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ARROWHEAD TRAIN -
: 30-Month Summary
April 15 - September, 1979
Cost Revenue Data

Operating Cost . $2,693,554

Operating Revenues , . (36%) 974,629
Subsidy-State 1 $1,002,177 (37%)
Federal 716,748 (27%)
Total Deficit - $1,718,925
Cost Share Per Passenger
' Revenue $ 7.03
State Subsidy $7.23
Federal Subsidy $ 5.17
Total Cost $19.43
‘Total Passengers - 138,573
Pass Passengers - 19,350
Value of Passes - $142,089.07
1 State Share of Operating Deficit:
April 15, 1975 thru September, 1976 66.67%

Beginning October, 1976 50.00%



ssoo;oob
$500,000
$400,000
- $300,000

200,000

$100,000

_Arror ad . .
r | ' © Cost=Revenue Com,.cison 1975-1977
pi o ; ' Projection to 1978 '

Projection

Revenues

T T ¥ ) { - § L] 4 ] ¢ s L] 3

] L
2nd  3rd 4th 1st 2nd "3rd 4th  1lst 2nd ' 3rd 4th  1st 2nd  3zd  4th
Qetr. Qtr. Qtr, Qtr. Qtr. Qtr. Qtr. Qtr., Qtr. Qtr. Qtr... Qtr. Qtr, Qtr, Qtr.

1975 1976 1977 - 1978
‘ | CALENDAR YEARS



Calendar
Year

1975

1976

1977

GRAND TOTALS

Month

April
May

June
July
August
September
October
November
December

January
February
March

© April

May

June

July
August
September
October
November
December

January
February
March
April

May

June

July
August
September

Number of
Ridership

1,628
3,349
3,949
3,885
5,665
2,974
2,912
3,743
4,176

2,646
2,537
3,079
4,242
2,914
2,811
3,321
3,971
2,504

2,591
3,257
4,113

2,392
4,134
5,193
5,990

10,203 -

11,356
10,522
10,789

7,727

Quarter
Total

8,926
12,524

10,831

8,262
9,967
9,796

9,961

11,719
27,549

29,038

- 138,573

National Railroad Pass.. - Corporation
“Arrowhead kcute"

Statement of Operations - Summary
April 15, 1975 thru September 1977

Operating
Revenue’

$13,100

21,654
27,004
25,590
29,641
22,794
20,181
25,590
29,920

19,205

17,456 -

20,007
29,537
20, 645
20,090
25,709
27,803
18,668
18,693
24,849
30,798

18,513
21,459
39,760
42,781
74,691
82,740
74,693

- 75,549

55,508

Quartét
Total

61,758
" 78,025

75,691

56,668
70,272
72,180

74,340

79,732
200,213

205,750
$974,629

Operating
Expenses

33,001
65,219
65,124
67,072
67,916
67,242
67,651
67,722
69,977

68,195
67,899
67,673
68,059
67,847
66,998
96,111
96,217
100,776
110,239
101,907
100,230

94,907
109,269
108,764
132,733
128,182
130,708
124,973
131,411
149,532

"Quarter
Total

163,344
202,230

205,350

203,767
- 202,904
293,104

312,376

312,940
391,623

405,916
$2,693,554

Net
Operating
Deficit

$19,901
43,565
38,120
41,482
38,275
44,448
47,470
42,132 -
40,057

48,990
50,443
47,666
38,522
47,202
46,908
70,402
68,414
82,108
91,546
77,058
69,432

76,394
87,810
69,004
89,952
53,490
47,968
50,280
55,862
94,024

State Share
of Operating

Quarter
Total Deficit
$ $13,268
29,045

(101,586) 25,415
27,656

25,518

.. (124,205) 29,634
31,648

28,089

(129,659) 26,706

32,662

33,630

(147,099) 31,779
25,683

31,470

(132,632) 31,274
46,937

45,612

(220,924) 54,741
45,773

i 38,529
(238,036) 34,716

38,197
43,905

(233,208) 34,502
44,976

26,745
(191,410) 23,984
25,140

27,931

(200,166) 47,012

$(1,718,925)

Quarter
Total

67,728 *
82,808

86,443

98,071
88,427
147,290

" 119,018

116,604
95,705

100,083
$1,002,177



NATIONAL RAILRDAD PASSENGER CDRPURATIDN
"ARROWHEAD TRAIN"
PASSENGER SERVICE BETWEEN MPLS.-ST. PAUL AND DULUTH SUPERIOR

STATEMENT OF DPERATIUNS
2ND QUARTER - CALENDAR YEAR 1975 -

Operating Revenue
Passengar
Dining-Buffet
Mail
Other

TOTAL OPERATING REVENUE

Operating Exnenses
Railroag Casts - BN*
Dining-Buffet
On-Board Serv1ce Attendant
Facilities

" Depreciation

Administration
Interest _
Claims Liability
Other

TOTAL OPERATING EXPENSE

'NET OPERATING (DEFICIT)
STATE SHARE - 66.67%
FEDERAL SHARE - 33.33%

STATISTICAL DATA:

PASSENGERS (INCLUDES PASSES)
COST PER PASSENGER

Operating Revenue
Produced Per Passenger

LOSS PER PASSENGER
STATE SUBSIDY
FEDERAL SUBSIDY

APRILL MAY JUNE - TOTALS
$12,324 $21,601  $25,492 $ 59,417
773 53 1,508 2.334

3 4 Ty

$13,100 $21,654  $27,004 $ 61,758 .
$26,449 $52,808  $52,898 $132,245
"464 32 905 1.401
1,993 4,119 3,987 10.099
2.356 4.882  4.368 11.606
1,221 1.,992. 1,959 5.172
300 600 600 1,500
218 300 407 935
- 386 - 386
$33,001 $65,219  $65,124 $163,344

(19,901) (43,565) (38,120)  (101,586)
13,268 20,045 25,415 67,728
6,633 14,520 12,705 33,858
1,628 3,389 3,949 8,926
20.27 19.47°.  16.49 18.30
8.05 6.47  .6.84 6.92
12.22 13.01 9.65 11.38
8.15 8.67 6.43 7.59
4.07 4.34 3.22 3.79

¢ Billed to NRPC By Burlington Narthern,
Train service started April 15th.



NATIONAL  RAILROAD PASSENGER CORPORATION
MARROWHEAD TRALN"
PASSENGER SERVICE BETUEEN HPLS.-ST. PAUL AND DULUTH-SUPERIOR

STATEMENT OF CPERATIONS

3RD QUARTER - CALENDAR YEAR 1975

DOperating Revenue

Passenger
Dining-8uffet
Mall

Other

TOTAL OPERATING REVENUE

Dperating Exgenses
Railroad Casts - BN*
Dining-Buffet
On-Board Service Attencant
Facilities
Depreciatiaon
Administratian
Interest
Claims Liability
Other

TOTAL OPERATING EXPENSE
NET OPERATING (DEFICIT)
| STATE SHARE - §6.67%

FEDERAL SHARE - 33.33%

STATISTICAL DATA:

TOTALS

PASSENGERS (INCLUDES PASSES) 3,885

COST PER PASSENGER

Operating Revenue
Produced Per Passenger -°

LOSS PER PASSENGER
STATE SuUBSIOY
FEDERAL SUBSIDY

uy UG SEPT. .
$22,133  $25,716  $19,198 $ 67,047 85.93
3,446 3,915 3,581 10,942 14.02
n 10 15 " 36 “o0s
$25,500  $29,641  $22,794  § 78,025 100.00
$52,898 $52,898 $52,898 ° $158,694 '78.47
2.068 2.349 2.149 6.560 3.25
4119 4119 3,087 12,225 6.05
5,020 5.142 5.190 15.352 7.59
2,026 2,339 -.2.026 6.391 3.16
. 600 600 7600 1,800 -89
341 469 392 1,202 59
$67,072  $67,916  $67,242 $202,230 100.00
(41,482)  (38,275)  (44.428)  (124,205)

27,656 25,518 29,634 82,808 66.67
13,826 12,757 14,814 41,397 33.33
5,665 2,974 12,524
17.26 11.99 22.61 16.15
'6.59 5.23 7.66 6.23
10.67 6.76 14.95 9.92
7.1 4.51 9.97 6.61

3.56 2.25 4.98

® Billed to NRPC By Burlingtaon Northern,
Trailn service started April 15th,

3.31



NATIONAL RAILROAD PAéSENGER CORPORATIGN

STATEMENT OF CPERATIONS

0

' : "ARROWHEAD TRAIN"
PASSENGER SERVICE BETWEEN MPLS.-ST. PAUL AND OULUTH-SUPERIOR

4TH QUARTER - CALENDAR YEAR 1975

Operating Revenue
Passenger
Dining-Buffet
Mall .

Other

TOTAL OPERATING REVENUE

Operating Exaenses
Railroac Ccsts - BN*
Dining-Buffet
On-Board Service Attendant
Facilities
Depreciatiaon
Administration
" Interest
Claims Liability
Other

TOTAL OPERATING EXPENSE

NET OPERATING (DEFICIT)
STATE SHARE - 66.67%
FEDERAL SHARE - 33.33%

STATISTICAL DATA: ’

PASSENGERS (INCLUDES PASSES)
COST PER PASSENGER

Operating Revenue
Produced Per Passenger .

LOSS PER PASSENGER
STATE SussSIOY
FEOERAL SUBSIDY

® Billed toc .NRPC 8y Burlington Narthern,
Train service started April 15th.

3.99

ocT. Nov, DEC. JoTaLs x_
$18,372  $23,500  $26,259 $ 68,221 90.13
1,816 2,000 3,661 7,477 9.88

(7) - s (1 - .0
$20,181 $25,590 $29,920  $ 75,691 "100.00
$52,898 $52,898 $52,898 $158,694 77.28

1,090 1,200 2,197 4,487 2.19

4,288 4,150 4,268 12,706 6.19

6,337 5,675 6,500 18,512 9.01

1,993 2,299 2,453 6,745 3.28

600 600 600 1,800 .88
280 409 1,061 1,750 .85
165.28 491 - 656 .32
$67,651 $67,722 $69,977 $205,350 100.00
(47,470)  (42,132)  (40,057) (129,659)
$31,648  $28,089 $26,706 $ 86,443 66.67

15,822 14,043 13,351 43,216 33.33

2,912 3,743 4,176 10,831

23.23 18.09 16.76 18.96

6.93 6.84 1.16 6.99
16.30 11.25 9.60 11.97
10.87 7.50 6.40 7.98

5.43 3.75 3.20



NATIONAL RAILROAD PASSENGER CORPORATION
WARROWHEAD TRAIN" L
PASSENGER SERVICE BETWEEN MPLS.-ST. PAUL AND DULUTH-SUPERIOR

STATEMENT OF OPERATIONS

SUMMARY - April 15:- December 31, 1975

- FEDERAL SUBSIDY

~ ¢ Billed to NRPC By Burlington Northern,
Train service started April 15th.

.TOTALS A

DOperatino Revenue ST S
Passenger $194,685 90.35
Dining-Buffet 20,753 9.63
Mail = -
Other . 36 .02

TOTAL OPERATING REVENUE $215,474 100.00

Dperating Exoenses B}

-~ Railroad Costs - aN* $449,633 78.75
Dining-Buffet L 12,454 2.19
On-Board Service Attendant 35,030 6.14
Facilities : 45,470 7.96

* Depreciation 18,308 3.21
Administration 5,100 .89
Interest = &

- Claims Liability 3,887 .68
Other 1,042 .18

(OTAL OPERATING EXPENSE $570,924 100.00

NET OPERATING (DEFICIT) 355,450)

STATE SHARE - 66.67% $236,979 " 66.67
FEDERAL SHARE - 33.33% 118,47 33.33

STATISTICAL DATA: |
PASSENGERS (INCLUDES PASSES) 32,281
COST PER PASSENGER 17.69
Operating Revenue
Produced Per Passenger 6.67
LOSS PER PASSENGER 11.01

STATE SUBSIDY 7.34
3.67



NATIONAL RAILROAD PASSENGER CORPCRATION

STATEMENT OF CPERATICNS

: "ARROWHEAD TRAIN"
PASSENGER SERVICE BETWEEN MPLS.-ST. PAUL AND. DULUTH SUPERIUR

1ST QUARTER - CALENDAR YEAR 1976

Operating Revenue
Passenger
Dining-Buffet
Mail
Other

TOTAL OPERATING REVENUE

Operatina Exnenses
Railroac Costs - BN*
Dining-Buffet
On-Board, Service Attendant
Facilities
Depreciation
Administratian
Interest
Claims Llabxlity
Other

TOTAL OPERATING EXPENSE

NET OPERATING (DEFICIT)
STATE SHARE - 66.67%
FEDERAL SHARE - 33.337%

STATISTICAL DATA:

PASSENGERS (INCLUDES PASSES)
COST PER PASSENGER

Operating Revenue
Produced Per Passenger

LOSS PER PASSENGER
STATE SUBSIDY
FEDERAL SUBSIDY

JAN. FEB. MAR. JOTALS
$17,437 $15,537  $17,891 $ 50,865 89.76
1.768 1.900 2,113 5.781 10.20
- 19 3 22 o4
$19,205  $17,456  $20,007 $ 56,668 - 100.00
$52,808  $52,808  $52,808 $158,694 77.90
1.061 1.140 1,268 3.469 1.70
4)278 4.002 4.278 12,558 6.16
6,334 6,346 5,605 18,285 8.97
2.361 2,130 2.140 6.631 3.25
600 600 600 1.800 -88
663 783 884 2,330 1.1
$68,195  $67,899  $67,673 $203,767 100.00
(48,990)  (50,443)  (47,666)  (147,099)
$32,662  $33,630  $31,779 $ 98,071 66.67
$16,328  $16,813  $15,887 $ 49,028 33.33
2,646 2,537 3,079 8,262
25.77 26.76 21.98 24.66
7.26 6.88 " 6.50 6.86
18.51 19.88 15.48 17.80
12.34 13.25 10.32 11.87
6.17 6.63 5.16 5.93

® Billed to NRPC 8y Burlington Northern,
Train service started April 1S5Sth,

anm.



NATIONAL® RAILRCAD PASSENGER CORPCRATION

MARROWHEAD TRAIN"
PASSENGER SERVICE BETWEEN MPLS.-ST. PAUL AND DULUTH-SUPERICR

STATEMENT OF COPERATIONS

.ZND QUARTER - CALENDAR YEAR 1976

Operating Revenue

Passenger
Dining-Buffet
Mall -

Other

TOTAL OPERATING REVENUE

S

Operating Excens
Railroac Ccst
Dining-Buffat
On-Board Service Attendant
Faclilities
Depreciation
Administratian
Interest
Claims Liability
QOther

s - BN*

TOTAL OPERATING EXPENSE

NET OPERATING (DEFICIT)

* STATE SHARE - £5.67%
FEDERAL SHARE - 33.33%

- STATISTICAL DATA:

PASSENGERS (INCLUDES PASSES) 4,242

COST PER PASSENGER

Operating Revenue
Produced Per Passenger .-

LOSS PER PASSENGER
STATE sSussIDY
FEDERAL SUBSIDY

APR. MAY. JUNE JOTALS 2%
$25,187  $17,482  $17,810 $ 60,079 85.50
1,914 1,859 1.522 5,295 7.53
2,436 1,298 - 1,158 4,892 6.96
by 6 . 6 .01
$29,537 $20,645  $20,090 $ 70,272 100.00
$52,898  $52,898  $52,898 $158,694 78.21
1,148 1,115 913 3,176 1.57
4.140 4.278 4,140 12.558 6.19
5,954 6,012 5.654 17.620 8.68
2,258 2,173 2,188 6.619 3.26
600 600 * 600 1,800 .89
1,061 m 605 2,437 1.20
$68,050  $67,847  $66,998 $202,904 100.00
(38,522) (47,202) (46,908) (132,632)
$25,683  $31,470  $31,274 $ 88,427 66.67
12,839 15,732 15,634 44,205 33.33
2,914 2,811 - 9,967
16.04 23.28 23.83 20.36
6.96 7.08 7.15 7.05
9.08 16.20 16.68 13.31
6.05 10.80 n.a2 8.87
3.03 5.40 5.56

® Billed to NRPC By Burlingtaon Northern,
Train service started April 1Sth.

4.44



NATIONAL RAILROAD PASSEMNGER CORPORATION

STATEMENT OF CPERATIONS

MPARROWHEAD TRAIN"
PASSENGER SERVICE BETUWEEN MPLS.-ST. PAUL AND DULUTH-SUPERIOR

3RD QUARTER - CALENDAR YEAR 1976

Operating Revenue
Passenger
Dining-Buffet
Mail
Other

TOTAL OPERATING REVENUE

Operating Exnenses
Rallroac Costs - di®*
Dining-Buffet
On-Baoard Service Attendant
Facilities
Depreciatian
Administratian
Interest
‘Claims Liability
.Other

TOTAL OPERATING EXPENSE

NET OPERATING (DESFICIT)
STATE SHARE - 688.67%
FEDERAL SHARE - 33.33%

- STATISTICAL DATA:

PASSENGERS (INCLUDES PASSES)
COST PER PASSENGER

Operating Revenue
- Produced Per Passenger

LOSS PER PASSENGER
- STATE SUBSIDY
FEDERAL SUSSIDY

® Billed to NRPC By Burlingtan Narthern,
Train service started April 15th.

_JuLy AUG. SEPT. JOTALS %
$20,750  $24,902  $15,129 $ 60,781 84.21
2.785 1,742 1.690 6.217 8.61
1264 1,156 1,112 3532 4.89
910 3 737 1,650 2.29
$25,700 - $27,803  $18,668 $ 72,180 . 100.00
$80,732  $81,561  $86,326 $248,619 84.82
1.671 1,045 1,014 3.730 .27
4'278 4.278 4,140 127696 4.34
6.090 5824 5,674 17.588 6.00
2,359 2.437 2,551 7,347 2.51
600 600 600 1.800 61
381 472 an 1,324 5
$96,111  $96,217  $100,776 $293,104 100.00
(70,402)  (68,414)  (82,108)  (220,924)
$46,937  $45,612  $54.741  $147,290 66.67
23,465 22,802 27,367 73,634 33.33
3,321 3,971 2,504 9,796
28.94 24.23 40.24 22.55
7.7 7.00 . 7.46 7.37
21.20 17.23 32.79 22.55
14.13 .49 21.86 15.04
7.07 5.74 10.93 7.52



NATIONAL "RAILROAD PASSEZMNGER CORPORATION
"ARROWHEAD TRAIN"
PASSENGER SERVICE SETWEEN MPLS.-ST. PAUL AND DULUTH-SUPERIOR

STATEMENT OF CPERATIONS.
ATH QUARTER - CALENDAR YEAR 1976

_ Operating Revenue
Passenger
Dining-Buffet
Hall

Other

- TOTAL OPERATING REVENUE

Operating Exoerses
Railrozag Casts - BN*
Dining-Buffet
On-Board Service Attendant
Faclilities
Depreciatian
Administration
‘Interest
Claims Liability
Other

TOTAL OPERATING EXPENSE
NET OPERATING (DEFICIT)
STATE SHARE - 50%

FEDERAL SHARE - 50%
. STATISTICAL DATA:

PASSENGERS (INCLUDES PASSES)
COST PER PASSENGER

Operating Revenue
Produced Per Passenger °

LOSS PER PASSENGER
STATE SuUBSIDY
FEOERAL SUBSIDY

ocT. . Nov. DEC. IoTALS X
$ 14,889 § 20,615 § 25,792 $ 61,296 82.4
1,649 2.288 2,586 6.523 8:73
1.221 1.029. 1,358 3,608 4.85
934 917 1.062 2.913 3.92
$ 18,603 § 24,889 $ 30,798 $ 74,330  100.00
$ 85,681 $85,135 $ 83,546  $254,362 81.43
989 1,373 1.552 3,914 1.25
4,412 4.270 4.412 13.094 4.19
6,013 5,084 4,657 15,754 5.08
11.818%* = 4.582 - 4599 20.999 5.72
- "600 600 600 1.800 .58
726 863 864 2.453 79
$110,239  $101,907  $100,230 $312,376 100.00
{91,546)  (77,058) (69,432) . (238,036)
. State Share 303
$ 45,773 $ 38,529  § 34,716 $119,018 50.00
. Federal Share 50%
45,773 - 38,529 34,716 119,018 50.00
2,591 3,257 4,113 9,961
42.55 31.29 24.37 31.36
7.21 7.63 " 7.49 7.46
35.34 23.66 16.88 23.90
17.67 11.83 8.44 11.95
17.67 11.83 8.44 11.95

¢ Billed to NRPC By Burlington Northern,
Train service started April 15th.

'*‘Depreciation Adjustment~

July $2,359
Aug. 2,437
Sept. 2,551 $7,347

State Share of Operating Deficit:

April, 1975 thru Sept., 1976 66.67%
Beginning October, 1976 50 ¢



NATIONAL RATLROAD PASSENGER CORPORATION
MARROWHEAD TRAIN"
PASSENGER SERVICE BETUEEN tPLS.-ST. PAUL AND DULUTH-SURERIOR

STATEMENT OF CPERATIONS
SUMMARY - CALENDAR YEAR 1976

TOTALS S

Operatina Ravenue .
Passenger $ 233,021 _ 85.21
Dining-Buffet. . : 23,816 8.71
Mail 12,032 4,40
Other _ 4,591 1.68

TOTAL OPERATING REVENUE ' $ 273,460 100.00

Operatinn Exaensss _ '
Railroac Costs - BN*® ’ $ 820,369 81.05
Oining-Buffet 14,289 1.41
DOn-Board Service Attendant 50,906 5.03
Facilities 69,247 6.84
Depreciatian : 41,596 4.1
Administratian . 7,200 R |
.Interest - .-
Claims Liability 8,544 .85
Other v = - o

TOTAL OPERATING EXPENSE $1,012,151 100.00

NET OPERATING (DEFICIT) 738,691
STATE SHARE - 50% $ 452,806 61.30
FEDERAL SHARE - 50% 285,885 38.70

STATISTICAL DATA: |
PASSENGERS (INCLUDES PASSES) 37,986
COST PER PASSENGER 26.65
Operating Revenue ' 2.20
Produced Per Passenger -

LOSS PER PASSENGER 19.44
STATE SUBSIDY 1n.92
7.53

FEDERAL SUSSIDY

¢ Billed to NRPC By Burlingtan Naorthern. .
Train service started April 15th,.



NATIONAL' RAILROAD PASSENGER CORPCRATION
"ARROWHEAD TRAIN"
PASSENGER SERVICE BETWEEM IMPLS.-ST. PAUL AND DULUTH-SUPERIOR

STATEMENT OF OPERATIONS

IST QUARTER - CALENDAR YEAR 1977

Operating Revenue
Passengar
Dining-Suffet
Mall
Other

TOTAL OPERATING REVENUE

Operating Exzenses
Railroad Casts - dN*
Dining-Buffet
Dn-Baoard Service Attendant
Facilities
Depreciation
Administration
Interest
Claims Liability
Other

. TOTAL OPERATING EXPENSE
NET UPERAT}NG (DEFICIT)
STATE SHARE - 55.57%
FEDERAL SHARE - 33.33%
STATISTICAL DATA:

PASSENGERS (INCLUDES PASSES)
COST PER PASSENGER

Operating Revenue
Produced Per Passenger

LOSS PER PASSENGER
STATE SussIiDy
FEDERAL SUBSIDY

IAN. FEB. MAR. JOTALS &
$15,048  $17,742  $33,353 $ 66,143 82.96
1,744 3,075 5,490 10,309 12.03
1,002 606- 894 2.502 3.13
719 36 23 778 "98
$18,513  $21,459  $39,760 $79,732 100.00
$78,542  $90,899  $86,695 $256,136 ‘81.85
1.046 1,845 3,294 6.185 1.97
4,620 4173 4,620 13.413 4.28
4,370 4,053 5.990 14,413 4.61
5.053 6.741 6,091 17.885 5.72
600 600 ""600 1,800 158
676 958 1,474 3,108 99
$94,907  $109,269  $108,764  $312,940 100.00
(76,308)  (87,810)  (69,004)  (233,208)
$38,197  $43,905  § 34,502  $116,604
$38,197  $43,905  § 34,502  $116,604
2,392 4,134 5,193 11,719
39.68 26.43 20.94 26.70
7.74 5.19 7.66 6.80
31.94 21.24 13.28 1.98
15.97 10.62 6.64 9.95
15.97 10.62 6.64

® 8illed to NRPC By Burlington Narthern,
Train service started April 15th.

Time Schedule Flip Flopped
February 15, 1977.



NATIONAL RAILROAD PASSENGER CORPORATION
"ARROUHEAD TRAIN"
PASSENGER SERVICE BETWEEN IMPLS.-ST. PAUL AND DULUTH-SUPERIOR

STATEMENT OF OPERATICNS
2ND QUARTER - CALENDAR YEAR 1977

. APR. - MAY JUNE JOTaLs
Operating Revenue .
Passenger $ 38,594 $ 69,473 '$ 77,57 $185,638
Dining-Buffet 4,956 5,146 5,156 15,258
Mail . : 802 - - (802)
Other o 33 73 13 119
TOTAL OPERATING REVENUE ' $ 42,781  §$ 74,692  $ 82,740 $200,213
Operating Exgenses ’ A
“Railroaa Costs - BN® ] $ 92,902 $ 99,163 $105,639 $297,704
Dj_ning_auffet 2'974 3,088 3,094 9,]56
Dn-Board S=rvice Attencdant 4,471 4,620 4,47 13,562
Facilities 15,703 9,346 8,764 33,813
Depreciation 4,635 - 8,667 4,861 18,163
Administration 600 600 600 1,800
Interest b s - .- -
Claims Liability 1,448 = 2,698 3,279 7,425
Other 10,000 : 10,000
TOTAL OPERATING EXPENSE $132,733  $128,182 $130,708 $391,623
NET OPERATING (DEFICIT) (89,952)  (53,490)  (47,968)  (191,410)
STATE SHARE - 66.67% $ 44,976  § 26,745  § 23,984 $ 95,705
FEDERAL SHARE - 33.33% 44,976 26,745 23,984 95,705
STATISTICAL DATA: ‘ '
PASSENGERS (INCLUDES PASSES) 5,990 10,203 11,356 27,549
COST PER PASSENGER 22.16 12.56 11.51 14.22
Operating Revenue )
Produced Per Passenger 7.14 . 132 ©7.29 7.27
LOSS PER PASSEMNGER 15.02 5.24 4,22 6.95
STATE SUBSIOY 7.51 262 2.1 3.47
FEDERAL SUBSIDY 7.51 2.62 3.47 3.47

¢ Billed to NRPC By Burlington Narthern,
Train service started April 15th,



NATIONAL RAILROAD PASSENGER CORPORATION

"ARROWHEAD TRAIN"

PASSENGER SERVICE BETWEEN MPLS.-ST. PAUL AND DULUTH-SUPERIOR

3RD QUARTER - CALENDAR YEAR 1977

Operating Revenue
Transportation
Food & Beverage
Mail-Express & Other

TOTAL OPERATING REVENUE

Operating Expenses
Direct Expenses:
Train & Engineer Crews
Train Fuel & Power
Onboard Service-Labor
Onboard Service-Supplies
Other-Direct

TOTAL DIRECT EXPENSES

Common Expenses:
Station Services
Transportation
Locomotive Maintenance
Car Maintenance
Maintenance of Way
Joint Facilities
Other Common-AMTRAK
Other Common-Railroad

TOTAL COMMOM EXPENSES

Other Expenses

Railroad Performance Paymts. $

Other Railroad Expenses
Operating Support
Administration
Depreciation
Interest
Taxes & Insurance
TOTAL OTHER EXPENSES
TOTAL OPERATING EXPEMNSES

NET OPERATING (DEFICIT)

STATE SHARE - 50%
FEDERAL SHARE - 50%

STATISTICAL DATA:

‘ PASSERGERS (INCLUDES PASSES)

COST PER PASSENGER

Qperating Revenue
Produced Per Passenger

LOSS PER PASSENGER
STATE SUBSIDY
FEDERAL SUBSIDY

STATEMENT OF OPERATIONS

JULY AUG. SEPT. TOTAL s
$ 71,381 § 72,249  § 53,583 $197,173 95.83
3,352 3,300 1,925 8.577 4.17
$ 74,693  § 75,549 - $ 55,508 $205,750 100.00
$21,338  $21,154 § 18,208 $ 60,700 14.95
7,722 7.062 9.568 24.352 6.00
2.148 1,982 2.438 6.568 1.62
4,998 5.740 14,765 25.503 6.28
46 196 26 268 .07
$36,252 $ 36,134 $ 45,005 $117,391
$ 23,594 ¢$ 26,012 $ 25,938 $ 75,544 18.61
4,352 4.824 2,142 11,318 2.79
8,762 10.596 13.804 33,162 8.17
11,114 12,797 14,357 38.268 9.43
1,104 1.166 1,728 3,998 .98
7,392 6,076 . 13.468 3.32
3,758 3.534 E 7.292 1.80
$ 60,076 § 65,005 $ 57,969  ° $183,050 -
- $ - - $ -
278 302 12,988 13,568 3.34
15,017 16,593 19.694 51,304 12.64
670 670 670 2,010 .50
5,542 5,618 5,618 16.778 4,13
4,928 4.905 5.204 15.037 3.70
2.210 2.184 2,384 6.778 1.67
$ 28,645 $ 30,272 $ 46,558 $105,475
$124,973  $131,411  $149,532 $405,916 100.00
(50,280)  (55.862)  (94,024) (200,166)
$ 25,940 §$27,931  § 47,012 $100,083 50.00
$26,140 $ 27,931 § 47,012 $100,083 50.00
10,522 10,789 7.727 29,038
11.88 1218 19.35 13.98
7.10 7.00 7.18 7.08
4.78 5.18 12.17 6.90
2.39 2.59 6.08 3.45
2.39 2.59 6.08 3.45
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AL

1975 April
Hay
June

July
August
Sept.

Oct.
Hov.
Dec._

1976 Jan.
N FEb Y .
March

April
May
-, June

July
August
Sept.

Oct.
Hov,
Dec.

1977 Jan.
Feb.
March

April
May
June

July
Aug.
Sept.

1977 Oct.
Cont.ilov.*
Jdec.**

" YOTALS

BY CALEIDAR YEA? A'D MUARTER ©

“ARRQYHEAD RIDERSHIP

Number of Passcnger Revenue Pass % of Rev. % Pass
Ridership Per Trin Passenners Ridgrs Passcqners Niders
1,628 1,320 238 85 15
3,349 2,805 544 84 16
3,949 _ 3,373 576 __ 85 .15
8,936 © 60 4.7 1527
3,885 3,358 527 86 14
5,665 4,703 962 83 17
2,974 oo 2,452 522 82 .18
12,524 69 B3.5¢ 16.00
2,912 2,329 583 80 20
3,743 3,102 641 83 17
4,176 3,401 775 81 19 -
10,837 60 - 8T.% 18.45
2,645 ) 2,209 437 83 17
2,537 1,963 574 77 23
3,079 2,271 808 74 26
8,262 45 . 77.98 22.00
4,242 3,461 781 82 18
2,914 2,345 569 - 80 29
2,811 2,278 533 81 19
9,967 55 8110 18.89
3,321 2,776 545 84 16
3,971 3,226 745 81 19
2,504 1,954 550 78 22
9,796 54 BY.2Y. 18.73
2,591 V . 1,959 632 75 24
3,257 - 2,639 618 81 19
4,113 3,338 275 81 19
79,961 55 _ 79.67 20.33
2,392 1,883 505 79 21
4,134 3,407 727 82 18
5,193 4,625 568 89 N
W,713 64 . . 15.35
5,990 5,320 - - 661 89 1
10,203 9,566 637 94 6
11,356 10,442 914 92 8
27,543 151 - 31,97 78.03
10,522 9,643 879 92 8
1(7).;83 3.914 875 92 g
72 : 077 650 92
20,033 160 ’ \WH 3.23
- 4,277 4,262 515 89 10
3,773 3,460 310 91.7 8
3,500 3,000 500 _85.7 4
12,05 66 83.93 T
150,623 75 129,945 20,675 86.27 13.73

* Unofffcfal Information

®% Projection



ARROWHEAD ROUTE
REVENUE PRODUCED PER PAYING PASSENGER
APRIL 15, 1975 THRU SEPTEMBER-30, 1977

REVENUE
: NUMBER OF PRODUCED
CALENDER PASSENGER  QUARTER REVENUE QUARTER . PER PAYIHNG :
YEAR MONTH REVENUE TOTALS PASSENGERS TOTALS PASSENGERS QUARTER
1975 April $ 12,324 $ 1,390 $8.87 $
May 21,601 2,805 71.70
June 25,492 59,417 3,373 7,568 . 7.56 7.85
July 22,133 3,358 - 6.59 ‘
“August . 25,716 4,703 5.47 .

. September 19,198 67,047 2,452 10,513 7.83 6.38
October 18,372 2,329 d 7.89 '
November 23,590 3,102 7.60
December 26,259 68,221 3,401 . 8,832 7.72 1.72

1976 " January 17,437 2,209 7.89
February 15,537 1,963 ' 7.31
March 17,891 50,865 2,271 6,443 7.88 7.87
May 17,482 2,345 7.46
June , 17,410 60,079 2,278 . 8,084 7.64 7.43
July 20,750 2,776 - 7.47
August 24,902 3,226 1.72
September 15,129 60,781 1,954 7,956 7.74 7.64
October . 14,889 . 1,959 7.60
November 20,615 2,639 7.81
December 25,792 61,296 3,338 7,936 7.73 - 7.72
1977 January 15,048 1,888 7.97
February 17,742 3,407 ‘ 5.21
March 33,353 66,143 4,625 9,920 7.21 . 6.67
April 38,594 5,329 7.24 '
‘May 69,473 9,566 7.26
June 77,571 185,638 10,442 25,337 7.43 7.33
July 71,341 9,643 -7.40
August 72,249 _ 9,914 ' 7.29
September 53,583 197,173 7,077 26,634 7.57 7.40

GRAND TOTAL $876,660 119,223 . $7.35



APRIL 15, 1975 THROUTH SEPTEMBER 30, 1977

ARROWHEAD TRAIN
PASS RIDER REVENUE NOT COLLECTED

. NUMBER PAYING PASSENGERS PASS RIDER

CALENDER . OF PASS AVERAGE FARE REVENUE NOT
YEAR QUARTERS RIDERS COLLECTED COLLECTED

1975 2nd Quarter 1,358 $7.85 $ 10,660.30

3rd Quarter 2,011 6.38 - 12.830.18

4th Quarter 1,999 . 7,72 15.,432.28

1976 1st Quarter 1,819 7.87 14,315.53

2nd Quarter 1,883 7.43 13,990.69

3rd Quarter 1,840 7.64 14,057.60

4th Quarter 2,025 71.72 15,633.00

1977 1st Quarter 1,799 6.67 11,999.33

5, 2nd Quarter 2,212 7.33 16,213.96

° 3rd Quarter 2,404 7.40 17,789.60

GRAND TOTAL 19,350 $142,922.47
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Arrovhead Ridership

Monthly % of Yearly Total
BT/}
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DAILY PERCENT OF TOTAL WEEXLY
RIDERSHIP OF THE ARROYHEAD TRAIN
FROM FEBRUARY 15, 1977 TO JANHUARY 11, 1978

¥ of Total
Passengers
. 5.

20

1587

10.




éassengers Entraining and Detraining

Between Minnecapolis - St. Paul & Duluth - Superior-

-~ Train 766 2nd Quarter, Calendar Year 1975, April 15 - June 30

Passcn~ers Detrainin-
Passengers
Entraining
& 2 u
7 g g g ;
H _g g fu] o] =1
§ : e 2 2 :
(3] ) 0 S 5 &
Minneapolis ) : 4685 4685
Cambridne
. ‘Sandstone
Superior
Unknowvm
Total 4685 4685
Train 761 & 763 .
Passcnrers Detrainin:s
Passengers 2
P aini
ntraining g ;xo:) g’o '3
o4 o '3 (%. § .
; 2 : : 2 3
= - s £ 2 g
(7 1%} o = § e
Duluth
Superior : 4241 4241
Sandstone
Cambridre
Unknown
Total . ' 4241 4241




- Passengers Entraining and Detraining
Between Minneapolis - St. Paul § Duluth - Superior

. Train 766 - 3rd Quarter, Calendar Year 1975, July-September

Passencers Detraining
Passengers o ) "
Entraining S & o g
— i o 3
1 '3 4 +« [e] -
£ g = | 3 g1
S & A a e
Minneapolis . 6493 ' 6493
Cambridge
Sandstone
Superior
Unknown
Total 6493 6493

°

Train 761 § 763

Passencers Letralning
2]
o
Passengers % o o —
Entraining S S i) % g
b 2 5 . g %
4
g 5 3 = 5 2
! Duluth
Superior 6031 6031
Sandstone
Cambridge
Unknown
Total ' 6031 - 6031




Passengeré Entraining and Detraining

Between Minneapolis - St. Paul § Duiuth - Superior

“Train 766 - 4th Quarter, Calender Year 1975, October - December
: Passenvers Detraining
& B "
Passengers o 3 = » g. .
Entraining [ s H B -
8§ & & 3 2|
o 7] N a =
Minneapolis 5635 5635
" Cambridge
jS?ndstone
Superior
Unknown
Total 5635 5635
~ Train 761 § 763 '
: Passencers Letraining
Passengers o
Entraining t o o o
o o =) 2,
ord LS opd ') :
s }é) S ) % —
B 5 5 g £ 5
@ A S s 5 =
! Duluth
Superior 5196 5196
Sandstone
Cambridge
Unknown
Total 5196. 5196




Passengers Entraining and Detraining
Between Minneapolis - St. Paul § Duluth - Superlor

Train 766 - 1st Quarter, Calendar Year 1976, January - March

Passengers Letraining

Passengers o )
Entraining :§° § .§ - 3
' .0 -~ (s . © .
o ! o 3 3!
g 5 B 3 : 3
O n (75 a =
~Minneapolis 4396 4396
Cambridge
Sandstone
Superior
Unknown
Total 4396 4396
Train 761 § 763
rassenzers Letraining
Passengers i
Entraining » o o -
o o ) 2,
ord .} ot ] §
$ 0 = QO o —
e 2 s
B R : g z 5
@ 3 S = 5 &
| Duluth
Superior 3866 3866
Sandstone
Cambridge
Unknown
Total 3866 3866




| Passengers Entraining and Detraining
Between Minneapolis - St. Paul § Duluth - Superlor

Train 766 - 2nd Quarter, Calendar Year 1976, April - June

Passencers Detraining
Passengers o o .
Entraining S = o~ g
: 5 5 | £ e | 3
g : &l 3 2| £
(3] [%5) 73] B
Minneapolis 37, 98 4835 4970
Cambridge 6 33 : 39
Sandstone . 2 2
Superior ‘
Unknown | © 3 3
Total B 3 5014

&

Train 761 § 763

Passencers Cetralning
i
Passengers . 2 & =
Entraining S S = o g
™ 0 % o o —
o ! 2 = & i
& 5 5 g 2 5
a (%)) o = =
Duluth
Superior S 29 4774 4808
Sandstone 70 70
Cambridge A 75 75
Unknown
Total 4953




= rassengers oniralning and vetralning
Between llinncapolis - St. Paul & Duluth - Superior-

. Train 766 3rd Ouarter, Calendar Year 1976, Julv, - Sepnt,

Passcn~ers Detrainin:
Passengers
Entraining ) 9]
3 e i
) 15) 15) §
ot FY] bl <
- (] N o o —
) o (1) 3 o )
g e o, — ~ o
o o 3 3 [ o
o %] " a b= £
Minneapolis 267 267 4311 4345
Cambridge 29 78 107
Sandstone ) 6 6
Superior
Unknowm . - 19 19
Total 267 267 4395 - 19 4977
Train 761 & 743 .
2ass2n "ers vUatrainin:
)
Passengers & - o
Entraining H 8 L Q .
-t o ] a <3
: 2 ; 2 : 3
Q. c 'g =1 -~ o
pe’ 3 [} oy (=] Qo
[} (%] (&] = =] ]
; Duluth
Superior 56 58 4014 4123
Sandstone 84 242 326
Cacbridge ) 343 343
29 11
Unknovm == -
Total 56 142 4599 el 4819




. Passengers Entraining and Detraining
Between Minneapolis = St. Paul & Duluth = Superior ~

Train 766  4th Quarter, Calendar Year 1976, October - Deccmber

Passenrcers Detr-oinin~
Passengers
S ) )
Entraining t0 c Y
3 S S ;
H ‘UJI ';:: '5 ° —
g 3 sl 2 § .
o %) A a 5 =
Ewninneapolis 328 331 4304 4963
Cambridne 34 - 65 99
Sandstone 29 22
Superior
Unknovmn ’ 21 21
Total 328 365 4391 21 5105
Train 781 & 763 N
Passen ;ers Detrainin-
Passengers -
Zntraining b 8 & =
- § 3 &' g
0 9 2 g 2 =X
g‘ £ g c & u
a @ 3 z 5 &
Duluth
Superior 11 50 4071 4132
Sandstone 20 236 306
Cambrid-c 416 416
Un%noun 2 2
Total 11 70- 4773 2 4356 .




‘Passengzers Entraining and Detraining
Between lMinneapolis - Ste Paul & Duluth - Superior’

" Train 760 & 766 lst Quarter, Calendar Year 1977, Januarv - March

Passenors Detrdinin-
Passengers
. Entraining
Q o .
) c " v
o o o g
- o -~ £
Y] (%] 9] o (o] —
g B a = £ i
5] o 3 = = 5]
(&) n %] a o] |
Minneapolis 190 183 2019 3065 5457
Cambridge 16 33 114 163
" Sandstone 14 88 102
Sunerior 103 103 -
Unknom
Total 190 199 2086 | 3370 52875
Train 761 & 763 -
paAssen 2r 5 Defrdinin
Passengers o
Entraining . 2 o =
5 o o o, <]
] o - o 53
H 2] H Q e} -
) e~ 2 c c o
[« = e & - o
3 d a o & 0
) (%) 3] = = =
~ Duluth 23 38 153 3215 3429
Superior 13 35 2020 2068
Sandstone 1 10 177 187
Cambrid~e ) 210 219
Unknovm
Total ‘ 23 51 198 5622 , 5694




Passengers Entraining and Detraining
Between lipneapolis - Ste Paul & Duluth = Superior

‘Train 760 2nd Quarter, Calcendar Year 1977, Anril - June

Passcnners Uetrainine:
- Passengers
oo o o
Entraining td e H
o o o g
Ll o Lol o3 b1
| 3 5 g : 3
'ig: o o, — ~ o
@ d 3 3 = o
($) n w a ] =
Minneapolis 153 208 713 11497 12571
el g 205 21 | 640 866
" Sandstone . 9 195 204
Superior ' “533 533
U'nknowmn " -
Total 153 413 742 12865 2 14176
Train 761 : n -
?’nt-‘)"nﬁ bl Il 4 o i
Passenzers -
Entraining N e f I
- 3 - & g
; x : : : 3
o c g e = ]
3 < ] o = o
0 0 51 = =) =
| Duluth 53 173 596 L1229 12051
: 9 21 942 972
Sunerior
9 2 :
Sandstone "B ik
Canbrid-e L =
tUn!:no ™
Total 53 182 626 | 12512 13373




Between linncapolis - Ste Paul & Duluth - Superior

- Train 760  3rd Quarter, Calendar Year 1977, July - Au-ust
. Passcners betrainin~.
Passengers
Entraining o o
- {? g o
- Y] -ro-4 o g
: 2 ’ - : 7
N I T O T O T I B
5 a a a 5 &
Minneapolis 194 187 770 11774 12925
Cambridge 39 116 904 1059
Sandstone i =38 409
Supcrior‘ 253 253
Unlsaotm 240 240
Total 194 276 937 .| 13259 240 14326
Train 761 X
Passon~exrs uJetfrainin
Passengers
Detraining .
' " g & I
3 s : & :
N ) 3) —
e | 2 £ : £ 3
a A S = 5 S
Duluth 65 235 806 11260 12366
Superior 84 121 1000 1205
Sandstone 16 201 217
Cambrid-e 174 174
Unknotm 190 190
Easal 65 319 942 17635 1o Jrarse




Special Ski Train
December 23, 1977

ORIGIN

’ Totals
‘Mpls, LV, 8:05 Cambridge Sandstone Superior Duluth oN OFF
Rev, 59 1 1 61
Pass 2 () (4] 2.
Subtotal 61 1 1 63
On
Rev, 1 5 13 42 61
Pass 0 o 9 -2 -2
Subtotal 1l . S 13 44 63
Off ’
Duluth LV, 12:45 Superior Sandstone Cambridge Mpls, ON OFF
Rev, - 14 3 17
Pass S 0 5
- Subtotal 19 3 .22
m .
Rev. 0 1 16 17
Pass 1 0 A ]
Subtotal 1 1 20 22
off
Vﬁgls : LV. 5:30 Cambridge Sandstone Superior Duluth ON  OFF
Rev. 33 33
Pass _6 _6
Subtotal 39 39
on .
_ Rev. 1 0 2 30 33
- Pass 9 1 3 -2 5
Subtotal 1 1 5 32 "~ 39
off
Duluth LV, 10:10 Superior Sandstone Cambridge Mpls., ON OFF
Rev. 19 3 3 25
Pass 1 n 0 1
Subtotal 20 14 3 37
Rev, 1 24 25
Pass 1 11 12
Subtotal 2 35 37
off
TOTAL: 161 136 REVENUE, 25 PASS



Special Ski Train
December 30, 1977

ORIGIN

Mpls., LV, 8:05

Cambridpe

Sandstone Superior

Duluth

Rev. 91
Pass _5
Subtotal 96
On

Rev,
Pass
Subtotal
Ooff

4
9
4

4
9
4

Sl

- Totals
*ON  OFF

29
.
104

Sandstone

Mpls,

Duluth LV. 12:45

Rev. 194
Pass _3
Subtotal 197
m .

Rev, -
Pass
Subtotal
Off

Sunerior
.. 8
1
9

Caﬁbridge

202
206

ON  OFF
202
206

202
206

Mpls, LV. 5:30

Cambridee

Sandstone Superior

Duluth

Rev,
Pass
Subtotal
On

8lu 8

Rev,.
Pass
Subtotal
off

gla 8

gla8 (2

8lu8

Duluth LV, 10:10

Superior

Sandstone

CambridgeA

Mpls,

Rev. 18
Pass _0
Subtotal 18
On

Rev,
Pass
Subtotal
Off

TOTAL: 374

5
9
5

"1
L'}
. 1

‘358 REVENUE, 16 PASS

ON  OFF

Rlo R



Special Ski Train
January 6, 1978

ORIGIN
: - ~ Totals
Mpls, LV, 8:05 Cambridge Sandstone Superior Duluth _ . ON OFF
" Rev, 37 2 39

. Pass _6 [ 6
Subtotal 43 2 45
On

Rev, 1 0 38 39
Pass -0 1 -} .6
Subtotal 1 1 43 43
off |
Duluth LV, 12:45 Superior Sandstone Cambridge Mpls, oN OFF
Rev, 15 - 6 21
Pass _0 ; 0 0
Subtotal 15 6 21
On - ° ,
Rev, 21 21
Pass 0 0
Subtotal 21 21
Off
Mpls. LV. 5:30  Cambridgse  Sandstone Superior = Duluth ON  OFF
Rev, 37 37
Pass - 2
Subtotal 39 39
On
Rev, 1 1 3 32 37
Pass [ 0 1 " - 2
Subtotal 1 1 4 33 39
off
Duluth LV. 10:10 Superior Sandstone Cambridge - Mpls. ON OFF
Rev, 16 8 2. 2 28
Pass 0 3 o 0 3
Subtotal 16 11 2 2 31
On :
Rev, 2 26 28
Pass 1] 3 3
Subtotal 2 29 31
off
TOTAL: 136 125 REVENUE, 11 PASS



Special Ski Train
January 13, 1978

ORIGIN

Mpls, LV, 8:05

Superior

Duluth

Rev, - 27
Pass _4
Subtotal 31
On

Rev,
Pass
Subtotal
Ooff

Cambridee Sandstone

Nio N -

=[O =
" wiow

W=

Totals

ON

OFF

‘Duluth LV, 12:45

‘Superior Sandstone

Cambridge

Mpls.

Rev, 16
Pass _0
" Subtotal 16
On

Rev,

Pass

~ Subtotal
off .

L
1
2

F1C>;*

Bl5 12

Mpls, LV, 5:-30

Cambridee Sandstone

Superior

ReV. 35
Pass _2
Subtotal 37
On.

* Rev,
Pass
Subtotal
off

1
9
1

o

Wi N

ON

36

—3-8—,

puluth LV, 10:10

Superior Sandstone

Cambridge

Mpls,

Rev, 17
Pass 3
Subtotal 20
On

Rev,
Pass
Subtotal
off

TOTAL: 118

oln w

=0 s

103 REVENUE, 15 PASS

=X

=

Ve



Special Ski Train
January 20, 1978

DRIGIN

Cambridee Sandsténe

Superior

Duluth

Mpls, LV. 8:05

Rev, 50
Pass 3
Subtotal 53
on

Rev..
Pass
Subtotal
off

wlo w

wlow

Bl w

" Totals

oN

56

. OFF

Duluth LV. 12:45

Cambridee

Mpls,

Rev, - 21

Pass 0

- Subtotal 21
on

Rev,
Pass
Subtotal
Off.‘

Superior Sandstone
0
2
2

O

20

2

hﬂ )
Wine =

OFF

" Mpls.  LV. 5:30

Cambridge Sandstone

Superior

Duluth

Rev, 51
Pass 1
Subtotal 52
On

. Rev.
Pass
Subtotal
Ooff

'5
9
5

MjionN

slo &

28

oN

I~

57

Suverior Sandstone

Carcbridee

- Mpls,

Duluth LV. 10:10

Rev, 7
Pass 0
Subtotal 7
On

Rev.
Pass
Subtotal
Ooff

TOTAL: 155

4
3
7

o N

=[O =

146 REVENUE, 9 PASS

wio w

O =

14

OFF



Special Ski Train
January 27, 1978

JRIGIN
. Totals
Mpls. LV. 8:05 Cambridge Sandstone Superior Duluth ON OFF
Rev, 114 15 129
Pass _3 _0 -3
Subtotal 117 15 132
On _
Rev., 2 4 - 123 129
" Pass 0 1 -2 -3
Subtotal 2 5 125 132
Of._f
- Duluth LV, 12:45 Superior Sandstone Cémbridge Mpls., ON OFF
‘Rev.,. 25 25
Pass 1 1
Subtotal 26 26
On
Rev. 14 11 25
Pass .0 1 1
Subtotal 14 12 26
off
" Mpls. LV, 5:30 Cambridze Sandstone Superior Duluth ON OFF
Rev, 80 1 0 81
Pass 1 0 1 2
Subtotal 81 1 1 83
On
Rev, 2 3 5 71 81
Pass 0 0 0 2 _2
Subtotal 2 3 5 73 83
off
Duluth LV. 10:10  Superior  Sandstone  Cambridge . Mpls. oy OFF
Rev, 27 10 1 1 | 39
Pass 2 i 0 1] &
Subtotal 29 12 1 1 43
On
Rev, 1 38 39
Pass 0 _4 _&
Subtotal 1 42 43
off
TOTAL: 284 274 REVENUE, 10.PASS



Special Ski Train
February 3, 1978

"ORIGIN
Mpls, LV, 8:05

Cambridge

Sandstone

Superior

Duluth

Rev, 20
Pass _2
Subtotal 22
On

Rev,
Pass
Subtotal
Off

1
9
1

wvin W

~Duluth LV. 12:45

Superior

Sandstone

Cambridge

Rev, .8
Pass 0
Subtotal 8

© On

Rev, .
Pass
Subtotal
Off

1
9
1

2

wio v

OFF -

Vo v

"Mpls, LV. 5:30

Cambridee

Sandstone

Superior

Duluth

Rev., 50
Pass 2
Subtotal 52
-On

Rev,
. Pass
Subtotal
off

2
9
2

=0 =

=[O =

wio wn

OFF

Duluth LV, 10:10

Superior

Sandstone

Cambridge

Rev., 22
Pass 1
Subtotal 23
On

Rev,
Pass
Subtotal
off

TOTAL: 119

5
1
6

113 REVENUE, 6 PASS

1
[
1

Nvio N

(O s

29

Kl 8

Ko 8



Special Ski Train
February 10, 1978

ORIGIN
T ’ Totals

Mpls., LV. 8:05 Cambridge Sandstone Superior Duluth ON OFF

Rev. 118 4 122

Pass 6 0 _6

Subtotal 124 4 128

On

Rev. 3 0 119 122

Pass 9 1 - -6

Subtotal 3 1 " 124 128

off '

Duluth LV. 12:45 Superior Sandstone Cambridge Mpls., ON OFF

»Rev. ' 10 10

Pass , -1 1

Subtotal 11 11

Rev, 1 9 10

Pass 0 A 1

Subtotal . | 10 11

Off

Mpls. © LV, 5:30 Cambridge Sandstone Superior Duluth ON OFF

Rev. 95 1 1 97

Pass 5 0 0 -

Subtotal 100 1 1 102

4 »

Rev, 1 7 89 97

Pass (1) 4 1 5
- Subtotal 1 11 90 102

off

Duluth LV, 10:10 Superior Sandstone Cambridge Mpls. ON OFF

Rev, - 13 9 2 3 27

Pass 0 2 2 0 _4

Subtotal 13 11 4 3 31

On

Rev, 1 26 27

Pass [1] 4 b

Subtotal ‘1 30 31

Off

TOTAL: 272 256 REVENUE, 16 PASS



Special Ski Train
February 17, 1978

- On

ORIGIN .

- ; __Totals
Mpls. LvV. 8:05 Cambridee Sandstone Superior Puluth ON OFF
Rev. 50 5 55
Pass 2 0 2
Subtotal 52 5 57
On
Rev, 1 3 51 55
Pass o a&- - -
Subtotal 1 4 52 57
Off .

Duluth LV. 12:45 Supnerior Sandsteone Camﬁridqe Mpls. ON OFF
Rev. 17 .3 2 22
Pass 0 1 0 1
Subtotal 17 4 2 23

‘Rev, 2 20 22
Pass -0 1 1
Subtotal 2 21 23
Off

. Mpls.  LV. 5:30 Carbridee Sandstone Superior Duluth- oN OFF
Rev, 88 1 89
Pass _& o A
Subtotal 92 1 93 .
on ]
Rev, 1 9 79 89
Pass 0 3 1 _&
Subtotal 1 12 80 a3
Off
Duluth LV. 10:10  Suverior  Sandstone  Cambridge . Mpls. OoN OFF
Rev, 46 13 2 3 64
Pass 3 6 0 0 9
Subtotal 49 19 2 3 73
0rl "
Rev, 1 63 64
Pass 0 9 9
Subtotal -1 72 73
Off

TOTAL: 246 ~ 230 REVENUE, ]_16 PASS



Amtrak Survey

The attachment summarizes the Amtrak Passenger Survey conducted
€this fall. Two significant findings are:
e Passengers are generally naon-repeating travelers.
.Their trip is a one time experience for novelty or
recreation. This makes it impossible to establish
8 set of "requlars" tao support the system. Can-

. . tinuous incentives and a high level of advertising
' will be necessary to maintain moderate ridership

levels. .

¢ There is no correlation between ridership and any
#ge or eccnomic group. This makes: promotional
efforts difficult. : '

g



Section III



. | AMTRAK PASSENGER SURVEY -

R survey of passengers on the Amtrak service' from the Twin Cities to
Puluth was conducted for 7 days, in Septambnr of 1977. There were
1,307 passengers surveyed. These passengers were asked questlions to
1dent1fy their trip origin, destination purpese for making .the trip,
frequency of making the trip, and characteristics of the traveler such
@3 age group and income group. Opinions on the Amtrak service were
elso requested.

Drigin and destination questicns help identify market areas which are
being served. This information should idantify where technicues to
§ncrease ridership will be most effective. The number and percent of
‘fravelers by area are depicted in Figure 1 for the home end of the
trip. This figure indicates travelers are primarily from the Twin
Cities area and Duluth (&81%) with small percentages fraom the travel
corridor and southeastern Minnesota. Sixty-two percent of the
patronage had either an origin or destination of home in the Twin
_Cities Metropolitan Area. ODuluth-Superior was home faor 8% of the
originations and destinations. - Southeastern Minnesota was hcme for 8%,
with 6% of the patronags listing hcme as locations betueen Minneﬂpolls,
S$t. Paul and Duluth-Superior. Approx1nately 5% of the interviews were
listed as address unknown. .

The Twin Cities Metropolitan Area currently (1975) contalns 48% of the
population of the state. In 1580 and 20CO approximately 5C% of the
gtate's population will resicde in the Twin Cities Metropolitan Area.
This area is expected to grow by approximately 5% from 1975 ta 1580

and by 20% from 1975 to 2000. Northeastern Minnesota is expected to
decline in percent of the state's populaticn and in absolutz greowth
.-during the 1975 to 20C0 time period. Scutheastern Minnesota is expected
to remain realatively stable bcth as a percent of the state's peoulaticon
end in absolute growth. The only Amtrak service area expected tao have

8 measurable increase in population is the cities and ccunties in route
between Minnezpolis, St. Paul and Duluth-Superior. Since this area of
-¥innesota has a small share of the state's populaticn, significant
growth does nat increase the areas share of the population substantially.

The grouwth patterns for the geographic areas of existing Amtrak riders
homes does not pravide any basis for a substantial increzse in patrcnage.
The percent af the population using Amtrzk service is so small that
traffic increases should be estimated for reasons other than population
gromth. :

Trip purposes of the travelers were as follous: . :
Number of
Purpose Responses Percent
% Recreaﬁion 681
Work’ 59 . . % '
Shopping ' 28
Other . 186

954% Tatal



¢ 328 responses did not specify a purpose as specified "home" for both
origin and destination. There were 25 multiple purpose responses,
' !

The trip purpose response makes it apparent the trips being served are
primarily non-repetitive recreatiaon trips. Many of the purposes listed
under the "other" category were tour related purposes such as student
groups. Further insight can be gained from the answers to the question
of why the train was chosen for the trip.

Reason for Choosing Train Responses Percent
Novelty = ° ' 506
More convenient : - 169
More comfortable . 168)
: Less expensive : 29
* . Dther ' - 85 :
Multiple response : 220 .

1'150' Total
"~ #3157 did not respond.

Nuvelty is the overwhe Iming reascn for ch0051ng traln. In response to
the question, "How often have you mace this. trip in the last year?"
only 1l persons indicated they had made the trip more than ance by any
mode, car, train, bus, or air in the past year. This again indicates
the travelers are non-repetitive.
There was no indication that any particular age group or income group
~uwas more inclined to use the train. A slight majority of the riders
were female (52%). These facters agzin indicate the diversity of per-
.sons taking the trzin and the difficulty in increasing ricersnip by
catering to a particular market.

Most persons (83%) rated the service as good or excellent with only 1%
rating it as poor. Poor service does not, therefore, appear to be a
deterrent to ridership. ' '

Conclusions

Present ridership on the Amtrak service to Duluth from the Twin Citles
are generally recreational travelers. They have diverse socio-economic
characteristics and chose train primarily because it is a novelty. '
Since this type of ridership is generally non-repetitive, a constant
promotional campaign will be necessary to maintain this ridership.
Efforts to increase ridership will probably be mast effective if they
are directed toward recreational opportunities.



Minnesota Department of Transportation. ¢

Transportation Building, St.’Pau!, MN 55155

Phone —

Dear Arrowhead Passenger:

Currently, the State of Minnesota pays 50% of the Arrowhead's annual
"losses due to the cost of operation. The Minnesota Department of
Transportation is conducting a study to evaluate the effectiveness
of passenger service to Mlnneapoiis -St. Paul, Cambridge, Sandstone,
Superior and Duluth. '

The most accurate passenger information we can collect is from you,
the passenger. Basically, we are interested in who uses the train,

*. how often, and for what purpose.

Please take a few minutes to complete the attached questionnaire.
Survey representatives will collect the form when you are
finished and answer any questions you might have.

Your help will aid us in evaluating passenger service on the
Arrownead. Thank you.

ommissioner

An Equal Opportunity Employer



t-40)

RAIL PASSEMNCER SURVEY

l . X : (Number of Responses)

You boarded this train at?

(City) (State).

43

-38

=80

‘® A1 but 9 walked less than . j Multiple Rcsﬁonse
l 10 blocks

2) “Start of trip" Address?

(Street) ' (City) (State)

3) 1In order to get to the train you (check one)?

(125)"[:] Walked_____-blocks _ ‘[::]Droveba'Car (a2u8) )
(461) 2[:] Auto Passenger o | 5[:] Taxi-Limousine (64)

232) 3[:] Bus : ’ 9[::]Dther (please specify)_(21)

l ¢ All but 6 walked less than 10 blocks Multiple Response  (28)

L) You came from (check one)? A i
{795) ‘[:] Home I 3::]hmrk (busiriess) (28)

“K9) 2D Shopping ' ‘.j Recreation-Vacation  (243)
_5[:] Other (please specify) (65) Multiple Response  (10)
5) You will be taking this train as far as?
” ) - > /
(City) . (State)

6) After leaving the train you will get to your destination by (check'@ne)?
(176) "[:] Ualking blacks ‘.::] Driving Auto (155)
$37h) 7[::];\uta'Passenger - 5[::]Taxi-Limouslne (s2)
f278) J[:j Sus ) 9EZ]£Rher (please specify) s7)

(50)



kot L ] ”
o )
e °° :

4

61' 7) Your destinatlon, after leaving the train, will be (check one)?

} ) ‘D Home 3.:’ Work (business) (31)
(1?) 7[:] Shopping ' ' ‘:l Recreation-Vacation (438)
.9[:] Other (please specify).__(121) Multiple Response  (15) :
: PEE ; .
2-76 | 7A) Destination address . S
. (Gtreet) _ (City) _ (State)

771 B) Are you a licensed driver?

(943) '1D Yes ' -7D No (212)

787 9) Houw many autos are there in your household? (check one)

. lj 1 (LSB) [_—_]2 (412) D 2 (102) D 4 or mnré (39)

| . DCars (225)

é
L]

79]10) Uas an auto aveilable to you for this trip?

' | '.D Yes (863) 2]3 No  (270)

80]11) uhy did you chocse the train for this trip? .

189 ‘D More convenient : ‘D Novelty - (506)
(29) 2:] Less expensive 9[:] Other (please specify) (25)
-1 (141) ,3[:] Hlore comfortable : Multiple Responses  (220)

81712) Houw would ynu make this trip if train service were not evalilable?

(551) ‘D Car_- _ _ ‘D Alrplane (3)
(204) QD Bus 9.___' Other (please specify) L3L5)

5:] Uouldn't go (210)

P | ‘Multiple Responses  (297)



$2]13) If this is only part of a longer trip, what other. meang of travel did,you .

use for the first portion of this trip? .
'(210) 1[I car . L <[] Airplane (26) ’
I ($1:)) 7]:] Bus 9.:‘ Dther (please specify) (25)
I(SS) '3[] Teods | - ~ Multiple Response (L0)
¢

8312A) UWhat other means of travel iuill you use for the remainder of this % o P -4
) _ iy .

c290) '[Jcar <[] Arplane T3
(180) 7[:] Bus  © Co 9D Dther (please.specify) (69)
(85) 3[:] Train ' : . Multiple Response - (52)

€(-87]14),. How often have you-made this trip in the last year; by -

; llo. of tines
W Jear . |
?D Bus ‘ ' -See page 5
3:] Train | i
“#] }asenizne |

9D Other (pleese specify)

§8-90°15) If you are traveling in a group, how many persons are in your gi‘czup?

not tab-ulat ed

91]16) Your sex is?

‘:DMale (L79) 713Female (659)

¢2{17) UWhat is your age? (check one)

‘D Undar 16 (133) 7:] 16 - 21 (113) 3D 22 . 34 (€325)
[ Jas-se my [ Jdss-e oy [ Jgs. (210)




J.

".93 18) VYour yearly femily

| income falls between? (check one)

}(155)_'[] 0 -3 4999 , 5[] 12000 514999 ¢114)
Loqla2) 2[[]s sooo - 5 7999 ¢ 515000 - 19999 (173)
| (73) 3] 5 o000 - § 9999 70 s20000 - 520999 (u10)
| ¢so <[] 310000 - $11999 - 8[ ] over $25000 133)

19) How did you learn zbout this AMTRAK service? (checg onej

I ¢
| ‘ . '
( (320) ‘D Mewspaper ‘D Travel service (54)
| 77) QD Television 5.:] Rail Terminal Information (109)
(262) 3D Friend ' | | 9]D Other - (182)
: ) Multiple Response  (119)
¢5120) How would you rate the existing rail service?” (check one)
(257) 1] excellent | 3 Fair (176)
(619) 2[] Good R ‘ID Poor (15

. 21) Uhat improvements or changes would you like to see in raill passengsr service?




No. of times
trip made

MODE
Bus
Car
Train

Airplane

T~ T S R I

N = O O

QUESTION 14

o O O =

o O © =

o o o o

.6 (or more)"

ll—‘ =t (7] o

TOTAL 13 of 1,150

Surveyed



- ‘These are the railroad survey trips
Colum cities are: MPLS, DUL, CA, SA, SU

Row cities are: MPLS, DUL, CA, SA, SU

MWLS DL CA sA
MPLS 0 448 4 2
DUL 526 0 40 2
CA - 3 36 0 1
SA s 6 1 0
Su 45 0 4 0

This is the number of refused interviews - 55

S

O 2 e



‘Tabulation of comments from Arrowhcad On-board sﬁrvey.

Total Surveys Distributed 1077

Total Pcople Represcnted 1217 - R
Refusals -. 88 7.2%

Total Responses 1129 -

Questionaires With Comments 641 56.8%

. ¥Comments with an asterik were observations Bf Mp/DOT Staff.

Comments are sometimes quotes but generally have been shortened for
clarity etc. An attempt has been made to retain the intent and character

of the conments. : _

PHYSICAL CONDITIONS ON TRAIN AND IN DEPOTS

.Clean Windows' -87
Improve Tracks, Faster ' ' ' .
Smoother, Quieter =87 :

More Capacity In Snack
Car =34

-ﬁbre Dome Cars -38

Better Ventilation In

Dome Car «15 *
Better Parking Mpls. =10
| Dul, -3
CA. -1
Nicer Bathrooms -13 *

Movies, Music, TV,
Sterco, Etc. -17

Equipment Good -7



Equipment Bad -5

Cars Cleﬁn -3 .

" .Cars Dirty -8
Ro Trash Baskets -5
Minneapolis Depot
Unsatisfactory ~-17
Duluth Depot
Unsatisfactory - -6

"SMOKING - NO SMOXING

Non Enough Area For

© Smokers =24

- Prohibit Smoking - =37
Confusing As To Whét Is
A Swoking Area -2

- Prohibit Smoking In Dome
Car o
Poor Enforcement Of Ko
Smoking Areas -12

Good Enforcement -1

" OTHER PASSENGERS

. Too Many Screaming Kids =22

A Party of Drunks Has
Overrun The Observation

Car, Will Not Let Anyone
Else In And Arc Highly
Obnoxious -17

SERVICE EXPANSIONS

Additional Service
Mpls. = Dul, =110

Additional Service
CGeneral ; -50

International Falls =6

(211 on one day)



“Virginia

'~Hinnipeg_
Des Moines

* Saint Cloud
Alexandria

" Brainerd
Mborhéad

Ely |

_South Dakota .
St. Louis
Omaha

- _Fergus Falls
Yout Eé’s t"

- Commuter Service
From North To Mpls.
From Soutﬁ To Mpls.

More Stops
Hinckley
Isanti
Pine City
.Stiliwater
Fewer Stops .
Use.a St. Paul Depot
Better Conncctions
Reverse Schedule

Kéep Schiedule As Is



The Service Is Prompt
Leave Mpls. At 9:00 A.M.

FOOD

Bad, Poor Selection, No
Hot, Food, Etc.

Yoo Expensive
Fair Price
Ro Food Available

" “FARES, SUBSIDY ETC.

~ Keep It Running

. Good, Fine, Excellent,
Etc. ’

“Unsatisfactory
‘Fhres., |

.Senior Citizen Discount
' Family Discount
Llarge Group Discount
One Day Excursion Fares

Reduced Fares For
Frequent Travellers

Ticket Should Be Valid
For More Than 10 Days

Reasonable Fare
Fare Is Too ﬁigh
: DontARaise Fares
Do Not Subsidize

50% Subsidy Sounds:Too‘
High '

=
-5

(A1l On One Specifié Run)



MARKETING - AMTRAX STAFF

Not Enough Information =21
.Ticketing Took Too Long =7

Should Be Able To Make
Reservations -8

Run More Tours : ;9
Staff On Traini
.Helpful =11
Unhelpful ~2 (Survey # 240, 958)

Toa Many With Nothing
To Do P -2 .

Dining Car Staff; Negative
Comments ' -2

No One Helped Us Board -5
No Assistance With Bags -10

Rude & Unsupervised At
¥pls. Depot -7

SURVEY CONDUCT

Too Many Surveys -6
Survey Staff

Positive Comments -5
Negative Comments -3

LISTING OF ALL OTHER COMMENTS MADE

More Time Before & After
Duluth City Tour Before
Train Departs -1

Run An Extra Car On
Weckends -1

Make Possible To Check
Bags Morc Than 1/2 hour
before Departure -1



Reversable seats
Move heat
No water

Loudspeakers for tour
_ groups

.Haul mail

Bigger water cups
Easier opening doors
Foot Rests
__.Blanket§ & pillows

No facilities‘fbr E&H
- Bring back the dining

car in use earlier
in the year

Clean the snack counter

:Food was readily
.available

The man behind the snack
counter tries to give me

too little change; I
.ride frequently and my
friends say the same
thing (survey 1077)

Woman asnwering phone at
Mpls. depot was unhelpful

Too many personnel at
Mpls. depot

Not enough personnel at

Dul. depot

People loading my bicycle

(for a $3 fee) were
unpleasant



-Gct.rid of Train Unions <=1

This train is much superior
to North Coast Hiawatha,
- ¢leancr, fricndlier crew,

better run !

Run a turbotrain on the

Empire Builder -1

~ Faster service to Chicago -4

Overnight service to
Chicago -2

Open VWaiting Rooms
.earlier . . =1

Reading Material and

Gift Shop is needed , 1
flay area on train for

children 3
.Separate tour groups 3

Why is everbody for Duluth
(95% of passengers) herded
into one car when Carbridge
& Sandstone passengers

are given 3 coaches? 3

Cambridge Depot is very
hard to find, no clear
marking -1

No Checking facilities
at Duluth , ' -}

Make outstate rail trans-
portation a priority
in the Mn/DOT Plan -1

I'd rather ride train
"than bus . -4

I'd ride bus than train -1

This scrvice is a necessity,
not a luxury -2

k%



" Provide a level of service
"equal to European trains =4

Nationalize tﬁe trains. 1

" Since when do Hiways operate
at a profit? .4

Return to former RR
standards. ‘ . 1

"A study by German Federal
Railwvays shows that it

takes 4 years to build
clientele for a train
service : : -]

-Native Americans should
ride free because the

Yron Horse is ‘the

symbol of the distruction
of the Native American
lifestyle -1



Section IV



Auto travel between Minneapolis/St. Paul-and Duluth has been studied mahy
times. = The three most frequently used studies are the statewide origin
destination study of 1966, the 1964 origin destination study on I[-35
West of Duluth, and the 1970 Travel Behavior Inventory for the Twin
Cities.

Using these studies, the fo]10w1ng is an estimate of average daily

vehicle trips and person trips between the Twin Cities and Duluth

(person trips were computed using the occupancy factor of 2.10 #
- determined from the I[-35 study West of Duluth).

Two Way Person Person

Calendar - Vehicle Trips Trips Trips
Year Per day Per Day Per Year
1970 . 1,930 ' 4,010 1,460,000
1975 ' 2:271) ’ 4,627 1,679,C0C
1976 ) : 2485 - 4,700 1,715,500
1977 2,300 . 4,80 1,752,000
2000 _ 4,00) 8,400 3,066,000

.The percentage of these trips for different trip purposes as determined
from. the 1970 Travel Behavior Inventory are as follows:

Percent
A. Non Home Based - . 23.9
B. Home Based 'ork - . 13.6
C. Home Based Shop W4
D. Home Based School .9
E. Home Based Medical .2
F. Home Based OQutcoor Recreation 9.5
G. Home Based Other Social/Recreation 30.0
H. Home Based Personal Business 15.7
I 5.8

. Home Based Serve Passenger

These estimates basically point out that auto travel between Duluth and
the Twin Cities will about double between now and the year 2000. These
trlps are of three major types:

Home Based Recreat1on (F + G) ‘ 39.5%
Home Based ‘ork or Business (B + H) 29.3%
Non Home Based (A) : 23.9%

The large percentage of recreation and non-hore based trips i$ significant
but not surprising. Ouluth is a reacreational center and a gateway to
other recreational areas. The non-home based trips are those which do not
originate or end at wnat the traveler considers to be his home. The two
main types of such trips are going from an office or a place of business
to another office or place of business, and going from one stop to the

- pext in a multiple stop journey like a vacation trip.



The high vehicle occupancy is not surprising either.considering the
length of the trip and the trip purposes. Long trips have a greater
tendency to carpool when using auto. Recreation trips tend to be family
or group oriented.

Thus auto travel between Duluth and the Twin Cities has a fairly high
occupancy for business or recreat1ona] travel.

On a calendar year basis, following is a tabulation showing Total Person
Trips by Mode between Minneapolis-St. Paul and Du]uth Super1or from April
15, 1975 through September 30, 1977.

. e : Total Person Trips
Calendar Year AMTRAK Bus Air Auto Per Year

1875-8-1/2 mo. 32,281 145,597 21,422 .1,200,600 1,399,900
1976 37,986 170,514 30,938 1,715,500 1,954,938
-+ 1977-9 mo. - - 68,306 119,190 .. 25,083 1,310,300 1,522,979

30-Month Period 138,573 435,301 77,333 4,226,500 4,877,817
Percentage 2.8 8.9 1.6 86.7 . -100



.... Passengers

70,000
60,000 -
| .50,'600 i
40,000 -

30,000 .

20,000 - /\\/ | '
: _—

PASSENGER RIDERSHIP BETWEEN TWIN CITIES AND DULUTH
' BY AMTRAK, GREYIOUND BUS AND
NORTH CENTRAL AIRLINES
. APRIL, 1975 - SEPTEMBER, 1977

Bus

Amtrak

Air

N
10,000 " i . , R R \ N
2nd 3rd 4th 1st 2nd 3rd 4th 1st 2nd 3rd
?;;é Qtr. Gtr. Qte. Gtr. - Otr, -Qtr, Otr.. Qtr. - Otr.

1975 1975 1976 1976 1976 1976 1977 1977 1977



1976

1977

AMTRAHK

Apr. . 1,628
May 3,348
June 3,949
July 3,009
" Aug. 5,665
Sept. 2,974
Oct. 2,912
Nov. 3,743
Dec. L,17G
Jan, 2,6L6
Feb. 2,537
Mar. 3,078
Apr. L,242
May - 2,914
Juneg 2,311
July 3,321
Aug.. 3,971
Septe. 2,504
ot 2,591
Nov. S5 257
Dec. 4,113
Jan. 2,392
Feb, 15 4,134
Mar. 5,193
Apr. 5,990
May 10,203
June 11,356
July 10,522
Aug. 10,789
Sept. 7,727

GRAND TOTALS

PERCENTAGE

MINNEAPOLIS - ST. PAUL AND DULUTH - SUPERIOR

RIDERSHIP BY COMMERCIAL TF NSPORTATION MOCE

TICKETED PASSENGE~o BETWEEN

APRIL 15, 1975 THRU SEPTEMBER, 1977

ALL MODES

% OF : % OF % OF
TOTAL  BUS TOTAL  AIR TOTAL  GRAND TOTALS
13,106 2,364 17,098
14,379 - 2,321 . 20,049
8,926 14.75% 16,862 44,347 73.31% 2,536 7,221 "11.94% 23,347
19,353 2,709 ' 25,947
20,992 2,601 29,253
12,524 16.77% 14,246 54,591 73.10% 2,250 7,560 10.12% 19,470
15,287 2,435 20,634
; 14,428 1,831 - 20,002
10,831 16.89% 16,944 L6,659 72.76% 2,375 6,641 10.36% 23,495
13,360 2,361 18,375
: 12,713 2,185 17,435
8,262 15.04% 13,478 39,559 71.99% 2,582 7,128 12.97% 19,139
13,526 2,436 20,204
13,268 2,405 _ 18,537
9,967 16.55% 15,809 42,683 70.87% 2,732 7,573 12.57%" 21,432
17,839 3,114 . 24,274
17,730 3,041 . 24,742
9,796 14.71% 12,440 43,009 72.08% 2,641 . 8,796 13.21% 17,535
' 13,149 - 2,522 18,262
12,639 g 557 : 18,123
9,961 17.27% 14,475 40,263 69.82% 2,692 7,441 12.90% 21,260
12,069 2,646 17,107
. 11,135 2,399 17,663
11,719 21.19% 12,608 35,812 64.75% 2,729 7,774 14.06% 20,530
13,602 2,541 ‘ 22,133
12,594 g B27 25,424
27,549 36.21% 14,123 40,319 52.99% 3,051 8,219 10.80% 28,530
15,139 . 3,169 28,830
15,521 3,295 . 29,605
29,038 35.76% 12,399 43,059 . 53.04% 2,626 9,090 11.20% 22,752
138,573 435,301 77,443
66.83% 11.89%

21.28%

60,494
74,675

64,131

" 54,949

60,223
66,601

57,665

. 55,305

76,087

81,187
851,317



AMTRAK " BUS ~AIR ' AUTOMOBILE

Cost . ' - :
One-way $10.50 $ 8.05 $35.79 $23.84 - 149 mi.@ 0.16/mi.
Round trip 16.00 15.30 70.38 - 47.68 - 298 mi.2 0.16/mi.

Travel Time 200 min. 185-280 min.* 35-40 min. 163 minutes at 55 mph

Frequency of o |

~ Service per Day 1 6 9 Upon demand
Number of . : '
Towns Served ,'5 41 2 Unlimited

- Share Ridership
between Twin : : " : .
Cities § Duluth 2.8% . 8.9% 1.6% 86.7%

* Express and Local Service



FARES BY COMMERCIAL TRANSPORTATION,MODE

TICKETED PASSENGERS BETWEEN

MINNEAPOLIS / ST. PAUL — DULUTH — SUPERIOR

= PERCENTAGE
CURRENT COMPARISON TO AMTRAK
FARE ,
. HIGHER LOWER
| % | - %
ONE WAY :
ARROWHEAD TRAIN '$10.50
" BUS 8.05 23.33
AIRLINE. 35.19 335.14 )
ROUND TRIP
ARROWHEAD TRAIN $16.00
BUS , 1530 | 437
AIRLINE ‘ 70.38 439.87
ARROWHEAD TRAIN =
100%




COMMERCIAL TRANSPORTATION - TICKETED PASSENGERS

NUMBER OF COMMUNITIES SERVED

BETWEEN MPLS. - ST.PAUL - - - DULUTH - SUPERIOR
ARROWHEAD .
TRAIN MPLS., - ST. PAUL
CAMBRIDGE :
SANDSTONE
SUPERIOR
DULUTH
" BUS MINNEAPOLIS *NICKERSON SUPERIOR,
: ST. PAUL *HOLYOKE . ) WIsC,
WHITE BEAR LAKE *WRENSHALL '
HUGO *FOND Du Lac
WESTON *NEW DULUTH
FOREST LAKE *MORGAN PARK
WYOMING RUTLEDGE
STACY WILLOW RIVER
NORTH BRANCH - STURGEON LAKE
HARRIS MOOSE LAKE
RUSH CITY BARNUM -
ROCK CREEK MAHTOWA
PINE CITY ATKINSON
BEROUN CARLTON
HINCKLEY SCANLON
SANDSTONE CLOQUET
* ASKOV ESKO )
* BRUNO NOPEMING
* KERRICK W. DULUTH
* DUQUETTE DULUTH, MN

_ AIRLINE

MPLS, - ST. PAUL

DULUTH - SUPERIOR

The express schedu]es:ooerate over Interstate T.H. 35 and the local schedules
operate over T.H. 61 and, _in one instance, over T.H. 23 between Sandstone and

Duluth.

* Local scﬁedule over T.H. 23 between Sandstone and Duluth



COMPARATIVE SCHEDULE & FREQUENCY

COMMERCIAL TRANSPCRTATICN - TICKETED PASSENGERS

BETWEEN MPIS.-ST. PAUL & DUIIITH-SUPERTOR

Arrowhead :
Time Schedule ' Train Bus Airline
7:45 a.m. Express
8:05 a.m. X
8:35 a.m. X
8:45 a.m. Local
10:15 a.m.(Ex. Sat.) X
11:15 a.m. - X
11:45 a.m. Express
1:45 p.m. . Express
2:05 p.m. X
3:00 p.m.(Ex. Sat.) X
4:55 p.m. X
5:00 p.m. Local-Fri,
. . Only
5:00 p.m. Express
8:10 p.m. Local
~ 8:40 p.m. X
10:25 p.m. X
. BETWEEN DULUTIH-SUPERTOR % MPLS.-ST. PATUL
6:40 a.m. X
T 7:30 a.nm. Express
7:30 a.n. Local X
10:45 a.m. Express
12:25 p.m. X
12:45 p.m. _ Express
1:50 p.m.(Ex. Sat.) X
3:15 p.m. X
3:55 p.m. X
4:30 p.m.(Sundays, Local
] . Holidays)
4:30 p.m. 1 Express
5:30 p.m. X Local
6:55 p.m. X
8:25 p.m. 4
11:25 p.m. X




TRAVEL TIME BY COMMERCIAL TRANSPORTATLON MODE

MINNEAPOLIS / ST. PAUL — DULUTH — SUPERIOR

PERCENTAGE OF TIME
_ COMPARISON TO AMTRAK
TRAVEL TIME
IN MINUTES FASTER OR SLOWER
%
-ARROWHEAD TRAIN 200
BUS: EXPRESS 185 7.5
195 2.5
. . _LOCAL 270 , . .35
280 , © 40
AIRLINE 35 82.5
40 80
ARROWHEAD TRAIN =
100%




Section V



———

ENERGY EFFICIENCY OF CURRENT INTERCITY PASSENGER

TRANSPORTATION MODES -

. 1.0 INTRODUCTION

The 1973-1974 oil embargo created a great interest in the petroleum product céhsumption and
utilization efficiency of the various sectors of the U.S. economy. Many papers were published
oﬁ modal efficiencies of:the transportation sector. One outstanding aspect of their results
was the apparent lack of agreement of the data produced.1

Our objective here is to present the results of a study2 initiated in the Spring of 1974 and

‘ to draw particular attention to the difficulties of making fair comparisons.

. The study was limited to Intercity Passenger Transportation in the 48 contiguous United
States. Only trip energy was to be considered.
First, recent trendg of fuel consumption in transportation and some of its sectors are

discussed. Then the main ground-rules of the study are presented, and the subject of circuity

" 18 discussed. Source data and factors important to the analysis are described for the four

transportation modes: airplanes, automobiles, buses, and trains. Modal energy efficiency com-
parisons are preéented, first for a few interesting city pairs and then in a generalized form

as a function of city pair distance. The difficulties of making fair comparisons are discussed

in some detail. Finally, some concluding remarks and recommendations are made.

2.0 TRANSPORTATION SECTOR ENERGY CONSUMPTION

As a prelude to modal efficiency discussions, many authors emphasize the importance of pet-
roleum as a transportation fuel. This paper follows the general line except emphasis is also
given to the growth trends of the recent past.

The transportation sector uses approximately 25% of the total U.S. energy consumption and
has maintained this share despite an overall growth of- 90% from 1950 to 19703. However, the
reduced use of coal has resulted in almost complete reliance on petroleum. Over 952 of the
sector energy has been derived from petroleum-since 1960..

The Bureau of Mines publishes statistics of the purchases of petroleum products by the Trag—

sportation sector.3'6

Their records give insight into the major users and growth trends (figure
1). The data do not give exact modal consumption levels since small amounts of each fuel type

may not be used in vehicles of the indicated mode. Also, spillage and evaporation are included
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in the data, However, some general trends are apparent.

. ' Purchases of highway related fuels dominate
TOTAL V / .
- ) the sector. Since 1968, the increased use of
Source: Reference 3 L__1C ENGINE .
8 LIQUIFIED GAS -
such fuels accounts for 96% of the total incre-
genNERGY 12 MOTOR GASOLINE ’
CONSUMPTION ase in transportation consumption. Emission
w'Seru  10F L HIGHWAY DISTILLATE
. HIGHWAY VESSEL BUNKERING DISTILLATE
gl FueLs AND RESIOUAL FUELOIL control devices for automobiles, growth of auto-
RAILROAD DISTILLATE
s " ANO RESIDUAL FUEL OIL v
i mobile population, and the continued growth of
MILITARY "
g loisTiLaTe -
& RESIOUAL FUEL OIL the truck fleet are factors which contribute to
4 TET FUEL AND, | oS ime S iiAL . .
AVIATION GASOLINE | ¢ PRIVATE AIRPLANES this situation. Some of these may be transi-
1960 1965. 1970 1973 2
YEAR

- : i tory, and therefore, recent trends do not
Figure 1.— Consumption of Petroleum Products in the U.S. _
Transportation Sector, 1960—1973 | . necessarily provide a suitable basis for future

predictioné. Indeed, 1974* automobiles are already known to have better urban driving fuel

efgiciency than 1974 modelsgs'
Purchases of distillate and residual fuels for railroads, ve;sels, and'the military have
A been substantially constant in recent years. Clearly'the associated modes are not pacing the
growth in sector consumption. .
Congumpcion of aviation fuels increased annually up to 1968 but was sﬁbstantially constant
thereafter. However, these total levels mask the trends of individual aviation fuels and users.
As sﬁow; onvfigure 2, military naphtha purchases from the domestic distribution system have
-declined annually since 1968. This camplements the growth of kerosene consuﬁption by all users.
Commercial consumpcioé of kerosené is the dominant growth trend. However, the growth rates of
the 1960'e were not continued into the 1970's. Improved technology airplanes and reduced market
growth rate are considered to be significant factors., Growth predictions based énly on the data
of the 1960's clearly require close inspection. |
Finally, a breakdown of sector petroleum consumption is required, which identifies the part
‘that supports intercity passenger transportation. In particular, the intercity part of auto-
moﬁile consumption 1s the pacing item. However, source data deficiencies preclude reasonable
estimation. A frequently quoted study6 makes a number of gross assumbtions. We therefore

consider its results questionable,

® The 19?6 average fuel energy level for new cars is 17.1 mpg; preliminary data.
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Sources: ReferencesI & 4

20 KEROSENE

7 miuTaRy
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CONSUMPTION - 15} '

w¥sry o
COMMERCIA!
il CIAL
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“IALL USERS)
osf ;
\ © KEROSENE
g . . (COMMERCIAL AND
GENERAL AVIATION)
‘ 1 1 1
' 1960 1965 1970 1973

YEAR *

Figure 2.— User Consumption of Petroleumn Products in the'
* Aviation Sector, 1964—1973| ‘
3.0 STUDY GROUNDRULES

.3.1 SPRING 1974 AND CITY PAIR ANALYSIS

The modal performance levels presented in this paper are governed by consideration of actual
round trip ‘city pair services for Spring 1974. Appropriate to this frame are the coﬁservation
procedures resulting from the 1973-1974 o1l embargo. These include 55 mph highway speed limits
andﬂlong range cruise airplane Mach numbers. As far as possible, equipment types, operational
procedures, routes, and'schedules reflect actual sérvices. These rules were selected with the
objective of providing a status for 1974 that will be widely accepted as a suitable base for
improvement studies.

Ten city pains were selected for detailed studies (figure 3). These cit; pairs were taken
from a larger sample of 83 using the following criteria. Each city pop;lation exceeds one
million. Also, p;ssenger trains, bus, and air services exist between each city pair. Routes
and cities cover the contiguous 48 states with trip distances ranging from 100 - 2400 great
iincze miles in reasonable increments. New York to Washington, and Chicago to St. Louis were
selected because they are serviced by advanced technology trains, the Hetrdiiner and the Turbo-
train, respectively.

The city pair method was adopted because the modes Ean be compared doing specific origin to
destination transportation jobs.. Also, 1issues sucﬁ as equipment selectién and route constraints
are avoided since these are defined by actual services. Normally, the results of ciiy pair
analyses are nog generally applicable :5 wider populations, To overcome this difficulty, modal
toute distance trends were developed for the wider population of 83 city pairs. These trends

wvere adopted and used to extend the detailed results of the 10 city pairs (figure 4). Thereby
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generalized fuel utilization efficiencies were obtained as a fuéction of great circle trip

distance for each transportation mode. These aspects are futher discussed later.

COLLECT SOURCE ROUTE DATA
DATA
SEATTLEY,
. PORTLAND o
DETAILED STUDY OF
1974 OPERATIONS FOR TEN | ROUTE CInEUITY
(ZEW YORK CITY PAIRS 83CITY PAIRS

(FIG. 6]

FRANCISCO © INSERVICE EQUIPMENT

® ROUTE CONSTRAINTS
@ OPERATIONAL METHODS
® SERVICE SCHEDULES

C LOS ANGELES
SAN DIEGO

GENERALIZED
MODAL COMPARISONS
VERSUS
TRIP DISTANCE

COMPARISONS FOR : - UFIG. 21)
CITY PAIRS

{FIG. 17 70 20)

Figure 3- City Pairs for Detailed Study Fi 4G ! Analvsis Method
- igure 4.— General Analysis Metho

.

3.2 COMPARISON UNITS

Fuel utilization is expressed in terms of passenger gréat circle miles per gallon. This

parameter gives credit only for productive transportation since passenger great circle miles

defines the job to be done between city pairs. Normally, modal route miles exceed the great
circle distance even for the airplane which i; subject té in-flight maneuvers. Such additional
miles cause fuel to be burnt, and therefore, trip fuel was determined by réute miles. Fastest
service schedules were used to determine route distance for buses and trains. AAA Triptiks
provided automobile route miles. Airplane maneuver and route allowances were taken from the
Air Transport Association rules, which reflect airline operating experience. Only nonstop
flights were considered, since on all city pairs the service frequencies of such flights were

considerably greater than for the bus and train modes.

3.3 LOAD FACTOR

Load factot is a system characteristic which directly impacts fuel utilization efficiency.
An initial study objective was to apply load factors specific to each mode on each city pair
route. However, such data were not available for all public modes in the Spring of 1974.
System average load.factors for air are historically higher than for the other public modes

(figure 5). Post embargo load factors for air and rail were significantly higher than previous
levels at 60% and 53X respectively for Spring 1974. Bus éystem average load factors were 4771,
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. although higher levels are typical of regions where bus freight revenues are smal], Perding

-availability of the correct data; results for individual city pairs were determined as a func=

tion of load factor. However, for summary comparison, the public modes were credfted vith 6020

Automobile statistics normally state occupancy levels rather than load factor, ;h(:h ts

subject to the uncertainties of seating definitions. Occupancy levels based on survcey Jata
vere adopted for summary comparisons. For individual city pairs, results were deters{ned n;.n

function of load factor up to 100% (five passengers).

20
70 >

€0 AR

|
1947 R|AlL
80 1833 1950 BUS
1

|
1955 jo%0 %% 19701972 1974

woap  4or
FACTOR
- %

\—CNCLUD ES

' COMMUTER
BOEING ANALYSIS OF
AVAILABLE SOURCES

bt NOTE: 1974 leveh are typical of spring operations,
. ! not annual averages

08 eae 950 ie5s ies0 ises eroars -
YEAR .
Fiéu;é 5.— Load Factor b y Mode of Transportation, Selected
Years 1939—-1974| .
3.4 EXCLUSIONS

Energy consumption for sysfem—related operations such as vehicle, terminal, anl route
maintenance were excluded. Also, the transportation energies of local travel tu and from
terminals were not considered. Complete assessment would require detailed ¢xa=tnation of the

travel population distribution relative to the modal terminals of each city. ‘!l could be assumed
that the city center is the population centroid and that only the airplane pertor=ance should

be corrected for local travel from the city center to the airport. Such correcticns {nvolve
small fuel increments for short trips (6% Los Angeles to San Diego) but nexltvtble amounts ‘for
long trips. However, the approach was considered to be invalid, particularly tor the new cities

that have not developed uniformly around the central business district.

4.0 CIRCUITY

The ratio of route to great circle miles is defined as circuity. Migh circulty {8 associat-
ed with geography, and indirect routing for ground modes. Air circuity s strongly dependent

on traffic patterns around airports and enroute flight lanes.

% This number appears to be high for buses and rail.--MITTAL
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The ‘significance of circuity to fuel utilization comparisonsris seen as follows. Conven-
"tionally, airplane performance data and CAB s:§ciscics inciude the trip fuel and distance penal-
ties of circuity. Thus, airplane data give distance credit only fcr great cincle mi{eb tnavek-.
ed, yet fuel consumption reflects actual fLown miles. This bookkeeping system is clearly diff-
erent from that conventionally used fo; ground modes, where credié 1s normally éiven for all
route miles. Howevér,conversion to ché airplane bookkeeping system is merely a matter of divid-
ing route miles per gallon by route circuity. These differences in data bookkeeping are offen
overlooked. '

A comparison of mode circuities based on examination of 83 city pairs is shown on Figure 6.
The route miles for each mode were determined according to theground-rules-described in Section
3.2. Bus circuities were omitted for pictorial clarity since the levels are similar to auto-
;obiles except the band upper limit is somewhat higher.

At shott'trip lengths, passenger rail circuities range from 1.0 to greater than 3.0. As
trip.distance increa;es, the band width reduces; however, minimum circuities are seen to incfe-
ase to 1.3, These trends are a natural.result of the largé grid size of the AMTRAK network.
Main freight lines give lower circuit& levels but are not necessarily suitasle for passenger
trains, .

.. Aytomobile trip circuities range from 1.0 to 1.4 on short trips and 1.1 to 1.2 on long
trips. These levels and trends reflect the small grid size and comprehensive coverage by the
. nation's highway system.

Air is shown for reference only,since the inherent penalties are normally included in per-
formance levels as discussed above. The line shown was obtained by application of ATA rﬁles,
which reflect airiine experience. Circuities on short trips are greater than 1.5, but on long
trips the levels are below 1.05. Currently available source data do not allow specific determ-
ination of the individual circuities for the 83 city pairs. However, it is likely that a band-
width exists around the line shown. ' ’ '

A reasonable criticism of the comparison is that equal weighting is given for all city pairs.
Perhaps the passenger traffic on highly circuituous rail routes is so small that the traffic
weighted levels are close to the lower limit of the band. Unfortunately, city pair traffic
density data are not available for all modes on each city pair., However, the argument may ﬁave
merit since the dense traffic of the NE corridor would probably dominate the short trips. Rail

circuities in this corridor are typically 1.0 to 1.2.
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Figure 6.— Air, Rail and Highway Circuity Trends; Based on 83[
£ City—Pair Analysis |

5.0 SOURCE DATA AND ANALYSIS FACTORS

5.1 AIRPLANES

The fuel efficiency of the jet transport airplane is.affected by many variables. These
include equipment typ;, configuration; mission range, paylopd, flight operétional procedures,
and equipment condition. Soﬁrce data are readily available from manufacturer's performance
documents and CAB repofts. The latter are used extensiveiy by other authors. However, the
latest complete reports do not reflect the post-embargo load factors and operational procedures.
Also, the CAB data are generally limited to average trip statistics for each model type, and the
reported fuel consumption includes cargo, training, and non-revenue flights._ Therefore, the

'ﬁerformance of_a particular mode flying a particular mission cannot be isolated. Despite these
Limitations, the genernal scope and quality of CAB statistics are farn superion 2o those 0§ other
passenger modes. :

Airline operations for spring 1974 were characterized by fuel conservation procedures which
include long range cruise Mach number, higher seating levels and load factors, near optimum
cruise altitudes, drag improvement maintenance, and minimum reserves. Accsrdingly, this study
accounts for these factors except that preembargo seating levelsAare assumed.

For each airplane model, energy utilization efficiency was calculated.as a function of ori-
gin-destination great circle distance (ATA range) and passenger loading. Long range cruise Mach
numbers were adopted and a step cruise altitude procedure of 31/34/39,000 ft was applied for
ranges over 500 miles. This procedure was not practical for shorter trips where a constant cruise

altitude was yged with the ~Qlt:it‘.ude dependent on tt"ip length., ATA rules were applied with
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respect to reserves and allowances. Alirplane weight; and seat}ng descriptions were taken from
manufacturers' specifications. Average in-service seating levels were obtained from 1972 CAB
statistics. 26 These were assumed applicable to 1974 operations.

Detailed results for the 727-200B and 747-200B airplanes are given on figures 7 and'B.
These show fuel utilization efficiency as a function of ATA range and as a function of passenger
loading. Solid lines are the performanceé at loadings up to specificafion mixed class seating,
dashed lines are the performance levels for all-economy seating. Average airline seating cap-

acity for 1972 operations is noted. Also, maximum brake release gross weight limits are identi-

fied (MBRGW)., .
" SEATING CAPACITY T © 77 FOEL RESERVES AND ALLOWANCES MCAPAC.ITY FUEL RESERVES AND ALLQWANCES
BOEING SPECIFICATION — 134 MIXED CLASS  PER ATA FORMULA BOZING SPECIFICATION — 385 MIXED CLASS  PER ATA FORMULA
- IS0 ALL ECONOMY  LonG RaNGE cRuISE AVERAQR 1T ARLINETSE o510 1L LONG RANGE CRUISE
AVERAGE 1972 AIRLINE USE FOR * STATUTE MILES = 1.15 X NAUTICAL : - *STATUTE MILES = 1.15 X NAUTICAL MILES
727-200 FAMILY AIRPLANES, ~123 MILES o PASSENGER =i SR
0 PASSENGERS . MBRGW = | ATA RANGE = N.MI.*
L 539 lMrmcwl- A P e ] 785,000 LB. . : 7
: o7 134 \/ooscats. ATA RANGE —NML® /4 ¥ el \V 2000 l 7
el i A 2000 7] 3ol T/ 1000! & .
PASSENGER / ps! 1000 /, PASSENGER ! I/ 500 \e i
B .'I/ = qc'.'—"_ e 5._\2)/ NMLUGAL g 1 I/EL f 300 &W /
7 5 g 300 g / 1 - | /,
‘S‘ ; 20 200 } 78 y/}
=
o /-————50 \P ‘2 / 20 T/ l ///‘
£ ! /
. /1 7 100 ]
1 . -
. 10 {/’ ///
. °o 1000 2000 3000 4000 O 50 100 150 °o 1000 2000 3000 4000 5000 6000 100 200 300 400 500
. ATA RANGE — N.ML® PASSENGERS ATA RANGE — N.ML® PASSENGERS
Figure 7.— Fuel Utilization, 727—-2008 | Figure 8.— Fuel Utilization, 747—2008
Similar results were developed for all the following airplanes: :
NARROW BODY : WIDE BODY
737-200 DC-9-10 (767-200B)
727-100 DC09-30 © (747SR)
727-200ADV (DC-9-50) (747sp)
727-2008B DC-8-55 DC-10-10
727-300 (DC-8-63) (DC-10-30) .
707-3208B,C L1011
(A300B4)

For each city pair, in-service equiémen: was obtained from the May 1974 Official Airline
.Guide. Models in parentheses were not used during Spring 1974 on the ten city pair routes of
this study. However they are included in figure 9, which summarizes the pérfotmance for all
.models. At full loads, the wide body airplanes are substantially more fuel efficient than the
standard bodies because of the benefits of high-bypass engine technology. However, at reduced
loads (below 200 passengers), the standard‘body models are more fuel efficient since they can be

operated at high load factors. Also illustrated is the fuel utilization trend when a given
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ajrplane is flown less than maximum range. Performance improves slightly unt'_il at short

(.li'atancea flight maneuvers, climb procedures, and the weight penalties of reserves become

significant.
. ©® FUEL RESERVES AND ALLOWANCES PER ATA RULES
: @ LONG RANGE CRUISE MACH -
@ MIXED CLASS SPECIFICATION SEATING
RANGE TRENDS
% 100% LOAD FACTOR .
PASSENGER LOADING TRENDS
AT 1000 NMI*
€0 .
80
PASSENGER
NMI®/GAL 4q
0
3 AND ¢ ENGINE, WIOE BODY.
20} ©O—— MIGHAYPASS RATIO TURBOFAN
it ©—-= JAND 4 ENGINE. STANDARO 800V,
o d LOW BYPASS RATIO TURBOF AN
10} 8-+=2EnGINE STANDARO 8OOV
LOW BYPASS RATIO TURSOFAN
$ 'vuwuu RANGE AT FULL MIXED
ol* CLASS PASSENGER PAYLOAD ) . . ;
@ 1000 2000 3000 4000 5000 6000 O 100 200 300 400 500

PASSENGERS

ATA RANGE - NMI®
. *STATUTE MILES = 1.15 X NAUTICAL MILES

~ Figure 9.— Airplane Fuel Utilization

4

Finally, table 1 illustrates that calculated performance can provide close agreement with
pre-embargo CAB statistics provided differences in load factor, seats offered, and operational

procedures are considered.

Table 7_.- 727-200 Calcu/atiops‘ Comgqred Against CAB Data
Flight Length =498  Statute Miles®

Pass
Cruise Load |St. miles
procedure Passengers | factor | qallon
Calculated data Long range 134 100% | 36.2
at Spec seating cruise Mach
and near
e il Corrected to avg. ;szit‘nLndL;m 123 100% 33.7
o1} 3 . .
+ | in-service seating,
2.1 1972 operations
3
S. Corrected to avg, . 654 53.1%| 19.2 .
£ | payload of 1972 plus g
‘§; operations cargo
Adjusted to -0.84M - 65.4 53.1%| 17.5
typical 1972 30 000 ft plus
cruise procedure cargo
e i Average performance| 427 mph 65.4 53.1%
‘22 reported by U.S. average plus
8. airlines in 1972 speed. cargo 16.8
Y Altitude
6. not
reported

= o ©498 statute miles was the average 727-200 flight length
by U.S. operators in 1972

®*Referencs 26
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ROUTE MILES/GALLON .

5.2 INTERCITY AUTOMOBILES

operational factors. These include:

Size, weight, and model year distribution

Highway speed

Power options

Driver habits
Mechanical Condition
Geography

Traffic conditions
Occupancy

The fuel efficiency of intercity automobiles is subject to a wide range of population and

Adequate source data are available for some of these factors but major source data defici-

-encies preclude rigorous analysfs. Test results and reports published by the Federal Highway

Administration (FHWA), Dupont, and Consumer Reports define fuel mileage as a function of

low mileage automobiles,

- highway spéed, weight, and model year.

7,8,9

The FHWA and Dupont data agree.

1973 model year data are shown on figure 10 for

Consumer Report data show lower lev-

els for their 340 miles trip tests due to variable speed and road conditioms.

-

-

3

-
wn

10

SOURCE
— FHWA TESTS (LEAST SQUARE
FIT TOTEST DATA)) (2)
40 MPH
50 MPH ‘
60 MPH
70 MPH

77 CONSUMER REPORTS (9)
-[Z-/Z 340 MILE TEST RUN

DUPONT TEST (8)

2600

Similar data are available for other model years.

VEMICLE CURB WEIGHT - 1000 LB

Fig.ur.e ]0.— Speed and Weight Effects, 1973 Automobiles
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WHEELBASE = INCHES

Figure 11.— Intercity Automobile Definition

However, a major difficulty is that

available statistics do not describe the population characteristics of automobiles used in

'intercity travel during 1974. Instead of considering all poésible automobiles, this study

concentrated on a range of wéights (3700 £b - 4500 £b) and modef yearns (1971/72) which were

.beueyed 2o encompass the average autcmobile used in 1974 intercity travel. A perspective on

the weight range is indicated in figure 11.

An average highway speed of 50 mph was selected to be consistent with the 1974 speed limits

of 55 wph. Penalties for air é:onditioning. driver habits, mechanical condition, and geography

256



vere assessed collectively at 1.75 mpg. Additionalily, Consumer Ré;;orts provided corrections

‘-'for city driving conditions (figure 12). Application of thes'e; factors to the ten city pair
trips provided the vehicle road-miles-per-gallon trends of figure 13. Satisfactory agreement
is shown with the 340 mile Consumer Reports te-st results. An interesting feature 1s that the
shorter trips are su_bjec: to greater impact from city driving effects.

Major analysis limitations derive from the
SOURCE: CONSUMER REPORTS APRIL 1974

source data scarcities regarding population 8 —o
® o o0oPENROAD
distribution, driver habits, mechanical condi- ol 2 FEITRARELE
e
©
tion, and geography. However, FHWA is current- xl 000
. . . [ °
ly planning tests and surveys to provide data 'UEL:;;EAGE' « T o
2 a ° @™
in these areas. : . o5
‘ . . sk AA‘ o @0
. _ - y
Finally, an overriding feature of automo- ¢ -
., . : . 10 &%
‘bile fuel utilization pertains to intercity a ae,
. . st : 1 2
automobile occupancy. Surveys conducted in the N s

CURB WEIGHT ~ 1000 LB

NE corridor and the State of Kansas show good - ; .
Figure 12.— Average Open Road and City Fuel 1
agreement and were used in this analysis (fig- ,974;558[/;” Ciars e Gty Syl Cormumpion,

ure 14). However, these data represent pre-

embargo habits. The survey data of the Nation-

a2l Personal Transportation Study are considered

to be unsatisfactory because of the sample size
10
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5.3 INTERCITY BUSES

The Class 1 bus operators do not formally report in-service fuel consumptions. Further,
specific data for particular schedules, bus models, and operating procedures are not available.

The National Association of Motor Bus Owners (NAMBO) provided verbal quotations as follows:

A1l Class I 6.0 mpg
National Greyhound © 6.2 mpg
National Trailways 5.5 mpg
Range of Seats 34 to 57
Average Class I seats 43

Additionally, the authors have examined substantial propriei#ry data that confirm the abo;e
‘mileage levels.* Abcordingly; 6.0 mpg ¥ 10% and 43 seats were used for all city pairs of this
»8tudy. In this respect the bus results are typical instead of being route specific.

Consideration was given to the impactnof reduced speed-limits from 60 to 55 mph. Howevér,
'Department of Transportation tests showed that mileage improvements were terrain dependent and
small.;l Therefore, shé impact of reduced speed limits was ignored.

Clearly the bus analysis is much simpler than the analyses of other modes. Yet the relative

standing of the bus fuel efficiency could only be changed by a very large efror in the numbers

noted above. Hence, some simplification is justifiable.

5.4 INTERCITY TRAINS

o

Many other éublished analyses of in-service passenger trains are based on-gross statistics
compiled by the Interstate Commerce Commission and the American Association of Railroads. These
data are subject to many anomalies aﬁd are probably not suitable even for gross analysis.Certair-

1y they do not provide the intelligence necessary for the study of specific routes and gervices
because of the attendant wide variations of equipment and terrain.

For dies;I electric locomotives, only two sources of measured fuel consumptions are avail-
able in the pubiic domain. One set was measured for the Empire Builder in AMTRAK tests from
Seattle to Havre, Montana.l2 The other sét was obtain;d by Southern Railroad during tests of
the Southern Crescent on tﬁe Atlanta-Washington run.13

To apply these data to other routes, a semiempirical analysis model was developed, which

includes provisions for assessment of configuration details, route terrain, duty cycle, train

accelerations, auxiliary power requirements, heating, and schedule speeds, (figure 15). The

* Some of the TSC studies show buses in the range of 8 mpg depending upon crﬁising speed and
the amount of highway driving involved.--MITTAL )
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model was checked against the measured fuel data and found to be 3% low relative to the

Empire Builder tests (figure 16) but was 20X low relative to the Southern Crescent tests.

Consequently, a banded estimate was made for each city pair of -0% + 20% relative to the model

estimate of trip fuel. This technique was applied to trains on eight of the ten city pair trips.

TRAINS (DIESEL) |

CONFIGURATION

SEMI-EMPIRICAL ANALYSIS

@ LOCOMOTIVE(S) TECHNIQUE
@ COACHES, PULLMANS, ETC © AMTRAK, SOUTHERN RAILROAD DATA
@WEIGHT, LENGTH, AREA . Iabavisecuntions

@HEATING, AUXILIARIES

@ SPEED PROFILE

.

GRADE, DUTY CYCLE CORRECTION

L

ROUTE AND DUTY CYCLE START-STOP CORRECTIONS
@ SCHEDULE N
@ ELEVATION PROFILE AUXILIARY POWER, HEAT

@ ENROUTE STOPS

I

[ caccurateo Fued consumetion ]

TRAINS (OTHER)

METROLINER — RICE ESTIMATE (14)
TURBOTRAIN = AMTRAK QUOTATION (12)

Figure 15.— Derivation of Train Fuel Consumption

1. TRAIN DEFINITION
2SDP40 LOCOMOTIVES
18 CARS .
TOTAL WEIGHT = 1560 TONS

2. ROUTE DEFINITION'
SEATTLE-HAVRE = 903 SM
TRAIN RUNNING TIME = 19.1 HRS
AVERAGE SPEED = 47,3 MPH

3 CALCULATED FUEL CONSUMPTION
BLOCK FUEL (ZERO GRADE, CONSTANT SPEED) = 1605 GAL
BLOCK FUEL ( CORRECTED FOR GRADE, DUTY
CYCLE, ENROUTE STOPS, HEAT, AUXILIARIES) = 3870 GAL

4 MEASURED FUEL CONSUMPTION
LOW-FIRE MEASURED FUEL = 3975 GAL

8. MEASURED FUEL _ . 1027
CALCULATED FUEL $

Figure 16.— Boeing Diesel Train Analysis Compared Against:
Seattle—Havre Tests

Inspection of the Empire Builder estimate shows that if the train could run under level

track constant speed conditions, then the resulting trip fuel would be only 40% of the measured

fuel (figure 16). Grade, duty cycle, auxiliaries, accelerations, and heating account for the

‘remaining 607. These penalties are often ignored in idealized train analysés.

The remaining two city pair routes are serviced by the Metroliner and the Turbotrain. The

Metroliner estimates of Rit:e14

were based on converting Penn Central electricity charges into

gallons of fuel by assuming typical line and generation efficiencies. Boeing estimates confirm

the Rice analysis. AMTRAK supplied the Turbotrain fuel consumption data. These were inclusive

of operational service penalties.

Train configuration data and fuel consumptions are summarized in table 2 for low fire

{summer) heating operations. Winter heating causes larger penalties; therefore, the levels used

bere may be optimistic for spring operations.

6.0 ENERGY EFFICIENCY COMI.’ARISONS

Before presenting the generalized modal comparisons, it is necessary to review some of the

underlying city pair data.
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“Table 2.- Train Configurations and Fuel

TRAIN
Route Tran Locomotive Cars Fuel Consumption| .
City Pair Segment Name No., Type No.! Type, Seats | Gallons (tow fireid
Lot Angeles - Lot Angeles « San Diegans| 1-.SDP4QF | 5 Coach 52 250 - 00
Son Diego - San Diego
New York « New York = Metroliner 2 BOS 332 o
Washington Washington 4 Coach j O 1160
Chieago - Ohicago - Turboliner | Turbotran | 1 BOS } 296
St. Louis St. Louis 5 Cosch ) O 860
Portland « Poctland - Coast 2:5040 4 80SA O *
San Francisco| San Francinco | Stariite 2 Sleeper 22 2050 - 2460
4 Coach 44
New York - New York - Broadway 4.E8 5 BDS 0
Ohicigo hicago Limited = 2 Sipr 20 4320-5190
5 Slor n
8 Coach 52
New York - |New Yark Silver 3.€8 5805 O
Miami Miami Mateor -] S Slor 22
1 Coach 22 5440 - 6510
7 Coach 44 J
Seattle < Seattle - Coast 2-S0-40 4 B80S 0
Denver San Francisco | Starite 2 Sor. 22 2500 - 3000
4 Coxch 44
»
San Francisco - SFQ 3-€8 3 B80S 0
Denver Zapher . 2 Sipr 2 4600 - 5500
4 Coach 44
1 Coach 75
6.1 "CITY
-

energy ef_ficiency comparisons are shown plotted as a function of load factor.

of presentation, the automobile performance is also shown versus load factor,

Since load factor data were not available for all public modes ;)n each

TRAIN
Route Train Locomotive Cars Fuel Consumprion
City Paie Segment Name Na., Type No.: Type, Seats Gatlons (low tirer
Minoeapolis = Minneapahs = Emoire 2-SD40 s B80S 0 = )
San Francisco|  San Franciuco | Builder 6 Sipr 24 7870 - 9450
7 Coach 46
Seattle - .| Coant 2-S040 | 4 BOS 0
San Francisco | Starlite’ 2 Slpr 22 2500 - 3000
4 Coch 44 .
Adanta - Atlanta - Southern 20PT 3 B80S 0
Los Angeles New Orleans Crescent 2 Slpr 22 980- 1180
1 Coach 30 i
2 Coaxch S2
New Orleans - Sunset 4FP7 3 BOS 0
Lot Angales Limited 2 Slpr 22 4950 - 5940
S 3 Coich 70
Miami - Miami « : Flordian 3-E8 6 B80S 0
Los Angeles Birmingham =] 2 Slpr 20 2520 - 3020
2 2 Coach 41
Birmingham - Southern se¢ above 660 - 790
New Orleans Crescent g
New Orleans - Sunset see above 4950 - 5940
Los Angeles Limited

° Half round tip consumption

© Train tota! mats

O Rice (18) estimate

A Baggage, diner, or sleeper

.

capacity of 5 passengers.

city pairs.

bus is the most energy efficient mode by a wide margin as it is for all city pairs.

£

PATR MODAL EFFICIENCY COMPARISONS

city pair service, the
For comsistency

assuming a seating

The round. trip efficiencies are shown on figures 17-20 for four of ten

Los-Angeles - San Diego (figure 17) presents a typical very short distance ci.-ty pair.. The

shows up well because it is an all-coach train.

The train

The automobile suffers from a significant frac-

tion of city driving, while airplanes suffer from the high allowances which ATA rules apply for

such a short distance.

300
OEW SEAY| FLOOR AREA
d MODE GAL/sEAT:OEVOEAT! o rn T2
20 BuUs.“| [AIR  [705.10.091 625.926 ; 6.64.819
&, .| [auTQ 1315- 380, 756“6&)’0[ 55.6.1
25 e [BUS 1079096 630 EG
&2 200 : TRAINII0-36 | 2600 ' 124
43 / L/
=
"
w10 /|
£z
o5
-
4 /£
55100
on TRAIN |
i
" { ..p‘w‘ ,«4: AUTO
WEIGHTED
'W—AIRPLANE
ol | AVERAGE
e ) 50 75 100

LOAD PACTOR~ PERCENT

Flgura 18.— Modal Efficiencies Versus Load Facror,‘
New York—Washington |

TS T U T OIATUTTWILRS 7 LUALLUIYS

300
Moo:IGAL/ssn,“W’SE”f FLOCASAEA
'SEAT (FTS)
250 A |AIR 1474.757!640.1039: 66.83
BUS,” | [AUTG 12.15.259' 750.500 | 55.6.1
/ BUS |042.051:630 | 56
200 /) [TRAINi 0912 i 4000 [ 152

-
n
>

mL /‘j —~=1 TRAIN
| A
s
S/ Pt
. “ "’:'{’ «_,I/"" AUTO
s’{".;:ﬁk””:, €
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e 50 75 100 AVERAGE
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Figure 17.— Modal Efficiencies Versus Load Factor

Los Angeles—San Diego /
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GREAY CIRCLE PASSENGER
STATUTE MILES /GALLON

o TOEW/SEAT|FLOOR AREA
MODE |GAL/SEAT i 2 e iStas S
+ |_itsl ek iers 5 MODE GALISEAT| ™)) o) L;;%ilFTgf
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250 ’ —aiemnit— e =1 & 150 ) _.%ml‘~_9_45‘.__ 9136
AUTO [809.975 750900 | 55-6.1 €2 } . o .
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29 sy 28 247 w60 77
aw i 17.44 | 8800 55
§=~ /4 19.5-224| 8200 249
150 e =150 £ — =
3 au e
/] H 7
100 / . :‘a:cc A
. . o
: . TRAIN
o S 1 I
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Fi_ét}re 19.— Modal Efficiencies Versus Load Factor,

PorilsnehsSan Branslco) Figure 20.— Mqdal Efficiencies Versus Load Factor,

: Miami—Los Angeles
_The significance of bandwidth for the modes is as follows. The bus upper limit is associat-

ed with 6.6 mpg, the lower limit with 5.4 mpg. The train's upper limit is derived using our
seni-empirical prediction‘technique, while the lower limit comes from our fuel usage prelicition
plus.20 percent. The 3700-1b and 4500-1b cars define the uppe; and lower limits of the auto
band. The upper and lower limits for airplanes are tﬁe best and worst aigplaﬁes on that route;
also shown is the weighted average bas;d on number of flights and available seats.

The table adjacent to the graph shows that the bus OEW per seat is the lowest for all modes.
The train, with 4000 1b/seat, looks heavy but in relity is one of the better trains.

¥§w York-Washington (figure 18) shows autos and the train equally efficient. The train
efficiency suffers, in the opinion of the authors, from the fact that the Metrgliner has a severe
duty cycle; it frequently speeds up to 100 mph and then slows down to 50 or 60 mph due to track
limitations or oncoming trains. Both automobiles and airplanes show up better than for Los
Angeles-San Diego.

Note the low OEW per seat of the Metroliner; only the Turbotrain (Chicago-St. Louis) with
1700 1b/passeger has a lower OEW for the 10 city pairs studied.

Portland-San Francisco (figure 19) is a typical medium distance city pair, showing autos,
_itain and airplane are c}ose together. The train trip involves riding three separate trains
in ;ach direction. Two Af the three trains have conventional OEW peér seat levles for cross-

country trains. One train, the Ffoaidian, has exceptionally high Levels 0f 20,600 £b per seat.

6.2 MODAL FUEL UTILIZATION VS RANGE

The city pair data were used to derive generalized trends versus range. This was done by
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*+ PASSENGER

assuming a 60 percent load factor for the public modes while automobile occupancy was varied

as a function of range. For a given city pair and a particular mode, say the train, the

circuity used in the calculations was known. The train efficiency for that city pair distance

was now adjusted, first by assuming the lowest circuity at the range, then by assuming the

highest. Doing this for all city pairs produced ten points through which the upper limit of the

train efficiéncy band was faired and similarly 10 points defining the lower 1limit of the band.

The bus and auto bands were obtained in a similar manner. The airplane band simply was faired

through the best and worst points at each range since the ATA allowances and penalties are

typical for each range.

~Figure 21, so obtained, shows for Spring 1974 that buses are most emergy efficient. Trainms,

automobiles and airplanes have comparable efficiencies except at the shortest distances where

gome trains tend to be better.

It should be borne in mind that the.public modes serve didtinctly different markets (figure

22). Buses are mostly used on short distanced while trains are mostly used in high density‘city

corridors, which have relatively short distances between cities. Adirpfaned, on the other hand

are the predominant public carrier mode at medium and fong distances, having a national average

trip distance of about 700 statute miles in 197:

75 <

FUEL
UTILIZATION -

GREAT CIRCLE
MILES/GALLON

Qe §00 1000 1500 2000 2500
RANGE
GREAT CIACLE STATUTE MILES

@ SPRING 1974 OPERATIONS
AND EQUIPMENT

@ PUBLIC MODES - 60%
LOAD FACTOR

® AUTO OCCUPANCY -
RANGE DEPENDENT

© GROUND MODE CIRCUITIE!
BASED ON 83 CITY PAIRS

@ AIR MODE CIRCUITIES
BASED ON ATA RULES

I auto

| AIRPLANE

Figure 21.— Boeing Analysis — Modal Fuel Utilization

Versus Range
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TRIP DISTANCE® ~ STATUTE MILES SOURCE. AEF 13

Figure 22.— Percent of Trips by Common Carrier
Versus Trip Distance — 1972

One final commentary on trains. It can be agreed that the U.S. passenger trains of Spring

1974 show the results of many years of neglect. Better fuel efficiencies are achieved in other

countries than are shown in figure 21. For example, the authors calculated 110 great circle

passenger statute miles per gallon for the Japanese Tokaido train at 60% load factor (Tokyo-

Osaka, 252 Great Circle Miles, 320 Route Statute Miles).On the other hand, such trains cover,
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by U.S. standards, relatively short distances in densely populated areas. éu;thermore. they
teépire low-curvature rights of way and roadbed qualities which are not available on current
AMTRAK routes. These limitations adversely affect the fuel efficiency realized with ;dvanced
technology AMIRAK trains such as the Metroliner and Turbotrain which are included in ‘this study.'
Nevertheless, foreign train systems show what can be obtained with -available technology 1f the

required rights of way and maintenance levels and their associated funding are provided.

. 7.0 DIFFICULTY OF MAKING FAIR COMPARISONS

The results shown in figure 21 do not conform with many previouély published comparisons.
.This is not surprising since, as far as is known, no other study uses the same ground-rulesand
*analysis methods.

‘A major difficulty'for users and readers of published comparisons is th;t many authors do
not state the bases of ghe results. Nutter, referring to twelve other energy efficiency compar-
1sons,.showed the large differences in the literature.1 He was ;nable to resolve the differ-
ences, mostly due to lack of precise information on ground-rules,;ssumptions and methods.

iven if modal efficiency data were calculatedto clear aqd consistent ground-rules, it is

incumbent on the reader to consider carefully whether these data are appiicable to the problems
for uhish he seeks solution. Unfortunately some papers have been widely quoted, though 1t
should have been clear that apples and oranges are compared and that the nesults are {napplica-
ble 2o the problem at hand. ’ "

Table 3 shows a rearrangement of Nutter's

Table 3.— Other Published Analyses of Passen ger Transportation
tabulation with passenger miles and seat miles S :

. Mode Passenger Mites Per Gallon Seat Miles Per Gallon
per gallon comparisons grouped together. In
Ay e
' ;T:to\:nam 100 100 8s 91
addition, we include data from the recently Awisgs R R R b
Interarty bus 18 1o 104 125 82 125 ) ns Joo 250 270

published Project Independence Report%6 The

Train

only objective of showing all these data togeth- rencnl Tl Bl Rl S

8
8

s 210 210
Commutar * 100 200
Suburban 200 400
er is to emphasize that it is incumbent on
Airplane 2 o
Wida bodied jet . : :
authors and readers alike to understand the Averson w e [ e | 1e e || u]|s2]| 2|2
limitations, value and applicability of any | "o ] |5 - bl Rl e S S | T B
relorence 16 "” 18 19 0 0 n 14 2 [ 24 b

particular comparison. Many published'analy-
ses will not withstand close scrutiny and can-

pot be considered as fair comparisons.
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The following subsections specifically identify a number of pitfalls so that future

authors and users of data may be forewarned.

9.1 IMPORTANCE OF TIME PERIOD

One important ground-ruleis to define for what point in time the data are calculated. In
our study, data for Spring 1974 are desired. Therefore equipment actually used in the Spring
. . .

of 1974 was used in the calculations.

However, no data were available for several factors for Spring 1974, Automobile accupancy

. 18 one example. The most recent statistics were for the years 1968 and 1969, and the assumption

wag made that these statistics were still valid. Similarly, there were no data available for
the average number of seats in each of the airplane types flown in Spring 1974. The latest
available data were Qgedt even though it was known that the oil embargo had resulted in higher
numbers of seats for almost ali types of aircrafe. |

‘More severe problems are found in a number of published comparisohs which base aircraft fuel.
efficiency on 1972 CAB statistics. The signifcant changes in aircraft operating procedures and
the increased load factors make the 1972 statistics invalid for the post-embargo period. Yet

1972 CAB statistics have often been used in comparisons pertaining to future policy matters.

- . 7.2 GROSS NATIONAL STATISTICS

Another problem is the use of gross national statistics. As has been pointed out, trains
and airplanes serve distinctly different transportation sectors. Clearly, gross national stat-
istics for these modes do not provide a suitable basis for analysis of any particular route.
Particularly dubious are those estimates derived from different sources, e.g. total revenue
passenger miles from a government statistic and total fuel consumed from a periodical.

In spite of these deficiencies,published comparisons based on gross ﬁaxional statistics

have nreceived considerable publicity 4in-the recent past.

7.3 IDEALIZED OPERATIONS

Another pitfall frequently encountered is the use of {dealized data for one mode and actual
operational data forn another. Figure 16 shows 3975 gallons measured for the Seattle-Havre,
Montana trip. However, the same train traveling the same distance but on a straight and level

track at constant speed would have used only 1605 gallons. Adding the several scheduled stops
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enroute would increase the "{dealized" consumptioﬁ_to appr&ximately 1700 gallons, which is sig-
nificantly lower than tﬁe.actual consumption of 3975 gallons. Thus the frequently quoted effi-
clencies for a start-stop cycle are an invalid approxiéation for true operations.

This pertains in principle to-all modes, Alrcraft, for instance, must contend with queuing

both in the air and on airports as part of their normal operations. The ATA enroute allowances

do account for this ‘apsect.

7.4 UNITS OF COMPARISON

As explained above,passenge{ great circle miles per gallon are used for comparison in this
paper. Other literatére uses either seat route miles per gallon or passenger route miles per
gallon or equivalents thereof such as BTU's rather than gallons.

‘The use of available seat miles per gallon leads to high fuel efficiency values since a 100
p;rcént load faétor 1s imylied. However, there is evidence that aQailable seat miles per gallon
not infrequently have been based on the fuel consumed with an average load factor and the avail:
able number of seats: clearly an incorrect procedure.

Where passenger miles per gallon were calcualted, it frequently was overlooked that the
CAB nreponts total fuel used, {.e. for passengers plus 4reight carried. This number is then
combined with total revenue passenger miles fo obtain fuel efficiency: again in principle an in-
connedt procedure. Also, and more importantly, a fuel efficiency in terms of passenger.miles
per gallon means nothing if the assoéiated load factor and number of availablé seats are not
quoted.

Finally,_it should be realized that all these fuel efficiencies are based on the finisheé
product coming out of the refineries such as gallons of kerosene or BTU's of kerosene. A case
can be made that it would be interésting for national economic studies to base fuel efficiency
on the barrels of crude required to produce the finished product. However, a serious problem
lies in the fact that refineries do have some degree of §Lexibility in thein product Line break-
down. This flexibility tends to be greater for the newer refineries. The situation is futher
5 complicated by the wide variations in crude characteristics. Therefore, the use of barrels of

crude injects significant uncertainties in the calculation of fuel efficiencies.

7.5 CIRCUITY

This subject was discussed in Section 4.0. However, circuities for ground and air modes are
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fundamentally not quite comparable. While aircraft can fly direct non-stop routes, highways
and railroads were deliberately so laid out that they serve the main populations centers on any
route. Thus highway and railroad circuities are, in part, higher by design. This deliberate

policy 1s, however, a disadvantage for the ground mode traveler on longer distance trips.

8.0 CONCLUDING REMARKS AND RECOMMENDATIONS

The authors set out to produce fair enerngy efficiency comparisons for the Spring of 1974
fon U.S. intca;ity paAéengén transportation modes. The reader must carefully decide whether
and to what exten: these data are applicabie to his ptoblems.~

Certainly it would be incorrect to use these data across the board for policy making.
-Policy making implies a choice between different bfoad scenarios for the future. ‘This paper
does not touch uﬁén the future. All passenger transpo}tation modes can improve their fuel
efficiencies, alth9ugh probably to different extents. No :suchspeculations are made here.
Fuel efficiency will be only one facton among many which wiff define the form of future
passengen thansportation systems.

Finally, the authors recommend that the appropriate government agencies carefully consider

the gaps in our current insight of intercity passenger trénsportation fuel efficiency. A further

recommendation is that current methods of collecting statistical data be updated to improve

that insight. ) , .

9.0 NEW EQUIPMENT FOR AMTRAK

This paper does not seek to aldress the subject of the improvement potential in the variaus
modes. However, currently incomplete studies of the subject suggest that railroad passenger
transportation may have been put in an unfavorable light by selecting Spring 1974 as the time
for comparison, In the recent past, AMTRAK has ordered about $250 miilion worth of rebuilt or
new equipment, both locomotives and ears. This includes a nuﬁber of light weight coaches (50
tons weight) with 84 seats per coach, which is high density seating compared to existing
intercity railroad equipment. ' .

These coaches may allow significant fuel efficiency improvements on the short routes where
all-coach service would be acceptaﬁle. Estimated improvements for all-coach trains are Ehown
in Figure 23. Itshould be kept in mind that this figure strictly addresses the technical poten-

tial. Whether the high density seating will find public acceptance on other than short trips
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remains to be seen. Also, many short distance city pairs are serviced by long distance, full-

service trains; the potential for improvement of these trains may be less than is shown here.
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Section VI



A BRIEF ECONOMIC ANALYSIS OF THE AMTRAK ARROWHEAD TRAIN (1977)

After reading the Minnesota Department ofAT;ansportation report on the
Amtrak "Arrowhead train," several topics suggeét:discussion from thé economic
.- poinf of view.
‘ Perhapé to list them numerically and explore each in turn is.the easiest'way
to develop the commentary. .
h)Rearranging the.dabaforrevenue passengers on a calendar year basis, there
-hﬁs been a substantial increase in "Arrowhead train" ﬂéage between the firsﬁ nine

“months of 1977 as against the same period in 1976.

Table 1

REVENUE PASSENGERS

Month 1976 . 1977
January 2,209 1,888
February 1,963 . . 3,407
March 2,271 © 4,625
April 3,461 : 5,329

. May ' 2,345 9,566

° June 2,278 10,442
July 2,776 9,643
August 3,226 9,914
September 1,954 - 7,077
TOTAL 22,483 . 61,891

Note that the monthly pattein for 1976 is rather haphazard with that of 1977
showing the "summer months curve"” characteristic of other tourist-travel data for
the state. This pattern is characteristic df‘automobile, airline and expenditure
p;tterns. It appearsfthat during the year 1977 the "Arrowhead train" has shown
some matuiing as a functional alternate mode of travel. The size of the increase
plus the pattern of usage would suggesﬁ this. New car capacity add the exténsion
of the line to a Dulutﬁ terminal must have been helpful in achieving this.

Another way of,showing_Amtfak's maturing as a tourist and travel facility is
to tAke the two strongest summer vacation months for three calendar years and

compare the onland)commercia¥)competitiveAmodes of bus and rail.



1975

1976

1977

Table 2
Ticketed Passengers

. Bus Amtrax
July 19,353 3,885
" August 20,992 5,665
40,345. 9,550
July 17,839 3,321
August 17,730 3,971
' 35,569 7,292
July 15,139 10, 522
August 15,521 10,789
30,660 21,311
Table 3
Amtrax Usage
3 As Percent of Total
T an 1975 19.1%
1976 - 17.0%
1977 © 41.0%

Totaln

49,895
(Burning Ban)
42,861

51,971

The evidence of Amtrak penetration is highly evident. The slump on total

paésenggrs in 1976 is mainly attributable to the "burning ban.”

Ju)Operating expenses have risen dramatically over the two periods of comparison.

It looks like there are rough levels oﬁnexpense:

mon+hly

and (c¢) $135,000. See Table 4.

Month

January
February
March
April
May
June
July

August

September

Table 4
Operating Expense
© 1976

$ 68,195
67,899
67,673
68,059
67,847
66,998
96,111
96,217

100,776

1977

$ 94,907
109,269
108,764
132,733
128,182

(a) $68,000, (b) $100,000,

130,708

124,973
131,411
149,532

This heavy cost increase becomes more apparent when seer-on an accumulative

basis:



'~ Table 5

Accunulative Operating Expense

Month 1976 ~ 1977

January $ 68,195 $ 94,907
February - - 136,094 204,176

March 203,767 312,940

April - 271,826 445,673

" May 339,673 573,855

June 406,671 " 704,563

July 502,782 829,536

August 598,999 960,947

% September 699,775 ' 1,110,479

. The $410,704 increase in accululative operating expenseé in the nine months
comparison eats uﬁ Ehé 39,408 passenger revenue increase during the same period.
If the monthly expense during the first nine months of 1977 had been at $68,000,
the éxpense per passenger would have been $9.89 and at $100,000/month, it would
have been $i4.54. As of September 1977, expense}passenger is $17.94 and as the
passenger curve declines to the ena of the year, the expense/passenger will
increase.

The Department of Transportation report does not explain the hea;y increase
in expense but unless it is in nonrecurring igems for upgrade, it seems inordinate.

:3,) Because the pattern ext‘u’_bited by the usage data suggests tourist-travel
connection to be an eco;omic life line fof the "Arrowhead trqin," some increased
usage techniques suggest ;hemselves:

1) General promotion and maiketing

2) Group activiéy usage development

3) Seasonal events development

4) Product improvement

&) Innova—tva deas, a.r. sta?e érplayes usaoc,

The-opinion on Amtrak service given by the seven-day passenger survey shows
"Novelty" as .the main response for usage. Because this is a disappearing element
through time, other reasons for usage must be strengthened. It would seem that
the increased usage techniques given above-Qould be helpful in arriving at this

-

end.



ﬁ?? The importance of the tourist-travel business to the Duluth economy is
& )

reflected in the total dollars receipts in hotel and lodging facilities by

" quarters (1976).

Table 6

. Duluth Hotel Receipts (1976)

Quarter bollars

. "1st $1,939,000

' 3rd -+ 3,309,000
. 4th ‘ ' 1,983,000
$9,583,000

Sou;cé: Minnesota Department of Revenue
"34.5% of the business is in the 3rd Quarter.

The Duluth pattern is not characteristic of other major cities in the state:

Table 7
HOTEL RECEIPTS (1976)

D in Thousands
' by Quarters for Major Cities

25; 2nd 3rd . 4th
Minneapolis 11,777 11,581 11,691 11,656
Rochester 6,399 5,593 6,154 6,452
Bloomington 4,768 4,715 4,985 5,019

St. Paul 3,502 3,489 3,363 2,883

Source: Minnesota Department of Revenue

o) ¢ The other cities maintain a rather even seasonal distribution.

The main conclusion drawn from the points presented here would be that the
"Arrowhead train" during the year 1977 began to become an economic link to thg
City of Duluth, tied most directly to the tourist-travel industry during the
summer months. It shouid be remembered that an extension of travel activities by
geasons will alter the pattern. Skiing would be a good example of this kind of

alteration in seasonal pattern and growth development in passenger count.



The rapid growth of operating expense is some cause of alarm if in the main

it constitutes fixed costs.

No attempt was made in this review to deal with the subjects of passes and

subsidies as they impact on opeiétinq costs or intermodel competition because

these are matters of policy decision.
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AMTRAK
"Arrovhead Train"
Minneapolis-St. Paul =-- Duluth-Superior

The Rail Passenger Service Act of 1970 authorized the National Railroad Passen-
ger Corporation (Amtrak) to manage the basic national rail network and to be
responsible for all intercity passenger train operations. Section 403(b) of
the Act provided that states could request from Amtrak intercity passenger

~ service to cities off the basic nationwide system. Originally, legislation
called for a 2/3 state subsidization of the 403(b) trains' operating deficit.
Antrak receives federal funding for its share of the deficit. This share was -
- changed to a 1/2 (50%) state - 1/2 (50%) Amtrak distribution in October, 1976

" by the Amtrak Improvement Act of 1976 Public Law 94-555.

" In 1973, the Minnesota State Legislature appropriated $100,000 to the Minnesota
Department of Public Service (Minn. Laws, Chap. 209, Sect. 1 (1973) to contract
with Amtrak for rail passenger service between Minneapolis-St. Paul and Duluth
pursuant to Section 403(b) of the Rail Passenger Service Act. The bill which

‘called for the initiation of intercity passenger service within the bienniun
beginning July 1, 1973 was coauthored in the House by Willard Munger, Duluth;
Fred Norton, Walter Hanson, St. Paul; Irvin Anderson, Internaticnal Falls; and
Don Samuelson, Brainerd. Senate sponsors included Roger Moe, Ada; Harmon Ogdahl,

. Minneapolis; and Ralph Doty, Duluth.

The $100,000 proved inadequate to cover the State's share of the expenses for the
one-year demonstration service. Upon request from Minnesota and Wisconsin, the
Upper Great Lakes Regional Commission granted $200 000 in Apr11 of 1975 for the
interstate project.

The Minnesota Department of Public Service negotiated a renewal contract for the
Arrowhead from April 1, 1976 through January 31, 1977, Appropriations included
$300,000 from the Legislative Advisory Committee and $100,000 from the Upper

Great Lakes Regional Commission. During this contract period, several changes

in billing occurred. Incentive payments paid to Burlington Northern by Amtrak
were discontinued in September, 1976, when the BN-Amtrak contract was renegotiated
disallowing such incentive payments. In October of 1976, the cost share base was
changed by federal legislation from 2/3 (66.67%) to 50% state share.

The Minnesota Department of Transportation was establlshed on November 8, 1976.
(Minn. Stat. 8174.01 (1976). Responsibility for Amtrak operations tr1nsfcrred
" from the Public Service Commission to the Department of Transportation (Hlnn
Stat. 8174.05, Sec. 6 (3) (1976).

In a supplementary agreement dated June 20, 1977, Amtrak and Mn/DOT agreed to con-
tinue train service from February 1, 1977 to June 30, 1977. The 1977 Legislature
allocated $255,000 for the five month extension, and $69,051 to cover past deficits
under the 1975-76 and 1976- 77 contracts (Minn, Laus Chap. 087, Sect. 1, Sub. 1
(1977).



The 1977 Legislature appropriated $650,000 for Amtrak for fiscal year 1978. An
additional $650,000 is available for fiscal yéar 1979; however, this amount
must be authorized by the Governor of the State of Minnesota before funds can
be released for the subsidy. (Minn. Laws 1977, Chap. 454, Sec. 5, Subd. 2(d).

A second supplementary agreement (July 1, 1977) to the contract dated April 1,
1976, as amended June 20, 1977, extended services beyond June-30, 1977, for not
more than one year or until a new agreement could be executed. Under the terms
of this agrcement, for Fiscal Year 1978, the total amount of the State's approprl-
ation is $650,000.
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