) 85 57 55 0 0 401 98 0 0 0 211 908
Parking 7 49 0 0 0 4 30 0 0 0 208 298
Private Shuttle 30 28 0 0 0 13 15 0 0 0 0 86
Walk Access 23,220 16,528 1,883 451 352 3,183 2,126 172 144 0 0 48,059
To Mode Total 33,423 35,139 11,798 1,351 1,660 6,679 4,070 579 308 72 45,646 140,724
October 2014 South Station Expansion
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2025 Maximum Land Use Alternative Transfer Activities in South Station

AM Peak (6 am - 9 am)

Final SSX Ridership Results
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From/to S &
Commuter Rail 161 4,554 1,018 18 210 78 61 5 2 24 17,567 23,698
Red Line 697 0 2,726 4 207 432 247 1 3 6 7,907 12,229
Silver Line 95 911 0 0 24 15 23 0 3 0 696 1,766
Taxi 0 4 1 0 0 23 81 0 0 0 17 126
MBTA Bus 19 108 24 0 18 33 0 0 0 0 296 498
Commuter/Intercity
Bus 17 444 27 28 65 17 12 5 0 3 845 1,462
AMTRAK 8 93 14 26 0 4 0 0 0 0 389 534
Auto Pick Up/Drop Off
(Kiss and Ride) 8 10 12 0 0 50 17 0 0 0 62 159
Parking 4 28 0 0 0 2 17 0 0 0 157 207
Private Shuttle 2 6 0 0 0 2 3 0 0 0 0 13
Walk Access 575 1,038 304 14 37 164 208 1 3 0 0 2,344
To Mode Total 1,585 7,197 4,125 90 561 821 667 12 11 33 27,935 43,036
Midday (9 am - 3 pm)
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From/to < 0
Commuter Rail 62 1,659 317 14 41 54 38 12 4 7 2,901 5,107
Red Line 988 0 2,825 13 164 979 449 21 21 7 5,621 11,087
Silver Line 138 1,509 0 0 21 33 45 0 15 0 574 2,334
Taxi 2 9 2 0 0 106 271 0 0 0 29 420
MBTA Bus 19 111 19 0 11 56 0 0 0 0 147 363
Commuter/Intercity
Bus 32 788 41 110 68 58 27 80 2 4 774 1,984
AMTRAK 33 423 47 199 0 13 0 27 10 4 687 1,445
Auto Pick Up/Drop Off
(Kiss and Ride) 20 26 27 0 0 212 59 0 0 0 78 423
Parking 2 14 0 0 0 2 12 0 0 0 44 74
Private Shuttle 3 8 0 0 0 4 7 0 0 0 0 22
Walk Access 1,479 3,120 824 76 49 599 511 23 26 0 0 6,706
To Mode Total 2,777 7,667 4,102 411 354 2,117 1,419 163 77 21 10,855 29,964
South Station Expansion October 2014
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Final SSX Ridership Results

2025 Maximum Land Use Alternative Transfer Activities in South Station

PM Peak (3 pm - 6 pm)
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From/to < O <
Commuter Rail 173 676 156 5 37 27 24 5 5 0 841 1,949
Red Line 4,315 0 1,183 8 190 547 211 9 28 2 1,458 7,949
Silver Line 1,339 2,698 0 0 57 56 49 0 46 0 502 4,748
Taxi 4 4 0 0 0 50 86 0 0 0 5 148
MBTA Bus 223 244 33 0 49 151 0 0 0 0 385 1,086
Commuter/Intercity
Bus 80 540 16 52 67 31 12 33 2 1 212 1,046
AMTRAK 56 252 22 135 0 19 0 16 16 0 285 803
Auto Pick Up/Drop Off
(Kiss and Ride) 32 11 6 0 0 64 13 0 0 0 12 137
Parking 2 7 0 0 0 0 3 0 0 0 5 17
Private Shuttle 23 14 0 0 0 6 6 0 0 0 0 49
Walk Access 15,156 6,952 725 147 182 1,528 900 35 112 0 0 25,738
To Mode Total 21,404 11,400 2,140 347 581 2,479 1,303 99 210 3 3,704 43,670
Night (6 pm - 6 am)
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From/to < O
Commuter Rail 38 388 67 5 10 9 0 8 0 4 1,328 1,858
Red Line 1,110 0 1,172 5 42 204 55 14 2 3 1,861 4,467
Silver Line 403 2,214 0 0 17 25 17 0 1 0 74 2,751
Taxi 2 5 0 0 0 35 59 0 0 0 20 122
MBTA Bus 13 28 4 0 2 11 0 0 0 0 61 119
Commuter/Intercity
Bus 43 528 21 88 41 26 6 129 0 4 836 1,722
AMTRAK 33 224 27 171 0 14 0 46 0 5 765 1,286
Auto Pick Up/Drop Off
(Kiss and Ride) 25 13 10 0 0 83 11 0 0 0 65 208
Parking 0 1 0 0 0 0 0 0 0 0 9 10
Private Shuttle 2 2 0 0 0 1 0 0 0 0 0 5
Walk Access 6,485 6,267 312 211 94 1,016 532 117 8 0 0 15,042
To Mode Total 8,153 9,670 1,614 480 207 1,424 681 313 11 15 5,020 27,590
October 2014 South Station Expansion

Page 16 Massachusetts Department of Transportation



Final SSX Ridership Results

2025 Maximum Land Use Alternative Transfer Activities in South Station

Daily
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From/to < O «
Commuter Rail 434 7,278 1,558 42 298 169 123 29 11 34 22,636 32,612
Red Line 7,110 0 7,906 29 602 2,161 962 45 54 18 16,847 35,732
Silver Line 1,975 7,333 0 0 118 129 134 0 65 0 1,845 11,599
Taxi 7 22 4 0 0 214 497 0 0 0 71 815
MBTA Bus 274 492 80 0 80 251 0 0 0 0 890 2,066
Commuter/Intercity
Bus 172 2,299 104 278 241 133 57 247 4 12 2,667 6,214
AMTRAK 131 992 111 532 0 51 0 89 26 8 2,126 4,068
Auto Pick Up/Drop Off
(Kiss and Ride) 85 60 55 0 0 409 99 0 0 0 218 927
Parking 7 50 0 0 0 4 32 0 0 0 214 307
Private Shuttle 30 30 0 0 0 13 15 0 0 0 0 88
Walk Access 23,694 17,377 2,165 448 363 3,306 2,151 176 149 0 0 49,829
To Mode Total 33,919 35,934 11,982 1,329 1,703 6,841 4,070 587 309 72 47,514 144,259
South Station Expansion October 2014
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Final SSX Ridership Results

2035 True No-Build Transfer Activities in South Station

AM Peak (6 am - 9 am)
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From/to S &
Commuter Rail 136 4,172 888 16 183 76 40 4 2 23 13,526 19,065
Red Line 723 0 2,907 4 229 440 163 1 4 7 7,745 12,222
Silver Line 101 1,153 0 0 31 18 16 0 4 0 802 2,124
Taxi 0 4 1 0 0 23 54 0 0 0 16 98
MBTA Bus 19 124 27 0 21 34 0 0 0 0 296 521
Commuter/Intercity Bus 10 455 28 28 67 19 8 5 0 3 794 1,417
AMTRAK 4 59 8 14 0 2 0 0 0 0 208 295
Auto Pick Up/Drop Off
(Kiss and Ride) 8 11 13 0 0 49 11 0 0 0 60 152
Parking 4 29 0 0 0 2 10 0 0 0 152 197
Private Shuttle 2 6 0 0 0 2 2 0 0 0 0 12
Walk Access 529 949 320 15 37 150 120 1 3 0 0 2,124
To Mode Total 1,536 6,961 4,190 77 568 815 424 11 13 33 23,599 38,228
Midday (9 am - 3 pm)
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From/to S &
Commuter Rail 46 1,668 289 12 36 42 11 10 3 6 2,148 4,271
Red Line 1,053 0 3,227 13 167 997 324 22 21 7 5,509 11,340
Silver Line 143 1,787 0 0 17 35 32 0 17 0 596 2,626
Taxi 2 10 3 0 0 107 186 0 0 0 22 330
MBTA Bus 18 123 21 0 1 54 0 0 0 0 137 364
Commuter/Intercity Bus 28 763 42 112 73 58 18 79 2 4 751 1,930
AMTRAK 19 230 23 103 0 12 0 13 5 2 328 736
Auto Pick Up/Drop Off
(Kiss and Ride) 19 30 29 0 0 208 40 0 0 0 75 401
Parking 2 17 0 0 0 2 9 0 0 0 41 71
Private Shuttle 3 8 0 0 0 5 4 0 0 0 0 20
Walk Access 1,239 3,174 827 76 49 587 375 22 24 0 0 6,373
To Mode Total 2,572 7,809 4,461 316 353 2,107 999 146 72 19 9,607 28,462
October 2014 South Station Expansion
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Final SSX Ridership Results

2035 True No-Build Transfer Activities in South Station

PM Peak (3 pm - 6 pm)
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From/to <
Commuter Rail 124 585 182 6 37 29 22 6 5 0 1,007 2,003
Red Line 3,829 0 1,396 8 196 556 173 10 30 2 1,567 7,767
Silver Line 1,299 2,995 0 0 58 61 40 0 53 0 496 5,001
Taxi 3 5 0 0 0 52 66 0 0 0 4 130
MBTA Bus 205 253 39 0 50 166 0 0 0 0 374 1,087
Commuter/Intercity Bus 80 539 16 56 64 33 9 33 2 1 196 1,030
AMTRAK 46 172 19 116 0 15 0 12 14 0 207 602
Auto Pick Up/Drop Off
(Kiss and Ride) 28 8 6 0 0 66 10 0 0 0 11 130
Parking 2 4 0 0 0 0 2 0 0 0 4 12
Private Shuttle 21 11 0 0 0 6 5 0 0 0 0 43
Walk Access 11,867 6,909 724 147 163 1,408 636 33 106 0 0 21,993
To Mode Total 17,504 11,481 2,384 333 568 2,392 964 94 209 3 3,866 39,798
Night (6 pm - 6 am)
3 N\ 9 ol 2 Z
& ¢ & s /&8 /) s /588 & § @
) 3 35 ~ Q N N3 & S 3 & g
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§ « 5 S S & < T8 8§ g &
K ¢ 3§ ¢ & $
From/to <
Commuter Rail 42 424 81 5 10 9 0 7 0 4 1,192 1,774
Red Line 1,092 0 1,420 5 46 204 33 15 2 4 1,922 4,743
Silver Line 324 2,498 0 0 18 26 9 0 1 0 61 2,937
Taxi 1 5 0 0 0 36 33 0 0 0 21 96
MBTA Bus 11 32 5 0 3 12 0 0 0 0 61 124
Commuter/Intercity Bus 42 545 23 93 40 26 3 129 0 4 831 1,736
AMTRAK 24 199 26 157 0 12 0 40 0 4 609 1,071
Auto Pick Up/Drop Off
(Kiss and Ride) 22 15 12 0 0 85 7 0 0 0 62 203
Parking 0 1 0 0 0 0 0 0 0 0 9 10
Private Shuttle 1 2 0 0 0 1 0 0 0 0 0 4
Walk Access 5,288 6,158 310 214 89 1,005 277 113 7 0 0 13,461
To Mode Total 6,847 9,878 1,877 474 206 1,416 362 304 10 16 4,768 26,159
South Station Expansion October 2014
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Final SSX Ridership Results

2035 True No-Build Transfer Activities in South Station

Daily
= 8 o 3
3 NS £ F o S
N & § . & /2 § /Es8 & g ¢ &
§ N ¢ & N §F £ /es&/ ¥ M & S
§ 3 & & £ 3§ S /58%F & § 5 N
£ < & S o & < TQ S S £
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From/to S &
Commuter Rail 348 6,849 1,440 39 266 156 73 27 10 33 17,873 27,114
Red Line 6,697 0 8,949 30 638 2,197 693 48 57 20 16,743 36,072
Silver Line 1,868 8,432 0 0 123 140 96 0 74 0 1,955 12,687
Taxi 6 24 4 0 0 218 339 0 0 0 63 654
MBTA Bus 253 532 92 0 85 266 0 0 0 0 868 2,096
Commuter/Intercity Bus 160 2,302 109 289 244 136 39 246 4 12 2,572 6,113
AMTRAK 93 659 76 391 0 42 0 66 19 6 1,352 2,703
Auto Pick Up/Drop Off
(Kiss and Ride) 77 64 61 0 0 408 68 0 0 0 208 886
Parking 8 51 0 0 0 4 22 0 0 0 206 291
Private Shuttle 27 27 0 0 0 14 11 0 0 0 0 79
Walk Access 18,923 17,190 2,181 452 338 3,150 1,408 169 140 0 0 43,951
To Mode Total 28,459 36,130 12,911 1,201 1,694 6,730 2,749 556 304 71 41,840 132,646
October 2014 South Station Expansion
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Final SSX Ridership Results

2035 Transportation Improvement Only Alternative Transfer Activities in South Station

AM Peak (6 am - 9 am)
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From/to S &
Commuter Rail 185 4,943 1,145 20 195 76 100 5 2 25 18,815 25,511
Red Line 781 0 2,897 4 229 430 283 1 4 7 7,639 12,275
Silver Line 103 1,146 0 0 31 18 16 0 4 0 791 2,108
Taxi 0 4 1 0 0 23 96 0 0 0 18 142
MBTA Bus 21 124 26 0 21 33 0 0 0 0 290 515
Commuter/Intercity Bus 18 443 28 25 63 16 13 5 0 2 791 1,403
AMTRAK 8 125 17 28 0 3 0 0 0 0 443 622
Auto Pick Up/Drop Off
(Kiss and Ride) 8 11 13 0 0 49 20 0 0 0 60 161
Parking 4 29 0 0 0 2 18 0 0 0 152 205
Private Shuttle 2 6 0 0 0 2 4 0 0 0 0 14
Walk Access 639 841 203 15 37 140 214 1 3 0 0 2,093
To Mode Total 1,769 7,671 4,330 92 576 791 764 12 13 34 28,998 45,050
Midday (9 am - 3 pm)
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From/to S &
Commuter Rail 71 1,922 359 16 38 42 42 13 4 7 3,030 5,543
Red Line 1,140 0 3,227 13 167 961 504 22 21 7 5,426 11,488
Silver Line 164 1,776 0 0 17 34 51 0 17 0 559 2,617
Taxi 2 10 3 0 0 103 298 0 0 0 22 437
MBTA Bus 21 123 21 0 1 54 0 0 0 0 132 362
Commuter/Intercity Bus 33 753 42 107 69 53 29 78 2 3 737 1,906
AMTRAK 43 532 54 230 0 29 0 31 12 5 759 1,695
Auto Pick Up/Drop Off
(Kiss and Ride) 22 30 29 0 0 205 62 0 0 0 75 424
Parking 2 17 0 0 0 2 13 0 0 0 41 75
Private Shuttle 3 8 0 0 0 4 6 0 0 0 0 21
Walk Access 1,559 3,010 757 81 45 582 600 22 24 0 0 6,680
To Mode Total 3,060 8,181 4,491 447 347 2,069 1,605 166 80 22 10,781 31,249
October 2014
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Final SSX Ridership Results

2035 Transportation Improvement Only Alternative Transfer Activities in South Station

PM Peak (3 pm - 6 pm)
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From/to <
Commuter Rail 207 772 189 6 40 29 33 6 6 0 976 2,264
Red Line 4,648 0 1,396 8 196 555 262 10 30 2 1,219 8,327
Silver Line 1,636 2,976 0 0 57 61 61 0 52 0 466 5,309
Taxi 4 5 0 0 0 49 100 0 0 0 5 163
MBTA Bus 225 253 39 0 50 162 0 0 0 0 371 1,100
Commuter/Intercity Bus 80 512 16 56 64 29 14 33 2 1 194 1,002
AMTRAK 95 240 28 170 0 22 0 18 20 0 306 900
Auto Pick Up/Drop Off
(Kiss and Ride) 36 7 6 0 0 65 16 0 0 0 11 141
Parking 2 4 0 0 0 0 4 0 0 0 4 14
Private Shuttle 25 11 0 0 0 6 7 0 0 0 0 49
Walk Access 16,106 6,697 718 155 163 1,405 967 33 106 0 0 26,350
To Mode Total 23,064 11,477 2,393 395 570 2,383 1,464 100 216 3 3,552 45,619
Night (6 pm - 6 am)
5 <. > B 3
N o & g &S s /588 . § & L
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From/to <
Commuter Rail 44 460 102 6 11 9 0 8 0 4 1,439 2,083
Red Line 1,268 0 1,414 5 46 204 65 15 2 4 1,838 4,861
Silver Line 409 2,482 0 0 18 25 18 0 1 0 38 2,992
Taxi 2 5 0 0 0 36 72 0 0 0 21 136
MBTA Bus 13 32 5 0 3 10 0 0 0 0 52 115
Commuter/Intercity Bus 42 510 22 93 40 26 7 128 0 5 800 1,674
AMTRAK 38 246 34 210 0 16 0 54 0 5 816 1,419
Auto Pick Up/Drop Off
(Kiss and Ride) 27 15 12 0 0 81 14 0 0 0 62 211
Parking 0 1 0 0 0 0 0 0 0 0 9 10
Private Shuttle 1 2 0 0 0 1 0 0 0 0 0 4
Walk Access 6,891 6,118 305 214 88 998 618 113 7 0 0 15,353
To Mode Total 8,734 9,872 1,895 528 206 1,407 795 318 10 18 5,075 28,858
October 2014 South Station Expansion
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Final SSX Ridership Results

2035 Transportation Improvement Only Alternative Transfer Activities in South Station

Daily
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From/to S &
Commuter Rail 507 8,097 1,794 48 284 156 175 32 12 36 24,260 35,401
Red Line 7,837 0 8,934 30 638 2,150 1,115 48 57 20 16,122 36,951
Silver Line 2,312 8,381 0 0 122 139 146 0 74 0 1,854 13,027
Taxi 8 24 4 0 0 211 566 0 0 0 66 879
MBTA Bus 280 532 92 0 85 259 0 0 0 0 845 2,093
Commuter/Intercity Bus 173 2,218 109 281 236 124 63 244 4 11 2,522 5,985
AMTRAK 184 1,143 133 639 0 69 0 103 32 10 2,324 4,637
Auto Pick Up/Drop Off
(Kiss and Ride) 93 63 61 0 0 400 113 0 0 0 208 937
Parking 8 51 0 0 0 4 34 0 0 0 206 303
Private Shuttle 31 27 0 0 0 13 17 0 0 0 0 88
Walk Access 25,195 16,666 1,983 465 333 3,125 2,400 169 140 0 0 50,476
To Mode Total 36,628 37,201 13,109 1,463 1,698 6,650 4,629 596 319 77 48,406 150,777
October 2014
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Final SSX Ridership Results

2035 Minimum Land Use Alternative Transfer Activities in South Station

AM Peak (6 am - 9 am)
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From/to S &«
Commuter Rail 186 4,939 1,143 20 207 79 96 5 2 25 18,876 25,578
Red Line 783 0 2,888 4 224 430 281 1 4 7 7,728 12,350
Silver Line 106 1,132 0 0 29 18 20 0 4 0 813 2,122
Taxi 0 4 1 0 0 23 94 0 0 0 18 140
MBTA Bus 21 118 26 0 20 33 0 0 0 0 297 515
Commuter/Intercity Bus 18 444 28 26 64 16 12 5 0 2 806 1,421
AMTRAK 8 117 17 28 0 3 0 0 0 0 451 622
Auto Pick Up/Drop Off
(Kiss and Ride) 8 10 13 0 0 49 18 0 0 0 63 161
Parking 4 29 0 0 0 2 18 0 0 0 156 209
Private Shuttle 2 6 0 0 0 2 4 0 0 0 0 14
Walk Access 645 902 225 15 40 153 221 1 3 0 0 2,204
To Mode Total 1,780 7,701 4,340 93 584 807 764 12 13 34 29,208 45,336
Midday (9 am - 3 pm)
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From/to S &
Commuter Rail 71 1,909 363 16 39 48 43 13 4 7 3,051 5,564
Red Line 1,127 0 3,202 13 165 973 508 22 21 7 5,507 11,545
Silver Line 164 1,767 0 0 19 36 50 0 17 0 574 2,626
Taxi 2 10 3 0 0 105 298 0 0 0 27 445
MBTA Bus 22 121 21 0 1 55 0 0 0 0 135 365
Commuter/Intercity Bus 34 776 44 107 67 55 28 78 2 3 754 1,948
AMTRAK 42 523 53 229 0 24 0 31 12 5 777 1,695
Auto Pick Up/Drop Off
(Kiss and Ride) 23 29 29 0 0 208 65 0 0 0 78 432
Parking 2 16 0 0 0 2 13 0 0 0 43 76
Private Shuttle 3 8 0 0 0 4 6 0 0 0 0 21
Walk Access 1,599 3,070 796 80 46 589 594 23 26 0 0 6,822
To Mode Total 3,090 8,229 4,510 445 347 2,098 1,605 167 81 22 10,946 31,540
October 2014 South Station Expansion

Page 24 Massachusetts Department of Transportation



Final SSX Ridership Results

2035 Minimum Land Use Alternative Transfer Activities in South Station

PM Peak (3 pm - 6 pm)
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From/to <
Commuter Rail 207 775 191 6 42 29 33 6 6 0 989 2,284
Red Line 4,638 0 1,374 8 205 552 255 9 29 2 1,303 8,376
Silver Line 1,600 2,977 0 0 65 61 59 0 52 0 502 5,317
Taxi 4 5 0 0 0 49 98 0 0 0 5 161
MBTA Bus 227 248 37 0 51 153 0 0 0 0 384 1,100
Commuter/Intercity Bus 80 521 16 55 71 29 14 33 2 1 208 1,030
AMTRAK 84 248 26 160 0 21 0 19 19 0 323 900
Auto Pick Up/Drop Off
(Kiss and Ride) 35 7 6 0 0 65 16 0 0 0 13 142
Parking 2 5 0 0 0 0 3 0 0 0 5 15
Private Shuttle 25 13 0 0 0 6 7 0 0 0 0 51
Walk Access 16,166 6,722 743 153 200 1,450 979 35 110 0 0 26,558
To Mode Total 23,068 11,520 2,394 382 634 2,415 1,464 102 218 3 3,732 45,934
Night (6 pm - 6 am)
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From/to <
Commuter Rail 46 461 88 6 11 11 0 8 0 4 1,462 2,097
Red Line 1,268 0 1,416 5 46 209 63 14 2 3 1,864 4,890
Silver Line 422 2,455 0 0 18 27 18 0 1 0 55 2,996
Taxi 2 5 0 0 0 36 70 0 0 0 21 134
MBTA Bus 13 31 5 0 2 10 0 0 0 0 54 115
Commuter/Intercity Bus 43 521 24 90 40 26 7 130 0 4 812 1,697
AMTRAK 38 244 33 205 0 16 0 54 0 5 824 1,419
Auto Pick Up/Drop Off
(Kiss and Ride) 28 14 12 0 0 81 14 0 0 0 63 212
Parking 0 1 0 0 0 0 0 0 0 0 9 10
Private Shuttle 2 2 0 0 0 1 0 0 0 0 0 5
Walk Access 6,905 6,195 316 214 90 1,008 623 116 7 0 0 15,474
To Mode Total 8,768 9,929 1,894 520 207 1,424 795 322 10 16 5,164 29,049
October 2014
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Final SSX Ridership Results

2035 Minimum Land Use Alternative Transfer Activities in South Station

Daily
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From/to S &
Commuter Rail 510 8,084 1,785 48 299 167 171 32 12 36 24,378 35,523
Red Line 7,816 0 8,880 30 640 2,164 1,108 46 56 19 16,402 37,161
Silver Line 2,292 8,331 0 0 131 141 148 0 74 0 1,944 13,061
Taxi 8 24 4 0 0 213 561 0 0 0 71 881
MBTA Bus 283 518 89 0 84 251 0 0 0 0 870 2,095
Commuter/Intercity Bus 175 2,262 112 278 242 126 62 246 4 10 2,580 6,096
AMTRAK 172 1,131 129 622 0 63 0 104 31 10 2,375 4,637
Auto Pick Up/Drop Off
(Kiss and Ride) 94 60 61 0 0 403 112 0 0 0 217 947
Parking 8 51 0 0 0 4 34 0 0 0 213 310
Private Shuttle 32 29 0 0 0 13 17 0 0 0 0 91
Walk Access 25,315 16,889 2,079 462 376 3,200 2,417 175 146 0 0 51,059
To Mode Total 36,705 37,379 13,139 1,440 1,772 6,745 4,629 603 323 75 49,050 151,859
October 2014 South Station Expansion
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Final SSX Ridership Results

2035 Maximum Land Use Alternative Transfer Activities in South Station

AM Peak (6 am - 9 am)
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From/to S &
Commuter Rail 188 4,932 1,139 19 233 80 69 5 2 25 19,330 26,022
Red Line 786 0 2,868 4 216 430 280 1 3 6 8,143 12,737
Silver Line 118 1,108 0 0 29 18 28 0 4 0 847 2,152
Taxi 0 4 1 0 0 23 91 0 0 0 17 136
MBTA Bus 22 116 26 0 20 35 0 0 0 0 321 540
Commuter/Intercity Bus 19 445 27 28 67 17 14 5 0 3 860 1,485
AMTRAK 10 108 17 30 0 5 0 0 0 0 452 622
Auto Pick Up/Drop Off
(Kiss and Ride) 9 10 13 0 0 50 19 0 0 0 65 166
Parking 4 29 0 0 0 2 19 0 0 0 162 216
Private Shuttle 2 6 0 0 0 2 3 0 0 0 0 13
Walk Access 666 1,130 328 15 41 171 242 1 3 0 0 2,597
To Mode Total 1,824 7,889 4,420 96 606 833 764 12 12 34 30,197 46,687
Midday (9 am - 3 pm)
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From/to S &
Commuter Rail 72 1,833 369 15 43 58 44 13 4 7 3,185 5,643
Red Line 1,117 0 3,150 13 163 990 513 22 21 7 5,840 11,836
Silver Line 163 1,739 0 0 23 37 54 0 16 0 646 2,678
Taxi 2 9 3 0 0 107 302 0 0 0 31 454
MBTA Bus 22 119 21 0 1 57 0 0 0 0 154 384
Commuter/Intercity Bus 35 816 45 109 65 58 30 81 2 4 783 2,028
AMTRAK 41 509 57 229 0 14 0 32 1 5 796 1,695
Auto Pick Up/Drop Off
(Kiss and Ride) 23 28 30 0 0 214 67 0 0 0 81 443
Parking 2 15 0 0 0 2 14 0 0 0 45 78
Private Shuttle 3 8 0 0 0 4 8 0 0 0 0 23
Walk Access 1,697 3,367 927 77 49 603 574 24 26 0 0 7,344
To Mode Total 3,178 8,443 4,602 443 354 2,143 1,605 172 81 23 11,561 32,605
October 2014
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Final SSX Ridership Results

2035 Maximum Land Use Alternative Transfer Activities in South Station

PM Peak (3 pm - 6 pm)
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From/to <
Commuter Rail 208 780 194 6 45 31 30 6 6 0 1,026 2,332
Red Line 4,632 0 1,327 8 208 547 233 9 28 2 1,587 8,581
Silver Line 1,578 2,966 0 0 67 63 59 0 52 0 607 5,392
Taxi 4 4 0 0 0 50 92 0 0 0 5 155
MBTA Bus 234 242 37 0 53 147 0 0 0 0 415 1,128
Commuter/Intercity Bus 80 540 18 52 73 31 13 33 2 1 233 1,075
AMTRAK 60 273 27 149 0 21 0 18 18 0 334 900
Auto Pick Up/Drop Off
(Kiss and Ride) 34 12 6 0 0 64 14 0 0 0 13 144
Parking 2 8 0 0 0 0 3 0 0 0 5 18
Private Shuttle 25 15 0 0 0 6 6 0 0 0 0 52
Walk Access 16,528 6,999 822 152 204 1,565 1,014 37 115 0 0 27,436
To Mode Total 23,385 11,839 2,430 367 650 2,525 1,464 103 221 3 4,225 47,214
Night (6 pm - 6 am)
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From/to <
Commuter Rail 46 461 84 6 12 11 0 9 0 4 1,552 2,185
Red Line 1,275 0 1,402 5 46 220 66 15 2 3 1,992 5,026
Silver Line 471 2,434 0 0 19 27 21 0 1 0 81 3,054
Taxi 2 5 0 0 0 35 69 0 0 0 21 132
MBTA Bus 14 30 5 0 2 11 0 0 0 0 62 124
Commuter/Intercity Bus 45 547 24 90 42 26 7 132 0 4 844 1,760
AMTRAK 38 251 33 190 0 16 0 51 0 5 835 1,419
Auto Pick Up/Drop Off
(Kiss and Ride) 28 14 12 0 0 85 13 0 0 0 66 218
Parking 0 1 0 0 0 0 0 0 0 0 9 10
Private Shuttle 2 2 0 0 0 1 0 0 0 0 0 5
Walk Access 7,032 6,481 363 214 96 1,019 619 119 8 0 0 15,952
To Mode Total 8,954 10,226 1,922 505 217 1,451 795 326 11 16 5,462 29,885
October 2014 South Station Expansion
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Final SSX Ridership Results

2035 Maximum Land Use Alternative Transfer Activities in South Station

Daily
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From/to S &
Commuter Rail 514 8,006 1,786 46 333 180 143 33 12 36 25,093 36,182
Red Line 7,810 0 8,748 30 633 2,187 1,091 47 54 18 17,562 38,180
Silver Line 2,330 8,248 0 0 138 144 161 0 73 0 2,181 13,276
Taxi 8 22 4 0 0 215 555 0 0 0 74 877
MBTA Bus 292 507 89 0 86 250 0 0 0 0 952 2,176
Commuter/Intercity Bus 179 2,348 114 279 247 132 63 251 4 12 2,720 6,349
AMTRAK 150 1,142 133 599 0 56 0 101 29 9 2,417 4,637
Auto Pick Up/Drop Off
(Kiss and Ride) 94 64 62 0 0 413 113 0 0 0 225 971
Parking 8 53 0 0 0 4 36 0 0 0 221 322
Private Shuttle 32 31 0 0 0 13 17 0 0 0 0 93
Walk Access 25,923 17,977 2,440 458 390 3,358 2,449 181 152 0 0 53,328
To Mode Total 37,340 38,397 13,375 1,412 1,827 6,952 4,629 613 325 75 51,445 156,391
October 2014
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Final SSX Ridership Results

Summary of Boardings/Alightings from Nearby TAZ

1. Base Year (2009)

Average of Daily Boardings & Alightings at South Station Average of AM Boardings & PM Alightings at South Station

Average of PM Boardings & AM Alightings at South Station

TAZ Group Silver Line Red Line CRR Totals TAZ Group Silver Line Red Line CRR Totals TAZ Group Silver Line Red Line CRR Totals
North 210 4,700 3,920 8,830 North 0 160 40 200 North 60 3,080 3,060 6,200
South 90 890 400 1,380 South 50 40 0 90 South 30 240 310 580
East 0 5,460 1,110 6,570 East 0 340 60 400 East 0 1,850 800 2,650
West 200 2,250 2,440 4,890 West 70 100 40 210 West 60 1,220 1,880 3,160
Totals 500 13,300 7,870 21,670  Totals 120 640 140 900  Totals 150 6,390 6,050 12,590
2. 2025 True No Build

Average of Daily Boardings & Alightings at South Station Average of AM Boardings & PM Alightings at South Station Average of PM Boardings & AM Alightings at South Station

TAZ Group Silver Line Red Line CRR Totals  TAZ Group Silver Line Red Line CRR Totals  TAZ Group Silver Line Red Line CRR Totals
North 360 5,390 4,590 10,340 North 10 150 50 210 North 110 3,250 3,420 6,780
South 350 1,020 710 2,080 South 110 60 20 190 South 100 250 510 860
East 0 6,260 2,720 8,980 East 0 570 290 860 East 0 1,940 1,630 3,570
West 530 2,570 2,880 5980  West 120 110 60 290 West 190 1,290 2,100 3,580
Totals 1,240 15,240 10,900 27,380  Totals 240 890 420 1,550  Totals 400 6,730 7,660 14,790
3. 2025 Transit Improvements Only

Average of Daily Boardings & Alightings at South Station Average of AM Boardings & PM Alightings at South Station Average of PM Boardings & AM Alightings at South Station

TAZ Group Silver Line Red Line CRR Totals  TAZ Group Silver Line Red Line CRR Totals  TAZ Group Silver Line Red Line CRR Totals
North 400 5,140 5,890 11,430 North 10 140 60 210 North 110 3,060 4,470 7,640
South 390 1,010 900 2,300 South 100 60 20 180 South 100 260 650 1,010
East 0 6,220 3,590 9,810 East 0 540 330 870 East 0 2,080 2,200 4,280
West 610 2,450 3,690 6,750 West 100 100 70 270 West 190 1,200 2,720 4,110
Totals 1,400 14,820 14,070 30,290  Totals 210 840 480 1,530 Totals 400 6,600 10,040 17,040
4. 2025 Maximum Land Use

Average of Daily Boardings & Alightings at South Station Average of AM Boardings & PM Alightings at South Station Average of PM Boardings & AM Alightings at South Station

TAZ Group Silver Line Red Line CRR Totals  TAZ Group Silver Line Red Line CRR Totals  TAZ Group Silver Line Red Line CRR Totals
North 410 5,430 6,040 11,880 North 10 150 60 220 North 110 3,160 4,570 7,840
South 400 1,050 920 2,370 South 120 60 30 210 South 110 260 670 1,040
East 0 6,610 3,720 10,330 East 0 610 330 940 East 0 2,170 2,250 4,420
West 630 2,590 3,780 7,000 West 120 120 70 310 West 210 1,240 2,780 4,230
Totals 1,440 15,680 14,460 31,580  Totals 250 940 490 1,680 Totals 430 6,830 10,270 17,530
5. 2025 Minimum Land Use

Average of Daily Boardings & Alightings at South Station Average of AM Boardings & PM Alightings at South Station Average of PM Boardings & AM Alightings at South Station

TAZ Group Silver Line Red Line CRR Totals  TAZ Group Silver Line Red Line CRR Totals  TAZ Group Silver Line Red Line CRR Totals
North 410 5,400 5,990 11,800 North 10 140 50 200 North 110 3,120 4,530 7,760
South 390 1,040 910 2,340 South 120 60 30 210 South 110 260 660 1,030
East 0 6,500 3,680 10,180 East 0 610 330 940 East 0 2,150 2,230 4,380
West 620 2,550 3,750 6,920 West 120 100 70 290 West 220 1,240 2,760 4,220
Totals 1,420 15,490 14,330 31,240  Totals 250 910 480 1,640 Totals 440 6,770 10,180 17,390
Notes:

1. TAZ Group: North: 14,15,55-60,66-8

South: 20,81-3,115
East: 135-7, 143-6
West: 16-8, 64-5,70,76,77
2. Boardings and alightings include Silver Line Gateway in all 2025 alternatives.
3. The boardings and alightings include South Coast Rail in the 2025 Build alternatives.
4. AMTRAK and Intercity Buses are not included in this ridership summary.
S. Average Boardings & Alightings tables should be doubled to calculate total boardings plus alightings.
6. Results are rounded to the nearest ten. As an artifact of rounding, column and row totals are +/- 10 the sum of individual column and row elements.

October 2014
Page 30

South Station Expansion
Massachusetts Department of Transportation



Final SSX Ridership Results

Summary of Boardings/Alightings from Nearby TAZ

1. Base Year (2009)

Average of Daily Boardings & Alightings at South Station Average of AM Boardings & PM Alightings at South Station Average of PM Boardings & AM Alightings at South Station

TAZ Group Silver Line Red Line CRR Totals  TAZ Group Silver Line Red Line CRR Totals  TAZ Group Silver Line Red Line CRR Totals
North 210 4,700 3,920 8,830 North 0 160 40 200 North 60 3,080 3,060 6,200
South 90 890 400 1,380 South 50 40 0 90 South 30 240 310 580
East 0 5,460 1,110 6,570 East 0 340 60 400 East 0 1,850 800 2,650
West 200 2,250 2,440 4,890  West 70 100 40 210 West 60 1,220 1,880 3,160
Totals 500 13,300 7,870 21,670  Totals 120 640 140 900  Totals 150 6,390 6,050 12,590

2. 2035 True No Build

Average of Daily Boardings & Alightings at South Station Average of AM Boardings & PM Alightings at South Station A ge of PM lings & AM Alightings at South Station

TAZ Group Silver Line Red Line CRR Totals  TAZ Group Silver Line Red Line CRR Totals  TAZ Group Silver Line Red Line CRR Totals
North 400 5,580 4,780 10,760 North 10 150 50 210 North 120 3,300 3,520 6,940
South 420 1,060 800 2,280 South 130 70 30 230 South 120 250 570 940
East 0 6,480 3,180 9,660 East 0 630 350 980 East 0 1,960 1,870 3,830
West 620 2,660 3,010 6,290  West 130 110 70 310 West 230 1,310 2,160 3,700
Totals 1,440 15,780 11,770 28,990  Totals 280 960 500 1,740  Totals 460 6,820 8,120 15,400

3. 2035 Transit Improvements Only

Average of Daily Boardings & Alightings at South Station Average of AM Boardings & PM Alightings at South Station Average of PM Boardings & AM Alightings at South Station

TAZ Group Silver Line Red Line CRR Totals  TAZ Group Silver Line Red Line CRR Totals  TAZ Group Silver Line Red Line CRR Totals
North 450 5,260 6,450 12,160 North 10 130 60 200 North 120 3,060 4,870 8,050
South 480 1,040 1,040 2,560 South 110 60 30 200 South 120 260 750 1,130
East 0 6,440 4,290 10,730 East 0 590 400 990 East 0 2,150 2,590 4,740
West 730 2,510 4,040 7,280  West 110 100 80 290 West 230 1,200 2,960 4,390
Totals 1,650 15,250 15,820 32,720  Totals 230 880 570 1,680  Totals 460 6,670 11,170 18,300

4. 2035 Maximum Land Use

Average of Daily Boardings & Alightings at South Station Average of AM Boardings & PM Alightings at South Station Average of PM Boardings & AM Alightings at South Station

TAZ Group Silver Line Red Line CRR Totals  TAZ Group Silver Line Red Line CRR Totals  TAZ Group Silver Line Red Line CRR Totals
North 470 5,640 6,640 12,750 North 10 150 60 220 North 130 3,180 5,000 8,310
South 490 1,100 1,070 2,660 South 140 70 40 250 South 130 270 770 1,170
East 0 6,930 4,450 11,380 East 0 680 410 1,090 East 0 2,260 2,660 4,920
West 750 2,680 4,160 7,590 West 140 120 80 340 West 250 1,250 3,040 4,540
Totals 1,710 16,350 16,320 34,380 Totals 300 1,020 590 1,910 Totals 500 6,960 11,470 18,930

5. 2035 Minimum Land Use

Average of Daily Boardings & Alightings at South Station Average of AM Boardings & PM Alightings at South Station Average of PM Boardings & AM Alightings at South Station

TAZ Group Silver Line Red Line CRR Totals  TAZ Group Silver Line Red Line CRR Totals  TAZ Group Silver Line Red Line CRR Totals
North 460 5,600 6,580 12,640 North 10 140 50 200 North 130 3,130 4,950 8,210
South 480 1,080 1,060 2,620 South 140 70 40 250 South 130 270 760 1,160
East 0 6,790 4,410 11,200 East 0 680 410 1,090 East 0 2,230 2,630 4,860
West 740 2,630 4,120 7,490  West 140 100 80 320 West 260 1,240 3,010 4,510
Totals 1,680 16,100 16,170 33,950 Totals 300 990 580 1,860  Totals 510 6,870 11,350 18,740
Notes:

1. TAZ Group: North: 14,15,55-60,66-8

South: 20,81-3,115
East: 135-7, 143-6
West: 16-8, 64-5,70,76,77
2. Boardings and alightings include Silver Line Gateway in all 2035 alternatives.
3. The boardings and alightings include South Coast Rail in the 2035 Build alternatives.
4, AMTRAK and Intercity Buses are not included in this ridership summary.
S. Average Boardings & Alightings tables should be doubled to calculate total boardings plus alightings.
6. Results are rounded to the nearest ten. As an artifact of rounding, column and row totals are +/- 10 the sum of individual column and row elements.
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Final SSX Ridership Results

South Station Expansion
Summary of Transit Ridership - Part 1

1. South Side Commuter Rail Ridership - all South Side Commuter Rail Stations

Scenario AM MD PM NT Daily
Base Year (2009) 28,720 5,710 26,200 5,200 65,830
2025 True No-Build 33,780 9,160 32,550 8,190 83,680
2025 Transportation Improvement Only ! 36,360 9,680 34,910 8,900 89,850
2025 Maximum Land Use * 37,420 9,930 35,960 9,190 92,500
2025 Minimum Land Use * 36,920 9,790 35,490 9,010 91,210
Notes:

1. The ridership summary includes South Coast Rail in the Transportation Improvement Only alternative,

the Minimum Land Use alternative and the Maximum Land Use alternative.
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South Station Expansion

Final SSX Ridership Results

Massachusetts Department of Transportation

E. Summary of Transit Ridership - Part 2
2. Boardings at South Station
Base Year (2009)
Transit Mode AM MD PM NT Daily
Commuter Rail 738 1,356 14,378 5,316 21,788
Red Line 4,742 4,913 9,844 7,699 27,198
Silver Line 3,080 2,330 1,113 519 7,042
Bus 401 353 335 173 1,262
Total 8,961 8,952 25,670 13,707 57,290
2025 True No-Build
Transit Mode AM MD PM NT Daily
Commuter Rail 1,360 2,304 16,816 6,510 26,990
Red Line 6,473 7,172 11,121 9,399 34,165
Silver Line 3,946 3,992 2,104 1,578 11,620
Bus 531 353 516 199 1,599
Total 12,310 13,821 30,557 17,686 74,374
2025 Transportation Improvement Only !
Transit Mode AM MD PM NT Daily
Commuter Rail 1,542 2,685 21,153 7,982 33,362
Red Line 7,027 7,462 11,118 9,394 35,001
Silver Line 4,055 4,016 2,111 1,592 11,774
Bus 537 348 519 199 1,603
Total 13,161 14,511 34,901 19,167 81,740
2025 Maximum Land Use
Transit Mode AM MD PM NT Daily
Commuter Rail 1,585 2,777 21,404 8,153 33,919
Red Line 7,197 7,667 11,400 9,670 35,934
Silver Line 4,125 4,102 2,140 1,614 11,981
Bus 561 354 581 207 1,703
Total 13,468 14,900 35,525 19,644 83,537
Diff. (Max LU - TIO) 307 389 624 477 1,797
South Station Expansion
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Final SSX Ridership Results

2025 Minimum Land Use

Transit Mode AM MD PM NT Daily
Commuter Rail 1,551 2,708 21,156 8,008 33,423
Red Line 7,050 7,500 11,152 9,438 35,140
Silver Line 4,063 4,031 2,112 1,592 11,798
Bus 544 348 568 199 1,659
Total 13,208 14,587 34,988 19,237 82,020
Diff. (Min LU - TIO) 47 76 87 70 280
Notes:

1. The boardings and alightings includes SCR in the Transportation Improvement Only alternative,
the Maximum Land Use alternative, and the Minimum Land Use alternative.

2. AMTRAK and Intercity Buses are not included in this ridership summary.

3. All future year scenarios include the Fairmount Service improvements.

4. Due to rounding, the daily totals in the summary tables above are +/- 1 the values in the Daily

Pedestrian Transfer Matrices.
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Final SSX Ridership Results
South Station Expansion

E. Summary of Transit Ridership - Part 2 Continued

3. Alightings at South Station
Base Year (2009)

Transit Mode AM MD PM NT Daily
Commuter Rail 15,457 3,208 590 701 19,956
Red Line 10,429 8,428 5,711 2,485 27,053
Silver Line 398 1,113 2,464 1,678 5,653
Bus 348 289 938 103 1,678
Total 26,632 13,038 9,703 4,967 54,340

2025 True No-Build

Transit Mode AM MD PM NT Daily
Commuter Rail 18,272 4,037 1,692 1,538 25,539
Red Line 11,828 10,699 7,315 4,246 34,088
Silver Line 1,744 2,293 4,443 2,660 11,140
Bus 483 348 1,054 120 2,005
Total 32,327 17,377 14,504 8,564 72,772

2025 Transportation Improvement Only !

Transit Mode AM MD PM NT Daily
Commuter Rail 23,299 5,029 1,896 1,779 32,003
Red Line 11,869 10,815 7,751 4,338 34,773
Silver Line 1,732 2,287 4,683 2,703 11,405
Bus 479 346 1,065 112 2,002
Total 37,379 18,477 15,395 8,932 80,183

2025 Maximum Land Use *

Transit Mode AM MD PM NT Daily
Commuter Rail 23,698 5,107 1,949 1,858 32,612
Red Line 12,229 11,087 7,949 4,467 35,732
Silver Line 1,766 2,334 4,748 2,751 11,599
Bus 498 363 1,086 119 2,066
Total 38,191 18,891 15,732 9,195 82,009
Diff. (Max LU - TIO) 812 414 337 263 1,826
South Station Expansion October 2014
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Final SSX Ridership Results

2025 Minimum Land Use

Transit Mode AM MD PM NT Daily
Commuter Rail 23,351 5,046 1,911 1,790 32,098
Red Line 11,927 10,859 7,789 4,361 34,936
Silver Line 1,743 2,293 4,689 2,706 11,431
Bus 479 348 1,064 112 2,003
Total 37,500 18,546 15,453 8,969 80,468
Diff. (Min LU - TIO) 121 69 58 37 285
Notes:

1. The boardings and alightings includes SCR in the Transportation Improvement Only alternative,
the Maximum Land Use alternative, and the Minimum Land Use alternative.

2. AMTRAK and Intercity Buses are not included in this ridership summary.

3. All future year scenarios include the Fairmount Service improvements.

4. Due to rounding, the daily totals in the summary tables above are +/- 1 the values in the Daily

Pedestrian Transfer Matrices.
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Final SSX Ridership Results

South Station Expansion
Summary of Transit Ridership - Part 1

1. South Side Commuter Rail Ridership - all South Side Commuter Rail Stations

Scenario AM MD PM NT Daily
Base Year (2009) 28,720 5,710 26,200 5,200 65,830
2035 True No-Build 35,210 10,130 34,340 9,030 88,710
2035 Transportation Improvement Only ! 38,510 10,800 37,370 9,940 96,620
2035 Maximum Land Use * 39,880 11,120 38,710 10,320 100,030
2035 Minimum Land Use * 39,230 10,940 38,110 10,090 98,370
Notes:

1. The ridership summary includes South Coast Rail in the Transportation Improvement Only alternative,

the Minimum Land Use alternative and the Maximum Land Use alternative.
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Final SSX Ridership Results

South Station Expansion

E. Summary of Transit Ridership - Part 2

2. Boardings at South Station

Base Year (2009)

Transit Mode AM MD PM NT Daily
Commuter Rail 738 1,356 14,378 5,316 21,788
Red Line 4,742 4,913 9,844 7,699 27,198
Silver Line 3,080 2,330 1,113 519 7,042
Bus 401 353 335 173 1,262
Total 8,961 8,952 25,670 13,707 57,290
2035 True No-Build

Transit Mode AM MD PM NT Daily
Commuter Rail 1,536 2,572 17,504 6,847 28,459
Red Line 6,961 7,809 11,481 9,878 36,129
Silver Line 4,190 4,461 2,384 1,877 12,912
Bus 568 353 568 206 1,695
Total 13,255 15,195 31,937 18,808 79,195
2035 Transportation Improvement Only !

Transit Mode AM MD PM NT Daily
Commuter Rail 1,769 3,060 23,064 8,734 36,627
Red Line 7,671 8,181 11,477 9,872 37,201
Silver Line 4,330 4,491 2,393 1,895 13,109
Bus 576 347 570 206 1,699
Total 14,346 16,079 37,504 20,707 88,636
2035 Maximum Land Use

Transit Mode AM MD PM NT Daily
Commuter Rail 1,824 3,178 23,385 8,954 37,341
Red Line 7,889 8,443 11,839 10,226 38,397
Silver Line 4,420 4,602 2,430 1,922 13,374
Bus 606 354 650 217 1,827
Total 14,739 16,577 38,304 21,319 90,939
Diff. (Max LU - TIO) 393 498 800 612 2,303

October 2014
Page 38

South Station Expansion
Massachusetts Department of Transportation



Final SSX Ridership Results

2035 Minimum Land Use

Transit Mode AM MD PM NT Daily
Commuter Rail 1,780 3,090 23,068 8,768 36,706
Red Line 7,701 8,229 11,520 9,929 37,379
Silver Line 4,340 4,510 2,394 1,894 13,138
Bus 584 347 634 207 1,772
Total 14,405 16,176 37,616 20,798 88,995
Diff. (Min LU - TIO) 59 97 112 91 359
Notes:

1. The boardings and alightings includes SCR in the Transportation Improvement Only alternative,
the Maximum Land Use alternative, and the Minimum Land Use alternative.

2. AMTRAK and Intercity Buses are not included in this ridership summary.

3. All future year scenarios include the Fairmount Service improvements.

4. Due to rounding, the daily totals in the summary tables above are +/- 1 the values in the Daily

Pedestrian Transfer Matrices.
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Final SSX Ridership Results

South Station Expansion
E. Summary of Transit Ridership - Part 2 Continued

3. Alightings at South Station
Base Year (2009)

Transit Mode AM MD PM NT Daily
Commuter Rail 15,457 3,208 590 701 19,956
Red Line 10,429 8,428 5,711 2,485 27,053
Silver Line 398 1,113 2,464 1,678 5,653
Bus 348 289 938 103 1,678
Total 26,632 13,038 9,703 4,967 54,340

2035 True No-Build

Transit Mode AM MD PM NT Daily
Commuter Rail 19,065 4,271 2,003 1,774 27,113
Red Line 12,222 11,340 7,767 4,743 36,072
Silver Line 2,124 2,626 5,001 2,937 12,688
Bus 521 364 1,087 124 2,096
Total 33,932 18,601 15,858 9,578 77,969

2035 Transportation Improvement Only !

Transit Mode AM MD PM NT Daily
Commuter Rail 25,511 5,543 2,264 2,083 35,401
Red Line 12,275 11,488 8,327 4,861 36,951
Silver Line 2,108 2,617 5,309 2,992 13,026
Bus 515 362 1,100 115 2,092
Total 40,409 20,010 17,000 10,051 87,470

2035 Maximum Land Use

Transit Mode AM MD PM NT Daily
Commuter Rail 26,022 5,643 2,332 2,185 36,182
Red Line 12,737 11,836 8,581 5,026 38,180
Silver Line 2,152 2,678 5,392 3,054 13,276
Bus 540 384 1,128 124 2,176
Total 41,451 20,541 17,433 10,389 89,814
Diff. (Max LU - TIO) 1,042 531 433 338 2,344
October 2014 South Station Expansion
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Final SSX Ridership Results

2035 Minimum Land Use

Transit Mode AM MD PM NT Daily
Commuter Rail 25,578 5,564 2,284 2,097 35,523
Red Line 12,350 11,545 8,376 4,890 37,161
Silver Line 2,122 2,626 5,317 2,996 13,061
Bus 515 365 1,100 115 2,095
Total 40,565 20,100 17,077 10,098 87,840
Diff. (Min LU - TIO) 156 90 77 47 370
Notes:

1. The boardings and alightings includes SCR in the Transportation Improvement Only alternative,
the Maximum Land Use alternative, and the Minimum Land Use alternative.

2. AMTRAK and Intercity Buses are not included in this ridership summary.

3. All future year scenarios include the Fairmount Service improvements.

4. Due to rounding, the daily totals in the summary tables above are +/- 1 the values in the Daily

Pedestrian Transfer Matrices.
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Transit Capacity Analysis Technical Report

Attachment K CTPS Transit Vehicle Crowding Analysis

2035 Build Year Analysis Tables:

e Commuter Rail
e Rapid Transit: Red Line, Blue Line, Orange Line, and Silver Line
e Rapid Transit: Green Line
e Local Bus
October 2014 South Station Expansion
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Transit Capacity Analysis Technical Report
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South Station Expansion Project

Results for Transit Crowding Analysis
South Side Commuter Rail - AM Peak Period (6am - 9am)

2035 True No-Build

AM Peak Train Set Info

AM Peak 1 Hour Service Info 3-hour Data

Needham Line 1B
Needham Line OB

Franklin Line 1B
Franklin Line OB

ICanton/Stoughton Line IB

Fairmount Line IB
Fairmount Line OB
Middleborough Line 1B
Middleborough Line OB

Greenbush Line 1B
Greenbush Line OB

Needham Line 1B
Needham Line OB

Franklin Line 1B
Franklin Line OB

Fairmount Line 1B
Fairmount Line OB
Middleborough Line 1B
Middleborough Line OB

Greenbush Line 1B

Modeled Modeled Peak
Peak Load Point Car Car Train Set Train Set Service Volume- Volume/ Volume /| Volume - Hour/
(From CTPS Travel Demand Headway Cars/  Seated Policy  Seated Policy Train  Seated Policy Peak  Seated Policy Peak Peak
ICommuter Rail Line Service Model) (min.) Train Set Capacity Max Load Capacity Max Load Sets Capacity Max Load Point Capacity Max Load Point Period
Forest Hills - Ruggles 45 8 185 204 1,480 1,628 2 2,960 3,256 578 0.20 0.18 850 0.68
South Station - Back Bay 60 8 185 204 1,480 1,628 1 1,480 1,628 286 0.19 0.18 530 0.54
\Worcester/Framingham Line IB Newtonville - Yawkey 26 8 185 204 1,480 1,628 3 4,440 4,884 1,918 0.43 0.39 2,950 0.65
\Worcester/Framingham Line OB South Station - Back Bay 60 8 185 204 1,480 1,628 1 1,480 1,628 442 0.30 0.27 660 0.67
Hyde Park - Ruggles 26 8 185 204 1,480 1,628 3 4,440 4,884 1,566 0.35 0.32 2,700 0.58
South Station - Back Bay 60 8 185 204 1,480 1,628 1 1,480 1,628 199 0.13 0.12 280 0.71
Providence/Attleboro Line IB Hyde Park - Ruggles 26 8 185 204 1,480 1,628 3 4,440 4,884 1,534 0.35 0.31 2,840 0.54
Providence/Attleboro Line OB South Station - Back Bay 45 8 185 204 1,480 1,628 2 2,960 3,256 491 0.17 0.15 630 0.78
Hyde Park - Ruggles 60 8 185 204 1,480 1,628 1 1,480 1,628 1,165 0.79 0.72 1,820 0.64
(Canton/Stoughton Line OB South Station - Back Bay 60 8 185 204 1,480 1,628 1 1,480 1,628 203 0.14 0.12 390 0.52
Uphams Corner - Newmarket 15 8 185 204 1,480 1,628 4 5,920 6,512 1,128 0.19 0.17 1,820 0.62
Talbot Ave - Morton St 15 8 185 204 1,480 1,628 4 5,920 6,512 166 0.03 0.03 200 0.83
JFK/Umass - South Station 45 8 185 204 1,480 1,628 2 2,960 3,256 2,761 0.93 0.85 4,930 0.56
Montello - Brockton 90 8 185 204 1,480 1,628 1 1,480 1,628 68 0.05 0.04 120 0.57
Plymouth/Kingston Line IB S Weymouth - Braintree 45 8 185 204 1,480 1,628 2 2,960 3,256 2,355 0.80 0.72 3,680 0.64
Plymouth/Kingston Line OB South Station - JFK/Umass 90 8 185 204 1,480 1,628 1 1,480 1,628 12 0.01 0.01 20 0.58
JFK/Umass - South Station 45 8 185 204 1,480 1,628 2 2,960 3,256 1,110 0.38 0.34 1,850 0.60
South Station - JFK/Umass 180 8 185 204 1,480 1,628 1 1,480 1,628 30 0.02 0.02 30 1.00
2035 Transit Improvement Only
AM Peak Train Set Info AM Peak 1 Hour Service Info 3-hour Data
Modeled Modeled Peak
Peak Load Point Car Car Train Set Train Set Service Volume- Volume/ Volume /| Volume - Hour/
(From CTPS Travel Demand Headway Cars/  Seated Policy  Seated Policy Train  Seated Policy Peak  Seated Policy Peak Peak
ICommuter Rail Line Service Model) (min.) Train Set Capacity Max Load Capacity Max Load Sets Capacity Max Load Point Capacity Max Load Point Period
Forest Hills - Ruggles 36 8 185 204 1,480 1,628 2 2,960 3,256 639 0.22 0.20 940 0.68
South Station - Back Bay 60 8 185 204 1,480 1,628 1 1,480 1,628 286 0.19 0.18 530 0.54
\Worcester/Framingham Line I1B Newtonville - Yawkey 23 8 185 204 1,480 1,628 3 4,440 4,884 2,015 0.45 0.41 3,100 0.65
\Worcester/Framingham Line OB South Station - Back Bay 60 8 185 204 1,480 1,628 1 1,480 1,628 442 0.30 0.27 660 0.67
Hyde Park - Ruggles 23 8 185 204 1,480 1,628 3 4,440 4,884 1,618 0.36 0.33 2,790 0.58
South Station - Back Bay 60 8 185 204 1,480 1,628 1 1,480 1,628 199 0.13 0.12 280 0.71
Providence/Attleboro Line IB Hyde Park - Ruggles 23 8 185 204 1,480 1,628 3 4,440 4,884 1,620 0.36 0.33 3,000 0.54
Providence/Attleboro Line OB South Station - Back Bay 45 8 185 204 1,480 1,628 2 2,960 3,256 491 0.17 0.15 630 0.78
Canton/Stoughton/South Coast Rail Line 1B Ruggles - Back Bay 23 8 185 204 1,480 1,628 3 4,440 4,884 3,558 0.80 0.73 5,560 0.64
Canton/Stoughton/South Coast Rail Line OB South Station - Back Bay 60 8 185 204 1,480 1,628 1 1,480 1,628 203 0.14 0.12 390 0.52
Uphams Corner - Newmarket 15 8 185 204 1,480 1,628 4 5,920 6,512 1,128 0.19 0.17 1,820 0.62
Talbot Ave - Morton St 15 8 185 204 1,480 1,628 4 5,920 6,512 166 0.03 0.03 200 0.83
JFK/Umass - South Station 45 8 185 204 1,480 1,628 2 2,960 3,256 2,778 0.94 0.85 4,960 0.56
Montello - Brockton 90 8 185 204 1,480 1,628 1 1,480 1,628 68 0.05 0.04 120 0.57
Plymouth/Kingston Line IB S Weymouth - Braintree 45 8 185 204 1,480 1,628 2 2,960 3,256 2,355 0.80 0.72 3,680 0.64
Plymouth/Kingston Line OB South Station - JFK/Umass 90 8 185 204 1,480 1,628 1 1,480 1,628 12 0.01 0.01 20 0.58
JFK/Umass - South Station 45 8 185 204 1,480 1,628 2 2,960 3,256 1,110 0.38 0.34 1,850 0.60
South Station - JFK/Umass 180 8 185 204 1,480 1,628 1 1,480 1,628 40 0.03 0.02 40 1.00

Greenbush Line OB




South Station Expansion Project

Results for Transit Crowding Analysis
South Side Commuter Rail - AM Peak Period (6am - 9am)

2035 Land Use
AM Peak Train Set Info AM Peak 1 Hour Service Info 3-hour Data
Modeled Modeled Peak
Peak Load Point Car Car Train Set Train Set| Service Volume- Volume/ Volume /| Volume - Hour /
(From CTPS Travel Demand Headway Cars/ Seated Policy Seated Policy]| Train Seated Policy Peak Seated Policy] Peak Peak|
Commuter Rail Line Service Model) (min.) Train Set Capacity Max Load Capacity Max Load| Sets Capacity Max Load Point Capacity Max Load Point Period
Needham Line I1B Forest Hills - Ruggles 36 8 185 204 1,480 1,628 2 2,960 3,256 653 0.22 0.20 960 0.68
Needham Line OB South Station - Back Bay 60 8 185 204 1,480 1,628 1 1,480 1,628 292 0.20 0.18 540 0.54
Worcester/Framingham Line 1B Newtonville - Yawkey 23 8 185 204 1,480 1,628 3 4,440 4,884 2,054 0.46 0.42 3,160 0.65
Worcester/Framingham Line OB South Station - Back Bay 60 8 185 204 1,480 1,628 1 1,480 1,628 449 0.30 0.28 670 0.67
Franklin Line IB Hyde Park - Ruggles 23 8 185 204 1,480 1,628 3 4,440 4,884 1,647 0.37 0.34 2,840 0.58
Franklin Line OB South Station - Back Bay 60 8 185 204 1,480 1,628 1 1,480 1,628 199 0.13 0.12 280 0.71
Providence/Attleboro Line IB Hyde Park - Ruggles 23 8 185 204 1,480 1,628 3 4,440 4,884 1,690 0.38 0.35 3,130 0.54
Providence/Attleboro Line OB South Station - Back Bay 45 8 185 204 1,480 1,628 2 2,960 3,256 499 0.17 0.15 640 0.78
Canton/Stoughton/South Coast Rail Line 1B Ruggles - Back Bay 23 8 185 204 1,480 1,628 3 4,440 4,884 3,558 0.80 0.73 5,560 0.64
Canton/Stoughton/South Coast Rail Line OB South Station - Back Bay 60 8 185 204 1,480 1,628 1 1,480 1,628 203 0.14 0.12 390 0.52
Fairmount Line IB Uphams Corner - Newmarket 15 8 185 204 1,480 1,628 4 5,920 6,512 1,135 0.19 0.17 1,830 0.62
Fairmount Line OB Talbot Ave - Morton St 15 8 185 204 1,480 1,628 4 5,920 6,512 166 0.03 0.03 200 0.83
Middleborough Line IB JFK/Umass - South Station 45 8 185 204 1,480 1,628 2 2,960 3,256 2,778 0.94 0.85 4,960 0.56
Middleborough Line OB Montello - Brockton 90 8 185 204 1,480 1,628 1 1,480 1,628 68 0.05 0.04 120 0.57
Plymouth/Kingston Line 1B S Weymouth - Braintree 45 8 185 204 1,480 1,628 2 2,960 3,256 2,355 0.80 0.72 3,680 0.64
Plymouth/Kingston Line OB South Station - JFK/Umass 90 8 185 204 1,480 1,628 1 1,480 1,628 12 0.01 0.01 20 0.58
Greenbush Line 1B JFK/Umass - South Station 45 8 185 204 1,480 1,628 2 2,960 3,256 1,110 0.38 0.34 1,850 0.60
Greenbush Line OB South Station - JFK/Umass 180 8 185 204 1,480 1,628 1 1,480 1,628 40 0.03 0.02 40 1.00
2035 Land Use
AM Peak Train Set Info AM Peak 1 Hour Service Info 3-hour Data
Modeled Modeled Peak
Peak Load Point Car Car Train Set Train Set| Service Volume- Volume/ Volume /| Volume - Hour /
(From CTPS Travel Demand Headway Cars/ Seated Policy Seated Policy| Train Seated Policy Peak Seated Policy Peak Peak|
Commuter Rail Line Service Model) (min.) Train Set Capacity Max Load Capacity Max Load Sets Capacity Max Load Point Capacity Max Load Point Period
Needham Line I1B Forest Hills - Ruggles 36 8 185 204 1,480 1,628 2 2,960 3,256 646 0.22 0.20 950 0.68
Needham Line OB South Station - Back Bay 60 8 185 204 1,480 1,628 1 1,480 1,628 286 0.19 0.18 530 0.54
Worcester/Framingham Line 1B Newtonville - Yawkey 23 8 185 204 1,480 1,628 3 4,440 4,884 2,028 0.46 0.42 3,120 0.65
Worcester/Framingham Line OB South Station - Back Bay 60 8 185 204 1,480 1,628 1 1,480 1,628 442 0.30 0.27 660 0.67
Franklin Line IB Hyde Park - Ruggles 23 8 185 204 1,480 1,628 3 4,440 4,884 1,624 0.37 0.33 2,800 0.58
Franklin Line OB South Station - Back Bay 60 8 185 204 1,480 1,628 1 1,480 1,628 199 0.13 0.12 280 0.71
Providence/Attleboro Line 1B Hyde Park - Ruggles 23 8 185 204 1,480 1,628 3 4,440 4,884 1,669 0.38 0.34 3,090 0.54
Providence/Attleboro Line OB South Station - Back Bay 45 8 185 204 1,480 1,628 2 2,960 3,256 491 0.17 0.15 630 0.78
Canton/Stoughton/South Coast Rail Line IB Ruggles-Back Bay 23 8 185 204 1,480 1,628 3 4,440 4,884 3,558 0.80 0.73 5,560 0.64
Canton/Stoughton/South Coast Rail Line OB South Station - Back Bay 60 8 185 204 1,480 1,628 1 1,480 1,628 203 0.14 0.12 390 0.52
Fairmount Line IB Uphams Corner - Newmarket 15 8 185 204 1,480 1,628 4 5,920 6,512 1,128 0.19 0.17 1,820 0.62
Fairmount Line OB Talbot Ave - Morton St 15 8 185 204 1,480 1,628 4 5,920 6,512 166 0.03 0.03 200 0.83
Middleborough Line IB JFK/Umass - South Station 45 8 185 204 1,480 1,628 2 2,960 3,256 2,778 0.94 0.85 4,960 0.56
Middleborough Line OB Montello - Brockton 90 8 185 204 1,480 1,628 1 1,480 1,628 68 0.05 0.04 120 0.57
Plymouth/Kingston Line 1B S Weymouth - Braintree 45 8 185 204 1,480 1,628 2 2,960 3,256 2,355 0.80 0.72 3,680 0.64
Plymouth/Kingston Line OB South Station - JFK/Umass 90 8 185 204 1,480 1,628 1 1,480 1,628 12 0.01 0.01 20 0.58
Greenbush Line 1B JFK/Umass - South Station 45 8 185 204 1,480 1,628 2 2,960 3,256 1,110 0.38 0.34 1,850 0.60
Greenbush Line OB South Station - JFK/Umass 180 8 185 204 1,480 1,628 1 1,480 1,628 40 0.03 0.02 40 1.00

Note: Fractional train sets are rounded up for the peak hour to reflect the peak number of trains in a 60 minute period during the peak 180 minute period



South Station Expansion Project

Results for Transit Crowding Analysis
South Side Commuter Rail - PM Peak Period (3pm - 6pm)

2035 True No-Build

PM Peak Train Set Info PM Peak 1 Hour Service Info 3-hour Data
Modeled Modeled Peak
Peak Load Point Car Car Train Set Train Set Service Volume- Volume/ Volume/| Volume - Hour/
(From CTPS Travel Demand Headway Cars/  Seated Policy Seated Policy Train Seated Policy Peak Seated Policy Peak Peak
[Commuter Rail Line Service Model) (min.) Train Set Capacity Max Load Capacity Max Load Sets Capacity Max Load Point Capacity Max Load Point Period
Needham Line IB Back Bay - South Station 60 8 185 204 1,480 1,628 1 1,480 1,628 342 0.23 0.21 510 0.67
Needham Line OB Ruggles - Forest Hills 36 8 185 204 1,480 1,628 2 2,960 3,256 678 0.23 0.21 1,130 0.60
\Worcester/Framingham Line 1B Wellesley Hills - Wellesley Farms 90 8 185 204 1,480 1,628 1 1,480 1,628 281 0.19 0.17 550 0.51
\Worcester/Framingham Line OB ‘Yawkey - Newtonville 26 8 185 204 1,480 1,628 3 4,440 4,884 1,446 0.33 0.30 2,450 0.59
Franklin Line IB Uphams Corner - Newmarket 90 8 185 204 1,480 1,628 1 1,480 1,628 204 0.14 0.13 300 0.68
Franklin Line OB Ruggles - Hyde Park 36 8 185 204 1,480 1,628 2 2,960 3,256 1,227 041 0.38 2,080 0.59
Providence/Attleboro Line IB Back Bay - South Station 180 8 185 204 1,480 1,628 1 1,480 1,628 290 0.20 0.18 290 1.00
Providence/Attleboro Line OB Ruggles - Hyde Park 36 8 185 204 1,480 1,628 2 2,960 3,256 514 0.17 0.16 1,070 0.48
[Canton/Stoughton Line IB Back Bay - South Station 920 8 185 204 1,480 1,628 1 1,480 1,628 382 0.26 0.23 670 0.57
(Canton/Stoughton Line OB Ruggles - Hyde Park 45 8 185 204 1,480 1,628 2 2,960 3,256 1,665 0.56 0.51 2,220 0.75
Fairmount Line IB Uphams Corner - Newmarket 15 8 185 204 1,480 1,628 4 5,920 6,512 227 0.04 0.03 420 0.54
Fairmount Line OB Newmarket - Uphams Corner 15 8 185 204 1,480 1,628 4 5,920 6,512 1,190 0.20 0.18 1,750 0.68
Middleborough Line IB JFK/Umass - South Station 180 8 185 204 1,480 1,628 1 1,480 1,628 430 0.29 0.26 430 1.00
Middleborough Line OB South Station - JFK/Umass 45 8 185 204 1,480 1,628 2 2,960 3,256 2,632 0.89 0.81 4,700 0.56
Plymouth/Kingston Line 1B JFK/Umass - South Station 90 8 185 204 1,480 1,628 1 1,480 1,628 45 0.03 0.03 90 0.50
Plymouth/Kingston Line OB Braintree - South Weymouth 60 8 185 204 1,480 1,628 1 1,480 1,628 1,537 1.04 0.94 2,520 0.61
Greenbush Line 1B JFK/Umass - South Station 90 8 185 204 1,480 1,628 1 1,480 1,628 102 0.07 0.06 150 0.68
Greenbush Line OB South Station - JFK/Umass 45 8 185 204 1,480 1,628 2 2,960 3,256 1,272 0.43 0.39 1,570 0.81
2035 Transit Improvement Only
PM Peak Train Set Info PM Peak 1 Hour Service Info 3-hour Data
Modeled Modeled Peak
Peak Load Point Car Car Train Set Train Set Service Volume- Volume/ Volume/| Volume - Hour /
(From CTPS Travel Demand Headway Cars/  Seated Policy Seated Policy Train Seated Policy Peak  Seated Policy Peak Peak
C Rail Line Service Model) (min.) Train Set Capacity Max Load Capacity Max Load Sets Capacity Max Load Point Capacity Max Load Point Period
Needham Line 1B Back Bay - South Station 60 8 185 204 1,480 1,628 1 1,480 1,628 342 0.23 0.21 510 0.67
Needham Line OB Ruggles - Forest Hills 30 8 185 204 1,480 1,628 2 2,960 3,256 744 0.25 0.23 1,240 0.60
Worcester/Framingham Line 1B Wellesley Hills - Wellesley Farms 90 8 185 204 1,480 1,628 1 1,480 1,628 286 0.19 0.18 560 0.51
\Worcester/Framingham Line OB Yawkey - Newtonville 26 8 185 204 1,480 1,628 3 4,440 4,884 1,499 0.34 0.31 2,540 0.59
Franklin Line 1B Uphams Corner - Newmarket 90 8 185 204 1,480 1,628 1 1,480 1,628 204 0.14 0.13 300 0.68
Franklin Line OB Ruggles - Hyde Park 30 8 185 204 1,480 1,628 2 2,960 3,256 1,304 0.44 0.40 2,210 0.59
Providence/Attleboro Line IB Back Bay - South Station 180 8 185 204 1,480 1,628 1 1,480 1,628 290 0.20 0.18 290 1.00
Providence/Attleboro Line OB Ruggles - Hyde Park 30 8 185 204 1,480 1,628 2 2,960 3,256 571 0.19 0.18 1,190 0.48
(Canton/Stoughton/South Coast Rail Line 1B Back Bay - South Station 90 8 185 204 1,480 1,628 1 1,480 1,628 382 0.26 0.23 670 0.57
Canton/Stoughton/South Coast Rail Line OB Back Bay - Ruggles 30 8 185 204 1,480 1,628 2 2,960 3,256 4,470 1.51 1.37 5,960 0.75
Fairmount Line IB Uphams Corner - Newmarket 15 8 185 204 1,480 1,628 4 5,920 6,512 227 0.04 0.03 420 0.54
Fairmount Line OB Newmarket - Uphams Corner 15 8 185 204 1,480 1,628 4 5,920 6,512 1,224 0.21 0.19 1,800 0.68
Middleborough Line 1B JFK/Umass - South Station 180 8 185 204 1,480 1,628 1 1,480 1,628 440 0.30 0.27 440 1.00
Middleborough Line OB South Station - JFK/Umass 45 8 185 204 1,480 1,628 2 2,960 3,256 2,632 0.89 0.81 4,700 0.56
Plymouth/Kingston Line IB JFK/Umass - South Station 20 8 185 204 1,480 1,628 1 1,480 1,628 45 0.03 0.03 90 0.50
Plymouth/Kingston Line OB Braintree - South Weymouth 60 8 185 204 1,480 1,628 1 1,480 1,628 1,637 1.04 0.94 2,520 0.61
Greenbush Line 1B JFK/Umass - South Station 90 8 185 204 1,480 1,628 1 1,480 1,628 102 0.07 0.06 150 0.68
Greenbush Line OB South Station - JFK/Umass 45 8 185 204 1,480 1,628 2 2,960 3,256 1,272 0.43 0.39 1,570 0.81




South Station Expansion Project

Results for Transit Crowding Analysis
South Side Commuter Rail - PM Peak Period (3pm - 6pm)

2035 Land Use
PM Peak Train Set Info PM Peak 1 Hour Service Info 3-hour Data
Modeled Modeled Peak’
Peak Load Point Car Car Train Set Train Set, Service Volume- Volume/ Volume /| Volume - Hour /|
(From CTPS Travel Demand Headway Cars/  Seated Policy  Seated Policy Train Seated Policy Peak Seated Policy| Peak Peak
C Rail Line Service Model) (min.) Train Set Capacity Max Load Capacity Max Load Sets Capacity Max Load Point Capacity Max Load Point Period
Needham Line IB Back Bay - South Station 60 8 185 204 1,480 1,628 1 1,480 1,628 348 0.24 0.21 520 0.67
Needham Line OB Ruggles - Forest Hills 30 8 185 204 1,480 1,628 2 2,960 3,256 756 0.26 0.23 1,260 0.60
Worcester/Framingham Line 1B Wellesley Hills - Wellesley Farms 90 8 185 204 1,480 1,628 1 1,480 1,628 286 0.19 0.18 560 0.51
Worcester/Framingham Line OB Yawkey - Newtonville 26 8 185 204 1,480 1,628 3 4,440 4,884 1,516 0.34 0.31 2,570 0.59
Franklin Line IB Uphams Corner - Newmarket 90 8 185 204 1,480 1,628 1 1,480 1,628 211 0.14 0.13 310 0.68
Franklin Line OB Ruggles - Hyde Park 30 8 185 204 1,480 1,628 2 2,960 3,256 1,328 0.45 0.41 2,250 0.59
Providence/Attleboro Line 1B Back Bay - South Station 180 8 185 204 1,480 1,628 1 1,480 1,628 290 0.20 0.18 290 1.00
Providence/Attleboro Line OB Ruggles - Hyde Park 30 8 185 204 1,480 1,628 2 2,960 3,256 590 0.20 0.18 1,230 0.48
Canton/Stoughton/South Coast Rail Line 1B Back Bay - South Station 90 8 185 204 1,480 1,628 1 1,480 1,628 393 0.27 0.24 690 0.57
Canton/Stoughton/South Coast Rail Line OB Back Bay - Ruggles 30 8 185 204 1,480 1,628 2 2,960 3,256 4,470 1.51 1.37 5,960 0.75
Fairmount Line 1B Uphams Corner - Newmarket 15 8 185 204 1,480 1,628 4 5,920 6,512 238 0.04 0.04 440 0.54
Fairmount Line OB Newmarket - Uphams Corner 15 8 185 204 1,480 1,628 4 5,920 6,512 1,224 0.21 0.19 1,800 0.68
Middleborough Line IB JFK/Umass - South Station 180 8 185 204 1,480 1,628 1 1,480 1,628 440 0.30 0.27 440 1.00
Middleborough Line OB South Station - JFK/Umass 45 8 185 204 1,480 1,628 2 2,960 3,256 2,632 0.89 0.81 4,700 0.56
Plymouth/Kingston Line IB JFK/Umass - South Station 920 8 185 204 1,480 1,628 1 1,480 1,628 45 0.03 0.03 90 0.50
Plymouth/Kingston Line OB Braintree - South Weymouth 60 8 185 204 1,480 1,628 1 1,480 1,628 1,537 1.04 0.94 2,520 0.61
Greenbush Line IB JFK/Umass - South Station 20 8 185 204 1,480 1,628 1 1,480 1,628 109 0.07 0.07 160 0.68
Greenbush Line OB South Station - JFK/Umass 45 8 185 204 1,480 1,628 2 2,960 3,256 1,272 0.43 0.39 1,570 0.81
2035 Land Use
PM Peak Train Set Info PM Peak 1 Hour Service Info 3-hour Data
Modeled Modeled Peak
Peak Load Point Car Car Train Set Train Set Service Volume- Volume/ Volume/| Volume - Hour /|
(From CTPS Travel Demand Headway Cars/  Seated Policy  Seated Policy Train Seated Policy Peak  Seated Policy Peak Peak
C Rail Line Service Model) (min.) Train Set Capacity Max Load Capacity Max Load Sets Capacity Max Load Point Capacity Max Load Point Period
Needham Line IB Back Bay - South Station 60 8 185 204 1,480 1,628 1 1,480 1,628 342 0.23 0.21 510 0.67
Needham Line OB Ruggles - Forest Hills 30 8 185 204 1,480 1,628 2 2,960 3,256 744 0.25 0.23 1,240 0.60
Worcester/Framingham Line 1B Wellesley Hills - Wellesley Farms 90 8 185 204 1,480 1,628 1 1,480 1,628 286 0.19 0.18 560 0.51
Worcester/Framingham Line OB Yawkey - Newtonville 26 8 185 204 1,480 1,628 3 4,440 4,884 1,499 0.34 0.31 2,540 0.59
Franklin Line 1B Uphams Corner - Newmarket 90 8 185 204 1,480 1,628 1 1,480 1,628 211 0.14 0.13 310 0.68
Franklin Line OB Ruggles - Hyde Park 30 8 185 204 1,480 1,628 2 2,960 3,256 1,310 0.44 0.40 2,220 0.59
Providence/Attleboro Line IB Back Bay - South Station 180 8 185 204 1,480 1,628 1 1,480 1,628 290 0.20 0.18 290 1.00
Providence/Attleboro Line OB Ruggles - Hyde Park 30 8 185 204 1,480 1,628 2 2,960 3,256 581 0.20 0.18 1,210 0.48
Canton/Stoughton/South Coast Rail Line 1B Back Bay - South Station 90 8 185 204 1,480 1,628 1 1,480 1,628 388 0.26 0.24 680 0.57
Canton/Stoughton/South Coast Rail Line OB Back Bay - Ruggles 30 8 185 204 1,480 1,628 2 2,960 3,256 4,470 1.51 1.37 5,960 0.75
Fairmount Line 1B Uphams Corner - Newmarket 15 8 185 204 1,480 1,628 4 5,920 6,512 232 0.04 0.04 430 0.54
Fairmount Line OB Newmarket - Uphams Corner 15 8 185 204 1,480 1,628 4 5,920 6,512 1,224 0.21 0.19 1,800 0.68
Middleborough Line 1B JFK/Umass - South Station 180 8 185 204 1,480 1,628 1 1,480 1,628 440 0.30 0.27 440 1.00
Middleborough Line OB South Station - JFK/Umass 45 8 185 204 1,480 1,628 2 2,960 3,256 2,632 0.89 0.81 4,700 0.56
Plymouth/Kingston Line 1B JFK/Umass - South Station 920 8 185 204 1,480 1,628 1 1,480 1,628 45 0.03 0.03 90 0.50
Plymouth/Kingston Line OB Braintree - South Weymouth 60 8 185 204 1,480 1,628 1 1,480 1,628 1,537 1.04 0.94 2,520 0.61
Greenbush Line IB JFK/Umass - South Station 90 8 185 204 1,480 1,628 1 1,480 1,628 109 0.07 0.07 160 0.68
Greenbush Line OB South Station - JFK/Umass 45 8 185 204 1,480 1,628 2 2,960 3,256 1,272 0.43 0.39 1,570 0.81

Note: Fractional train sets are rounded up for the peak hour to reflect the peak number of trains in a 60 minute period during the peak 180 minute period




South Station Expansion Project
Results for Transit Crowding Analysis
Rapid Transit - AM Peak Period (6am - 9am)

2035 True No-Build

AM Peak Train Set Info AM Peak 1 Hour Service Info 3-hour Data
Modeled Modeled Peak
Car Car Train Set Train Set| Service Volume- Volume/ Volume /| Volume - Hour /|
Peak Load Point Headway Cars/ Seated Policy  Seated Policy| Train  Seated Policy Peak  Seated Policy Peak Peak
Rapid Transit Service (From CTPS Travel Demand Model) (min.) Train Set Capacity Max Load Capacity Max Load Sets Capacity Max Load Point Capacity Max Load Point Period
Red Line NB Broadway - South Station 4.3 6 62 167 372 1,002 15 5,580 15,030 8,880 1.59 0.59| 22,200 0.40
Red Line SB Kendall Square - MGH 43 6 62 167 372 1,002 15 5,580 15,030 4,800 0.86 0.32 12,000 0.40
Silver Line WFL/Gateway EB South Station - Courthouse 1.7 1 45 65 45 65 36 1,620 2,340 1,676 1.03 0.72 4,190 0.40
Silver Line WFL/Gateway WB Courthouse - South Station 17 1 45 65 45 65 36 1,620 2,340 848 0.52 0.36 2,120 0.40
Silver Line 4 NB Herald-NEMC 10.0 1 57 79 57 79 6 342 474 508 1.49 1.07 1,270 0.40
Silver Line 4 SB Herald-E Berkley 10.0 1 57 79 57 79 6 342 474 856 2.50 1.81 2,140 0.40
Silver Line 5 NB Herald-NEMC 10.0 1 57 79 57 79 6 342 474 508 1.49 1.07 1,270 0.40
Silver Line 5 SB Herald-E Berkley 10.0 1 57 79 57 79 6 342 474 856 2.50 1.81 2,140 0.40
Orange NB NEMC - Chinatown 45 6 58 131 348 786 14 4,872 11,004 4,960 1.02 0.45 12,400 0.40
Orange SB Community College - North Station 45 6 58 131 348 786 14 4,872 11,004 5,280 1.08 0.48 13,200 0.40
Blue NB State - Aquarium 45 6 35 95 210 570 14 2,940 7,980 1,040 0.35 0.13 2,600 0.40
Blue SB Maverick - Aquarium 4.5 6 35 95 210 570 14 2,940 7,980 6,960 2.37 0.87 17,400 0.40
2035 Transit Improvement Only
AM Peak Train Set Info AM Peak 1 Hour Service Info 3-hour Data
Modeled Modeled Peak
Car Car Train Set Train Set Service Volume- Volume/ Volume/| Volume - Hour /
Peak Load Point Headway Cars/  Seated Policy  Seated Policy| Train  Seated Policy Peak  Seated Policy Peak Peak
Rapid Transit Service (From CTPS Travel Demand Model) (min.) Train Set Capacity Max Load Capacity Max Load Sets Capacity Max Load Point Capacity Max Load Point Period
Red Line NB Broadway - South Station 43 6 62 167 372 1,002 15 5,580 15,030 8,920 1.60 0.59 22,300 0.40
Red Line SB Kendall Square - MGH 4.3 6 62 167 372 1,002 15 5,580 15,030 4,800 0.86 0.32 12,000 0.40
Silver Line WFL/Gateway EB South Station - Courthouse 1.7 1 45 65 45 65 36 1,620 2,340 1,732 1.07 0.74 4,330 0.40
Silver Line WFL/Gateway WB Courthouse - South Station 1.7 1 45 65 45 65 36 1,620 2,340 848 0.52 0.36 2,120 0.40
Silver Line 4 NB Herald-NEMC 10.0 1 57 79 57 79 6 342 474 508 1.49 1.07 1,270 0.40
Silver Line 4 SB Herald-E Berkley 10.0 1 57 79 57 79 6 342 474 856 2.50 1.81 2,140 0.40
Silver Line 5 NB Herald-NEMC 10.0 1 57 79 57 79 6 342 474 508 1.49 1.07 1,270 0.40
Silver Line 5 SB Herald-E Berkley 10.0 1 57 79 57 79 6 342 474 856 2.50 1.81 2,140 0.40
Orange NB NEMC - Chinatown 45 6 58 131 348 786 14 4,872 11,004 5,000 1.03 0.45 12,500 0.40
Orange SB Community College - North Station 45 6 58 131 348 786 14 4,872 11,004 5,280 1.08 0.48 13,200 0.40
Blue NB State - Aquarium 45 6 35 95 210 570 14 2,940 7,980 1,040 0.35 0.13 2,600 0.40
Blue SB Maverick - Aquarium 4.5 6 35 95 210 570 14 2,940 7,980 6,960 2.37 0.87 17,400 0.40




South Station Expansion Project
Results for Transit Crowding Analysis
Rapid Transit - AM Peak Period (6am - 9am)

2035 Maximum Land Use

AM Peak Train Set Info AM Peak 1 Hour Service Info 3-hour Data

Modeled Modeled Peak

Car Car Train Set Train Set Service Volume- Volume/ Volume/| Volume - Hour /

Peak Load Point Headway Cars/  Seated Policy  Seated Policy Train Seated Policy Peak  Seated Policy Peak Peak

Rapid Transit Service (From CTPS Travel Demand Model) (min.) Train Set Capacity Max Load Capacity Max Load Sets Capacity Max Load Point Capacity Max Load Point Period
Red Line NB Broadway - South Station 43 6 62 167 372 1,002 15 5,580 15,030 8,920 1.60 0.59| 22,300 0.40
Red Line SB Kendall Square - MGH 43 6 62 167 372 1,002 15 5,580 15,030 4,840 0.87 0.32 12,100 0.40
Silver Line WFL/Gateway EB South Station - Courthouse 1.7 1 45 65 45 65 36 1,620 2,340 1,768 1.09 0.76 4,420 0.40
Silver Line WFL/Gateway WB Courthouse - South Station 1.7 1 45 65 45 65 36 1,620 2,340 860 0.53 0.37 2,150 0.40
Silver Line 4 NB Herald-NEMC 10.0 1 57 79 57 79 6 342 474 508 1.49 1.07 1,270 0.40
Silver Line 4 SB Herald-E Berkley 10.0 1 57 79 57 79 6 342 474 852 249 1.80 2,130 0.40
Silver Line 5 NB Herald-NEMC 10.0 1 57 79 57 79 6 342 474 508 1.49 1.07 1,270 0.40
Silver Line 5 SB Herald-E Berkley 10.0 1 57 79 57 79 6 342 474 852 249 1.80 2,130 0.40
Orange NB NEMC - Chinatown 45 6 58 131 348 786 14 4,872 11,004 5,000 1.03 0.45 12,500 0.40
Orange SB Community College - North Station 45 6 58 131 348 786 14 4,872 11,004 5,280 1.08 0.48 13,200 0.40
Blue NB State - Aquarium 4.5 6 35 95 210 570 14 2,940 7,980 1,040 0.35 0.13 2,600 0.40
Blue SB Maverick - Aquarium 4.5 6 35 95 210 570 14 2,940 7,980 6,960 2.37 0.87 17,400 0.40

2035 Minimum Land Use
AM Peak Train Set Info AM Peak 1 Hour Service Info 3-hour Data

Modeled Modeled Peak

Car Car Train Set Train Set Service Volume- Volume/ Volume/| Volume - Hour /

Peak Load Point Headway Cars/  Seated Policy  Seated Policy Train Seated Policy Peak  Seated Policy Peak Peak

Rapid Transit Service (From CTPS Travel Demand Model) (min.) Train Set Capacity Max Load Capacity Max Load Sets Capacity Max Load Point Capacity Max Load Point Period
Red Line NB Broadway - South Station 43 6 62 167 372 1,002 15 5,580 15,030 8,920 1.60 0.59 22,300 0.40
Red Line SB Kendall Square - MGH 43 6 62 167 372 1,002 15 5,580 15,030 4,800 0.86 0.32 12,000 0.40
Silver Line WFL/Gateway EB South Station - Courthouse 1.7 1 45 65 45 65 36 1,620 2,340 1,736 1.07 0.74 4,340 0.40
Silver Line WFL/Gateway WB Courthouse - South Station 1.7 1 45 65 45 65 36 1,620 2,340 848 0.52 0.36 2,120 0.40
Silver Line 4 NB Herald-NEMC 10.0 1 57 79 57 79 6 342 474 508 1.49 1.07 1,270 0.40
Silver Line 4 SB Herald-E Berkley 10.0 1 57 79 57 79 6 342 474 852 249 1.80 2,130 0.40
Silver Line 5 NB Herald-NEMC 10.0 1 57 79 57 79 6 342 474 508 1.49 1.07 1,270 0.40
Silver Line 5 SB Herald-E Berkley 10.0 1 57 79 57 79 6 342 474 852 249 1.80 2,130 0.40
Orange NB NEMC - Chinatown 45 6 58 131 348 786 14 4,872 11,004 5,000 1.03 0.45 12,500 0.40
Orange SB Community College - North Station 45 6 58 131 348 786 14 4,872 11,004 5,280 1.08 0.48 13,200 0.40
Blue NB State - Aquarium 45 6 35 95 210 570 14 2,940 7,980 1,040 0.35 0.13 2,600 0.40
Blue SB Maverick - Aquarium 4.5 6 35 95 210 570 14 2,940 7,980 6,960 2.37 0.87 17,400 0.40

Note: Silver Line WFL service includes Silver Line Gateway service to Chelsea

Note: Seated capacities for vehicles were calculated from a weighted average of the current vehicle fleet (2014 Bluebook)
Note: Fractional train sets are rounded up for the peak hour to reflect the peak number of trains in a 60 minute period during the peak 180 minute period




South Station Expansion Project
Results for Transit Crowding Analysis
Rapid Transit - PM Peak Period (3pm - 6pm)

2035 True No-Build

PM Peak Train Set Info PM Peak 1 Hour Service Info 3-hour Data
Modeled Modeled Peak
Peak Load Point Car Car Train Set Train Set Service Volume- Volume/ Volume/| Volume - Hour/
(From CTPS Travel Demand |Headway Cars/  Seated Policy  Seated Policy Train  Seated Policy Peak  Seated Policy Peak Peak
Rapid Transit Service Model) (min.) Train Set Capacity Max Load Capacity Max Load Sets Capacity Max Load Point Capacity Max Load Point Period
Red Line NB South Station - DTX 4.0 6 62 167 372 1,002 15 5,580 15,030 4,520 0.81 0.30 11,300 0.40
Red Line SB South Station - Broadway 4.0 6 62 167 372 1,002 15 5,580 15,030 8,040 1.44 0.53 20,100 0.40
Silver Line WFL/Gateway EB South Station - Courthouse 1.7 1 45 65 45 65 36 1,620 2,340 952 0.59 0.41 2,380 0.40
Silver Line WFL/Gateway WB Courthouse - South Station 1.7 1 45 65 45 65 36 1,620 2,340 2,000 1.23 0.85 5,000 0.40
Silver Line 4 NB Herald-NEMC 10.0 1 57 79 57 79 6 342 474 612 1.79 1.29 1,530 0.40
Silver Line 4 SB Herald-E Berkley 10.0 1 57 79 57 79 6 342 474 628 1.84 1.32 1,570 0.40
Silver Line 5 NB Herald-NEMC 10.0 1 57 79 57 79 6 342 474 612 1.79 1.29 1,530 0.40
Silver Line 5 SB Herald-E Berkley 10.0 1 57 79 57 79 6 342 474 628 1.84 1.32 1,570 0.40
Orange NB State - Haymarket 45 6 58 131 348 786 14 4,872 11,004 4,360 0.89 0.40 10,900 0.40
Orange SB Chinatown - NEMC 45 6 58 131 348 786 14 4,872 11,004 3,880 0.80 0.35 9,700 0.40
Blue NB Aquarium - Maverick 45 6 35 95 210 570 14 2,940 7,980 4,440 1.51 0.56 11,100 0.40
Blue SB Maverick - Aquarium 4.5 6 35 95 210 570 14 2,940 7,980 2,000 0.68 0.25 5,000 0.40
2035 Transit Improvement Only
PM Peak Train Set Info PM Peak 1 Hour Service Info 3-hour Data
Modeled Modeled Peak
Peak Load Point Car Car Train Set Train Set Service Volume- Volume/ Volume /| Volume - Hour /
(From CTPS Travel Demand |Headway Cars/  Seated Policy Seated Policy Train Seated Policy Peak  Seated Policy Peak Peak
Rapid Transit Service Model) (min.) Train Set Capacity Max Load Capacity Max Load Sets Capacity Max Load Point Capacity Max Load Point Period
Red Line NB South Station - DTX 4.0 6 62 167 372 1,002 15 5,580 15,030 4,520 0.81 0.30 11,300 0.40
Red Line SB South Station - Broadway 4.0 6 62 167 372 1,002 15 5,580 15,030 8,040 1.44 0.53 20,100 0.40
Silver Line WFL/Gateway EB South Station - Courthouse 17 1 45 65 45 65 36 1,620 2,340 956 0.59 0.41 2,390 0.40
Silver Line WFL/Gateway WB Courthouse - South Station 1.7 1 45 65 45 65 36 1,620 2,340 2,124 1.31 0.91 5,310 0.40
Silver Line 4 NB Herald-NEMC 10.0 1 57 79 57 79 6 342 474 612 1.79 1.29 1,530 0.40
Silver Line 4 SB Herald-E Berkley 10.0 1 57 79 57 79 6 342 474 628 1.84 1.32 1,570 0.40
Silver Line 5 NB Herald-NEMC 10.0 1 57 79 57 79 6 342 474 612 1.79 1.29 1,530 0.40
Silver Line 5 SB Herald-E Berkley 10.0 1 57 79 57 79 6 342 474 628 1.84 1.32 1,570 0.40
Orange NB State - Haymarket 4.5 6 58 131 348 786 14 4,872 11,004 4,360 0.89 0.40 10,900 0.40
Orange SB Chinatown - NEMC 4.5 6 58 131 348 786 14 4,872 11,004 3,920 0.80 0.36 9,800 0.40
Blue NB Aquarium - Maverick 45 6 35 95 210 570 14 2,940 7,980 4,440 1.51 0.56 11,100 0.40
Blue SB Maverick - Aquarium 4.5 6 35 95 210 570 14 2,940 7,980 2,000 0.68 0.25 5,000 0.40




South Station Expansion Project
Results for Transit Crowding Analysis
Rapid Transit - PM Peak Period (3pm - 6pm)

2035 Maximum Land Use

PM Peak Train Set Info PM Peak 1 Hour Service Info 3-hour Data
Modeled Modeled Peak
Peak Load Point Car Car Train Set Train Set Service Volume- Volume/ Volume/| Volume - Hour /
(From CTPS Travel Demand | Headway Cars/  Seated Policy  Seated Policy Train Seated Policy Peak  Seated Policy Peak Peak
Rapid Transit Service Model) (min.) Train Set Capacity Max Load Capacity Max Load Sets Capacity Max Load Point Capacity Max Load Point Period
Red Line NB South Station - DTX 4.0 6 62 167 372 1,002 15 5,580 15,030 4,640 0.83 0.31 11,600 0.40
Red Line SB South Station - Broadway 4.0 6 62 167 372 1,002 15 5,580 15,030 8,080 1.45 0.54 20,200 0.40
Silver Line WFL/Gateway EB South Station - Courthouse 1.7 1 45 65 45 65 36 1,620 2,340 972 0.60 0.42 2,430 0.40
Silver Line WFL/Gateway WB Courthouse - South Station 1.7 1 45 65 45 65 36 1,620 2,340 2,156 1.33 0.92 5,390 0.40
Silver Line 4 NB Herald-NEMC 10.0 1 57 79 57 79 6 342 474 616 1.80 1.30 1,540 0.40
Silver Line 4 SB Herald-E Berkley 10.0 1 57 79 57 79 6 342 474 628 1.84 1.32 1,570 0.40
Silver Line 5 NB Herald-NEMC 10.0 1 57 79 57 79 6 342 474 616 1.80 1.30 1,540 0.40
Silver Line 5 SB Herald-E Berkley 10.0 1 57 79 57 79 6 342 474 628 1.84 1.32 1,570 0.40
Orange NB State - Haymarket 4.5 6 58 131 348 786 14 4,872 11,004 4,400 0.90 0.40 11,000 0.40
Orange SB Chinatown - NEMC 4.5 6 58 131 348 786 14 4,872 11,004 3,920 0.80 0.36 9,800 0.40
Blue NB Aquarium - Maverick 4.5 6 35 95 210 570 14 2,940 7,980 4,440 1.51 0.56 11,100 0.40
Blue SB Maverick - Aquarium 4.5 6 35 95 210 570 14 2,940 7,980 2,040 0.69 0.26 5,100 0.40
2035 Minimum Land Use
PM Peak Train Set Info PM Peak 1 Hour Service Info 3-hour Data
Modeled Modeled Peak
Peak Load Point Car Car Train Set Train Set Service Volume- Volume/ Volume /| Volume - Hour /
(From CTPS Travel Demand | Headway Cars/  Seated Policy  Seated Policy Train Seated Policy Peak  Seated Policy Peak Peak
Rapid Transit Service Model) (min.) Train Set Capacity Max Load Capacity Max Load Sets Capacity Max Load Point Capacity Max Load Point Period
Red Line NB South Station - DTX 4.0 6 62 167 372 1,002 15 5,580 15,030 4,600 0.82 0.31 11,500 0.40
Red Line SB South Station - Broadway 4.0 6 62 167 372 1,002 15 5,580 15,030 8,080 1.45 0.54| 20,200 0.40
Silver Line WFL/Gateway EB South Station - Courthouse 1.7 1 45 65 45 65 36 1,620 2,340 956 0.59 0.41 2,390 0.40
Silver Line WFL/Gateway WB Courthouse - South Station 1.7 1 45 65 45 65 36 1,620 2,340 2,128 1.31 0.91 5,320 0.40
Silver Line 4 NB Herald-NEMC 10.0 1 57 79 57 79 6 342 474 616 1.80 1.30 1,540 0.40
Silver Line 4 SB Herald-E Berkley 10.0 1 57 79 57 79 6 342 474 628 1.84 1.32 1,570 0.40
Silver Line 5 NB Herald-NEMC 10.0 1 57 79 57 79 6 342 474 616 1.80 1.30 1,540 0.40
Silver Line 5 SB Herald-E Berkley 10.0 1 57 79 57 79 6 342 474 628 1.84 1.32 1,570 0.40
Orange NB State - Haymarket 45 6 58 131 348 786 14 4,872 11,004 4,400 0.90 0.40 11,000 0.40
Orange SB Chinatown - NEMC 4.5 6 58 131 348 786 14 4,872 11,004 3,920 0.80 0.36 9,800 0.40
Blue NB Aquarium - Maverick 4.5 6 35 95 210 570 14 2,940 7,980 4,440 1.51 0.56 11,100 0.40
Blue SB Maverick - Aquarium 4.5 6 35 95 210 570 14 2,940 7,980 2,040 0.69 0.26 5,100 0.40

Note: Silver Line WFL service includes Silver Line Gateway service to Chelsea
Note: Seated capacities for vehicles were calculated from a weighted average of the current vehicle fleet (2014 Bluebook)

Note: Fractional train sets are rounded up for the peak hour to reflect the peak number of trains in a 60 minute period during the peak 180 minute period




South Station Expansion Project
Results for Transit Crowding Analysis
Green Line - AM Peak Period (6am - 9am)

2035 True No-Build

AM Peak Train Set Info AM Peak 1 Hour Service Info 3-hour Data
Car Train Set Service Modeled Volume /| Modeled Peak
Peak Load Point Car Policy Train Set Policy Policy Volume- Volume/ Policy| Volume - Hour /
(From CTPS Travel Demand Headway Cars/ Seated Max  Seated Max Train  Seated Max Peak Seated Max Peak Peak
Rapid Transit Service Model) (min.) Train Set Capacity Load Capacity Load Sets Capacity Load Point Capacity Load Point  Period
Central Subway EB Copley-Arlington 1.3 3 46 104 138 312 46 6,348 14,352 7,160 1.13 0.50 17,900 0.40
Central Subway WB Park St - Boylston 13 3 46 104 138 312 46 6,348 14,352 11,200 1.76 0.78 28,000 0.40
North NB North Station - Science Park 2.7 3 46 104 138 312 23 3,174 7,176 2,480 0.78 0.35 6,200 0.40
North SB Science Park - North Station 2.7 3 46 104 138 312 23 3,174 7,176 3,800 1.20 0.53 9,500 0.40
B EB BU West - BU Central 5.0 3 46 104 138 312 12 1,656 3,744 2,680 1.62 0.72 6,700 0.40
B WB Kenmore - Blanford 5.0 3 46 104 138 312 12 1,656 3,744 1,360 0.82 0.36 3,400 0.40
C EB Hawes-St Marys 6.5 3 46 104 138 312 10 1,380 3,120 800 0.58 0.26 2,000 0.40
C WB St Marys-Hawes 6.5 3 46 104 138 312 10 1,380 3,120 480 0.35 0.15 1,200 0.40
D EB Fenway - Kenmore 5.7 3 46 104 138 312 1 1,518 3,432 2,080 1.37 0.61 5,200 0.40
D WB Kenmore - Fenway 5.7 3 46 104 138 312 1 1,518 3,432 2,200 1.45 0.64 5,500 0.40
E EB Prudential - Copley 5.0 3 46 104 138 312 12 1,656 3,744 1,520 0.92 0.41 3,800 0.40
E WB Prudential - Symphony 5.0 3 46 104 138 312 12 1,656 3,744 2,480 1.50 0.66 6,200 0.40
2035 Transit Improvement Only
AM Peak Train Set Info AM Peak 1 Hour Service Info 3-hour Data
Car Train Set Service Modeled Volume /| Modeled Peak
Peak Load Point Car Policy Train Set Policy Policy Volume- Volume/ Policy| Volume - Hour /
(From CTPS Travel Demand Headway Cars/ Seated Max Seated Max Train Seated Max Peak Seated Max Peak Peak
Rapid Transit Service Model) (min.) Train Set Capacity Load Capacity Load Sets Capacity Load Point Capacity Load Point Period
Central Subway EB Copley-Arlington 1.3 3 46 104 138 312 46 6,348 14,352 7,160 1.13 0.50 17,900 0.40
Central Subway WB Park St - Boylston 13 3 46 104 138 312 46 6,348 14,352 11,200 1.76 0.78 28,000 0.40
North NB North Station - Science Park 2.7 3 46 104 138 312 23 3,174 7,176 2,480 0.78 0.35 6,200 0.40
North SB Science Park - North Station 2.7 3 46 104 138 312 23 3,174 7,176 3,800 1.20 0.53 9,500 0.40
B EB BU West - BU Central 5.0 3 46 104 138 312 12 1,656 3,744 2,680 1.62 0.72 6,700 0.40
B WB Kenmore - Blanford 5.0 3 46 104 138 312 12 1,656 3,744 1,360 0.82 0.36 3,400 0.40
C EB Hawes-St Marys 6.5 3 46 104 138 312 10 1,380 3,120 800 0.58 0.26 2,000 0.40
CWB Kenmore - St Marys 6.5 3 46 104 138 312 10 1,380 3,120 480 0.35 0.15 1,200 0.40
D EB Fenway - Kenmore 5.7 3 46 104 138 312 11 1,518 3,432 2,080 1.37 0.61 5,200 0.40
D wWB Kenmore - Fenway 5.7 3 46 104 138 312 11 1,518 3,432 2,200 1.45 0.64 5,500 0.40
EEB Prudential - Copley 5.0 3 46 104 138 312 12 1,656 3,744 1,520 0.92 0.41 3,800 0.40
E WB Copley - Prudential 5.0 3 46 104 138 312 12 1,656 3,744 2,480 1.50 0.66 6,200 0.40




South Station Expansion Project
Results for Transit Crowding Analysis
Green Line - AM Peak Period (6am - 9am)

2035 Maximum Land Use

AM Peak Train Set Info AM Peak 1 Hour Service Info 3-hour Data
Car Train Set Service Modeled Volume /| Modeled Peak
Peak Load Point Car Policy Train Set Policy Policy Volume- Volume / Policy| Volume - Hour /|
(From CTPS Travel Demand Headway Cars/ Seated Max  Seated Max Train  Seated Max Peak  Seated Max Peak Peak
Rapid Transit Service Model) (min.) Train Set Capacity Load Capacity Load Sets Capacity Load Point Capacity Load Point Period
Central Subway EB Copley-Arlington 1.3 3 46 104 138 312 46 6,348 14,352 7,160 1.13 0.50 17,900 0.40
Central Subway WB Park St - Boylston 1.3 3 46 104 138 312 46 6,348 14,352 11,200 1.76 0.78 28,000 0.40
North NB North Station - Science Park 2.7 3 46 104 138 312 23 3,174 7,176 2,520 0.79 0.35 6,300 0.40
North SB Science Park - North Station 2.7 3 46 104 138 312 23 3,174 7,176 3,840 1.21 0.54 9,600 0.40
B EB BU West - BU Central 5.0 3 46 104 138 312 12 1,656 3,744 2,680 1.62 0.72 6,700 0.40
B WB Kenmore - Blanford 5.0 3 46 104 138 312 12 1,656 3,744 1,360 0.82 0.36 3,400 0.40
CEB Hawes-St Marys 6.5 3 46 104 138 312 10 1,380 3,120 800 0.58 0.26 2,000 0.40
cwB Kenmore - St Marys 6.5 3 46 104 138 312 10 1,380 3,120 480 0.35 0.15 1,200 0.40
D EB Fenway - Kenmore 5.7 3 46 104 138 312 1" 1,518 3,432 2,080 1.37 0.61 5,200 0.40
D WB Kenmore - Fenway 5.7 3 46 104 138 312 1 1,518 3,432 2,240 1.48 0.65 5,600 0.40
EEB Prudential - Copley 5.0 3 46 104 138 312 12 1,656 3,744 1,520 0.92 0.41 3,800 0.40
EWB Copley - Prudential 5.0 3 46 104 138 312 12 1,656 3,744 2,480 1.50 0.66 6,200 0.40
2035 Minimum Land Use
AM Peak Train Set Info AM Peak 1 Hour Service Info 3-hour Data
Car Train Set Service Modeled Volume /| Modeled Peak
Peak Load Point Car Policy Train Set Policy Policy Volume- Volume/ Policy| Volume - Hour /|
(From CTPS Travel Demand Headway Cars/ Seated Max  Seated Max Train  Seated Max Peak Seated Max Peak Peak
Rapid Transit Service Model) (min.) Train Set Capacity Load Capacity Load Sets Capacity Load Point Capacity Load Point  Period
Central Subway EB Copley-Arlington 1.3 3 46 104 138 312 46 6,348 14,352 7,160 1.13 0.50 17,900 0.40
Central Subway WB Park St - Boylston 1.3 3 46 104 138 312 46 6,348 14,352 11,200 1.76 0.78 28,000 0.40
North NB North Station - Science Park 2.7 3 46 104 138 312 23 3,174 7,176 2,520 0.79 0.35 6,300 0.40
North SB Science Park - North Station 2.7 3 46 104 138 312 23 3,174 7,176 3,840 1.21 0.54 9,600 0.40
B EB BU West - BU Central 5.0 3 46 104 138 312 12 1,656 3,744 2,680 1.62 0.72 6,700 0.40
B WB Kenmore - Blanford 5.0 3 46 104 138 312 12 1,656 3,744 1,360 0.82 0.36 3,400 0.40
CEB Hawes-St Marys 6.5 3 46 104 138 312 10 1,380 3,120 800 0.58 0.26 2,000 0.40
cwB Kenmore - St Marys 6.5 3 46 104 138 312 10 1,380 3,120 480 0.35 0.15 1,200 0.40
DEB Fenway - Kenmore 5.7 3 46 104 138 312 1 1,518 3,432 2,080 1.37 0.61 5,200 0.40
DWwWB Kenmore - Fenway 5.7 3 46 104 138 312 1" 1,518 3,432 2,240 1.48 0.65 5,600 0.40
EEB Prudential - Copley 5.0 3 46 104 138 312 12 1,656 3,744 1,520 0.92 0.41 3,800 0.40
E WB Copley - Prudential 5.0 3 46 104 138 312 12 1,656 3,744 2,480 1.50 0.66 6,200 0.40

Note: Fractional train sets are rounded up for the peak hour to reflect the peak number of trains in a 60 minute period during the peak 180 minute period



South Station Expansion Project

Results for Transit Crowding Analysis
Green Line - PM Peak Period (3pm - 6pm)

2035 True No-Build

PM Peak Train Set Info PM Peak 1 Hour Service Info 3-hour Data
Modeled Modeled Peak|
Peak Load Point Car Car Train Set Train Set Service Volume- Volume/ Volume/| Volume - Hour /
Rapid Transit (From CTPS Travel Demand Headway Cars/  Seated Policy  Seated Policy| Train  Seated Policy Peak  Seated Policy Peak Peak|
Service Model) (min.) Train Set Capacity Max Load Capacity Max Load Sets Capacity Max Load Point Capacity Max Load Point Period

Central Subway EB  Boylston - Park St 1.3 3 46 104 138 312 46 6,348 14,352 7,920 1.25 0.55 19,800 0.40
Central Subway WB  Arlington - Copley 1.3 3 46 104 138 312 46 6,348 14,352 7,600 1.20 0.53 19,000 0.40
North NB North Station - Science Park 27 3 46 104 138 312 23 3,174 7,176 3,080 0.97 0.43 7,700 0.40
North SB Science Park - North Station 27 3 46 104 138 312 23 3,174 7,176 2,760 0.87 0.38 6,900 0.40
BEB BU Central - BU East 5.0 3 46 104 138 312 12 1,656 3,744 1,680 1.01 0.45 4,200 0.40
BWB Kenmore - Blanford 5.0 3 46 104 138 312 12 1,656 3,744 2,000 1.21 0.53 5,000 0.40
CEB Hawes - St Marys 6.5 3 46 104 138 312 10 1,380 3,120 360 0.26 0.12 900 0.40
cwB Kenmore - St Marys 6.5 3 46 104 138 312 10 1,380 3,120 1,160 0.84 0.37 2,900 0.40
DEB Fenway - Kenmore 5.7 3 46 104 138 312 1 1,518 3,432 1,960 1.29 0.57 4,900 0.40
DWB Kenmore - Fenway 57 3 46 104 138 312 1 1,518 3,432 2,080 1.37 0.61 5,200 0.40
EEB Prudential - Copley 5.0 3 46 104 138 312 12 1,656 3,744 2,000 1.21 0.53 5,000 0.40
EWB Prudential - Symphony 5.0 3 46 104 138 312 12 1,656 3,744 1,640 0.99 0.44 4,100 0.40
2035 Transit Improvement Only
PM Peak Train Set Info PM Peak 1 Hour Service Info 3-hour Data
Modeled Modeled Peak
Peak Load Point Car Car Train Set Train Set Service Volume- Volume/ Volume/| Volume - Hour /
Rapid Transit (From CTPS Travel Demand Headway Cars/  Seated Policy  Seated Policy Train  Seated Policy Peak  Seated Policy Peak Peak|
Service Model) (min.) Train Set Capacity Max Load Capacity Max Load Sets Capacity Max Load Point Capacity Max Load Point Period
Central Subway EB  Boyiston - Park St 13 3 46 104 138 312 46 6,348 14,352 7,920 1.25 0.55 19,800 0.40
Central Subway WB  Arlington - Copley 1.3 3 46 104 138 312 46 6,348 14,352 7,600 1.20 0.53 19,000 0.40
North NB North Station - Science Park 2.7 3 46 104 138 312 23 3,174 7,176 3,080 0.97 0.43 7,700 0.40
North SB Science Park - North Station 27 3 46 104 138 312 23 3,174 7,176 2,760 0.87 0.38 6,900 0.40
BEB BU Central - BU East 5.0 3 46 104 138 312 12 1,656 3,744 1,680 1.01 0.45 4,200 0.40
BWB Kenmore - Blanford 5.0 3 46 104 138 312 12 1,656 3,744 2,000 1.21 0.53 5,000 0.40
CEB Hawes - St Marys 6.5 3 46 104 138 312 10 1,380 3,120 360 0.26 0.12 900 0.40
CwB Kenmore - St Marys 6.5 3 46 104 138 312 10 1,380 3,120 1,160 0.84 0.37 2,900 0.40
DEB Fenway - Kenmore 5.7 3 46 104 138 312 11 1,518 3,432 1,960 1.29 0.57 4,900 0.40
DWB Kenmore - Fenway 57 3 46 104 138 312 11 1,518 3,432 2,080 1.37 0.61 5,200 0.40
EEB Prudential - Copley 5.0 3 46 104 138 312 12 1,656 3,744 2,000 1.21 0.53 5,000 0.40
EWB Prudential - Symphony 5.0 3 46 104 138 312 12 1,656 3,744 1,640 0.99 0.44 4,100 0.40




South Station Expansion Project

Results for Transit Crowding Analysis
Green Line - PM Peak Period (3pm - 6pm)

2035 Maximum Land Use

PM Peak Train Set Info PM Peak 1 Hour Service Info 3-hour Data
Modeled Modeled Peak
Peak Load Point Car Car Train Set Train Set| Service Volume- Volume/ Volume /| Volume - Hour /
Rapid Transit (From CTPS Travel Demand Headway Cars/  Seated Policy  Seated Policy Train  Seated Policy Peak  Seated Policy Peak Peak
Service Model) (min.) Train Set Capacity Max Load Capacity Max Load Sets Capacity Max Load Point Capacity Max Load Point Period
Central Subway EB  Boylston - Park St 13 3 46 104 138 312 46 6,348 14,352 7,920 1.25 0.55 19,800 0.40
Central Subway WB  Arlington - Copley 1.3 3 46 104 138 312 46 6,348 14,352 7,600 1.20 0.53 19,000 0.40
North NB North Station - Science Park 2.7 3 46 104 138 312 23 3,174 7,176 3,120 0.98 0.43 7,800 0.40
North SB Science Park - North Station 2.7 3 46 104 138 312 23 3,174 7,176 2,800 0.88 0.39 7,000 0.40
B EB BU Central - BU East 5.0 3 46 104 138 312 12 1,656 3,744 1,680 1.01 0.45 4,200 0.40
BWB Kenmore - Blanford 5.0 3 46 104 138 312 12 1,656 3,744 2,000 1.21 0.53 5,000 0.40
CEB Hawes - St Marys 6.5 3 46 104 138 312 10 1,380 3,120 360 0.26 0.12 900 0.40
CcwB Kenmore - St Marys 6.5 3 46 104 138 312 10 1,380 3,120 1,160 0.84 0.37 2,900 0.40
DEB Fenway - Kenmore 57 3 46 104 138 312 11 1,518 3,432 1,960 1.29 0.57 4,900 0.40
D WB Kenmore - Fenway 5.7 3 46 104 138 312 11 1,518 3,432 2,080 1.37 0.61 5,200 0.40
EEB Prudential - Copley 5.0 3 46 104 138 312 12 1,656 3,744 2,000 1.21 0.53 5,000 0.40
E WB Prudential - Symphony 5.0 3 46 104 138 312 12 1,656 3,744 1,640 0.99 0.44 4,100 0.40
2035 Minimum Land Use
PM Peak Train Set Info PM Peak 1 Hour Service Info 3-hour Data
Modeled Modeled Peak
Peak Load Point Car Car Train Set Train Set| Service Volume- Volume/ Volume /| Volume - Hour /
Rapid Transit (From CTPS Travel Demand Headway Cars/  Seated Policy  Seated Policy Train  Seated Policy Peak  Seated Policy Peak Peak
Service Model) (min.) Train Set Capacity Max Load Capacity Max Load Sets Capacity Max Load Point Capacity Max Load Point Period
Central Subway EB  Boylston - Park St 13 3 46 104 138 312 46 6,348 14,352 7,920 1.25 0.55 19,800 0.40
Central Subway WB  Arlington - Copley 1.3 3 46 104 138 312 46 6,348 14,352 7,600 1.20 0.53 19,000 0.40
North NB North Station - Science Park 27 3 46 104 138 312 23 3,174 7,176 3,120 0.98 0.43 7,800 0.40
North SB Science Park - North Station 2.7 3 46 104 138 312 23 3,174 7,176 2,800 0.88 0.39 7,000 0.40
B EB BU Central - BU East 5.0 3 46 104 138 312 12 1,656 3,744 1,680 1.01 0.45 4,200 0.40
BWB Kenmore - Blanford 5.0 3 46 104 138 312 12 1,656 3,744 2,000 1.21 0.53 5,000 0.40
CEB Hawes - St Marys 6.5 3 46 104 138 312 10 1,380 3,120 360 0.26 0.12 900 0.40
cws Kenmore - St Marys 6.5 3 46 104 138 312 10 1,380 3,120 1,160 0.84 0.37 2,900 0.40
DEB Fenway - Kenmore 57 3 46 104 138 312 11 1,518 3,432 1,960 1.29 0.57 4,900 0.40
D WB Kenmore - Fenway 57 3 46 104 138 312 11 1,518 3,432 2,080 1.37 0.61 5,200 0.40
EEB Prudential - Copley 5.0 3 46 104 138 312 12 1,656 3,744 2,000 1.21 0.53 5,000 0.40
EWB Prudential - Symphony 5.0 3 46 104 138 312 12 1,656 3,744 1,640 0.99 0.44 4,100 0.40

Note: Fractional train sets are rounded up for the peak hour to reflect the peak number of trains in @ 60 minute period during the peak 180 minute period




South Station Expansion Project

Transit Vehicle Crowding Analysis
South Station area (Summer Street) MBTA buses - AM Peak Period (6am - 9am)

2035 True No-Build

AM Peak Bus Info AM Peak 1 Hour Service Info 3-hour Data
ou ou Peal
Bus| Bus| Service| Station| Volume/| Volume/| Station Hour /|
Headway| Seated| Policy] Seated| Policy| Modeled Seated Policy] Modeled| Peak]
Bus Service (min.)| Capacity| Max Load| Buses| C. ity| Max Load C ity| Max Load| Volume Period|
11EB 16.0] 39 54 4 156 216 1 0.01 0.01 3 0.40
448 SB 90.0 39 54 1 39 54| 14 0.35 0.25) 34 0.40
448 NB 180.0 39 54 1 39 54 1 0.03 0.02) 3 0.40
449 SB 60.0 39 54 1 39 54 13 0.33 0.24 32 0.40
449 NB 180.0 39 54 1 39 54 1 0.03 0.02) 3 0.40
459 SB 60.0 39 54 1 39 54, 32 0.83 0.60) 81 0.40
459 NB 36.0 39 54 2 78, 108 6 0.08 0.06) 15 0.40
7 WB 5.0 39 54 12 468 648| 383 0.82 0.59 957 0.40
7 EB 6.4/ 39 54 10| 390 540 70 0.18 0.13] 174 0.40
SL4 NB 10.0] 57 79 6 342 474 199 0.58 0.42) 498 0.40
SL4 SB 10.0] 57 79| 6 342 474 281 0.82 0.59 702 0.40
South Station Summer St WB Bus Stop 4.1 39 54 15 571 790 442 0.77 0.56 1,104 0.40
South Station Summer St EB Bus Stop 5.1 39 54 12, 459 635 79 0.17 0.12] 198 0.40
2035 Transit Improvement Only
AM Peak Bus Info AM Peak 1 Hour Service Info 3-hour Data _RI
South[ South Peal
Bus Bus| Service| Station| Volume/| Volume/| Station Hour /|
Headway| Seated Policy]| Seated Policy| Modeled Seated Policy] Modeled Peak|
Bus Service (min.)| Capacity| Max Load| Buses| Capacity| Max Load C; ity| Max Load| Volume| Period|
11 EB 16.0 39 54 4 156 216 1 0.01 0.01 3 0.40
448 SB 90.0 39 54 1 39 54 14 0.35 0.25) 34 0.40
448 NB 180.0 39 54 1 39 54 1 0.03 0.02) 3 0.40
449 SB 60.0 39 54 1 39 54 13 0.33 0.24 32 0.40
449 NB 180.0 39 54 1 39 54 1 0.03 0.02) 3 0.40
459 SB 60.0 39 54 1 39 54 32 0.83 0.60) 81 0.40
459 NB 36.0 39 54 2 78, 108 6 0.08 0.06) 15 0.40
7 WB 5.0 39 54 12 468 648| 383 0.82 0.59 957 0.40
7EB 6.4 39 54 10 390 540| 70, 0.18 0.13) 176 0.40
SL4 NB 10.0 57 79| 6 342 474 199 0.58 0.42] 497 0.40
SL4 SB 10.0 57 79| 6 342 474 281 0.82 0.59] 702 0.40
South Station Summer St WB Bus Stop 4.1 39 54] 15 571 790) 442) 0.77 0.56) 1,104, 0.40
South Station Summer St EB Bus Stop 5.1 39 54] 12 459 635) 80 0.17 0.13] 200 0.40
2035 Maximum Land Use
AM Peak Bus Info AM Peak 1 Hour Service Info 3-hour Data TI
South| South] Peal
Bus| Bus| Service| Station| Volume /| Volume/| Station Hour /|
Headway| Seated Policy]| Seated Policy| Modeled Seated Policy] Modeled Peak|
Bus Service (min.)| Capacity| Max Load| Buses| C ity| Max Load C ity| Max Load| Volume Period|
11EB 16.0 39 54] 4 156 216 1 0.01 0.01 3 0.40
448 SB 90.0 39 54 1 39 54| 14 0.35 0.25) 34 0.40
448 NB 180.0 39 54 1 39 54 1 0.03 0.02) 3 0.40
449 SB 60.0 39 54 1 39 54 13 0.33 0.24] 32 0.40
449 NB 180.0 39 54 1 39 54 1 0.03 0.02) 3 0.40
459 SB 60.0 39 54 1 39 54 34 0.86 0.62) 84 0.40
459 NB 36.0 39 54 2 78, 108 6 0.08 0.06) 16 0.40
7 WB 5.0 39 54 12 468 648| 388 0.83 0.60) 971 0.40
7EB 6.4 39 54 10 390 540] 83 0.21 0.15) 208 0.40
SL4 NB 10.0] 57 79 6 342 474 199 0.58 0.42) 498 0.40
SL4 SB 10.0] 57 79| 6 342 474 280! 0.82 0.59 700 0.40
South Station Summer St WB Bus Stop 4.1 39 54 15 571 790 448 0.79 0.57] 1,121 0.40
South Station Summer St EB Bus Stop 5.1 39 54 12, 459 635 93! 0.20 0.15 233 0.40
2035 Mini Land Use
AM Peak Bus Info AM Peak 1 Hour Service Info 3-hour Data _RI
South] South Peal
Bus Bus| Service| Station| Volume/| Volume/| Station Hour /|
Headway)| Seated| Policy] Seated| Policy| Modeled Seated Policy] Modeled| Peak|
Bus Service (min.)| Capacity| Max Load| Buses| C ity| Max Load C: ity| Max Load| Volume| Period|
11EB 16.0 39 54 4 156 216 1 0.01 0.01 3 0.40
448 SB 90.0 39 54 1 39 54 14 0.35 0.25) 34 0.40
448 NB 180.0 39 54 1 39 54, 1 0.03 0.02) 3 0.40
449 SB 60.0 39 54 1 39 54 13 0.33 0.24 32 0.40
449 NB 180.0 39 54 1 39 54 1 0.03 0.02) 3 0.40
459 SB 60.0 39 54 1 39 54 33, 0.85 0.61 83 0.40
459 NB 36.0 39 54 2 78, 108 6 0.08 0.06) 16 0.40
7 WB 5.0 39 54 12 468 648| 387 0.83 0.60) 968 0.40
7EB 6.4 39 54 10 390 540| 94 0.24 0.17] 235 0.40
SL4 NB 10.0 57 79| 6 342 474 199| 0.58 0.42] 498 0.40
SL4 SB 10.0 57 79| 6 342 474 278, 0.81 0.59] 696 0.40
South Station Summer St WB Bus Stop 4.1 39 54] 15 571 790) 447 0.78 0.57] 1,117 0.40
South Station Summer St EB Bus Stop 5.1 39 54] 12 459 635) 104 0.23 0.16] 260 0.40

Note: South Station Modeled Volumes are the greater of the arriving or departing loads at the MBTA bus stops located proximate to South Station along

Summer Street at Dorchester Avenue and adjacent to the existing station headhouse.



South Station Expansion Project

Transit Vehicle Crowding Analysis
South Station area (Summer Street) MBTA buses - PM Peak Period (3pm - 6pm)

2035 True No-Build

PM Peak Bus Info

PM Peak 1 Hour Service Info
SO

3-hour Data |
South]

Bus Bus Service| S Volume /| Vol /| Stati Hour /|
Headway Seated Policy Seated Policy Seated Policy|] Modeled Peak]|
Bus Service (min.)| Capacity|Max Load Buses| Capacity|Max Load| Volume| Capacity|Max Load| Volume Period|
11EB 12.0 39 54 5 195 270 9 0.05 0.03 22 0.40
4 EB 26.0 39 54 3 117 162 1 0.01 0.00 2 0.40
448 NB 90.0 39 54 1 39 54 14 0.37 0.27 36 0.40
449 NB 90.0 39 54 1 39 54 14 0.37 0.27 36 0.40
459 SB 25.7 39 54 3 117 162 34 0.29 0.21 86 0.40
459 NB 60.0 39 54 1 39 54 3 0.08 0.06 8 0.40
7 WB 12.0 39 54 5 195 270 105 0.54 0.39 262 0.40
7 EB 8.0 39 54 8 312 432 155 0.50 0.36 388 0.40
SL4 NB 10.0 57 79 6 342 474 150 0.44 0.32 374 0.40
SL4 SB 10.0 57 79 6 342 474 270 0.79 0.57 676 0.40
South Station Summer St WB Bus Stop 3.5 39 54 17 663 918 139 0.21 0.15 348 0.40
South Station Summer St EB Bus Stop 8.2 39 54 7 285 395 197 0.69 0.50 492 0.40
2035 Transit Improvement Only
PM Peak Bus Info PM Peak 1 Hour Service Info 3-hour Data
South South Peak
Bus Bus Service| Stati / /| Stati Hour /|
Headway Seated Policy Seated Policy| Modeled S Policy|] Modeled Peak]|
Bus Service (min.)| Capacity|Max Load Buses| Capacity|Max Load| Volume| Capacity| Max Load| Volume Period|
11EB 12.0 39 54 5 195 270 9 0.05 0.03 22 0.40
4 EB 26.0 39 54 3 117 162 1 0.01 0.00 2 0.40
448 NB 90.0 39 54 1 39 54 14 0.37 0.27 36 0.40
449 NB 90.0 39 54 1 39 54 14 0.37 0.27 36 0.40
459 SB 25.7 39 54 3 117 162 34 0.29 0.21 86 0.40
459 NB 60.0 39 54 1 39 54 3 0.08 0.06 8 0.40
7 WB 12.0 39 54 5 195 270 105 0.54 0.39 262 0.40
7 EB 8.0 39 54 8 312 432 155 0.50 0.36 388 0.40
SL4 NB 10.0 57 79 6 342 474 150 0.44 0.32 374 0.40
SL4 SB 10.0 57 79 6 342 474 270 0.79 0.57 676 0.40
South Station Summer St WB Bus Stop 3.5 39 54 17 663 918 139 0.21 0.15 348 0.40
South Station Summer St EB Bus Stop 8.2 39 54 7 285 395 197 0.69 0.50 492 0.40
2035 Maximum Land Use
PM Peak Bus Info PM Peak 1 Hour Service Info 3-hour Data
South South Peak|
Bus Bus Service| Stati Vol I I|  Stati Hour /|
Headway Seated Policy Seated Policy Policy|] Modeled Peak
Bus Service (min.)| Capacity|Max Load Buses| Capacity| Max Load Capacity| Max Load| Volume Period
11EB 12.0 39 54 5 195 270 9 0.05 0.03 23 0.40
4 EB 26.0 39 54 3 117 162 1 0.01 0.00 2 0.40
448 NB 90.0 39 54 1 39 54 15 0.38 0.27 37 0.40
449 NB 90.0 39 54 1 39 54 15 0.38 0.27 37 0.40
459 SB 25.7 39 54 3 117 162 36 0.31 0.22 90 0.40
459 NB 60.0 39 54 1 39 54 3 0.08 0.06 8 0.40
7 WB 12.0 39 54 5 195 270 113 0.58 0.42 282 0.40
7 EB 8.0 39 54 8 312 432 162 0.52 0.37 404 0.40
SL4 NB 10.0 57 79 6 342 474 150 0.44 0.32 374 0.40
SL4 SB 10.0 57 79 6 342 474 272 0.80 0.57 680 0.40
South Station Summer St WB Bus Stop 3.5 39 54 17 663 918 149 0.22 0.16 372 0.40
South Station Summer St EB Bus Stop 8.2 39 54 7 285 395 204 0.72 0.52 511 0.40
2035 Minimum Land Use
PM Peak Bus Info PM Peak 1 Hour Service Info 3-hour Data
South] South] Peak|
Bus Bus Service| Stati Volume /| Vol /| Stati Hour /|
Headway Seated Policy Seated Policy| Modeled Seated Policy] Modeled Peak|
Bus Service (min.)| Capacity|Max Load Buses| Capacity|Max Load| Volume| Capacity|Max Load| Volume Period
11EB 12.0 39 54 5 195 270 9 0.05 0.03 23 0.40
4 EB 26.0 39 54 3 117 162 1 0.01 0.00 2 0.40
448 NB 90.0 39 54 1 39 54 15 0.38 0.27 37 0.40
449 NB 90.0 39 54 1 39 54 15 0.38 0.27 37 0.40
459 SB 25.7 39 54 3 117 162 35 0.30 0.22 88 0.40
459 NB 60.0 39 54 1 39 54 3 0.08 0.06 8 0.40
7 WB 12.0 39 54 5 195 270 112 0.57 0.41 280 0.40
7 EB 8.0 39 54 8 312 432 160 0.51 0.37 400 0.40
SL4 NB 10.0 57 79 6 342 474 150 0.44 0.32 374 0.40
SL4 SB 10.0 57 79 6 342 474 271 0.79 0.57 678 0.40
South Station Summer St WB Bus Stop 3.5 39 54 17 663 918 147 0.22 0.16 368 0.40
South Station Summer St EB Bus Stop 8.2 39 54 7 285 395 203 0.71 0.51 507 0.40

Note: South Station Modeled Volumes are the greater of the arriving or departing loads at the MBTA bus stops located proximate to South Station along
Summer Street at Dorchester Avenue and adjacent to the existing station headhouse.
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Station Crowding Analysis Summary Tables

2035 Build Year Platform Activity Summary:

South Station Red Line Platforms

South Station Silver Line Platforms

Park Street Red Line Platforms

Park Street Green Line Platforms
Downtown Crossing Red Line Platforms
Downtown Crossing Orange Line Platforms
Government Center Blue Line Platforms
Government Center Green Line Platforms
State Street Blue Line Platforms

State Street Orange Line Platforms
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Transit Capacity Analysis Technical Report

Table 44—2035 Build Year South Station Red Line Platform Activity Summa

AM Peak Period PM Peak Period Daily
' Boardines % Increase Boardines % Increase Boardings % Increase
Alternative & from No g from No & from No
and Build and Build and Build
Alightings Alternative Alightings Alternative Alightings Alternative
No Bull(.fl 19,180 - 19,250 - 727200 -
Alternative
Alternative 1 —
Transportation 19,950 4.0% 19,800 2.9% 74,150 2.7%
Improvements
Only
Alternative 2 —
Joint/Private 20,050 4.5% 19,900 3.4% 74,540 3.2%
Development
Minimum Build
Alternative 3 —
Joint/Private 20,630 7.6% 20,420 6.1% 76,580 6.1%
Development
Maximum Build

Source: Final SSX Ridership Results provided in Appendix 9 - Ridership Forecasting Technical Report.
Note: Boardings and alightings results rounded to the nearest ten.

Table 45—2035 Build Year South Station Silver Line Platform Activity Summa

AM Peak Period PM Peak Period Daily
. % Increase . % Increase . % Increase
Alternative Boardings from No Boardings from No Boardings from No
" Build on Build and Build
Alightings Alternative Uik Alternative EAPITIYE Alternative

No Build
Alternative 6,310 - 7,390 - 25,600 -
Alternative 1 —
LT T T 6,440 2.1% 7,700 42% 26,140 2.1%
Improvements
Only
Alternative 2 —
Joint/Private

6,460 2.4% 7,710 4.3% 26,200 2.3%
Development
Minimum Build
Alternative 3 —
Uoitd] HEtveiEs 6,570 4.1% 7,820 5.8% 26,650 4.1%
Development
Maximum Build

Source: Final SSX Ridership Results provided in Appendix 9 - Ridership Forecasting Technical Report.
Note: Boardings and alightings results rounded to the nearest ten.

South Station Expansion October 2014
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Table 46—2035 Build Year Park Street Red Line Platform Activity Summa

AM Peak Period PM Peak Period Daily
' Boardines % Increase Boardines % Increase Boardings % Increase
Alternative & from No g from No = from No
and Build and Build and Build
ALY Alternative Alightings Alternative Alightings Alternative
No Bu1lq 19,460 . 22,810 - 90,930 -
Alternative
Alternative 1 —
Transportation 19,520 0.3% 22,870 0.3% 91,080 0.2%
Improvements
Only
Alternative 2 —
Joint/Private 19,570 0.6% 22,950 0.6% 91,270 0.4%
Development
Minimum Build
Alternative 3 —
Development
Maximum Build

Source: Ridership data from CTPS, Results of Station Activities at Downtown Stations.
Note: Boardings and alightings results rounded to the nearest ten.

Table 47—2035 Build Year Park Street Green Line Platform Activity Summa

AM Peak Period PM Peak Period Daily
: Boardines % Increase Boardines % Increase Boardines % Increase
Alternative g from No g from No & from No
and Build and Build and Build
Allghtlngs Alternative Allghtlngs Alternative Ahghtlngs Alternative
No Build 19,310 - 22,030 - 92,820 -
Alternative
Alternative 1 —
Transportation 19,350 0.2% 22,060 0.1% 92,900 0.1%
Improvements
Only
Alternative 2 —
Joint/Private 19,430 0.6% 22,130 0.5% 93,120 0.3%
Development
Minimum Build
Alternative 3 —
Joint/Private 19,560 1.3% 22,230 0.9% 93,460 0.7%
Development
Maximum Build

Source: Ridership data from CTPS, Results of Station Activities at Downtown Stations.
Note: Boardings and alightings results rounded to the nearest ten.

October 2014 South Station Expansion
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Table 48—2035 Build Year Downtown Crossing

Red Line Platform Activity Summa

AM Peak Period PM Peak Period Daily
5 % Increase . % Increase . % Increase
Alternative i g from No LRI from No LA from No
and Build and Build and Build
Alightings Alternative | CUSMUDZS | 4 yornative  ALBMONES | 4 native

No Build 18,530 - 20470 - 78,750 -
Alternative
Alternative 1 —
Transportation 18,580 0.3% 20,510 0.2% 78,890 0.2%
Improvements
Only
Alternative 2 —
Joint/Private

18,600 0.4% 20,530 0.3% 78,930 0.2%
Development
Minimum Build
Alternative 3 —
Joint/Private 18,650 0.6% 20,550 0.4% 79,000 0.3%
Development
Maximum Build

Source: Ridership data from CTPS, Results of Station Activities at Downtown Stations.

Note: Boardings and alightings results rounded to the nearest ten.

Table 49—2035 Build Year Downtown Crossing

e Line Platform Activity Summa

AM Peak Period PM Peak Period Daily
. Boardings % Increase Boardines % Increase Boardines % Increase
Alternative g from No g from No g from No
and Build and Build and Build
Alightings Alternative | SUBRHNSS | native | AUSHHNES | e rnative
No Build 18,550 - 21,440 - 81,150 -
Alternative
Alternative 1 —
Transportation 18,600 0.3% 21,500 0.3% 81,310 0.2%
Improvements
Only
Alternative 2 —
Joint/Private 18,630 0.4% 21,570 0.6% 81,520 0.5%
Development
Minimum Build
Alternative 3 —
Joint/Private 18,690 0.8% 21,660 1.0% 81,810 0.8%
Development
Maximum Build
Source: Ridership data from CTPS, Results of Station Activities at Downtown Stations.
Note: Boardings and alightings results rounded to the nearest ten.
South Station Expansion October 2014
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Table 50—2035 Build Year Government Center Blue Line Platform Activity Summa

AM Peak Period PM Peak Period Daily
. % Increase . % Increase . % Increase
Alternative Boardings from No Boardings from No Boardings from No
and Build and Build and Build
ALY Alternative LNV Alternative ALY Alternative

No Build
Alternative 6,720 - 9,150 - 34,020 -
Alternative 1 —
MRS IR 6,730 0.1% 9,150 0.0% 34,040 0.1%
Improvements
Only
Alternative 2 —
Joint/Private

6,730 0.1% 9,160 0.1% 34,080 0.2%
Development
Minimum Build
Alternative 3 —
Joint/Private

6,730 0.1% 9,170 0.2% 34,110 0.3%
Development
Maximum Build

Source: Ridership data from CTPS, Results of Station Activities at Downtown Stations.
Note: Boardings and alightings results rounded to the nearest ten.

Table 51—2035 Build Year Government Center Green Line Platform Activity Summa

AM Peak Period PM Peak Period Daily
. Boardines % Increase Boardins % Increase Boardings % Increase
Alternative = from No S from No = from No
I Build g Build L Build
AT Alternative AL TS Alternative S iehun Alternative

No Build
Alternative 10,120 - 12,480 - 51,320 -
Alternative 1 —
Transportation 10,130 0.1% 12,480 0.0% 51,330 0.0%
Improvements
Only
Alternative 2 —
Joint/Private

10,130 0.1% 12,490 0.1% 51,460 0.3%
Development
Minimum Build
Alternative 3 —
Uoitd] HEtveiEs 10,130 0.1% 12,490 0.1% 51,570 0.5%
Development
Maximum Build

Source: Ridership data from CTPS, Results of Station Activities at Downtown Stations.
Note: Boardings and alightings results rounded to the nearest ten.
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Table 52—2035 Build Year State Street Blue Line Platform Activity Summa

AM Peak Period PM Peak Period Daily
. Boardings % Increase Boardines % Increase Boardings % Increase
Alternative = from No g from No = from No
L Build L Build L Build
AL Alternative Alightings Alternative LAl Alternative

No Build
Alternative 7,630 - 8,420 - 34,410 -
Alternative 1 —
MRS IR 7,630 0.0% 8 420 0.0% 34,420 0.0%
Improvements
Only
Alternative 2 —
Joint/Private

7,630 0.0% 8,440 0.2% 34,460 0.1%
Development
Minimum Build
Alternative 3 —
Joint/Private

7,630 0.0% 8,460 0.5% 34,500 0.3%
Development
Maximum Build

Source: Ridership data from CTPS, Results of Station Activities at Downtown Stations.
Note: Boardings and alightings results rounded to the nearest ten.

Table 53—2035 Build Year State Street Orange Line Platform Activity Summa

AM Peak Period PM Peak Period Daily
. % Increase . % Increase . % Increase
Alternative N from No Boardings from No Boardings from No
sl Build and Build and Build
Allghtlngs Alternative Allghtlngs Alternative Ahghtlngs Alternative
No Build 10,350 - 10,820 - 40,730 -
Alternative
Alternative 1 —
Transportation 10,380 0.3% 10,870 0.5% 40,810 0.2%
Improvements
Only
Alternative 2 —
Joint/Private 10,380 0.3% 10,880 0.6% 40,880 0.4%
Development
Minimum Build
Alternative 3 —
Joint/Private 10,380 0.3% 10,890 0.6% 40,940 0.5%
Development
Maximum Build

Source: Ridership data from CTPS, Results of Station Activities at Downtown Stations.
Note: Boardings and alightings results rounded to the nearest ten.
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SOUTH STATION SSX Project Air Quality Analysis Protocol

EXPANSION

5/16/14
1. Introduction

The Massachusetts Department of Transportation (MassDOT), with funding support from the Federal
Railroad Administration (FRA), is preparing an Environmental Impact Report and Environmental
Assessment (EIR and EA) for the proposed expansion of South Station in Boston, Massachusetts. South
Station is one of the busiest transportation hubs in New England and is the largest train station and bus
terminal in Boston. South Station is located at the northern terminus of the Northeast Corridor (NEC) and
is the city terminus of the Massachusetts Bay Transportation Authority (MBTA) commuter rail western
and southern routes. Red Line subway, Silver Line buses, and other privately operated buses also service
the Station. This major intermodal terminal is a gateway to Boston’s Financial District, situated at the
intersection of Atlantic Avenue and Summer Street in Dewey Square.

The South Station Expansion (SSX) project is being undertaken to improve intercity passenger rail
service on the NEC and support high-speed rail initiatives. It will expand South Station to meet planned
2035 capacity requirements for Amtrak High Speed Intercity Passenger Rail Program (HSIPR), as well as
MBTA commuter rail service. The project will include the following elements:

e Expanding the South Station terminal facilities, including the addition of tracks and platforms,
extension of some existing platforms, reconstruction of approach interlockings, and construction
of a new passenger concourse onto the site of the USPS General Mail Facility.

e Acquiring and demolishing the existing USPS General Mail Facility located on Dorchester
Avenue adjacent to South Station, which will provide an approximate 16-acre site onto which to
expand South Station. The USPS facility will be relocated by the USPS. The relocation of the
USPS facility is undergoing a separate environmental review process by others.'

e Restoring Dorchester Avenue for public and station access along the harborside edge of the
expanded terminal, including constructing an extension of the Harborwalk.

e Providing for the possibility of future joint/private development at an expanded South Station.

e Constructing mid-day layover facilities to accommodate existing needs and to facilitate future
Amtrak and MBTA service expansions and other planned improvements.

Figure 1 shows the SSX Project Area Map. The SSX project includes South Station and three layover
facility sites: Widett Circle in the South Boston neighborhood of Boston, Beacon Park Yard in the Allston
neighborhood of Boston, and Readville — Yard 2 in the Readville section of Hyde Park in Boston. Figure
2 shows an aerial view of the South Station site.

MassDOT is conducting the following alternatives analyses for the SSX project elements: terminal
expansion alternatives at the South Station site, including rail configuration alternatives; layover facility
site alternatives, consisting of three potential layover sites; and joint/private development alternatives at
the South Station site. The joint/private development alternatives are distinguished by the degree to
which private development would or would not be accommodated at South Station. Alternative 1 would
include transportation improvements only, but would not provide for potential private development at
South Station. Alternatives 2 and 3 represent the lower and upper bounds, respectively, of potential
private development at South Station.

1

As directed by FRA for the EA, the demolition of the USPS facility will be addressed as a direct impact of the SSX project, and the
relocation of the USPS facility will be addressed as an indirect impact of the SSX project.

massDOT
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Figure 2 - Aerial View of the South Station Site.

At the South Station site, the air quality analysis will address air quality impacts resulting from traffic
associated with the joint/private development alternatives. There will be essentially no difference
between the rail configuration alternatives at the South Station site with respect to air quality impacts.

The EIR and EA will be developed in accordance with the National Environmental Policy Act of 1969
(NEPA) and its implementing regulations (40 Code of Federal Regulations (CFR) Parts 1500-1508);
FRA’s Procedures for Considering Environmental Impacts, 64 Federal Register (FR) 28545, and 23 CFR
Part 7710; the Massachusetts Environmental Policy Act (MEPA) and its implementing regulations (301
Code of Massachusetts Regulations (CMR) 11.00), U.S. Environmental Protection Agency (U.S. EPA)
technical guidance documents, and technical guidance from the Massachusetts Department of
Environmental Protection (MassDEP) and MassDOT. Additionally, the EIR and EA will be prepared in
accordance with the Certificate of the Secretary of the Office of Energy and Environmental Affairs (EEA)
on the Environmental Notification Form (ENF) for the SSX project (April 19, 2013).

2. Scope of the Air Quality Analysis

The air quality study will consist of the following components: a regional emissions inventory
(mesoscale) analysis to estimate project-related emission burdens for the study area; an ambient
concentrations (microscale) analysis to estimate ambient carbon monoxide (CO) concentrations at
selected roadway intersections; a qualitative Mobile Source Air Toxics (MSATs) assessment; a
quantitative particulate matter (PM) with an aerodynamic diameter of 2.5 micrometers and less (PM, )
hotspot analysis; and a dispersion modeling analysis for nitrogen dioxide (NO,) concentrations.

For the South Station site, the air quality analysis will assess three joint/private development alternatives
for the opening year of 2025 and the design year of 2035. These alternatives include the No Build
Alternative; Alternative 1, Transportation Improvements Only; and Alternative 3, Joint/Private
Development Maximum Build. Alternative 1 would include transportation improvements only, but
would not provide for potential private development at South Station. Alternative 3 represents the upper
bounds of potential private development at South Station, and would be the worst case scenario with
respect to air quality.

For the layover facility sites, the air quality analysis will evaluate the No Build and Build alternatives for
the opening year of 2025 and the design year of 2035.

Under authority of the Clean Air Act, U.S. EPA has established National Ambient Air Quality Standards
(NAAQS) for criteria pollutants to protect the public health and welfare. The criteria pollutants which are
of significance to the transportation sector include CO, NO,, ozone (Os3), PM;y and PM,s. The criteria
pollutants which are not of significance to the transportation sector include sulfur dioxide (SO,) and lead
(Pb). The ambient air quality standards for Massachusetts are identical to the NAAQS.

Since the implementation of the U.S. EPA’s Ultra-Low Sulfur Diesel Fuel Requirements that were
promulgated in 2006, SO, emissions from transportation projects have been greatly reduced. For MEPA
and NEPA compliance purposes, SO, will be addressed in the SSX project EIR and EA. Lead is no
longer considered to be a pollutant of concern for transportation projects. The major source of Pb
emissions to the atmosphere had been from motor vehicles burning gasoline with Pb-containing additives.
Lead emissions from motor vehicle sources have been nearly eliminated, however, as unleaded gasoline
has replaced leaded gasoline nationwide. Further, there is almost no Pb in diesel engine emissions.
Therefore, Pb emissions are no longer required to be assessed.

May 2014 South Station Expansion
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EPA promulgated final General Conformity regulations at 40 CFR Part 93 Subpart B for all federal
activities except those covered under Transportation Conformity. FRA activities are not covered under
Transportation Conformity; therefore General Conformity regulations apply to the SSX project.

South Station is located in Suffolk County, MA, which has been designated by U.S. EPA as a moderate
nonattainment area with respect to the 8-hour O; NAAQS. Massachusetts, through its State
Implementation Plan (SIP), specifies target dates for achieving compliance with the NAAQS, and
identifies specific emission reduction goals for nonattainment or maintenance areas. It has been
determined that the SSX project is not explicitly included in a conforming Regional Transportation Plan
(RTP) or a Transportation Improvement Program (TIP). Therefore, a regional analysis of project
emissions will be conducted for purposes of demonstrating compliance with the General Conformity
rules. Emissions inventories also will be prepared for the purpose of NEPA disclosure of impacts from
project alternatives.

The Boston area is also designated as a Maintenance Area for CO, having achieved attainment in 1995
after being designated as a Moderate Nonattainment area. Therefore, a CO Hot Spot (Intersection)
modeling analysis will be performed for the purpose of demonstrating compliance with the National and
Massachusetts CO air quality standards.

3. Emissions Inventory Analysis

Mesoscale air quality impacts are defined as the incremental change in regional emissions of criteria
pollutants due to the proposed project alternatives relative to the No Build Alternative, for a given year.
The emissions inventory will be developed for motor vehicles and buses on affected roadways within the
project study area, and railroad locomotives entering, idling, and leaving the station. Differences in
vehicular emissions are a direct function of the changes in daily vehicle-miles traveled (VMT) and their
associated pollutant emission rates. Differences in train locomotive emissions are a direct function in the
number of locomotives idling in the station and the emissions from locomotives entering and leaving the
station, and their associated pollutant emission rates. The motor vehicle emissions inventory will be
developed using the roadway network and traffic data defined in the project traffic studies, along with
appropriate year-dependent and speed-dependent emission factors. A preliminary list of the roadway
links to be used in the analysis is presented for MassDEP’s concurrence in Table 1. The train emissions
will be developed based on the current and future train schedules and the appropriate U.S. EPA year-
specific (i.e., Tier) emission factors for locomotives. The emission inventories will be prepared in
accordance with EPA guidelines.” Emissions will be calculated for volatile organic compounds (VOC),
nitrogen oxides (NOx), CO, PM,y, PM; s, and SO,.

3.1. Motor Vehicle and Bus Emission Factors

The motor vehicle emission factors (expressed as grams of pollutant per vehicle mile) that will be used to
estimate the motor vehicle emissions will be calculated using the most recently approved version of the
U.S. EPA MOVES program (currently MOVES2010b). Emission factors will be provided for all vehicle
categories combined (the composite emission factor) and for heavy duty diesel vehicles (buses)
separately.

2 Procedures for Emission Inventory Preparation, Volume IV: Mobile Sources. U.S. Environmental Protection Agency, Office of

Mobile Sources (now Office of Transportation and Air Quality). Report number EPA-450/4-81-026d (Revised). Ann Arbor, MI.
1992.
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3.2. Locomotive Emission Factors

U.S. EPA’s Locomotives Exhaust Emission Standards will be used to calculate locomotive emissions and
emission rates. The standards, which are codified at 40 CFR Part 1033.101, include several sets of
emission standards based on the date a locomotive is first manufactured or remanufactured. The
standards used for this analysis are presented in Table 2. The duty cycle for all locomotives at South
Station is assumed to be “Line-haul” only, no “switch” engine activities occur at South Station.

Table 1
Preliminary List of Roadway Links to be Used in the Emissions Inventory Analysis
Link
ID No. Link Description

Atlantic Avenue - Kneeland Street to Essex Street

Atlantic Avenue - Essex Street to Summer Street

Atlantic Avenue - Summer Street to Congress Street

Atlantic Avenue - Congress Street to Northern Avenue/Seaport Blvd
Summer Street - Atlantic Avenue to Purchase Street

Summer Street - Atlantic Avenue to Dorchester Avenue
Summer Street - Dorchester Avenue to Haul Road

Essex Street - Chauncy Street to Lincoln Street

Essex Street - Lincoln Street to Atlantic Avenue

A Street - Congress Street to Dorchester Avenue

Dorchester Avenue - West 4th St to Old Colony Avenue
Dorchester Avenue - West 4th Street to West Broadway
Dorchester Avenue - West Broadway to West 2nd Street
Dorchester Avenue - Summer Street to West 2nd Street
Congress Street - Atlantic Avenue to Purchase Street
Congress Street - Atlantic Avenue to Dorchester Avenue
Congress Street - A Street to Dorchester Avenue

Purchase Street - Seaport Blvd/Northern Avenue to Congress Street
Purchase Street - Congress Street to Summer Street

Surface Road - Summer Street to Lincoln Street/Essex Street
Surface Road - Lincoln Street/Essex Street to Kneeland Street
Surface Road - Kneeland Street to 1-90 Ramp

23 Lincoln Street - Essex Street to Kneeland Street

24 Lincoln Street - Kneeland Street to Hwy Ramps

25 South Station Connector - Surface Road to Lincoln Street

26 South Station Connector - Lincoln Street to Bus Terminal
Entrance/HOV Parking Ramp

27 Kneeland Street - Washington Street to Surface Road

28 Kneeland Street - Surface Road to Lincoln Street

29 Kneeland Street - Lincoln Street to Atlantic Avenue

30 Beach Street - Atlantic Avenue to Surface Road
Source: KM Chng Environmental Inc. January 2014.
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All existing MBTA locomotives will be assumed to comply with the U.S. EPA’s Tier-1 emission
standards, based on the date of sale or remanufacture of the engines. The more stringent Tier-4 emission
standards will be used for MBTA locomotives in the future 2025 and 2035 scenarios. The F40PH-2C
locomotive with a 3,000 horsepower (hp) EMD 16-645E3B engine was chosen as the representative
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engine for all existing MBTA locomotives. Throttle notch and fuel consumption rates taken from
Appendix B of the Locomotive Emission Standards, EPA-420-R-98-101, April, 1998, as shown in Table

3, will be used for the MBTA locomotives.

Table 2
U.S. EPA Line Haul Locomotives Exhaust Emission Standards
Tier Year HC NOXx PM CcO
(g/hp-hr) (g/bhp-hr) (g/bhp-hr) (g/bhp-hr)
Tier 0 1973-1992 1.00 9.5 0.22 5.0
Tier 1 1993-2004 0.55 7.4 0.22 2.2
Tier 2 2005-2011 0.30 5.5 0.10 1.5
Tier 3 2012-2014 0.30 5.5 0.10 1.5
Tier 4 2015+ 0.14 1.3 0.03 1.5

Source: http://www.epa.gov/otag/standards/nonroad/locomotives.htm

The P42-DC locomotive with a 3,200 hp GE 7FDL engine was chosen to be the representative
locomotive for the Amtrak diesel locomotives and the engine throttle data was taken from Appendix A-2
of Emissions Summary for Other Diesel Emission Sources in and Adjacent to the West Oakland
Community, as shown in Table 3. Because there were no fuel consumption data available for the 7FDL
engine, the fuel consumption rate for the GE16 engine (an engine with operational characteristics similar
to the 7FDL) will be used for Amtrak engines. All existing Amtrak locomotives are assumed to be
compliant with the U.S. EPA’s Tier-0 emission standards, based on the date of sale or remanufacture of
the engines. The more stringent Tier-4 emission standards will be used for Amtrak locomotives in the
future 2025 and 2035 scenarios.

The existing and future daily South Station train schedules will be used to calculate locomotive idling and
traveling times in the study area.

Table 3
Throttle Notch Data and Fuel Consumption Rate
Throttle Power in Fuel Power in Fuel
Notch Notch Rate Notch Rate*
Setting (bhp) (Ib/hr) (bhp) (Ib/hr)
EMD 16-645E3B Engine GE 7FDL Engine
(Rated Power = 3,000 bhp) (Rated Power = 3,200 bhp)
Dynamic
Brake 138 126 109 -
Idling 17 279 11 17
1 105 296 179 50
2 363 361 388 86
3 721 432 787 273
4 1030 528 919 368
5 1438 657 1413 532
6 1821 827 2014 680
7 2492 1066 2699 858
8 3070 1186 3200 1082

Source of EMD Data: Appendix B, Locomotive Emission Standards. U.S. EPA, Office of Transportation and Air Quality, EPA-
420-R-98-101, April 1998. http.//www.epa.gov/otag/documents/420r98101.pdf

Source of 7FDL Data: Table 1 of the Brunswick Rail Maintenance Facility, Potential Air Quality Impacts of Proposed Facility
on Nearby Sensitive Land Uses, Parsons Brinckerhoff, August 2011.
http://www.amtrakdowneaster.com/sites/default/files/Potential %620Air%20Quality%20Impacts.pdf

* Fuel Rate for GE12 Engine from Appendix B, Locomotive Emission Standards. EPA-420-R-98-101, April 1998.
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Hydrocarbons (HC), PM, NOx and CO emissions will be calculated by the following equation:
Emissions (g) = Emission Factor (g/bhp-hr) * brake horsepower at a particular notch setting * time (hr)

SO, and CO, emissions are dependent on fuel consumption rates and the following assumptions taken
from Emission Factors for Locomotives, U.S. EPA, Office of Transportation and Air Quality, EPA-420-
F-09-025, April 2009 will be used in these calculations:

Diesel fuel density of 3,200 grams per gallon (g/gal)
Fraction of fuel sulfur converted to SO, of 98 percent
Diesel fuel sulfur content of 15 parts per million (ppm)
Carbon content of fuel of 87 percent by mass

SO, and CO, emissions will be estimated by the methodology outlined on Page 5 of U.S. EPA’s Emission
Factors for Locomotives, EPA-420-F-09-025, April 2009. Emission factors for the existing and future
years are presented in Table 4 in units of grams per hour (g/hr).

Table 4
Locomotive Emission Rates
MBTA Locomotives AMTRAK Locomotives
Existing 2012 Future Years Existing 2012 Future Years
(Tier-1 Standards) | (Tier-4 Standards) (Tier-3 (Tier-4 Standards)
Standards)
Emission Rate Emission Rate Emission Rate Emission Rate
Pollutant (g/hr) (g/hr) (g/hr) (g/hr)
Idling Notch 1 Idling | Notch 1 | Idling | Notch 1 Idling Notch 1
HC 9.4 57.8 2.4 14.7 11.0 179.0 1.5 25.1
NOx 125.8 777.0 22.1 136.5 104.5 1700.5 14.3 232.7
PMiq 3.7 23.1 0.5 3.2 2.4 394 0.3 5.4
PM;5 2.8 17.3 0.4 2.4 1.8 29.5 0.2 4.0
CO 37.4 231.0 25.5 157.5 55.0 895.0 16.5 268.5
Emission Rate Emission Rate Emission Rate Emission Rate
(g/gal of fuel) (g/gal of fuel) (g/gal of fuel) (g/gal of fuel)
SO, 0.094 0.094 0.094 0.094
CO, 10,217.0 10,217.0 10,217.0 10,217.0

Source: KM Chng Environmental Inc. January 2014.

The South Station average weekday train schedules will be used to calculate the annual PM,y, PM, s, HC,
NOx, CO, SO,, and CO, emissions. VOC emissions will be assumed to be equal to 1.053 times the HC
emissions. PM emissions will be expressed as PM;y. PM, s emissions will be estimated as 0.97 times the
PM,, emissions.’

Emissions from the Amtrak Acela trains will not be assessed as the electric locomotives do not have
direct air emissions.

All locomotives in the study area are assumed to be either in Idling Mode or Notch-1 setting.

3 Emission Factors for Locomotives, U.S. Environmental Protection Agency, Office of Transportation and Air Quality. EPA-420-F-09-

025. April 2009.
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3.3. Calculation of Annual Emissions

Emissions from each identified roadway segment (i.c., each link included in the SSX project’s traffic
study) will be calculated by multiplying the average daily traffic (ADT) volume on the link by the
roadway link length to calculate VMT. The VMT will then be multiplied by the MOVES pollutant-
specific emission factor for the parameter values (e.g., average vehicle speed, vehicle types, other
operating conditions, and roadway functional class) applicable to that roadway segment. The emissions
from each roadway segment will be summed to provide the average 24-hour emissions on each link. The
average daily emissions will be multiplied by 365 to calculate annual emissions from motor vehicles and
buses in tons per year.

Emissions from each train (including up to two locomotives each) for the typical daily schedule will be
calculated by multiplying the number of operating hours each locomotive is at idle in the station by the
appropriate idling emission factor and adding to it the emissions from each locomotive entering and
leaving the station using the appropriate emission factors. The emissions from each train will be summed
to provide the average 24-hour emissions. The average daily emissions will be multiplied by 365 to
calculate annual emissions from trains in tons per year.

The results from the emission inventory analysis will consist of the total emissions in tons per year of
VOC, NOx, CO, PM,y, PM, 5, and SO, for the study area, presented in tabular form.

4. Greenhouse Gas Analysis

CO, emissions will be estimated from transportation sources for the 2012 existing condition and the two
SSX project No Build and Build alternatives in the opening year of 2025 and the design year of 2035.
The U.S. EPA’s MOVES program will be used to determine CO, emission factors from motor vehicles
(all vehicles combined and buses separately). Emission factors will be combined with motor vehicle
generated VMTs to estimate GHG emissions.

GHG emissions from each train (locomotive) will be calculated by multiplying the number of operating
hours the locomotive is at idle in the station by the appropriate idling emission factor and adding to it the
emissions from each locomotive entering and leaving the station using the appropriate emission factor.

5. CO Hot-Spot Analysis

The dispersion modeling analysis will estimate ambient CO concentrations and demonstrate the air
quality impacts of the SSX project at four selected signalized roadway intersections in the vicinity of
South Station and one intersection in the vicinity of each of the three layover sites for the same years and
project alternatives as described for the Emission Inventory Analysis.

5.1. Intersection Analysis

The roadway intersections that will be included in the air quality analysis will be selected based on
criteria given in U.S. EPA guidelines.* In order to determine which candidate intersections should be
analyzed for air quality impacts, each intersection will be screened based on the Level of Service (LOS)
and approach volume and delay data from the SSX project traffic studies. The traffic study has identified
21 intersections in the vicinity of the South Station site study area to be evaluated and these intersections
are listed in Table 5.

4 Guideline for Modeling Carbon Monoxide From Roadway Intersections. Report number EPA-454/R-92-005. U.S. Environmental
Protection Agency, Office of Air Quality Planning and Standards. Research Triangle Park, NC. November 1992.
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The traffic study also identified two intersections in the vicinity of the Widett Circle layover site, one
intersection in the vicinity of the Beacon Park layover site, and two intersections in the vicinity of the
Readville - Yard 2 layover site to be evaluated and these intersections are listed in Table 6.

Table 5

List of Intersections Analyzed in the South Station Site Traffic Study Area

Intersection Description
ID No.
1 Congress Street at Dorchester Avenue
2 Summer Street at Dorchester Avenue
3 Atlantic Avenue at Seaport Boulevard
4 Atlantic Avenue at Congress Street
5 Purchase Street at Congress Street
6 Atlantic Avenue at Summer Street
7 Purchase Street at Summer Street
8 Atlantic Avenue at Essex Street
9 Surface Road at Essex Street & Lincoln Street
10 Atlantic Avenue at East Street
11 Atlantic Avenue at Beach Street
12 Atlantic Avenue at Kneeland Street
13 Kneeland Street at Lincoln Street
14 Surface Road at Kneeland Street
15 Lincoln Street at South Station Connector
16 Surface Road at South Station Connector
17 Dorchester Avenue at West 2nd Street
18 Dorchester Avenue at West Broadway / Traveler Street
19 Dorchester Ave at West 4th Street
20 Purchase Street at 1-93 Off-Ramp, & Seaport Boulevard
21 Congress Street at A Street / Thompson Place

Source: KM Chng Environmental Inc. January 2014.

Table 6
List of Intersections Analyzed in the Layover Sites’ Vicinities
Traffic
Study Intersection Name
ID No.
Beacon Park Yard
1 | Cambridge Street / Lincoln Street
Widett Circle
2 Frontage Road / Widett Circle Access Road
3 Widett Circle / Widett Circle Access Road
Readville — Yard 2
4 Hyde Park Avenue/Neponset Valley
Pkwy/Wolcott Ct/Wolcott Square
5 Wolcott Ct/ Layover Driveway

Source: KM Chng Environmental Inc. January 2014.
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Based on the preliminary LOS, delay, and total volume data, the four intersections in the vicinity of the
South Station site that were selected to be assessed in the detailed air quality analysis for all calendar
years and alternatives are listed in Table 7. Table 7 also lists the intersections in the vicinity of each
Layover site selected to be assessed in the detailed air quality analysis for all calendar years.

Table 7
Traffic Intersections Selected for the SSX Detailed Air Quality Analysis
ID | Intersection Name

South Station Site Vicinity
3 | Atlantic Avenue at Seaport Boulevard
6 | Atlantic Avenue at Summer Street
14 | Surface Road at Kneeland Street
18 | Dorchester Avenue at West Broadway / Traveler Street

Widett Circle Layover Site Vicinity
3 | Widett Circle / Widett Circle Access Road

Beacon Park Yard Layover Site Vicinity
1 | Cambridge Street / Lincoln Street

Readyville - Yard 2 Layover Vicinity Site

4 | Hyde Park Avenue/Neponset Valley Pkwy/Wolcott Ct/Wolcott Square
Source: KM Chng Environmental Inc. January 2014.

5.2. Receptor Locations

At each of the intersections selected for the detailed dispersion modeling analysis, maximum 1-hour and
8-hour CO concentrations will be estimated at a number of receptor locations. In accordance with U.S.
EPA guidelines,’ “sidewalk” receptors will be placed on both sides of each approach of each intersection,
outside of the mixing zones of the free-flow links being modeled. These receptors will be located on the
sidewalk, at least 3 meters from the edge of the nearest travel lane, at distances of 3 meters, 25 meters,
and 50 meters from the cross street. These sidewalk receptors will be supplemented with other receptors,
to the extent applicable, and will be placed at sensitive locations such as residences, schools, health care
facilities, businesses, and other areas where the public has access.

5.3. Emission Factor Development

Emission factors for CO will be developed using MOVES in the same way as proposed for the Emission
Inventory Analysis. The winter emission factors for CO will be used in the CO hot-spot analysis, based
on the same MassDEP guidance as proposed for the Emission Inventory Analysis. Idle CO emission
factors for the dispersion modeling analysis will be developed using U.S. EPA’s recommended
procedure.®

5.4. Background CO Concentrations

Total CO concentrations will be determined by adding the appropriate 1-hour and 8-hour background
levels to the predicted CO concentrations. The background values represent worst-case ambient CO

’ Guideline for Modeling Carbon Monoxide From Roadway Intersections. Report number EPA-454/R-92-005. U.S. Environmental
Protection Agency, Office of Air Quality Planning and Standards. Research Triangle Park, NC. November 1992.

Technical Guidance on the Use of MOBILEG.2 for Emission Inventory Preparation, Section 4.4.4, Transportation and Regional
Programs Division, Office of Transportation and Air Quality, U.S. Environmental Protection Agency. EPA420-R-04-013. August
2004.
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levels that are assumed to occur independently of the project-related emissions being analyzed.
Background CO concentrations will either be provided by MassDEP or will be based on MassDEP’s
recommended procedure ’ of using the highest second-highest measured 1-hour or 8-hour CO
concentrations from the nearest representative CO monitoring location for the most recent three full years
of monitoring data (2010 — 2012).%”'® These background levels are intended to represent worst-case
urban conditions and will be conservatively held constant for all analysis years and project alternatives.

The nearest representative MassDEP monitoring site to South Station that measures CO is the Kenmore
Square Site (ID 25-025-0002). Carbon monoxide data for the most recent three years of data available are
presented in Table 8 below. Based on this data, we will use 1.8 ppm for the 1-hour background
concentration and 1.2 ppm for the 8-hour background concentration.

Table 8
Highest and Second-Highest 1-hour and 8-Hour CO Concentrations for Most Recent Three Years
of Data from at the Kenmore Square Site

Monitoring Max 1-hr 2" Max 1-hr Max 8-hr 2" Max 8-hr
Year (ppm) (pPm) (ppm) (ppm)
2010 1.9 1.8 1.5 0.9
2011 1.5 1.5 1.3 1.2
2012 1.4 1.3 1.1 0.9
Background -- 1.8 -- 1.2

Source: KM Chng Environmental Inc. January 2014.
5.5. Dispersion Modeling Analysis for CO

Maximum 1-hour CO concentrations will be estimated with U.S. EPA's CAL3QHC Version 2.0 model."!
The 1-hour modeled CO concentrations (without a background CO concentration) will be multiplied by a
scale (persistence) factor to determine the estimated 8-hour CO concentrations. Based on EPA® and
MDEP guidelines’, the proposed value of the scale factor is 0.70.

The results from the dispersion modeling analysis will consist of maximum 1-hour and 8-hour CO
concentrations (including an appropriate background CO concentration) at each receptor location at each
intersection analyzed, presented in tabular form. The results will be compared to the Massachusetts and
National Ambient Air Quality Standards for CO.

When executing the CAL3QHC model, the site and traffic input assumptions given in Table 9 will be
used. These values are consistent with U.S. EPA guidance.’

Table 10 provides the CAL3QHC meteorological parameters that will be used in the dispersion modeling
analysis.

Recommended Compliance Demonstrations for Sources of Air Pollution in Massachusetts, Massachusetts Department of
Environmental Protection, Division of Air Quality Control, January 2012.

Commonwealth of Massachusetts 2010 Air Quality Report, Department of Environmental Protection, Bureau of Waste Prevention,
Division of Planning and Evaluation, Air Assessment Branch, Wall Experiment Station, June 2011

Commonwealth of Massachusetts 2011 Air Quality Report, Department of Environmental Protection, Bureau of Waste Prevention,
Division of Planning and Evaluation, Air Assessment Branch, Wall Experiment Station, August 2012

Commonwealth of Massachusetts 2012 Air Quality Report, Department of Environmental Protection, Bureau of Waste Prevention,
Division of Planning and Evaluation, Air Assessment Branch, Wall Experiment Station, July 2013

1 User's Guide to CAL3QHC Version 2.0: A Modeling Methodology for Predicting Pollutant Concentrations Near Roadway
Intersections. U.S. Environmental Protection Agency. Report number EPA-454/R-92-006. Research Triangle Park, NC. 1992.
Revised June 1993.
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Table 9
CAL3QHC Site and Traffic Input Assumptions
Parameter Assumed Value
Surface roughness coefficient (Z,) 321 cm (central business district/high-rise buildings)
Design saturation flow rate (SFR) 1600 vehicles/hour (urban default value)
Arrival rate (AT) 3 (random arrivals)
Signal type (ST) 1 (pre-timed; worst-case assumption)
Averaging Time 60 minutes
Link Height 0.0 meters (at-grade)
Receptor Height 1.8 meters
Source: KM Chng Environmental Inc. January 2014.
Table 10
CAL3QHC Meteorological Input Assumptions
Parameter Assumed Value
Wind speed 1 meter/second
Pasquill-Gifford stability class D (Neutral; urban land use)
Mixing height 1000 meters
Wind directions 10° - 360° scanned at 10° increments

Source: KM Chng Environmental Inc. January 2014

6. Mobile Source Air Toxics Assessment

The qualitative MSATSs assessment will follow FHWA’s “Interim Guidance on Air Toxic Analysis in
NEPA Documents,” dated February 3, 2006 (and updated September 30, 2009). A description of
MSATSs, the U.S. EPA-defined priority MSATSs, and their effects on health will be included. The
discussion will also include measures undertaken by U.S. EPA to reduce MSAT emissions and will
present national trend data from Appendix C of the FHWA guidance document.

The MSATSs assessment will qualitatively compare the differences in MSAT emissions between the No
Build and the two Build Alternatives in the opening year of 2025 and the design year of 2035 The
description of the differences will be based on changes in VMT, vehicle mix, and speeds. In compliance
with CEQ regulations, a discussion regarding incomplete and unavailable data that would be required for
an accurate assessment of human health impacts will be included.

7. PM;sHot Spot Analysis

Massachusetts has been designated as being unclassifiable/attainment for PM,s. For NEPA disclosure
purposes and to make the localized impact assessment more comprehensive, a PM, s Hot Spot dispersion
modeling analysis will be performed using U.S. EPA’s November 2013 guidance.'” The analysis will be
conducted for the existing condition and the No Build and two Build Alternatives at the South Station site
in project opening year of 2025 and in the project’s design year of 2035.

71. Model Selection

The AERMOD model (version 12345) will be used to determine predicted impacts from the SSX project
at the South Station site. AERMOD is identified by U.S. EPA in the “Guideline on Air Quality Models”
(40 CFR 51, Appendix W) as a recommended refined model for a wide range of regulatory applications in

2 Transportation Conformity Guidance for Quantitative Hot-spot Analyses in PM2.5 and PM10 Nonattainment and Maintenance Areas,

Transportation and Climate Division, Office of Transportation and Air Quality, U.S. Environmental Protection Agency. EPA-420-B-
13-053. November 2013.
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all types of terrain and in cases where aerodynamic downwash is important. AERMOD includes the
PRIME downwash algorithm which accounts for potential building wake and cavity effects on stack
emissions. While the terrain in the vicinity of the South Station is relatively flat, AERMOD also includes
a refined complex terrain algorithm and can provide predicted impacts in all terrain regimes. However,
the flat terrain option in AERMOD will be used.

The locomotive stack heights are likely to be below the maximum GEP formula height calculated based
on the proposed station improvements and nearby structures, so building downwash may affect stack
emissions. In addition, locomotive stack heights are short enough relative to nearby structures that
building cavity effects on stack emissions may be important. As previously noted, AERMOD can
account for building wake and cavity effects on stack emissions. For these reasons, AERMOD is an
appropriate and recommended model to use for estimating impacts from the SSX project emissions.
Therefore, AERMOD with regulatory default model options is proposed for use for this modeling
analysis.

7.2 Meteorological Data

AERMOD will be executed using five years of preprocessed meteorological data provided by the
MassDEP. Surface data will be from Boston Logan Airport for calendar years 2007 through 2011 (the
latest years of processed data available); upper air data will be from Gray, ME for the same years.

7.3. Motor Vehicle Roadway Network

A preliminary network of 30 roadway links will be used in the PM, s modeling analysis. The network
links are the same links used in the Emissions Inventory Analysis and are described in Table 1. The
PM, s speed-dependent emission factors for the motor vehicles and buses will be the same as used in the
Emissions Inventory Analysis. The roadway links will be treated as narrow area sources with a release
height of 0.0 meters.

7.4. Locomotive Source Inputs

Locomotive stack parameters to be used in the modeling analyses were taken from a 2007 Sierra
Research, Inc. Report'"” and are presented in Table 11.

Table 11
Locomotive Modeling Input Parameters
Parameter Assumed Value
Stack Height (m) 4.76
Stack Diameter (m) 0.625
Exit Velocity — Idle (m/s) 3.1
Exit Velocity — Moving (im/s) 8.0
Exit Temperature - Idle (° K) 364
Exit Temperature - Moving (° K) 420
Locomotive Length (m) 17.1
Locomotive Width (m) 3.2
Locomotive Height (m) 4.6

Source: KM Chng Environmental Inc. January 2014.

3 Toxic Air Contaminant Emissions Inventory and Air Dispersion Modeling Report for the Stockton Rail Yard, Stockton, California,

Final Report-2/23/07, Sierra Research, Inc. January 2007.
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Stationary, idling trains will be treated as point sources, and moving trains will be treated as volume
sources with the sources stretching along the tracks from the parking locations at South Station until they
reach the Tower 1 interlocking. The PM, 5 emission factors for the locomotives will be the same as were
used in the Emissions Inventory Analysis as presented previously in Table 4.

7.5. Receptor Network

A preliminary network of discrete receptors using simple terrain is provided in Table 12 for concurrence
by MassDEP. The preliminary network of discrete receptors includes fence line receptors surrounding
South Station, as well as sensitive locations such as residences, office buildings, schools, parks,
playgrounds, businesses, and other areas where the public has access.

Table 12
Preliminary list of Discrete Receptors for PM2.5 Modeling Analysis
Receptor Receptor Receptor Receptor
No. Description No. Description
R1 South Station Parking Center R24 Federal Reserve Building
R2 South Station Parking South R25 Federal Reserve Building - sitting area
R3 South Station Parking West R26 280 Congress Street
R4 South Station Parking North R27 Park near Harbor Walk
R5 Kneeland Street & Atlantic Avenue R28 Restaurant at Pearl Street Extension
R6 183 Beach Street R29 John Joseph Moakley Federal Courthouse
R7 Dunkin Donuts on Atlantic Avenue R30 Fan Pier Public Green
R8 200 Essex Street R31 MetroLacrosse, 25 Thomson Place, Boston
R9 Financial Center, Boston R32 Factory 63, 63 Melcher Street, South Boston
R10 Dewey Square Plaza (at the Farmer's R33 Wormwood Park, South Boston
Market)
RI11 201 South St #614, Boston R34 Binford Street Park, South Boston
R12 143 South St #6, Boston R35 Gillette Park, South Boston
R13 89 South St, Boston R36 Restaurant at 98 A Street, South Boston
R14 Leather District Park, Essex St R37 Diner at 75 W Broadway, South Boston
RI15 Boston-Fiduciary Trust Building R38 Flaherty Park, W 3 and B Streets, South
Boston
R16 Rose Fitzgerald Kennedy Greenway R39 Tai Tung Park, Tai-Tung Street
Conservancy
R17 R.eggle Wong Memorial Park, R40 Eliot Norton Park, Tremont Street
Lincoln Street
R18 150 Lincoln Street (office building) R41 Millicent Way Park, Millicent Way
R19 1 Lincoln Street (office building) R42 Peters Park, 230 Shawmut Avenue
R20 100 Summer St, Boston R43 ls)t(r)zzltlester Ave, 150 feet south of Summer
RO1 Dewey Square Park R44 ]é)t(r);ltlester Ave, 800 feet south of Summer
Park St at Congress Street and Dorchester Ave, 1500 feet south of Summer
R22 . R45
Atlantic Avenue Street
R23 Fort Poiqt Center Park, Pearl Street R46 Dorchester Ave, 2100 feet south of Summer
& Atlantic Avenue Street

Source: KM Chng Environmental Inc. January 2014.
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7.6. Background PM, s Concentrations

Total PM, 5 concentrations will be determined by adding the appropriate 24-hour and annual background
levels to the predicted PM,; s concentrations. The background values represent worst-case ambient PM, 5
levels that are assumed to occur independently of the project emissions being analyzed. Background
PM, 5 concentrations will either be provided by MassDEP or will be based on MassDEP’s recommended
procedure'’.  For the 24-hour background PM,s concentration, the three-year average of the 98™
percentile 24-hour values recorded at the nearest representative PM, s monitoring location for the most
recent three full years of monitoring data available (2010 — 2012) will be used. For the annual PM, s
background concentration, the three year average of the annual average values recorded at the nearest
representative PM, s monitoring location for the most recent three full years of monitoring data available
(2010 — 2012)'* "> ' will be used. These background levels are intended to represent worst-case urban
conditions and will be conservatively held constant for all analysis years and project alternatives.

The nearest representative MassDEP monitoring site to South Station that measures PM, 5 is the Kenmore
Square Site (ID 25-025-0002). Annual and 24-hour data for the most recent three years (2010 — 2012) are
presented in Table 13. Based on this data, we will use 21.7 pg/m’ for the 24-hour PM, s background
concentration and 9.2 pg/m’ for the annual PM, s background concentration.

Table 13
98" Percentile 24-hour and Annual PM, s Concentrations
For Most Recent Three Years of Data from at the Kenmore Square Site

Monitoring 98" Percentile Annual Mean
Year 24-hr Cosnc. Concé
(ng/m’) (ng/m’)
2010 22 9.3
2011 21 9.4
2012 22 9.0
Background 21.7 9.2

Source: KM Chng Environmental Inc. January 2014.

8. NO; Dispersion Modeling Analysis

Massachusetts has been in compliance with the annual NO, standard of 53 ppb for at least the past two
decades. In 2010, U.S. EPA promulgated a new one-hour NO, standard of 100 parts per billion (ppb).
For NEPA disclosure and to make the localized impact assessment more comprehensive, a dispersion
modeling analysis of NO, concentrations will be performed for one worst case Build Alternative in the
SSX project’s design year of 2035.

The same dispersion model (AERMOD), locomotive source inputs, motor vehicle inputs, and receptor
network as described for the PM, 5 Hot Spot analysis in Section 7 will be used in this analysis.

8.1. Background NO, Concentrations

As in the CO intersection and PM, s Hot Spot modeling, total concentrations will be determined by adding
the appropriate 1-hour and annual background levels to the predicted NO, concentrations. The
background values represent worst-case ambient NO, levels that are assumed to occur independently of
the project emissions being analyzed. Background NO, concentrations will either be provided by
MassDEP or will be based on MassDEP’s recommended procedure.!’ For the 1-hour background NO,
concentration, the three year average of the 98" percentile 1-hour values recorded at the nearest
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representative NO, monitoring location for the most recent three full years of monitoring data available
(2010 —2012) will be used and are presented in Table 14.

Table 14
98" Percentile 1-hour and Annual NO, Concentrations
For Most Recent Three Years of Data from at the Kenmore Square Site

N 98" Percentile | Annual Mean
Monitoring
Year 1-hr Conc. Conc.
(ppb) (ppb)
2010 51.5 19.1
2011 52.9 20.4
2012 49.0 19.1
Background 51.1 19.5

Source: KM Chng Environmental Inc. January 2014.

For the annual NO, background concentration, the highest annual average value recorded at the nearest
representative NO, monitoring location for the most recent three full years of monitoring data available
(2010 — 2012)"*"*" will be used. These background levels are intended to represent worst-case urban
conditions and will be conservatively held constant for all analysis years and project alternatives.

Based on this data, the SSX team will use 51.1 ppb for the 24-hour NO, background concentration and
19.5 ppb for the annual NO, background concentration.

9. Assessment and Mitigation
9.1. Assessments

Annual emissions of each pollutant for the No Build Alternative will be compared to the corresponding
emissions for each of the three Build Alternatives in the opening year of 2025 and the design year of
2035. The results of these assessments will be presented in the EIR and EA in tabular form. The
emission inventory results will be discussed for purposes of disclosure and public information under
NEPA.

The modeled 1-hour and 8-hour CO concentrations for each of the three Build Alternatives in the opening
year of 2025 and the design year of 2035 will be compared to their respective Massachusetts and National
Ambient Air Quality Standards. In order to demonstrate compliance with the ambient CO standards,
predicted CO concentrations (including an appropriate background concentration) must not equal or
exceed the NAAQS.

The modeled 24-hour and annual PM, s concentrations for the No Build and each of the three Build
Alternatives in the project’s opening year of 2025 and the project’s design year of 2035 will be compared
to their respective Massachusetts and National Ambient Air Quality Standards. To demonstrate
compliance with the ambient PM, 5 standards, predicted PM, s concentrations (including an appropriate
background concentration) must not equal or exceed the NAAQS.

The modeled 1-hour and annual NO, concentrations for the worst-case Build Alternative in the SSX
project’s design year of 2035 will be compared to their respective Massachusetts and National Ambient
Air Quality Standards. In order to demonstrate compliance with the ambient NO, standards, predicted

South Station Expansion May 2014
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NO, concentrations (including an appropriate background concentration) must not equal or exceed the
NAAQS.

The project’s transportation-related GHG emissions for each of the Build alternatives will be included in
the overall GHG analysis. Potential GHG mitigation measures will be discussed in the overall GHG
analysis.

A General Conformity evaluation is required for the project with respect to emissions of VOC and NOx,
and concentrations of CO. Direct project-related emission plus indirect emissions will be compared to the
pollutant specific emission rates for maintenance areas. The results of the air quality analysis are
expected to provide the information necessary to support any necessary project-level conformity
determination for the project. If conformity cannot be demonstrated for any project alternative, then
candidate mitigation measures will be identified for further evaluation. The effects of selected candidate
mitigation measures will be described qualitatively.

9.2, Mitigation

If adverse air quality impacts during routine SSX project operations are anticipated, mitigation measures
will be identified and their potential benefits will be described qualitatively. The focus of this assessment
will be on mitigation measures that can be implemented to prevent potential adverse impacts.

Control measures that have direct impacts on GHG emissions from transportation sources will be
identified, and their benefits will be described qualitatively.

10. Construction Impacts

Air quality impacts anticipated during SSX project construction will be described in a qualitative manner.
If adverse air quality impacts during construction are anticipated, mitigation measures will be identified
and their potential benefits will be described qualitatively. The focus of this assessment will be on
mitigation measures that can be implemented to prevent potential adverse impacts, such as dust emissions
and elevated CO and PM,(/PM, 5 concentrations, at sensitive receptor locations within the project area.
Administrative Consent Order (ACO-B0O-00-7001), and its amendments, agreed to by MassDEP and the
Massachusetts Executive Office of Transportation on January 26, 2005, requires Massachusetts Executive
Office of Transportation to implement a construction equipment retrofit program and retrofit equipment
with emission control technologies such as oxidation catalysts and particulate filters for large projects.
Accordingly, it is assumed that contractors will be required to have retrofitted their diesel-powered
equipment with emission controls, and that low sulfur fuel will be used.
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6/5/2014 alang oldman@kmchng.com - 06/05/2014 10:25:15 am -0400 - is0-8859-1 - Open WebMail (z)

Date: Wed, 4 Jun 2014 13:35:51 -0400

From: "Grafe, Jerome (DEP)" <jerome.grafe@state.ma.us>

To: Alan Goldman <alangoldman@kmchng.com>

CC: "epetrie@hntb.com” <epetrie@hntb.com>, "snwalker@hntb.com" <s .....
Subject: SSX Project AQ Analysis

Hi Alan,

| am writing to confirm we met today to discuss the attached Air Quality Analysis Protocol
submitted by Km Chng Environmental on the May 7, 2014. Mr. Blanchet and | reviewed the
Protocol and concur in principle with the methodology as described for use in the upcoming
environmental review.

Thank you,

Jerome
Attachment 2: AQAnalysis Protocol for DEIR5-16-14.pdf (2.7MB) Delete

Type: application/pdf
Encoding: base64 Download
Description: AQAnalysis Protocol for DEIR5-16-14.pdf

http://webmail .kmchng .convegi-bin/openwebmail /openwebmail-read.pl ?sessionid=alang oldman*webmail kmchng .com-session-0.277063567265035&folder=INB... /1
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Discussion of Project-related Diesel Particulates

MEPA requested that diesel particulates be analyzed in the DEIR. Diesel particulate matter (DPM) is part
of a complex mixture that makes up diesel exhaust. Diesel exhaust is composed of two phases, the gas
phase and the particle phase, and both phases can contribute to the potential health risk. The gas phase is
composed of many of the urban hazardous air pollutants, such as acetaldehyde, acrolein, benzene, 1,3-
butadiene, formaldehyde and polycyclic aromatic hydrocarbons. The particle phase also has many
different types of particles that can be classified by size or composition. The size of diesel particulates
that are of greatest health concern are those that are in the categories of fine, and ultrafine particles. The
composition of these fine and ultrafine particles may be composed of elemental carbon with adsorbed
compounds such as organic compounds, sulfate, nitrate, metals and other trace elements. Diesel exhaust
is emitted from a broad range of diesel engines; the on road diesel engines of trucks, buses and cars and
the off-road diesel engines that include railroad locomotives.

1. Health Effects of Diesel Particulates

Short-term exposure to high concentrations of DPM can cause headache, dizziness, and irritation of the
eye, nose and throat. Prolonged DPM exposure can increase the risk of cardiovascular, cardiopulmonary
and respiratory disease and lung cancer. In June, 2012, the International Agency for Cancer Research
classified DPM as a known human carcinogen. As described in Section 2.3.2 of the Air Quality
Technical Report (Appendix 10 of the DEIR), emissions of toxic pollutants would increase by from 2 to 4
percent. Thus, impacts due to the SSX project are expected to be minimal and no impacts to health are
anticipated.

2. Existing Regulations of Diesel Particulates

At present, there are no regulations at the federal or state levels to which contain air quality standards for
diesel particulates. EPA's National Scale Assessment uses several types of health hazard information to
provide a quantitative "threshold of concern" or a health benchmark concentration at which it is expected
that no adverse health effects occur at exposures to that level. Health effects information on carcinogenic,
short and long-term noncarcinogenic end points are used to establish selective protective health levels to
compare to the modeled exposures levels. Unfortunately the exposure response data in human studies are
considered too uncertain to develop a carcinogenic unit risk for EPA's use. There is a Reference
Concentration (RFC) that is used as a health benchmark protective of chronic noncarcinogenic health
effects, but it is for diesel exhaust and not specifically set for diesel particulate matter.

3. Diesel Particulate Emission Factors for Transportation Sources

The state of understanding of the formation and fate of diesel particles in the atmosphere is still too
elementary to develop quantitative emission factors for various types of transportation sources. At
present, there are no emission factors for diesel particulates from transportation sources.

4. Available Controls and Mitigation Measures

Over the past 15 years, considerable research has taken place to develop suitable control technologies,
especially for vehicles operating in confined areas (e.g., underground mining). Proven control
technologies include: low emission engines, low emission fuels, ventilation of enclosed areas, engine
maintenance, exhaust filtration systems, driver and workforce education, and personal protective
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equipment. Experience has shown that no one single simple solution exists and that individual activities
need to explore which of the previously discussed control technologies best fit their circumstances.

5. Potential Impacts of Diesel Particulate Emissions from the SSX
Project

At the present time, sufficient data are not available to accurately achieve a quantitative assessment of
diesel particulate emissions from various project alternatives. However, a general qualitative assessment
can be made by assuming that the emissions of diesel particulate in the vicinity of South Station will
follow the emissions trends of PM,s emissions from diesel fueled sources. The diesel fueled sources
include locomotives and intercity buses (which are all assumed to be diesel fueled).

Using PM, 5 emissions from diesel fueled sources as a surrogate, diesel particulate emissions are expected
to increase with the growth in diesel powered vehicles. For the same calendar year, Alternative 1 would
produce more diesel particulate emissions than the No Build Alternative, and Alternative 3 would
produce more Diesel Particulate emissions than either Alternative 1 or the No Build Alternatives.
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Ultrafine Particles

MEPA requested that ultrafine particulates be analyzed in the DEIR. Ultrafine particulates (UFPs) refer
to particulate matter that is generally less than 100 nanometers in size. Compared with PM,;, the
ultrafine particles would be 0.1 microns and smaller or roughly 25 times smaller than the regulated PM, .

1. Sources of Ultrafine Particles

Ultrafine particles can come from natural sources, or be artificially created by humans. The natural
sources include volcanic eruptions, sprays from ocean waves, and smoke from wildfires. Man-made
sources include combustion of all petroleum products, which include all non-electrical transportation
sources, home heating, and power generation. Man-made sources also include cooking, tobacco smoke,
and the use of office machines such as laser printers and copiers. With rapidly growing applications of
nano structures in both the medical and technology fields, emissions of ultrafine particulates are expected
to increase.

2. Health Effects of Ultrafine Particles

Compared with bigger particles of the same mass concentration, ultrafine particles will have much higher
numbers and surface areas to carry other toxic agents and penetrate deeper into the lungs. Once inside the
lungs, the ultrafine particles could penetrate the tissues, and be absorbed into the blood stream. The
medical and pharmaceutical professions recognize this and use this process as another mechanism to
deliver drugs to their patients. In theory, therefore, ultrafines have the capacity to cause respiratory and
cardiovascular effects.

Although there have been many studies focusing on the ultrafine particles and their health effects, there is
still insufficient evidence to isolate the effects of ultrafine particles from the other co-pollutants that are
either adsorbed on the ultrafine particle surfaces or inhaled into the lungs at the same time. Also, there is
no current agreement on the metric to measure ultrafine particles for the purpose of assessing health
effects. There is postulation that a number count may be a better measure than a mass count. But there is
no generally agreed upon protocol on how to measure the count of ultrafine particles.

3. Existing Regulations of Ultrafine Particles

At present, there is no progress at the federal or state levels to regulate air quality standards for ultrafine
particles. As the nanotechnology sector grows, the need to regulate exposure to ultrafine particles in the
work place will also increase. But the research that must precede the proposed regulation for outdoor
exposure has not been completed.

4. Ultrafine Particle Emission Factors for Transportation Sources

The state of understanding of the formation and fate of ultrafine particles in the atmosphere is still too
elementary to develop quantitative emission factors for various types of transportation sources. Because
ultrafine particles do not have a lot of mass, it is generally agreed that the better metric might be a count
of the number of particles in a unit volume. Ultrafine particles are formed during combustion inside the
engine. But even outside of the exhaust pipe, ultrafine particles are lost through coalescence, while new
particles are formed by nucleation of the exhaust products. A generally agreed upon measuring protocol
needs to be in place before a data base of emission factors of ultrafine particles for transportation sources
can be developed.
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5. Potential Impacts of Ultrafine Particles from the South Station
Expansion Project

At the present time, sufficient data are not available to achieve a quantitative assessment of various
project alternatives on ultrafine particles in the atmosphere. However, a general qualitative assessment
can be made as follows. UFP emissions in the vicinity of South Station are similar to UFP emissions
from highways because they both include diesel and gasoline burning transportation sources.

The half-life of primary UFPs is short, and a sharp drop-off UFPs near a highway has been shown to
occur from 2.5 to 4 times the width of the highway. Translating these results loosely, a similar drop of
UFPs could be expected between 1,100 and 1,800 feet (or about 0.34 miles) from the center track of
South Station.

Using fuel consumption as a surrogate, UFPs are expected to increase with time, with any alternative. For
the same calendar year, Alternative 1 would produce more UFPs than the No Build Alternative, and
Alternative 3 would produce more UFPs than either Alternative 1 or the No Build Alternatives.

Control technologies to reduce UFPs without increasing PM, s or other size fractions of particulate matter
are still in developmental stages. A combination of particulate filtration and specially formulated
oxidation catalyst technology appear to show promise in reducing the number count of UFPs and limiting
the mass emissions of some particulate matter at the same time.
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Control Technologies for Locomotive Emissions

MEPA requested that new locomotive technologies be discussed in the DEIR. Control technologies for
locomotive emissions are presented below with respect to compliance with federal standards, alternative
power sources, retrofit devices, alternative fuels, and operational strategies.

1. Compliance with Locomotive Emission Standards

U.S. EPA’s Locomotives Exhaust Emission Standards which are codified at 40 CFR Part 1033.101,
include several sets of emission standards based on the date a locomotive is first manufactured or
remanufactured. These standards for locomotives set upper limits for pollutant emissions per unit fuel
burned or per unit of work expended. These limits are organized into tiers (Tier O through Tier 4), based
on the years of implementation. For example, Tier 0 standards apply to locomotive engines manufactured
or remanufactured between 1973 and 1992; Tier 1 standards are for engines manufactured or
remanufactured between 1993 and 2004; and Tier 4 standards are for engines manufactured or
remanufactured in 2015 or later.

The air quality analysis for the South Station Expansion project assumed that, for the 2012 Existing
Conditions, the typical MBTA locomotive (represented by the F40PH-2C locomotive) would be in
compliance with the Tier 1 standards because it would have been manufactured or remanufacture between
1993 and 2004. The analysis also assumed that the typical Amtrak locomotive would be in compliance
with the Tier 0 standards because it would have been manufactured or remanufactured prior to 1992. For
the No Build and all Build Conditions in both 2025 and 2035, it was assumed that all locomotives would
be in compliance with the Tier 4 standards. Between Tier 1 and Tier 4, there is a very large reduction in
emission limits: 82% for NOx, 86% for PM, and 75% for HC.

2. Alternative Power Sources

Emissions from locomotives using South Station could be eliminated if all of the trains were electrified.
Full electrification would mean new equipment and new infrastructure.

A Diesel Multiple Unit or DMU is a diesel-powered, self-propelled passenger railcar that can respond to
local or remote throttle and brake commands. MassDOT and the MBTA are contemplating the use of
Diesel Multiple Units (DMUs) on the MBTA’s commuter rail system. Initial plans are under
development for acquisition of a DMU fleet and implementation of service on the Fairmount Line.
Therefore, there would potentially be no decrease in emissions. Further study of DMU impacts on
emissions has not been evaluated as part of this project.

The use of battery storage technology to power the trains has not been fully developed for such heavy-
duty applications. The needs and costs of the associated infrastructures to support such technologies are
also not developed at the present time.

3. Retrofit Devices

All new or re-manufactured engines will have to comply with emission limits described previously.
Retrofit devices are products that may be added to locomotive engines to further reduce emissions from
engines that have already been certified to meet the mandated limits. Table E.1 shows typical emission
reductions for PM, NOx, and HC for various types of retrofit devices.
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Oxidation catalysts work better with fuel with low sulfur content. They are intended to lower both PM
and HC emissions. However, their effectiveness on ultrafines is still not well defined.

Diesel particulates filter (DPF) can reduce baseline PM emissions by as much as 95%. But size fraction
data are currently unavailable. DPFs can have passive or active regeneration systems to oxidize the PM
that may have accumulated in the filter.

Table 1 - Typical Emissions Reductions (in Percent)* for PM, NOx, and HC for Various Types of
Retrofit Devices

Retrofit Device PM NOx HC
Diesel Oxidation Catalyst 20 - 40 ND” 40 - 70
Diesel Particulate Filter 85-95 ND 85-95
Selective Catalytic Reduction ND <75 ND
Exhaust Gas Recirculation ND 25 -40 ND
Lean NOx Catalyst ND 5-40 ND

a Reduction is expressed in percent (versus the un-retrofitted baseline).
b ND means no data or not applicable.

Selective catalytic reduction (SCR) systems use a reducing agent (often referred to as a diesel exhaust
fluid or DEF) to convert NOx in the exhaust to N, (nitrogen gas). Reduction of NOx with this system can
be as high as 75%.

Exhaust gas recirculation (EGR) redirects some of the exhaust gas back into the engine to cool the peak
combustion temperature, thereby reducing the production of NOx. With proper engine integration, EGR
systems could potentially reduce NOx between 25 and 40%.

Lean NOx Catalyst (LNC) injects diesel fuel into the exhaust stream to achieve a catalytic reaction and
reduce NOx formation. LNC is not as popular as EGR because it is not as effective and there is an
increased fuel penalty as well.

4. Alternative Fuels

A number of other fossil fuels could be substituted for diesel fuel to achieve a cleaner exhaust from the
locomotive.

Use of ultra-low sulfur diesel (ULSD) can generally lead to lower PM emissions. The amount of
emission reduction will vary with sulfur content and other fuel properties such as the number and
concentration of specific aromatics. ULSD is required for all locomotives in use as of 2012.

Biodiesel fuel is manufactured from new or used vegetable oil and animal fats can be used instead of
diesel fuel. Typically, blends of 20% biodiesel and 80% petroleum diesel can be used without engine
modification. This so called B20 fuel could reduce PM and HC emissions, but could actually lead to
increased NOx emissions.

Natural gas, in its compressed form (CNG) or liquefied form (LNG), can also be used as an alternative
fuel for diesel locomotives. Emissions from natural gas combustion should generally be cleaner than
baseline diesel engines before being retrofitted with exhaust cleaning devices. However, fueling
infrastructure is currently not as well developed as for diesel.

5. Operational Strategies
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Operational strategies refer to ways of reducing fuel consumption and associated emissions by reducing
engine idling times or engine running times to accomplish the same function.

There are currently limits in place to limit train idling at the platforms at South Station and these will be
continued in the expanded South Station. Bus idling at South Station is already limited by regulations to
no more than 5 minutes at a time.

Shore power exists today at South Station and is proposed at the expanded South Station and at the
layover facilities, as part of the SSX project.
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1. Introduction

A quantitative PM, s Hot Spot Analysis is only required for those projects which are located in a PM, 5
Nonattainment area. This area of Boston, and the entire state of Massachusetts, is in attainment of the
PM, s standards; and therefore a PM, s Hot Spot analysis is not required for this Project. However, this
analysis was prepared as requested by the Secretary’s Certificate. This analysis was conducted to provide
disclosure of potential harmful health effects of “diesel particulate” (a known carcinogen) emitted by the
increase in rail operations due to the increase in the number of railroad tracks at South Station. Even
though this analysis is not required by any regulations, this quantitative PM,s Hot Spot analysis was
conducted following U.S. EPA’s November 2013 guidancel. The PM, s Hot Spot analysis was prepared
in accordance with the methodology as described in the SSX Air Quality Analysis Protocol approved by
Massachusetts Department of Environmental Protection (MassDEP) on June 4, 2014.

The analysis focused only on the emissions from the diesel trains operating at South Station, the motor
vehicles on roadways in the vicinity of South Station, and intercity buses operating at the South Station
Bus Terminal. The U.S. EPA’s Locomotives Exhaust Emission Standards were used to determine the
emission rates for the MBTA and Amtrak locomotives in 2012, 2025, and 2035. The U.S. EPA’s
MOVES emission factors program was used to determine emission rates from motor vehicles and
intercity buses for the same calendar years. Background PM,;s concentration levels (approved by
MassDEP) were used to estimate 24-hour and annual PM, s impacts and were assumed to remain constant
for all years analyzed. Individual modeling analyses were prepared for the 2012 Existing Conditions,
2025 No Build Alternative, 2025 Alternative 1, 2025 Alternative 3, 2035 No Build Alternative, 2035
Alternative 1, and the 2035 Alternative 3. The results of the analyses were compared to the National and
Massachusetts 24-hour and annual PM, 5 standards.

2. PM,; Modeling Results for the 2012 Existing Conditions

The eighth highest modeled 24-hour PM, 5 concentrations at each of the receptors analyzed for the 2012
Existing Conditions are presented in Table 1. The maximum modeled PM, 5 24-hour concentration was
estimated to be 25.7 pg/m’ and included a background concentration of 21.7 pg/m’. This maximum 24-
hour PM, 5 concentration occurred at receptor R1 — 800 Atlantic Avenue. All of the modeled 24-hour
PM, 5 concentrations at all of the receptors modeled for the 2012 Existing Conditions were well below the
24-hour PM, s National and Massachusetts standard of 35 pg/m’.

The maximum modeled Annual PM, s concentrations at each of the receptors analyzed for the 2012
Existing Conditions are also presented in Table 1. The maximum modeled PM, s Annual concentration
was estimated to be 10.2 pg/m’ and included a background concentration of 9.2 pg/m’. This maximum
annual concentration occurred at receptor R1 — 800 Atlantic Avenue. All of the modeled Annual PM, 5
concentrations at all of the receptors modeled for the 2012 Existing Conditions were well below the
Annual PM, s National and Massachusetts standard of 12 pug/m’.

Table 1 - Maximum Modeled 24-Hour and Annual PM, ;5 Concentrations for the 2012 Existing

Conditions
24-Hour PM, 5 Annual PM, 5
Receptor Receptor Concentration® Concentration”
1D No. Description (ng/m’) (ug/m’)

! Transportation Conformity Guidance for Quantitative Hot-Spot Analyses in PM2.5 and PMI10 Nonattainment and Maintenance Areas,
Transportation and Climate Division, Office of Transportation and Air Quality, U.S. Environmental Protection Agency. EPA-420-B-13-053.
November 2013.
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24-Hour PM, 5 Annual PM, 5
Receptor Receptor Concentration® Concentration”
ID No. Description (ug/m’) (ug/m’)
R1 800 Atlantic Avenue 25.7 10.2
R2 800 Atlantic Avenue-ROOF 21.8 9.2
R3 183 Beach Street 23.6 9.9
R4 183 Beach Street-ROOF 21.8 9.2
R5 711 Atlantic Ave 23.0 9.7
R6 711 Atlantic Ave-ROOF 22.0 9.3
R7 200 Essex Street 22.9 9.7
R8 200 Essex Street-ROOF 21.8 9.2
R9 1 Financial Center, Boston 22.7 9.7
R10 1 Financial Center, Boston-ROOF 21.7 9.2
R11 Dewey Square Plaza Farmer's Market 22.6 9.6
R12 201 South Street, Boston 23.8 9.8
R13 143 South Street, Boston 22.8 9.6
R14 89 South Street, Boston 224 9.5
R15 Leather District Park, Essex Street, Boston. 22.4 9.6
R16 Boston Fiduciary Trust Bldg. at 175 Federal St, Boston 22.4 9.5
Rose Fitzgerald Kennedy Greenway Conservancy Bldg.
R17 at 185 Kneeland Street 25.0 10.1
R18 Reggie Wong Memorial Park, Kneeland Street, Boston 23.1 9.8
R19 150 Lincoln Street (office Bldg.) 23.0 9.9
R20 1 Lincoln Street (office Bldg.) 22.6 9.6
R21 100 Summer St, Boston, 22.1 9.3
R22 Dewey Square Park 22.5 9.6
R23 Park at Congress Street and Atlantic Avenue 22.5 9.6
R24 Fort Point Channel Parks 22.4 9.5
R25 Federal Reserve Bldg. at 600 Atlantic Avenue 22.5 9.6
R26 Federal Reserve Bldg.-ROOF 21.7 9.2
R27 Federal Reserve Bldg. (sitting area) 22.4 9.5
R28 280 Congress Street 22.4 9.6
R29 Park near Harbor Walk near Pearl Street Extension 22.2 9.4
R30 Restaurant at Pearl Street Extension 22.2 9.4
R31 Moakley Federal Courthouse, 1 Courthouse Way 21.9 9.3
R32 Fan Pier Public Green 21.8 9.2
R33 Business at 25 Thomson Place, Boston 22.0 9.3
R34 Restaurant at 63 Melcher Street 22.1 9.4
R35 Wormwood Park, A Street, Boston 22.3 9.5
R36 Binford Street Park 22.4 9.4
R37 Gillette Park, Boston 22.1 9.3
R38 Restaurant at 98 A Street, Boston 22.2 9.4
R39 Diner at 75 W Broadway, Boston 22.1 9.4
R40 | Flaherty Park, W. 3" Street 22.0 9.3
R41 Tai Tung Park, Tyler Street 22.5 9.4
R42 Eliot Norton Park, Tremont Street 21.9 9.2
R43 Millicent Way Park 21.9 9.2
R44 Peters Park 21.9 9.2
R45 Dorchester Ave, 150 feet south of Summer Street 22.5 9.5
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24-Hour PM, 5 Annual PM, s
Receptor Receptor Concentration® Concentration”
ID No. Description (ug/m’) (ug/m’)

R46 Dorchester Ave, 800 feet south of Summer Street 23.0 9.6
R47 Dorchester Ave, 1500 feet south of Summer Street 23.1 9.6
R48 Dorchester Ave, 2100 feet south of Summer Street 22.6 9.4
R49 Fidelity Building at 245 Summer Street 22.5 9.6
R50 Fidelity Building at 245 Summer Street-ROOF 21.8 9.2

* - Concentrations include a 24-hour PM, 5 background concentration of 21.7 pg/m3 .
b _ Concentrations include an Annual PM, 5 background concentration of 9.2 pg/m3 .
The National Ambient Air Quality Standards for PM, s are: 24-hour = 35 pg/m* and Annual = 12 pg/m’.

3. PM;;5; Modeling Results for the 2025 No Build Alternative

The eighth highest modeled 24-hour PM, 5 concentrations at each of the receptors analyzed for the 2025
No Build Alternative are presented in Table 2. The maximum modeled PM, 5 24-hour concentration was
estimated to be 22.6 pg/m’ and included a background concentration of 21.7 pg/m’. This maximum 24-
hour PM, 5 concentration occurred at receptor R1 — 800 Atlantic Avenue. All of the modeled 24-hour
PM, s concentrations at all of the receptors modeled for the 2025 No Build Alternative were well below
the 24-hour PM, s National and Massachusetts standard of 35 pug/m’.

The maximum modeled Annual PM, s concentrations at each of the receptors analyzed for the 2025 No
Build Alternative are also presented in Table 2. The maximum modeled PM, s Annual concentration was
estimated to be 9.5 pug/m® and included a background concentration of 9.2 pg/m’. This maximum annual
concentration occurred at receptor R1 — 800 Atlantic Avenue. All of the modeled Annual PM,;
concentrations at all of the receptors modeled for the 2025 No Build Alternative were well below the
Annual PM, s National and Massachusetts standard of 12 pug/m’.

Table 2 - Maximum Modeled 24-Hour and Annual PM, s Concentrations for the 2025 No Build

Alternative
24-Hour PM, 5 Annual PM, 5
Receptor Receptor Concentration® Concentration”
ID No. Description (ug/m’) (ug/m’)
R1 800 Atlantic Avenue 22.6 9.5
R2 800 Atlantic Avenue-ROOF 21.7 9.2
R3 183 Beach Street 22.2 9.4
R4 183 Beach Street-ROOF 21.7 9.2
RS 711 Atlantic Ave 22.1 9.4
R6 711 Atlantic Ave-ROOF 21.8 9.2
R7 200 Essex Street 22.1 9.4
RS 200 Essex Street-ROOF 21.7 9.2
R9 1 Financial Center, Boston 22.1 9.4
R10 1 Financial Center, Boston-ROOF 21.7 9.2
R11 Dewey Square Plaza Farmer's Market 22.1 9.4
R12 201 South Street, Boston 22.2 94
R13 143 South Street, Boston 22.0 9.3
R14 89 South Street, Boston 21.9 9.3
R15 Leather District Park, Essex Street, Boston. 22.0 94
R16 Boston Fiduciary Trust Bldg. at 175 Federal St, Boston 22.0 9.3
Rose Fitzgerald Kennedy Greenway Conservancy Bldg.
R17 at 185 Kneeland Street 22.4 9.4
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24-Hour PM, 5 Annual PM, 5
Receptor Receptor Concentration® Concentration”
ID No. Description (ug/m’) (ug/m’)
R18 Reggie Wong Memorial Park, Kneeland Street, Boston 22.1 9.4
R19 150 Lincoln Street (office Bldg.) 22.0 9.4
R20 1 Lincoln Street (office Bldg.) 22.1 9.4
R21 100 Summer St, Boston, 21.9 9.3
R22 Dewey Square Park 22.1 9.4
R23 Park at Congress Street and Atlantic Avenue 22.1 9.4
R24 Fort Point Channel Parks 22.1 9.4
R25 Federal Reserve Bldg. at 600 Atlantic Avenue 22.0 9.4
R26 Federal Reserve Bldg.-ROOF 21.7 9.2
R27 Federal Reserve Bldg. (sitting area) 22.0 9.3
R28 280 Congress Street 22.1 9.4
R29 Park near Harbor Walk near Pearl Street Extension 21.9 9.3
R30 Restaurant at Pearl Street Extension 21.9 9.3
R31 Moakley Federal Courthouse, 1 Courthouse Way 21.8 9.2
R32 Fan Pier Public Green 21.8 9.2
R33 Business at 25 Thomson Place, Boston 21.8 9.2
R34 Restaurant at 63 Melcher Street 21.9 9.3
R35 Wormwood Park, A Street, Boston 22.0 94
R36 Binford Street Park 21.9 9.3
R37 Gillette Park, Boston 21.8 9.2
R38 Restaurant at 98 A Street, Boston 22.0 9.3
R39 Diner at 75 W Broadway, Boston 22.0 9.3
R40 | Flaherty Park, W. 3" Street 21.8 9.2
R41 Tai Tung Park, Tyler Street 22.0 9.3
R42 Eliot Norton Park, Tremont Street 21.8 9.2
R43 Millicent Way Park 21.8 9.2
R44 Peters Park 21.8 9.2
R45 Dorchester Ave, 150 feet south of Summer Street 21.9 9.3
R46 Dorchester Ave, 800 feet south of Summer Street 22.0 9.3
R47 Dorchester Ave, 1500 feet south of Summer Street 22.0 9.3
R48 Dorchester Ave, 2100 feet south of Summer Street 21.9 9.3
R49 Fidelity Building at 245 Summer Street 22.0 9.3
R50 Fidelity Building at 245 Summer Street-ROOF 21.7 9.2

* - Concentrations include a 24-hour PM, 5 background concentration of 21.7 pg/m3 .
b _ Concentrations include an Annual PM, s background concentration of 9.2 |,Lg/m3 .
The National Ambient Air Quality Standards for PM, s are: 24-hour = 35 pg/m® and Annual = 12 pg/m’.

4. PM,;s Modeling Results for Alternative 1 in 2025

The eighth highest modeled 24-hour PM, 5 concentrations at each of the receptors analyzed for Alternative
1 in 2025 are presented in Table 3. The maximum modeled PM, 5 24-hour concentration was estimated to
be 22.7 pg/m’ and included a background concentration of 21.7 pug/m’. This maximum 24-hour PM,
concentration occurred at receptor R1 — 800 Atlantic Avenue. All of the modeled 24-hour PM,;;
concentrations at all of the receptors modeled for Alternative 1 in 2025 were well below the 24-hour PM, 5
National and Massachusetts standard of 35 pg/m3. The 24-hour PM, 5 concentrations due to the 2025
Alternative 1 are slightly higher than the 2025 No Build Alternative concentrations. This is due
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to the very slight increase in traffic volumes and rail operations occurring in the 2025 Alternative 1
compared to the 2025 No Build Alternative.

The maximum modeled Annual PM, s concentrations at each of the receptors analyzed for Alternative 1 in
2025 are also presented in Table 3. The maximum modeled PM, 5 Annual concentration was estimated to
be 9.5 pg/m’ and included a background concentration of 9.2 pg/m’. This maximum annual concentration
occurred at receptor R1 — 800 Atlantic Avenue. All of the modeled Annual PM, 5 concentrations at all of
the receptors modeled for Alternative 1 in 2025 were well below the Annual PM,s National and
Massachusetts standard of 12 pg/m3. The annual PM, 5 concentrations due to the 2025 Alternative 1 are
nearly identical to the 2025 No Build Alternative concentrations. This is due to the very slight increase in
traffic volumes and rail operations occurring in the 2025 Alternative 1 having almost no impact on local
PM, 5 concentrations compared to the 2025 No Build Alternative.

Table 3 - Maximum Modeled 24-Hour and Annual PM, ; Concentrations for Alternative 1 in 2025

24-Hour PM, 5 Annual PM, s
Receptor Receptor Concentration® Concentration”
ID No. Description (ug/m’) (ug/m’)
R1 800 Atlantic Avenue 22.7 9.5
R2 800 Atlantic Avenue-ROOF 21.7 9.2
R3 183 Beach Street 22.2 9.4
R4 183 Beach Street-ROOF 21.7 9.2
RS 711 Atlantic Ave 22.1 9.3
R6 711 Atlantic Ave-ROOF 21.8 9.2
R7 200 Essex Street 22.1 9.4
RS 200 Essex Street-ROOF 21.7 9.2
R9 1 Financial Center, Boston 22.1 9.4
R10 1 Financial Center, Boston-ROOF 21.7 9.2
R11 Dewey Square Plaza Farmer's Market 22.1 9.4
R12 201 South Street, Boston 22.2 94
R13 143 South Street, Boston 22.0 9.3
R14 89 South Street, Boston 21.9 9.3
RI15 Leather District Park, Essex Street, Boston. 22.0 94
R16 Boston Fiduciary Trust Bldg. at 175 Federal St, Boston 22.0 9.3
Rose Fitzgerald Kennedy Greenway Conservancy Bldg.
R17 at 185 Kneeland Street 22.5 9.4
R18 Reggie Wong Memorial Park, Kneeland Street, Boston 22.1 9.4
R19 150 Lincoln Street (office Bldg.) 22.1 9.4
R20 1 Lincoln Street (office Bldg.) 22.1 9.4
R21 100 Summer St, Boston, 21.9 9.3
R22 Dewey Square Park 22.1 9.4
R23 Park at Congress Street and Atlantic Avenue 22.1 9.4
R24 Fort Point Channel Parks 22.1 9.4
R25 Federal Reserve Bldg. at 600 Atlantic Avenue 22.0 9.4
R26 Federal Reserve Bldg.-ROOF 21.7 9.2
R27 Federal Reserve Bldg. (sitting area) 22.0 9.3
R28 280 Congress Street 22.1 9.4
R29 Park near Harbor Walk near Pearl Street Extension 21.9 9.3
R30 Restaurant at Pearl Street Extension 21.9 9.3
R31 Moakley Federal Courthouse, 1 Courthouse Way 21.8 9.2
R32 Fan Pier Public Green 21.8 9.2
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24-Hour PM, 5 Annual PM, 5
Receptor Receptor Concentration® Concentration”
ID No. Description (ug/m’) (ug/m’)
R33 Business at 25 Thomson Place, Boston 21.8 9.2
R34 Restaurant at 63 Melcher Street 21.9 9.3
R35 Wormwood Park, A Street, Boston 22.0 9.3
R36 Binford Street Park 21.9 9.3
R37 Gillette Park, Boston 21.8 9.3
R38 Restaurant at 98 A Street, Boston 22.0 9.3
R39 Diner at 75 W Broadway, Boston 21.9 9.3
R40 Flaherty Park, W. 3" Street 21.8 9.2
R41 Tai Tung Park, Tyler Street 22.0 9.3
R42 Eliot Norton Park, Tremont Street 21.8 9.2
R43 Millicent Way Park 21.8 9.2
R44 Peters Park 21.8 9.2
R45 Dorchester Ave, 150 feet south of Summer Street 22.0 94
R46 Dorchester Ave, 800 feet south of Summer Street 22.1 9.4
R47 Dorchester Ave, 1500 feet south of Summer Street 22.1 9.4
R48 Dorchester Ave, 2100 feet south of Summer Street 22.0 9.3
R49 Fidelity Building at 245 Summer Street 22.0 9.3
R50 Fidelity Building at 245 Summer Street-ROOF 21.7 9.2

% Concentrations include a 24-hour PM, 5 background concentration of 21.7 ug/m”.
®_ Concentrations include an Annual PM, s background concentration of 9.2 pg/m’.
The National Ambient Air Quality Standards for PM, s are: 24-hour = 35 pg/m* and Annual = 12 pg/m’.

5. PM,; Modeling Results for Alternative 3 in 2025

The eighth highest modeled 24-hour PM, 5 concentrations at each of the receptors analyzed for Alternative
3 in 2025 are presented in Table 4. The maximum modeled PM, 5 24-hour concentration was estimated to
be 22.7 pg/m’ and included a background concentration of 21.7 pug/m’. This maximum 24-hour PM, s
concentration occurred at receptor R1 — 800 Atlantic Avenue. All of the modeled 24-hour PM,;;
concentrations at all of the receptors modeled for Alternative 3 in 2025 were well below the 24-hour PM, 5
National and Massachusetts standard of 35 ug/m’. The 24-hour PM, s concentrations due to the 2025
Alternative 3 are slightly higher than the 2025 No Build Alternative concentrations and nearly identical to
the 2025 Alternative 1 concentrations. This is due to the very slight increase in traffic volumes and rail
operations occurring in the 2025 Alternative 3 compared to the 2025 No Build Alternative and the 2025
Alternative 1.

The maximum modeled Annual PM, 5 concentrations at each of the receptors analyzed for Alternative 3 in
2025 are also presented in Table 4. The maximum modeled PM, 5 Annual concentration was estimated to
be 9.5 pg/m’ and included a background concentration of 9.2 pg/m’. This maximum annual concentration
occurred at receptor R1 — 800 Atlantic Avenue. All of the modeled Annual PM, 5 concentrations at all of
the receptors modeled for Alternative 3 in 2025 were well below the Annual PM,s National and
Massachusetts standard of 12 ug/rn3. The annual PM, 5 concentrations due to the 2025 Alternative 3 are
nearly identical to the 2025 No Build Alternative and to the 2025 Alternative 1 concentrations. This is
due to the very slight increase in traffic volumes and rail operations occurring in the 2025 Alternative 3
having almost no impact on local PM, 5 concentrations compared to the 2025 No Build Alternative or the
2025 Alternative 1.

Table 4 - Maximum Modeled 24-Hour and Annual PM, 5 Concentrations for Alternative 3 in 2025
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24-Hour PM, 5 Annual PM, 5
Receptor Receptor Concentration® Concentration”
ID No. Description (ug/m’) (ug/m’)
R1 800 Atlantic Avenue 22.7 9.5
R2 800 Atlantic Avenue-ROOF 21.7 9.2
R3 183 Beach Street 22.2 9.4
R4 183 Beach Street-ROOF 21.7 9.2
R5 711 Atlantic Ave 22.1 9.4
R6 711 Atlantic Ave-ROOF 21.8 9.2
R7 200 Essex Street 22.1 9.4
R8 200 Essex Street-ROOF 21.7 9.2
R9 1 Financial Center, Boston 22.1 9.4
R10 1 Financial Center, Boston-ROOF 21.7 9.2
R11 Dewey Square Plaza Farmer's Market 22.1 9.4
R12 201 South Street, Boston 22.3 9.4
R13 143 South Street, Boston 22.0 9.3
R14 89 South Street, Boston 21.9 9.3
R15 Leather District Park, Essex Street, Boston. 22.0 9.4
R16 Boston Fiduciary Trust Bldg. at 175 Federal St, Boston 22.0 9.3
Rose Fitzgerald Kennedy Greenway Conservancy Bldg.
R17 at 185 Kneeland Street 22.6 9.5
R18 Reggie Wong Memorial Park, Kneeland Street, Boston 22.1 9.4
R19 150 Lincoln Street (office Bldg.) 22.1 9.4
R20 1 Lincoln Street (office Bldg.) 22.1 9.4
R21 100 Summer St, Boston, 21.9 9.3
R22 Dewey Square Park 22.1 9.4
R23 Park at Congress Street and Atlantic Avenue 22.1 9.4
R24 Fort Point Channel Parks 22.1 9.4
R25 Federal Reserve Bldg. at 600 Atlantic Avenue 22.0 9.4
R26 Federal Reserve Bldg.-ROOF 21.7 9.2
R27 Federal Reserve Bldg. (sitting area) 22.0 9.3
R28 280 Congress Street 22.1 9.4
R29 Park near Harbor Walk near Pearl Street Extension 21.9 9.3
R30 Restaurant at Pearl Street Extension 21.9 9.3
R31 Moakley Federal Courthouse, 1 Courthouse Way 21.8 9.2
R32 Fan Pier Public Green 21.8 9.2
R33 Business at 25 Thomson Place, Boston 21.8 9.2
R34 Restaurant at 63 Melcher Street 21.9 9.3
R35 Wormwood Park, A Street, Boston 22.0 9.3
R36 Binford Street Park 21.9 9.3
R37 Gillette Park, Boston 21.9 9.3
R38 Restaurant at 98 A Street, Boston 22.0 9.3
R39 Diner at 75 W Broadway, Boston 21.9 9.3
R40 | Flaherty Park, W. 3" Street 21.8 9.2
R41 Tai Tung Park, Tyler Street 22.0 9.3
R42 Eliot Norton Park, Tremont Street 21.8 9.2
R43 Millicent Way Park 21.8 9.2
R44 Peters Park 21.8 9.2
R45 Dorchester Ave, 150 feet south of Summer Street 22.0 9.4
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24-Hour PM, 5 Annual PM, s
Receptor Receptor Concentration® Concentration”
ID No. Description (ug/m’) (ug/m’)

R46 Dorchester Ave, 800 feet south of Summer Street 22.1 9.4
R47 Dorchester Ave, 1500 feet south of Summer Street 22.2 9.4
R48 Dorchester Ave, 2100 feet south of Summer Street 22.0 9.3
R49 Fidelity Building at 245 Summer Street 22.0 9.4
R50 Fidelity Building at 245 Summer Street-ROOF 21.7 9.2

* - Concentrations include a 24-hour PM, 5 background concentration of 21.7 pg/m3 .
b _ Concentrations include an Annual PM, 5 background concentration of 9.2 pg/m3 .
The National Ambient Air Quality Standards for PM, s are: 24-hour = 35 pg/m* and Annual = 12 pg/m’.

6. PM,; Modeling Results for the 2035 No Build Alternative

The eighth highest modeled 24-hour PM, 5 concentrations at each of the receptors analyzed for the 2035
No Build Alternative are presented in Table 5. The maximum modeled PM,; 5 24-hour concentration was
estimated to be 22.6 pg/m’ and included a background concentration of 21.7 pg/m’. This maximum 24-
hour PM, 5 concentration occurred at receptor R1 — 800 Atlantic Avenue. All of the modeled 24-hour
PM, 5 concentrations at all of the receptors modeled for the 2035 No Build Alternative were well below
the 24-hour PM, s National and Massachusetts standard of 35 pug/m’.

The maximum modeled Annual PM, s concentrations at each of the receptors analyzed for the 2035 No
Build Alternative are also presented in Table 5. The maximum modeled PM, s Annual concentration was
estimated to be 9.5 pug/m® and included a background concentration of 9.2 pg/m’. This maximum annual
concentration occurred at receptor R1 — 800 Atlantic Avenue. All of the modeled Annual PM,;
concentrations at all of the receptors modeled for the 2035 No Build Alternative were well below the
Annual PM, s National and Massachusetts standard of 12 pug/m’.

Table 5 - Maximum Modeled 24-Hour and Annual PM, s Concentrations for the 2035 No Build

Alternative
24-Hour PM, 5 Annual PM, 5
Receptor Receptor Concentration® Concentration”
ID No. Description (ug/m’) (ug/m’)
R1 800 Atlantic Avenue 22.6 9.5
R2 800 Atlantic Avenue-ROOF 21.7 9.2
R3 183 Beach Street 22.2 9.4
R4 183 Beach Street-ROOF 21.7 9.2
RS 711 Atlantic Ave 22.1 9.4
R6 711 Atlantic Ave-ROOF 21.8 9.2
R7 200 Essex Street 22.2 9.4
RS 200 Essex Street-ROOF 21.7 9.2
R9 1 Financial Center, Boston 22.2 9.4
R10 1 Financial Center, Boston-ROOF 21.7 9.2
R11 Dewey Square Plaza Farmer's Market 22.1 9.4
R12 201 South Street, Boston 22.2 9.4
R13 143 South Street, Boston 22.0 9.3
R14 89 South Street, Boston 21.9 9.3
R15 Leather District Park, Essex Street, Boston. 22.0 9.4
R16 Boston Fiduciary Trust Bldg. at 175 Federal St, Boston 22.1 9.3
Rose Fitzgerald Kennedy Greenway Conservancy Bldg.
R17 at 185 Kneeland Street 22.4 9.4
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24-Hour PM, 5 Annual PM, 5
Receptor Receptor Concentration® Concentration”
ID No. Description (ug/m’) (ug/m’)
R18 Reggie Wong Memorial Park, Kneeland Street, Boston 22.1 9.4
R19 150 Lincoln Street (office Bldg.) 22.1 9.4
R20 1 Lincoln Street (office Bldg.) 22.1 9.4
R21 100 Summer St, Boston, 21.9 9.3
R22 Dewey Square Park 22.1 9.4
R23 Park at Congress Street and Atlantic Avenue 22.1 9.4
R24 Fort Point Channel Parks 22.1 9.4
R25 Federal Reserve Bldg. at 600 Atlantic Avenue 22.0 9.4
R26 Federal Reserve Bldg.-ROOF 21.7 9.2
R27 Federal Reserve Bldg. (sitting area) 22.0 9.3
R28 280 Congress Street 22.1 9.4
R29 Park near Harbor Walk near Pearl Street Extension 21.9 9.3
R30 Restaurant at Pearl Street Extension 21.9 9.3
R31 Moakley Federal Courthouse, 1 Courthouse Way 21.8 9.2
R32 Fan Pier Public Green 21.8 9.2
R33 Business at 25 Thomson Place, Boston 21.8 9.2
R34 Restaurant at 63 Melcher Street 21.9 9.3
R35 Wormwood Park, A Street, Boston 22.0 94
R36 Binford Street Park 21.9 9.3
R37 Gillette Park, Boston 21.8 9.2
R38 Restaurant at 98 A Street, Boston 22.0 9.3
R39 Diner at 75 W Broadway, Boston 22.0 9.3
R40 | Flaherty Park, W. 3" Street 21.8 9.2
R41 Tai Tung Park, Tyler Street 22.0 9.3
R42 Eliot Norton Park, Tremont Street 21.8 9.2
R43 Millicent Way Park 21.8 9.2
R44 Peters Park 21.8 9.2
R45 Dorchester Ave, 150 feet south of Summer Street 21.9 9.3
R46 Dorchester Ave, 800 feet south of Summer Street 22.0 9.3
R47 Dorchester Ave, 1500 feet south of Summer Street 22.0 9.3
R48 Dorchester Ave, 2100 feet south of Summer Street 21.9 9.3
R49 Fidelity Building at 245 Summer Street 22.0 9.4
R50 Fidelity Building at 245 Summer Street-ROOF 21.7 9.2

* - Concentrations include a 24-hour PM, 5 background concentration of 21.7 pg/m3 .
b _ Concentrations include an Annual PM, s background concentration of 9.2 |,Lg/m3 .
The National Ambient Air Quality Standards for PM, s are: 24-hour = 35 pg/m® and Annual = 12 pg/m’.

7. PM, ;5 Modeling Results for Alternative 1 in 2035

The eighth highest modeled 24-hour PM,s concentrations at each of the receptors analyzed for
Alternative 1 in 2035 are presented in Table 6. The maximum modeled PM, 5 24-hour concentration was
estimated to be 22.7 ug/m’ and included a background concentration of 21.7 pg/m’. This maximum 24-
hour PM, 5 concentration occurred at receptor R1 — 800 Atlantic Avenue. All of the modeled 24-hour
PM, 5 concentrations at all of the receptors modeled for Alternative 1 in 2035 were well below the 24-
hour PM, s National and Massachusetts standard of 35 pg/m’.
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The maximum modeled Annual PM, 5 concentrations at each of the receptors analyzed for Alternative 1
in 2035 are also presented in Table 6. The maximum modeled PM, s Annual concentration was estimated
to be 9.5 pg/m’ and included a background concentration of 9.2 pg/m’. This maximum annual
concentration occurred at receptor R1 — 800 Atlantic Avenue. All of the modeled Annual PM,;;
concentrations at all of the receptors modeled for Alternative 1 in 2035 were well below the Annual PM, 5
National and Massachusetts standard of 12 pg/m’.

Table 6 - Maximum Modeled 24-Hour and Annual PM, 5 Concentrations for Alternative 1 in 2035

24-Hour PM, 5 Annual PM, 5
Receptor Receptor Concentration® Concentration”
ID No. Description (ug/m’) (ug/m’)
R1 800 Atlantic Avenue 22.7 9.5
R2 800 Atlantic Avenue-ROOF 21.7 9.2
R3 183 Beach Street 22.2 9.4
R4 183 Beach Street-ROOF 21.7 9.2
R5 711 Atlantic Ave 22.1 9.3
R6 711 Atlantic Ave-ROOF 21.8 9.2
R7 200 Essex Street 22.1 9.4
R8 200 Essex Street-ROOF 21.7 9.2
R9 1 Financial Center, Boston 22.1 9.4
R10 1 Financial Center, Boston-ROOF 21.7 9.2
R11 Dewey Square Plaza Farmer's Market 22.1 9.4
R12 201 South Street, Boston 22.2 9.4
R13 143 South Street, Boston 22.0 9.3
R14 89 South Street, Boston 21.9 9.3
R15 Leather District Park, Essex Street, Boston. 22.0 9.4
R16 Boston Fiduciary Trust Bldg. at 175 Federal St, Boston 22.0 9.3
Rose Fitzgerald Kennedy Greenway Conservancy Bldg.
R17 at 185 Kneeland Street 22.5 9.4
R18 Reggie Wong Memorial Park, Kneeland Street, Boston 22.1 9.4
R19 150 Lincoln Street (office Bldg.) 22.1 9.4
R20 1 Lincoln Street (office Bldg.) 22.1 9.4
R21 100 Summer St, Boston, 21.9 9.3
R22 Dewey Square Park 22.1 9.4
R23 Park at Congress Street and Atlantic Avenue 22.1 9.4
R24 Fort Point Channel Parks 22.1 9.4
R25 Federal Reserve Bldg. at 600 Atlantic Avenue 22.0 9.4
R26 Federal Reserve Bldg.-ROOF 21.7 9.2
R27 Federal Reserve Bldg. (sitting area) 22.0 9.3
R28 280 Congress Street 22.1 9.4
R29 Park near Harbor Walk near Pearl Street Extension 21.9 9.3
R30 Restaurant at Pearl Street Extension 21.9 9.3
R31 Moakley Federal Courthouse, 1 Courthouse Way 21.8 9.2
R32 Fan Pier Public Green 21.8 9.2
R33 Business at 25 Thomson Place, Boston 21.8 9.2
R34 Restaurant at 63 Melcher Street 21.9 9.3
R35 Wormwood Park, A Street, Boston 22.0 9.3
R36 Binford Street Park 21.9 9.3
R37 Gillette Park, Boston 21.8 9.3
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24-Hour PM, 5 Annual PM, 5
Receptor Receptor Concentration® Concentration”
ID No. Description (ug/m’) (ug/m’)

R38 Restaurant at 98 A Street, Boston 22.0 9.3
R39 Diner at 75 W Broadway, Boston 21.9 9.3
R40 Flaherty Park, W. 3" Street 21.8 9.2
R41 Tai Tung Park, Tyler Street 22.0 9.3
R42 Eliot Norton Park, Tremont Street 21.8 9.2
R43 Millicent Way Park 21.8 9.2
R44 Peters Park 21.8 9.2
R45 Dorchester Ave, 150 feet south of Summer Street 22.0 9.4
R46 Dorchester Ave, 800 feet south of Summer Street 22.1 9.4
R47 Dorchester Ave, 1500 feet south of Summer Street 22.1 9.4
R48 Dorchester Ave, 2100 feet south of Summer Street 22.0 9.3
R49 Fidelity Building at 245 Summer Street 22.0 9.3
R50 Fidelity Building at 245 Summer Street-ROOF 21.7 9.2

“ - Concentrations include a 24-hour PM, 5 background concentration of 21.7 ug/m”.
®_ Concentrations include an Annual PM, s background concentration of 9.2 pg/m’.
The National Ambient Air Quality Standards for PM, s are: 24-hour = 35 pg/m* and Annual = 12 pg/m’.

8. PM,; Modeling Results for Alternative 3 in 2035

The eighth highest modeled 24-hour PM,s concentrations at each of the receptors analyzed for
Alternative 3 in 2035 are presented in Table 7. The maximum modeled PM, s 24-hour concentration was
estimated to be 22.7 pg/m’ and included a background concentration of 21.7 pg/m’. This maximum 24-
hour PM, 5 concentration occurred at receptor R1 — 800 Atlantic Avenue. All of the modeled 24-hour
PM, s concentrations at all of the receptors modeled for Alternative 3 in 2035 were well below the 24-
hour PM, s National and Massachusetts standard of 35 pg/m’.

The maximum modeled Annual PM, 5 concentrations at each of the receptors analyzed for Alternative 3
in 2035 are also presented in Table 7. The maximum modeled PM, s Annual concentration was estimated
to be 9.5 pg/m’ and included a background concentration of 9.2 pg/m’. This maximum annual
concentration occurred at receptor R1 — 800 Atlantic Avenue. All of the modeled Annual PM;;
concentrations at all of the receptors modeled for Alternative 3 in 2035 were well below the Annual PM, 5
National and Massachusetts standard of 12 pg/m’.

Table 7 - Maximum Modeled 24-Hour and Annual PM, 5 Concentrations for Alternative 3 in 2035

24-Hour PM, 5 Annual PM, 5
Receptor Receptor Concentration® Concentration”
ID No. Description (ug/m’) (ug/m’)
R1 800 Atlantic Avenue 22.7 9.5
R2 800 Atlantic Avenue-ROOF 21.7 9.2
R3 183 Beach Street 22.2 9.4
R4 183 Beach Street-ROOF 21.7 9.2
R5 711 Atlantic Ave 22.1 9.4
R6 711 Atlantic Ave-ROOF 21.8 9.2
R7 200 Essex Street 22.1 9.4
RS 200 Essex Street-ROOF 21.7 9.2
R9 1 Financial Center, Boston 22.2 9.4
R10 1 Financial Center, Boston-ROOF 21.7 9.2
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24-Hour PM, 5 Annual PM, 5
Receptor Receptor Concentration® Concentration”
ID No. Description (ug/m’) (ug/m’)
R11 Dewey Square Plaza Farmer's Market 22.1 9.4
R12 201 South Street, Boston 22.3 9.4
R13 143 South Street, Boston 22.0 9.3
R14 89 South Street, Boston 21.9 9.3
R15 Leather District Park, Essex Street, Boston. 22.0 9.4
R16 Boston Fiduciary Trust Bldg. at 175 Federal St, Boston 22.1 9.3
Rose Fitzgerald Kennedy Greenway Conservancy Bldg.
R17 at 185 Kneeland Street 22.5 9.5
R18 Reggie Wong Memorial Park, Kneeland Street, Boston 22.1 9.4
R19 150 Lincoln Street (office Bldg.) 22.1 9.4
R20 1 Lincoln Street (office Bldg.) 22.2 9.4
R21 100 Summer St, Boston, 21.9 9.3
R22 Dewey Square Park 22.1 9.4
R23 Park at Congress Street and Atlantic Avenue 22.1 9.4
R24 Fort Point Channel Parks 22.1 9.4
R25 Federal Reserve Bldg. at 600 Atlantic Avenue 22.0 9.4
R26 Federal Reserve Bldg.-ROOF 21.7 9.2
R27 Federal Reserve Bldg. (sitting area) 22.0 9.3
R28 280 Congress Street 22.1 9.4
R29 Park near Harbor Walk near Pearl Street Extension 21.9 9.3
R30 Restaurant at Pearl Street Extension 21.9 9.3
R31 Moakley Federal Courthouse, 1 Courthouse Way 21.8 9.2
R32 Fan Pier Public Green 21.8 9.2
R33 Business at 25 Thomson Place, Boston 21.8 9.2
R34 Restaurant at 63 Melcher Street 21.9 9.3
R35 Wormwood Park, A Street, Boston 22.0 9.3
R36 Binford Street Park 21.9 9.3
R37 Gillette Park, Boston 21.9 9.3
R38 Restaurant at 98 A Street, Boston 22.0 9.3
R39 Diner at 75 W Broadway, Boston 21.9 9.3
R40 Flaherty Park, W. 3" Street 21.8 9.2
R41 Tai Tung Park, Tyler Street 22.0 9.3
R42 Eliot Norton Park, Tremont Street 21.8 9.2
R43 Millicent Way Park 21.8 9.2
R44 Peters Park 21.8 9.2
R45 Dorchester Ave, 150 feet south of Summer Street 22.0 9.4
R46 Dorchester Ave, 800 feet south of Summer Street 22.1 9.4
R47 Dorchester Ave, 1500 feet south of Summer Street 22.2 94
R48 Dorchester Ave, 2100 feet south of Summer Street 22.0 9.3
R49 Fidelity Building at 245 Summer Street 22.0 9.4
R50 Fidelity Building at 245 Summer Street-ROOF 21.7 9.2

* - Concentrations include a 24-hour PM, 5 background concentration of 21.7 ug/m3 .
b _ Concentrations include an Annual PM, s background concentration of 9.2 ug/m3 .
The National Ambient Air Quality Standards for PM, 5 are: 24-hour = 35 pg/m® and Annual = 12 pg/m’.

9. Conclusion

South Station Expansion October 2014
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All of the modeled 24-hour and Annual PM,s concentrations were well below the National and
Massachusetts PM, 5 standards for all years and alternatives evaluated.
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1. Introduction

A quantitative NO, modeling analysis is required by MDEP for projects located in NO, Nonattainment
areas. This area of Boston, and the entire state of Massachusetts, is in attainment of the NO, standards;
and therefore a modeling analysis for NO, is not required for this project. However, this analysis was
prepared to provide disclosure of potential harmful health effects of transportation-related pollutants
emitted by the increase in rail operations due to the increase in the number of railroad tracks at South
Station. NO, was chosen as the pollutant to be analyzed because the 1-hour NO, standard is the most
stringent to meet and if the NO, standards are met, then the standards for all other criteria pollutants will
be met. Even though this analysis is not required by any regulations, this quantitative NO, modeling
analysis was prepared in accordance with the methodology described in the SSX Air Quality Analysis
Protocol approved by Massachusetts Department of Environmental Protection (MassDEP) on June 4,
2014.

Emission factors for all sources evaluated in this analysis are given as oxides of nitrogen (NOx) and the
modeled concentrations produced by AERMOD are generated as pg/m’ of NOx. However, the ambient
standards are for NO,. Appendix W of 40 CFR Part 51 “Guideline on Air Quality Models” identifies a
method that can be used to estimate NO, concentrations from modeled NOx concentrations. In this
approach, an empirical ratio of NO, to NOx is derived and is then applied to the modeled 1-hour NOx
concentrations. For this project, one full year of concurrent hourly NO, and NOx data measured at the
MassDEP’s Kenmore Square site for calendar year 2012 (the Existing Conditions year for the Project)
was collected. For each hour of valid data, the NO, to NOx ratio was calculated and then averaged over
the entire year. The average NO, to NOXx ratio for the entire year was then multiplied by the modeled 1-
hour NOx concentrations to compute the NO, concentrations.

The analysis focused on the emissions from the diesel trains operating at South Station, the motor
vehicles on roadways in the vicinity of South Station, and intercity buses operating at the South Station
Bus Terminal. The U.S. EPA’s Locomotives Exhaust Emission Standards were used to determine the
emission rates for the MBTA and Amtrak locomotives in 2012, 2025, and 2035. The U.S. EPA’s
MOVES emission factors program was used to determine emission rates from motor vehicles and
intercity buses for the same calendar years. Background NO, concentration levels (approved by
MassDEP) were used to estimate 1-hour and annual NO, impacts and were assumed to remain constant
for all years analyzed. Individual modeling analyses were prepared for the 2012 Existing Conditions,
2025 No Build Alternative, 2025 Alternative 1, 2025 Alternative 3, 2035 No Build Alternative, 2035
Alternative 1, and the 2035 Alternative 3. The results of the analyses were compared to the National and
Massachusetts 1-hour and annual NO, standards.

2. NO, Modeling Results for the 2012 Existing Conditions

The eighth highest modeled 1-hour NO, concentrations at each of the receptors analyzed for the 2012
Existing Conditions are presented in Table 1. The maximum modeled NO, 1-hour concentration was
estimated to be 166.6 ppb and included a background concentration of 51.1 ppb. This maximum 1-hour
NO, concentration occurred at receptor R1 — 800 Atlantic Avenue. While there are exceedances of the 1-
hour NO, standard at receptors R1, R3, R12, and R17, there are no exceedances of the 1-hour standard in
any of the 2025 or 2035 analyses.

The maximum modeled annual NO, concentrations at each of the receptors analyzed for the 2012
Existing Conditions are also presented in Table 1. The maximum modeled NO, Annual concentration
was estimated to be 23.8 ppb and included a background concentration of 19.5 ppb. This maximum
annual concentration occurred at receptor R1 — 800 Atlantic Avenue. All of the modeled annual NO,
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concentrations at all of the receptors modeled for the 2012 Existing Conditions were well below the
Annual NO, National and Massachusetts standard of 53 ppb.

Table 1 - Maximum Modeled 1-Hour and Annual NO, Concentrations for the 2012 Existing

Conditions
1-Hour NO, Annual NO,
Receptor Receptor Concentration® Concentration”
ID No. Description (ppb) (ppb)
R1 800 Atlantic Avenue 166.6 23.8
R2 800 Atlantic Avenue-ROOF 56.4 20.3
R3 183 Beach Street 109.3 22.4
R4 183 Beach Street-ROOF 60.2 20.1
R5 711 Atlantic Ave 91.5 21.5
R6 711 Atlantic Ave-ROOF 65.6 20.3
R7 200 Essex Street 86.0 21.3
RS 200 Essex Street-ROOF 57.0 20.0
R9 1 Financial Center, Boston 814 21.3
R10 1 Financial Center, Boston-ROOF 51.6 19.9
R11 Dewey Square Plaza Farmer's Market 76.5 21.8
R12 201 South Street, Boston 117.3 22.6
R13 143 South Street, Boston 88.3 21.4
R14 89 South Street, Boston 78.3 21.1
R15 Leather District Park, Essex Street, Boston. 73.7 21.2
R16 Boston Fiduciary Trust Bldg. at 175 Federal St, Boston 71.5 21.6
Rose Fitzgerald Kennedy Greenway Conservancy Bldg.
R17 at 185 Kneeland Street 134.1 24.0
R18 Reggie Wong Memorial Park, Kneeland Street, Boston 91.4 22.7
R19 150 Lincoln Street (office Bldg.) 87.3 225
R20 1 Lincoln Street (office Bldg.) 75.9 21.0
R21 100 Summer St, Boston, 67.8 20.5
R22 Dewey Square Park 71.5 21.5
R23 Park at Congress Street and Atlantic Avenue 67.5 21.3
R24 Fort Point Channel Parks 67.3 21.0
R25 Federal Reserve Bldg. at 600 Atlantic Avenue *73.4 21.0
R26 Federal Reserve Bldg.-ROOF 51.8 19.8
R27 Federal Reserve Bldg. (sitting area) 71.7 21.1
R28 280 Congress Street 68.0 21.1
R29 Park near Harbor Walk near Pearl Street Extension 64.6 20.5
R30 Restaurant at Pearl Street Extension 64.5 20.5
R31 Moakley Federal Courthouse, 1 Courthouse Way 58.2 19.8
R32 Fan Pier Public Green 56.2 19.8
R33 Business at 25 Thomson Place, Boston 59.1 20.1
R34 Restaurant at 63 Melcher Street 61.8 20.7
R35 Wormwood Park, A Street, Boston 65.0 21.0
R36 Binford Street Park 72.4 20.8
R37 Gillette Park, Boston 67.8 20.2
R38 Restaurant at 98 A Street, Boston 614 20.6
R39 Diner at 75 W Broadway, Boston 60.7 20.4
South Station Expansion October 2014
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1-Hour NO, Annual NO,
Receptor Receptor Concentration® Concentration”
ID No. Description (ppb) (ppb)
R40 Flaherty Park, W. 3" Street 59.8 20.0
R41 Tai Tung Park, Tyler Street 76.8 20.4
R42 Eliot Norton Park, Tremont Street 61.9 19.8
R43 Millicent Way Park 60.1 19.7
R44 Peters Park 583 20.0
R45 Dorchester Ave, 150 feet south of Summer Street 73.7 214
R46 Dorchester Ave, 800 feet south of Summer Street 83.7 22.0
R47 Dorchester Ave, 1500 feet south of Summer Street 83.7 21.9
R48 Dorchester Ave, 2100 feet south of Summer Street 79.3 20.9
R49 Fidelity Building at 245 Summer Street 73.6 21.1
R50 Fidelity Building at 245 Summer Street-ROOF 554 20.4

* - Concentrations include a 1-hour NO, background concentration of 51.1 ppb.
®_ Concentrations include an Annual NO, background concentration of 19.5 ppb.
The National Ambient Air Quality Standards for NO, are: 1-hour = 100 ppb and Annual = 53 ppb.

3. NO; Modeling Results for the 2025 No Build Alternative

The eighth highest modeled 1-hour NO, concentrations at each of the receptors analyzed for the 2025 No
Build Alternative are presented in Table 2. The maximum modeled NO, 1-hour concentration was
estimated to be 80.7 ppb and included a background concentration of 51.1 ppb. This maximum 1-hour
NO,; concentration occurred at receptor R1 — 800 Atlantic Avenue. All of the modeled 1-hour NO,
concentrations at all of the receptors modeled for the 2025 No Build Alternative were well below the 1-
hour NO, National and Massachusetts standard of 100 ppb.

The maximum modeled Annual NO, concentrations at each of the receptors analyzed for the 2025 No
Build Alternative are also presented in Table 2. The maximum modeled NO, Annual concentration was
estimated to be 9.5 ppb and included a background concentration of 21.0 ppb. This maximum annual
concentration occurred at receptor R1 — 800 Atlantic Avenue. All of the modeled Annual NO,
concentrations at all of the receptors modeled for the 2025 No Build Alternative were well below the
Annual NO, National and Massachusetts standard of 53 ppb.

Table 2 - Maximum Modeled 1-Hour and Annual NO, Concentrations for the 2025 No Build

Alternative
1-Hour NO, Annual NO,
Receptor Receptor Concentration® Concentration”
ID No. Description (ppb) (ppb)
R1 800 Atlantic Avenue 80.7 21.0
R2 800 Atlantic Avenue-ROOF 52.2 19.5
R3 183 Beach Street 66.4 20.4
R4 183 Beach Street-ROOF 52.9 19.6
R5 711 Atlantic Ave 61.5 20.3
R6 711 Atlantic Ave-ROOF 54.4 19.6
R7 200 Essex Street 61.0 20.3
R8 200 Essex Street-ROOF 52.5 19.6
R9 1 Financial Center, Boston 60.1 204
R10 1 Financial Center, Boston-ROOF 51.2 19.5
RI11 Dewey Square Plaza Farmer's Market 58.7 204
October 2014 South Station Expansion
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1-Hour NO, Annual NO,
Receptor Receptor Concentration® Concentration”
ID No. Description (ppb) (ppb)
RI12 201 South Street, Boston 67.4 20.5
R13 143 South Street, Boston 59.6 20.1
R14 89 South Street, Boston 57.6 20.1
R15 Leather District Park, Essex Street, Boston. 57.1 20.3
R16 Boston Fiduciary Trust Bldg. at 175 Federal St, Boston 57.0 20.1
Rose Fitzgerald Kennedy Greenway Conservancy Bldg.
R17 at 185 Kneeland Street 71.0 20.8
R18 Reggie Wong Memorial Park, Kneeland Street, Boston 60.6 20.5
R19 150 Lincoln Street (office Bldg.) 59.8 204
R20 1 Lincoln Street (office Bldg.) 58.1 20.2
R21 100 Summer St, Boston, 55.3 19.8
R22 Dewey Square Park 57.5 20.5
R23 Park at Congress Street and Atlantic Avenue 56.6 20.5
R24 Fort Point Channel Parks 56.6 20.2
R25 Federal Reserve Bldg. at 600 Atlantic Avenue 56.7 20.3
R26 Federal Reserve Bldg.-ROOF 51.3 19.5
R27 Federal Reserve Bldg. (sitting area) 56.3 20.1
R28 280 Congress Street 56.6 204
R29 Park near Harbor Walk near Pearl Street Extension 54.6 19.9
R30 Restaurant at Pearl Street Extension 54.7 20.0
R31 Moakley Federal Courthouse, 1 Courthouse Way 52.9 19.6
R32 Fan Pier Public Green 52.5 19.6
R33 Business at 25 Thomson Place, Boston 53.6 19.7
R34 Restaurant at 63 Melcher Street 54.4 20.0
R35 Wormwood Park, A Street, Boston 56.1 20.2
R36 Binford Street Park 56.1 19.9
R37 Gillette Park, Boston 55.0 19.7
R38 Restaurant at 98 A Street, Boston 55.6 20.1
R39 Diner at 75 W Broadway, Boston 54.9 20.0
R40 Flaherty Park, W. 3™ Street 534 19.7
R41 Tai Tung Park, Tyler Street 57.6 19.9
R42 Eliot Norton Park, Tremont Street 53.8 19.6
R43 Millicent Way Park 53.5 19.6
R44 Peters Park 53.0 19.6
R45 Dorchester Ave, 150 feet south of Summer Street 56.4 20.1
R46 Dorchester Ave, 800 feet south of Summer Street 58.7 20.2
R47 Dorchester Ave, 1500 feet south of Summer Street 58.8 20.2
R48 Dorchester Ave, 2100 feet south of Summer Street 57.8 19.9
R49 Fidelity Building at 245 Summer Street 56.2 20.2
R50 Fidelity Building at 245 Summer Street-ROOF 52.0 19.5

* - Concentrations include a 1-hour NO, background concentration of 51.1 ppb.
®_ Concentrations include an Annual NO, background concentration of 19.5 ppb.
The National Ambient Air Quality Standards for NO, are: 1-hour = 100 ppb and Annual = 53 ppb.

4. NO,; Modeling Results for Alternative 1 in 2025
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The eighth highest modeled 1-hour NO, concentrations at each of the receptors analyzed for Alternative 1
in 2025 are presented in Table 3. The maximum modeled NO, 1-hour concentration was estimated to be
80.7 ppb and included a background concentration of 51.1 ppb. This maximum 1-hour NO, concentration
occurred at receptor R1 — 800 Atlantic Avenue. All of the modeled 1-hour NO, concentrations at all of
the receptors modeled for Alternative 1 in 2025 were well below the 1-hour NO, National and
Massachusetts standard of 100 ppb.

The maximum modeled Annual NO, concentrations at each of the receptors analyzed for Alternative 1 in
2025 are also presented in Table 3. The maximum modeled NO, Annual concentration was estimated to
be 21.0 ppb and included a background concentration of 19.5 ppb. This maximum annual concentration
occurred at receptor R1 — 800 Atlantic Avenue. All of the modeled Annual NO, concentrations at all of
the receptors modeled for Alternative 1 in 2025 were well below the Annual NO, National and
Massachusetts standard of 53 ppb.

Table 3 - Maximum Modeled 1-Hour and Annual NO, Concentrations for Alternative 1 in 2025

1-Hour NO, Annual NO,
Receptor Receptor Concentration® Concentration”
ID No. Description (ppb) (ppb)
R1 800 Atlantic Avenue 80.7 21.0
R2 800 Atlantic Avenue-ROOF 52.1 19.5
R3 183 Beach Street 65.4 20.4
R4 183 Beach Street-ROOF 52.8 19.6
R5 711 Atlantic Ave 60.5 20.2
R6 711 Atlantic Ave-ROOF 54.0 19.6
R7 200 Essex Street 59.9 20.3
R8 200 Essex Street-ROOF 524 19.6
R9 1 Financial Center, Boston 593 204
R10 1 Financial Center, Boston-ROOF 513 19.5
R11 Dewey Square Plaza Farmer's Market 58.1 20.4
R12 201 South Street, Boston 67.4 20.5
R13 143 South Street, Boston 59.1 20.1
R14 89 South Street, Boston 57.2 20.1
R15 Leather District Park, Essex Street, Boston. 56.7 20.3
R16 | Boston Fiduciary Trust Bldg. at 175 Federal St, Boston 56.6 20.1
Rose Fitzgerald Kennedy Greenway Conservancy Bldg.
R17 at 185 Kneeland Street 70.9 20.8
R18 Reggie Wong Memorial Park, Kneeland Street, Boston 60.6 20.6
R19 150 Lincoln Street (office Bldg.) 59.6 20.4
R20 1 Lincoln Street (office Bldg.) 58.1 20.3
R21 100 Summer St, Boston, 55.1 19.8
R22 Dewey Square Park 57.2 20.5
R23 Park at Congress Street and Atlantic Avenue 56.5 20.5
R24 Fort Point Channel Parks 56.5 20.2
R25 Federal Reserve Bldg. at 600 Atlantic Avenue 56.3 20.2
R26 Federal Reserve Bldg.-ROOF 513 19.5
R27 Federal Reserve Bldg. (sitting area) 55.9 20.1
R28 280 Congress Street 56.6 204
R29 Park near Harbor Walk near Pearl Street Extension 54.4 19.9
R30 Restaurant at Pearl Street Extension 54.6 20.0
October 2014 South Station Expansion
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1-Hour NO, Annual NO,
Receptor Receptor Concentration® Concentration”
ID No. Description (ppb) (ppb)
R31 Moakley Federal Courthouse, 1 Courthouse Way 52.9 19.6
R32 Fan Pier Public Green 52.5 19.6
R33 Business at 25 Thomson Place, Boston 534 19.7
R34 Restaurant at 63 Melcher Street 539 20.0
R35 Wormwood Park, A Street, Boston 55.5 20.1
R36 Binford Street Park 56.3 19.9
R37 Gillette Park, Boston 55.0 19.8
R38 Restaurant at 98 A Street, Boston 54.9 20.0
R39 Diner at 75 W Broadway, Boston 544 20.0
R40 Flaherty Park, W. 3" Street 53.3 19.7
R41 Tai Tung Park, Tyler Street 58.3 19.9
R42 Eliot Norton Park, Tremont Street 54.0 19.6
R43 Millicent Way Park 53.5 19.6
R44 Peters Park 53.0 19.6
R45 Dorchester Ave, 150 feet south of Summer Street 56.6 20.3
R46 Dorchester Ave, 800 feet south of Summer Street 59.1 20.4
R47 Dorchester Ave, 1500 feet south of Summer Street 58.9 20.4
R48 Dorchester Ave, 2100 feet south of Summer Street 58.3 20.1
R49 Fidelity Building at 245 Summer Street 55.7 20.2
R50 Fidelity Building at 245 Summer Street-ROOF 51.9 19.5

* - Concentrations include a 1-hour NO, background concentration of 51.1 ppb.
®_ Concentrations include an Annual NO, background concentration of 19.5 ppb.
The National Ambient Air Quality Standards for NO, are: 1-hour = 100 ppb and Annual = 53 ppb.

5. NO; Modeling Results for Alternative 3 in 2025

The eighth highest modeled 1-hour NO, concentrations at each of the receptors analyzed for Alternative 3
in 2025 are presented in Table 4. The maximum modeled NO, 1-hour concentration was estimated to be
77.7 ppb and included a background concentration of 51.1 ppb. This maximum 1-hour NO, concentration
occurred at receptor R1 — 800 Atlantic Avenue. All of the modeled 1-hour NO, concentrations at all of
the receptors modeled for Alternative 3 in 2025 were well below the 1-hour NO, National and
Massachusetts standard of 100 ppb.

The maximum modeled Annual NO, concentrations at each of the receptors analyzed for Alternative 3 in
2025 are also presented in Table 4. The maximum modeled NO, Annual concentration was estimated to
be 21.0 ppb and included a background concentration of 19.5 ppb. This maximum annual concentration
occurred at receptor R1 — 800 Atlantic Avenue. All of the modeled Annual NO, concentrations at all of
the receptors modeled for Alternative 3 in 2025 were well below the Annual NO, National and
Massachusetts standard of 53 ppb.

Table 4 - Maximum Modeled 1-Hour and Annual NO, Concentrations for Alternative 3 in 2025

1-Hour NO, Annual NO,
Receptor Receptor Concentration® Concentration”

ID No. Description (ppb) (ppb)

R1 800 Atlantic Avenue 717 21.0

R2 800 Atlantic Avenue-ROOF 52.2 19.5

R3 183 Beach Street 65.3 204
South Station Expansion October 2014
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1-Hour NO, Annual NO,
Receptor Receptor Concentration® Concentration”
ID No. Description (ppb) (ppb)
R4 183 Beach Street-ROOF 52.9 19.6
RS 711 Atlantic Ave 60.6 20.3
R6 711 Atlantic Ave-ROOF 54.1 19.6
R7 200 Essex Street 60.0 20.3
R3 200 Essex Street-ROOF 52.4 19.6
R9 1 Financial Center, Boston 59.3 20.4
R10 1 Financial Center, Boston-ROOF 51.3 19.5
R11 Dewey Square Plaza Farmer's Market 58.2 20.4
R12 201 South Street, Boston 66.4 20.5
R13 143 South Street, Boston 58.9 20.1
R14 89 South Street, Boston 57.1 20.1
R15 Leather District Park, Essex Street, Boston. 56.7 20.3
R16 | Boston Fiduciary Trust Bldg. at 175 Federal St, Boston 56.8 20.1
Rose Fitzgerald Kennedy Greenway Conservancy Bldg.
R17 at 185 Kneeland Street 69.3 20.8
R18 Reggie Wong Memorial Park, Kneeland Street, Boston 60.0 20.5
R19 150 Lincoln Street (office Bldg.) 59.3 20.4
R20 1 Lincoln Street (office Bldg.) 58.1 20.3
R21 100 Summer St, Boston, 55.1 19.8
R22 Dewey Square Park 57.3 20.5
R23 Park at Congress Street and Atlantic Avenue 56.6 20.5
R24 Fort Point Channel Parks 56.7 20.2
R25 Federal Reserve Bldg. at 600 Atlantic Avenue 56.3 20.3
R26 Federal Reserve Bldg.-ROOF 51.3 19.5
R27 Federal Reserve Bldg. (sitting area) 55.9 20.1
R28 280 Congress Street 56.8 20.4
R29 Park near Harbor Walk near Pearl Street Extension 54.4 19.9
R30 Restaurant at Pearl Street Extension 54.6 20.1
R31 Moakley Federal Courthouse, 1 Courthouse Way 52.9 19.6
R32 Fan Pier Public Green 52.5 19.6
R33 Business at 25 Thomson Place, Boston 53.4 19.7
R34 Restaurant at 63 Melcher Street 539 20.0
R35 Wormwood Park, A Street, Boston 55.5 20.1
R36 Binford Street Park 56.1 19.9
R37 Gillette Park, Boston 55.0 19.8
R38 Restaurant at 98 A Street, Boston 55.0 20.0
R39 Diner at 75 W Broadway, Boston 54.5 20.0
R40 | Flaherty Park, W. 3" Street 53.4 19.7
R41 Tai Tung Park, Tyler Street 57.6 19.9
R42 Eliot Norton Park, Tremont Street 53.8 19.6
R43 Millicent Way Park 53.4 19.6
R44 Peters Park 53.0 19.6
R45 Dorchester Ave, 150 feet south of Summer Street 56.6 20.3
R46 Dorchester Ave, 800 feet south of Summer Street 58.9 20.4
October 2014 South Station Expansion
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1-Hour NO, Annual NO,
Receptor Receptor Concentration® Concentration”
ID No. Description (ppb) (ppb)
R47 Dorchester Ave, 1500 feet south of Summer Street 59.1 20.4
R48 Dorchester Ave, 2100 feet south of Summer Street 58.4 20.1
R49 Fidelity Building at 245 Summer Street 55.8 20.2
R50 Fidelity Building at 245 Summer Street-ROOF 52.0 19.5

* - Concentrations include a 1-hour NO, background concentration of 51.1 ppb.
® - Concentrations include an Annual NO, background concentration of 19.5 ppb.
The National Ambient Air Quality Standards for NO, are: 1-hour = 100 ppb and Annual = 53 ppb.

6. NO,; Modeling Results for the 2035 No Build Alternative

The eighth highest modeled 1-hour NO, concentrations at each of the receptors analyzed for the 2035 No
Build Alternative are presented in Table 5. The maximum modeled NO, 1-hour concentration was
estimated to be 73.06 ppb and included a background concentration of 51.1 ppb. This maximum 1-hour
NO, concentration occurred at receptor R1 — 800 Atlantic Avenue. All of the modeled 1-hour NO,
concentrations at all of the receptors modeled for the 2035 No Build Alternative were well below the 1-
hour NO, National and Massachusetts standard of 100 ppb.

The maximum modeled Annual NO, concentrations at each of the receptors analyzed for the 2035 No
Build Alternative are also presented in Table 5. The maximum modeled NO, Annual concentration was
estimated to be 20.9 ppb and included a background concentration of 19.5 ppb. This maximum annual
concentration occurred at receptor R1 — 800 Atlantic Avenue. All of the modeled Annual NO,
concentrations at all of the receptors modeled for the 2035 No Build Alternative were well below the
Annual NO, National and Massachusetts standard of 53 ppb.

Table 5 - Maximum Modeled 1-Hour and Annual NO, Concentrations for the 2035 No Build

Alternative
1-Hour NO, Annual NO,
Receptor Receptor Concentration® | Concentration”
ID No. Description (ppb) (ppb)
R1 800 Atlantic Avenue 73.0 20.9
R2 800 Atlantic Avenue-ROOF 52.1 19.5
R3 183 Beach Street 63.5 20.4
R4 183 Beach Street-ROOF 52.7 19.6
R5 711 Atlantic Ave 60.3 20.2
R6 711 Atlantic Ave-ROOF 53.8 19.6
R7 200 Essex Street 60.2 20.3
R8 200 Essex Street-ROOF 52.3 19.6
R9 1 Financial Center, Boston 59.7 20.4
R10 1 Financial Center, Boston-ROOF 51.2 19.5
R11 Dewey Square Plaza Farmer's Market 58.1 204
RI2 201 South Street, Boston 63.5 204
RI13 143 South Street, Boston 58.0 20.0
R14 89 South Street, Boston 56.7 20.0
R15 Leather District Park, Essex Street, Boston. 56.4 20.3
R16 Boston Fiduciary Trust Bldg. at 175 Federal St, Boston 56.5 20.1
Rose Fitzgerald Kennedy Greenway Conservancy Bldg.
R17 at 185 Kneeland Street 65.8 20.5
South Station Expansion October 2014
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1-Hour NO, Annual NO,
Receptor Receptor Concentration® Concentration”
ID No. Description (ppb) (ppb)
R18 Reggie Wong Memorial Park, Kneeland Street, Boston 58.7 20.4
R19 150 Lincoln Street (office Bldg.) 58.1 20.3
R20 1 Lincoln Street (office Bldg.) 57.5 20.2
R21 100 Summer St, Boston, 54.8 19.8
R22 Dewey Square Park 57.3 20.5
R23 Park at Congress Street and Atlantic Avenue 56.4 20.4
R24 Fort Point Channel Parks 56.3 20.2
R25 Federal Reserve Bldg. at 600 Atlantic Avenue 55.8 20.2
R26 Federal Reserve Bldg.-ROOF 51.3 19.5
R27 Federal Reserve Bldg. (sitting area) 55.3 20.0
R28 280 Congress Street 56.3 20.4
R29 Park near Harbor Walk near Pearl Street Extension 54.1 19.9
R30 Restaurant at Pearl Street Extension 54.3 20.0
R31 Moakley Federal Courthouse, 1 Courthouse Way 52.7 19.6
R32 Fan Pier Public Green 524 19.6
R33 Business at 25 Thomson Place, Boston 53.4 19.7
R34 Restaurant at 63 Melcher Street 54.1 20.0
R35 Wormwood Park, A Street, Boston 55.8 20.2
R36 Binford Street Park 553 19.9
R37 Gillette Park, Boston 54.5 19.7
R38 Restaurant at 98 A Street, Boston 554 20.1
R39 Diner at 75 W Broadway, Boston 54.6 20.0
R40 Flaherty Park, W. 3" Street 53.2 19.7
R41 Tai Tung Park, Tyler Street 56.7 19.8
R42 Eliot Norton Park, Tremont Street 53.5 19.6
R43 Millicent Way Park 53.2 19.6
R44 Peters Park 52.8 19.6
R45 Dorchester Ave, 150 feet south of Summer Street 55.6 20.1
R46 Dorchester Ave, 800 feet south of Summer Street 57.4 20.1
R47 Dorchester Ave, 1500 feet south of Summer Street 57.4 20.1
R48 Dorchester Ave, 2100 feet south of Summer Street 56.9 19.9
R49 Fidelity Building at 245 Summer Street 55.3 20.1
R50 Fidelity Building at 245 Summer Street-ROOF 51.9 19.5

* - Concentrations include a 1-hour NO, background concentration of 51.1 ppb.
®_ Concentrations include an Annual NO, background concentration of 19.5 ppb.
The National Ambient Air Quality Standards for NO, are: 1-hour = 100 ppb and Annual = 53 ppb.

7. NO; Modeling Results for Alternative 1 in 2035

The eighth highest modeled 1-hour NO, concentrations at each of the receptors analyzed for Alternative 1
in 2035 are presented in Table 6. The maximum modeled NO, 1-hour concentration was estimated to be
72.5 ppb and included a background concentration of 51.1 ppb. This maximum 1-hour NO, concentration
occurred at receptor R1 — 800 Atlantic Avenue. All of the modeled 1-hour NO, concentrations at all of
the receptors modeled for Alternative 1 in 2035 were well below the 1-hour NO, National and

Massachusetts standard of 100 ppb.
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Air Quality Technical Report

The maximum modeled Annual NO, concentrations at each of the receptors analyzed for Alternative 1 in
2035 are also presented in Table 6. The maximum modeled NO, Annual concentration was estimated to
be 20.8 ppb and included a background concentration of 19.5 ppb. This maximum annual concentration
occurred at receptor R1 — 800 Atlantic Avenue. All of the modeled Annual NO, concentrations at all of
the receptors modeled for Alternative 1 in 2035 were well below the Annual NO, National and
Massachusetts standard of 53 ppb.

Table 6 - Maximum Modeled 1-Hour and Annual NO, Concentrations for Alternative 1 in 2035

1-Hour NO, Annual NO,
Receptor Receptor Concentration® Concentration”
ID No. Description (ppb) (ppb)
R1 800 Atlantic Avenue 72.5 20.8
R2 800 Atlantic Avenue-ROOF 52.0 19.5
R3 183 Beach Street 62.2 20.3
R4 183 Beach Street-ROOF 52.6 19.6
R5 711 Atlantic Ave 59.0 20.2
R6 711 Atlantic Ave-ROOF 53.5 19.6
R7 200 Essex Street 58.9 20.3
RS 200 Essex Street-ROOF 52.2 19.5
R9 1 Financial Center, Boston 58.3 20.3
R10 1 Financial Center, Boston-ROOF 51.2 19.5
R11 Dewey Square Plaza Farmer's Market 57.4 203
R12 201 South Street, Boston 63.5 20.3
R13 143 South Street, Boston 574 20.0
R14 89 South Street, Boston 56.1 20.0
R15 Leather District Park, Essex Street, Boston. 56.1 20.2
R16 Boston Fiduciary Trust Bldg. at 175 Federal St, Boston 56.2 20.1
Rose Fitzgerald Kennedy Greenway Conservancy Bldg.
R17 at 185 Kneeland Street 65.8 20.5
R18 Reggie Wong Memorial Park, Kneeland Street, Boston 58.6 20.4
R19 150 Lincoln Street (office Bldg.) 57.8 20.3
R20 1 Lincoln Street (office Bldg.) 57.4 20.2
R21 100 Summer St, Boston, 54.6 19.8
R22 Dewey Square Park 56.7 20.4
R23 Park at Congress Street and Atlantic Avenue 56.2 20.4
R24 Fort Point Channel Parks 56.3 20.2
R25 Federal Reserve Bldg. at 600 Atlantic Avenue 55.6 20.2
R26 Federal Reserve Bldg.-ROOF 51.2 19.5
R27 Federal Reserve Bldg. (sitting area) 55.1 20.1
R28 280 Congress Street 56.3 204
R29 Park near Harbor Walk near Pearl Street Extension 54.0 19.9
R30 Restaurant at Pearl Street Extension 54.2 20.0
R31 Moakley Federal Courthouse, 1 Courthouse Way 52.7 19.6
R32 Fan Pier Public Green 52.3 19.6
R33 Business at 25 Thomson Place, Boston 53.2 19.7
R34 Restaurant at 63 Melcher Street 53.8 20.0
R35 Wormwood Park, A Street, Boston 55.2 20.1
R36 Binford Street Park 55.5 19.9
South Station Expansion October 2014
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1-Hour NO, Annual NO,
Receptor Receptor Concentration® Concentration”
ID No. Description (ppb) (ppb)
R37 Gillette Park, Boston 54.5 19.8
R38 Restaurant at 98 A Street, Boston 54.6 20.0
R39 Diner at 75 W Broadway, Boston 54.1 20.0
R40 Flaherty Park, W. 3" Street 53.1 19.7
R41 Tai Tung Park, Tyler Street 56.3 19.8
R42 Eliot Norton Park, Tremont Street 53.4 19.6
R43 Millicent Way Park 53.1 19.6
R44 Peters Park 52.7 19.6
R45 Dorchester Ave, 150 feet south of Summer Street 55.8 20.2
R46 Dorchester Ave, 800 feet south of Summer Street 57.6 20.4
R47 Dorchester Ave, 1500 feet south of Summer Street 57.5 20.3
R48 Dorchester Ave, 2100 feet south of Summer Street 57.5 20.1
R49 Fidelity Building at 245 Summer Street 55.1 20.2
R50 Fidelity Building at 245 Summer Street-ROOF 51.8 19.5

* - Concentrations include a 1-hour NO, background concentration of 51.1 ppb.
®_ Concentrations include an Annual NO, background concentration of 19.5 ppb.
The National Ambient Air Quality Standards for NO, are: 1-hour = 100 ppb and Annual = 53 ppb.

8. NO,; Modeling Results for Alternative 3 in 2035

The eighth highest modeled 1-hour NO, concentrations at each of the receptors analyzed for Alternative 3
in 2035 are presented in Table 7. The maximum modeled NO, 1-hour concentration was estimated to be
74.2 ppb and included a background concentration of 51.1 ppb. This maximum 1-hour NO, concentration
occurred at receptor R1 — 800 Atlantic Avenue. All of the modeled 1-hour NO, concentrations at all of
the receptors modeled for Alternative 3 in 2035 were well below the 1-hour NO, National and
Massachusetts standard of 100 ppb.

The maximum modeled Annual NO, concentrations at each of the receptors analyzed for Alternative 3 in
2035 are also presented in Table 7. The maximum modeled NO, Annual concentration was estimated to
be 20.8 ppb and included a background concentration of 19.5 ppb. This maximum annual concentration
occurred at receptor R1 — 800 Atlantic Avenue. All of the modeled Annual NO, concentrations at all of
the receptors modeled for Alternative 3 in 2035 were well below the Annual NO, National and
Massachusetts standard of 53 ppb.

Table 7 - Maximum Modeled 1-Hour and Annual NO, Concentrations for Alternative 3 in 2035

1-Hour NO, Annual NO,
Receptor Receptor Concentration® Concentration”
ID No. Description (ppb) (ppb)
R1 800 Atlantic Avenue 74.2 20.8
R2 800 Atlantic Avenue-ROOF 52.0 19.5
R3 183 Beach Street 63.2 20.3
R4 183 Beach Street-ROOF 52.6 19.6
R5 711 Atlantic Ave 59.6 20.2
R6 711 Atlantic Ave-ROOF 53.7 19.6
R7 200 Essex Street 59.3 20.3
R8 200 Essex Street-ROOF 522 19.6
R9 1 Financial Center, Boston 58.7 20.4
October 2014 South Station Expansion
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1-Hour NO, Annual NO,
Receptor Receptor Concentration® Concentration”
ID No. Description (ppb) (ppb)
R10 1 Financial Center, Boston-ROOF 51.2 19.5
R11 Dewey Square Plaza Farmer's Market 57.7 204
R12 201 South Street, Boston 64.2 20.4
R13 143 South Street, Boston 57.8 20.0
R14 89 South Street, Boston 56.4 20.1
R15 Leather District Park, Essex Street, Boston. 56.3 20.3
R16 | Boston Fiduciary Trust Bldg. at 175 Federal St, Boston 56.4 20.1
Rose Fitzgerald Kennedy Greenway Conservancy Bldg.
R17 at 185 Kneeland Street 67.0 20.6
R18 Reggie Wong Memorial Park, Kneeland Street, Boston 58.9 20.4
R19 150 Lincoln Street (office Bldg.) 58.2 20.3
R20 1 Lincoln Street (office Bldg.) 57.6 20.3
R21 100 Summer St, Boston, 54.7 19.8
R22 Dewey Square Park 56.9 20.5
R23 Park at Congress Street and Atlantic Avenue 56.4 20.5
R24 Fort Point Channel Parks 56.4 20.2
R25 Federal Reserve Bldg. at 600 Atlantic Avenue 55.8 20.2
R26 Federal Reserve Bldg.-ROOF 51.3 19.5
R27 Federal Reserve Bldg. (sitting area) 55.4 20.1
R28 280 Congress Street 56.5 20.4
R29 Park near Harbor Walk near Pearl Street Extension 54.1 19.9
R30 Restaurant at Pearl Street Extension 543 20.0
R31 Moakley Federal Courthouse, 1 Courthouse Way 52.8 19.6
R32 Fan Pier Public Green 524 19.6
R33 Business at 25 Thomson Place, Boston 533 19.7
R34 Restaurant at 63 Melcher Street 53.8 20.0
R35 Wormwood Park, A Street, Boston 553 20.1
R36 Binford Street Park 55.6 19.9
R37 Gillette Park, Boston 54.7 19.8
R38 Restaurant at 98 A Street, Boston 54.9 20.0
R39 Diner at 75 W Broadway, Boston 54.4 20.0
R40 Flaherty Park, W. 3" Street 53.2 19.7
R41 Tai Tung Park, Tyler Street 56.9 19.9
R42 Eliot Norton Park, Tremont Street 53.5 19.6
R43 Millicent Way Park 53.2 19.6
R44 Peters Park 52.8 19.6
R45 Dorchester Ave, 150 feet south of Summer Street 56.1 20.3
R46 Dorchester Ave, 800 feet south of Summer Street 58.0 20.4
R47 Dorchester Ave, 1500 feet south of Summer Street 58.1 20.4
R48 Dorchester Ave, 2100 feet south of Summer Street 57.8 20.1
R49 Fidelity Building at 245 Summer Street 55.4 20.2
R50 Fidelity Building at 245 Summer Street-ROOF 51.8 19.5

* - Concentrations include a 1-hour NO, background concentration of 51.1 ppb.
® _ Concentrations include an Annual NO, background concentration of 19.5 ppb.
The National Ambient Air Quality Standards for NO, are: 1-hour = 100 ppb and Annual = 53 ppb.
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9. Conclusion

All of the modeled 1-hour and Annual NO, concentrations were well below the National and
Massachusetts PM, 5 standards for all future years and alternatives evaluated.
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Attachment T SSX Stationary Source GHG Table
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EUI Summary for Building Energy Modeling

End Use " " . . Residential GHG|Office/Retail GHG Office/Retail |Terminal Expansion|Terminal Expansion
Category Hotel GHG Baseline Hotel GHG Mitigated Residential GHG Baseline N GHG Mitigated |GHG Baseline GHG Mitigated
(:';’\;‘d““’"c‘i Areal 0,000 280,000 280,000 280,000 440,000 440,000 205,000 205,000
Unconditioned |,
21,800 21,800 21,800 21,800 R R 200,000 200,000
Area (sf)
Description EUI (kBtu/sf) EUI (kBtw/sf) EUI (kBtw/sf) EUI (kBtu/sf) EUI (kBtu/sf) EUI (kBtw/sf) EUI (kBtu/sf) EUI (kBtu/sf)
Interior Lighting 10.43 8.35 6.26) 5.01 7.18] 491 18.81 15.05
Exterior Lighting 1.95 1.95 1.95 1.95 0.54 0.54] 5.76) 4.61
Process Loads 8.07| 8.07| 18.16 15.13 11.13 11.13 53.15 53.15
Space Heating 25.52 19.31 8.89] 5.53 31.76 22.56] 18.25 10.5]
Space Cooling 7.05 1.63 9.27 2.27 2.82) 2.34] 7.49) 6.65]
Heat Rejection 0.42 | 0.47 0.38) 0.34] 0.98] 1
Pumps 0.19) 2.51 0.11 3.71 1.31 1.37 5.1 6.44)
Fans 5.25 5.88) 1.2] 7.2 5.7] 5.39) 7.59 7.25
Service Hot Water 12.84 12.48 12.84 12.48 1.47] 1.47 2.73] 2.73]
Total EUI 71.3) 60.6 58.7 53.7 62.3) 50.1 119.9] 107.4
End Use GHG Baseline Case | GHG Mitigated Case | CBECS/RECS Comparison [CBECS/RECS
Category EUL kBtu/sf EUIL kBtu/sf EUI kBtu/sf Category
Hotel 71.3 60.6 132.1 Lodging
Residential 58.7 53.7 62.4 Apartments 5+ units
. 73.5 Retail
Office/Retail 62,3 50.1 e
132.1 Office
Terminal 1199 107.4 90.8 Public Assembly

Expansion




Project Related Stationary Source CO2 Emissions

Emissions Factors: Source
Natural Gas CO2 Emissions (Ibs/therm) 11.69 EIA voluntary Reporting of Greenhouse Gasses Program
Natural Gas CO2 Emissions (lbs/MBtu) 116.900 http://www.eia.gov/oiaf/1605/reporting_tools.html
Electricity CO2 Emissions (lbs/MWh) 719 ISO New England Electric Generator Air Emissions Report
Electricity CO2 Emissions (lbs/MBtu) 210.739 http://www.iso-ne.com/genrtion_resrcs/reports/emission/2012_em
Gas CO2 Electric CO2 Total CO2
Gas Use (MBtu) Electric Use (MBtu) |Emissions (Ibs) [Emissions (lbs) |Emissions (tons)
Hotel Baseline (JD1) 10743 9222 1255798 1943476 1600
Hotel Proposed (JD1) 8899 8067 1040340 1700010 1370
Residential Baseline
(JD2&3) 6083 10345 711114 2180073 1446
Residential Proposed
(JD2&3) 5043 10005 589562 2108422 1349
Office/Retail Baseline
(JD4-6) 14622 12782 1709277 2693601 2201
Office/Retail Proposed
(JD4-6) 10575 11450 1236194 2412981 1825
SSX Baseline 4300 20270 502717 4271593 2387
SSX Proposed 2712 19299 317033 4066966 2192
Baseline 35748 52618 4178906 11088744 7634
Proposed 27230 48821 3183129 10288378 6736
Water Wastewater
Alternative 3 use, gpd 453,090 411,900
Energy use, kWh/year 33,076 195,447
CO, Emissions, tons/year 11.9 70.3



http://www.eia.gov/oiaf/1605/reporting_tools.html
http://www.iso-ne.com/static-assets/documents/committees/comm_wkgrps/prtcpnts_comm/pac/reports/2012/final_2010_emissions_report_v2.pdf

TOTAL ENERGY USE (MBTU)

INTERIOR LIGHTING | MISC. EQUIPMENT | SPACE HEATING | SPACE COOLING | HEAT REJECTION PUMPS FANS DHW EXIERIOR TOTAL (R
LIGHTING Reduction

Hotel Baseline 2920 2259 7146 1975 0 53 1470 3596 546 19965

Hotel Proposed 2337 2259 5405 456 117 704 1647 3494 546 16966

ezl Eeelie 1752 5084 2488 2597 0 32 336 3595 546 16428
Residential

Proposed 1402 4236 1550 634 131 1039 2017 3494 546 15048
Office/Retail

Baseline 3160 4805 13975 1241 165 575 2506 647 240 27403
Office/Retail

Proposed 2159 4895 9928 1030 151 604 2372 647 240 22025

SSX Baseline 3856 10896 3741 1535 200 1045 1557 559 1180 24570

SSX Proposed 3085 10896 2153 1363 204 1320 1487 559 945 22011 16%







Hotel Baseline

Run Date/Time: 08/08/14 @ 18:55

I Electric Consumption (kWh)

(x00Q)yy -

300 1

200 ¢
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0 T T T T T T T T

(x000,Q00,000)

zII!Hﬂﬂﬂﬂﬂﬂ

°©

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

I Gas Consumption (Btu)

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

[ ] Area Lighting B Pumps & Aux. B Space Heating

B Task Lighting [ ventilation Fans L] Refrigeration

I Misc. Equipment [ Water Heating [ Heat Rejection

[J Exterior Usage M Ht Pump Supp. [ | Space Cooling
Electric Consumption (kWh x000)

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Total
Space Cool 0.0 0.3 2.1 5.3 56.0 112.0 157.2 139.5 88.4 21.3 1.0 0.4 583.4
Heat Reject. = = = = = = = = = = = = =
Refrigeration = S = = = = = = = = = = -
Space Heat = = = = = = = = = = = = =
HP Supp. = = = = = = = = = = = = -
Hot Water = = = = = = = = = = = = -
Vent. Fans 45.4 40.5 43.1 36.4 43.7 47.5 50.4 50.4 46.9 39.6 40.6 44.9 529.4
Pumps & Aux. 2.7 2.4 2.5 1.8 0.4 = = = 0.0 0.9 2.3 2.6 15.6
Ext. Usage 15.8 12.3 13.6 13.2 9.8 9.5 9.8 15.1 14.6 15.1 15.3 15.8 159.9
Misc. Equip. 56.2 50.8 56.2 54.5 56.2 54.4 56.3 56.2 54.4 56.3 54.2 56.3 662.0
Task Lights - - - - - - - - - - - - -
Area Lights 72.7 65.6 72.6 70.5 72.6 70.4 72.8 72.6 70.4 72.8 70.0 72.8 855.6
Total 192.7 171.8 190.0 181.7 238.7 293.8 346.5 333.8 274.8 206.0 183.3 192.6 2,805.8
Gas Consumption (Btu x000,000,000)
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Total

Space Cool - - - - - - - - - - - - -
Heat Reject. = = = = = = = = = = = = =
Refrigeration = S = = = = = = = = = = -
Space Heat 1.96 1.56 1.26 0.50 0.05 = = = = 0.14 0.95 1.63 8.05
HP Supp. = S = = = = = = S S = = -
Hot Water 0.33 0.31 0.35 0.33 0.32 0.29 0.28 0.27 0.26 0.27 0.28 0.31 3.60
Vent. Fans - - - - - - - - - - - - -
Pumps & Aux. - - - - - - - - - - - - -
Ext. Usage = = = = = = = = = = = = -
Misc. Equip. - - - - - - - - - - - - -
Task Lights - - - - - - - - - - - - -
Area Lights - - - - - - - - - - - - -
Total 2.29 1.87 1.61 0.83 0.37 0.29 0.28 0.27 0.26 0.42 1.24 1.94 11.65
eQUEST 3.64.7130 Monthly Energy Consumption by Enduse Page 1



Hotel Proposed

Run Date/Time: 08/08/14 @ 18:53

I Electric Consumption (kWh)
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200 1

100

(x000,400,000)
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I Gas Consumption (Btu)

:II!HHHHHHHHI

0 T T

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

[ ] Area Lighting B Pumps & Aux. B Space Heating

B Task Lighting [l ventilation Fans L] Refrigeration

[ Misc. Equipment [ Water Heating [ Heat Rejection

[J Exterior Usage M Ht Pump Supp. [ | Space Cooling
Electric Consumption (kWh x000)

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Total
Space Cool 0.1 0.2 1.0 2.0 14.7 30.5 48.1 40.4 22.6 5.9 0.5 0.3 166.3
Heat Reject. - 0.0 0.0 0.1 2.2 6.2 12.1 9.4 4.2 0.3 0.0 0.0 34.5
Refrigeration o = = = o o o o o o o o -
Space Heat = = = = = = = = = = = = =
HP Supp. = = = = = = = = = = = = -
Hot Water = = = = = = = = = = = = -
Vent. Fans 42.0 36.2 38.2 33.4 40.0 43.8 47.9 47.6 42.1 36.7 35.4 40.6 484.0
Pumps & Aux. 1.9 2.2 5.1 6.6 19.0 26.4 29.4 29.4 26.5 15.4 3.4 2.8 167.8
Ext. Usage 15.8 12.3 13.6 13.2 9.8 9.5 9.8 15.1 14.6 15.1 15.3 15.8 159.9
Misc. Equip. 56.2 50.8 56.2 54.5 56.2 54.4 56.3 56.2 54.4 56.3 54.2 56.3 662.0
Task Lights - - - - - - - - - - - - -
Area Lights 58.2 52.5 58.1 56.4 58.1 56.3 58.3 58.1 56.3 58.3 56.0 58.3 684.8
Total 174.0 154.2 172.2 166.2 200.0 227.1 261.9 256.2 220.8 187.9 164.8 174.0 2,359.4
Gas Consumption (Btu x000,000,000)
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Total

Space Cool = = o o = = = = = = = = -
Heat Reject. = = = = = = = = = = = = =
Refrigeration = S = = = = = = = = = = -
Space Heat 1.48 1.15 0.92 0.37 0.05 - - - 0.00 0.12 0.68 1.22 5.99
HP Supp. - - - - - - - - - - - - -
Hot Water 0.32 0.30 0.34 0.32 0.31 0.28 0.27 0.26 0.25 0.27 0.28 0.31 3.49
Vent. Fans - - - - - - - - - - - - -
Pumps & Aux. - - - - - - - - - - - - -
Ext. Usage = = = = = = = = = = = = -
Misc. Equip. - - - - - - - - = = = = -
Task Lights = = = = = = = = = = = = -
Area Lights - - - - - - - - - - - - -
Total 1.80 1.46 1.25 0.69 0.36 0.28 0.27 0.26 0.25 0.39 0.96 1.53 9.49
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Residential Baseline

Run Date/Time: 08/08/14 @ 18:55

I Electric Consumption (kWh)

(x00Q)yy -

300 1

(x00G,000,000)

| 0.

200 T 0.

1 0.
100 1

| 0.

0 T T T T T T T T T T T T 0

07

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

I Gas Consumption (Btu)
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Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

[ ] Area Lighting B Pumps & Aux. B Space Heating

B Task Lighting [ ventilation Fans L] Refrigeration

I Misc. Equipment [ Water Heating [ Heat Rejection

[J Exterior Usage M Ht Pump Supp. [ | Space Cooling
Electric Consumption (kWh x000)

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Total
Space Cool 0.8 1.9 8.2 24.5 95.4 132.5 161.1 149.1 116.1 61.9 7.0 2.5 760.9
Heat Reject. = = = = = = = = = = = = =
Refrigeration = S = = = = = = = = = = -
Space Heat = = = = = = = = = = = = =
HP Supp. = = = = = = = = = = = = -
Hot Water = = = = = = = = = = = = -
Vent. Fans 5.8 4.2 3.2 2.2 9.4 14.4 18.6 16.9 11.9 5.4 1.9 4.5 98.4
Pumps & Aux. 1.8 1.6 1.6 0.8 0.0 = = = = 0.2 1.5 1.7 9.3
Ext. Usage 15.8 12.3 13.6 13.2 9.8 9.5 9.8 15.1 14.6 15.1 15.3 15.8 159.9
Misc. Equip. 126.5 114.2 126.4 122.7 126.4 122.5 126.6 126.4 122.5 126.6 121.9 126.6 1,489.5
Task Lights - - - - - - - - - - - - -
Area Lights 43.6 39.4 43.5 42.3 43.6 42.2 43.7 43.6 42.2 43.7 42.0 43.7 513.4
Total 194.2 173.6 196.5 205.7 284.6 321.2 359.9 351.1 307.3 253.0 189.5 194.8 3,031.3
Gas Consumption (Btu x000,000,000)
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Total

Space Cool - - - - - - - - - - - - -
Heat Reject. = = = = = = = = = = = = =
Refrigeration = S = = = = = = = = = = -
Space Heat 0.74 0.54 0.35 0.05 0.00 = = = = 0.00 0.23 0.57 2.49
HP Supp. = = = = = S S = = = = = -
Hot Water 0.33 0.31 0.35 0.33 0.32 0.29 0.28 0.27 0.26 0.27 0.28 0.31 3.59
Vent. Fans - - - - - - - - - - - - -
Pumps & Aux. - - - - - - - - - - - - -
Ext. Usage = = = = = = = = = = = = -
Misc. Equip. - - - - - - - - - - - - -
Task Lights - - - - - - - - - - - - -
Area Lights - - - - - - - - - - - - -
Total 1.08 0.85 0.70 0.37 0.32 0.29 0.28 0.27 0.26 0.28 0.52 0.89 6.08
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Residential Proposed

Run Date/Time: 08/08/14 @ 18:53
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Space Heating
Refrigeration

Heat Rejection
Space Cooling

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Total
Space Cool 0.2 0.4 1.7 3.8 20.5 33.1 44.0 39.4 26.9 11.6 1.0 0.5 183.1
Heat Reject. 0.0 0.0 0.0 0.2 2.7 6.7 12.2 9.7 4.9 0.7 0.0 0.0 37.3
Refrigeration - - - - - - - - - - - - -
Space Heat = = = = = = = = = = = = =
HP Supp. = = = = = = = = = = = = -
Hot Water = = = = = = = = = = = = -
Vent. Fans 30.9 22.6 17.1 5.5 24.6 37.8 46.1 43.8 33.0 13.3 10.6 23.5 308.7
Pumps & Aux. 1.6 2.0 5.1 7.6 21.9 26.4 28.4 28.3 26.7 18.4 3.2 2.2 171.8
Ext. Usage 15.8 12.3 13.6 13.2 9.8 9.5 9.8 15.1 14.6 15.1 15.3 15.8 159.9
Misc. Equip. 105.4 95.2 105.4 102.2 105.4 102.1 105.5 105.4 102.1 105.5 101.6 105.5 1,241.3
Task Lights - - - - - - - - - - - - -
Area Lights 34.9 31.5 34.8 33.9 34.9 33.8 35.0 34.9 33.8 35.0 33.6 35.0 410.9
Total 188.7 164.0 177.8 166.4 219.8 249.4 281.0 276.6 242.1 199.7 165.2 182.4 2,513.0
Gas Consumption (Btu x000,000)
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Total

Space Cool - - - - - - - - - - - - -
Heat Reject. = = = = = = = = = = = = =
Refrigeration = S = = = = = = = = = = -
Space Heat 511.3 363.7 233.0 29.1 0.4 = = = = 2.1 149.6 393.8 1,683.1
HP Supp. = = = = - - - - - - - - -
Hot Water 324.8 303.9 337.5 321.0 309.9 278.3 268.5 256.8 247.2 265.3 275.2 305.3 3,493.7
Vent. Fans = = = = = = = = = = = = -
Pumps & Aux. = = = = = = = = = = = = -
Ext. Usage = = = = = = = = = = = = =
Misc. Equip. = = = = = = = = = = = = -
Task Lights = 3 = = = = = = = = = = -
Area Lights - - - - - - - - - - - - -
Total 836.1 667.6 570.5 350.1 310.4 278.3 268.5 256.8 247.2 267.4  424.8 699.1 5,176.8
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Offine/Retail Baseline

Run Date/Time: 06/23/14 @ 19:29

I Electric Consumption (kWh)
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T T T T T T T T T T T T

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

| N

Area Lighting
Task Lighting
Misc. Equipment
Exterior Usage

Electric Consumption (kWh x000)

Jan
Space Cool 0.7
Heat Reject. 0.0
Refrigeration -
Space Heat =
HP Supp. =
Hot Water =
Vent. Fans 71.0
Pumps & Aux. 2.6
Ext. Usage 7.0
Misc. Equip. 120.2
Task Lights -
Area Lights 79.7
Total 281.3

Feb
0.0

63.5
1.7
5.4

108.7

71.0
250.4

Gas Consumption (Btu x000,000,000)

Jan
Space Cool -
Heat Reject. =
Refrigeration -
Space Heat
HP Supp. -
Hot Water
Vent. Fans -
Pumps & Aux. -
Ext. Usage -
Misc. Equip. -
Task Lights =
Area Lights =
Total

Feb

Mar Apr
0.7 4.1
0.0 0.2

68.1 55.9
2.3 4.0
6.0 5.8

120.2 124.8
77.8 79.0
275.1 273.9

Mar Apr

2.04 1.15

0.06 0.06

2.10 1.21

B Pumps & Aux.
[l ventilation Fans
[ water Heating
M Ht Pump Supp.

May Jun
34.7 62.8
3.6 8.6
49.5 57.6
19.3 27.4
4.1 4.0
120.2 119.8
76.5 75.3
307.9 355.6

May Jun
0.38 0.12
0.06 0.05
0.44 0.17

I Gas Consumption (Btu)

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

BN

Space Heating
Refrigeration

Heat Rejection
Space Cooling

Aug Sep
83.3 53.6
12.4 6.0
64.8 54.1
31.0 26.9

6.7 6.5
120.2 119.8
76.6 76.3
394.9 343.3

Aug Sep
0.09 0.19
0.05 0.05
0.13 0.24

Nov

Dec

Total
363.7
48.4

734.2
168.3
70.2
1,434.3

926.0
3,745.0

eQUEST 3.64.7130

Monthly Energy Consumption by Enduse

Page 1



Office/Retail Proposed

Run Date/Time: 06/23/14 @ 19:30

I Electric Consumption (kWh)

(x00Q)yy -

300 1

il

(x000,Q00,000)

2.

°©

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

0-

I Gas Consumption (Btu)

5

o]

o I
o-———-.

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

[ ] Area Lighting B Pumps & Aux. B Space Heating

B Task Lighting [ ventilation Fans L] Refrigeration

I Misc. Equipment [ Water Heating [ Heat Rejection

[J Exterior Usage M Ht Pump Supp. [ | Space Cooling
Electric Consumption (kWh x000)

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Total
Space Cool 3.1 2.5 3.3 5.0 27.3 49.9 81.6 66.3 40.7 14.0 4.6 3.3 301.7
Heat Reject. 0.0 - 0.0 0.2 3.3 7.9 15.2 11.5 5.3 0.9 0.0 0.0 44.4
Refrigeration = = = = = = = = = = = = -
Space Heat 2.3 1.9 1.9 1.2 0.4 0.2 0.1 0.1 0.3 0.8 1.6 2.1 12.8
HP Supp. = = = = = = = = = = = = -
Hot Water = = = = = = = = = = = = -
Vent. Fans 68.5 60.9 64.5 51.7 46.5 54.5 64.8 61.0 51.6 50.4 55.4 65.2 694.8
Pumps & Aux. 5.3 3.9 4.1 5.2 19.0 26.7 32.3 30.0 26.4 13.2 5.7 5.1 177.0
Ext. Usage 7.0 5.4 6.0 5.8 4.1 4.0 4.1 6.7 6.5 6.7 6.8 7.0 70.2
Misc. Equip. 120.2 108.7 120.2 124.8 120.2 119.8 125.3 120.2 119.8 125.2 104.5 125.3 1,434.3
Task Lights - - - - - - - - - - - - -
Area Lights 55.9 48.9 53.0 53.3 51.3 50.3 52.6 51.5 51.7 55.0 50.0 59.2 632.6
Total 262.2 232.2 253.1 247.2 272.2 313.4 376.0 347.3 302.2 266.2 228.7 267.1 3,367.7
Gas Consumption (Btu x000,000,000)
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Total

Space Cool - - - - - - - - - - - - -
Heat Reject. = = = = = = = = = = = = =
Refrigeration = S = = = = = = = = = = -
Space Heat 2.18 1.70 1.45 0.76 0.23 0.06 0.04 0.05 0.12 0.38 1.10 1.81 9.88
HP Supp. = = = = = = = = = = = = -
Hot Water 0.06 0.06 0.06 0.06 0.06 0.05 0.05 0.05 0.05 0.05 0.05 0.06 0.65
Vent. Fans - - - - - - - - - - - - -
Pumps & Aux. = = = = = = = = = = = = -
Ext. Usage = = = = = = = = = = = = -
Misc. Equip. - - - - - - - - - - - - -
Task Lights - - - - - - - - - - - - -
Area Lights - - - - - - - - - - - - -
Total 2.23 1.75 1.51 0.82 0.29 0.12 0.10 0.10 0.16 0.43 1.15 1.87 10.53
eQUEST 3.64.7130 Monthly Energy Consumption by Enduse Page 1



Terminal Expansion Baseline

Run Date/Time: 06/26/14 @ 15:47

I Electric Consumption (kWh)

(x00Q)y -

500 7

(004,696,

I Gas Consumption (Btu)

400:
300:
200 7
100:
0~ T T T T T

800 1
600:
400:
200:
T T T T T T 0

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

[ ] Area Lighting B Pumps & Aux. B Space Heating

B Task Lighting [l ventilation Fans L] Refrigeration

I Misc. Equipment [ Water Heating [ Heat Rejection

[J Exterior Usage M Ht Pump Supp. [ | Space Cooling
Electric Consumption (kWh x000)

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Total
Space Cool 5.6 6.6 9.8 19.2 45.1 68.8 97.2 84.1 57.0 32.0 14.4 10.0 449.9
Heat Reject. 0.1 0.1 0.2 0.7 4.7 10.1 18.0 14.5 7.6 2.2 0.5 0.2 58.7
Refrigeration o & = = o o o o o o o o -
Space Heat = = = = = = = = = = = = =
HP Supp. = = = = = = = = = = = = -
Hot Water = = = = = = = = = = = = -
Vent. Fans 28.0 26.1 30.1 30.9 43.0 48.3 56.3 54.3 44.2 37.4 28.3 28.9 456.1
Pumps & Aux. 10.2 11.5 17.1 27.0 32.4 33.5 36.2 35.3 32.2 31.4 22.7 16.8 306.3
Ext. Usage 36.1 30.2 30.1 25.7 23.6 21.3 22.6 25.3 27.8 32.2 34.1 36.9 345.7
Misc. Equip. 270.1 244.5 271.5 264.0 271.5 262.6 271.6 271.5 262.6 271.6 259.4 271.6 3,192.5
Task Lights - - - - - - - - - - - - -
Area Lights 101.5 89.0 96.9 90.3 92.1 86.7 90.6 92.0 92.1 98.7 97.8 102.1 1,129.8
Total 451.6 408.0 455.7 457.9 512.3 531.2 592.4 576.9 523.6 505.5 457.3 466.5 5,939.0
Gas Consumption (Btu x000,000)
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Total

Space Cool = = = = = = = = = = = = -
Heat Reject. = = = = = = = = = = = = =
Refrigeration = S = = = = = = = = = = -
Space Heat 900.8 751.2 547.8 228.7 75.1 9.7 - 1.5 8.5 107.7 387.3 722.8 3,741.2
HP Supp. - - - - - - - - - - - - -
Hot Water 53.9 51.0 56.8 52.1 50.7 43.7 40.8 39.0 37.0 40.2 45.3 48.8 559.2
Vent. Fans - - - - - - - - - - - - -
Pumps & Aux. - - - - - - - - - - - - -
Ext. Usage = = = = = = = = = = = = -
Misc. Equip. - - - - - - - - - - - - -
Task Lights - - - - - - - - - - - - -
Area Lights - - - - - - - - - - - - -
Total 954.7 802.2 604.6 280.8 125.7 53.4 40.8 40.5 45.5 147.9 432.6 771.7 4,300.4
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Terminal Expansion Proposed

Run Date/Time: 06/26/14 @ 15:47

I Electric Consumption (kWh)

(x00Q)y -

500 1
400 1
3007
200 7

100 1

(XOO%&BO

500 7

I Gas Consumption (Btu)

7 400 -

7 300:

iii ii I II
7 100 - !

O 1 O | T | B A N o HWWWMH

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

Area Lighting
Task Lighting
Misc. Equipment
Exterior Usage

| N

Electric Consumption (kWh x000)

Pumps & Aux. [ |
Ventilation Fans L]
Water Heating [ |
Ht Pump Supp. [ |

NEN

Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

Space Heating
Refrigeration

Heat Rejection
Space Cooling

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Total
Space Cool 12.1 11.4 14.2 18.5 36.0 55.1 80.7 69.4 45.8 26.4 15.7 14.0 399.3
Heat Reject. 0.3 0.3 0.4 1.0 4.9 9.8 17.4 14.0 7.8 2.6 0.8 0.5 59.8
Refrigeration = S = = = = = = = = = = -
Space Heat 1.2 1.0 0.9 0.5 0.2 0.0 0.0 0.0 0.0 0.2 0.7 1.0 5.7
HP Supp. = = = = = = = = = = = = -
Hot Water = = = = = = = = = = = = -
Vent. Fans 27.7 25.6 29.3 30.0 40.7 45.6 52.8 51.0 41.4 35.6 27.6 28.3 435.5
Pumps & Aux. 31.0 28.1 31.6 31.3 33.4 33.2 35.8 34.8 32.7 33.0 31.0 30.8 386.7
Ext. Usage 28.9 24.2 24.1 20.6 18.9 17.0 18.1 20.2 22.2 25.7 27.3 29.5 276.8
Misc. Equip. 270.1 244.5 271.5 264.0 271.5 262.6 271.6 271.5 262.6 271.6 259.4 271.6 3,192.5
Task Lights - - - - - - - - - - - - -
Area Lights 81.2 71.2 77.6 72.2 73.7 69.4 72.5 73.6 73.7 79.0 78.2 81.7 903.9
Total 452.5 406.2 449.6 438.1 479.2 492.7 548.9 534.5 486.2 474.2 440.8 457.3 5,660.2
Gas Consumption (Btu x000,000)
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Total

Space Cool - - - - - - - - - - - - -
Heat Reject. = = = = = = = = = = = = =
Refrigeration = S = = = = = = = = = = -
Space Heat 500.3 412.0 315.3 142.0 49.2 6.2 1.7 1.6 6.2 66.8 229.6 402.5 2,133.3
HP Supp. - - - - - - - - - - - - -
Hot Water 53.9 51.0 56.8 52.1 50.7 43.7 40.8 39.0 37.0 40.2 45.4 48.8 559.3
Vent. Fans - - - - - - - - - - - - -
Pumps & Aux. - - - - - - - - - - - - -
Ext. Usage = = = = = = = = = = = = -
Misc. Equip. = - - - = = = = = = = = -
Task Lights - - - - - - - - - - - - -
Area Lights - - - - - - - - - - - - -
Total 554.2 463.0 372.1 194.0 99.9 49.9 42.5 40.6 43.2 107.0 274.9 451.3 2,692.6
eQUEST 3.64.7130 Monthly Energy Consumption by Enduse Page 1
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Table C10. Consumption and Gross Energy Intensity by Climate Zone® for Non-Mall

Buildings, 2003

Sum of Major Fuel
Consumption

Total Floorspace
of Buildings

Energy Intensity for
Sum of Major Fuels
(thousand Btu/

(trillion Btu) (million square feet) square foot)
Zone | Zone | Zone | Zone | Zone | Zone | Zone | Zone | Zone | Zone | Zone | Zone | Zone | Zone | Zone
1 2 3 4 5 1 2 3 4 5 1 2 3 4 5
All Buildings™ ......cocvvenineniennnnnns 990 1,761 1,134 1,213 724 10,622 17,335 11,504 15,739 9,584 932 101.6 985 770 755
Building Floorspace
(Square Feet)
1,001 10 5,000 ....coviviiieieieene 143 187 90 170 95 1,313 1,709 1,010 1,915 975 108.7 109.6 88.8 89.0 97.9
5,001 to 10,000 .... 110 137 91 156 69 1,248 1,725 1,077 2,024 959 881 793 846 771 717
10,001 t0 25,000 .....ooovvrveieeriine 183 286 146 166 118 2,406 3,506 1,498 3,176 2,073 759 816 97.6 523 56.9
25,001 t0 50,000 .....cccvvruviiirieinns 146 212 125 152 107 1,547 2,424 1,382 2,381 1,647 944 876 90.3 63.7 64.8
50,001 to 100,000 149 273 183 191 118 1,480 2,780 2,011 2,352 1,668 100.8 98.0 90.8 812 70.6
100,001 to 200,000 .......cccvevenenne 117 336 187 283 141 1,311 2,889 1,881 2,597 1,538 89.4 116.3 99.2 1091 91.7
200,001 to 500,000 .......cccvrvennne 129 226 168 136 94 1,150 2,007 1,678 1,612 1,047 1118 1125 99.8 84.1 89.6
Over 500,000 .......ccoeevvvrveniieieniens Q 272 254 132 Q 1,073 1,766 1,966 1,573 1,282 Q 153.8 1294 83.9 Q
Principal Building Activity
Education ..o 141 238 131 186 123 1,537 2,800 1,403 2,435 1,698 916 852 935 766 726
Food Sales ......cccooeviieiiiieee Q Q Q Q Q 271 368 Q 273 Q Q Q Q Q Q
Food Service ......ccccevvvniicireennne 52 96 Q 134 Q 227 400 219 440 366 230.1 238.7 Q 3054 Q
Health Care ........ccccevvvniiiice 96 161 108 145 83 475 784 564 844 496 202.4 2058 191.4 171.9 167.7
Inpatient .........cccooiiiiiii 65 127 Q 127 Q 262 450 323 592 278 246.1 283.3 Q 215.0 Q
Outpatient ........ccceoeveriicinee. Q 34 Q Q Q 213 334 240 252 218 Q 101.5 Q Q Q
Lodging ..ccveeveiieieee e 69 174 110 104 Q 768 1,314 1,132 1,275 608 90.1 132.1 Q 814 Q
Retail (Other Than Mall). 73 64 54 74 55 710 865 695 1,454 592 103.0 735 77.7 507 92.0
OffiCe oo 145 364 298 162 165 1,593 3,165 3,125 2,341 1,985 90.7 1149 954 693 83.2
Public Assembly ........cccccceevenieenne 90 74 70 101 35 876 818 806 910 529 102.2 90.8 Q 1111 6538
Public Order and Safety ................ Q Q Q Q Q Q 360 Q Q Q Q Q Q Q Q
Religious Worship .......cc.ccccceeruennen. 26 62 26 31 19 408 1,320 499 1,039 488 629 469 528 294 382
SErVICe ..ooviiiiiicieiee e 95 84 64 49 Q 944 1,185 644 969 308 1004 712 995 503 Q
Warehouse and Storage ............... 78 201 73 73 31 1,704 2,639 1,479 2419 1,836 457 76.1 495 30.1 16.9
Other .....ccoviiiieieeee Q Q Q Q Q 334 467 Q Q Q Q Q Q Q Q
Vacant ... Q Q Q Q Q 543 849 Q 569 318 Q Q Q Q Q
Year Constructed
Before 1920 ......ccccovvviiiiiiiices 109 99 Q Q Q 1,227 1,413 731 290 Q 886 70.2 89.0 Q Q
192010 1945 ..o, 86 262 199 57 Q 1,089 2266 1,985 1,239 405 79.3 1155 100.2 457 Q
1946 to 1959 .... 86 236 124 114 28 1,093 2,508 1,446 1,663 562 787 942 86.0 683 499
1960 t0 1969 ....oovviiriiiiiieiceieie 156 254 158 141 81 1,447 2576 1,576 1,997 1,046 108.0 98.8 1003 705 77.7
197010 1979 i 274 344 212 217 143 2,496 3,259 1,942 2,783 1,796 109.8 105.7 109.2 779 79.9
1980 to 1989 .... 110 343 222 354 217 1,123 2,808 2,110 3,850 2,576 98.2 1222 105.3 919 843
1990 to 1999 .... 195 266 164 371 264 2,120 2,655 1,764 4,207 3,235 92.2 1003 93.1 883 81.6
2000 t0 2003 .....cooevvieiiiieeieeeiens 69 124 98 112 108 934 1,322 949 1,601 1,456 736 93.5 103.3 700 744
Census Region and Division
Northeast ........cceevviiiiiiie 211 597 588 N N 2,567 5,989 5,440 N N 822 99.8 108.0 N N
New England ..........ccccevviiinnenne. 62 282 N N N Q 2,463 N N N 63.1 1145 N N N
Middle Atlantic ..........ccccccccrrnenee. Q 315 588 N N 1,577 3,526 5,440 N N 942 894 108.0 N N
Midwest ......cccoeviiiiiiiie 573 1,112 114 N N 5,910 10,584 1,609 N N 97.0 1051 705 N N
East North Central ...................... 333 1,010 N N N 3,208 9,215 N N N 103.8 109.6 N N N
West North Central ..................... 240 102 114 N N 2,702 Q 1,609 N N 889 746 705 N N
SOUth .o N N 472 997 796 N N 4,736 11,506 10,497 N N 99.7 866 758
South Atlantic ........c.ccccceeverenene N N 311 635 296 N N 3,065 7,126 3,807 N N 1014 89.0 77.7
East South Central ..................... N N Q Q Q N N Q Q Q N N 1123 785 98.9
West South Central .................... N N Q 195 457 N N Q 2,255 6,258 N N Q 86.7 73.0
WeSt .. 302 219 Q 389 84 3,052 2,234 718 6,125 692 99.0 982 964 635 121.0
Mountain .......cccoeveeiiieiiee 244 136 N N 65 2,446 1,181 N N 580 99.9 1155 N N 1129
Pacific ...cooeeiieee Q 83 Q 389 Q Q Q 718 6,125 Q 951 788 964 635 Q
Energy Information Administration
2003 Commercial Buildings Energy Consumption Survey: Consumption and Expenditures Tables 305



Table US1. Total Energy Consumption, Expenditures, and Intensities, 2005
Part 1: Housing Unit Characteristics and Energy Usage Indicators

Energy Consumption2

Energy Expenditures2

Number of | Floorspace
Members per Per Per Per Per
Housing Unit Characteristics and Energy u.s. Total U.S. Per Square | Total U.S. Per
Usage Indicators per Household o Household - Household | Square
9 Hou§gholds Household |(Square Feet) (quadrillion Hqt{sehold Member Foot (billion Household Member Foot
(millions) Btu) (million Btu) . (thousand | Dollars) (Dollars)
(million Btu) Btu) (Dollars) (Dollars)
Climate Zone1
Less than 2,000 CDD and--
Greater than 7,000 HDD...........c.cccceeieeene 10.9 2.49 2,534 1.29 117.9 47.4 46.5 21.67 1,982 797 0.78
5,500 to 7,000 HDD 26.1 2.50 2,346 3.00 115.0 45.9 49.0 49.37 1,894 756 0.81
4,000 to 5,499 HDD 27.3 2.60 2,205 2.78 101.7 39.1 46.1 50.74 1,859 715 0.84
Fewer than 4,000 HDD..........cc.cccceiiininenn. 24.0 2.61 1,966 1.83 76.4 29.2 38.8 38.05 1,587 607 0.81
2000 CDD or More and--
Less than 4,000 HDD............cccccceeviieiennne 22.8 2.60 1,971 1.65 724 27.9 36.7 41.23 1,808 696 0.92
Type of Housing Unit and
Number of Bedrooms
Single-Family Homes
Detached.........ccccoiiiimriirncrecee e 721 2.73 2,720 7.81 108.4 39.7 39.8 148.42 2,060 755 0.76
Less than 3 Bedrooms..........c.ccccceerueneene 12.3 2.06 1,917 1.09 89.0 43.3 46.4 20.50 1,671 812 0.87
3 BedroomsS.......ccceevueeiinieieeiesienieeee 38.8 2.65 2,568 3.91 100.9 38.1 39.3 74.63 1,924 727 0.75
4 Bedrooms.......cccceveeiieiinieeeeseeee 171 3.14 3,370 2.18 127.5 40.6 37.8 41.47 2,424 771 0.72
5 or More Bedrooms..........ccccceeviiienncnne. 3.9 3.81 3,920 0.62 160.2 421 40.9 11.82 3,043 799 0.78
Attached..........cccoovrviinnnin s 7.6 248 1,941 0.68 89.3 36.1 46.0 12.14 1,598 645 0.82
Less than 3 Bedrooms..........cccccevveeneen. 3.5 2.03 1,414 0.26 74.1 36.5 524 4.62 1,320 650 0.93
3 BedroomsS.......ccceevueiieneeieeieneenieeee 3.2 2.67 2,124 0.31 96.3 36.1 45.3 5.56 1,753 657 0.83
4 or More Bedrooms..........cccceceeveenuenienne 0.9 3.53 3,307 0.1 123.1 34.9 37.2 1.95 2,116 600 0.64
Apartments in
2 to 4 Unit Buildings..........ccccvvvviernnnnnenne 7.8 242 1,090 0.66 85.0 35.1 78.0 12.06 1,556 643 1.43
Less than 2 Bedrooms..........ccccceeevieennnee 2.0 1.71 809 0.16 791 46.3 97.8 2.65 1,346 788 1.66
2 Bedrooms 43 2.45 1,092 0.32 74.7 30.5 68.4 5.96 1,383 565 1.27
3 or More Bedrooms.........c.cccovvveinnnene 1.5 3.29 1,459 0.18 123.0 374 84.3 3.45 2,342 712 1.60
5 or More Unit Buildings.........c.ccocoereenene 16.7 2.04 872 0.91 54.4 26.7 62.4 18.03 1,077 528 1.24
Less than 2 Bedrooms............ccccceeeueeeee 7.9 1.47 672 0.37 46.4 317 69.0 7.21 914 624 1.36
2 Bedrooms.......coceieeiieninieseee e 74 2.34 978 0.45 60.7 259 62.1 8.88 1,195 510 1.22
3 or More Bedrooms..........c.ccocveieeicinens 1.4 3.64 1,425 0.09 66.2 18.2 46.5 1.94 1,365 375 0.96
Mobile Homes.................. 6.9 2.47 1,059 0.49 70.4 28.5 66.5 10.42 1,501 608 1.42
Less than 3 Bedrooms... 35 2.05 838 0.22 63.0 30.8 75.2 4.64 1,339 654 1.60
3 or More Bedrooms............ccoeevcvvvnennenn... 3.5 2.89 1,279 0.27 77.8 26.9 60.8 5.78 1,663 575 1.30

highlighted entries are used in EUI comparison

Energy Information Administration
2005 Residential Energy Consumption Survey: Energy Consumption and Expenditures Tables
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Alternative 1

Solar PV Financial Analysis Template
Inputs and Assumptions

Items in red require Proponent scrutiny

Project and Customer Cost Assumptions
Solar Photovoltaic System Size
Available Roof Area
available area paneled (allowance for interpanel spacing,
setback from roof edge, equipment shadow, etc.)
Panel area
Panel rating
PV array

Total System Cost/Watt
installed cost

multiplier for roof structure
Installed cost

Project Performance and Savings/ Cost Assumptions
Annual Net Capacity Factor

Annual Production Degradation

Project Life

Depreciation Life

Electricity Revenue (Avoided Costs)

Electricity Revenue (Avoided Costs) Annual Adjustor
Solar Renewable Energy Certificate (SREC) Auction Price
SREC Auction Opt-In Term

SREC Revenue Annual Adjustor

Annual Operations and Maintenance Cost Factor
Annual Operations and Maintenance Adjustor
Future Inverter Replacement Cost

Inverter Life, Replace Every X Years

Tax Assumptions

Financing Assumptions
% Financed w/ Cash
% Financed w/ Loan
Loan Interest Rate
Loan Period
Customer Discount Rate

Value Units

70,000 sf
50%

35,000 sf
12 W/sf DC
420 kW peak DC

5.80 $/W rated DC

1
5.80 $/W rated DC

not used: Used PVWatt output
directly as 1st year output, cell
D47

model default
20 yrs
model default
0.13 $/kWh
3%
0.257
model default
model default
model default
model default
model default
15 yrs

model default

100%
0%
9%

20 yrs
8%

Source

estimate
estimate

calc.
estimate
calc.

MassCEC database, average of 10

projects of closest capacity
estimate
calc.

Model default represents estimate of

MA average. Recent DOER info

indicates 13.21% actual. {PVWatt is

more project-specific.
assumed
recent project experience

assumed
floor price from draft regulations

industry standard

assumed
calc.



Alternative 1, Third Party Owned

Key
Entry Cells
Calculation Cells (Not for Entry)

Select Taxable or Non-Taxable Entity

Project and Customer Cost Assumptions
Solar Photovoltaic System Size
Total System CostWatt
Total System Cost ~ ——————————»

CEC Rebate Assumptions
Rebate$ per/Watt
Total Rebate

Project Performance and Savings/ Cost Assumptions
Annual Net Capacity Factor
Annual Production Degradation
Project Life
Depreciation Life
Electricity Revenue (Avoided Costs;
Electricity Revenue (Avoided Costs) Annual Adjustor
Solar Renewable Energy Certificate (SREC) Auction Price
SREC Auction Opt-In Term
SREC Revenue Annual Adjustor
SREC Contract Price
SREC Contract Term
Annual Operations and Maintenance Cost Factor
Annual Operations and Maintenance Cost
Annual Operations and Maintenance Adjustor
Euture Inverter Replacement Cost
Inverter Life, Replace Every X Years

ﬂ

Watts (DC STC)

$/Watt (DC STC)

2,436,000.00

kW (DC STC) to kWh AC
%

Years

Years

Slkwh

%

$/kWh

Years (must be equal to or less than project life)
%

$/kWh

Years (must be equal to or less than project life)
$/kW/Year

S/Year
%
S/Watt (DC STC)

Year (must be equal to or less than project life)

PV Financial Analysis - Transportation only with tax and credits 6.24.2014

Tax Assumptions
Federal Tax Rate
State Tax Rate
Effective Tax Rate
Federal Tax Credit
State Tax Deduction
5 Year Depreciation Schedule (MACRS)
Depreciation
Asset Basis
Gross Cost
Rebate
Less 50% of Federal Tax Credit

Asset Basis

Financing Assumptions

% Financed w/ Cash

% Financed w/ Loan

Loan Interest Rate

Loan Period

Net Cost

Customer Discount Rate

Loan

$ 2,436,000



Alternative 1, MassDOT Owned

Key
Entry Cells
Calculation Cells (Not for Entry)

Select Taxable or Non-Taxable Entity

Project and Customer Cost Assumptions
Solar Photovoltaic System Size
Total System CostWatt
Total System Cost =~ ————————————»

CEC Rebate Assumptions
Rebate$ per/Watt
Total Rebate

Project Performance and Savings/ Cost Assumptions
Annual Net Capacity Factor
Annual Production Degradation
Project Life
Depreciation Life
Electricity Revenue (Avoided Costs;
Electricity Revenue (Avoided Costs) Annual Adjustor
Solar Renewable Energy Certificate (SREC) Auction Price
SREC Auction Opt-In Term
SREC Revenue Annual Adjustor
SREC Contract Price
SREC Contract Term
Annual Operations and Maintenance Cost Factor
Annual Operations and Maintenance Cost
Annual Operations and Maintenance Adjustor
Euture Inverter Replacement Cost
Inverter Life, Replace Every X Years

ﬂ

Watts (DC STC)

$/Watt (DC STC)

2,436,000.00

kW (DC STC) to kWh AC
%

Years

Years

Slkwh

%

$/kWh

Years (must be equal to or less than project life)
%

$/kWh

Years (must be equal to or less than project life)
$/kW/Year

S/Year
%
S/Watt (DC STC)

Year (must be equal to or less than project life)

PV Financial Analysis - Transportation only without tax and credits 6.24.2014

Tax Assumptions
Federal Tax Rate
State Tax Rate
Effective Tax Rate
Federal Tax Credit
State Tax Deduction
5 Year Depreciation Schedule (MACRS)
Depreciation
Asset Basis
Gross Cost
Rebate
Less 50% of Federal Tax Credit

Asset Basis

Financing Assumptions

% Financed w/ Cash

% Financed w/ Loan

Loan Interest Rate

Loan Period

Net Cost

Customer Discount Rate

Loan

20.00%
5.00%

$ 2,436,000
$ -
$ -

$ 2,436,000

$ 2,436,000



9/4/2014 Cost Data is not used - see separate calcs for project specific costing

+:iNREL
»~:INIXEL RESULTS l|61 '603 kWh per Year

Caution: Photovoltaic system performance predictions

calculated by PVWatts® include many inherent

assumptons and uncertainties and do not reflect Month Solar Radiation AC Energy Energy Value
variations between PV technologies nor site-specific
characteristics except as represented by PVWatts® ( kwh / m2 / day ) ( kWh ) ( $ )

inputs. For example, PV modules with better

performance are not differentiated within PVWatts®

from lesser performing modules. Both NREL and January 2.22 22,045 2
private companies provide more sophisticated PV
modeling tools (such as the System Advisor Model at
http://sam.nrel.gov) that allow for more precise and February 3'27 30’035 3
complex modeling of PV systems.
March 3.99 39,666 4
April 4.76 44,633 4
Disclaimer: The PVWatts® Model ("Model") is
provided by the National Renewable Energy
Laboratory ("NREL"), which is operated by the Alliance May 5.73 53,467 5
for Sustainable Energy, LLC ("Alliance") for the U.S.
Department Of Energy ("DOE") and may be used for
oy prpos whasoever, June 5.85 51,508 5
The names DOE/NREL/ALLIANCE shall not be used in July s 19 55 338 6
any representation, advertising, publicity or other " ’
manner whatsoever to endorse or promote any entity
that adopts or uses the Model. DOE/NREL/ALLIANCE August 5.59 50,929 5
shall not provide
any support, consulting, traning or assistance of any September 4.64 41,336 4
kind with regard to the use of the Model or any
updates, revisions or new versions of the Model. October 3.42 32,375 3
. s
YOU AGREE TO INDEMNIFY DOE/NREL/ALLIANCE,
AND ITS AFFILIATES, OFFICERS, AGENTS, AND November 2.42 22,021 2

EMPLOYEES AGAINST ANY CLAIM OR DEMAND,
INCLUDING ~ REASONABLE ~ ATTORNEYS'  FEES,

RELATED TO YOUR USE, RELIANCE, OR ADOPTION December 1.95 18,249 2

OF THE MODEL FOR ANY PURPOSE WHATSOEVER.

THE MODEL IS PROVIDED BY DOE/NREL/ALLIANCE

"AS IS AND ANY EXPRESS OR IMPLIED Annual 417 461’603 $ 46

WARRANTIES, INCLUDING BUT NOT LIMITED TO THE

IMPLIED WARRANTIES OF MERCHANTABILITY AND
FITNESS FOR A PARTICULAR PURPOSE ARE

EXPRESSLY DISCLAIMED. IN NO EVENT SHALL

DOE/NREL/ALLIANCE BE LIABLE FOR ANY SPECIAL, Location and Station Identification

INDIRECT OR CONSEQUENTIAL DAMAGES OR ANY

DAMAGES WHATSOEVER, INCLUDING BUT NOT

LIMITED TO CLAIMS ASSOCIATED WITH THE LOSS Requested Location Boston South Station
OF DATA OR PROFITS, WHICH MAY RESULT FROM
ANY ACTION IN CONTRACT, NEGLIGENCE OR OTHER
TORTIOUS CLAIM THAT ARISES OUT OF OR IN Weather Data Source BOSTON LOGAN INT'L ARPT, MASSACHUSETTS
‘CONNECTION WITH THE USE OR PERFORMANCE OF (TMY3)
THE MODEL.
Latitude 42.37° N
Longitude 71.02° W

PV System Specifications (Commercial)

DC Rating 420 kW

DC to AC Derate Factor 0.77

Array Type Fixed (roof mount)
Array Tilt 10°

Array Azimuth 180°

Initial Economic Comparison

Average Cost of Electricity Purchased from 0.00 $/kWh
Utility

Cost of Electricity Generated by System 0.32 $/kWh

These values can be compared to get an idea of the cost-effectiveness of this system. However, system costs, system financing
options (including 3rd party ownership) and complex utility rates can significantly change the relative value of the PV system.

http://pvwatts.nrel.gov/pvwatts.php


http://pvwatts.nrel.gov/pvwatts.php

Alternative 3

Solar PV Financial Analysis Template
Inputs and Assumptions
Items in red require Proponent scrutiny

Project and Customer Cost Assumptions Value Units Source
Solar Photovoltaic System Size
Available Roof Area 25,000 sf estimate
available area paneled (aIIovyance for interpanel spacing, 50% estimate
setback from roof edge, equipment shadow, etc.)
Panel area 12,500 sf calc.
Panel rating 12 W/sf DC estimate
PV array 150 kW peak DC calc.

Total System Cost/Watt

installed cost

multiplier for roof structure
Installed cost

Project Performance and Savings/ Cost Assumptions

Annual Net Capacity Factor

Annual Production Degradation

Project Life

Depreciation Life

Electricity Revenue (Avoided Costs)

Electricity Revenue (Avoided Costs) Annual Adjustor
Solar Renewable Energy Certificate (SREC) Auction Price
SREC Auction Opt-In Term

SREC Revenue Annual Adjustor

Annual Operations and Maintenance Cost Factor
Annual Operations and Maintenance Adjustor
Future Inverter Replacement Cost

Inverter Life, Replace Every X Years

Tax Assumptions

Financing Assumptions

% Financed w/ Cash

% Financed w/ Loan
Loan Interest Rate

Loan Period

Customer Discount Rate

6.30 $/W rated DC

1
6.30 $/W rated DC

not used: Used PVWatt output
directly as 1st year output, cell
D47

model default
20 yrs
model default
0.13 $/kWh
3%
0.257
model default
model default
model default
model default
model default
15 yrs

model default

100%
0%
9%

20 yrs
8%

MassCEC database, average of 10

projects of closest capacity
estimate
calc.

Model default represents estimate of

MA average. Recent DOER info

indicates 13.21% actual. {PVWatt is

more project-specific.
assumed
recent project experience

assumed
floor price from draft regulations

industry standard

assumed
calc.



Alternative 3, Third Party Owned

Key
Entry Cells
Calculation Cells (Not for Entry)

Select Taxable or Non-Taxable Entity

Project and Customer Cost Assumptions
Solar Photovoltaic System Size
Total System CostWatt
Total System Cost =~ ——————————»

CEC Rebate Assumptions
Rebate$ per/Watt
Total Rebate

Project Performance and Savings/ Cost Assumptions
Annual Net Capacity Factor
Annual Production Degradation
Project Life
Depreciation Life
Electricity Revenue (Avoided Costs;
Electricity Revenue (Avoided Costs) Annual Adjustor
Solar Renewable Energy Certificate (SREC) Auction Price
SREC Auction Opt-In Term
SREC Revenue Annual Adjustor
SREC Contract Price
SREC Contract Term
Annual Operations and Maintenance Cost Factor
Annual Operations and Maintenance Cost
Annual Operations and Maintenance Adjustor
Euture Inverter Replacement Cost
Inverter Life, Replace Every X Years

ﬂ

Watts (DC STC)

$/Watt (DC STC)

945,000.00

kW (DC STC) to kWh AC
o

%

Years

Years

Slkwh

%

$/kWh

Years (must be equal to or less than project life)
%

$/kWh

Years (must be equal to or less than project life)
$/kW/Year

s 263svear

%

S/Watt (DC STC)

Year (must be equal to or less than project life)

PV Financial Analysis - Full build with tax 6.24.2014

Tax Assumptions
Federal Tax Rate
State Tax Rate
Effective Tax Rate
Federal Tax Credit
State Tax Deduction
5 Year Depreciation Schedule (MACRS)
Depreciation
Asset Basis
Gross Cost
Rebate
Less 50% of Federal Tax Credit

Asset Basis

Financing Assumptions

% Financed w/ Cash

% Financed w/ Loan

Loan Interest Rate

Loan Period

Net Cost

Customer Discount Rate

Loan




Alternative 3, MassDOT Owned

Key
Entry Cells
Calculation Cells (Not for Entry)

Select Taxable or Non-Taxable Entity

Project and Customer Cost Assumptions
Solar Photovoltaic System Size
Total System CostWatt
Total System Cost =~ ————————————»

CEC Rebate Assumptions
Rebate$ per/Watt
Total Rebate

Project Performance and Savings/ Cost Assumptions
Annual Net Capacity Factor
Annual Production Degradation
Project Life
Depreciation Life
Electricity Revenue (Avoided Costs;
Electricity Revenue (Avoided Costs) Annual Adjustor
Solar Renewable Energy Certificate (SREC) Auction Price
SREC Auction Opt-In Term
SREC Revenue Annual Adjustor
SREC Contract Price
SREC Contract Term
Annual Operations and Maintenance Cost Factor
Annual Operations and Maintenance Cost
Annual Operations and Maintenance Adjustor
Euture Inverter Replacement Cost
Inverter Life, Replace Every X Years

ﬂ

Watts (DC STC)

$/Watt (DC STC)

945,000.00

kW (DC STC) to kWh AC
%

Years

Years

Slkwh

%

$/kWh

Years (must be equal to or less than project life)
%

$/kWh

Years (must be equal to or less than project life)
$/kW/Year

s 263 svear

%

S/Watt (DC STC)

Year (must be equal to or less than project life)

PV Financial Analysis - Full build without tax 6.24.2014

Tax Assumptions
Federal Tax Rate
State Tax Rate
Effective Tax Rate
Federal Tax Credit
State Tax Deduction
5 Year Dy iation Schedule (MACRS)
Depreciation
Asset Basis
Gross Cost
Rebate
Less 50% of Federal Tax Credit

Asset Basis

Financing Assumptions

% Financed w/ Cash

% Financed w/ Loan

Loan Interest Rate

Loan Period

Net Cost

Customer Discount Rate

Loan

20.00%
5.00%

945,000

leo [en [en

$ 945,000

$ 945,000



01412014 Cost Data is not used - see separate calcs for project specific costing

+:iNREL
»~:INIXEL RESULTS 1 6[|'858 kWh per Year

Caution: Photovoltaic system performance predictions

calculated by PVWatts® include many inherent

assumptons and uncertainties and do not reflect Month Solar Radiation AC Energy Energy Value
variations between PV technologies nor site-specific
characteristics except as represented by PVWatts® ( kwh / m2 / day ) ( kWh ) ( $ )

inputs. For example, PV modules with better

performance are not differentiated within PVWatts®

from lesser performing modules. Both NREL and January 2.22 7,873 1
private companies provide more sophisticated PV
modeling tools (such as the System Advisor Model at
http://sam.nrel.gov) that allow for more precise and February 3'27 10’727 1
complex modeling of PV systems.

March 3.99 14,167 1

April 4.76 15,940 2
Disclaimer: The PVWatts® Model ("Model") is
provided by the National Renewable Energy
Laboratory ("NREL"), which is operated by the Alliance May 5.73 19,096 2
for Sustainable Energy, LLC ("Alliance") for the U.S.
Department Of Energy ("DOE") and may be used for
oy prpos whasoever, June 5.85 18,396 2
The names DOE/.NREL/ALLIANCE shall rbu?t be used in July 619 19,764 2
any representation, advertising, publicity or other
manner whatsoever to endorse or promote any entity
that adopts or uses the Model. DOE/NREL/ALLIANCE August 5.59 18,189 2
shall not provide
any support, consulting, training or assisince of any September 4.64 14,763 1
kind with regard to the use of the Model or any
updates, revisions or new versions of the Model. October 3.42 11,562 1
. s

YOU AGREE TO INDEMNIFY DOE/NREL/ALLIANCE,
AND ITS AFFILIATES, OFFICERS, AGENTS, AND November 2.42 7,865 1

EMPLOYEES AGAINST ANY CLAIM OR DEMAND,
INCLUDING ~ REASONABLE ~ ATTORNEYS'  FEES,

RELATED TO YOUR USE, RELIANCE, OR ADOPTION December 1.95 6,517 1

OF THE MODEL FOR ANY PURPOSE WHATSOEVER.

THE MODEL IS PROVIDED BY DOE/NREL/ALLIANCE

"AS IS AND ANY EXPRESS OR IMPLIED Annual 417 164’858 $ 16

WARRANTIES, INCLUDING BUT NOT LIMITED TO THE

IMPLIED WARRANTIES OF MERCHANTABILITY AND
FITNESS FOR A PARTICULAR PURPOSE ARE

EXPRESSLY DISCLAIMED. IN NO EVENT SHALL

DOE/NREL/ALLIANCE BE LIABLE FOR ANY SPECIAL, Location and Station Identification

INDIRECT OR CONSEQUENTIAL DAMAGES OR ANY

DAMAGES WHATSOEVER, INCLUDING BUT NOT

LIMITED TO CLAIMS ASSOCIATED WITH THE LOSS Requested Location Boston South Station
OF DATA OR PROFITS, WHICH MAY RESULT FROM
ANY ACTION IN CONTRACT, NEGLIGENCE OR OTHER
TORTIOUS CLAIM THAT ARISES OUT OF OR IN Weather Data Source BOSTON LOGAN INT'L ARPT, MASSACHUSETTS
‘CONNECTION WITH THE USE OR PERFORMANCE OF (TMY3)
THE MODEL.
Latitude 42.37° N
Longitude 71.02° W

PV System Specifications (Commercial)

DC Rating 150 kW

DC to AC Derate Factor 0.77

Array Type Fixed (roof mount)
Array Tilt 10°

Array Azimuth 180°

Initial Economic Comparison

Average Cost of Electricity Purchased from 0.00 $/kWh
Utility

Cost of Electricity Generated by System 0.35 $/kWh

These values can be compared to get an idea of the cost-effectiveness of this system. However, system costs, system financing
options (including 3rd party ownership) and complex utility rates can significantly change the relative value of the PV system.

http://pvwatts.nrel.gov/pvwatts.php


http://pvwatts.nrel.gov/pvwatts.php
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SSX Appendix 12- Greenhouse Gas Emissions

Attachment E- Layover Locomotives CO2 Emissions

Number of Trains Idle Time per Train Total Idling Time Idling Time Idling Emissions ?VIZ?/??\ISYT?:: ROML::/?nLn'I'pinl?:x Moving Emissions
Per Day (Hours) (Mins) (Secs) CO2 (grams/day) CO2 (grams/day)

WIDETT CIRCLE LAYOVER
Existing Conditions 0 1:00 0 0 0.0 0 0.000 0.0
2025 No Build 0 1:00 0 0 0.0 0 0.000 0.0
2025 Build 30 1:00 1800 108000 12137796.0 5 0.167 2160895.5
2035 No Build 0 1:00 0 0 0.0 0 0.000 0.0
2035 Build 30 1:00 1800 108000 12137796.0 5 0.167 2160895.5
BEACON PARK YARD LAYOVER
Existing Conditions 0 1:00 0 0 0.0 0 0.000 0.0
2025 No Build 0 1:00 0 0 0.0 0 0.000 0.0
2025 Build 20 1:00 1200 72000 8091864.0 11 0.367 3169313.4
2035 No Build 0 1:00 0 0 0.0 0 0.000 0.0
2035 Build 20 1:00 1200 72000 8091864.0 11 0.367 3169313.4
READVILLE YARD 2 LAYOVER
Existing Conditions 10 1:00 600 36000 4045932.0 26 0.867 3745552.2
2025 No Build 10 1:00 600 36000 4045932.0 26 0.867 3745552.2
2025 Build 18 1:00 1080 64800 7282677.6 26 0.867 6741994.0
2035 No Build 10 1:00 600 36000 4045932.0 26 0.867 3745552.2
2035 Build 18 1:00 1080 64800 7282677.6 26 0.867 6741994.0

Idling Trains CO2 Moving Trains CO2 -II;I?;?/IirI\:“gg;
(Tons/Yr) (Tons/Yr)

WIDETT CIRCLE LAYOVER
Existing Conditions 0.0 0.0 0.0
2025 No Build 0.0 0.0 0.0
2025 Build 4883.5 869.4 5752.9
2035 No Build 0.0 0.0 0.0
2035 Build 4883.5 869.4 5752.9
BEACON PARK YARD LAYOVER (with 20 Trains)
Existing Conditions 0.0 0.0 0.0
2025 No Build 0.0 0.0 0.0
2025 Build 3255.7 1275.1 4530.8
2035 No Build 0.0 0.0 0.0
2035 Build 3255.7 1275.1 4530.8
READVILLE YARD 2 LAYOVER
Existing Conditions 1627.8 1507.0 3134.8
2025 No Build 1627.8 1507.0 3134.8
2025 Build 2930.1 2712.6 5642.7
2035 No Build 1627.8 1507.0 3134.8
2035 Build 2930.1 2712.6 5642.7

Average layover time of 60 minutes, 30 minutes after arrival plus 30
minutes before departure.

ASSUMPTIONS*:

Throttle Notch and Fuel Consumption rates are from:
Locomotive Emission Standards EPA-420-R-98-101 April 1998,
http://www.epa.gov/otag/documents/420r98101.pdf

All MBTA locomotives use EMD 16-645E3B ENGINE

ASSUME ONLY IDLING AND NOTCH 1 WILL BE USED IN THE STUDY AREA

MBTA IDLING FUEL CONSUMPTION RATE 39.6|gallon/hr
MBTA MOVING FUEL CONSUMPTION RATE 42.3|gallon/hr
CO2 EMISSION RATE 10217]|g/gallon fuel
MBTA Locomotives Idling Power Rating (hp) 17

9b. MBTA Locomotives power rating at Notch 1 (hp) 105

http://www.epa.gov/nonroad/locomotv/420f09025.pdf
*Assumptions based on data from the Layover Facility Alternatives Analysis.
Massachusetts Department of Transportation. March 2013.



http://www.epa.gov/otaq/documents/420r98101.pdf
http://www.epa.gov/nonroad/locomotv/420f09025.pdf
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South Station Expansion
Summary Of Regional Air Quality Results

(Emissions in kilograms)

AM (6 - 9 AM) MD (9AM - 3PM) PM (3 - 6 PM) NT (6PM - 12AM) DAILY

Regional Total Base Year 2035 NoBuild 2035TIO 2035 MAXLU 2035MINLU | BaseYear 2035NoBuild 2035TIO 2035 MAXLU 2035MINLU | BaseYear 2035NoBuild 2035TIO 2035 MAXLU 2035MINLU | BaseYear 2035NoBuild 2035TIO 2035 MAXLU 2035MINLU | Base Year 2035 No Build 2035 TIO 2035 MAXLU 2035 MIN LU
co 79,439 59,564 59,312 59,358 59,347 129,305 97,569 97,464 97,452 97,434 92,533 69,153 68,929 68,993 68,999 104,684 80,222 80,121 80,092 80,092 406,062 306,605 305,923 305,991 305,969
NOXx 14,211 5,557 5,542 5,546 5,545 25,010 9,559 9,547 9,545 9,544 16,130 6,217 6,202 6,207 6,207 17,353 6,823 6,814 6,813 6,813 73,535 28,984 28,933 28,939 28,936
voc 2,276 1,176 1,170 1,172 1,171 4,003 2,033 2,029 2,028 2,028 2,812 1,451 1,445 1,448 1,447 2,790 1,435 1,433 1,433 1,432 11,914 6,127 6,110 6,113 6,112
co2 9,000,438 7,931,175 7,893,681 7,905,345 7,903,596 | 15,682,012 13,915,673 13,892,829 13,886,869 13,884,783 | 11,492,867 10,137,071 10,098,195 10,116,586 10,114,115 | 11,595,023 10,068,696 10,052,719 10,051,186 10,049,831 | 47,813,393 42,095,665 41,980,474 42,003,037 41,995,375
S02 229 202 201 201 201 401 355 354 354 354 293 259 258 258 258 296 257 257 257 257 1,220 1,072 1,069 1,070 1,070
PM10 377 182 182 182 182 623 236 235 235 235 374 164 163 164 164 387 198 197 197 197 1,761 780 780 780 780
PM2.5 384 196 196 196 196 628 254 254 254 254 380 177 177 177 177 392 210 210 210 210 1,800 854 853 853 853
Notes:

CO emissions assumed for January. Other emissions assumed for July.

Transit emission factors are from FTA 2013 New Starts guidance

FTA does not have transit emissions factors for SO2 nor PM10. Hence transit emissions for these 2 pollutants were not calculated.

FTA's transit emission factor for CO2 is for CO2 equivalents (CO2e). Hence, these CO2e numbers were incorporated into the overall CO2 totals

FTA provides emission factors for 2 types of diesel commuter rail locomotives - Used/Current and Brand New. The emissions in this chart were calculated assumed the used/current locomotive factors.

Daily emissions totals will not equal the sum of the 4 time periods because they also incorporate transit boat emissions, which was only available on a daily basis.
Emissions reductions from auto diversions due to South Coast Rail considered in this analysis.

2/28/2014






Phase | Archaeological Reconnaissance Survey Technical Report

Attachment Y Correspondence

October 2014 South Station Expansion
Massachusetts Department of Transportation



Phase | Archaeological Reconnaissance Survey Technical Report

This page intentionally left blank

October 2014 South Station Expansion
Massachusetts Department of Transportation



The Commonwealth of Massachusetts
William Francis Galvin, Secretary of the Commonwealth
Massachusetts Historical Commission

April 9, 2013 'G’%’

Secretary Richard K. Sullivan, Jr.

Executive Office of Energy and Environmental Affairs
100 Cambridge Street, Suite 900

Boston MA 02114

ATTN: Holly Johnson, MEPA Unit

RE: South Station Expansion Project, Summer Street & Atlantic Avenue, Boston (Downtown), MA;
MHC# RC.53253, EEA# 15028

Dear Secretary Sullivan:

The Massachusetts Historical Commission (MHC) is in receipt of an Environmental Notification Form
(ENF) for the project referenced above. The staff of the Massachusetts HlStOI‘ICdl Commlsalon (MHC)
has reviewed the information submitted and has the following comments.

This project involves the proposed expansion of terminal facilities at South Station (“SSX project”),
including acquisition and demolition of the US Postal Service mail distribution facility located adjacent to
South Station at 25 Dorchester Avenue, the proposed extension of the Boston Harborwalk along a
reopened Dorchester Avenue, provisions for the potential future public/private redevelopment adjacent to
and over an expanded South Station, and a provision for rail vehicle layover areas for both intercity and
commmuter rail services. The ENF notes that the SSX project, regardless of the alternative ultimately
chosen, will involve funding and permitting fram the Federal Railroad Administration (FRA) and other
federal agencies, inciuding the U.S. Deparituent of Transporiation, and is therefore subject to review
under Section 106 of the National Historic Preservation Act (36 CFR 800), Section 4(f) of the Department
of Transportation Act (23 CFR 774) and NEPA.

The proposed project site includes the South Station Head House (BOS.1517) which is individually listed
on the State and National Registers of Historic Places, and is adjacent to the Leather District Historic
District (BOS.AP) and the Fort Point Channel Historic District (BOS.CX), which are also listed in the
State and National Registers.

The No Build Alternative included in the ENF would involve no private development or expansion of
South Station beyond the prev1ously proposed South Statlon A1r Rights prOJect The South Stat1on Alr .

220 Morrissey Boulevard, Boston, Massachusetts 02125
(617) 727-8470 + Fax: (617) 727-5128
www.sec.state.ma.us/mhc



Rights project (EEA# 3205/9131; MHC# RC.9138) was previously reviewed by the MHC. After
consultation with the MBTA regarding this separate project, the MHC and the MBTA entered into a
Memorandum of Agreement (MOA) for that project. The MHC expects that any potential changes to the

separate air rights project would be subject to consultation with the MHC under the terms of the existing
MOA.

The ENF notes that MassDOT has not currently identified a preferred build-out alterna<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>