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; EXECUTIVE SUMMARY -: ::, ..:- . 
. . : .  . . . . . . . . . , : .  . 

. . ,.. . ' .  . .  

T h i s  r e p o r t '  compar.es t h e  e n e r g y , r e q u i k h d  t o  t r a n s p o r t  l i g h t  pet roleum 
p r o d u c t s  from t h e  U. S .  .Gu l f  Coas t  ' t o  E a s t .  c o a s t  ,Mid-At. lantic s t a t e s  by. p ipe-  
1 i n e  wi th  t h e  energy  r e q u i r e d . .  by c o a s t a l  t .anker and t anker -ba rge .  It d e v e l o p s  
t h e  o p e r a t i o n a l  ene rgy  i n t e n s i t i e s  and r o u t e  m i l e s  of  t h e s e  modes and d e t e r -  
mines  how much energy  e a c h  r e q u i r e s  t o  d e l i v e r  a  t o n  o f  o i l  p r o d u c t s .  T h i s  
a n a l y s i s  d e t e r m i n e s  t h a t  t h e  p ipe1ine .s  a r e  s i g n i f i c a n t l y  more energy  e f f . i c i e n t  
t h a n  t h e  mar ine  modes. It a l s o  e s t i m a t e s  t h e  a d d i t i o n a l  pe t ro leum s a v i n g s  . . 

. t h a t  p i p e l i n e  shipment c o u l d .  pe rmi t  .due t o  t h e  f a c t  t h a t  p i p e l i n e s  u s e  e lec - '  
t r i c i t y  g e n e r a t e d  p r i m a r i l y  from non-oi l  s o u r c e s .  

D e t a i l e d  segment-by-segment a n a l y s i s  was used t o  d e v e l o p  energy '  
i n t e n s i t i e s  f o r  t h e  C o l o n i a l  and P l a n t a t i o n  p i p e l i n e s ,  which a r e  t h e  p ipe-  
l i n e s  t h a t  compete w i t h  c o a s t a l  t a n k e r s . *  , T h e  r e s u l t i n g  system-wide energy  
i n t e n s i t i e s  of 280 Btu p e r  s h o r t  t o n - m i l e  f o r  t h e  C o l o n i a l  p i p e l i n e  sys tem 
and 330 Btu p e r  s h o r t  t o n - m i l e  f o r  t h e  P l a n t a t i o n  sys tem r e p r e s e n t  a  new 
d e g r e e  o f  accuracy  i n  e s t i m a t e s  o f  a c t u a l  o p e r a t i n g  p i p e l i n e  energy  i n t e n -  
s i t i e s .  Energy i n t e n s i t i e s  a long  . s p e c i f i c  p i p e l i n e  r o u t e s  i n  c o m p e t i t i o n  
w i t h  c o a s t a l  t a n k e r s  were a l s o  e s t i m a t e d ,  a s  w e l l  a s  t a n k e r  energy  i n t e n s i t i e s  
f o r  c o r r e s p o n d i n g  t a n k e r  r o u t e s .  The f i n d i n g s  were a s  f o l l o w s  : 

1. The p o r t i o n  of  th'e p i p e l i n e  sys tems competing w i t h  
' t a n k e r s  o p e r a t e s  a t  an a v e r a g e  of  270 Btu p e r  ton-  
m i l e ,  whereas t a n k e r s  o p e r a t e  a t  a  minimum o f  480 
Btu  p e r  t o n - m i l e .  

2. The t a n k e r  r o u t e s  a r e  an  a v e r a g e  o f  53% l o n g e r  t h a n  
c o r r e s p o n d i n g  p i p e l i n e  r o u t e s ,  and t h i s  compounds 
t h e  ~ i p e l i n e  energy  advan tage .  

3. A s  a  r e s u l t  o f  t h e s e  two f a c t o r s ,  t a n k e r s  r e q u i r e  
2.7 t i m e s  a s  much energy  t o  t r a n s p o r t  an  a v e r a g e  
b a r r e l  o f  o i l  p r o d u c t s  from t h e  Gulf t o  t h e  Nnrth- 
e a s t  t h a n  do  t h e  competing p i p e l i n e s .  

4.  Some t h r e e - q u a r t e r s  o f  t h e  energy  t h a t  i s  used b y '  
p i p e l i n e s  i s  p rov ided  by f u e l s  o t h e r  t h a n  o i l ,  

5. Given a  . f i x e d  supp ly  o f  o i l  p r o d u c t s  l e a v i n g  t h e  
Gulf a r e a ,  u s e  o f  p i p e l i n e s  r a t h e r  ' t h a n  t a n k e r s  
c a n ,  i n  e f f e c t ,  i n c r e a s e  t h e  amount o f  o i l  p r o d u c t s  
d e l i v e r e d  t o  t h e  N o r t h e a s t  by 1 .5%,  s i n c e  t h i s  
r e p r e s e n t s  t h e  e x t r a  o i l  t h a t  t a n k e r s  would have 
burned i n  o r d e r  t o  move t h e  c a r g o .  

6 .  Using t h e  amount o f  o i l  p r o d u c t s  t h a t  t a n k e r s  
sh ipped  from t h e  ~ u l f  ' t o  t h e  N o r t h e a s t  i n  1977,  a s  

*Coas ta l  t a n k e r  energy  i n t e n s i t i e s  were used f o r  a l l  of  t h e s e  domes t i c  ocean 
movements because  t a n k e r  b a r g e  volumes a r e  s ~ u a l l  and t h e i r  ene rgy  i n t e n s i t i e s  
a r e  s i m i l a r  t o  t a n k e r s  .. 



. . .  
a n  example ,  shipment  of  t h i s  o i l  .'usi'ng expanded pipe-  
l i n e  c a p a c i t i e s  would r e s u l t  i n  an annual  o p e r a t i o n a l  
ene rgy  s a v i n g s  e q u i v a l e n t  t o  1..5 m i l l i o n  b a r r e l s  of  
d i ~ t i l l a t e ~ o i l .  . ' .  An a d d i t . i o n a 1  0 ; 6 4  m i l l i o n  b a r r e l s  . .  

. . 
o f  . ' p i 1  would a l s b  b e  f r e e d  i n ' e x c h i n g e  f 6 r  bt ,her.  f u e l s ,  

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

. .  . 
. . fue1.s- o t h e r  , t h a n  o i l .  . ' .  

. . 
The r e p o r t '  c o n c l u d e s  t h a t  t h e  s i g n i f i c a n t .  energy-use  advan tage  o f  

l a r g e - d i a m e t e r  p i p e l i n e s  o v e r  t a n k e r s  '( i . e . . ,  2 . 7  t o  1) shou ld  b e  a  major  ' 

c o n s i d e r a t i o n -  i n  t h e  p l a n n i n g  o f  t h e s e  p roduc t  movements o r  s i m i l a r  p e t r o -  '. 

1 . e ~  movement s . 



T h i s  r e p o r t  - i s  a  compara t ive  a n a l y s i s  of  o p e r a t i o n a l  energy i n t e n s i -  
t i e s  and consumption f o r  p i p e l i n e  sh ipments  v e r s u s  c o a s t a l  t a n k e r  and t anker -  
b a r g e  movements o f  l i g h t  pet rbleum p r o d u c t s  from t h e  U.S. Gulf  Coast  t o  U.S. 
E a s t  Coast  Mid-Atlant ic  s t a t e s .  It h a s  been  p repared  f o r  t h e  O f f i c e  o f  
T r a n s p o r t a t i o n  Programs o f  t h e  U.S. Department o f  Energy (DOE) a s  p a r t  of  a  
p r o j e c t  des igned  t o  d e v e l o p  energy  c o n s e r v a t i o n  s t r a t e g i e s  i n  t h e  a r e a s  o f  
modal s h i f t s  and energy  m a t e r i a l s  t r a n s p o r t .  It a l s o  answers a n  e x p r e s s e d  
i n t e r e s t  of DOE'S O f f i c e  o f  Compet i t ion  a s  t o  whether  energy  p e n a l t i e s  a r e  
b e i n g  p a i d  i n  t h i s  r e g i o n  by t h e  shipment o f  t h i s  o i l  by t a n k e r  r a t h e r  t h a n  
p i p e l i n e .  

D e t a i l e d  e s t i m a t e s  a r e  made of  t h e ,  19'77 energy  i n t e n s i t i e s  ( E I s )  
f o r  t a n k e r s  and t h e  two major  p i p e l i n e s  s e r v i n g  t h e s e  r o u t e s ;  t h e s e  a r e  
t h e  C o l o n i a l  p i , p e l i n e  ( f rom Houston) and t h e  P l a n t a t i o n  p i p e l i n e  ( f rom . 
Baton Rouge). E s t i m a t e s  o f  p o t e n t i a l  o p e r a t i o n a l  ene rgy  s a v i n g s '  g a i n e d  
from d i v e r t i n g  t h e s e . s h i p m e n t s  from t a n k e r s  t o  p i p e l i n e s  a r e  f i g u r e d  from 
t h e s e  E I s .  p l u s  1977 t a n k e r  s h o r t - t o n  volumes f o r  t h e s e  p r o d u c t s .  Also  
e s t i m a t e d  f o r  t h e s e  d i v e r s i o n s  a r e  a d d i t i o n a l  s a v i n g s  o f  pe t ro leum a v a i l a b l e  
th rough  s h i f t s  from t h e  f u e l  o i l  use.d t o .  power t a n k e r s ,  t o  t h e  o t h e r -  e n e r g y  
s o u r c e s  used by p i p e l i n e s  ( e . g . ,  c o a l ,  wh'ich i s  burned by t h e  u t i l i t i e s  . . 
s e r v i n g  them).  , Table  1 i . n d i c a t e s  t h a t  t h e s e  t a n k e r  volumes have been l a r g e  
and s t e a d y  a s  a  whole;  however,  i n d i v i d u a l  o r i g i n .  p o r t s  have had s u b s t a n t i a l  
v a r i a t i o n s  s i n c e  t h e  1973 Arab o i l  embargo. . . . 

I n d i r e c t  energy r e q u i r e m e n t s  o f  t h e  two modes a r e  n o t  i n c l u d e d  i n  t h i s  
a n a l y s i s  b e c a u s e  t h e  methodology f o r  c a l c u l a t i n g  them i s  s t i l l  an  unreso lved  
r e s e a r c h  , a r e a  (e.g:, d i sag ' r eements  e x i s t  a s  to .how much s u p p o r t i n g - i n f r a -  
s t r u c t u r e  e n e r g y  usage  shou ld  b e  i n c l u d e d  f o r ' " a  mode). 
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Table 1. 'U.S. Gulf.koaslt 'to Northeast Coast,Tanker 
Shipments of Light Petroleum Productsa 

. . ... . . . . .  , ,  
I I 

. . 
i' 

.. . . .  . Annual Volumes.. . . . --- . . 
19 73 .1.9̂ 74 . '  1975 19%. 19 7.7, 

Gulf Coast 
Origin port ' (lo3- Short Tons) . 

-- 
Pascagoula, MS 58 90 103 . 20 111 . ' . . 

New Orleans,' LA 26 1 160 430 135 176 
J' 

 ato on Rouge, LA 2,726 . 2,616 3,859. ' 2,907 2,965 

~estrehan, ,LA 

Gramercy, LA 

Port Arthur, TX . 4,354 2,028 2,406 2,228 1,949 
, , 

Beaumont, TX 3,705 2,866 2,797 3,328 2,726 

.Lake Charles, LA 25 1 47 7 99'5 ,820 1,284 
b/ 

Fr eepor t , .TX -- 6 5 10 . 80 56 

Corpus Christi, TX . 2,513 3,163. 4,865 . 3,965 4,166 

Texas City , TX 1,154 996 2,365 1,557 1,620 

Houston, ,TX , . . 12,401 . 10,777 11,390 10,951 . - 10,356 

6 Others 7$ 3 9 22 18 2 

a~asoline, kerosene, naptha, jet fuel, distill9te fuel oil. 
I .  

b~otals may not add due to rounding. 

Source: Special computer runs provided' by the Division of Domestic Ocean 
Shipping, Office of Domestic Shipping, Maritime Administration.; U.S. 
Department of Commerce, Washington, D.C. i~arch 1979). 



2  ANALYSIS AND COMPARISONS OF PIPELINES AND TANKERS 
, i .  

In  performing any i n t e r m o d a l  compar i sons ,  i t  is  of  t h e  upmost impor- 
t a n c e  t h a t  t h e  a n a l y s i s  be c a r r i e d  o u t  a t  t h e  r o u t e  and equ ipment - spec i f i c .  
l e v e l ,  and t h a t  i t  be l i m i t e d  t o  t h e  d i r e c t l y  compdting segments o f  t h e  
a l t e r n a t i v e  t r a n s p o r t a t i o n  modes. F a i l u r e  t o  comply w i t h  t h e s e  basi 'c  
p r i n c i p l e s  w i l l  a lmos t  i n v a r i a b l y  l e a d  t o  e r r o n e o u s  and m i s l e a d i n g  r e s u l t s .  
In  t h e  c a s e  o f  t h i s  s t u d y ,  f o r  example ,  f a i l u r e  t o  e v a l u a t e  t h e  d i s t a n c e  
advan tage  t h a t  p i p e l i n e s  have o v e r  t a n k e r s  f o r  t h e  r o u t e s  c o n s i d e r e d  worlld 
have r e s u l t e d  i n  a  34% e r r o r  i n  t h e  f i n a l  r e s u l t s .  Fur the rmore ,  ene rgy  
i n t e n s i t i e s  v a r y  c o n s i d e r a b l y  a c r o s s  t h e  s u b s e c t o r s  o f  t r a n s p o r t a t i o n  modes 
and a p p l y i n g  a g g r e g a t e  modal v a l u e s  t o  a  p a r t i c u l a r  s u b s e c t o r  may l e a d  t o  
e r r o r s  o f  50% o r  more. For example ,  u s i n g  a  n a t i o n a l  a v e r a g e  E I  f o r  t h e  
h i g h l y  e f f i c i e n t  l a r g e  d i a m e t e r  p i p e l i n e s  a n a l y z e d .  h e r e  would l e a d  t o  
s u b s t a n t i a l  e r r o r s ,  

The f i r s t  f o u r  s e c t i o n s  o f  t h i s  c h a p t e r  p r e s e n t  t h e  b a s i c  d e s c r i p t i v e  
d a t a  f o r  c o a s t a l - t a n k e r  and p i p e l i n e  movements o f  l i g h t  pet roleum p r o d u c t s  
from t h e  U.S. Gulf Coast  t o  t h e  E a s t  Coast  Mid-Atlant ic  s t a t e s .  These d a t a  
a r e  t h e n  b rough t .  t o g e t h e r  i n  S e c ~ i o n  2 .5 ,  where t h e  d i r e c t  compar ison o f  t h e  
r e s p e c t i v e  energy  u s e s  and e f f i c i e n c i e s  i s  c a r r i e d  o u t .  

2.1 COASTAL TANKER VOL,UMES AND DISTANCES 

A t i m e  s e r i e s  of  shipment d a t a  i s  a v a i l a b l e  through t h e  U.  S. Marit ime 
A d m i n i s t r a t i o n ' s  D i v i s i o n  o f  Domestic Ocean Sh ipp ing .  A l l  tanker-shipment  
d a t a  p r e s e n t e d  i n  t h i s  r e p o r t  a r e  d i r e c t l y  d e r i v e d  from s p e c i a l  computer 
r u n s  r e q u e s t e d  from ' t h a t  o f f i c e  and cover  U.S. Gulf Coast  t o  Nor the rn  E a s t  
Coast  p o r t s  ( N o r f o l k  nort t iward) t a n k e r  and t anker -ba rge  sh ipments  o f  l i g h t  
pet roleum p r o d u c t s .  Table  2  p r o v i d e s  a  summary o f  t h e  o r i g i n - d e s t i n a t i o n  
m a t r i x  f o r  t h e s e  movements i n  1977. The d a t a  f o r  movements o r i g i n a t i n g  s o u t h  
o f  G a l v e s t o n ,  Texas ,  and f o r  movements t e r m i n a t i n g  n o r t h  o f  New York C i t y  a r e  
a g g r e g a t e d  and inc luded  i n  t h i s  t a b l e  f o r  i l l u s t r a t i v e  purposes  o n l y .  No 
p i p e l i n e  a l t e r n a t i v e  e x i s t s  f o r  t h e s e  movements, and t h e y  were n o t  i n c l u d e d  
i n  any a n a l y s i s .  

I n  a d d i t i o n ,  t o  r e d u c e  t h e  s i z e  o f  t h e  t a b l e s ,  t h e  volumes o f  s m a l l e r  
p o r t s  were combined w i t h  t h o s e  of nea rby  l a r g e r  p o r t s .  A l l  g e o g r a p h i c a l  
a g g r e g a t i o n s ,  t h e i r '  components,  and t h e  j u s t i f i c a t i o n  f o r  t h e i r  t r e a t m e n t  a r e  
a s  f o l l o w s :  

O r i g i n  Areas :  

Aggrega t ion  Components ~ r e a t m e n t  J u s t i f i c a t i o n  

South o f  G a l v e s t o n  F r e e p o r t ,  C o ~ p u s  No v i a b l e ,  l a r g e  d i a m e t e r  p ipe-  
C h r i s t i ,  TX l i n e  a l t e r n a t i v e  e x i s t s  f o r  

movements o r i g i n a t i n g  i n  t h e s e  
a r e a s ,  s o  t h e y  were n o t  i n c l u d e d  
i n  t a n k e r  energy consumption 

D c a l c u l  a t i o A s  . 



Table 2.  1977 Domestic Ocean Shipments of Light  Petroleum Produc t sYa  U.S. GuLf 
Coast t o   ort the astern p o r t s :  Or ig in-Des t ica t ioo  Matr ix  ( l o3  s h o r t  t ons )  

Norfolk,  Newport Washington, ~ a l t i m o r e ,  ~h i lad . . l .ph ia ,  New ~ d r k ,  . ~ o r t h ~  
VA News, VA D. C. MD PA ' NY of N Y '  T o t a l c ,  

South of ' ~ a l v e . s t o n ~  

Houston, TX 

 exa as C i ty  , T X ~  

'Beaumont, TX 

P o r t  Arthur , ' T X ~  . 

Lake Cha r l e s ,  LA 

Baton'Rouge, LA 

Gramercy, LA 

New Or leans ,   LA^ 
Pascagoula ,  MS. 

Mobile, 

Tota lC , 

aGasol ine,  j e t  f u e l ,  kerosene,  d i s t i l l a t e  f u e l  o i l  and naptha .  

b ~ e e  t e x t  f o r  explana t ion  of agg rega t ions .o f  p o r t s  and t h e i r  v o l k e s .  

CTo ta l s  were rounded. 

Source: Divis ion of  Domestic Ocean sh ipp ing ,  Of f i ce  of  Domestic S h i p ~ i n g ,  Maritime Adminis t ra t ' ion,  
U.S. Department of Commerce; s p e c i a l  computer r u n s ,  Washington, D.C. (March 1979) .  



T'exas C i t y  

P o r t  A r t h u r  

New O r l e a n s  

Texas C i t y  , 
Galves ton  ,' TX 

. . 

. 3 .' 

P o r t  A r t h u r ,  
Sabine., 'TX, 

New O r l e a n s ,  
Des t rehan ,  and 
S t .  Rose, LA 

Galves ton  h a s  n e g l i g i b l e  
t a n k e r  volumes and i s  v e r y  

" l iear  Texas. C i  t y  . . .' 

Sab i n e  h a s  n e g l i g i b l e  
volumes and i s  r e a s o n a b l y  
n e a r  P o r t .  A r t h u r  . 
.These t h r e e  p o r t s  a r e  i n  
c l o s e  p r o x i m i t y  and can  
b e  t r e a t e d  a s  one.'. 

D e s t i n a t i o n  Areas :  

P h i l a d e l p h i a  

North o f  New York C i t y  

P h i l a d e l p h i a ,  PA 
Marcus Hook, PA 
Camden, N J  
Paul sboro  , N J  
W i  lmington , DE 

Boston,  MA 
P o r t l a n d ,  ME 
New Haven, CT 
Por t smouth ,  NH 
S e a r s p o r t ,  ME 
F a l l  R i v e r ,  PlA 
Prov idence ,  R I  
B r i d g e p o r t ,  CT 
Albany,  N Y  
~ a ' l e m ,  MA 
M e l v i l l e ,  R I  

These p o r t s  a r e  a l ' l  i n  c l o s e ' ,  
p r o x i m i t y  and c a n  be  t r e a t e d  
a s  one .  

No p i p e l i n e  a l t e r n a t i v e  to 
wate rborne  movements ' e x i s t s  
n o r t h  o f  New York C i t y ;  a 

t h e r e f o r e ,  t h e y  were n o t  
i n c l u d e d  i n  t a n k e r  energy  
consumption c a l c u l a t i o n s .  

Appendix B p r e s e n t s  c m p a r a t i v e  d a t a  , f o r '  t h e s e  Gulf  . Coast  t o  N o r t h e a s t  
Coast  movements i n  1975 and 1976 w i t h  T a b l e s  B . l  and B.2, r e s p e c t i v e l y .  The " 

d a t a  i n  t h e s e  t a b l e s  i n d i c a t e  t h a t  t h e  1977 t a n k e r  movement d a t a  i n  T a b l e  2  
(used f o r  t h e  t a n k e r - p i p e l i n e  energy  consumption.  compar isons  i n  t h i s  a n a l y s i s )  
were r e p r e s e n t a t i v e  o f  r e c e n t  t r e n d s .  Tab le  B;  3  i n  Appendix B p r o v i d e s  a  

, sample  of  t h e  complete  o r i g i n - d e s t i n a t i o n  movements f o r  1976,  p r i o r  t o  
a g g r e g a t i o n .  

The r o u t e  d i s t a n c e s  between t h e  p o r t s  f o r  d e e p - d r a f t  v e s s e l s  a r e  g i v e n  
in .  T a b l e  3 .  When combined w i t h  t h e  t o n s  sh ipped  t h e s e  y i e l d  t h e  t o n - m i l e  
f lows ( s e e  T a b l e s  2  and 4 ,  , . r e s p e c t i . v e l y ) .  ~ i v i d i n g  t h e  t o t a l  t o n m i l e s  from, 

' 

Table  4 by t h e  c o r r e s p o n d i n g  t o n s - s h i p p e d  from Table  2% y i e l d s  a  weighted 
. . . . .  

*Table 4 t o t a l  volume ' o f  28,,500,000 s h o r t  t o n s  minus n o r t h - b f - ~ e w  York and 
s o u t h - o f l ~ a l v e s t o n  volumes o f '  l.l,694.,000. and 4,,22:.2,000 s h o r t  t o i s ,  r e s p e c -  
t i v e l y ,  p l u s  t h e  1 ,343 ,000  s k o r t  t o n s  common t o  o f  t h e s e  a g g r e g a t i o n s ,  
e q u a l s .  13 ,927,000 s h o r t  tons.. This :  t o t a l ,  d i v i d e d  i n t o  t h e  29,388.  b i l l i o n  
ton-mi'les, r e s u l t s  i n .  t h e  2,110 mile-weighted i ~ e , i a g ~ .  -1 

. ,$. . ,  " 

' .. " 



Table 3. Deep-Draft Vess,?l Distances:  U.S. Gulf Coast 
t o  Northeastern Por t sa  ( g r e a t - c i r c l e - m i l e s l  

- - 

Nor fo  1 k  , ~ e w ~ o ; t  Washington, Ba 1 t imore , P h i l a d e l p h i a ,  New York 
.VA News, VA D. C.  M D  P A~ NY 

Houston, TX . 1978 . . 1975 
. . 

Texas C i t y ,  T X ~  1930 ' 1927 2084 2075 2135 216i 

Beaumont, TX 1951 1948. 2106 2097 ' . 2156 : 2182 

Por t  Ar thur ,  T X ~ .  1921 ' 1918 2076 2067 21 26. ' . ,2152 . . 

L a k e C h a r l e s ,  LA . 1938 1935 2093 ' 2 084 2143 ., , . . . 2169 ..,, 

,1869 2019 201 0  2074 
. .. 

, Bat on ~ o u ~ e ,  LA a 1866 . 2100 

New O'rleans,  . ..  LA^ . 1741 17 38 1893 18 84 1942 , 1968 

1659 . 1656 ' 1 8'1 2  , 1803 1860 1886 . '  
m 

pascigou1 a,; MS 

a ~ o r t , s ' ' . s o u t h  of Galvest.oti and no r th  ' o f  .New Ycrk a r e  no t  d i r e c t l y  compet i t ive  with p i p e l i n e s  and ' a r e  
. excluded h e r e .  ~ o b i l e ,  AL, had no tanker  va l&es  i n  the' a n a l y s i s  year (1977) ,, so i t s  mi leages  a r e  

a l s o  excliided . 
* .  . , .  .. 

b ~ k e ' .  t e x t  . for  explana t ion  of aggrega t ions  of p o r t s .  
. . 

.- Source: -U. S. Departmer-t of Commerce, 
. Edition (19781, .Washington, D. c'. 

. . 

National  Ocean -Survey, D i s t ances  Between. Y.S .  P o r t s ,  S ix th  



"ble 4 .  1977 Domestic Ocean Ton-Miles Shipped f o r  L i g h t  Petroleum P.roductsYa 
U.S. Gulf Coast  t o  N o r t h e a s t e r n  P o r t s :  Origin-Designat ion Mat r ix  
( l o 6  s h o r t  t o n - m i l e s )  

Nor fo lk ,  Newport . Washington, Ba l t imore ,  P h i l a d e l p h i a ,  New York 
VA News, VA D.C .  MD PAC N Y .  ~ o t a l ~  

Houston, TX 1,260 . - 54 2,640 3 ,515 6 ,746 14,215 

Texas C i t y  , TXC - 488 33 3 9 - 1 ,258  1 ,818  

Be'aumont , TX - 114 44 . - 0 865 1 ,547 2,570 

P o r t  A r t h u r ,  TXC . . . 306 - - 132 589 1 ,219 2,246 

Lake C h a r l e s ,  LA - - - 4 2 26 7 7 74 1 ,083  . .  

Bk t o n  Ro.uge , LA 939 - 

New O r l e a n s  , LAC 46 - - - 247 2,804 3,097 CJ 

Pascagoula , '  MS . - - 17 - - 132 149 

Mobile,  AL - - - - - - - ... . 

~ o t a l b l  2,664 531 103 3 ,224 6,025 16,841 29,  388d 

aGaso l ine ,  j e t  f u e l ,  ke rosene  d i s t i l l a t e  f u e l  o i l  and n a p t h a .  

b ~ o t a l s  may n o t  add up due t o  rounding.  

CSee t e x t  f o r  e x p l a n a t i o n  of a g g r e g a t i o n s  of p o r t s .  

d ~ o t e  t h a t  t h e  p o r t s  s o u t h  of Ga lves ton  and n o r t h  of New York a r e  e l i m i n a t e d  from t h i s  d a t a  because  
t h e y  d o  n o t  compete d i r e c t l y  wi th  p i p e l i n e s .  I n c l u d i n g  them i n  t h i s  t a b l e  would have added 9.957 b i l l i o n  
and 28.276 b i l l i c n  t o n - m i l e s  (3 ,402  t o n - m i l e s  a r e  common t o  b o t h )  t o  t h i s  t o t a l ;  r a i s i n g  i t  t o  64.213 , 

b i l l i o n  t o n m i l e s .  

Source:  S p e c i a l  mmpute r  r u n s  provided by D i v i s i o n  of Domestic Ocean Sh ipp ing ,  O f f i c e  of Domestic 
Sh ipp ing ,  Ma-ritime A d m i n i s t r a t i o n ,  U.S. Department of Commerce, Washington, D .C .  (March 1979) .  



mean-shipment d i s t a n c e  of 2,110 mi l e s .  Note t h a t  ' t h i s  d i s t ance '  involves a. 
. cons ide rab le  c i r c u i t y ,  because.  the '  t.ankers must c i . rc le  the F lo r ida  peninsula  
b e f o r e  heading northward.  his aspec t  .has a  major i n i luence  on the  outcome 
of t h e  energy use comparison i n  sec t ion :  2 .5 .  

2 .2 .PIPELINE VOLUMES AND DISTANCES 

The o r i g i n - d e s t i n a t i o n  p i p e l i n e  d i s t a n c e s  f o r  t he  r o u t e s .  under study. 
' 

a r e  g iven  i n  Table 5. In a d d i t i o n  t o  t h e  t runk- l ine  segments of t he  Colonial  
and p i a n t  a t  i o n  P i p e l i n e s  which a r e  out1  i n e d  i n  .,Appendix A ,* s e v e r a l  shof'ter., 
smaller-diameter  l i n e s  not  owned by thege companies' were included t o  complete 
needed l i n k s  i n  t h e  system. These l i n e s '  a r e :  

Origin-Des t i n a t  i on  Distance (mi) . . p ipe l ine  Diameter ( i n )  

Texas C i t y  t o '  Houston, TX 3 9 698 

New Or leans ,  LA, t o  Covington, MS 118' 16 

Gramercy, LA t o  Batan Rouge, LA 50 16 . 

The f low~volumes  of p i . p l i r ~ e s  a r e  not  gene ra l ly  a v a i l a b l e  because sucb 
, ' d a t a  a r e  normally considered c o n f i d e n t i a l  by t h e  ope ra t ing  .companies. ' How-, 

e v e r ,  g iven  the ava i l . ab i l i ' t y  of  t h e  tanker  o r ig in -des t ina t  ion d a t a  by which 
t h e  r e s p e c t i v e  modal energy i n t e n s i t i e s  and d i s t a n c e s  may be weighted and 
normalized t o  a common b a s i s ,  such flow information a r e  not of primary in- . 
t e r e s t  t o  t h i s  s tudy .  Therefore ,  no. at,tempts were made t o  e s t ima te  t h e  
i,nd i v i d u a l  or ig in-des  t i n a t  ion  flows f o r  t he  Colonia l  and Plan t  a t  ion pipe1 ines  . 

I 

2 . 3 .  COASTAL TANKER' OPERATIONAL ENERGY INTENSITIES 

This  s e c t i o n  develops  ope ra t iona l  energy in t - ens i ty  (El) escima<es f o r  
20,000 t o  80,000 dead-weight t on  (DwT) c l a s s  c o a s t a l  tankers.** This  s i z e  
c l a s s  of t anke r s  was s e l e c t e d  f o r  study on t h e  b a s i s  of communications with 
o f f i c i a l s . a t  t h e  major Nor theas te rn  p o r t s  ( i . e . ,   orf folk and northward).  They 
r evea l ed  t'hat t h i s  c l a s s  handles  a  v a s t  ma jo r i t y  of  t h e  movkments, with. 40,000 
DWT being  a  good average tatiker s i z e .  ( ~ e ' i s .  2-61. 

Unfor tuna te ly ,  i t  i s  no't: pos s ib l e  t o  develop energy- ' in tens i ty  va lues  
based on a c t u a l  o p e r a t i o n a l a d a t a  a t  t h e  systems l e v e l  because the  necessary  
d a t a  a r e  e i t h e r  no t  a v a i l a b l e  o r  a r e  not c o l l e c t e d . .  Furthermore, a  review 
of  t h e  l i t e r a t u r e  revea led  a l aak  o f  r e l i a b l e  tanker  e n e r g y ' i n t e n s i t y  e s t i -  
mates  based on modeling o r  o t h e r  techniques .  . However, two . r ecen t  s t u d i e s  of 
marine energy use  were found t o  be use fu l  i n  formulat ing a  reasonable b a s i s  
f o r  deve lop ing  v i a b l e  energy:  . . i n t e n s i t y  e s t ima te s  f o r '  t h i s  r e p o r t .  (Refs .  7 , . -. 
and 8)  

*Appendix A develops  energy i n t e n s i t i e ~  f o r  t h e s e  p i p e l i n e s .  Sec t ion  2.4 
 summarize,^ t he  methodology used i n  t h e  Appendix:. :. . ..: . . 

. 

**No s e p a r a t e  energy i n t  ens i t y  ,'es t ima t'es were devkloped: f o r  t.anker-barge 
movements because t h e s e  only account f o r  a  small  '8har.e of the' , l i g h t  
petroleum product ton-mi l e s  cairried ( 3 %  i n  1,976)', '::an'ci" it,; was iassumed 
t h a t  they  o p e r a t e  a t  t h e  same E l  va lues  "as t anke r s .  



- Table 5. P ipe l ine  ~ i s t a n c e s :  U . S . .  Gulf Coast t o  
.Northeastern Por t sa  (mi l e s )  

Norfolk, . Newport washington ,b Baltimore , Phi l ade lph ia ,  New YorkC 
V A News., VA D.C .  MD PAC ' NY 

Houston, TX . . 1342 1304 1369 1432 i531d. . . 

Texas Ci ty  , TXC 1381 1343 1408 1471 1570 

Beaumont, TX 1264 1226 1291 ' 1354 1.4 5 3 . . .  . 

Port  Arthur ,  TXC ' -  12 72 1234 12 99 1362 1461 

Lake Charles ,  LA 1213 1175 1 , 1240 1303 1402 

1081 1043 , & 1 1 0 8  1171 . 1.27.0 Baton.Rouge, LA 

Gramercy, LA 1131 1093 1158 1221 1320 . 

New Orleans ,  LAC 10 74 1035 1100 1163 . . 1262 

Pascagoula,  MS 1066 .. 1028 - 1093 1156 1255 a '  
- 

NA = Not app l i cab le .  

a ~ o c a t i d n s  south of Galveston do not  have l a r g e - d i q e t e r  p i p e l i n e s  and - those  no r th  of New York do not  have 
p i p e l i n e s .  Both a r e  excluded h e r e . '  Mobile, AL, i s  excluded because i t  had no d i r e c t l y  competi t ive . .  

tanker  movements i n  t h e  a n a l y s i s  yea r .  

b ~ a l u e s  above and below s l a s h  p e r t a i n  t o  t he  Colonial  and P l a n t a t i o n  l i n e s  r e s p e c t i v e l y .  

CSee Sec t ion  2.1 f o r  explana t ion  of aggregat ions of l o c a t i o n s .  

d ~ s  an examp'le of  comparative p i p e l i n e  versus  tanke.; d i s t a n c e s ,  no te  t h a t  thk p i p e l i n e  d i s t a n c e  t,o 'New 
York i s  1531 m i l s s ,  whereas t h e  g r e a t  c i r c l e  tanker  d i s t a n c e  i s  2210 i n  Table 5. 

., . 
Source: Ref. 1 0  and'American ,Petroleum I n s t i t u t e ,  Products Pipeline Map of the  United S ta tes  and Southern . 

Canada, hrashington, D . C .   an'. 1975).  



In 1977, Me t r i c s .  I n c . ,  conducted a  mari t ime sh ipping  indus t ry  survey 
f o r  t h e  U.  S. Maritime Adminis t ra t ion ' .  The d a t a  rece ived  from one, of t h e  "48 
responding  f i rms  was s u f f i c i e n t l y  d e t a i l e d  t o  a l . 1 0 ~  c a l S u l a t i o n '  of. t h e  energy 
i n t e n s i t y  .of i t s . c o a s t a 1  t anke r  movements i n  t h e  20,000 t o  8 0 , 0 0 0 ' ~ ~ ~  c a t e -  
go ry .  Table 6  summari'zes' how . t he  EIS'  of 587 and 638 Btulroute-ton-mile were 
c a l c u l a t e d  f ? r  tha , t  f i r m  f o r  .I972 .and 1975, r e s p e c t i v e l y .  

The second sou rce ,  a  s tudy performed by Booz, Allen and Hamilton, 
e s t i m a t e s  an average  energy i n t e n s i t y  o f  355 Btulroute-ton-mile based on a  
r a t h e r  s imple  model and on i d e a l i z e d  o p e r a t i n g  cond i t i ons .  This  e s t i m a t e  can 
be  shown t o  be t o o  low and a  methodology can be devised f o r  r e v i s i n g  i t  t o  a  
more r e a l i s t i c  l e v e l  ( s e e  Refs .  8  and 11 ) .  

Given t h a t  t h e  model a l s o  provides  energy use and i n t e n s i t y  e s t ima te s  
f o r  a l l  o t h e r  s e c t o r s  of t h e  marine mode by f u e l  t ype ,  one would expect  t h a t  
i f  t h e  model r e s u l t s  were a c c u r a t e  t he  t o t a l  energy use e s t i m a t e s  by f u e l  
type  would match t h e  known consumption l e v e l s  f o r  those  f u e l  t ypes ;  however, 
t h i s  i s  no t  t he  c a s e .  Prom References 9 and 10 ,  t h e  a c t u a l  t o t a l  use pf 
r e s i d u a l  f u e l  o i l s  i n  1974 was 0.187 x 1015 Btu, while  t h e  model e s t ima te  
was 0.124 x 1015 Btu (See  Table  7 f o r  a  d e r i v a t i o n  of t h i s  v a l u e ) .  The 
mode l ' s  underes t imate  of  t h e  consumption of  r e s i d u a l  f u e l  may be due t o  t h e  L' 

u s e  of p r e l imina ry  t o n - m i l e  d a t a .  However, use of updated ton -mi l e  d a t a  from 
t h e  Army Corps o f  Engineers  (COE) with t h e  model 's  energy i n t e n s i t y  v a l u e s  
on ly  r a i s e s  t h e  t o t a l  o i l  energy use va lue  f o r  r e s i d u a l  f u e l  t o  0.138 x 1015 - 
Btu, even i f  one assumes t h a t  a l l  t h e  a d d i t i o n a l  ton-mi les  were c a r r i e d  by 
v e s s e l s  powered s t r i c t l y  by r e s i d u a l  f u e l  o i l .  ( ~ e f .  11)  

Consider ing t h a t  more than .74% o f  domestic r e s i d u a l  f u e l  o i l  use i s  
i n  t h e  c o a s t a l  s e c t o r ,  t h a t  approximately 77% o f  coas twise  t on -mi l e s  were 
c a r r i e d  by t a n k e r s ,  and t h a t  v i r t u a l l y  a l l  c o a s t a l  . tankers are powered' by 
r e s i d u a l  f u e l  o i l ,  i t  i s  safe t o  conclude t h a t  a  major cause  of t h e  model I s  

unde re s t ima t ion  of r e s i d u a l  f u e l  u se  must be due t o  i t s  underes t imate  of t h e  
energy i n t e n s i t y  o f  t h e  c o a s t a l  t a n k e r s .  Assuming t h a t  t h e  e r r o r  i s  d i s -  
t r i b u t e d  evenly a c r o s s  a l l  residual-fue' l-powered v e s s e l s  se rv ing  i n  t h e  Great 
Lakes and Coas ta l  f l e e t s ,  one may r e c a l c u l a t e  t he  o r i g i n a l  e s t ima te  t o  y i e l d  
480 Btulroute- ton-mile .  

Table 6 .  Average Energy I n t e n s i t i e s  of  
Coas ta l  Tankers f o r  One U.S. Firm 

Yea 

To ta l  Shor t  To ta l  Energy Average Energy 
Ton-Miles Consumed I n t e n s i t y  

r ' ( l o 9 )  (1012 Btu)  (B tu l sho r t  t o n m i l e )  

Source: Ref. 7  



, . . . 
' , = 480 B t u l r o u t e - t o n - m i l e  Cor rec ted  minimum energy 

u s e  o f  c o a s t a l  t a n k e r s .  

While t h e  a d j u s t e d  energy i n t e n s i t y  v a l u e  f o r  c o a s t a l  t a n k e r s  o f  480 
Btu l rou te - ton-mi le  w i l l  be  used th roughout  t h e  remainder  o f  t h i s  r e p o r t ,  i t  
shou ld  be  no ted  t h a t ,  i n  a l l  l i k e l i h o o d ,  t h e  v a l u e  r e p r e s e n t s  a  lower-bound 
r a t h e r  t h a n  an a b s o l u t e  v a l u e  because  of  t h e  f o l l o w i n g  a 'ssumptions i n  i t s  
d e r i v a t i o n :  

1. A l l  t h e  a d d i t i o n a l  ton-miles  r e p o r t e d  i n  t h e  r e v i s e d  
f i g u r e s  from t h e  Army Corps o f  Eng ineers  were c a r r i e d  

. by res idua l - fue l -o i l -powered  v e s s e l s .  

2 .  The 0 .187 x 1015 Btu u s e  v a l u e  f o r  r e s i d u a l - f u e l  o i l  ' 

from Refe rences  1 0  and 11 i s  t o t a l Z y  a c c u r a t e .  These 
s o u r c e s  a r e  c o n s i d e r e d ,  even by Ref.  8 ,  t o  u n d e r r e p o r t  
ene rgy  use: 

I. 2 

' * .,.. , '. 
8 :- 

2.4 PIPELINE OPERATIONAL ENERGY INTENSITIES 
t . .  . 

The 1977 o p e r a t i o n a l  * e n e r g y  i n t e n s i t i e s '  f o r  p i p e l i n e s  a r e  developed i n  L' .~ 
2 .i 

Appendix A f o r  t h e  s p e c i f i c  C o l o n i a l  and P l a n t a t i o n  r o u t e s  u s i n g  t h e  fo l low-  
i n g  me thodology : 

,.i., .i . 

-1 .  The p i p e l i n e  r o u t e s  were d i s a g g r e g a t e d  i n t o  homogeneous 
segments based upon t h e  l o g i c a l  b reak  p o i n t s  i n d i c a t e d  
by system c h a r a c t e r i s t i c s .  

2 .  The f r a c t i o n  o f  a  g i v e n  company's t o t a l  ene rgy  b i l l  
c.onsumed i n  each segment was de te rmined  by means o f  
e n g i n e e r i n g  c a l c u l a t i o n s  based on p i p e  d i a m e t e r s  and 
on t h e  1974 volume o f  f l o w  i n  t h a t  segment . t  

3 .  Sin'ce b o t h  companies were e l e c t r i c ,  e l e c t r i c  r a t e  
s c h e d u l e s  t h a t . a p p l i e d  a long  t h e  p i p e l i n e  r o u t e s  i n  
mid-1977 and each  company's t o t a l  1977 f u e l . , c o s t  were 
used t o  f i n d  t h e  company-wide energy c o n s u m p t i o n . f i g u r e .  
T h i s ,  when a l l o t t e d  a p p r o p r i a t e l y  t o  e a c h  segment ,  
r e s u l t s  i n  power r a t e s  t h a t  g e n e r a t e  t h e  company's 
t o t a l  power b i l l .  

*See Ref .  8 ,  ene rgy  i n t e n s i t y  e s t i m a t e .  

**See Refs  .. 1 0  and 11, minimum energy u s e .  

*:k*See Ref .  8 ,  ene rgy  u s e .  

t I t  shou ld  b e , n o t e d  t h a t  1974 segment f lows were used because  t h e y  were 
t h e  most r e c e n t  d a t a  p u b l i c l y  avai.l .able. A r e c e n t  C o l o n i a l  p i p e l i n e  
p u b l i c a t i o n  i n d i c a t e s  t h a t  i t s  f lows d i d  n o t  r a d i c a l l y  change between 
1974 and 1977. (Appendix A ,  Ref.  1 0 )  



" - .  
4 .  Re la t ive  energy i n t e n s i t i e s  . f o r  each p i p e l i n e  segment 

,were c a l c u l a t e d  fro$ the.  . r e l a f i v e  consumption f i g u r e s  
de r ived  i n  s t e p  2. , These i n t e n s i t i e s  were used t o  
d e r i v e  the  energy . i n t e n s i t y  ,of s e l e c t e d  r o u t e s  r e l a t i v e  ,!I 

t o  t h e  energy i n t e n s i t y  o f  t he  system a s  a whole. 

5. The r e l a t i v e  energy i n t e n s i t y ,  o f  each r o u t e  ca l cu la t ed  
in  s t e p  4 , ' a n d  a company's t o t a l  energy consumption, 

. . d e f i n e s  the  average 'amounts of energy r equ i r ed .  t o  
t r a n s p o r t  a  b a r r e l  o r  . ton  of o i l  p roducts .over  each 
mi l e  of t h a t  r o a t e  and the .  o v e r a l l  system. ' , 

The r e s u l t i n g  systemwide EIs  a r e ' 2 8 3  and 326 ~ t u j r o u t e - t o n - m i l e  f o r  the  
Colonia l  and P l a n t a t i o n .  p i p e l i n e s ,  r e s p e c t i v e l y .    or t he  p ipe l ine  segments 
of bo th  companies t h a t  a r e  i n  d i r e c t  competi t ion with t a n k e r s ,  the  weighted E I  
i s  270 B tu l sho r t  ton-mile ( s e e  Tables A.4, A.5, and A.6).* 

2.5 ENERGY USE COMPARISONS . . 

The ihformat ion  developed i n  t h e  preceding s e c t i o n s  and i n  Appendix A 
*, 

a l lows  a  d i r e c t -  comparison of t h e  ene rg i e s  used by p i p e l i n e s  and c o a s t a l  , 

t a n k e r s  over  t he  competing r o u t e s .  Because of t h e  supe,r ior  q u a l i t y  of t h e  
tanker.origin-destination d a t a ,  a l l  comparisons w i l l  be made on t h a t  b a s i s .  
I n  o t h e r  words, . t h e  a c t u a l  energy used by c o a s t a l  t ankers  w i l l  be compared 
t o  t h e  energy which would have been used by p i p e l i n e s  i f  they had moved the  
ca rgoes  c a r r i e d  by t h e  t anke r s .  

In  g e n e r a l ,  d . i f f e r ences  i n  energy use ,  while providing equal  s e r v i c e s ,  
w i l l  a r i s e  between competing modes.when:. one mode i s  more e f f i c i e n t  than  t h e  
o t h e r  on an energy use per  route-ton-mile b a s i s ;  and/or  t h e  d i s t a n c e s  from 
t h e  or . igin t o  t h e  des t ina t ion .  a r e  not t h e  s h e .  . h . t h e  i n t e r e s t  of c l a r i t y ,  
t h e  e f f e c t s  of t h e s e  two f a c t o r s . w i l 1  be c a l c u l a t e d  s e p a r a t e l y  before  t he  
f i n a l  comparisons, a r e  made. . . 

The t anke r  energy i n t e n s i t y  of  480 Btulroute-ton-mile may 'be 
assumed t o  remain cons t an t  over  a l l  r ou te s  because of t he  small  v a r i a t i o n s  
i n  ope ra t ing  cond i t i ons  over t hese  r o u t e s .    ow ever, a s  d e t a i l e d  i n  Appendix 
A ,  v a r i a t i o n s  do e x i s t  w i t h i n  the  p i p e l i n e  system and a  ton-mi le  weighted 
energy i n t e n s i t y  must be c a l c u l a t e d .  

C .. 
*These t a b l e s  i n d i c a t e  t h a t  f o r  most rou tps  on which p i p e l i n e s  compete 

d i r e c t l y  with t a n k e r s ,  p i p e l i n e  energy i n t e n s i t y  ranges from 257 t o  
276 Btul ton-mile .  The systemwide va lues  a r e  higher  because they inc lude  
small8r-diameter ,  l e s s - e f f i c i e n t ,  spur - l ine  movements which a r e  not i n  
compet i t ion  with c o a s t a l  t anke r s .  



where:  . . 
~. . . - ' i ,  , 

EIp = weighted mean energy  i n t e n s i t y  o i  p i p e l i n e  movements 
.: i n  Btu..per.route-ton-mile,-. 

E I i  = '  p i p e l i n e  energy i n t e n s i t y  o v e r  r o u t e  i (f rom Appendix A) ,  
. . '  
I..' .. 

TMi = -.ton-mi l.es moved ove'r r o u t e -  i by  t a n k e r s  ( from  able 4)  . 
I ' 

U t i l i z i n g  t h i s  p rocedure  y i e l d s  a  mean o f  270 Btu  p e r  rou te - ton-mi le ,  imply- 
' 

ing  t h a t  even i f  a l l  o t h e r  f a c t o r s  were Gqual ,  t a n k e r s  would u s e  1 .78  t i m e s  
t h e  energy t h a t  p i p e l i n e s  would i n  p rov id ing  i d e n t i c ' a l  s e r v i c e s  o v e r  t h e  
Gulf  Coast  t o  Nor theas t  r o u t e s .  

. In  o r d e r '  t o  c a l c u l a t e  t h e  e f f e c t s  o f  t h e  d i f f e r e n t  d i s t a n c e s  by p ipe -  
l i n e s  and t a n k e r s ,  t h e  shipment  weighted m e a n . d i s t a n c e s  must  f i r s t  be  
c a l c u l a t e d  from e q u a t i o n  2.  

n  . . 
. r 

- 
D = weighted mean d i s t a n c e  f o r  t h e  mode b e i n g  e v a l u a t e d ,  

D i  = d i s t a n c e  o f  r o u t e  i f o r  t h e  mode b e i n g  e v a l u a t e d  ( s e e  
T a b l e s  3 and 6 ) ,  

TMi = ton-miles  moved over  r o u t e  i by t a n k e r s  ( s e e  T a b l e  4 ) .  
I 

The r e s u l t a n t  v a l u e s  of 2 ,115  and 1 ,390  m i l e s  i n  Tab le  7 f o r  tnnlccrs and pipe-  
l i n e s ,  r e s p e c t i v e l y ,  show t h a t  t a n k e r s  wocld be  expec ted  t o  use  1 . 5  t i m e s  t h e  
energy  o f  p i p e l i n e s  w h i l e  p r o v i d i n g  i d e n t i c a l  s e r v i c e s  p u r e l y  on t h e  b a s i s  of  
t h e  a d d i t i o n a l  c i r c u i t i e s  i n v o l v e d .  

Combining t h e  d i s t a n c e  and energy i n t e n s i t y .  e f f e c t s  y i e l d s  t h e  f i n a l  
. l i n e  o f  T a b l e  7 .  The v a l u e s  f o r  t h e  energy used per- ton-shipped,  show t h a t  

a  p o t e n t i a l  energy s a v i n g s  p o t e n t i a l  of  0 .64  x  l o 6  .Btu o r  63.1% o f  t h e  c u r r e n t  
' energy  use  e x i s t s  f o r  e v e r y  t o n  d i v e r t e d  from c o a s t a l  t a n k e r s  t o  p i p e l i n e s  

o v e r  t h e  U.S. Gulf Coast  t o  E a s t  Coast  Mid-Atlant ic  s t a t e s  r o u t e s .  The f i n a l  
r a t i o  i n d i c a t e s  t h a t  on the ,se  r o u t e s ,  p i p e l i n e s  have an o v e r a l l  energy-use  
advan tage  o f  2.7 t o  1. 

The r o u t e - s p e c i f i c  r a t i o s  o f  t a n k e r  d i s t a n c e  o v e r  p i p e l i n e  d i s t a n c e  
and t o t a l  tanker-energy u s e  . o v e r  t o t a l  p ipe l ine -energy  use  per- ton-shipped a r e  
.g iven i n  T a b l e s  8  and 9 ,  r e s p e c t i v e l y .  



Table 7. cornpar ison of Tanker and Pipe1 ine Operat ional, 
parameters, U.S. Gulf Coast to.Northeastern Ports 

: . 5 

A 

. . , . Ratio 
Parameter .Tanker Pipel ine (tankerlpipeline) 

. . 

Mean EI (~tulroute-ton/mile) ' 480 270 1.8 , 

Mean shipment distance (miles) ' 2115 1390 1.5 

y used per ton shipped 1.01 ' 0.37 ,. 2.7 

. 



Table 8. P i p e l i n e ' . ~ i s t a n c e s .   advantage,^ Versus Coastal  Tankers - 
U.S. Gulf Coast t o  Nor theas te rn  P o r t s  

Nor f o l k ,  Newport WashingtonYa Bal t imore,  Ph i l ade lph ia ,  New York 
VA News, VA . D. C .  MD  PA^ . NY 

. . 

Texas -C i ty  , . T X ~  ' 4 0  

Beaumont, TX . 5 4  

Por t  Ar thur ,  T X ~  
. . . .. 

. . Lake Cha r l e s ,  LA 

Baton ~ o u g e ,  LA'  7  3 

Gramercy.,.LA . 6 0  

Pas c agoul a., MS. .5 6 

NA' = ~ o t  app l i cab l e .  . . 
aValues ab6ve and below s l a s h  p e r t a i n  t o  t h e  Colonia l  and P l a n t a t i o n  l i n e s  r e s p e c t i v e l y .  

b ~ e e  ' s e t t i o n  2.3.1 f o r  explana t ion  of aggrega t ions  of l o c a t i o n s .  

' c ~ ~ o c a t ~ i ' b n s  south of Galveston and n o r t h  of New York Ci ty  a r e  no t  d i r e c t l y  compet i t ive  between p ipe l ines '  
.and tankers  and a r e  excluded h e r e .  Mobile, AL, had no a n a l y s i s  year  t.anker volumes and 'is a l s o  excluded.  

Source: Ref. 20 and American Petroleum I n s t i t u t e ,  Products Pipeline Map of the,United States and Southern 
Ca.mda, Washington, D . C .  ( J an .  1975) .  



  able 9 .  Energy Use R a t i o s a ,  ' frEm U.S. Gulf c o a s t  t o  N o r t h e a s t e r n  p o r t s b  
( t a n k e r  energy u s e l p i p e l i n e  e n e r g y , u s e  - p e r  uni: o u t p u t )  

Nwrfolk, Newport .Washington, Balt imore. ,  . . P h i l a d e l p h i a ,  New York, 
V A News, VA . E. C..C , MD PA NY . T o t a l  

. . 

Houston,  TX 

Texas C i t y ,  TX 

Ee a m o n t  , TX 

P o r t  A r t h u r ,  TX . 

T C h a r l e s ,  LA 

Baton Rouge, LA 

G k b e r c y ,  LA - 

New O r l e a n s ,  LA 

Pascagou la ,  MS- 

A l l  c o m p e t i t i v e  r o u t e s  
, . 2 .  7. 

. . 
c?1t; i s  assumed. t h a t  t h e  on ly  r o u t e s  o v e r  which t h e  p l a n t a t i o n '  l i n e  mmpetes  d i r e c t l y  w i t h  c o a s t a l  t a n k e r s  

a r e .  t h o s e  t e r m i n a t i n g  i n  Washington,  D. C. Even over .  t h e s e  r o u t e s ,  t h e  volume c a r r i e d  by t h e  p l a n t a t i o n  
l i n e .  i s  smal ' l ,  a m o u n t k ~ g  t o  = 20. x l o 6  b a r r e l s '  p e r  y e a r .  

b ~ o c a t  i o n s  s o u t h  of  G a l - ~ e s t o n  and n o r t h  o f  New ~ o r k  C i t y  a r e  n o t  d i r e c t l y  compet i t . ive  and a r e  excluded.  
Mobi le ,  . .. , .AL, had no a n a l y s i s  yea r  t a n k e r  .volumes and i s  a l s o  exc luded .  

CValues  above .and below t h e  s l .ash  p e r t a i n  t o  t h s  C o l o n i a l  and P l a n t a t i o n  l i . nes  r e s p e c t i v e l y  . 
NA = Not a p p l i c a b l e .  . . 



3  FINDINGS AND RECOMMENDATIONS 

The' f i n d i n g s ' o f  t h i s  r e p o r t  can  b e  summarized a s  f o l l o w s :  

1. Large-diameter  p i p e l i n e s  a r e  c o n s i d e r a b l y  more energy  e f f i c i e n t  
t h a n  t a n k e r s .  C o a s t a l  t a n k e r s  t r a v e l i n g  t h e  r o u t e s  between t h e  
U.S.  Gulf  Coast  and t h e  E a s t  Coast  Mid-Atlant ic  s t a t e s  a c h i e v e  
a t  b e s t  480 B t u / t o n - m i l e , .  w h i l e  competing p i p e l i n e  r o u t e s  
a c h i e v e  270 B t u / t o n - m i l e .  

2 .  The Gulf  t o  Mid-Atlant ic  s t a t e s  t a n k e r  r o u t e s . a r e ,  on  t h e  
a v e r a g e ,  53% more c i r c u i t o u s  t h a n  p i p e l i n e  r o u t e s  t o  t h e  saine 
d e s t i n a t i o n ,  t h u s  compounding t h e  p i p e l i n e  energy  advan tage .  
T h i s  d i s t a n c e  advan tage  o v e r  t a n k e r  r o u t e s  i s  l i k e l y  t o  b e  t r u e  
o f  p i p e l i n e s  i n  o t h e r  s e t t i n g s  a s  w e l l .  

3. The combined e ' f f e c t  o f  t h e  above f a c t o r s  i s  t h a t  o i l  p roduc t  
t r a n s p o r t a t i o n  from t h e  Gulf Coast  t o  t h e  Mid-Atlant ic  s t a t e s  
r e q u i r e s  2.7 t imes  more energy by t a n k e r  than  by p i p e l i n e .  Sim- 
i l a r  a d v a n t a g e s  can  b e  expec ted  of  l a r g e - d i a m e t e r  p i p e l i n e s  i n  
o t h e r  s e t t i n g s  . 

4 .  Not o n l y  d o e s  p i p e l i n e  t r a n s p o r t  a long  t h e s e  r o u t e s  s a v e  energy  
o v e r  m a r i n e  t r a n s p o r t ,  b u t  i t  a l l o w s  much of  t h e  energy t h a t  i s  
used t o  b e  s u p p l i e d  by f u e l s  o t h e r  t h a n  s c a r c e  o i l .  Tankers  
burn  o i l ,  whereas  approx imate ly  75% o f  t h e  e l e c t r i c i t y  consumed 
by t h e  C o l o n i a l  and' P l a n t a t i o n  p i p e l i n e s  i s  d e r i v e d  from s o u r c e s  
o t h e r  t h a n  o i l  ( s e e  Appendix C ) .  

The s i g n i f i c a n c e  o f  t h e s e  r e s u l t s  i s  e v i d e n t  when one  c o n s i d e r s  t h e  
f r a c t i o n  o f  t h e  ene=gy v a l u e  of  a  b a r r e l  o f  o i l  p r o d u c t s  t h a t  i s  consumed 
i n  i t s  s h i p n e n t  from t h e  Gulf c o a s t  t o  t h e  Mid-Atlant ic  s t a t e s .  The a v e r a g e  
t o n  o f  o i l  pumped by t h e  C o l o n i a l  sys tem (by f a r  t h e  p r i n c i p a l  s u p p l i e r )  h a s .  
a n  energy c o n t e n t  o f  41 .6  m i l l i o n  Btu.* One m i l l i o n  of  t h e s e  Btu ,  o r  2 . 4 % ,  
would be consumed i n  t a n k e r  t r a n s p o r t a t i o n  t o  t h e  Mid-Atlant ic  s t h t e s ,  whereas  
0 . 3 7 , m i l l i o n ,  o r  0 . 9 % ,  would be consumed by p i p e l i n e .  T h e r e f o r e ;  shipment  by 
p i p e l i n e  r a t h e r  t h a n  t a n k e r  wo1.1l.d i n c r e a s e  t h e  supp ly  o f  pet roleum p r o d u c t s  
a v a i l a b l e  a t  t h e  d e s t i n a t i o n  by 1 .5% ( t h e  d i f f e r e n c e  between 2.4% and 0 . 9 % ) .  
Fur the rmore ,  s i n c e  t h r e e - q u a r t e r s  o f  t h e  p i p e l i n e  energy  i s  n o t  s u p p l i e d  by 
o i l ,  p i p e l i n e  shipment would f r e e  a n o t h e r  0 .7% ( t h r e e - q u a r t e r s  o f  0 .9%)  o f  t h e  
o i l  f o r  energy needs  which f u e l s  o t h e r  t h a n  o i l  canno t  mee t .  

Cur ren t  t a n k e r  movements on t h e s e  r o u t e s  p rov ide  a  b a s i s  f o r  c o n v e r t i n g  
t h e s e  p e r c e n t a g e  s a v i n g s  t o  b a r r e l s .  For example,  suppose  t h a t  t h e  14 m i l l i o n  
short tons  sh ipped  t,oS t h e  Mid-Atlant ic  s t a t e s  by t a n k e r  i n  1977 had been 
s h i p p e d  by p i p e l i n e  i n s t e a d .  Such a d i v e r s i o n  would have r e q u i r e d  approx;.- 
ma te ly  a  34% i n c r e a s e  i n  ' a v a i l a b l e  p i p e l i n e  c a p a c i t y  because  C o l o n i a l  i s  

. . 

- h i s  assumes energy  c o n t e n t s  o f  12.5,000 B t u l g a l .  f o r  g a s o l i n e ,  135,000 B t u / g a l  
f o r  ke rosene  ( j e t  f u e l ) ,  and 138,700 ~ t u / g a l  f o r  d i s t i l l a t e  o i l .  It a l s o  
assumes 7.66 b b l l t o n ,  a f i g u r e  based on t h e  a v e r a g e  C o l o n i a l  p roduc t  d e n s i t y  
o f  4 6 . 5  l b / f t 3  and t h e  C o l o n i a l  p roduc t  mix c a l c u l a t e d  i n  Appendix A. 



r e p o r t e d l y  o p e r a t i n g  a t  c a p a c i t y  (Ref .  10 ,  Appendix A),and de l ive red  roughly 
41 m i l l i o n '  t ons  t o  t h e  Mid-Atlantic s t a t e s  i n  1977.* , I f  i t  i s  observed t h a t  
t h e  energy. saved per  t on  d i v e r t e d  i s  t 6 e  d i f f e r e n c e  between 1 . O 1  m i l l i o n  and . 

0.37  m i l l i o n  Btu, o r  0 .64 m i l l i o n  -B tu , -  t he  f u e l  savings can be c a l c u l a t e d  a s  
fo l l ows :  

< 

0.64 m i l l i o n  Btu / ton  energy sav ings  pe r  ton  d i v e r t e d  

x 1 4 ' m i l l i o n  t ons  o i l  d i v e r t e d  t o  p i p e l i n e  

8.96 t r i l l i o n  Btu . t o t a l  ene rgy  saved 

5.80 m i l l i o n  ~ t u / b b l  approximate energy con ten t  of 
d i s t i l l a t e  oi l** 

/ 1 . 5  m i l l i o n  bb l  b a r r e l s .  of f u e l  saved i n  one year  

A p a r a l l e l  c a l c u l a t ' i o n  shows t h a t  i n  moving 14 m i l l i o n  t ons  o f  o i l ,  t h e  
p i p e l i n e s  would u se .  energy equ iva l en t  t o  0.87 m i l l i o n  bbl  of d i s t i l l a t e  o i l .  
S ince  t h r ee -qua r t e r s  of  t h i s  energy i s  n o t  suppl ied  by o i l ,  t h e  s h i f t  t o  
p i p e l i n e  would annua l ly  f r e e  an a d d i t i o n a l  0.64 m i l l i o n  bb l  o f  . o i l  ( t h r e e -  
q u a r t e r s  of  0.87 m i l l i o n )  i n  exchange f o r  o t h e r  f u e l s .  

Two cavea t s  a r e  i n  o r d e r .  One i s  t h a t  t he  above f i g u r e s  account only 
f o r  o p e r a t i o n a l  energy use and they omit any ene=gy t h a t  may .be consumed i n  
t h e ,  c o n s t r u c t i o n  o f '  p i p e l i n e s  o r  o i l  t anke r s .  Although such i n d i r e c t  energy 
r equ i r emen t s  a r e  d i f f i c u l t  t o  e s t i m a t e ,  they  should 'not  be ignored when a  

- 

c h o i c e  of mode invo lves  p o s s i b l e  c o n s t r u c t i o n .  . Secondly, i f  p i p e l i n e  move- 
ments from t h e  Gulf t o  t h e  ~ o r t h e a s t  were t o  i nc rease  beyond t h e i r  ,p resen t  
l e v e l ,  t h e  foregoing  c a l c u l a t i o n s  would remain accu ra t e  on ly  i f  t h e  p i p e l i n e s  
were t o  con t inue  t o  o p e r a t e  a t  t h e  e f f i c i e n c y  a t  which they now o p e r a t e .  In . . 

g e n e r a l ,  t h e  e f f i c i e n c y  o f  a  p i p e l i s e  i s  degraded when i t s  flow i s  increased  
wi thout  a corresponding i n c r e a s e  i n  t h e  number o r  diameter  o f  p ipes .  However, 
Colonia l  ( t h e  p r i n c i p a l  s u p p l i e r )  i s  a l r eady  o p e r a t i n g  a t  c a p a c i t y  (Ref .  10; 
Appendix A), and any. s i g A i f i c a n t  i n c r e a s e  i n  ,flow woyld r e q u i r e  t h e  lay ing .  of 
new m a i n l i n e  p ipes .  It ' i s  v e r y  l i k e l y  t h a t  t he se  p ipes  would be of .comp.arable 
d i a m e t e r ,  s i n c e  t h e  new ma in l ine  p ipes  Colonia l  i s  now i n s t a l l i n g  a r e  of  t h e .  
same, e n e r g y - e f f i c i e n t ,  l a r g e  d iameters  a s  t h e  o ld  ones ( i r e . ,  36'1, 40", 42", 
r e p o r t e d  i n  Ref. 1 0 ,  Appendix A). Also, t h e  f a c t  t h a t  C o l o n i a l ' s  p o w e r . b i l l  
r o s e  from $17 m i l l i o n  t o  $63 m i l 1 i o n . h  a  few s h o r t  yea r s  provides  ample 
i n c e n t i v e .  t o  avoid t h e  energy pena l ty  of small-diameter main1 ine  p ipes .  
(Ref .  9 ,  Appendix A) 

q h e s e  a r e  a c t u a l l y  e s t ima ted  19.74 d e l i v e r i e s  ( ~ e f .  4 ,  ~ ~ ~ e n d i x  A ) ,  bu't a s  . 

ind ic ,a ted  i n  S e c t i o n  2 .1 ,  1977 volumes a r e  s i m i l a r .  The e s t i m a t e  assumes. 
about  7.7 b b l / t o n  ' fo r  each of  C o l o n i a l ' s  220 m i l l i o n  bb l  d e l i v e r e d  to .  . . . 

Linden,  N. J . ,  from p o i n t s  sou th  o f  Phi ladelphi-a ,  p lus  95 m i l l i o n  bb l  of 
f i n a l  d e l i v e r i e s  . to Nor.folk;Baltimore, and Washington, D . C .  It i s  a l s o  
assumed h e r e  t h a t  because . o i l  i s  turned i n t o  t h e  Colonia l  l i n e  i n  t h e  

. P h i l a d e l p h i a  a r e a ,  t h e  amount of o i l  reaching Linden from. south  of 
. P h i l a d e l p h i a  is t h e  amount t h a t  e n t e r s  Ph i l ade lph ia  from t h e  south .  

**Based on 138,700 B t u / g a l ,  42 g a l / b b l  and a  d e n s i t y  o f  55.3 l b / f t 3  ( s e e  
Table  A .  3 ) .  



1: i s  recommended ' t h a 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  ene rgy  use  advan tage  
o f  l a r g e - d i a m e t e r  p i p e l i n e s  be g i v e n  s t r o n g  c o n s i d e r a t i o n  i n  p l a n n i n g  f o r  
the .  t r a n s p o r t a t i o n  o f  o i l  p r o d u c t s  from t h e .  Gulf Coast  t o -  t h e  Mid-Atlant ic  
s t a t e s  and a long  s i m i l a r  routes ' .  . ,.\ 

. . 
. . 





REFERENCES 

1. - Divis ion  of Domestic Ocean Shipping ,  Of f i ce  of ~ o m e s t i c  Shipping,  
Maritime Adminis t ra t ion ,  U.S. Department of Commerce, s p e c i a l  computer 
runs ,  Washington, D.  C .  (M~,:ch 1979). 

2 .  Crosby , Robert,  Watch O f f i c e r ,  V i r g i n i a  P i l o t s  Assoc ia t ion ,  personal  . 

. communication (March 1979).  
. . .  

3 .  Quick, Captain George, Assoc ia t ion  of ~ a r ~ l a n d  P i l o t s ,  personal  . 
communication (Apr i l  1979).  

4 .  ~ a f f i ~ a n ,  John, Manager, Marketing service 's ,  Delaware River  Po r t  
Au tho r i t y ,  personal  communication (March. 1979) .  

5. G u s t i n , ' ~ r u c e ,  Tanker Coordinator. ,  Eas t  Coast Branch, Bayway (NJ) 

=. . Ref inery ,  Exxon Corpora t ion ,  personal  communication (March 1979) .  

6. B r a g o t t i ,  Frank, Maritime Research A s s i s t a n t ,  Maritime Div is ion ,  
Massachuset ts  Po r t s  Au tho r i t y ,  personal  communication (March 1979).  

7. Evaluation of Maritime Industry, Energy Conswnption ProJ'iles , Metric s , 
I n c . ,  prepared f o r  Maritime Adminis t ra t ion ,  U.S. Department of Commerce, 
Washington, D . C . ,  p. 59 (December 19771.- 

8. Energy Use i n  the  Marine Transportation Industry, Volume 11, Industry 
Summary, Booz, Allen and Hamilton, I n c . ,  Washington, D.C .  (September 
1977).  

9. Mineral Industry Surveys,, ~ r i h a l  Fuel O i l  Sa l e s ,  Bureau of  Mines, U.  S. 
De'partment of I n t e r i o r ,  Washington, D . C .  (September 1976).  

. . 

10. Annual Bunker ~ t i e l s ,  1974,  Bureau o f  t h e  c e n s ~ i s ,  U .  S .  Department of 
. 

Commerce, Washington, D . C .  (1975).  

11. Wat~rborrw Comrwrce of the Unified S ta tes  - ,1974, Corps of Engineers ,  
U.S. Department of t h e  Army, New Or leans ,  LA (1975).  



THIS PAGE 
I WAS INTENTIONALLY 
I 

LEFT BLANK 



A .  1 OVERVIEW 
. . .  

This  Appendix d e s c r i b e s  t h e  met&odology used t o  e s t ima te  t h e  opera- 
t i o n a l  energy r equ i r ed  t o  t r a n s p o r t  a  b a r r e l  of l i g h t  petroleum products  v i a  
p i p e l i n e  from Houston and Baton Rouge t o  Hampton Roads, Bal t imore,  Ph i l ade l -  
ph i a ,  and ~ e w  York. The Co lon ia l ,  ~ l k n t a t i o n ,  and ~ i x i e  p i p e l i n e s  connect 
t h e s e  a r e a s ,  b u t  s i n c e  t h e  smal le r  Dixie p i p e l i n e  t e rmina t e s  a t  ~ ~ e c ' ,  N C ,  on ly  
t he  f i r s t  two w i l l , b e  cons idered .  The energy e f f i c i e n c i e s  of t h e s e  two 
p i p e l i n e  systems are. invest . igated s e p a r a t e l y .  

The energy (Er) r equ i r ed  t o  move a  b a r r e l  of petroleum products  along a  
c e r t a i n  rou t e  ( r )  i s  t h e  product of t he  energy i n t e n s i t y  ( I r )  [energy consumed 
per ba r r e l -mi l e ] . a long  t h a t  r o u t e  and the  r o u t e ' s  l eng th  (d,): 

The energy i n t e n s i t y  (1,) is taken t o  be t he  i n t e n s i t y  ( I , )  o f  t h a t  company's 
whole system m u l t i p l i e d  'by some c o r r e c t i o n  f a c t o r  (Kr) : 

This  i s  necessary  because d i f f e r e n t  segments of a  p i p e l i n e  system, e s p e c i a l l y  
. branch l i ne s , .  a r e  more energy- in tens ive  than o t h e r s .  The system i n t e n s i t y  (1,) ' 

i s  t h e , s y s t e m ' s  t o t a l  energy use (E,) i n  a  g iven  year d iv ided  by t h e  number of 
ba r r e l -mi l e s  (bm) t r a n s p o r t e d  ( a v a i l a b l e  from Form P,  Ref. 13: 

.- E s  
Is '= - bms ' 

The b a s i c  method f o r  e s t ima t ing  t h e  ' t o t a l  energy consumption (Es) i s  
t o  d i v i d e  one company's t o t a l  e l e c t r i c  b i l l  f o r  a  c e r t a i n  year  (1977) by t h e  
p r i c e  of . k l e c t r i c i t y  i n  t h a t  y e a r .  Only e l e c t r i c i t y  need be cons idered  
because both ~ l a n t a t i , o n  and Colonial  s t a t e  t h a t  t h e i r  prime movers a r e  a l l  
e l e c t r i c .  (Ref.  2 ,  : 3 ) ,  The e l e c t r i c '  r a t e s  vary  along t h e  p i p e l i n e  r o u t e ,  
however, and more impor t an t ly ,  . the  r a t e s  depend on consumption. 

. .. . . .. . . . 

. . E l e c t r i c .  ra.te_s were.  c a lku l a t ed  .by f i r s t  e s t ima t ing  t h e  f r a c t i o n  of each 
company's t o t a l .  energy'. cbnsumed a t  each pumping s t a t i o n .  The t o t a l  energy 

*This Appendix i s  followed by i . tq  own r e f e r e n c e  l i s t .  
- .  



consumption was a l l o t t e d  ' t o  each pumping.'.~:~ht'ion and the,power r a t e s  f o r  each 
s t a t i o n  c a l c u l a t e d  t o  match t h e  companies' 1977 power c o s t s  ( a v a i l a b l e  from 
Form P ,  Ref. 1 ) .  Th i s  enabled ca'l.c"lbti.6n .ofi ' s p e c i f i c  or ig . in  to  d e s t i n a t i o n  
and system-wide p i p e l i n e  energy i n t e n s i t i , e s .  

A.2 CALCULATION OF PIPELINE ROUTE SEGMENT AND PUMPING STATION 
ENERGY CONSUMPTIONS 

To d i s t r i b u t e  energy consumption among pumping s t a t i o n s ,  t he  p i p e l i n e  
was d iv ided  i n t o  s e v e r a l  homogeneous segments ( i . e . ,  t h e  number of p ipes  
running  p a r a l l e l  and t h e  s i z e  of each does not  vary  wi th in  a  segment). The 
Co lon ia l  segments used a r e  shown i n  Table A . l ,  and the  P l a n t a t i o n  segments i n  
Table  A.2. The f r a c t i o n  of energy used along each segment was then computed 
and div ided  e.:nly among t h e  pumping s t a t i o n s  on t h e  segment. 

~ n g ' i n e e r i n ~  formulas were used t o  ~ o m ' ~ u t e  t h e  r e  l a  t i v e  energy consump- 
t i o n  of each segment. Segments cons is ted  of a  c e r t a i n  number of pipes running 
p a r a l l e l ,  pos s ib ly  of d l t t e r e n t  gfzes. For eacll ul: t h e s e  pipco,  t h e  f r i c t i o n  
head ( H )  i n  f e e t  i s  g iven  by t h e  Darcy-Weisbach formula, 

where : 

L = l eng th  i n  f e e t ,  

d = i n s i d e  diame'ter i n  fee t ,  

v = average flow v e l o c i t y  i n  f t / s e c ,  

g  = 32.2 f t / s e c 2 ,  and 

f  = f r i c t i o n  f a c t o r .  

The f r i c t i o n  head can. be i n t e r p r e t e i  a s  t h e  number of foot-pounds of work 
. r e q u i r e d  pe r  pound o f - o i l  pumped i n  o rde r  to  overcome f r i c t i o n  i n  tile p i p e .  

/ 
The head  depend,^ on t h e  v e l o c i t y  o f  flow and hence the  d i s t r i b u t i o n  

o f  t h e  flow among the  p a r a l l e l  pipes,. Unfor tuna te ly ,  t h i s  information was 
not  a v a i l a b l e ;  t h e  p i p e l i n e  companies ' cons ider  : i t  p r o p r i e t a r y .  The b e s t  d a t a  
on t h i s  p o i n t . a r e  t hose  ind ica t ed  on, a  map. of 1974 o i l  pruducl: p ipe l ine  , 

f lows developed i n  a  r e p o r t  by the  .Congressional Research Serv ice  (Ref .  4). . 
The in'formation furn ished  by t h e . p i p e l i n e  companies f o r  t h i s  map. was, by 
p r i o r  agreement, des t rdyed .  once the_map.was made. The. map al lows one t d  i n f e r  
. the magnitude of flows only from t h e  width of colored bands and from a  s c a l e  
p r i n t e d  i n  t he  legend.  P a r a l l e l  :flows a r e  lumped toge ther .  i n t o  one band, 
s o  t h a t  Colonia l  and P l a n t a t  ion  £'lows: care. not-  d i f f e r e n t i a t e d ,  nor  a r e  t h e  
f lows . . i n  p a r a l l e l  p i p e l i n e s  w i th in  e i t h e r  system. . 

These d a t a  c o n s t r a i n t s  r e su l t ed : ,  , i n  . . ,  a  .., dec i s ion  t o .  a l l o c a t e  t he  t o t d l  
f low c a r r i e d  by p a r a l l e l  p i p e s '  i n  s'uch a way as"to t au i e '  t he  same £ r i b t i o n  
head i n  each pipe of a  g iven  segment. This in t roduces  some e r r o r .  However, 



Table.  A.  1. C h a r a c t e r i s t i c s  of  Colonial  P ipe l ine  Segments 
. . 

. . 

Ap pr ox. Re la t i ve  . 
1'9 7 4 Approx . Rela t ive  I n t e n s i t y  

Approx . vo 1 umeb' shard of , Energy Weighted by ' 

Pipes Lengtha ( m i l l i o n  1974. 1 n t e n s i t Y b   en^ thb  
Segment I n  1974a (mi) b b l l y r )  Energy . ' x  10-l2 x 10-12 

Houston t o  BeaumontC . 3 6" 87 253 .0253 1.15 100 

Beaumont t o  Baton RougeC 
' 1 )  

36" 174 353 .I280 2.08 3 63 

Baton. .Rbuge t.o co 11 i n s C  2-36" 124 476 . . o 540 .92 . . 113 

Helena ' to  Br-emenc 2-36" 106 44 1 .0411 .88 . . 93  

~ re rnen  to -  A t l an t aC  2-36" 3 1 432 .0157 1.17 3 6 

~ t 1 a n t a " t o  Chattanooga 12", 10" 99 54 .0328 6.14 607 
N 

10" 11 7 .0139 5.94 -695 
VI 

Chat't anooga t o  Nashvi l le  20 . 

Chattanooga t o  Knoxvil le  10" 111 20 .0122 5.50 610 

A t l a n t a  t o  Macon 8 87 15 . .0139 10.7 927 

Ma.con" t o  ~l bany 8" 105 .  10  . -0054 5:14 . 540 

SO:  ' ~ l b a n y  t.0 Bainbridge 8" .39 5 .0003 1.54 60 . 

A t l a n t a  t o  Bel tonc 3 6" 135 31 9 .0738 1 .71  231 

~ e l t ' o n  t o  Augusta . 8" 8 7 5 ,0006' '1 .38 1 2'0 

. Belton t o S p a r t a n b u r g C  

Spartanburg t o  c h a r l o t  t e C  

C h a r l o t t e  t o  GreensboroC 

Greensboro t o  Apex 

Apex t o  F a y e t t e v i l l e  

Apex t o  Selma 



Approx . R e l a t i v e  
1974 Approx. R e l a t i v e  I n t e n s i t y .  

Appr ox. V? 1 umeb Share  o f  Energy Weighted by 
P i p e s  Lengtha (mi 11 i o n  1974 intensityb ' l e n g t h b  ' 

Segment , .  . I n  197fia (mi 1 , b b l / y r )  Energy x I,0-l2 . x. 10-l.~ 

Gr-eensboro t o  M i  t c h e l l C  

~i t ' che l l  t o  Roanoke 

16" 5 1 45 2.75.  ' .  140 .  M i t c h e l l  t o  ,R . i ckond  .0063 . 

Dor'hey t o  wash-ington 

~or ' se j ;  ' t o  ~ a l - t  imore 

. - 
B e l a i r '  t o  phil. 'adelphiac 30" . . 5 5 210 . .0224 1 . 9 4  107 

. . 

3 0'' 99 . 260 ' .C749 2.. 91 ., 288 . P h i l a d e , l p h i a  t o  Linden2 
. . I .  . , .  , 

a ~ e e -  Ref .  '5. 
. . . . 

! 'calculated, s e e  . t e x t .  . 
- .  

=Hain l i n e  
, . 



Table A.2. C h a r a c t e r i s t i c s  of P l a n t a t i o n  P ipe l ine  Segments 

Appr ox. . R e l a t i v e  . . 
1974 Appr ox. Re 1 a t  i v e  I n t e n s i t y  

. . Appr ox . vo 1 umeb Share of Energy Weighted by. 
Pipes  Leng t ha ( m i l l i o n  1974 ~ n t e n s i t  yb I,engthb 

Segment In  1974a. (mi b b l l y r )  Energy. x 10-l2 x 10-12 ,.. . 

Baton Rouge t o  Co l l i n sC  2'- 18" ,1 2a1 126 8 1 .0540 5.28 665 . 

Pascagoula t o  C o l l i n s  2-12" 11 1 3 0 .0227 6.82 7 5'7 

Co l l i n s  t o  HelenaC 

Helena tn  Montgomery 

Helena t o  Bremen 

8" 90 11 .0290 Bremen to  Chattanooga 29.2 . . . 2620 

Chattanooga t o  Knoxville 8" 102 10 ,0286 26.7 2720 
f N 

8" 84 10 .0203 24.2 2030 
4 

Bremen t o  Columbus 

Bremen t o  Macon 8 " 105 5 .0036 6.86 720 

Bremen t o  A t  l a n t a C  26" ,14", 10" 2 7 12 0 .0157 4.85 131 

A t l a n t a  t o  BeltonC 26" ,14" ,LO"  138 167 ,1877 8.16 1130 

Bel ton t o  SpartanburgC 26" ,14",10" 48 16 5 .0653 8.25 396 

Spartanburg t o  Cha r lo t t eC  26",14",1011 6 3 160 .0762 7.57 4 7 7 

Cha r lo t t e  t o  GreensboroC 14" , lo" 87 4 1 ,0398 11.2 9 71 

Greensboro t o  Roanoke 8" 9 3 10 .0225 24.2 2250 

Greensboro t o  RichmondC 14" 159 3 3 .0652 12.4 1980 

Richmond t o  WashingtonC 12" 9 6 20 .0182 9.7 929 

Washington . to  Dulles  6" 2 4 5 .Q032 26.7 640 

aSee Ref. 5 

b ~ a l c u l a t e d ,  s e e  t e x t .  

CMain l i n e  



t h i s  e r r o r  is  not  s i g n i f i c a n t  and does  n o t  undermine a n a l y s i s  r e s u l t s  because  
o f  t h e  f o l l o w i n g  f a c t o r s :  . 

. . . , . . 
1. Some o f  t h e s e  $ i p e s  a r e  1 0 o ' ~ e d . ' ( i . e . ,  connec ted  .at t h e -  

' 

e n d s ) ,  and looped  pip;ks di1.l i n  f a c t  have t h e "  s h e  head ,  
s o  long  a s  t h e y  a r e  about  , t h e  same l e n g t h .  

2 . .  Although..one company's p i p e s  a r e  of  c o u r s e  n o t  looped 
w i t h  a n o t h e r ' s ,  t h e  e r r o r  r e s u l t i n g  from a d i f f e r e n c e  
o f  head between t h e  two.companies i s  minimized by t h e  

. s e p a r a t e  t r e a t m e n t  o f  each  company. A l l  t h a t  i s  needed 
i s  t h a t  t h e  f l o w  a s s i g n e d .  t o  t'he segments w i t h i n  one 
p i p e l i n e  company b e  'such a s  t o  c a u s e  t h e  c o r r e c t  f r ac - .  
t i o n  ( i . e .  , r e l a t i v e  amount) o f .  t h a t  company's ene rgy  , 

. . 
consumption t o  b e  a l l o c a t e d  t o  each  segment. Conse- 
q u e n t l y ,  even  i f  the f r i c t i o n  head i n  one company i s  

: c o n s i s t e n t l y  o v e r e s t i m a t e d , , ~ ~  t h a t  ehe f low i s  over-  
e s t i m a t e d ,  t h e  r a t i o  of  f lows  among t h e  segments i n  

- t h a t  p i p e l i n e  x a y  s t i l l  r e s u l t  i n  approx imate ly  t h e  
r . n r r e c t  a l l o c a t i o n  of e n e r g y .  

. - 
3.  There i s  an economic. i n c e n t i v e  t o  equa l i ze .  head w i t h i n  

a  company, b e c a u s e  t o  do s o  i s  t o  choose t h e  most  energy-  
e f f i c i e n t  a l l o c a t i o n  of f l o w ,  a s  w i l l  be  demons t ra ted  
below. ( See p a g e s "  30 and 31.  ) b 

4. An e r r o r  i n  t h e  a l l o c a t i o n  o f  f low,  w i t h  a r e s u l t i n g  e r r o r  
i n  t h e  a l l o c a t i o n  o f  energy t o  d i f f e r e n t  segments o f  a 
p i p e l i n e ,  d o e s  no t  c a u s e  a p r o p o r t i o n a l  e r r o i  in t h e  c a l -  
c u l a t e d  energy  rnnsumpt ion.  It o n l y ' c h a n g e s  t h e  we igh t s  
g i v e n  t o  , e l e c t r i c  r a t e s  a long  t h e  p i p e l i n e  r o u t e  when 
t h e s e  r a t e s  a r e  used t o  c a l c u l a t e  a company's t o t a l  power 
b i l l .  The r e s u l t i n g  e r r o r  w i l l  Ll~en be r e l a t i v e l y  m a 1  1 , 
depending on t h e  d e g r e e  of  v a f i a t i v u  i n  e l e c t r i c  r a t e s .  

I n  o r d e r ,  t o  e q u a l i z e  f r i c t i o n  head m a t h e m a t i c a l l y ,  i t  is  n e c e s s a r y  
t o  f i n d  an e x p r e s s i o n  f o r  t h e  f r i c t i o n  f a c t o r  f ,  which depends - o n  t h e  Reynolds 
number R and on t h e  r e l a t i v e  roughness  o f  t h e  p,ipe.   he f r i c t i o n  f a c t o r  can 
b e  r e a d  from t a b l e s  ( e . g . ,  Ref .  11, p. 20-21). P i p e l i n i n g  c a l c u l a t i o n s  
u s u a i l y  assume a  smooth p i p e ,  one w i t h  r e l a t i v e  roughness  on th.e o r d e r  o f  

. An i n t e r p o l a t i o n  fo rmula  t h a t  .approximates .  f  f a i r l y  c l o s e l y ,  a t  t h i s  
. r e l a t i v e  roughness ,  i s  

. . 

f = a ~ ~ ,  ( 2 )  

where  a  = . I 7 3  and . t  = -. 196.  

The fo rmula  i s  good when . the  'Reynolds number , R  s t a y s  w i t h i n  t h e  r a n g e  ex- 
h i b i t e d  by t h e  p i p e s  c o n s i d e r e d ' h e r e ;  t i m e l y ,  ip t h e  r a n g e  between lo5  and 
5  x  lo6 .  Using R d e f i n e d  a s  :. 

I . .  _ 
. . 

0' . , .,. . ., . .. . . ,  -. . . .;.. 



where 'u = kinemat ic  v i s c o s i t y  o f , . o i l  i n  f t 2 / s . e ~ ' ,  and s u b s t i t u t i n g  Eq. 2. 
I : . . .  , I , , 

, .. . i n t o  E q .  1 ;  

The v e l o c i t y  v  can be w r i t t e n  

where V = volume r a t e  of f low i n  f t 3 / s & c .  S u b s t i t u t i o n  of  ( 4 )  i n t o  ( 3 )  y i e l d s  

. -I . 

o r  s i m p l i f y i n g  : 

where 

S ince  we a r e  i r i t e r e s  t e d  o n l y  i n  r e l a t i v e  energy consumption,  t h e  quant  i c y  
i n  t h e  b r a c k e t s  can b e ' s e t  t o  1 .. 

The power usage  P i n  f t - l b / s e c  i s  o b t a i n e d  by m u l t i p l y i n g  H by t h e  
number o f  pounds o f  o i l  pumped p e r  second,  

where p i s  t h e  mass d e n s i t y  i n  s l u g s / f t 3 .  I f  n  p a r a l l e l  p i p e s  have f lows 
V 1 ,  ..., Vn and if A 1 ,  ..., A n  a r e  t h e  c o r r e s p o n d i n g  c o n s t a n t s ,  then  t o  
e q u a l i z e  head i s  t o  r e q u i r e '  .. . 

. . 
where V i  = t o t a l  flow,. ,' (7) . 

i=l 



The t o t a l  . f l o w  i's . f rom t h e  Congress ion.a l~.Researkh Servic ,e  . .map.. . .. i n  Ref.  4 ,  
a s  e x p l a i n e d  e a r l i e r .  The. p i p e  d i a m e t e r s  a r e  from, t h e  l a r g e  map o f  t h e  U.S. , 

p r o d u c t s  p i p e l i n e  ne twork  p u b l i s h e d  by t h e  Arner ican 'Pet roleum I n s t i t u t e  ( 5 ) .  
(Ic s h o u l d  b e  noted t h a t  some o f  t h e  p a r a l l e l  p i p e s  be long  t o  -companies , 

o t h e r  t h a n  Col.onia1 and P l a n t a t i o n ,  e s p e c i a l l y  i n  t h e  deep  South .  ) . S i n c e  
t h e  d i a m e t e r s  p r o v i d e d .  a r e  nominal  d i a m e t e r s ,  i n s i d e  d i ' amete r s  ' a r e  c a l c u -  
1 a t e d . u s i n g  t h e  f o l l o w i n g  t y p i c a l  p i p e  w a l l  t h i c k n e s s e s :  

nominal  
d i a m e t e r  
( . , inches) 

w a l l  
t h i c k n e s s  . 

( i n c h e s )  

S o l u t i o n  o f  t h e . e q u a t i o n s  i n  Eq. 7 y i e l d s  th,e f lows  shown i n  T a b l e s  A . 1 .  
and A .  2  i n  m i l l i o n s  of  b a r r e l s  p e r .  y e a r .  I f  P i  i s  P  a s  c a l s u l a t e d  i n  Eq. 6  
f o r  p i p e l i r i e  segmeilt ( i ) ,  L ~ I ~ L L  t he  a h a r c  o f  energy used hy segnient i i s  
s i m p l y  

. . 
L j  l e n g t h  of  segment j i n  m i l e s .  

m - L L , U I I I ~ ~ ~  o f  scgmcnts .  

The r e s u l t s  a r e  s h o h  i n  column. 4 o f  T a b l e s  A . l  and A.2. 

It c a n  be  shown t h a t  t h e  most e n e r g y - e f f i c i e n t  a l l o c a t i o n  o f  f low 
among p a r a l l e l  p i p e s  i s  w i t h  e q u a l i z e d  h e a d s .  The most e f f i c i e n t  a l l o c a t i o n  
i s  t h e  s o l u t i o n  o f .  che n o n l i ~ ~ e a i '  progrm11 

(from Eq. 6 )  

. , 

s u b j e c t  t o  5 V i  =' t o t a l ,  f low =.Vo ; 
. . .  i=I , ,  . , , - . . : : .  . .  . . . _ ' . . ,  

S o l v i n g  t h e .  c o n s t r a i n t  f o r  V n ,  . t h e  program becomes + :. 



S e t t i n g .  t h e  p a r t i a l  d e r i v a t i v e s  wi th  : r ,espect  t o  each V i  e q u a l  t o  z e r o ,  

. . *  n-1 . . , 

*(3+t)AjpgVj f o r  j=l , .. . ,n-1 

o r  e q u i v a l e n t l y  , 

which i s  i d e n t i c a l  t o  t h e  system of e q u a t i o n s  i n  Eq'. 7.* So,  t h e  head- 
e q u a l i z i n g  f low min imizes  energy .consumpt ion  a s  long  a s  t h e  i n t e r p o l a t i n g  
fo rmula  i n  Eq. 2 p r o v i d e s  a  good approx imat ion  o f  f ,  

It should  be p o i n t e d  o u t  t h a t  g r a v i t y  head h a s  been ignored i n  t h e  
c a l c u l a t i o n  o f  t h e  segments o f , a  p i p e ' s  r e l a t i v e  energy consumption.  The 
most  e l e v a t e d  s e c t i o n  o f  t h e  main t r u n k  l i n e s  i s  t h a t  which c r o s s e s  t h e  
Piedillone P l a t e a u ,  whose elevation i s  i n  t h e  neighborhood of 600 f e e t .  For 
b o t h  p i p e l i n e s ,  t h e  s o u t h e r n  h a l f  expends a  l i t t l e  e x t r a  energy  pumping 
o i l  from s e a  level ,  a t  t h e  Gulf  t o  t h e  P l a t e a u ,  and t h e  n o r t h e r n  h a l f  r e c l a i m s  
some o f  t h i s  energy a s  c h a t  p o r t i o n  o f  t h e  o i l  n o t  consumed i n  t h e  South  
moves d o w n h i l l  t o  New York. The t r i p  from t h e  ~ u l f  t o  t h e  edge o f  t h e  
Piedmont is  some 1100 mi les , ,  c a u s i n g  an a v e r a g e  e l e v a t i o n  g a i n  o f  a  h a l f -  
f o o t  a  m i l e . .  Roughly,  1300  f t - l b s  o f  e l e c t r i c a l  ene rgy  a r e  r e q u i r e d  t o  
l i f t  a  t o n  of  o i l  one-hal f  f o o t .  The o v e r a l l  energy r e q u i r e d  t o  move a 
t o n  o f  o i l  a  m i l e ,  however ,  i s  rough ly  .025 kwh ( a s  w i l l  be s e e n  l a t e r ) ,  
o r  66,000 f t - l b s .  Th i s  means t h a t  t h e  work o f  overcoming g r a v i t y  adds ,  
abou t  2% t o  t h e  energy  consumption o f  t h e  s o u t h e r n .  h a l f  o f  t h e  p i p e l i n e  
r o u t e ,  and s u b t r a c t s  t h e  same p o r t  i o n  from t h e  consumption o f  t h e  n o r t h e r n  
h a l f . .  T h e r e f o r e ,  i t  is  n o t  n e c e s s a r y  t o  t a k e  g r a v i t y  head i n t o  accoun t  
when a l l o c a t i n g  ,energy consumption t o  t h e  v a r i o u s  segments o f  t h e  p i p e l i n e  
r o u t e .  

A.3 CALCULATION OF PIPELINE.ROUTE SEGMENT ENERGY INTENSITY 
CORRECTION FACTORS 

The p rocedure  f o r  c a l c u l a t i n g  energy  i n t e n s i t y  c o r r e c t  i o n  f a c t o r s  f o r  
p i p e l i n e  r o u t e  segments  f o l l o w s .  ~ e c a i l  t h a t  i f  Is i s  t h e  energy i n t e n s i t y  
f d r  a  company's p i p e l i n e  ne twork ,  t h e  i n t e n s i t y  I, for a car t3 i .n  r o u t e  r 
i n  t h e  .network i s  g i v e n  by 

. . Ir = K r I s .  . 

The lower p o r t i o n  o f  t h e  C o l o n i a l  and P1 ,an ta t ion  r o u t e s  c a r r y  more o i l  and 
have a  d i s p r o p o r t i o n a t e  i n f l u e n c e  on t h e  system i n t e n s i t y  Is. Yet i n  
c a l c u l a t i n g  t h e  r o u t e  i n t e n s i t y  I,, t h e  lower p o r t i o n s  cannot  be  weighted 

. , *l t  i s  s t r a i g h t f o r w a r d  t o  show by t h e  second o r d e r  c o n d i t i o n s ' t h a t  t h e  
s o l u t i o n  of t h e  e q u a t i o n s  i s  a  minimum. 



more. , than t h e  upper por.t 'ions, s i n c e  we ' a r e  . intere .s ted:  i n " t h e  energy requi red  
t o  move a  b a r r e l  o f  o i i  from one,'end. of the ,route t o  t h e  o t h e r .  To weight 
each s e c t i o n  of , p i p e l i n e .  by the  volume;,it c a r r i e s .wou ld  allow the  b a r r e l s  t h a t  
never  make i t  to  t h e  upper ,  end' t'a a f f e c t  . I r .  Therefore,  l e t  ' , 

. . . , 

C i  = l eng th  of segment i ia mile's ( c o l .  2 ,  Tables  A . l  & A.2-) 

V i  = vol'ume of segment i i n  bb l /y r  ( c o l .  3 )  

e i  = , f r a c t i o n  of  eliergy used i n  sec t ion .  i. ( c o l .  4 )  

For each segment i, Tables  A . l  and A.2 show the r e l a t i v e  energy i n t e n s i t y  Ii  
of  t h a t  segment (column 5 ) .  Then.  

It should be emphasized t h a t  t he  i n t e n s i t i e s  ( I i )  i n  the  Colonial  system a r e  
not  comparable with those  i n  t h e , P l a n t a t i o n  system, s i n c e  the t o t a l  energy 
consump t i o n  of t h e  two companies d i f f e r s  . 

The r e l a t i v e  energy f i l cens icy  I, TUL a i u i i t t  r i o  t hc  avorage' o f  t h e  
i n t e n s i t i e s  of i t s  segments,  weighted.by l eng th  only: '  

The i n t e n s i t y  I, .-for t h e  system s  i s  the  average of  the  i n t e n d t i e s  o f  a l l  ' 

i t s  segments; .weightedrby l eng th  and . volume: . 

Kr - is .  t h e  r a t i o  Ir/16. 

The r e s u l t s  f o r  a' few r o u t e s  'follow: 

P l an t  a t  ion  



Baton Rouge t o  A t l a n t a  Kr = , .640 

. . t o  Richmond Kr = 1 .019  
t o  washington . K r  = 1.047 

. . 10-12 : 

C o l o n i a l '  Is = 1 .820  

Houston t o  A t l a n t a  Y, = .681 , 

t o  Nor fo lk  K, = .908 
t o  Ba l t imore  Kr = .930 
t o  P h i l a d e l p h i a  Kr = .933 
t o  New York Kr = .977 

U n s u r p r i s i n g l y ,  r e l a t i v e l y  s m a l l e r  p i p e  d i a m e t e r s  i n  t h e  upper r e a c h e s  of  
t h e  network c a u s e  i n t e n s i t i e s  t o  r i s e .  Also ,  t h e  C o l o n i a l  Houston-to-New York 
i n t e n s i t y  i s  a  l i t t l e  below t h e  system i n t e n s i t y ,  no d o u b t  because  C o l o n i a l ' s  
many branch l i n e s  have h i g h e r  i n t e n s i t i e s  which e leva . t e  t h e  sys tem a v e r a g e  
above any th ing  a long  t h e  main l i n e .  

A. 4  .CALCULATION OF TOTAL PIPELINE ENERGY. CONSUMPTIONS 

R e c a l l  t h a t  t h e  method f d r  c a l c u l a t i n g  t h e  t o t a l  energy consumption o f  
each  p i p e l i n e  company was t o  f i n d  t h a t  consumption f i g u r e ,  which when c o r r e c t -  
l y  a l l o t t e d  among' t h e  p i p e l i n e  segments ,  would g e n e r a t e  a t o t a l  c o s t  t h a t  
ma tches  , t h e  c o s t  r e p o r t e d .  on Form P  ( ~ e f .  1 ) .  The f r a c t i o n  o f  consumption 
a l l o t t e d  t o  each segment i s  shown i n  column 3 o f  T a b l e s  A . l  and A.2. For 
t h e s e  two p i p e l i n e s ,  n e a r l y  a l l  o f  t h e  pumping s t a t i o n s  i n  n e a r l y  e v e r y  
segment a r e  s e r v e d  by a  s i n g l e  u t i l i t y ,  and 14 u t i l i t i e s  supp ly  n e a r l y  a l l  t h e  
e l e c t r i c i z y  used b y . t h e  p i p e l i n e s  i n  q u e s t i o n .  It i s  i m p o r t a n t  t o  d e t e r m i n e  
t h e  e l e c t r i c  r a t e s  e x a c t l y ,  s i n c e  an  e r r o r  o f  O . l k  p e r  kWh ( v e r s u s  approximate  
t o t a l  c o s t s  of  2.5# p e r  kwh) i n  t h e  r a t e  can  c a u s e  a  5% e r r o r  i n  t h e  c a 1 . c ~ -  
l a t e d  energy consumption.  Consequen t ly ,  t h e  r a t e s  were c a l c u l a t e d  &om t h e  
a c t u a l  r a t e  s c h e d u l e s ,  which were r e a d i l y  a v a i l a b l e  o n l y  f o r  t h e  y e a r  1977. 
The s c h e d u l e s  were t a k e n  from t h e  most r e c e n t  v e r s i o n  o f  t h e  N a t i o n a l  E l e c t r i c  
Rate  Book ( R e f .  61 ,  which p r o v i d e s  s c h e d u l e s  g e n e r a l l y  d a t e d  l a t e  1976 and 
e a r l y  1977. The f u e l  c o s t  ad jus tment  r a t e s  were d a t e d  ~ u l y  1, 1977,  s o  t h a t  
t h e  a p p l i c a t i o n  o f  t h e  f u e l  c o s t  ad jus tment  makes t h e  r a t e  c u r r e n t  a s  o f  
t h a t  d a t e .  .' \ . , 

Use o f  t h e . 1 9 7 7  f u e l  c o s t ,  w h i l e  b a s i n g  t h e  a l l o c a t i o n  o f  ene rgy  on t h e  
1974 network c o n f i g u r a t i o n ,  poses  a  minor d i f f i c u l t y  i n  t h a t  t h e  1977 ,ne twork  
i s  n o t  q u i t e  t h e  same. A p p a r e n t l y ,  t h e  o n l y  changes  a r e  a  C o l o n i a l  a d d i t i o n  
o f  a  40" segment runn ing  from Beaumont t o  Baton Rouge ( n o t e  i n  T a b l e  A. l  t h e  
h i g h  energy  i n t e n s i t y  a long  t h a t  s t r e t c h '  i n  1977,  i n d i c a t i n g  a  b o t t l e n e c k ) ,  an. 
8" segment runn ing  from Chat tanooga t o  N a s h v i l l e ,  and a  12" segment from 
A t l a n t a  t o  Macon [ a n o t h e r  b o t t l e n e c k  i n d i c a t e d  i n  Tab le  A . l ] . ' ( R e f .  5 ,  9 )  
These a d d i t i o n s  shou ld  haire no s e r i o u s  e f f e c t  on t h e  d i s t r i b u t i o n  o f  energy 
consumption i n  t h e  sys tem a s  a  whole. The a d d i t i o n s  have no r e p e r c u s s i o n s  a t  
a l l  e l s e w h e r e ,  e x c e p t  t h a t  t h e  c o n s t r u c g i o n  o f  f i v e  new pumping s t a t i o n s  a l o n g  
t h e s e  new segments h a s  an e f f e c t  on c a l c u l a t e d  e l e c t r i c .  r a t e s ,  a n  e f f e c t  t h a t  
i s  d i s c u s s e d  and accounted below. 



E l s c t r i c  r a t e s  dcpepd on a t i . ' i n s t a f l ~ t ' i o f i 1 s  pbwet d e k k d  a s  wel l  as  on 
i t s  coilsumption i n  It#. . power demand j.s rn'ii'a~ured"ei'ther i n  k i l o w a t t s  ' ( ind i -  

. . c a t i n g  r e a l  power) o r  i n  'k,ilovolt- 'amperes. ( i n d i c a t i n g  apparent  power), depend- 
i n g  on t h e  l o c a l  a r r a n g e a e z t .  ' The 'demand f i g u r e  t h a t  governs .an i n s t a l l a -  ' . 
t i o n ' s  r a t e s  r s  u s u a l l y  some s o r t  of .peak demand, ' i t s  method of  d e t e r m i n a t i o n .  
a g a i n  d i f f e r i n g  from or?? l o c a l e  t q  ano the r .  For t h i s  a n a l y s i s ,  t h e  power ' . 

demand a t  a  given i n s t a l i a t  ion  .was determined by a1 l6Cting t h e  company.'s t o t a l  
i n s t a l l e d  horsepower t o  i t s  pumping s t a t i o n s  2n t h e  s h e  r a t i o  i n  which 'energy 
consumption i s  a l l o t t e d ,  and by mu l t i p ly ing  a  s t a t i o n ' s h o r s e p o w e r  a l l o tmen t  
(conver ted  t o .  kW) by some f a c t o r  p.. It was expected t h a t  p  would be somewhat 
g r e a t e r  t han  1, s i n c e  t h e  i n e f f i c i e n c y  o f  t h e  compressors and motors could 
r e s u l t  i n  a  power demand g r e a t e r  t han  t h e  ou tput  power. 

P l a n t a t i o n - P i p e l i n e  Company shows a  t o t a l  1977 f u e l  c o s t  of.$11,525;117. 
' S e t t i n g  p..=' 1, a. computer b i s e c t i o n  s ea rch  found t h a t  458.7 m' i l l ion kWh would. 
c o s t  t h i s  much i n  1977; t h e  r e s u l t i n g  average r a t e  i s  2.51ClkWh. An off i , -  
c i a 1  a t  P l a n t a t i o n  subsequent ly  s t a t e d  t h a t  P l a n t a t i o n ' s  a c t u a l  consumption i n  
1977 was 452.3 m i l l i o n  kWh, and t h e  average r a t e  2.5dIkWl1 ( 3 ) .  This  i nd i -  
k i t e s  t h a t  p  = 1 i s  v e r y  c l o s e  t o  t h e  mark'; p  = 1.028 y i e l d s  t he  c o r r e c t  
consumption f i g u r e  more exacLly.  

I t  i s  unc l ea r  why p  i s  no t  l a r g e r  than 1.028. The i n e f f i c i e n c y  of  
t h e  equipment should tend t o  r a i s e  p  above u n i t y , - a n d  t h e  power f a c t o r  of  
i n d u s t r i a l  motors would r a i s e  p  2- r t h e r  s i n c e  s o m e ' u t i l i t i e s  b i l l  according t o  
t h e  appa ren t  demand ( i . e . ,  r e a l  demand d iv ided  by t h e  power f a c t o r ) . ,  A n  
o f f i c i a l  a t  t h e  Tknnessee Val ley  Author i ty  h a s  s a i d  t h a t  t h e  power f a c t o r  i s  
n e a r l y  always kept  above 90%, o f t e n  wi th  t h e  h e l p  of  c a p a c i t o r s  i n  t h e  
c i r c u i t  wi th  t he  motors ,  b u t  t h e r e  i s  y e t  some tendency h e r e  t o  i n c r e a s e  p. 
The f a c t  t h a t  p  i s  on ly  1.028 ( f o r  P l a n t a t i o n )  h a s  a t  1eas.L t h r e e  p033iblc  
exp lana t  i o n s .  

: 

1 The p i p e l i n e  does no t  r u n  st. c a p a c i t y .  Co lon ia l ,  
however, h a s  been "prora t ing"  f o r  some years  ( 9 )  -- ' 

t h a t  i s ,  r a t i o n i n g  c a p a c i t y  .among i t s  u s e r s  T- and 
. , 

t h i s  i n d i c a t e s  t h a t  Co lon ia l ,  a t  l e a s t ,  i s  running 
a t  c a p a c i t y .  

There w4re more pumping s t a t i o n s  i n  1977 than i n  1974; 
'so t h a t  when t h e  1 9 7 7 . t o t a l  pumping horsepower is  
apport ioned among t l ~ e  1974 pumping s t a t  i ons ,  each 
s t a t i o n  i s  a s s igned  too  much horsepower.  Consequently,  
the  v a l u e  p must be decreasLd i n  o r d e r  t o  a s s i g n  the  
cortec t horsepower t o  t h e  i n d i v i d u a l  s t a t  ions .  This  
i s  l i k e l y  t o  apply on ly  t o  t h e  Colonia l  system, which 
added f i v e  pumping s t a t i o n s  ( ~ e f s .  5 ,  9 ,  '10) dur ing  t h e  
1974-17 pe r iod .  . . 

3 .  The system I s  designed i n  such a ,way t h a t  no t  a l l .  t h e  . . 
. " .  , , 

a v a i l a b l e  horsepower can be used,., 
,.. . 

It would .be unwise t o  assume t h a t  p '  hag' t h e  Same va lue  f o r .  Colonia l  . 
a s  for P l a n t a t i o n ,  s i n c e  Colonia l  ' s u t i l i z a t i o n  ,Gf a y a i l a b l e  horsepower may 
n o t  be  t h e  same. A ' b e t t e r  course  is  t o  sup<obe tti;'t".tl~e' r a t i o  d f  t h e  , average  
r a t e  of  consumption t o  t h e  peak power demand i s  about the  same r a t i o  i n  e i t h e r  
system. 



P l a n t a t i o n ' s  annual consumption of 452.3 m i l l i o n  kWh works out  t o  an average 
r a t e  of consumption of 51,632 k i l o w a t t s .  The t o t a l  power demand used i n  ca l -  
c u l a t i n g  ' the company's r a t e s  was the  company l s  i n s t a l l e d  horsaepower (175,'000 
hp)  mu l t ip l i ed  by p (=  1.028) ,  which i s  179,900 hp or  134,200 kW. The re -  
s u l t i n g  r a t i o  i s  51,632/134,200 = .3847. To suppose t h a t  the  Colonial  system 
shows t h i s  same r a t i o  is t o  suppose t h a t  t he  unevenness of power demand i s  
about the same f o r  the  two systems; t h i s  seems t o  be a reasonable  assumption. 

One small c o r r e c t i o n  must be made, however. Between 1974 and 1977 
Colonial  , i ' nc reasedv the  number of pumping s t a t i o n s  from about 80 t o  85 ,  so 
t h a t  the  va lue  o f  p must be decreased by a f a c t o r  of 80185 = 16117 . in  order  
t o  a s s i g n  the c o r r e c t  horsepower * t o  the  80 ind iv idua l  s t a t i o n s  used i n  ca lcu-  
l a t i o n s .  This  means t h a t  p must be s e t  t o  a va lue  such t h a t  t he  r e s u l t i n g ,  
average r a t e  of consumption bears  t he  r a t i o  .3847 t o  the product of the  
i n s t a l l e d  horsepower h (converted t o  kW) and (17 /16 ) .p .  For (17116) ph 
r e p r e s e n t s  t h e  peak demand reduced by a f a c t o r  of 16/17 i n  order  t o  a s s ign  the  
c o r r e c t  horsepower t o  t h e  ind iv idua l  s t a t i o n s .  

Colonial I s  t o t a l  i n s t a l l e d  horsepower i n  1977 was 968,735 .hp (=  722,676 
kW). (Ref.  10)  Then i f  p i s  s e t  a t  .843 f o r  Co lon ia l ,  s o .  t h a t  t he  t o t a l  
peak demand i s  (17116)ph = (17/16)(.843)(722,676) = 647,000 kW, the  r e s u l t i n g  
consumption i s  2179 m i l  l i o n  kWh . This consumption f i g u r e  i n d i c a t e s  an average 
consumption r a t e  of  248,800 kW, which bea r s  t h e  c o r r e c t  r a t i o  .385 t o  t he  peak 
demand of 647,000 kW. The r e s u l t i n g  average p r i c e  of  e l e c t r i c i t y  paid by 
Colonial  i s  2.90klkWh. 

A. 5 CALCULATION OF PIPELINE SYSTEM ENERGY INTENSITIES 

The system energy i n t e n s i t i e s  a r e :  

- Coloni.al P l a n t a t i o n  
- 

Consumption = Es ( m i l l i o n s  of kWh) . 2,179 452.3' 
Barrel-miles = BMs ( m i l l i o n s )  614,918 111,609 
Energy i n t e n s i t y  = Es/BMs 3.54 4.05 

(kWh per 1000 BM) 

The bar re l -mi les  f i g u r e  is taken from Form P (Ref.  1 ) .  The energy consumption 
per ton-mile,  r a t h e r  than b a r r e l m i l e ,  can be ca l cu la t ed  by tak ing  i n t o  
account  t h e  mix of products  t r anspor t ed  by each p i p e l i n e  and t h e i r  d e n s i t i e s .  
These d a t a  a r e  d isp layed  i n  Table A.3. The weighted average o f  t h e  weight 
d e n s i t i e s  i s  46.5 l b / f t 3  f o r  Colonial  and 46.2 l b / f t 3  f o r  P l a n t a t i o n .  
These a r e  only median v a l u e s ,  s i n c e  the  d e n s i t i e s  of o i l  products  vary  some- ' 

what,  a s  shown i n  Table A.3. T h e ' r e s u l t i n g  i n t e n s i t i e s  per rou te  t on -mi l e  
a r e  : 

Energy I n t e n s i t y  Colonial  ' P l a n t a t  ion 

kWh per ton-mile , .0271 .0312 
Btu per ton-mile 92,.5 . 107 . , 

I f  one accep t s  t h a t ,  on the  average,  10,449 Btu were requi red  t o  produce 1 
kWh of  e l e c t r i c a l  energy i n  1977 (Ref.  81 ,  we g e t :  



Table  A.3. 1977 C o l o n i a l  and P l a n t a t i o n  Produc t .Mixes .and  . . Approximate D e n s i t i e s  

. \ 

Co1on.ial - p l a n t a t i o n 6  , We igh  t Median We i g n t  
. E a r r e l s  % by . . , B a r r e l s  % by 
De l ive reda  Volume  el i v e r e d a  Volume . ( l b l f t  dens it^, ) ,. dens it^ ( . l b / f t  

.. > 

. . ' .  , 

Gaso 1 i n e  ' 372,005,869 64 - . . 1 3 1 ' , 8 8 9 , 5 6 3  ' - 6 5 .  . ' - 41-43' " 42 

. . Kerosene 43,791,232 8 23,006,476 11 51. 2C '. 3 1 . 9 .  .; '-, 
" ,, . . '. . 

28 ' 47,375,599. .  24 51.2-59. 3d '. 55 .'3 D i s t i l l a t e  o i l  " 166,134,054 
' I (  . - 

a ~ r o m  Ref. 1. . .. , . . .  
. . . . 

b ~ l a n t a t i o r " s  Form P shows " t o ' t a l  d e l i v e r e d  o u t  of sys t&"  For each  s t a t e  and each p r o d u c t .   his 
q u a n t i t y  ~ . v i d e n t l y  i n c l u d e s  t h e  . o i l  sh ipped t o  t h e  n e x t  s t a t e  through t h e  main t r u c k  l i n e .  con- ' . ' 

s e q u e n t l y :  t h e  f i g u r e s  shown, which a r e  s .m~s ; £ , t h e  Form P f i g u r e s  a c r q s s  t h e  s t a t e s  a l o n g  t h e  .. 
' 

. . . 
. . .  

r o u t e ,  c o u n t  some, b a r r e l s  ' t w i c e  o r  more. . It i s  assumed, however,  t h a t  o i l  k h i c h  i s '  counted more 
, : than once'  h a s  t h e  same p roduc t  mix a s  t h e . r e s t ,  :so t h a t .  t h e  r e s u l f . i n g  p e r c e l t a g e  f i g u r e s  a r e  : : . . 

' ' c o r r e c t .  . . 
.. , 

CFr.om Ref.  8 .  
.- . d ~ r o m  Ref. 9 .  . . ' 

. - .. . . . .  . 
. .. 

. ,  

. . 



Colonia l  P l a n t a t i o n  

Foss i l - fue l  energy 
i n t e n s i t y  (Btu per rou t e  ton-mile) 28 3 326 

F i n a l l y ,  the  energy i n t e n s i t i e s  along s e l e c t e d  r o u t e s  were c a l c u l a t e d ,  
and a r e  shown i n  Table. A . 4 . .  Thr.ee s i g n i f i c a n t , d i g i t s  a r e  shown, but the  
t h i r d  d i g i t  i s  f o r  pur'poses;'o£ ,dbcumentaCibn:bnl) and is  no t  meant t o  suggest  
t h a t  t he  numbers a r e  a c c u r a t e  to '  t h e  t h i r d  d i g i t .  ". 

Colonial  has  t he  more important i n t e n s i t i e s  f o r  purposes of comparison 
with t h e  tanker  r o u t e  f r o m  t h e  Gulf t o  t h e  upper A t l a n t i c  seaboard. P lan ta -  
t i o n  d i s cha rges  most of  i t s  cargo  i n  t h e  deep South,  and. only a  t i n y  f r a c t i o n  
o f  i t s  ' o i l ,  368,000 b a r r e l s  o r  0 .2  percent  (Form P I ,  t r ave l ed  a s  f a r  n o r t h  a s  
North Caro l ina  i n  1977.. Colonia l ,  on t h e  o t h e r  hand, d e l i v e r s  more than 200 

. . 
m i l l i o n  b a r r e l s  a  y e a r .  t o  ~ e w ' ~ e r s e y  (Table' A.1). However, t h e 8  P l a n t a t i o n  
fi .gures a r e  more r e l i a b l e ,  s i n c e  P l a n t a t i o n ' s  e l e c t r i c i t y '  consumption was 
d i r e c t l y  a v a i l a b l e  from t h e  cohpany. 



Tables  A.4. Energy I n t e n s i t i e s  fo r  Se l ec t ed  Routzs 

Ener.gy 1nten .s i ty  = I, 
Energy Consumption per Uni I:. 

Lengt ha 
(kWh per 

Transported = E, = I,d, ' 

= dr (Btu per - 
(mi > hb 1000 bbl-milc t o n m i l d  (kWh/bbl)c . . (bku/ ton jd  

-. - --- 
Colonial  Routes . . 

1.000 , 283  . ' E n t i r e  System 3.54 

Houston t o  At. 1 ant  a 722 0.681 2 .41 1 9 3 .  . 1 .7.4 i39,000. . 
t o  Norfolk 1342 . 0.908 3.21 257 4.31 345,000 . 
t o  Baltimore 1364 0.930 3.29 263 '4.50 360,000, , 

t o  Ph i l ade lph ia  1432 . 0.933 . 3.30 2 64 4.73 . '  378,000 
t o  New York'? 1531 0.977 3.46 . 2 76 5.30 423,000; . 

Baton Rouge t o  At ' lanta  . 461 0.51.5 1.82 * 146. 0.84 - ' ,  67 ,300,',,: 1.' 

1081 t o  N ~ r f o l k  0.892 3.16 252 3:47 , ' 272,000 ., 

t o  Baltimore 1108. 0.919 3.25 260 . 3 .~60 288,O.OO' .., 
t o  Ph i l ade lph ia  11 7.1 0.922 3.26 261 :3.82 , ', 

* .  '306,, 000 ' .  

t o  New Yorke 1270 0.975 3.45 276 4..38 '. 351-, OOO', ;: 

- . . . ., 

P l a n t a t i o n  Routes 

E n ~ i r e  System 
, . 

. 456 0.640 209 . . 1I18  . Ba'ton Rouge t o  A t l a n t a  2.59 95,300 ' 

t o  Richmond 95 1 1.019 4.13 ,332 ,3.93. . . 316,000 '  
t o  Washington 1047 1 ..047. 4.25 341 . ' 4.44  357.,000' . 

Pensagoula ' to  At lan ta .  456 0.691 2.30 225 ' 1 .'23' ', 99,200 .. 

t o  Eichmond 936 1.049 ' 4.25 342 3 .98  . '  320;OOO. 
t o  Washington 1032 1.074 4.35 350 ' 4.49 . 361,000 - -  

-, aFrom Ref. 5; 10.  . . . . 

b&'  = Ir/Is,  t h e  r a t i o  of segment energy i n t e n s i t y  t o  r o u t e  energy i n t e n s i t y .  

"Wh of e l e c t r i c a l  ene igy .  . . . . . 
d ~ t u  of  foss : i l  f u e l  ( c r  nuc l ea r )  energy.  . It. i s .  assumed t h a t  10,449 Btu of  f o s s i l  f u e l  energy 

i s  requi red  t o  produce 1 kW of  e l e c t r i c a l  power (F.ef.9) and t h a t  t h e  ?era  e weight d e n s i t y  
of petroleum p roduc t s .  i s  46.5 l b / f t 3  i n  t h e  ~ o l d n i a l  system and 46.2 l b / f t 4  in t h e  
P l a n t a t i o n  system ( a s  c a l c u l a t e d  i n  t h e  t e x t ) .  

eAc tua l ly ,  Linden NJ. ' 
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Table B . 1 .  ' 1975 Domestic Ocean shipments of Light  petroleum P r o d ~ c t s , ~  U.S. Gulf 
Coast t o  Nor theas te rn  Po r t s :  Origin-Dest inat ion Matr ix  ( l o 3  s h o r t  t ons )  

. Norfolk,  Newport Washington, . . Balt'imo're, ~ h i l a d e l ~ h i a ,  New York', NorthC 
VA News, VA D. C.  MD' PA . NY of N Y  ~ o t a l ~  

South of  GalvestonC 3 7 - 84 78 ' 52 9 2,655 1,492 4,875 

Houston, TX . 665, - 104 1 ; 641 2,484 2,579 3,916 11,390 

Texas C i t y ,  TXC - 7 9 - : 25 5 6 1,248 957 2,365 

Beaumont , . TX 

p o r t  .Arthur , TXC 

Lake Char les ,  LA . 
\ 

Baton ' ~ o u ~ e ,  LA 

Gramercy, LA 

~ e w  o r l e a i s ,  LAC 

Pascagoula ,  ,MS 

Mobile, 4 
~ o t a l ~  

.. . 
aGasol ine, .  j e t . £ u e l ,  kerosene,  d i s t i l l a t e  f u e l  o i l  and naptha.  . - 

b ~ o t a l s  may;.not add up due. t o  rounding. 

CSee t e x t  f o r  exp lana t ion  of aggrega t ion  .of p o r t s  and t h e i r  volumes. 

Source : Specia l  comput.er.' runs provided by Div is ion  'of Domestic Ocean Shipping,  Of f i ce  of  Domestic 
Shipping,  h r i t  h e  Adminis t ra t ion ,  U.S. Department of Commerce, Washington, D.C: (March 1979) .  

. . 



Table B.2. 1976 Domestic Ocean Shipments of L ight  Petsroleum ~ . r o d u c t s , ~  U.S. Gulf 
coas t  t o  Nor theas te rn  Po r t s :  Or ig in-Des t ina t ion  Matrix ( l o 3  s h o r t  t ons )  

Norfolk., Newport washington, Baltimore , ~ h i . 1  ade lph ia ,  New York, . ~ o r t h ~  
VA News, VA D. C.  MI) PA . NY of  NY ~ o t a l ~  

I ;  

South of ~ a l v e s t o n ~  . 26 . - 63" - 591 2,093 1,273 4,045 

Houston, TX 711 . 24 76 . .  1,012 2,205 3,114 3,810 10,951 

Texas Ci ty  , TX - . 87 - 3 9 ., . * 21 80 5 604 1,556 

Beaumont, TX . - .  19 - - - , 43  6 .489 2,382 3,328 

Port  Ar thur ,  TXC - 6 9 , 132 541 481, 1,082 2,250 

Lake Char les ,  LA - .. - - - 9 0 469 261 820 

Baton Rouge, LA 7 3 7 12 698, 25 7 662 1,197 2,907 ' 

9 - - - - Gramercy; LA - .  10 19 

- - 132 - . ' 50 810 & New. o r l e a n s  , LAC 1,697 . 2,589 . & 

Pascagoula,  MS - - 6 - - 14 - 20 

Mobile, AL - - - - - - - - - - - 
~ o t a l ~  83 8 123 19 9 1 ,881  4,191 8,937 12,316 28,484 

. , 

a ~ . = ~ b l i n e ,  j e t  f u e l ,  kerosene,  d i s t i l l a t e  f u e l  o i l  and naptha.  
. . b ~ 6 t a l s  may. not  add up due t o  rounding. 

CSee t e x t  f o r  exp lana t ion  of aggrega t ion  of p o r t s  and t h e i r  volumes. 

Source: Spec ia l  computer runs-  provided by Div is ion  of Domestic Ocean Shipping,  Of f i ce  of  Domestic 
Shipping,  Maritime Adminis t ra t ion ,  U.S. Department of Commerce, Washington, D.C. (March 1979) .  



f a b l e  B.3. Non-Aggregated 1976 Domestic Ocean Shipments of  Light  Petroleum  product^,^ U.S. 
Gulf Coast t o  Northeastern Po r t s :  Origin-Dest inat ion Matr ix  (103 s h o r t  t ons )  

NewYork, Ph i l ade lph ia ,  Boston, Washington, Baltimore,  Norfolk,  Po r t l and ,  
NY PA MA DC P l D  VA ME 

Pascagoula,  MS 14 - - 6 - - - 
New O r  l e a n s ,  LA 14 33 5 7 3 2 - - - 
Baton Rouge, LA 66 2 293 1,055 . 12 698 73 - 

. . 
Sabine , - TX. 

- 1 

'Corpus ~ h r i s t i ,  TX 2,014 . 267 8 74 63 - 2 6 7 9 

Houston, TX 3,114 - 2,152 7 6 . 1,012 711 145 

Texas C i t y ,  TX 80 5 - 103 - 3 9 - 144 

9 - - Gramercy , LA - - - - 



Table  B.3. ( C o n t ' d )  . 

( l o 3  s h o r t  t o n s )  

. . 

F a l l  R i v e r ,  Provide.nce,  .Br idgepor t  , Al':, any,  . Marcus Hook, Salem, 
MA R 1 CT' YY ' PA MA 

. . 
.Past agoul a ,  MS 

, . New O r l e a n s , ,  LA - - - - - - 
- - - - - Baton Rouge: LA - 

. a' 
P o r t  Ar thur  ,*; TX - 173  - - 

co.rpus ' ~ h r  i s t  i , TX 
>?- . . . 

< .  

~ o d s t o n  ,,, TX 
?:.. .* :. 

~ e s t r e h a n ,  .I ... . . LA 

S t .  Rqs-e', LA 
' . .:- 

~ ~ b i l k '  k .''. 
. :;. 
1:. yt. ! ... 
F r e e p o r t  ,,-TX . . 



. 'Table B .  3.. (Cont Id)  
. ( l o 3  s h o r t  t o n s )  

- .-- 

New Haven, Pau l sboro ,  Camden, Wilmington, Newport P o r t  m o u t h ,  S e a r s p o r t ,  
CT N J  N J  DE News, VA NH ME 

Pasc agoul a ,  MS 

New O r l e a n s ,  LA ' - 
132 Baton Rouge,. LA 2  1 8  1 5  2  4 

/ 

P o r t  A r t h u r ,  TX 166 239 

S a b i n e ,  TX - - 

Beaumont, TX 77,  319 

Lake C h a r l e s ,  LA 2 - 
Corpus C h r i s t i ,  TX 87 . 285 

Houston,  TX 622 1 ,938  

Des t rehan ,  L;A 138  ' - - 17 - 8 1 6 6  

S t .  Rose, LA - - - - - - - 

Freepor  t , TX - - - - - - - 

9 7  - - - - - 5 7  Texas C i t y ,  TX 

- - - - - - - Gramercy , LA 

aGaso l ine ,  j e t  f u e l ,  k e r o s e n e ,  d i s t i l l a t e  f u e l  o i l  and n a p t h a .  

Source:  S p e c i a l  computer r u n s  provided by D i v i s i o n  o f  Domestic Ocean S h i p p i n g ,  O f f i c e  o f  Domestic . 

Shipp ing ,  Marit ime A d m i n i s t r a t i o n ,  U.S. Department o f  Commerce, Washington,  D . C .  (March .1979) .  
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. . APPENDIX C 
. .. . 

THE, FRACTION OF EACH PIPELINE'S ELECTRICITY 

GENERATED BY FUEL TYPE ." 

- It i s  p o s s i b l e  t o  e s t i m a t e  t h e  f r a c t ' i o n  of a  p i p e l i n e  company's  e l e c -  
t r i c i t y  genera te 'd  by b u r n i n g  o i l  b l :  equat i f ig  i t  t o  t h e  f r a c t i o n  g e n e r a t e d  from 
o i l  i n -  t h e  u t i l i t i e s  s e r v i n g  t h e  p i p e l i n e .  The same ass'umpti6n c a n  b e  made 
f o r  c o a l ,  wa te r  power, n u c l e a r  power, and o t h e r  f u e l s .  

T a b l e  C . l  l i s t s  t h e  11 e l e c t r i c  u t i l i t i e s  s e r v i n g  t h e  v a r i o u s  segments 
o f  t h e  C o l o n i a l  and P l a n t a t i o n  , p i p e l i n e  sys tems .  Table  C.2 shows t h e  s h a r e  
o f  each p i p e l i n e ' . s  e l e c t r i c i t y  provided by each ' u t i l i t y  and . t h e  r a t g d  power- 
p l a n t  ' c a p a c i t i e s  u s i n g  each type  o f  f u e l .  The p e r c e n t a g e  c o n t r i b u t i o n  o f  each 
f u e l  t o  u t i l i t y  t o t a l  c a p a c i t y  i s  a l s o  shown. 

The f r a c t i o n  o f  a  p i p e l i n e ' s  energy provided by a  p a r t i c u l a r  f u e l  i s  
t h e  sum o f  t h e  p roduc t  o f  t h e  s h a r e  p rov ided  by each  u t i l i t y  .and t h e  f r a c t i o n  . 
o f  t h e  f u e l  t y p e  used by  t h e  u t i l i t y .  . 

7%; r e s u l t s  a r e :  

F u e l s  'Colonia l  . p l a n t a t i o n  D 

Coal . . . 4 1 %  . 6  6% 

Nuclear  13% - . 8 % 

Hydro ' 4 % 6  % 

Other  . . 16% 5% 

These c a l c u l a t i o n s  a r e  n e c e s s a r i l y  ,rough because :  

( 1 )  A p l a n t  may n o t '  produce a t  i t s  r a t e d  c a p a c i t y ;  

( 2 )  A u t i l i t y  may . i m p o r t  e l e c t r i c i t y  from o t h e r  
u t i l i t i e s ,  and t h i s  e l e c t r i c i t y  may be  . 
g e n e r a t e d  from d i f f e r e n t  f u e l s  ;. 

( 3 )  Only pr imary f u e l s  a r e  c o n s i d e r e d ,  b u t  some 
p l a n t s  may o c c a s i o n a l l y  s w i t c h  . to a l t e r n a t e  
f u e l s  and such  s w i t c h e s ' a r e  n o t  accoun ted  f o r  
h e r e .  *.  

Based on t h e  d i s t r i b u t i o n  o< sh ipments .  between t h e  two p i p e l i n e  companies,  
a  good es ' t ima te  is  25% f o r  ,t.he o i l  f r a i5 t ion  . . o f ,  u t i 1 i . t ~ - e n e r g y  i n p u t s .  

.. . 
. . ,  



T a b k  C . 1 .  E l e c t r i c  U t i S i t i z s  Serving ~ o l b n i a l  and P l a n t a t i o n  Pipel ines '  . 

U t i l i t y  (and S t a t e s  
.,of Operat ion)  

Colonial P ipe l ine  
S e g m n t s  Serveda 

p l a n t a t i o n  P i p e l i n e  
Segments serveda ' 

~ u b i i c  Serv ices  E l e c t r i c  & Gas (NJ) .Ph i lade lphia  t o  Linden, N J  None 

Duke Power Company '(N'c, . s c ) ~  Bel ton,  G A ,  ' t o  Augusta and Spartanburg t o '  Greensboro 
t o  :Apex, NC . . 

Carol ina  Power and Light  (NC, SC) . . .  
Apex t o  F k y e t t e v i l l e  and t o  None 
Selma, 'NC 

~ i r g i n i a  E l e c t r i c  & Power Co. ('vA) ' Greensboro t o  ~ h a n t i l l ~ ,  VA . ' Greensboro t o  Washington and "tj. 
- ' Dul l e s ,  VA b .. 

Gulf S t a t e s  U t i l i t y  Co. (Tx,  LA)^ Houston to Baton Rouge None 

' .Mississ ippi~,Power Co. (MS) 
.. . . 

Alabama Power Co. . (&) 

Baton Rouge t o  Helena, MS 

Helena to Bremen, AL 

Baton Rouge & Pascagoula to , ;  . 

Helena 
< .  . . in 

Helena t o  Montgomery & t o  Bremen . ; 0 

Georgia ~ d ; w e r  Co.. (GA) Bremen, AL, t o  Bel ton ,  G A ,  and Bremen t o  Bel ton ,  Columbus 8 . - 
, :. At lan t a  t o  Chattanooga and. t o  and Macon, GA 

. . . Bainbr idge  , GA. 

Appalachian Power Co. (VA,WV) ~i t c h e . ~ l  t d  Roanoke ' Greensboro t b  Roanoke 

~ a l t i m o r e  Gas and E l e c t r i c  (p) C h a n t i l l y ,  VA, t o  P h i l a d e l p h i a ,  None . 
and Lorsey, MD t o  Washington 
and t o  Baltimore 

~ e n n g s s e e  Valley ~ u t h o r  ityb Chattanocga t o  Nashv i l l e  ,and , Chattanooga "to Knoxvil le  
(TN, MS, AL, GA, KY,  NC) to' Kroxvi l le  

aThe p i p e l i n e  segments a r e  those  def ined  ic Tables  A . l  and A.2 o f ' ~ ~ ~ i n d . i x  A .  I f  a s i n g l e  segment i s  
served by two u t i l i t i e s ,  t h e  u t i l i t y  shown is t h e  one t h a t  provides  F t  with the.most  power. 

b ~ a c h  of t he se  t h r e e  u t i l i t i e s  s e rves  t h e  p i p e l i n e s  under two d i f f e r e n t  r,ate schedules .  Consequently 14  
r a t h e r s t h a n  11 r a t e  schedules  were used i n  the  computation of each company's power b i l l  i n  Appendix A. . - .  



Table  C . 2 .  1977 Rated Power C a p a c i t i e s  by Fuel  of  E l e c t r i c  U t i l i t i e s  
Se rv ing  C o l o n i a l  and P l a n t a t i o n  P i p e l i n e s  . 

1 

Share o f  P i p e l i n e  T o t a l  Rated Power Capac i ty  by Fuel 
Energy Furnisheda i n  Megawatts and p e r c e n t b  

U t i l i t y  (and S t a t e s  
o f  Opera t ion )  Co lon ia l  P l a n t a t i o n  Oi l z  Coal Nuclear Hydro o t h e r d  T o t a l  

P u b l i c  S e r v i c e s  E l e c t r i c  7  0  5,819 1 ,755  1,090 0  132 8 ,796 
6 Gas (NJ)  ' (66 )  (20)  (12)  ( 0 )  ( 2 )  ' (100)  

. . 
Duke Power Company (NC, SC) .15  18 979 7,812 2 ,661 1,590 0 13,042 

( 8 )  (60 )  . (20 )  (12)  ( 0 )  (100) 

C a r o l i n a  Power and L igh t  1 0 1 ,761  3,339 2 ,503 . 222 57 7 ,882 
(NC, SC) (22 )  (42)  (32)  ( 3 )  (1 )  (100)  

V i r g i n i a  E l e c t r i c  6 Power (VA) 18 9  3 ,871 1 ,307 1 ,696  13  216 7,103 
(54 )  (18)  (24)  ( 0 )  ( 3 )  (100)  

Gulf S t a t e s  U t i l i t y  Co. ( T I ,  LA) 15 0  1 ,087 , 0 0  0  .5,536 5 ,623  
(16)  (0) '  ( 0 )  ( 0 )  (84 )  (100)  

K i s s i s s i p p i  Power Co. (M5) . 14 28 721 1 ,722 0  0  118 2 ,561 
(28 )  (67 )  ( 0 )  (0 )  ( 5 )  ' (100)  ' 

Alabama Power Co. (AL) 4  14 108 5 ,990 ,888 129 138 8 ,420  
( 1 )  (71.) (11)  (15 )  ( 2  (100)  

Georgia  Power Co. (GA) 14 26 149 10,387 . 0 . , 751 1 ,421 12 ,708  
( 1 )  (8.2) (0 )  - . ( 6 )  (11 )  (100)  

Appalachian  Power Co. (VA,WV) 1 . 2  0  4 ,689  0  597 58  - 4 , 2 5 4  
t o )  (84)  t o i  . (14)  ( 2 )  (100)  

Bal t imore  Gas and E l e c t r i c  (MD) 8 0  2,420 359 1 ,829  0 168 4 ,776  
(51)  (8') ( 38 )  ( 0 )  ( 3 )  (100)  

Tennessee  Va l l ey  A v t h o r i t y  3  3  0 7,667 3 ,456 1,729. 480 13,332 
( T N ,  MS, AL, GA,  K Y ,  N C )  ( 0 )  ('58) (26 )  (13)  ( 4 )  (100.) 

T o t a l s  100 100 16,915 43,927 14 ,123  . 6,198 ' 8 ,334 ,  89,497 
(19)  (49 )  (16 )  ( 7 )  ( 9 )  . (100)  

'Aggregated from Column 4  o f  T a b l e s  A . ;  and A.2 Appendix A and map i n  Appendix A, Ref. 5 .  
- 

b ~ e r i v e d  from s o u r c e  g iven  below. Power p l a n t s  c a p a b l e  'of bu rn ing  a l t e r n a t e  f u e l s  a r e  l i s t e d  a s  
producing power w i th  t h e i r  primary f u e l  o n l y .  T o t a l s  shown a r e  s u b j e c t  t o  e r r o r s  caused by rounding.  ' 

C ~ n c l u d e s  f u e l  o i l  o f  a l l  t y p e s ,  a s  wel l  as  ke rosene .  

d ~ o s t l y .  n a t u r a l  g a s .  

Source:  Department o f  Energy, O f f i c e  o f  U t i l i t y  P r o j e c t  O p e r a t i o n s ,  I n v e n t o r g  of P w e r  P l a n t s  i n  t h e  
Un i t ed  S t a t e s ,  December 1977. . 




