W

A o . 2t
. .

dﬁﬁ&kl: R

‘ -

i,,ﬁapsh‘!re .
pitol COrTi

idor Rail &T rénsn e

New /4/44%,.1;4’)47}3




” _.-'r -
;’U En ;J'(,-.i Ly JATVE

Department of Transportation

Table of Contents

1
2
3
4

5

New Hampshire Capitol Corridor Rail & Transit Alternatives Analysis (Parts A & B)

Task 9: Service Development Ptadovember2014

Project Purpose and Need SUMMALY.........cciviiieeie et e e e e e e e e e aeees 1
TASK ODJECHIVES. ..ceiiiiiiieiiie e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e 1
SDP Report OrganiZatiOn............oooiiiiiiiiiiiiiiieee e e e e s e re e e e eeaeaaaaaaaaaaeeaeesssaasesssaasanannnnnnes 2
Rationale, Goals, and ODJECHVES........cco i 3
4.1  Public Concern/ProjeCt NEEU. .......c.uuiiiiiiiieiee et 3
41.1 Study COrridor DYNAMICS.......ueeiieeiiiiiiieieeee et e s e e e e e e e e s s anrrneeeeeeaaaaes 4
4.1.2 Project History and Planning CONEXL...........vviiiiiiiiiiiiieeieeeeeeeeee e 4
4.1.3 Populaton and EMPIOYMENL...........oooiiiiiii e e e e e 6.
41.4 Existing and Future Land USE............coooiiiiii i re e e e e e e e e e 8
4.1.5 Economic Development and Land USE.............ovvveoiiiiiiiiiiiieeeeiiieeee e 9
4.1.6 Project NEEd SUMIMALY......uiiiiiiiiiiiiiie ettt e e e e e snneees 12
4.2  Defining the Transportation ProbIeml.............ccuviiiiiiiiiii e 14
4.2.1 Transportation Falifies and Services Travel Demand and Capacity........................ 14
4.2.2 Travel Patterns and Market Analysis...........ooooiiiiii e 16
4.3 G0AIS QNG ODJECHIVES......eeiiieiiiiiiieii e ettt e e e e s s e e e e e e s e e e e e e s ssnbr e e e e e e e e anes 18
EXiSting Corridor CONAITIONS. ........ouuiiiiieeeiiiie et e e e e e e e s enbrnn e e e e e e eanes 19
5.1 Railway FacilitieS and SEIVICES...........uuiiiiiiiiiiiiii e 19
5.1.1 Track ConfigUIation...........cooiiiii e ee e 22
5.1.2 (@11 1=T £ o] o WSO OUPPPPP 22
5.1.3 Railway Signal System and Traffic Regulation............cccevevvieeeeii, 22
5.1.4 Track Conditions and Potential for Upgrades...........ccccooviiiiiieereeiiniiiiiieeee e 23
5.1.5 Track Class and Maximum SPEEAS .......cccoiiiiiiiiiiiee e 24
5.1.6 Current Track Class and SPEEUS..........uuuviiiiiiiiiiiiiee e 25
517 TraCK CONAILIONS. .....eiiieiiiiie e e e e e 26
5.1.8 R T2 YA 2 T [ [ TP 27
5.1.9 Highway Grade CrOSSINGS......cccccceuueineiiiiiiieiteeieeeeeeeeeeeeeeeeeeeeaeaaeaaaaaaaaaaaaeaaeaaaaaaaanns 27
5.1.10 Current Rail PaSSENQEI SEIVICES .......cuuiiiiiiiiiiiieee et a e e 28
5.1.11  RaIl Freignt SEIVICE.......cueiiiiiiiiiii et 31
5.2  Highway Facilities and Level Of SEIVICE...........oiiiiiiiiiiieii e 34
5.2.1 [ [0 ] 1YY= AV =] = 1 o 34

State Project Numbers 16317 and 68067
i|Page



¢ /e
/U Env %"1',-.?, iy JSATVE

Department of Transportation

New Hampshire Capitol Corridor Rail & Transit Alternatives Analysis (Parts A & B)

Task 9: Service Development Ptadovember2014

5.2.2 Breakdown Lanes and Managed Lanes...........ccoouiiiiiiieieeiiiniiiiiieee e eeiiieneee e 35
5.2.3 HIghway LeVEl Of SEIVICE. ....coiiiiiiiiiiiiee e 36
5.24 Peak Travel SPEEMAS.......ooi e 39
5.25 Travel TIME CONIOULS .....ociiiiiiiiiiiit ettt e e 42
5.2.6 Highway Conditions SUMMALY..........cuuiiiiiiiiiiiiiieeiiireiees e e e ee s 44
5.3  COrTAOr BUS SBICES.......cciiiiiiiiiiiiie ittt s e 45
5.3.1 BOSLON EXPreSS (BX). .. eeiiiieieiiieeeeiiiiee ettt e e e e 46
5.3.2 CONCONT COBCHN. ... e e e e e e e 48
5.3.3 Massachusetts Bay Transportation Authority (MBTA).......coooeiiiiiieciiiieeeeen 49
5.34 Merrimack Valley Regional Transit Authority (MVRTA).......cccccccvvvveiinnn. 49
5.3.5 (123 aTo 10 o PP 49
5.3.6 Dartmouth COACK........ooii e 49
5.3.7 Manchester Transit AUtNOTTY (MTA). ... 49
5.3.8 Nashua Transit SYStemM (NT.S).....ccoiiiiiiiiiee e 49
5.3.9 Concord Area TranSIt (CAT ) ..o e e e e e e e e e e e 50
5.3.10 Lowell Regional Transit Authority (LRTA)......ccccciuiriiiiiiiriiiiiiieeeerere e e e e e aaa e e e 50

B SEIVICE AILBINALIVES. .....eeiiiiiiii ettt e et e e bbb e e e e e e e e e e e e 50
6.1  Preliminary Intercity Rail Service OPtiQNS.........ccuvviiiiiiiiiiiiiie e 51
6.1.1 INEEICITY 8.ttt e e e e e e e e e e e e e e e e e n e e e e e ens 53
6.1.2 INEEICITY L2, et e e e e e e e e e e e e e e s nn e e e e e e e e nnnnee s 53
6.1.3 INEEICILY 8. ..o e e e e e e e e e e e e e e e e e e e e e e e e e aeaeeeseeessassaanaannnnes 54
6.2  Preliminary Commuter Rail OPLionS...........coooiiiiiiii e 55
6.2.1 Concord Regional Rail SEIVICE.........ccoco i K7
6.2.2 Concord Commuter Rail SEIVICE. ........cuiiiiiiiiiiiiiee e 57
6.2.3 Manchester Regional Commuter Rail SErviCe..........cuvvvveeiiiiiiiiiiiiieeee e 58
6.2.4 Manchester Commuter Rail SEIVICE.........ccoiiiiiiiiiiiee i 58
6.2.5 Nashua Commuter Rail SEIVICE..........oouiiiiiiiiiiiee e 58
6.2.6 Nashua Minimum Commuter Rail SEIVICE. ..........ccoviviiiiiiii e 59
6.3  Preliminary Bus SEBE OPLONS........cooii it e e e e e e e e e e e e e aaaaaaaeeeeens 60
6.3.1 Base Service (EXiSting BUS SEIVICE)..........uuviiiiiiiiiiiiiiiee i) 60
6.3.2 EXPANAEA BASE.......oeiiiiiiiiiiiiiiiie ettt 61

State Project Number16317 and 6806A
i|lPage



¢ /e
/U Env %"1',-.?, iy JSATVE

Department of Transportation

New Hampshire Capitol Corridor Rail & Transit Alternatives Analysis (Parts A & B)

Task 9: Service Development Ptadovember2014

6.3.3 BUS ON SNOUIAEE......coiiiie e e 62
6.3.4 Expanded BUuS 0N SNOUIEL...........oiiiiieie e 66
6.4 MUItI-MO@Al OPLIONS.....eeiiiiiiiiiiie it e e s e e e e snrrn e e e e e e s aned 67
6.5  Screening Preliminary AREINALIVES...........uuuiiiiiiiiiiiireieeiier e eee e e e e e e e a7
6.6  Screening Intermediate AREINALIVES............cooiiiiiiii e e e 69
6.6.1 1= o] 2 S PP 70
6.6.2 Manchester Regional Commuter Rail.............ooiiiiiiiiiii e 72
6.6.3 Nashua Minimum Commuter Rall............ccooociiiiiiiiiiiiiiieeeeeieeeee e d A
6.6.4 EXPANAEA BASE.......oeieiiiiiiiiiiei et 75
6.6.5 BUS 0N SNOUIEE ...t 76
6.6.6 Expanded BUs 0N ShOUIAE!............cooooiiiiii e ccccrnnnnvvrsvresreeeseeeeeeeeeee e d O
6.7  Screening Intermediate AREINALIVES ........cooiiiiiiiiiii e 77
T MATKEE ANBIYSIS. ...eeeiiiieiiie ettt e e e e e e e et e e e e e s e e e e e e e e e nrnr e e e e e e e annn 80
7.1 RIdership FOIECASTIMG.........uuueeiiie ettt e e e e e e e e e e e e nnreee s 80
7.11 ARRF2 Model LIMITALIOMNS......couviiiiiiiiieeiiiee e 80
7.1.2 Aggregate Rail Ridership Forecasting Model 2.0 Overview................ooceeeeeeeecnnnnns 80
7.1.3 Project Use Of ARREZ.........iiiiete et e e e 81
7.1.4 ARRF2 Base Case Lowell Line FOreCast........ccooviiiiiiiiee i 81
7.1.5 System Operadinal CharaCteriStiCS...........uuiiiiiiiiiiiiiie e 82
7.1.6 (O e 01O 82
7.1.7 ARRF2 Lowell Line Forecast: System Operational Characteristics...................... 83
7.1.8 Base CTPP TraVel FIOWS........cccuiiiiiiiiieeaiieee ettt 83
7.2  Preliminary Intercity Rail FOrECASIS. ... .uuuiiiiiiiiiiiiiiiiee e 83
7.2.1 New Hampshire CTPP WOrKer FIQWS............cooiiiiiiiiiiiiieee e 84
7.2.2 Comparison of Observed and Forecasted Ridership...........ccccccoviiiiiiieeiiiiiiieenn. 85
7.2.3 City Boarding DiStriDULION. ...........uuiiiiieiiiieec e 85
7.2.4 Station Boarding DiStribDULIQD.............ciiiiiii e 85
7.2.5 Preliminary Ridership and Boarding Estimates................oooiiiiiiciiiiiiiieeeeee 85
7.2.6 Station Southbound Boarding Distribution.................oooiiiiiiiiiiiieeeeeee 86
7.2.7 Preliminary Estimates of Passenger MilesS...........ccuuvviviiiiiiiiiieiee e 86
7.2.8 INTEICILY 8 FOIBCASES. ... uuiiiiiiiiiiitei ittt e e e e naneees 86

State Project Number16317 and 6806A
il Page



¢ /e
/U Env %"1',-.?, iy JSATVE

Department of Transportation

New Hampshire Capitol Corridor Rail & Transit Alternatives Analysis (Parts A & B)
Task 9: Service Development Ptadovember2014

7.3 Final Estimates of Passenger MIlES........cccoo i 89
7.3.1 Forecast Reductions in AUtomMOoDbIle VIMT..........oooiiiiiiiiee e 89

8 Preferred Intercity Rail Service Design and Operations...........ccuveereeiiniiiiiieeeee e e 90
S 70 R B 1= o o T @ oTT=T o 1)V 20
8.2  Design Constraints, Assumptions, and Paradigms.............cccoooeiicciiiniiiiniiniieeeeeeeeeeee 90
8.2.1 INtercity 8 DESION OVEIVIEW ....c.eiiiieiieiiieeieee e renees 91
8.2.2 INErCItY 8 RAI SEIVICE......eeiiiiiiiii e 94

9 Preferred Intercity Rail Station and Layover FaCIlities. ... 97
9.1  DeSigN REQUITEMENLS. ........iiiiiieeeei ittt e e e e e e e e s e e e e e e s e e e e e e e e e e e nnnrneees 97
9.11 Site EVAlUALION CHItEIIA. ... .cciiiiiiiiiiiii et 99
9.1.2 Preliminary Station SItES........coooiiiiiiii e e e e e e e e 100
9.2 Nashua Station OPLIONS. .......ueiiieiiiiiiiii e e s e e s e e e e e s e nnnees 101
9.2.1 N T a1 = o O 0 1T IS 1 (= 101
9.2.2 North Nashua BEAZEEAS.........uuciiiii it e e 106
9.2.3 Bedford/Manchester AITPOrL...........oooiiiii i 109
9.3 Manchester Station OPLIONS...........uuuuiiiiiiiiiiiiirie e eeeee e e e e e e ee e e e e e e s aaseeaaanraane 113
9.3.1 Manchester: QUEEN City AVENUE..........ccciveiie e 113
9.3.2 Manchesterg Granite STrEEL.........uuuci e 114
9.3.3 Manchesterg Spring Street/Bridge SIreel...........uvvvvieiiiiiiiiieeeee e 116
9.4 ConCOord StatioN OPLIONS. ......coiiiuuieriiee ettt e e e e et e e e e e nnreeeeeas 119
9.4.1 CoNCOrdg DEPOL SHIEEL.......cco i e e e e e e e e e e e e e e e e e e e e e 120
9.4.2 CoNcordg StICKNEY AVENUE.........ccooi i a e e e e e e e e 121
9.5  Evaluation Of Station SITES.........eeiiiiiiieeiiiiee e 126
9.6 COSE ESHIMALIES ... .uuiiiiiii ettt e e e s e e e e e e e e e e e e e e e e e e e nnnnees 126
9.7  Station ReCOMMENTALIONS.........iiiiiiiiieee ittt e e eeeeas 128
9.8  LAYOVET FACIIILIES .. .eiiiieiiiiiii ettt e e e e e e 128
9.8.1 Layover Design ReqUIFEMENTS ... .....uuuiiiiiiiiiiiiiiieeieeiee et e e e e e e e e e e e e e e e e e e 128
9.8.2 SItEEVAIUALION CrItEIIA. ... eeiieeee e e e 129
9.8.3 Preliminary Layover FacCility SIteS.........oooviii i 130
9.8.4 Concord Layover Facility OptiQNS........cuuuviiiieeeiiiiieieee e 131
9.8.5 Evaluation of Layover Facility SIES..........coiiiiiiiiiieie e 134

State Project Number16317 and 6806A
iv| Page



¢ /e
/U Env %"1',-.?, iy JSATVE

Department of Transportation

New Hampshire Capitol Corridor Rail & Transit Alternatives Analysis (Parts A & B)

Task 9: Service Development Ptadovember2014

9.8.6 COSE ESHMALES. ....ceiiiiiiiiii it e e e e e s e e e e e e aanes 135
10 Preferredintercity Rail Required Capital Improvements and Capital Costs.................... 136
10.1 General Infrastructure REQUITEMENLS...........oviiiiiiiiiiiiee et e e e e 136
0 100 O I - (o3 TP TP U PP PP PPPPPPPRPRPPPRN 136
10.1.2 NHML Track Profile, Alignment, and Maximum Allowable Speeds............c......... 141
10.1.3 Setting New Passenger Speeds onthe NHML ..............ccccc i, 143
10.1.4 Estimated Costs for Track Upgrades.............coeeeeiiiiiiiiiieeeiiiiieeee e 146
10.1.5 New and RebDUIlt TraCK ..........cooiiiiiiiiiiiiiiie e 146
10.1.6  TraCk SWILCNES........ceiiiiiiieeeee e a e e e 148
10.1.7 Automatic Highway Crossing Warning (AHCW) SysStEMS.......cccevvvevvieiiieeiiieeene... 150
10.1.8 Grade Crossing Track RENEWALS...........cccccuuuiiiiiiiiiiiiiiiiiiereereeee e e e e e e e 152
O e T =1 o [0 =SSP PP P PP PPPPPP PP 152
O 0 O TS = 110 T PO TSP PP PPPPPP PP 154
10.1.11 LAYOVEr FACIHITER. .....uueiiieeiiiiiiiiie ettt e e s e e e e eeeeeas 155
10.1.12 Rightof-Way IMProVEMENTS..........oooi i rr e e e e e e e e e e e e e e 155
10.1.13 POSItive Train CONLIOL.......cuvviiiiiiiieiiiee e 155
10.1.14 Railroad APPHANCES........ccooii e a e e e e e e 156
10.2  NOMHNTraStrUCIUINE COSIS .. .uuiiiiieiiiiiiiiii e et e e e e e e e e e nneneees 156
10.2.1  Multipliers fOr AIOWANCES. ........coiiiiiiiiiiiii e 157
10.2.2  RAIINOAU SEIVICES........uiiiiiieeiiiiieii et e e e e e e e e e e e e e e nnnees 157
02 T - 1 o o PSR PPPPPRPPR 157
10.2.4  INfrastruCture CONLINGENCY........uuuuiuiiriiiiiiiiieieeireeeeeeeeeeeeeeeee e e e e e e e e e ee e e e e s e e e s sa e s saennanes 158
10.25  ROING STOCK ....ciiiiiiiiiiiiiiie e e e e e e e e e e e 158
10.2.6  Trackage RIGNLS.......cooiiiiiiiiiiiii e e e 158
10.3  Total EEMALEA COSES......uuiiiiiiiiiiiiiiiii ettt e s e e e e e e e e e nnnneeee s 159
11 Forecast Operating CoStS and REVENUES .........ccoiuuiiiiiieieiiiiiii e 160
11,1 O&M COSES... .ottt e e e e e e et et e e e bbb r e e e e e e e e e e ee e et bb e e e e as 160
11.1.1  Preliminary Estimates of O&M CQSL.......cccooiiiiiiiiiiee e 160
11.1.2  Final EStimates Of O&M COSLS.......cocoiiiiiiiiiiiec e 162
11.2 Estimated PasSeNger REVEEIS. ..........ccuuuuiiiiieiiiiiieiee e ettt e e e e e e e e s e sibbee e e e e e e aanaes 163
11.2.1  Preliminary Estimates of Passenger REVENUE..............oevveviiiiiiiiieeeeiiiiiieieee e 163

State Project Number16317 and 6806A
vlPage



¢ /e
/U Env %"1',-.?, iy JSATVE

Department of Transportation

New Hampshire Capitol Corridor Rail & Transit Alternatives Analysis (Parts A & B)
Task 9: Service Development Ptadovember2014

11.2.2 Final Estimates of Passenger REVENUE.............coiiiiiierieeiiiiiiiiee e e 163
11.3 Estimated Operating CoSt PerfOrManCEe. ..........ccuuiriiieiiiiiiiee e 164
12 Preferred Intercity Rail PUBliC BENEFIIS.......ccooiiiiiie e 164
12,01 VM e ettt e e e e e e e e e e e e e e e e e e e 164
12.1.2  Station Area Benefits and Recommendations..............cccveeimireiniieeenniieee e 164
12.1.3  ECONOMIC BENETILS....cciiiiiiiiiiiie et 166
12.1.4 EQUILY IMPACTS ...ttt e e e e e e e e s r e e e e e e 169
12.1.5 Freight Service BENefilS..........uuiiiiiiiii e 170
12.1.6  CONCIUSION. ...ttt ee ettt e e e e e s et e e e e s s e e e e e e e e annrnneeeeeeanes 172
13 Preferred Intercity Rail Implementation and FIiNanCe.............ccccvvvvvveeieeiieeieiiieeceeeceeeeeee, 172
IR A 10 T o] [T =T ¢= L1 [0 o P 172
13,2 FINMANCE. ..cei i e ittt e et e e e e et e e e e e e r e e e e e e r e e e e e e raaeas 174
13.3 Passenger Rail and Public Transportation Funding in the.U.S............cccccoeiiiiinenn. 174
13.3.1 Common Sources of State FUMG..............cooeiiiiiiiiiiieee e 174
13.3.2 Common Sources of Local FUNAING.............oooiiiiiiiiicirreeeee e 175
13.3.3 Recent History in Passenger Rail Funding...................oooeei i 175
13.4 Annual FUNAING NEEAS........cco oo e e e e ananes 177
13.5 Federal FUNAING SOUICES........uuuiiiiiiiiiiiiiiie e ee ettt e e e et e e e e e s e e e e e e snbb e e e aeeeeans 178
13.5.1 Federal Funding SourcesBFinancing TOOIS............cccuuiiiiiiiiiniiiiiie e 178
13.5.2 FHWA Congestion Mitigation and Air Quality Improvement Program.................. 178
13.5.3 FRA Discretionary Programs.........ccccooiieeieie i 179
13.5.4 USDOT Transportation Investment Generating Economic Recovery (TIGER)....179
13.5.5 USDOT Transportation Infrastructur@dtce and Innovation Act (TIFIA)............... 179
13.5.6 FRA Railroad Rehabilitation and Improvement Financing (RRIF) Program......... 180
13.6 Non-Fedeal Match Options for New Hampshire ServiCes..........ccccovvuiiiveeeiiiiiiiieennenn. 180
13.6.1 New Hampshire State Capital Programl...........ccoccvuviiiieiniiiiiiieiee e e 181
R G e T (] o T T SRR 182
13.6.3 Vehicle RegiStration FEES.......oui i 183
13.6.4 Municipal CoNtrIBULIONS........ooiiii e e e e e e e e 184
13.65 Regional Greenhouse Gas INILIAUVE. ..........ccuvuriiiiiiiiiiiiee e 185
13.6.6  PrOPEITY TAX . i ieiiiiiiiiiiiiiiie e e e e e e e e e e aaaaaeeeas 186

State Project Number16317 and 6806A
vi|Page



/U’é"xv' %"1',-.?, ;u__,aﬁ; Tve
New Hampshire Capitol Corridor Rail & Transit Alternatives Analysis (Parts A & B)
Task 9: Service Development Ptadovember2014

Department of Transportation

13.6.7  LOMEIrY REVENUES......coiiiiiieeeee e e e e e e e e e e e e e e e e 186
13.6.8 Passenger FaCility Charges.........ccuueiiiiiiiiiiiiiiee e 186
13.6.9  VAlUE CAPIUIE....cciiiiiiiiieiee ettt e e e e s e e e e s e e e e e e e nannnenes 187
L13.6.10 FArES..ciiiiiiiiiiiiiie et 188
14 ST U 010> SRR 188

Appendix A: Intercity 8 Rail Service Option Schedule
Appendix B: Detailed Cost Estimates of Stations

Appendix C: Detailed Cost Estimates of Layover Facilities

Table of Figures

Figure 4.1: New Hampshire Capital Corridor StUdy ALBa.........ccuvvvviiiiirieiiiieriereeee e 3
Figure 4.2: Current Morning Peak Highway Voldoy€apacity RatiQs...........ccccceviiviiiiireeiiiiiiiieeennn. 14
Figure 5.1: Existing Passenger Rail SEIVICES .........coiiiiiiiiii e 20

Figure 5.2: Historic and Existing Speed Profiles for NHML from Lowell, MA to Concard,.NH.....21
Figure 5.3: Historic Passenger Speeds and CurrenhF&pged for NHML from Lowell, MA to Concord,

NN PO ERPR 26
Figure 5.4: Existing NHML MBTA Passenger Rail SEIVICES........c.ccvvvviiieiieii e, 30
Figure 5.5: AMrakOWNEASTEISEIVICE. ..........uuiiiiieeeiiiiie ettt e e s r e e s s eeae s 30
Figure 5.6: New Hampshire Raads by Owner and TYPE.......ccooociiiiiiiiiiiiiiiiiiirreer e e e e 32
Figure 5.7: New Hampshire Freight Rail Traffic by Commaodity/Direction (% of carloads)........... 33
Figure 5.8: Study Corridor HIGNWEYS........cooiiiiiiieieiiiii et 34
Figure 5.9: Year 2013 vhing PeakHour Highway LOS.............cccco i 38
Figure 5.10: Year 2013 PaERUr LOS ...t e e e e e e e e e e e e e aaa e 39
Figure 5.11: Year 2013 Weekday Morning Inbound SPeeds...........coooiviiiieeeiiiiiiiiiieee e 40
Figure 5.12: Year 2013 Weekday Evening Outbound SPeeds............cooociicciiiniiiniininiiieeeeeeeee e, 41
Figure 5.13: Year 2013 Evening Inbound HAeriod Travel Time CONtOULS.........cccccvvvvvvvvvrvennnnnnee. 42
Figure 5.14: Year 2013 Evening Outbound HRegiod Travel Time COoNtoULS...........ccoveeiiiiiiieenee.. 43
Figure 5.15: BX and Concord Coach BUS ROLIIES..........ccocciiiiiiiiiiiiirieeeeeeee e e e e e 45
Figure 5.16: Average Weekday Ridership and Serviceiydby Southbound Time of Arrival in Boston
[ =L T4 0 PP PP R PPPPPPPPPPP a7
Figure 5.17: Hourly BX Total Revenue Collected by Fare Type and Departure Time.af.Day......48
Figure 6.1: Intercity Rail Service OPLIONS.........coii it e e e e e e e e 52
Figure 6.2: Concord Rail Service OPtIONS...........oiiiiiiiiiiiiiie e 57
Figure 6.3: Manchester Rail Service OpUQNS........cooviiiiiiiiiiiii e 58
Figure 6.4: Nashua Rail Service OPLIONS.......couiiiiiiiiiiiiieeeee e 59
Figure 6.5: Bus on Shoulder in MINNEAPOJIS........coiiiiiiiiiiie et 63
Figure 6.6: Intercity 8 Rail SEIVICE.........ccoiiiieeecee e e e e e e e e e e e 70

State Project Number16317 and 6806A
viil Page


file:///C:/Users/Luanne/Desktop/URS/Final%20Versions/FINAL%20January%202015/App%209%20Service%20Development%20Plan%20Jan13%20RJH.docx%23_Toc408916724
file:///C:/Users/Luanne/Desktop/URS/Final%20Versions/FINAL%20January%202015/App%209%20Service%20Development%20Plan%20Jan13%20RJH.docx%23_Toc408916725
file:///C:/Users/Luanne/Desktop/URS/Final%20Versions/FINAL%20January%202015/App%209%20Service%20Development%20Plan%20Jan13%20RJH.docx%23_Toc408916730
file:///C:/Users/Luanne/Desktop/URS/Final%20Versions/FINAL%20January%202015/App%209%20Service%20Development%20Plan%20Jan13%20RJH.docx%23_Toc408916733
file:///C:/Users/Luanne/Desktop/URS/Final%20Versions/FINAL%20January%202015/App%209%20Service%20Development%20Plan%20Jan13%20RJH.docx%23_Toc408916740
file:///C:/Users/Luanne/Desktop/URS/Final%20Versions/FINAL%20January%202015/App%209%20Service%20Development%20Plan%20Jan13%20RJH.docx%23_Toc408916743
file:///C:/Users/Luanne/Desktop/URS/Final%20Versions/FINAL%20January%202015/App%209%20Service%20Development%20Plan%20Jan13%20RJH.docx%23_Toc408916744
file:///C:/Users/Luanne/Desktop/URS/Final%20Versions/FINAL%20January%202015/App%209%20Service%20Development%20Plan%20Jan13%20RJH.docx%23_Toc408916745
file:///C:/Users/Luanne/Desktop/URS/Final%20Versions/FINAL%20January%202015/App%209%20Service%20Development%20Plan%20Jan13%20RJH.docx%23_Toc408916746
file:///C:/Users/Luanne/Desktop/URS/Final%20Versions/FINAL%20January%202015/App%209%20Service%20Development%20Plan%20Jan13%20RJH.docx%23_Toc408916747
file:///C:/Users/Luanne/Desktop/URS/Final%20Versions/FINAL%20January%202015/App%209%20Service%20Development%20Plan%20Jan13%20RJH.docx%23_Toc408916748

/U’é’-w %"1',-.?, ;u__,aﬁ/’; Tve
New Hampshire Capitol Corridor Rail & Transit Alternatives Analysis (Parts A & B)
Task 9: Service Development Ptadovember2014

Department of Transportation

Figure 6.7: Riposed Maximum PasSeNger SPEEMS. .......cuuuiiiiiiiiiiie e 72
Figure 6.8: Poosed Manchester Regional Commuter Rail and Bus Service Configuratian......... 73
Figure 6.9: Proposed Nashua Minimum Commuter Rail and Bus Service Configuratian........... 74
Figure 6.10: Existing Study Corridor Bus and Rail SEIVICES...........ccoocuimmeiiiiiiiiiiiieeec e 75
Figure 7.1: ARRF2 INDULS.......ouiiiiiiiiii ittt e e e e e e e e e e e e e s snnrr e e e e e e e e anne 81
Figure 7.2: Existing Lowell Line Station BUffers.........ccccccc e 82
Figure 7.3: NHML Proposed Station BUFEIS..........oooiiiiiiiiiiee e 84
Figure 8.1: Proposed NHML Maximum Allowable SPeedS. ... 93
Figure 8.2: Intercity 8 Ralil SEIVICE.......uuiiiiiieiiiii e 94
Figure 8.3: Intercity 8 Stringline/TiREStANCE DIAgram..........cooiiiriiiiieeeiiiiie e 96
Figure 9.1Potential Nashua Station LOCALIQNS............ccoeeeieiiiiiiiii e 101
Figure 9.2: NashuaCrown Street Site Photography.........cccviiii s 102
Figure 9.3: NashuaCrown Street B@el Map.............ooviiiiiiiiiiiie e 103
Figure 9.4: City of Nashua Excerpt from East Hollis Street Master.Rlan.................................... 104
Figure 9.5: City of Nashua P&R Site Rlan...............ooo e 105
Figure 9.6: City of Nashua P&R Site Plan..........c..eeviiiiiiiiiii e 105
Figure 9.7: North NashuaCrown Street Station Preliminary Station Design.........c.c..eevvevveeeeeenen.. 106
Figure 9.8: North NashupBeazetEast Station Site Photography........cccccccvviii, 107
Figure 9.9: North NashugBeazerEast Station Parcel Map...........cccccovviiiiiiiiiiiiec e, 108
Figure 9.10: Bedford/Manchester Airport Station Site Photography..........cccccvvivvvnnnl. 110
Figure 9.11: Bedford/Manchester Airport Station Parcel Map.................cccccoeiiiiiin e, 111
Figure 9.12: Town of Bedford Concept Plans for Manchester Airport Station Area.(2010)....... 112
Figure 9.13: Bedford/Manchester Airpontdiminary Station DesSighL.........ccccccvvvvvviviriieerineneereeeees. 113
Figure 9.14: HistaziManchester Rail StatiQn.............cccccuiiiiiiiiiiiiiiiirieeeeeceeee e 113
Figure 9.15: ManchesterGranite Street Site Photography............ccooovviiiiiieieeeiiniiieeee e 114
Figure 9.16: Manchest@rGranite Stret Parcel Map.............ooooooiiiiiiiiiccicirr e 115
Figure 9.17: ManchesterGranite Street Preliminary Station Design.............ccccccvcvvivvivinnnnnnee. 116
Figure 9.18: ManchesterSpring Streesite Photography...........cooiiiiiiiiiiiiiiiiiieeieeeee e 117
Figure 9.19: ManchesterSpring Street Parcel Map..........uuveeviiviiiiiiiiieeee, 118
Figure 9.20: ManchesterSpring Street Preliminarya&iton Design...........eeveeeveeiieiiiiiieeiiieeeeeeeeee, 119
Figure 9.21: Potential Concord Station LOCALONS. ........cciiiiiiiiiiiieee et e e e e 119
Figure 9.22: Historic Concord Rail StatiQn.............uveeiiiieiiiiiiiieiieeieeeeeeeeeee e 120
Figure 9.23: ConcomlDepot Street Parcel Map............coooiiiiiiiiiiiieeeiiiieee e 120
Figure 9.24: ConcorgiStickney Avenue ParCel Map.........cuioiiiiiieeeeiiiiiiiiee e 122
Figure 9.25: ConcorgiStickney Avenue Site Photography............oooooiiiiiiiiiiiieeeeeeeeeee 123
Figure 9.26: City of Concord Storrs Street EXtension Plans...........ccccccceoiiiiiieiii e 124
Figure 9.27: Alternative City Plan for Storrs Street EXtensIion.............covviiiiiiiiiiee e 125
Figure 9.28: ConcorglStickney Avenue Preliminary Station and Layover Design...................... 125
Figure 9.29: Potential Concord Layover Yard LOCAtIONS...........coccvvvieiiiiiieiiiiie e 131
Figure 9.30: ConcorgiStickney Avenue Preliminary Station and Layover Design.............cc........ 134
Figure 10.1: Intercity 8 Proposed Track Configuration..............coooiiiiiiiiiiiiiiieeeeeeeeeeeeee e 138

State Project Number16317 and 6806A
vii| Page


file:///C:/Users/Luanne/Desktop/URS/Final%20Versions/FINAL%20January%202015/App%209%20Service%20Development%20Plan%20Jan13%20RJH.docx%23_Toc408916750
file:///C:/Users/Luanne/Desktop/URS/Final%20Versions/FINAL%20January%202015/App%209%20Service%20Development%20Plan%20Jan13%20RJH.docx%23_Toc408916751
file:///C:/Users/Luanne/Desktop/URS/Final%20Versions/FINAL%20January%202015/App%209%20Service%20Development%20Plan%20Jan13%20RJH.docx%23_Toc408916752
file:///C:/Users/Luanne/Desktop/URS/Final%20Versions/FINAL%20January%202015/App%209%20Service%20Development%20Plan%20Jan13%20RJH.docx%23_Toc408916754
file:///C:/Users/Luanne/Desktop/URS/Final%20Versions/FINAL%20January%202015/App%209%20Service%20Development%20Plan%20Jan13%20RJH.docx%23_Toc408916755
file:///C:/Users/Luanne/Desktop/URS/Final%20Versions/FINAL%20January%202015/App%209%20Service%20Development%20Plan%20Jan13%20RJH.docx%23_Toc408916757
file:///C:/Users/Luanne/Desktop/URS/Final%20Versions/FINAL%20January%202015/App%209%20Service%20Development%20Plan%20Jan13%20RJH.docx%23_Toc408916772
file:///C:/Users/Luanne/Desktop/URS/Final%20Versions/FINAL%20January%202015/App%209%20Service%20Development%20Plan%20Jan13%20RJH.docx%23_Toc408916780

¢ /e
/U Env %"1',-.?, iy JSATVE

Department of Transportation

New Hampshire Capitol Corridor Rail & Transit Alternatives Analysis (Parts A & B)

Task 9: Service Development Ptadovember2014

Figure 10.2: Historic, Nominal and Proposed Speed Profiles for NHML from Lowell to Concorii44

Figure 10.3: NHML Curvature and ProposgoeErIevation............cccooovviieeiiiiiiiiiiiieee e 145
Figure 10.4: Historic and Proposed Speed Profiles for NHML from Lowell to Cancord............. 146
Figure A.1: Intercity 8 Ra&@ervice Option SChedUIe..........oooiiiiiiiiiii e 190
List of Tables

Table 4.1: Historical, Existing, and Forecast Population in the Capitol Corridor Study. Area......... 6
Table 4.2: Zero Car Households in the Study COridOr.........ooiiiiiiiieee e 7
Table 4.3: Number of Jobs in the Five Counties that the Study Corridor Passes Through (2013.@2)
Table 4.4: Projected Change in Industry Employment 20P0.............ccvveviiiiiiieiieeeeeeeeeeeeeeecee e 8
Table 4.5: Capitol Corridor AA Study Goals and ODbJECLIVES...........uuuriiiiiiiiiiiiieiierreereeee e eeaeaaaeens 18
Table 5.1: Passenger Service SUmmary IBB@............ccooiiiiiiiiieeiiiiiee e 19
Table 5.2: FRA Track Class and Maximum Allowable Speeds.(mph).........ccccvvveeeeeiiiiiiiiiinnnnnnn. 24
Table 5.3: MBTA Service, Ridership and Revenue Statistics (2012%)..........cccocvvviiieeiiiiieeennnnnn. 29
Table 5.4: MBTA NHML Peak Train LINBUP.......ccoiii it e e e e e e s e e e e e e e e e e e e e e e e e 29
Table 5.5: Highway LOS Threshalds..............oo e e e 36
TabIe 5.6: BXA3 SOIVICE. . ..ottt i i it eee ettt et e e e e e e ettt e taaataaaaaaaaaaaaeesssaassaasaaaaaannnsnnennnes 46
Table 5.7: BX ROULE 3 SEIVICE.......uuuiiiiieiiiiiiiiieie e e esiiieeeee e s s ssiireeeeeesssssnssneeesesssnnssneeessesssssnnseeeess T
Table 5.8: Concord Coach3 BUS SEIVICE........cccuuviiieiiiiiiiiiiiee e siirnee e snnnneee e A8
Table 5.9: MBTAGS BUS SEIVICE......iiiiieieee e e e sttt e et e e e e e e e e e e aaaeaaaaaaaeaaeeens 49
Table 6.1: Preliminary Rail SErvice OPLiONS.........uuuuiiiiiiiiiiiiieiieeiee e 51
Table 6.2: Preliminary BuS ServiCe OPLONS........uuuuiiiiiiiiiiiiiiiiiee e et e e e e e e e e e e e e e e e e e snnannes 51
Table 6.3: Initial Preliminary DgsiMiles and Travel Time to BOStON............cccceevviiiieneiee i, 52
Table 6.4: Historic Minimum ConceBbStoN Travel TIMES........cvviiiiiiiiiiieeeeiiieee e e 53
Table 6.5: Intercity 8 Preliminalimetable............uviiiiii e 53
Table 6.6: Intercity 12 Preliminary TIMetahle...........oooiiiiiiiiiiiieee e 54
Table 6.7: Intercity 18 Preliminary Timetahle.............ccooeeeereee e 55
Table 6.8: Initial Preliminary Commuter Rail Designs: Miles and Minutes to Baston.................. 57
Table 6.9: Preliminary BUS ServiCe OPLIOMS.......c.cciiiiiiiiiiieeeiiiiiiiiee e et e e s s e sinnneeee 60
Table 6.10: BASe SEIVICE BUS TIPS ..cci ittt e e e e e e e e aa e e e e e e e e e e e e e e e s e e s s e e s s s nnananennes 61
Table 6.11: Base Service Travel Times to/from South SLAtiON...........cooviiiiiierieeiiiiiiiee e, 61
Table 6.12: EXpanded Base TIIRS . ...ooiuurriiiieeiiiitii et e ettt e e e s st e e e s s e e e e e e snnrneeeeeeeann 61
Table 6.13: Expanded Base Travel TIMES........ccoiiciiiiiiiiiiiirrree e er e e e e e e e e e e e e e e e e e e e e e e 62
Table 6.14: BUS 0N ShoUIdEr TIPS . oot e e e e e e e e e e e e e e aaaaaaaaaaeeas 62
Table 6.15: Bus on Shoulder Travel TIMES........ovviiiiiiiiie e 62
Table 6.16: Estimated Bus on Shoulder Bus Travel Time Savings by Time of Dagcaon. Dit........ 66
Table 6.17: Expanded Bus 0N SHOUIAEr TIPS . .....uiiiii i) 66
Table 6.18: Expanded Bus on Shoulder Travel TIMES........ccoeeeeeeeeiee e 67

Table 6.19:
Table 6.20:

Intermediate Service Options Selédor Detailed Evaluation

State Project Number16317 and 6806A
ix| Page

Preliminary Estimates of Basic Economic Performance Metrics for Preliminary Alte8B8atives



/U’é’-w %"1',-.?, ;u__,aﬁ/’; Tve
New Hampshire Capitol Corridor Rail & Transit Alternatives Analysis (Parts A & B)
Task 9: Service Development Ptadovember2014

Department of Transportation

Table 6.21: Intercity Service RIAErS VEISUS COSL.....uuuuuiiiiiiiiiiirieiieieieeeeeeeaeaaeaeeeaaeaseeaesassansaaanannnes 69
Table 6.22: Intermediate Service ABINALIVES. .........uueieiiiieieiieieee e 69
Table 6.23: Proposed Intercity 8 TiIMetahle...............uuiiiiiiiiiiiiiiiiiieeiier e e e e 71
Table 6.24: Intercity 8 Passenger Station Development Rlan.............ccccooviiiiiiiiiiieee 72
Table 6.25: Manchester Regional Commuter Rail Passenger Station Development.Plan........... 74
Table 6.26: Nashua Minimum Commuter Rail Passenger Station DeegloPhan............................ 75
Table 6.27: Key Economic Performance Metrics and ASSUMPLIONS. .......cccouiiirimreeeennniiiieneeeennns 78
Table 6.28: Forecasts for Passenger Demand, Capggl@uerating Cost (In Millions), and Economic
Y= oS P PPPR PP 79
Table 7.1: Lowell Line Base CTPP FIOQWS.......cooiiiiiiiiiiieeee e 83
Table 7.2: Intercity ServIiCEABSHICS. .......uuuiiiiiiiiiiiiieeee e 83
Table 7.3: Lowell Line Base and Intercity CTPP EIQWS.........ccccooiiiiiiiiiiiiiiiiiieieereeee e e 84
Table 7.4: Adjusted and Unadjusted Alternative New RidelCBOtS............cccoccciviiiiiiiiiiiiiiiieeee, 85
Table 7.5: City Market/Level of Service Weighted Distribution Factars.............ccccccceeenvvvnvnnnnnnne. 85
Table 7.6: Preliminary Total Ridership and 8batind Boarding ForecastS.......cccccccvvvveviiiiiinnnnn.. 86
Table 7.7: Rounded Total Ridership and Staltiewel Boarding Estimates.............c.cccvvvvveeeeniiinnee. 86
Table 7.8: Forecast Southiind Boardings and Weekday Passenger Miles................ccooeeecccnnnnns 86
Table 7.9: Intercity 8 Station Associations (June 26, 2014)...........cccurviiiiimiiiiiiiiieereeeeeeeeeeeeeaaaaaens 87
Table 7.10: INtErcit StAtION FANES........cooiiiiiiiiiee e es 88
Table 7.11: Annual Intercity 8 Ridership EStimates............ccccoe oo 88
Table 7.12: Intercity 8 Boarding ESHMALES.............cooiii i e e e e e e e e e e 88
Table 7.13: PaSSENQEr MIIES........ooiiiiiee e e e e e 89
Table 7.14: Intercity 8 Change iN VT ... e e e e e e e aaaaa e 89
Table8.1: Proposed Stations with Distance and Travel Time to BOStQnN...........cccccvvvviivviviieeeennns 92
Table 8.2: Historic Minimum ConceBbston Travel TIMES........cooovvii i 92
Tabk 8.3: Operating Characteristics of Proposed Intercity Rail Service Qptians......................... 93
Table 8.4: Proposed Intercity 8 TimMetahle...........ooooviiiiiii e 95
Table9.1: Potential Intercity 8 STatioN SIeS..........ccuviiiiii e 98
Table 9.2: Number of Required Intercity 8 Station Tracks...............oooeiiee i, 98
Table 9.3: Intercity 8 Plieninary Ridership Forecasts and Parking Space Requirements............. a8
Table 9.4: Intercity 8 Preliminary Station SILES..........ccoouiiiiiiiiiee e 100
Table 9.5: Ndsmiac Crown Street Station Area Evaluation.............cccceeeeeiiiieiiiieeeiiiiceeee e eeeeeenns 103
Table 9.6: North NashupBeazefEast Station Area Evaluation.............cocoooviivviiiiiiiiien e 108
Table 9.7: Bedfa/Manchester Airport Station Area Evaluation.............cccccccvviiviiiiniiiiieneeeeeeeeeen 111
Table 9.8: Manchestay Granite Street Station Area Evaluation..............ccoooooevieeeieiiieee e, 115
Table 9.9: Machesterg Spring Street Station Area Evaluation............cccvevvvevveeeeiiiieiiiiiiieeeeeeeeennn. 118
Table 9.10: ConcorgiDepot Street Station Area Evaluatian.............cccccvvvvviiiiiiiiiieiiieieeeeeeceeeeee, 121
Table 9.11: Carord ¢ Stickney Avenue Station Area Evaluation.............cccocooiiiiiiiiiiiiiiieeeeeeeee, 124
Table 9.12: Site EValuation SUMIMALY........ccuiiiiiiiiiiiiiee ettt e s e e eeeeeeeaaa 126
Table 9.13: Estimated Station ConstiantCosts for Intercity Passenger Rail Development........ 127

Table 9.14: Assessed Land Value and Estimated Cost for Selected Station and Layaver.Sites1 28

State Project Number16317 and 6806A
x| Page



/U’é’-w %"1',-.?, ;u__,aﬁ/’; Tve
New Hampshire Capitol Corridor Rail & Transit Alternatives Analysis (Parts A & B)
Task 9: Service Development Ptadovember2014

Department of Transportation

Table 9.15: First and Last Trains of the Day at Concord for the Intercity Service.............cc....... 129
Table 9.16: Potential Concord Layover FACILLES. ...........ooiiiiiiiieiiiieeee e 131
Table 9.17: Evaluation of Langdon Avenue Layover Facility..............cccccceeeeii e, 132
Table 9.18: Evaluation of Depot Street Layover FACIIty..........cooouiiiiiiiiieiiieeee e 132
Table 9.19: Evaluation of Stickney Avenue Layover Facility............ccooocvemiiieeiiiiiiiieieee e 133
Table 9.20: Concord Layover Site Evaluation SUMIMALY...........cooooeiiiiiieiiieeicccevvrvrrvveeereeeees 134
Table 9.21: Estimated Layover Facility Capital COStS (2013F)........ccemrivrermriiriieiiiieeeeieee e 135
Table 9.22: Assessed Land Value and Estimated Cost for Concord Layover and Station. Site..136
Table 10.1: Maximum Passenger Train Speeds through Curves on Shared.Track................... 143
Table 10.2: Estimated Miles of New and Rebuilt Track by Type of Rail foityr@eBervice.............. 147
Table 10.3: Cost Parameters and Unit Costs (20149$) for New.TracK...........cccccvevviiveeininneennen 147
Table 10.4: New and Renewed Switches ftarlity 8 Option..........ccccvvvviiviiiiiiiieiieiiieeeeeeeeeeee e 149
Table 10.5: New and Renewed Interlockings and Block Signals for Intercity 8.Qptian.............. 150
Table 10.6: Estimateflignal Costs for AHCW System Upgrades............ccoccevvnneinviiiinninieeereeeeen. 151
Table 10.7: Estimated Bridge Rehabilitation Costs (2QL4%$)........ccoovvviiiiiiccnn, 154
Table 10.8: Allowances f&ightof-Way Improvements............occuiviiieeiiiniiiiieeee e 155
Table 10.9: Unit Costs and Quantities of Railroad Appliances for Intercity. 8............................. 156
Table 10.10: Progsional Services and Incidental HeMS..........ooeiviiiiiiiiieeiiiiiieeeee e 157

Table 10.11: Railroad Services and Estimated Costs (2014%$) of Inspections and Flagging for L&tércity 8
Table 10.12: Assessed Land Value and Estimated Cost (2014$) for Selected Station and Layover Sites or

LT CT o) YR TS 158
Table 10.13: Unit Costs (2014%$) and Quantities ofdaiIRolling Stock for Intercity. 8.................. 158
Table 10.14: Summary of Projected Capital Costs (2014$) for Intercity.8..........ccccceevvvicvvreennn. 159
Table 11.1: Amak Chicag@uad Cities Operating Cost Calculations (200Z3)..........ccccovvvveeeeeens 161
Table 11.2: Amtrak Ethan Allen Operating Cost Calculation (2012%).........cccceeiivererniieeenninenn. 161
Table 11.3: PreliminafowneasteiOperating Cost Calculation (20128).........cccccccvvvvvvverineeeeennen. 162
Table 11.4: Derivation of Preliminary Estimates of Intercity Rail Operating.Casts..................... 162
Table 11.5: Final Estimates of Demand and Passenger Miles for Intercity.8..........cccccoevvvvveenen. 162
Table 11.6: Preliminary Forecasts of Intercity Ridership and Revenue.........cccccccceveiin. 163
Table 11.7: Final Forecasts of Intercity 8 Ridership and Revenue foll Eger-Day Service....... 163
Table 11.8: Final Intercity 8 Servidption Performance MetriCS...........cooviiiiiiiieniiiiiiiieeee e 164
Table 12.1: Total Development Potential for INtercity..8...........cccccvvvviriiiiiiiiiiiiiieeeeeeeeeeeee e, 167
Table 12.2: Employment Impacts of Irdity 8 (Number of JODS)........ccooviiiiiiiiiiiiiiie e 168
Table 12.3: Forecast Gross Regional Product Impact of Intercity 8 (In Millions, 2014%)............ 168
Table 12.4Equity Comparison of Intercity Rail and Base ServiCe..........cccccvuvvvmiviieiieeiieieeeeeeeeenn. 170
Table 13.1: Common Sources of Local FUNAING..........ooiuiiiiiiiiiiiiiiiieee e 175
Table 13.2: New Commut&ail Systems in the U.S. and Primary Capital Funding Saurces....... 176
Table 13.3: Federal Funding Sources and TOO0IS........ccoiiiieeee e 178
Table 13.4: Sumary of Funding Options fOr INTEICItY. 8.........ccouiiiiiiiiiiiiie e 181
Table 13.5: Annual Fare Revenue and Farebox Recovery Ratio (20128).........cccceevcvveeeiiiinenenns 188
Table 14.1: lrercity 8 Financial Assessment Summary (In Millions)..........cccoveeeenieeinveeeveviinnnnnn, 189

State Project Number16317 and 6806A
xil Page



/U’é"xv' %"1',-.?, ;u__,aﬁ; Tve
New Hampshire Capitol Corridor Rail & Transit Alternatives Analysis (Parts A & B)
Task 9: Service Development Ptadovember2014

Department of Transportation

Table B.1: Cost Factors Used to Calculate Proposed Station Capital COStS...........ccvvveeeeernnnns 191
Table B.2: Estimated Concord Station Capital COSIS.........cccoiiiiiiimmieieiiiiee e 193
Table B.3: Land Value of Proposed Intercity Passenger Rail Statians..................oocoeeeecininnns 194
Table C.1: Cost Factors Used to Calculate Proposed Layover Facility Capital.Costs............... 195
Table C.2: Estimated Concord Layover Facility Capital.COSIS..........ccccoviiiiiiiiiieiiiiiiieeee s 198

Table of Acronyms

AA Alternatives Analysis

ACSES Advanced Civil Speed Enforcement System
ADA American Disabilities Act

AHWD Automatic Highway WarninDevices

AIP Airport Improvement Program

AREMA American Railwaingineering and Maintenaned-WayAssociation
ARRF2 Aggregate Rail Ridership Forecasting Model 2.0
B&M Boston and Main&ailroad

BX Boston Express

CAT Concord Area Transit

CBD Central Business District

CFR Code of Federal Regulations

CMAQ FHWACongestion Mitigation and Air QualityjprovementProgram
CN Canadian National Railroad

CNHRPC CentralNew HampshirdRegional Planning Commission
CPHNC Control Point: Freight Main LirggNorth Chelmsford
CTC Centralized Traffic Control

CTPP Census Transportation Planning Package

CTPS Central Transpdation Planning Staff

CWR Continuous Welded Rail

CY Cubic Yard

DCS Data Communication System

EA Each

ETMS Enhanced Traffic Management System

FAA Federal Aviation Administration

FHWA Federal Highway Administration

FRA Federal Railroad Administratio

FTA FederalTransitAgency

GHG Greenhouse Gas

GHGER Greenhouse Gas Emissions Reduction

GIS Geographic Information System

GL Gallon

GP General Purpose

HOV High Occupancy Vehicle

HR Hour

State Project Number16317 and 6806A
Xi|] Page



¢ /e
/U Env %"1',-.?, ;u__,af?f TVE

Department of Transportation

HSIPR
ICE
ICECN
LEED
LF

LOS
LRTA
LS

LSP
MAR21
MAPC
MassDOT
MBCR
MBTA
MCP
ML
MoE
MoW
MP
mph
MPO
MTA
MUTCD
MVPC
MVRTA
NEGS
NEPA
NHDOT
NHML
NH OEP
NHRTA
NMCOG
NNEPRA
NORAC
NOTAX CVA
NREC
NTS
O&M
OoCP
PAR
pc/mi/ln
PFC
P&R
PRCIP

New Hampshire Capitol Corridor Rail & Transit Alternatives Analysis (Parts A & B)

Task 9: Service Development Ptadovember2014

HighSpeedand Intercity Passenger Rail

lowa, Chiago and Eastern Railroad

lowa, Chicago and Eastern Railroad/Canadian National Railroad
Leadership in Energy and Environmental Design
Linear Foot

level of rvice

LowellRegional Transit Authority

Lump Sum

Licensed Sit Professional

Moving Ahead for Progress in the’2Century Act
Metropolitan AreaPlanning Council
Massachusetts Department of Transportation
Massachusetts Bay Commuter Railroad Company
Massachusetts Bay Transportationtidarity
Massachusetts Contingency Plan

Main Line

Maintenanceof-Equipment

Maintenanceof-Way

Mile Post

miles per lour

Metropolitan Planning Organization
Manchester Transit Authority

Manual on Uniform Traffic Ctnol Devices
Merrimack Valley Planning Commission
Merrimack Valley Regional Transit Authority
New England Southern Railroad

National EnvironmentaPolicyAct

New Hampshire Department of Transportation
New Hampshire MaiLine

New Hampshire Office of Energy and Planning
New Hampshire Rail Transit Authority

Northern Middlesex Council of Governments
Northern New England Passenger Rail Authority
Northeast Operating Rules Advisory Committee
NonTaxable Conservation Area

Nashua Regional Planning Commission
Nashua Transit System

Operations and Maintenance

Opportunity Corridor Performance District

Pan Am Railways
passengecarsper-mile-per-lane

Passenger Facility Charge

Parkand-Ride

Passenger Rail Corridor Investment Plan

State Project Number16317 and 6806A
xii| Page



/U’é’-w %"1',-.?, ;u__,aﬁ/’; Tve
New Hampshire Capitol Corridor Rail & Transit Alternatives Analysis (Parts A & B)
Task 9: Service Development Ptadovember2014

Department of Transportation

PRIIA Passenger Rail Investment and Improvement Act

PSNH Public Service of New Hampshire

PTC Positive Train Control

RCRA Resource Conservation and Recovery Act

RDC Rail DieseCars

RFP Request for Proposal

RGGI Regional Greenhouse Gas Initiative

RIDOT Rhode Island Department of Transportation

ROW Rightof-Way

RPC Regional Planning Commission

RRIF Railroad Rehabilitation and Improvement Financing
RSIA Ral Safety Improvement Act

RTC Rail Trafic Controller

SAFETERU Safe, Accountable, Flexible, Efficient Transportation Equity Act: A Legacy for Users
SDP Service Development Plan

SNHPC Southern New Hampshire Planning Commission

SY SquareYard

TEA21 Transportation Equity Act for the 2XCentury

TIFIA Transportation Infrastructure Finance and Innovation Act
TIGER Transportation Investment Generating Economic Recovery
TOD TransitOriented Development

TN Ton

TSM Transportation Systems Management

UNH University of New Hampshire

uUpP Union Pacific

UsDOT United StateDepartment of Transportation

vic Volumeto-Capacity

VMT Vehicle Miles Travelled

WIA Workforce Investment Area

State Project Number16317 and 6806A
xiv| Page



,/Ué"w ;{-i;u__,aﬂ; e
New Hampshire Capitol Corridor Rail & Transit Alternatives Analysis (Parts A & B)
Task 9: Service Development Ptadovember2014

Department of Transportation

1001 EAAO 00ODI OA AT A . AAA
Increasing transportation demand aggdowing concerns about mobility, economic developmemtd

guality-of-life haveled New Hampshire and Massachusetts citizens and officials to expimsit and/or

intercity passenger raserviceoptionsin the 73mile corridor(Capitol Corridor) betweeBoston,

Massachusettand Concord, Blwv Hampshiré.The purpose of this Capitol Corridor Rail and Transit

Alternatives Analysis (AS}udy is to evaluata diverse set of rail and bus optiottsimprove

connectivity by leveraging existing transportatiofrastructure including Pan Am Railways (PAR),

Route 3, and-93. Investment in an improved transportation strategy is needed for several reasons:

A Projected population growth will result in increased roadway congestion

bSé | I YLEKANBQA iof hetwark dogs Aot effettivglyichddeddexisting modes

The regional economig singularhdependenton roads for movement of goods and passengers

Improved transportation options will attract employers to New Hampshire and improve

employment options for Ne@ Hampshire residents

Young New Hampshire professionals are leaving the area ¢tober to employment and

cultural/social opportunitiegssociated with larger urban centers

bSé 1 YLAKANSBQa INBgAYT a8 VAKNIELRIDdAK A2y 2y B3R

A Residential development patterns resulting from population growth may negatively impact the
NB 3 A 2 ¥ QaualiG-&f-kfes G A y 3

A The existing transportation network cannot accommodate increased levels of demand without
negative environmental consequences

Service development planning is the technical analysis of new passenger rail (and related public
transportation) serviceby progressively narrowing the set of reasonable alternatives that can best
meet corridor needsTheService Developmemlan(SDRlays out the overall scope and approach for

the proposed service alternativasselected through théNational Environmental Protection AMEPA
screeningprocess Rimary SDRobjectivesinclude the following

v > >

>

S

A Clearly demonstrate thBationalefor new or improved passenger rail service

A Summarize analysis of the proposed new or improved passenger rail service and describe the
alternative that would best address the Rationale and Purpose and Need as identified through
the NEPA process

1¢KS NBLRNI a¢lkal HY t NR2SOG t dzNLI2 & Sovileg & intleftiSeRaluation ok hdS Yy RAE W (1 2
JFLAG2E / 2NNAR2NRA KAAG2NAROFE X OdNNByidsX yR FdzidaNB adliSz |y
- GNF yaArd Ay@gSadySyid adaNl GS3e NBaLRyaADSal, dngendroimghtallcinbi@ | GA2Y Y
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A Demonstratethe operational and financial feasibility of the new service
A As applicable, describe hoBDAmplementation may be divided into discrete phases

This Capitol Corridor Aaudy was jointly funded byhie Federal Transportation AgencyTA and
Federal Railrad Administration ERAto ensure the broadest possible universe of alternatwes
considered teaddressi KS 02 NNJA R 2 NiBsaes\Hid these lhid Nibidingisiréaryis supported
one Sudy, each agency designated use of their funds for specifis taisd geographie3hisSDP
responds to theC w ! d&sée to identify andmplemert corridor projects and prograntiat will achieve
four results

1. Serve as a catalyst for growth in regional economic productivity and expansion by stimulating
domestic manufaturing, promoting local tourism, and driving commercial and residential
development

2. Increase mobility by creating new choices for travelers in addition to flying or driving

3. Reduce national dependence on oll

4. Foster livable urban and rural communities

Thisproject also lays the groundwork for developiiugure intercity rail servicesorth ¢ from Boston
into New Hampshire and beyond.Passenger Rail Corridor Investment Plan (PRiGHR)ding
preparation of a NEPA environmental reviewll become thefoundation for potential future efforts
(i.e.,engineering design, environmental reviews, permittiagd constructio

3330 2APGAOOCEUAOET I
This SP is compseed of 10 sections

Rationale, Goals, and Objectives

Existing Corridor Conditions

Service Alternaves

Market Analysis

Preferredintercity Rail Service Design and Operations

Preferredintercity Rail Stations and Layover Facilities

Preferredintercity Rail Required Capital Improvements and Capital Costs
Forecast Operating Costs and Revenues

Prefared Intercity Rail Public Benefits

Preferredintercity Rail Implementation and Finance

v v >y Dy Dy Dy D> D> D

State Project Number16317 and 6806A
2|Page



New Ha ;u__,aﬁi vt
New Hampshire Capitol Corridor Rail & Transit Alternatives Analysis (Parts A & B)
Task 9: Service Development Ptadovember2014

Department of Transportation

vd ~ L d LI} ’~ v N A 4 ' LI} v ~ 7 A4 v ~ LI} ’~
42A0ET T Al An | Al Oh AT A | A
The fundamental starting point of any transportation planning effettbidentify the Rationale for
improvingtransportation systen service To meet federal standardsjis Rationaleconforms to and
supporisthe Purpose and Need Statemeagt mandated by the EPA? This Statement defines the public
concern that provokedhe need to study infrastructure investment in the environmern&aliew
process. The definition of theansportation problem considsrcurrent and forecasted travel demand

and capacity conditionslescibestransportation challenges and opportunities faced in markets to be
served by the proposed servicand defineshe{ (i dz§aal€aad objectives.

4.1 Public Concern/Project Need

The New Hampshir€apitol CorridoAA Study, Figure4.1: New Hampshire Capital Corridor Study Aree
. - .

jointly funded by FRA and FTA, was initiated - COM“&"—,:.?".. ~
the New Hampshire Department of ———
Transportation (NHDOT) in cooperation with |

the Massachusetts Departmeof |

Transportation (MassDOT) to explore and

evaluateopportunities to improvepublic Manches
transportation service (intercity rail, commute
rail, express bus) alortge 73mile corridor
between BostonMassachusetteand Concord,
New HampshirgFigured.1). The corridor is
currentlyserved by express and intercity bus Nashua
service between New Hampshire and Boston} .
and by commuter rail and express bus Servici| mmi s mm dmm v
within Massachusetts. ¥ oot

\
|
\

The most heavily used transit service in the S
corridor is theMassachusetts Bay
Transportation Authorit @BTA) commuter
rail service whichruns 25 miledbetween e
Lowell ancBostonanq carries more than 4} DfET '
17,000 passenger trips each weekday. 26 412w = ‘ -

| il | ) 4 & |
Permanenipassengerail servicehas not A z = [ A s WAl
operatednorth of Lowell since 196A Rublic Private Rrtnership, supported by the State of New
Hampshire, operate80 weekdaybus tripswithin the corridor betweerManchester, Nashuand

Boston This service typically carries 1,800 passengers perAlaglated private enterprise uses tte-

2 See Appendix 2 to the Capitol Corridor AA Final Report (T&bkjact Purpose and Need)
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owned terminal to operate intercity bus service between Concord and Boston that carries 150
passengers on typical day. Further south, several publicly operated express bus services link
communities up and down thed3 corridor in Massachusetts wittodntown Boston. All together, the
Massachusetts bus servicearry 2,20(passengers on a typical day.

For purposes of the AA Study, the Capitol Corridor is defined as the area included in the XG=mtral
HampshireRegional Planning Commission HRW®C), t Nashua Regional Planning Commission (NRPC),
Roclingham Planning Commissidine Southern New Hampshire Planning Commission (SNHPC), the
Merrimack Valley Planning Commission (MVPC), the Northern Middlesex Council of Governments
(NMCOG), and the Boston RegMetropolitan Planning Organization (MPO)

4.1.1 Study Corridor Dynamics

Metropolitan Boston, like most large American cities, has been continuously extending its reach and
geographic scope for decad&ith a 20" century highway network and 24century canmunication

links, the economies of Boston, Nashua, Manchester, and Concord have never been more closely
AYGSNIgAYSR® . 2302y Qa 1 2y-g5/Raute 128)HEi4888n/ OS TFTANRG Y20
Massachusetts, and now clearly extends into southern New Hiaingpdt can be expected to continue

expanding northward, in addition to westward and southward.

Expansion of the metropolitan area and the Boston commtgieed has contributed to congestion in the
Capitol Corridor, especially near Boston and particutaml{93. This congestion results partly from the
fact that Route 3 loses its freeway functionality south-85/Route 128, which negatively impacts traffic
flow on the LowetNashuaManchester side of the corridor.

The congestion resulting from heavy negouth travel along corridor is exacerbated by sprawle
suburban residential development patterns throughourtseof southern New Hampshir&prawitype
development contributes to increased vehicle miles travelled (VMT) throughout the coridoser
development patterns do exist within the corridor, particularly in Nashua, ManchestdrConcord.

Business development and job creation in the northern two thirds of the corridee hat kept pace
with residential growth, especially in the higgchnobgy sectors that are flourishing in the southern
third. This residential/lemployment disconnect exacerbates transportation issinagithe Capitol
Corridor AA taidy.

Existing express and intercity bus services are not attractive to an especially broket mad employ a
park-and-ride strategy with a focugnainly) on park-and-ride facilities located at or very near freeway
interchanges. This strategy does not promote the dense, sustainable development that leads to reduced
VMT.

4.1.2 Project History and Planmg Context

Passenger rail service in the corridor started 175 yearsvdmgm a train from Boston first pulled into
Nashua Freight service on the line has run continuously since that timgulRepassenger rail service
between Concord and Bostanded in1967, with the exception of a brief restoration of service during a

State Project Number16317 and 6806A
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198081 demonstration projectAs the region has grown, traffic congestion on the main highway arteries
has increased with adverse impacts on travel time and reliability for automobilbahtravel.
Consequentlypublic interest in pssenger rail service has groyas trains are insulated from highway
congestiomandless likely to impaair quality).

Since the 1980s, numerous studies and plans have supported the return of passernggwied and
expanded transit options in this corridor

A" In 1984, the MBTA and the Boston and Maine Rail{8#M)studied an extension of commuter
NI Af ASNBAOS (G2 bl aKdzZ Q&alinthSeadyd99@NHSPTSR t KSI al y i
I 2YYA &aA 2y Sedd an& CoNgireSstnaniDia Swett asked MBTA to consider extending
its commuter rail service into Nashua

A In 2006, the Community Advisory Committee to tieDOT Commissioner recommended
SELI yRSR LI &a&8Sy3aSNI NI At | a Xyifalrepor, alcdnPondhth S G A Y
of thesii I G S @dngettrangpdrtation plan.

A" In 2007, New Hampshire invested $35 million in new express bus services for travegtdeter
Manchester and Nashua to BostaWHDOT has also supported private bus service front@d
to Boston withthe purchase of buses and construction of a new bus terminal in Concord.

A" In 2007, the New Hampshire legislature created the New Hampshire Rail Transit Authority
(NHRTAyvith a charge to establish passenger rail service in New Hanepshir

A" In 2009, theNew Hampshire Climate Action Planepared by the New Hampshire Climate
Change Policy Task Force, recommended expanded passenger service as part of a balanced
transportation system.

A In 2003, the state departments of transportation fronew Hampshire, Vermonand
Massachusetts commissioned a feasibility study for the Boston to Montreal rail corBidston
to Montreal HighSpeed Rail Planning and Feasibility Study Phase I: Final.Rnecstudy
describes existing conditioniscludingwithin the Boston to Concorgortion of the $udy
corridor,and presents ridership analysis of stations in the corridbhe study found that
GFAdzZNIKSN) adidzRe 2F Faa20AFGSR 2LISNYI GA2FE X Sy3aaA

A" In 2004, NHDOT geloped a.owell, MA to Nashua, NH Commuter Rail Extension Project
Environmental Assessmentanticipation of extending MBTA commuter rail service to New
Hampshire

A The 201(New Hampshire Capitol Corridor Project Overvaewtite paperprepared forAmtrak,
detailedthe O 2 NNJA R 2oN@&Erdiness iolfuinclion as part of the federal High Spkeelrcity
Passenger Rail (HSIPRygram

A Also in 2010, NHRTA commissiotiee! report Economic Impact of Passenger Rail Expansion along
the New Hampshire CapitGlorridor The report assessed the economic impacts of restoring
intercity passenger rail service between Boston and Concord. The study supports the case that the
implementation of passenger rail along this corridor is a net economic benefit for New Hiaenpsh
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A In 2011, the University of New Hampsh{t#NH)Survey Centeconducted a polbf New
Hampshireesident€attitudesregardingthe extension of commuter rail serviom the Capital
Corridor. It suggestdthat a majority of residents strongly faved extending commuter service
into New Hampshire and pluralitythat suppored using federal funding to study the issue.

A In 2014, a second poll was conducted that foungp&B8entof New Hampshireresidents favor
the Capitol Corridor project to extend passggen rail serviceip the MerrimaclRiver valleynto
New HampshireOnlyseven percenof the statewidesample opposed the service expansion
while 25 percentvere undecided or had no opinion

4.1.3 Population and Employment

Whileboth the New Hampshire and thdassachusetts portions of the corridor are projected to grow

over the next two decade@able4.1), the Massachusetts portion is projected to grow at a slightly faster
pace It can be anticipated that this population growth will increase demand on thesprartation

network, which may result in increased levels of congestion and travel times, particulér® NNA R 2 NI &
southern portion which already experiences intense peadur highway congestion.

Table4.1: Historical, Existing, and Forecast Population in the Capitol Corridor Study Area

Percent
Total Change
Change | 2010
Geography 1990 2000 2010 2020 2030 2035 20102035| 2035
MA Study fea | 3,474,873 | 3,666,175 | 3,782,361 | 3,942,000 | 4,093,000 | 4,182,000 | 399,63 | 10.6%
NH Study fea | 647,011 733,134 775,520 801,029 832,598 840,034 64,514 8.3%
Total 4,121,884 | 4,399,309 | 4,557,881 | 4,743,029 | 4,925,598 | 5,022,034 | 464,153 | 10.2%

Source: Mtropolitan AreaPlanning Council (MPQ, NMCOG, MVPB8ew Hampshire Office of EnergydalanningNH OE)?
CNHRPC. Note: areas include Boston Region MPO, NMCOG, MARECCSNRC, RPC, and Rockingham Planning
Commission

ThenationQ& f | NB S agibupkais bitwieérntichagey 35 and 64 hefraction2 ¥ b S¢g | |
total populaion that falls within that aggroupis higher than Massachusetts, New Englamdhe
naton TKS 3IANRSGK 2F bS¢ | YLIAKANBQA LRLIzZ FdA2y 2SN |
between 2000 and 2011 than Massachusetts, New Englarat U.S

YL KA N

The median age has increased within th&u8y corridor, New Hampshire, Massachusetts, New England
and the US. Te increase in median age has been greatest withir&hdy corridor (four years), which
is more than twice the nationwide increase in med#age during the same time period (1.7 years).

Residents oNew Hampshire and thellgly corridor are older and aging at a faster pace than the
surrounding states and thenatoh & b S¢ | | YLJAKANBQa NBwwdaRSYy (&
transportationnetwork that reduces reliance on singbar ownership will be necessary to support
continued mobility and maintain thequality-of-life.

38z |

In addition to understanding existing and projected population growth, it is important to ensure that the
specific needs ahobility-challengedbopulations are consided when developing and evaluating
transportinvestment strategiesThese households rely quublic transportation for local and regional
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travel (Tablet.2). Maximizing project benefits to these populations while mmizing adverse impacts is
important to the success @xpanded public transportation services (rail or bnghe Capitol Corridor.

Table4.2: Zero Car Households in the Study Corridor

Percent of
Zero Car Total Households with

Geography Housholds Households Zero Cars
Boston Region MPO 193,254 1,263,402 15.3%
Merrimack Valley Planning Commission 13,644 143,769 9.5%
Northern Middlesex Council of Governments 9,099 129,979 7.0%
Massachusetts Total 215,997 1,537,150 14.0%
Central New Hampshire RPC 2,958 54,519 5.4%
Nashua RPC 3,533 87,570 4.0%
Rockingham Planning Commission 2,798 80,423 3.4%
Southern New Hampshire Planning Commission 5,937 124,784 4.8%
New Hampshire Total 15,226 347,296 4.4%
STUDY CORRIRAOTAL 231,223 1,884,446 12.3%

Source: American Community Survey 2010 ¥éar Data
Employment

Empoyment levels within the fivet8dy corridor counties are shown ifable 4.3Employment has
generally been growing at one to two percent per year overltst five years.

Table4.3: Number of Jobs in the Five Counties that the Study Corridor Passes Through (2013 Q2)

Geography 2013Q2 2012-2013Change
New Hampshire 602,462 1.1%
Hillsborough County, NH 193248 1.2%
Merrimack County, NH 75,768 1.0%
Rockingham County, NH 139,900 1.6%
Massachusetts 3,352,700 1.3%
Middlesex County, MA 847,700 1.9%
Suffolk County, MA 608,100 1.7%

New Hampshire Source: Longitudinal Empléyeusehold Dynamics; http:/fEextract.ces.census.gov/
Massachusetts Source: Bureau of Labor Statistics, County Employment and Wages in Massachusetts
Second Quarter 2013; http://www.bls.gov/rol/magcew.htm

Massachusetts and New Hampshire each forecast industry growth (by the Nuodtican Industry
Classification System) to 2020. Massachusetts organizes the projections by Workforce Investment Areas
(WIAS), while New Hampshire uses the RPC jurisdictions. While the WIA boundaries do not exactly
conform to the Capitol Corridor Study aethe $udy area generally falls within four WIAs.

Table 4.Aighlights the fastesgrowing industries through 2020. The fastgsowing industry in each
geography is highlighted in bold font. The fastest growing industries in Massachusettwitineghe

exception of constructioq serviceoriented industries: finance and insurance, professional, scientific
YR GSOKYyAOFIf aSNBAOSAa:zI I yR -gowiKgSndastiySwidieOSa® b Sg
exception of professional, scientifié@technicakervices in RP; is health care and social assistance.
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¢tKSaS FTAYRAYy3Ia NBFESOG bSé |1 YLIAKANBQA O2YLI NXGAQD
a regional finance, technology, and business service hub.

Table4.4: Projected Change in Industry Employment 262020

Massachusetts New Hampshire
Greater| Lower | Metro | North
Boston| Lowell | Merrimack| North | Shore | Rockingham| Central| Southern| Nashua

NAICS Industry WIA WIA | Valley WIA] WIA | WIA RPC NH RPq NH RPC| RPC
Construction 50% 41%
Wholesale Trade 49% 33%
Retail Trade

Transportation and
Warehousing

Finance and Insurance 60% 20%

Professional, Scientific and
Technical Services

AdministrativeSupport/Waste
Mgmt./Remediation

Health Care and Social
Assistance

Arts, Entertainment and
Recreation

Other Services 43% 37%
Source: Massachusetts Executive Office bbt.and Workforce Development, the Bureau of New Hampshire Employment Security

34%

36% 44% 27% 22% 17% 23% 26%

24%| 26% 19% 20% 19%

24% 25% 25% 24%

33% 35%

Households within thet8dy corridor have a medraincome over $80,000 per yeagreater than
median incomes of New Hampshire, Massachusetts, New England, and the nationay ineflect the
fact that the Sudy corridor includes the most densely developed areas of Massachusetts and New
Hampshire (where residents tend to have higher incomes) and excludes the majority of the lower
density, rural areas (where residents tend to Bdewer incomes). Medn household income within the
Sudy corridor has risen by two percent (in 2011 constant dollars) between 2000 and 2011, which
outperformed New Hampshire, Massachusetts, New England, and the nation.

While the $udy corridor fractionof the population living below the poverty line is lower than for all of
New Hampshire, all of Massachusetts, or the entire nation, it increased 18 percent increase between
2000 and 2011. As the population living in poverty grows, it will be increagimgbytant to provide

these residents with lowecost mobility options that reduce the need to own a car.

4.1.4 Existing and Future Land Use

A legacy of New Hampsh@dda y R a | 4 a | O K dzadLg" Geqt@ry itdlastrigoy(sh is the

prevalence of the tradibnal towncenter pattern of development, which was designed to support

pedestrian rather than vehicular traffi€his style of development has a comparatively fdghsity mix

2F dzaSa Ay GKS aR2gylG2e6yé GKI G A aesienhtalmreadvhie00Saa SR
some infrastructure elements have been retrofitted to facilitate driving, the historic downtown

development patterns of Boston, Lowell, Nashua, Manchestatt Concordgnd other smaller towns
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within the Sudy corridoi) reduce the pioritization of cars and elevate the role of pedestrian and-non
motorized modes of transportatian

Another traditional land use pattern, particularly within the New Hampshire portion of the corridor,
includesrural, farmland and open spacedhese landises, and the environmental assets they preserve,

FNE I ONARGAOIFE SEtSYSyld 2F bSs¢ | Y0LAKANBD®- ARSYGAI
life for New Hampshire residents

As the population has grown over the decades and development haadputside of these tradiinal
town-centers, auteoriented, lowerdensity residentigland commercial development patterns have
emerged These patterns, wkh can be found throughout tha®ly corridor, are typically dominated by
the segregation of landses (as opposed to the neikuse patterrs that can be found in the towoenter
style of development)These separated land uses are connected by comparatively few limited access
roadways, which can result in increased levels of traffic congestion dusaigtpavel times

BRGK al aalOKdzaSidaQ FyR bSg | grondeeKtie M&iQwo décedesdzt | G A 2y
According to recent research ormuarter of New Hampshire residents were born in Massachusetts and

the population of Massachusettsorn residents is growing faster than the population born in the sfate

Regardless of the source of the population growth, it gghtinue toexert increased development

LINBaadz2NE 2y bSg | I.\itha &bieNS 6f a str@leyie Mrakyiske fiainSniinis
pressurecould result in increased levels of congestion, encroachment inta spaces, and a reduced
guality-of-life.

Communities throughout New Hampshire and Massachusetts, including those withguthecorridor,

have recognized the potentiabsts associated with policy and regulatory inaction, and have undertaken
numerous land use and development planning activities designed to encourage more sustainable land
use patterns

4.1.5 Economic Development and Land Use
Access to Boston-based Employment

Public transportationinvestmentalongthe Capitol Corridor will improve muithodal connectivity
0SG6SSY bS¢ 1 YLAKANSEQaA NBaARSyda | yFRExpalediz2ysz (KS

accessta | 4 & I O kdomrsSiédiermpbyment base will beneéikisting New Hampshire residents,
and may encourage them to stay in their current communities rather thanemtmser to Boston

3Kenneth M JohnsonMany New Votes Make the Granite State OneWdatch in NovemberCarsey
Institute; http://cola.unh.edu/sites/cola.unh.eduf/files/research_publicationsABHVoter08.pdf
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Business Attrac tion in New Hampshire

LY FTRRAGAZ2Y G2 AYLNRBGSR | O@ubk &anspartnvedniatiig fieca SY LI 2@
corridor may be leveraged to lure businesses into New Hamp3d¥iliennialsg the 18 to 34-yearolds

that rival the Baby Boomers in size and cultural influenbave repeatedly stated a preference for built
environments that support a cdight or carfree urbanstyle existenceThese Millennials are the rising

d ONB I (i Acd&ker® WHose &ateer orientation is towards ideas and innovation rather than heavy
manufacturing and assembly liness businessesparticularly tecmology-oriented lusinesseg look

for lower-cost alternatives to downtown Boston and more Millendiéndly environments than the

Route128 corridor,Capitol Corridocommunities can increase their attractivendssinvesting in non

automotive transportimproved conneavity will not only improve access to Bostbased employment,

odzi OFlYy RN} g (KSaS aONBIFGAGS Otl aa¢ g2NJSNAR ol yR
Hampshire portion of the Capitol Corridor

More Strategic and Sustainable Land Use Patterns

Access to the Boston employment market and the attraction of businesses into New Hampshire both
rely on the efficient flow of people between their homes and places of employnfegardless of any
transport investment, travel in theorridor is anticipatedo increase In the absence of transportation
network investmentthis growth in travel willead to increased levels of congestion and decreased
levels of mobility Simply expanding the roadway network is not a solution to this prolasitwould
likelyinduce additional demanthat, in turn, would further exacerbate congestion.

While mobility problems are most directly solved by transportation investment, langhaernsplay a
critical role in supporting the efficient movement of people and godaladdition to usingoublic
transportationinvestment to expand transportation network capacity, strategic land use planning tha
focuses highedensity, mixeduse development negpublic transportatiorstations can reduce demand
on the transportation netwdk by supporting trip efficiencie3 his land use patterwould reflecta
returntothS G NJF RAGA 2y -OSSBiH DNET { RGBS {a20L2V8S/Y

More efficient land use patterns can alsncouragethe expansion of employment opportunities closer
to home resulting in shorter travel distances. Thiswd reduce demand on the transportation
network, which wouldreduce overall travel timeand congestion

Sustainability and Quality -of-Life

A sustainable transportation system is one that meets and balandssrgcommunityenvironmental,
social and economic needs without compromising resources for future generations

Environmental

A portion ofthe New Hampshire character is rooted in tadi I fati@ldeauty, including its mountain
ranges, chains of lak, sea coast, and protected forest lafithe environmental impacts of increased

levels of development and corresponding growth in transportation network demand may negatively
impact these environmental assets unless proactive investments in sustainfthinncture are pursued
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bS6 |1 YLRAKANBQa 9ySNHEI 9YDBANRYYSYll frEleaseytiy 902y 2Y
the New Hampshire Energy and Climate Collaborative in 2012, rapatt8ansportation accounts for

35 percentofthdd S ¢ | | Y Lelekgy Us&SaQidid6 percent of tits greenhouse gas (GHG)

emissionsTotal transportatioarelated energy consumed and GHG emission rates have remained flat in

recent years, even though VMT and per capita VMT have decreased approximately five percerhbetwe

the peak in 2006 and the most recent data in 208Bthe same time, public trapsrt usehas increased

25 percent between 2000 and 2010.

Because the&€apitol Corridor is home to the three largest cities in the state (Concord, Manchester
Nashua) asvell as two major nortksouth arteries (Route 3 anebB), transportation network
investments that support mode shifiway from automobileare likely to support a decrease in per
capita VMT and may support reductions in GHG emissions.

Economic

The New H¥ LJA KA NB / Sy (. SNJ F 20 Wzod IAA @ A2y R OR2 {IGSITRREGSAAYORY b
Shifting Economic Trenélpublished in 2012, found thatate demographic trends are related to

economic trendsThesli I 1 SQa SO02y2YAO | RGI y (tédihShreK areas: G NI RAGA 2y |
consistent population growth, increased productivity, and a more resilient economy than its

competitors However, data shows that population growth is slowing, labor force participation is

declining (due t@anaging population), and thieate of growth in educational attainment is slowing

Like the Baby Boomer generation before them, the sheer size of the Millennial generation, those born
between approximately 1982 and 2003, means their preferences will shape every aspect of the

O 2 dzys &dedpMy and culture in the coming decadesmmunities that invest in infrastructure and

make policy decisions attractive to this generation will be successful in creating an economic framework

for sustainable growthThis is particularly important forédlv Hampshire, which is aging at a higher

than-average rateA 2013 report by U.S. Public Interest Research Giddgw Direction: Our Changing
wSEtFOdA2YyaKALI gAGK S5NRARGAY 3 | yeamdiKieelconddsion©l G A2y a F2

A Yourg people agd 16 to34 drove 23 percenfewer miles on averagin 2009 than they did in
2001¢ a greater decline in driving than any other age group. The severe economic recession
was likely responsible for some of the decline, but not all.

A Millennials are more likg to want to live in urban and walkable neighborhoods and are more
open to nondriving forms of transportation than older Americans.

4 http://www.unh.edu/news/releases/2012/jun/ds28climate.cfm
5 http://www.nhpolicy.org/UploadedFiles/Reports/New_Hampshire_New_Reality 2012_finall.pdf
6 http://www.uspirg.org/sites/pirg/files/repoits/ANewDirectiowUS. pdf
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A If the Millenniatled decline in per capita driving continues for another dozen years, even at half
the annual rate of th&001-2009 periodtotal vehicle travel in théJ.S.could remain well below
its 2007 peak through at least 204@lespite a 21 percent increase in population.

TheCapitol Corridor is home to one of the largest private employers istie (BAE Systemand the

si | lédg@silabor pool. Public transporinvestment within this corridor will provide a lowepst

commuting alternative that links New Hampshire residents with employment opportunities while
AYONBFAaAAY3 bSg | I YLAKAtNH®Esindssi G NI OGA @Sy Saa |a | LX

Social

In his 2012 reporNew Hampshire Demographic Trends in the Twéirst Century Kenneth Johnson of
the Carsey Institute at theENHdocumentsseveraltrends that can be extracted from the most recent
census data:

A bSs || YLAKANEQE2YI AYONBL &S Aa afz2eAay3as bsSs 1LY
of demographic change is uneven in the state, and the state is becoming more diverse

A Young adults are migrating to metropolitan cores, family age residents are migrating tdspbu
major metropolitan cores are losing older residents, and rural counties are losing young adults.

A Many towns in theCapitol Corridor, including Manchester and Nashua, have the largest
concentrations for young persons (less tha8)in the state.

Quality -of-Life

Granite State Futuris a statewide project coordinating development of regional plans in each of the

wt / Q& 2 dzNdcagrizetherirteytdnnection between development patterns, availability of

housing choices, and diversity of transtation choices as a meams preserve natural resources and

community vitality and promote energy efficiendyublic transportatiomvestment within the Capitol

Corridor would be a powerful investment that can be leveraged to implement this regionatjmul

RAAOALAE AYS @QAaAz2y (2 qubliygidife. Ay bSég 1| YLIAKANSQa KA3

4.1.6 Project Need Summary

Capitol Corridodynamicqi.e., population expansion, employment conditions, existing/future land use,
and economic development and land usaye contributed to he needfor improved public
transportation serviceassummedbelow.

7 http://gencourt.state.nh.us/house/committees/comittee_websites/waysmeans/D@013/ReportJohnsorDemographie
TrendsNH21stCentury.pdf
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Projected population growth will result in increased roadway congestiés population density

increase over the coming years, an increased number of rmudttal transportation optios to Boston,

GKS NB3IA2yQa I NHS&al SYyLX2e8YSyid OSYyGSNE gAft o685
congestion, particularly along9B and Route 3.

O

puji

bSé | YLIAKANBQE SEA&GAY3T (NI yaLRNIFGAZYs ySi62N]
Increased levels of corridor transit investment will improve local and regional mobility by linking

travelers to the network of existing transportation modes: roadway, buses, commuter rail, heavy ralil,

light rail, bicycles, ferries, and airplan@feseincreased linkages will improve ridership and usage

across all modes, while promoting sustainable mobility.

The iegional economy suffers from singular dependency on roads for movement of goods and
passengersinvesting in transportation infrastructure th@rovides an alternative to roadway transport
willlinkb S¢ | I YLIAKANBSQa §amrasidéhis o Sié rationayaRddx@vii Bnglahd
transportation network.

Improved transportation options will attract employers to New Hampshire and improve emyphent
options for New Hampshire resident®\ mismatch between locations of residence and employment
forces many in New Hampshire to spend comparatively long periods of time commuting to work
Investing in more efficient transportation modes will not oimhprove connectivity between existing
centers of residence and employment, but increased levels of ymatlal access maglsocatalyze
additional business investment within New Hampshire

bS6 | I YLIAKANBE A& SELISNASYOAYAKIA{S2dpkSB INBEHRASYDK2Z 2IQ
population is projected to grow in the coming decades, young professionals are choosing to leave

southern New Hampshire to be closer to the employmamd cultural and social opportunities

associated with larger urban centetsiproved transit connectivity will support the attraction and

retention of young professionals within ti@apitol Corridor tBdy area.

New Hampshire is gettingoldeb S ¢ | | YLIAKANB Qa &Sy A2 NJAdgitiodddt | G A2y OF
shared transportation acd0Y 2 R G A 2y a ( KilFAl3 RIZLILLRANTA (aA0G NI g Af £ 0SS NE
accommodate these emerging demographic and lifestyle trends, and will continue to make New

Hampshire attractive to residents from childhood through retirement

Residential development pattars resulting from population growth may negatively impact the
NB 3 A 2 y Q quali§Bfiifa. dpylaiion growth, if not guided through strategic infrastructure
investments that promote efficiency, will result in uncoordinated development patterns arahvgp
RAYAYAAaKAY3A qudi§-ofNiBaAdn2gatively inkpacEnf its unique character.

The existing transportation network cannot accommodate increased levels of demand without
negative environmental consequenceBxpardingexisting roadwaysrad constructing new roadways
will not be sufficient to sustainably accommodate the projected growth in travel demand, causing
negative environmental consequences associated with an increased num#&fTednd corresponding
congestion.
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4.2 Defining the Transpor tation Problem

4.2.1 Transportation Facilities and ServicegTravel Demand and Capacity

¢CKS /FLAG2t / 2NNAR2NRAE NROdzZAG GNI YyaAaLRNIIFIGAZ2Y ySis
intercity passenger rail service, freight railroads, airport, and pe@asand cyclist facilitieDespite the

dense, multimodal nature of this transportation networkeak highwaylemandoutweighs available

capacity and opportunitiesxistto improve connectivity between the current modes

Highway Facilities

ThelimitR | 00S&aa KAIKgle&a GKIFIG O2yySOG bSg |+ YLAKANBQ
Bostong 1-93, US Route 3/Everett Turnpik©3/Route 128, 4293, and,495¢ cover 134 miles of

limited access freeway facilities and interchanges, shared betweeSthtes of New Hampshire and

Massachusetts. The breakdown on the corridor Figure4.2: CurrentMorning Peak Highway
mileage is as follows: Volumeto-Capacity Ratios

A 1-93: 65 miles a®
US Route 3: 49 miles
I-95/Route 128: 11 miles
[-293: 11 miles

I-495: 9 miles

[\

> > > >

The corridor has experienced rapid population
growth, and many bthe new residents commute to
jobs in geater Boston. New Hampshire and
Massachusetts expanded the highway system to
accommodate increasing traffibut the prospects
for additional expansiomare unlikely due to financial
and environmental constraints. Atminimum, the
advent of passenger rail service may delay the ne
for further highway widening. Traffic volume at the
state line onUS Route Fverett Turnpike in Nashud
grew by nearly 26 percent from 2002 to 2009, to
88,200 (average daily traffic), apdojections are o
for continued traffic growth in the corridor in both
states.More detail on existing highway conditions i
provided inSectiorb: ExistingCorridorConditions
Figure4.2shows arrent morning peak highway o
volumeto-capacity atios (more déailed
information is provided ifsectiorb: Existing
CorridorConditionsHighway Level of Service

a

9%
o
a

k‘

O
a
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Public Transportati on Services and Facilities

The Capitol Corridor has a variety of commuter and local bus operators, as well as MBTA commuter rail
servie and Amtrak intercity passenger rail service onfrmvneastetine.

Regional and Local Bus Service

Seven regional and four local bus operators provide service within New Hampshire and intercity service
to Boston and beyond. Boston ExpréBX)provides he primay commuter service within thet&ly

area along the heavily congested Madsasetts segments 0fd3. Existing traffic congestion alonrg§3

and Route 3 significantly impact scheduled travel tifoesxpress and intercity bus servicEsr

instane,. - ®IDamsouthbounddeparture from Londonderry (Exit 4) on th83 service is scheduled

for a onehour trip to Boston South Station. Meanwhile, the 9:50southbounddeparture is scheduled

for a two-hour and20 minute trip, which is a buHin or irduced delay obne hour, 20minutes.More

detail on existing bus services (Base) is provid&kution 5ExistingCorridorConditions

MBTA Commuter Rail Service

On a typical weekday in 201Bowell was served by 44 MBTA revenue trains to and from Baddtad b 2 NI K
Station The 25mile trip serving up to seven intermediate station stops takes 44 to 49 min@ies
weekday nomNB @Sy dzRSHRSEI RNI Aya Nd¥zy 0SisSSy [26Sttf |yR
there is no facility for the overnight storage maintenance of the trains in Lowellypical weekday

MBTA ridership on the entire line is 17,500 passenger trips, includingnbotiiboundand southbound

travel. Lowell is the busiest station on the line with 4,280 weekday boardings and alighthresinning

time between Lowell and Boston ranges between 45 and 49 minutes with a maximum allowable speed

of 70 mph The daily schedule includes approximately 150 daily deadhead train Mibes.detail on
existingcommuter railservice is provided i@hapters: ExistingCorridorConditions

Amtrak Downeaster Service

Intercity passengerail service between Boston drPortland was restored in 20@fter an absence of
more than 35 years. THeowneasteservice features five daily round trips between Portland a
Boston North Stationwith eight intermediate stopg Woburn, Haverhill, Exeter,uthamUNH, Dover,
Wells, Sacand, in season, Old Orchard Bea€n November 1, 2012, two dalBowneastetrains
were extended to Freeport and Brunswitkaine. Ridershp on the Downeastesservice in FX013 was
nearly 560,000 passengers, up 3.4 percent from the year before. Most trains make the-Bostiand
trip in two hours,30 minutes® More detail on existingntercity passenger radlervice is provided in
Sectiorb: ExistingCorridorConditions

8 Amtrak Fact Sheet, Fiscal Year 2013, State of New Hampshire
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Freight Railroad Service and Facilities

The New Hampshire Main Line (NHML) was, and remains, a principal arteryB&Nheetwork and a

key economic link between the Granite State and the national econ8imge the 198Q¢he B&M has
belonged to a regional amalgam of railroads initially called the Guilford Rail System, latginghizs
name to PARHeadquartered in Billerica, BssachusettsPARowns and operates the former B&M and
Maine Central Railroads as an integrasydtem, roughly running from Bangor to Albany with numerous
branches in New Hampshire and other New England stbteith of ChelmsforogPARrefers to the route
a4 AG&a &b 2 NMbrg Gedd/on existingaili€ighé railservice is provided iBedion 5: Existing
CorridorConditions

Air Travel

Expanded public transportation in the corridor could create an additional connection between the
ManchesterBosbn Regional AirportManchester Airporbr MHT) and Bostort, a system in which the

three prindgpal Bostorarea airports are connected by rail (with the MBTA Blue Line connection at

Boston[ 23y ! ANLR2NI YR GKS a. ¢! OXYNGEESAHDpoNI Af O2yyS
ManchesterAirport is an important economic enginerfNew Hampshire and éhregion,creating jobs,

facilitating commerceand providing access to the global marketge. ManchesteAirport contributes

over $1 billion annually to the region's economy and accounts for more than 3,500 jobs in the three

county region contiguous tde airport.A connection tote airport through an intermodal station

adjacent tothe airport access highwayould create new raiair connectivity.

ManchesterAirport strongly supports the development of passenger rail service in New Hampshire as
part ofa multrmodal solution to meet the growing and changing transportation needs of the region.
The airport incorporated a review of passenger rail service (and an anticipated airport rail station) as a
focus of its 201 Master Plan Updatand determined thathere are important synergies between
passenger rail and air passenger transportationayst ManchesteAirport will benefit from bottrail
ridership byenplaning passengs(air travelers originating from the area and using passenger rail
service to trael to the airport from their home or business) and deplaning passeifgertravelers
accessing New England slmgh ManchesteAirport and using passenger rail service to travel from the
airport to their final destination).

4.2.2 Travel Patterns and Market Aalysis

Market analysis provides a critical first stepestimat travel demand in the Capitol Corriddrhe
YEN] SO |yl fedan D (tcEBaEvs iR Basudy ardaandidentifies their relationship to
the corridor by quantifying the totalize of the travel market and key origétestination travel patterns.

The geographic area of the Capitol Corridor travel market is defined by the existing track alignment
along the banks of the Merrimack Rivedtending north from Lowell through the prope station
locations of Nashua andanchesterand ending in Concord his corresponds roughly with the US
Route 3 corridor in New Hampshirehefull length of thecorridor varies by alternative, bpat its
maximum,generally runs fronConcor® & A ybisSexdingl &djacent to the rail corridar the north
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to BostorQ Borth Stationin the south This section focleson the New Hampshire markén the
proposedSudy area consideringhree main wok and businesgavel markets

A New Hampshire to Masshasetts
A New Hampshire to New Hampshire
A Massachusetts to New Hampshire

Mobility of individuals and their ability to reach places of employment, particularly to locations outside their
areas of residence, is highly dependent on the availability of an autde@torkers without an automobile
or access to one, are trangsiependent if they live outside walking or biking distance of their.jobs

Corridor populatiof within the proposed service catchment area is an important indicator of the
potential use of tansportation infrastructure and servicebhe corridor connects the three largest cities
in New Hampshire: Concord, Manchestend NashuaThese cities, as well as the other communities on
the corridor, represent nearly 39 percent of the population anst juver 41 percent of employment in
the entire State of New Hampshir€oncord, Manchesteand Nashualoneaccount for 24 percent of

the population and just over 27 percent of the employment in the state.

A New Hampshireto-Massachusetts Work rip Market The New Hampshire communities within
the corridor generate approximately 200,000 work trips, of which over 28,000 (14 percent) are
destined for locations in eastern Massachuse@§these 28,000 trips, approximately 10,000 (35
percent) are destined to I@tions along the existingIBTALowellcommuter rail line These
trips are the maircomponent of the New Hampshite-Massachusettsvork-trip market that
would be served by the Capitol Corridor.

A The main destinations of the New Hampshire work trips are llcwne Boston/Cambridge
Lowell attracts just over 2,000 work trips from the corridor communities and Boston/Cambridge
attracts just over 4,000The Boston/Cambridge trips face severe congestion during work
commuting times and are considered a very stromgyket for the Capitol Corridor service.

A NewHampshireto-New Hampshire WorkTrip Market Of theapproximately 200,000 work
trips generated by the New Hampshire corridor communities, just over 170,000 remain in New
Hampshire and a large majority of theseanly 148,000 stay within the corridor itseiot all of
these trips are part of the market that the Capitol Corrigoojectwould serve, but they do
show the relatively large number of work trips within New Hampshire.

9 The New Hampshire market isrmidered to be communities along the corridor and consists of Concord, Manchester, Nashua,
as well as Bow, Pembroke, Hooksett, Goffstown, Bedford, Londonderry, Merrimack, Litchfield, and Hudson

10 pgpulation, employment, and commuting to work numbers aoarfithe U.S. Census Bureau, 2€8.0 American

Community Survefive-year estimates
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The intraNew Hampshire market carsts primarily of the work trips among the major cities of
Concord, Manchesteand NashuaExcluding intracity trips, the wottkip market between
these citiesapproaches 10,000 trips each weekday

A Massachusettso-New Hampshire WorkT rip Market This maket is the snallest of the three
major worktrip markets, with a total of 1,370 work trips from tidassachusettsommunities
in the corridorto the cities of Concord, Manchester NashuaThe majority of these trips are
from the cities of Lowell (773nd Boston (3006imilar to the tripgrom New Hampshiréo
Boston, the trips from Boston face the sevemngestion during peakommutinghours

4.3 Goals and Objectives

A set of goalandobjectives(Table4.5) weredevelopedto determine how well publictransportation
(intercity rail, commuter rail, or express busyestmentalongthe Capitol Corridor will addes regional

and corridor needandbuild oncurrent and recent planning. Research and analysis to date demonstrates
that integrated transportatio and land use planning can plkayositive rolén supporting an economically,
environmentally, and socially sustainable commuritynajor public transportatiomvestmentwould bea
significantstep in implementing this integrated planning approach witthe Capitol Corridor.

Table4.5: Capitol CorridotAA Study Goals and Objectives

Goals Objectives
Transportation and Mobility Provide alternativeto address congestion within theusly corridor
Leveragehe existing Expand the transit network capii
transportation network to Increase transit ridership and mode share by expanding the existing rider base an
improve access and mobility attracting choice riders

> > >

within the corridor and A Provide travel time savings
throughout the region A Improve the efficiency, convenience, and reliability of transit service
System Integration A Increase corridor modal conneeity
Invest in transportation A Provide connections to other corridors within the region
improvements that A Increase acces® the ManchesteAirport through additional transit service
complement the existing multi | A Balance system capacity (MBBX, Concord Coagh
modal transportation network | A Ensure operating efficiency

A Improve access to highgrayingjobs in greater Boston

A Support development patterns/lifestyle choices that attract younger, highly educat
Economic Development and professionaldo New Hampshire
Land Use A Leverage youger, highly educated employee base to attract new businesses/grow
Support the vision br growth existing ones
laid out in localfegional A Promote TransiDriented Rvelopment (TOD) to mitigate sprawl development
development plans patterns

A Improve the potential for additional freight rail business through infrastructure

upgrades

A Leverage existing transportation infrastructure to qualify for federal transportation
Sustainability investment dollars
Support transportation A Mitigate potential adverse environmental impacts resulting from anticipated
investments that contribute to development
an environmentally, A Support growth patterns that attract and retain residents from childhood through
economically, and socially retirement
sustainable community A Improve access to other tourism, recreation, and cultural attractions in greater Bog

and New Hampshire
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5.1 Railway Facilities and Services

The first passenger train in New Hampslaraved inNashua from Lowell, Massachusetts in October
18381 Passenger rail service along this alignment was soon extended tahelstec and Concord with
further extensions into the White Mountains and westerly to Hanover and White River Jurittien
NHML was, and remaina principal artery of the B&Metwork. Consequently, the line functions as a
key economic link between the GiitarState and the national economMHML passenger service ran

for almost 130 years until it was abandoned in 1983@ssenger service was briefly restored in 1980, but
abandoned again when federal funding expirBceight service has been operated continsty for 175
years

Based on a review @0" century passenger timetables, the fastest trips between Boston and Concord
were offered in the 1950s when the new ligiid selfpropelledBudd RDGRail DeselCarg made the
73-mile trip in as little as 8&hinutes During the steam age, in the first half of the century, the shortest
travel times were 120 minutes for the same destination pair

In the first quarter of the20" century, 29 passenger statioexistedbetween Boston and Conco(dee
Table5.1). With the rise of the highway network, that number was gradually reduced to 16 in. 1945

Tableb.1: Passenger Service Summary 191964

Year Number of Stations Nashua Trains | Manchester Trains| Concord Trains
1910 29 30 28 28
1926 29 26 24 24
1945 16 18 17 17
1954 16 19 22 21

Source: Jacokanalysis of historic public timetables

The numbers of weekday passenger trains serving the line also declined from a high of 30 in 1910 to a
low of 18 in 1945In 1954, vith the introduction of new Budd RDC cars and peat prosperity, the

B&M slightly expanded the frequency of passenger trains along theHimeever, by the late 1960s, the
passenger service was no longer profitable and was discontinued due to the grbththinterstate

highway systemExisting passenger rail service is shown in Figure

11 New Hampshie Department of Transportatioew Hampshire State Rail Plan 204221
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Figureb.1: Existing Passenger Rail Services

=
_~North

New Hampshire Main Line

MBTA Commuter Rail
e Amtrak Downeaster

==== Limited Access Highways

®

Urbanized Areas

0 2 4 8 12

Miles

Billerica ) )
N > :’/
\

W

N\
{33 Wilmington

\AnQerson/Woburn

4

§Winchester Center,
) Wedgemere

e“Ol\f‘\th Station
" = J

A South Station

)

\ 93,

State Project Number16317 and 6806A
20| Page



¢ /.
New f{(;;’t 111 STV E

New Hampshire Capitol Corridor Rail & Transit Alternatives Analysis (Parts A & B)
Task 9: Service Development Ptadovember2014

Department of Transportation

A review of B&Memployeetimetables showing speed limits for thi@e during the 1950s and 1960s
indicated that the maximum allowable speed along most of the line between Lowell and Concord was 70
miles per hourrfiph) with numerous speed restrictions for curves, densadttled urban areas with a
high-density of grade mossings and railway yardsee Figuré.?2).

Figureb5.2: Historic and Existing Speed Profiles for NHML from Lowell, MA to Concord, NH
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When passenger service was abandoned due to declining ridership lat¢ht960s, the B&M stopmul
maintaining the line for passenger speeds and lowered the maximum allowable speeds to 40 mph south
of Manchester and 30 mph north to Conco@urrently, the short segment between Lowell and

/| KSt YaT2NR Aa Llingffeigh? Mairineafd is stillaeeatedsakdAntnifitained at a 60

mph freight standardThe maximum allowable passenger speeds between Lowell and Boston are
between 60 and 70 mph
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5.1.1 Track Configuration

Once a busy mailme railway, the NHML was doubletked to Concord and beyondowever, today

the railway is largely single tracked north of Chelmsford with some passing sidings, yards in Nashua and
Manchester, and numerous turnouts to customer siditga track configuration chart for the segment

north of Lowell can be found iRigure 10.1The 48mile segment between Lowell and Concord has 26

switches off the maitine to yards, customers, sidingsd branchesThe most notable freight

customers along the line are Public Service of New Hampshire (FSdétec Cement, Anheuser Busch

and Nashua Corporatioifthe PSNH power plant in Bow regularly receives unit trains of coal

(approximately 100 annually) y R A a o6& FI N 0KS adl GdSQaTrisimeyBSald ©@2f
change in the future as PSNtonsiders a potential future conversion to natural gas turhines

The NHML has two active branches

A" The Hillsboro Branch leads west from Nashua approximately 30 miles to Bennington, N
Hampshire The eastern most 12 miles to Wilton are owned and opeatdigPARThe 18 miles
between Wilton and Benningtoare owned by the State of New Hampshire and operated by the
Milford-Bennington Railroad.

A New England Southern Railroad (NEGS) operates north from Concord using 18 miles of the
state-owned line that runsorth from Concord toward Lincoln.

5.1.2 Ownership

In Massachusetts, the southernmost 34.5 miles of the line were acquired by MBTA in the A9
time MBTA acquired most of the mdine assets of B&M and the New Haven Railroads in eastern
MassachusettsToday, the southernmost 25.4 miles of the route between Boston and Lowell are busy with
passenger traffic operated by the MBTA and Amtrak, and some local freight services ojgrag.

In New Hampshire, the NHML is propertyP#RIn 2011 ,PARconveyed trackage rights to MBTtA operate
passenger trains on the NHML northward into New Hampshire between the state line and Concord.

5.1.3 Railway Signal System and Traffic Regulation

The train control signal system for the route supports Northeast OperatitesPRavisory Committee
(NORAC) Rule 261 between North Station and Manchd3tge 261 allows for firectional operation with
automatic wayside block signals on all miaie tracks North of Manchester, there are no wayside signals
and operations are gerned by Data Communication System (DCS) rules, wherein a Form D train order
issued over the radio by the railroad dispatcher in Billefitassachusettss necessary to move a train.

12The line is doublél NI O1 SR F2NJ GKS Hp YAf S& 0 SAnmghé yhtermadal Teryir@lin Lov@ING K { 4 |
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5.1.4 Track Conditions and Potential for Upgrades

Inspection of MBTA andARtimetables and track charts coupled with arhil inspection trigin April
and June2014 between Lowell, Bssachusettand ConcordNew Hampshirgprovided the following
information concerning track conditions.

Railway track is the structure consistioigrails, fasteners, tie plates, tigsnd stone ballast that guides
and supports the train as it moves down the railroktbre than 150 years of development has led to
near universal standards for track desigat marginal innovations are made every fgears The
predominant track form worldwide consists of flabttom steel rails that support and guidaeil vehicle
wheels The rails are seated on steel plates fastened to and supported by timbefLiegies are laid in
a bed of crushed stone, alsodwn as ballast.

For generations, rails were laid in-B$t sections tied together with joint bars and balfhe joints in

the rail are a weak point in the track structure, subject to substantial maintenance to provide a smooth
route for the vehicle whesl Loose and damaged joints diminish ride quality, tie &fed maximum
allowable speedsBeginning in the 195048).S railroads started welding their rails into long continuous
ribbons that significantly improved ride quality and eliminated most mainteraassociated with joints
The conversion to welded rail has been a long pracesday, mosheavily trafficked and highespeed
railways use track constructed with continuously welded rails fastened to the ties with an array of
resilient elastic steefasteners that further reduce maintenance and improve ride qualtyutes with

less traffic have generally not been updated with welded rail or the newer fastening devices

In recent decades, the.H rail industry has been using heavier rail for maie lirack constructionHeavier

rail can support greater axle loads and higher train speeds with less stress, damage, and resulting
maintenance compared to lighter raRail weight is graded in pounds per yadfdr most new construction,

MBTA and Amtrak @sral in the range of 132 to 136 pounfgsrd, but substantial portions of both networks
userail in range of 112 to 115 poungard. C2 NJ A y & (i I y O S ZDowreastéroutebetwedhil NI | Q&
Bosbn and Brunswick runs on 14®undrail. PARQ & Y I A Yilt With 30G 118 and 1d Sipoundsail.

The traditional rule of thumb for track life has been that timber ties should be replaced after 20 years
and rail should be expected to last 50 yed8TA has had several bad experiences with concrete ties
and is mt installing them on their commuter rail roawith the materials technology and manufacturing
advances of the second half of tB&" century, both rail andies are showing longdifecycles but

there is considerable variability in longeviBependingon a varietyof circumstances, some timber ties
last as long as 40 yearahile other ties fail in as little as four years after installatideavier traffic

tends to reduce track lifeMoisture from poor drainage and weak ballast support also tendsakien

g 2 2 RS ydetériar&ianQ

A Inspections U.S railway track used for passenger operations is subject to two inspections per
week that visually check for track defects and obstructidi® most common defects are loose
or missing fastenerthat arefixed by the inspection patrol, as discoveréuaddition to
frequent inspections, a program of renewal and replacement is required to keep the track up to
the desired FRA standard.
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A Ballast Once installed, operating track is maintained by periodicalhewing (supplementing)
the ballast while refining any deviation in the grade and cross level of.track

A Ties There are typically 24 ties per-38ot section of railOnlyeight to 10of those ties need to
be in good condition to support 60 mph passentrains The remainder can be allowed to
deteriorate. To maintain a constant distribution of good ties in the track structure, the ties are
periodically renewed to replace the worst with new ties

A Rait Rail is regularly ground to keep the surface sthamnd in good conditioriThe rail is also
subject to regular ultrasonic inspection to find hidden defects in the sWbkre the rail is
jointed, defective rails are cutout and replac@the mechanism for replacing a bad spot in a
string of welded raile@quires cutting to remove the bad spot and welding in a plug rail to replace
it. Wholesale rail replacement programs are infrequent, unless anticipated changes to traffic on
the line require greater strength or higher allowable speeds

5.1.5 Track Class and Mamum Speeds

Standards for track maintenance and maximum speeds are set byl FiRAs maintained to a higher
standard are allowed to operate at a higher speedssenger train speeds generally range between 60
mph for FRA Track Class 3 up to the Classxihmian speed of 125 mph (s@@ble5.2). Currently, the
Northeast Corridor between Boston and Washington is the ooge in theU.Sthat permits speeds in
excess of 125 mpH!4 Most passenger routes and mdine freight routesare maintained to FRA Cas

3 or 4 Branch lines and other lightly used routes are maintained to FRA Class 2 or 1

Table5.2: FRATrackClass and Maximum Allowable Speeds (mph)

Track Class Freight Trains Passenger Trains

Excepted 10 N/A
1 10 15
2 25 30
3 40 60
4 60 80
5 80 90
6 110
7 125
8 160
9 200

49 de of Federal RegulationsdH§213.9- CLASSES OF TRACK:
OPERATING SPEED LIMITS (Cla&sSsendl 49 CFR 213.30CLASS (
TRACK: OPERATING SPEED LIMITS (C#sses 6

13U.S. Department of Transportation (USDOT), FRA, Code of Federal Regulations (CFR), Title 49, Track Safety Standards Part
213, Subpart Ato F, Class of Traék duly 11, 2013

14U.S. Department of Transportation$DOT), FRA, Code of Federal Regulations (CFR), Title 49, Track Safety Standards Part
213, Subpart G, Class of Track 6 and Higher, July 11, 2013
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5.1.6 Curent Track Class and Speeds

Within the southern 25 miles of the NHML between Boston and Lowell, MBTA currently operates daily
commuter rail service, independent of most freight operations, with some segments maintained to a 70
mph speed standardVost trackage is rated for 60 mph passenger operatidhis presumed that any

future passenger rail trains operating within this section of commuter rail territory would use existing
track and be restricted to the current timetable speeds.

Existing rail trafficiorth of Lowell consists solely of freight movements with varying levels of train
volume depending on the locatioifhe greatest traffic is on the southern portion of the route between
Lowell and North Chelmsford, Massachusettsffic density between dith Chelmsford and Concord,
New Hampshirelecreases as the route extends north of the New Hampshire state line into Nashua,
Manchester, Bowand Concord with typically no more than two train movements per day north of Bow.

North from Lowell is a threeile section of track to North Chelmsford that experiences heavy freight traffic
This segment df ! wefsiwest main line is maintained for a maximum freight speed of 40 mph (Class 3).

At North Chémsford the line splits at a wy@&he western leg is ! wesiwest main line andhe
northern leg is the lessdraveled NHMLThe NHML line runs northerly another seven miles to the New
Hampshire state line where riglaif-way and track ownership changes from MBTRAR

PARQA 2 ¢y S NA K30 rmilesQ®h¢ fokthytlizigh the cities of Nashua, Manchestrd Concord
with mostly 40 and 30 mph freight speeds on predominately Class 3 track north twio@lass 2 track
north to ConcordFigures.3 shows thehistoric passenger train speeds and tharent freight train
speeds between Lowedind Concord
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Figureb.3: HistoricPassengeBpeedsand CurrentFreight Speedor NHML from Lowell, MA to Concord, NH
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5.1.7 Track Conditions

The track conditions along the rougee consistent with thessigned=RA Track Class and maximum
speedsOver the 25 miles where MBTA operates its Lowell commuter rail service, all rail is welded with
the latest major tie renewal completed in 199Phe oldest rail on this segment was maraitaed in

1980 Much ofthe track uses 13poundrail, but approximately 20 of the 51 track miles between

Boston and Lowell usdd 5-poundrail.

The character of theARmain line between milgpost (MP) 25.5 and MP 28.5 varies radically from the
MBTA serice segmentThe track is jointed her@nd thenorthboundtrack is pimarily constructed with

100 poundrail manufactured in 1927Thesouthboundtrack ismastly constructed with 11-poundrelay

rail from 1965 Relay rail is rail that had been previouged at a different location where it was removed
and reinstalled at its present locatioRield inspection indicates that tie conditions along this segment are
commensurate with the track clags.g., at least 10 out of every 24 ties are in good condjtion

Traffic density and composition on the line charsgerth of the wye at North Chelmsfor&ewer trains

are operatedbut one of the regular trains is a long (approximately 90 car), heavy (over 10,000 tons) coal
train bound for the power plant in Bowt 8P 68, approximately 40 miles north of the wygmilar to the
PARmain line, the rail is almost all jointe@here are approximately two miles of welded rail just north of
downtown ManchesterNearly all of the rail is 112 poundsanufactured during théirst half of the

1940s Records supplied byARindicate that the last major tie renewals took place in the 1990 field
inspections indicate that the line seems to be in a near constant state of spot tie renewal to maintain
sufficient track structue to safely support the coal traifNorth to Manchester the line is rated as FRA
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Class 3North to Bow, the nominal track condition is FRA Clagg@mal inspection of the line indicates
GKIFG GKS 021t (NI AR Reep adufsdiineteNBINgidhy iles in goadndddition to
support and guide the heavy traiwhere the vertical profile of the railroad is not restricted by grade
crossings, the bed of ballast supporting the coal train tends to be deep with full ballast shoulders

5.1.8 Railway Bidges

A review of RRtrack charts and inspection and rating reports indicate 25 bridgéstalong the NHML
0SioSSy Ghllaghe Tetminal and Concofithe FRA requires all rail carriers to implement bridge
management programs that include annuagpections of railroad bridges and determination of the

& (i NJzGOsafd2bEB €apacityPARreports rate the 25 structures along the route subject to passenger
rail restoration generally fair to good, with one bridge noted in poor condition

The locomotie is the heaviest vehicle in a passenger train with a typical weight of 250,000 pédinds
of the rated bridges along the route are qualified to carry this ldddst of the bridges are rated to
safely carry cars with a gross weight of 286,000 poundsaserithe bridge classified as being in the
poorest condition is rated to carry a capacity of 263,000 poumbte two longest bridges crossing the
Merrimack River are not rated and should be inspected before passenger service is.restored

5.1.9 Highway Grade Crssings

¢tKSNB INB op t20FriA2ya ARSYGATASR 0SioSSy [26StfQ
where roadways or pedestrian paths cross the railway at gradade crossings are of particular

concern as they present the greatest accident mdzm the railway due to the potential for

vehicle/pedestrian conflicts with train&rade crossings will require sensitive treatment should

substantially greater volumes of trains be reintroduced along the rdegeleral safety regulations

require trainsto sound their horns at all grade crossinps FSRSNI f t & al yOuA2y SR aljd:
established cooperatively with the local community working with the railroad to make substantial

investments that reduce the likelihood of accidents

The density of 38rossings along the 4&ile route is relatively low for a suburban railwae railway
generally hugs the bank of the Merrimack River and only several of the streets are heavily tréwedied
of the grade crossings lead to relatively small riverfrosidential enclaves or industrial siteé3f the 35
grade crossings, 21 are public roads, 13 are privatewdy® and one is an informal community crossing.

Public grade crossings are roadways under the jurisdictipanaf maintained by, a public authoyit
Private grade crossings are on privatelyned roadways, such as those leading into an apartment
complex, housing estater commercial/industrial developmenA private crossing is not intended for
public use and is not maintained by a public road aitly. Nationwide there are approximately
148,000 public crossings and 95,000 private crossings.

A Lowelt No grade crossings aiime Sudy corridor in the City of Lowell
A Chelmsford Three private crossings in the Town of Chelmsfartt of these atually finctions as
apublic crossinginceit leads into a substantial new residentddvelopment on the riverfront
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A TyngsboroughTwo private crossings in the Town ohggborough one leads to an older
established residential enclaythe other to several commetral buitlings and a boat launching
ramp

A Nashua Four public crossings in the City of Nashua, ¢hoé which are heavily travellechére is
also one private unprotected crossing and one informal crossing used by local residents to
recreationally access developed land along the riverfront

A Merrimack Four private crossings in the Town of Merrimack, all of which are lightly travelled

A Bedforc No public or private graderossings in the Town of Bedford

A Manchester Thirteen public and one private crossingtime City of Manchestereven crossings
FNB f20F0SR Ff2y3 | aiAy3atsS YAt S 2FraiitkSredlP dzi S |
is undoubtedly the most heavily trafficked esing along thet8dy corridor

A Hooksett Two public crossings in tHEown of Hooksettneither gradecrossing is heavily
travelled

A Bow: Two public and two private grade crossings in the Town of;Bbree lead into a single
farm or industrial planand one is a busy local street

A Concord No roadway grade crossings along tBeidy corridor in the City of Concord

5.1.10 CurrentRail Passenger Services

On a typical weekday in the spring of 2013, Lowael served by 44 MBTA revenue trains to and from
.2al2yQa bwheldbKile tfipiskried u ¥6 seven intermediate station stoffhe running time
between Lowell and Boston ranges between 45 and 49 minutes with a maximum allowable speed of 70
mph. Six weekday norevenue deadheatrains run between Lowell and Boston to stage the service
because there is no facility for the overhtgtorage or maintenance of the trains in Low&lpical weekday
MBTA ridership on the entire line is 17,500 passenger,timgtuding bothnorthboundand southbound

travel. Lowell is the busiest passenger station on the line with 4,280 weekday bosalinbalightings

The current NHML MBTA service provides 64 weekday passenger trains to and from North Station (see
Table5.3). Of those trains, 44 are revenue trains running between Boston and Lowell and six are the
aforementioned norrevenue deadhead ips. The remaining 14 trains are a mix of pgaiod, short

turn trains between Woburn and Boston and a variety of express and repealetrains running

between Boston and Haverhill via the Wildcat Rotif€he line also serves 10 AmtrAkwneastetrains

from Portlandto Boston North Stationmia Woburn and the Wildcat Route.

5 The Wildcat Route is a singflack, 2.88 mile railroad branch litleat connects the MBTA Lowell Line in
Wilmington, Massachusetts to the MBTA Haverhill Line at Wilmington Junction.
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Table5.3: MBTA Service, Ridership and Revenue Statig{: 2$)

MBTA

Amtrak Typical Average Typical Total

Weekday | Weekday Weekday Revenue per Weekday

Revenue Revenue Southbound Cash Passenger Passenger

Station MP Trains Trains Boardings Fare Boarding Revenue

Lowell 25.5 - 44 2,141 $6.75 $6.67 $28,566
North Billerica 21.8 - 44 1,427 $6.25 $6.38 $18,195
Wilmington 15.2 - 47 758 $5.25 $5.09 $7,711
Woburn 12.6 10 57 1,743 $4.75 $4.77 $16,640
Mishawum 11.9 - 6 50 $4.75 $4.95 $495
Winchester 7.8 - 49 1,002 $4.25 $4.34 $8,701
Wedgemere 7.3 - 48 740 $4.25 $4.36 $6,459
West Medford 55 - 49 884 $1.70 $1.83 $3,244
North Station 0.0 10 58 n/a n/a n/a n/a
Totals - 10 58 8,745 - $5.15 $90,011

{ 2dzNDOSY a. ¢! [ 2y RdzO( 2-Rabéiary 992R1R dnd daSobd2ANdlysis ¢ K dzZNE R &

The Lowell service requires four train sets in the morning and five train sets in the afteA®ehavn
in Table 5.4the peak five trains are required to be six, five, six, sexed five cars longrhe seveitar
train regularly carries 652 passengeidl but one car assigned to the Lowell service is a sirgtd
coach The maximum length of any traberthing at North Station is eight carss ridership on the
NHML grows, the number of higher capacityeviel coaches on the route will need to be increased.

Table5.4: MBTA NHML Peak Train Lineup

Pe&k SingleLevel Bi-Level Peak
Set | Train Coaches Coaches Seats Riders
N 310 6 - 684 579
(0] 304 4 1 636 493
P 306 6 - 684 600
Q 308 7 - 798 652
R 327 5 - 570 480

Source:North Side Equipment Cycle Seating Requirement9B8 Scheduled
Weekday TraindyIBTA February 29, 2012

A stringline diagram, also referred to as a tidistance diagram, is helpful for planning the flow of
railroadtraffic. These diagrams are a graphical depiction of the timetable and provide a visual
representation of trains scheduled tiperate on a corridarThe diagrams show distance and station
locations along the-axis and time along the-gxis. The stringlines show the time and location of each
scheduled tripThe slope of line indicates direction and relative speed with upward liegresenting
northboundtrips and downward lines representisguthboundtrips. Intersecting lines show when and
where trains will meet and identify where passing sidings or double tracking will be required.

A stringline diagram illustrating current wedsy passenger operatiomms the line is shown in Figure
5.4. Forreference, North Station is located &P 0 and Lowell is d&¥IP 25. Nashua, Manchesteasnd
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Concord are located &fIPs39, 55 and 73, respectivelyl he timetable of servicesan befound in
Sectiorb: Service Alternatives

Figureb5.4: Existing NHML MBTA Passendrail Services
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Stringline diagrams are used to identify potential schedule conflicts (meets/pagstential open slots
for new serviceand resource planning (crews, locomotives, efthle schedule is also impacted by
certain track restrictions that determine line capacity such as physical track layout, number of tracks

and the

number and spacirg sidings|f a stringline becomes vertical, it means that the train must stop

at that location for the duration of the vertical line. Required changes in scheduled departures and

arrivals,

station dwell times, and train meets ca.. Fiaure5.5: Amtrak DowneasterService

be identified and adjusd in the stringline

diagram

AmtrakDowneasteiservice between North e
Station and Brunswicllaine also operates on
the NHMLlIine as far north as Woburfkrigure
550 LG GKSy dzasSa laked ¢
northeasterly Haverhill, Massachuse#isd on to
Maine. EachDowneastetrain serves passenger
to and from thenorth at North Station and

Brunswick

and then used to update the timetahles i

Portiand
Old Qrchard Beach

Saco

Dover

Durham

Exeter

Waoburn

Boston
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Woburn NosouthboundAmtrak passengers are allowed to board at Woburn andarthboundtickets
to Woburn are sold from btth Station TheDowneasteraverages 1,400 passengers per day at all
stations The typical daily passenger traffic at Woburn is 30 boardings and alightings.

5.1.11 Rail Freight Service

The New Hampshire rail system is composed of five primary owners of treadblines: RR New
Hampshire Northcoast Corporation, New England Central Railroad, St. Lawrence & Atlantic,Raittoad
the State of NewHampshire (se€&igure5.6). In addition tothese five primary owners, four of which are
also railroad operators, sadditional freight railroads either operate on small segments of track in New
Hampshire or over track owned by others, suchhasstate-owned linesClaremontConcord Railroad,
Green Mountain Railroad, MilforBennington Railroad, New Hampshire Centralr&ail, New England
Southern, and Twin State Railroad.

&\
(Vo))

bS6 | FYLAKANSBQa LRLIA FGA2Y YR AYRdzZAGNE | NB
GKS aidl 6SQa o2 NBs&cNBettgAyer, PhsachuSe#sing Adburndlaine. New
Hampshireand the rest of New England is often referred to as adetgac in the national rail network,
since the area is primarily a freight destination, and no major rail routes traverse the region. Rail
volumes in New England tend to be considerably lower ththergparts of the nation, with only a single
Class | rail connection between Boston and Albaryy Mork

Approximately 85 percent of national rail freight tonnage is bulk commodities, such as agriculture and
energy products, automobiles and componentspstouction materials, chemicals, equipment, food,
metals, minerals, and pulp and pap&igure 5.7llustrates that the commodities most commonly

shipped to New Hampshire are coal and petroleum products bound for local consumption
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Figure5.6: New Hampshire Railroads by Owner and Type
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Source: New Hampshire State Rail Plan, 2012
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Figure5.7: New Hampshire Freight Rail Traffic by Commodity/Directié df carloads)
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The commodity most commonly shipped from New Hampshire is sand and gravel bound for cement and
asphalt plants in Massachusetfsimost 80 percent of the rail cars moving through the state are through
movenents between Maine, Eastern Canadadthe balance of the L&

The NHML connects to the national freight network only at LowedksdchusettsThis corridor
currently receives three quarters of all rail freight tonnage shipped into New Hamp¥ffite the

freight received is quite diverse, traffic flow is dominated by coal for etegieneration shipped to Bow,
New HampshireClay, concrete, glass, and stone also comprise much of the remaining rail freight
tonnage moving on the corridoOther productsshipped along the corridor include farm products,
lumber and wood products, food, chemicals, and some nonmetallic min&igisificantly more freigh
rail traffic is shipped intoaithern New Hampshire than is shipped o8hippers categorize the small
amount of outbound freight rail traffic as miscellaneous freight.

Most rail traffic currently shipped to New Hampshire is for local consumption and the volume of

outbound rail traffic other than building materials is quite minor. Unless theaariajor shit in New

I ' YLIAKANSQa SO2y 2 Yar codsBmelldhg® vRldn@S & bulklbaBhiddslitied, it is unlikely

that the total volume of rail traffic to or from the Granite State will grow at a rate that varies

significantly from expected population growthihat is not to say that rail freight in the state would not
O0SYSTAGL FTNRY AYLNROSYSyGa G2 | 1S& NrAt tAyS asSND
magnitude of benefit for long journeys on the national network will likely be relatively small.
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5.2 Highway Facilities and

Level of Service _ . :
Figure5.8: Study Corridor Highways

¢CKS /FLAGEE /7 2NNA[
highways that conrject New § © ’ i
I ' YLIAKANBQa YI 22N ‘

to metropolitan Boston are-93, US
Route 3/Everett Turnpike;95/Route
128, 1293, and, F495. An overall
corridor Sudy map showing the
subject corridors is shown Figure 5.8
Thesehighwayscover 26&ound trip
miles of limited access freeway
facilities and interchanges, shared
between the States of New Hampshire
and Massachusetts. The breakdown o
the coriidor mileage is as follows:

A 130roundtrip miles on 493
A 22roundtrip miles on 1293
A 98 roundtrip miles on US Route 3 : i
A" 22roundtrip miles on Route
128/1-95 o @
A 18roundtrip miles on Y
1-495 o

Most analysis focuses o0+98 since it is
the only diect link intoBoston from
the Sudy corridor. US Route 8293, 1- P e
95/Route 128, and-495 all feed into-I ® " o a8
93 for the purposes of travel along the | s e e e S JACOBS -
Capitol Corridor to and from the —
regional core.

5.2.1 Highway Geometrics

I-93 southboundoffers three lanes for travel betweddooksett and-293 where it drops a lane until it
reacheghe state line in Massachusett#\ fourthgeneral purpose (GFPane isaddedin the vicinity of
Wilmington near the Route 125 interchange.

Near Medford and Somervill&assachusettssouth of Exi30, 193 southboundsplits into one high
occupancy velsie (HOV) lane and thrggPlanes After Exit 28, the three GP lanes e&3southbound
drop to two GP lanes for approximately8t0 feet beforeregainingthe third GP lane at Exit 29.
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I-93 is currenly being widened to four GP travel lanes in each direction in New Hampshire between Exits
1 and 5 from the Mssachusettstate line to Manchester, New Hampshifer a distance of

approximately 19.8 miles. The project is expected to be completed in Zof &he purposes of this

Sudy, the widening project is presumed to be complete.

US Route 3/The Frederick Everett Turnpsoaithboundgenerally carries two GP travel lanes from
Concord to489 where it adds a third lane. US Route 3 carries three GP lamad-89 to the 193 split.

After the 193 split, US Route 3 generally carries two GP lanes from ManchestemtéiBimpshire
Routel101, where US Route 3 widens and fluctuates between three and four. lamesrowsand
fluctuates between two and three G&nes from Exit 13 in Merrimacklew Hampshirdo Exit 8 in
NashuaNew HampshireFrom Exit 8 and to the désachusettstate line, US Route 3 fluctuates
between four and three GP lanes. lraddachusettsUS Route 3 generallgrcies three GP lanes from
the state ine to Route05/128 in BurlingtonMassachusetts

I-95/ Route 128orthboundgenerally carries four GP lanes between US Route 3-@8d\orth of 93,
I-95 has a lane drop from four to three GP travel lanes.

I-495northboundgenerally carrieshiree GP lanes between US Route 3 a88.1

1-93 northbound generally carries four GP travel lanes from Exit 29 in SomeMulesachusettso Exit

41 in WilmingtonMassachusettsAfter Exit 41, a lane is dropped and there are three GP lanes up to the
state line. In New Hampshire 193 northboundcarries two GP lanes from tlsiate line to Exit 5 in
Manchester New HampshireAfter Exit 5,-B3 northboundfluctuates between two and four lanes up to
Exit 7 where it generally settles to three GP lanes ufd thre US Route 3/Frederick Everett Turnpike
merge As noted above;93 is currently being widened to four GP travel lanes in eachtitireinn New
Hampshire from the statérle to Manchester, Bw Hampshirdor a distance of approximately 19.8 miles.

US Rute 3northboundgenerally carries three GP travel lanes from Burlingkdassachusettshough
the state line to Merrimack New HampshireStarting before Exit 10, US Routeddthboundfluctuates
between three and two lanes up to théB merge. North ofhe 93 merge, US Routerdrthbound
fluctuates between three and four GP lanes. After #889 linterchange, US Routen8rthboundcarries
two GP lanes up to Concqidew Hampshire

I-95/ Route 128outhboundcarries three GP travel lanes into th83 inerchange and adds a fourth
lane south of the interchangewhich carries through to and beyond US Route 3.

I1-495 southboundcarries three GP travel betwee®8 and US Route 3.

5.2.2 Breakdown Lanes ant/lanaged Lanes

Peak period breakdown travel lanes e®3northboundand southboundbetween Exits 45 and 47 exist
at this time, but willbe permanentlyremovedwith the reconstruction of the Methuen interchange at
Route 110/113 and93.
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An existing managed lane 0198 southboundbegins in MedfordMassachusettsAfter Exit 30 and

before Exit 28,-93 southboundsplits into one HOV lane and three GP lafié®re is dour-foot painted

buffer separation between the HOV lane and the adjacent GP lanes. The HOV lane ends at the Leonard
P. Zakim Bunker Hill Bridge &etl93/Route 1 merge. There are no other entrances or exits for the
southboundHOV lane between the Mystic Avenue-@mp entrance and the Zakim Bridge. Buses,
carpools (defined as two or more occupants), motorcycles, and vanpools using tHam¢@4n ave up

to 10 minutes during the morning pegkeriod commute. The HOV restrictions apply between &rd0

and 10:0@&m, Monday through Friday.

5.2.3 Highway Level of Service

Level ofservice O$is commonly used to describe the operating conditions for grounasiartation
facilities. LOS for freeway facilities is calculated from vehicular speed, volume, and density. LOS ranges
from LOS A to F, where LOS A describesflioaeoperations, LOS E describes operations at capacity,

and LOS F describes breakdown caadg and unstable traffic flow.

LOS analysis for freeway sections is based upon density of vehicles. Density is measured inrpassenge
carsper-mile-per-lane (pc/mi/ln). LOS is a term used to denote different operating conditions that occur

at a given roaday segment under various traffic volume loaliss a qualitative measure of the effect of

a number of factors including roadway geometrics, speed, travel delay, freedom to maneuver, and safety

The LOS for ramp merge and diverge points are based ugodethsity of vehicles upstream of the
merge and downstream of the diverge point§eave sections are defined as tteadwaysegment
bounded by an omamp followed with an offamp, creating a potential conflict for vehicles trying to
enter the roadway andehicles trying to exit the roadway within the same stretch of pavement.

Given the regional scale of thisugly, LOS and volum®-capacity (v/c) were identified as appropriate
performance measures to evaluate the limited access freeway conditions dhangeekday peak hours.
The LOS criteria for freeway sections, ramp junctions, and weaving segments areiisfi@lules.5.

Table5.5: Highway LOS Thresholds

Freeway Ramps Weaving
LOS Density Densi ' Density
(cars/mile/lane’ (cars/mile/lane (cars/mile/lane’
A 01 11 0-10 0-10
B >117 18 > 1020 >10-20
C > 181 25 >20-28 >20-28
D > 251 35 >28-35 >28-35
E > 351 45 >3E >35-43
F Overcapacit Overcapacit >42

Source: 2000 Highway Capacity Man
Year 203 existing weekday morning pedour LOS anu/c ratios for inbound traffic towards metropolitan
Boston are showin Figure5.9. Under current conditions, there is severe traffic congestion inbound towards
Boston during the weekdayorningpeak hour. The vehicular demand exceeds capadgity a v/c ratio
greater than 1.25 from Exits 36 to A7arious sections between Exits 36 and 27 have LOS E condi@ns. |
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between 195/ Route 128 and-495 is generally overapacity with LOS E and F conditior5/Route 128
between US Route 3 an@8is generally ovecapacity with traffic congestion

The existing weekday evening pebkur LOS and viatios for outbound traffic from metropolitan
Boston are shown iRigure5.10. Under current conditions, there is severe traffic congestion outbound
from Boston during the weekdafternoonpeak hourVehicular demand exceeds capacity with a v/c
ratio greater than 1.25 for various segments between Exits 27 t&%/&8ous sections between Exits 27
and 39 have LOS E and F conditions. North of Exit 39 aiod-4p5, 193 is generally at or over capacity.
I-95/Route 128 between US Route 3 ariBlis generally ovetapacity with traffic congestion, and
predominately at or near capacity closer to US Route 3.
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Figure5.10: Year 2013 Peaklour LOS
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5.2.4 Peak Travel Speeds

Travel speed and time data for the network was collected viatiesd, GPSquipped, anonymous dle
phone technology, through two internet mapping sources (www.google.com/maps and
www.bing.com/maps) The nternet data establiséd current travel speedsind hot spot locations for
congestion between the major population centers in New Hampshire andBoEhe data collection
was undertaken in June 2013 during the weekdagsgcluding Mondays and Fridays.
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Year 203 existing weekday morning pegleriod travel speeds for inbound traffic towards Boston are

shown inFigure5.11 The existing weekday evenimgakperiod travel speeds for outbound traffic from
metropolitan Bostorare n Figure5.12

New Hampshire Capitol Corridor Rail & Transit Alternatives Analysis (Parts A & B)
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Figure5.11: Year 2013 Weekday Morning Inbound Speeds
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Figureb.12: Year 2013 Weekday Evening Outbound Speeds
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5.2.5 Travel Time Contours

Year 2012®xisting weekday morning peddour travel time contours for inbound traffic towards Boston

are shown irFigure5.13 The existing weekday evening pebkur travel time contour$or outbound
traffic from Boston are shown iRigure5.14.

Figure5.13: Year 2013 Evening liolind PeakPeriod Travellime Contours
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Figureb.14: Year 2013 Eaning OutboundPeakPeriod Travellime Contours
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Travel times from Concord to Boston during the inboamarningcommute are bottoraheavy due to

the gradual increase in congestion approaching Boston. Nearing Boston, congestion is severe with
speeds lesghtan 30 mphTravel times inbound currently take up to 20 minutes from Medford|dda,
and Everett; areas only foumiles from Bostorg with an average speed of 12 mdaxpanding radially
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by another foummiles, the travel times into Boston double to 40nmiesg still with an average speed of
12 mph Between 195 and 4495, travel times into Boston can take up to 60 minutes by vehicle.

Travel times outbound from Boston during taiernooncommute are topheavy due to the severe
congestion experienced éixig Bostomorthbound¢ but not as severe as the morning peak hotnavel
times outbound currently take up to 20 minutes to Medford, Malden, and Winchesaeeas only
sevenmiles from Bostorg averaging just over 20 mpExpanding radially by anothegxenmiles, the
travel times exiting Boston double to 40 minutestill averaging just over 20 mpiravel times to
Lawrencecurrently take less than 60 minutes, and commutes to beyond S&em Hampshir¢ake
less than 70 minutes. Travel times from Bwsto Concord take less than 90 minutes in weekday
afternoonpealkhour traffic.

5.2.6 Highway Conditions Summary

Severe traffic congestion is evident entering and exiting Boston®&North during the weekday peak
periods Whentravel speedsirop below30 mph, traffic volumesare generally understood to exceed
road capacity by over 28ercent. Averagepeakperiodspeedson F93 have been shown to drop &s
low as 12 mphior the lasteight miles inward to Boston.

The current freeway infrastructuren F93 Nath is a ontributing factor to the severe traffic congestion
experienced entering and departing Bostd¥ter Exit 28 in Somerville, the thrggPlanes on493
southbounddrops to twoGPlanes for over D00 feet beforeregainingthe third lane at Exit 29This

lane drop less tharfour miles away from Bostqris currently a choke point causing severe congestion
on 93 on typical weekdagnorningconditions.

In New Hampshire;93 North is currently being widened to four GP travel lanes in each direction
between Exits 1 and 5 from theadsachusettstate line to ManchesterNew Hampshirdor a distance
of approximately 19.8 miles his will add tremendous peddour vehicular capacity and facilitate more
efficient traffic operations in New Hampshire.

Howeve, the future lane imbalance with thed3 SB lane drop from four lanes to three lanes between
the New Hampshirestate line and Exit 41 in WilmingtoiMassachusettfor approximately 11.5 miles is
expected to be a key choke point and source of congestiting futuremorningpeak period.

In the northbounddirection during theafternoonpeak period, after Exit 41 and the Route 125
interchange, ©3 northbounddrops a laneandconsist othree GP lanes to thedW Hampshiretate line.
In the future, thisreductionfrom four to three lanes at Exit 41, and back to four lanesdaw IMlampshirds
expected to be choke point araisource of pealhour congestion in the weekdafternoon.

Additionally, he peakperiod breakdown travel lanes or®B northboundand souhbound between
Exits 45 and 47 will permanenthe eliminatedwith the reconstruction of the Methuen interchange at
Route 110/113 and93.

With regards to managed lanes and the benefits of higher travel speeds and higher person throughputs,

an existing mnaged lane on93 southboundbegins in MedfordMassachusettsAfter Exit 30 and
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before Exit 28,-93 southboundsplits into one HOV lane and three GP lafé®re is dour-foot painted
buffer between the HOV lane and the adjacent GP lanes. The HOshdsi@t the Bunker Hill Bridge at
the F93/Route 1 merge. There are no other entrances or exits fosthehboundHOV lane between
the Mystic Avenue on ramp entrance and the Zakim Bridge.

While there is a managed lane fe®3 southboundthat spans appyximately two miles, it doesot span
the nine mile breadth of inbound congestion during therningpeak periogdwhich begins just south of
I-95/Route 128 There are no managed lanesrthboundon 93 to improve travel speeds or user
throughput duing the weekday afternoon peak period.

5.3 Corridor Bus Services

In total, ®ven regional and four local bus transit operators provide service within New Hampshire and
intercity service to Boston and beyondll of these services are subject to the same highwagestion

that affects automobile traffic on93 and other elements of the corridor highway netwoach of

these services has access to the HOV laned@that travels 2.5 miles between the Shore Drive
overpass in Somerville and tEakimBunker Hill Bdge, potentially saving up to 10 minutes compared
with morning peak travel in the GRnes.

BXprovides the pmary commuter service from Figure5.15: BXand Concord Coach Bus Routes
the Sudy area to Boston along the heavily ' A sl
congested Massachusetts segments of Interstatt...,
93. The service was iratly introduced by NHDOT
as a mitigation measure during highway '
construction along-83. Concord Coach also
provides intercity service to Boston along the
central spine of New Hampshire as far north as
Berlin, Nw HampshireFigure5.15showsBXand
Concod Coach bus routetn Massachusetts, the
MBTA andMerrimack Valley Regional Transit
Authority (MVRTAalso provide commuter service|
to Boston along-93 from communities to the
north of the city.

. Londonderry (Exit 5)

Londondorry (Exit 4)

Noshua (Exit B) Salem (il" 2)

Additional New Hampshire regional bus service |
between comnunities outside of the tBdy area
andto Boston operates through thell8ly area or |
alongSudy corridorsegments. Dartmouth Coach |
provides service from Dartmouth University in |
Hanover, Mw Hampshireand White River [ wwszes s
Junction, ¥rmontto Boston an travels on-stop |9 - - — )
through the 8udy area along-89 and 193.

Service to and from the New Hampshire Seacoast is operat€@&ByfromDover, DurhamPortsmouth,

+ Foen
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New Hampshireand Newburyport, Mssachusettto Boston and New York City. Finally, Greyhound
provides intecity service from Boston to Manchester, Congamd points north and wesindfrom
Boston to Nashua via Worcest@nd LeominsterMassachusetts

Local bus service within the New Hampsl@nady areaportion is provided by Concord Area Transit
(CAT)Mandester Transit AuthorityMTA) and Nashua Trans8ystem(NTS) Local bus service in
Massachusetts is also provided within tBedy area by the Lowell Regional Transit Authority.
Interconnections between these local providers are limited

5.3.1 Boston ExpreséBX)

BXis a privately operated network of commuter buses that were originally procured by the State of New
Hampshire as a mitigation measure for #wepansion project on93. NHDOT allocated capital
investment to acquire the buses and construct a numiigparkandride facilities.

Two routes provide servide Boston South Statioffom the downtown Manchester bus terminal on
Canal Street at Granite Street avid park-and-ride facilities on Route 3 0r393. The Route 3 service
makes stops at Exit 8 Mashua and Exit 35 in Tyngsborouglasiachusettswhile the 193 service
makes stops at Exit 5 in North Londonderry, Exit 4 in LondondeTdyExit 2 in Salem.

The 193 service operates 24 peak period trips per day aBA5ninute headways and 31 gftak trips
30-60 minute headways. TheoRte 3 service operates 14 pegkriod trips per day at 280 minute
headways and 32 offeak trips per day at 4520 minutes headways

Most BXtrips follow F93 directly toBoston South Station, but many of teeuthbound peak period trips
on the 193 service travel through downtown Boston to serve commuters on the way to or from South
Station Northboundtrips to New Hampshire do not circulate through downtown, but depart directly
from South Station and travel nortmd-93.

Existing traffic congestion alon®8 significantly impacts - $§rheduled travel timed-or instance, the
6:30amsouthbounddeparture from Londonderry (Exit 4) on th83 service is scheduled for a cheur
trip to South Station. Meanwhile, th&50amsouthbounddeparture is scheduled for a twiloour and20
minute trip, which is a buiin or induced delay of one hour ar2® minutes

Average daily ridership on theB service is approximately 1,200 boardings and on the Route 3 service
approximaely 600 daily boardingd abless.6and5.7).

Table5.6: BXI-93 Service

1-93 Southbound Service I-93 Northbound Service
Average Weekday Ridership (March 201 613 602
Peak Trips 12 12
Off-Peak Trips 17 14
Span of Service 4:00am9:50pm 7:15am11:55pm
Peak Headways 20-30 min 15 min
Off-Peak Headways 30-60 min 60 min
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Table5.7: BXRoute 3 Service

Route 3 Southbound Service Route 3 Northbound Service
Aveage Weekday Ridership (March 2013 298 306
Peak Trips 7 7
Off-Peak Trips 16 16
Span of Service 5:30am8:35pm 7:15am11:00pm
Peak Headways 30 min 20-30 min
Off-Peak Headways 90-120 min 45-90 min

Figureb.16shows the average weekday ridership aedvice velocity by theouthboundtime of arrival

in Boston for March 2013 he black line shows scheduled service velocity in miles per hour by time of
day. As would be expecteservice velocity is substantially higher for midday and evening trips.ethe r
line shows average daily ridership for each scheduledBisuffers due to traffic congestion o+0B
because its service velocity is lowest when demand for its service is highest.

Figure5.16: AverageWeekday Ridership and Service Velocity by Southbound Time of Arrival in Boston (March 2013)
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Most peakusers of theBXservice are regular commuters as evidenced by their use of the discounted
multi-ride commuter tickets. The offeak riders are much mme likely to travel using a fulére, one-way
ticket. Figures.17shows the number of passengers per hour who use a sridii commuter ticket

(blue) and the number who purchase ftdre, singleride tickets.
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Figure5.17: Hourly BXTotal Revenue Collected by Fare Type and Departure Tofrieay
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BXoperates commuter service on a franchise from the State of New Hampshire and receives an annual
subsidy. The subsidy is assessed each year based on operatngaeshortfallsits sister operation,
Concord Coagcloperates as an entirely private entity and does not receive operating support for its
intercity serviceBoth services use buses purchased with financial assistance from the State of New
Hampshire. Allhe parkandride lots in the corridor used by BX and Concord Coach were constructed
and are owned by state or local governments.

5.3.2 Concord Coach

Formerly known as Concord Trailwa@gncord Coach Lines, Iris.an intercity bus company originally
foundedin 1967, and expanded in 1988 with the purchase of the Trailways franchise. Concord Coach
Lines operates along the9B corridor with service from Berland Littleton, Mw Hampshirgéhrough
Concord to Boston South Station and Logan Airfsaé Tablé.8for a summary of servicelt also
operates service in thed5 corridor between Bangor, &heand BostonNHDOT tracks Concord Coach
boardings at the Concord,eM Hampshirdous station on Stickney Avenue. In 2012, ridership averaged
approximately 150 passger boardings per day.

Concord Coach operates a total of d@&thboundand 12southboundtrips per day between Concord,
South Stationand Logan Airport in Boston. Two rouimighs per day operate between Concord and
Littleton. One roundrip per day opeates between Concord and Berlin and a truncated weekamig
service operates between Concord and as far north as North CoB¥tigkets are croséionored on all
trips between Manchester, North Londonderry, SaJamd Boston.

Table5.8: Concord Coach93 Bus Service

SouthboundService Northbound Service
Ridership Not available Not available
Peak Trips 4 5
Off-Peak Trips 8 8
Span of Service 5:00am8:50pm 7:15am11:20pm
Peak Headways 60 min 60 min
Off-Peak Headways 60-120 min 60-120 min
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5.3.3 Massachusetts Bay Transportation Authority (MBTA)

MBTAoperates four pealperiod, weekdayonly express bus services within theu8y corridor along-I
93 from Woburn, Burlingtorand West Medford to Haymarket and Statee®t in downtown Boston
Together these four routes carry almost 2,000 weekday passenger trips El8blEhese routes are
subject to the same peaferiod traffic congestion or93 that adversely impacts motorists and other
express bus services.

Table5.9: MBTA 193 Bus Service

Weekday Boardings
Route Garage Terminals Inbound | Outbound Total
325 Charlestown Elm Stg Haymarket Station 171 149 320
326 Charlestown West Medfordg Haymarket Station 227 207 434
352 Charlestown Burlingtong State Street 180 197 377
354 Fellsway Woburn Line; State Street 365 427 792
Total 943 980 1,923

5.3.4 Merrimack Valley Regional Transit Authority (MVRTA)

TheMVRTA Boston Commuter Bus provides four inbound trips in th@immand four outbound trips
in the evening via®3. These buses carry 257 passenger trips on a typical weekday and are subject to
the same peak congestion that impacts other users34.|

5.3.5 Greyhound

Greyhoundprovides intercity service from Boston toavichester, Concorand points north and west.

Four daily Montreabound trips depart from Boston, three of which stop at Manchester Airport, two in
Manchesterand one in Concord. Of the four dadiguthboundtrips from Montreal to Boston, one stops

in Cancord and Manchester, while all four stop at Manchester Airport. Greyhound also provides one trip
per day between Boston, Nashua, Mancheséerd Concord via Worcester and Leominster,
Massachusetts

5.3.6 Dartmouth Coach

Dartmouth Coaclprovides intercity ser®S FNRY bSg | F YLIAKANBQ&a | LILISNI 1| f
York Citylt does not make any stops or provide any service toroomities wthin the Sudy area.

5.3.7 Manchester Transit Authority (MTA)

The MTAprovides bus service throughout Manchester and operatesasgservice to Nashua and
Concord Thirteen routes provide scheduled service to Manchester and surrounding destinafisas
express routes provide service from downtown Manchester to Concord and from downtown
Manchester to the Nashua Mall. Concord Exprgginallyserved the Manchester Airportbut that
service was eliminated to low ridership.

5.3.8 Nashua Transit System (NTS)

The NTS comprisedne localroutesthat begin and end their trips at the downtown Transit Center
behind City Hall. Each route opeeat1213 roundtrips per day on hourly headways.
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5.3.9 Concord Area Transit (CAT)

The CADperates threeweekdayroutesservingthe City of Conaal and surrounding communities. Each
route operatesl?-13 hours per day.

5.3.10 Lowell Regional Transit Authority (LRTA)

The LRTA operates 12 local routes and one downtown shsettengthe Gty of Lowell and the towns of
Billerica, Burlington, Dracut, Chelmsford, Tewksbury, Tyngsborough, WestfordlVilmington
MassachusettsAll 12 routes now operate on hourly headwaysedowntown shuttle operates on 30
minute headways from 7:30m- 7:00pm.

63A0O0EAA 'l OAOT AOEOAO
The Sudy team held numerous meetings with a wide variety of stakeholdectudingpublic officials
from New Hampshire and Massachusetts, all regional ptdalicsportation providers, AmtralR ARand
the general publicThe projectRationalederived from the process @ssembling and evaluating
information concerning existing and likely future travel conditions in the corritlais research and
consultation &d the team to understand the opportunities and constraints it faced in fingm
alternatives for improvedorridor public transport serviceAs the 8idy was jointly funded by thERA
and FTAthe range of alternatives considered and developed covered bashand rail service options
Bus service options included modifications to the frequency and operating conditions of the eRisting
commuter bus system/RA f A SNIBIAOS 2LJiA2ya AyOf dzZRSR SEGSyarzya
options for intercity rdiservices that would overlay on the existing mix of passenger and freight rail
services

The most salient transport problem addressed in developing the alternatives was improving connections
betweensouthern New Hampshire arttie regional core in downtow Boston The principal travel

obstacle in he corridor is the extreme peaheriod highway congestiotinat slows Bostorbound travel

to a 12 mph crawl for thénal eight miles of a typical morning peak trip into the city

The fudy team consulted with MBA,PARNHDOT, MassDCHBX and others to develop a set ofo
base,nine rail andthree bus service options for preliminary screenifigbless.1and6.2). Using
preliminary estimates of cost, demayahd revenuethe Sudy team consulted with project
stakeholdersand the general public to screen the initial buildoptions down toseven intermediate
options and therfive final options (three railpnebus, one no build for refinement a more detailed
analysis. Thisectionintroduces thel2 preliminay build options then reviews théntermediate and
final options in more detall
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Table6.1: Preliminary Rail Service Options

Weekday Revenue Trains Route | Stations
Options Nashua | Manchester Concord Miles Served
No Build 0 0 0 26 8
Intercity PassengeRail Options
Intercity 8 8 8 8 73 6
Intercity 12 12 12 12 73 6
Intercity 18 18 18 18 73 6
Commuterand Regional Rail Options
Concord Regional 30 8 8 73 13
Concord Commuter 26 22 18 73 13
Manchester Regional 34 16 0 56 12
Manchester Commuter 30 20 0 56 12
Nashua Commuter 34 0 39 10
Nashua Minimum 16 0 35 9
Table6.2: Preliminary Bus Service Options
Weekday Revenue Trips ©
> .Q c 3]
@ > S = = T G
52| 5 s| %8| 2 2>
3| 8| 2 S| & | < ) Ty
E e} c © o ] he} O T
s|&| S|E|2]| 2 £ 3 T 9 =39
o} (o)) = © [3) ()
, s|2|s|s/&|<s| 3|2 0 2 302
Options S| Z| 9 |lo|lz]|E n | o =S =S
No Build 18| 46| 17| 39| 24| 23| 80| 58 3,932 0%
Expanded Base 32| 40| 39| 40| 38| 38| 120| 120 5,850 49%
Bus on Shoulder 18| 46| 17| 39| 24| 23 80 58 3,932 0%
Expanded Bus on Shoulder 32| 40| 39| 40| 38| 38 120 | 120 5,850 49%

6.1 Preliminary Intercity Rail Service Options

The Sudy team devised a hierarchy of three conceptoptionsthat could be operated as an
independent intercity rd servicethat would extend73 miles northward from North Station to Concord
(Figure 6.1)These options aredsed orNHMLhistoric and current physical attributes, the schedule of
passenger services on the ljred general service parameters for Amtsakvices in corridors of less
than 150 milesEach service wouldave the following characteristics:

A Operate independently of MBTA and Amtiakwneasteipassenger services already serving the
NE dz§oBtiednmost 25 miles

A Require no upgrades to infrastrture south of Lowell

A Require upgrades to rail infrastructure north of Lowell
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A Upgrade 48 miles of existing track to
FRA Class 4 providing for maximum
passenger train speeds of 70 mph
since no historicecords showhigher
speeds along the route since its
opening in the 1800s

A Establish Crown Street in Nashua as
passing point fonorthboundand
southboundpassenger trains
(Intercity 12 and 18)

A Install one or more industrial sidings
between Nashua and Concord
allowing passenger trains to pass or
meet freight trains

A Install a passing siding on tRAR
mainline west of North Chelmsford to
reduce the need for trains to stand
east of North Chelmsford on the route
between Lowell and Nashua

A InstalNORA®ule 261 signals
between Manchester and Concord
(approximatly 18 miles)

A Install MBTA Positive Train Control
(PTCprotection

Services would stop at six passenger stations north of Bosibe distance and travel time to Boston for

each station are listed in Tabte3.

Task 9: Service Development Ptadovember2014

Figure6.1: Intercity Rail Service Options
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Table6.3: Initial Preliminary Design Miles and Travel Time to Boston

Station Miles to Boston | Time to Boston
Concord 73.3 1:36
Manchester 55.5 1:22
Bedford/MHT 50.1 1:09
Nashua 38.8 0:56
Lowell 255 0:38
Woburn 12.6 0:23

The projected travelitnes compare favorably with historic minimum travel times between Concord and

Boston(see Tablé.4).
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Table6.4: Historic Minimum ConcoreBoston Travel Times

1910 1926 1945 1954
Travel Time 2:00 2:05 1:35 1:22
Average Speed (mph) 37 35 46 54

Source: Jacobs analysis of archived public timetables

6.1.1 Intercity 8

The eighttrain-per-day Intercity 8option would provide four daily round trips over the-A3le route,
stopping at five intermediate stations inclng) the Manchester Airpolfsee the preliminary timetable in
Table6.5). The endto-end trip time would be approximately 96 minutékhe service would entail 586
daily train milesPresuming an average cost of $36 per train mile, Intercity 8 would cosbxipgately
$7.7million per year to operate

Table6.5: Intercity 8 Preliminary Timetable

380 382 384 386 Station MP 381 383 385 387

6:38 10:38| 14:53 19:53 Concord NH 73.3 10:07 14:22 18:57 23:37
6:52 10:52 15:07 20:07 Manchester NH 55.5 9:41 13:56 18:31 23:11
7:05 11:05 15:20 20:20 % Bedford/MHT 50.1 S‘ 9:33 13:48 18:23 23:03
7:18 11:18| 15:33 20:33 % Nashua 38.8 § 9:20 13:35 18:10 22:50
7:36 11:36| 15:51 20:51 & Lowell 255 « 9:02 13:17 17:52 22:32
7:52 11:52| 16:07 21:07 AndersoniWoburn| 12.6 8:46 13:01 17:36 22:16
8:15 12:15 16:30 21:30 North Station 0.0 8:30 12:45 17:20 22:00

The service could be extended with possible connections to private bus services for North Country
destimations No substantial changes in express bus service for commuting to Bostos \Raute
3/Everett Turnpike or-93 would be expected.ocal bus service to thatercity railstations could be
offered, but would not be integral to the service desidie service would use a single foeoar train set
stored in ConcordA spare locomotive and a spare coach walkbbe required

6.1.2 Intercity 12

Thel2-train-per-day Intercity 12ption wouldoperatesix daily round tripgsee the preliminary

timetable in Tal# 6.6). The service would provide travelers in both New Hampshire and Massachusetts
with more convenient morningorthboundtrips and eveningouthboundtrips that would not be

available with Intercity 8The servicavould entail 880 daily train mile®resuming an average cost of

$36 per train mile, Intercity 12 would cost approximately $12 million per year to operate

As with Intercity 8, the service could be extended with possible connections to private bus services for
North Country destinationd\No sibstantial changes in express bus service for commuting to Boston via
US Route FHverett Turnpike or-®3 would be expected.ocal bus service to the rail stations could be
offered, but would not be integral to the service desidrhe service would use twiour-car train sets

One would be stored in Concord and the other in Bosforpare locomotive and one spare coach

would alsobe required.
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Table6.6: Intercity 12 Preliminary Timetable

Southbound
Train 380 382 384 386 388 390
Concord NH 6:33 8:33 10:33 16:33 18:33 22:33

Manchester 6:47 8:47 10:47 16:47 18:47 22:47
BedfordMHT 7:00 9:00 11:00 17:00| 19:00| 23:00

Nashua 7:13 9:13 11:13| 17:13| 19:13| 23:13
Lowell 7:31 9:31 11:31| 17:31| 19:31| 23:31
Woburn 747 9:47 11:47 | 17:47| 1947 | 23:47
North Station | 8:10| 10:10| 12:10| 18:10| 20:10 0:10
Northbound
Train 381 383 385 387 389 391
North Station | 6:20 8:23 10:23 | 16:23| 18:23| 22:23
Woburn 6:36 8:39 10:39| 16:39| 18:39| 22:39
Lowell 6:52 8:55 10:55| 16:55| 18:55| 22:55
Nashua 7:13 9:13 11:13| 17:13| 19:13| 23:13

Bedford/MHT | 7:26 9:26 11:26 | 17:26| 19:26| 23:26
Manchester 7:34 9:34 11:34 17:34 19:34 23:34
Concord NH 8:00 10:00| 12:00| 18:00| 20:00 0:00

6.1.3 Intercity 18

Thel8-train-per-day Intercity 18&ption would provide ninelaily round tripgsee the preliminary
timetable in Tablé.7). This would constitute Hnourly, bi-directional service 18 hours per day between
Concord and Bostolit represents an upper limit on the density of intercity service that could be
considered ktween Central New Hampshire and Downtown Bostdre service would entail 1,319
daily train milesPresuming an average cost of $36 per train mile, Intercity 18 would cost approximately
$17 million per year to operatés with the other options, Intercit¥8 could be extended with possible
connections to private bus services for North Country destinatiNossubstantial changes in express
bus service for commuting to Boston W& Route Fverett Turnpike or-93 would be expected_ocal
bus service to ta intercity rail stations could be offeredut would not be integral to the service design.
Like Intercity 12, the service would use two faar train setsOne would be stored in Concord and the
other in BostonA spare locomotive and one spare coachuldalsobe required
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Table6.7: Intercity 18 Preliminary Timetable

Southbound
Train 380 382 384 386 388 390 392 394 396
Concord NH 6:33 8:33 10:33 12:33 14:33 16:33 18:33 20:33 22:33

Manchester 6:47 8:47 10:47 | 12:47| 14:47| 16:47| 1847 | 20:47| 22:47
Bedford/MHT| 7:00 9:00 11:00| 13:00| 15:00| 17:00| 19:00| 21:00| 23:00

Nashua 7:13 9:13 11:13| 13:13| 15:13| 17:13| 19:13| 21:13| 23:13
Lowell 7:31 9:31 11:31| 13:31| 15:31| 17:31| 19:31| 21:31| 23:31
Woburn 747 9:47 11:47 | 13:47 15:47 | 17:47| 1947 | 21:47| 2347
North Station| 8:10| 10:10| 12:10| 14:10| 16:10| 18:10| 20:10| 22:10 0:10
Northbound
Train 381 383 385 387 389 391 393 395 397
North Station | 6:20 8:23 10:23 | 12:23| 14:23| 16:23| 18:23| 20:23| 22:23
Woburn 6:36 8:39 10:39| 12:39| 1439 | 16:39| 18:39| 20:39| 22:39
Lowell 6:52 8:55 10:55| 12:55| 14:55| 16:55| 18:55| 20:55| 22:55
Nashua 7:13 9:13 11:13| 13:13| 15:13| 17:13| 19:13| 21:13| 23:13

Bedford/MHT | 7:26 9:26 11:26 13:26 15:26 17:26 19:26| 21:26| 23:26
Manchester 7:34 9:34 11:34 13:34 15:34 17:34 19:34 21:34 23:34
Concord NH 8:00 10:00 12:00| 14:00| 16:00 18:00| 20:00| 22:00 0:00

6.2 Preliminary Commuter Rail Options

Meetings with MassDOT and MBTA in the Spring o8 &tdicated a willingness to work with NHDOT on

the provision of passenger servialong the NHML from New Hampshire to North Statibimis

cooperation coulccomein the form of MBTA operation of trains into New Hampshire or the operation

of intercity trains along the same routlt was stated that with the imminent relocation of the &ding
Hospital immediately west of North Station that two new station tracks at the terminal would be

opened providing capacity for one additional peak Amtrak train in each dire®iBi A would also be

willing to extend its service into New Hampshireyded that the service extension was essentially
transparent to existing MBTA passengers using services offered between Lowell and Boston and that the
net cost of the service extension to Massachusetts taxpayers would be zero.

¢tKS aySi O2R0G08FTI DENBYSR2@ATF I Gt At ANRAY t I NIy SNEK
mimic successful rail service funding and operational arrangements between Rhode Island and
Massachusetts that allow MBTA to offer passenger rail service into Rhode IRtendrad outline ofthe

Gt AfANRY tFNIYSNEKALXE OFffa F2N GKS K2a0G .Taei S G2
Fdzy Raz YdzOK 2F 6KAOK ¢2dZ R 0S FSRSNIf F2NNdz I 3INI
rolling stock and facilities neceary for its overall commuter rail operatioBome of the funded assets

may be used for the interstate servidaut none of the assets are dedicated or obligated to that service

With that capitalfundingin-place, MBTAvould agree to operate trains intchie neighboring state in

exchange for the passenger revenue collected fromaitgtate passengerd he funding host stateould
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be responsible for upkeep of the fixed infrastructure in its state and any fees charged by the host.railway
The MBTAwvould thenpay for management, traing ofcrews, fuel, and maintenance of rolling stock.

The Sudy team devised a hierarchy of six conceptadiservices that could be operated as an

extension of MBTA Lowell service northward into New Hampshirese options wie based orNHML

historic and current physical attributes, the schedule of passenger services on tremlihparameters

2F a. ¢! Qa 2FFSNI G2 2LISNIGS GKS aSNBAOS Fa AydaSanNt
Each service wouldave the followingcharacteristics:

A Extend existing MBTA service into New Hampshire

Be generally transparent to existing MBTA customers

Have no impacts on existing Amtrak service between North Station and Maine
Require no upgrades to infrastructure south of Lolvel

Requireupgrades to rail infrastructure north of Lowell

> > > >

0 Upgrades to existing track (up to 48 miles) to FRA Class 3 providing for maximum
passenger train speeds of 60 mph

o Installation of second mailine track between North Chelmsford and downtown Nashua

o Installation of at least one siding betwe&lashua and Bow allowing passenger trains to
pass or meet freight trains serving this segment

o Installation ofNORAMule 261 signals between Manchester and Concord
(approximately 18 miles)

o Installationof MBTA PCTprotection

Class 3rackwas selected for the preliminary options to reduce cosis upgrade to Class 4 would cost
more for track upgrades and maintenanddne estimated difference in running times between Nashua
and Lowell with an upgrade to Class 4ulebbe one minuteClass 4 track would cut approximately six
minutes on the running time between Concord and Lovkl one commuter rail option (Concord
Commute), the team used Class 4 speeds (up to 70 mph) to establish an economic harmony between
the existing MBTA schedules and rolling stock and crew requirements.

Thesix conceptuatommuter railservicesare described belowr'he services would stop ap to five
passenger stations north of Lowellable 6.8iststhe five stations with their distancetBoston and
projected maximum and minimum travel times.
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Table6.8: Initial Preliminary Commuter Rail Designs: Miles and Minutes to Boston

Maximum Travel Minimum Trawel

Station Miles to Boston Time to Boston Time to Boston
Concord 73.3 1.54 1:46
Manchester 55.5 1:32 125
Bedford/MHT 50.1 1:24 1:17
Downtown Nashua 38.8 1:14 1:02
Nashua South 355 1.08 0:54

6.2.1 Concord Regional Rail Service

Concord Regional Railovides a mix of commuter train service fdashua with a lower frequency

regional service provided for Manchester and Concdtte service adds six new stations to the line with

eight weekday trains for Concord and Manchester and 30 weekday trains for NashM@B TA

deadhead trains are eliminateA layover facility for one train set would be required in Concord and for

three trains in the vicinity of Nashu@he service would require an additional train set conservatively
estimated at seven coache&dditional coaches on the other five train setssigned to the service
would be required to carry the new passengers onto the NHML senpeto 12 coaches and one

locomotive would be addedtothe . ¢! Qa

& S-GplofrRbupmentXoy dbe new seveaar train

and five additional coaches on exigfinonsists assigned to the service.

6.2.2 Concord Commuter Rail Service

Figure6.2: Concord Rail Service Options

Compared with Concord Regiop@bncord
Commuterprovides a more ambitiousOSor
Concord (and Manchester). It is the only
commuter rail option that would require Class
4 track and wouldhecessitate extensive track
upgrades, with maximum speeds between
Lowell and Concord restored to their historic
maximum of 70 mh where possible. Like
Concord Regional, adds six new stations to
the ling but provides 18 trains to@hcord, 22
to Mancheser andBedfordManchester
Airport, and 26 trains to Nashud-our MBTA
train sets assigned to the line are stored
overnight in the vicinity Concord

Owing to the higher maximum speeds, the
travel times from Concord, Manchester and
Nashua would be somewhahorter,
approximately 105 minutes, 90 minuteand

66 minutes respectivelyf he largest time
savingresulting from the higher speeds is for

Concord((]

Manchester ¢4

MHT / Bedford §j 4

Nashua (Exit 8)

(3 South Nashua

Tyngsborough (Exit 36)

Lowell

North Billerica

O Existing Bus Park and Ride Lots
@  Existing MBTA Rail Stations
© Proposed Rail Stations
@ Boston Express Bus Route X
@ Concord Coach Bus Route w'""\}fiéi'ef:e"f: ¥
@ Existing MBTA Lowell Line Service
@S Proposed MBTA Rail Service

— e—\liles
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the 73mile trip to Concord. Like Concord Regioria¢ service would require an additional train set
conservativéy estimated at seven coaches. Up to 12 coaches and one locomotive would be added to the
a . ¢dweekday line up as in Concord RegioGahcord Regional ar@oncordCommuter Rail Service

options are shown in Figu&2above

6.2.3 Manchester RegionaCommuterRail Service

Manchester Regiongirovides a mix of commuter train service for Nashua with a lower frequency

regional service provided north to ManchestmBTA service would be extended 30 miles to downtown

Manchester The service adds five new stationsthe line with 16 weekday trains for Manchester and
34 for NashuaAs withConcord Regional and Concord CommuadirMBTA deadhead trains are
eliminated A layover facilitfor four train sets would be constructed in the vicinity of Manchesthr to

12 caaches and one locomotive would bR& S R

G2 GKS a.-gplofeguipmedtS | R &

6.2.4 Manchester Commuter Rail Service

Manchester Commuteprovides more extensive

service for Manchester compared with the
Concord Regional, Concord Commuter, and
ManchesterRegional As with Manchester
Regional MBTA service would be extended
30 miles to downtown Manchestethe
service adds five new stations to the line wit
20 weekday trains for Manchester and 30 fo
NashuaAs with the previous options, all
MBTA deadheadins are eliminatedAs

with Manchester Regionah layover facility
for four train sets would be constructed in
the vicinity of ManchesterAlso as with the
previous options, up to 12 coaches and one
locomotive wouldbeBRRSR (2 (K:!
weekday lineup. Manchester Commuter and
Manchester Regionare shown in Figuré.3.

6.2.5 Nashua Commuter Rail Service

Nashua Commuteorovides commter train
service to and from @wntown Nashua with
no rail service beyond to Manchester or
ConcordIt could be developed andperated
as an interim service coordinated with bus

Figure6.3: Manchester Rail Service Options

Concord[]

Manchester

MHT / Bedford 8

Nashua (Exit 8)

() South Nashua

Tyngsborough (Exit 36) L

Lowell

North Billerica

O Existing Bus Park and Ride Lots

@  Existing MBTA Rail Stations

© Proposed Rail Stations
@ Boston Express Bus Route
@ Concord Coach Bus Route ":35. el
@D Existing MBTA Lowell Line Service e
@ Proposed MBTA Rail Service

Miles

60 25 5 10

Anderson/Woburn

Logan

North Station 'POI"

South Station '\/

service for Manchester and Concord until service is implemented further NdBITA service would be

extended 13 miles from Lowell toogvntown NashuaThe service adds two new stations to the line with
34 weekday trains for Nashua layover facility for four train sets would be constructed in the vicinity of
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Nashua! &8 A GK (GKS 20KSNJ 2LJiA2yasz dzJ 42 wmH O2l OKSa |y
weekday line up.

6.2.6 Nashua MinimumCommuterRail Sevice

Nashua Minimum provides a minimal Figure6.4: Nashua Rail Service Options
peakonly commuter rail service to and
from South Nashua with no rail service
beyond Nashua to Manchester or Concorc
It is specifically designed to minimize
MBTAQ @perating cost of extending service
to Nashualike Nashua Commuteit could
be developed and operated as an interim
service coordinated with bus service while
markets and finances for more New
Hampshireoptionswere given time to
develop

Concord[]

Manchester

. Londonderry (Exit 5)

Londonderrry (Exit 4)
\ Salem (Exit 2)

Nashua (Exit 8) U

MBTA service would be extended 9.7 mile
to the South Nashuaation locatedat or
immediately across the New Hampshire
state line. The service adds one new statiol
to the line with 16 weekday trains for
NashuaAs with Nashua Commutea S R Ee TR
layover facility for four train sets would be || & e nmsaton

@ Boston Express Bus Route

() South Nashua

Tyngsborough (Exit 36)

North Billerica

constructed in the vicinity of $ith Nashua || s concord coac sus Route i
) ) ) . @D Existing MBTA Lowell Line Service Westihasifond
Similar to the previous options, up to 13 @ Proposed MBTA Rail Service Logan
coaches and one locomotive would be 9 — — North scatiod® 3 Alrpors
v o~ oA “ - , A A outh Station \/
IRRSR 02 a. c¢!l-wadf 6SS . - - .., <

equipment The South Nashua station would be located approximateMRB5.2 in the vicinity of
Pheasant Lane Mall or Spit Broakad

Nashua Minimunis proposed to provide service from Boston North Station to South Nashua during

peak periods only and would travel only as far north as LoMelssachusettsluring offpeak periods.

The rail service could potentially be supplementgtabschedul®f feeder buses thatvould extend the

reach of offpeak trains north to South Nashtmensure adequate miday mobility and travel options

are available to daily commuters. Six inbound and six outbound buses could be provided throughout the
dayandcould be operated with a single vehicle

To schedule théeederservice with a single bus, théu8y team decided to prioritize travel timfor
southbound passenger$imetables developed by the teashow thatsouthboundtrips are scheduled

to provide five minutes for transfer from bus to rail. This will require that the bus portion of the trip is
operated reliably to ensure that the connection to the train is made on tivethboundtrips will

depart using the same bus and passengers will theref@i¢ approximatelyl5 minutes for the transfer
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from rail to bus. This is due to the time required for crews to turn the train in Lowas.longer transfer
time built-in to the schedules will allow for any delays on outbound rail trips from Boston rewte

that transferring passengers are not left at the station in Loviddishua Rail Service options are shown
in Figure6.4above

6.3 Preliminary Bus Service Options

Recognizing that any rail service would require a substantial investment in upgradingnhck

constructing support fadgtles, the Sudy team also developed options that could improve the frequency
and/or travel time of corridor exgess and intercity bus servide@ecognizing that peagberiod bus service

from New Hampshire to Boston is miredtire same crawling automobile traffic thalbsvs travel for
motorists, the 8idy team spent considerable time researching the potanvenefits of offering Bus on
Shoulderservice along-93 in Massachusetts. The team also developed options that woulgnelxine
frequency and directness of bus service between downtown Boston and southern New Hampshire. The
mix of more and frequent service resulted in three bus service options for consideration plus the base
(existing) service optigms summarized in Tabo.

Table6.9: Preliminary Bus Service Options

Weekday Revenue Trips

o o

> = i) c Q

= — = — =

s |28 5| & 2| 3 S

n | 5| B 5 s | = > ° >

(0] ge] = © Q n < 'g (3] 'g
S S o = | 2 21 < c < c X<,
. S| | E|2|g| 2| 3 S o2 g b2
Options s|Zz| 38 |alzl2] @ | S =S S=2S
Base 18 |40 | 19 | 32|37 | 21 | 80 58 3,932 0%
Expanded Base 32 139 |38 | 39|37 |37 |120 | 120 5,850 49%
Bus on Shoulder 18 |40 | 19 | 32|37 | 21 | 80 58 3,932 0%
Expanded Bus on Shoulder 38139 |38 |39]|37 |37 | 120 | 120 5,850 49%

This portion of the SDP deribes howBus on Shouldesould be developed to offer some peak travel
time savingslt then goes on to summarize the three bus servicestiment options. Additional details
on the preliminary bus opticscan be found in Appendix 4 to t#eA Final Repo(Task 4 Initial
Conceptual fansitAlternatives)

6.3.1 Base Service (ExistinBus Service

Base srvice currently offered in the corridor is used as a baseline to compare the performance of any
proposed transit service expansion to existing conditidnis assumed to include any planned
improvements to the lghway network that would be #place by 2030, such as the NHD@B |
improvement project and various interchange and lane improvements within Massachusetts. This
option also includes the existing paakd-ride lots throughout the corridor. It maintains the current
express and intercity bus service between New Hampshire, South Setidih.ogan Airport alongd3.

It does not incorporate any expansionafrridorrail service, but includes the proposednomuter rail
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extension to Plaistow, &v HampshireTables.10and6.11list the number of weekday trips and
scheduled travel times between the paakd-ride lots and the South Station bteyminal.

Table6.10: Base Service Bus Trips

N. Londonderry | Londonderry | Salem | Nashua| Tyngsboraigh | South Logan

Manchester (Exit 5) (Exit 4) (Exit 2) | (Exit 8) (Exit 35) Station | Airport
SB Trips 8 21 7 20 12 11 42 31
NB Trips 10 25 10 19 12 12 38 27
Total 18 46 17 39 24 23 80 58

Table6.11: Base Service Travel Times to/from South Station

N. Londonderry Londonderry Salem | Nashua | Tyngsborough
Manchester (Exit 5) (Exit 4) (Exit 2) | (Exit 8) (Exit 35)
Off-Peak 2:15 1:40 1:50 1:20 1:45 1:30
Max Peak 2:20 1:30 1:45 1:25 1:50 1:35
Min Off-Peak 1:05 1:05 1:15 0:45 1:04 0:50
Peak 1:40 1:05 1:00 0:45 1:00 1:05

6.3.2 Expanded Bse

TheExpanded Baseption increaseshe frequency of buservicealongthe corridor by prowding

addiional peakperiod, pointto-point, nonstop trips from each New Hampshipark-and-ride lot to
Bostor2 South Station. The service would add approximately 40 trips taldiigschedule, and would
provide more frequent service to and from each existingkgand-ride lot. The additional service would
require approximatelyl0 more vehicles and drivers. There are no transit priority measures proposed in
this option that would aim to increase service velocities or decrease travel times.

Peakperiod, point-to-point servicewould be provided between each pasandride lot andSouth
Station at 30 minute headways, except fbe Manchester servicewhich would be operated at 60
minute headways throughout the day. Hourly-piak service would provide service tacbgarkand
ride lot within the 193 or Route 3 corridorg.abless.12and 6.13list the number of weekday trips and
scheduled travel times between the paakdride lots and the South Station bus terminal

Table6.12: Expanded Baseérips

N. Londonderry| Londonderry | Salem | Nashua| Tyngsboraigh
Manchester (Exit 5) (Exit 4) (Exit 2) | (Exit 8) (Exit 35) South Station
SB Trips 16 20 19 20 18 18 60
NB Trips 16 20 20 20 20 20 60
Total 32 40 39 40 38 38 120
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Table6.13: Expanded Basé&ravel Times

N. Londonderry | Londonderry| Salem Nashua | Tyngsboraigh
Manchester (Exit 5) (Exit 4) (Exit 2) (Exit 8) (Exit 35)
Off-Peak 2:15 1:40 1:50 1:20 1:45 1:30
Max Peak 2:20 1:30 1:45 1:25 1:50 1:35
Min Off-Peak 1:05 1:05 1:15 0:45 1:04 0:50
Peak 1:40 1:05 1:00 0:45 1:00 1:05

6.3.3 Bus on Shoulder

Bus on Shoulderould not add any additional trips, but would provide faster, more reliable travel times
between New Hampshire @South Station. The proposed timetables maintain the existing arrival and
departure times at South Station and modify the departure and arrival times at New Hampshire park
andride lots based opossibleestimated travel time savings. The service woultneguire any

additional vehicles to operate the proposed schedule. It could potentially reduce vehicle requirements
by allowing vehicles to operate more reliably so thHagy could provide multiple peageriod round

trips. Tables 6.14 and 6.1t the number of weekday trips and scheduled travel times between park
andride lots and the South Station bus terminal

This option could potentially be combined with a viable passenger rail option or advanced as a
Transportation Systems Management (TSM) appraadbe implemented as a companion to a potential
rail service improvement. A TSM s T Adesignation for an option that wdd contain a collection of
low-cost transportation improvements that seek to mitigate congestion or enhance operational capacity
of the existing transportation network.

Table6.14: Bus on ShouldeTrips

N. Londonderry Londonderry Salem Nashua | Tyngsborough | South
Manchester (Exit 5) (Exit 4) (Exit 2) (Exit 8) (Exit 35) Station
SB Tps 8 21 7 20 12 11 42
NB Trips 10 25 10 19 12 12 38
Total 18 46 17 39 24 23 80
Table6.15: Bus on Shouldefravel Times
N. Londonderry Londonderry Salem Nashua | Tyngsborough
Manchester (Exit 5) (Exit 4) (Exit 2) (Exit 8) (Exit 35)
Off-Peak 1:35 1:20 0:00 1:00 1:20 1:05
Max Peak 2:10 1:27 1:37 1:15 1:40 1:25
Min Off-Peak 1:25 1:05 0:00 0:45 1:04 0:50
Peak 0:53 0:52 0:57 0:37 0:51 0:51

Bus on Shoulder Service

Bus use of highway shoulders has hhem operational practice in North America for over 20 yeainés
growing practice allows professional bus drivers the discretionary authority to drive within highway
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shoulders to reduce travel times and increase the reliability of transit sefieelong-standing history

of Bus on Shouldesperations and the increasing number of communities pursuing such projects point
tothA & LINJuCrésk i® @rivgiof both passenger and institutional benefits, and automobile driver
acceptanceMany agencies haveethonstrated thaBus on Shoulderan safely and cosffectively
improve transit service on congested roadways

Highway shoulders, generally used as an emergency breakdown lane and for emergency response
vehiclescan be easily adapted for bus u3de ley design requirements are a minimum lane width of

10 feet (12 feet preferred), adequate shoulder pavement strength, drainage inlets level with roadway,
and signageConflicts with pavement edge rumble strips and lateral obstructions adjacent to shoulders
sometimes need to be addresselhe costs for these

upgrades vary widely, but are modest compared with ~ Figure6.5: Bus on Shoulder in Minneapolis

most highway widening and interchange reconstructio

costs?® %~ ~

Two of the earliest and most extensiBeis on Shoulder
networks are operated in Minneapol{Eigure6.5) and
Ottawa Both systems have been in safe operation for
more than 20 yeardn Ottawa, buses can use the
shoulders of limited access highways at any time with
maximum allowable speeds of 62 mph (100 knitie
more conservative Minneapolis $gm allows buses to
usehighwayshouldeswhen the speed of general traffic
drops below 35 mphBuses on the shoulder may operatg
at speeds 15 mph faster than travel in other langs to

a maximum speed of 35 mplihe more liberal Ottawa
approach is consfent with current general purpose
vehicle use of highwaghoulders on-B3 and 195 in
greater Boston where automobiles are allowed to trave
at 65 mph in the shoulder during peak periods.

With more than300 miles oBus on Shouldesperations,
the TwinCities and Ottawa examples are the most
extensive North AmericaBus on Shoulderetworks.
Many other communities have found this practice to be
advantageousAs of 2012, transit buses were also operating on shoulders in Virginia, Maryland, Illinois,
Washngton, New Jersey, Georgia, Delaware, California, Florida, Kansas, North CarolirendDiatario

16 Martin, Peter C. (2006Y.CRP Synthesis:®lus Use of Shoulders, A Synthesis of Transit Prabtaesportation Research
Board, National Research Council, Washington D.C. 20060
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Locally, theMlVPCand MassDOT are evaluatiBgs on Shouldesperations for 193 in Massachusetts.
That study assumes th&us on Shouldeservice alond-93 would follow the Minnesota operating model
of 35 mph maximum speeds betweed9d5 and the Leonard P. ZakBunker Hill Bridge in Boston.

Benefits of Bus on Shoulder

The direct benefits oBus on Shoulddnclude reduced travel times and increased sszveliability Bus

on Shouldearllows bus operators to maintain travel speeds, even in the case of unexpected traffic
conditions, in turn increasingansit serviceeliability. Not only are actual travel times reduced once
buses are allowed to bypassngestion, but customers perceive even greater reductions in travel time.
Since perceptionare a key determinant in travehode decisions, perceived travel time savings are a
real catalyst for increased transit market share

Safety

Despite the long histgrof Bus on Shouldecommunities considering neBus on Shouldesystems are
often concerned with potential safety impaciBhese concerns often focus on the ability of buses to
merge in and out oGGPlanes around highway entrances and exits or vehidlgsped on the shoulder
(disabled vehicles, tow trucks, emergency responders).@&as on Shouldaretworks in operation,
however, have proven that thoughtfully designBds on Shouldewperations are inherently safe.

In the Twin Cities areapproximatd @ K|l f ¥ 2F | ff o6dza NRdziSa 2LISNI (SR
providers operate on corridors that have the option to Uggs on Shouldeat some point along the

route. The number of accidents involving these buses is low considering the scBps af Shoulder
operations During the initiatLO years, between 1991 and 2001, there were & on Shoulder

accidents. Since the Twin Citi8gs on Shouldesystem averaged 90 miles over this period, the number
of accidents can be expressed as 0.2 act&lper mile per yeaMost accidents were minor scrapes or
mirror clips No injuries were reportedSince 2001, there has been one injifyAn automobile struck a

Bus on Shoulddsus from the rear killing the automobile drivekfter 15 years of operatias)

Minneapolis Metro Transit reserves only $7,000 per year for damages resultin@frsron Shoulder
related accidentsin other words, Metro Transit currently budgets approximately $26 per mile, annually,
for Bus on Shoulderelated damages and contingeies.

Travel on the shoulder is advantageous only under congested conditions when buses have an

opportunity to bypass slow moving traffiBecause buses only operate on shoulders when traffi&Rn

lanes is slow, the potential for accidents, especiallyséhoausing injury, are lowWhether operating a

bus or private autmobilez RNA GSNBQ oAt AdGe (2 NBFKOG (2 OKFYy3IAyY:

17 State and Local Policy Program, Hubert H. Humphrey Institute of Public Affairs, University of Minnesota (June 200ly). Bus
Shoulders in the Twin Cities. Prepared for the FTA. Retrieved from
http://www.hhh.umn.edu/img/assets/11475/Bs/Only/Shoulders/Report/FINAL.pdf
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For example, merging around obstructions is relatively easy for both buses anthskang traffic on
congested roadways.

Existing Conditions

I-93 in New Hampshire is currently undergoing reconstruction to add@®lanes in each direction as a
congestion mitigation measure. Travel is not currently permitted on the shoulBl88sin

Massachusetts is tie lanes in either direction between tistate line and Exit 41 (Route 125) in
Andover South of Exit 41, an additional general travel lane is added in each direction.

Peak vehicles in Massachusetts have been allowed to travel at speeds for up to 6nwpthe

shoulders of-B3 north of Exit 41 since 1999Traffic flow in the peak periods is facilitated by the use of
the shoulder in the peak direction between 6:00am and 10:00am in the morning, and between 3:00pm
and 7:00pm in the afternoon. Shouldereuis not currently permitted for use by transit vehicles or
commercial buses. Permission to use the breakdown lane for full Sp@&@ffic operations was

extended by thé~ederal Highway AdministratioRKIWWA) as an interim measure until a fourth lane is
added north of Exit 41

Bus on Shouldesperations would preclude shoulder use for private automobiles so that some
mitigating measure may be necessarufs on Shoulderere implemented on this portion 093
0STF2NB Al A& 6ARSY EountiTiereaate Zuiréntyaliin8ed WMassachasats Sdns
to widen F93 between thestate line and Exit 41

MassDOT is planning to reconstruct Exit 46 in Methi#¢hen completea short portion of the highway
between the state line and Exit 41 will nadvea breakdown lane creating a potential choke point for any
Bus on Shouldemplementation north of the Merrimack Rivefypical peak traffic operates at free flow
conditions along this segment so the impactBus on Shoulddrenefitsat this location wauld beminimal

As noted irearlier, BXscheduled morning peak travel times are as much as 45 minutes longer than off
peak travel times due to congestion along their route ($able6.16). Bus on Shouldesperations could
reducesome, but not allof this congeson-related delay from the bus schelds. The Sudy team
estimated that travel time savings from a Minnese&tyleBus on Shouldesperation would save as

much as 12 minutes on typical day. On dap&re the impacts of traffic congestion are coouymded by
accidents or incidentghe savings would escalate to as much as 37 minutes basedtimates derived
from the Sudy sample data

18Use of the breakdown lane for travel in the peak periods was instituted in 1999 after Andover State Representative Barry
Finegold brought laglators and officials from Massachusetts and New Hampshire togetherdosdi®ptions to reduce
congestion on-B3
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Table6.16: EstimatedBus on ShouldeBus Travel Time Savings Bime of Day and Direction

Arrival Time at Morning PeakSouthbound
Boston South Station 6:30 | 7:00 | 7:30 | 800 | 830 | 9:00 | 9:30 | 10:00
) From NH State Line 0:07 0:08| 0:08| 0:09| 0:.08| 0:08| 0:12| 0:13
E;gcal From 1495 0:07 0:08| 0:08| 0:09| 0:08| 0:08| 0:12| 0:13
From 195 0:07 0:08| 0:08| 0:09| 0:08| 0:07| 0:08| 0:08
Bad From NH State Line 0:12 0:23| 0:26| 0:37| 0:24| 0:27| 0:02| 0:00
Traffic From 495 0:12 0:23 0:26 0:33 0:23 0:27 0:02 0:00
Day From {95 0:10 0:21 0:13 0:16 0:15 0:27 0:02 0:00
Departure Time fom Boston Afternoon Peaktorthbound
South Station 4:00 4:30 | 5:00 | 5:30 | 6:00 | 6:30 | 7:00
] To 195 0:00 0:01| 0:02| 0:02| 0:02| 0:00| 0:00
Q;F;,Ical To H495 0:00 0:01| 0:02| 0:02| 0:02| 0:00| 0:00
To NH State Line 0:00 0:01| 0:02| 0:05| 0:03| 0:00| 0:00
Bad To 195 0:06 0:07| 0:09| 0:12| 0:08| 0:07| 0:01
Traffic To +495 0:09 | 0:12| 0:13| 0:15| 0:16| 0:11| 0:09
Day To NH State Line 0:10 0:19| 0:18| 0:29| 0:25| 0:20| 0:13

6.3.4 Expanded Bus on Shoulde

TheExpanded Bus on Shouldsarvice option provides fastend more frequent service by combining the
increased service dxpanded Baseith Bus on Shouldesperations to improve reliability and service
velocity. Like theExpanded Baseption, the service would add approximately 40 trips to the schedule, but
would provide more frequent service to and from each of the existing jaautkride lots than theBus on
Shoulderption. The additional service would require approximatbElymore vehicles and drivers.

Peakperiod, point-to-point service would be provided betgn each parandride lotand. 2 8 12y Qa { 2 dz
Station at 3@minute headways, except for Manchester seryighich would be operated at 6fhinute

headways throughout the day. Hourly gféak service would provide service to each painki-ride lot

within the 1-93 or Route 3 corridorg.ables.17and6.18list the number of weekday trips and scheeldl

travel times between the parlndride lots and the South Station bus terminal

Table6.17: Expanded Busn Shoudler Trips

N. Londonderry Londonderry Salem Nashua | Tyngsborough | South
Manchester (Exit 5) (Exit 4) (Exit 2) (Exit 8) (Exit 35) Station
SB Trips 16 20 19 20 18 18 60
NB Trips 16 20 20 20 20 20 60
Total 32 40 39 40 38 38 120
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Table6.18: Expanded Bus on Should@&ravel Times

N. Londonderry Londonderry Salem Nashua | Tyngsborough
Manchester (Exit 5) (Exit 4) (Exit 2) (Exit 8) (Exit 35)
M Off-Peak 1:35 1:20 0:00 1:00 1:20 1:05
ax
Peak 2:10 1:27 1:37 1:15 1:40 1:25
Mi Off-Peak 1:25 1:05 0:00 0:45 1:04 0:50
in
Peak 0:53 0:52 0:57 0:37 0:51 0:51
6.4 Multi -Modal Options
Throughoutthe 8 dzZR& LINRP OSaasx NBLINBaSyidl GA@Sa BXCndm | | Y LA

Coach, C&and Dartmouth Coachjave indicated a willingness to work with NHDOT on the continued
provision of commuter bus service along tHe3l corridor from New Hampshire to South Statidhe
continuation or expansion of the existilBXbus service does not preclude the opportunity &

combined bus and rail option in a lat&udy phase Here are threanulti-modal alternatives suggested
by stakeholders:

1. Rail in the Route 3 corridor witBus on Shoulden the F93 corridor
2. Rail serving the North Station market with bus servingSbeth Station market
3. Rail service during peak commute hours and bus service durimgpalf hours

The intercity bus operators are very supportive of implementiiyua on Shouldestrategy on493, and
the colocation or sharing of station and paandride facilities between the various modes.

6.5 Screening Preliminary Alternatives 19

TheSudy team developed preliminary estimates of ridership, operating costs, capital costs along with

land use, economic development, and environmental impacts of the ninendilreee bus alternatives

G2 aONBSy GKS ItUSNylrGaA@gSa R2gy G2 | Y2NB Yl yl3aSt
recommendations were reviewed with all stakeholders, including the FRA and FTA as well as the

general public, before being finalizebhlde 6.19shows the basic performance metrics calculated for

each alternative.

19 For more information on preliminary screenirsge Appendix 5 to the Capitol Corridor AA Final Report (Task 5 Preliminary
Evaluation of @nceptual Alternatives and Recommended Alternatives for Detailed Evaluation)
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Table6.19: Preliminary Estimates of Basic Economic Performance Metrics for Preliminary Alternatives

Required Capital| Annual Operating Cost Net Operating
Typical Expenditure (In Millions, 2009$ for Annual Incremental Cost
Weekday NH (In Millions, commuter rail, 2012$ for| Passenger Revenue| (In Millions,

Passeners 20149 intercity rail and bus) (In Millions, 20149 20129
Interdty 8 1,460 $162 $7.7 $3.5 $4.2
Intercity 12 1,720 $174 $11.6 $4.1 $7.45
Intercity 18 2,040 $174 $17.3 $4.9 $12.4
Concord Regional 2,700 $226 $11.1 $6.1 $5.0
Concord
Commuter 3,020 $206 $13.3 $7.1 $6.1
Manchester
Regional 3,120 $164 $9.7 $7.2 $2.5
Manchester
Commuter 3,060 $164 $9.9 $7.1 $2.8
Nashua
Commuter 2,040 $124 $6.8 $4.2 $2.6
Nashua Minimum 1,480 $124 $5.2 $2.7 $2.4
Expanded 8se 346 $6 $3.0 $0.8 $2.2
Bus on Shoulder 692 $7 $0.0 $1.7 $0.0
Expanded Bus on
Shoulder 1,038 $14 $3.0 $2.5 $0.5

After extensive consultation primarily focusing on the fiscal constraints faced by the State of New
Hampshireseven intermediate alternativeghree rail three bus,anda No Buildoption) were selected
for more detailed evaluation (see Talie20). The two commuter rail options with the lowest potential
net operating cost, the one intercity rail option with the lowest preliminary negraging cost, and the
three low-cost bus alternatives were recommended for refinement and detailed evaluatiomasshe
No Build Option.

Table6.20: Intermediate Service Options Selected for Detailed Evaluation

Required Capital Expenditure Net Operating Cost
Service Option (In Millions, 20149 (In Millions, 20129
Intercity 8 $162 $3.6
Manchester Region&ommuter Rail $164 $2.5
Nashua MinimunCommuter Rail $124 $2.4
Expanded Base $6 $2.2
Bus on Shoulder $7 $0.0
Expanded Bus on Shoulder $14 $0.5

The Intercity 8 alternative was selected from the thistercity rail service options because of its low

net operating cost and reasonable mobility benefit perspectives. As shown in@.all¢he number of
additional riders attracted by more frequent service with Intercity 12 and 18 did not keep pace with the
additional forecastedtapital and operations costs
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Table6.21: Intercity Service RidersersusCost

Net Operating Cost
Typical Weekday NH Passengers (In Millions, 20129
Intercity 8 1,460 $3.6
Intercity 12 1,720 $6.9
Intercity 18 2,040 $11.8

6.6 Screening Intermediate Alternatives 20

This section describescreening othe seven Intermediatalternatives(including No Buildyith special
emphasis on the preferred intercity and commuter rail alternatives (Tél@8. Among the most salient

of the refinements was resolution concerning disposition of express bus services should any of the rail

service options be implemente@heseven intermediatalternativesare discussed in detail below.

Table6.22: Intermediate Service Alternatives

A Four daily intercity passenger rail round trips between Concord, NH and Boston, MA making interm
Intercity 8 stops at Manchester, Bedford/Manchestekirport, Nashua Crown Street, anadvell and Woburn, MA
A BaseBXservice is retained
Manchester | A Extends MBTA commuter rail service north from Lowell, MA to Manchester, NH with inteteettps
Regional at Suth NashuaNashua Crown Street, and Bedford/Manchestirport
Commuter A BXI-93 service to Manchester, North Londonderry, Londonderry, and Salem is retained
Rail A BX Route 3 seite to Manchester, Nashu@iyngsborouglis retained
Nashua Extends MBTA commuter service north from Lowell, MA to Manchester, NHvititermediate stop at
Minimum South Nashua, NH
Commuter A BX 193 service to Manchester, North Londonderry, Londonderry, and Salem is retained
Rail A BX Rate 3 service to ManchesteNashua andTyngsborouglis retained
A bSg | I YLAKdsNE®@ & increasémbm current 80 buses per day to 120 buses per day
A All peak buses run direct and netop between each New Hampshire panhd-ride lot and Boston South
Expanded Station with service every 30 minutes
Base A Each parlandride lot sees hourly offeak service making interediate stops at each New Hampshire
park-and-ride lot
A No changes to existing passenger rail services
A Existing BX bus service of 80 daily trips is permitted to operate withinGBeshoulder south 0£495 to
Bus on bypass congestion in genetehvel lanes
Shoulder A Savings of 8 to 12 minutes predicted during the morning peak period
A No significant travel time savings predicted during the afternoon peak period
Sy A Expanded Buse_rvic_e of 120 daily trips is permitted operate withinthe 93 shoulder south of495 to
bypass congestion in general travel lanes
gﬁzflger A Savings of 8 to 12 minutes predicted during the morning peak period
A No significant travel time savings predicted during the afternoon peak period

20 For more informationon the intermediaterail and bus alternativeseeAppendix7 of the Caitol Corridor AA Final Report
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6.6.1 Intercity 8

A Four daily intercig passenger rail round trips between Concord, New Hampshire and Boston,
Massachusetts making intermediate stops at Manchester, BedfoadtesterAirport,
Nashua Crown Street, and Lowell and Woburn, Massachusetts

A BX Route 3 service to Nashua and Tyngshgit@nd BX-93 service to Manchester, North
Londonderry, Londonderry, and Salem is retained

Theeighttrain-per-day Intercity 8 rail gtion
would provide four daily round trips over the
73-mile route stopping at five intermediate
stations(seeFigure6.6). Intercity rail service
g2dzZ R 2LISNF GS YdzOK f
Downeasterservice between Boston and
Brunswick, Maine. The Intercity 8 option
could be operated by Amtrak or the MBTA ot Manchester 8§
contracted to a thirdparty service provider.

Figure6.6: Intercity 8 Rail Service

MHT / Bedford

The endto-end trip time woudl be
approximately96 minutesand the service
would operate586 daily train milesA Nashua (Exit 8) O
timetable for the proposed service is shown i
Table6.23 Presuming an average cost of $3¢€
per train mile the Intercity 8option would

cost approximately $7.million pe year to

Tyngsborough (Exit 36) [J

Lowell

operate.
The service wuld provideconnectionsn DO Existing Bus Park and Ride Lots
B . @  Existing MBTA Rail Stations
Concordo private bus services for North @ Boston Express Bus Route
. . ‘@ Concord Coach Bus Route
Country destlnatlon.g\lo Changeare @ Existing MBTAL‘oweIILvne Service
@D Proposed Intercity Rail Service
proposed toexpress bus service for 9 -
0 25 5 10

commuting to Boston via93 or Route 3
Local bus service to thatercity ral stations could be offeredut would not be integral to theervice
design A BX/Concord Coach/intercity rail fare integration scheme similar to that used by the
Downeastemt Portland, Maine could be employed at the Concord and Manchester stationg/thd
be shared by both intercity rail and coach bus services.

Anticipated ridership responses to the service initiative would include new riders attractbe to

intercity rail service. It is anticipated that faaurrent MBTA passengers living ievilHanpshire would

shift fromusing MBTA Lowell and North Billerica Statitmnghe new intercity rail service. Some BX and
Concord Coach customers may shift to intercity rail service from Nashua, Manchester, and Concord. The
overall increase in the quality arfilequency of transit options to Manchester and Concord may

stimulate bus ridership as has been observed at the shared terminal in Portland, Maine.
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Table6.23: Proposedintercity 8 Timetable

380 382 384 386 Station MP 381 383 385 387

6:41 | 10:41| 14:56| 19:56 § Concord NH 73.3 10:05| 14:20| 18:55| 23:35
6:54 | 10:54| 15:09( 20:09 a Manchester NH 55.5 9:39 13:54 18:29 23:09
7:07 | 11:07| 15:22| 20:22 -S?i Bedford/MHT 50.1 9:31 | 13:46| 1821 | 23:.01
7:20 | 11:20| 15:35| 20:35 &= Nashua 38.8 9:18 13:33 18:08 22:48
7:36 | 11:36| 15:51| 20:51 Lowell 255 s 9:02 13:17| 1752 | 22:32
7:52 11:52| 16:07| 21.07 Anderson/ Woburn 126 | B 8:46 13:01 17:36 22:16
8:15| 12:15| 16:30| 21:30 North Station 0.0 % 8:30 12:45 17:20 | 22:00

b2 AYLNRGSYSyia
railroad would be upgraded to permit safe, reliable operation of eight daily passenger trains at speeds of

up to 75 mph. Recommended upgradestitack, bridges, crossings, and signals are summarized below.

Intercity 8 would require more extensive infrastructure upgrades than the commuter rail options as it is

g 2 dzf R

0S NXBI dzA NBR

azdzik 27

approximately 18 miles longer than the Manchester Regional Commuter Rail servicervibe would
also operate at higher maximum speeds; up to 75 mph betweandiester Airporand Nashua and 70
mph at many other locationgeeFigure6.7).

a.

¢!

Unlike the Manchester Regional and Nashua Minimum Commuter Rail options, no double track would be

required between North Chelmsford (MP 28.5) and the southern end of the Tyngsborough Curve (MP 32).
Industrial sidings would be created at three key areas of freight activity in Nashua and Merrimack to

eliminate conflicts between local freight deliveries ahtbugh passenger trains. At these locations the

existing mairline track would be retained as an industrial siding with an entirely new parallelimaitrack

constructed in the same alignment for use by through trains. Adding a second track would be

straightforward as the railway was once entirely double tracked with the dotralek bed still largely intact.
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Figure6.7: Proposed Maximum Passenger Speeds
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===Proposed «===2013 Freight Speed A Passenger Station m Grade Crossing ¢ Side Track

Four new passenger stations would be congiedgseeTable6.24). They would be a mix of higbvel

platforms and lowft S@St LI | 0 FRNF R g0 IKOG BXYRIWA F2N KFEyYRAOI LILISF
platforms at Nashua and Manchester would be less complex than for the commuter rail options because

no intercity trains would turn from northbound to southbound at these stations.

Table6.24: Intercity 8 Passenger Station Development Plan

Station MP Comments
Concord 73.3 | Singlehigh-level platform on the stubrd terminal track east of the main line
Manchester 55,5 | Singldow-level platform with minihigh to the east of the single maiine track
Bedford MHT 50.1 | Singldow-level platform with minihigh to the west of the single malime track
Nashua 38.8 | Snglelow-level platform with minihigh to the west of the single malime track

6.6.2 Manchester RegiondCommuterRail

A Extends MBTA commuter rail service north from Lowell, Massachusetts to Manchester, New
Hampshire with intermediate stops at South Nashdashua Crown Street, and
Bedford/ManchesterAirport

A BX{93 service to Manchester, North Londonderry, Londonderry, and Salem is retained

A BX Route 3 service to Manchester, Nashua, and Tyngsborough is retained
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TheManchester Regional Commuter Rail Figure6.8: Proposedvianchester Regional Commuter Raind
optionwould extend MBTA service 30 Bus Service Configuration

miles north from Lowell to downtown Concord
Manchester. The service initiative would
provide all day commuter rail service
between Boston and Nashua with a lower
frequency regional service provided north
to Manchester (see Figu&8). The service
adds four new stations to the line with 16
weekday trains for Manchester and 34 MHT { Bodford 1
weekday trains for Nashua. All existing
MBTA deadhead trains on the Lowell Line
would be eliminated.

Manchester

Nashua (Exit 8) Q

No improvements would be required soutt
2F [ 206St t OBTA TRimindl.I 3 K
North of Lowell the railroad would be

upgraded to permit safe, reliable operatior
of passenger trains at speeds of up to 60
mph. A layover facility for four train sets O Exeting Bus Park ana Rode Loss

@  Lusteg MBTA Rat Statcrs

Tyngsborough (Exit 36)

would be constructed in the vicinity of O Proposed Rat Sutom
SR Soaon Exgress Bus Route
ManchesterUp tosixcoaches ad one G £vaing VA TA Lowat ik Savcn

f202Y20A0S g2dzZ R 0o & oo
weekday equipmenline-up. The number 9 T
of weekday MBTA train miles operated on

the line wouldincrease 42 percertb 2,068 Six MBTA trains would be marginally adjusted with most
changes required on lighidership reverse peak trains. The number of aféetpassengers would be
520 (3.9 percentof 13,382 weekday rider$he total effect would be 10,202 pasgger minutes of
change (2.4 percehbut of 430,954 total daily passenger minutes of travel

Ridership esponse to this service initiative is anticipated to include new riders attracted to rail service
provided to the proposed New Hampshire stations. It is assumed that some current MBTA rail
passengers living in New Hampshire would shift to these new s&affom the existing MBTA Lowell

and North Billerica Stations. Ridership impacts on the®Xnhainline services to Londonderry and
North Londonderry and Salem would be likely negligible.

Five new passenger statiogg mix of higHevel and lomevel phatforms with MBTA minhnigh platforms
for handicapped accessibiliggwould bewould be constructedseeTable 6.25). Higlevel platforms
would be preferred at all locations. A ldevel with minihigh platform approach would be employed
where no path wasvailable for PAR freight trains to avoid using the platform track to ensure a clear
route for wide freight loads
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Table6.25: Manchester Regional Commuter R&hssenger Station Development Plan

Station MP Type Comments

Manchester | 55.5 High-Level Singlehighlevelplatform to the east of the eastern malime track
BedfordMHT| 50.1 Low-Level Single lowlevelplatform with minihigh to the west of the single malime track
s | ams | Honiave | SOeanIo e e " e T
South Nashug 35.5 Low-Level Singldow-levelplatform with minihigh to the west of the single malime track

6.6.3 NashuaMinimum Commuter Riil

A

Extends MBTA commuter service north from Lowell, Massachusetts to South Nashua, New

HampshireBX Route 3 service to Nashua and Tyngsborough is retained

A

The NashuaMinimum Commuter Rail
service option provides a minimal peak

BX 193 service to Manchester, North Londonderry, Londonderry, and Salem is retained

Figure6.9: Proposed Nashua Minimum Commuter Rail
and Bus Service Configuration

period-only commuter rail service to and
from South Nashua with no rail service
further north to Manchester or Concord
(Figure 6.9). It is specifically designed to
minimize the MBTA operating dosf
extending service to Nashua. It could be
developed and operated as an interim
service coordinated with bus service while
markets and finances for further New
Hampshire service were given time to
develop.

MBTA service would be extended 13.5 mile
north from Lowell to the South Nashua
Station. The service adds one new station 1
the line with20 weekday trains for South
Nashua. A layover facility for four train sets
would be constructed in the vicinity of Sout
Nashua. No additional coaches or
locomotives would need to be added to the
a. ¢! Qa ¢SS{RIFIe fAYyS

Concord

Manchester 4

. Londonderry (Exit 5)

ondonderrry (Exit 4)

Nashua (Exit 8) O Salem (Exit 2)

Tyngsborough (Exit 36) O

0O Exnong Bus Park and Ride Lot

®  Lusteg MIBTA Rat Statone

O Proposes Rad Stations
R Boaton Exgross Bus Route
 Comcrxd Coach Uus Ravte
. Estng META Lowed Line Servce
O coposed MITA Rad Servce

e
0 25 s 10

The number of weekday MBTA train miles

operated onthe line would increase only three perceot 1,496 Schedules for several MBTA trains
would be marginally adjusted with moshangesequired on light ridership reverse peak traiifie
number of affecéd passengers would be 876 (6.5 perdeanft13,382 weekday rider$he total effect

would be 9,846 pssenger minutes of change (2.3 pergemit of 430,954 total daily passenger minutes

of travel
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Optional midday and early evening feeder bus service would provide connecting service to fill out a
complete schedule of services. Three midday and two early evening bus round trips linking South
Nashua with the Lowell MBTA train station cosilgbplement the pealonly rail service. BX93 service

to Manchester, North Londonderry, Londonderry, and Salem would be retained, as would Route 3
service to Nashua and TyngsborouBidership response to this service initiative is anticipated to
includenew riders attracted to rail service provided to the proposev station.It is assumed that
some current MBTA rail passengers living @wNHampshire would shift to this new statitnom the
existing MBTA Lowell and North Billerica Statidinis alscanticipated that many or most passengers
from BX Route 3 service would shift to the commuter railrpaténtially allowing for the elimination of
that service Ridership impacts on the B3 mainline services to Londonderry and North Londonderry
and Sam would be likely negligible.

One new passenger station with a lé@wel platform would be constructed for the Nashua Minimum
Commuter Rail option (see Table 6.26).

MBTA minihigh platform would be located at the nih end of the station for handicapped
accessibility.

Table6.26: Nashua Minimum Commuter Ratassenger Station Development Plan

Station MP Comments
Singldow-levelplatform with minthighplatform to the west of the

South Nashua 355 single mairline track
6.6.4 Expanded Base Figure6.10: Existing Study Corridor Bus
AbSs 1FYLAKANBQE .- 0 and Ral Services 4 SR
from current 80 buses per day to 120 buses
per day

A All peak buses run direct and nsiop
between each New Hampshire paakd-ride
lot and Boston South Station with service Manchester
every 30 minutes

A Each parkand-ride lot sees hourly ofpeak
(but not direct) service

. Londonderry (Exit 5)

’"v (Exit 4)
B
1% Salem (Exit 2)

Nashua (Exit 8) U

A No changes to existing passenger rail servic

The Expanded Base option (Figure 6.li@yeass
transit servicdrequency and directess within the
Sudy Corridor by providing pealperiod, point-to-
point, nonstop tripsfrom each of the New
Hampshire pardandride lots topoints within 0 S e o

downtown Boston(southbound trips only), South e oston Express Bus Route ey
@ Concord Coach Bus Route
Station, and Logan AirporfThe service would add

Tyngsborough (Exit 36) [J

@D Existing MBTA Lowell Line Service

— — lilo5
0 25 5 10
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approximately40trips to the schedule and would require approximate6/atditional vehicles. There
are no transit priority measures proposed in this option that would result in increased service velocities
or decreased travel times.

Peakperiod, point-to-point service would be provided at 3@iinute headways, except fahe

Manchester servicavhich operates at 60-minute headways throughout the dalourly offpeak service
would providenon-point-to-point servicebetweeneachpark-andride lot within the F93 or Route 3
corridorsandBoston South Station and Logan Airport without circulating through downt®agion. A
timetable for the proposed service is includedrdexA at the end of this Section. Anticipated

ridership response to this service initiadiwould include increased ridership at all BX gar#-ride lots
and some possible reduction of ridership on MBTA commuter rail service from Lowell and, perhaps,
North Billerica, Massachusetts.

6.6.5 Bus on Shoulder

A Existing BX bus service of 80 daily tifpgermitted to operate within the-93 shoulder south of
I-495 to bypass congestion in general travel lanes

A Savings of eight to 12 minutes predicted during the morning peak period

A Savings ofip to fiveminutes predicted during thafternoonpeak period

The Bus on Shoulder optioprovides faster peakperiod service bypermitting buses to operate within the
I-93 shoulder south 0f495 to bypass peak congestion in Massachusetts. Typical southbound morning
peakperiod savings would be eight to 12 minutes dagding upon arrival time. Typical northbound
afternoon peakperiod savings would be approximately five minut€be option would not add any
additional tripsor operate in a pointo-point manner but would provide faster, more reliabjeaktravel
times. Theproposedschedules maintain the existing arrival and departure times at South Station and
modify the departure and arrival times at New Hampsipiagk-and-ride lots based on the estimated

travel time savings resulting froBus onShoulder operation. Té service would not require any additional
vehicles to operate the proposed schedulde timetable (seéndexAat the end of this Section)1
prepared for this analysis reflects time savings estimated using a variety of sdRideship response to
the service initiative is anticipated to include increased ridership at afieBkandride lots and some
possible reduction of ridership on MBTA commuter rail service from Lowell and perhaps North Billerica.

6.6.6 Expanded Bus on Shoulder

A 120 daily trips permittd to operate within the-B3 shoulder south 0f495 to bypass comgtion
in general travel lanes

A Savings of eighb 12 minutes predicted during th@orningpeak period

A Savings ofip to fiveminutes predited during the afternoon peak period

TheExpandedus on Shouldesption merges the increased frequency and directness obkganded
Baseoption with the peakperiod congeson bypass feature of the Bus on Shouldetion. It would

offer faster and more direct peak service with more frequentagbk sevice to all New Hampshire
park-and-ride lots. The timetable preparefbr this analysis merges the Bus on Shoultied Expanded
Baseservice concepts and can be foundndexA at the end of this Section Ridership response to this

State Project Number16317 and 6806A
76| Page



New Ha ;u__,aﬁ/’; vt
New Hampshire Capitol Corridor Rail & Transit Alternatives Analysis (Parts A & B)
Task 9: Service Development Ptadovember2014

Department of Transportation

service initiative ignticipated to include increased ridership at@drk-and-ride lots andsome possible
reduction of ridership on MBTA commuter rail service from Lowel| padhaps North Billerica.

6.7 Screening Intermediate Alternatives 21

In refining and then screening tharious service optionshe Sudy team coordinated extensively with

GKS Cw!3> C¢!'3z a.¢!z a+xwe¢! > t!wX FYyR .- NB3IFNRAY3
infrastructure and rolling stock investments. Schedules, stringline diagrams, and correspoading tr
configuration diagrams were prepared for each rail option. Schedules and equipment rosters were

prepared for the bus options.

Each of the rail options that were evaluated during the screening of intermediate alternatives exhibited
a range of costs anokenefits that were further refined for consideration by stakeholders and decision
makers. The Expanded Base and Expanded Bus on Shoulder options were eliminated from further
evaluation. The Expanded Base option would result in the highest net operahgrabwould attract

the fewest new passengers of the three bus options. The Expanded Bus on Shoulder options would
generate the greatest mobility benefits of the three bus options, but would do so at more than twice the
capital cost of the Bus on Shouldsstion.

From this information th&studyteam was able to make more detailed and accurate estimates of costs

for ead rail and bus service optioAnother round of ridership forecasts was prepared using more

sophisticated forecasting techniques. Separatedels were used for the intercity rail, commuter rail,

YR SELINB&a o0dza 2LIA2yad ! YGNI1Qa NARSNEKEeL F2NBO
Intercity 8option. Each key economic performance metiand assumptions are described in Ta®27

andfinal estimates of cost and demand are summarize@l. 28.

21 For more informatioron the intermediate alternaties, see Appendix 7 to the AA Final Report
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Table6.27: Key Economic Performance Metrics and Assumptions

Economic Performance Metric Evaluation Assumptions

Includes all new transit trips originatingew Hampshiréncluding rail trips

New NH Transit Passengiips diverted from Lowell to Nashuandany changes in BX ridership

Includes all transit trip miles made by passenger rail anddéécts downward
New Corridor Transit Passenger Miles adjustments in BX passenger miles for options where BX service is reducg
eliminated

Includes cost of all necessary infrastructure investrerd.,railroad
improvements, stations, rail yardandbus shoulder langsthe value of any
necessaryolling stock (buses or trainsdndthe prorated value of MBTA's 37
mile Nashua to Concord trackage righased on the2 LI AlehgttQdiNew
Hampshire;Intercity 8would use Amtrak's statutory trackage g not rights
acquired by MBTA

Assumes that MBTA contributes rolling stock and trackage rights to the pr
but doesnot contribute to the cost of infrastructure improvements nori
NH Costs after Federal Grants and MA | Lowell also assumes FTA does not consider MBTA contribution of rolling s
Contributions or trackage rights as contributing to eligible project valomnsequently, the
(Conservative Case) 50% FTA grantould cover half of the infrastructure investmerdlso assumes
that FRA wouldund half of the overall project value ftmtercity 8and that no
federal capital funding would be available for the bus options

Total Project Valudif{ Millions, 20143

Updated preliminary cost estimates for commuter rail optipfisal estimates
Annual Operating Cosin(Millions, 20129 | for intercity and bus optionsassumes weekdagnly operation for commuter
rail and bus servicemtercity service would operate 36fays per year

Annual operating costs minus forecast passenger revenue and federalléor
Net Operating Costr{ Millions, 2012% funds FTA fixeejuideway formula funding is distributed for commuter rail
service but not for bus or intercity rail programs

Assumes that NH share of proj@ost would be retired with 2@ ear bonds at

Annual NH Debt Service 506 annual interest

NHAnnual Total Cost Sum of Net Operating Cost and Annual Debt service

NH Annual Cost Per New Passenger Mill ShowsNHannualcost divided by new annual transit passenger miles

NH Annual Cost per New NH Rider ShowsNHannual cost divided by new annual NHrisit passengers
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Table6.28: Forecasts for Passenger Demand, Capital Cost, Operating(@ostillions), and Economic Metrics

Manchester Nashua
Regional Minimum Bus on
Metrics Intercity 8 Commuter Rail | Commuter Rd Shoulder

New NH Transit Passenger Trips 946 2,568 670 48
New Corridor Transit Passenger Miles 48,853 90,506 5,542 2,112
Forecast Capital Cogh(Millions, 20143 $256 $246 $120 $7
NH Costs after Federal Grants and MA
Contributions (Pessintis Case) $128 $97 $49 $1
Annual Operating Cosin(Millions,
20129 $7.7 $11 $4 $0
Net Operating Costr{ Millions, 2012$) $5 $2 $2 $0
Annual NH Debt ServiceMillions,
20129 $10 $8 $4 $1
NH Annual Total Cost (Debt Service anc
Operating Deficitfin Millions, 20129 $15 $9 $6 $1
NH Annual Cost Per New Passenger Mi $1.19 $0.41 $3.89 $1.11
NH Annual Cost per New NH Rider $61 $14 $32 $49

Review of the forecast performance indicates thia Manchester Regional Commuter Raihile

expensive frm a capital and operating cost perspective, would generate the greatest mobility benefits and
the lowest unit costs per passenger mile and per passengeBilit®n Shouldesption would be relatively
inexpensive, but would generate limited mobility bemgfivith resultingmediumto-high unit costs per
passenger and per passenger mifgercity 8would be slight more expensive to construct than the
Manchester Regional Commuter Riilvould also attract fewer passengers and fewer passenger miles,
resultingin a reduced operating efficiencMashua Minimum Commuter Raibuld be half as expensive as

the other rail optionsbut would attract many fewer passengers, resulting in relatively unattractive
measures of efficiency.
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ThissectiondS a ONA 6Sa (KS YSiK2R&a FYyR FAYRAyYy3Ia 2F (KS LINE
forecasts for the intercity rail options. Two setisforecasts were prepared. The first set, prepared in

2013, supported preliminary analyses and screening. A second, mt@aiéedeset of forecasts was
prepared for each of the final options, including tinercity 8option.

7.1 Ridership Forecasting 22

Preliminary forecasts for Capitol Corridor @i NIJA OS 2 LJGA 2y & ¢ \bdeegatdRBIILI NSR d
Ridership Forecasting Met2.0 (ARRF2¥pince the proposed service was only 73 miles long (shorter

than some commuter rail lines in New York, Florida, and California), it was decided that the ARRF2

model would provide reasonable first estimates of potential ridership for bothctiamuter and

intercity rail options.Thesdfirst forecastswere for initial screening purposegfter initial screening,

more robust forecastsiere developed in consultation witFRA andrTA.

7.1.1 ARRF2 Model Limitations

The ARRF2 model is intended to devedogier-of-magnitude estimates of rail ridershiphe results
presented intls LINBf A YAY | NB S&0GA YL dkéch pldniid§levliRofatdurBG NB R (12 K
sufficient for preliminary screening purposes.

A The ARRF2 model produces daily ridership estinfatesew proposed rail services

A1 a Iy -of2INRSINIdZRS Y2RSf ¢ GKS G2GFf NARSNEBEKALI F:
ridership

A The model does not produce boarding or alighting data by stafibe boardings per station
include riders that may havergviously boarded at the Lowell station or any other station, but
now choose to board at a new statiofhe &ntral Transportation Planning Staff (CT&®)
board survey completed in2088nnd AYRAOF GS& GKFG F2NJ 6KS SEAaA
Stafon accounts for 85 percent of @flbound alightings. lis reasonable to expect local or
regionalpassenger service on this line would have a similarly high percentage of inbound
alightings at North Statian

7.1.2 Aggregate Rail Ridership Forecasting Model 2@erview
The modelas described ithe ARRF2 Model Application Gujdeas follows:

This model estimates total unlinked rail transit trips for light rail and commuter rail systems by
applying a series of expected rail shares to the amount of totah(lk) travel to work occurring

22 For more detaibn rail ridership forecastseeAppendix 6 to the Capitol Corridor AA Final Report (Task 6 Evaluation Criteria
and Methodology)
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within the rail corridor as recorded in the Year 2000 Census Transportation Planning Package (CTPP)
Ridership is adjusted up or down to account for the lefrsskrvice (speed and frequency) of the

modeled rail line as comped to the baseline values for the rail lines used to calibrate the model

This model is intended to develop ordémmagnitude estimates of ridership for new rail lines in
metropolitan areas.

The model uses the CTPP worker flows, station locations, avides®perational characteristics to
estimate ridershipThe service operational characteristics are based on the proposed sehd@aail
station locations withdistancebuffers usingseographic Information System (Gd8jtware,and the
CTPP data to g@mate theworkerflows wihin the service area. Figuilshows the input data setup
required to run the ARRF2 model.

Figure7.1: ARRF2 Inputs

Input Data

1. System Operational Characteristics
1a. Directional Route Miles
1b. Weekday Train Revenue Miles
1c. Weekday Train Revenue Hours
1d. Average Speed in MPH (ifblank, computed from 1b and 1c)
1e. Trains per day per direction (ifblank computed fom 1a and 1b)

2. CTPP Flovws
2a. Home within 2 miles ofany station and Work within 1 mile of any station
2.a.i Employment <50,000 / square mile
2.a.ii Employment =50,000 / square mile

2b. Home within 6 miles ofa P&R station and Work wdthin 1 mile of any station
2.b.i Employment <50,000 / square mile
2.b.li Employment =50,000 / square mile

3. Suburban-Central Business District (CBD) Senice flag

3a. Code 1 ifsenice is designed br connecting suburban areas to CBD :
otherwise, code 0

7.1.3 Project Use of ARRF2

For the Capitol Corridor preliminaryréecast, ARRF2 was applied to the existing MBTA Lowell Commuter
Rail line to determine a baseline valligach alternative was analyzed as in incremental addition to the
service corridor.

7.1.4 ARRF2 Base Case Lowell Line Forecast

The ARRF2 modeis used tgroduce daily ridershiforecastsfor the commuter and intercity rail
service optionsPrior toanalyzinghe alternatives, the existing MBTA Lowell commuter rail line was
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tested using the ARRF2 model to establish a benchmark for the ARRF2 model to usejastrae@icto
the alternative forecasts.

The ARRF2 model uses buffers around the rail stations to determine the catchment area for wark flows
Figure7.2shows the one two-, and sixmile buffers around the existing MBTA Lowell commuter line.

The ARRF2 mati produced dorecastof 9,096 ridersusing the[ 2 ¢ S  fopeffatoyalSagacteristics

and CTPP worker flows

7.1.5 System Operational Figure7.2: Existing Lowell Line Station Buffers

Characteristics [ — ' -
ARRF2 uses sevesgktem characteristics

thatdescritB G KS NJ operatioass NJ \ " | uepene
parameters as inpis to the forecasts. : \ L gsemrstl
Specific characteristics used by the model ™ S ¢ "-\ -
includeround triproute miles, average train | gy \\/ - .
speed, and the number of trains per day 2l g o

Theround triproute miles are used to [ \
provide themodelwith information | <ot o\
regarding theextentof the sysem. The \ Il
figures foraverage train speed and number <%
of trains inform themodel concerning the - ' v " '.->1
guality ofservice being provided he '

weekday train revenue miles and weekday
revenue hours are used to calculate the

e PR
i

s

|

3

=

average train speedhe weekday revenue - [\ 3
miles and theround triproute miles are » e -
used to calculate the number of trains per v o - 395,0,')’,;»
day. X {

7.1.6 CTPP Flows

CTPP datevas used toapproximatethe

market oftrips that travelwithin the

corridor. These worker flowsvere split into various submarkethat were used b estimate the
Y I 3y A bk 28hdodrisietoé Y NJ S & T2 NITieéwalkos fiows akeyéstidaled (G A 2 y @
using the number of households within a twaile radius of any train station on the linEhese flows are

further segmented by the numberf householdghat havetravel lows to areas within a onmile radius

of any stationpy employment densities less than 50,000 employees per square milbyawdrk flows

to areas with more than 50,000 employees per square mile.

Park-and-ride flows are stimated using the number of households within arside radius of any train
station on the lineThese flows are further segmented by the number of househiblatshave
workflows to areas within a onmile radius of any statiory areasvith employmentdensities less
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than 50,000 employees per square méad by those with work flows to areas with greater than 50,000
employees per square mile.

7.1.7 ARRF2 Lowell Line Forecagystem Operational Characteristics

The Lowell station is 25.5 rail miles from Na8tation in Bostoywhich gives the base service a total of
51 direction route miles of servicBased on the current train schedules, the serdaffers1,299
weekday train revenue miles and 38.52 weekday train revenue hours.

7.1.8 Base CTPP Travel Flows

Using he two-mile station buffering procedure for the existing Lowell line, the total number of
households within two miles of a station that had employment within one mile of a station was 16,111
householdqsee Tabl&.1). Of these households, 8,231 are emmdyin areas with less than 50,000
employees per square mile and 7,880 are in areas with more than 50,000 employees per square mile.

The sixmile buffer forpark-and-ride trip estimation, results in 49,909 households within six miles of a
particularstationand employed within one mile ofdifferent station. A total of 22,770 and 27,139
households are employed in areas with less than, and greater, 88800 employees per square mile,
respectively.

Table7.1: Lowell Line Base CTPP Flows

CTPP Flows Base
Home within two miles of any station and Work within one mile of any station
Employment <50,000/square mile 8,231
Employment >50,000/square mile 7,880
Home within six miles of &#arkand-Ride P&R station ard Work within one mile of any station
Employment <50,000/square mile 22,770
Employment >50,000/square mile 27,139

7.2 Preliminary Intercity Rail Forecasts

The operational characteristics of the proposetércity regional services are based on the numbgr o
daily trains and the average spedthese values are shown in Tale.

Table7.2: Intercity Service Statistics

Intercity 8 Intercity 12 Intercity 18
Route Miles (Round Trip) 146.8 146.8 146.8
Weekday Tain Revenue Miles 586 880 1,319
Weekday Train Revenue Hours 12:40 19:00 28:30

The buffers used for the alternative analysis are presentddgare 7.3Depending on the stations
included in eaclintercity and commuter railternative, some or all dhese buffers were used
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7.2.1 New Hampshire CTPP Worker Flow=
The worker flows can be broken down into s

three groupings for the alternativegcluding Conoord” se?

the existingLowellline worler flows pluseach — - Legend J

incremental extensiorthe Nashua flows, the - . T——

Nashua/Manchster flows, and the 3 e s e

Nashua/Manchester/Concord flows. [ e A
Manchester * \ ——— L

ARRF2valuatedthe incremental differences |~
in serviceto analyze the alternative3he CTPP |
flows shown irTable7.3are for the entire
corridor and include those for the existing
Lowellline. It showghat the incremental
difference in flows for each of the alternative

is simply the difference between the

alternative flow and the base flows
MBTA Lowell line.

[ —,

Figure7.3: NHML Proposed Station Buffers

for the

Table7.3: Lowell Line Base and letcity CTPP Flows

Intercity Rail Markets Incremental
Base (Concord, Manchester, Nashua) Intercity Flows

CTPP Flows (A) (B) (B-A)
Home within two miles of any station and Work within one mile of any station
Employment <50,000/square mile 8,231 11,046 2,815
Employment >50,000/square mile 7,880 8,147 267
Home within six miles of #&Rstation and Work within one mile of any station
Employment <50,000/square mile 22,770 30,951 8,181
Employment >50,000/square mile 27,139 27,818 679
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7.2.2 Comparison of Obseed and Forecasted Ridership

The MBTA Lowsdlihe seesapproximately 8,745 daily boardingshereas the base forecast was for 9,096
boardingsUsing thisactualand alternativeforecastridershipanda boarding factor of 1.9, a combined
scaling and rideto-board conversion factor was developed to adjust the alternative forecabis

scaling factor corrects for error in the base condition (existing) forecast, and the boarding factor converts
boardngs to riders Table7.4lists the unadjusted and adjustedrecast for each alternative.

Table7.4: Adjusted and Unadjusted Alternative New Riders Forecasts

Alternative UnadjustedForecast Adjusted Forecast
Base 9,096 8,745
Intercity 8 659 633
Intercity 12 769 740
Intercity 18 913 878

7.2.3 City Boarding Distribution

The gross forecasts of ridership were allocated to three origin region$iras steptoward deriving
statiorHlevelforecasts.The CTPP flow datmd service information for each city were combirted
allocateboardings at the city leveSince these market sharesre based on thenagnitudeof worker
flows within the corridor, iis understandabl¢hat Nashuavas shown to havéhe largest market share
(see Tabl&.5). This means thatvhile Manchester ighe larger city, more Nashuasidentswork in the
Boston area thamesidents oManchester Thesemarket shares were then weighted by the number of
trainsthat would stop in each city for the varioatternatives.

Table7.5: City Market/Level of Service Weighted Distribution Factors

Market Distribution
Alternative Nashua Manchester Concord
Intercity 8 0.51 0.39 0.10
Intercity 12 0.51 0.39 0.10
Intercity 18 0.51 0.39 0.10

7.2.4 Station Boarding Distribution

Thesecond step imlerivingstation-levelforecasts waso distribute the citylevelforecasts to he
proposedstations To allocate the boardings in cities with two or more statighs,Studyteam usel
the population within the skmile catchment area and aaccessibility factarFor the intercity services,
the only necessarstation allocation involve@®edfordManchester Airporand the downtown
Manchester Station, whicheve allocated at 53 percent toodvntown Mancheste and 47 percent for
Bedford/Mancheste Airport.

7.2.5 Preliminary Ridership and Boarding Estimates

Table7.6 presents the preliminary total ridership asguthboundboarding estimatesor the three
intercity rail service optionas determined using the ARRF2 forecasting model
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Table7.6: Preliminary Total Ridership and Southbound Boarding Forecasts

Total Ridership SouthboundBoardings

Intercity 8 1,260 630
Intercity 12 1,480 740
Intercity 18 1,760 880

7.2.6 Station Southbound Boarding Distribution
Preiminary gation-levelsouthboundboarding and total ridership estimates are presentedable7.7.

Table7.7: Rourded Total Ridership and Statiehevel Boarding Estimates

Northbound
Boardings SouthboundPassenger Boardings
Total
Alternative Ridership Boston Nashua Bedford/MHT Manchester Concord
Intercity 8 1,260 600 320 120 130 60
Intercity 12 1,480 700 370 140 160 70
Intercity 18 1,760 840 440 160 190 90

7.2.7 Preliminary Estimates of Passenger Miles

Estimaes of the passenger miles that would be expected from each service option were developed for
the purposes of comparing alternatives on their mobility benefits and to facilitate derivation of revenue
forecasts (see Table8). Weekday passenger mile estireawere derived by multiplying the forecast
southbound boardings at each station by the distance from each station to Boston North Station. This
product was then doubled to reflect the mileage resulting from returning northbound trips.

Table7.8: Forecast Southbound Boardings and Weekday Passenger Miles

Forecast Boardings Weekday Passenger Miles
Intercity Rall Miles to | Intercity | Intercity Intercity Intercity Intercity

Station Boston 8 12 18 Intercity 8 12 18
Concord 73.3 60 70 90 8,796 10,262 13,194
Manchester 55.5 130 160 190 14,482 17,824 21,166
Bedford/MHT 50.1 120 140 160 12,024 14,028 16,032
Nashua 39 320 370 440 24,960 28,860 34,320
Totals 630 740 880 60,262 70,974 84,712

7.2.8 Intercity 8 Forecasts

Aseparate more refined forecast for the selectediercity 8option was prepared in collaboration with
Amtrak and its ridership forecasting consultant, which has been @pd y 3 ! YU NI 1 Q&
andAnalysis Department with ridership and ticket&ey dzS T2 NSOl ada F2NJ | £ f
the U.S> For Sudy purposes, Amtrak estimated ridership on them8e, eighttrain-per-day Concord

A 7

al NJ St
2F |

23For more detail on final forecasts for all final optipsse Apendix 6 to the Capitol Corridor AA Final Report (Task 6
Evaluation Criteria and Methodology)
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service by analogy to the nearby 1-Mile, 10-train-per-day Downeasteiservice Each station on the
proposedIntercity 8servicewas associated with Bowneasterx & dzZNNB I+ 1 S¢ adl GA 2y
time, station demographics, and train service characteristibe modelvasthen factowed for

differences between the surrogat@owneasteistation and the poposedCapitol Corridostation. The

GgAlF

Capitol Corridor stations and thdiowneastesurrogate stations are shown ifable7.9.

Table7.9: Intercity 8 Station Associations (June 26, 2014)

NHML Existingnd PropsedStations SurrogateDowneasterStations

Station Name Miles to Boston Population Station Name Miles to Boston Population
Boston North Station 0.0 2,667,000 Boston North Station 0.0 2,667,000
Woburn, MA 12.6 1,087,000 Woburn, MA 12.6 1,087,000
Lowell MA 25.2 746,000 Haverhill, MA 32.1 662,000
Nashua, NH 38.8 340,000 Exeter, NH 51 187,000
BedfordMHT, NH 50.1 120,000 Durham, NH 62 83,000
Manchester, NH 555 266,000 Exeter, NH 51 187,000
Concord, NH 73.3 166,000 Dover, NH 68 162,000

Station Name Employment Income Station Name Employment Income
Boston North Station 1,705,000 146,275,000 Boston North Station 1,705,000 146,275,000
Woburn, MA 574,000 60,660,000 Woburn, MA 574,000 60,660,000
Lowell, MA 370,000 40,388,000 Haverhill, MA 287,000 32,237,000
Nashua, NH 169,000 16,025,000 Exeter, NH 90,000 9,128,000
BedfordMHT, NH 59,000 5,332,000 Durham, NH 36,000 3,297,000
Manchester, NH 134,000 12,112,000 Exeter, NH 90,000 9,128,000
Concord, NH 88,000 6,740,000 Dover, NH 64,000 5,921,000

Notes: 1) Based on countigvel demographic data from Moody's Economy.com
2) Demographics calculated as follows: Determine the population, employment, and income within a 10, 15, 20, and 25
mile radius around the stations (as the crow flies), then multiplfactors of 1.4, 0.9, 0.5, and 0.2 respectively; the sum
of these four numbers is the assumed station catchment area
3) Demographic differences between the primary and surrogate stations are adjusted for in the model

The model useiscal Year 2013wrak Downeasteridership/revenue dataln the Amtrak model for
the DowneasterBostorWoburn (13 miles) had higher observed yield than Bostbtaverhill (34 miles)
in FY13ThisBostonWoburn/BostonrLowellassumptiorhas been maintained for the Capi@brridor
ridership estimates. Fares used in the ridership estimates are listed in T.4ble
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Table7.10: Intercity 8 Station Fares

Capitol Corridor Station| Surrogate Station | Weekday Fare§ Weekend Fares
Bogon North Station Boston North Station - -
Woburn Woburn $12 $12
Lowell Lowell $6 $9
Nashua Haverhill, MA $7 $11
BedfordMHT Durham, NH $10 $14
Manchester Exeter, NH $9 $14
Concord Dover, NH $13 $15

This intercity rail forecasting model, like mastercity rail forecasting models, predicts annual riders for
station pairs along the line. Projected ridership by station pair is listed in TddeTotal ridership
along the line is projected to H&54,100passengers per year.

Table7.11: Annualintercity 8 Ridership Estimates

Concord Manchester Bedford/MHT Nashua Lowell
Concord
Manchester 900
Bedford/MHT 200 1,000
Nashua 600 1,400 1,600
Lowell 1,300 900 4,200 700
Woburn 900 500 5,700 800 100
Boston 52,800 130,900 43,600 91,600 14,400

The station pair ridership data is condensed to the New Hampshire stati@hannual ridership by
summing the station trip origins and destinations at each station. The sthgige ridership forecsts
are converted to annual boardings by dividing the ridership by two, and annual boardings are converted
to daily boardings bylividingby 365days.These data are shown in Talld.2

Table7.12: Intercity 8 Boarding Estimates

Annual Daily
Station Ridership | Boardings| Boardings
Concord 56,700 28,350 78
Manchester 135,600 67,800 186
BedfordMHT 56,300 28,150 77
Nashua 96,700 48,350 132
Total 345,300 172,650 473
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7.3 Final Estimates of Passenger Miles

An estimate of the passenger miles that would be expected fr@srcity 8service option was developed
to facilitate derivation of revenue forecasts and for the purposes of comparing with otheimtencity

rail alternatives on their mobility impacts. \WWkday passenger mile estimates welerived by multiplying
the annualstation pair forecastby the station pair distancand dividing by 365 (see Tatel3).

Table7.13. Passenger Miles

PassengeMiles

Station Annual Daily
Concord 2,014,305 5,519
Manchester 3,725,930 | 10,208

24,762
BedfordMHT 1,408,625 3,859
Nashua 1,889,190 5,176
Lowell 353,965 970
Woburn 242,810 665 25,314
Boston 8,642,665 | 23,679
Total 18,277,490/ 50,075| 50,075

7.3.1 ForecastReductions in Automobile VMT

ThepreferredIntercity 8option would providenew service in the corridor, but unlike the existing commuter
bus and proposed commuter rail servicé wasnot designed for the workrip market in the corridorlt is
assumed hat the Intercity 8riders willall be newtransitridersthat have diverted trips from automobiles.

To convert passenger miles to vehicle miles, an average vehicle occupancy?$p&r8dns per vehicle was
used.The VMTreductionshown inTable 7.14rom the Intercity 8service is not concentrated in the morning
and afternoon peak periods as it is with tb@mmuter bus andcommuter il options

Table7.14: Intercity 8 Change inVMT

Station VMT Reduction
Concord 3,305
Manchester 6,113
Bedford/MHT | 2,311 14,827
Nashua 3,099
Lowell 581
Woburn 398 15,158
Boston 14,179
Total 29,985| 29,98

242009 National Household Survey Data, http://nhts.ornl.gov/tables09/fatcat/2009/avo_ TRPTRANS_WHYTRP1S.html
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This section describes the service design and provides an operations overview for the priefemeity

8 service optionintercity 8was selected from the three intercityitaervice options because of its low

net operding costs and reasonable levaf-mobility benefit. The numbeof additional riders attracted

by more the frequent service that would be offered lbgercity 12 and 18 did not keep pace with the

forecased cost of the additional servicen preliminary estimatedntercity 8was projected to carry 946

daily passengers at a net operating cost of $3.6 milByncomparisonintercity 12 and 18 would carry
1,104 and 1,308 daily passengeespectivelyat net gperating costs of $6.9 and $11r@spectively.

8.1 Design Objectives

In designing théntercity 8option, the $udy team worked to raximizethe srvicefrequencythat could

be effectivelyoffered with a single set of equipment and limited crews servinditreemajor population
centers along the corridor: Concord, Manchestard Nashua in New Hampshire and Lowell and Boston
in MassachusettsThe design alseould provideservice to thesuburban Massachusetistermodal hub

in Woburnserved by intercity passger rail service between Portlansllaine and Boston Amtrak
Downeaste). The operating characteristics of the succesBfulvneasteiservice were influential to the
Intercity 8design. Both services (tlizowneasteiand potentialintercity 8 would offer arivals and
departures at North Station at similar times of day.

8.2 Design Constraints, Assumptions, and Paradigms

In designing the service, theully team was guided by the following constraints, assumptions, and
paradigms:

A The new service must overlay orttee existing schedule and mix of passenger trains currently
dzaAy3 b2NIK {dGFGA2y> AyOfdzRAYy3a |ff 2F a. ¢! Qa y
Downeastesservice. The design needed to be particularly cognizant of the 68 weekday MBTA
and Amtrak pasenger trains that use portions of the route between Lowell and Boston.
A To gain acceptance from the host railway, the service needs tomeletely transparent to
existing MBTA customers
A" To minimize required capital investment and maximize benefits fadimited capital budget, it
was assumed there would bempgrades to infrastructure south of Lowethere successful
passenger services are already offered. Instead, investments would be focused along the
LR NIA2ya 2F GKS NP doi2S/ fieka#Héd ' NB OdzNNBy it & aFNBA
A Also to minimize required capital investment, the service was designed to respect limited
capacity at North Station. MBTA has allowed that one new peak period arrival/departure by an
intercity train could be accommodated at North Station oncedheently inoperable Tracks 11
and 12 are put into service.
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A Also to minimize capital expenditure, any track improvements would need to stay within the
existing rail righiof-way. The line follows the banks of the Merrimack River for most of its route
between Lowell and Concord. Since the frequency of curves and degree of curvature associated
with the line is quite high due to its riverine routing, this constraint had a significant impact on
maximum allowable speeds north of Lowell.

A To provide for harmomius operations with PAR (the freight carrier and owner efribute in
New Hampshire), thet@dy team focused on providing industrial siding tracks at key locations
along the line to avoid conflicts between intercity passenger trains and local freighiplick
ups and deliveries at customer locations.

8.2.1 Intercity 8 Design Overview

Meetings with Amtrak, MassDQdnd MBTA in the@ing of 2013 indicateda willingness to work with
NHDOT on the provision of passenger service along the NHML from New Hamp$torght Station
This cooperationvould takethe form of Amtrak operation ahtercity trainsinto New Hampshire or
MBTA operation of commuter trains along the same roidtee MBTA felt that two new station tracks
would be openedat North Station with themminent relocation of the Spaulding Hospital immediately
to the west, providing capacity for one additional peak Amtrak train in each diredd&TA would also
be willing to extend its service into New Hampshire provided that the service extensiorsseattially
transparent to existing MBTA passengers using the services offered between Lowell and Boston.

The Sudy team devised a hierarchy of three conceptual services that could be operated as an
independent Amtrak service 73 miles northward from NortitiSn to Concord New HampshireThe

options were lased orNHMLhistoric and current physical attributes, the schedule of passenger services
on the ling and general service parameters for Amtrak services in corridors of less than 150Eades
servicewould have the following characteristics:

A Operate independently of the MBTA and Amtiéwneastepassenger services already serving
the southernmost 25 miles of the route

A Require no upgrades to infrastructure south of Lowell

A Require upgrades to rail infetructure north of Lowell

0 Upgrades to 48niles of existing track to FRA Class 4 providing for maximum passenger
train speeds of at least 70 mgh

o Installation of two or more industrial sidings between Nashua and Concord allowing
passenger trains to pass mreet freight trains serving these segments

25 |nitially 70 mph was initially selected as no hitaecords showed higher speeds along the route since its opening in the
1800s; further later analysis indicated that 75 mph maximum allowable speeds could be supported for a relatively short
segment between Nashua and Manchester
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o Installation of a passing siding on the PAR freight riv@@west of North Chelmsford to
reduce the need for trains to stand east of North Chelmsford on the route between
Lowell and NashydMassDOT and MBTA hasiace committed to providing this passing
siding independent of this planning initiative to solve capacity problems on the adjacent
Fitchburg route also shared by MBTA and PAR trains

o Installation ofNORA@ule 261 signals between Manchester and Concord
(approximately 18 miles)

o Installation ofPT(protection

Theproposedservices would call at six passenger stations north of Bdstem Table.1).

Table8.1: Proposed Stations with Distance and Travel TinoeBoston

Miles to Approximate Travel
Station Boston Time to Boston
Concord 733 1:29
Manchester 55.5 1:09
Bedford/MHT 50.1 1.01
Nashua 38.8 0:48
Lowell 25.5 0:32
Woburn 12.6 0:16

The projected travel times compare favorably with historic mimmiuavel times between Concord and
Boston(see Tablé.2). The presumed maximum allowable speeds between Lowell and Concord and the
proposed NHML maximum allowable speeds are shown F&jlre

Table8.2: Historic Minimum ConcoreBoston Travel Times

1910 1926 1945 1954
Travel Time 2:00 2:05 1:35 1:22
Commercial Velocity (mph) 37 35 46 54

Source: Jacokanalysis of archived public timetables
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Figure8.1: Propoed NHML Maximum Allowable Speeds
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Table8.3summarizes the three conceptual Amtrak servittest were considered for restoration of
passenger service on the lin€he Intercity 12 and Intercity 18 options were ultimately screened out
from further consideation.

Table8.3: Operating Characteristics of Proposed Intercity Rail Service Options

Weekday Revenue Trains Route Weekday Trai
Options Nashua Manchester [ Concord Miles Stations Miles
Intercity 8 8 8 8 73 6 586
Intercity 12 12 12 12 73 6 880
Intercity 18 18 18 18 73 6 1,319

Each intercity rail and commuter rail service was designed using custom train scheduling and stringline
diagraming tools used for many rail scheduling and planning assignisteMtBTA and other passenger
railroads. Given theelatively low density of freight traffic on the NHML, it was decided in consultation
with the FRA that full &I Trafic Controller (RC) simulation models of the route would not thecessary

for this paricular Sudy.
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8.2.2 Intercity 8 Rail Service

A

Task 9: Service Development Ptadovember2014

Four daily intercity passenger radlund trips between Concord, New Hampshire and Boston,

Massachusettsnaking intermediatestops at Manchester, Bedford/Manchest&irport, Nashua
Crown Street, Lowell and Woburn, BEachusetts

A BaseBX busservice is retained

The eighttrain-per-day Intercity 8rail option
would provide fou daily round trips over the
73-mile route, stopping at five intermediate
stations (sed-igure8.2). The endto-end trip

time would be approximily 96 minutes and
the service would operate 586 daily train miles

A proposed timetabléor the servicds shown in
Table 8.4A full NHML schedule is fouinal
Figure AL in AppendixA and astringline time
distancediagram showing the proposed service
integrated with the existing MBTA service on
the lineisfound inFigure8.3.

Presuming an average cost of $36 per train mi
based on recengxperience of the nearby
AmtrakDowneastesservice Intercity 8would
cost approximately $.7 million per year to
operate.

The service could be extended with possible
connections to private bus services for North
Countrydestinations No changes are proposed

to express bus service for commuting to Bosto..

Figure8.2: Intercity 8Rail Service

Manchester (3

Tyngshorough (Exit 36) [

North Billerica

O  Existing Bus Park and Ride Lots
@®  Existing MBTA Rail Stations
@ Boston Express Bus Route
‘@ Concord Coach Bus Route
@ Existing MBTA Lowell Line Service
‘@ Proposed Intercity Rail Service

Miles
0 25 5 10

South Station '\/'

via F93 orRoute 3 Local bus service to the intercity rail stations could be offered but would not be
integral to the service design.B¥Concord Coactintercity rail fare integration scheme similar to that
employed by theDowneasteiat Portland Mainecould be employed ahe Concord and Manchester
stations that would be shared by both intercity rail and coach bus services.
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Table8.4: Proposedintercity 8 Timetable

380 382 384 386 Station MP 381 383 385 387

6:39 10:39| 14:54| 19:54 Concord NH 73.3 9:59 14:14 18:49 23:39
6:58 | 10:58| 15:13| 20:13 % Manchester NH 55.5 9:38 | 13:53| 18:28 | 23.08
7:07 | 11:.07| 15:22| 20:22 % BedfordMHT 50.1 9:30 13:45| 18:20 | 23:00
7:20 11:20| 15:35| 20:35 & Nashwa 38.8 9:17 13:32 18:07 22:47
7:36 | 11:36| 15:51| 20:51 Lowell 255 | & 9:02 13:17| 1752 | 22:32
7:52 11:52| 16:07| 21.07 AndersoniVoburn 126 | § 8:46 13:01 17:36 22:16
8:15 | 12:15| 16:30| 21:30 North Station 0.0 ¢ 8:30 12:45| 17:20 | 22:00

It is presumed that sergé would be offered with a single pughill locomotive hauled train set with

four coaches. The rolling stock would be similar in configuration and performance to the equipment
used for theDowneasteiand MBTA commuter rail service. The train set wouldtbeed and serviced
overnight at the Concord Station where a pingand basic cleaning and servicing facilities would be
provided. It is assumed that the intercity service would be operated from the same pool of equipment
used to provideDowneasteiservicewith an extra locomotive and control coach added to that pool to
offset the additional burden this service would create. Amtrak would provide heavy maintenance at its
FILOATAGASEA Ay .2a02yQa {2d2diKIYLWG2y {radidtei . I NR
practice with theDowneasterequipment.

Two crews would be required to provide service each day. One crew would handle Trains 380 to 383;
while the other crew would handle Trains 384 to 387. A full roster of three crews plus a spare would be
necessary to handle routine service requirements. The minimum required crew would be an engineer
and conductoralthough it is likely that Amtrak would operate the service with a third crew member to
assist with operation of doors and management of passesge

For $udy purposes, it was presumed that the service would be operated by Amtrak. Certain economies
in crewing, equipment maintenance, and administrative overhead might be available if the service were
operated by MBTA and its passenger rail contragta manner similar to the operation of their new
78-mile Cape Flyer service. The Cape Flyer started in the summer of 2013 as a seasonal-aggkend
experiment. After two seasons of operation, it appears that it may become permanent and a model for
the operation of other short distance intercity rail services into Boston.
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Figure8.3: Intercity 8 Stringline/Time-Distance Diagram
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This section descrilsethe design requirements and evaluation criteria used to identify and assess

potential sites for passenger rail stations and layover facilities proposed to suppdritéreity 8option

It then describes the recommended sites, evaluates their performearue provides preliminary

designs, where appropriate. A total of eight intercity passenger rail stations and three layover site

options were identified through a combination of stakeholder meetings and public outreach, review of

existing and historical ewlitions, previous studies, and field inspections. Following assessment, four
stations and one layover facility were recommended for lifercity 8service.

9.1 Design Requirements

Each of the rail stations would requifanerican Disabilities ACADA comgiant platforms for

passengers to board and alight the trains, provide a canopy for shelter, have provisions for buses and
automobiles to piclup and dropoff passengers, and provide direct access to and from major highways
and nearby land uses. All but@station would require parking designated for rail passengers. Sites
located in downtown Manchester are too constrained to provide dedicated commuter parking, but
ample public parking capacity is located within short walking distance of the identifesd sit

Where possible, theiSBdzR& (SIFY RSaA3Iy SR LISPET 2 NIF 2 Nii € KiBvelslb MBz 6 |
platforms ease boarding for all passengers by eliminating the need for stairways to climb into and out of

the passenger coaches. Higlvel platorms may conflict with freight train movemis; therefore, a short

85-foot-long sectionof hight S@St LI | 0 F2NX I O2 Y ¥rgkémight bessdoSiiBdS R G2 |
for a fulHength, high platform at some stations. Platform specifications aredidtelow:

A Lowlevel platforms must be eight inches above the top of rail

A Highlevel platforms must be 48 inches abahe top of rail

A The preferred side platform width is 12 feet; 10 feet is acceptable and eight feet is the absolute
minimum width

Long sideplatforms may taper to a minimum width of eight feet at the ends

The preferred centersland platform width is 22 feet for a minimum of half the platform length
Long centetisland platforms may taper to a minimum width of 12 feet at the ends

Outbound platorms should be 765 feet lorghorter platform lengths could be accommodated
for the initial servicebut longer platforms would provide more room for growth and flexibility
in service design and operatigns

A" Inbound platforms of a minimum 710 feet woulé permissible
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Table9.1identifies the eight potentialntercity 8station site locations and preliminary site
requirements.

Table9.1: Potential Intercity 8 Station Sites

Station Requirements Potential Sites
A Downtownstation to anchor future Nashua TOD A Crown Street
Nashua A P&R aailability A Beazer East
A Integrate with local NTS bus service
A P&R station for commuter rail and intercitgiroptions A NHDOT parcel below the Ray
BedfordMHT | A Shuttle Bus tdlanchester Aport Wieczorek Drive/Pearl Harbor
A Direct Acces to Route 3 and293 Memorial Bridge
A Downtown anchor to support existing development an{ A Queen @y Avenue
Manchester TOD A Granite Street
Manchester | 4 |ntegratewith local MTA bus service and downtown | A Spring Street/Bridge Street
intercity bus erminal
A Downtown sation to anchor Concord TOD A Depot Street
A Integrate with existing intercity bugtminal and local | A Stickney Avenue
Concord .
CATFEbus service
A P&Ravailability

Table9.2lists the number oftation tracks required fointercity 8 This was determined by evaluating
the need for trains to turn or meet in stations, as indicated by the preliminary service schedules.

Table9.2: Number of Requiredntercity 8 Station Tracks

Station Tracks
Nashua 1
Bedford/MHT 1
Manchester 1
Concord 1

The number of parking spaces proposed for eacti@tavas based on two factord) forecast ridership

and 2) functional station type (séeble9.3). Downtown stathins would provide parking only where
available at the rate of one parking space for every two forecast ridées regionaP&R station at
Bedford/Manchester Airportvould provide one space for each forecast rideme Nashua Crown Street
station site is arrently owned by the City of Nashua and has been proposed to accommodate up to 255
parking spacegnly accessible parking spaces are proposed for downtown Manchester, since there are
many payfor-parking lots within close proximity of each proposed statsite Finally, there is an

existing, heavihutilized P&RIot at Stickney Avenue in Concord. Due to the nature of intercity travel, at
least 100 additional spaces are proposed at this location even though this would exceed ihgoee
per-forecastedrider standard.

Table9.3: Intercity 8 Preliminary Ridership Forecasts and Parking Space Requirements

Total Nashua Bedford/MHT Manchester Concord
Ridership Forecasts 730 200 210 240 80
Parking Space Requiremts 545 255 210 0- 100
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9.1.1 Site Evaluation Criteria

The following list of evaluation criteria was developed to guide the station site selection process. The
evaluation criteria measures were given a rating of one for poorly performing sites to five for high
performing sites. Environmental criteria wdssignated as Yes or No, whilerership criteria was
designated G for governmeiatwned or P for privatepwned.

1. Market

0 Does the site adequately serve the travel market of Bodtoand travel for residentsf
Nashua, Manchester, Concord, and surrounding towns?

2. Access

0 Is the site adequately served by major roads with connections to the regional highway
network?
0 s there existing parking available at the site?

3. Track Operational Characteristics

o Is the track staight and free of existing sidings?
0 Are there any grade crossings adjacent to the site?

0 What are train deadhead cost savings and travel time efficiencies?
0 Requirement for new traffic/train signals?

0 Are bridge structures required for roadway access odyeads?

o Arefreight rail movements/clearancesaintained?

4. Parcel Size/Configuration/Ownership

o Isthere adequate land available for station platforms and facilities?

o Isthere sufficient land for parking lots sized to meet ridership forecasts?
0 What is the asessed value per acre?

0 Would displacement of residents/businesses be required?

5. Land Use

0 What are the predominant surrounding land uses?

0 What are municipal and community aspirations/priorities?

o Consideration of environmental justice, including accelsilidy minority populations
and lowincome households

6. Sensitive Receptors

0 Are there any residential buildings or educational, medical, or religious facilities near the
site that would have a heightened sensitivity to noise or vibration impacts?
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7. Enviromental

Is the site adjacent to a river or within a flood zone?

Is the site in or adjacent to jurisdictional wetlands?

Does the site have a history of contamination?

Has the site been designated athreatened or endangered species habitat?
Does the sitdhave nearby sensitive receptors for noise/air quality impacts?

O O O O O

8. Ownership

o Isthe property owned by state or local government or is it privately held?
0 Isthe property for sale or held by single or multiple owners?

9.1.2 Preliminary Station Sites

Multiple locationswere identified for each of the five proposed stations based on field inspections,
interviews with local officials, and a review of previous studies. Each of thea¢edlsites and their MP
distance from Boston are listed in TaBld and discussed in dail below. Several sites were eliminated
during the preliminary assessment, while eight locations were advanced for further evaluation.

Table9.4: Intercity 8 Preliminary Station Sites

Station Sites Evaluatd MP
25 Crown Street 38.8
Nashua

Beazer East 41.0
BedfordMHT NHDOT parcel below Ray Wieczorek Drive 50.1
Queen City Avenue/Jdeac 54.9
Manchester Granite Street 555
Spring Street/Bridge Street 56.4
Depot Street 72.6

Concord -
Stickney Avenue 733

Once the station sites were identified, schematic designs were overlaid on annotated aerial imagery
prepared by Jacobs Engineering in September 2013. These schematic designs included tracks, switches,
platforms, roadways, pathways, parking, circudatibuildings, and other related features. Parcel

mapping information provided by municipalities and NHDOT was also incorporated as part of the
schematic designs. It will be necessary for the schematic designs to be reviewed by MBFaPAR

NHDOT, adh other stakeholders prior to being finalized. The following sections describe and document
each station site with findings from the initial site review. Parcel mapping, site photos, previous station
site plans, preliminary schematics, and the proposecdeptual station plan are presented for

preliminary environmental and financial review.
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9.2 Nashua Station Options

Figure9.lillustrates the location of the two potential station locations that could be developed as a
Nashua Station: Crown Street and the BexeEast site.

Figure9.1: Potential Nashua Station Locations
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9.2.1 Nashuaz CrownStreet

Thiscity-owned and locally preferresite for a downtown Nashua statiois located south of Crown Street
site and north ad west of thePARNI A f &F NR® LG A& GKS

I LILINBEAYIFGS €2
train station Another station was located on the Hillsboro Branch at Railroad Square on Main Street

Potential station locations were also evaluated at Bridgeedtand East Hollis Street witegard to how

a fulHlength (765foot) passenger rail station platform could be configured on the site. The Bridge Street
site was eliminated because only 520 feet would be available for a platform between the Nashua River
railroad bridge on the north and the Bridge Street crossing on the south. The East Hollis Street site
located between Bridge Street and East Hollis Street was also eliminated as the platform length would
be limited to approximately 400 feet. Site featurasdachallenges follow; see Figur@® and 9.3 for
photos and a parcel map, respectively, and T&ldor summary evaluation ratings.
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A" The station platform would be located adjacent to the Triangle Pacific building, which could
potentially be redeveloped

It is the only viable site near downtown that can accommodate platform requirements

City plans call for 255 parking spaces and reuse of existing industrial buildings

A
A
A Additional parking supply would be constrained by the size of the parcel

Facing south towards the vegetate area west of th
PARRail Yard where the proposed platforms would

located

\ ;- .

Facing northwest as the NHML continues noth, the

Facing west towards downtown Nashua
Hillsboro Branch turns off towards the west
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Figure9.3: Nashuac Crown StreetParcelMap
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Table9.5: Nashuac Crown Street Station Area Evaluation
Category Rating Notes
Market 4 Close (0.8 miles) to Main Street in downtown Nashua
Access 4 Multiple local road access points
Track 5 Only viable stretch of track in the downtown area
Land use 4 FutureP&Rsite for the city, mixed industrial/residential
Parcel 5 Seven acre site owned by the city, designated for transit
Environmental v Potential soil remediation, unknown; most likely urban fill. Possible complications fi
site demolition

Owner G Governmentowned (City of Nashua)
Noise Y Mixed residential neighborhoods near site
Miscellaneous Y City would like to utilize this site as a pakd-ride location
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Assessment: Advanced

This site is recommended as a downtown station far @ity of Nashua. Local officials have been
contemplating a station at Crown Street for several years with-desteloped plans shown frigure9.4.
The city andtate recently cooperated to acquire the site with the intention of developifg&lot
independent of the proposed rail service, as showiigures 9.5and9.6; a preliminary station design is
shown in Figure 9.7

Since this location would rely on pedestrian and bicycle accessibility, a new sidewalk would be necessary
on the south side of Crow@atreet and east of Arlington Street to ensure ssiteaccess. A

pedestrian/bicycle connection off Harvard Street would provide improved accessibility from the
surrounding neighborhoods.

Figure9.4: City d Nashua Excerpt from East Hollis Street Master Plan
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Figure9.5: City of Nashud@&RSite Plan

Figure9.6: City of Nashua &R Site Plan

25 Crown St, Park and Ride
Technical Drawing
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9.2.2 North Nashuaz BeazerEast

The Nashua Beazé&ast site is located in the southwest corner of a large industrial parcel owned by
BeazerEast, IncThe site was formerly owned by Koppers Company, a manufacturer of railroad ties.
Their manufacturing operations included treating ties with creosote. The site was found to be
contaminated with creosote and is currently in the process of being cleandtlisgontemplated that

the site will be developed once the remediation effort is completed. Land is principally residential
immediately west of the site. Greeley Padcated to the south is owned by the City of Nashua, and is
primarily used as a sit®if launching boats on the Merrimack River. Hills Ferry Road is currently the only
access roadway across the railroad tracks into the site. The existing 36.5 kw power |iud-vglytwas
proposed to allow the extension of Henry Burke Highway tinéosite with an overpass over the tracks,
although this option was eliminated from further consideration in 2011. Two small industrial buildings
are the only building currently on the parcel. Thed®vnfields site is north of downtown Nashua and

does not relate wll to current or future rail service or City of Nashua redevelopment plans. However, it
does present a large undeveloped parcel along the railway. Site features altehges include the
following Gee Figure8.8and9.9for photos and a parcel map, mgsctively, and Tabl8.6for summary
evaluation ratingy
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A 96 acres available, providing multiple options
Access issues include the need to navigate through a residential neighborhood
It may be possible to extend Hills Ferry Road into Greeley Park
Furthernorth, Pennichuk Street is another potential access path with local access options from
Route 3 via Daniel Webster Highway and Concord Street
Planned site development is mixed use retail and residential
A The site is free of wetlangbut adjacent to Merrinack River
A The site is contaminated with creosote and currently undergoing remediation

> > >

C

Figure9.8: North Nashuag BeazerEast StatiorSite Photography

——

Hills Ferry Rahat-grade crossing
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Figure9.9: North Nashuag BeazerEast StatiorParcel Map
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Table9.6: North Nashuac BeazerEast Station Area Evaluain

Category Rating Notes

Market 2 Closer to Merrimack; City of Nashua residents would need to drive north to go soui

Access 2 Indirect from Route 3, with access through a residential neighborhood

Track 5 Straight track, no issue

Land use 3 Vacant @rcel, but adjacent to existing neighborhood

Parcel 5 Large vacant parcel, plenty of land

Environmental Y Site has existing soil contamination; would not interfere with proposed use

Privatelyowned, available for development; a station here abhélp spur
Owner P
redevelopment
Noise Y Vacant lot with adjacent neighborhood
Miscellaneous Y Need to create new access
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Assessment: Eliminated
This site was eliminated from further consideration due to the nature of its poor relation to potential rail

senice, site access constraints, and existing soil contamination.

9.2.3 BedfordManchester Airport

The proposed Manchester Airpatation in Bedford would provide a location for-aiil passenger
interchange and also serve as a regidd@Rfor northern Hillsboough and southern Merrimack
counties. The site is located under the Ray Wieczorek Drive/Pearl Harbor Memorial Bridge that provides
a direct cainection between Route 3 and Manchester Airpdrhis site has also been proposed as a
development node within th& own of Bedford. A proposed shuttle bus would meet all trains and
provide connecting service along the 2.8 mée-(ninute) route betweerManchester Airpo® a
passenger terminal and the proposed stati@milar airrail shuttle connections are used atgorts in
Baltimore, Boston, red Milwaukee The station parking lot would be managed to avoid use by air
passengers and keep spaces available for rail passeiterg own of Bedford supports this station
location and has developed plans for mixed useekedopment in thevicinity of the station. Site
features and chllenges include the followingdée Figure8.10and9.11for photos and a parcel map,
respectively, and Tab®7for summary evaluation ratings

A NHDOT owns the property on the south sidetef bridge, some of which was set aside as
mitigation as part of the bridge construction

A Property on the north side of bridge is privately held

A Sebbens Brook is a valuable environmental resource located on the south side of the bridge

A Access is difficuto the south of the bridge, although there may be the potential to develop site
access through the existing parcel south of the brook

A A small brook and wetland areas also exist on the north side of the bridge

A A propane gas service yard on the north sifiéhe bridge may need to be relocated

A A power line bisects the site north of the bridge
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Figure9.10: Bedford/Manchester Airport StatiorSite Photography

Railroad rightof-way facing north Wetlands adjacent to the proposed station
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Figure9.11: Bedford/Manchester Airport StatiorParcel Map
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Table9.7: Bedford/Manchester Airport Station Area Evaluation

Category Rating Notes

Market Only direct access point to the airport

Access 5 Direct access to the site from Ray Wieczorek Drive
Track 5 Straight unencumbered track

Parcel 4 Potential need to tilize multiple parcels

Land use 5 Mostly vacant, surrounding transportation uses
Sensitive Receptors 5 No sensitive receptors

Environmental Y Wetlandsg values need to be assessed

Ownership G/IP State owns some of the parcels, some are privately held
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Assessment: Advanced

The proposed Manchester Airpastation has been previously identified as a potential passenger rail
station by state and local officials. Local plans, published in 2010, embrace the concept of a rail station
along the river neartte bridge linking Route 3 withe ManchestetAirport (Figure 9.12)The station

would be a focal point for regional travel and local development as well as failintermodal

passenger transfers. An 8@6ot long platform is proposed to be located tre west side of the tracks.

The site also has ample room to accommodate the necessary parking without the need for additional
land acquisitionFigure 9.13 shows the preliminastation design.

Figure9.12: Town of Bedford Concept Plans fdanchester AirportStation Area (2010)
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9.3 Manchester Station Options

Three station sites for downtowlanchester were identified and evaluated. Key roles to be fulfilled by
the downtown Manchester station include serving as a downtown anchor to support existing
development, support future Manchester TOD, integrate the passenger rail service with thislib&al

oA

bus hub, and providemuiy 2 R £ 02y ySOiAz2ya 6A0GK al yOKSaidSND
9.3.1 Manchester: Queen City Figure9.14: Historic Manchester Rail Station
Avenue I e, W

¢CKS adFGA2Y LINELR
tO¢ arAdS Aa t20F
AvenueBridge where it crosses the
railway. This location is situated
approximately 7,500 feet (3tinute
walk) from the downtown bus terminal
YR GKS a2dzikSNYy S
most intense urban development.

O Qx

Assessment: Eliminated

The Queen City Avenue site was suggested by local officidgleliminated early in the site selection
process due to its weak relationship to the existing downtown and distance from other transit services.
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9.3.2 Manchesterz Granite Street

al yYOKSAGSNRa YFAY LI 2aSy3ISNI NI Af sidelotQrahie treét 1 2 2 R T 2
before the building was demolished and the site redeveloffédure9.14 on previous pageThe site is
LINEEAYI GS (2 GKS OSYidSNI 2F al yOKSaidsSNna RSyasSaid dz
intercity bus terminal and a showalktothea ¢ | RAGY 126y Kdzo |G +*+SGSNIyQa t !
challenges include the followingé€e Figure8.15and9.16for photos and a parcel map, respectively,

and Table9.8for summary evaluation ratinggs

A Close to downtown, ample private p@arking available in nearby garages and surface lots

Across Ganite Street from the existing intercity busrtminal

City of Manchester owns parcel 980which is presently used for public parking

1,500 feet (fiveY A ydzi S gl £ {0 (2 adSINQay X432 QIENJO dza Kdzo F 4 -
Direct access t6293 (Exit 5)

Existing development adjacent to the site and along the rail tdtway

> > > > >

Figure9.15: Manchesterc Granite StreetSite Photography

Facing south towards the locati of proposed station Facing north towards the Millyard from the Granite Street ¢
platforms from the Granite Street @jrade crossing grade crossing

Facing northeast towards the intercity bus terminal from th Facing west towards293
Granite Street agrade crossing
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Figure9.16: Manchester¢ Granite StreetParcel Map
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Table9.8: Manchesterc Granite Street Station Area Evaluation

Categoy Rating Notes
Market 5 Located within downtown Manchester
Access 5 Direct access from293 with public parking lots and garages nearby
Track 5 Straight track, with no issues
Tight space, may need surrounding properties for station faaldied parking would
Parcel 5 .
need to be located of§ite
Land use 4 Existing commercial uses
Sensitive 4 Surrounding commercial buildings
Receptors
Environmental N Nothing obvious
Ownership P Privatelyownedrailroadright-of-way

Assessment: Advanced

This sie is recommended as the downtown station for the City of Manchester. The recommended
station design would close the Depdte®t crossing and develop théyg-owned parcel on the corner of
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Granite and Canal Streets that is presently used for public garRitwotrack station option has been
developed with a higtevel platform serving the east track. This would enable the efficient operation of
a terminal station and allow for unimpeded freight traffic to and from the north. Fi@ut&shows the
preliminary station design.

Figure9.17: Manchester¢ Granite StreetPreliminary Station Design

9.3.3 Manchesterz Spring StreetBridge Street

The Manchester Spring Street/Bridge Street site is located on the northfehd Millyard District near

the Spring Street grade crossing and under the Bridge Street overpass. The property is owned by the City
of Manchester. There are a large number of jobs and existing surface and structured parking lots
proximate to the site. & features and callenges include the followingée Figure9.18and9.19for

photos and a parcel map, respectively, and T&dor summary evaluation ratingis

A City of Manchestepwned parcel

Indirect access t6293 (Exit 6)

Ample private parking\wailable in adjacent surface and structured parking lots

2,500 feet (1@minute walk) from the intercity busetminal at corner of Canal and Granite

2,900 feet (12minute walk) to MTAhef 2 O f o6dzA Kdzo +G +SGSNFyQa t D

v > > >
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