
'  -

A  M O D E L  F O R  E V A L U A T I N G

T H E  C O S T S  A N D  B E N E F I T S  O F

R A I L R O A D  E L E C T R I F I C A T I O N

V O L U M E  I  -  M O D E L  D E S C R I P T I O N  A N D  A P P L I C A T I O N

T R A N S P O R T A T I O N  S Y S T E M S  C E N T E R  

C A M B R I D G E ,  M A  0 2 1 4 2

P R E P A R E D  F O R  T H E

U . S .  D E P A R T M E N T  O F  T R A N S P O R T A T I O N  

F E D E R A L  R A I L R O A D  A D M I N I S T R A T I O N  

O F F I C E  F O R  I N T E R C I T Y  P R O G R A M S  

W a s h i n g t o n ,  D . C .  2 0 5 9 0

•̂ Mres o*

MARCH 1983
F I N A L  R E P O R T

;13 - Electrification



A  M O D E L  F O R  E V A L U A T I N G

T H E  C O S T S  A N D  B E N E F I T S  O F

R A I L R O A D  E L E C T R I F I C A T I O N

V O L U M E  I  -  M O D E L  D E S C R I P T I O N  A N D  A P P L I C A T I O N

T R A N S P O R T A T I O N  S Y S T E M S  C E N T E R  

C A M B R I D G E ,  M A  0 2 1 4 2

P R E P A R E D  F O R  T H E

U . S .  D E P A R T M E N T  O F  T R A N S P O R T A T I O N  

F E D E R A L  R A I L R O A D  A D M I N I S T R A T I O N  

O F F I C E  F O R  I N T E R C I T Y  P R O G R A M S  

W a s h i n g t o n ,  D . C .  2 0 5 9 0

Sr*ns o»

M A R C H  1 9 8 3

F I N A L  R E P O R T



N O T I C E

T h i s  d o c u m e n t  i s  d i s s e m i n a t e d  u n d e r  t h e  s p o n s o r s h i p  o f  t h e  

D e p a r t m e n t  o f  T r a n s p o r t a t i o n  i n  t h e  i n t e r e s t  o f  i n f o r m a t i o n  

e x c h a n g e .  T h e  U n i t e d  S t a t e s  G o v e r n m e n t  a s s u m e s  n o  l i a b i l i t y  

f o r  i t s  c o n t e n t s  o r  t h e  u s e  t h e r e o f .

T h e  U n i t e d  S t a t e s  G o v e r n m e n t  d o e s  n o t  e n d o r s e  p r o d u c t s  o r  

m a n u f a c t u r e r s .  T r a d e  o r  m a n u f a c t u r e r ' s  n a m e s  a p p e a r  h e r e i n  

s o l e l y  b e c a u s e  t h e y  a r e  c o n s i d e r e d  e s s e n t i a l  t o  t h e  o b j e c t  o f  

t h i s  r e p o r t .



Technical Report Documentation Page

1. Report No. 2. Government Accession No. 3. Recipient’ s Catalog No.

4 . Ti t le end Subtitle

A  M o d e l  f o r  E v a l u a t i n g  t h e  C o s t s  a n d  B e n e f i t s  

o f  R a i l r o a d  E l e c t r i f i c a t i o n ,  V o l u m e  I  -  

M o d e l  D e s c r i p t i o n  a n d  A p p l i c a t i o n

5 Ressrf 9 o ’e

i i a r e n  1 9  8 3

d. Performing Organ* sofian Code

3. Performing Organisation Reporf No.

S S - 7 4 2 - U - 1 2 - 1 2

7. Author's)

C . H .  S p e n n y ,  G . B .  M o t t

9. Performing Organization Nome ond Address

U . S .  D e p a r t m e n t  o f  T r a n s p o r t a t i o n  

T r a n s p o r t a t i o n  S y s t e m s  C e n t e r  

K e n d a l l  S q u a r e  

C a m b r i d g e ,  M A  0 2 1 4 2

10. We* Uni» No.  ( TRA1S)

R R - 2 5 9 / R - 2 3 2 5
11 Contract or Grant No.

13. T y pe  of Report and Peri od Covered

F i n a l  R e p o r t  

S e p t .  1 9 8 0  t h r o u g h  

S e p t e m b e r  1 9 8 2

12. Sponsoring Agency Nome ond Address

U . S .  D e p a r t m e n t  o f  T r a n s p o r t a t i o n  

F e d e r a l  R a i l r o a d  A d m i n i s t r a t i o n  

O f f i c e  o f  I n t e r c i t y  P r o g r a m s  

W a s h i n g t o n ,  D C  2 0 5 9 0

Id.  Sponsoring Agency Code

R R I - 1
15. Supplementary Notes

V o l u m e  I I  i s  t i t l e d  " U s e r ' s  G u i d e . "

16. 'Abstract

A  m o d e l  h a s  b e e n  d e v e l o p e d  t o  e v a l u a t e  t h e  e c o n o m i c  b e n e f i t s  o f  l a r g e  

s c a l e  r a i l r o a d  e l e c t r i f i c a t i o n .  S i t e  s p e c i f i c  f a c t o r s  w h i c h  h a v e  a  

m a j o r  i m p a c t  o n  t h e  r a t e - o f - r e t u r n s  a r e  i n c l u d e d  a s  i n p u t  d a t a ,  t h u s  

p r o v i d i n g  a  p r o c e d u r e  f o r  c o m p a r i n g  t h e  e c o n o m i c s  o f  i n d i v i d u a l  r o u t e s  

i n  a  u n i f o r m  a n d  e x p e d i t i o u s  m a n n e r .  T h e  m o d e l  i s  a  b e f o r e  t a x  a n a l y s i s  

i n  w h i c h  r e l a t i v e  i n f l a t i o n  o f  e n e r g y  a l t e r n a t i v e s  c a n  b e  s p e c i f i e d  a s  

w e l l  a s  a  g e n e r a l  i n f l a t i o n  r a t e .  A s  a n  o p t i o n ,  a n y  p o r t i o n  o f  t h e  

i n i t i a l  i n v e s t m e n t  c a n  b e  p a i d  f r o m  b o r r o w e d  f u n d s  t h a t  a r e  s u b s e q u e n t l y  

r e p a i d .  !- - i v ;  :

T h e  r e s u l t s  o f  a p p l i c a t i o n  t o  a  h y p o t h e t i c a l  U . S .  n e t w o r k  o f  2 9 , 0 0 0  m i l e s  

a r e  i n c l u d e d .  T h e  p r e d o m i n a n t  e l e c t r i c  l o c o m o t i v e  t y p e  f o r  t h e  n e t w o r k  

i s  a  6 a x l e ,  6 0 0 0  r a i l  h o r s e p o w e r  u n i t .

17. Key Words

r a i l r o a d  e l e c t r i f i c a t i o n  . 

e l e c t r i c  t r a c t i o n

13. Distribution Statement

19. Security Clossif.  (of this report)

U N C L A S S I F I E D

20. Security Clossif.  (of this page)

U N C L A S S I F I E D

21. No.  of Pages 22.  Price

■Qfm D O T  F  1 7 0 0 . 7  ( 8 - 72 ) .Reproducti on of  completed page aut hor i zed

i



P R E F A C E

T h e  R a i l r o a d  E l e c t r i f i c a t i o n  A s s e s s m e n t  M o d e l  w a s  d e v e l o p e d  

b y  t h e  U . S .  D e p a r t m e n t  o f  T r a n s p o r t a t i o n ,  T r a n s p o r t a t i o n  

S y s t e m s  C e n t e r  ( T S C )  f o r  t h e  F e d e r a l  R a i l r o a d  A d m i n i s t r a t i o n  

( F R A ) ,  O f f i c e  o f  I n t e r c i t y  P r o g r a m s .  T h e  m o d e l  w a s , f o r m u l a t e d  

t o  a s s i s t  t h e  j o i n t  r a i l r o a d / g o v e r n m e n t  p l a n n i n g  c o m m i t t e e  t h a t  

w a s  c o n v e n e d  b y  L o u i s  S .  T h o m p s o n ,  A s s o c i a t e  A d m i n i s t r a t o r  o f  

t h e  O f f i c e  o f  I n t e r c i t y  P r o g r a m s ,  t o  e v a l u a t e  l a r g e  s c a l e  

e l e c t r i f i c a t i o n  i n  t h e  U . S .  R a i l r o a d  m e m b e r s  o f  t h e  p l a n n i n g  

c o m m i t t e e  i n c l u d e d :

R .  M .  C H A M P I O N ,  J R .  A T C H I S O N ,  T O P E K A  A N D  S A N T A  F E '

A s s i s t a n t  t o  t h e  P r e s i d e n t  -  S t a f f  S t u d i e s  a n d  P l a n n i n g

S .  R .  J O H N S O N  F A M I L Y  L I N E S

A s s i s t a n t  V i c e  P r e s i d e n t  o f  O p e r a t i o n s  P l a n n i n g

E .  R .  L I C H T Y  C H E S S I E  S Y S T E M

G e n e r a l  M a n a g e r  -  O p e r a t i o n s  P l a n n i n g

J . R .  M A R T I N  S O U T H E R N  R A I L W A Y ' - ’

A s s i s t a n t  V i c e  P r e s i d e n t  -  T r a n s p o r t a t i o n  P l a n n i n g

J . R .  O S M A N  M I S S O U R I  P A C I F I C  R A I L R O A D

D i r e c t o r  o f  P r o f i t  P l a n n i n g

J . H .  R E B E N S D O R F  U N I O N  P A C I F I C  R A I L R O A D

A s s i s t a n t  V i c e  P r e s i d e n t  -  P l a n n i n g  a n d  A n a l y s i s

F .  E .  S U L L I V A N  R U R L I N O T O N  N O R T H E R N ,  I N C .

M a n a o e r ,  E c o n o m i c  R e s e a r c h

J . H .  W I L L I A M S  C O N R A I L

A s s i s t a n t  V i c e  P r e s i d e n t  S t r a t e g i c  A n a l y s i s

11



T h e  F R A  p r o j e c t  m a n a g e r  r e s p o n s i b l e  f o r  d i r e c t i n g  m o d e l  

d e v e l o p m e n t  w a s  G o r d o n  B .  M o t t ,  w h o  a s s u m e d  t h e  a d d i t i o n a l  

r e s p o n s i b i l i t i e s  o f  d e v e l o p i n g  t h e  n e t w o r k  a n d  o b t a i n i n g  t h e  

t r a f f i c  a n d  r o u t e  c h a r a c t e r i s t i c s  r e q u i r e d .

T h e  m o d e l  w a s  d e v e l o p e d  b y  D r .  C . H .  S p e n n y  o f  T S C  w i t h  t h e  

a s s i s t a n c e  o f  J .  S m i t h ,  a  c o n s u l t a n t  t o  t h e  F R A ,  w h o  d e v e l o p e d  

t h e  c a s h  f l o w  r e l a t e d  t o  t h e  t r a n s f e r  o f  d i e s e l  l o c o m o t i v e s  a n d  

s p e c i f i e d  t h e  s e n s i t i v i t y  s t u d y ,  a n d  S .  P r e n s k y  o f  T S C  w h o  

d e v e l o p e d  t r a f f i c  l e v e l  f o r  e a c h  r o u t e  s e g m e n t .  T h e  m o d e l  w a s  

p r o g r a m m e d  f o r  d i g i t a l  c o m p u t a t i o n  a n d  o p e r a t e d  b y  N .  S m i t h  a n d  

R .  S h a y  o f  S y s t e m s  D e v e l o p m e n t  C o r p o r a t i o n .  I n p u t  d a t a  f o r  t h e  

h y p o t h e t i c a l  n e t w o r k  w a s  p r e p a r e d  b y  F .  H a f e r  o f  I n p u t  O u t p u t  

C o m p u t e r  S e r v i c e s ,  I n c . ,  u n d e r  c o n t r a c t  t o  T S C .
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r e a d e r s  i n  m i n d .  A  g e n e r a l  d e s c r i p t i o n  o f  t h e  m o d e l  a n d  i t s  

c a p a b i l i t i e s  c a n  b e  o b t a i n e d  b y  r e a d i n g  V o l u m e  I .  R e a d e r s  

i n t e r e s t e d  i n  t h e  r e s u l t s  o f  a p p l i c a t i o n  o f  t h e  m o d e l  t o  a  U . S .  

n e t w o r k ,  n e e d  o n l y  r e a d  S e c t i o n  2  o f  V o l u m e  I .  F o r  t h o s e  

i n t e r e s t e d  i n  t h e  d e t a i l s  o f  t h e  m o d e l ,  V o l u m e  I I ,  e n t i t l e d  

" U s e r ' s  G u i d e , "  d e s c r i b e s  t h e  f o r m a t - o f  t h e  i n p u t  a n d  o u t p u t  

d a t a  a n d  c o m p u t a t i o n a l  a l g o r i t h m s  u s e d  i n  t h e  m o d e l .  V o l u m e  I I  

a l s o  c o n t a i n s  a  l i s t i n g  o f  t h e  p r o g r a m .  :
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EXECUTIVE SUMMARY

P r i o r  t o  o n s e t  o f  t h e  " e n e r g y  c r i s i s " ,  r e d u c e d  l o c o m o t i v e  

m a i n t e n a n c e  an d  i m p r o v e d  t r a c t i o n  c a p a b i l i t y  w e r e  c o n s i d e r e d  t o  

b e  t h e  m a j o r  a d v a n t a g e s  o f  e l e c t r i f i c a t i o n  w h e n  c o m p a r e d  t o  

o p e r a t i o n  w i t h  d i e s e l  m o t i v e  p o w e r .  I n  r e c e n t  y e a r s ,  

i n s t a b i l i t y  i n  t h e  p r i c e  o f  d i e s e l  f u e l  r e l a t i v e  t o  e l e c t r i c  

e n e r g y  an d  u n c e r t a i n t y  i n  i t s  a v a i l a b i l i t y  h a v e  m ade  e n e r g y  a 

s i g n i f i c a n t  c o n s i d e r a t i o n .

T h e  F e d e r a l  R a i l r o a d  A d m i n i s t r a t i o n  h a d  c o n d u c t e d  t w o  m a j o r  

s t u d i e s  o f  e l e c t r i f i c a t i o n  p r i o r  t o  t h a t  d o c u m e n t e d  b y  t h i s  

r e p o r t :  (1 )  A g o v e r n m e n t / i n d u s t r y  t a s k  f o r c e  c o n c l u d e d  i n  1 9 7 4

t h a t  e l e c t r i f i c a t i o n  w a s  t h e  o n l y  v i a b l e  a l t e r n a t i v e  t o  l i a u i d  

p e t r o l e u m  f u e l  f o r  i n t e r c i t y  m o v e m e n t  o f  g o o d s  a n d  p e o p l e ,  an d
( 2 )  A 1 9 7 7  s t u d y ,  m a n d a t e d  b y  t h e  R a i l r o a d  R e v i t a l i z a t i o n  and  

R e g u l a t o r y  R e f o r m  A c t  o f  1 9 7 6 ,  c o n c l u d e d  t h a t  w h i l e  

e l e c t r i f i c a t i o n  o f  c e r t a i n  r o u t e s  w o u l d  b e  b e n e f i c i a l  t o  t h e  

o w n i n g  r a i l r o a d ,  t h e  n a t i o n a l  b e n e f i t s  w e r e  n o t  s u f f i c i e n t  t o  

w a r r a n t  g o v e r n m e n t  a s s i s t a n c e  b e y o n d  t h e  c o m m i t m e n t  o f  t h e

4 - R  A c t .  An u p d a t e  o f  t h e  s e c o n d  s t u d y  i n  1 9 8 0  c o n c l u d e d  t h a t  

a m a r g i n a l  i m p r o v e m e n t . i n  t h e ,  r a t e , o f  r e t u r n  h a d ,  r e s u l t e d ' ,  f r o m  

r e l a t i v e ,  i n f l a t i o n , , o f -  c p ! 3 t :  f a c t o r s  o v . e r  t h e  t h r e e  y e a r  o e r i o d  

a n d  f r o m  p r o j e c t i o n s  o f  f u r t h e r  i n c r e a s e  i n  t h e  p r i c e  o f  d i e s e l  

f u e l  r e l a t i v e  t o  o t h e r  c o s t s .  T h e  n e t w o r k  r e s u l t s  i n  t h e s e  

s t u d i e s  w e r e  b a s e d  o n  a v e r a g e  c o s t s  a n d  t y p i c a l  r o u t e  

c h a r a c t e r i s t i c s .

A t  a j o i n t  c o n f e r e n c e  o f  t h e  FRA a n d  s e v e r a l  m a i o r  

r a i l r o a d s  i n  K a n s a s  C i t y  i n  O c t o b e r ,  1 9 8 0 ,  a c o m m i t m e n t  was  

m ade  t o  p r o c e e d  j o i n t l y  w i t h  a m o r e  i n - d e p t h  s t u d y  t h a t  

c o n s i d e r e d  t h e  e f f e c t  o f  r o u t e  s p e c i f i c  f a c t o r s .  T h r e e  

c o m m i t t e e s  w e r e  f o r m e d  w i t h  o b j e c t i v e s  a s  f o l l o w s :
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1. P l a n n i n g  C o m m i t t e e  -  E s t a b l i s h  a p r o c e d u r e  f o r  

d e t e r m i n i n g  w h i c h  r o u t e s  s h o u l d  b e  e l e c t r i f i e d  and  in.  
w h a t  o r d e r ;

2 .  F i n a n c e  a n d  A d m i n i s t r a t i o n  C o m m i t t e e  -  E v a l u a t e  

a l t e r n a t i v e  m e a n s  f o r  f i n a n c i n g  t h e  i n i t i a l  i n v e s t m e n t

3 .  T e c h n i c a l  a n d  O p e r a t i o n s  C o m m i t t e e  -  I d e n t i f y  and  

a s s e s s  i s s u e s  w h i c h  r e p r e s e n t  r i s k  t o  t h e  s u c c e s s f u l  

i m p l e m e n t a t i o n  o f  e l e c t r i f i c a t i o n .

T h e  R a i l r o a d  E l e c t r i f i c a t i o n  A s s e s s m e n t  M o d e l  d e s c r i b e d  

h e r e i n  w as  d e v e l o p e d  b y  TSC t o  p r o v i d e  i n f o r m a t i o n  f o r  t h e  

P l a n n i n g  C o m m i t t e e  o n  t h e  r e l a t i v e  e c o n o m i c s  o f  r o u t e  s e g m e n t s ,  

t h e r e b y  p e r m i t t i n g  e v a l u a t i o n  o f  l a r g e  s c a l e  e l e c t r i f i c a t i o n  i n  

m o r e  d e t a i l  a n d  w i t h  a h i g h e r  l e v e l  o f  c o n f i d e n c e  i n  t h e  

r e s u l t s  t h a n  h a d  p r e v i o u s l y  b e e n  p o s s i b l e  u s i n g  " a v e r a g e "  o r  

" t y p i c a l "  c h a r a c t e r i s t i c s .  T h e  m o d e l  w a s  f o r m u l a t e d  t o  a p p l y  

r o u t e - s p e c i f i c  v a l u e s  o f  c r i t i c a l  d e s i g n  a n d  o p e r a t i n g  

v a r i a b l e s .  I t  i s  a d i f f e r e n t i a l ,  d i s c o u n t e d  c a s h  f l o w  a n a l y s i s  

b a s e d  o n  i d e n t i c a l  t r a f f i c ,  f r e i g h t  r a t e s ,  a n d  g u a l i t y  o f  

s e r v i c e  f o r  d i e s e l  a n d  e l e c t r i c ,  o p e r a t i o n .

T h e  m o d e l  hast  b e e h  u s e d  s’ t o ?  a n a l y z e  t h e  e c o n o m i c s  o f  an - 

e l e c t r i f i e d . U . S .  f r e i g h t  h a u l i n g  n e t w o r k  c o n s i s t i n g  o f  96  r o u t e  

s e g m e n t s  f o r  16 r a i l r o a d s  t o t a l i n g  n e a r l y  2 9 , 0 0 0  r o u t e  m i l e s .  

F o r  t h e  b a s e  c a s e  a n a l y z e d ,  t h e  r a t e  o f  r e t u r n  f o r  t h e  n e t w o r k  

w as  s u b s t a n t i a l l y  g r e a t e r  t h a n  p r e d i c t e d  b y  p r e v i o u s  FRA 

s t u d i e s .  C o n s i d e r a b l e  v a r i a t i o n  o f  r a t e  o f  r e t u r n  b e t w e e n  

r o u t e  s e g m e n t s  w as  f o u n d  d e p e n d i n g  o n  t h e  c o m b i n a t i o n  o f  

c r i t i c a l  s i t e - s p e c i f i c  f a c t o r s  t h a t  e x i s t .  T h e  f a c t o r s  f o u n d  

t o  h a v e  m a j o r  i n f l u e n c e  o n  t h e  r a t e  o f  r e t u r n . w e r e  t r a f f i c  

d e n s i t y ,  t y p e  o f  d i e s e l  l o c o m o t i v e  b e i n g  r e p l a c e d ,  t v p e  o f  

e l e c t r i c  l o c o m o t i v e ,  d i s p a t c h  p o l i c y ,  c a t e n a r y  c o s t  and  

d i f f e r e n t i a l  c o s t  o f  f u e l  c o m p a r e d  t o  e l e c t r i c i t v .  T h e  b e s t  

s i n g l e  s u r r o g a t e  t o  t h e s e  f a c t o r s  w as  f o u n d  t o  b e  a n n u a l  f u e l
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c o n s u m p t i o n  p e r  r o u t e - m i l e .  H o w e v e r ,  t h e r e  i s  s t i l l  s u f f i c i e n t  
d e p e n d e n c y  o n  v a r i a b l e s  u n c o r r e l a t e d  w i t h  f u e l  c o n s u m p t i o n  

( e . g . ,  b r i d g e  c l e a r a n c e  a n d  s i g n a l  a n d  c o m m u n i c a t i o n  

c o m p a t i b i l i t y )  t o  r e q u i r e  c o m p u t a t i o n  o f  t h e  r a t e  o f  r e t u r n .

S u f f i c i e n t  s t u d y  w a s  p e r f o r m e d  t o  c o n c l u d e  t h a t  t h e  

e c o n o m i c  a d v a n t a g e  o f  e l e c t r i f i c a t i o n  o v e r  d i e s e l  o p e r a t i o n  i s  
r e a l  a n d  i n  many c a s e s  s u b s t a n t i a l .  T h e  n e x t  l o g i c a l  s t e p  

w o u l d  b e  f o r  t h e  r a i l r o a d s  t o  i n i t i a t e  m o r e  d e t a i l e d  s t u d i e s  o f  

r o u t e s  t h a t  s h o w  a f a v o r a b l e  r a t e  o f  r e t u r n .  I t  may b e  

d e s i r a b l e  t o  make a d d i t i o n a l  e v a l u a t i o n s  u s i n g  t h e  R a i l r o a d  

E l e c t r i f i c a t i o n  A s s e s s m e n t  M o d e l  p r i o r  t o  i n i t i a t i n g  m o r e  

d e t a i l e d  s t u d i e s  i n  o r d e r  t o  b e t t e r  s c o p e  t h a t  w o r k .  One 

p a r t i c u l a r  a s p e c t  t h a t  s h o u l d  b e  e x a m i n e d  i s  t h e  i m p a c t  o f  t h e  

t i m i n g  o f  c o n v e r s i o n  o n  t h e  c a s h  f l o w  o f  t h e  r a i l r o a d  i n v o l v e d .

"K
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1 .  INTRODUCTION

R a i l r o a d  e l e c t r i f i c a t i o n  h a s  p r o v e n  t o  b e  e c o n o m i c a l l y  

v i a b l e  i n  many c o u n t r i e s  o v e r  t h e  p a s t  s e v e r a l  d e c a d e s .  

E x c l u d i n g  t h e  U n i t e d  S t a t e s ,  n e a r l y  20 p e r c e n t  o f  a l l  t r a c k  i n  

t h e  w o r l d  i s  p r e s e n t l y  e l e c t r i f i e d . [ 1 ] *

I n  t h e  U n i t e d  S t a t e s ,  l e s s  t h a n  o n e  p e r c e n t  o f  t h e  t r a c k  i s  

p r e s e n t l y  e l e c t r i f i e d .  T h e r e  h a v e  b e e n  n u m e r o u s  s t u d i e s  o f  

m a i n l i n e  e l e c t r i f i c a t i o n  i n  t h e  U . S . ,  m o s t  c o n c l u d i n g  t h a t  t h e  

r a t e  o f  r e t u r n  i s  p o s i t i v e  b u t  t h a t  t h e  c a p i t a l  c o s t  o f  

c o n v e r s i o n  i s  t o o  g r e a t  t o '  j u s t i f y  t h e  r i s k .  T h e  o n l y  

e l e c t r i f i c a t i o n  i n s t a l l e d  i n  t h e  l a s t  f o r t y  y e a r s  h a s  b e e n  

l i m i t e d  t o  a f e w  h u n d r e d  m i l e s  o f  p r i v a t e  c o a l  h a u l i n g  and  

c o m m u t e r  o p e r a t i o n s .

P r i o r  t o  o n s e t  o f  t h e  " e n e r g y  c r i s i s "  r e d u c e d  l o c o m o t i v e  

m a i n t e n a n c e  a n d  i m p r o v e d  t r a c t i o n  c a p a b i l i t y  w e r e  c o n s i d e r e d  t o  

b e  t h e  m a j o r  a d v a n t a g e s  f o r  e l e c t r i f i c a t i o n  w hen  c o m p a r e d  t o  

d i e s e l  m o t i v e  p o w e r .  I n  r e c e n t  y e a r s ,  i n s t a b i l i t y  i n  t h e  p r i c e  

o f  d i e s e l  f u e l  r e l a t i v e  t o  e l e c t r i c  e n e r g y  a n d  u n c e r t a i n t y  

r e g a r d i n g  i t s  a v a i l a b i l i t y  h a v e  made e n e r g y  a s i g n i f i c a n t  

c o n s i d e r a t i o n .  T r a c t i o n  a d v a n t a g e s  h a v e  b e c o m e  l e s s  

s i g n i f i c a n t  w i t h  t h e  i n t r o d u c t i o n  o f  d i e s e l  l o c o m o t i v e s  w i t h  

h i g h e r  a d h e s i o n .

* N u m b e r s  i n  b r a c k e t s  i n d i c a t e  r e f e r e n c e s  l i s t e d  i n  S e c t i o n  6 .
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T h e  F e d e r a l  R a i l r o a d  A d m i n i s t r a t i o n  (FRA) h a d  c o n d u c t e d  t w o  

m a j o r  s t u d i e s  p r i o r  t o  t h a t  d o c u m e n t e d  b y  t h i s  r e p o r t :

1 .  A g o v e r n m e n t / i n d u s t r y  t a s k  f o r c e  c o n c l u d e d  i n  1 9 7 4  

t h a t  e l e c t r i f i c a t i o n  w as  t h e  o n l y  v i a b l e  a l t e r n a t i v e  

t o  l i q u i d  p e t r o l e u m  f u e l  f o r  i n t e r c i t y  m o v e m e n t  o f  

a o o d s  a n d  p e o p l e [ 2 ] ;

2 .  A 1 9 7 7  s t u d y  m a n d a t e d  b y  t h e  R a i l r o a d  R e v i t a l i z a t i o n  

a n d  R e g u l a t o r y  R e f o r m  A c t  o f  1 9 7 6  ( 4 - R  A c t )  c o n c l u d e d  

t h a t  w h i l e  e l e c t r i f i c a t i o n  o f  c e r t a i n  r o u t e s  w o u l d  be  

b e n e f i c i a l  t o  t h e  o w n i n g  r a i l r o a d ,  n a t i o n a l  b e n e f i t s  

w e r e  n o t  s u f f i c i e n t  t o  w a r r a n t  g o v e r n m e n t  a s s i s t a n c e  

b e y o n d  t h e  c o m m i t m e n t s  o f  t h e  4 - R  A c t [ 3 ] .

An u p d a t e  o f  t h e  s e c o n d  s t u d y  w as  c o m p l e t e d  i n  1 9 8 0 ( 4 ] ,  

w h i c h  c o n c l u d e d  t h a t  a m a r g i n a l  i m p r o v e m e n t  i n  t h e  r a t e  o f  

r e t u r n  h a d  r e s u l t e d  f r o m  r e l a t i v e  i n f l a t i o n  o f  c o s t  f a c t o r s  

o v e r  t h e  t h r e e  y e a r  p e r i o d  a n d  f r o m  p r o j e c t i o n s  o f  f u r t h e r  

i n c r e a s e  i n  t h e  p r i c e  o f  d i e s e l  f u e l  r e l a t i v e  t o  o t h e r  c o s t s .

A t  a j o i n t  c o n f e r e n c e  o f  t h e  FRA a n d  s e v e r a l  m a j o r  r a i l r o a d s  i n  

K a n s a s  C i t y  i n  O c t o b e r , 1 9 8 0 ,  a c o m m i t m e n t  w a s  m ade  t o  p r o c e e d  

j o i n t l y  w i t h  a m o r e  i n ^ d e p t h  ' s t u d y . '  T h r e e  c o m m i t t e e s - w e r e  

f o r m e d  w i t h  o b j e c t i v e s  a s  f o l l o w s  : ' = * ■ ■

1 .  P l a n n i n g  C o m m i t t e e  -  E s t a b l i s h  a p r o c e d u r e  f o r  

d e t e r m i n i n g  w h i c h  r o u t e s  s h o u l d  b e  e l e c t r i f i e d  an d  i n  

w h a t  o r d e r ;

2 .  F i n a n c e  a n d  A d m i n i s t r a t i o n  C o m m i t t e e  -  E v a l u a t e

a l t e r n a t i v e  m e a n s  f o r  f i n a n c i n g  t h e  i n i t i a l  i n v e s t m e n t ;

3 .  T e c h n i c a l  a n d  O p e r a t i o n s  C o m m i t t e e  -  I d e n t i f y  and  

a s s e s s  i s s u e s  w h i c h  r e p r e s e n t  r i s k  t o  t h e  s u c c e s s f u l  

i m p l e m e n t a t i o n  o f  e l e c t r i f i c a t i o n .
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A l i s t  o f  p a r t i c i p a n t s  i n  e a c h  o f  t h e s e  c o m m i t t e e s  i s  

i n c l u d e d  a s  A p p e n d i x  A .  Th e  R a i l r o a d  E l e c t r i f i c a t i o n  

A s s e s s m e n t  M o d e l ,  d e s c r i b e d  h e r e i n ,  w a s  d e v e l o p e d  t o  p r o v i d e  

i n f o r m a t i o n  f o r  t h e  P l a n n i n g  C o m m i t t e e  o n  t h e  r e l a t i v e  

e c o n o m i c s  o f  r o u t e  s e g m e n t s .  T h e  P l a n n i n g  an d  t h e  T e c h n i c a l  

an d  O p e r a t i o n s  C o m m i t t e e s  made r e c o m m e n d a t i o n s  f o r  r e f i n e m e n t  

a n d  a s s i s t e d  i n  i d e n t i f y i n g  a n d  o b t a i n i n g  r o u t e - s p e c i f i c  i n p u t  

d a t a  f o r  t h e  m o d e l .  T h e  m o d e l  w as  s u b s e c r u e n t l y  e n d o r s e d  b v  t h e  

P l a n n i n g  C o m m i t t e e  a s  t h e  r e c o m m e n d e d  p r o c e d u r e  f o r  i n i t i a l  

p l a n n i n g  o f  l a r g e  s c a l e  e l e c t r i f i c a t i o n .

A l l  c o m m i t t e e  a c t i v i t y  h a s  b e e n  c o m p l e t e d .  A p p e n d i x  B 

s u m m a r i z e s  t h e  r e c o m m e n d a t i o n s  o f  t h e  P l a n n i n g  an d  t h e  

T e c h n i c a l  a n d  O p e r a t i o n s  C o m m i t t e e s  t h a t  w e r e  i n t e g r a t e d  i n t o  

t h e  m o d e l ,  a n d  s u m m a r i z e s  t h e  r e c o m m e n d a t i o n s  made  b y  t h e  

F i n a n c e  a n d  A d m i n i s t r a t i o n  C o m m i t t e e .

s-im

. -V
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2 .  MODEL APPLICATION TO A HYPOTHETICAL NETWORK

T h e  R a i l r o a d  E l e c t r i f i c a t i o n  A s s e s s m e n t  M o d e l  w a s  u s e d  t o  

e v a l u a t e  t h e  c o s t s  an d  b e n e f i t s  e x p e c t e d  f r o m  a n  e l e c t r i f i e d  

U . S .  n e t w o r k  o f  f r e i g h t - h a u l i n g  r a i l r o a d s .  A n e t w o r k  

c o n s i s t i n g  o f  n i n e t y - s i x  r o u t e  s e g m e n t s  b e l o n g i n g  t o  s i x t e e n  

p r i v a t e  r a i l r o a d  c o m p a n i e s  w as  e x a m i n e d .  T h e  r e s u l t s  p r e s e n t e d  

i n  t h i s  s e c t i o n  a r e  t h e  a g g r e g a t e d  s t a t i s t i c s  f o r  t h e  e n t i r e  
n e t w o r k .  R e s u l t s  o n  a r o u t e  a n d  r a i l r o a d  b a s i s  a r e  r e g a r d e d  a s  

p r o p r i e t a r y  d a t a  a n d  a r e  n o t  p r e s e n t e d  i n  t h i s  r e p o r t .  T h e  

r o u t e - s p e c i f i c  r e s u l t s  a r e  a v a i l a b l e  f r o m  t h e  p a r t i c i p a t i n g  

r a i l r o a d s  a t  t h e i r  d i s c r e t i o n .  One o f  t h e  r o u t e  s e g m e n t s  w as  

s e l e c t e d  t o  i l l u s t r a t e  u s e  o f  t h e  m o d e l  a n d  i s  i n t r o d u c e d  i n  

S e c t i o n  4 o f  t h i s  v o l u m e  a n d  i n  V o l u m e  I I  w i t h o u t  d i s c l o s i n g  
i t s  i d e n t i t y .

I n  s e v e r a l  o f  t h e  t a b l e s  a n d  c h a r t s  w h i c h  f o l l o w ,  

c o m p a r i s o n  i s  m ade  t o  p r e v i o u s  FRA c o s t / b e n e f i t  s t u d i e s .  T h e s e  
s t u d i e s  w e r e  p e r f o r m e d  i n  1 9 7 7 [ 3 ]  a n d  1 9 8 0  [ 4 ] ,  a n d  a r e  b a s e d  o n  

a v e r a g e  c o s t s  a n d  r o u t e  c h a r a c t e r i s t i c s ,  t h e  c o s t s  b e i n g  f o r  

t h e  y e a r  o f  t h e  s t u d y . -  The  s t u d y  b e i n g . r e p o r t e d  h e r e i n  u s e s .  

1 9 8 0  c o s t s  a n d  r o u t e - s p e c i f i c ^ c h a r a c t e r i s t i c s . T h e r e f o r e , 

c o m p a r i s o n  o f  t h i s  s t u d y  ;w i t h  t h e  1 9 7 7  • 'Study r e v e a l s  c h a n g e s  

r e s u l t i n g  f r o m  c o s t  e s c a l a t i o n  a s  w e l l  a s  r e f i n e m e n t  i n  r o u t e  

an d  o p e r a t i n g  c h a r a c t e r i s t i c s ,  r e f i n e m e n t  o f  t h e  c o s t s  

a t t r i b u t e d ,  a n d  a n  i n c r e a s e  i n  t h e  p r i c e  o f  f u e l .  D i f f e r e n c e s  

b e t w e e n  t h e  p r e s e n t  s t u d y  a n d  t h e  1 9 8 0  s t u d y  d o  n o t  i n c l u d e  a 

c o s t  e s c a l a t i o n  f a c t o r .

2 . 1  MAJOR FINDINGS

A p p l i c a t i o n  o f  t h e  a s s e s s m e n t  m o d e l  t o  a h y p o t h e t i c a l  

n e t w o r k  p r o d u c e d  t h e  f o l l o w i n g  r e s u l t s  a n d  c o n c l u s i o n s :
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1 . T h e  i n i t i a l  c a p i t a l  i n v e s t m e n t  i n  t h e  f i x e d  p l a n t  and 
l o c o m o t i v e s  t o  e l e c t r i f y  2 9 , 0 0 0  m i l e s  o f  h i g h  d e n s i t y  

m a i n l i n e ,  i n  c o n s t a n t  1 9 8 0  d o l l a r s ,  i s  18  b i l l i o n  

d o l l a r s ,  o f f s e t  b y  a c r e d i t  o f  f o u r  b i l l i o n  d o l l a r s  

f o r  d i e s e l  l o c o m o t i v e s  t h a t  w o u l d  o t h e r w i s e  h a v e  b e e n  

r e q u i r e d ,  l e a v i n g  a n e t  i n v e s t m e n t  o f  14  b i l l i o n  

d o l l a r s ;

2 .  F o r  t h e  b a s e  c a s e  a n a l y z e d ,  t h e  p r e - t a x  r a t e  o f  r e t u r n  

- f o r  t h e  n e t w o r k  i s  19  p e r c e n t ,  a s u b s t a n t i a l  i n c r e a s e

o v e r  t h e  p r e v i o u s l y  r e p o r t e d  FRA r e s u l t s ;

3 .  V a r i a t i o n  i n  t h e  r a t e  o f  r e t u r n  b e t w e e n  r o u t e  s e g m e n t s  

o f  s i m i l a r  t r a f f i c  d e n s i t y  c a n  b e  l a r g e ,  d e p e n d i n g  on  

t h e  c o m b i n a t i o n  o f  o t h e r  s i g n i f i c a n t  f a c t o r s  t h a t  

e x i s t ;

4 .  A n u m b e r  o f  f a c t o r s  i n f l u e n c e  t h e  r a t e  o f  r e t u r n ,  

n o t a b l y  t h e  t r a f f i c  d e n s i t y ,  g r a d i e n t ,  t y p e  o f  

l o c o m o t i v e s ,  d i s p a t c h  p o l i c y ,  a n d  t o  a d e g r e e  

l o c o m o t i v e - m i l e s .  A s u r r o g a t e  f o r  a l l  o f  t h e s e  

f a c t o r s  may b e  f o u n d  i n  t h e  a n n u a l  f u e l  c o n s u m p t i o n  

p e r  r o u t e - m i l e ,  w h i c h  s h o w s  a h i g h  c o r r e l a t i o n  w i t h

• t h e  r a t e - o f -  r e t u r n ;

5 .  T h e  e s t i m a t e d  a n n u a l . d i e s e l  o i l  s a v i n g  i s  51 m i l l i o n  

b a r r e l s ,  10 p e r c e n t  l e s s  t h a n  p r e v i o u s l y  r e p o r t e d ;

6 . T h e  b a s e  c a s e  r a t e  o f  r e t u r n  i s  r e d u c e d  t o  14 p e r c e n t  

when i t  i s  a s s u m e d  t h a t  t h e  r e l a t i v e  c o s t s  o f  d i e s e l  

f u e l  an d  e l e c t r i c i t y  r e m a i n  c o n s t a n t ;

7 .  T h e  u s e  o f  s o m e  o u t s i d e  f i n a n c i n g  b y  t h e  r a i l r o a d  a t  

c o m m e r c i a l  l o n g - t e r m  i n t e r e s t  r a t e s  w o u l d  r e d u c e  t h e  
r a i l r o a d ' s  own i n i t i a l  i n v e s t m e n t  a n d  i m p r o v e  t h e  r a t e  

o f  r e t u r n  s o  l o n g  a s  i t  e x c e e d s  t h e  r a t e  o f  i n t e r e s t  

t o  b e  p a i d .
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2 . 2  ROUTE DE FINITION

T r a f f i c  d e n s i t y  h a s  g e n e r a l l y  b e e n  u s e d  a s  t h e  p r i n c i p a l  

c r i t e r i o n  f o r  r o u t e  s e l e c t i o n .  A r e p o r t  p u b l i s h e d  i n  1 9 7 7  

u n d e r  t h e  s p o n s o r s h i p  o f  F R A ' s  O f f i c e  o f  R e s e a r c h  a n d  

D e v e l o p m e n t [ 5 ]  , a n d  w h i c h  b e c a m e  t h e  d a t a  b a s e  f o r  a l l  

s u b s e q u e n t  FRA a n a l y s e s  up  t o  t h e  p r e s e n t  o n e ,  e s t a b l i s h e d  

40 m i l l i o n  g r o s s  t o n - m i l e s  p e r  m i l e  (MGTM/M) a s  t h e  m in im u m  f o r  

i n c l u s i o n  i n  t h e i r  S e r v i c e  L e v e l  O n e ,  a  b a s i c  n e t w o r k  o f  n e a r l y
1 0 , 0 0 0  r o u t e - m i l e s .  S e r v i c e  L e v e l  Two i n c l u d e d  o t h e r  h i g h  

d e n s i t y  r o u t e s ,  g e n e r a l l y  w i t h  a t r a f f i c  d e n s i t y  o f  20 t o  

40 MGTM/M, t h a t  c o u l d  b e  s u i t a b l y  o p e r a t e d  a s  e l e c t r i f i e d  

l i n e s .  T o g e t h e r  w i t h  L e v e l  O n e ,  t h i s  t o t a l l e d  n e a r l y  4 0 , 0 0 0  

r o u t e - m i l e s .

T h e  p r e s e n t  a n a l y s i s  a l s o  b e g a n  b y  i d e n t i f y i n g  l i n e  

• s e g m e n t s  b a s e d  o n  t h e i r  t r a f f i c  d e n s i t y ,  u s i n g  1 9 7 8  d a t a .  A s  a 

r u l e ,  30 MGTM/M w a s  u s e d  a s  t h e  m in im u m  f o r  i n c l u s i o n  i n  t h e  

s t u d y ,  t h o u g h  t h i s  s e l e c t i o n  w a s  m o d i f i e d  t o  p r o v i d e  a l i m i t e d  , 

n u m b e r  o f  n e c e s s a r y  c o n n e c t i n g  l i n k s  a n d  t o  m ak e  e a c h  

r a i l r o a d ' s  e l e c t r i f i e d  s e g m e n t s  c o h e s i v e  f r o m  an  o p e r a t i n g  
s t a n d p o i n t .  T h e  r e s u l t  g a v e -  a n a t i o n a l ' n e t w o r k  o f  a b o u t  2 6 , 0 0 0  

r o u t e - m i l e s . i W i t h i n ,  t h i s  n e t w o r k , a  s m a l l e r  m o r e  ■ h e a v i l y  u s e d  

c o r e  o f  a b o u t  1 0 , 0 0 0 ’ r o u t e ^ m i l e s  w a s  a l s o >  i d e n t i f  i e d ,  p r i m a r i l y  

o n  t h e  b a s i s  o f  e a c h  l i n k  c a r r y i n g  a t  l e a s t  40  MGTM/M. T h e  

r e m a i n d e r  o f  t h e  4 0 , 0 0 0  r o u t e - m i l e s  w a s  d r o p p e d  a s  b e i n g  

u n l i k e l y  t o  m e e t  t h e  f i n a n c i a l  c r i t e r i a  n e e d e d  f o r  

e l e c t r i f i c a t i o n .

T h i s  o r i g i n a l  1 0 , 0 0 0 / 2 6 , 0 0 0  r o u t e - m i l e  n e t w o r k  w as  u s e d  f o r  

t h e  i n i t i a l  e c o n o m i c  a n a l y s i s ,  b u t  s u b s e q u e n t l y  i t  w a s  m o d i f i e d  

f o r  a v a r i e t y  o f  r e a s o n s .  F o r  e x a m p l e :

1 .  1 9 7 8  w a s  t h e  y e a r  o f  a s t r i k e  a g a i n s t  t h e  N o r f o l k  a n d

W e s t e r n ,  a n d  c o n s e q u e n t l y  i t s  t r a f f i c  f o r  t h a t  y e a r  

w a s  a b n o r m a l l y  l o w .  S e v e r a l  l i n k s  t h a t  h a d  n o t
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o r i g i n a l l y  b e e n  i n c l u d e d  w e r e  a d d e d  w h e n  a n  a v e r a g e  

o f  1 9 7 7  a n d  1 9 7 9  d e n s i t i e s  w a s  s u b s t i t u t e d ;

2 .  T r a f f i c  p a t t e r n s  h a d  b e e n ,  o r  a r e  e x p e c t e d  t o  b e ,  

c h a n g e d  b e c a u s e  o f  i n t e r v e n i n g  m e r g e r s  s u c h  a s  CSX;

3 .  Some r a i l r o a d s  r e q u e s t e d  d e l e t i o n  f o r  o p e r a t i o n a l  
c o n s i d e r a t i o n s  o f  c e r t a i n  s e g m e n t s  t h a t  f r o m  a d e n s i t y  

s t a n d p o i n t  h a d  b e e n  i n c l u d e d ;  f o r  e x a m p l e ,  

L o n g v i e w - F o r t  W o r t h  o n  M i s s o u r i  P a c i f i c  a n d  

D e n v e r - P u e b l o  o n  B u r l i n g t o n  N o r t h e r n ;

4 .  T r a f f i c  g r o w t h  s i n c e  1 9 7 8 ,  p r i m a r i l y  c o a l ,  h a s  

r e s u l t e d  i n  new  l i n e s  b e i n g  a d d e d  s u c h  a s  S a l t  L a k e  

C i t y - L o s  A n g e l e s  o n  U n i o n  P a c i f i c  a n d  E l k h o r n  

C i t y - S p a r t a n b u r g  o n  C l i n c h f i e l d ;

5 .  Two l i n k s  o r i g i n a l l y  i n c l u d e d ,  F u l l e r t o n - S a n  D i e g o  o n  

S a n t a  Fe  a n d  A l b a n y - C r o t o n / H a r m o n  o n  C o n r a i l ,  a r e  

p r e d o m i n a n t l y  p a s s e n g e r  r o u t e s  a n d  w e r e  d r o p p e d  w hen  

t h e  s t u d y  b e c a m e  m o r e  c o m m e r c i a l l y - o r i e n t e d .

T h e  map sh o w n  iri F i g u r e  2 - l ‘ d e p i c t s  t h e '  f i n a l  n e t w o r k  w h i c h  

w a s  a n a l y z e d  f o r  e l e c t r i f i c a t i o n . *  C o n s i s t i n g  o f  n i n e t y - s i x  

r o u t e  s e g m e n t s  b e l o n g i n g  t o  s i x t e e n  r a i l r o a d s ,  i t  i s  a t r u l y  

n a t i o n a l  n e t w o r k  w h i c h  l i n k s  m o s t  m a j o r  t r a f f i c  c e n t e r s .  R o u t e  

s e g m e n t s  r a n g e  i n  s i z e  f r o m  36  t o  1 , 0 3 5  m i l e s  i n  l e n g t h  a n d  

t y p i c a l l y  c o n n e c t  e n d p o i n t s  t h a t  a r e  e x i s t i n g  y a r d s  o r  c r e w  

c h a n g e  p o i n t s .

*A  t a b l e  l i s t i n g  t h e  i n d i v i d u a l  l i n k s  i n c l u d e d  i n  t h e  n e t w o r k  
i s  g i v e n  i n  A p p e n d i x  C .
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T h e  p e r c e n t a g e  o f  t o t a l  t r a f f i c  o n  a r o u t e  s e g m e n t  t h a t  
w o u l d  a c t u a l l y  b e  h a u l e d  b y  e l e c t r i c  l o c o m o t i v e s  v a r i e s  f r o m  

v i r t u a l l y  100  p e r c e n t  d o w n  t o  s l i g h t l y  o v e r  50 p e r c e n t ,  

d e p e n d i n g  o n  f a c t o r s  s u c h  a s  t h e  a m o u n t  o f  l o c a l  s w i t c h i n g  

s e r v i c e  a n d  t h e  p r e s e n c e  o f  t r a f f i c  m o v i n g  t o  a n d  f r o m  

n o n - e l e c t r i f i e d  l i n e s  a t  i n t e r m e d i a t e  p o i n t s .  T a b l e  2 - 1  

d e f i n e s  how  t h e  p o t e n t i a l  v o l u m e  o f  e l e c t r i c a l l y - h a u l e d  t r a f f i c  

i s  d i s t r i b u t e d  o v e r  t h e  m i l e a g e  o f  t h e  n e t w o r k .

A s i g n i f i c a n t  p e r c e n t a g e  o f  t h e  r o u t e - m i l e s  i n  t h e  n e t w o r k  

a c t u a l l y  c o n s i s t  o f  m o r e  t h a n  o n e  t r a c k ,  a n d  a l l  r o u t e s  i n c l u d e  

s o m e  a m o u n t  o f  y a r d  t r a c k a g e  a n d  s i d i n g s  t h a t  f o r  o p e r a t i n g  

p u r p o s e s  w o u l d  n e e d  t o  b e  e l e c t r i f i e d .  T h e s e  n u m b e r s  a r e ,  

b r o k e n  o u t  i n  T a b l e  2 - 2 ,  w h i c h  a l s o  i n d i c a t e s  t h e  r e l a t i v e  

c u r v a t u r e ,  a f a c t o r  a f f e c t i n g  t h e  c o s t  o f  c o n s t r u c t i o n .

2 . 3  CONSTRUCTION SEQUENCING

T h e  i n i t i a l  p l a n n i n g  p h a s e s  o f  t h e  FRA e l e c t r i f i c a t i o n  

i n i t i a t i v e  w e r e  d e s i g n e d  a r o u n d  t h e  c o n c e p t  o f  a  

f e d e r a l l y - a s s i s t e d  p r o g r a m  t h a t  w o u l d  p r o m o t e  t h e  r a p i d  

e l e c t r i f i c a t i o n  o f  a  n e t w o r k  c o n s i s t i n g  o f  s e g m e n t s  o f  s e v e r a l  

d i f f e r e n t  r a i l r o a d  c o m p a n i e s .  An e a r l y  q u e s t i o n  w h i c h  n e e d e d  

t o  b e  a n s w e r e d  w as  t h e  t i m e  r e q u i r e d  t o  c o m p l e t e  s u c h  a 

p r o g r a m .  W i t h  t h e  h e l p  o f  E l e c t r a c k ,  I n c . ,  a h y p o t h e t i c a l  

c o n s t r u c t i o n  s c h e d u l e  w a s  d e v i s e d  w h i c h  i n c l u d e d  a n  a r b i t r a r y  

c o n s t r a i n t  t h a t  f o r  p l a n n i n g  p u r p o s e s  c o n s t r u c t i o n  w o u l d  b e  

l i m i t e d  t o  1 , 0 0 0  r o u t e - m i l e s  i n  a n y  y e a r .  T h i s  r a t e  i s  l e s s  

t h a n  t h e  n e a r l y  1 2 0 0  m i l e s  p e r  y e a r  a c h i e v e d  i n  t h e  USSR d u r i n g  

a 15  y e a r  p e r i o d  f r o m  1 9 5 5  t o  1 9 7 0 [ 6 ]  a n d  c o u l d  r e a s o n a b l y  b e  

a c c o m p l i s h e d  w i t h  an  a c c e p t a b l e  l e v e l  o f  s e r v i c e  d i s r u p t i o n  b y
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TABLE 2-1. DISTRIBUTION OF ELECTRICALLY-HAULED TRAFFIC

TRAFFIC DENSITY RANGE PERCENT OF ROUTE MILEAGE

Greater than 40 MGTM/M 41.0
3 0 - 4 0  MGTM/M 28.6

2 0 - 3 0  MGTM/M o•r**
CM

Less than 20 MGTM/M 3.4

TABLE 2-2. TRACK CHARACTERISTICS

ROUTE MILES

CURVATURE CATEGORY 1-TRACK 2-TRACK 3-TRACK 4-TRACK TOTAL

Tangent to Light Curva­
ture (0-1° Avg.)

14,930 9,473 289 82 24,774

Medium Curvature ■ 
(1°' to 3° Avg. ) ‘ :

2,172 1,162 85 ‘ 41 ’ 3,460

Heavy Curvature, 
(>3° Avg.)

287 154 6 1 448

17,389 10,789 380 124 28,682

Track-Miles 17,389 21,578 1,140 496 40,603

Sidings & Yards 9,575

Total Track-Miles 50,178
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a h a l f - d o z e n  d e s i g n / c o n s t r u c t  t e a m s  o p e r a t i n g  s i m u l t a n e o u s l y  
u n d e r  t h e  f o l l o w i n g  c o n d i t i o n s : *

1 .  S t a n d a r d  c a t e n a r y  a n d  s u b s t a t i o n  d e s i g n s ;

2 .  C o o r d i n a t e d  d e p l o y m e n t  o f  d e s i g n / c o n s t r u c t  t e a m s  t o  

m i n i m i z e  r e l o c a t i o n  t i m e ;

3 .  P r i o r  d e f i n i t i o n  o f  l i n e s  t o  b e  e l e c t r i f i e d ;

4 .  A v a i l a b i l i t y  o f  e n g i n e e r i n g  d a t a  f r o m  t h e  r a i l r o a d s .

W h i l e  i t  w a s  n e c e s s a r y  t o  d e m o n s t r a t e  t h a t  a  p r o g r a m  o f  

t h i s  m a g n i t u d e  c o u l d  b e  c a r r i e d  o u t  w i t h i n  a r e a s o n a b l e  p e r i o d  

o f  t i m e ,  o u r  u s e  o f  a r b i t r a r i l y - a s s i g n e d  s t a r t i n g  t i m e s  f o r  t h e  

e l e c t r i f i c a t i o n  o f  i n d i v i d u a l  l i n k i s  r e s u l t e d  i n  d i s t o r t i o n s  i n  

t h e  e c o n o m i c  a n a l y s i s  b e c a u s e  o f  t h e  e f f e c t s  o f  t r a f f i c  g r o w t h  

o n  t h o s e  l i n k s ,  b e g u n  l a t e r  i n  t h e  p r o g r a m .  T h e r e f o r e ,  i n  o u r  

f i n a l  a n a l y s e s  we e s t a b l i s h e d  t h e  B e g i n  D e s i g n  E n g i n e e r i n g  d a t e  

o f  t h e  f i r s t  l i n k  o f  e a c h  r a i l r o a d  a s  J a n u a r y  1 ,  1 9 8 2 .  E a c h  

i n d i v i d u a l  l i n k  w o u l d  s t i l l  r e q u i r e  t h e  sa m e  l e n g t h  o f  t i m e  f o r  
d e s i g n  a n d  c o n s t r u c t i o n  a s  e s t i m a t e d  e a r l i e r ,  a n d  t h o s e  

r a i l r o a d s  y ? i t h  f e w e j r  m i l e s  t o  b e  e l e c t r i f i e d  w o u l d  c o m p l e t e  

t h e f r  p r o g r a m  s o o n e r ,  b u t  b y  e s t a b l i s h i n g  a u n i f o r m  s t a r t i n g  

d a t e  t h e  e c o n o m i c  r e t u r n s  t o  t h e  i n d i v i d u a l  r a i l r o a d s  w o u l d  b e  

m o r e  n e a r l y  c o m p a r a b l e .  T a b l e  2 - 3  c o m p a r e s  t h e  r o u t e - m i l e s  

p l a c e d  i n  s e r v i c e  a n n u a l l y  u n d e r  e a c h  o f  t h e  t w o  s c h e d u l e s .  I t  

i s  r e c o g n i z e d  t h a t  t h e  u n i f o r m  s c h e d u l e  r e s u l t s  i n  t h e  

t h e o r e t i c a l  c o n s t r u c t i o n  o f  g r e a t e r  t h a n  1 , 0 0 0  r o u t e - m i l e s  

a n n u a l l y  i n  t h e  e a r l y  y e a r s  o f  t h e  p r o g r a m .  T h e  r e s u l t s  

p r e s e n t e d  i n  t h i s  r e p o r t  a r e  f o r  t h e  u n i f o r m  s c h e d u l e .

* S e e  A p p e n d i x  D f o r  a m o r e  t h o r o u g h  d i s c u s s i o n  o f  t h e  
a s s u m p t i o n s  made  i n  d e v e l o p i n g  t h e  c o n s t r u c t i o n  s c h e d u l e .
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TABLE 2 - 3 .  CONSTRUCTION. SEQUENCE ROUTE MILES PLACED IN SERVICE*

3 0 , 0 0 0 ___

1 9 8 5  1 9 9 0  1 9 9 5  2 0 0 0  2 0 0 5

Y E A R

T o t a l  m i l e s  e l e c t r i f i e d  f o r  t h e  t w o  s c h e d u l e s  
d i f f e r  b e c a u s e  a d d i t i o n a l  s e g m e n t s  w e r e  a d d e d  t o  
t h e  n e t w o r k  f o r  s t u d y  u n d e r  t h e  u n i f o r m  s c h e d u l e .

N o t e :



2 . 4  TRAFFIC LEVELS

T a b l e  2 - 4  s u m m a r i z e s  t h e  c h a r a c t e r i s t i c s  o f  t h e  t r a f f i c  

h a u l e d  i n  t h r e e  t y p e s  o f  s e r v i c e  o n  t h e  1 0 , 0 0 0  m i l e  c o r e  a n d  

t h e  f u l l  2 9 , 0 0 0  m i l e  n e t w o r k .  W h i l e  a m a j o r i t y  o f  t h e  t r a f f i c  

i s  h a u l e d  a s  " n o r m a l "  t r a f f i c  w i t h  n o  s p e c i a l  o p e r a t i o n a l  

p r o c e d u r e s ,  r o u g h l y  25  p e r c e n t  i s  h a u l e d  i n  " e x p e d i t e d "  s e r v i c e  

w i t h  a d d i t i o n a l  m o t i v e  p o w e r  u s e d  t o  r e d u c e  r u n n i n g  t i m e .  Th e  

t e r m  " b u l k "  s e r v i c e ,  a s  a p p l i e d  t o  t h i s  a n a l y s i s ,  r e f e r s  t o  

c e r t a i n  u n i t  t r a i n s  c a r r y i n g  c o a l ,  o r e  o r  g r a i n .  T h e  r u n  t i m e  

o f  t h e s e  t r a i n s  o f t e n  d i f f e r s  f r o m  t h a t  f o r  n o r m a l  s e r v i c e  a s  a 

r e s u l t  o f  s e v e r a l  f a c t o r s :  ( 1 )  d i s p a t c h  a t  l e v e l s  a p p r o a c h i n g

t h e  m in im um  t r a c t i o n  r e q u i r e m e n t  o f  t h e  r u l i n g  g r a d e ,

( 2 )  b y p a s s i n g  o f  i n t e r m e d i a t e  y a r d s ,  a n d  ( 3 )  s p e e d  r e s t r i c t i o n s  

o n  o p e n - t o p  h o p p e r  c a r s .  N o t  a l l  r a i l r o a d s  o p e r a t e  u n i t  t r a i n s  

s i g n i f i c a n t l y  d i f f e r e n t  f r o m  " n o r m a l "  t r a f f i c  a n d  t h e r e f o r e  

m ad e  n o  d i s t i n c t i o n  i n  r e p o r t i n g  t h e  o p e r a t i n g  p a r a m e t e r s .

T h u s  o n l y  e i g h t  p e r c e n t  o f  t h e . t r a f f i c  i n  t h i s  s t u d y  i s

TABLE 2-4. TRAFFIC CHARACTERISTICS FOR THE 10,000-MILE CORE AND 
29,000-MILE NETWORK

' ' ‘ ■ ■ hf- •> U' ■ .TYPE OF SERVICE
ALL

TRAFFICBULK NORMAL EXPEDITED

10,000-Mile Core
1980 Traffic (BGTM/YR)* 38 351 135 524
Route Miles Served 1,075 9,860 8,750 9,860
1980 Traffic Density (MGT/YR)** 36 36 15 53
Annual Growth Rate Through 1990 4.8% 3.7% 1.3% 3.2%

29,000-Mile Network
1980 Traffic (BGTM/YR) 76 788 265 1,129
Route Miles Served 3,485 28,680 26,790 28,680
1980 Traffic Density (MGT/YR) 22 27 10 39
Annual Growth Rate Through 1990 4.8% 2.9% 1.2% 2.6%

♦Billion gross ton-miles per year. 
♦♦Million gross tons per year.
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identified as moving in bulk service. This number is expected 
to grow, however, based on current trends in many railroad 
operating departments and as a result of anticipated large 
increases in the movement of coal.

The composite traffic density of all categories is 
39 million gross tons for the network as a whole, and 
53 million for the 10,000 mile core, essentially unchanged from 
the levels of 1977* which is in agreement with the traffic 
statistics of the entire U.S. rail sy s t e m [7] [8].

2.5 MOTIVE POWER REQUIREMENTS

The basic performance requirements of a locomotive consist 
are: (1) sufficient traction to climb the ruling grade on the
route, and (2) sufficient power to move the train over the 
route in a specified time. A consist is ideally matched to 
these basic requirements when it has just sufficient power and 
traction capability.

The range of power and traction capabilities of the diesel 
locomotive types now in service is auite diverse. Table 2-5 
identifies the characteristics of representative diesel road 
locomotives in service on the network. Tractive effort is 
related to the weight on drivers, number of traction motors, 
and the power output of the prime mover. For a qiven train 
weiqht, the continuous tractive effort required becomes areater 
as the gradient increases, but a relatively fixed amount per 
axle is available at a given adhesion rate. Over heavy grades, 
therefore, the tendency will be to use six-axle locomotives to 
increase tractive effort. However, where there are few or no

*See Reference 3, Table C-2, an FRA staff study supporting 
Reference 3.
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TABLE 2-5 DESIGN CHARACTERISTICS AND COST IN 1 9 8 0  FOR DIESEL LOCOMOTIVE
TYPES USED IN THE NETWORK STUDY

TYPE 1 TYPE 2 TYPE 3 TYPE 4 TYPE 5 TYPE 6 TYPE 7

TYPICAL MFRS.
MODEL NO.: 

GEN. MOTORS 
GEN. ELECTRIC

GP-38
U-23B

SD-38
U-23C

GP-40
U-30B

SD-40
U-30C

SD-45 GP-50
8-36-7

SD-50
C-36-7

Rated Horse­
power *

2,000 2,000 3,000 3,000 3,600 3,500 3,500

Rail Horsepower ** 1,700 1,700 2,550 2,550 3,060 3,000 3,000

No. of Axles* 4 6 4 6 4 4 6

Weight/Axle* 64,000 59,300 64,000 61,300 61,300 65,000 65,000

Adhesion
Capability

.18 .18 .18 .18 .18 .25 .25

Cont. Tractive 
Effort at 
Adhesion Limit*

46,000 64,100 46,000 66,200 66,200 65,000 97,500

RHP/lb of T.E. .037 .027 .055 .039 .046 .046 .031

$/Unit 
COST $/RHP 

' • $/lb of- 
T.E.

630K
371

" 13.75/

730K 
429 

’’ 11.50

660K
259

14.25

760K
299

11.75

830K
272

12.50

700K
233

10.75

820K
273

8.50

♦Source: Reference[9].
**Rail horsepower = RHP = 0.85 x rated horsepower (assumed).

gradients, a four-axle locomotive will provide adequate 
continuous tractive effort at lower cost. In a fleet required 
for work with both types of need, the final choice is of 
necessity a compromise to avoid too great a number of 
locomotive tyioes, and the result is neither full utilization of 
tractive effort or power rating. There will be similar 
compromises when considering the type of electric locomotive to 
be used.
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When considering the use of a single locomotive type 
against the use of two or more types more closely related to 
exact needs, there are two questions to be answered: (1) does
the inherent higher power-to-tractive effort capability of the 
electric locomotives warrant more widespread use of multiple 
types on a route segment or railroad, and (2) what is the 
optimum ratio of power-to-tractive effort capability for the 
type or types that predominate?

This study resulted in most cases in a single electric 
locomotive type for each segment, optimizing use of its 
traction and power capabilities. In some cases marginally 
better results might be obtained from using two or more types 
of electric locomotives but such considerations are more 
appropriate to a detailed study.

Three electric locomotive types were defined with the 
characteristics listed in Table 2-6. The Type One electric is 
a four-axle unit similar to the General Electric E-25 now in 
service at the Texas Utilities Company. The Type Two is a 
six-axle unit with an intermediate power rating. It is not 
represented by any unit currently marketed. The Type Three is 
also a six-axle unit, but with a higher power rating. It is a 
slightly more powerful version- of GE's E-60 and EMD's GM-6.

The factor of adhesion for all electrics was assumed to be 
25 percent. The Types Six and Seven diesels have improved 
wheel-slip controls giving them also an assumed 25 percent 
factor of adhesion. All other diesels are assumed to have an 
18 percent factor of adhesion. Since fewer than one percent of 
the diesel units in service have improved adhesion, in essence 
the study compares electric locomotives having 25 percent 
adhesion factors to diesel locomotives having 18 percent 
adhesion factors and, as such, estimates the benefits for 
conversion from the existing diesel fleet to electric 
traction. In any detailed financial evaluation for investment
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TABLE 2 - 6 .  DESIGN CHARACTERISTICS AND COST IN 1 9 8 0  FOR ELECTRIC
LOCOMOTIVE TYPES USED IN THE NETWORK STUDY

LOCOMOTIVE TYPE TYPE 1 TYPE 2 TYPE 3

Rail HP 2,500 4,000 6,000

Number of Axles 4 6 6

Wt./Axle (lb) 65,000 65,000 65,000,

Adhesion Capability .25 .25 .25

Cont. Tractive Effort at 
Adhesion Limit

65,000 97,500 97,500

RHP/lb of Tractive Effort .038 .041 .062

$/Unit 720K 1.2M 1.4M
Cost $/RHP 360 300 233

$/lb of T.E. 11.10 12.30 14.40

purposes it would be prudent also to compare the replacement of 
existing, diesels with improved diesels. From such studies it 
would.be possible to decide whether to electrify pr to evolve 
to improved.diesel traction at lower benefit but much lower 
capital investment.

Table 2-7 presents the locomotive requirements of the
29,000 mile network. The 2,550 rail horsepower, six-axle 
diesel dominates the existing service while the 6,000 rail 
horsepower, six-axle electric would be expected to be the 
successor. The selection procedure adopted was to replace 
diesel units on a segment with electric units that have 
precisely the traction capability required on the ruling grade 
and a minimum of power in excess of the current diesel dispatch 
level. This assured that the current operational capability 
was maintained. Working strictly on a comparison of the ratios
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TABLE 2-7. CALCULATED LOCOMOTIVE REQUIREMENTS FOR A 
29,000-MILE NETWORK

QUANTITY REQUIRED BY TYPE OF SERVICE
DIESEL

LOCOMOTIVE TYPE BULK NORMAL EXPEDITED TOTAL

Type 1: 4-Axle 
1,700 Rail Horsepower 19 632 121 772

Type 2: 6-Axle 
1,700 Rail Horsepower 0 21 0 21

Type 3: 4-Axle 
2,550 Rail Horsepower 0 499 270 769

Type 4 s 6-Axle 
2,550 Rail Horsepower 137 1,755 728 2,620

Type 5: 6-Axle 
3,060 Rail Horsepower 0 408 242 650

Type 6s 4-Axle 
3,000 Rail Horsepower 13 21 7 41

Type 7: 6-Axle
3,000 Rail Horsepower 0 0 0 0

TOTALS 169 3,336 1,368 4,873

ELECTRIC 
LOCOMOTIVE TYPE

Type 1: 4-Axle 
2,500 Rail Horsepower 0 30 0 30

Type 2: 6-Axle 
4,000 Rail Horsepower 100 247 26 373

Type 3: '6-Axle 
6,000 Rail Horsepower 0 1,245 502 1,747

TOTALS 100 1,522 528 2,150
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of rail horsepower to tractive effort in Tables 2-5 and 2-6, 
diesels would be replaced by electric types as follows:

Diesel Type Electric Type

If 2, 7 1
2
3

4
3, 5, 6

If the type four diesel were ideally matched to the power 
and traction requirements on a route, the type two electric 
would be expected to be predominant. Such is not the case. 
Diesel consists are dispatched with considerably more tractive 
effort than required for the ruling grade in order that the 
power rating be sufficient for schedule requirements. Thus, 
with the replacement philosophy adopted, the type three 
electric actually predominates.

Based on the distribution in Table 2-7, the optimum 
electric locomotive, capable of providing service equivalent to 
the present diesel fleet while simultaneously making fullest 
utilization of power and traction capability, has a power 
rating in excess of 4,000 rail horsepower; possibly even 
greater than 6,000 horsepower but this is conjecture because no 
greater horsepower unit was included in the evaluation.
Detailed studies of a much more technical nature (including 
research into the best ways of exploiting what is quite a 
different power supply demand) would be required before the 
decisions on electric locomotive size and types were made. The 
present study suggests that a locomotive in the 4,000 rail 
horsepower range would be needed for "bulk" haul where the 
prime criterion is adhesion, but that for "normal" and 
"expedited" service locomotives of higher horsepower would be 
more economical. -

2 - 1 6



2.6 ENERGY CONSUMPTION AND ENERGY COST PROJECTIONS

Figure 2-2 shows the consumption of electrical energy on 
the rail network through the 28 year period of construction.
The change in slope in 1990 is the result of assuming all 
traffic growth terminates in that year. Hence, when 
construction is completed in the year 2010, railroad energy 
consumption becomes constant at 30 million megawatt-hours per 
year. The corresponding consumption of diesel fuel on the rail 
network in the year 2010, assuming electrification does not 
occur, is 2200 million gallons or 52 million barrels per year. 
This fuel consumption is less than one percent of the total 
petroleum products consumed in the U.S. in 1980[10].

Table 2-8 shows railroad energy consumption by Bureau of 
Census region and the percent of 1980 regional electric utility 
energy production that railroad electrification represents.
The total electric energy consumed by the completed rail 
network based on 1980 traffic levels is approximately one 
percent of total 1980 electric utility energy production. The 
Bureau of Census region which has the largest railroad energy 
consumption in percent of. 1980 electric utility energy 
production is the:- Mountain region - with : 2.7 percent, .followed.. by 
the West North Central region with 2.4 per c e n t . In the 
previous FRA study[4], the Mountain region was identified as 
possibly having inadequate electric generating capacity to 
handle railroad electrification.

Total electric utility energy production in the U.S.A. is 
projected to increase by 3.6 percent per year from 1930 
to 1990[11]. By Bureau of Census region, the projections are
4.7 percent per year for 1 the Mountain region and 3.8 percent 
per year for the West North Central region. If electrification 
of the network were accelerated and completed uniformly over 
the 1980-1990 period, then the projected total utility energy
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TABLE 2 - 8 .  RAILROAD ENERGY CONSUMPTION AND COST OF ELECTRICITY
BY BUREAU OF CENSUS REGION

BUREAU OF 
CENSUS REGION

RAILROAD
ENERGY
CONSUMP.*

1980 ELECTRIC 
UTILITY ENERGY 
PRODUCTION[11]

RAILROAD ENER. 
CONSUMP. PER 
ELEC. UTILITY 
ENERGY PRODUC.

1980 COST 
OF ELEC­
TRICITY**

MWH x 1,000,000 PERCENT jzf/kWh

1. New England 0 78 0 5.3
2. Middle Atlantic 1.4 261 0.6 4.5
3. East North Central 2.4 397 0.6 4.1
4. West North Central 3.9 168 2.3 4.1
5. South Atlantic 3.3 418 0.8 3.6
6. East South Central 2.1 214 o

•
1—1 3.6

7. West South Central 1.9 313 0.6 2.9
8. Moutain in•

in 159 3.5 to • CD

9. Pacific 2.6 269 1 . 0 2.5

TOTAL 23.2 2,277 1 . 0 3.4 Avg.

♦Based on 1980 traffic levels for a 29,000 route-mile electrified network.
♦♦Industrial rates.
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production would increase by less than 0.1 percent per year. 
By Bureau of Census region, the projections would increase 
from 4.7, to. 4.9 percent per year for the Mountain region and 
from 3.8 to 4.0 percent per year for the West North Central 
region.

Table 2-9 shows the power line reauired to connect traction 
substations to the existing utility substations and power 
line. The new power line voltage is 115, 230, or 345 KV 
depending on the closest existing power line. The average 
number of circuit miles installed annually by the utility 
industry is just over 10,000 [11], so that if the 2400 miles 
required for the electrification network were installed over 
25 years, the installation rate would be increased by less than 
one percent.

The cost of electric energy and diesel fuel are expected to 
rise at a rate faster than general inflation. For the base 
case, electric energy cost is assumed to increase by two 
percent per year and diesel fuel by three percent per year 
above general inflation until year 2000. This is handled in 
the model by an annual increase of 2.3 percent in diesel fuel 
cost and no escalation in the cost of electricity ip excess of 
general' inflation.' The procedure for developing the relative, 
escalation from various forecast data is described in 
Section 4.1.2. Beyond year 2000, no relative escalation is 
assumed.

2.7 NETWORK INVESTMENTS

Tables 2-5 and 2-6 contain the unit cost of each locomotive 
type considered in the study. Table 2-8 contains the cost of

^Railroad growth is not included here.
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TABLE 2-9. MILES OF NEW POWER LINE REQUIRED FOR 
RAILROAD ELECTRIFICATION

BUREAU OF CENSUS 
REGION

NEW POWER LINE REQUIRED FOR 
RAILROAD ELECTRIFICATION 

(MILES)

1. New England 0

2. Middle Atlantic 74

3. East North Central 297

4. West North Central 375

5. South Atlantic 374

6. East South Central 244

7. West South Central 320

8. Mountain 425

9. Pacific 277

TOTAL 2,386

*Based on a 29,000. route-mile. U.S. Electrified Network.

electricity for each Bureau of Census region. These two sets 
of unit cost factors illustrate the manner in which costs are 
developed as a function of critical design and operating 
variables. Further discussion of cost dependency on critical 
variables is contained in Section 4.1.1. In this section the 
weighted average costs, as derived from the study results, are 
compared with costs appearing in the previous FRA studies. 
Column C of Table 2-10 summarizes the weighted average cost 
factors.
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TABLE 2 - 1 0 .  COMPARISON OF AVERAGE ELECTRIFICATION COST FACTORS

CATEGORY

A* (1977 
DOLLARS)

B* (1980 
DOLLARS)

nC (1980 
DOLLARS)

AVERAGE COSTS 
(THOUSAND $)

AVERAGE COSTS 
(THOUSAND $)

WEIGHTED 
AVERAGE COSTS 
(THOUSAND $)

Capital Costs (per route mile):
Catenary - Single Track 103.5 175.0 141.3

- Double Track 190.5 318,0 279.6
Substations - Single Track 34.0 87.0 34.1

- Double Track 62.0 158.0 48.2
Signal and Communications

- Single Track 52.5 142.0 100.0
- Double Track 77.5 210.0 100.0

Civil Reconstruction
- Single Track 27.5 53.7 31.7
- Double Track 41.25 78.9 31.7 V

Utility Connection Costs 10.0 15.0 17.5 / \N*

Operating Costs:
. Diesel Energy (jd/gallon) 42.0 85.0
Electric Energy (£/kWh) 2.7 4.23
Diesel Loco. Maint. (jd/unit-mile) 68.0 133.0 133.0 |
Elect. Loco. Maint. (£/unit-mile) 29.0 65.0 85.0 J
Catenary Maint. - Double Track

($/route-mile/year) 2.0 4.4 5.0
1 j- ■' f 1' ’Locomotive Costs (thousand $ per ' A} ■ '■ * ■ -is •

\ UC 'if* \
: f--,L j j /

unit: $ per rail hp): 1 ■ . !
Diesel 500 : 196 791 : 264 732 : 295
Electric 1,000 : 200 1,540 : 302 1,360 : 243

*Taken from Table 1, Ref. 4. A refers to 1977 FRA study (Ref. 3); B refers to 
1980 FRA study (Ref. 4); C refers to present study.

The basic change with respect to the "B" results is a 
reduction in the capital cost factors as a result of several 
changes:

1 Separate itemization of fees for design and 
construction engineering that were previously 
as part of each fixed plan investment;

included

2 - 2 2



2

3. Revised estimates of design complexity based on 
route-specific data.

Table 2-11 compares the net investments and net annual 
savings for the 29,000 mile network and 10,000 mile core ("C") 
with those of the previous FRA studies of 10,000 and 26,000 
mile networks ("A" and "B"). The net investment in the "C" 
network is nine percent less than in the "B" network even 
though it is 3,000 route-miles longer. This results primarily 
from the factors as described in the previous paragraph which 
are discussed in more detail below.

TABLE 2-11. NET INVESTMENTS AND NET ANNUAL SAVINGS DUE TO ELECTRIFICATION

R e v i s e d  u n i t  c o s t  e s t i m a t e s ;

A* - B* r
(1<>77 DOLLARS) (1980 DOLLARS) (1980 DOLLARS)

1 0 , 000-MI 2 6 ,n n o -M i 10 ,000-MT 2 6 , 000-M t 10,000-MT ■JO, 0 00—M T
CATEGORY NETWORK NETWORK NETWORK NETWORK CORE NETWORK

R o u t e - m i l e s : 1 0 ,0 0 0 2 6 , 0 0 0 10 ,0 0 0 2 6 , 0 0 0 9 , 8 6 0 28,6.81

T r a f f i c : , ' 7 5 0 2 , 4 7 0  - * - . ofSyftOO - ■= | 5 p 2 ,4 7 0  ■; - ; 9^45,800 • 4fl4;-035 1 ,0 4 4 ,7 ^ 1

I n v e s t m e n t s  ? '• s
9 ! ! ; S' f " H  | |

' " f  ’ f '  '• "! r ■

“• ■ r i i  i :T r  t  t  r  i
C a te n a r y  • ' i 7 n 60 . f i v **: " ! 3 , * 5 9 $ .V  ” ! r 2 ; 6 4 V ‘' r ' r  >" =■ 6704:0 r t * 1 'iYM’t.i 7 , 6 0 2 . ^
S u b s t a t i o n s  • • 5 1 6 .4 1 , 1 7 5 . 2 1 ,3 2 0 ’ -3^000' 6 2 2 .9 1 . 5 3 4 . 2
U t i l i t y  C o n n e c t i o n s 1 00 .0 2 6 0 .0 160 300 167 .7 *51 7 .6
S i g n a l s  & C om m unicat ions 6 8 2 .5 1 , 6 2 5 . 0 1 ,8 5 0 4 , 4 0 0 1 , 0 3 2 . 4 2 , 0 2 4 . 0
C i v i l  R e c o n s t r u c t i o n 3 6 1 .6 8 5 8 .0 696 1 ,6 6 0 2 7 6 .5 n n 0.4
D e sig n  E n g in e e r i n g - - - - 4 6 4 .5 1 ,347.-1
C o n s t r u c t i o n  E n g i n e e r i n g - - - - 6 8 .2 202 . 1
E l e c t r i c  L o c o s  P u rch a sed 1 , 8 0 0 . 0 1 , 4 0 0 . 0 2 ,7 7 0 5 ,2 4 0 , 8 3 5 . 8 i , 6 0 4 .  I
D i e s e l  L oco  P u rch a se  A v o id ed - - - - - 2 , 2 7 ) . 2 - 4 ,  > 46 . fl
D i e s e l  L ocos  R e le a s e d - 1 , 7 0 0 . 0 - 3 , 2 0 0 . 0 - 2 , 6 9 0 - 5 , 0 6 0 0 -Q . Q

Net I n v e s tm e n ts 3 , 4 2 0 . 0 ? 7 , 7 1 4 . 0 6 ,7 4 0 1 6 ,7 0 0 4 , 6 3 2 . 0 ) 4, 2 7 1 . 4

Annual  C o s t s  and C r e d i t s  ($M):

E l e c t r i c  Energy 3 8 1 .0 7 0 6 .1 597 ) , 1 ) 0 3 64 .0 70R.0
E l e c t r i c  L oco  M ain te n a n ce 9 6 . 6 18 2 .4 217 409 166 .4 70 2 .0
W ays ide  M a in ten a n ce 2 0 .0 5 2 .0 44 114 4 3 . 6 12 2 .0
D i e s e l  Fuel - 3 9 8 . 8 - 7 3 9 . 2 -8 0 7 - 1 , 5 0 0 - 7 6 0 . 9 -1  ,60  0 .0
D i e s e l  L oco  M a in ten a n ce - 3 7 0 . 0 - 6 0 6 . 3 - 7 2 4 -1 ,3 6 0 - 6 4 2 . 2 - 1 , 0 5 0 . 0
D i e s e l  L o c o  P u rch a se s - 9 4 . 0 - 1 7 8 . 0 -1 4 9 -281 - 5 5 . 7 - 6 7 . 0
E l e c t r i c  L oco  P u rch a ses - - - - 51 .3 6 0 .7

Net Annual  S a v in g s 3 6 5 .2 6 7 3 .0 822 1 ,*0R 7 4 3 . ? 1 , 4 2 4 . 1

♦Taken from T a b le  C - 2 ,  Append ix  C o f  DOT/FRA R ep ort  ( R e f .  1) 
0 S e °  A p pend ix  1 -  E r r a ta  f o r  Appendix  C o f  R e f .  1.
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There is a 25 percent increase in the cost of catenary 
construction for the network despite a reduction in cost per 
unit-mile as indicated in Table 2-10. The increase is the 
result of a 3000 mile increase in network size and inclusion of 
9600 miles of sidings and yards in the estimate (see 
Table 2-2). This increase was offset by the reduction in 
substation cost, which resulted from downward revision of both 
unit cost and quantity of substations.

A number of alternative methods of calculating costs of 
signaling were explored, but in the absence of detailed 
examination of the existing equipment on each segment it was 
considered prudent to continue to use a flat cost per mile 
except where route-specific data were available, accepting that 
this method may under or overstate the costs according to the 
age and condition of the equipment in use. The reduction in 
cost is the result of a downward revision in the,cost per mile.

The number of locomotives (diesel and electric) recruired 
was significantly less than previously estimated, thereby 
significantly reducing the magnitude of these investments. 
However., the net locomotive investment now., indicates a 
signif icant credit, whereas the previous, studies showed, a n , 
expense. This results from the difference in procedure for 
crediting diesel locomotives not required. In the previous 
studies, it had been assumed that the locomotives displaced bv 
electrification would be a cross section of a fleet with a life 
of 18 years equally distributed. Credit was taken for sale or 
use elsewhere at a price based on straight line depreciated 
value in the ninth year. Credit was also taken each year 
thereafter for the avoidance of capital expenditure on 
replacing 1/18 of the diesel fleet which had been displaced bv 
the electrification.
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The capital cost of new electric locomotives was included 
in the capital outlay, and the cost of replacement after a 
30 year life was included in the cash flow calculations.

It was considered that, for the larger railroads, these 
assumptions simulated the likely situation for electric 
locomotives, but were not realistic in portravina the capital 
expenditure associated with the diesel locomotives displaced. 
Therefore, it was assumed that the larger railroad would have a 
diesel locomotive replacement program based on accruiring each 
year new locomotives equal to 1/18 of the whole fleet.
Further, that when the electric locomotives took over the work 
of a given number of diesels, the railroad would reduce their 
replacement program by an equivalent number of diesel 
locomotives and that there would be a credit of this amount of 
capital expenditure avoided to the simulation of 
electrification. The avoidance of a similar capital 
expenditure each 18 years was also credited. An e_stimate was 
made of the annual replacement need for line-haul diesel 
locomotives by the railroad concerned. Where this exceeded the 
annual building program for diesel locomotives, the credit was 
spread over up to three years starting with the first year of 
electric operation.

In comparison with the method of the previous studies, 
there has been a shift in the railroad cash flow; credit for 
the capital expenditure for diesel locomotives at the onset of 
electrification of any segment is greatly increased while the 
annual credit'for diesel purchases during each year of 
operation has been reduced to a single credit every 18 years. 
For a few of the smaller railroads the proposals for 
electrification displaced the majority of their diesel 
locomotives over a relatively short period and the general 
method outlined above was inappropriate. In these cases the 
method of the previous studies was retained.
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While this study did not postulate any segments in 
operation in 1980, the previous studies had assumed all routes 
in operation in their base year. For comparison of results, 
the annual costs and credits shown in Table 2-11 are therefore 
for operation of all segments at the 1980 traffic level. The 
net annual savings of the "C" network is six percent less than 
in the "B" network.

The total cost of diesel fuel is unchanged, the increased 
cost per gallon being offset by a reduced estimate of 
consumption. Electricity cost is reduced as a result reduced 
average costs per kilowatt-hour and reduced consumption. Both 
diesel and electric maintenance costs are reduced as a result 
of the smaller fleet sizes. Data provided by the railroads on 
dispatching rates were used which had the effect of reducing 
the energy consumption. It also reduced the number of 
locomotive miles and thus the locomotive maintenance costs, 
although the diesel maintenance cost per locomotive-mile had 
been held constant in the last two studies.

The significant change is the increase in percentage of net 
savings attributed to.electric energy ,savings over.diesel 
fu,el. In t!he "A" stud#, energy sayings accounted for five 
percent of the net savings. In the "B" study, it was 
25 percent. In this study, it is 56 percent. Maintenance 
savings between electric and diesel have become increasingly 
less dominant, until now the energy and maintenance savings are 
nearly equal.

2.8 RATE OF RETURN CALCULATIONS

The rate of return (ROR) reflects the benefits derived from 
the capital expenditures, regardless of the source of funds, 
for each segment as it is completed. Calculated this way, 
changes in the provision of investment funds between the three
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parties concerned has no effect on the ROR for the project as a 
whole. No attempt has been made to evaluate the synergistic 
effect of multiple sectors being electrified, nor has any 
allowance been included for any greater attractiveness of the 
service offered, although these can both be significant factors 
for consideration in individual railroad proposals.

An alternative approach discounts the cash flow of the 
project at 10 percent a year and calculates the net present 
value surplus.

The model can calculate either of these measurements for 
each sector, as well as for all of the segments of a railroad 
and for the entire network.

The network results are compared with previous FRA results 
in Table 2-12. The ROR is substantially greater, primarily 
because the.previous studies did not consider that conversion 
of the network would require a finite number of years, thereby 
allowing traffic to build to higher levels on many of the 
routes before conversion. There has been a much more detailed 
examination of the traffic forecasts and dispatch levels, and 
r e f i n e m e n t ’Of the unit costs as discussed elsewhere in this 
report. In addition, avoidance of new diesel purchases during

TABLE 2-12. RATE OF RETURN FOR THE THREE NETWORK SCENARIOS
(PERCENT)

A (1977) B (1900) C (1982)

SCENARIO
W/O FUEL 

DIFFERENTIAL
W/FUEL

DIFFERENTIAL
W/O FUEL 

DIFFERENTIAL
W/FUEL

DIFFERENTIAL
W/O FUEL 

DIFFERENTIAL
W/FUEL

DIFFERENTIAL

1 0 ,0 0 0  R ou te -m i  
Network (C o r e ) . 12 ■ 15 14 17 18.9(3 25.5@

2 6 , 0 0 0 *  R o u te -m i  
Network 10 12 11 14 1 4 .4 0 1 9 . 4

* 2 9 ,0 0 0  R ou te -m i  in C (1962)  A n a l y s i s  
^ C o n s t r u c t e d  f rom  o t h e r  com pu ter  model  ru n s .
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the investment period produces more credit than does selling of 
the excess used diesels at their market value.

Of more significance is the wide variation in ROR amonq the 
96 segments as summarized by the table inset in Figure 2-3. 
Analyses were made to determine the operational or performance 
factor most influential in establishing the ROR. The graph in 
Figure 2-3 is a linear regression plot of ROR versus traffic 
density,.the traditional figure of merit used to identify 
routes suitable for electrification. The numbers scattered 
about the straight line locate the ROR and traffic density for 
individual route segments. The numbers (0-10) are weighting , 
factors which indicate the relative influence of each point in 
establishing the regression line.. The weighting factor 
accounts for variation in annual traffic on each route.

The straight line is a least squares fit of the points and 
the W on the line is the location of the mean value. If the 
points all fell on the straight line the correlation as 
measured by the R-squared computation would be 1.0[12]. The 
R-squared value for traffic density is 0.56.

Figure 2-4 is a linear regression plot of ROR versus diesel 
fuel consumption per route! mile per year. This was the best 
single variable correlation found, the R-squared value 
being 0.74. Fuel consumption implicitly includes traffic 
density, but also brings in the effects of dispatching policy 
and gradient. Thus a route which is heavily crraded with a high 
HP/ton dispatch policy will benefit more from the fuel 
differential and locomotive maintenance savings between diesel 
and electric motive power at any given traffic density.

2 - 2 8



0 . 0 0  O . o ?  0 . 0 4  0 , 0 6  0 , 0 0  0 . 1 0  0 . 1 2  9 . 1 4  0 . 1 6  0 . 1 8

HORIZONTAL AXIS IS IN BILLION GT/YEAR IN FIRST YEAR OF OPERATION 
VERTICAL AXIS IS PERCENT RATE Or RETURN

NOTE! TO CREATE LINEAR REGRESSION PLOT DRAW A STRAIGHT LINE CONNECTING THE O ’S.
06 LINK EQUATION* Y » 195.22 X + 6.9972 XH » 0.063 BILLION GT/YEAR YH - 19.3» R-SQUARBD » .55637

FIGURE 2 - 3 .  PLOT OF RATE OF RETURN VS. TOTAL GROSS TRAFFIC  
DENSITY FOR LINKS OF CASE STUDY 306AL

HORIZONTAL AXIS IS IN MILLION GAL/RH/YR IN FIRST YEAR OF OPERATION 
VERTICAL AXIS IS PERCENT RATE OF RETURN

NOTE* TO CREATE LINEAR REGRESSION PLOT DRAW A STRAIGHT LINE CONNECTING THE O'S.
9 6  L I N K  E Q U A T I O N :  Y 156.0 X *■ 5.45PI XM » 0.009 MILLION OAL/RM/YR YM * 19.34 R-SQUARED - .73503

FIGURE 2 -4 PLOT OF RATE OF RETURN VS. DIESEL FUEL CONSUMED 
PER ROUTE MILE FOR LINKS OF CASE STUDY 306AL
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An e m p i r i c a l  r e l a t i o n  u s in g  th e  e q u a t io n  c o n s t a n ts  a t  th e  
b o tto m  o f  F ig u r e  2 -4  c o u ld  be used to  d e v e lo p  a r u l e  o f  thumb 
f o r  d e t e r m in in g  w h e th e r  a r o u t e  i s  s u i t a b l e  f o r
e l e c t r i f i c a t i o n .  W h i le  i t  w ou ld  p r o v id e  a b e t t e r  e s t im a t e  th a n  
t r a f f i c  d e n s i t y ,  t h e r e  a r e  o b v io u s ly  o t h e r  r o u t e - s p e c i f i c  
f a c t o r s  w hich  can have s i g n i f i c a n t  e f f e c t  on th e  ROR. An ROR 
a n a l y s i s  a s s u re s  i n c l u s i o n  o f  a l l  such f a c t o r s .

2 .9  FINANCING ARRANGEMENTS 

R e a l  I n t e r e s t  R a tes

In  t h i s  a n a l y s i s ,  i n t e r e s t  r a t e s  w ere  d i v i d e d  i n t o  two  
com ponents -  c o m p e n s a t io n  f o r  th e  use o f  money ( r e a l  i n t e r e s t )  
and co m p e n s a t io n  f o r  i n f l a t i o n .  The base ca se  was c a l c u l a t e d  
th r o u g h o u t  a t  c o n s t a n t  1980  p r i c e s ,  and f o r  th e  c o s t  o f  fu n d s  
f o r  in v e s tm e n t  a " r e a l "  r a t e  o f  i n t e r e s t  was u s e d ,  e x c lu d in g  
th e  i n f l a t i o n  e le m e n t .  S e p a r a t e  ru n s  o f  t h e  base c a s e  d a t a  a t  
v a r y in g  i n f l a t i o n  r a t e s  w e re  made t o  show th e  e f f e c t  o f  
i n f l a t i o n  on th e  r e s u l t s .

, ,The;.>mQdel r w i l ’t  a c c e p t  d i f f e r e n t  r a t e s  ,'pf r e a l  i n t e r e s t  f o r - ,  
th e  two d i v i s i o n s  o f  in v e s t m e n t ,  u t i l i t y  and e x t e r n a l  f u n d in q ,  
r e f l e c t i n g  th e  d i f f e r i n g  d e g re e s  o f  r i s k  a s s o c ia t e d  w i t h  e a c h .

V a r i a t i o n  in  th e  Fun d in g  o f  t h e  In v e s tm e n t

In  th e  base c a s e ,  t h e  cash  o u t l a y  f o r  c a t e n a r y ,  s u b s t a t io n s  
and u t i l i t y  c o n n e c t io n s  was c o n s id e r e d  to  be p a r t i a l l y  f in a n c e d  
by th e  e x t e r n a l  fu n d s  as T a b le  2 - 1 3  i n d i c a t e s .
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TABLE 2-13. BASE CASE: OUTLAY STRATEGY

(% INVESTMENT BY) RAILROAD
EXTERNAL
FINANCE UTILITY

Catenary 25.0 75.0 0.0
Electric Locomotives 100.0 0.0 0.0
Substations 50.0 0.0 50.0
Utility Connections 
Signal & Communication

0.0 o • o 100.0
Compatability 100.0 o•o 0.0

Civil Reconstruction 100.0 o•o o•o

Systems Engineering 100.0 0.0 . 0.0
Construction Engineering 100.0 0.0 o•o

F ig u r e s  2 -5  and 2 - 6  show t h e  e f f e c t  i n  t o t a l  o f  t h e  
f i n a n c i a l  com m itm ent b y  each  o f  th e  t h r e e  p a r t i e s  c u m u l a t i v e l y  
o v e r  t h e  l i f e  o f  th e  p r o j e c t .

I n  ea ch  c a s e ,  a c u m u la t iv e  o u t l a y  i s  shown w h ic h  r e p r e s e n t s  
t h e  g ro s s  in d e b te d n e s s  in c u r r e d ,  b e f o r e  c o n s id e r in g  b e n e f i t s  or  

.-repayment o f  i n t e r e s t  o r  c a p i t a l  by a n o th e r  p a r t y ,  o r  b e n e f i t s  
j fo .  t h e  r a i l r o a d s  from  th e  e l e c t r i f i c a t i o n * - :  I n  th e  ca s e s  o f

'• - ' j> ; -

“e x t e r n a l  and- u t i l i t y  o u t l a y ,  t h e  to t r a l  in c r e a s e s  u n t i l  a l l  
s e c t o r s  h a v e  been  c o n s t r u c t e d ,  and t h e r e a f t e r  re m a in s  
c o n s t a n t .  I n  th e  case  o f  r a i l r o a d  o u t l a y  t h e r e  i s  a c y c l i c  
c r e d i t  f o r  a v o id in g  in v e s tm e n t  i n  d i e s e l  lo c o m o t iv e s  t h a t  can  
be o b s e rv e d  as a r e s u l t  o f  th e  d i f f e r e n t  l i f e  e x p e c ta n c y  o f  
d i e s e l  and e l e c t r i c  lo c o m o t iv e s ;  a f t e r  an i n i t i a l  p e r i o d  where  
th e  o u t l a y s  exceed  th e  n e g a t i v e  e le m e n t  t h e r e  i s  a p e r i o d  w here  
t h e  a v o id a n c e  o f  p u rc h a s e  o f  f u r t h e r  d i e s e l  lo c o m o t iv e s  a t  th e  
end o f  an 18 y e a r  l i f e  i s  n o t  b a la n c e d  by t h e  p u rc h a s e  o f  
f u r t h e r  e l e c t r i c  lo c o m o t iv e s  (3 0  y e a r  l i f e ) .  Thus th e  
c u m u la t iv e  o u t l a y  re d u c e s  and th e n  in c r e a s e s  a g a in  o v e r  c y c le s  
o f  a b o u t  20 y e a r s .
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OUTLAY DATA

FIGURE 2 - 5 .  RAILROAD CAPITAL OUTLAY DATA
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The n e t  c u m u la t iv e  o u t l a y  d e p i c t s  th e  s i t u a t i o n  when th e  
b e n e f i t s  o f  e l e c t r i f i c a t i o n  a r e  in c lu d e d .  The peak  o u t l a y  by 
th e  r a i l r o a d  and e x t e r n a l  fu n d  i s  a p p r o x im a t e ly  $2B w h i l e  f o r  
th e  u t i l i t y  i n d u s t r y  i t  i s  $400M . The e x t e r n a l  and u t i l i t y  n e t  
o u t l a y  in c lu d e s  paym ents by t h e  r a i l r o a d s .  In  each c a s e ,  th e  
b e n e f i t s  m atch th e  o u t l a y s  in  t h e  y e a r  2004 and t h e r e a f t e r  b o th  
show a n e g a t i v e  o u t l a y ,  w h ic h  b a s i c a l l y  r e f l e c t s  i n t e r e s t  
p a y m e n ts .  I f  th e s e  a r e  e x c lu d e d ,  th e  n e t  o u t l a y  re a c h e s  z e ro  
a t  th e  end o f  th e  s tu d y  p e r i o d .  I n  th e  c a se  o f  th e  r a i l r o a d ,  
i n i t i a l  b e n e f i t s  do n o t  b a la n c e  o u t l a y ,  s in c e  much o f  t h e  c o s t  
r e d u c t io n  is .a b s o r b e d  by a n n u a l  paym ents f o r  th e  e x t e r n a l  
f i n a n c i n g ,  and to  th e  u t i l i t y .  H o w e ve r, as th e  e l e c t r i f i c a t i o n  
o f  th e  n e tw o rk  p ro c e e d s ,  c a p i t a l  e x p e n d i t u r e s  by th e  r a i l r o a d s  
d e c r e a s e ,  and 10 and 20 y e a r s  a f t e r  s t a r t u p ,  paym ents c e a s e  f o r  
u t i l i t y  in v e s tm e n t  and e x t e r n a l  f i n a n c i n g .  The r e s u l t ,  shown 
on F ig u r e  2 - 5 ,  i s  a r a p i d  and s u s t a in e d  in c r e a s e  in  r a i l r o a d  
n e t  cash f lo w .

A l t e r n a t i v e s  w ere e x p lo r e d  u n d e r  w h ic h  p r o g r e s s i v e l y  more  
o f  t h e  p r o j e c t  was f in a n c e d  by t h e  e x t e r n a l  s o u rc e s  and f o r . th e  
c a se  in  w h ich  th e  e n t i r e  in v e s t m e n t  c o s t  i s  h a n d le d  by th e  
r a i l r o a d .  These changes w ou ld  have  no e f f e c t  on th e  r e t u r n  on 
in v e s tm e n t  o f  th e  p r o j e c t  b u t  a f f e c t  r a d i c a l l y  th e  ' g e a r i n g '  o f  
th e  r a i l r o a d  in v e s t m e n t .

T a b le  2 -1 4  i l l u s t r a t e s  th e  v a r y i n g  in v e s tm e n t  s t r a t e g i e s  
t h a t  w ere  exam ined f o r  t h e i r  e f f e c t  on th e  r a i l r o a d  cash  
f lo w s .  The b a r  c h a r t  o f  F ig u r e  2 - 7  i n d i c a t e s  th e  p o r t i o n  o f  
th e  maximum n e t  o u t l a y  assumed by th e  r a i l r o a d ,  e x t e r n a l  fu n d  
s o u r c e ,  and u t i l i t y  i n d u s t r y  f o r  c a s e  numbers 1 0 0 ,  1 0 5 ,  3 0 6 ,  
and 3 0 7 .
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TABLE 2-14. OUTLAY STRATEGIES CONSIDERED

CASE NUMBER

INVESTMENT
ITEM 100 101* 102 103 104 10 5 306 307

CATENARY E-100P E-100 E-100 E-100 E-100 E-100 R-25S
E -7 5

R-100

SUBSTATIONS E -50
U-509

E -50
U-50

E -50
U-50

E -50
U-50

E -50
U -50

R-50
U-50

R -50
U-50

R -50
U-50

U T IL IT Y
CONNECTIONS U-100 U-100 U-100 U-100 U-100 U-100 U-100 U-100

SIGNALS & 
COMMUNICATIONS

R-25
E-75

R-25
E-75

R -75
E -25

R-75
E-25

R -100 R-100 R -100 R-100

C IV IL
RECONSTRUCTION

R -25
E -75

R-25
E -75

R-75
E -25

R-75
E-25

R -100 R-100 R -100 R -100

SYSTEMS
ENGINEERING

E-100 E-100 E -100 R-75
E -25

R -100 R-100 R -100 R -100

CONSTRUCTION
ENGINEERING

E-100 E -100 E -100 R-75
E -25

R -100 R-100 R-100 R -100

ELECTRIC
LOCOMOTIVES R-100 R-100 R-100 R-100 R-100 R-100 R-100 R-100

♦Assumes a g e n e ra l r a te  o f  i n f l a t io n  o f  7% a n n u a lly ; a l l  o th e r  cases assume 0% i n f l a t i o n .

PR = In t e r n a l  R a ilro a d  F inan cing  
E = E x te rn a l Source o f  F inan cing  
U = F inan ced  by E le c t r ic  U t i l i t i e s

NOTE: Case 306 is  base case in  th is  r e p o r t .

2 .1 0  S E N S IT IV IT Y  TESTS

In  an y  f e a s i b i l i t y  s tu d y  o f  th e  m a g n itu d e  o f  th e  
e l e c t r i f i c a t i o n  p ro p o s e d , t h e r e  a r e  bound t o  be m a jo r  f a c t o r s  
w here t h e  as s u m p tio n s  made have  a s i g n i f i c a n t  e f f e c t  on th e  
r e s u l t s  o b t a i n e d .

The t im e  s c a le  s t u d ie d  -  1 9 8 0 -2 0 3 6  -  i t s e l f  p r e s e n t e d  
p ro b le m s  i n  d e f i n i n g  a number o f  b a s ic  p a r a m e t e r s .  I t  i s  
v i r t u a l l y  im p o s s ib le  t o  f o r e c a s t  a c c u r a t e ly  econom ic g ro w th  (o r  
r e c e s s i o n ) ,  o r  th e  r a t e  o f  i n f l a t i o n ,  o r  th e  p r i c e  and  
a v a i l a b i l i t y  o f  f u e l  o i l ,  f o r  e x am p le , o v e r  a 56 y e a r  f u t u r e  
p e r i o d .
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Many o f  th e  c o s ts  o f  e l e c t r i f i c a t i o n  w e re ,  o f  n e c e s s i t y ,  
t h e o r e t i c a l  e s t im a t e s ,  based on e x p e r ie n c e  e ls e w h e r e ,  and 
l a r g e l y  u n r e la t e d  to  U .S .  c o n d i t i o n s .  M a jo r  as s u m p tio n s  had to  
be made r e g a r d in g  th e  ty p e s  o f  e l e c t r i c  lo c o m o t iv e  to  be u s e d ,  
a v a i l a b i l i t y ,  and m a in te n a n c e  c o s t .  A ssu m p tio n s  r e g a r d in g  
o p e r a t i n g  a rra n g e m e n ts  f o r  e l e c t r i c  t r a c t i o n  a r e  fu n d a m e n ta l  to  
th e  r e s u l t s  o b t a in e d .

F ig u r e  2 -8  i n d i c a t e s  th e  m a jo r  a r e a s  o f  u n c e r t a i n t y  w h ich  
w ere  e x p lo r e d .

The f i r s t  g roup  o f  v a r i a b l e s  c o n s id e re d  w ere th o s e  
c o n c e rn e d  w i t h  p h y s ic a l  p e r fo rm a n c e :

1 .  R a te  o f  t r a f f i c  g ro w th ;

2 .  F u e l  c o s ts  and th e  d i f f e r e n c e  betw een  th e  c o s t  o f  
d i e s e l  f u e l  and e l e c t r i c i t y ;

3 .  L o c o m o tive  m a in te n a n c e  c o s t s . *

The n e x t  g roup  o f  v a r i a b l e s  r e l a t e d  t o  th e  c o s ts  o f  th e  
e l e c t r i c  lo c o m o t iv e s  th e m s e lv e s :  : . ■ , • * ■ ■ 'v

1 .  The c a p i t a l  c o s t  o f  lo c o m o t iv e s ;

2 .  D is p a tc h  l e v e l  (HP p e r  t o n ) ;

3 .  R ep lacem en t r a t i o  o f  e l e c t r i c  to  d i e s e l .

*T h e  lo c o m o t iv e  m a in te n a n c e  c o s ts  were a f f e c t e d  by th e  c o s t  o e r  
lo c o m o t iv e  m i le ,  and th e  d is p a t c h  l e v e l .
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The t h i r d  g ro u p  o f  v a r i a b l e s  r e l a t e d  t o  th e  c o s t s  o f  f i x e d  
i n s t a l l a t i o n s :

1 .  C o s t  o f  c o n s t r u c t io n ;

2 .  Change i n  pay  b a ck  p e r io d ;

3 .  Change i n  p r o p o r t i o n  f in a n c e d  by r a i l r o a d s .

F i n a l l y ,  a l t e r n a t i v e  econom ic f i n a n c i a l  a s s u m p tio n s  w ere  
c o n s id e r e d :

1 .  D is c o u n t  r a t e ;

2 .  I n t e r e s t  r a t e ;

3 .  I n f l a t i o n  r a t e .

I n i t i a l l y ,  each v a r i a b l e  was c o n s id e re d  i n d e p e n d e n t ly .
Then t h e  v a r i a b l e s  w ere  g rouped  to  e s t a b l i s h  t h e i r  s i g n i f i c a n c e  
i n  t o t a l .  I n  a s i m p l i f i e d  way t h i s  e s t a b l i s h e d  t h e  m ain  a r e a s  
o f  r i s k  a s s o c ia t e d  w i t h  t h e  c a l c u l a t i o n s ,  a l t h o u g h  a t  t h i s  
s ta g e  -no a t t e m p t  was made tQ !'p r o v id e  :aM.det:ai.led . r i s k  a n a l y s i s .

F ig u r e  2 - 9  shows t h e  e f f e c t  o f  p e r c e n ta g e  changes o f  
s e l e c t e d  v a r i a b l e s  on th e  r a t e  o f  r e t u r n  on in v e s tm e n t  
e s t a b l i s h e d  i n  th e  b a se  c a s e .  For ex a m p le ,  a 10 p e r c e n t  
i n c r e a s e  i n  t h e  c a p i t a l  c o s t  o f  c a t e n a r y  re d u c e s  th e  r a t e  o f  
r e t u r n  by a b o u t  one p e r c e n t ;  a 10 p e r c e n t  n e g a t i v e  v a r i a t i o n  in  
t r a f f i c  g ro w th  w ould re d u c e  t h e  r a t e  o f  r e t u r n  by a l e s s e r  
am o u n t, a b o u t  0 .5  p e r c e n t .

To e s t a b l i s h  th e  r e l a t i v e  e f f e c t  on r a t e  o f  r e t u r n ,  th e  
e x p e c te d  d e v i a t i o n  o f  each  v a r i a b l e  fro m  t h e  n o m in a l  v a lu e  must 
be s p e c i f i e d .  F ig u r e  2 - 1 0  i s  a b a r  c h a r t  d e p i c t i n g  th e  r e s u l t s  
o f  s e n s i t i v i t y  t e s t s  based  on s u b j e c t i v e  o p in io n s  o f  t h e  d e g re e
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o f  r i s k  a s s o c ia t e d  w i t h  each  p a r a m e t e r .  F o r  each  v a r i a b l e ,  a 
b a r i n d i c a t e s  t h e  p e r c e n t a g e  change f ro m  th e  base c a se  r e t u r n  
on in v e s tm e n t  caused  by t h e  chosen  v a r i a t i o n .  The s i z e  o f  each  
b a r  i n d i c a t e s  t h e  d e g re e  o f  s i g n i f i c a n c e  o f  t h e  e f f e c t  o f  
ch a n g in g  a p a r t i c u l a r  v a r i a b l e  by t h e  am ounts shown a t  t h e  to p  
o f  th e  c h a r t .  The t o t a l  e f f e c t  o f  c u m u la t iv e  v a r i a t i o n s  o f  t h e  
p a ra m e te r s  o f  a l l  v a r i a b l e s  i n  each  g ro u p  i s  a ls o  d e p i c t e d .  
F i n a l l y ,  t h e  e x tre m e  ra n g e  o f  a l l  f a v o r a b l e / u n f a v o r a b l e  
v a r i a t i o n s  i s  shown. T h is  i s  a h i g h l y  u n l i k e l y  s i t u a t i o n  and  
i s  g iv e n  o n ly  t o  show th e  r o b u s tn e s s  o f  t h e  r e s u l t s .  A 
p o s i t i v e  r e t u r n  on in v e s tm e n t  e x i s t s  ev en  u n d er  t h e  l e a s t  
f a v o r a b l e  c o m b in a t io n  o f  a s s u m p t io n s .  The e f f e c t  o f  i n f l a t i o n  
a t  r a t e s  fro m  f i v e  t o  10 p e r c e n t  i s  shown by t h e  d o t t e d  l i n e s  
i d e n t i f i e d  w i t h  t h e  r i g h t  hand s id e  o f  t h e  c h a r t .

The f o l l o w i n g  p a ra g ra p h s  d is c u s s  t h e  r e s u l t s  o f  th e  
s e n s i t i v i t y  t e s t :

P h y s ic a l  A c h ie ve m en t

I n  t h i s  g r o u p ,  th e  p o s s i b i l i t y  o f  e r r o r s  i n  f o r e c a s t i n g  
f u t u r e ,  t r a f f i c  l e v e l s ,  f u e l  c o s t s ,  and t h e  d i f f e r e n c e  in  
lo c o m o t iv e  m a in te n a n c e  c o s t s  was t e s t e d .  These v a r i a b l e s  
p ro ve d  to  be t h e  most s e n s i t i v e  and t a k e n  t o g e t h e r  gave a ran g e  
o f  p lu s  n in e  t o  m inus seven  p e r c e n t  a ro u n d  t h e  r e s u l t  a c h ie v e d  
i n  th e  base c a s e .  W i t h i n  t h e  g r o u p ,  a l t e r a t i o n  o f  th e  f u e l  
d i f f e r e n t i a l  b e tw e en  d i e s e l  and e l e c t r i c i t y  t o  p lu s  f o u r  
p e r c e n t  a y e a r  in c r e a s e d  t h e  r a t e  o f  r e t u r n  by f o u r  p e r c e n t ;  an 
as su m p tio n  o f  no in c r e a s e  i n  e i t h e r  d i e s e l  f u e l  o r  e l e c t r i c i t y  
reduced  th e  r a t e  o f  r e t u r n  by two p e r c e n t .  E q u a l ly  im p o r ta n t  
in  t h i s  g ro u p  was t h e  e f f e c t  o f  ch ang es i n  t h e  a s su m p tio n s  
r e g a r d in g  t h e  r e l a t i v e  c o s t s  o f  m a in te n a n c e  o f  d i e s e l  and 
e l e c t r i c  lo c o m o t iv e s .  An a s s u m p tio n  t h a t  c o s t s  o f  e l e c t r i c  
lo c o m o t iv e  m a in te n a n c e  w ould  be a c c u r a t e  a t  85 c e n t s  p e r  m i l e ,  
b u t  t h a t  th e  m a in te n a n c e  c o s t s  o f  a d i e s e l  lo c o m o t iv e  w ou ld  be 
50 p e r c e n t  h ig h e r  (Two d o l l a r s  p e r  m i l e )  in c r e a s e d  th e  r a t e  o f
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r e t u r n  by f o u r  p e r c e n t ,  w h i l e  an a s s u m p tio n  t h a t  th e  c o s ts  o f  
m a in te n a n c e  o f  b o th  d i e s e l  and e l e c t r i c  lo c o m o t iv e s  would be 
th e  same ( 1 .3 3  d o l l a r s  m i le )  reduced  th e  r a t e  o f  r e t u r n  by f i v e  
p e r c e n t .  T h e ' t h i r d  e le m e n t  in  t h i s  g ro u p  had a r e l a t i v e l y  
s m a l l  im p a c t  -  a 50 p e r c e n t  p lu s  o r  m inus a s s u m p tio n  on th e  
r a t e  o f  t r a f f i c  g ro w th  made o n ly  two p e r c e n t  d i f f e r e n c e  to  th e  
r a t e  o f  r e t u r n .

E l e c t r i c  L o c o m o tiv e  A ssum ptions

The a s s u m p tio n  t h a t  th e  c a p i t a l  c o s ts  o f  e l e c t r i c  
lo c o m o t iv e s  m ig h t  be one t h i r d  h ig h e r ,  o r  lo w e r ,  a l t e r e d  th e  
r a t e  o f  r e t u r n  by one p e r c e n t .  A ls o  t e s t e d  was s e n s i t i v i t y  to  
v a r i a t i o n  in  th e  a s s u m p tio n s  on e l e c t r i c  lo c o m o t iv e  d is p a t c h  
l e v e l s ,  and a v a i l a b i l i t y .  In  each c a s e ,  a 10 p e r c e n t  change  
p lu s  o r  minus had a n e g l i g i b l e  e f f e c t  on th e  r e t u r n  on 
in v e s t m e n t .  The ra n g e  o f  e f f e c t  f o r  th e  w h o le  g ro u p  was from  
p lu s  two p e r c e n t  t o  m inus two p e r c e n t  on t h e  r a t e  o f  r e t u r n ;  
a b o u t  as im p o r ta n t  i n  t o t a l  as th e  e f f e c t  o f  th e  l e a s t  
im p o r t a n t  f a c t o r  in  th e  p r e v io u s  g ro u p .

F ix e d  In v e s tm e n t  C o sts
i

I n  t h i s  g r o u p ,  th e  c a t e n a r y  c o s ts 'c a r i '  be1, e s t im a te d  w i t h  
r e a s o n a b le  a c c u ra c y  and a v a r i a t i o n  o f  p lu s /m in u s  10 p e r c e n t  
was assumed. T h is  changed th e  r a t e  o f  r e t u r n  by le s s  th a n  one 
p e r c e n t .  The e f f e c t  o f  an as su m p tio n  o f  p lu s /m in u s  50 p e r c e n t  
on th e  c o s ts  o f  b r id g e  and t u n n e l  r e c o n s t r u c t io n  c o s ts  (w hich  
w ere  t h e o r e t i c a l  e s t im a t e s )  a ls o  had no s i g n i f i c a n t  im p ac t on 
th e  r a t e  o f  r e t u r n .  H ow ever, v a r i a t i o n  o f  th e  c o s ts  o f  
s i g n a l l i n g  and c o m m u n ica tio n s  by p lu s /m in u s  50 p e r c e n t  d id  
change th e  r a t e  o f  r e t u r n  by more th a n  one p e r c e n t .
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I n f l a t i o n

The e f f e c t  o f  i n f l a t i o n  was m easured a t  f i v e  p e r c e n t ,  seven  
p e r c e n t  and 10 p e r c e n t  a y e a r  c u m u la t iv e  o v e r  th e  l i f e  o f  th e  
p r o j e c t .  I n  each  c a s e ,  t h e  r e t u r n  on in v e s t m e n t  in c r e a s e d  by 
s l i g h t l y  more th a n  t h e  i n f l a t i o n  r a t e .

Summary

The r e s u l t s  o f  t h e  s e n s i t i v i t y  a n a l y s i s  a r e  sum m arized i n  
T a b le  2 - 1 5 .

The r a t e  o f  r e t u r n  i s  r e l a t i v e l y  s t a b l e  even  w i t h  w id e  up 
and down changes i n  th e  b a s ic  a s s u m p t io n s .  T h e . l a r g e s t  
d e v i a t i o n s  up and down f ro m  th e  base  c a s e  f o r  any one f a c t o r  
a r e  p lu s  f o u r  p e r c e n t  and m inus f i v e  p e r c e n t ,  r e s p e c t i v e l y ,  
w hich  i s  o f  a b o u t  th e  same m a g n itu d e  as t h e  e f f e c t  o f  a f i v e  
p e r c e n t  i n f l a t i o n  r a t e .  M ost o f  t h e  o t h e r  s e n s i t i v i t i e s  w ere  
be lo w  two p e r c e n t  p lu s  o r  m inus i n  t h e i r  e f f e c t s .  H o w e ve r, t h e  
g ro u p  co n c e rn e d  w i t h  p h y s i c a l  a c h ie v e m e n t  ( t r a f f i c  g r o w th ,  f u e l  
c o s t  d i f f e r e n t i a l ,  and d i f f e r e n c e  i n  lo c o m o t iv e  m a in te n a n c e  
c o s ts )  were seen t o  be much more im p o r t a n t  th a n  t h e  o t h e r  two 
g r o u p s . r .
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TABLE 2-15. SUMMARY OF SENSITIVITY TO CHANGES IN ASSUMPTIONS

PERCENT CHANGE IN RATE OF RETURN

SENSITIVITY GROUP TESTED FAVORABLE UNFAVORABLE

Base Case* 19

Changes in:

Physical Achievement +9 -7

Electric Locomotive 
Assumptions +2 -2

Fixed Investment Cost 
Assumptions +3 -3

Inflation at:

5 Percent/Year Cumulative +5

7 Percent/Year Cumulative +7

- 10 Percent/Year Cumulative +11

*In constant dollars.
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3. MODEL DESCRIPTION

A proposed  in v e s tm e n t  p r o j e c t  b e in g  c o n s id e r e d  by a 
r a i l r o a d  may a l t e r  th e  c o s t  o f  o p e r a t io n  and th e  a u a l i t y  o f  
s e r v i c e  p r o v id e d  w h ich  may, in  t u r n ,  a f f e c t  f r e i g h t  r a t e s  and 
t r a f f i c  vo lu m e. To u n d e rs ta n d  th e  manner in  w h ich  th e s e  
v a r i a b l e s  i n t e r a c t  to  a l t e r  e a r n in g s  r e q u i r e s  an a n a l y s i s  a t  
th e  r a i l r o a d  "sys tem " l e v e l  w i t h  c o n s i d e r a t i o n  g iv e n  to  r a t e  
s e t t i n g  p r o c e d u r e s ,  t r a f f i c  demand f o r e c a s t s ,  o p e r a t i o n a l  
a l t e r n a t i v e s ,  and f in a n c in g  and t a x a t i o n  s t r a t e g i e s .
F r e q u e n t l y ,  a s im p le r  c o n c e p t  i s  em ployed in  w h ich  q u a l i t y  o f  
s e r v i c e ,  f r e i g h t  r a t e s  and volum e o f  t r a f f i c  a r e  assumed to  be 
u n a l t e r e d  by th e  p r o j e c t  b e in g  c o n s id e r e d .  The v a lu e  o f  th e  
in v e s tm e n t  i s  th e n  m easured by th e  amount o f  o p e r a t in g  c o s t  
r e d u c t io n  t h a t  can be a c h ie v e d .

R a i l r o a d  e l e c t r i f i c a t i o n  has been exam ined  a t  b o th  l e v e l s .
A s tu d y  by SRI I n t e r n a t i o n a l  [13 ]  exam ines th e  e f f e c t  o f  s e v e r a l  
r a t e  s e t t i n g  p h i l o s o p h i e s .  T r a f f i c  g ro w th  f o r  e l e c t r i f i e d  
o p e r a t io n  i s  assumed to  be i n c r e m e n t a l l y  g r e a t e r  th a n  f o r  
d i e s e l  o p e r a t i o n .  . T h is  ty p e  o f .  a n a ly s is  p r o v id e s ,  a. u s e f u l  
measure o f  th e  econom ic v a lu e  o f  e l e c t r i f i c a t i o n  from  th e  
r a i l r o a d  p o i n t  o f - v i e w .  -Most e l e c t r i f i c a t i o n  a n a ly s e s ,  
h o w e v e r ,  .assume r a t e s ,  t r a f f i c  and q u a l i t y  o f  s e r v ic e  a r e  
u n a l t e r e d  by t h e  c o n v e r s io n .  From th e  p o i n t  o f  v ie w  o f  th e  
r a i l r o a d ,  t h i s  a p p ro a c h  may o v e r s t a t e  o r  u n d e r s t a t e  th e  
econom ic v a l u e .  I f  a p o r t i o n  o f  th e  re d u c e d  o p e r a t in g  c o s ts  i s  
a c t u a l l y  passed on t o  th e  s h ip p e r  th ro u g h  red u c ed  r a t e s  and 
s e r v i c e  im p ro v e m e n ts ,  and t h a t  p o r t io n  e x ce ed s  th e  in c re m e n t  o f  
re v e n u e  p ro d u ced  by an in c r e a s e  in  t r a f f i c  (new b u s i n e s s ) , th e n  
th e  s i m p l i f i e d  m odel would o v e r e s t im a t e  th e  v a l u e .  C o n v e r s e ly ,  
i f  th e  re v e n u e  from  in c r e a s e d  t r a f f i c  exce ed s  th e  o p e r a t in g  
s a v in g s  passed on to  e x i s t i n g  c u s to m e rs ,  th e  s i m p l i f i e d  model 
u n d e r e s t im a t e s  th e  v a l u e .
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I n  a t t e m p t i n g  t o  m e a s u r e  t h e  o v e r a l l  e f f e c t i v e n e s s  o f  

e l e c t r i f i c a t i o n  a s  s t a t e d  i n  S e c t i o n  3 . 1  b e l o w ,  t h e  i s s u e  o f  

a p p o r t i o n i n g  c o s t  r e d u c t i o n s  b e t w e e n  s h i p p e r  a n d  c o n s i g n e e  a n d  

t h e  i s s u e  o f  a c q u i r i n g  n e w  b u s i n e s s  a t  t h e  e x p e n s e  o f  o t h e r  

r a i l r o a d s  o r  o t h e r  t r a n s p o r t a t i o n  m o d e s  s h o u l d  n o t  b e  

c o n s i d e r e d .  F o r  t h i s  a p p l i c a t i o n ,  t h e  s i m p l i f i e d  m o d e l  b a s e d  

o n  t h e  d i f f e r e n t i a l  c o s t s  o f  o p e r a t i o n  i s  t h e  a p p r o p r i a t e  

c h o i c e .  T h e  R a i l  E l e c t r i f i c a t i o n  A s s e s s m e n t  M o d e l  i s  a  

d i f f e r e n t i a l ,  d i s c o u n t e d  c a s h  f l o w  a n a l y s i s  b a s e d  o n  i d e n t i c a l  

t r a f f i c ,  f r e i g h t  r a t e s  a n d  q u a l i t y  o f  s e r v i c e  f o r  d i e s e l  a n d  

e l e c t r i c  o p e r a t i o n .

T h e  f i n a n c i a l  i n d e x  u s e d  i n  t h e  m o d e l  t o  m e a s u r e  t h e  time, 

v a l u e  o f  a n  i n v e s t m e n t  i s  t h e  i n t e r n a l  r a t e  o f  r e t u r n  ( R O R ) .  

T h i s  i s  t h e  m o s t  f r e q u e n t l y  u s e d  i n d e x  i n  t h e  r a i l r o a d  i n d u s t r y  

f o r  d i s c r e t i o n a r y  i n v e s t m e n t  p r o j e c t s [ 1 4 ]  a n d  i s  s t i p u l a t e d  b y  

t h e  F e d e r a l  R a i l r o a d  A d m i n i s t r a t i o n  i n  a p p l i c a t i o n s  f o r  T i t l e  V  

a s s i s t a n c e  u n d e r  t h e  R a i l r o a d  R e v i t a l i z a t i o n  a n d  R e g u l a t o r y  

R e f o r m  A c t  o f  1 9 7 6  ( 4 - R  A c t ) [ 1 5 ] .  T h e  R O R  i s  c o m p u t e d  u s i n g  

c o n v e n t i o n a l  p r o c e d u r e s  o f  e n g i n e e r i n g  e c o n o m y  t o  d e t e r m i n e  t h e  

t i m e  v a l u e  o f  t h e  d i f f e r e n t i a l  c a s h  f l o w  w h i c h  r e s u l t s  w h e n  

e l e c t r i f i c a t i o n  r e p l a c e s  d i e s e l  o p e r a t i o n [ 1 6 ] .

3 . 1  G E N E R A L  S T R U C T U R E

T h e  c o m p u t e r  m o d e l  u s e d  i n  t h i s  s t u d y  c a l c u l a t e s  t h e  c o s t s ,  

s a v i n g s  a n d  r a t e  o f  r e t u r n  t h a t  r e s u l t  f r o m  c o n v e r t i n g  t o  

e l e c t r i f i e d  o p e r a t i o n ,  r o u t e  s e g m e n t s  o f  a n y  r a i l r o a d  o r  

c o m b i n a t i o n  o f  r a i l r o a d s  t h a t  p r e s e n t l y  u s e  d i e s e l  l o c o m o t i v e s ,  

t o g e t h e r  w i t h  r e l e v a n t  s t a t i s t i c s  o f  o p e r a t i o n .  R e s u l t s  a r e  

p r e s e n t e d  f o r  e a c h  r o u t e  s e g m e n t ,  f o r  t h e  c o m b i n e d  s e g m e n t s  o f  

e a c h  r a i l r o a d  a n d  f o r  t h e  c o m b i n e d  s e g m e n t s  o f  a n y  n u m b e r  o f  

r a i l r o a d s .
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T h e  m o d e l  w a s  d e v e l o p e d  t o  u s e  r o u t e  a n d  o p e r a t i o n a l  

c h a r a c t e r i s t i c s  w h i c h  h a v e  t h e  m o s t  s i g n i f i c a n t  e f f e c t  o n  t h e  

e c o n o m i c s  o f  e l e c t r i f i c a t i o n  a s  r o u t e  s e g m e n t - s p e c i f i c  i n p u t  

v a r i a b l e s .  T h e  A m e r i c a n  R a i l w a y  E n g i n e e r i n g  A s s o c i a t i o n  ( A R E A )  

h a s  i d e n t i f i e d  t h e  c o s t  e l e m e n t s  w h i c h  s h o u l d  b e  c o n s i d e r e d  in  

m a k i n g  e l e c t r i f i c a t i o n  e c o n o m i c  s t u d i e s [ 1 7 ] .  T h e  c o s t  e l e m e n t s  

f o r  t h i s  m o d e l ,  w h i c h  c l o s e l y  r e s e m b l e  t h e  A R E A  c o s t  e l e m e n t s ,  

a r e  d e s c r i b e d  i n  S e c t i o n  4 . 1 . 1 .  T h e  c o s t  e l e m e n t s  w e r e  

d i s c u s s e d  w i t h ,  a n d  a g r e e d  t o ,  b y  t h e  P l a n n i n g  C o m m i t t e e . .

T h e  m o d e l  h a s  t h e  c a p a b i l i t y  to:

1. A c c u m u l a t e  s t a t i s t i c a l  d a t a  p e r t a i n i n g  t o  t h e  

e c o n o m i c s  o f  e l e c t r i f i c a t i o n  o f  a n e t w o r k  c o m p o s e d  o f  

m a n y  r o u t e  s e g m e n t s ;

2. C o m p a r e  t h e  e c o n o m i c s  o f  i n d i v i d u a l  r o u t e  s e g m e n t s .

T h e  m o d e l  c a n  e v a l u a t e  o n l y  w i t h i n  t h e  s e t  o f  m o s t  

s i g n i f i c a n t  p a r a m e t e r s  i n c l u d e d  i n  i t s  f o r m u l a t i o n .  I t  d o e s ,  

h o w e v e r ,  p r o v i d e s  a u n i f o r m  a n d  e x p e d i t i o u s  p r o c e d u r e  f o r  

e s t a b l i s h i n g  t h e  v a l u e  o f  e l e c t r i f i c a t i o n  o n  m a n y  r o u t e  

s e g m e n t s .  T h u s ,  t h e  m o d e l  p r o v i d e s  t h e  c a p a b i l i t y  t o  e v a l u a t e  

t h e  b e n e f i t s '  o £ * e l e c t r ' i f i c a t i o ' n  i n  m o r e  d e t a i l  o v e r  a w i d e r  

r a n g e  o f  s i t u a t i o n s  a n d  w i t h  a h i g h e r  l e v e l  o f  c o n f i d e n c e  in  

t h e  r e s u l t s  t h a n  h a s  p r e v i o u s l y  b e e n  . p o s s i b l e  u s i n g  " a v e r a g e "  

o r  " t y p i c a l "  c h a r a c t e r i s t i c s .

T h e  m o d e l  h a s  b e e n  f o r m u l a t e d  t o  u s e  a s  i n p u t  i n f o r m a t i o n  

w h i c h  h a s  b e e n  s h o w n  t o  b e  s i g n i f i c a n t  i n  p r e v i o u s  s t u d i e s .

T h e  p r o c e d u r e  u s e d  f o r  d e v e l o p i n g  i n p u t  d a t a  f r o m  b a s i c  

o p e r a t i o n a l  a n d  r o u t e  c h a r a c t e r i s t i c s  o f  a s e g m e n t  is  d e s c r i b e d  

i n  S e c t i o n  4. T h i s  p r o c e d u r e  w a s  u s e d  f o r  d e v e l o p i n g  a l l  o f  

t h e  i n p u t  d a t a  i n  t h e  F R A  n e t w o r k  s t u d y  t h a t  w a s  d e s c r i b e d  in 

S e c t i o n  2 e v e n  t h o u g h  f e a s i b i l i t v  s t u d i e s  w e r e  r e a d i l y
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a v a i l a b l e  f o r  s o m e  o f  t h e  r o u t e  s e g m e n t s  f r o m  w h i c h  t o  o b t a i n  

m o d e l  i n p u t  d a t a .  I n  t h i s  w a y  a l l  t h e  r e s u l t s  w e r e  

c o m p a r a b l e .  T h e  m e t h o d o l o g y  w a s  v a l i d a t e d  b y  c o m p a r i s o n s  w i t h  

t h e s e  f e a s i b i l i t y  r e s u l t s .

F i g u r e  3 - 1  i s  a b l o c k  d i a g r a m  p o r t r a y a l  o f  t h e  m a j o r  

e l e m e n t s  o f  t h e  m o d e l .  T h e  b l o c k s  w i t h i n  t h e  d o u b l e  d o t t e d  

l i n e s  i d e n t i f y  t h e  m o d e l  f u n c t i o n s  p e r f o r m e d  b y  t h e  c o m p u t e r .

T o  t h e  l e f t  i s  t h e  s y s t e m w i d e  i n p u t  d a t a  a n d  d a t a  s p e c i f i c  t o  

t h e  r o u t e  s e g m e n t s  ( l i n k s ) . T h e  t w o  l i n k  s p e c i f i c  d a t a  f i l e s  

c a n  a c c e p t  d a t a  f o r  a n y  n u m b e r  o f  r o u t e  s e g m e n t s  t o  b e  

e v a l u a t e d .  T h i s  d a t a  i s  p r o c e s s e d  s e q u e n t i a l l y  b y  r o u t e  

s e g m e n t  t o  p r o d u c e  c o s t / b e n e f i t  r e s u l t s  f o r  e a c h .  T h e  

s y s t e m w i d e  d a t a  c o n t a i n s  s o m e  i n f o r m a t i o n  t h a t  is  i n v a r i a n t  

a c r o s s  a l l  l i n k s  a n d  s o m e  w h i c h  v a r i e s  b y  g e o g r a p h i c  r e g i o n  o r  

w i t h  t y p e  o f  e q u i p m e n t  s p e c i f i e d .  T h e  v a l u e s  f o r  v a r i a b l e  

s y s t e m w i d e  d a t a  t o  e v a l u a t e  a  p a r t i c u l a r  r o u t e  s e g m e n t  a r e  

e s t a b l i s h e d  f r o m  i n f o r m a t i o n  c o n t a i n e d  i n  t h e  L i n k  D a t a  F i l e .

M a n y  e c o n o m i c  m o d e l s  s p e c i f y  a s  i n p u t  d a t a  t h e  c a s h  f l o w  o n  

a y e a r - b y - y e a r  b a s i s .  T h i s  i s  i m p r a c t i c a l  w h e n  e x a m i n i n g  a 

n e t w o r k  t h a t  c o n s i s t s  o f  m a n y  s e g m e n t s ,  e a c h  r e q u i r i n g  a 

s e p a r a t e  c a s h  f l o w .  T h e . a p p r o a c h  a d o p t e d  h e r e  ,is t o  h a v e  t h e  

m o d e l  c o m p u t e  t h e  c a s h  f l o w  o f  e a c h  r o u t e  s e g m e n t  u s i n g  a 

s i m p l e r  s e t  o f  i n p u t  d a t a  t h a t  c o n s i s t s  o f  " b a s e  v e a r "  d a t a ,  a 

p r e s c r i b e d  c o n v e r s i o n  s c h e d u l e  a n d  a s e t  o f  g r o w t h  a n d  

i n f l a t i o n  r a t e s  a p p l i c a b l e  o v e r  t h e  s t u d y  p e r i o d .

T h e  i n i t i a l  s t e p  i n  c o m p u t i n g  c a s h  f l o w  o v e r  t h e  s t u d y  

p e r i o d  is  t o  g r o w  t h e  t r a f f i c - d e p e n d e n t  d a t a  f o u n d  in t h e  L i n k  

D a t a  F i l e .  T h e  f u n c t i o n  o f  t h e  b l o c k  i n  F i g u r e  3 - 1  e n t i t l e d  

" A p p l y  L i n k  a n d  N e t w o r k  G r o w t h  R a t e s "  is  t o  c o m p u t e  a n d  r e t a i n  

t r a f f i c  d e n s i t y .  F r o m  t h i s  r e s u l t ,  m o t i v e  p o w e r  r e q u i r e m e n t s  

a n d  e n e r g y  c o n s u m p t i o n  o n  a n  o p e r a t i n g  r o u t e  s e g m e n t  f o r  e a c h  

y e a r  o f  t h e  s t u d y  p e r i o d  c a n  b e  c a l c u l a t e d .  D a t a  f o r  b o t h

3 - 4



11-1U-82

BLOCK DIAGRAM REPRESENTATION OF THE RAILROAD ELECTRIFICATION ASSESSMENT MODELFIGURE 3-1



d i e s e l  a n d  e l e c t r i c  o p e r a t i o n  is  c o m p u t e d  w i t h  n o  r e g a r d  a t  

t h i s  p o i n t  t o  w h e n  e l e c t r i f i c a t i o n  o c c u r s .  T h e  l i n k  c o n v e r s i o n  

s c h e d u l e  s u b s e q u e n t l y  e s t a b l i s h e s  w h a t  p o r t i o n  o f  t h e  s t u d y  

p e r i o d  is p e r t i n e n t  i n  d e t e r m i n i n g  c o s t s  f o r  t h e  e c o n o m i c  

a n a l y s i s .

T o  t h e  r i g h t  i n  F i g u r e  3 - 1  i s  t h e  o u t p u t  d a t a  p r e s e n t e d  f o r  

e a c h  l i n k  a n d  a g g r e g a t e d  f o r  e a c h  r a i l r o a d  a n d  f o r  a l l  

r a i l r o a d s  c o m b i n e d . '  T h e  r a t e  o f  r e t u r n  f o r  i n d i v i d u a l  l i n k s  is 

p r e s e n t e d  w i t h  a n d  w i t h o u t  t h e  d i f f e r e n t i a l  i n f l a t i o n  o f  f u e l  

c o s t s  u s i n g  e q u i t y  f u n d s ,  a n d  a s  a n  o p t i o n  w i t h  t h e  e x i s t e n c e  

o f  f i n a n c i n g  s u p p o r t  f r o m  t h e  e x t e r n a l  a n d  u t i l i t y  f u n d s .

A  q u a l i t a t i v e  d e s c r i p t i o n  o f  t h e  i n p u t  d a t a  b l o c k s  o f  

F i g u r e  3 - 1  f o l l o w s  ( S e c t i o n s  3 . 2  a n d  3 . 3 )  a s  a n  i n t r o d u c t i o n  t o  

f u r t h e r  d i s c u s s i o n  o f  t h e  m o d e l  m e t h o d o l o g y  ( S e c t i o n  3 . 4 ) .  T h e  

o u t p u t  d a t a  i s  d e s c r i b e d  i n  S e c t i o n  3 . 5 .

3 . 2  R O U T E - S P E C I F I C  I N P U T  D A T A

L i n k  D a t a  F i l e

T h e  l i n k  d a t a  f i l e .c o n t a i n s  t h e  i n f o r m a t i o n  r e q u i r e d  t o  

c o n v e r t  r o u t e  a n d  o p e r a t i o n a l  c h a r a c t e r i s t i c s  i n t o  i n v e s t m e n t  

a n d  o p e r a t i n g  c o s t s .  T h e  d a t a  is  s t o r e d  s e q u e n t i a l l y  b y  r o u t e  

s e g m e n t  f o r  a l l  s e g m e n t s  t h a t  a r e  t o  b e  a n l a y z e d .  T a b l e  3 - 1  

l i s t s  t h e  d a t a  c o n t a i n e d  i n  t h e  f i l e  f o r  e a c h  r o u t e  s e g m e n t .  

T r a f f i c  d e n s i t y  ( I t e m  I l a ) ,  l o c o m o t i v e  h o r s e p o w e r  ( I t e m  I V a ), 

a n n u a l  d i e s e l  p u r c h a s e  ( I t e m  I V f ), a n d  e n e r g y  c o n s u m p t i o n  

( I t e m s  V a  a n d  b )  a r e  f o r  a  s p e c i f i e d  y e a r  c a l l e d  t h e  t r a f f i c  

b a s e  y e a r . A l l  o t h e r  i t e m s  a r e  a s s u m e d  t o  b e  i n d e p e n d e n t  o f  

t r a f f i c  l e v e l .  D i e s e l  r u n t i m e  a n d  t u r n a r o u n d  t i m e  ( I t e m s  I V d  

a n d  e) a r e  n o t  u s e d  b y  t h e  m o d e l  f o r  c o m p u t a t i o n a l  p u r p o s e s  a n d  

a r e  i n c l u d e d  o n l y  f o r  r e c o r d i n g  i n  t h e  o u t p u t  b e c a u s e  t h e y  a r e
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TABLE 3-1. INFORMATION CONTAINED IN THE LINK DATA FILE FOR EACH ROUTE SEGMENT

ITEM DESCRIPTION OF CONTENT

I. Route Characteristics -

a. Route Definition Code number, railroad name;*end points 
identified by name; Bureau of Census 
region.

b. Trackage Electrified Route miles categorized by number of 
tracks and degree of curvature; siding 
and yard mileage added.

c. Bridges and Tunnels Number of railroad truss bridges and 
overhead highway bridges that require 
increased clearance; total length of 
tunnels requiring increased clearance.

d. Ruling Grade In each direction.

II. Traffic

a. Density Average traffic density in each 
direction for four types of service.

b. Growth Annual growth of traffic in each, 
direction for each type of service; 
year through which the growth is 
•applicable;'- ' ' ' '

c. Operating Route Mileage
C*. O. J. 1 «•:: C  U  i 1 Gl .j. C- J. > ’ 1 S  * VU  c:' i. ; 1Distance for'which the average traffic 
density is computed (may differ from 
total route miles electrified).

III. Wayside Electrified Equipment

a. Catenary Service Class Normal or high speed.

b. Substations Number required for each track category 
(1, 2, 3 and 4 track).

c. Utility Connection Total miles of transmission line that 
must be constructed to connect railroad 
substations on the route segment to 
existing utility facilities.
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TABLE 3-1. INFORMATION CONTAINED IN THE LINK DATA FILE FOR EACH ROUTE SEGMENT 
(CONT'D)

ITEM DESCRIPTION OF CONTENT

IV. Locomotives

a. Prevalent Locomotive Type 
(and characteristics)

Items a. thru d. are by type of service 
and for both diesel and electric 
operation; Items b. through d. are also 
by direction.

b. Dispatch Level }

c. Directional horsepower 
requirement .

d. Runtime between operating 
end points

e. Diesel Turnaround Time

f. Diesel Release Policy Sell or transfer.

V. Energy Consumption

a. Electric Energy Megawatt-hours consumed annually by 
direction and service category.

b. Diesel Fuel Millions of gallons consumed annually 
by direction*and service category.

b a s i c  d a t a  u s e d  i n  e s t a b l i s h i n g  l o c o m o t i v e  h o r s e p o w e r  

r e q u i r e m e n t s .

L i n k  C o n v e r s i o n  S c h e d u l e

T h e  t i m e  r e q u i r e d  t o  d e s i g n  a n d  i n s t a l l  t h e  f i x e d  p l a n t  

e q u i p m e n t  r e q u i r e d  f o r  c o n v e r s i o n  t o  e l e c t r i f i e d  o p e r a t i o n  is 

s p e c i f i e d  f o r  e a c h  r o u t e  s e g m e n t  b y  a  s e t  o f  f i v e  d a t e s  ( y e a r  

a n d  m o n t h )  a s  f o l l o w s :
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1. S t a r t  d e s i g n  d a t e ;

2. C o m p l e t e  d e s i g n  d a t e ;

3. S t a r t  c o n s t r u c t i o n  d a t e ;

4. F i f t y  p e r c e n t  c o m m i s s i o n  d a t e ;

5. O n e - h u n d r e d  p e r c e n t  c o m m i s s i o n  d a t e .

I t  is  a s s u m e d  t h a t  e a c h  r o u t e  s e g m e n t  i s  c o n v e r t e d  i n  t w o  

e q u a l  p a r t s ,  o n e  p a r t  b e i n g  c o m p l e t e d  a n d  r e a d y  f o r  o p e r a t i o n  

a t  50  p e r c e n t  c o m m i s s i o n  d a t e .  T h e  c o n s t r u c t i o n  p e r i o d  f o r  t h e  

f i r s t  p a r t  i s  f r o m  t h e  s t a r t  c o n s t r u c t i o n  d a t e  t o  t h e  

50 p e r c e n t  c o m m i s s i o n  d a t e .  T h e  s e c o n d  p a r t  b e c o m e s  

o p e r a t i o n a l  o n  t h e  1 0 0  p e r c e n t  c o m m i s s i o n  d a t e  a n d  t h e  

c o n s t r u c t i o n  p e r i o d  i s  e q u a l . i n  l e n g t h  t o  t h e  f i r s t  

c o n s t r u c t i o n  p e r i o d .  T h e  e n t i r e  r o u t e  c a n  b e c o m e  o p e r a t i o n a l  

o n  t h e  s a m e  d a t e  b y  m a k i n g  t h e  50 p e r c e n t  a n d  1 0 0  p e r c e n t  

c o m m i s s i o n  d a t e s  e q u a l .  T h e  s c h e d u l e  o f  i n d i v i d u a l  r o u t e  

s e g m e n t s  i n  t h e  f i l e  c a n  o v e r l a p  w i t h o u t  r e s t r i c t i o n  t o  

r e p r e s e n t  s i m u l t a n e o u s  c o n s t r u c t i o n  t h a t  w o u l d  b e  r e q u i r e d  f o r  

l a r g e  s c a l e  e l e c t r i f i c a t i o n .

3 . 3  S Y S T E M W I D E  I N P U T  D A T A

I n v e s t m e n t  F i n a n c e

I t  i s  a s s u m e d  t h a t  i n i t i a l  p u r c h a s e  o f  c a p i t a l  e q u i p m e n t  

r e q u i r e d  f o r  c o n v e r s i o n  i s  m a d e  i n  p a r t  b y  t h e  r a i l r o a d ,  

t o g e t h e r  w i t h  a  c o m b i n a t i o n  o f  e x t e r n a l  f i n a n c e  a n d  f u n d s  

p r o v i d e d  b y  t h e  e l e c t r i c  u t i l i t y .  T h e  l o a n s  h a v e  s p e c i f i e d  

i n t e r e s t  r a t e s  a n d  a r e  r e p a i d  o v e r  s p e c i f i e d  t i m e  p e r i o d s  w i t h  

a n n u a l  p a y m e n t s  w h i c h  m a y  b e  u n i f o r m  o r  p r o p o r t i o n a l  t o  t h e  

a n n u a l  e n e r g y  c o n s u m p t i o n  o n  t h e  r o u t e  f o r  w h i c h  t h e  f u n d s  w e r e  

b o r r o w e d .  T a b l e  3 - 2  i n d i c a t e s  t h e  o u t l a y  a n d  p a y b a c k  

p a r a m e t e r s  w h i c h  m u s t  b e  s p e c i f i e d  i n  t e r m s  o f  p e r c e n t a g e
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TABLE 3 - 2 .  INVESTMENT OUTLAY AND PAYBACK PARAMETERS

ELECTRIFICATION OUTLAY STRATEGY

RAILROAD EQUITY 
FUND (PERCENT)

EXTERNAL FUND 
(PERCENT)

UTILITY FUND 
(PERCENT)

Catenary X X X

Substations X X X

Utility Connection X X X

Siqnal & Communication 
Compatibility X X X

Civil Reconstruction X X x

Systems Enqineerinq X X X

Construction Supervision X X X

Electric Locomotives X X X

PAYBACK STRATEGY

EXTERNAL FUND UTILITY

Payback Period (years) X X

Interest Rate (percent) X X

Repayment Schedule: X X

1. Uniform

2. Proportional to Electric 
Enerqy Consumption
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d i s t r i b u t i o n  o f  f u n d i n g  r e s p o n s i b i l i t y  b e t w e e n  t h e  r a i l r o a d ,  

e x t e r n a l  f u n d  a n d  u t i l i t y  f u n d .

U n i t  C o s t  F a c t o r s

T h e  u n i t  c o s t  f a c t o r s  d e f i n e d  i n  T a b l e  3 - 3  a r e  u s e d  i n  

c o m p u t i n g  t h e  c o s t s  a n d  s a v i n g  a s s o c i a t e d  w i t h  

e l e c t r i f i c a t i o n .  A l l  c o s t s  m u s t  b e  f o r  a  y e a r  c a l l e d  t h e  

c u r r e n c y  b a s e  y e a r . *

S y s t e m w i d e  C o m p o u n d i n g  F a c t o r s

T a b l e  3 - 4  l i s t s  f o u r  s y s t e m w i d e  c o m p o u n d i n g  f a c t o r s .  T h e  

t w o  r a i l r o a d  s y s t e m  g r o w t h  r a t e s  a r e  t h e  p r o j e c t e d  a v e r a g e  

c h a n g e  i n  t r a f f i c  l e v e l  o f  a l l  r a i l r o a d s  i n  e a c h  y e a r  o f  t h e  

s p e c i f i e d  t i m e  p e r i o d .  T h e  f a c t o r s  a r e  a p p l i e d  b y  d e f a u l t ,  f o r  

a n y  y e a r  o n  a n y  l i n k  f o r  w h i c h  r o u t e - s p e c i f i c  g r o w t h  r a t e s  a r e  

n o t  p r o v i d e d .  T h e s e  g r o w t h  f a c t o r s  a r e  a l s o  u s e d  f o r  

d e t e r m i n i n g  t h e  n u m b e r  o f  d i e s e l  l o c o m o t i v e s  r e q u i r e d  a n n u a l l y  

b y  a  r a i l r o a d  i n  y e a r s  s u b s e q u e n t  rto t h e  t r a f f i c  b a s e  y e a r .

T h e  g e n e r a l  i n f l a t i o n  r a t e  i s  a n  a n n u a l  f a c t o r  a p p l i e d  t o  

t h e  u n i t  c o s t s  o f  t h e  c u r r e n c y  b a s e  y e a r  i n  o r d e r  t o  e s t a b l i s h  

c u r r e n t  d o l l a r s .  T h e  g e n e r a l  i n f l a t i o n  c a n  b e  s e t  t o  z e r o  t o  

p e r f o r m  c o n s t a n t  d o l l a r  a n a l y s e s .

T h e  d i f f e r e n t i a l  e s c a l a t i o n  r a t e  o f  d i e s e l  f u e l  i s  t h e  

a m o u n t  b y  w h i c h  t h e  r a t e  o f  i n f l a t i o n  i n  d i e s e l  f u e l  c o s t  

e x c e e d s  t h e  g e n e r a l  i n f l a t i o n  r a t e .  E l e c t r i c  e n e r g y  c o s t  i s

* T h e  c u r r e n c y  b a s e  y e a r  a n d  t r a f f i c  b a s e  y e a r ,  t o  b e  d e f i n e d  
l a t e r ,  a r e  s e p a r a t e l y  s p e c i f i e d  i n  o r d e r  t h a t  t r a f f i c  
f o r e c a s t s  a n d  c o s t  e s t i m a t e s  c a n  b e  u p d a t e d  i n d e p e n d e n t l y .
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TABLE 3-3. DESCRIPTION OF UNIT COST FACTORS

ITEM DESCRIPTION OF CONTENT

I. Construction

a. Catenary ($/Route Mile) Normal and high speed types costed for 
1, 2, 3 and 4 tracks, for three ranges 
of average curvature and for 25KV and 
50KV design voltages.

b. Substations ($/Substation) To serve 1, 2, 3 or 4 tracks.

c. Utility Connection ($K/Trans- 
mission Line Mile, $K/sub- 
station)

II. Reconstruction

a. Bridges ($/Bridge) Up to 4 categories of bridge type may 
be costed.

b. Tunnels ($/Foot of Tunnel) Up to 4 categories of tunnel type may 
be costed.

c. Signal and Communication 
($/Route Mile)

III. Locomotives
'1

a. Diesel ($/Rail Horsepower)
• - • >

Up to 8 locomotive types may be costed.

b. Electric ($/Rail Horsepower) Up to 4 locomotive types may be costed.

IV. Maintenance

a. Diesel ($/Unit-Mile) For each locomotive type identified.

b. Electric ($/Unit-Mile) For each locomotive type identified.

c. Wayside ($/Track-Mile)

V. Energy

a. Electric Energy (^/Kilowatt- 
Hour)

Up to nine regional rates can be 
established.

b. Diesel Fuel ($/Gallon)
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TABLE 3 - 4 .  SYSTEM-WIDE COMPOUNDING FACTORS

Railroad System Growth Rate Through Year XXXX (Percent)*

Railroad System Growth Rate After Year XXXX (Percent)

General Inflation Rate (Percent)

Differential Escalation Rate of Diesel Fuel Through Year YYYY (Percent) 

*The links to be electrified are assigned specific growth rates.

a s s u m e d  t o  i n c r e a s e  a t  t h e  g e n e r a l  i n f l a t i o n  r a t e .  T h i s  w a s  

f o u n d  t o  b e  a n  o v e r - s i m p l i f i c a t i o n ,  b u t  w a s  o v e r c o m e  a s  

d i s c u s s e d  i n  S e c t i o n  4 . 1 . 2 .  I n  f u t u r e  w o r k  i t  w o u l d  b e  

p r e f e r a b l e  t o  p r o v i d e  a n  a b i l i t y  t o  a l s o  a l t e r  t h e  r e a l  p r i c e  

o f  e l e c t r i c  e n e r g y  i n d e p e n d e n t l y .  T h e  e n e r g y  d i f f e r e n t i a l  c a n  

b e  c h a n g e d  o n c e  d u r i n g  t h e  l i f e  o f  t h e  p r o j e c t .

L o c o m o t i v e  D e f i n i t i o n

A  l o c o m o t i v e  t y p e  i s  e s t a b l i s h e d  f o r  e a c h  c o m b i n a t i o n  o f  

h o r s e p o w e r  r a t i n g  a n d  a x l e  c o u n t ” t h a t  i s  c u r r e n t l y  u s e d  i'ri 

d i e s e l  o p e r a t i o n  o r  w i l l  b e  a v a i l a b l e  f o r  u s e  i n  e l e c t r i c  

o p e r a t i o n  t o  c a r r y  t h e  p r e p o n d e r a n c e  o f  t r a f f i c  o n  t h e  l i n k s .  

D e s i g n a t i o n  o f  l o c o m o t i v e s  b y  t y p e  h a s  b e e n  i n c l u d e d  i n  t h e  

m o d e l  t o  e n a b l e  t h e  s i z i n g  o f  a n  e l e c t r i c  f l e e t  b a s e d  o n  a t  

l e a s t  e q u i v a l e n t  h o r s e p o w e r  a n d  t r a c t i v e  e f f o r t  c a p a b i l i t y  t o  

t h e  p r e s e n t  d i e s e l  f l e e t ,  t h e r e b y  a v o i d i n g  t h e  n e e d  f o r  

p r e d i c t i o n s  f r o m  a  t r a i n  p e r f o r m a n c e  c a l c u l a t o r .  A  p r o c e d u r e  

f o r  e s t a b l i s h i n g  a n  e q u i v a l e n t  e l e c t r i c  f l e e t  i s  d i s c u s s e d  i n  

d e t a i l  i n  S e c t i o n  3 . 4 . 2 .
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3 . 4  M O D E L  M E T H O D O L O G Y

I n  t h i s  S e c t i o n ,  t h r e e  m a j o r  a s p e c t s ,  o f  m o d e l  m e t h o d o l o g y -  

a r e  d i s c u s s e d :

1. T r a f f i c  d e f i n i t i o n ;

2. F l e e t  s i z i n g  p r o c e d u r e  a n d  l o c o m o t i v e  u n i t - m i l e  

c o m p u t a t i o n ;

3. D e v e l o p m e n t  o f  t h e  d i f f e r e n t i a l  c a s h  f l o w

O t h e r  a s p e c t s  o f  m o d e l  m e t h o d o l o g y  a n d  t h e  c o m p u t a t i o n a l  

p r o c e d u r e s  e m p l o y e d  a r e  d e s c r i b e d  i n  V o l u m e  I I ,  S e c t i o n  5.

3 . 4 . 1  T r a f f i c  D e f i n i t i o n

I n  t h e  p r e v i o u s  F R A  n e t w o r k  a n a l y s e s  m a d e  t h r o u g h  1 9 8 0 ,  a n  

a v e r a g e  t r a f f i c  d e n s i t y  a n d  a  s i n g l e  a n n u a l  g r o w t h  f a c t o r  w e r e  

a p p l i e d  u n i f o r m l y  t o  a l l  l i n k s .  T h e s e  a s s u m p t i o n s  d i d  n o t  

i n t r o d u c e  a n y  l a r g e  e r r o r  i n t o  t h e  r e s u l t i n g  e s t i m a t e s  o f  

o v e r a l l  R O R  w h e n :l o o k i n g  a t  a  f u l l  n a t i o n a l  n e t w o r k ,  b u t  t h e y  

d i d  c o n t r i b u t e  t o  a  s i g n i f i c a n t  d i s t o r t i o n  i n  t h e  r e l a t i v e  

e c o n o m i c s  o f  o n e  l i n k  v e r s u s  a n o t h e r .

I n  t h e  p r e s e n t  m o d e l ,  t h e  t r a f f i c  f o r  e a c h  r o u t e  s e g m e n t  i s  

i n p u t  w i t h  s u f f i c i e n t  d e t a i l  a n d  a c c u r a c y  t o  a c h i e v e  t h e  

d e s i r e d  d i s c r i m i n a t i o n  i n  e c o n o m i c  v a l u e .  T h e r e  a r e  f o u r  

a s p e c t s  t o  t r a f f i c  c o n t a i n e d  i n  i n p u t  d a t a  a s  f o l l o w s :

1. T r a f f i c  i s  s p e c i f i e d  b y  d i r e c t i o n  i n  o r d e r  t o  i n c l u d e  

t h e  i m p a c t  o f  i m b a l a n c e d  t r a f f i c  o n  l o c o m o t i v e  f l e e t  

s i z e  a n d  m a i n t e n a n c e ;
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T r a f f i c  b e t w e e n  t w o  p o i n t s  i s  s p e c i f i e d  b y  u p  t o  f o u r  

t y p e s  o f  s e r v i c e  t h a t  h a v e  b e e n  d e f i n e d  a s  b u l k ,  

n o r m a l ,  e x p e d i t e d  a n d  p a s s e n g e r ,  i n  o r d e r  t o  

a c c o m m o d a t e  m a j o r  d i s t i n c t i o n s  t h a t  m a y  e x i s t  i n  a n y  

o f  t h e  f o l l o w i n g :  l o c o m o t i v e  t y p e ,  d i s p a t c h  l e v e l ,

r u n  t i m e ,  e n e r g y  c o n s u m p t i o n  a n d  m a i n t e n a n c e ;

3. W h e n  t h e r e  i s  m o r e  t h a n  o n e  d i s t i n c t  p a i r  o f  o p e r a t i n g  

e n d  p o i n t s  f o r  t h e  m o t i v e  p o w e r  o n  a  r o u t e  s e g m e n t ,  

t h e n  t h e  f l e e t ,  e n e r g y  a n d  m a i n t e n a n c e  r e q u i r e m e n t s  

a r e  c a l c u l a t e d  f o r  t h e  t r a f f i c  m o v e d  o v e r  e a c h  

o p e r a t i n g  s e c t o r  b y  t h e  s e p a r a t e  f l e e t s .  M u l t i p l e  

o p e r a t i n g  s e c t o r s  m a y  r e s u l t  f r o m :

T r a f f i c  t h a t  o r i g i n a t e s ,  e n t e r s ,  l e a v e s  a n d / o r  

t e r m i n a t e s  a t  i n t e r m e d i a t e  p o i n t s  o n  a  r o u t e  

s e g m e n t ,  a s s u m i n g  i t  i s  d e s i r e d  t o  h a u l  t h i s  

t r a f f i c  w i t h  a n  e l e c t r i c  f l e e t  -  o t h e r w i s e ,  

i n t e r m e d i a t e  t r a f f i c  i s  i g n o r e d ;

R o u t e  s e g m e n t s  t h a t  c o n t a i n  b r a n c h e s ;

I i
H e l p e r  l o c o m o t i v e s  a d d e d  t o  m a i n l i n e  m o t i v e  p o w e r  

a t  ;m a j o r  g r a d e s  for; p a r t  of. t h e  s e g m e n t .

4. A n n u a l  t r a f f i c  g r o w t h  o n  a  r o u t e  s e g m e n t  is  s p e c i f i e d  

f o r  e a c h  d i r e c t i o n ,  t y p e  o f  s e r v i c e  a n d  t r a f f i c  

p a t t e r n .  T h i s  g r o w t h  r a t e  i s  a p p l i e d  f r o m  t h e  t r a f f i c ,  

b a s e  y e a r  t o  a  s p e c i f i e d  y e a r ,  f o l l o w i n g  w h i c h  a 

s y s t e m w i d e  a n n u a l  g r o w t h  f a c t o r  i s  a p p l i e d  f o r  t h e  

r e m a i n d e r  o f  t h e  s t u d y  p e r i o d .

F i g u r e  3 - 2  i l l u s t r a t e s  t y p i c a l  t r a f f i c  p a t t e r n s  w h i c h  m a y  

e x i s t  o n  a r o u t e  s e g m e n t  b e i n g  c o n s i d e r e d  f o r  e l e c t r i f i c a t i o n .  

D i s t a n c e s  a r e  i n d i c a t e d  b y  t w o  l e t t e r s  w i t h  a  b a r  o v e r  t h e m .  

T r a f f i c  d e n s i t y  f o r  a n y  o p e r a t i n g  s e c t o r  i s  d e f i n e d  a s  t h e
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a n n u a l  t r a f f i c  v o l u m e  m o v e d  a l o n g  t h e  s e c t o r  b y  l o c o m o t i v e s  

t h a t  o p e r a t e  b e t w e e n  i t s  e n d  p o i n t s  d i v i d e d - b y  t h e  l e n g t h  o f  

t h e  o p e r a t i n g  s e c t o r . S e c t o r s  a r e  c h o s e n  t o  a c h i e v e  a 

r e a s o n a b l y  u n i f o r m  d e n s i t y  o f  t r a f f i c ,  a n d  c a n  b e  s p l i t  w h e r e  

n e c e s s a r y  t o  a v o i d  w i d e  v a r i a t i o n s .  P e a k i n g  o f  t r a f f i c  d u r i n g  

p a r t  o f  t h e  y e a r  i s  h a n d l e d  b y  a d j u s t i n g  t h e  l o c o m o t i v e  

u t i l i z a t i o n  f a c t o r  ( s e e  S e c t i o n  4 . 2 . 4  a n d  4 . 2 . 5 ) .  T h e  l e v e l  o f  

u t i l i z a t i o n  i s  a s s u m e d  t o  h a v e  n o  e f f e c t  o n  e n e r g y  c o n s u m p t i o n  

a n d  l o c o m o t i v e  m a i n t e n a n c e .

A  r o u t e  w i t h  o n e  o p e r a t i n g  r o u t e  s e c t o r  a s  i n  

F i g u r e s  3 - 2 (a) a n d  (d) w o u l d  r e q u i r e  o n e  s e t  o f  i n p u t  d a t a  a s  

l i s t e d  i n  T a b l e  3 - 1 .  M u l t i p l e  t r a f f i c  p a t t e r n s  a s  i n  

F i g u r e s  3 ( b ) ,  ( c j , a n d  (e) r e q u i r e  t h a t  i n p u t  d a t a  p r o p o r t i o n a l  

t o  t r a f f i c  d e n s i t y  b e  i n c l u d e d  f o r  e a c h  o p e r a t i n g  s e c t o r .

3 . 4 . 2  F l e e t  S i z i n g  A n d  L o c o m o t i v e  U n i t - M i l e s  

F l e e t  S i z i n g

T h e  l i n k  d a t a  f i l e  c o n t a i n s  t h e  h o r s e p o w e r  r e q u i r e m e n t  i n  

e a c h  d i r e c t i o n  s e p a r a t e l y  f o r  b o t h  d i e s e l  a n d  e l e c t r i c  

o p e r a t i o n  o f  e a c h  s e c t o r .  T h e  d i r e c t i o n a l  r a i l  h o r s e p o w e r  is:

1 . t h e  r a i l  h o r s e p o w e r  r e q u i r e d  i n  a g i v e n  d i r e c t i o n  t o  

m o v e  t h e  g r o s s  t o n n a g e  i n  t h e  b a s e  y e a r  i n c l u d i n g  c a r s  

a n d  l o c o m o t i v e s ;

2. A d j u s t e d  u p w a r d  b y  a  f a c t o r  f o r  l o c o m o t i v e  u t i l i z a t i o n

3. D i v i d e d  b y  t h e  n u m b e r  o f  o n e - w a y  t r i p  t i m e s  i n  o n e  

y e a r .

T h e  c o m p u t e r  m o d e l  c a l c u l a t e s  t h e  f l e e t  s i z e  r e q u i r e d  t o  

b a l a n c e  powe;r r e q u i r e m e n t s  i n  t h e  t w o  d i r e c t i o n s  o n  e a c h
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o p e r a t i n g  s e c t o r .  T h e  f l e e t  s i z e s  o n  a  l i n k  w i t h  m u l t i p l e  

o p e r a t i n g  s e c t o r s  is t h e  s u m  o f  t h e  f l e e t  s i z e  o f  t h e  s e c t o r s  

w h i c h  c o m p r i s e  t h e  l i n k .  T h i s  c o m p u t a t i o n  i s  r e p e a t e d  f o r  e a c h  

y e a r  o f  t h e  s t u d y  p e r i o d  u s i n g  t h e  d i r e c t i o n a l  h o r s e p o w e r  

a p p r o p r i a t e l y  u p d a t e d  t o  a c c o u n t  f o r  t r a f f i c  g r o w t h .

I f  t h e r e  is  o n l y  o n e  c a t e g o r y  o f  t r a f f i c  o n  a  s e c t o r  (or 

m o r e  t h a n  o n e  c a t e g o r y  a l l  w i t h  t h e  s a m e  l o c o m o t i v e  t y p e )  t h e n  

t h e  f l e e t  s i z e  is  d e t e r m i n e d  b y  d o u b l i n g  t h e  l a r g e r  o f  t h e  t w o  

d i r e c t i o n a l  p o w e r  r e q u i r e m e n t s .  I f  t h e r e  i s  m o r e  t h a n  o n e  

c a t e g o r y  o f  s e r v i c e  a n d  e a c h  u s e s  a  d i f f e r e n t  p r e d o m i n a n t  

l o c o m o t i v e  t y p e ,  p o w e r  i m b a l a n c e s  i n  o n e  s e r v i c e  c a t e g o r y  c a n  

b e  u s e d  t o  o f f s e t  i m b a l a n c e  i n  a n o t h e r  c a t e g o r y ,  i f  t h e y  a r e  

i m b a l a n c e d  i n  o p p o s i t e  d i r e c t i o n s .  T h i s  r e d u c e s  t h e  o v e r a l l  

f l e e t  r e q u i r e m e n t  ( d i e s e l  a n d  e l e c t r i c )  o n  t h e  s e c t o r . *

T w o  c o n s t r a i n t s  w e r e  i m p o s e d  t o  a s s u r e  t h a t  t h e  u s e  o f  a 

l o c o m o t i v e  i n  o t h e r  t h a n  i t s  s e l e c t e d  s e r v i c e  c a t e g o r y  i s  

o p e r a t i o n a l l y  v i a b l e :

1. A  l o c o m o t i v e  i s  o n l y  a s s i g n e d  t o  a  r e t u r n  t r i p  i n  

. /(, a n o t h e r  s e r v i c e  c a t e g o r y  i f  t h e  r u n t i m e  i s  l e s s  t h a n  

? ,- t h a t  f o r  t h e  c a t e g o r y  f o r  w h i c h  i t  i s  p r e v a l e n t ;

* I t  s h o u l d  b e  n o t e d  t h a t  a n  o p e r a t i n g  p r o c e d u r e  m u s t  b e  
h y p o t h e s i z e d  w h i c h  c o n s t r a i n s  l o c o m o t i v e  m o v e m e n t  t o  t h e  
s e c t o r  i n  o r d e r  t o  e s t a b l i s h  b o t h  t h e  d i e s e l  a n d  e l e c t r i c  
f l e e t  s i z e s .  W h i l e  t h i s  i s  a t  v a r i a n c e  w i t h  c u r r e n t  d i e s e l  
o p e r a t i o n  i n  w h i c h  l o c o m o t i v e s  r u n  t h r o u g h  t o  o t h e r  p o r t i o n s  
o f  t h e  r a i l r o a d ,  s o  w o u l d  i t  b e  a t  v a r i a n c e  w i t h  a  f u l l y  
e l e c t r i f i e d  r a i l r o a d  i n  w h i c h  e l e c t r i c  l o c o m o t i v e s  w o u l d  " r u n  
t h r o u g h . "  C o n s t r a i n i n g  b o t h  d i e s e l  a n d  e l e c t r i c  l o c o m o t i v e  
m o v e m e n t  o n  e a c h  s e c t o r  e l i m i n a t e s  a n y  d i s t o r t i o n  i n  t h e  
r e s u l t s  d u e  t o  t h e  o r d e r  o f  e l e c t r i f i c a t i o n .  I n c r e a s e  i n  
f l e e t  s i z e  o f  t h e  r a i l r o a d  r e s u l t i n g  f r o m  t h i s  c o n s t r a i n t  is  
i g n o r e d .
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2 . A  l o c o m o t i v e  is  o n l y  a s s i g n e d  t o  a  r e t u r n  t r i p  i n  

a n o t h e r  c a t e g o r y  if  t h e  d i s p a t c h  l e v e l  ( R H P / G T )  

e x c e e d s  t h a t  o f  t h e  c a t e g o r y  f o r  w h i c h  i t  i s  p r e v a l e n t

I f  t h e s e  c o n s t r a i n t s  c a n n o t  b e  m e t ,  a n  e x c e s s  l o c o m o t i v e  is 

" d e a d h e a d e d "  t o  t h e  o t h e r  e n d  o f  t h e  s e c t o r .  T h e  f i r s t  

c o n s t r a i n t  a s s u r e s  a  l o c o m o t i v e  i s  a l w a y s -  a v a i l a b l e  f o r  u s e  i n  

i t s  a s s i g n e d  c a t e g o r y .  T h e  s e c o n d  a s s u r e s  a d e q u a t e  t r a c t i v e  

e f f o r t  c a p a b i l i t y  o f  t h e  l o c o m o t i v e  w h e n  u s e d  i n  o t h e r ,  

c a t e g o r i e s .  T o  s a t i s f y  t h e s e  c o n s t r a i n t s  i n  t h e  m o d e l ,  t h e  

s e r v i c e  c a t e g o r i e s  w e r e  a r r a n g e d  i n  w h a t  i s  g e n e r a l l y  t h e  o r d e r  

o f  i n c r e a s i n g  d i s p a t c h  l e v e l  a n d  s p e e d  a s  f o l l o w s :

1. B u l k ;

2. N o r m a l ;

3. E x p e d i t e d ;

4. P a s s e n g e r .

T h e  a l g o r i t h m  p e r m i t s  t h e  l o c o m o t i v e  f o r  a n y  s e r v i c e  

c a t e g o r y  t o  b e  s u b s t i t u t e d  o n l y  i n t o  a  h i g h e r  s e r v i c e  

c a t e g o r y .  A n y  i m b a l a n c e  i n  p o w e r  r e q u i r e m e n t  t h a t  r e m a i n s  

a f t e r  t h i s  i n t e r c h a n g e  o f  l o c o m o t i v e s  b e t w e e n  s e r v i c e  

c a t e g o r i e s  i s  e l i m i n a t e d ,  b y  d e a d h e a d i n g  t h e  e x c e s s  p o w e r .

H e l p e r  l o c o m o t i v e s  o n  e a c h  g r a d e  a r e  t r e a t e d  a s  a  s e p a r a t e  

f l e e t  a n a l o g o u s  t o  o t h e r  t r a f f i c  s e c t o r s  o n  a  r o u t e  s e g m e n t .

L o c o m o t i v e  U n i t - M i l e s

T h e  m i l e a g e  a c c u m u l a t e d  a n n u a l l y  b y  e a c h  l o c o m o t i v e  t y p e  is 

u s e d  t o  c o m p u t e  l o c o m o t i v e  m a i n t e n a n c e  c o s t .  T h i s  c o m p u t a t i o n  

f o l l o w s  t h e  f l e e t  s i z i n g  c o m p u t a t i o n  i n  o r d e r  t h a t  t h e  m i l e a g e  

a c c u m u l a t e d  b y _l o c o m o t i v e s  w h i c h  a r e  d e a d h e a d e d  m a y  a l s o  b e  

i n c l u d e d .  T h e  e q u a t i o n s  f o r  t h e  u n i t - m i l e  c o m p u t a t i o n  a r e  

g i v e n  i n  V o l u m e  I I ,  S e c t i o n  5.
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3.4.3 Development Of The Differential Cash Flow

There are four basic assumptions made in constructing the 
differential cash flow that is used to compute the rate of 
return:

1. The cash flow is expressed in current dollars (based 
on inflation factors that are specified as input 
data);*

2. The cost of electrification is considered in total, 
regardless of the sources of the funds, thereby 
producing an equity rate of return. An alternative 
calculation assumes that portions of the initial 
investment are financed by external sources or by the 
electric utility thereby shifting these costs into an 
annual loan repayment over a specified period at a 
specified interest rate. This produces a leveraged 
rate of return;

3. All captial equipment is straight line depreciated 
over prescribed economic lifetimes, is replaced as 
necessary, and a residual value is calculated at the 
end of the study period;

4. No taxes and tax credits are included.

Costs are quantified where they differ for diesel and 
electric operation. Those cost elements that have been 
included in the model are delineated in Table 2-11. Cost 
elements are separated into two basic categories: (1) initial
capital equipment costs that occur prior to commissioning, and

*When the general inflation rate is set to zero, the cash flow 
is constant dollars.
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(2) annual operating costs that occur subsecruent to 
commissioning, and capital equipment expenditures subsequent to 
commissioning including locomotive purchases for growth and 
replacement and fixed plant purchases for replacement. 
Development of the cash flow for each of these categories is 
described in the following sections.

Allocation of Initial Capital Costs Over the Construction Period

A discounted cash flow analysis of electrification is 
highly sensitive to the timing of capital expenditure prior to 
commissioning. To some extent the timing of expenditures can 
be controlled to suit the cash flow recruirements of the 
railroad. The obvious incentive is to complete construction as 
quickly as possible once the commitment to electrification has 
been made. To assure comparability in analyzing multiple route 
segments, a standardized procedure was devised to allocate the 
initial capital cost over the design and construction periods _ 
defined in Section 3.2.

The cost elements allocated are those listed under 
investments in Table 2-11.* The manner in which they are 
allocated over the design and construction period is 
illustrated in Figure 3-3. The design engineering cost is 
uniformly distributed over the period from start design to 
complete design. The construction engineering cost is 
uniformly distributed over the period from start construction 
to 100 percent commissioning. Fixed plant equipment includes 
catenary, substations, utility connections, signal and 
communication compatibility modifications and civil 
reconstruction. One-half of the total of the fixed plant cost

Calculation of the value of each cost element is a computer 
function described in Volume II, Section 5.6.
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is uniformly distributed over the period from start 
construction to the 50 percent commission date; the other half 
is uniformly distributed over a period of equal length that 
ends on the 100 percent commission date. Electric locomotives 
are purchased on the 50 percent commission date to operate 
one-half of the route. On the 100 percent commission date, the 
additional locomotives required to operate the entire route are 
purchased. One-half of the credit for diesel locomotives 
released by electrification is taken on the 50 percent 
commission date and one-half on the 100 percent commission 
date. If credit is taken by avoiding replacement diesel 
purchases for the remainder of the railroad, new locomotive 
cost is used. If credit is taken by selling the released 
locomotives, the depreciated locomotive value is used.*

The initial capital costs are, in general, allocated over 
periods to the nearest month. Annual cash flow is used to 
compute the rate-of-return. Thus, after costs have been 
allocated as described above, the annual cash flow is 
calculated by summing all expenditures within each calendar 
year.

The model has the capability to emulate a railroad decision 
on whether to sell released diesel locomotives Or avoid new 
purchases (see Section 2.7 for discussion of the decision).
The model is formulated so that: (1) any percentage of the
released diesels on any route segment may be sold and 
transferred, (2) diesel life can be separately specified for 
each route segment, and (3) credit in any year for avoided 
diesel purchases never exceeds the average annual purchase of 
the railroad with any excess credited in the next year.

*Average age is assumed to be one-half of the economic life, to be consistent with the diesel replacement schedule adopted (see discussion of ecruipment replacement in this section) .
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Operational Costs and Equipment Replacement Costs

The cost elements which occur subsequent to the initial 
capital investment are the operating costs and captial 
replacement costs. Figure 3-4 illustrates how the cash flow 
results from summing the operating cost elements. (Locomotive 
replacement, a capital cost, also appears in the figure and 
will be discussed later.) Negative cashflow is expense to the 
railroad and positive cash flow is expense avoided by the 
railroad. The general inflation rate and the traffic growth 
rate are zero in the illustration while diesel fuel cost is 
shown to escalate each year up to a specified year. If the 
traffic growth rate were non-zero, locomotive maintenance, 
electric energy and diesel fuel costs would also show a 
compounding effect. If the general inflation rate were 
non-zero, all five of the operating costs would show a 
compounding effect.

Costs are computed on an annual basis for each full year 
subsequent to the 100 percent commission date. Costs are 
prorated during the startup period where the 50 percent and 
100 percent commissioning dates are different or there is 
partial “year operation..  ̂ ' 'i';/ ' ' 1 '

Figures 3-3 and 3-4, considered together, depict the cash 
flow for computing the equity rate of return. The cash flow 
for computing the leveraged rate of return would contain only 
the reduced capital expenditure by the railroad; the remaining 
capital expenditure is replaced by loan payments to the 
external and utility funds, included as an annual expense. The 
length of the loans are specified. The payment schedule may be 
uniform, like the common home mortgage or proportional to the 
electric energy consumption. The proportional repayment 
schedule is adjusted so that the loan is repaid in the 
specified time if the projected traffic level is realized.
This is a low risk loan option for the railroad because
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payments are reduced and the repayment period extended when the 
traffic level is not realized. Payment for both loans begins 
in the first full year of operation with interest being charged 
from the date funds are disbursed.

Locomotives and fixed plant require replacement at the end 
of their economic life. Table 3-5 identifies the equipment for 
which a replacement schedule has been implemented in the 
model. Locomotives are scrapped and replaced at the end of 
their economic life and are not rebuilt (i.e., they have no 
residual value). Catenary contact wire and substation 
switchgear are replaced after thirty years at a cost estimated 
to be 20 percent and 30 percent, respectively, of the initial 
investment. Economic life of the remainder of the catenary and 
substation equipment is set at sixty years, generally well 
beyond the study period used to evaluate electrification. 
Modifications made to the signal and communication system for 
compatibility and to the overhead structures for clearance have 
a predictable economic life. However, no reinvestment is 
charged to electrification based on the assumption that there 
is no cost differential in renewing diesel compatable equipment 
and electrification compatable equipment.

In Figure. 3-4,r the,, expenditures thirty years subsequent to 
commissioning is the total cost of replacing the initial 
electric locomotive fleet, the contact wire and the substations 
switchgear. The two diesel locomotive replacement credits are 
for purchases subsequent to commissioning that can be avoided 
because that much locomotive cost, was initially avoided.* The 
diesel credit depicted in Figure 3-4 is for the diesel release 
option in which new purchases are avoided.

*If the initial locomotive expenditure and/or credit was spread over more than one calendar year, that would be 
replicated for replacement.
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TABLE 3-5. EQUIPMENT LIFE AND REINVESTMENT FACTORS

CAPITAL COST ELEMENT LIFE (YEARS) PERCENT REINVESTMENT

Electric Locomotive 30 100

Diesel Locomotive 18* 100

Catenary: Wire 30 20
Poles and Hardware 60 80

Substations: Switchgear 30 30
Other 60 70

Signal and Communications 60 0

Civil Reconstruction 60 0

*Input variable which can be specified separately for each route,, 
segment.

For a small railroad that sold the released diesels, the 
credit would be entirely for the avoidance of new locomotive 
purchases equal to 1/18 of the fleet required for the route 
segment.* The cash flow for this is illustrated in Figure 3-5.

3.5 MODEL OUTPUT DATA

When multiple links are run for multiple railroads, the 
output data as summarized in Table 3-6 is produced. The equity 
rate of return for individual links is always computed with and 
without the differential inflation of fuel cost. As an option,

*Based on the assumption that the current fleet is uniformly 
distributed in age over the economic life. The corresponding 
credit for selling the existing fleet is one-half of a new 
fleet value because the average age of the fleet is nine years.
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TABLE 3-6. SUMMARY OF MODEL OUTPUT DATA

• System -W ide Input Data

-  O utlay  and payback by e x te r n a l  and u t i l i t y  funds
-  T r a f f i c  grow th ra te s  

I n f l a t i o n  fa c t o r s
U nit c o s t  fa c t o r s  in  cu rre n cy  base year

• Link S p e c i f i c  Input Data

-  Route c h a r a c t e r i s t i c s
-  O p e ra t io n a l c h a r a c t e r is t i c s  in  t r a f f i c  base year
-  E l e c t r i f i c a t i o n  c o n v e rs io n  sch ed u le

• Link S p e c i f i c  Econom ics

-  I n i t i a l  investm ent c o s t s
-  C osts  and c r e d i t s  in  f i r s t  f u l l  year o f  o p e r a t io n
-  Link r a te  o f  retu rn

• R a ilro a d  Summary

-  C um ulative r o u te -m ile s  and t r a f f i c  by year
-  C o sts  and c r e d i t s  by y ea r f o r  a l l  l in k s  (cash  flo w )
-  R a ilro a d  r a te  o f  re tu rn

• Network Summary

-  C um ulative ro u te -m ile s , and t r a f f i c  by year
-  Cash f lo w  o f  e x te r n a l and u t i l i t y  fu n ds and a g greg a ted  r a i lr o a d s
-  Network r a te  o f  re tu rn   ̂ • i . i.>u
-  G ra p h ica l p l o t s  o f ’ r a te  o f  re tu rn  i

the leveraged rate of return is also computed for each link. 
Only equity rates of return are computed at the railroad and 
the network total levels. The only other option is to include 
or delete the graphic plots of network data. The rest of the 
output is always computed.

It is possible to produce certain data that are not 
explicitly included in Table 3-6 by selective use of input 
data. For example, the cash flow of an individual link is 
obtained by running the model with only that link present in
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the link data files. The railroad and network cash flows then 
become the cash flows of the lipk. Similarly, using only data 
for links of a single railroad, the network summary by year 
provides external and utility fund balances of the railroad, 
which are not included in the railroad cash flow.

A sample of output data is presented in Volume II.
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4. PREPARATION OF INPUT DATA FOR NETWORK ANALYSIS

Data sources and computational procedures used to obtain 
input data to the Railroad Electrification Assessment Model for 
the FRA network study are described in this section. They are 
not part of the computer model and can be replaced by 
alternatives, as appropriate, in other model applications. For 
example, if a feasibility study has been performed on a route, 
most of the input data would be available so that preliminary 
computations are minimal.

The network procedures have been included to provide more 
detail on the network study and to give a more precise 
definition to model input data. Preparation of the systemwide 
data is given in Section 4.1 followed by the route-specific 
data in Section 4.2. One of the network segments is introduced 
to illustrate the procedure used. Input data for this sample 
segment are then used in Volume II to illustrate model 
computations.

4.1 SYSTEMWIDE INPUT DATA

4.1.1 Unit Cost Factors

A summary of the unit cost factors as they appear in the 
computer output is shown in Table 4-1. All of the costs are in 
1980 dollars. The basis for the development of each cost item 
is described below.

Diesel Fuel Cost

A uniform cost of one dollar per gallon was set for all 
railroad links based on a survey made in December 1980 of 
railroads that participated on the Planning Committee.
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TABLE 4-1. UNIT COST FACTORS (AS LISTED ON PAGE 2 OF COMPUTER OUTPUT)

Energy!
D i e s e l  Fuel  ( $ / g a l ) 1 .0 0
E l e c t r i c  Rate by Census Region 1 : 5 .2 6 2 :  4 .5 0 3: 4 .09 4 :  4 .0 9  5 :  3 .5 6

( c e n t s /k w h )* 6 3 .4 9 7 :  2 .8 7 8 :  2 .7 8 9 :  2 .54

L ocom otive  R a i l  Horsepower
By D i e s e l  L o com ot ive  Type (S/RHP)* 1 371 .00 2 :  429 .00 3: 259 .00 4 :  299.00

5 272 .00 6 :  233 .00 7 :  273 .00 8 :  0 .0 0

By E l e c t r i c  L ocom ot ive  Type (S/RHP) * 1 3 6 0 .00 2 :  3 0 0 .00 3 :  233 .00 4 :  0 .0 0

S e r v i c e ,  I n s p e c t i o n  & Maintenance
By D i e s e l  L o com ot ive  Type 1 1 .3 3 2 :  1 .3 3 3: 1 .3 3 4 :  1 .3 3

( $ / u n i t - m i l e ) * 5 1 .3 3 6 :  1 .3 3 7 :  1 .3 3 8 :  1 .3 3

By E l e c t r i c  L ocom ot ive  Type 1 0 .8 5 2 :  0 .8 5 3 :  0 .8 5 4 :  0 .8 5

Wayside M aintenance  ( $ / t r a c k - m i l e ) 2500 .0 0

NUMBER OF TRACKS
1 2 3 4

C o n s t r u c t io n s
C atenary  ( $ / r o u t e - m i l e )

Highspeed S e r v i c e :
T angen t,  L ig h t  C urvature 210000 .00 389000 .00 513000 .00 643000 .00
Medium C urvature 230000 .00 408000 .00 550000 .00 65 4000 .00
Heavy C urvature  

Lowspeed S e r v i c e :
28 1000 .00 472000 .00 571000 .00 739000 .00

T angen t,  L ig h t  C urvature 13 9000 .00 265000 .00 444000 .00 450000 .00
Medium C urvature 162000 .00 308000 .00 493000 .00 500000 .00
Heavy C urvature

S id in g  and Yards ( $ / t r a c k - m i l e ) 203000 .00
194000 .00 370000 .00 616000 .00 625000 .00

S u b s t a t i o n s  (J lO O O 'S /S ta t ion ) ,
25 KV (R e g io n s  1 & 2) 241.0.00' ' 2670 .00 2930 .00 3200.00
50 KV (R eg ion s  3 - 9 ) ,  . 

U t i l i t y  C o n n e c t io n
, , ; . 3380 .00 . 3710 .00 4 0 30 .0 0 43 60 .0 0

To Each S t a t i o n  (3 1 0 0 0 'S /M i le ) 200 .00
At Each S t a t i o n  (S lO O O 'S /S ta t ion ) 7 5 .00

R e c o n s t r u c t i o n :
B r id g es  (J /B r id g e ) 50000 .00 0 .0 0 0 .0 0 0 .0 0
Tunnels ( $ / F o o t ‘ o f  Tunnel) 
S i g n a l l i n g  and Communications

1400 .0 0 2480 .00 0 .0 0 0 .0 0

(3 /R o u t e -M i le ) 10 0000 .00

E n g in eer in g  F e e s :
D esign  E n g in eer in g  (%) 1 0 .00
C o n s t r u c t i o n  E n g in eer in g  (%) 1 .5

*3ee  user  d ocu m en ta t ion  Cor d e f i n i t i o n s  o f  c e n su s  r e g i o n s  and c o m p le te  c h a r a c t e r i s t i c s  o f  the  l o c o m o t iv e  t y p e s .
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Electric Energy Rate

The 1980 electric energy rate for each of the nine Bureau 
of Census regions was based on 1978 rates compiled by the 
Edison Electric Institute[11], the latest data available at the 
time the estimates were being made. The consumer price index 
was used to escalate from 1978 to 1980. The rates vary between 
2.54 cents per kilowatt-hour in the Pacific Region to 
5.26 cents per kilowatt-hour in the New England Region. 
Industrial rates were used as a proxy for traction rates since 
the latter do not exist for most regions of the country.
Average industrial demand charges are included in this energy 
rate.

Diesel Locomotive Costs

The costs of diesel locomotive types purchased in 1980 were 
established as the average of costs recorded in the R-l 
accounts to the Interstate Commerce Commission for that year by 
all of the class I railroads.* The costs are therefore 
interpreted to be for the typical options and accessories. The 
cost of locomotive types with no record of purchase in 1980 
were estimated; based on. variances of cost, with power or 
traction capability in other years, appropriately scaled. The 
locomotive costs in Table 4-1 are for the locomotive types 
defined in Table 2-5.

Electric Locomotive Costs

It was necessary to estimate the cost of the electric 
locomotive types because none of the three types used in the

*Diesel locomotive types in use on the network are identified 
in Table 2-5.
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study are currently in production in the U.S. The type 3 
locomotive, which is a 6,000 rail horsepower, six-axle unit,* 
was estimated to cost 1.4M dollars or $233 per rail horsepower 
when produced in quantities as given in Table 2-7. The costs 
for the types 1 and 2 were estimated by scaling the type 3 cost 
based on cost variations between diesel types with similar 
variations in power and traction ratings. The type 2 
locomotive, a 4,000 horsepower, six-axle unit was estimated to 
cost 1.2M dollars and a type 1, 2,500 horsepower, four-axle 
unit was estimated to cost 0.9M dollars.

Diesel Locomotive Service, Inspection and Maintenance Cost

A uniform cost of 1.33 dollars per unit-mile was used for 
all locomotive types. This average is unchanged from that used 
in the 1980 update of the 4-R study[4]. The average for all 
locomotives was determined by scaling the maintenance cost of 
the Conrail feasibility study[18] using a factor developed from 
relevant expenditures reported in the R-l annual reports to the 
Interstate Commerce Commission (ICC) by all of the Class I 
railroads. (See Appendix E).

Electric Locomotive Service, Inspection and Maintenance

A uniform cost was established for all electric locomotive 
types by applying a factor of 0.64 to the diesel locomotive 
cost per unit-mile. This factor was recommended by the 
Technical and Operations Committee as a result of a meeting 
held in March 1981 in which briefings were provided by 
operators of electrified railroads as well as locomotive 
builders. The recommended - factor results in electric

*A more complete definition of electric locomotive types used for the network study appears in Table 2-6.
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locomotive service, inspection and maintenance costs that are 
about 20 percent higher than the cost factors reported in most 
electrification feasibility studies[18], [19]. The Canadian 
network feasibility study[20] used a maintenance cost ratio of 
75 percent on a locomotive unit basis, which is a factor on a 
unit-mile basis of 0.5-0.6 when the higher annual mileage of 
the electric is considered.

Wayside Maintenance

An annual cost of 2500 dollars per track mile per year was 
used for all railroad links for the maintenance of catenary, 
structures, substations, and sectionalizing stations. This 
cost is essentially unchanged from the 1980 update which used 
$4400 per route mile per year and is conservative compared to 
most feasibility studies. The Conrail study, for example, has 
set the cost at just over $1000 per track mile[18].

Catenary Cost

The cost of catenary, including installation, was 
established in a format which acknowledges three major cost 
impacts, namely: speed of train operation, number of parallel
tracks,being electrified1 arid'triri degree of track curvature.
The catenary costs for high speed based on service are Gibbs & 
Hill estimates prepared for TSC under contract by Booz, Allen 
and Hamilton[21]. The catenary costs for low speed service are 
based on estimates prepared for TSC under contract by 
Electrack, Inc.[22] where the following assumptions are made:
(1) the factors used in the Electrack estimates for plains, 
rural and hilly terrain are equated to the curvature factors of 
the model; light, medium and heavy, respectively, and (2) the 
medium wind and ice loading condition of the Electrack 
estimates is used. The cost of catenary for sidings and yards 
was established by increasing the cost of single track, low 
speed catenary of medium curvature by 25 percent to account for
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difficulties encountered in locations with switching 
complexities and restriction on catenary pole location.

Substation Costs

A 25KV substation with two 15MVA transformers, and which 
serves 3 tracks, is estimated to cost $2.93M in reference [18] . 
The cost components of this estimate are:*

Basic substation
(Two - 15MVA transformers, incoming line, $2.62M
breakers, relays, site preparation.)

Catenary sectionalizing stations .28M
Real estate .0 3M

Total $2.9 3M

The costs for 25KV substations that serve two and three 
tracks and for 50KV substations that serve two and three tracks 
are estimated in reference[22] , with the 25KV> 3-track 
substation being approximately 25 percent less in cost than the 
above estimate. The two and three track costs used in this 
study (Table 4-1) were developed.by increasing each of the 
estimates of reference [‘22] by one-third to coincide with the 
higher1 estimate of preference';. [18] . However, the substations 
were spaced to the longer distances recommended in[22], thereby 
implying the costs are for substations of a larger rating. The 
25KV substations are rated at 45MVA and the 50KV substations 
are rated at 90MVA (See Section 4.2.3 for a discussion of 
substation size and spacing). One and four track costs were 
scaled linearly from the two and three track estimates.

*Data taken from reference[18], Tables 2.2-1, and 2*2-2.
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Utility Connection Costs

Utility connection costs were established for two factors: 
extension of transmission line and connection and metering 
equipment at each railroad substation. Cost estimates for 
these factors are Gibbs & Hill estimates that appear in 
Reference[21]; these are $200,000 per mile of transmission line 
installed and $75,000 per substation connection.

Civil Reconstruction Cost

An average bridge modification cost of 50,000 dollars was 
assumed to cover the cost of clearance modifications to an 
overhead highway bridge or a through railroad truss bridge.
This estimate is consistent with an estimate used recently in a 
feasibility study for a western railroad and is somewhat less 
than the estimate in the Conrail feasibility study[18] where 
much of the route has 3 or more tracks. Estimates of tunnel 
modification costs to increase clearance by 2 feet for one and 
two tracks that appear in Reference[23] were escalated using 
the consumer price index to $1400 and $2480 per foot.

These are averages of the bridge and tunnel costs of 25KV 
and SOKVacatenarylj ■ Costs, frequently may]vary.:significantly, 
between 25KV and 50KV since the lesser clearance of the lower 
voltage level can sometimes be achieved by lowering the track, 
thereby avoiding the necessity of tunnel scarfing or daylight­
ing and bridge raising work. For example, recently prepared 
estimates for single-track tunnel on a western railroad were 
$670 and $2,560 per foot for 25KV and 50KV respectively. 
Modification to the model should be considered to account for 
this if detailed clearance cost estimates are desired.

Signal and Communication System Modification Cost

The average cost of achieving electrical compatability between 
the traction power supply and the signal and communication (S&C)

4-7



s y s t e m s  v a r y  f r o m  a l o w  o f  $ 4 5 , 0 0 0  p e r  r o u t e  m i l e  f o r  o n e  w e s t e r n  

r a i l r o a d  t h a t  h a s  b e e n  s t u d i e d  t o  o v e r  $ 2 0 0 , 0 0 0  f o r  C o n r a i l  e a s t  

o f  H a r r i s b u r g .  T h e  w i d e  v a r i a t i o n  i n  t y p e  o f  s i g n a l  a n d  

c o m m u n i c a t i o n  s y s t e m s '  i n  p l a c e  a n d  t h e  v a r y i n g  p h i l o s o p h i e s  

a p p l i e d  i n  a s s e s s i n g  c o s t s  t o  c o m p a t a b i l i t y  v e r s u s  i m p r o v e m e n t  

m a k e  i t  i n a p p r o p r i a t e  t o  a s s i g n  a n  a v e r a g e  v a l u e  t o  t h i s  c o s t .

N o t w i t h s t a n d i n g ,  a n  a v e r a g e  c o s t  o f  $ 1 0 0 , 0 0 0  p e r  r o u t e - m i l e  

w a s  u s e d  i n  t h i s  s t u d y  f o r  a l l  r a i l r o a d s  w i t h  t y p i c a l  d c  

s i g n a l l i n g  a n d  t r a c k s i d e  c o m m u n i c a t i o n  l i n e s .  T h e  c o s t s  f o r  U n i o n  

P a c i f i c  e l e c t r i f i c a t i o n  w e r e  a l t e r e d  t o  $ 1 1 5 , 0 0 0  p e r  r o u t e - m i l e  t o  

c o v e r  t h e  a d d i t i o n a l  m o d i f i c a t i o n s  r e s u l t i n g  f r o m  c a b  s i g n a l l i n g  

m o d i f i c a t i o n s .  T h e  c o s t s  f o r  t h e  M K T  r o u t e  w e r e  a l t e r e d  t o  

$ 6 0 , 0 0 0  p e r  r o u t e - m i l e  b e c a u s e  p a r t  o f  t h e  r o u t e  i s  n o t  s i g n a l l e d  

a n d  w o u l d  t h e r e f o r e  r e q u i r e  n o  m o d i f i c a t i o n .  S & C  i m p r o v e m e n t s  a r e  

n o t  i n c l u d e d  i n  t h i s  s t u d y .

E n g i n e e r i n g  F e e s

T h e  d e s i g n  f e e  c o v e r s  f e a s i b i l i t y  s t u d y  a n d  p r e l i m i n a r y  a n d  M  
d e t a i l  d e s i g n  o f  a n  a r c h i t e c t u r a l  a n d  e n g i n e e r i n g  f i r m  a n d  i s  s e t ^  

a t  1 0 , p e r c e n t ,  s o m e w h a t  a b o v e  t h e  b a s e l i n e  f e e  o f  6 p e r c e n t  t h a t  

i s  c h a r g e d  f o r  p r o j e c t s  w h e r e  ̂ s t a n d a r d s .  and- r e c o m m e n d e d ,  p r a c t i c e s  

a r e ' w e l l  e s t a b l i s h e d , ;  iJTjtie c o n s t r u c t i o n  e n g i n e e r i n g  f e e  o f  1 

1/2 p e r c e n t  i s  f o r  s u p e r v i s o r y  o v e r s i g h t  d u r i n g  c o n s t r u c t i o n .

( T h e  c o s t s  o f  t h e  a b o v e  f i x e d  p l a n t  e q u i p m e n t  a r e  t u r n k e y  c o s t s ,

i . e . ,  t h e y  c o n t a i n  a n y  d e s i g n  c o s t s  t h e  s u p p l i e r  m u s t  i n c u r  i n  

b u i l d i n g  a n d  i n s t a l l i n g  h i s  e q u i p m e n t . )

4 . 1 . 2  F u e l  C o s t  P r o j e c t i o n s

T h e  c o m p u t e r  m o d e l  c a l c u l a t e s ,t h e  e f f e c t  o f  c h a n g e s  i n  t h e  

r e l a t i v e  u n i t  c o s t s  o f  d i e s e l  o i l  f u e l  a n d  e l e c t r i c  p o w e r  b y  

h o l d i n g  t h e  e l e c t r i c  p o w e r  c o s t s  c o n s t a n t ,  a n d  i n c r e a s i n g  t h e  c o s t  

o f  d i e s e l  f u e l  o i l  t o  t h e  r e q u i r e d  d e g r e e .  F o r  t h e  b a s e  c a s e  o f  

t h e  p r e v i o u s  F R A  s t u d i e s  a t h r e e  p e r c e n t  d i f f e r e n t i a l  w a s  u s e d .
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R e c e n t  f u e l  c o s t  f o r e c a s t s  b y  p o w e r  c o m p a n i e s ,  o i l  
c o m p a n i e s ,  a n d  i n d e p e n d e n t  f o r e c a s t e r s  t h a t  h a v e  b e e n  a s s e m b l e d  

b y  t h e  S o u t h e r n  R a i l w a y  a r e  s h o w n  i n  F i g u r e  4 - 1 .  T h e s e  a n d  

d a t a  t h a t  h a v e  b e e n  u s e d  f o r  a s t u d y  o n  t h e  B u r l i n g t o n  N o r t h e r n  

R a i l r o a d  s u g g e s t  t h a t  t h e  d i f f e r e n t i a l  m a y  b e  l e s s  t h a n  

t h r e e  p e r c e n t .  U s i n g  t h e s e  f o r e c a s t s  a s  a b a s i s ,  c a l c u l a t i o n s  

w e r e  m a d e  o f  t h e  f o r e c a s t  c h a n g e  i n  f u e l  p r i c e s  o v e r  t h e  

2 0 - y e a r  p e r i o d  1 9 8 0 - 2 0 0 0 :

C h a n g e s i n  F u e l  P r i c e s  p e r  G a l l o n - e q u i v .

O i l  E l e c t r i c i t y  D i f f e r e n c e

N u m b e r  o f  F o r e c a s t s  

A v g .  P r i c e  i n  1 9 8 0  

F o r e c a s t  P r i c e  i n  2 0 0 0

5

100 c e n t s  

1 8 0  c e n t s

4

4 2  c e n t s  

6 3  c e n t s

5 8  c e n t s  

1 1 7  c e n t s

T o  a c c o u n t  f o r  t h e  i n c r e a s e  i n  b o t h  d i e s e l  f u e l  a n d  

e l e c t r i c i t y  c o s t s  t h e  f o l l o w i n g  m e t h o d o l o g y  w a s  u s e d .  T h e  

e l e c t r i c i t y  p r i c e  w a s  h e l d  c o n s t a n t ,  a n d  t h e  d i f f e r e n c e  s h o w n  

a b o v e  w a s  a d d e d  t o  g i v e  a n  e q u i v a l e n t  o i l  f u e l  p r i c e  w i t h  t h e  

s a m e  a b s o l u t e  d i f f e r e n t i a l  p e r  g a l l o n  a s  t h a t  f o r e c a s t .  T h u s :

C o n s t a n t  E l e c t r i c i t y  P r i c e L i o a ^ - e g u i v . )  4 2  c e n t s / g a l
■; ;  ̂j> . .• ' :<■ v'- ;

I n c r e a s e d  -bA&fft& e p t i a l  J ° r  Y e a r  2 0 ^ 0 ^ ' ^  1 1 7  c e n t s / g a l  

N e w  E q u i v a l e n t  O i l  P r i dh • 1 5 9  c e n t s / g a l

E q u i v a l e n t  o i l  p r i c e  i n  2 0 0 0  is  5 9  c e n t s  h i g h e r  t h a n  o i l  p r i c e  

i n  1 9 8 0  ( 1 5 9  c e n t s  - 1 0 0  c e n t s )  a n d  t h i s  i s  e q u a l  t o  a c u m u l a t i v e  

a n n u a l  r a t e  o f  i n c r e a s e  o f  2 . 3  p e r c e n t .  T h i s  p e r c e n t a g e ,  w h e n  

a p p l i e d  t o  t h e  o i l  p r i c e  w h i l e  h o l d i n g  t h e  e l e c t r i c  p o w e r  u n i t  

c o s t  c o n s t a n t ,  p r o d u c e s  t h e  d i f f e r e n c e  i n  e n e r g y  c o s t  i n  t h e  y e a r  

2000 w h i c h  r e s u l t e d  f r o m  t h e  a v e r a g e  o f  t h e  o r i g i n a l  f o r e c a s t s .  

N o t e  t h a t  t h e  i n d i v i d u a l  c o s t s  o f  e l e c t r i c i t y  a n d  d i e s e l  f u e l  i n  

t h e  m o d e l  a r e  t h e r e f o r e  s o m e w h a t  l e s s  t h a n  f o r e c a s t .

B e y o n d  t h e  y e a r  2 0 0 0 ,  t h e  p r i c e s  o f  b o t h  f u e l s  w e r e  h e l d  

c o n s t a n t ,  a l t h o u g h  t h e r e  a r e  a r g u m e n t s  i n  w i d e n i n g  t h e  

d i f f e r e n t i a l  t h e r e a f t e r .
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4 . 2  R O U T E - S P E C I F I C  I N P U T  D A T A

D e v e l o p m e n t  o f  t h e  L i n k  D a t a  F i l e  ( S e e  T a b l e  3 - 1  a n d  

V o l u m e  I I ,  S e c t i o n  I I  f o r  d e f i n i t i o n )  f r o m  s o u r c e  d a t a  i s ,  i n  

e s s e n c e ,  c o n f i g u r i n g  o r  d e s i g n i n g  t h e  d i e s e l  a n d  e l e c t r i c  r a i l  

s y s t e m s  t h a t  a r e  t o  b e  c o m p a r e d  a n d  c o m p u t i n g  t h e  e n e r g y  

c o n s u m p t i o n  o f  e a c h  i n  t h e  b a s e  t r a f f i c  y e a r .  S o m e  o f  t h e  l i n k  

d a t a  c a n  b e  t r a n s c r i b e d  d i r e c t l y  f r o m  t h e  e n g i n e e r i n g  d e s i g n  

r e c o r d s  a n d  o p e r a t i n g  s t a t i s t i c s  t h a t  a r e  k e p t  f o r  a l i n k .

O t h e r  i n p u t  d a t a  d o e s  n o t  e x i s t  i n  t h e  f o r m  r e q u i r e d  a n d  m u s t  

b e  d e v e l o p e d  f r o m  t h e  s o u r c e  d a t a .  T h e  d e s i g n  c o m p u t a t i o n s  

r e q u i r e d  f o r  d e v e l o p i n g  t h e  r o u t e - s p e c i f i c  i n p u t  d a t a  w e r e  

r e d u c e d  t o  a s e t  o f  w o r k s h e e t  p r o c e d u r e s  t h a t  a r e  d e s c r i b e d  in  

t h i s  s e c t i o n . *

S o u r c e  d a t a  f o r  t h e  h y p o t h e t i c a l  n e t w o r k  w a s  o b t a i n e d  f r o m :

1. P u b l i s h e d  d a t a  r e a d i l y  a v a i l a b l e  i n c l u d i n g  r a i l r o a d  

t i m e t a b l e s ,  A A R  a n d  I C C  r e c o r d s ,  a n d  F R A  s t u d i e s ;

2. R a i l r o a d  s u p p l i e d  d a t a  f u r n i s h e d  b y  t h o s e  r a i l r o a d s  

p a r t i c i p a t i n g  in t h e  s t u d y ;

T a b l e  4 - 2  i d e n t i f i e s  t h e  c h a r a c t e r i s t i c s  o b t a i n e d  f r o m  

p u b l i s h e d  d a t a  a n d  t h e  s p e c i f i c  s o u r c e  f o r  e a c h .  F i g u r e  4 - 2  is  

a s a m p l e  o f  t h e  R a i l r o a d  Q u e s t i o n n a i r e  f o r m  u s e d  t o  o b t a i n  d a t a  

f r o m  t h e  r a i l r o a d s .  T h e  d a t a  r e q u i r e d  f r o m  t h e  r a i l r o a d s  t h a t

* T h e  d e s i g n  c o m p u t a t i o n s  a r e  n o t  p a r t  o f  t h e  c o m p u t e r  m o d e l  
s i n c e  t h a t  w o u l d  p r e v e n t  t h e  u s e  o f  t h e  d e s i g n  d a t a  o b t a i n e d  
f r o m  o t h e r  f e a s i b i l i t y  s t u d i e s .  W h i l e  a s e p a r a t e  p r o g r a m  
c o u l d  h a v e  b e e n  d e v e l o p e d ,  c o m p u t a t i o n s  f o r  t h e  h y p o t h e t i c a l  
n e t w o r k  w e r e  p e r f o r m e d  m a n u a l l y  b e c a u s e  t h e  p r o c e d u r e s  w e r e  
in t h e i r  i n f a n c y  a n d  s u b j e c t  t o  f r e q u e n t  c h a n g e .  T h e  m u l t i t u d e  
o f  s p e c i a l  c o n s i d e r a t i o n s  t h a t  m u s t  b e  w e i g h e d  i n  m a k i n g  t h e s e  
c o m p u t a t i o n s  w o u l d  m a k e  t h e  v a l u e  o f  a g e n e r a l  p u r p o s e  d e s i g n  
p r o g r a m  q u e s t i o n a b l e .
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TABLE 4-2.. ROUTE CHARACTERISTICS OBTAINED FROM PUBLISHED SOURCES

SOURCE

CHARACTERISTICS
10,000 ROUTE-MILE 

CORE
REMAINDER OF 

29,000 ROUTE-MILE 
NETWORK

• Route and track mileage

- By number of tracks -Railroad timetables Railroad timetables

- By average curvature 
category

FRA Data Base* Estimated

• Number of bridges FRA Data Base* FRA Data Base*
• Average grade category FRA Data Base* Estimated

• New transmission line A.D. Little [24] A.D. Little [24]
• Substation spacing. Electrack [22] Electrack [22]

♦Assimilated by the Policy Office during studies under the 4-R Act.

i s  n o t  g e n e r a l l y  a v a i l a b l e  o n  a  r o u t e - s p e c i f i c  b a s i s  w a s  

e s t i m a t e d  b y  r a i l r o a d  p e r s o n n e l  f a m i l i a r  w i t h  o p e r a t i o n s .  

I n s t r u c t i o n s ^  f o r r v c o m p l e t i o h '  & f  t h e  q u e s t i o n n a i r e  a r e  i n d i c a t e d  

i n  A p p e n d i x  F .  F o r  c o n s i s t e n c y  o f  t r a f f i s C  p r o j e c t i o n s  o n  a 

n a t i o n a l  b a s i s ,  i t e m s  1 a n d  2 o f  t h e  q u e s t i o n n a i r e  w e r e  

c o m p l e t e d  b y  t h e  F R A  ( d e s c r i p t i o n  f o l l o w s ) . T h e  p a r t i c i p a t i n g  

r a i l r o a d s  w e r e  a s k e d  t o  c o m m e n t  o n  t h e  r e a s o n a b l e n e s s  o f  t h i s  

t r a f f i c  d a t a  a n d •s u p p l y  i t e m s  3 t h r o u g h  1 0 .

4 . 2 . 1  S a m p l e  R o u t e  S e g m e n t

T o  i l l u s t r a t e  t h e  p r e p a r a t i o n  o f  e n t r i e s  t o  t h e  L i n K  D a t a  

F i l e  a  r e p r e s e n t a t i v e  r o u t e  s e g m e n t  f r o m  t h e  n e t w o r k  i s  u s e d .  

I t  is  i d e n t i f i e d  in t h i s  r e p o r t  a s  a s e g m e n t  o f  t h e  U r a i l
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RAILROAD QUESTIONNAIRE - TRAFFIC AND OPERATIONAL DATA

Railroad: UKATh & Company Route Sector: UTown y a r d __
Forward (FVJD)

To: licit/, USA
Ri'vcrr.p (REV)

COMMODITY GROUP

i 2 3 4 5 8 7 8 9 10 ii 12 13 14 15 16
SAND, NOM4BT- FOREST CEMENT, GRAIN PRIM- TRANS. FREIGHT

DIREC- CHEM- IRON STONE,' ALLIC PRO- CLAY G. MILL PULP, ARY EQUIP- LUMPER, f w p r ., ALL
QUEST IONNAIRE TTRM TION COAL GRAIN ICALS ORE GRAVEL MIN. DUCTS GLASS FOOD PROD. PAPER METAI.S MENT WOOD K 1.01, OTHER

. FPA projected annual FWD -9.3 4.8 2.8 0 1.7 2.4 0 -0.8 -0.2 1.4 2.3 1.6 2.9 -0.5 3.0 3.0
qrowth in revenue 
tonnaqe to 1990. REV 0 0 1.4 0 C5.18 • 2.2 -2.1 rrC1 -1.0 -0.3 3.0 1.2 1.7 -2. 1 2.1 ?. 3

. Percent of actual 1980 FWD 0.4 15.9 2.3 0.1 o.i 0.3 1.0 1.7 1.2 i.i 1.5 1.9 0.6 0.9 7.1 3.7
revenue tonnaqe.

REV 0 3.8 0.5 0.9 0.1 •
f.

1.4 n.3 0.6 4.9 0 5.7 4.5 i.i 32.7 2.7 1.0

. Chock those commodity 
qroupn where a measur­
able percentaqe moves 
in expedited service.

X X X X X

4

EXPEDITED NORMAL BULK PASSENGER

Diesel dispatch level FWD 3.1 1.8 .  .
in honsepower per ton.

REV 3.0 1.9 (+ 1.2)* - -

Prevelent type of SD-40-2 SD-40-2 _
d iose | locomot. i ve used. (SD-40-2)

Typical runninq time. FWD 13 hr., 10 min. 21 hr., 45 min. - -

REV 13 hr., 25 min. 16 hr., 15 min. - -

FORWARD REVERSE

7. Rulinq Grade 1.0 1.0 (1.8)**

8. 1.0RO Actual Gross 
Ton Miles (averaqe). 
Does/does not include 
1ocomot ives.

16.6 IS.8

9. Approximate percen- 
taqe of total ton- 
nnqe movinq in expe- 
di t ed service.

40% 50%.

10. Percentaqe of total 
tonnaqe expected to 
move with electric 
locomot ives.

inn% 100%

M«»lpei .it Diq Mountain Pass where one-way opernlinq milenqe in 18.2 miles. 
[•'< * vc' i -■.«* r u 1 i n<i qradc? outside helper district is 1.0; inside, 1.8.

FIGURE 4-2 COMPLETED RAILROAD QUESTIONNAIRE FOR THE SAMPLE SEGMENT



R a i l r o a d  C o m p a n y  o p e r a t i n g  b e t w e e n  U t o w n  Y a r d  a n d  U c i t y ,  U S A .  

T h e  e n t r i e s  o n  t h e  R a i l r o a d  Q u e s t i o n n n a i r e  in  F i g u r e  4 - 2  a r e  

f o r  t h e  s a m p l e  s e g m e n t .  T h i s  s e g m e n t  is  s e e n  t o  c a r r y  a 

s i g n i f i c a n t  a m o u n t  o f  g r a i n  f r o m  U t o w n  t o  U c i t y ,  t h e  f o r w a r d  

d i r e c t i o n ,  a n d  a n  e v e n  g r e a t e r  a m o u n t  o f  l u m b e r  i n  t h e  r e v e r s e  

d i r e c t i o n .  F o o d ,  t r a n s p o r t a t i o n ,  e q u i p m e n t ,  l u m b e r ,  f r e i g h t  

f o r w a r d e r  a n d  o t h e r  c o m m o d i t y  c l a s s i f i c a t i o n s  a r e  i n d i c a t e d  t o  

b e  m o v e d  i n  e x p e d i t e d  s e r v i c e .  H e l p e r  l o c o m o t i v e s  a r e  r e q u i r e d  

f o r  n o r m a l  s e r v i c e  in  t h e  r e v e r s e  d i r e c t i o n .  T h e  r o u t e  

c h a r a c t e r i s t i c s  o b t a i n e d  f r o m  p u b l i s h e d  d a t a  a r e  s u m m a r i z e d  i n  

T a b l e  4 - 3 .

4 . 2 . 2  T r a f f i c  L e v e l

T h e  a v e r a g e  1 9 8 0  t r a f f i c  d e n s i t y  o n  e a c h  r o u t e  s e g m e n t ,  i n  

e a c h  d i r e c t i o n ,  w a s  p r o v i d e d  b y  t h e  r a i l r o a d  ( s e e  F i g u r e  4 - 2 ,  

Q u e s t i o n n a i r e  i t e m  n u m b e r  8) w i t h  a n  i n d i c a t i o n  o f  w h e t h e r  

m o t i v e  p o w e r  t o n n a g e  w a s  i n c l u d e d .  T h e  t r a f f i c  d e n s i t y  

r e q u i r e d  f o r  d i f f e r e n t i a l  a n a l y s i s  o f  e l e c t r i f i c a t i o n  i s  t h a t  

w h i c h  w o u l d  b e  m o v e d  b y  e l e c t r i c  l o c o m o t i v e s  a f t e r

TABLE 4-3. ROUTE CHARACTERISTICS FOR THE SAMPLE SEGMENT

Route Miles:

1 Track 406.1

2 Track 97.6

Sidings and Yards 202.4

Number of Overhead Highway Bridges 59

New Transmission Line Required (Miles) 45

Substation Spacing (Miles) 75
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c o n v e r s i o n . *  A n  e s t i m a t e  o f  t h a t  l e v e l  w a s  o b t a i n e d  a s  t h e  

p r o d u c t  o f  Q u e s t i o n n a i r e  i t e m s  n u m b e r  8 a n d  n u m b e r  1 0 .

The. e l e c t r i f i c a t i o n  m o d e l  h a s  b e e n  p u r p o s e l y  c o n f i g u r e d  t o  

a c c e p t  t r a f f i c  d e n s i t y  a n d  t h e  a s s o c i a t e d  a n n u a l  g r o w t h  f a c t o r s  

f o r  u p  t o  f o u r  d i s t i n c t  c a t e g o r i e s  o f  t r a i n  s e r v i c e . * *  T h u s ,  

i t  i s  n e c e s s a r y  t o  a p p o r t i o n  t h e  t r a f f i c  a c c o r d i n g l y .  

A p p o r t i o n m e n t  f a c t o r s  w e r e  d e v e l o p e d ,  b a s e d  o n  w a y b i l l  

s t a t i s t i c s  o f  c o m m o d i t y  m i x  h a u l e d  o n  e a c h  s e c t o r  a n d  b a s e d  o n  

r a i l r o a d  d e s i g n a t i o n  o f  w h i c h  c o m m o d i t i e s  a r e  m o v e d  w i t h  e a c h  

t y p e  o f  t r a i n  s e r v i c e  ( Q u e s t i o n n i a r e  i t e m  n u m b e r  3 ) .

T h e  a s s o c i a t e d  a n n u a l  g r o w t h  f a c t o r s  f o r  e a c h  s e r v i c e  

c a t e g o r y  a r e  t h e  w e i g h t e d  a v e r a g e s  o f  t h e  g r o w t h  f a c t o r s  o f  

e a c h  c o m m o d i t y .  T h e  p r o c e d u r e  f o r  d e v e l o p i n g  t h e  t r a f f i c  d a t a  

r e q u i r e d  f o r  i n p u t  t o  R E A M  i s  d e p i c t e d  i n  F i g u r e  4 - 3 .  T h e  t w o  

b l o c k s  t o  t h e  l e f t  i n d i c a t e  t h e  p r o c e d u r e  f o r  o b t a i n i n g  t h e  

c o m m o d i t y  m i x  a n d  t h e  p e r c e n t  i n c r e a s e  in  t r a f f i c  b y  c o m m o d i t y -  

o n  e a c h  r o u t e  s e g m e n t .  T h e  b l o c k  t o  t h e  r i g h t  d e p i c t s  t h e  

c o n v e r s i o n  o f  d e n s i t y  a n d  g r o w t h  b y  c o m m o d i t y  o n  a  r e v e n u e  

t o n n a g e ^ b a s i s  t o  d e n s i t y  a n d  g r o w t h  b y  s e r v i c e  c a t e g o r y  o n  a 

g r o s s  t o n n a g e  b a s i s .  T h e  p r o c e d u r e s  d e p i c t e d ^  in  e a c h  b l o c k  a r e  

d e s c r i b e d  i n  m o r e  d e t a i l  i n  t h e  f o l l o w i n g  s u b s e c t i o n .

T r a f f i c  G r o w t h

I t  w a s  t h e  r e c o m m e n d a t i o n  o f  t h e  P l a n n i n g  C o m m i t t e e  t h a t  

g r o w t h  r a t e s  b e  o b t a i n e d  f r o m  t h e  p r o j e c t i o n s  f o r  t h e  g r o w t h  o f

* T r a f f i c  t h a t  w o u l d  c o n t i n u e  t o  b e  h a u l e d  b y  d i e s e l  l o c o m o t i v e s  
w o u l d  t y p i c a l l y  b e  t h a t  e n t e r i n g  a t  i n t e r m e d i a t e  p o i n t s  a n d  
c o n t i n u i n g  f o r  o n l y  a s h o r t  d i s t a n c e  o n  t h e  e l e c t r i f i e d  s e c t o r  
b e f o r e  e x i t i n g  o r  t e r m i n a t i n g .

* * T h e  p u r p o s e  o f  t h e  s e r v i c e  c a t e g o r i e s  i s  t o  h i g h l i g h t  
e q u i p m e n t  arid o p e r a t i o n a l  v a r i a t i o n s  o n  a  r o u t e ,  in  
p a r t i c u l a r ,  t h e  t y p e  o f  l o c o m o t i v e  r e q u i r e d  ( s e e  
S e c t i o n  3 . 4 . 2 )  .
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L 0-2 6 2-8 2

Total gross traffic density in 1978

Projected rail revenue traffic
CALCULATE GROWTH OF

growth between geographic. ^ REVENUE TONNAGE BY Questionnaire
regions, 1978 to 1990, by ^ ROUTE SECTOR item #1
commodity and direction 
(Ref. 25)

COMMODITY AND 

DIRECTION

11—'
^  1% Waybill .sampling — ►

CALCULATE 1978 
REVENUE TONNAGE ON 

SECTORS BY Commodity mix

Hvpnthetinal elentrifinatinn
network definition by route segment.

— ►
COMMODITY AND 

DIRECTION. (’PRINCETON 
MODEL (Ref. 26)

Questionnaire 
item # 2

Classification of________
15 commodity groups into
3 service categories 
(questionnaire item #3).

GROSS TRAFFIC 

DENSITY 

FORECAST 

MODEL 1980 ----------►
•  1980 gross traffic

density by service 
category and direction.

•  Annual growth thru 
1990 of gross traffic 
density on each route 
sector by service 
category and direction.

F I G U R E  4-1. BLOCK DIAGRAM OF PROCEDURE FOR DEVELOPING 
BY SERVICE CATEGORY '

ROUTE SPECIFIC TRAFFIC FORECASTS

I



f i f t e e n  c o m m o d i t y  g r o u p s  t h r o u g h  t h e  y e a r  1 9 9 0  a s  p u b l i s h e d  b y  

F R A ' s  O f f i c e  o f  P o l i c y  i n  t h e  r e p o r t ,  R a i l r o a d  F r e i g h t  T r a f f i c  

F l o w s  1 9 9 0  [25] . U s e  o f  t h e s e  p r o j e c t i o n s  p r o v i d e s :  (1) u n i f o r m  

u n d e r l y i n g  a s s u m p t i o n s  r e g a r d i n g  s u c h  f a c t o r s  a s  t h e  g e n e r a l  

c o n d i t i o n  o f  t h e  e c o n o m y  a n d  t r e a t m e n t  o f  t r a f f i c  s u b j e c t  t o  

m e r g e r ,  a n d  (2) t h e  r e q u i s i t e  b r e a k d o w n  b y  c o m m o d i t y  g r o u p s  

f r o m  a  p u b l i c l y  a v a i l a b l e  s o u r c e  ( r a i l r o a d  g r o w t h  p r o j e c t i o n s  

a r e  g e n e r a l l y  t r e a t e d  a s  p r o p r i e t a r y  d a t a ) . I n  a p p l y i n g  t h e s e  

r e s u l t s  t o  t h e  e l e c t r i f i c a t i o n  a n a l y s i s  t h e  f o l l o w i n g  

d i f f i c u l t i e s  w e r e  e n c o u n t e r e d :

1. G r o w t h  w a s  p r o j e c t e d  o n l y  t h r o u g h  1 9 9 0  w h i l e  t h e  

e l e c t r i f i c a t i o n  a n a l y s i s  r a n  t h r o u g h  2 0 3 6 ;

2. T h e  c o u n t r y  w a s  d i v i d e d  i n t o  1 2 9  t r a f f i c  r e g i o n s ,  e a c h  

h a v i n g  a p r i n c i p a l  c i t y  o r  r a i l r o a d  j u n c t i o n  

d e s i g n a t e d  a s  t h e  n o d e  f o r  t h a t  r e g i o n .  T h e  1 2 9  n o d e s  

w e r e  t h e n  c o n n e c t e d  b y  a s e r i e s  o f  l i n k s  c o r r e s p o n d i n g  

t o  o n e  o r  m o r e  r a i l r o a d  m a i n l i n e s .  A n d  w h i l e  s o m e  

t r a f f i c  l i n k s  c o r r e s p o n d e d  t o  m o r e  t h a n  o n e  

e l e c t r i f i c a t i o n  l i n k ,  s o m e  l o n g  e l e c t r i f i c a t i o n  l i n k s  

c o r r e s p o n d e d  t o  m o r e  t h a n  o n e  t r a f f i c  l i n k ;

I t  w a s  ̂ g e n e r a l l y  a g r e e d  t h a t  a n y  p r o j e c t i o n s  b e y o n d  1 9 9 0  

w o u l d  b e  m e a n i n g l e s s .  T h u s ,  t h e  m o d e l  w a s  c o n s t r u c t e d  t o  

a c c o m o d a t e  a  t w o  s t a g e  p r o j e c t i o n ;  l i n k  s p e c i f i c  t o  1 9 9 0  a n d  a 

s y s t e m  w i d e  g r o w t h  b e y o n d  1 9 9 0 . *  N o  g r o w t h  b e y o n d  1 9 9 0  w a s  

a s s u m e d  t o  b e  c o n s i s t e n t  w i t h  t h e  o b j e c t i v e  o f  r e m a i n i n g  

b a s i c a l l y  c o n s e r v a t i v e  i n  p l a c i n g  v a l u e  o n  e l e c t r i f i c a t i o n .

* I n  a c t u a l  a p p l i c a t i o n ,  t h e  u s e  o f  d i s c o u n t e d  c a s h  f l o w  i n
c a l c u l a t i o n  o f  r e t u r n  o n  i n v e s t m e n t  m a d e  g r o w t h  b e y o n d  1 9 9 0
o f  l i t t l e  c o n s e q u e n c e .
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In s o m e  c a s e s ,  c o n v e r s i o n  o f  g e n e r a l i z e d  f l o w  o v e r  t r a f f i c  

l i n k s  t o  f l o w  o v e r  e l e c t r i f i c a t i o n  l i n k s  w a s  s t r a i g h t  f o r w a r d .  

F o r  e x a m p l e ,  t r a f f i c  l i n k  1 9 3  i n  F i g u r e  4 - 4  s o l e l y  r e p r e s e n t s  

t h e  U n i o n  P a c i f i c ' s  l i n e  b e t w e e n  S a l t  L a k e  C i t y  a n d  L a s  V e g a s ,  

w h i c h  i s  d e s i g n a t e d  a s  e l e c t r i f i c a t i o n  l i n k  U P 2 0 2 1 8 9  ( s e e  

A p p e n d i x  C  f o r  l i s t i n g  o f  e l e c t r i c i f i c a t i o n  l i n k s ) .

W h e n  m o r e  t h a n  o n e  t r a f f i c  l i n k  w a s  r e q u i r e d  t o  r e p r e s e n t  

a n  e l e c t r i f i c a t i o n  l i n k ,  t h e  g r o w t h  r a t e  w a s  t a k e n  t o  b e  t h e  

a v e r a g e  f o r  t h e  t r a f f i c  l i n k s  . S u c h  i s  t h e  c a s e  f o r  t h e  

B u r l i n g t o n  N o r t h e r n  e l e c t r i f i c a t i o n  l i n k  f r o m  C h i c a g o  t o  

M i n n e a p o l i s ,  B N 0 1 0 ,  w h i c h  c o r r e s p o n d s  t o  t r a f f i c  l i n k s  

54  a n d  2 4 3 .  T h e  t h i r d  c o l u m n  o f  A p p e n d i x  C  i d e n t i f i e s  t h e  

t r a f f i c  l i n k s  c o r r e s p o n d i n g  t o  e a c h  e l e c t r i f i c a t i o n  l i n k .  T h e  

c o r r e l a t i o n  f a c t o r  i n  t h e  l a s t  c o l u m n  i n d i c a t e s  t h e  d e g r e e  o f  

c o r r e s p o n d e n c e .

T r a f f i c  l i n k  5 6  b e t w e e n  C h i c a g o  a n d  D a v e n p o r t  r e p r e s e n t s  

f i v e  r o u g h l y  p a r a l l e l  m a i n l i n e s ,  t h r e e  o f  w h i c h  a r e  i n c l u d e d  in  

t h e  e l e c t r i f i c a t i o n  s t u d y .  H e n c e ,  a n y  c o m m o d i t y  h a u l e d  b y  e a c h  

o f  t h e  t h r e e  c a r r i e r s  h a s  t h e  s a m e  g r o w t h  r a t e  - i . e . ,  e a c h  

c a r r i e r  m a i n t a i n s  i t s  c u r r e n t  s n a r e  ( p o r t i o n )  o f  e a c h  c o m m o d i t y  

f o r  t h e  e n t i r e ,e l e c t r i f i c a t i o n  s t u d y  p e r i o d . S i n c e  t h e  m i x  o f  

t r a f f i c  is  d i f f e r e n t  o n  e a c h  o f  t h e  p a r a l l e l  l i n e s ,  t h e  o v e r a l l  

g r o w t h  r a t e  f o r  e a c h  s e r v i c e  c a t e g o r y  i s  d i f f e r e n t .  T h i s  

s u b j e c t  i s  a d d r e s s e d  i n  t h e  n e x t  s u b s e c t i o n .

T a b l e  4 - 4  i s  t h e  p r e d i c a t e d  t w e l v e  y e a r  c h a n g e  in  t r a f f i c  

b y  c o m m o d i t y  o n  t h e  t r a f f i c  l i n k  t h a t  c o r r e s p o n d s  t o  t h e  s a m p l e  

r o u t e  s e g m e n t .  S u c h  d a t a  w a s  o b t a i n e d  f o r  e a c h  e l e c t r i f i e d  

s e c t o r  f r o m  t h e  s o u r c e  f i l e  u s e d  i n  d e v e l o p i n g  t h e  1 9 9 0  

p r o j e c t i o n s  o f  R e f e r e n c e [25] a n d  a v e r a g e d ,  i f  n e c e s s a r y ,  a s  

d e s c r i b e d  in  t h e  p r e v i o u s  p a r a g r a p h .

4 - 1 8
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TABLE 4-4. PREDICTED PERCENT GROWTH IN TRAFFIC FROM 1978 TO 1990 FOR THE 
TRAFFIC LINK CORRESPONDING TO THE SAMPLE SEGMENT

COMMODITY GROUP

2 4 5 6 7 8 9 10 11 12 13 14 16
SAND, WONMET- FOREST CEMENT, GRAIN PULP P R IM - TKANS.

c h e w - IRON STONE, ALLIC PRO- CLAY 6 M IL L ARY EQUIP- LUMPER ALL
DIRECTION COAL CRAIN TCALS ORB GRAVEL M IN . DUCTS GLASS FOOD PROU. PArER - METALS KENT 6 WOOU OTHER

FVO -6*1 .0 7 5 .3 3 9 .0 0 2 2 .2 3 2 .2 0 - 0 . 9 -  1 .0 1 7 .4 3 0 .0 2 1 .5 4 0 .2 -  6 .3 4 J.O

RRV 0 0 IB .  3 0 9 5 .5 3 0 .4 - 2 2 . 5 - 3 . 6 - 1 0 .9 -  3 .3 4 3 .1 1 5 .0 2 2 .6 - 2 2 .6 3 1 .7

So u it p s  FRA D a ta  Basso use«1 t o  p ro d u c e  R e fe re n c e  2 5 .

C o m m o d i t y  M i x

A  o n e  p e r c e n t  w a y b i l l  s a m p l e  m a i n t a i n e d  b y  t h e  A s s o c i a t i o n  

o f  A m e r i c a n  R a i l r o a d s  w a s  u s e d  t o  e s t a b l i s h  t h e  c o m m o d i t y  m i x  

o n  e a c h  r o u t e  s e c t o r .  T h e  o n e  p e r c e n t  w a y b i l l  s a m p l e  i n d i c a t e s  

j u n c t i o n s  t h r o u g h  w h i c h  a  c o m m o d i t y  p a s s e s .  T h i s  d a t a  i s  

e n t e r e d  i n t o  a  c o m p u t e r  a l g o r i t h m ,  c a l l e d  t h e  " P r i n c e t o n  

M o d e l " [26] w h i c h  a s s i g n s  p r o b a b l e  r o u t i n g  b a s e d  o n  s u c h  f a c t o r s  

a s  d i s t a n c e  a n d  h i s t o r i c a l  t r e n d s .  S e v e r a l  s t e p s  w e r e  r e q u i r e d  

t o  p r o d u c e  t h e  d e s i r e d  c o m m o d i t y  m i x :

1. T h e  w a y b i l l  s t a t i s t i c s  a r e  q u o t e d  i n  c a r l o a d s .  C a r  

f l o w  w a s  c o n v e r t e d  t o  r e v e n u e - t o n  f l o w  o n  e a c h  l i n k  b y  

c o m p u t i n g  t o n s / c a r  f r o m  t h e  Q u a r t e r l y  C o m m o d i t y  

S t a t i s t i c s  ( Q C S )  o f  t h e  I n t e r s t a t e  C o m m e r c e  C o m m i s s i o n  

f o r  e a c h  r a i l r o a d  a n d  c o m m o d i t y  g r o u p  a n d  a p p l y i n g  

t h i s  v a l u e  t o  t h e  c a r  f l o w s ;

2. T h e  w a y  b i l l  s t a t i s t i c s  a r e  t y p i c a l l y  r e p o r t e d  f o r  

3 7  c o m m o d i t i e s  a s  s h o w n  in T a b l e  4 - 5 .  F o r  

c o m p a t i b i l i t y  w i t h  t h e  f o r m a t  o f  t h e  g r o w t h  d a t a ,  t h e  

c o m m o d i t i e s  w e r e  c o m b i n e d  i n t o  t h e  1 5  g r o u p s ,  a s  

d e f i n e d  b y  T a b l e  4 - 6 ,  w i t h  t h e  " o t h e r "  c a t e g o r y  

a b s o r b i n g  t h e  w a y b i l l  g r o u p s  a n d  p o r t i o n s  o f  g r o u p s  

t h a t  c o u l d  n o t  b e  i d e n t i f i e d  w i t h  a n y  o f  t h e

o t h e r  1 4 .  I n c l u d e d  i n  " A l l  O t h e r "  w e r e  S T C C  g r o u p s
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TABLE 4 - 5 .  COMMODITY GROUPS FOR WHICH WAYBILL STATISTICS ARE ACCUMULATED

GROUP

MAJOR INDUSTRY GROUP NUMBERS 
DESCRIPTION

01 Farm products
08 Forest products

09 Fresh fish or other marine products

10 Metallic ores

11 Coal

13 Crude petroleum, natural gas or gasoline

14 Nonmetallic minerals; except fuels

19 Ordnance or accessories

20 Food or kindred products

21 Tobacco products; except insecticides - see Major Industry Group 28

22 Textile mill products

23 Apparel, or other finished textile .products or knit apparel

24 ' Lumber or wood products;' except 'furniture - see major Industry
, GrOUP ; 25- ~ .

25 Furniture or fixtures
26 Pulp, paper, or allied products

27 Printed matter

28 Chemicals or allied products

29 Petroleum or coal products

30 Rubber or miscellaneous plastics products

31 Leather or leather products

32 Clay, concrete, glass or stone products
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TABLE 4 - 5 .  COMMODITY GROUPS FOR WHICH WAYBILL STATISTICS ARE ACCUMULATED
(CONT'D)

GROUP

MAJOR INDUSTRY GROUP NUMBERS 

DESCRIPTION

33 Primary metal products; inc. galvanized; except coating or other 
allied processing - see Major Industry Group 34

34 Fabricated metal products; except; Ordnance - see Major Industry 
Group 19 ; Machinery - Groups 35, 36; Transportation equipment - 
Group 37

35 Machinery; except electrical - see Major Industry Group 36

36 Electrical machinery or equipment, or supplies

37 Transportation equipment

38 Instruments, photographic goods or optical goods, watches or clocks

39 Miscellaneous products or manufacturing

40 Waste or scrap materials not identified by industry producing

41 Miscellaneous freight shipments

42 Containers, carriers or devices., shipping,, returned empty

43 • Mail and express traffic

44 Freight forwarder traffic

45 Shipper association or similar traffic

46 Miscellaneous mixed shipments; except forwarder - see Major 
Industry Group 44 and 45 - Freight forwarder and Shipper 
associations

47 Small packaged freight shipments

49 Hazardous materials
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TABLE 4 - 6 .  DEFINITION OF COMMODITY GROUPINGS

ITEM GROUPING COMMODITIES INCLUDED STCC (CODE)

1 Coal Bituminous 1121
Lignite 1122
Anthracite 111

2 Grain Wheat 01137
Corn 01132
Sorghum 01136
Barley 01131
Soybeans 0114
Oats, rice, and other grains -

3 Chemicals Industrial chemicals 281
Agricultural chemicals 287
Plastic materials and synthetic resins 282
Common salt 28991
Other chemicals and products “

4 Iron Ore Crude ore 10111, 10112
Concentrates and agglomerates 10113

5 Stone, Sand, Crushed stone 142
and Gravel Aggregate sand 14411

Aggregate gravel 14412
Industrial sand 14413

6 Nonmetallic Phosphate rock 14714
Minerals Rock salt 14715

Sulphur 14716
Clay, ceramic, or refractory minerals 145
Gypsum and anhydrite 14911
Asphalt and. bitumens 14913
Other nonmetallic minerals -

7 Forest Products Pulpwood logs 24114
Wood chips 24115
Saw logs 24111

8 Cement, Clay Hydraulic cement 324
and Glass Structural clay products 325

Concrete, gypsum and plaster products 327
Processed clay and kaolin 3295
Other cement, clay and glass products “
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TABLE 4 - 6 .  DEFINITION OF COMMODITY GROUPINGS (CONT'D)

ITEM GROUPING COMMODITIES INCLUDED STCC (CODE)

9 Food Products Beverages 208
Sugar 206
Canned and preserved fruits and 203

vegetables
Meat and dairy products 201, 202
Soybean oil 20921
Cottonseed oil and byproducts 2093
Other food products

10 Grain Mill Flour 2041, 22045
Products Prepared feeds 20421 .

Soybean meal and flour 20923
Corn starch and syrup 2046
Cereal preparations 2043
Milled rice 2044

11 Pulp and Paper Pulp and pulpmill products 261
Paper 262
Paperboard, pulpboard and fiberboard 263
Corregated paper products 264
Building paper and board 266
Containers and boxes 265

12 Primary Metal Steel works and rolling mill products 331
Products Iron or steel castings 332

r , ; • 1 ' . Nonferrous metal prijnar^ .smelter.. 333....
products

■ . . . Nonferrous metal basic shapes 335
Other primary metal products

13 Transportation Motor vehicles 3711
Equipment Motor vehicle parts and accessories 3714

Railroad equipment 374
Other transportation equipment

14 Lumber and Wood Lumber and dimension stock 242
Products Millwork, veneer and plywood 243

Particle board 24996
Other wood products

15 All Other
Products
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4 1 ,  4 2 ,  4 4 ,  4 5 ,  4 6 ,  a n d  4 7 .  F r e i g h t  F o r w a r d e r  a n d  L C L  

( l e s s  t h a n  c a r l o a d )  t r a f f i c  w e r e  s u b s e q u e n t l y  

s e p a r a t e d  i n t o  a  s i x t e e n t h  c o m m o d i t y  f o r  t h e  

e l e c t r i f i c a t i o n  s t u d y ;

3. T r a f f i c  f l o w  r e s u l t s  f r o m  t h e  P r i n c e t o n  M o d e l  w e r e

r e a d i l y  a v a i l a b l e  f o r  t h e  c a l e n d a r  y e a r  1 9 7 6 .  S i n c e  

t h e  g r o w t h  d a t a  o f  t h e  F R A  s t u d y  ( R e f e r e n c e [25]) w a s  

f o r  t h e  p e r i o d  1 9 7 8  t o  1 9 9 0 ,  i t  w a s  n e c e s s a r y  t o  u s e  

o t h e r  g r o w t h  d a t a  t o  e s t i m a t e  t h e  t r a f f i c  f l o w s  f o r  

s o m e  r e f e r e n c e  y e a r  w i t h i n  t h e  s t u d y  p e r i o d .  F a c t o r s  

b a s e d  o n  1 9 7 6  a n d  1 9 7 9  s t a t i s t i c s  b y  d i r e c t i o n  a n d  

c o m m o d i t y  f r o m  t h e  Q C S  o f  t h e  I C C  w e r e  u s e d  t o  u p d a t e  

t h e  1 9 7 6  t r a f f i c  f l o w s  t o  1 9 7 9 .

T a b l e  4 - 7  s h o w s  t h e  f l o w  o f  3 o f  t h e  1 6  c o m m o d i t i e s  o n  t h e  

s a m p l e  r o u t e  s e g m e n t  a s  p r e d i c t e d  b y  t h e  P r i n c e t o n  m o d e l . .  „T h e  

f l o w s  h a v e  b e e n  a d j u s t e d  a s  d e s c r i b e d  a b o v e .  T h e  s a m p l e  r o u t e  

s e g m e n t  c o n s i s t s  o f  2 4  t r a f f i c  l i n k s .  T o  o b t a i n  t h e  a v e r a g e  

r e v e n u e  t o n n a g e  o f  e a c h  c o m m o d i t y ,  t h e  d e n s i t y  o f  e a c h  l i n k  

m u s t  b e  w e i g h t e d  b y  i t s  l e n g t h .  T h e  c o m m o d i t y  m i x  i s  t h e n  

c o m p u t e d  a s  t h e  f r a c t i o n  o f  t h e  t o t a l  r e v e n u e  t o n n a g e  ( b o t h  

d i r e c t i o n s )  t h a t  . e a c h  c o m m o d i t y ,  r e p r e s e n t s .  .• T h e  r e s u l t i n g  

c o m m o d i t y  m i x  o p  ,bhe< s a m p l e  r o u t e . i s e g m e n t  i s > ; s h o w n , >i n  . . . ..

F i g u r e  4 - 2 ,  q u e s t i o n n a i r e  i t e m  2.

R a i l r o a d  Q u e s t i o n n a i r e  R e s p o n s e

T h e  c o m m o d i t y  m i x  a n d  t h e  c o m m o d i t y  g r o w t h  r a t e s  w e r e  s e n t  

t o  e a c h  o f  t h e  r a i l r o a d s  i n v o l v e d  f o r  t h e i r  c o m m e n t .  T h e y  w e r e  

g i v e n  t h e  o p t i o n  o f  c h a n g i n g  a n y  o f  t h e  e l e m e n t s  t h e y  w i s h e d ,  

b o t h  i n  t h e  g r o w t h  p r o j e c t i o n s  a n d  t h e  t r a f f i c  s p l i t s .  T h e  

r e s p o n s e s  r a n g e d  f r o m  n o  c o m m e n t  t h r o u g h  m i n o r  m o d i f i c a t i o n s ,  

t o  c o m p l e t e  s u b s t i t u t i o n s  o f  r a i l r o a d - g e n e r a t e d  d a t a .  F o r  

e x a m p l e  t h e  p r o c e d u r e s ,  a s  o u t l i n e d ,  d i d  n o t  p i c k  u p  i n c r e a s e s  

in c o a l  t r a f f i c  s u b s e q u e n t  t o  1 9 7 9 .  T h i s  w a s  a  m a j o r  c h a n g e
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TABLE 4-7. 1979 FLOW OF THREE SELECTED COMMODITIES ON THE
SAMPLE ROUTE SEGMENT

TRAFFIC LINK

FRA LINE 
IDENTIFICATION 

CODE*
MILLION REVENUE TONS

GRAIN IRON COAL
FWD REV FWD REV FWD REV

00847 UR184 .40 0.89 .00 .00 .00 .04
00848 UR184 .40 1.11 .00 .00 .00 .04
00707 UR184 .40 1.11 .00 .00 .00 .04
00706 UR184 .40 1.19 .00 .00 .00 .04
00728 UR377 .32 1.32 .00 .00 .00 .04
.00729 UR377 .32 1.32 .00 .00 .00 .04
00741 UR565 .31 1.32 .00 .00 .00 .04
00742 UR565 .28 1.40 .00 .00 .00 .03
00744 UR565 .28 1.40 .00 .00 .00 .03
00743 UR565 .28 1.40 .12 .00 .00 .03
00745 UR378 .28 1.41 .12 .00 .00 .03
00746 UR378 .28 1.41 .12 .00 .00 .03
00753 UR566 .28 1.41 .12 .00 .00 .03
00754 UR566 .28 . 1.41 .12 .00 .00 .03
00725 UR566 .28 1.41 .12 .00 .00 .03
00724 UR566 .28 1.41 .12 .00 :■ :.00 .03
01015 UR691 .28, ; .;1.41 : .12 .00 .00 ' .03
01016 UR691 .28 1.41 *12 .00 .00 .03
01007 UR433 .48 1.96 .16 .00 .00 .03
01008 UR433 .48 1.96 .16 .00 .00 .03
01005 UR433 .48 1.96 .16 .00 .00 .03
01006 UR433 .48 1.96 .16 .00 .00 .03
00952 UR10 3 .48 1.96 .16 .00 .00 .03
00953 UR103 .48 1.96 .16 .00 .00 .03

*The Line Identification Code is the designation given to track segments in 
the 4-R Act Study of the FRA (Reference 27) .
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i n p u t  by t h e  r a i l r o a d s .  The in c r e a s e d  g ro w th  i n  c o a l  t r a f f i c  
i s  n o te d  i n  T a b le  2 - 4 ,  w here th e  b u lk  t r a f f i c  g ro w th  (w h ic h  i s  
p r e d o m in a n t ly  c o a l )  i s  s u b s t a n t i a l l y  l a r g e r  th a n  th e  g ro w th  o f  
o t h e r  s e r v i c e  c a t e g o r i e s .  I n  a l l  c a s e s  w here  a r a i l r o a d  
s u p p l ie d  g ro w th  o r  m ix d a t a ,  t h a t  d a t a  was used even  though  i t  
was r e c o g n iz e d  t h a t  some lo s s  o f  c o m p a r a b i l i t y  w ou ld  r e s u l t .

E x a m in a t io n  o f  th e  r e t u r n e d  q u e s t i o n n a i r e s  i n d i c a t e  t h a t ,  
f o r  q u e s t io n  3 c o m m o d it ie s ,  (9 ) fo o d ,  (1 3 )  t r a n s p o r t a t i o n  
e q u ip m e n t ,  and (15 )  f r e i g h t  f o r w a r d e r  and LCL t r a f f i c  moved f o r  
t h e  most p a r t  i n  e x p e d i te d  s e r v i c e s .  T h is  a l l o c a t i o n  was 
p u rs u e d  t h r o u g h o u t ,  w i t h  th e  one e x c e p t io n  o f  one r a i l r o a d  
w here  d a t a  fro m  q u e s t io n  9 was used . Some c o m m o d it ie s  w ere  
c o n s id e r e d  t o  move i n  b u lk  s e r v i c e ,  b u t  t h i s  o c c u r r e d  o n ly  
w here  t h e  d i s t i n c t i o n  was made by th e  r a i l r o a d  c o n c e rn e d .

G row th  T r a f f i c  F o r e c a s t  by S e r v ic e  C a te g o r y

An a l g o r i t h m  was f o r m u l t e d  to  c a l c u l a t e  f o r  each r o u t e  
s e c t o r :

1 .  T r a f f i c  d e n s i t y  s p l i t  (g ro s s  to n s  p e r  y e a r  in c l u d in g  
lo c o m o t iv e  c o n s i s t  w e ig h t )  by s e r v i c e  c a t e g o r y  f o r  
base y e a r ;

2 .  A n n u a l g ro w th  i n  t r a f f i c  in  each  s e r v i c e  c a t e g o r y  
d e f i n e d ;

3 .  D e s ig n a t io n  o f  s e r v ic e  c a t e g o r y  i n  w h ich  each  
com m odity  i s  moved;

4 .  T o t a l  t r a f f i c  d e n s i t y  by d i r e c t i o n  i n  th e  base y e a r ;
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5. D e s ig n a t io n  o f  th e  y e a r  f o r  w h ic h  th e  com m odity  m ix  
a p p l i e s  ( i t  need n o t  be t h e  base y e a r  f o r  w h ich  th e  
g ro w th  t r a f f i c  s p l i t  i s  s o u g h t ) .

The a lg o r i t h m  a ls o  r e q u i r e s  s p e c i f i c a t i o n  o f  c o n s t a n ts  t h a t  
c o n v e r t  reve n u e  to n n a g e  t o  g ro s s  to n n a g e :

a i=  r a t i o  o f  t h e  a v e r a g e  l i g h t w e i g h t  o f  c a r s  used  
to  h a u l  com m odity  i  to  th e  a v e r a g e  w e ig h t  o f
com m odity i  c a r r i e d  in  a s i n g l e  c a r .

b i =  r a t i o  o f  em pty t o  lo a d e d  c a r - m i l e s  in  h a u l in g  
com m odity i .

c = r a t i o  o f  lo c o m o t iv e  w e ig h t  t o  t r a i l i n g  t r a i n  w e ig h t .

For th e  n e tw o rk  s t u d y ,  a . f b i f  and c w ere  f o r m u la te d  
u s in g  in d u s t r y  w id e  d a t a  as shown in  T a b le  4 - 8 .  N o t e ,  a^ was 
a p p ro x im a te d  by t a k in g  th e  r a t i o  o f  th e  l i g h t w e i g h t  o f  th e  most 
p o p u lo u s -c a r  o f  th e  p r e f e r r e d  c a r  ty p e  f o r  h a u l in g  com m odity  i  
to  th e  a v e ra g e  re v e n u e  to n s  h a u le d  in  t h a t  c a r  t y p e ,  ig n o r in g  
c o m m o d ity * .

The com puter, r e s u l t s  fo r . . . th e  ..sample s e c t o r  a r e  sum m arized  
in  T a b le  4 - 9 .  The r e s u l t s  become in p u t  d a t a  to  th e  REAM. The 
e q u a t io n s  t h a t  d e f i n e  th e  a l g o r i t h m  a r e  g iv e n  in  A p p en d ix  G 
a lo n g  w i t h  a d e s c r i p t i o n  o f  th e  co m puter  p ro g ram  w h ich  was used  
f o r  g e n e r a t in g  th e  r e s u l t s  f o r  th e  n e tw o rk  s t u d y .  F ig u r e  G - l

The v a lu e s  f o r  a^ c o u ld  be more a c c u r a t e l y  e s t a b l i s h e d  by 
decomposing t a b u l a t e d  d a ta  o f  R e f e r e n c e [2 8 ]  f o r  lo a d e d  and  
un loaded  w e ig h ts  o f  a l l  c a r  ty p e s  c a r r y i n g  a l l  com m odity  
g ro u p s .  L ik e w is e  th e  c o n s t a n t  c c o u ld  be made s e r v i c e  c a t e g o r y  
S D e c i f i c  from  s t a t i s t i c s  o f  t h e  q u e s t i o n n a i r e  resp o n s e  on 
d is p a t c h  l e v e l  and p r e v a l e n t  lo c o m o t iv e  t y p e .  H ow ever, th e  
purp o se  is  o n ly  t o  e s t a b l i s h  th e  s p l i t  in  th e  s t a t e d  t o t a l  
t r a f f i c  l e v e l .  T h u s , th e  a d d i t i o n a l  a c c u ra c y  i s  n o t  w a r r a n t e d .
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I TABLE 4-8. CONSTANTS IN THE TRAFFIC FORECAST MODEL

CLASSIFICATION OF 
COMMODITY GROUPS BY

A-
AVERAGB REVENUE

B -
REPRESENTATIVB 

CAR -  LIGHT-
b=

RATIO: EMPTY TO

c=
RATIO: LOCOMOT1VE 

WEIGHT/TRAILING

CAR TYPR PREFERRED CAR TYPF.1 TONS PER CARLOAD2 WEIGHT TONS3 a= RATIO: 13/A LOADED CAR MILES4 5TRAIN WEIGHT

BOX Cement, g la s s  and 
c l a y ;  g r a in  m i l l  
p r o d u c t s ;  p u lp  and 
p a p e r ; o th e r

35 31 0 .8 9 0 .6 9 0 .0 8

Hopper (Open) C o a l ,  ir o n  o r e ,  
sa n d , s t o n e ,  g r a v e l  
n o n m e ta ll ic  m in e r a ls , 
f o r e s t  p ro d u c ts

75 27 0 .3 6 0 .9 1 0 .0 8

Hopper
(C losed )

G rain 75 31 0 .4 1 0 .9 1 0 .0 8

Tank C h em ica ls 64 30 0 .4 7 1 .0 6 0 .0 8

Gondola Cement, c l a y ,  g l a s s ,  
p rim ary  m eta ls

70 20 0 .4 0 0 .8 6 0 .0 8

R e fr ig e r a to r Food 32 40 1 .2 5 0 .7 7 0 .0 8

A utorack T ra n s p o r ta t io n  equipm ent 60 58 0 .9 7 0 .9 4 0 .0 8

F la t Lumber and wood 30 41 1 .3 7 0 .0 8 0 .0 8

P assenger Car P assen g ers - - - - -

^ R eferen ce 29 .

2frA W a y b ill Sam pling D ata, 1974.

3R ofe ren ce  28.

^ICC Bureau o f  A cco u n ts , 1972 S ta tem ent No. 1 5 2 -7 2 .

5nased on a t y p i c a l  d is p a t c h  l e v e l  o f  1 .2 5  H P /ton  and a t y p i c a l  lo c o m o t iv e  w eig h t o f  0 .0 6  ton /H P . 

c  = ( .0 6  ton/H P) x (1 .2 5  H P /ton ) = .0 8 .



TABLE 4-9. GROSS TRAFFIC FORECAST FOR THE SAMPLE SECTOR

SERVICE CATEGORY

1980 TRAFFIC DENSITY 
MGT/YEAR

ANNUAL GROWTH RATE 
PERCENT THROUGH 1990

FWD REV FWD REV

Bulk - - - -

Normal 9.8 7.9 1.2 -0.3

Expedited 6.8 7.9 1.9 1.0

Passenger - - - -

. TOTAL 16.6 15.8

i s  th e  com puter r e s u l t s  f o r  th e  sam ple  s e c t o r , a n n o ta te d  to .  
i n d i c a t e  th e  in p u t  d a t a  used and o u t p u t  r e s u l t s .  N o te  th e  
a n n u a l g ro w th  r a t e s  in  T a b le  4 - 9  have been t r a n s c r i b e d  fro m  
F ig u r e  C - l .  H o w ever, t h e  t r a f f i c  s p l i t  i n  T a b le  4 - 9  was based  
on q u e s t io n n a i r e  i te m  9 ,  r a t h e r  th a n  t h a t  p r e d i c t e d  by th e  
t r a f f i c  m odel f o r  th e  d e f a u l t  d e f i n i t i o n  o f  n o rm a l and 
e x p e d i te d  s e r v i c e .

4 . 2 . 3  Route C h a r a c t e r i s t i c s

The r o u t e  c h a r a c t e r i s t s i c s  d e f i n e  t h e  p h y s i c a l  makeup o f  
each r o u t e  segm ent. The s p e c i f i c  i te m s  o f  i n t e r e s t  a r e :  t h e
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t r a c k  i t s e l f ,  in c lu d in g  s id in g s  and y a r d s ;  b r id g e s  and t u n n e ls ;  
th e  e l e c t r i f i c a t i o n  system ; and g ra d e  c r o s s in g  s i g n a l s .

T ra c k  C h a r a c t e r i s t i c s

Each r o u t e  segment i s  d e f in e d  by i t s  u n iq u e  L in k  F i l e  
I d e n t i f i c a t i o n ,  w h ic h  c o n s is t s  o f  th e  t w o - l e t t e r  r a i l r o a d  
i d e n t i f i e r ,  th e  L in k  I d e n t i f i c a t i o n  Code ( L I C ) [2 7 ]  f o r  th e  
s t a r t i n g  l i n k ,  th e  L IC  f o r  th e  en d in g  l i n k ,  and th e  Census  
R e g io n [30 ] to  t h e  e n d in g  l i n k .  U sing  t h i s  r o u t e  and L IC  d a t a ,  
t r a c k  c h a r t s  and r a i l r o a d  t im e  t a b l e s  a r e  th e n  used t o  o b t a i n  
th e  number o f  r o u t e  m i le s  w i t h  one , tw o ,  t h r e e ,  and f o u r  o r  
more t r a c k s .  H o w ever, th e s e  r o u te s  m i le s  must a ls o  be b ro k e n  
o u t  by c la s s  o f  c u r v a t u r e .

The c la s s  o f  c u r v a t u r e  i s  d e f in e d  a s :

T a n g e n t  -  T a n g e n t  t o  1 ° ;
Medium -  G r e a t e r  th a n  1° b u t  le s s  th a n  3 ° ;
Heavy -  E q u a l  t o  o r  g r e a t e r  th a n  3 ° .

For  t h i s  s t u d y ,  th e  b r e a k o u t  o f  t r a c k  by c u r v a t u r e  was done 
two ways; b y 'u s e  o f  th e  FRA D a ta  Base f o r  th e  1 0 , 0 0 b - m i i e  c o re  
and by e s t i m a t i o n  f o r  th e  r e m a in d e r .

U s ing  th e  FRA D a ta  B as e , th e  m i la g e  o f  each l i n k  Which f e l l  
i n t o  each c l a s s  o f  c u r v a t u r e  was o b t a in e d  by a s s ig n in g  th e  
l e n g t h  o f  each e le m e n t  t o  th e  a p p r o p r i a t e  c u r v a t u r e  c l a s s ,  and 
th e n  a d d in g  t o  o b t a i n  th e  t o t a l  p e r  c la s s  f o r  each  l i n k .  See 
W o rksh ee t  No. 1 ,  F ig u r e  4 - 5 .  The l i n k s  w ere th e n  added t o  
y i e l d  th e  t o t a l  m i le s  p e r  c u rv e  c la s s  f o r  t h e  e n t i r e  r o u t e  
segm ent. The ex am p le  shows th e  d a ta  f o r  th e  f i r s t  L IC  ( o f  a 
t o t a l  o f  9 L IC s )  f o r  th e  s e le c t e d  r o u t e  se g m e n t. N o te  t h a t  in  
t h i s  exam ple  a l l  t r a c k  f a l l s  i n t o  th e  ta n g e n t  c l a s s .  S in c e  th e  
D a ta  Base i n f o r m a t i o n  th e n  a v a i l a b l e  d id  n o t  in c lu d e  t r a c k  
d a t a ,  th e  p e r c e n ta g e  o f  T a n g e n t ,  Medium, and Heavy c u r v a t u r e
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R e v is io n  D a te :
S h eet 1 o f  1 s h e e ts

R a ilr o a d : U R ail & Company From -  T o : UTown Yard t o  UCity

FRA
LIC

EL EM. 
NO.

ROUTE RM BY NO. OF TRACKS GRADE
PERCENT RM X GRADE

CURVE
DEGREE

RM BY CURVE CLASS
MILES 1 2 3 4 TAN. MED. HVY.

UR
999 1 2 .6 0 .07 0 .1 8 2 .80 2 .6

2 1 .3 0 .44 0 .5 7 2 .46 1 .3
3 2 .6 0 .20 0 .5 2 .76 2 .6
4 6 .1 0 .77 4 .6 9 7 .36 6 .1
5 1 .1 0 .72 0 .7 9 2 0 1 .1
e 3 .00 .4 9 1 .4 7 0 3 .0
7 7 .0 0 .75 5 .2 5 .42 7 ,0
8 3 .1 0 .2 9 0 .8 9 9 .20 3 .1
9 1 .9 0 .4 2 0 .7 9 8 .22 1 .9

10 3 .3 0 .76 2 .5 0 8 .04 3 .3
11 2 .0 0 .27 0 .5 4 .0 2 2 .0
12 3 .0 0 .63 1 .8 9 .78 3 .0
13 17 .90 .32 5 .7 2 8 .24 1 7 .9
14 1 .1 0 .60 0 .6 6 .54 1 .1
15 1 6 .90 .47 7 .9 4 3 .10 16 .9
16 0 .8 0 .24 0 .1 9 2 0 0 .8
17 2 .0 0 .68 1 .3 6 .60 2 .0
18 5 .5 0 .73 4 .0 1 5 .40 5 .5
19 1 .1 0 .64 0 .7 0 4 0 1 .1
20 0 .6 0 .4 1 0 .2 4 6 0 0 .6
21 1 .4 0 .57 0 .7 9 8 . -36 l - 4 |
22 3 .2 0 .6 5 2 .0 8 .42 3 .2  1
23 0 .7 0 .46 0 .3 2 2 0 0 .7  ”
24 1 .4 0 .51 0 .7 1 4 0 1 .4
25 1 .3 0 .29 0 .3 7 7 0 1 .3
26 1 .4 0 .58 0 .8 1 2 .08 1 .4
27 0 .5 0 .45 0 .2 2 5  . ,....•90 0 .5
28 1 1 .70 v ■ i . ; , :;4 6 ' : '5 .3 8 2 .02 1 1 .7
29 . : 0 .5 0  * 1 .30 0 .1 5 0 0 .5

TOTAL ' : ‘ V ' 1 0 5 .0 5 1 .8 2 6 1 0 5 .0  0 0

Curve C la s s e s :

T a n .: 0<C<1»
M ed .: 1°<C<3°
Hvy. :  0 3 °

Avg Gd , PM x Grade 
E  RM

Avg Gd = = 0 .4 9 4

FIGURE 4-5. WORKSHEET NO. I - RIGHT-OF-WAY DESCRIPTION
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FRA LIC - Obtain from route segment list, or Ref. 14.

Element Number- Enter sequentially for each LIC.

Route-Miles - Enter route miles for each element. Obtain from FRA Data Base.
Route-Miles by Number of Tracks - Obtain from Data Base (not always 
available) and enter under appropriate number of tracks.
Grade - Obtain from Data Base and enter; maintain sign.

Route-Miles x Grade - Multiply Route Miles by Grades, enter absolute value. 

Curve - Obtain from Data Base.

Route-Miles by Curve - Enter Route Miles under appropriate curve class.

Total - Add indicated columns. Add RM by Number of Tracks by each curve 
class to produce a four a three matrix.

_ . RM x Grade for entire route segmentCalculate Avg. Grade = ______________________________ ______
Route-Miles for entire route segment

FIGURE 4-6. INSTRUCTIONS, WORKSHEET NO. 1
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was c a l c u l a t e d ,  and th e s e  p e r c e n ta g e s  w ere  th a n  a p p l i e d  
p r o p o r t i o n a l l y  t o  t h e  p r e v i o u s l y  p r e p a r e d  r o u t e  m i le s  o f  o n e ,  
tw o ,  t h r e e ,  and f o u r  t r a c k s .  The r e s u l t i n g  t h r e e  by f o u r  
m a t r ix  was e n te r e d  i n t o  R e c o rd s ,  1 7 ,  1 8 ,  and 19 o f  t h e  L in k  
D a ta  F i l e .  (See S e c t io n  4 . 2 . 7  and F ig u r e  4 - 2 1  t o  f o l l o w . )

E s t im a t io n  was used f o r  t h e  re m a in d e r  o f  th e  n e tw o r k .  The  
use o f  th e  D a ta  Base d e s c r ib e d  above was v e r y  t e d io u s  and t i m e -  
co nsu m in g . The d a t a  gave  t h e  r e s u l t s  t h a t  89+ p e r c e n t  o f  th e
10,0000 m i le  c o r e  was t a n g e n t ,  10+  p e r c e n t  was medium  
c u r v a t u r e ,  and 0 .5 +  p e r c e n t  was heavy c u r v a t u r e .  U s in g  th e  
c a t e n a r y  c o s t  d a t a  i n d i c a t e d  i n  F ig u r e  4 - 1 ,  t h e  c o s t s  were  
compared f o r  80 p e r c e n t  t a n g e n t /2 0  p e r c e n t  medium, 90 p e r c e n t  
t a n g e n t /1 0  p e r c e n t  medium, and 99 p e r c e n t  t a n g e n t /o n e  p e r c e n t  
medium c u r v a t u r e .  U s in g  t h e  90 p e r c e n t / 1 0  p e r c e n t  c o s t  as t h e  
r e f e r e n c e ,  th e  80 p e r c e n t / 2 0  p e r c e n t  c o s t  was 1 . 2  p e r c e n t  
g r e a t e r  and th e  99 p e r c e n t /o n e  p e r c e n t  c o s t  was 1 . 1  p e r c e n t  
l e s s .  S in c e  th e  c a t e n a r y  c o s t  a p p e a re d  t o  be r e a s o n a b ly  
i n s e n s i t i v e  to  10 p e r c e n t  s h i f t  b e tw een  c u r v a t u r e  c a t e g o r i e s ,  
most o f  th e  r o u t e  segm ents  f o r  th e  r e m a in d e r  o f  th e  n e tw o rk  
were e s t im a te d  t o  have  90 p e r c e n t  t a n g e n t  and 10 p e r c e n t  medium  
c u r v a t u r e  t r a c k a g e .  H o w e ve r , f o r  a few  r o u t e  segm ents w h ich  
were-.known t o  l i e  i n  ru g g e d  t e r r a i n  r .■ t h e  e s t im a t e :  was changed  
t o  85 p e r c e n t  t a h g e n t  arid 1 5  p e r c e n t  medium' c u r v a t u r e  t r a c k .

O p e r a t in g  Route M i le s

As d is c u s s e d  i n  S e c t io n  3 . 2 ,  th e  t r a f f i c  a n d /o r  th e  
lo c o m o t iv e s  may n o t  t r a v e l  th e  same d i s t a n c e  as g iv e n  by th e  
sum o f  th e  M i le s  o f  M a in  L in e  T ra c k  W ir e d .  I n  t h i s  c a s e ,  th e  
o p e r a t in g  Route M i l e s  i s  g iv e n  by th e  r a i l r o a d  as p a r t  o f  th e  
t r a f f i c  and o p e r a t in g  in f o r m a t i o n  added t o  t h e  R a i l r o a d  
Q u e s t io n a r e .  I n  th e  s e l e c t e d  e x a m p le ,  a h e lp e r  lo c o m o t iv e  i s  
r e q u i r e d  f o r  n o rm a l s e r v i c e  in  th e  r e v e r s e  d i r e c t i o n ,  and th e  
l e n g th  o f  th e  h e lp e r  o p e r a t i o n  i s  g iv e n  s e p a r a t e l y  on th e  
q u e s t i o n n a i r e .
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The O p e r a t in g  Route  M i le s  i s  e n te r e d  i n t o  Record  12 on th e  
L in k  D a ta  Form.

S id in g s  and Y a rd s

S id in g s  and y a r d  d a t a  c o n s is t s  o f  a l l  m i le s  o f  c a t e n a r y  
c o n s t r u c t io n  n o t  in c lu d e d  in  th e  m ain l i n e  t r a c k  d a t a ,  and i s  
th e  t r a c k  m i le s  o f  s i d i n g s ,  i n t e r l o c k i n g s ,  c r o s s - o v e r s ,  e t c . ,  
o b t a in e d  fro m  t r a c k  c h a r t s  summed w i t h  t h e  e s t im a t e d  m i le s  o f  
y a rd  w i r e d .  Y a rd s  o f  s m a l l ,  medium, and l a r g e  s i z e  w ere w i r e d  
f o r  1 0 ,  2 0 ,  and 30 m i le s  r e s p e c t i v e l y .

The t o t a l  m i le a g e  i s  e n te r e d  i n t o  Record 16 o f  th e  LDF.

G rade C h a r a c t e r i s t i c s

A ve ra g e  g ra d e  c h a r a c t e r i s t i c s  can be o b t a in e d  fro m  t r a c k  
c h a r t s  o r  by e s t i m a t i o n .  The p ro c e s s e s  a r e  s i m i l a r  t o  th o se  
used to  o b t a i n  c u v a t u r e  d a t a ,  and use th e  same W o rk s h e e t  No. 1 ,  
F ig u r e  4 - 5 .

For t h i s  s t u d y ,  th e  a v e ra g e  g ra d e  was o b t a in e d  from  t r a c k  
c h a r t s  f o r  th e  1 0 , 0 0 0 - m i l e  c o r e . ;  The m i le a g e  and g ra d e  were  
o b t a in e d  and e n t e r e d  'On t h e  w o rk s h e e t  f o r  each- r o u t e  e le m e n t ,  
and t h e i r  p r o d u c t  was c a l c u l a t e d  f o r  th e  fo r m u la  g iv e n  i n  th e  
i n s t r u c t i o n s .  I n  t h e  e x a m p le ,  d a ta  a r e  e n t e r e d  f o r  th e  f i r s t  
n in e  L IC s  f o r  th e  s e le c t e d  r o u t e  segm ent, and th e  a v e r a g e  g ra d e  
i s  c a l u c u l a t e d .  N o te  t h a t  a v e ra g e  g ra d e  i s  c a l c u l a t e d  f o r  th e  
e n t i r e  r o u t e  se g m e n t, and n o t  f o r  a s i n g l e  L IC  as shown i n  th e  
e x a m p le .

The a v e ra g e  g ra d e  was e s t im a te d  f o r  each r o u t e  segment o f  
th e  re m a in d e r  o f  th e  n e tw o rk  as th e  t r a c k  c h a r t  p r o c e d u re  was 
v e ry  t im e  co n su m in g . T h re e  c a t e g o r ie s  o f  g ra d e  w ere  d e f in e d :
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L i g h t  -  G rade 0 p e r c e n t  t o  0 .3 3  p e r c e n t ;

Medium -  G rade 0 .3 4  p e r c e n t  to  0 .6 7  p e r c e n t ;

Heavy -  G rade g r e a t e r  th a n  0 .6 8  p e r c e n t .

A f e e l  f o r  th e  m a g n itu d e  o f  th e  a v e r a g e  g ra d e  was d e v e lo p e d  
d u r in g  th e  p r e p a r t i o n  o f  t h e  d a t a  f o r  t h e  1 0 , 0 0 0 - m i l e  c o r e .
The a v e ra g e  g ra d e s  f o r  t h e  re m a in d e r  o f  t h e  n e tw o rk  w ere  
e s t im a te d  as L i g h t ,  M edium , o r  Heavy by c o m p a r in g  th e  t e r r a i n  
to  s i m i l a r  t e r r a i n  i n  th e  1 0 , 0 0 0 - m i l e  c o r e .

The a v e ra g e  g ra d e  i s  n o t  e n t e r e d  o n to  t h e  L in k  D a ta  F i l e ,  
b u t  i s  used on W o rk s h e e t  N o . 9 ,  F ig u r e  4 - 1 8 ,  t o  c a l c u l a t e  
E l e c t r i c  E n e rg y  C o n s u m p tio n .

Grade c h a r a c t e r i s t i c s  f o r  t h e  R u l in g  G rade can  be o b t a in e d  
f ro m  th e  FRA D a ta  B a s e , t r a c k  c h a r t s ,  o r  o t h e r  r a i l r o a d  d a t a .

For t h i s  s t u d y ,  t h e  R u l in g  G rade v a lu e s  w ere s u p p l ie d  by 
th e  r a i l r o a d s  oh t h e  R a i l r o a d  Q u e s t i o n n a i r e ,  I t e m  7 .

The fo rw a rd  and. r e v e r s e  R u l i t tg  G rades a r e  e n t e r e d  o n to  th e  
LDF in  Records 13 and 14 r e s p e c t i v e l y ,  and a r e  used to  
d e te r m in e  e l e c r i c  lo c o m o t iv e  d is p a t c h  p o l i c y  on W o rksh ee t  
No. 4 ,  F ig u r e  4 - 1 2 .

The s p e c ia l  c a s e  i n v o l v i n g  h e lp e r s  must be n o t e d .  When a 
h e lp e r  i s  u s e d , th e  r u l i n g  g ra d e  w i t h i n  t h e  h e lp e r  d i s t r i c t  i s  
e n te r e d  i n t o  th e  L in k  D a ta  F i l e  f o r  th e  h e lp e r  c a l c u l a t i o n s ,  
and th e  r u l i n g  g ra d e  o u t s id e  th e  h e lp e r  d i s t r i c t  i s  e n te r e d  
o n to  th e  LDF f o r  t h e  c o m p le te  r o u t e  segm ent c a l c u l a t i o n s .
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B r id g e  and T u n n e l  Count

The c r i t i c a l  d a t a  i s  th e  number o f  b r id g e s  and l e n g t h  o f  
t u n n e ls  ( t o t a i )  r e q u i r i n g  in c r e a s e d  c l e a r a n c e .  T h is  ty p e  o f  
d a ta  i s  n o t  r e a d i l y  a c c e s s ib le  f o r  a l a r g e  n e tw o rk .  H en ce , th e  
f o l l o w in g  p r o c e d u r e  was a d o p te d :

The c o u n t  o f  th e  number o f  b r id g e s  and t u n n e ls  can be 
o b t a in e d  fro m  th e  FRA D a ta  B ase.

The raw c o u n t  o f  th e  number o f  b r id g e s  was a d ju s t e d  to  
r e f l e c t  th e  p e r c e n t a g e  o f  t o t a l  b r id g e s  w h ic h  would  p r o b a b ly  
r e q u i r e  r e c o n s t r u c t io n  based on th e  f i n d i n g s  o f  th e  C o n r a i l  
e l e c t r i f i c a t i o n  s t u d y [ 1 8 ] .  I n  Census R e g io n s  1 and 2 ,  25KV 
c a t e n a r y  v o l t a g e s  w ere  used; h e re  th e  raw b r id g e  c o u n t  was 
m u l t i p l i e d  by 0 . 2 5 ,  s in c e  i t  i s  e s t im a te d  t h a t  25 p e r c e n t  o f  
th e  b r id g e s  w i l l  r e q u i r e  r e c o n s r u c t io n  t o  accom om diate th e  
c a t e n a r y .  I n  a l l  o t h e r  Census R e g io n s ,  50KV c a t e n a r y  v o l t a g e s  
were used; th e  raw b r id g e  c o u n t  was m u l t i p l i e d  by 0 . 6 5 ,  s in c e  
i t  i s  e s t im a t e d  t h a t  65 p e r c e n t  o f  th e  b r id g e s  w i l l  r e q u i r e  
r e c o n s t r u c t io n  to  accom odate th e  l a r g e r  c le a r a n c e s  r e q u i r e d  by 
th e  h ig h e r  v o l t a g e .

The a d ju s t e d  b r id g e  c o u n t  i s  e n te r e d  i n t o  R ecord  22 on th e
LDF.

The o n ly  r e l i a b l e  so u rc e s  o f  in f o r m a t io n  on t u n n e l  
m o d i f i c a t i o n  a r e  t u n n e l  e n g in e e r in g  and d e s ig n  d r a w in g s .  The ' 
t u n n e l  d a ta  f o r  t h i s  s tu d y  a re  in c o m p le t e . Where t u n n e l  d a t a  
a r e  g iv e n ,  t h e y  w ere  p r o v id e d  by th e  r a i l r o a d . *

*T h e  t u n n e l  c o u n t  can u s u a l l y  be o b t a in e d  fro m  th e  FRA D a ta  
Base w h ich  l i s t s  th e  number o f  t u n n e ls ,  b u t  does n o t  in c lu d e  
th e  l e n g t h ,  th e  number o f  t r a c k s ,  o r  th e  o v e rh e a d  c l e a r a n c e .  
I t  w ould  be i n a p p r o p r i a t e  to  e s t a b l i s h  a f a c t o r  w h ich  
e s t im a t e s  th e  f r a c t i o n  o f  t u n n e ls  r e q u i r i n g  m o d i f i c a t i o n  as 
w i t h  b r id g e s  s in c e  th e  number o f  t u n n e ls  exam ined was s m a l l .
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T u n n e l  d a ta  a r e  e n t e r e d  i n t o  R ecord  21 o f  th e  LDF. 

S u b s t a t io n  R e q u ire m e n ts

The number o f  e l e c t r i c  t r a c t i o n  power s u b s t a t io n s  i s  
e s t a b l i s h e d  by t h e  c a t e n a r y  v o l t a g e  s e l e c t e d  and by th e  
p r a c t i c e  o f  th e  r a i l r o a d  as r e g a r d s  t o  t h e  t e r r a i n  and power 
g r i d  a c c e s s i b i l i t y .  The c a t e n a r y  v o l t a g e  o f  25KV was chosen  
f o r  Census R e g io n s  1 and 2 (New E n g la n d  p lu s  New Y o r k ,  New 
J e rs e y  and P e n n s y l v a n i a ) ; p h y s i c a l  c l e a r a n c e  p ro b le m s  ca u s ed  by 
th e  h ig h e r  d e g re e  o f  u r b a n i z a t i o n  and t h e  l a r g e  amount o f  o ld  
r i g h t - o f - w a y  c o n s t r u c t i o n  t h i s  a r e a  w e re  re d u c e d  by s e l e c t i n g  
25KV. For a l l  o t h e r  a r e a s ,  50KV was s e l e c t e d .

I n  p r a c t i c e ,  t h e  d e c i s i o n  b e tw e en  25KV and 50KV i s  l i n k  
s p e c i f i c .  The r e d u c t i o n  i n  c i v i l  r e c o n s t r u c t i o n  c o s t s  f o r  25KV 
may exceed  t h e  in c r e a s e  i n  s u b s t a t i o n  and u t i l i t y  c o n n e c t io n  
c o s t s ,  and hence 25KV may be more c o s t - e f f e c t i v e . *

From th e  d a t a  g iv e n  i n  R e fe r e n c e  2 2 ,  t h e  a v e ra g e  s u b s t a t i o n  
s p a c in g  f o r  25KV and 50KV f o r  each  o f  t h e  e i g h t  l i s t e d  
r a i l r o a d s  w ere  c a l c u l a t e d .  These  s p a c in g s  w ere  used t o  compute  
th e  number o f  s u b s t a t i o n s ,  by number o f  t r a c k s ,  f o r  each  r o u t e  
segment o f  th e  e i g h t  l i s t e d  r a i l r o a d s .  See W o rk s h e e t  No. 2 ,  
F ig u r e  4 - 7 .  The w e ig h te d  a v e r a g e  s p a c in g s  f o r  th e  e i g h t  
r a i l r o a d s  w ere  a ls o  c a l c u l a t e d ,  and w e re  used t o  com pute th e  
number o f  s u b s t a t i o n  f o r  th e  o t h e r  r a i l r o a d s .  The s p re a d  o f  
th e  s u b s t a t io n  s p a c in g  i s  g iv e n  b e lo w :

*Such i s  th e  c a s e ,  f o r  e x a m p le ,  on t h e  F a m i ly  L in e  r o u t e  fro m  
E lk h o rn  C i t y ,  KY t o  E r w in ,  NC, w here  n e a r l y  seven m i le s  o f  
t u n n e l  makes c i v i l  r e c o n s t r u c t i o n  t h e  l a r g e s t  s i n g l e  
in v e s tm e n t  a t  50KV.
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Revision Date: 9/22/82
Railroad: URail & Company From - To: UTown Yard to UCity

Voltage Used 50 Substation Spacing = 75
25kv or 50kv‘ Miles

BY TRACK-MILES

WIRED ROUTE-MILES 1 TRACK 2 TRACKS 3 TRACKS 4 TRACKS

Miles 504 406 98 0 0
(Total)

Substations 7 5 2 0 0
(Total)

FIGURE 4-7. WORKSHEET NO. 2 - CALCULATION OF NUMBER OF SUBSTATION

.. >'!.r.'
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Voltage Used - Enter 25KV for Regions 1 and 2, 50KV for all other Regions.

Substation Spacing - Obtain from Reference 22, or use 30 miles for 25KV and 
75 miles for 50KV systems.

Wired Route-Miles - Obtain from LDF Records 17, 18 and 19. Add 1, 2, 3 
and 4 track entries and enter total.

Calculate results as follows:

1. Divide Total Miles by Substation Spacing. Round off fraction 
according to Rounding Rule, and enter result into Total Substations;

2. Divide 4-track mileage by the substation spacing, round off 
results, and enter under 4-track Substations;

3. Repeat for 3-track and 2-track;

4. Add substations for 4, 3 and 2 tracks. Subtract sum from Total 
Substations and enter result under 1-track Substations.

Rounding Rule If fraction of a substation is equal to, or greater
than, 0.3, round up to the next largest whole number.

Note 1 If 4-track mileage is too small to indicate one 
substation, add it to 3-track mileage. If this sum is 
still too small to indicate one substation, add it to 
the 2-track mileage.

Note 2 The intent of the Rounding Rule and Note 1 is to bias the 
number of substations toward the larger number of tracks 
and ,hence toward the larger and more costly substations. 
This is done to provide a contingency margin needed 
because of uncertainties in track arrangements, 
substation feed locations, current loads, etc.

Example Divide total route-miles by substation spacing, 504/75 
=6.72. By rounding rule, round up to 7 and enter.
Divide 2-track route miles by spacing 98/75 = 1.307.
Round up to 2 and enter. Subtract 2-track stations from 
total stations, 7-2 = 5, and enter under 1-track heading.

FIGURE 4-8. INSTRUCTIONS, WORKSHEET NO. 2
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25KV 50KV

Minimum S p a c in g  
Maximum S p a c in g  
A v e ra g e  S p a c in g

18 m i le s  
35 m i le s  
30 m i le s

59 m i le s  
93 m i le s  
75 m i le s

S u b s t a t io n  d a t a  a r e  e n te r e d  i n t o  R ecord  20 o f  th e  LDF. 

U t i l i t y  C o n n e c t io n  M i le a g e

The m i le s  o f  u t i l i t y  c o n n e c t io n  i s  th e  sum o f  th e  le n g t h s  
o f  new t r a n s m is s io n  l i n e s  w h ich  c o n n e c t  th e  s u b s t a t io n s  t o  th e  
p r im a r y  power g r i d .  For many o f  t h e  r o u t e  s e g m e n ts , th e  m i le s  
can be o b t a in e d  fro m  T a b le  A - 2 [ 2 4 ] ;  i t  was used f o r  t h i s  s tu d y  
w henever th e  t a b l e  in c lu d e d  th e  r o u t e  segm ent. I f  th e  t o t a l  
r o u t e  m i le a g e  ex ce ed ed  th e  r o u t e  segm ent m i le a g e ,  th e  l e n g t h  o f  
th e  t o t a l  u t i l i t y  c o n n e c t io n  was p r o - r a t e d  by th e  r a t i o  o f  th e  
r o u t e  segm ent m i le a g e  t o  th e  t o t a l  r o u t e  m i le a g e .

I f  th e  r o u t e  segment was n o t  a v a i l a b l e  i n  R e fe r e n c e  2 4 ,  th e  
u t i l i t y  c o n n e c t io n  m i le s  was c a l c u l a t e d  by m u l t i p l y i n g  th e  
r o u t e  segm ent t o t a l  o f  M a in  L in e  T r a c k  W ire d  by 0 .0 9  f o r  50KV 
f e e d e r s  and by 0 .1 8  f o r  25KV f e e d e r s  (based on th e  a v e r a g e  
m ile s  o f  u t i l i t y  c p n n b c t id r i /^ e i : / r o u t e ■ ih i l£  ' p f ^ e l e c t r l f  i c a t i o n  
f o r  a l l  r o u t e s ) .

U t i l i t y  c o n n e c t io n  d a ta  a r e  e n t e r e d  i n t o  R ecord  23 o f  th e
LDF.

T r a i n - A c t i v a t e d  G rade C ro s s in g s

The number o f  c r o s s in g s  i s  o b t a in e d  fro m  th e  FRA D a ta  Base  
by a d d in g  t h e  number f o r  e v e r y  L IC  i n  t h e  r o u t e  se g m e n t, and i s  
e n te r e d  i n t o  R ec o rd  24 o f  th e  LDF. The model does n o t  use t h i s
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d a t a  in  th e  c o n f i g u r a t i o n  docum ented by t h i s  r e p o r t .  I t  s h o u ld  
a ls o  be n o te d  t h a t  no r o u t e - s p e c i f i c  i n p u t  d a t a  i s  p r e p a r e d  f o r  
o t h e r  e l e c t r i c  c o m p a t i b i l i t y  m o d i f i c a t i o n s  r e q u i r e d  to  th e  
s i g n a l  and- c o m m u n ic a t io n  s y s te m . The m odel as c o n f ig u r e d  
assumes th e  c o s t  o f  a l l  such m o d i f i c a t i o n s  i s  p r o p o r t i o n a l  to  
th e  r o u t e  m i le s  w i r e d  f o r  e l e c t r i f i c a t i o n .

4 . 2 . 4  D i r e c t i o n a l  D i e s e l  Power R e q u ire m e n ts

The d i e s e l  d is p a t c h  l e v e l  as r e p o r t e d  on th e  R a i l r o a d  
Q u e s t io n n a i r e  i s  based  on th e  n a m e p la te  power r a t i n g  o f  th e  
d i e s e l  e n g i n e / g e n e r a t o r . The n a m e p la te  o r  m ost f r e q u e n t l y  
q u o te d  d i e s e l  r a t i n g  i s  th e  h o rs e p o w e r  a v a i l a b l e  f o r  t r a c t i o n  
and does n o t  in c lu d e  lo s s e s  i n  t h e  g e n e r a t o r  o r  
a l t e r n a t o r / r e c t i f i e r  and t r a c t i o n  m o to rs  as i n d i c a t e d  i n  
F ig u r e  4 - 9 .  I t  i s  n e c e s s a r y  t o  use th e  r a t i n g  a t  t h e  r a i l  f o r  
c o m p a t i b i l i t y  w i t h  t h e  n a m e p la te  h o rse p o w er  r a t i n g  o f  an  
e l e c t r i c  lo c o m o t iv e ,  w h ic h  i s  s p e c i f i e d  a t  t h e  r a i l .  The  
e f f i c i e n c y  f a c t o r  was assumed t o  be 0 , 8 5 .  W o rk s h e e t  No. 3 
( F ig u r e  4 - 1 0 )  d e f i n e s  t h e  p r o c e d u r e  used i n  th e  n e tw o rk  
a n a l y s i s  f o r  c o n v e r s io n  t o  r a t e d  power a t  th e  r a i l .  N o te  t h a t  
f o r  th e  sam ple s e g m e n t,  t h e  d i e s e l  h e lp e r  d i s p a t c h  l e v e l  i s  
s e p a r a t e ly  c o n v e r t e d .

The d i r e c t i o n a l  d i e s e l  power r e q u i r e m e n t  i s  c a l c u l a t e d  
u s in g  th e  d is p a t c h  l e v e l  a t  t h e  r a i l ,  r u n t im e  and o t h e r  d a t a  as 
i n d i c a t e d  by th e  i n s t r u c t i o n s  on W o rk s h e e t  No. 4 
( F ig u r e  4 - 1 1 ) .  The d is p a t c h  l e v e l  and ru n  t im e  a r e  c r i t i c a l  
d a ta  t h a t  a r e  t y p i c a l l y  e s t a b l i s h e d  by a t r a i n  p e r fo rm a n c e  
c a l c u l a t o r  when p e r f o r m in g  a f e a s i b i l i t y  s t u d y .  The use o f  
q u e s t i o n n a i r e  d a t a  o b v i a t e s  t h e  use o f  a TPC and in c lu d e s  th e  
" f a c t o r  o f  s a f e t y "  t h a t  a r a i l r o a d  a p p l i e s  t o  c o n te n d  w i t h  
u n p r e d ic t a b le  e v e n ts  such as lo c o m o t iv e  f a i l u r e  and 
w e a th e r -d e p e n d e n t  v a r i a t i o n s  i n  t r a c t i o n .
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ti-
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GROSS HP GENERATED BY 
DIESEL ENGINE

LOCOMOTIVE HP

AVAILABLE FOR TRACTION 
(Diesel Nameplate Rating]

.ELECTRICAL POWER 
TO MOTORS

<—  HP AT RAIL 
(Electric Nameplate 
Rating]

DRAWBAR HP

I POWER TO AUXILIARIES

(cooling fans, motor blowers, 
locomotive controls, air brake 
compressor, etc.]

LOSS IN GENERATOR 

(or alternator/rectifier] 

CONVERTING CRANKSHAFT 

POWER TO ELECTRICITY

TRACTION MOTOR LOSSES, 
GEAR FRICTION

POWER TO MOVE, LIFT, & 

ACCELERATE WEIGHT OF 

LOCOMOTIVE ITSELF

POWER TO 

HAUL TRAIN

FIGURE 4 - 9 .  COMPARISON OF LOCOMOTIVE HORSEPOWER RATINGS
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Revision Date: 9/22/81
Railroad: URail & Company From - To: UTown Yard to UCity, USA

NV

1 2 3

TOS D i r :
D i s p a t c h  L e v e l ,  

R a t e d  H P / G T
X

E f f i c .  

F a c t o r
= D i s p a t c h  L f e v e l ,  

R a i l  H P / G T

B ULK Fw d X —

R e v X _

NORM Fwd 1 . 8 X 0 . 8 5 _ 1 . 5 3

R e v 1 . 9 ( + 1 . 2 ) * X 0 . 8 5 = 1 . 6 2 ( + 1 . 0 2 ) *

EXPD Fwd 3 . 1 X 0 . 8 5 2 . 6 4

R e v 3 . 0 X 0 . 8 5 =  - 2 . 5 5

P A S S Fwd X =

R e v X s

IN S T R U C T IO N S

1 .  D i s p a t c h  L e v e l  ( R a t e d  H P / G T ) . O b t a i n  f r o m  t h e  R a i l r o a d  Q u e s t i o n n a i r e  f o r  

e a c h  t y p e  o f  s e r v i c e  p r e s e n t  o n  t h e  r o u t e  s e c t o r . '

2 .  C o n v e r s i o n  F a c t o r . E f f i c i e n c y  f a c t o r  t o  a c c o u n t  f o r  p o w e r  l o s s e s  b e t w e e n  

d i e s e l  e n g i n e  a n d  w h e e l s .  U s e  t h e  s a m e  f a c t o r  f o r  a l l  d i e s e l  l o c o m o t i v e s  

o n  a l l  r o u t e  s e g m e n t s .

3 .  D i s p a t c h  L e v e l  ( R a i l  H P / G T ) . T h e  r e s u l t  i s  r a i l  h o r s e p o w e r  p e r  t r a i l i n g  

g r o s s  t o n  d e l i v e r e d  t o  t h e  r a i l  b y  t h e  D i e s e l  l o c o m o t i v e .  E n t e r  f o r w a r d  

d i s p a t c h  l e v e l s  i n  r e c o r d  33 o f  t h e  L i n k  D a t a  F i l e  f o r m ;  e n t e r  r e v e r s e  

d i s p a t c h  l e v e l s  i n  r e c o r d  3 4  o f  t h e  L i n k  D a t a  F i l e  f o r m .

♦ H e l p e r  L o c o s  a t  B i g  M o u n t a i n  P a s s .

F IG U R E  4 - 1 0 .  WORKSHEET N O .  3 -  D I E S E L  LO CO M O TIVE  D IS P A T C H  P O L IC Y
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Revision Hate:

Railroad: ORaii i Company From -  To: UTOwn Yard to UCity, USA

Traffic 
Density x

Dispatch 
Level Rail X

Sched. 
Time +

Tranand
Time X Year -h U tiiiz.

Directional 
» Rail HP

TOS Dir: GT/YR HP/GT Hrs. Hrs. 8760 hrs. Factor Required

BULK Fwd X X < + ) X 1 -r 3
8760

Rev X X ( + ) X .1 * a
8760

NORM Fwd 9.79xl06 x 1.53 X (21.75 + 1.5 ) X 1 -r 0.72 » 55198
8760

Helper 7.93xlOS x 1.02 X 1.36 + 0 X 1 +■ 0.72 => 1760

Rev 7.93x10S x 1.62 X (16.25 + 1.5 ) X 1 -h 0.72 = 36142
8760

EXPO Fwd 6.81x10® x 2.64 X (13.17 * .1.5 ) X 1 -h 0.72 » 41803
3760

Rev 7.87xl0S x 2.55 X (13.42 + 1.5 ) X 1 -i- 0.72 = 47453
8760

PASS Fwd X X ( + ) X 1 -H 3
8760

Rev X X ( + ) X 1 -r a
8760

INSTRUCTIONS

1. Traffic Der.sitv (Gross Tons Per Year). Obtain from the Traffic Forecast Summary
Sheet, the base year traffic densities, or from items 8 and 9 of the Railroad 
Qustionnaire by Type of Service in each Direction. .... ,! ‘

2. Disoatch Level (Riiil ttP̂ GTJ." Obt&in from’Worksheet No'. 3, Column 3, by TOS and
Direction.

F IG U R E  4 - 1 1 .  WORKSHEET NO. 4 -  D I E S E L  LOCOM OTIVE  D IR E C T IO N A L  POWER RE Q UIR EM E NT
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INSTRUCTIONS (CONT'D)

3. Schedule Time (Hours).

• For mainline locomotives, copy from Railroad Questionnaire by TOS and Direction.

• For helper locomotives assisting in one direction; multiply length of the grade, 
obtained from Railroad Questionnaire x 0.075.

• For helper locomotives assisting in both directions: multiply the length of the
qrade, as obtained from the Railroad Questionnaire by 0.10.

4. Turnaround Time (Hours).

• For mainline locomotives obtain operating route-miles from W.S. No. 1 and 
compute:

Turnaround Time -  .003 x (operating route-miles) (Based on the assumption that a 
diesel locomotive travels 1,000 miles between stops of 3-hour duration for 
inspection, refueling and sanding).

• - For helper locomotives enter turnaround time = 0.

5. Utilisation (Factor). This factor accounts for the fraction of a year that the 
locomotive is on the road or at an end point for inspection, refueling and sanding. 
Non-utilized times include maintenance and repair time, time in storage because of 
seasonal lu lls  in, traffic,* and. waiting time for schedule considerations. Use the 
same factor for all^diesel locomotives on a ll  route sectors.

6. Directional Rail Horsepower Required. The result is the ra il horsepower required to 
move the annual gross tonnage in one direction where the return trip time of the 
locomotives is ignored. Enter the forward and reverse results in records 31 and 32 
of the LDF form, respectively.

F IG U R E  4 - 1 1 .  WORKSHEET N O .  4 -  D I E S E L  LO C O M O TIV E  D IR E C T IO N A L  POWER REQ UIR EM ENT  ( C O N T 'D )
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The diesel utilization factor, as defined in item 5 of 
Worksheet No. 4, was assumed to be 0.72 for each railroad in 
the network study with concurrence of the Planning Committee.

Schedule time and turnaround time are calculated 
differently for helper locomotives. Speed up a grade is 
assumed to be 10 mph. If the return trip is downhill (helpers 
not working) the speed is assumed to be 20 mph. The average 
one-way trip time in hours required to establish the 
directional helper power requirements is as follows:

Help in one direction:

1 / 2 One-way mileage of helper 
( 1 0 )

+ One-way mileage of helper,- 
( 2 0 )

= 0.75 x one-way mileage

Help in both directions':

One-way mileage of helper = 0.10 x one-way mileage
( 1 0 )

No turnaround time is entered for helper locomotive since, 
in most cases, they have a lower utilization rate than mainline 
locomotives due to infrequency of trains requiring assistance. 
They can therefore be serviced while waiting.
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4.2.5 Directional Electric Locomotive Power Recruirement

Selection of Electric Locomotive Type and Dispatch Level

It can be inferred that the dispatch level stated on the 
Railroad Questionnaire for diesel service provides adequate 
tractive effort^ as well as horsepower,,to meet the demands 
imposed by service and terrain on the sector. It is assumed 
that maximum tractive effort is required on the ruling grade of 
the sector. This tractive effort is readily calculated and can 
be converted to an equivalent "traction" dispatch level 
requirement (power per trailing gross ton) for the prevalent 
diesel locomotive type.* For sectors with large rulinq grades 
and slow moving trains the dispatch policy as stated on the 
questionnaire is likely to be established by traction. When 
ruling grades are small and train speed is higher, power 
requirements are likely to establish the dispatch level. The 
prevalent locomotive would be fully utilized if both tractive 
and power requirements resulted in the same dispatch level.

In selecting an electric locomotive type and a 
corresponding dispatch level for a sector, it is presumed to be 
a desirable situatipn'when;tractive and power dispatch 
capabilities are fully utilized. The prevalent electric 
locomotive is selected to have a ratio of power to tractive 
effort capability similar to the" prevalent diesel if 
calculations show the diesel to be "fully utilized." For those 
situations in which tractive dispatch requirement is calculated 
to be significantly lower than the level stated on the 
questionnaire (which is then taken to be the power dispatch

*The Davis equation is used, with aerodynamic resistance 
omitted since the train is assumed to be climbing the grade at 
10 mph; tractive effort per trailing gross ton equals 4 + 2 0  
X Ruling Grade in percent (Ref. 5).
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requirement), an electric replacement is selected which has a 
higher ratio of power to tractive effort capability, thereby 
replacing an underutilized diesel with a more fully utilized 
electric.

Worksheet No. 4 (Figure 4-12) describes the procedure for 
selecting electric locomotive type and dispatch level. The 
procedure is repeated for each type of service that exists on 
the sector and results in a independent determination of 
locomotive type for each. For the network study, more than one 
prevalent locomotive type was identified for eight of the 
127 sectors. Review of the Railroad Questionnaires indicate 
that most railroads select the same type of diesel locomotive 
for all service categories on a sector. Deviation from current 
practice in selecting electric locomotive type was implemented 
to take advantage of the higher horsepower to tractive effort/ 
rating of electric locomotives in expedited service.

Only three electric locomotive types were considered in 
this study. There were seven diesel types indicated as 
prevalent on the questionnaires completed for the 96 link 
network. Thus, there are fewer combinations of power and 
tractive effort ratings from which to choose in attempting to 
find an electric locomotive type that is fully utilized. The ", 
selection procedure adopted is to replace a diesel with an 
electric which has precisely the tractive capability required 
for the ruling grade and a minimum of horsepower in excess of 
the diesel dispatch. While it would be equally acceptable from 
a performance point of view to select an electric with 
precisely equivalent power capability and a minimum of tractive 
effort capability in excess of the diesel, this approach is 
less cost-effective with the present electric locomotive cost 
structure. There are two exceptions to the selection 
philosophy:
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Revision Date:

F IG U R E

Railroad: URail & Company From -  To: UTown Yard to UCity, USA

Type of Service: Normal__________

1. DOMINANT DIRECTION from Worksheet No. 4 (direction requiring greatest Diesel
Horsepower): EWD x REV __ .

2. Prevalent Diesel Loco Type I 4 Diesel Rail HP/lb TEft 2250/66,200 = 0.39.

3. Diesel Rail HP Dispatch Levels: Forward 1.53 Reverse 1.62.

*4. For the dominant direction* calculate the Davis Equation Dispatch Level■ (DEDL):

DEDL = (4 + 20[Ruling Grade) x Prev. Diesel Rail HP/lb TEft) = (4 + 20(10) x .039 = .936.

*5. Calculate possible dispatch levels, by direction:

FORWARD DIRECTION REVERSE DIRECTION

4 + 20(Ruling Grade) = 4 + 20(1.0) = 24 4 + 20(Ruling Grade) = 4 + 20(1.0) = 24,

Elec., lb TEa Elec. Rail Elec. Rail Elec, lb TEa Elec. Rail Elec. RailLoc. per GT X HP/lb TEa = HPa/GT ' Loc. per GT X HP/lb TEa = HP /GT

1 24 X 0.038 = .912 1 X 0.038 S

2 24 X 0.041 = .984 2 X 0.041 _

3 1 24 X 0.062 -  1.488 3 X 0.062 a

*6a.Select Locomotive Type and Dispatch Level: Type Locomotive 3

Fwd Elec. Loco. Disp. Level 1.53 . Rev Elec. Loco. Disp. Level 1,62

6h.Select Electric Locomotive Type and Dispatch Level: Tvpe Locomotive _____ .

Dispatch Level = (Diesel Dispatch Level) x (Electric RHP/lb. of T.E.) -  (Diesel RHP/lb.
of T.E.).

Fwd Dispatch Level = (__ ) x (__ )/(__ ) Rev Dispatch Level = (__ ) x (__ )/(__ )

4 - 1 2 .  WORKSHEET N O .  5 -  E L E C T R IC  LO C O M O TIV E  S E L E C T IO N  AND  D IS P A T C H  L E V E L
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INSTRUCTIONS

1. Dominant Direction; Obtain from W.S. No. 4 the direction requiring the greatest 
horsepower for the designated type of service.

2. Prevalent Diesel Locomotive Type/Katio Diesel Power to Traction: Obtain the 
prevalent diesel locomotive type from the Railroad Questionnaire for the designated 
type of service. Obtain the ratio of diesel ra il horsepower to tractive effort 
ratings from the Table of Diesel Locomotive Design Characteristics, Table 2-5.

3. Diesel Dispatch Levels: Obtain from W.S. No. 2 the ra il horsepower dispatch level of
the road locomotive in each direction for the designated type of service.

*4. Tractive Dispatch Requirement for the Dominant Direction:

Obtain the ruling grade (outside the helper district if  there is a helper) from 
the Railroad Questionnaire.

Copy the prevalent diesel locomotive power to tractive effort ratio from Item 2 
above.

Calculate the traction dispatch requirement using the Davis equation indicated.

Decision Rule; If  the traction dispatch requirement is  less than the dominant 
dispatch level recorded in Item 3, complete Items 5 and 6a below; if  the 
traction dispatch requirement is greater, complete Item 6b.

For the dominant direction, copy the ruling grade from Item 4 into the Davis 
equation and calculate the tractive effort requirement.

Convert the tractive effort requirement into a tractive dispatch level (rail 
horsepower per gross ton) for each candidate electric locomotive by use of the 
indicated equation.

6. Selection of Electric Locomotive Type and Dispatch Level;

*a. -  Select the electric locomotive type for which the traction dispatch require­
ment iust exceeds the diesel dispatch level (Item 3). Record the locomotive 
type selected and the corresponding dominant tractive dispatch level.

Calculate the dispatch level in the other (non-dominant) direction for the 
selected electric locomotive type (perform the calculation in the unused 
column of Item 5 of the Worksheet) and record the result in the appropriate 
direction in Item 6.

F IG U R E  4 - 1 2 .  WORKSHEET MO ? -  E L E C T R IC  LO CO M O TIVE  S E L E C T IO N  AND  D IS P A T C H  

L E V E L  (C O N T 'D )

*5. Possible Electric Dispatch Levels in Dominant Direction:

*Use only Item fiB when calculating helper dispatch level.
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INSTRUCTIONS (CONT'D)

<j. Selection of Electric Locomotive Type and Dispatch Level: (Cont'd)

NOTE; If  none of the electric dispatch levels in the dominant direction 
exceed the diesel dispatch level, select electric locomotive Type 3 and use 
the diesel dispatch levels. Item 3, for the electric dispatch levels.

*b. Road Locomotives;

Copy the diesel dispatch level from Item 2.

Select the electric locomotive type that corresponds to the prevalent diesel 
locomotive type (Item 2), using the following table and record;

Electric Type Diesel Type

1
2
3

1, 2,
4

3, 5,

7

6

Copy the power to tractive ratio from Item 5 for the electric type selected.
; . { •’ j ' > '  ' '' ' - . ' l l  ’ ' ' 'r 'Copy the diesel power to tractive effort ratio front Item 1.

Calculate the electric dispatch level in each direction using the equation 
indicated.

Helper Locomotives:

-  Obtain the diesel helper dispatch level from the Railroad Questionnaire.

-  Use the electric locomotive type selected for the road locomotive (Item 6 of 
the corresponding worksheet No. 5).

Copy the power to tractive effort ratio from Ttem 5 for the electric type.

-  Obtain the diesel power to tractive effort ratio from the Table of Diesel 
Locomotive Design Characteristics, Table 2-5.

-  Calculate the electric dispatch level using the equation indicated.

F IG U R E  4 - 1 2 .  WORKSHEET N O . 5 -  E L E C T R IC  LO CO M O TIVE  S E L E C T IO N  AND D IS P A T C H  
L E V E L  ( C O N T 'D )
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1. When the diesel dispatch level is greater than the 
tractive dispatch requirement of any candidate 
electric type, the electric with the largest power to 
tractive effort rating is selected and is dispatched 
at the diesel dispatch level. It is power limited on 
the sector;

2. When the traction dispatch level of the diesel is 
calculated to be greater than the stated dispatch 
level from the questionnaire, the calculation is 
discarded as being invalid (for such reasons as 
"doubling" up in the hill) and the electric type is 
selected with a power to tractive effort rating just 
greater than the diesel and is dispatched with the 
same tractive capability.

The selection of electric locomotive type and dispatch 
level for the sample sector is shown in Figures 4-12, 4-13, 
and 4-14. Three worksheets are required for the sample sector 
because there are two types of service, one of which requires 
determination of dispatch level of a helper locomotive in 
addition to the road locomotive*. ■ ■ , . . . . ,

Helper Locomotive Dispatch Level

If a helper is used on a sector for one or more types of 
service, it is presumed to be the same type as that of the road 
locomotive it assists. Electric helpers are dispatched with 
same tractive effort capability as the diesel now in service.*

*Some reduction in size of the electric helper fleet could be 
achieved if the tractive capability of the electric road 
locomotives exceeds that of the diesels they replace. This was not considered since the electric helpers most probably 
would be required to assist dieselized trains that would 
continue to operate on the sector.
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Type of Service: Expedited________

1. DOMINANT DIRECTION from Worksheet No. 4 (direction requiring greatest Diesel
Horsepower): FWD __  REV x .

2. Prevalent Diesel Loco Type ♦  4 Diesel Rail HP/lb TEft ■ 039

3. Diesel Rail HP Dispatch Levels: Forward 2.64 Reverse 2.55.

*4. For the dominant direction, calculate the Davis Equation Dispatch Level (DEDL):

DEDL = (4 + 20 (Ruling Grade] x Prev. Diesel Rail HP/lb TEft) = (4 + 20(1J) x .039 = .936.

*5. Calculate possible dispatch levels, by direction:

FORWARD DIRECTION REVERSE DIRECTION

4 + 20(Ruling Grade) = 4 + 20(__ ) = ___ 4 + 20(Ruling Grade) * 4 + 20(1.0) = 24.

Revision Date: _________

Railroad: URail & Company From -  To: UTown Yard to UCity, USA

Elec, lb TEA Elec. Rail Elec. Rail Elec. lb TEa Elec. Rail Elec. Rail
Loc. per GT" X HP/lb TEA = hpa/ gt Loc. per GT HP/lb TEa “ HP /GT

1 X 0.038 s 1 24 X 0.038 = .912

2 X 0.041 _ 2 24 X 0.041 .984

3 X 0.062 _ 3 24 X 0.062 = 1.483

*6a.Select Locomotive Type and Dispatch Level: Type Locomotive 3

Fwd Elec. Loco. Disp. Level 2.64 .Re;'/, E^ec, Loco.,Disp. Level .. 2.55 , . ,

6b.Select Electric Locomotive Type and Dispatch Level: Type Locomotive _____ .

Dispatch Level = (Diesel Dispatch Level) x (Electric RHP/lb. of T.E.) -  (Diesel RHP/lb.
of T.E.).

Fwd Dispatch Level = (__ ) x (__ )/(__ ) Rev Dispatch Level = (__ ) x (__ )/(__ )

F IG U R E  4 - 1 3 .  WORKSHEET N O .  5 -  E L E C T R IC  LO CO M O TIVE  S E L E C T I O N  AND D IS P A T C H
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Revision Date:

Type of Service: Helper__________

1. DOMINANT DIRECTION from Worksheet No. 4 (direction requiring qreatest Diesel
Horsepower): FWD __  REV x .

2. Prevalent Diesel Loco Type 4 4 Diesel Rail HP/lb TE  ̂ 0.39

3. Diesel Rail HP Dispatch Levels: Forward ____  Reverse 1.02.

*4. For the dominant direction, calculate the Davis Equation Dispatch Level (DEDL):

DEDL = (4 + 20[Ruling Grade] x Prev. Diesel Rail HP/lb TEA) = (4 + 20(1.)) x ___  = ___ .

*5. Calculate possible dispatch levels, by direction:

FORWARD DIRECTION REVERSE DIRECTION

4 + 20(Ruling Grade) = 4 + 20(__ ) = __  4 + 20(Ruling Grade) = 4 + 20(1.0) » 24

Railroad: URail & Company From -  To: UTown Yard to UCity, USA

Elec, lb TEA 
Loc. per GT X Elec. Rail 

HP/lb TEA
Elec. Rail 

= HPA/GT
Elec, lb TEa 
Loc. per GT x

Elec. Rail Elec. Rail 
HP/lb TEA = HP /GT

1 X 0.038 = 1 X 0.038

2 X 0.041 _ 2 x 0.041

3 v 0.062 3 3 .........  x 0.062 . =

*6a.Select Locomotive Type anc Dispatch Level: Type Locomotive 3

j Fwd Elec. Loco. Disp. Level ________  Rev Elec. Loco. Disp. Level ________ .
|
| 6h.Select Electric Locomotive Type and Dispatch Level: Type Locomotive 3

Dispatch Level = (Diesel Dispatch Level) x (Electric RHP/lb. of T.E.) -  (Diesel RHP/lb. 
of T.E.).

Fwd Dispatch Level = (__ ) x (__ )/(__ ) Rev Dispatch Level = (1.02) x (.062) /( .039)

= ____  = 1.62

F IG U R E  4 - 1 4 .  WORKSHEET N O . 5 -  E L E C T R IC  LOCOM OTIVE  S E L E C T IO N  AND D IS P A T C H  L E V E L

4 - 5 5



Figure 4-14 illustrates the helper dispatch calculation for 
reverse, normal traffic on the sample sector.

Directional Power Requirement

The electric power requirement is calculated on Worksheet 
No. 6 (Figure 4-15) using a procedure similar to that used for 
calculating diesel power requirement but with the following 
differences:

1. Dispatch level is obtained from Worksheet No. 5 .
(Figures 4-12, 13 and 14), item 6a or 6b?

2. Utilization is assumed to be .75, reflecting the need 
for less repair and routine maintenance?

3. Turnaround time is assumed to be 50 percent less than 
for diesel locomotives because no time is required for 
refueling and because less frequent inspection is 
required.

4.2.6 Energy Requirement '

The energy required to move the traffic over the operating 
distance consists of two parts, the direct traction energy and 
the lift energy. The direct traction energy is that energy 
required to overcome the losses due to friction and aerodynamic 
drag and that required to provide the acceleration demands.
The Energy Consumption Factor (ECF) used for computing direct 
traction energy is also a function of the average terrain 
resistance (i.e., a composite of average grade and grade 
equivalent curvature) between the starting and ending 
locations. It' is assumed that there is no elevation change 
between end points; the ECP does make appropriate compensation 
for hills and valleys within the average grade calculation.
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Railroad: URail & Company From -  To: UTown Yard to UCitv, "5A

Traffic
Density X

Dispatch 
Level Rail X

Sched. 
Time +

Tranand
Time X Year

Directional 
U tiliz. -  Rail HP

TOS Dir: MGT/YR HP/GT Hrs. Hrs. 8760 hrs. Factor Required

BULK FWd X X ( + ) X 1 a
8760

Rev X X ( + ) X 1 a
8760

NORM FWd 9.79X106 X 1.53 X (21.75 + .75 ) X 1 .752 » 51160
3760

Helper 7.93x10® X 1.62 X 1.365 + 0 X 1 .752 » 2650
8760

Rev 7.93x10® X 1.62 X (16.2S + .75 ) X 1 .752 = 33141
8760

EXPD Fwd 6.aixlOS X 2.64 X (13.17 + .75 ) X 1 + .752 -  37977
8760

Rev 7.87x106 X 2.55 X (13.42 + .75 ) X 1 .752 -  43153
8760

PASS Fwd X X ( + ) X 1 f a .
8760

Rev X X ( + ) X 1 a
8760

INSTRUCTIONS

1. Traffic Density (Gross Tons Per Year). Obtain from the Traffic Forecast Summary
Sheet, or W.S. No. 
Direction..

4 the base year traffic densities, by Type of Service in each

2: Dispatch Level. (Rail HP/GT1 . Obtain from-Worksheet No.' 5, Item 6a or 6b, by TOS arid
Direction. - ._ ■

Continued

F IG U R E  4 - 1 5 .  W ORKSH EET N O .  6 -  E L E C T R IC  LOCOM OTIVE  D I R E C T IO N A L  POWER RE Q UIR EM E NT
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INSTRUCTIONS (CONT'D)

3. Schedule Time (Hours).

• For mainline locomotives, copy from Railroad Questionnaire by TOS and Direction.

• For helper locomotives assisting in one direction; multiply length of the grade, 
obtained from Railroad Questionnaire x 0.075.

• For helper locomotives assisting in both directions; multiply the length of the 
qrade, as obtained from the Railroad Questionnaire by 0.10.

4. Turnaround Time (Hours).

• For mainline locomotives obtain operating route-miles from W.S. No. 1 and 
compute;

Turnaround Time = .0015 x (operating route miles) (Based on the assumption that 
an electric locomotive travels 1,000 miles between stops of 1.5-hour duration 
for inspection and sanding.) Or use half the diesel turnaround time from W.S. 
No. 4.

• For helper locomotives enter turnaround time = 0.

5. Utilization (Factor). This factor accounts for the fraction of a year that the 
, , locomotive is on the road or at.an end point for inspection and sanding.

Non-utilized times include maintenance and repair time, time in storage because of 
seasonal lu lls  in traffic, and waiting time for schedule considerations. Use the 
same factor for a ll  electric locomotives on a ll route sectors.

6. Directional Rail Horsepower Required. The result is the ra il horsepower required to 
move the annual gross tonnage in one direction where the return trip time of the 
locomotives is ignored. Enter the forward and reverse results in records 31 and 32 
of the LDF form, respectively.

F IG U R E  4 - 1 5 .  WORKSHEET N O . 6 -  E L E C T R IC  LO C O M O TIV E  D I R E C T I O N A L  POWER  

R E Q U IR E M E N T  ( C O N T 'D )
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Lift energy is the incremental energy expended or recovered due 
to the difference in elevation between the origin and 
destination.

Lift Energy Calculation

Lift energy was calculated first for convenience, using 
Worksheet No. 7 (Figure 4-16). If the starting location was 
higher than the ending location, lift energy was recoverd and 
carried a negative sign because the train was travelling 
downhill. Lift energy was not calculated for helper locomotive 
operations; the energy expended in climbing the hill (positive 
sign) is accounted for under the direction traction energy 
calculation.

One caution is necessary in calculating lift energy. If 
the average downhill grade exceeds approximately 1/3 percent, 
braking is required to limit train speed[29]. Thus the 
recoverable potential energy is limited unless the braking is 
accomplished by regenerative braking.*

The test is straightfoward.

Differential Elevation in Feet
____________5280_____________  X 100 = Equivalent Angle

Route Miles of Downgrade in percent

Setting the Equivalent Angle = 0.33 percent, and solving; 
Limiting Differential Elevation (feet) = 17.42 X Route-Miles of 
Downgrade.

♦While the electric locomotive can be readily equipped to provide regenerative braking, only friction and dynamic 
braking were assumed in this study.
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Revision Date

E l e v a t i o n  o f  E n d i n g  L o c a t i o n :  1 8 8 0  f t .

M i n u s  E l e v a t i o n  o f  S t a r t i n g  L o c a t i o n :  - 2 4 9 1  f t .

F o r w a r d  A l g e b r a i c  D i f f e r e n t i a l  E l e v a t i o n :  - 6 1 1  f t .

Railroad: URail & Company From - To: UTown Yard to UCity, USA

1 2 3 4 5 6
T r a f f i c D i f f . L i f t N e t  L i f t

C o n v e r t  x D e n s i t y X E l e v n + E n e r g y - r E f f . E n e r g y

TOS D i r : F a c t o r M G T/YR F t . MWH F a c t o r MWH

B ULK Fwd • 7 5 3 x l 0 - 6 X X s 00•o

R e v • 7 5 3 x l 0 ~ 6 X X
' .

0 . 8

NORM Fwd . 7 5 3 x l 0 ~ 6 X 9 . 7 9  x  1 0 6 X - 6 1 1 - 4 5 0 4
.

0 . 8 - 5 6 3 0

R e v , 7 5 3 x l 0 ~ 6 X 7 . 9 3  x  1 0 6 X + 6 1 1 + 3 6 4 9 0 . 8 + 4 5 6 1

EXPD Fwd . 7 5 3 x l 0 ~ 6 X 6 . 8 1  x  1 0 6 X - 6 1 1 - 3 1 3 3
• 00•o

- 3 9 1 6

R e v • 7 5 3 x l 0 - 6 X 7 . 8 7  x  1 0 6 X + 6 1 1 + 3 6 2 1 o • 00 + 4 5 2 6

P A S S Fw d • 7 5 3 x l 0 " 6 X X
.

• 0 . 8

R e v . 7 5 3 x l 0 “ 6 X X
.

0 . 8

I N S T R U C T IO N S

1 .  C o n v e r s i o n  F a c t o r . T h i s  f a c t o r  c o n v e r t s  t o n - f e e t  o f  p o t e n t i a l  e n e r g y  

i n t o  t h e  e l e c t r i c a l  e q u i v a l e n t  i n  m e g a w a t t - h o u r s .  F a c t o r  =  0 . 7 5 3  x  
10- 6 .

2 .  T r a f f i c  D e n s i t y  ( G r o s s  T o n s  p e r  Y e a r ) . O b t a i n  f r o m  t h e  T r a f f i c  F o r e c a s t  

S u m m ary  S h e e t ,  o r  W . S .  N o .  6 ,  b y  t y p e  o f  s e r v i c e  i n  e a c h  d i r e c t i o n .

F IG U R E  4 - 1 6 .  W ORKSH EET N O . 7 -  L I F T  ENER G Y  C A L C U L A T IO N
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INSTRUCTIONS (CONT' D)

3 .  D i f f e r e n t i a l  E l e v a t i o n  ( F e e t ) . O b t a i n  l o c a t i o n  e l e v a t i o n s  f r o m  a t l a s e s ,  

r o a d  m a p s ,  e t c .  C a l c u l a t e  D i f f e r e n t i a l  E l e v a t i o n  a t  t o p  o f  s h e e t ,  b e i n g  

c a r e f u l  t o  m a i n t a i n  t h e  a l g e b r a i c  s i g n .  E n t e r  w i t h  c a l c u l a t e d  s i g n  f o r  
f o r w a r d  d i r e c t i o n  c a l c u l a t i o n s .  C h a n g e  s i g n  a n d  e n t e r  f o r  r e v e r s e  

d i r e c t i o n  c a l c u l a t i o n s .  M a i n t a i n  t h e  c o r r e c t  s i g n  a t  a l l  t i m e s .

4 .  L i f t  E n e r g y  (M W H ) . T h i s  i s  t h e  c h a n g e  i n  e n e r g y  c a u s e d  b y  m o v i n g  t h e  

t r a f f i c  t h r o u g h  t h e  c h a n g e  i n  e l e v a t i o n .  T h e  e n e r g y  i s  n e g a t i v e  

( r e c o v e r e d )  i f  t h e  t r a f f i c  m o v e s  d o w n h i l l ,  a n d  i s  p o s i t i v e  ( c o n s u m e d )  i f  

t h e  t r a f f i c  m o v e s  u p h i l l .  M a i n t a i n  t h e  s i g n .

5 .  E f f i c i e n c y  F a c t o r . T h i s  f a c t o r  a c c o u n t s  f o r  c o n v e r s i o n  l o s s e s  b e t w e e n  

t h e  s u b s t a t i o n  m e t e r i n g  p o i n t  a n d  t h e  t r a c t i o n  m o t o r  o u t p u t ,  e s t i m a t e d  t o  

b e  2 0  p e r c e n t .

6 .  N e t  L i f t  E n e r g y . L i f t  e n e r g y  a d j u s t e d  f o r  e f f i c i e n c y .  E n t e r  i n  

C o lu m n  6 ,  W o r k s h e e t  N o .  9 ( F i g u r e  4 - 1 8 ) .

F IG U R E  4 - 1 6 .  WORKSHEET N O . 7 -  L I F T  ENER G Y  C A L C U L A T IO N  ( C O N T 'D )
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If the differential elevation exceeds the limiting value, 
the limiting value is used to calculate (negative) lift energy 
recovered by traveling downhill. However, the actual 
differential elevation is used to calculate (positive) energy 
expended climbing the hill.

The braking test was applied in this study using route 
miles from origin to destination since the miles of downgrade 
was not readily available. Thus, only short routes with large 
differential elevations were limited in the amount of lift 
energy credit. On some of the longest route segments, 
especially those in mountainous terrain, this procedure may 
underestimate both the electric energy and diesel fuel 
consumption.

The factor for converting potential energy into its 
electrical equivalent indicated on Worksheet No. 7 is obtained 
as follows:

1 horsepower = 746 watts = 55 ft lbs/sec, or
550 lb-ft = 746 watt-seconds

Since the potential energy is in ton-feet, and electrical 
energy is in:megawatt-hours, the units are converted as follows

550 lb x ton_____  x ft = 746 watts x sec x hr xlO-6
2000 lb 3600 sec

1 ton-ft = 746 x 2000 x l0-6megawatt-hrs 
550 x 3600

1 ton-ft = .753 x 10“6 megawatt-hrs
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Direct Traction Energy Calculation

Traction energy was calculated using Worksheet No. 8 
(Figure 4-17) and No. 9 (Figure 4-18) and the associated Energy 
Conversion Calculator graph of Figure 4-19[21]. The calculator 
presents an Energy Consumption Factor (ECF) in watt-hours per 
ton-mile as a function of average train speed and average 
grade. Average train speed was obtained on Worksheet No. 8 by 
dividing the route miles from Worksheet No. 1 by the running 
time obtained from the questionnaire, item 6. If the average 
grade was categorized, the center of the indicated range was 
used; otherwise, the calculated average grade was used. The 
ECF is read on the left scale at the intersection of the 
average speed (bottom scale) and the average grade (right 
scale).

For helper locomotive operations, the traction energy was 
calculated in the same manner, except that the ruling grade was 
used instead of the average grade, and the helper district 
operating route-miles (from the Questionnaire) was used instead 
of the total operating route-miles. The average speed in the 
helper district was assumed to be 10 MPH for normal service and 
2Q MPH for, expedited servce.

Total Electric Energy Consumption

Total electric energy consumption is the sum of traction 
energy and lift energy, expressed on Worksheet No. 9 in 
megawatt-hours.

It must be noted that electric energy consumption by TOS 
and direction cannot be negative. That is, even on short, 
steep route segments, there will always be some energy 
consumption. The energy generated by the train coasting 
downhill cannot now be returned to the power grid, and the 
locomotive will use some energy to run auxilliary systems.
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R e v is io n  D ate

R a i lr o a d :  U R a il & Company From -  To UTown Yard to UCity, USA

NV

SCHED AVG.
TOS DIR TIME ROUTE MI/SCHED T - SPD GRADE ECF

BULK F /R /
NORM F 21.75 503.7 / 21.75 = 23 M 19.5

R 16.25 503.7 / 16.25 = 31 M 21

EXPD F 13.17 503.7 / 13.17 = 38 M 22.5
R 13.42 503.7 / 13.42 = 38 M 22.5

PASS F /R /
NORM R 18.2 / =10 1.8 44.5
HELP

FIGURE 4-17. WORKSHEET NO. 8 - ELECTRIC ENERGY CONSUMPTION FACTOR

4 - 6 4



Railroad: URail & Company From - To: UTown Yard to UCity, USA
NV

i 2 3 4 5 6 7
T r a f f i c E n e rg y T r a c t io n L i f t T o t a l
D e n s ity  x Route X Consum ption X E f f . = E n e rg y X E n e rg y = Energy

TOS D i r : MGT/YR M ile s F a c to r F a c to r MWH MWH MWH

BULK Fwd X X I Q " 6 X 1.25 X X
s

Rev X X i o “ 6 X 1.25 X X

NORM Fwd 9 . 7 9 x 1 0 _ 6 x 503.7 X 1 9 .5  X  10-6 X 1.25 X 120,199 X -5 6 3 0 = 114,569

Rev 7 . 9 3 x 1 0 _ 6 x 503.7 X 21 X  10-6 X 1.25 X 104,851 X +4561 =  109,412

Hedger
7 . 9 3 x 1 0 ~ 6 x 18.2 X 4 4 .5  X 10-6 X 1.25 X 8,028 X 0 =  8 ,028

KXPD Fwd
- 6

6.81x10 x 503.7 X 2 2 .5  x 1 0 "6 X 1.25 X 96,474 X -3 9 1 6 =  92,558

Rev 7 . 8 7 x 1 0 _ 6 x 503.7 X 2 2 .5  X  10-6 X 1.25 X 111 .4 91 X +4526 =  116,017

PASS FVd X X X  10 " 6 X 1.25 X X

Rev -6
X X x 10-6 X 1.25 X X

TOTAL

INSTRUCTIONS

1. T r a f f i c D e n s ity  (M GT/YR). O b ta in  from  l i f t e n e rg y  c a lc u la t i o n . w. S . No. 7 , by TOS
and d i r e c t i o n .

2 . Route M ile s  ( M i le s ) . O b ta in from LDF, Record 12, or from W .S . No. 7 .

3 .  E n e rg y  Consum ption F a c t o r . O b ta in  from C h a rt as f o llo w s .

4 . S chedule Tim e ( H r s ) . O b ta in from LDF, Record 7 , by TOS and d i r e c t i o n .

5. A verage Speed (M PH). D iv id e Route M ile s  by Schedule T im e , by TOS and d i r e c t i o n .

FIGURE 4-18. WORKSHEET NO. 9 - ELECTRIC ENERGY CALCULATION
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INSTRUCTIONS (CONT'D)

6 . Average G rade ( D ) . O b ta in  from  W orkshee t No. 1.

7 . E nergy Consum ption F a c to r  (W H/TM ). C a lc u la t e  on w o rk sh e e t No. 3 . Use e n e rg y  
consu m ption  c a lc u la t o r  f o r  each TO S , and d i r e c t i o n :

a . Lo ca te  a verage speed on lo w e r x - a x i s .

b . From th e  a verage speed, move upward u n t i l  th e  a p p lic a b le  v a lu e  o f  average 
grade i s  re a ch e d , re a d in g  th e  c u rv e s  from  th e  c a l i b r a t i o n  v a lu e s  a t  the 
r i g h t .  Use g ra d e  in  % i f  a v a i la b le ,  o th e rw is e  use th e  m id d le  v a lu e  f o r  th e  
g ra d e  c la s s .

c .  From th e  in t e r s e c t io n  o f  a ve ra g e  speed and g ra d e  c u r v e s ,  move h o r i z o n t a l l y  to
th e  l e f t  and read th e  E n e rg y  C onsum p tion  F a c t o r .  E n te r  in  W .S . N o. 8 and 
Column 3. (N o te : 10~6 f a c t o r  c o n v e rt s  w a t t -h o u r s  to  m e g a w a tt-h o u rs  (MWH).

8 . E f f ic i e n c y  F a c t o r . T h is  f a c t o r  a cc o u n ts  f o r  c o n v e rs io n , lo s s e s , e s tim a te d  t o  be 
20 p e r c e n t .

9 . F r a c t i n  E n e rg y  ( M W H ) T h is  v a lu e  i s  th e  t r a c t i o n  e n e rg y  r e q u ir e d .

10. L i f t  E n e rg y  (MWH). O b ta in  from  W orksheet N o. 7 ,  Colum n 6 , by TOS and d i r e c t i o n .

11. T o t a l  E n e rg y  (MWH). T h is  r e s u l t  i s  th e  t o t a l  e l e c t r i c  e n e rg y  r e q u ir e d .  I t  is  th e  
t r a c t i o n ,  energy, a d ju s te d  f o r  e n e rg y  added; o r  .s u b tra c te d  because o f  ;th e , d if f e r e n c e  ' 
in  e le v a t io n  between o r i g i n  and d e s t in a t i o n .

FIGURE 4-18. WORKSHEET NO. 9 - ELECTRIC ENERGY CALCULATION (CONT'D)
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FIGURE 4-19. ENERGY CONSUMPTION CALCULATOR
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Enter data into Records 36 and 37 of the LDF.

Diesel Fuel Saved

The diesel fuel saved by use of electric traction energy is 
calculated on Worksheet No. 10 as the BTU equivalent of 
Number 2 diesel fuel to the megawatt hours of electric energy. 
The fuel conversion factor for the network study was 14 KWH 
required at the metering point of an electric locomotive for 
each gallon of diesel fuel consumed by a diesel locomotive.*

Enter into Records 38 and 39 of the LDF.

4.2.7 Completed Link Data Form for Sample Segment

The data prepared as described above in Section 4.2 are 
entered oh a Link Data File Form as an intermediate step in 
entering the input data into the computer. Two forms, as shown 
in Figures 4-21 and 4-22 are necessary for the sample section 
because there is a helper locomotive. The procedure for 
completing such.forms is,. described .in Volume II,.

*Data supplied by Southern Railway that was used in their
electrification studies.

4 - 6 8



R a i lr o a d :  U R a il & Company From -  To: UTown Yard  to  U C ity ,  USA

NV
1 2 3

Electric Fuel Diesel Fuel
TOS Dir: Energy X Conversion = Consumption

MWH Factor Mil Gallons
BULK Fwd X 7.14 x 10~5 —

Rev X 7.14 x 10-5

NORM Fwd 114,569 X 7.14 x 10~5 8.180

Rev 109,412 X 7.14 x 10~5 7.812
HelperRev 8,028 X 7.14 x 10"5 0.573

EXPD Fwd 92,558 X 7.14 x 10’5 6.609

Rev 116,017 X 7.14 x 10~5 8.284

PASS Fwd X 7.14 x 10~5 .
Rev X 7.14 x 10~5 '

TOTAL Mil Gal

INSTRUCTIONS
1. Electric Energy (MWH). Obtain from Worksheet No. 9, Column 7, by TOS and

direction.
2. Fuel Conversion Factor (Million Gallons/MWH). Conversion factor.
3. Diesel Fuel Consumption (Million Gallons). Result is diesel fuel

equivalent to the electrical energy calculated on Worksheet No. 9.

FIGURE 4-20. WORKSHEET NO. 10 - DIESEL FUEL SAVED
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Railroad Name: URAIL Seq. Number: 1 Link File: UR9997778

♦ D e sig n a tio n  o f  a f o u r -b lo c k  re c o rd  as h a v in g  dependence on ty p e  o f  s e r v ic e  o r  number o f  t r a c k s  is  
in d ic a te d  in  t h i s  re c o rd  d e s c r ip t io n  by (TO S) and (NO T) r e s p e c t i v e ly .  O th e r re c o rd s  a re  dependent on 
n e it h e r .

FIGURE 4-21a. LINK DATA FORM, SHEET NO. 1
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R a ilro a d Name: LIRA I L Seq. Number: i L in k  F i le s  UR9997778

F ro m -To : UTOWN YARD USA to  U C ITY  USA R e v is io n  NR/Ddte: O r i q .  9/22/82

DATA BY TYPE OF SERVICE OR NUMBER OF TRACKS

DESCRIPTION
REV

BULK OR 
1 TRACK

NORMAL OR 
2 TRACKS

EXPEDITED OR PASSENGER OR 
3 TRACKS 4 TRACKS

21. Tu n n e l R e c o n s tru c t io n , F t  (NOT) 10500 0 0 0

22. B rid g e  R e c o n s tru c t io n  Number 

U t i l i t y  C o n n e c tio n , Mi

(NOT) 59

4 J  I

24. T r a i n -A c t i v a t e d  Grade Xng S ig n a ls , Number 29

25. D ie s e l Loco s: R a i l  HP P u r/ F ra c t  S o ld 407000 0.00
26. E l e c t r i c  Loco P w r, Hp (TOS) Fwd 0 51143 37977 0

27. Rev 0 33141 43153 0

28. E l e c t r i c  Loco D is p a tc h  L e v e l ,  
R a i l  HP/GT (TOS)

Fwd 0 1 .5 3 2 .6 4  0

29. Rev 0 1 .6 2 2 .5 5  0

30. E l e c t r i c  Loco T y p e , (TOS) 0 ' 3 3 0

31. D ie s e l Loco P w r, HP (TO S) , Fwd , 0 55198 41803 0

32. Rev 0 36142 47458 0

33. D ie s e l Loco D is p a tc h  L e v e l 
R a i l  HP/GT (TOS)

Fwd 0
. A l

1 .5 3 2 .64  0

34. Rev 0 1 .6 2 2 .5 5  0

35. D ie s e l Loco T y p e , (TO S) ' O ' • : 4 4 0

36. E l e c t r i c  E n e rg y  Used, 
MWH/Yr (TOS)

Fwd 0 114569 92558 0

37. Rev 0 109412 116017 0

38. D ie s e l F u e l Saved , M i l  G al 
(TOS)

Fwd 0 8.180 6 .609 0

39. Rev 0 7 .812 8 .284 0

FIGURE 4-21b. LINK DATA FORM, SHEET NO. 2
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Railroad Name: URAIL Seq. Number: __1 Link File: UR99977781
Fco m -To : UTOWN YARD USA to  U C ITY  USA (H e lp e r) R e v is io n  NR/D ate: P r i g .  9/22/82

DESCRIPTION REV

DATA BY TYP E OF SERVICE OR NUMBER OF TRACKS*

BULK OR 
1 TRACK

NORMAL OR 
2 TRACKS

EXPEDITED OR 
3 TRACKS

PASSENGER OR 
4 TRACKS

1. L in k  F i l e UR99977781 U R A IL : UTO WN YARD USA TO U C ITY

2. USA

3. T r a f f i c  D e n s it y ,  MGT/Yr (TO S) Fwd 0 9 .7 9 6 .8 1 0

4. Rev 0 7 .93 7 .8 7 0

5. T r a f f i c  G ro w th , % (TO S) Fwd 0 1 .2 3 1 .9 3 0

6. Rev 0 -0 .3 3 0 .9 5 0

7 . S chedule  T im e , .H r s  (TO S) Fwd 0 0 o 0

3. Rev 0 1 .8 2 0 0

9, D ie s e l Tu rn a ro u n d - T im e , H rs (TO S ) 0 0 0 0

10. C a te n a ry  S e r v ic e  C la S 3 , Pass o r  F r t 2

1 U D ie s e l Loco L i f e ,  Y rs 18

12.. O p e ra tin g  Route M ile s ,  Mi 1 8 .2

13. R u lin g  G ra d e , * Fwd 1 .0 — __________________________

14. Rev 1 .8

15. L a s t Y e a r o f  T r a f f i c  Grow th . . .  , ,
P r o je c t io n ,  Y r  n

i  . ; k-\ l J ' - 5 ‘ V. • i,
1990 r---------------— ;— “

IS . S id in g s  S Y a rd s  Traok.-, M i - — — — — — —

17. M ain L in e  T ra c k  W ire d , Ta n g e n t
Route M ile s  (NOT)

18. Med C rv

19. Hvy C rv

20. S u b s t a t io n s , Number (NOT)

♦ D e sig n a tio n  o f  a f o u r -b lo c k  re c o rd  as h a v in g  dependence on ty p e  o f  s e r v ic e  o r number o f  t r a c k s  is  
in d ic a te d  in  t h i s  re c o rd  d e s c r ip t io n  by (TO S ) and (NOT) r e s p e c t i v e ly .  O th e r re c o rd s  a re  de pend ent on 
n e it h e r •

FIGURE 4-22a. LINK DATA FORM, SHEET NO. 1
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Railroad Name: URAIL Seq. Number: __1 Link File: UR999777BI
F ro m -To : UTOWN YARD USA TO U C ITY  USA (H e lp e r) R e v is io n  NR/D ate: P r i g ,  9/22/82

DATA BY TYPE OF SERVICE OR NUMBER OF TRACKS*

REV
BULK OR 
1 TRACK

NORMAL OR 
2 TRACKS

EXPEDITED OR 
3 TRACKS

PASSENGER OR 
4 TRACKS

21. T u n n e l R e c o n s t ru c t io n , F t  (NOT)

22. B rid g e  R e c o n s tru c t io n  Number (NOT)

23. U t i l i t y  C o n n e c tio n , Mi

24. T r a i n -A c t i v a t e d  Grade Xng S ig n a ls , Number

25. D ie s e l L o c o s : R a i l  HP P u r/ F ra c t  S o ld 407000 0 .0 0 —

26. E l e c t r i c  Loco P w r, IIP (TOS) Fwd 0

27. Rev 2661

28. E l e c t r i c  Loco D is p a tc h  L e v e l , Fwd 0
R a i l  HP/GT (TO S)

29. Rev 1 .6 2

30. E l e c t r i c  Loco T y p e , (TOS) 3

31. D ie s e l Loco P w rf HF (TO S) Fwd 0

32. Rev 1750

33. D ie s e l Loco D is p a tc h  L e v e l , Fwd 0
R a i l  H P/GT, (TOS) '

34. Rev 1 .0 2

35. D ie s e l Loco T y p e , (TO S) 4

36. E l e c t r i c  E n e rg y  Used, Fwd 0
MWH/Yr (TOS)

37. Rev 8028

38. D ie s e l F u e l Saved, Fwd 0
M il  G a l (TO S)

39. Rev 0.573

FIGURE 4-22b. LINK DATA FORM, SHEET NO. 2
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5. SUMMARY AND RECOMMENDATIONS

5.1 SUMMARY

An engineering model has been developed to simultaneously 
evaluate the economics of electrification of multiple route 
segments. The model is formulated to apply route-specific 
values of critical design and operating variables in order to 
obtain a comparison of the costs and benefits on each route. 
Such a model is useful in establishing which routes of a 
railroad should be electrified and in what sequence.

A procedure for readily obtaining the critical variables 
was developed that is sufficiently accurate for "first cut" 
comparison of the economics of individual route segments and 
for computation of network statistics. Data obtained from more 
thorough feasibility studies can also be used to improve the 
input data to the model.

Basic characteristics of the model are:

1. No tax or tax,credits are considered;’ i ■ , -r. '• f't ( ') ;.! .? v } A' ; . t ■' ; : r f ; f , • r
' . ■ 1 '

2. An annual inflation factor is specified to account for 
general inflation; unit costs are specified for a 
currency base year; differential escalation of the 
price of diesel fuel and electric energy are specified

3. Traffic density on a route segment is specified for a 
traffic base year by direction, type of service, and 
portion of the route segment traversed;

4. The predominant type of diesel and electric 
locomotives to be operated over a route segment are 
specified along with their directional power
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requirements; the model establishes fleet size and 
accounts for differences in power requirements in the 
two directions;

5. Diesel locomotives released by electrification may be 
sold or transferred;

6. Items in a railroad's cash flows which would differ 
for diesel and electric operation are used to 
construct a differential cash flow over a specified 
study period; electrification is assumed to create no 
new business nor improve service to existing customers

7. Fixed plant investment follows a prescribed 
design-construct-commission scenario; partial y 
reinvestment in equipment is required during the study 
period; straight line depreciation is used to credit 
residual value at the end of the study period;

8. Equity rate of return is calculated in which initial 
investment is financed from railroad equity; as an 
option, a leveraged rate of return is calculated in

. which loans from a railroad, electrification external 
fund and. from..ther electric utility industry finance 
part of the initial investment.

The model has been used to analyze a hypothetical U.S. 
network that consists of 96 route segments totalling 
nearly 29,000 miles. Three of the major findings summarized in 
Section 2.1 are restated here:

1. For the base case analyzed, the rate of return for the 
network is 19 percent, a substantial increase over the 
previously reported results;
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2. Variation in the rate of return between route segments 
can be large, depending on the combination of 
significant factors that exist;

3. A number of factors influence the rate of return, 
notably the traffic density, gradient, type of 
locomotives, and locomotive dispatch policy.

The best surrogate for identifying route segments with a 
high rate of return is the annual fuel consumption per 
route-mile on the route. However, there is still sufficient 
dependence on variables uncorrelated with fuel consumption 
(e.g., bridge clearance costs and signal and communication 
compatability) to require computation of the rate of return.

5.2 RECOMMENDATIONS

Sufficient study of the network was completed to conclude 
that the economic advantage of electrification over diesel 
operation is real and that, for many routes, it is 
substantial. One aspect that requires further study is the 
electric locomotive characteristics best suited to U.S. 
railroad operations. Some concensus early in a conversion 
program is expected to have a significant effect on the 
production and maintenance costs.

The next logical step would be for the individual railroads 
to initiate feasibility studies of routes that show a favorable 
rate of return. It may be desirable to make additional 
evaluations using the Railroad Electrification Assessment Model 
prior to initiating feasibility studies in order to better 
scope that work and to define the input data used in comparing 
individual route segments. One particular aspect that should 
be examined is the impact of the timing of conversion on the 
cash flow of the railroad.
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Not all aspects of the model were fully utilized in 
analyzing the network. Addition of these refinements would not 
be expected to significantly change the national aspects of 
electrification. However, in order to make route comparisons 
on any railroad more precise, it is recommended that the input 
data preparation described in Section 4 be improved as follows:

1. Obtain a count of bridges and tunnels that do not have 
adequate clearance for the catenary and refine the 
cost algorithm to discriminate between clearance costs 
of 25KV and 50KV catenary;

2. Establish a more detailed estimate of the cost of 
diesel locomotive maintenance either by type of 
locpmotive or by railroad to reflect the large 
variation observed in R-l expense accounts;

3. Establish a more detailed estimate of the cost of 
electric locomotives consistent with the types and 
production levels at the time each route segment is 
electrified.

Model improvements cease when the user is satisfied with 
the accuracy of the results being produced. Three particular 
refinements are suggested which would improve the sensitivity 
of the model to route-specific variations.

1. The procedure for establishing the cost of achieving 
signal and communication system compatibility should 
be modified to account for route-specific input (e.g., 
number of track circuits, number of active grade 
crossings and type of communication system);

2. The procedure for establishing catenary voltage level 
should be decoupled from the Bureau of Census regions
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and made a function of the civil reconstruction 
intensity of each route;

3. The cash flow should be established on a monthly basis 
to improve the accuracy of the discounted cash flows 
for high rate-of-returns.

* CM

5 - 5



6. REFERENCES

1. Railway Directory and Yearbook/ 1981, a Railway Gazette 
International Publication, IPC Transport Press Limited, 
London, England, 1981.

2. "A Review of Factors Influencing Railroad Electrification," 
A report prepared for the Secretary of the U.S. Department of Transportation by the Government-Industry Task Force on Railroad Electrification, Washington, DC, February 1974.

3. "A Prospectus for Change in the Freight Railroad Industry," 
A report for Congress by the Secretary of the U.S. 
Department of Transportation, Washington, DC, October 1978.

4. Spenny, C.H., "An Update of the Cost and Benefits of 
Railroad Electrification," Project Memorandum No. PM-743-C-14-83, U.S. Department of Transportation, Transportation Systems Center, Cambridge, MA, April 1980.

5. Swanson, Carl G., V. Nene, R. Martin, and M. Lenard, "The Energy and Environment Impact of Railroad Electrification," 
Mitre Technical Report MTR-7594 METREK Division of Mitre Corporation, McLean, VA, September, 1977. '

6. Rakov, V. , "Technical and Economic Aspects of Electrical Traction on USSR Railways," Rail International, January, 1975.
7. "Analysis of Class I Railroads, Year 1977," Series No. 2, 
.r P̂Q.ft9pmicjs..̂ p̂ fc=Fiji(a|ice Department, Association of American
""'Railroads’',""Washington, DC, February, 1979.

8. "Analysis of Class I Railroads,‘ Year 1980, " Series- No. 2, 
Economics and Finance Department, Association of American 
Railroads, Washington, DC, February, 1982.

9. Cockle, G.R. (Editor), Car and Locomotive Cyclopedia, 
Simmons-Boardman Publishing Company, New York, 1974.

10. "Emergency Preparedness for Interruption of Petroleum 
Imports into the United States," A report of the National 
Petroleum Council, Washington, D.C., April 1981.

11. Statistical Yearbook of the Electric Utility Industry/1980, Edison Electric Institute, November, 1981.
12. Hu, Teh-wei, Econometrics, An Introductory Analysis, University Park Press, Baltimore, 1975.

6 - 1



1 3 .  W h i t e ,  R o n a l d  K . ,  e t  a l ,  " R a i l r o a d  E l e c t r i f i c a t i o n  i n
A m e r i c a ' s  F u t u r e :  A n  A s s e s s m e n t  o f  P r o s p e c t s  a n d  I m p a c t s " ,
A  r e p o r t  p r e p a r e d  f o r  t h e  U . S .  D e p a r t m e n t  o f  E n e r g y  b y  S R I  
I n t e r n a t i o n a l ,  R e p o r t  N o .  9 7 ,  J a n u a r y  1 9 8 0 .

1 4 .  " R a i l  S y s t e m  I n v e s t m e n t  A n a l y s i s , "  R o b e r t  L .  B a n k s ,  J o h n  E .  
H a r m o n ,  G e r a l d  S .  L u t e s ,  a n d  P h i l i p  D .  R o b e r s ,  P r o c e e d i n g s  
o f  t h e  1 8 t h  A n n u a l  M e e t i n g  o f  t h e  T r a n s p o r t a t i o n  R e s e a r c h  
F o r u m ,  R i c h a r d  P .  C r o s s  C o m p a n y ,  O x f o r d ,  I n d i a n a ,  1 9 7 7 .

1 5 .  F e d e r a l  R e g i s t e r ,  V o l u m e  4 9 ,  N o .  2 ,  1 9 8 0 ,  p p .  2 4 5 - 2 8 6 .

1 6 .  G r a n t ,  E . I . ,  a n d  W . G .  I r e s o n ,  P r i n c i p l e s  o f  E n g i n e e r i n g  
E c o n o m y ,  T h e  R o n a l d  P r e s s  C o m p a n y ,  N e w  Y o r k ,  1 9 7 0 .

1 7 .  M a n u a l  f o r  R a i l r o a d  E n g i n e e r i n g ,  A m e r i c a n  R a i l w a y  
E n g i n e e r i n g  A s s o c i a t i o n ,  C h a p t e r  3 3 ,  E l e c t r i c  E n e r g y  
U t i l i z a t i o n ,  P a r t  1 ,  F a c t o r s  t o  C o n s i d e r  i n  M a k i n g  
E l e c t r i f i c a t i o n  E c o n o m i c  S t u d i e s ,  1 9 7 6 .

1 8 .  " C o n r a i l  E l e c t r i f i c a t i o n  F e a s i b i l i t y  S t u d y , "  A  r e p o r t  
p r e p a r e d  f o r  t h e  C o n s o l i d a t e d  R a i l  C o r p o r a t i o n  b y  
G i b b s - H i l l ,  N e w  Y o r k  C i t y ,  N o v e m b e r ,  1 9 7 9 .

1 9 .  L a w s o n ,  K . L . ,  J . H .  W o j e k  a n d  K . J .  I n g r a m ,  " E f f e c t s  o f  
E n e r g y  C o s t  V a r i a t i o n  o n  t h e  F e a s i b i l i t y  o f  E l e c t r i f y i n g  
t h e  C i n c i n n a t i - A t l a n t a  M a i n  L i n e  o f  t h e  S o u t h e r n  R a i l w a y  
S y s t e m , "  P r e s e n t e d  a t  t h e  A n n u a l  M e e t i n g  o f  t h e  
T r a n s p o r t a t i o n . R e s e a r c h  B o a r d ,  W a s h i n g t o n ,  D . C . ,
J a n u a r y  1 6 - 2 0 ,  1 9 7 8 .

2 0 .  C o r n e i l ,  E . R . ,  R .  L a k e ,  C .  L a w ,  G .  E n g l i s h ,  C .  S c h w i e r ,  
" C a n a d i a n  R a i l w a y  E l e c t r i f i c a t i o n  S t u d y , " C a n a d i a n :

^  I n s t i t u t e  a , f  G u i d e d  G r o u n d  . T r a n s p o r t ,  Q , u e e n s  U n i v e r s i t y ,  
K i n g s t o n ,  O n t a r i o ,  R e p o r t  N o .  7 6 - 2 ,  1 9 7 6 .

2 1 .  H a r t ,  W . M . ,  " P a r a m e t r i c  A n a l y s i s  o f  R a i l r o a d  
E l e c t r i f i c a t i o n  E c o n o m i c s , "  A  r e p o r t  p r e p a r e d  f o r  t h e  U - S .  
D e p a r t m e n t  o f  T r a n s p o r t a t i o n ,  F e d e r a l  R a i l r o a d  
A d m i n i s t r a t i o n  u n d e r  C o n t r a c t  D O T - T S C - 1 7 4 4  T T D - 5  b y  B o o z ,  
A l l e n  & H a m i l t o n ,  B e t h e s d a ,  M D ,  S e p t e m b e r  1 9 8 0  ( 2  v o l u m e s ) .

2 2 .  K n e s c h k e ,  T . ,  " E l e c t r i c a l  T r a c t i o n  P o w e r  S u p p l y  
C o n f i g u r a t i o n s  o n  1 0 , 0 0 0  M i l e s  o f  U . S .  R a i l r o a d s , "  A  r e p o r t  
p r e p a r e d  f o r  t h e  U . S .  D e p a r t m e n t  o f  T r a n s p o r t a t i o n ,  
T r a n s p o r t a t i o n  S y s t e m s  C e n t e r ,  u n d e r  C o n t r a c t
D T R S - 5 7 - 8 0 - 0 0 4 2  b y  E l e c t r a c k  I n c o r p o r a t e d ,  H y a t t s v i l l e ,  M D ,  
M a r c h  1 9 8 2 .

2 3 .  S c h w a r m ,  E d w a r d  G .  ,  " E n g i n e e r i n g  C o s t  D a t a  A n a l y s i s  f o r  
R a i l r o a d  E l e c t r i f i c a t i o n , "  A  r e p o r t  p r e p a r e d  f o r  t h e  U . S .  
D e p a r t m e n t  o f  T r a n s p o r t a t i o n ,  T r a n s p o r t a t i o n  S y s t e m s  C e n t e r  
u n d e r  C o n t r a c t  D O T - T S C - 1 1 5 6 ,  b y  A r t h u r  D .  L i t t l e ,  I n c . ,  
O c t o b e r  1 9 7 6 .
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2 4 .  S c h w a r m ,  E d w a r d  G . ,  " E n e r g y  C o s t s  f o r  R a i l r o a d  
E l e c t r i f i c a t i o n , "  A  r e p o r t  p r e p a r e d  f o r  t h e  U . S .  D e p a r t m e n t  
o f  T r a n s p o r t a t i o n ,  T r a n s p o r t a t i o n  S y s t e m s  C e n t e r  u n d e r  
C o n t r a c t  D O T - T S C - 1 1 5 6  b y  A r t h u r  D .  L i t t l e ,  I n c . ,  M a y ,  1 9 7 7 .

2 5 .  " R a i l r o a d  F r e i g h t  T r a f f i c  F l o w s  1 9 9 0 , "  U . S .  D e p a r t m e n t  o f  
T r a n s p o r t a t i o n ,  F e d e r a l  R a i l r o a d  A d m i n i s t r a t i o n ,
W a s h i n g t o n ,  D C ,  D e c e m b e r  1 9 8 0 .

2 6 .  K o r n h a u s e r ,  A . L ,  " D e v e l o p m e n t  o f  a n  I n t e r a c t i v e - G r a p h i c  
C o m p u t e r  M o d e l  f o r  t h e  N a t i o n w i d e  A s s i g n m e n t  o f  R a i l r o a d  
T r a f f i c , "  F i n a l  R e p o r t  t o  t h e  F e d e r a l  R a i l r o a d  
A d m i n i s t r a t i o n ,  P r i n c e t o n  U n i v e r s i t y  T r a n s p o r t a t i o n  
R e s e a r c h  R e p o r t  7 7 - T R - 1 7 ,  S e p t e m b e r ,  1 9 7 7 .

2 7 .  F i n a l  S t a n d a r d s ,  C l a s s i f i c a t i o n  a n d  D e s i g n a t i o n  o f  L i n e s  o f  
C l a s s  I  R a i l r o a d s  i n  t h e  U n i t e d  S t a t e s ;  A  r e p o r t  b y  t h e  
S e c r e t a r y  o f  T r a n s p o r t a t i o n ,  W a s h i n g t o n ,  D C ,  J a n u a r y  1 9 7 7 .

2 8 .  P r z y b y l i n s k i ,  P . G . ,  G . B .  A n d e r s o n ,  " E n g i n e e r i n g  D a t a  
C h a r a c t e r i z i n g  t h e  F l e e t  o f  U . S .  R a i l w a y  R o l l i n g  S t o c k , "  
R e p o r t  F R A / O R D - 8 1 / 7 5 . 2  p r e p a r e d  f o r  t h e  F e d e r a l  R a i l r o a d  , 
A d m i n i s t r a t i o n  b y  P u l l m a n  S t a n d a r d  R e s e a r c h  C e n t e r ,
H a m m o n d ,  I N ,  N o v e m b e r ,  1 9 8 1 .

2 9 .  A r m s t r o n g ,  J . H . ,  T h e  R a i l r o a d  -  W h a t  I t  I s ,  W h a t  I t  D o e s ,  
S i m m o n s - B o a r d m a n  P u b l i s h i n g  C o r p o r a t i o n ,  O m a h a ,  N E ,  1 9 7 8 .

3 0 .  C e n s u s  G e o g r a p h y ,  D A D  N o .  3 3 ,  B u r e a u  o f  t h e  C e n s u s ,  
D e p a r t m e n t  o f  C o m m e r c e ,  W a s h i n g t o n ,  D C ,  M a y  1 9 7 9 .
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A P P E N D I X  A

P A R T I C I P A N T S  I N  T H E  E L E C T R I F I C A T I O N  C O M M I T T E E  A C T I V I T I E S

P L A N N I N G  C O M M I T T E E  M E M B E R S

R .  M .  C H A M P I O N ,  J r .  A T C H I S O N ,  T O P E K A  a n d  S A N T A  F E
A s s i s t a n t  t o  t h e  P r e s i d e n t  -  S t a f f  S t u d i e s  a n d  P l a n n i n g  
W .  T u i n s t r a

S .  R .  J O H N S O N  F A M I L Y  L I N E S
A s s i s t a n t  V i c e  P r e s i d e n t  o f  O p e r a t i o n s  P l a n n i n g
J .  A d a m s ;  W . R .  M a r t i n

E .  R .  L I C H T Y  ^  C H E S S I E  S Y S T E M
G e n e r a l  M a n a g e r  -  O p e r a t i o n s  P l a n n i n g  
W .  W e b e r

J A C K  R .  M A R T I N  S O U T H E R N  R A I L W A Y
A s s i s t a n t  V i c e  P r e s i d e n t  -  T r a n s p o r t a t i o n  P l a n n i n g  
R .  F e r g u s o n

J . R .  O S M A N  M I S S O U R I  P A C I F I C  R A I L R O A D
D i r e c t o r  o f  P r o f i t  P l a n n i n g  
J .  H o l l e r o r t h ,  J .  D ' A g o s t i n o

J O H N  H .  R E B E N S D O R F  U N I O N  P A C I F I C  R A I L R O A D
A s s i s t a n t  V i c e  P r e s i d e n t  -  P l a n n i n g  a n d  A n a l y s i s  
W .  S h e p a r d ,  D .  R e i n k e

F .  E U G E N E  S U L L I V A N  B U R L I N G T O N  N O R T H E R N ,  I N C .
M a n a g e r ,  E c o n o m i c  R e s e a r c h
C .  K l o e r

* L O U I S  S .  T H O M P S O N  F E D E R A L  R A I L R O A D  A D M I N I S T R A T I O N
A s s o c i a t e  A d m i n i s t r a t o r  f o r  I n t e r c i t y  P r o g r a m s
G .  M o t t ,  R .  K e d a r ,  C .  S p e n n y  ( T S C ) ,  a n d  T .
D r a u s c h a k

J O H N  H .  W I L L I A M S  C O N R A I L
A s s i s t a n t  V i c e  P r e s i d e n t  -  S t r a t e g i c  A n a l y s i s
G .  C o l l i n s

♦ C h a i r m a n
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F I N A N C E  A N D  A D M I N I S T R A T I O N  C O M M I T T E E  M E M B E R S

J . W .  B A R R I G E R  A T C H I S O N ,  T O P E K A  a n d  S A N T A  F E
A s s i s t a n t  t o  t h e  P r e s i d e n t

C . E .  C R U T C H F I E L D ,  J r .  F A M I L Y  L I N E S
A s s i s t a n t  V i c e  P r e s i d e n t  -  C o s t s  a n d  E c o n o m i c s  
P .  S w a n i

E V E R E T T  D .  D U B O I S  B U R L I N G T O N  N O R T H E R N ,  I N C .
D i r e c t o r ,  F i n a n c i a l  P l a n n i n g

J . D .  G R O N E R  C H I C A G O  A N D  N O R T H W E S T E R N
D i r e c t o r ,  G o v e r n m e n t  F u n d i n g  a n d  C o s t  R e s e a r c h

T . H .  K E R W I N  S O U T H E R N  R A I L W A Y
V i c e  P r e s i d e n t  -  F i n a n c e
F .  L u c k e t t ,  W .  M a r t i n

E . R .  L I C H T Y  C H E S S I E  S Y S T E M
G e n e r a l  M a n a g e r  -  O p e r a t i o n s  P l a n n i n g

J O H N  H .  R E B E N S D O R F  U N I O N  P A C I F I C  R A I L R O A D
A s s i s t a n t  V i c e  P r e s i d e n t  -  P l a n n i n g  a n d  A n a l y s i s  
W .  S h e p a r d

* L O U I S  S .  T H O M P S O N  F E D E R A L  R A I L R O A D  A D M I N I S T R A T I O N
A s s o c i a t e  A d m i n i s t r a t o r  f o r  I n t e r c i t y  P r o g r a m s
G .  M o t t ,  W .  F r o m m e ,  R .  G a l l a g h e r ,  J .  K e r r ,  a n d  T .  D r a u s c h a k

T E C H N I C A L  A N D  O P E R A T I O N S  C O M M I T T E E

J . I .  A D A M S  : . F A M I L Y  L I N E S
A s s i s t a n t  V i c e  P r e s i d e n t  -  O p e r a t i o n s

J O H N  G .  G E R M A N  M I S S O U R I  P A C I F I C  R A I L R O A D
V i c e  P r e s i d e n t  -  E n g i n e e r i n g  
M .  W a l l

W I L L I A M  J .  H A R R I S ,  J r .  A S S O C I A T I O N  O F  A M E R I C A N  R A I L R O A D S
V i c e  P r e s i d e n t  -  R e s e a r c h  a n d  T e s t

R U S S E L L  R .  M C D A N I E L  N O R F O L K  A N D  W E S T E R N
G e n e r a l  M a n a g e r ,  M o t i v e  P o w e r  a n d  E q u i p m e n t

R . P .  N E E L E Y  U N I O N  P A C I F I C
G e n e r a l  M e c h a n i c a l  S u p e r i n t e n d e n t  -  L o c o m o t i v e s

* C h a i r m a n
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W A L T E R  W .  S I M P S O N  S O U T H E R N  R A I L W A Y
V i c e  P r e s i d e n t  -  E n g i n e e r i n g  
C .  H a r v e y ,  R .  K i m b a l l

W I L L I A M  E .  T H O M F O R D  S O U T H E R N  P A C I F I C
A s s i s t a n t  t o  t h e  P r e s i d e n t

* L O U I S  S .  T H O M P S O N  F E D E R A L  R A I L R O A D  A D M I N I S T R A T I O N
A s s o c i a t e  A d m i n i s t r a t o r  f o r  I n t e r c i t y  P r o g r a m s  
G .  M o t t ,  R .  N o v o t n y ,  F . L .  R a p o s a  ( T S C ) ,  a n d  T .  D r a u s c h a k

••• - • o I.; •„ i r
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A P P E N D I X  B

R E C O M M E N D A T I O N S  O F  T H E  P L A N N I N G  A N D  T E C H N I C A L  

A N D  O P E R A T I O N S  C O M M I T T E E S  I N T E G R A T E D  I N T O  T H E  

M O D E L / S U M M A R Y  O F  T H E  F I N A N C E  A N D  A D M I N I S T R A T I O N  

C O M M I T T E E  R E C O M M E N D A T I O N S

P L A N N I N G / T E C H N I C A L  A N D  O P E R A T I O N S  C O M M I T T E E  R E C O M M E N D A T I O N S

D u r i n g  t h e  p e r i o d  f r o m  D e c e m b e r  1 9 8 0  t h r o u g h  S e p t e m b e r  1 9 8 1  

t h e  p l a n n i n g  c o m m i t t e e  w a s  c o n v e n e d  f i v e  t i m e s  a n d  t h e  

t e c h n i c a l  a n d  o p e r a t i o n s  c o m m i t t e e  t h r e e  t i m e s  t o  r e v i e w  m o d e l  

d e v e l o p m e n t  a n d  m a k e  r e c o m m e n d a t i o n s  r e g a r d i n g  f a c t o r s  t o  b e  

i n c l u d e d .  T h e  f o l l o w i n g  i s  a  l i s t  o f  c o m m i t t e e  r e c o m m e n d a t i o n s :

1 .  M a k e  p r o v i s i o n  f o r  r o u t e - s p e c i f i c  t r a f f i c  g r o w t h  r a t e s  

b a s e d  o n  F R A  p r o j e c t i o n s  t h a t  a p p l y  f o r  t h e  f i r s t  t e n  

y e a r s  o f  t h e  s t u d y  p e r i o d ;

2 .  U s e  w a y b i l l  d a t a  t o  e s t i m a t e  f l o w  o f  t r a f f i c  b y  c o m m o d i t y  

a n d  d i r e c t i o n  o v e r  t h e  n e t w o r k  i n  t h e  b a s e  y e a r ;

3 .  O m i t  t h e  p o r t i o n ,  p f  t r a f f i c  . w h i c h  w o u l d  b e . h a u l e d  b y

d i e s e l s  i n  e l e c t r i f i e d  t e r r i t o r y ;  . h

4 .  M a k e  p r o v i s i o n  f o r  s p e c i f y i n g  m u l t i p l e  o p e r a t i n g  

s e c t o r s  o n  e a c h  r o u t e  s e g m e n t ;

5 .  S e t  e l e c t r i c  l o c o m o t i v e  m a i n t e n a n c e  a t  6 0 - 6 5  p e r c e n t  

o f  t h a t  o f  d i e s e l  l o c o m o t i v e s .

F I N A N C E  A N D  A D M I N I S T R A T I O N  C O M M I T T E E  R E C O M M E N D A T I O N S

W h i l e  e l e c t r i f i c a t i o n  m i g h t  s i g n i f i c a n t l y  r e d u c e  t h e  c o s t s  

o f  f r e i g h t  s e r v i c e  f o r  A m e r i c a n  r a i l r o a d s  a n d  t h e r e f o r e  b e  

e c o n o m i c a l l y  a t t r a c t i v e ,  w e  a c k n o w l e d g e  t h a t  t h e  s i g n i f i c a n t  

e x p e n d i t u r e s  a s s o c i a t e d  w i t h  t h e  i n i t i a l  c o n s t r u c t i o n  o f
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e l e c t r i f i e d  t r a c k  s t r u c t u r e  m a y  b e  b e y o n d  t h e  c a p i t a l  r a i s i n g  

c a p a b i l i t y  o f  m a n y  r a i l r o a d s .

W e  a r e  i n t e r e s t e d  i n  e x p l o r i n g  v a r i o u s  a l t e r n a t i v e s  a n d  

f o r m s  o f  f i n a n c i n g / o w n e r s h i p  a g r e e m e n t s  t o  e n c o u r a g e  r a i l r o a d s  

t o  e l e c t r i f y  i n  t h e  i n t e r e s t s  o f  e n e r g y  c o n s e r v a t i o n .

F i n a n c i n g  C o n s i d e r a t i o n s

1 .  T h e  r a i l r o a d s  a r e  n o t  r e c e p t i v e  t o  a n y

f i n a n c i n g / o w n e r s h i p  a l t e r n a t i v e s  w h i c h  r e q u i r e  t h e  

r e f l e c t i o n  o f  s i g n i f i c a n t  d e b t  r e l a t e d  t o  

e l e c t r i f i c a t i o n  o n  t h e i r  b a l a n c e  s h e e t ;

2 .  A  f u n d i n g  c o r p o r a t i o n  i s  c o n s i d e r e d  f o r  p r o v i d i n g  a  

l a r g e  p a r t  o f  t h e  n e c e s s a r y  c a p i t a l  f o r  t h e  i n i t i a l  

c o n s t r u c t i o n  o f  a n  e l e c t r i f i e d  t r a c k  n e t w o r k  a n d  t o  

a s s u m e  t h e  " r i s k  o f  o w n e r s h i p "  a s s o c i a t e d  w i t h  t h e  

e l e c t r i f i c a t i o n  s y s t e m ;

3 .  T h e  f u n d i n g  c o r p o r a t i o n  w o u l d  a n t i c i p a t e  c a p i t a l  

r e c o v e r y  p l u s - r e a s o n a b l e  i n t e r e s t ,  t h r o u g h  a  r e n t a l :  .

r : ( o r  o t h e r )  c h a r g e - b a s e d  o n  K W H  o f  - e l e c t r i c i t y  u s e d ,  b y  

t h e  r a i l r o a d s ;

4 .  T a x  i n c e n t i v e s  

a r e  c o n s i d e r e d  

r a i l r o a d s .

F i n a n c i n g  O b j e c t i v e s

S t r u c t u r e  a  f i n a n c i n g  v e h i c l e  t o  a c c o m p l i s h  t h e  f o l l o w i n g  

( p r i o r i t i z e d  b y  s i g n i f i c a n c e ) :

( I T S / a c c e l e r a t e d  d e p r e c i a t i o n ,  e t c . )  

t o  e n c o u r a g e  p a r t i c i p a t i o n  b y  t h e
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1 . A v o i d  r e f l e c t i n g  a n y  r e l a t e d  d e b t  ( o r  c a p i t a l i z e d  

l e a s e  o b l i g a t i o n s )  o n  t h e  b a l a n c e  s h e e t  o f  

p a r t i c i p a t i n g  r a i l r o a d s ;

2 .  S t r u c t u r e  t h e  t r a n s a c t i o n  t o  p r o v i d e  m a x i m u m  t a x  

a d v a n t a g e s  t o  t h e  r a i l r o a d s  a s  a n  i n c e n t i v e  f o r  

p a r t i c i p a t i o n ;

3 .  P o s s i b l y  p r o v i d e  f o r  t h e  t r a n s f e r  o f  o w n e r s h i p  o f  t h e  

e l e c t r i f i c a t i o n  s y s t e m  t o  t h e  r a i l r o a d s  a f t e r  t h e  

f u n d i n g  c o r p o r a t i o n  h a s  r e c o v e r e d  i t s  i n v e s t m e n t  a n d  a  

r e a s o n a b l e  r e t u r n .

N O T E :  T h e  f i n a n c i n g  a l t e r n a t i v e s  p r e s e n t e d  h a v e  n o t
a d d r e s s e d  t h e  f i n a n c i n g  o f  l o c o m o t i v e s  o r  a n y , ,  
c h a n g e s  i n  t h e  e x i s t i n g  s i g n a l  a n d  c o m m u n i c a t i o n s  
s y s t e m s  o f  r a i l r o a d s  t o  b e  e l e c t r i f i e d  w h i c h  m a y  
r e q u i r e  s i g n i f i c a n t  f i n a n c i n g .  A l s o  n o t  
a d d r e s s e d  a r e  a n y  p o l i t i c a l  o r  l e g a l  i m p l i c a t i o n s  
o f  v a r i o u s  a l t e r n a t i v e s .  T h e s e  i s s u e s  a r e  
s i g n i f i c a n t  a n d  m u s t  b e  a d d r e s s e d  a t  a n  
a p p r o p r i a t e  p o i n t  i n  t h e  e v a l u a t i o n  o f  
a l t e r n a t i v e s .

P r e l i m i n a r y  S u g g e s t i o n s  ~

B a s e d  o n  a  p r e l i m i n a r y ’ r e v i e w  o f  a l t e r n a t i v e  f i n a n c i n g  

o p p o r t u n i t i e s ,  i t  a p p e a r s  t h a t  o p t i o n s  t h r e e  o r  f o u r ,  i n  

T a b l e  B - l  w a r r a n t  t h e  m o s t  c o n s i d e r a t i o n  a n d  f u r t h e r  e v a l u a t i o n .

O p t i o n  F o u r  a n t i c i p a t e s  t h e  f o r m a t i o n  o f  a  n e w  p r i v a t e  

c o r p o r a t i o n ,  t h e  s t o c k  o f  w h i c h  w o u l d  b e  i s s u e d  t o  r a i l r o a d s  

p a r t i c i p a t i n g  i n  t h e  e l e c t r i f i c a t i o n  p r o g r a m  f o r  a  n o m i n a l  

a m o u n t  ( o n e  d o l l a r ) .  T h i s  c o r p o r a t i o n  w o u l d  c o n s t r u c t  ( c a u s e  

t o  h a v e  c o n s t r u c t e d )  t h e  d e s i r e d  e l e c t r i f i c a t i o n  n e t w o r k  a n d  

w o u l d  u t i l i z e  g o v e r n m e n t  g u a r a n t e e d  l o a n  f i n a n c i n g  f o r  

1 0 0  p e r c e n t  o f  t h e  c o n s t r u c t i o n  p r o j e c t  p l u s  a n y  n e c e s s a r y  

o p e r a t i n g  f u n d s .
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TABLE B-l. FINANCING OPTIONS

OBJECTIVES

TAX BENEFITS
REQUIRES PROVIDE

DEBT ACCEL« TRANSFER
OPTIONS PRESENTATION ITC DEPR. OWNERSHIP COMMENTS

I .  Federal loan guarantees to  in d iv i- Y Y Y Y
dual RR to r construction.

2. Ownership by FRA w ith  re n ta l ITC cannot be claimed
charges to  RR under: on property owned (or

-  Financing lease Y N Y Y used) by the Federal
-  Operating lease N N N N Government.

3. Formation o f " jo in t  venture" w ith Must be structured  to
nominal RR investment: avoid constra in ts  on

-  Partnership  s truc ture  w ith  FRA as N Y Y Rateable* government-owned prop-
general partner 100 percent 
finan e in g /lo an  guarantee and RR 
as lim ite d  p artn er.

e r ty  re : ITC

4. Ownership through separate corporate ' N Y - N Rateable* Must be structured  to
e n t ity  100 percent owned by p a rtic ip a tin g avoid c la s s if ic a tio n
ra ilro a d s  (nominal c a p ita l investment) as a pub lic  u t i l i t y  to
w ith  100 percent loan guarantee by FRA avoid lim ita tio n s  on
fo r financing con stru ctio n . Subsequent 
operating lease to  in d iv id u a l ra ilro a d s .

ITC pass-through.

‘Assumes ownership structured to'meet requirements of equity accounting.

T h e  c o r p o r a t i o n  w o u l d  s u b s e q u e n t l y  e n t e r  i n t o  o p e r a t i n g  

l e a s e  a g r e e m e n t s  w i t h -  < i n d i v i d u a l  r  a i ^ b r o a d s  w i t h - a  .- . r e n t a l  / c h a r g e  

b a s e d  o n  K W H .  T h e  o p e r a t i n g  l e j a s e  W o u l d ;  a l l o w  t h e : '  i * : ; 1 :

" p a s s - t h r o u g h "  o f  I T C  t o  t h e  l e s s e e  a n d  r e q u i r e  t h a t  t h e  l e s s e e  

p a y  a l l  c o s t s  r e l a t e d  t o  m a i n t a i n i n g  a n d  o p e r a t i n g  t h e  e l e c t r i c  

n e t w o r k .

O p e r a t i n g  r e n t s  r e c e i v e d  b y  t h e  c o r p o r a t i o n  w o u l d  b e  u s e d  

t o  m e e t  i n t e r e s t  a n d  d e b t  r e t i r e m e n t  o b l i g a t i o n s  o f  t h e  

c o r p o r a t i o n .  A s s u m i n g  t h a t  o p e r a t i n g  r e n t s  r e c e i v e d  p r o v i d e  

f o r  r e p a y m e n t  o f  a l l  f i n a n c i n g  a n d  o p e r a t i n g  c o s t s  o f  t h e  

c o r p o r a t i o n  o v e r  a  f i x e d  p e r i o d  ( s a y  2 0  y e a r s )  w h i c h  i s  s h o r t e r  

t h a n  t h e  l i f e  o f  t h e  s y s t e m  ( s a y  4 0  y e a r s )  t h e  a s s e t s  w o u l d  b e  

u n e n c u m b e r e d  u p o n  r e t i r e m e n t  o f  t h e  d e b t .
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A t  t h e  p o i n t  i n  t i m e  t h a t  a l l  p r o p e r t y  i s  f r e e  o f  d e b t ,  

p i e c e s  o f  t h e  n e t w o r k  c o u l d  p o s s i b l y  b e  t r a n s f e r r e d  t o  t h e  

i n d i v i d u a l  r a i l r o a d s  f o r  t h e i r  e q u i t y  i n v e s t m e n t .

O p t i o n  T h r e e  c o u l d  b e  s t r u c t u r e d  s i m i l a r  t o  O p t i o n  F o u r  a n d  

a c c o m p l i s h  s i m i l a r  o b j e c t i v e s .  C a r e  a n d  f u r t h e r  a n a l y s i s  i s  

r e q u i r e d  i n  d e t e r m i n i n g  t h e  a p p r o p r i a t e  f o r m  o f  o w n e r s h i p .  

O p t i o n  T h r e e  m u s t  b e  s t r u c t u r e d  i n  a  m a n n e r  t o  a v o i d  t h e  

e x c l u s i o n  o f  I T C  o n  g o v e r n m e n t  o w n e d  p r o p e r t y  ( I R C  R e g .

1 . 4 8  — i ( j ) ) .  O p t i o n  F o u r  w o u l d  a p p e a r  t o  a v o i d  t h i s  c o n c e r n  b u t  

r a i s e s  a n  a d d i t i o n a l  i s s u e  r e g a r d i n g  p o s s i b l e  c l a s s i f i c a t i o n  a s  

" P u b l i c  U t i l i t y  P r o p e r t y "  w h i c h  i s  s u b j e c t  t o  c o n s t r a i n t s  o n  

t h e  f l o w - t h r o u g h  o f  I T C .

A l l  t h e  p r e c e d i n g  c o m m e n t s  a r e  b a s e d  o n  a  v e r y  p r e l i m i n a r y  

a n d  s u p e r f i c i a l  a n a l y s i s  a n d  a r e  p r o v i d e d  o n l y  i n  a n  e f f o r t  t o  

i d e n t i f y  a r e a s  f o r  p o s s i b l e  d i r e c t i o n  f o r  f u r t h e r  a n a l y s i s .
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A P P E N D I X  C

L I S T  O F  R O U T E  S E G M E N T S  C O M P R I S I N G  

T H E  H Y P O T H E T I C A L  N E T W O R K / C O R R E S P O N D I N G  F R A  T R A F F I C

F L O W  L I N K S

T R A F F I C
L I N K
C O D E R A I L R O A D  R O U T E : S E G M E N T  ( L I N K )

F L O W  
L I N K ( S )

C O R R E L A T I O N
F A C T O R

B L 0 1 8
B E S S E M E R  &  L A K E  E R I E

B e s s e m e r ,  P A  t o  C o n n e a u t ,  O H * *

B N 0 1 0
B U R L I N G T O N  N O R T H E R N  ?

C h i c a g o ,  I L  t o  M i n n e a p o l i s ,  M N 2 4 3 ,  5 4 3
B N 2 0 8 M i n n e a p o l i s ,  M N  t o  M a n d a n / G a v i n  Y a r d , N D  1 6 6 ,  1 6 8 ,  1 6 9 2
B N 2 3 2 N o r t h p o r t ,  N E  t o  D e n v e r ,  C O 2 3 1 ,  2 3 0 1
B N 4 4 2 A l l i a n c e ,  N E  t o  R e n o ,  W Y  ( v i a 1 7 8 4

B N 5 3 3
N o r t h p o r t )
M a n d a n ,  N E  t o  F o r s y t h ,  M T 1 7 6 1

B N 5 5 8 A l l i a n c e ,  N E  t o  R e n o ,  W Y  ( v i a 1 7 8 1

B N 5 7 2
D o n k e y  C r e e k )
H a v r e ,  M T  t o  Y a r d l e y ,  W A 1 8 9 1

B N 6 4 1 G a v i n  Y a r d ,  N D  t o  H a v r e ,  M T 1 8 9 1
B N 6 7 2 L i n c o l n ,  N E  t o ^ A i i r o r a ,  I L 1 7 1 ,  1 6 2 ,  1 6 0 ,  6 9 ,  5 6 2
B N 6 7 4 L i n c o l n ,  N E  t O c . K a n s a s  C i t y ,  K S 2 7 0 ,  1 6 5 2
B N 6 7 7 L i n c o l n ,  N E  t a l A l l i a n c e ,  N E 1 7 8 1
B N 7 0 1 Y a r d l e y ,  W A  t o  S e a t t l e ,  W A 1 9 9 1
B N 7 1 4 S e a t t l e ,  W A  t o  P o r t l a n d ,  O R 2 0 0 2

* U n i q u e  c h a r a c t e r i s t i c s  o f  t h e  l i n k  r e s u l t e d  i n  a  m a n u a l  e s t i m a t e  o f  t r a f f i c  g r o w t h  b e i n g  m a d e .



L I N K
C O D E R A I L R O A D  R O U T E  S E G M E N T  ( L I N K )

T R A F F I C  
F L O W  

L I N K ( S )
C O R R E L A T I O N

F A C T O R

B X 0 3 4
C H E S S I E  S Y S T E M

C o n n e l l s v i l l e ,  P A  t o  W i l l a r d ,  O H 1 9 ,  2 0 ,  2 4 3
B X 0 5 1 B a l t i m o r e / W a s h i n g t o n ,  D C  t o 2 6 4 ,  2 1 8 ,  2 1 5 1

B X 1 2 8
C o n n e l l s v i l l e ,  P A
C l i f t o n  F o r g e ,  V A  t o  N e w p o r t  N e w s ,  V A 2 2 4 ,  2 2 5 2

B X 1 8 8 R u s s e l l ,  K Y  t o  C l i f t o n  F o r g e ,  V A 2 8 ,  2 5 6 1
B X 1 9 5 B i g  S a n d y  J u n c t i o n ,  K Y  t o  E l k h o r n 2 5 1 ,  2 6 2 5

B X 2 1 8
C i t y ,  K Y
T o l e d o ,  O H  t o  R u s s e l l ,  K Y 3 9 ,  3 6 2

B X 2 5 0 C u m b e r l a n d ,  M D  t o  G r a f t o n ,  W V 2 1 6 1
B X 2 6 4 W i l l a r d ,  O H  t o  C h i c a g o ,  I L 2 6 8 3

C H O I  8

C H I C A G O  & N O R T H W E S T E R N

C h i c a g o ,  I L  t o  C o u n c i l  B l u f f s ,  I A 5 6 ,  6 9 ,  1 6 0 ,  1 6 2 2

P O O  1 8
C O N R A I L

B u f f a l o ,  N Y  t o  T o l e d o ,  O H 1 4 ,  2 4 2
P 0 0 5 0 S e l k i r k ,  N Y  t o  O a k  I s l a n d ,  N J 4 1
P 0 1 1 5 C o n w a y ,  P A  t o  C r e s t l i n e ,  O H 2 6 7 1
P 0 1 3 7 H a r r i s b u r g ,  P A  t o  C o n w a y ,  P A 2 1 1
P 0 2 4 8 B e r e a ,  O H  t o  I n d i a n a p o l i s ,  I N 2 5 ,  4 0 ,  4 6 1
P 0 3 8 2 T o l e d o ,  O H  t o  C h i c a g o ,  I L 2 6 8 2
P 0 4 3 9 I n d i a n a p o l i s ,  I N  t o  E a s t  S t .  L o u i s 6 1 ,  7 6 1
P 0 9 2 7 S e l k i r k ,  N Y  t o  B u f f a l o ,  N Y 2 ,  7 ,  1 1 1

D M 0  2 0

D U L U T H  M A S S A B E  I R O N  R A N G E
D u l u t h ,  M N  t o  M o u n t a i n  I r o n ,  M N * *

u e  c h a r a c t e r i s t i c s  o f  t h e  l i n k  r e s u l t e a  m a n u a l  e s t i m a t e  o f  t r a f f i c  g r o w t h  b m a d e .



L I N K
C O D E R A I L R O A D  R O U T E  S E G M E N T  ( L I N K )

T R A F F I C  
F L O W  

L I N K ( S )
C O R R E L A T I O N

F A C T O R

F A M I L Y  L I N E S
F A 0 0 1 C i n c i n n a t i ,  O H  t o  C o r b i n ,  K Y 4 7 2
F A 0 0 8 R i c h m o n d ,  V A  t o  F l o r e n c e ,  S C 2 1 9 ,  8 6 1
F A 0 1 3 E r w i n ,  N C  t o  S p a r t a n b u r g ,  S C 2 1 2 4
F A 0 5 9 W i n c h e s t e r ,  K Y  t o  D e a n e ,  K Y 4 7 4
F A 0 7 2 A t l a n t a ,  G A  t o  W a y c r o s s ,  G A 1 0 2 ,  1 0 8 3
F A 0 7 6 E l k h o r n  C i t y ,  K Y  . t o  E r w i n ,  N C 2 6 2 4
F A 0 8 0 C o r b i n ,  K Y  t o  A t l a n t a ,  G A 5 1 ,  2 6 6 ,  4 7 2
F A 1 5 2 F l o r e n c e ,  S C  t o ~ W a y c r o s s ,  G A 9 7 ,  9 8 ,  1 0 5 1
F A 2 1 4 N a s h v i l l e ,  T N  t :£ > j $ B i r m i n g h a m ,  A L 1 1 6 ,  1 1 8 2
F A 2 1 5 N a s h v i l l e ,  T N  t o ;  J u n t a ,  G A 8 2 ,  9 9 1  ( 8 2 ) & 2  ( 9 9 )
F A 2  3 2 E v a n s v i l l e ,  I N  £p N a s h v i l l e ,  T N 2 7 1 1
F A 3 9 2 W a y c r o s s ,  G A  t o  T a m p a ,  F L 1 1 2 ,  1 1 3 2  ( 1 1 2 ) &  1 ( 1 1 3 )

2$ ’ -
I L L I N O I S  C E N T R A L  G U L F !

I C 0 1 0 C h i c a g o ,  I L  t o  M e m p h i s ,  T N 2 6 1 ,  2 4 6 1
I C 1 6 5 M e m p h i s ,  T N  t o  N e w  O r l e a n s ,  L A 1 2 4 ,  1 2 7 1

M I S S O U R I ,  K A N S A S  A N D  T E X A S  ( K A T Y )
M K 0 6 5 F o r t  W o r t h ,  T X  t o  H o u s t o n ,  T X 1 4 7 ,  1 4 8 2

M I S S O U R I  P A C I F I C
M P 0 3  6 S a l e m ,  I L  a n d  M e m p h i s ,  T N  t o  N o r t h  

L i t t l e  R o c k ,  A R 7 3 ,  2 3 8 ,  2 3 9 ,  1 2 5 2
M P 2 4  5 N o r t h  L i t t l e  R o c k ,  A R  t o  L o n g v i e w ,  T X 1 3 3 ,  1 4 2 2

N W 0 1 1
N O R F O L K  & W E S T E R N

C l e v e l a n d ,  O H  t o  F t .  W a y n e ,  I N 2 5 ,  2 6 7 3
N W 0 4 8 F t .  W a y n e ,  I N  t o  C h i c a g o ,  I L 4 2 2
N W 0 6 2 F t .  W a y n e ,  I N  t o  D e c a t u r ,  I L 4 3 ,  5 8 ,  6 0 1
N W 1 5 5 P o r t s m o u t h ,  O H  t o  I a e g e r ,  W V 2 5 1 1
N W 2 6 9 I a e g e r ,  W V  t o  R o a n o k e ,  V A 2 3 3 1
N W 3 4 3 S a n d u s k y ,  O H  t o  P o r t s m o u t h ,  O H 3 9 ,  6 6 3
N W 3 9 3 N o r f o l k ,  V A  t o  R o a n o k e ,  V A 2 2 4 ,  2 2 5 2



L I N K
C O D E R A I L R O A D  R O U T E  S E G M E N T  ( L I N K )

T R A F F I C  
F L O W  

L I N K  ( S )
C O R R E L A T I O N

F A C T O R

R F 0 0 1
R I C H M O N D ,  F R E D E R I C K S B U R G  & P O T O M A C  

A l e x a n d r i a ,  V A  t o  R i c h m o n d ,  V A 2 2 0 1

S F 0 3 6
S A N T A  F E  ' ?

C l e b u r n e ,  T X  t o  G a l v e s t o n ,  T X 1 4 9 2
S F 0 5 8 C l o v i s ,  N M  t o " B a r s t o w ,  C A 2 1 0 1
S F 1 1 0 B a r s t o w ,  C A  t o  L o s  A n g e l e s ,  C A 2 1 0 2
S F 1 3 0 C h i c a g o ,  I L  t o  K a n s a s  C i t y ,  M O 5 6 ,  1 7 0 2
S F 1 3 1 K a n s a s  C i t y ,  M O  t o  C l o v i s ,  N M 1 5 4 ,  1 7 2 ,  1 6 5 ,  1 8 3 2
S F 2 2 4 A u g u s t a ,  K S  t o  C l e b u r n e ,  T X 1 4 0 ,  1 7 3 2

S O O O l
S O U T H E R N  ;

A l e x a n d r i a ,  V A  t o  S a l i s b u r y ,  N C 2 2 1 ,  2 2 2 2

S O 0 3 8 H a r r i m a n  J e t ,  T N  t o  K n o x v i l l e ,  T N * *

S O 0 6 5 S a l i s b u r y ,  N C r t p  A t l a n t a ,  G A 8 4 ,  9 1 ,  2 6 0 2
S 0 1 2 8 D a n v i l l e ,  K Y  t o  L o u i s v i l l e ,  K Y 5 0 2

S 0 2 5 6 S h e f f i e l d ,  A L  t o  B u r m i n g h a m ,  A L 1 1 8 2
S 0 2 6 6 K n o x v i l l e ,  T N  t o  A s h e v i l l e ,  N C 8 7 1
S 0 2 7 9 C i n c i n n a t i ,  O H  t o  A t l a n t a ,  G A 4 7 ,  5 1 ,  2 6 6 2
S 0 3  2 3 A t l a n t a ,  G A  t o  B i r m i n g h a m ,  A L 1 0 3 2
S 0 3 2 5 A t l a n t a ,  G A  t o  M a c o n ,  G A 1 0 2 1
S 0 3 5 8 B i r m i n g h a m ,  A L  t o  N e w  O r l e a n s ,  L A 2 5 2 1

n i q u e  c h a r a c t e r i s t i c s  o f  t h e  l i n k  r e s u i n  a  m a n u a l  e s t i m a t e  o f  t r a f f i c  g r o w t h . n g  m a d e ,



T R A F F I C

L I N K F L O W C O R R E L A T I O N
C O D E R A I L R O A D  R O U T E  S E G M E N T  ( L I N K ) L I N K ( S ) F A C T O R

S O U T H E R N  P A C I F I C
S P 0 0 7 P i n e  B l u f f ,  A R  t o  D e x t e r  J e t ,  M O 2 3 8 ,  2 3 9 2
S P 0 2 8 P i n e  B l u f f ,  A R  t o  C o r s i c a n n a ,  T X 1 3 3 2
S P 0 3 3 E l  P a s o ,  T X  t o  . L o s  A n g e l e s ,  C A 2 5 9 ,  1 9 7 ,  1 9 8 1
S P 0 3 7 R o s e v i l l e ,  C A : t o  W e s t  C o l t o n ,  C A 2 0 7 ,  2 0 9 2
S P 1 4 8 S p a r k s ,  N V  t o  R o s e v i l l e ,  C A 2 0 5 2
S P 1 7 8 C o r s i c a n n a ,  T X  - t o  F l a t o n i a ,  T X 2 3 4 ,  1 4 5 4
S P 2 6 1 O g d e n ,  U T  t o  S p a r k s ,  N V 2 0 5 2
S P 2 8 2 N e w  O r l e a n s ,  L A ?  t o  H o u s t o n ,  T X 1 4 6 ,  1 3 5 ,  1 3 0 2
S P 2 9 8 H o u s t o n ,  T X  t o  £ > a n  A n t o n i o ,  T X 2  3 4 2
S P 3 0 4 S a n  A n t o n i o ,  T X .  t o  E l  P a s o ,  T X 1 8 6 1
S P 3 0 7 P o r t l a n d ,  O R  t o  K l a m a t h  F a l l s ,  O R 2 0 3 2
S P 3 1 8 K l a m a t h  F a l l s ,  - Q B  t o  R o s e v i l l e ,  C A 2 0 4 2

U N I O N  P A C I F I C
U P 0 0 1 K a n s a s  C i t y ,  M G  t o  G i b b o n ,  N E 1 6 4 ,  2 7 0 5
U P 0 0 9 N o r t h  P l a t t e , ^ N E c t o  R a w l i n s ,  W Y 2 3 3 ,  2 3 2 1
U P 0 3 1 P o c a t e l l o ,  I D  t o  G r a n g e r ,  W Y 1 9 1 3
U P 0 7 4 P o c a t e l l o ,  I D . t o  N a m p a ,  I D 2 0 2 1
U P 1 0 2 R a w l i n s ,  W Y  t p  O g d e n ,  U T 2 3 2 1
U P 1 7 4 H i n k l e ,  O R  t o , ; P o r t l a n d ,  O R 2 0 2 1
U P 1 8 0 N a m p a ,  I D  t o  H i i n k l e ,  O R 2 0 2 1
U P 1 9 0 L a s  V e g a s ,  N V i t b E .  S a n  P e d r o ,  C A 1 9 4 1
U P  2 0  2 S a l t  L a k e  C i t y ,  U T  t o  L a s  V e g a s ,  N V 1 9 3 1
U P 2 0 5 , S a l t  L a k e  C i t y , .  U T  t o  O g d e n ,  U T 2 3 2 1
U P 2 5 6 C o u n c i l  B l u f f s ,  I A  t o  N o r t h  P l a t t e ,  N E 1 7 1 ,  2 3 3 1

E x p l a n a t i o n  o f  C o r r e l a t i o n  F a c t o r s  u s e d :

1  * O n e  o r  m o r e  l i n k s  a l o n g  a  c o r r i d o r  w h i c h  a t  l e a s t c l o s e l y  c o i n c i d e s  w i t h t h e  t r a f f i c
f l o w  l i n k s  a n d  o v e r  w h i c h / t h e  l i n e  s t u d i e d  f o r  e l e c t r i f i c a t i o n  i s  e i t h e r t h e  s o l e

. o c c u p a n t  o r  i s  u n q u e s t i o n a b l y  t h e  d o m i n a n t  c a r r i e r •

2  - O n e  o r  m o r e  l i n k s  a l o n g  a  c o r r i d o r  t h a t  i s  s h a r e d  
w h i c h  c l e a r l y  d o m i n a t e s .

b y  t w o  o r  m o r e  c a r r i e r s ,  n e i t h e r  o f



3 O n e  o r  m o r e  l i n k s  a l o n g  a  s i n g l e  c o r r i d o r  w h i c h  d o e s  n o t  c l o s e l y  c o i n c i d e  w i t h  t h e  
r o u t e  b e i n g  s t u d i e d  f o r  e l e c t r i f i c a t i o n ,  b u t  i s  a  r e a s o n a b l e  a p p r o x i m a t i o n .

4

5

O n e  o r  m o r e  l i n k s  a l o n g  a  s i n g l e  c o r r i d o r  w h i c h ,  w h i l e  f a i r l y  f a r - r e m o v e d  f r o m  t h e  
r o u t e  b e i n g  s t u d i e d ,  i s  s t i l l  t h e  c l o s e s t  a p p r o x i m a t i o n  a v a i l a b l e .

O n e  o r  m o r e  l i n k s  a l o n g  t w o  o r  m o r e  c o r r i d o r s ,  n o n e  o f  w h i c h  e x a c t l y  d e s c r i b e  t h e  
r o u t e  b e i n g  s t u d i e d  f o r  e l e c t r i f i c a t i o n ,  s o  w e r e  a v e r a g e d  i n  a n  a t t e m p t  t o  b e t t e r  
e s t i m a t e  t h e  f l o w s  o v e r  t h e  r o u t e  i n  q u e s t i o n .



A P P E N D I X  D

D E V E L O P M E N T  O F  T H E  N E T W O R K  C O N S T R U C T I O N  S C H E D U L E

A  t h e o r e t i c a l  t i m e s c a l e  f o r  e l e c t r i f i c a t i o n  o f  s u c c e s s i v e  

l i n k s  w a s  c o m p i l e d ,  b a s e d  o n  t h e  u s e  o f  a  n u m b e r  o f  t e a m s  f o r  

c o n s t r u c t i o n .  T h e  f i r s t  p h a s e  p r o v i d e d  f o r  m o d e r a t e  s i z e  

p r o j e c t s  w i t h  " l e a r n i n g  c u r v e "  a l l o w a n c e s  f o r  d e s i g n  a n d  

c o n s t r u c t i o n  a c t i v i t y  p e r i o d s .

T h e  s e c o n d  p h a s e  p r o v i d e d  f o r  l a r g e  s i z e  p r o j e c t s  u n d e r ­

t a k e n  b y  c o n t i n u i n g  d e p l o y m e n t  o f  s a m e  d e s i g n  -  c o n s t r u c t  

t e a m s ,  a g a i n  p r o v i d i n g  s o m e  " l e a r n i n g  c u r v e "  a l l o w a n c e  d u r i n g  

e x p a n s i o n  o f  t h e  t o t a l  t e a m  s i z e  a n d  c a p a b i l i t y .  S u b s e q u e n t  

p h a s e s  w e r e  i n  e f f e c t  d i r e c t  r e d e p l o y m e n t  o f  d e s i g n  -  c o n s t r u c t  

t e a m s  o n  s u c c e s s i v e  p r o j e c t s  o n  a n  a v e r a g e  c y c l e  o f  t w o  y e a r s .

T h e  c o o r d i n a t e d  t e a m  a p p r o a c h  i n c l u d e d  t h e  f o l l o w i n g  

p r o c e d u r a l  a s s u m p t i o n s :

1 .  T h e  s p o n s o r i n g  r a i l r o a d  w o u l d  h a v e  a n  i n - h o u s e  

t e c h n i c a l  g r o u p  t p  e s t a b l i s h  a n d  p r o v i d e  e s s e n t i a l  

e n g i n e e r i n g  i n p u t  i n c l u d i n g  t r a c k  p l a n s  a n d  

l i n e s - t o - b e - e l e c t r i f i e d  d i a g r a m s ;

2 .  T h e  b a s i s  o f  c a t e n a r y  a n d  s u b s t a t i o n  d e s i g n s  w o u l d  b e  

s t a n d a r d  s p e c i f i c a t i o n s  a n d  s t a n d a r d  d r a w i n g s  p r o v i d e d  

i n  a d v a n c e  a n d  g i v i n g  a t  l e a s t , t h r e e  v a r i a t i o n s  o f  

m a j o r  f a c t o r s  o r  c o m p o n e n t s  i n  o r d e r  t o  b e  r e s p o n s i v e  

t o  l o c a l  r e q u i r e m e n t s  o r  c i r u m s t a n c e s ;

3 .  S c h e d u l i n g  o f  e n g i n e e r i n g  i n p u t  a n d  d e s i g n  t e a m  o u t p u t  

w o u l d  b e  s u c h  a s  t o  p e r m i t  a  c o n s t r u c t i o n  s t a r t  s i x  t o  

n i n e  m o n t h s  p r i o r  t o  d e s i g n  c o m p l e t i o n  o n  a  m a j o r  

r o u t e  s e g m e n t ;
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4 .  A  t o t a l  t e a m  w o u l d  b e  e s s e n t i a l l y  m a d e  u p  o f  t h r e e

e l e m e n t s  t h u s :

a .  D e s i g n  T e a m ;

b .  F o u n d a t i o n s / P o l e s  T e a m ;

c .  W i r i n g / T e s t s  T e a m .

T h e  c o m m i s s i o n i n g  p r o g r a m  a s s u m e d  t h a t  a  m a j o r  r o u t e  

s e g m e n t  c o u l d  h a v e  e l e c t r i c  o p e r a t i o n  c o m m i s s i o n e d  o v e r  

o n e - h a l f  o f  t h e  s e g m e n t  6  t o  1 2  m o n t h s  p r i o r  t o  c o m p l e t i o n  o f  

t h e  p r o j e c t .

T h e  u t i l i z a t i o n  o f  c o n t r a c t o r  o r  i n - h o u s e  d e s i g n - c o n s t r u c t  

t e a m s  w o r k i n g  o n  s o m e  p o s i t i v e  i n c e n t i v e  b a s i s  i s  a  f e a s i b l e  

m e a n s  o f  a c c o m p l i s h i n g  t h e  c o n s t r u c t i o n  r a t e s  o u t l i n e d .  T h i s  

p r o g r a m  c o n t a i n s  n o  a l l o w a n c e  f o r  p e r i o d s  o f  t e a m  i n a c t i v i t y  o r  

u n d e r - u t i l i z a t i o n ,  n o r  d o e s  i t  a l l o w  f o r  p o s s i b l e  g e o g r a p h i c  o r  

c l i m a t i c  d i s c o n t i n u i t y  e f f e c t s  o r  l e s s  e f f i c i e n t  w o r k i n g  o n  

s m a l l  o r  c o m p l e x  p r o j e c t  a r e a s .

I t  d o e i s  h o w e v e r  e s t a b l i s h  t h e  f e a s i b i l i t y  o f  a  n a t i o n - w i d e  

p r o g r a m  o f  r a i l r o a d ^ e l e c t r i f i c a t i o n  o n  a  c o s t - e f f e c t i v e  

c o o r d i n a t e d  t e a m  b a s i s .
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A P P E N D I X  E

C A L C U L A T I O N  O F  D I E S E L  L O C O M O T I V E  M A I N T E N A N C E  C O S T S  F O R  

C L A S S  I  R A I L R O A D S  FROM I C C  D A T A

A c c u r a t e  d i e s e l  r o a d  l o c o m o t i v e  m a i n t e n a n c e  c o s t s  a r e  

n e c e s s a r y  f o r  t h e  c o m p a r i s o n  o f  e l e c t r i c  a n d  d i e s e l  o p e r a t i o n ,  

s i n c e  m a i n t e n a n c e  c o s t s  c o m p r i s e  o n e  o f  t h e  m a j o r  y e a r l y  

o p e r a t i n g  e x p e n s e s .  W h i l e  e l e c t r i c  l o c o m o t i v e  m a i n t e n a n c e  

c o s t s  m u s t  p r e s e n t l y  b e  e s t i m a t e d  b e c a u s e  o f  t h e  l i m i t e d  u s e  o f  

e l e c t r i c  t r a c t i o n ,  d i e s e l  l o c o m o t i v e  m a i n t e n a n c e  c o s t s  c a n  b e  

e s t a b l i s h e d  f r o m  a c t u a l  e x p e n s e  a c c o u n t s .  T h i s  a p p e n d i x  s e t s  

f o r t h  t h e  p r o c e d u r e  u s e d  t o  c a l c u l a t e  t h e s e  c o s t s  u s i n g  d a t a  

c o n t a i n e d  i n  t h e  R - l  r e p o r t s  s u b m i t t e d  a n n u a l l y  b y  e a c h  C l a s s  I  

r a i l r o a d  t o  t h e  I n t e r s t a t e  C o m m e r c e  C o m m i s s i o n .

T a b l e  E - l  c o n t a i n s  t h e  1 9 7 7  c o s t s  f o r  e a c h  o f  t h e  C l a s s  I  

r a i l r o a d s  o b t a i n e d  u s i n g  t h i s  p r o c e d u r e .  T h e  c o s t s  r a n g e  

f r o m  $ 0 . 4 0  t o  $ 1 . 9 9  p e r  u n i t - m i l e  f o r  t h e  l a r g e  r a i l r o a d s  a n d  

a r e  e v e n  h i g h e r  f o r  t h e  B & L E  a n d  t h e  D M I R .  A f t e r  a  s e a r c h  f o r  

c o r r e l a t i o n  o f  t h i s  w i d e  c o s t  v a r i a t i o n  w i t h  f a c t o r s  s u c h  a s  

l o c o m o t i v e  t y p e ,  u s a g e  a n d  m a i n t e n a n c e  p h i l o s o p h y  p r o v e d  : 

u n f r u i t f u l ,  t h e  . d fe c i s i b n l av /a s  m A d ^ . ^ t o , . u s e  a ^ . , a y e r a g e „  c o s t  f o r  

a l l  r a i l r o a d s ' .  ^ •’ ; :

T h e  d e t a i l s  o f  t h e  p r o c e d u r e  a r e  g i v e n  i n  t h e  f o l l o w i n g  

p a r a g r a p h s .  E x p e n s e  d a t a  f r o m  a n  I C C  s u m m a r y  r e p o r t *  i s  u s e d  

t o  i l l u s t r a t e  h o w  t h e  a v e r a g e  c o s t  o f  $ 1 . 3 3  p e r  u n i t - m i l e  w a s  

o b t a i n e d .

* N i n e t y - f i r s t  A n n u a l  R e p o r t  -  T r a n s p o r t  S t a t i s t i c s  i n  t h e  U n i t e d
S t a t e s  D e c e m b e r  3 1 ,  1 9 7 7  b y  t h e  I n t e r s t a t e  C o m m e r c e  C o m m i s s i o n ,

B u r e a u  o f  A c c o u n t s .
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TABLE E—1. MAINTENANCE, INSPECTION AND 
SERVICING COST FOR DIESEL 
ROAD LOCOMOTIVE BASED ON 
1977 ICC RECORDS

RAILROAD S/UNIT-MILE

ATSF 1.20
B&LE 2.48
B&N 1.78
Chessie 1.64
C&NW 1.79
Conrail 1.99
DMIR 3.24
ICG N.C.
L&N N.C.
Mo. Pac. 1.25
N&W 1.42
SCL 1.50
Southern 0.40
So. Pac. 1.89
UP 1.14

T a b l e  E - 2  l i s t s  t h e  r e l e v a n t  i t e m s  o f  t h e  c o s t  o f  d i e s e l  

l o c o m o t i v e  m a i n t e n a n c e  u n d e r  t h r e e  h e a d i n g s ,  m a i n t e n a n c e  o f  

e q u i p m e n t ,  t r g n s p o r t a t l o n - r a i l  m a i n t e n a n c e  a n d  m a i n t e n a n c e  . o f  

s t r u c t u r e s  a n d  w a y .  C o l u m n ' ; 1  o f  t h e  a b o v e  t a b l e  g i v e s  t h e  I C C  

a c c o u n t  n u m b e r s .  T h e  d e f i n i t i o n s  o f  i t e m s  i n c l u d e d  i n  t h e  I C C  

a c c o u n t - n u m b e r s  a r e  g i v e n  i n  T a b l e  E - 3 .

T h e  m a j o r  p o r t i o n  o f  t h e  l o c o m o t i v e  m a i n t e n a n c e  c o s t  i s  

i n c l u d e d  i n  a c c o u n t  3 1 1  ( d i e s e l  l o c o m o t i v e  r e p a i r s )  a n d  4 0 0  

( s e r v i c i n g  t r a i n  l o c o m o t i v e s ) .  T h e s e  a c c o u n t s  a r e  c o n s i d e r e d  

t o  b e  w h o l l y  c h a r g e a b l e  t o  l o c o m o t i v e  m a i n t e n a n c e .  N o t e  t h a t  

a c c o u n t  4 0 0  i n c l u d e s  t h e  c o s t  o f  l u b r i c a n t s .  O n l y  a  c e r t a i n  

p o r t i o n  o f  t h e  o t h e r  c o s t  i t e m s  g i v e n  i n  C o l u m n  3 i s  a t t r i b u t e d  

t o  t h e  l o c o m o t i v e  m a i n t e n a n c e  c o s t .  C o l u m n  4 o f  T a b l e  E - 2  

g i v e s  t h e  p o r t i o n  a s  a  f a c t o r  c a l l e d  " t h e  d i e s e l  r e l a t e d  c o s t  

f a c t o r . "
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TABLE E-2. CALCULATION OF DIESEL LOCOMOTIVE MAINTENANCE COST FROM ICC DATA
(1977) FOR CLASS I RAILROADS

1

ICC
ACCOUNT
NUMBER

2

ITEM

3

COST
THOUS. $/Y

4
DIESEL
RELATED
COST

FACTOR

5
DIESEL

RELATED
COST

THOUS. $/Y

Maintenance of Equipment
301 Super intendence 164,846 .41 67,587
302 Shop Machinery 57,906 .41 23,741
304 Power Plant Machinery 7,645 .41 3,134
305 Shop & Power Plant Deprec. 10,676 0 0
306 Dismantling Shop & PP Mach. 210 .41 86
311 Diesel Loc. Repair (excl. yard) 979,005 1.00 979,005
314 Freight-train-cars-Repairs 1,191,680 0 0
317 Pass-train-card-Repairs 205,965 0 0
318 Hwy. Revenue Equip.-Repairs 31,485 0 0
323 Floating Equip.-Repairs 2,334 .41 957
326 Work Equip.-Repairs 40,821 .41 16,737
328 Misc. Equip.-Repairs 46,723 .41 19,156
329 Dismantling Retired Equip. 5,687 .41 2,332
330 Retirements - :Equip. -5,261 0 0
331 Equip. Deprec. . .  ̂ . 741,813 ., 0 0
332 Injuries to Persons 52,239 .41 21,418
333 Insurance 16,053 .41 6,582
334 Stationery & Printing 4,466 .41 1,831
335 Employees' Health & Welfare Ben. 101,960 .41 41,803
339 Other Expenses 23,160 .41 9,496
336 Jt. Maint. of Equip. Dr. 19,458 .41 7,978
337 Jt. Maint. of Equip. Cr. 7,739 .41 3,173

TOTAL M.O.E. (frt. only) 3,475,421 1,195,016



TABLE E-2. CALCULATION OF DIESEL LOCOMOTIVE MAINTENANCE COST FROM ICC DATA
(1977) FOR CLASS I RAILROADS (CONT'D)

1

ICC
ACCOUNT
NUMBER

2

ITEM

3

COST
THOUS. $/Y

4
DIESEL
RELATED
COST

FACTOR

DIESEL
RELATED

COST
THOUS. $/Y

371
Transportation - Rail Line 

Superintendence 355,173 .08 28,414
394 Train Fuel 1,348,834 .01 13,488
400 Servicing Train Locos. 184,902 1.00 184,907
409 Employees Health & Welfare 252,862 GOO

• 20,229
410 Stationery & Printing 33,251 • O 00 2,660
411 Other 35,526 • o 00 2,842
414 Insurance 48,504 00o

• 3,880
420 Injuries to Persons 214,880 .08 17,190

TOTAL TRANS - RAIL LINE 
(frt. only)

7,523,258 273,610

_________ M
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TABLE E-2. CALCULATION OF DIESEL LOCOMOTIVE MAINTENANCE COST FROM ICC DATA
(1977) FOR CLASS I RAILROADS (CONT'D)

1 2 3 4 5
DIESEL DIESEL

ICC RELATED RELATED
ACCOUNT COST COST COST
NUMBER ITEM THOUS. $/Y FACTOR THOUS. $/Y

231
Maint. of Structures & Ways 
Water Stations 2,423 .41 993

233 Fuel Stations 4,109 .41 1,685
235 Shops & Engine Houses 47,865 .41 19,625

TOTAL M.O.W. 54,397 22,303

General Expense (Frt. Only) (981,676)(. 06) (.41) = 24,149
Grand Total Oper. Exp. (Sched. 320) 1,515,073

Notes:

Diesel related cost factor Number 1:

__________No. 311__________  _ ___________ 979,005___________
No. 311 + No. 314 + No. 317 ” 979,005 + 1,191,680 + 205,965

Diesel related cost factor Number 2s

■ - No. :4Q0 ■ '■ ' ,>?>< -
No,., ,400 + No. 392 + No,.. 401 +., No. 404

Diesel related cost factor Number 3:

Gen. Oper. Exp.______  981,676
Grand Total Oper. Exp. 15,693,506
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TABLE E-3. DEFINITION OF MAINTENANCE COST ACCOUNT NUMBERS IN ICC REPORT

ICC
ACCOUNT
NUMBER

1
DEFINITION

231 Water Stations - Includes the cost of repairinq water stations, 
fixtures, and appurtenances used by the carrier in its operation.

233 Fuel Stations - Includes the cost of repairinq fuel stations, 
fixtures, and appurtenances used by the carrier in its operation.

235 Shops and Enqine Houses - Includes the costs of repairinq shop and 
enqine house buildinqs, fixtures, and appurtenances and the cost 
of qrounds' maintenance.

301 Superintendence - Includes officers' pay directly in charqe of, or 
enqaqed in, the maintenance of equipment; the pay of clerks and 
other employees in the offices and on business; cars of officers 
whose pay is charqeable to this account and the office; other 
expenses of officers and employees whose pay is charqeable to this 
account.

302 Shop Machinery - Includes the cost of repairinq machinery and 
other apparatus includinq special foundations in power plants and 
substation for qeneratinq and transforminq power used for the 
operation of trains and cars or to furnish power, heat, and liqht | 
for qeneral purposes.

304 Power Plant Machinery

305 Shop and Power Plant Machinery Depreciation - Includes the amount 
of depreciation charqes applicable to the accountinq period for 
all classes of property includible as shop or power plant 
machinery.

306 Dismantlinq Retired Shop and Power Plant Machinery - Includes the 
cost of dismantlinq retired shop and power plant machinery and 
recoverinq the salvaqe therefrom.

311 Repairs to Yard and Other Steam Locomotives - Data for previous 
years included the cost of repairinq transportation service 
locomotives and tenders, includinq appurtenances.

Locomotives; Repairs - Includes the cost of repairinq 
transportation service locomotives and tenders, includinq 
appurtenances (Diesel Locomotive Yard).

Locomotives: Repairs - The same as above, except refers to Diesel 
Locomotives - Other Than Yard.



TABLE E-3. DEFINITION OF MAINTENANCE COST ACCOUNT NUMBERS IN ICC REPORT (CONT'D)

ICC
ACCOUNT
NUMBER DEFINITION

314

Locomotives: Repairs - The same as above, except refers to Other 
Than Diesel Locomotives-Yard.
Locomotives: Repairs - The same as above, except refers to Other 
Than Diesel Locomotives-Other Than Yard.

Freight-Train Cars: Repairs - Includes the cost of repairing 
freight-train cars^ and appurtenances and the cost of repairing 
motor equipment affixed to freight-train cars engaged in 
transportation service; etc.

317 Passenger-Train Cars: Repairs - Includes the cost of repairing 
passenger-train cars and appurtenances and the cost of repairing 
motor equipment affixed to passenger-train cars used in r 
transportation service.

323 Floating Equipment: Repairs - Includes the cost of repairing 
floating equipment (other than work equipment), including 
appurtenances and the cost of small hand tools used in repairs.

326 Work Equipment: Repairs - Includes the cost of repairing rail and 
floating work equipment, including appurtenances, and cost of 
small hand tools used in repairs.

328 ' " Miscellaneous fequipihent:' Repairs' - Includes the cost of repairing 
miscellaneous 'equipment: arid* appurtenance; alisowthe> cost of' small 
hand tools,.materials, lubricants, and supplies used in repairs.

329 Dismantling Retired Equipment - Includes the cost of tearing down 
retired equipment and recovering the salvage therefrom.

330 Retirements-Equipment - When equipment previously subject to 
amortization accounting pursuant to rules in effect during the 
period 1941-1951 is retired, the difference between (1) the 
service value (ledger value less value of salvage and insurance 
recovered) thereof, and (2) the balance of amounts of accumulated 
past provisions for amortization of road and equipment defense 
projects after appropriate adjustment for any depreciation accrued 
thereon, is included in this account.

331 Equipment Depreciation - Includes the amount of depreciation 
charges applicable to the accounting period for all classes of 
equipment.
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TABLE E-3. DEFINITION OF MAINTENANCE COST ACCOUNT NUMBERS IN ICC REPORT (CONT'D)

ICC
ACCOUNT
NUMBER DEFINITION

332

333

334

335

339

336

337 

371

Injuries to Persons - Includes expenses on account of injuries to 
persons which occur directly in connection with repairs of 
equipment.

Insurance - Includes premiums for insuring the carrier against 
loss through injuries to persons, damage, destruction or loss of 
property, whether caused by fire, accident, or other cause, when 
such loss to the carrier would be chargeable to maintenance of 
equipment.

Stationery and Printing - Includes the cost of stationery and 
printing used in connection with maintenance of equipment.

Employees Health and Welfare Benefits - Includes premiums on group 
and other insurance policies covering annuities and other benefits 
for. employees engaged in maintenance of equipment.

Other Expenses - Includes expenses in connection with the 
maintenance of equipment not properly chargeable to other accounts 
for maintenance of equipment.

Joint Maintenance of Equipment Expenses-Dr. - Includes the 
carriers' proportion of expenses incurred by others in maintaining 
equipment used in the operation of joint facilities, including the 
’cafrieijs vprb^6rti^h the'expefises repairing such equipment 
damaged by accidents.
Joint Maintenance of Equipment Expenses-Cr. - Includes the amount 
chargeable to others as their proportion of expenses , incurred by. 
the carrier in maintaining equipment and in the operation of joint 
facilities, and for expenses of repairing equipment damaged by 
accidents.

Superintendence - Includes the pay of officers directly in charge 
of, or engaged in, conducting transportation; the pay of clerks 
and attendants employed in the offices and on business; cars of 
officials whose pay is chargeable to transportation; and office 
and other expenses of officers and other employees whose pay is 
chargeable to transportation.
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TABLE E-3. DEFINITION OF MAINTENANCE COST ACCOUNT NUMBERS IN ICC REPORT (CONT'D)

ICC
ACCOUNT
NUMBER DEFINITION

372 Dispatching Trains - Includes the pay of chief and other train 
dispatchers, their clerks, copying operators, and attendants, and 
pay of operators on the line whose duties are confined to 
directing train movements; also the office, traveling, and other 
expenses of such employees.

373 Station Employees - Includes the pay of agents, clerks, and 
attendants in charge of or engaged in the operation of stations, 
stockyards, wharves, and piers located in the carriers' line.

374 Weighing Inspection and Demurrage Bureaus - Includes the cost to 
the carrier of its participation in joing weighing inspection, 
demurrage, and car distribution bureaus and associations.

375 ■ Coal and Ore Wharves - Includes the cost of operating docks, 
wharves, piers, and other marine, lake or river landings, and the 
machinery located thereon, used in connection with the 
transportation of coal and ore.

376 Station Supplies and Expenses - Includes heating, lighting, and 
other miscellaneous station supplies and expenses.

377 Yardmasters and Yard Clerks - Includes the pay of yardmasters, 
yard clerks, and attendants in yards where regular switching 
service is maintained and in terminal switching and transfer 
service.

378 Yard Conductors and Brakemen - Includes the pay of yard conductors 
and brakemen handling cars in passenger and freight yards where 
regular switching service is maintained, and in terminal switching 
and transfer service.

379 Yard Switch and Signal Tenders - Includes the pay of employees in 
yards where regular switching service is maintained, who are 
engaged in the operation of yard switches and signals (including 
interlockers).

380 Yard Enginemen - Includes the pay of yard enginemen while engaged 
in yards where regular switching service is maintained and 
terminal switching and transfer service, including pay of such 
employees while deadheading in connection with yard service.
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TABLE E-3. DEFINITION OF MAINTENANCE COST ACCOUNT NUMBERS IN ICC REPORT (CONT’D)

ICC
ACCOUNT
NUMBER DEFINITION

382

383

383

314

389

392

394

Yard Switching Fuel - Includes the cost, delivered on locomotives 
or motor cars, of coal, coke, oil, wood, and other fuels consumed 
in switching service in yards where regular switching service is 
maintained, and in terminal switching of transfer service, 
including a suitable proportion of the pay of fuel agents, fuel 
inspectors, fuel weighers, and clerks engaged in accounting for 
fuel at fuel stations.

Yard Switching Power Produced - Includes the cost of the 
production and distribution of electric power used in operating 
locomotives and cars in switching service in yards where regular 
switching service is maintained and in terminal switching and 
transfer service.

Yard Switching Power Purchased - Includes the cost of electric 
power purchased for the propulsion of engines and cars in 
switching service in yards where regular switching service is 
maintained, and in terminal switching and transfer service.

Charges for Work Done by Others

Water for Yard Locomotives

Lubricants for Yard Locomotives

Other Supplies for Yard Locomotives

Enginehouse Expenses-Yard

Yard Supplies and Expenses - Includes the cost of supplies (except 
locomotive supplies) used in yard service, yard signal, and 
interlocker supplies; and miscellaneous yard expenses for yards 
where regular switching service is maintained.

Train Enginemen - Includes the pay of enginemen while engaged in 
transportation train service or while dead heading in connection 
therewith and pay of such enginemen engaged in piloting trains 
over home lines.

Train Fuel - Includes the cost, delivered on locomotives or motor 
cars, of coal, coke, oil, wood, and other fuel for propulsion of 
trains in transportation train service, including a suitable 
proportion for the pay of fuel agents.
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TABLE E-3. DEFINITION OF MAINTENANCE COST ACCOUNT NUMBERS IN ICC REPORT (CONT'D)

ICC
ACCOUNT
NUMBER DEFINITION

395 Train Power Produced - Includes the cost of producing and 
distributing electric power for the propulsion of electric 
locomotives and cars in transportation train service.

396 Train Power Purchased - Includes the cost of electric power 
purchased for the propulsion of locomotives and cars in 
transportation train service.

400 Water, Lubricants and Other Supplies for Train Locomotives

401 Trainmen - Includes the pay of conductors; of train auditors, 
ticket collectors, and others engaged in lifting or examining 
authorities for transportation.

402 Train Supplies and Expenses - Includes miscellaneous expenses of 
transportation service trains and the cost of all supplies other 
than locomotive supplies.

403 Operating Sleeping Cars - Includes the cost of operating sleeping 
car service on trains; also the pay of employees attributable to 
the operation of such service.

404 Signal and Interlocker Operation - Includes the cost of operating 
signals and interlockers other than those solely or principally 
used for governing all movements of locomotives and trains between 
main sand ■ yard tracks, movements1 of locomotives between yard tracks 
Vhd enginehoukes,' 'and yard switching movements.

405 Crossing Protection - Includes the pay of street and highway 
crossing gatekeepers and flagmen, and the cost of supplies used.

406 Drawbridge Operation - Includes the cost of operating drawbridges, 
the pay of employees engaged in the operation of drawbridges and 
expenses incurred attributable to drawbridge operation.

407 Communication System Operation - Includes the cost of operating 
communication systems not provided for elsewhere.

408 Operating Floating Equipment - Includes the cost of operating 
floating equipment in water transfer (ferriage, lighterage, and 
floatage).



TABLE E-3. DEFINITION OF MAINTENANCE COST ACCOUNT NUMBERS IN ICC REPORT (CONT'D)

ICC
ACCOUNT
NUMBER DEFINITION

409

410

411

414

415

416

417

418

419

Employees Health and Welfare Benefits - Includes premiums on group 
and other insurance policies covering annuities and other benefits 
for employees (or their beneficiaries) engaged in conducting 
transportation operations.

Stationery and Printing - Includes the cost of stationery and 
printing used in connection with rail line transportation, 
including the operation of floating equipment.

Other Expenses - Includes all expenses in connection with rail 
line transportation not properly chargeable to other 
transportation accounts.

Insurance - Includes the cost of premiums for insuring the carrier 
against loss through injuries to persons, damage, destruction or 
loss of propery, whether caused by fire, accident or other cause, 
when such loss to the carrier would be chargeable to rail line 
transportation.

Clearing Wrecks - Includes the costs of labor, train service, and 
other supplies and expenses incurred in the clearing of wrecks | 
other than wrecks of work trains.

Damage to Property - Includes payments and expenses from damages 
to the property of others, whether by fire, collision, flood, or. 
other cause, with the exception of payments and expenses from 
damage to property entrusted to the carrier for transportation, 
and for damage to stock on right-of-way.

Damage to Livestock on Right-of-Way - Includes payments of cattle 
and other livestock killed or injured while crossing of 
trespassing on the right-of-way, including cost of removing and 
burying the same.

Loss and Damage: Freight - Includes payments and expenses from
loss, destruction, damage, or delays to revenue freight shipments, 
including locomotives, cars, and highway revenue equipment 
transported as freight, express matter, milk shipments, and 
livestock, and expenses incurred from such payments.

Loss and Damage: Baggage - Includes payments for loss,
destruction, damage, or delays to baggage and other personal 
property carried as baggage, and damage to personal apparel; also 
expenses on account of such or damage.
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TABLE E-3. DEFINITION OF MAINTENANCE COST ACCOUNT NUMBERS IN ICC REPORT (CONT'D)

ICC
ACCOUNT
NUMBER DEFINITION

420 Injuries to Persons - Includes expenses of injuries to persons 
which occur directly in connection with transportation service, 
including damages for ejectment of passengers.

390 Operating Joint Yards and Terminals-Dr. - Includes the carriers' 
proportion of the costs incurred by others in their operation of 
joint yards and terminals, including signals, interlockers, and 
other facilities at such joint yards and terminals.

391 Operating Joint Yards and Terminals-Cr.- Includes amounts 
chargeable to others as their proportions of the costs incurred by 
the carrier in the operation of joint yards and terminals, 
including signals, interlockers, and other facilities at such 
joint yards and terminals.

412 Operating Joint Tracks and Facilities-Dr. - Includes the carriers' 
proportion of the transportation expenses incurred by others in 
the operation of joint tracks, interlockers, and other facilities 
which are not included in ICC Account Number 390.

413 Operating Joint Tracks and Facilities-Cr. - Includes amounts 
chargeable to others as their proportions of transportation 
expenses incurred by the carrier in the operation of joint tracks, 
interlockers, and other facilities which are not provided for in 
ICC Account, l̂ umiper l̂,,,,, the .«■ a o s ,

4 5 1 ; Salaries and Expenses of General Officers - Includes the pay of 
all general officers not otherwise provided for, including 
salaries and fees of receivers and commissions paid to general 
officers in lieu of salaries; also the traveling and other 
expenses of officers whose pay is included in this item.

452 Salaries and Expenses of Clerks and Attendants - Includes the pay 
and expenses of clerks and attendants of the officers whose 
salaries are includible in ICC Account Number 451.

453 General Office Supplies and Expenses - Includes the office 
expenses of officers designated in ICC Account Number 451.

454 Law Expenses - Includes the pay and the office and other expenses 
of officers and employees of the law department, when not provided 
for elsewhere, the cost of suits, and the payments of special law 
fees.



TABLE E-3. DEFINITION OF MAINTENANCE COST ACCOUNT NUMBERS IN ICC REPORT (CONT'D)

ICC
ACCOUNT
NUMBER DEFINITION

455

456

402

457

458

460

461

462

Insurance - Includes premiums for insuring the carrier against 
loss through injuries to persons or damage to or destruction of 
loss of property, whether caused by fire, accident, or other cause.

Employees Health and Welfare Benefits - Includes premiums on group 
and other insurance policies covering annuities and other benefits 
for employees (or their beneficiaries) engaged in accounting, law 
and other general administration.

Refrigeration and Heater Service - Includes: a) Gross charges for
refrigeration service; b) Credits for refrigeration service; 
c) Gross charges for heater service; and d) Credits for heater 
service.

Pensions - Includes amounts payable for the current year to 
trustees under pension plans for pension costs computed on basis 
of employees services in the year, and for pension costs computed 
on the basis of credits for past services.

Stationery and Printing - Includes the cost of postage, 
stationery, and printing used in general offices and not |
chargeable to other accounts.
Other Expenses - Includes incidental genral expenses which have 
not been properly includable in any of the previous data items.

General Joint Facilities-Dr. - Includes the carriers' proportion 
of general expenses by others incident to maintaining and 
operating tracks, yards, terminals, and other facilities used 
jointly.

General J"oint Facilities-Cr. - Includes amounts chargeable to 
others as their proportions of general expenses incurred by the 
carrier incident to maintaining and operating tracks, yards, 
terminals, and other facilities used jointly.
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T h e  f a c t o r  f o r  o t h e r  a c c o u n t s  u n d e r  M a i n t e n a n c e  o f  

E q u i p m e n t  a n d  M a i n t e n a n c e  o f  W a y  i s  e s t a b l i s h e d  b y  t h e  r a t i o  o f  

a c c o u n t s  3 1 1  t o  t h e  t o t a l  o f  a l l  m a j o r  a c c o u n t s  u n d e r  

M a i n t e n a n c e  o f  E q u i p m e n t .  A  s i m i l a r  f a c t o r  i s  d e v e l o p e d  f o r  

a c c o u n t s  a p p e a r i n g  u n d e r  t h e  h e a d i n g  T r a n s p o r t a t i o n - R a i l  L i n e ,  

b y  u s i n g  t h e  r a t i o  o f  t h e  a c c o u n t  4 0 0  ( s e r v i c i n g  t r a i n  

l o c o m o t i v e s )  t o  t h e  t o t a l  o f  a l l  m a j o r  a c c o u n t s  u n d e r  t h e  

c a t e g o r y .  C a l c u l a t i o n  o f  t h e  d i e s e l  r e l a t e d  c o s t  f a c t o r s  i s  

s h o w n  a t  t h e  e n d  o f  T a b l e  E - 2 .  T h e  c o s t  o f  f u e l i n g  d i e s e l  

l o c o m o t i v e s  i s  a s s u m e d  t o  b e  o n e  p e r c e n t  o f  t h e  c o s t  o f  d i e s e l  

f u e l  ( a c c o u n t  3 9 4 ) .

T h e  n u m b e r s  s h o w n  i n  t h e  l e f t  h a n d  s i d e  o f  t h e  e q u a l  s i g n  

r e f e r  t o  t h e  I C C  a c c o u n t  n u m b e r s .  T h e  c o s t s  g i v e n  i n  C o l u m n  5 

o f  T a b l e  E - 2  a r e  t h e  p r o d u c t s  o f  t h e  t o t a l  c o s t  i n  C o l u m n  3 a n d  

t h e  d i e s e l  r e l a t e d  c o s t  f a c t o r .

T h e  t o t a l  m a i n t e n a n c e  c o s t  i s  1 , 5 1 5 , 0 7 3  t h o u s a n d  d o l l a r s  

( 1 9 7 7  d o l l a r s )  ( e n d  o f  C o l u m n  5 o f  T a b l e  E - 2 ) . T h e  t o t a l  

d i e s e l  l o c o m o t i v e  u n i t - m i l e s  i s  c a l c u l a t e d  f r o m  T a b l e  6 a n d  

T a b l e  7 o f  t h e  I C C  r e p o r t  a s  1 , 3 4 7 , 5 9 0  u n i t - m i l e s  ( t h e  t o t a l  

l o c o m o t i v e  m i l e a g e  o f  T a b l e  6 f o r  r o a d  a n d  t r a i n  s w i t c h i n g ,  

1 , 3 6 1 , 2 0 2  u n i t - m i l e s ,  i s  p o r t i o n e d  b e t w e e n  e l e c t r i c  a n d  d i e s e l  

a c c o r d i n g -  t o  t h e  ? f  l e e t  ^ S i z e i s ^ a f s  r e p o r t e d 1 i n  rT a b i e  ~ r  ‘ ‘

T h e  a v e r a g e  m a i n t e n a n c e  c o s t  i n  1 9 7 7  d o l l a r s  i s  t h e r e f o r e  

$ 1 . 1 2 / u n i t - m i l e .

T h e  a b o v e  p r o c e d u r e s  f o r  c a l c u l a t i n g  t h e  m a i n t e n a n c e  c o s t  

w e r e  r e p e a t e d  u s i n g  C o n r a i l  R - l  d a t a .  T h e  r e s u l t  w a s  a  c o s t  o f  

$ 1 . 9 2 / u n i t - m i l e  f o r  d i e s e l  l o c o m o t i v e s .  F o r  t h e  s a m e  r o u t e s ,  

f i g u r e s  o f  $ 1 . 9 9 / u n i t - m i l e  i n  1 9 7 7 . d o l l a r s ,  a n d  $ 2 . 2 7 / u n i t - m i l e  

i n  1 9 8 0  d o l l a r s  a r e  g i v e n  i n  r e f e r e n c e [ 1 8 ] .

T h e  R - l  e s t i m a t e s  w e r e  s c a l e d  b y  t h e  c o s t  r a t i o  $ 1 . 9 9 / $ 1 . 9 2  

t o  a c c o u n t  f o r  t h e  s l i g h t  d e v i a t i o n  o f  t h e  R - l  e s t i m a t e  f r o m
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t h e  r e f e r e n c e [ 1 8 ]  e s t i m a t e  a n d  t h e n  e s c a l a t e d  t o  1 9 8 0  d o l l a r s  

u s i n g  t h e  r a t i o  $ 2 . 2 7 / $ 1 . 9 9 .  T h e  a v e r a g e  d i e s e l  l o c o m o t i v e  

m a i n t e n a n c e  c o s t  f o r  a l l  r a i l r o a d s  i n  1 9 8 0  d o l l a r s  w a s  

c a l c u l a t e d  t o  b e  $ 1 . 3 3 / u n i t - m i l e .
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A P P E N D I X  F

I N S T R U C T I O N S  F O R  C O M P L E T I O N  O F  T H E  R A I L R O A D  Q U E S T I O N N A I R E

Q l .  T h e  p e r c e n t  c h a n g e  i n  r e v e n u e  t o n n a g e  o n  t h e  r o u t e  

s e g m e n t  f r o m  1 9 7 8  t o  1 9 9 0  h a s  b e e n  p r o j e c t e d  b y  d i r e c t i o n  

f o r  1 5  c o m m o d i t y  g r o u p i n g s  a n d  i s  r e c o r d e d  i n  t h e  t w o  r o w s  o f  

q u e s t i o n  1 .  T h e  p r o j e c t i o n  i s  b a s e d  o n  t h e  F R A  r a i l  c o m m o d i t y  

p r o j e c t i o n s  b e t w e e n  1 2 9  r e g i o n s  o f  t h e  U . S .  a n d  a s s u m e s  t h a t  

t r a f f i c  o n  a l l  p a r a l l e l  r a i l  l i n e s  b e t w e e n  r e g i o n s  w o u l d  g r o w  

u n i f o r m l y  i n  a n y  g i v e n  c o m m o d i t y  g r o u p i n g .  C o m m o d i t i e s  

i n c l u d e d  i n  e a c h  o f  t h e  1 5  g r o u p i n g s  a r e  l i s t e d  i n  T a b l e  A  ( n o t  

i n c l u d e d  h e r e .  S e e  T a b l e  4 - 6 ) .  P l e a s e  n o t e  a t  t h e  b o t t o m  o f  

t h e  q u e s t i o n n a i r e  a n y  c o m m e n t s  y o u  h a v e  w i t h  r e g a r d  t o  t h e  

p r o j e c t i o n .  I f  y o u  h a v e  a l t e r n a t e  d a t a  f o r  t h i s  t i m e  p e r i o d  

t h a t  y o u  b e l i e v e  i s  m o r e  a p p r o p r i a t e ,  w r i t e  i t  i n  t h e  

a p p r o p r i a t e  b l o c k s .

Q 2 .  -  T h e  p e r c e n t  o f  1 9 7 8  r e v e n u e  t o n n a g e  i n  e a c h  o f  1 5  

c o m m o d i t y  g r o u p i n g s  i s  r e c o r d e d  i n  t h e  t w o  r o w s  o f  I t e m  2 .  T h e  

p e r c e n t a g e s  f o r  a l l  c o m m o d i t i e s  a n d  b o t h  d i r e c t i o n s  s u m  

t o  1 0 0 % .  I t e m  2  i s  b a s e d  o n  t h e  " P r i n c e t o n  M o d e l "  w h i c h  

p r e d i c t s  t h e  r o u t i n g  o f  c o m m o d i t i e s  b e t w e e n  j u n c t i o n  p o i n t s  

u s i n g  d a t a  o b t a i n e d  f r o m  a  1% w a y b i l l  s a m p l i n g .  S i n c e  a  r o u t e  

s e g m e n t  b e i n g  c o n s i d e r e d  f o r  e l e c t r i f i c a t i o n ,  i n  g e n e r a l ,  

c o n t a i n s  m a n y  w a y b i l l  j u n c t i o n  p o i n t s ,  t h e  p e r c e n t  r e v e n u e  

t o n n a g e  d a t a  o f  I t e m  2 i s  b a s e d  o n  a v e r a g e  c o m m o d i t y  f l o w  o v e r  

t h e  s e g m e n t ,  w e i g h t e d  b y  t h e  d i s t a n c e  b e t w e e n  j u n c t i o n  p o i n t s .

Y o u r  c o m m e n t  a t  t h e  b o t t o m  o f  t h e  q u e s t i o n n a i r e ,  o n  w h e t h e r  

t h i s  d a t a  g e n e r a l l y  c h a r a c t e r i z e s  t r a f f i c  o v e r  t h e  r o u t e  

s e g m e n t ,  w o u l d  b e  a p p r e c i a t e d .

Q 3 .  -  F o r  e a c h  o f  t h e  1 5  c o m m o d i t i e s  i n d i c a t e  w h i c h  o f  t h e

f o l l o w i n g  t h r e e  ( o r  l e s s )  s e r v i c e  c a t e g o r i e s  b e s t  d e s c r i b e  t h e

m a n n e r  i n  w h i c h  t h a t  c o m m o d i t y  i s  t r a n s p o r t e d .  I f  a n y

F - l



c o m m o d i t y  m u s t  b e  s p l i t  t o  m a k e  s u c h  c a t e g o r i z a t i o n  p l e a s e  

i n d i c a t e  t h e  c o r r e s p o n d i n g  t o n n a g e  s p l i t .

E x p e d i t e d  S e r v i c e  -  I n c l u d e s  t h o s e  c o m m o d i t i e s  f o r  w h i c h  

c o n s i d e r a t i o n  o f  d e l i v e r y  t i m e  b y  t h e  s h i p p e r  o r  r e c e i v e r  i s  

s i g n i f i c a n t  e n o u g h  t o  w a r r a n t  s p e c i a l  o p e r a t i o n a l  p r o v i s i o n s  

b y  t h e  r a i l r o a d  t o  s p e e d  d e l i v e r y .  T O F C / C O F C  t r a i n s  a n d  

p r o d u c e  t r a i n s  a r e  e x a m p l e s  o f  e x p e d i t e d  s e r v i c e  w h e r e  t h e  

o p e r a t i o n a l  p r o v i s i o n s  t o  m i n i m i z e  d e l i v e r y  t i m e  m i g h t  i n c l u d e  

s u c h  f a c t o r s  a s  i n c r e a s e d  d i s p a t c h  l e v e l  f o r  l o c o m o t i v e s ,  

s c h e d u l e  s u p e r i o r i t y  o f  t r a i n s ,  a n d  b y - p a s s  o f  i n t e r m e d i a t e  

y a r d s .

B u l k  M o v e m e n t  -  I n c l u d e s  t h o s e  c o m m o d i t i e s  f o r  w h i c h  a  

s i g n i f i c a n t  r e q u i r e m e n t  o f  t h e  s h i p p e r  o r  r e c e i v e r  i s  t h e  

r e g u l a r i t y  o f  d e l i v e r y  o f  t h e  c o m m o d i t y  b u t  f o r  w h i c h  s p e e d  o f  

d e l i v e r y  o f  a n y  p a r t i c u l a r  c a r l o a d  i s  n o t  s i g n i f i c a n t .  U n i t  

t r a i n s  w h i c h  h a u l  c o a l ,  g r a i n  o r  c h e m i c a l s  a r e  t y p i c a l  e x a m p l e s  

o f  b u l k  m o v e m e n t .  T h e  s i g n i f i c a n t  o p e r a t i o n a l  c h a r a c t e r i s t i c  

i s  a  r a t h e r  l o w  a v e r a g e  s p e e d  w h i c h  r e s u l t s  f r o m  f a c t o r s  s u c h  

a s  s p e e d  r e s t r i c t i o n s ,  l o w  t r a i n  p r i o r i t y  e n r o u t e ,  a n d  a  

d i s p a t c h  l e v e l  o n l y ,  s u f f i c i e n t  f o r .  t r a c t i v e ,  e f f o r t ,  o n .  t h e .  

r u l i n g  g r a d e . .  •. j

N o r m a l  S e r v i c e  -  I n c l u d e s  a l l  c o m m o d i t i e s  f o r  w h i c h  n o  

s p e c i a l  o p e r a t i o n a l  p r o v i s i o n s  a r e  m a d e  t h a t  e f f e c t  d e l i v e r y  

t i m e .  N o r m a l  s e r v i c e  t y p i c a l l y  i n c l u d e s  m i x e d  c o m m o d i t i e s  o n  

a n y  t r a i n  w i t h  r o u t i n e  r e c l a s s i f i c a t i o n  a t  i n t e r m e d i a t e  y a r d s  

a n d  n o m i n a l  d i s p a t c h  l e v e l s .

Q 4 - 6 .  -  F o r  e a c h  o f  t h e  s e r v i c e  c a t e g o r i e s  o n  t h e  r o u t e  

s e g m e n t ,  r e c o r d  t h e  c o n s i s t  c h a r a c t e r i s t i c s  o f  t h e  t h e  m o s t  

t y p i c a l  t r a i n  i n c l u d i n g  d i s p a t c h  l e v e l  i n  e a c h  d i r e c t i o n  

( n a m e p l a t e  h o r s e p o w e r  p e r  t o n  o f  t r a i n ) ,  d i e s e l  r o a d  l o c o m o t i v e  

t y p e  ( m f r s .  m o d e l  n o . ) ,  a n d  t h e  r u n  t i m e  i n  e a c h  d i r e c t i o n  ( i n  

h o u r s ) . T h e  d i s p a t c h  l e v e l  S h o u l d  b e  t h a t  w h i c h  a p p e a r s  i n  t h e
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dispatchers manual and defines power and/or traction 
requirements per trailing gross ton on each route segment. Do 
not use the actual locomotive dispatch obtained from traffic 
records as this contains additional dispatch for fleet 
balancing. If helper locomotives are used on the segment, 
record their characteristics separately for the appropriate 
type(s) of service and direction(s).

Q7. - Record the ruling grade in each direction in percent 
of ruling grade for trains in normal service.

Q8. - Record the actual gross tonnage in calendar year 1980 
and indicate whether it is trailing or total.

Q9. - Estimate the percent of tonnage in each direction, 
that is moved as expedited traffic.

Q10. - Estimate the percent of traffic on the sector which 
will be hauled by electric locomotives after conversion.

, J <
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APPENDIX G
COMPUTATION OF TRAFFIC DENSITY AND GROWTH

BY DIRECTION AND SERVICE CATEGORY

Definitions:

Gf = 1978 gross traffic density in forward direction, 
including locomotives.

G = 1978 gross traffic density in reverse direction, 
including locomotives.

Rf = 1978 revenue traffic density in forward direction.

R = 1978 revenue traffic density in reverse direction, r J
a = ratio of empty car weight to average revenue weight per 

carload.
b = ratio of empty to loaded car miles.
c = ratio of locomotive weight to trailing train weight.
d = index which assigns commodity groups to service 

categories (0 or 1).
1 = superscript indicating parameter value in 1990.
i = subscr ipt indicating parameter value associated., w-ijth 

commodity i(i=l-16).
j = subscript indicating parameter value associated with 

service category j (j =1—4).
R' = ratio of 1990 revenue tonnage forward to 1978 

rf = =— revenue tonnage, forward.
Rf
R' = ratio of 1990 revenue tonnage reverse to 1978 

rr = —- revenue tonnage reverse.

g = annual growth of gross traffic density from 1978 to 
1990.
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Analytic Equations

The 1978 gross traffic densities for each commodity group 
in the forward and reverse directions are given, respectively, 
by:

GFi = IRFi(1 + ai> + albi RRi] (1 + Ci>
( 1 )

GRi'* [RRi(1 + ai> + a ibi (1 + °i>
and the 1990 gross traffic densities are given by:

G 'Fi = tRFi (1 + a±) rpi + RR1 rRiJ (1 + ^

G 'Ri = [RRi d  + at) tR1 + ajbj Rpi rpi] (1 + Ci)
To establish the gross traffic density of the four service 

categories, bulk, normal, expedited and passenger, in the 
forward and reverse directions, sum the gross traffic density 
of the relevant commodity groups (index d is determined from 
question 3 of the Railroad Questionnaire).

(3)

. = 2 d. . G_.F] i l] Fx
Rj =

2i dij GRi

' F j = 2i dij Q,Fi
'Rj = 2i dij G 'Ri

The annual compound growth rate in percent for each of the 
four service categories in the forward and reverse direction is 
given by:

gFj = 100 HG'Fj/GFj)1/12 - 1]
(4)

gRj = 100 E(G'Rj/GRj)1/12 - 1]
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If Rg and are input in tons per year, the 1978 gross 
traffic densities computed by equations (1), (2), and (3) are 
in tons per year. The total traffic density on the route 
segment is given by:

(5) G = G f + Gr = f (G£j + Gtj)

which can be compared with existing ICC data on total 1978 
traffic on the route*.

The ratio of equation (3) to equation (5) can be used to 
portion the ICC traffic density if use of that total density is 
preferable. Defining the ICC traffic density in 1978 as

GIfj = (Gfj/G) Gi
( 6 )

Glrj = <Gfr/Q> GI

If Rp and Rr are not available in tons per year but rather 
as a fraction of total revenue tonnage on the route (per 
question # 2 of the Railroad Questionnaire) then equation (6) 
must be used to generate gross tons per year by service 
category and direction. With RR and R^ input as ratios, the
definition, of G„ ; and^cG0i becomes- thTe ratios of gross to revenue..., c. ... _  < K
'traffic. -v,,. , ....
Assumptions of Traffic Forecast Formulation

The following assumptions were made in formulating 
equations (1) — (6) :

a) The growth in revenue tonnage by commodity and
direction on a route segment is uniform over the 12 
years of the forecast.

*If the ICC data are available in some other base year, then 
equation (3) must be escalated to that year using equation (4) 
in order to make the comparison using equation 5.
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b) National statistics on the ratios of empty to loaded 
car weight and car-miles for each commodity group 
apply in either direction and on any route segment.

Computer Program For Calculating The Traffic Split & Growth 
Rates by Type of Service

There is an optional fortran program available to assist 
the user in preparing link data files. If no trailing traffic 
densities are known by type of service, and if no composite 
growth rates are known by type of service, then this auxilliary 
program may be helpful. However, the user will still need the 
following kind of information:

For each link -

1. A figure for the gross total tons of traffic density 
for some input year of data.

2. Revenue ton percentages by 16 commodities in each 
direction.

3. Growth rates’/'by*■ iihk feor each of the 16 commodities in 
each direction.

For all links -

4. Constants for converting revenue tons into gross tons 
and year of tonnage data.

This information must be prepared in data files similar to 
the utility files of the economic model. The auxilliary 
program will then generate, for each link prepared:
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1. Eight gross total* traffic densities, by type of 
service and direction, for the year 1980, and

2. Eight annual growth rates by type of service and 
direction,

There will also be some intermediate gross ton commodity 
information between the reprinted input and final output.

The Input Files

The first file that this program needs is "ABC.DAT", 
referred to by item 4 above. There are three types of 
constants needed for converting from revenue tons to gross 
tons. The first two are commodity specific, the last is 
service category specific. They are:

The "A" Constants - Ratio of empty car weight to average
revenue weight per car by commodity.

The "B" Constants - Ratio of empty to loaded car miles by
commodity. ,

The "C" Constants - Ratio of total train weight to trailing
gross weight.

The figures used for the DOT study were as follows for the 
16 commodities listed:

*Note: As it happened, this program generated total train
weight and the model ultimately used trailing weight, 
necessitating dividing the output totals by the "C" constants.
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Commodity A B
Coal .359 .910
Chemicals .466 1.060
Grain .412 .910Iron Ore .359 .910Forest Products .359 .910
Non-Metallic Minerals .359 .910Pulp & Paper .881 .694Metals .397 .858Stone .359 .910
Cement .558 .776Grain Mill Products .881 .694
Food 1.240 .771Transportation Equipment .967 .940
Lumber 1.370 .880
Other Products .881 .694
Passenger

The locomotive weight factors were all 1.08 for each type
of service.

To convert directional revenue percentages, XF and XR, of 
traffic forward and reverse into a share of the gross traffic 
total, the program separates the commodity traffic into four 
parts:

1. Loaded forward cars travelling forward;

2. Loaded reverse cars travelling reverse;

3. Empty forward cars travelling reverse;

4. Empty reverse cars travelling forward.

The factors are combined algebraically as follows:

For 1. We have (1 + A) * XF
For 2. We have (1 + A) * XR
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For 3. We have A*B * XF
For 4. We have A*B * XR

Then the total forward is:

(1 + A) * XF + A*B * XR

and the total reverse is:

(1 + A) * XR + A*B * XF

These two values are then each multiplied by C (= 1.08) to add 
in the locomotive weight.

The A's are entered in 16 blocks of 5 columns as are the 
B's. The last digit should be in the rightmost column of each
block. The C's are entered in 4 blocks of five columns with
their digits rightmost as well. The appearance of the DOT 
values in the data file is shown by the following table:

ABC.DAT

Column number across -

1 1 2 2  3 3  4 4 5 5 6 6 7 7 8
5 0 5 0 5 0 5 0 5 0 5 0 5 0 5 0

.359 .466 .412 .359 .359 .359 .881 .397 .359 .558 .881 1.24 .967 1.37 .881 .000 

.910 1.06 .910 .910 .910 .910 .694 .858 .910 .776 .694 .771 .940 .880 .694 .000
1.08 1.08 1.08 1.08

The second file needed by the auxilliary program is the 
file containing the link information - "RRQSTN.DAT" - the 
two-letter ID code, the node numbers, the 1980 total traffic 
density, and the 16 directional revenue splits and growth rates 
for each link prepared. The total length of the file for each 
link is 17 records.
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The letters, nodes and 1980 traffic density for each link 
are entered in three blocks of the first record. The first two 
are five columns long containing the letters and numbers 
anywhere within them. However, it is suggested that they be 
coded in the way described in Section 4.2.3, the link data 
input section. Then cross referencing is faster between the 
two files. The density is then entered in a block of 
10 columns with the last digit or decimal point entered in 
column number 20. This 1980 density need only be in millions,
e.g., 23.4 for 23,400,000. If several different densities may 
be tried, a 1.00 should be entered which will yield multipliers 
at the bottom of the output instead of densities.

The last 16 records are all entered the same way - in four 
blocks of 10 columns with the last digit or decimal point in 
the tenth column of each block. Each record corresponds in 
order to each of the 16 commodities as listed. The four values 
for each record/commodity are: 1. The forward growth rate;
2. The reverse growth rate; 3 The commodity's share of forward 
traffic; and 4. The commodity's share of reverse traffic.

The revenue shares can be in tons, in percent, or any other 
way as longlas the relative ;?propQrti-pns.riaf;-weight in each 
direction acb preseryed.u ' c| ,J J! ;

The following table is a sample for a link prepared for 
this auxiliary program ("RRQSTN.DAT"):

)
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Column number across

1 1 2 2 3 3 4
5 0 5 0 5 0 5 0

83172 1.0000 
0.1 0.1 0.6 29.6
2.3 0 16.4 1.2
3.1 2.4 2.2 6.5

0 0 0 0
2.0 0 0.4 00 0 0.1 0.2

0 0 0.1 0.6
-0.1 -0.5 0.9 2.1
0.9 0 1.5 1.4

0 0.4 2.7 0.8
2.5 3.1 1.9 6.7
2.7 -0.3 2.5 1.0
3.7 2.1 1.9 0
0.3 0.7 0.6 2.7
4.1 2.6 3.3 2.3
4.1 2.6 3.3 6.0

The Output

The output for each link prepared and run is printed on a 
single sheet. There are three divisions of the output. The 
first.' is an,echoing bdck.of the link ihputs fot verification. 
The service category assigned to each commodity is printed in 
digit code from 1 to 4:

1. Bulk type of service;
2. Normal type of service;
3. Expedited type of service;
4. Passenger type of service

The values echoed back are in the same order as those read 
from the link input file, "RRQSTN.DAT". Although any order is 
allowed for the A'S, B'S, and link commodity data, they must 
agree with each other throughout the program. To alter the 
service category assigned to each commodity requires a
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programmer to change and recompile the program. The order 
currently expected in relation to this assignment is the order 
listed on Page G-5.

The second part contains gross tonnage information for each 
commodity that does not have a meaningful total, but does have 
relative weight for each commodity presented. This is useful 
for checking individual commodities.

The bottom of the page contains the two lines needed for 
the rail electrification assessment model. Each set of four 
numbers corresponds to the service categories in the order of 
bulk, normal, expedited, and passenger.. The final eight 
traffic densities have been scaled to total to the input 1980 
density listed at the top. These densities include locomotive 
weight.

The page of output appears in Figure G-l for the sample 
route segment.

Program Operation

' The user; follows several steps, to geheyate the' results; 
First, the input files, ABC.DAT arid RRQSTN.DAT, must be created 
and ready on disk.

Second, any file names "RRLINK.DAT" should be renamed to 
avoid being replaced by the output file of this program:

(.)RENAME RRLNK2.DAT=RRLINK.DAT

Third, the program "GROWTD.FOR" must exist - either copied 
off of the DOT study tape or entered line by line by a 
programmer (see program code, Table G-l, at end of this 
appendix).
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D I S T A N C E : 5 0 1  . 3 ( M I )

R E V E R S E
R E V E N U E  % 4MVJTII  % s e r v i c e

C O A L  > r  0 . 0 0 0 0 . 0 2
G R A I I I J . 7 9 0 0 . 0 2
C I I M C L II . 5  3 0 1 H .  3 2
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R E V E R S E
G R O S S  1 9 7 9 G R O S S  1 9 9 0  GROWTH %

C O A L  N f  0 . 1 3 4 0 . 0 4 6 - 0 . 2 9 9

G R A I N 1 2 . 2 2 2 1 6 . 5 5 7 2 . 7 9 8
C H M C L 2 . 0 8 7 2 . 6 6 7 2 . 2 5 3
I R O N 1 . 3 3 9 1 . 3 3 9 0 . 0 3 0
G R V L L 0 . 1 7 4 0 . 2 9 5 4 . 8 9 6
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Gl i SSCi O F  G R O S S T O N S 1 . 8 0 2 1 . 7 0 3 - 0 . 5 1 3 n o t  a p p e a r
F O O D A N D  G R O W T H

< 1 3 . 1 5 2 1 1 . 9 3 6 - 0 . 0 7 8 o n  p r i n t o u t
M L I . P D I N  G R O S S T O N S 0 . 7 8 1 0 . 8 9 0 1 . 1 0 8

P A P E P B Y  C O M M O D I T Y 1 2 . 5 4 3 1 7 . 3 1 3 2 . 9 7 3
M E T A L 7 . 4 2 1 8 . 5 2 4 1 . 2 6 9
T R A N P 2 . 9 0 0 3 . 6 8  3 1 . 9 4 5
L M P E R 8 4 . 8 4 6 6 7 . 2 7 3 - 2 . 0 8 8

M I S F R 1 0 . 2 0 0 1 3 . 6 0 1 2 . 6 5 1
O T H E R - ' k  4 , 4  0  8 5 . 9 1 7 7 . 7 1 3

i

R E V E R S E
0 . 0 0 0 0

. \
- 0 . 3 3 3 0 0 . 9 5 1 2 0 . 0 0 0 0

■ l
O U T P U T *  f R E V E R S E

0 . 0 0 0 0

‘ B U L K

0 . 4 5 1 9

N O R M A L

9 . 0 9 2 2

E X P D .

0 . 0 0 0 U

P A S S .
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Then the program must be compiled:

(.)COMP GROWTD.FOR

Fifth, the program is executed. During the execution, the 
program will ask the user (or programmer) at the terminal to 
"enter year of tonnage data". At this point, the person at the 
terminal types in the four digit year that the revenue data was 
prepared for:

(.)EX GROWTD.REL
(LINK: LOADING)
([LNKXCT GROWTD EXECUTION])

(ENTER YEAR OF TONNAGE DATA:)
1979

(STOP)

(END OF EXECUTION)
(CPU TIME: 2.44 ELAPSED TIME: 17.28)
(EXIT). •• . . r; ■' $ g ,, ^ .

Now the file "RRLINK.DAT" is ready for printing:

(.)PRINT RRLINK.DAT
(LPT01:RRLINK=/SEQ:2321/LIMIT:86, 1 FILE)

In the above system, session lines, the characters inside 
the parentheses, are printed for you. All you type are the 
characters after the right parenthesis.
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TABLE G-l. LISTING OF FORTRAN CODE FOR TRAFFIC MODEL

00010 INTEGER ID(2),L(8)
00020 REAL A(16),B(16),C(4),TRFDEN(4,2)
00030 REAL U(2,16),V(2,16),F(2,16)
00040 REAL UF(4),LF(4),UR(4),LR(4),G (4,2)
00050 OPEN(UNIT=1,FILE='ABC.DAT1)
00060 OPEN(UNIT=20,FILE='RRQSTN.DAT')
00070 OPEN(UNIT=22,FILE='RRLINK.DAT1)
00080 WRITE(5,1)
00090 1 FORMAT(IX,'ENTER YEAR OF TONNAGE DATA:')
00100 READ(5,*) IY
00110 Y=1990-IY
00120 YINV=1./Y
00130 X=Y-10.
00140 READ(1,2) A,B,C
00150 2 FORMAT(16F5.0)
00160 3 READ(20,4,END-28) ID,DENSTY
00170 4 FORMAT(2A5,G10.4)
00180 WRITE(22,5) ID,DENSTY
00190 5 FORMAT(1H1/1X'LINK: '2A5' 1980 INPUT TRAFFIC DENSITY: ’F10.3)
00200 DO 6 J=1,4
00210 TRFDEN(J,1)=0.
00220 TRFDEN(J,2)=0.
00230 UF(J)=0.
00240 LF(J)=0.
00250 UR(J)=0.
00260 6 LR(J)=0.
00270 WRITE(22,7)
00280 7 FORMAT(/IX,'FORWARD1T66'REVERSE'/6X1 REVENUE %'12X,'GROWTH %',
00290. . 1 ' SERVICE'T66,6X'REVENUE %'10X' GROWTH % SERVICE')
00300 DO 12 J=l,16
00310 READ(20,8,END=26) SF,SR,RF,RR
00320 8 FORMAT(4F10.2)
00330 C
00340 C PROGRAMMER NOTE: THE COMMODITIES ARE ASSIGNED TO SERVICE CATEGORIES
00350 C IN THE FOLLOWING LINES. CHANGES SHOULD BE MADE HERE....
00360 C
00370 KF=2
00380 IF(J.EQ.9.OR.J.EQ.13.OR.J.EQ.15) KF=3
00390 KR=KF
00400 C
00410 SF2=(SF*.01+1.) **Y
00420 SR2=(SF*.01+1.) **Y
00430 AF=C(KF)* (l.+A(J))
00440 AR=C(KR)* (l.+A(J) )
00450 BF=C(KF)*A(J)*B(J)
00460 BR=C(KR)*A( J)*B(J)
00470 U (1,J)=RF*AF+RR*BR
00480 U (2,J)=RR*AR+RF*BF
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TABLE G-l. LISTING OF FORTRAN CODE FOR TRAFFIC MODEL (CONT'D)

00490 V(1,J)=SF2*RF*AF+SR2*RR*BR
00500 V(2,J) =SR2*RR*AR+SF2*RF*BF
00510 Fl=l.
00520 IF(U(1,J).EQ.0)GOTO 9
00530 F1=V(1,J)/U(1,J)
00540 F1=F1**YINV
00550 9 F2=l.
00560 IF(U(2,J).EQ.O)GOTO 10
00570 F2=V(2,J)/U(2,J)
00580 F2=F2**YINV
00590 10 F (1,J)=F1*100.-100.
00600 F (2,J)=F2*100.-100.
00610 TRFDEN(KF,1)=TRFDEN(KFrl) + U(1,J)
00620 TRFDEN(KR,2)=TRFDEN(KR,2) + U(2,J)
00630 UF(KF)=UF(KF) + V(1,J)
00640 LF(KF)=LF(KF) + U(1,J)
00650 UR(KR)=OR(KR) + V(2#J)
00660 LR(KR)=LR(KR) + U(2,J)
00670 WRITE(22,11) RF,SF,KF,RR,SR,KR
00680 11 FORMAT(6X,F10.3,10X,F10.2,110,T66,6X,F10.3,10X,F10.2,110)
00690 12 CONTINUE
00700 WRITE(22,13) IY,IY
00710 13 FORMAT(/IX'FORWARD'T66'REVERSE'/6X'GROSS '14' GROSS 1990',
00720 1 ' GROWTH %'T66,6X,'GROSS '14' GROSS 1990 GROWTH %')
00730 DO 14 J=l,16
00740 14 WRITE(22,15)((U(K,J),V(K,J),F(K,J))K=l,2)
00750 15 FORMAT(6X,3F10.3,T66,6X,3F10.3)
00760 . DO 18 J=1,4 . •;..
00770 Gl=l. ..... , .......
00780 ' 1 , •. '* f IF (LF (J) EQ. 0) GOllb ‘ 16 ! " i!‘i; I.1 --
00790 G1=UF(J) /LF (J) i
00800 G1=G1**YINV
00810 16 G2=l.
00820 IF(LR(J).EQ.O)GOTO 17
00830 G2=UR(J)/LR(J)
00840 G2=G2**YINV
00850 17 G(J,1)=G1-1.
00860 18 G(J,2)=G2-1.
00870 WRITE(22,19) G
00880 19 FORMAT(/IX'SERVICE TYPE GROWTH RATES (%):'/IX,'FORWARD',
00890 1 T6 6 ,'REVERSE'/6X,2P4F10.4,T6 6 ,6X,2P4F10.4)
00900 WRITE(22,20)
00910 20 FORMAT(12X'BULK'4X'NORMAL EXPEDITED PASSENGER',T66,12X,
00920 1 'BULK'4X'NORMAL EXPEDITED PASSENGER')
00930 SUMTRF=0.
00940 DO 21 J=l,4
00950 DO 21 1=1,2
00960 TRFDEN(J,l)=TRFDEN(J,1)*(1.+G (J,I))**X
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TABLE G-l. LISTING OF FORTRAN CODE FOR TRAFFIC MODEL (CONT'D)

00970 21 SUMTRF=SUMTRF+TRFDEN(J, 1)
00980 IF(SUMTRF.EQ.0)GOTO 23
00990 DO 22 J=1,4
01000 DO 22 1=1,2
01010 22 TRFDEN(J , 1)=TRFDEN(J ,1)*DENSTY/SUMTRF
01020 23 WRITE(22,24) TRFDEN
01030 24 FORMAT(/IX,'1980 TRAFFIC DENSITIES BY TYPE OF SERVICE:',
01040 1 /IX'FORWARD',T66,'REVERSE'/6X,4F10.4,T66,6X,4F10.4)
01050 WRITE(22,20)
01060 IF(DENSTY,EQ.O)WRITE(22,25) SUMTRF
01070 25 FORMAT(IX,'TOTAL 1980 GROSS TRAFFIC DENSITY:'F10.3)
01080 GOTO 3
01090 26 WRITE(22,27) ID
01100 27 FORMAT(IX,'FILE ENDED EARLY FOR ',2A5)
OHIO 28 STOP
01120 END

G-15



A  M o d e l fo r  E valuating the C osts  and B en efits o f  
R a ilroad  E lectrifica tion , V o lu m e  I: M o d e l 
D escrip tion  and A p p lica tion , T ransportation  
System s Center, 1983 
13 -E lectrifica tion

Property of FRA Research & 
Development Library

G-16


