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INTRODUCTI ON 

In February 1 9 8 7, the Secretary o f  Energy reques ted the 
National Petroleum Counc i l  ( NPC ) to determine the c apa c i t i e s  o f  
the nation ' s  petroleum and g a s  s torage and trans portation faci l i ­
t i e s  a s  part o f  the federal government ' s  overal l  review o f  emer­
gency preparedne s s  p l anning . The Counc i l  ha s conduc ted s imi l ar 
studies at the reque s t  o f  the federa l government s ince 1 9 4 8 . The 
mo s t  recent report s are the 1 9 7 9  report ent i t l e d  Petro l eum S tor­
age and Transportation Capac ities  and the 1 9 8 4  report entitled 
Petro leum Inventories and S torage Capacity . I n  addi t ion to up­
dat ing the 1 9 7 9  and 1 9 8 4  reports ,  thi s s tudy was to place more 
empha s i s  on de scribing the dynamics and interre l a t i on ships o f  the 
pe tro leum and natura l gas del ivery systems . Spec i f i c a l l y , the 
Secretary reque s ted that : 

Emphas i s  should be given to the re-examination o f  min imum 
operating inve ntory leve l s , the location o f  s torage fac i l i­
tie s , and avai lab i l i ty of inventori e s  in re lation to local 
demand , and the capab i l ities o f  d i s tribution network s to 
move products from re fining centers to the ir point of con­
sumption part icul arly during periods o f  s tre s s . 

( See Appendix A for the complete text o f  the S ecretary ' s  request 
letter and a de scription o f  the Nationa l Petro l eum Counc i l . )  

To re s pond to the S ecre tary ' s  reque s t , the NPC e s tab l i shed 
the Commi ttee on Petro leum S torage & Tran s portation , chaired by 
Wi l l iam E .  Swal e s ,  Vice Cha irman - Energy , USX Corporation . The 
Honorabl e  H .  A .  Merk l e i n , Administrator , Energy I n formation 
Adminis tration , served a s  Government Cochairman o f  the Commi ttee . 
A Coord inat ing Subcomm i ttee and four task group s were formed to 
a s s i s t  the Committee . Thi s  vo lume was prepared by the System 
Dynamics Task Group , chaired by D .  R .  Hayward , Vice Pre s ident , 
U . S .  Supply , Marke ting & Re fin ing D ivi s ion - U . S . , Mob i l  O i l  
Corporation . Charl e s  C .  Heath , Direc tor , Petro leum Supply 
Divi s ion , Energy I n format ion Admin i s tration , served a s  Government 
Cochairman of the Task Group . ( Ros ters of the s tudy groups 
re spons ible for this volume are conta ined in Appendix B . ) 

The Counc i l ' s  overa l l  report , Petro leum S torage & Trans ­
portat ion , i s  being i s sued in five vo lume s :  

• Vo lume I - Executive Summary 
• Vo lume I I  - System Dynamics 
• Vo lume I I I  - Natura l Gas Trans portat ion 
• Volume IV - Petro leum Inventories and S torage 
• Vo lume V - Petro leum Liquids Transportation . 

I n  addition , deta i led pro f i l e s  of the companie s that part i c ipated 
in the natural gas trans portat ion and petroleum p ipe l ine s urveys 
are avai l able from the NPC . 
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SYSTEM DYNAMICS 

Volumes I I I , I V ,  and V provide deta i le d  d e s c r iption s  o f  
and c apac i ty data on the variou s  sections o f  the petroleum and 
natura l gas s upply sys tem . Thi s volume builds  on the in formation 
in tho s e  vo lume s , focus ing on the dynamic s o f  the overa l l  s y s tem . 
I t  ha s a dual purpo s e : 

• To e xamine the c apab i l ity o f  the petro l eum and natural 
ga s supply sys tem to re s pond to normal demand s antic­
ipated through 1 9 9 2  and to re spond to abnormal s itua­
tions that may " s tre s s " the system 

• To exp l ai n  in broad term s  how the supply system 
operate s in a competi tive bus ine s s  environment . 

For thi s purpo s e , the supply sys tem inc lude s re finer i e s ,  
pe troleum and natural gas imports , and trading a s  we l l  a s  t r ans ­
portation and s torage fac i l i t i e s . 

I t  i s  conven ient to describe the s upply sys tem in mono l i thic 
stat i s t i c s  o f  c apac i ty , throughput , and inventory ; but in fact , 
the system is  compr i sed o f  thou sands o f  s eparate , individu a l  
companies  i n  c ompetition with each other . The s e  compan i e s  make 
individual dec i s ions and take independent actions in accord with 
the ir individua l economic interest and incentive s . Sys tem per­
formance is the net result of tho s e  dec i s ions and action s . 
Neverthe le s s , the sys tem does re spond rat iona l ly and pred ic tably 
to economic incentive s ( or d i s incentive s )  that r e s u l t  from 
variations in s upp ly and demand . 

The log i c a l  re s ponse o f  the supply sys tem to the econom i c s  
of supply and demand i s  a recurrent theme o f  thi s vo lume . The s e  
e conomic s shaped the ma j or indu s try change s o f  the las t decade , 
and they wi l l  be s een to be a primary factor in the operat ion o f  
the system in normal t ime s and i n  periods o f  s tre s s . 

Thi s is  not a s ta t i s t ical vo lume , but s ta t i s t i c a l  data 
( l arge l y  from the Energy In format ion Admin i s tration ) have been 
used to i l lus trate the dynamic operation of the s upply sys tem and 
its princ ipal e l ement s . It is b e l i eved that an unders tand ing o f  
the sys tem dynami c s  provide s support for the conc lus ion that the 
indu s try , i f  permitted , can mee t  future demands and can deal  
e ffective ly with s evere s tre s s  s i tuat ions . Certa inly , the his­
tory o f  recent years should provide c redenc e to the a s s e r t ion 
that the s ys tem adapt s qu ick ly and e ffic iently to change . 
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EXECUTIVE SUMMARY 

Thi s summary provide s a brie f overview o f  the National 
Petro leum Counc i l ' s  examination o f  the dynamic s  of the oil and 
natural gas d i s tr ibution sys tem . Whi l e  concern wa s focused on 
the U . S .  d i s tribut ion sys tem and its change s , the NPC a l s o  dea lt 
with international i s sues , because the United States i s  an 
integra l part o f  the world s upply sys tem . Thi s s tudy examined 
comprehens ive ly two type s of changes that occur -- or might occur 
-- in the supply-demand system and the indus t ry capacity to 
re spond . The s e  two type s o f  change s inc lude : 

• Long-term economic trend s that c au s e  continuing - - but 
not sudden -- shi fts in the d i s tribution patterns o f  
c rude o i l ,  fin i s hed product s ,  and natural gas through­
out the market . 

• Short-term and s udden shifts or c r i s e s  in e i ther s upply 
or consumpt ion of crude o i l , fini shed produc t s , and 
natural gas . Such c r i s e s  might inc lude the s udden and 
compl ete d i srupt ion of a maj or p ipe l ine or the unex­
pected upsurge in demand because of weather or s ome 
unusua l ,  unpredictabl e  event . 

Events over t ime demons trate that the sys tem for the d i s ­
tribution o f  petroleum ( crude and re fined ) and natural gas i s  
both re s i l ient and flexible . A s  demand and s uppl y  have ebbed and 
flowed and shi fted geogr aphica l ly , the s ys tem ha s read j usted 
i t s e l f  by fresh a l locat ion or switching o f  inve s tment to c ope 
with the evo lving change s and short- term operat ing ad j us tments . 
Mo s t  notabl e  ha s been the abi l ity o f  the sys tem to read j u st to 
compensate for the c lo s ing o f  over 1 0 0 u . s .  re fine r i e s  in the 
past seven years . The fact that thi s could be accomp l i shed 
without produc t outage s in the marke tpl ace is te s t imony to both 
the re s i l ience and flexib i l i ty o f  the system . 

In add ition , the sys tem has the built-in flexib i l i ty and 
re serve s  to cope with a broad variety o f  s udden d i s rupt ions to 
either supp ly or demand . To te s t  thi s c apab i l i ty ,  the NPC 
examined s ix po s s ible d i s ruption scenari o s  to determine how the 
sys tem might respond . The s c enarios repr e s ented a rea l i s ti c  mix 
o f  the " bad thing s "  that might happen to d i s rupt the f l ow o f  
crude o i l , product ,  and natura l gas o r  to s igni ficantly change 
demand . I n  each c as e , the sys tem wa s found to be c apab l e  o f  
repo s it ion ing supp ly and / or repa ir ing the system i n  t ime to 
prevent any s ign i fic ant d i s ruption of supply to con sume r s . 

Three important overall  conc lus ions about the petro leum 
d i s tribution system emerged from thi s s tudy : 

• There i s  a bui l t-in supply cushion or r e serve that c an 
be used to overcome po s s ible d i s ruptions , bec aus e the 
sys tem s upply l ine s are far-reaching both via ocean and 
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p ipe l ine . I n  addit ion, inventory s torage c ushions at 
s trategic points along the way he lp abs orb short- term 
f luctuations . 

• Shou ld a mechan ical di sruption occur in a pipel ine , for 
example, the means exist in many c a s e s  to qu ickly fix 
the l ine or c ircumvent it . I n  part, the gre at s trength 
of the petro leum d i s tribution system l i e s  in i t s  inter­
c onnectabi l i ty, and thus the ava i la b i l i ty in mo s t  ca s e s  
o f  one or more al ternat ive supply routes . 

• A s  longer-term trends evolve, there are bui l t-in 
financ ial  incentive s to  inve s t  capital  to mee t  new and 
changing demands . Example s  inc lude : revers ing the 
flow o f  a pipe l ine, looping a sys tem ( bu i l d ing a paral ­
l e l  l i ne ) , bui lding new pipe l ines, or deve loping a 
de ep-water port . The se are i l lu s trations o f  how in­
ves tment gets real igned or made fre sh to meet changing 
cond itions . 

I t  i s  important to note that the driving force behind the 
system ' s capac i ty to re ad j u s t  i s  the economic incentive o f  the 
free market .  I n  a free market, as s upp ly and demand ebb and 
flow, price a l s o  move s, encouraging e i ther an incre a s e  in s upply 
movement or a d iminut ion in consumption . 

The rema inder o f  thi s summary con s i s t s  o f  two parts . F ir s t, 
an e xaminat ion o f  the longer-term trend s the NPC has s tudied over 
the past decade to de termine how, and with what succe s s , the 
sys tem has ad j us ted to cope with changing s ys t em requ i rement s .  
Second, a bri e f  look at each o f  the s i x  hypothet i c a l  cri s i s  
s cenarios d e s igned to determine how the system reac t s  t o  vio l en t, 
short-term shi fts  in e i ther demand or supp ly . 

EXAMINING THE LONGER-TERM TRENDS 

O i l  

I t  i s  important t o  e s tabl i sh at the out s e t  that the dome s t i c  
and internationa l pe trol eum industrie s (which are i nexorab l y  
intertwined ) have experienced s evere vol a t i l ity and uncerta inty 
in the past decade . I ndeed, recent years have been d i f ficult 
ones, and a s  a re s u l t  the indus try has experienced dramatic 
change s in i t s  supp ly sys tem . 

S ince 1 9 7 9 , the indu s try ha s pas s ed through two s igni f icant 
periods . First, from a supply-and-demand high point in 1 9 7 8 -
1 9 7 9 , the nation entered a period o f  great conse rvat ion with U . S .  
consumption fa l l ing o f f  from a 1 9 7 8 high o f  1 8 . 8  mi l l ion barre l s  
per day ( MMB / D )  down to a low o f  1 5 . 2  MMB /D in 1 9 8 3 be fore grad­
ually ris ing to 1 6 . 7  MMB / D  in 1 9 8 7 .  Thi s  was a fre n z ied period 
in which dra s tic price r i s e s  were antic ipated, encouraging expen­
s ive searche s for al ternative energy s ourc e s . Thi s a l so was the 
period o f  the Iran i an o i l  cut- o f f  when both o i l  and natura l gas 
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supp l i e s  were expected to be inadequate . Tha t expectat ion was 
premature ; We s t  Texas s our crude o i l  pr ices  hit a high of $ 3 6  per 
barre l in 1 9 8 0  be fore p lunging to a low of about $ 1 0 per barrel 
in 1 9 8 6 . The impact on U . S . exploration and production was 
harsh . 

Despi te the vol a t i l ity o f  price , demand , and s upply ( partic­
ularly shi fts in source ) , only minimum di srupt ions were fe l t  by 
the consuming pub l ic or commerc ial enterpr i s e s . P erhaps the only 
consequences of no te that many peop le remember we re the gasoline 
l ines for a brie f per iod in 1 9 7 9 . 

The s econd s tage began in 1 9 8 3 - 1 9 8 4 with the gradu a l  in­
crease in petroleum demand , with a recovery to 1 6 . 7  MMB /D by 
1 9 8 7 . Demand for petroleum products a l s o  rose gradua l l y  in the 
rest o f  the wor ld . Prices  during thi s  per iod general ly de­
creased . During thi s  period , OPEC had a s igni f i cant p roduction 
surplus , which eventu a l ly appeared in the market . The price 
crash in 1 9 8 6  bad ly hurt exploration and product ion in the Un i ted 
State s . OPEC conti nue s to be a sign i f icant fac to r , whos e  influ­
ence is  unlikely to dimini sh soon . Aga in , thi s s e cond s ta ge , 
1 9 8 3 - 1 9 8 7 ,  was a period o f  uncerta inty and vo l at i l ity . One can 
hope for price s tabi l ity at some reasonab l e  leve l ; but no one is 
wil l ing to count on it . 

Under the s e  trying condi tions , the petro leum ( crude o i l  and 
product )  d i s tr ibution sys tem performed remarkably we l l . There 
were no s ign i f icant d i s ruption s  in petro leum supply to any part 
of the U . S .  economy dur ing thi s second s ta ge . 

During the per iod from 1 9 7 9  to 1 9 8 8 , ma j or change s took 
place in the petroleum supply system . The s e  change s included : 

• Regulat ion -- January 1 9 8 1  marked the end of price and 
a l loc ation regu l at ions . The s e  regulation s , whi ch had a 
s tu l t i fying e f fect on the indus t ry , reduced both the 
bene f i t s  and r i sk s  o f  compet i t ion . Howeve r , in 1 9 8 1  
the indu s try went back to ful l-bore c ompe t i t i on in a 
period when demand was dropping . 

• Crude Oi l Produc tion and Imports -- Average annual 
crude oil produc tion rose from a low of 8 . 1  MMB / D  in 
1 9 7 6 to a high o f  9 MMB /D in 1 9 8 5 , in l arge part be­
cau s e  of the growth of Alask an produc t ion . I n  1 9 8 7 , i t  
fe l l  t o  8 . 3  MMB /D and i s  s t i l l  d e c l ining . However , 
U . S .  demand i s  r i s ing , resulting in increa s ed imports 
of fore ign crude oi l .  

• Change in Product Mix -- Both tightened environmental 
regulation and inter- fue l price c ompeti tion have s ig­
n i ficantly changed the mix of product s  needed to serve 
consume r s . One ma j or swing has been a drop o f  over 
1 . 7 5 MMB /D in the demand for res idu a l  fue l o i l  s ince 
1 9 7 8 , even though a sma l l  recovery i s  pro j e c ted for the 
future . Thi s  has been replaced by natural g a s  and even 
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coal in some c a s e s . In contras t , the demand for gaso­
line and d i s t i l l ate s ha s r i s en by 0 . 9  MMB / D  s ince 1 9 8 3 . 

• Re fining Capac ity -- One o f  the mo s t  drama t i c  change s 
ha s been a s igni f icant reduc t ion in c rude o i l re f i n ing 
c apac ity in the Uni ted State s . Between 1 9 8 1 and 1 9 8 6 ,  
over 1 0 0  re f iner ies  were c l o s ed . I n  1 9 8 1 , the i ndus try 
had a re fining capacity of more than 1 8  MMB /D . Current 
re fining c apac ity i s  le s s  than 1 6  MMB / D ,  but in general 
it is more e f fic ient and more economical c apa c i ty . Be­
cau s e  re fin ing throughput and re f inery locat i on l argely 
determine the movement of crude o i l , the s e  change s have 
had a s ubs tantial impact on the d i s tr ibut ion sys tem and 
i t s  per formance . 

• P etro l eum Transportation and I nventory - - D e c l i n ing 
demand and lower dome stic product ion a l te red demand on 
the U . S .  pipe l ine sys tem . For example , the Texoma and 
Seaway pipe l ines were switched from crude o i l  to gas . 
A l s o , the dec l ine in crude o i l  price a ltered the expec­
tations o f  future price improvement and thu s changed 
the economics of c arrying inventory . As a re su l t ,  sys­
tem inventories  o f  crude oil  and product went from a 
hi gh o f  1 , 3 0 0  mi l l ion barre l s  to j us t  be low 1 , 0 0 0  
mi l l ion barre l s  in 1 9 8 5 . 

Natural Gas 

Natural gas p lays a vital role in our energy d i s tr ibu t i on 
system for two important reasons . F i rs t , gas fu l f i l l s  s ome 2 3  
percent o f  our energy needs pr imar ily in r e s ident i a l  and c ommer ­
cial  he ating and i n  indus tr ia l  proce s s ing and e l ectric genera­
tion . S econd , depend ing on price and ava i l ab i l ity , s ome u s e r s  
switch back and forth between ga s and res idu a l  fue l o i l . Thu s , 
the abi l ity o f  the sys tem to ensure gas ava i l ab i l i ty i s  vital to 
our economy in i t se l f  but further a f fects incre a s e s  or de­
cre a s e s  in the demand for re s idua l fue l s . 

The change s  in the natural gas indu s try re flect a s imi l ar 
supp ly-demand cyc l e  to that experienced in the o i l  indu s try - ­
i . e . , increas ing demand fo l lowed b y  a period o f  conservat ion and 
d imini shed demand . Gas c on sumption attained a high o f  n e ar l y  2 2  
tri l l ion cubic fee t  ( TCF ) in 1 9 7 2 , driven by low regu l ated we l l ­
head price s . I n  1 9 7 3 , we l lhead price s averaged $ 0 . 2 2 per thou­
s and cubic feet ( MCF ) . Such low pr ices led to a fa l l  in proved 
natural gas re s erve s , from a lmo s t  3 0 0  TCF in 1 9 6 7  to about 2 0 0  
TCF by 1 9 7 8 . F o l lowing the pas s age o f  the Natural Gas Pol icy Act 
( 1 9 7 8 ) , average wel lhe ad gas price s reached $ 2  per MCF in 1 9 8 1  
and $ 2 . 5 0 in 1 9 8 2 , whi le prices o f  s ome deregu l ated categor i e s  o f  
gas ran up t o  $ 1 0  per MCF at the time . Average U . S .  consumer gas 
pr ices  peaked in 1 9 8 4  at $ 4 . 8 5 per MCF , when we l lhead prices  
peaked at  $ 2 . 6 6 per MCF . 

Natural gas con sumption decl ined dur ing the late 1 9 7 0 s  and 
early 1 9 8 0 s , reaching a low o f  about 1 6  TCF in 1 9 8 6 . P ipe l ine s 

- 6 -



and other dis tr ibut ion fac i l ities  bec ame s igni f i c antly under­
uti l i zed . Also , decre a s ing demand re sulted in a s ub s tant i a l  
surplus o f  dome s t ic product ion capac ity ( the s o - c a l l e d  " ga s  
bubb le " ) . Compe tition resulted in gas pr i c e s  fa l l ing be low 
regul atory c e i l ings . Demand for natura l  gas has incre a sed in 
recent years . I n  1 9 8 7 , natural ga s consumpt ion ro s e  1 TCF and it 
appears to have exceeded 1 8  TCF in 1 9 8 8 . 

The s e  undulat ions in s upply and demand put a s train on the 
distr ibut ion system . In addit ion , the prob lems a s s oc iated with 
the se change s were greatly aggravated by cont inued tight regula­
tion by the fe deral government . Until  1 9 7 8 , the ove r a l l  e ffect 
o f  thi s regu l at ion was to ho ld gas pri c e s  at arti fic i a l ly low 
leve l s  that did not s upport exp loration and repl acement o f  gas 
reserve s . To attempt correction , the government pha sed through a 
series o f  regu l ations that have moved the gas indus try c lo s er to 
a competit ive , market-or iented bu sine s s . However , thi s  tran s i ­
tion ha s been painful for the indus try . The trans i t ion cont inued 
in 1 9 8 8 ; but mos t  ma j or problems were being r e s o lved and mos t  
produce rs had some improved acce s s  to the marke t  o n  compe titive 
terms . 

In add it ion to the federal government , s ta te agenc i e s  s uch 
as public uti l ity c ommi s s ions cont inued to be dominant in natural 
ga s and other energy matter s . The u t i l i ty commi s s ions te s t i fy in 
federal rate c a s e  he arings , review the flow- through of c o s t s  on 
new supplie s of natural gas , and survey the s upp l i e s  o f  na tura l 
gas moving to the end-user . Consequently , the l o c a l  d i s tr ibution 
compan ies  ( LDC s ) and interstate pipe l ine companie s cont inue to be 
sens itive to the actions and needs of not only state uti l ity 
agenc ies but a l s o  s tate and municipal environment a l , archaeologi­
cal , land use , and other agenc ie s . 

It  i s  notable that throughout the turmo i l  o f  the p a s t  1 0  
years , a mos t  creditable j ob was done in transmitt ing ga s to 
end-users , part icularly to pre ferred u s e r s  such as r e s idence s , 
ho spita l s , s choo l s , and other pub l ic i n s t i tut ions . An important 
les son emerge s from thi s experience . There is no per fect system , 
but it i s  c le ar that the s upply s tream funct ions more e f fectively 
when the incentive s of the free marke t are in p lay . 

THE SUPPLY SYSTEM UNDER NORMAL CONDI TIONS 

One mus t  recogn i z e  that the rapid change s in the oil indus ­
try over the past decade r e f l e c t  the cont inu ing bus ine s s  environ­
ment for the supply system . The s uc ces s ful supply per formance 
is  c lear te s t imony to the response capabi l i ty and adaptab i l ity o f  
the sys tem . As part o f  thi s  s tudy , the NPC a l s o  examined the 
abi l ity o f  the system to hand le indu s try growth through 1 9 9 2 . 

To examine future supply capab i l ity , the s tudy used the 
Department o f  Energy ( DOE ) forecas t for 1 9 9 2 , a s  shown in 
Table 1 .  I t  i s  interesting to note that 1 9 9 2  demands for c rude 
o i l  and petroleum products are not proj ec ted to reach the 
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TABLE 1 

U . S .  OIL AND GAS DEMAND AND SUPPLY* 

Oil Demand 

Gasoline 

Distillate 

Residual Fuel 
Others§ 

Total Oil Demand 

Oil Supply 

Crude Petroleum 

Crude Imports� 

Product Imports 

Other** 

Total Oil Supply 

Gas Demand 

Residential 

Commercial 

Indus trial 

Electric Uti l ity 

Subtotal 

Lease and Plant Fuel 

Pipel ine Fuel 

Total Gas Demand§§ 

Gas Supply 

Dry Gas Production 

Net Imports 

Unaccounted/Inventory 

Total Gas Supply§§ 

Actual 

1979 

(Thousands 

7,034 

3,3ll 

2,826 
5,342 

18,513 

(Thousands 

8,552 

6,519 

1,937 

1,505 

18,513 

Actual 

1987 

of Barre ls 

7,206 

2,976 

1,264 
5,219 

16,665 

of Barrels 

8,349 

4,674 

2,004 

1,638 

16,665 

(Bill ion Cubic 

4,958 4,302 

2, 770 2,392 

6,807 5,827 

3,462 2,814 

17,997 15,335 

1,486 1,033 

600 517 

20,084 16,885 

(Bi l l ion Cubic 

19,443 

1,249 

�) 
20,084 

16,295 

987 

(397) 

16,885 

Projected 
1992 

per Day ) 

7,330 

3,440 

1,470 
5,480 

17,720 

per Day ) 

6,870 

7,060 

2,300 

1,490 

17,720 

Feet)  

4,597 

2,672 

6,420 

3,228 

16,917 

956 

527 

18,400 

Feet )  

17,280 

1,610 

(490) 

18,400 

*Data and forecast from DOE Energy Information Administration. 

§Includes LPG, jet fuel , keros ine , lubes ,  and other products . 

�Includes the Strategic Petroleum Reserve. 
**LPG production , inventory flux , process gain , and othe r ,  less 

exports . 

§§Totals may not equal the sum of components due to independent 

rounding. 

- 8 -



peak-year 1 9 7 9  requirements. Future demands were examined in 
total and by Petro leum Administrat ion for Defense D i s t r i c t  ( PADD ) 
to identify the area s  of princ ipal change such a s  an increa s e  in 
foreign c rude o i l  to PADD I I  ( the Midwes t )  and increa sed tanker 
del iveries in the u.s. Gulf . 

In th i s  volume , many energy s tat i st i c s  are compi led on a 
PADD bas i s . The five PADD s , shown in F i gure 1 ,  are cons i s tent 
with the fol l owing broad geographic region s : 

• 
• 
• 
• 
• 

PADD 
PADD 
PADD 
PADD 
PADD 

I - E a s t  Coast 
I I  - Midwest 
I I I  - u.s. Gulf Coast 
IV - Rocky Mountain 
v - Wes t Coas t . 

I \ I 
\ 

I I I 
,., I ' ... , .. , .. --

----
' 

ID4Ho : WYOMING 

---,v 

N. DAKOTA 1 

I 
-- ---- - _I I 

S. DAKOTA 

-,,.,1 
I 

MINN. 

IOWA 
I 
I I - ----

_______ �:-II 
I 

KANSAS \ ' 
1 MISSOURI 

Figure 1 .  Petroleum Administration for Defense Districts (PADDs) . 

Gas s upply and demand data are a l s o  presented in Tab le 1 .  
Ga s demand in the Lower- 4 8  S tates i s  proj ected by the Energy 
I nformation Admini s tration ( E IA)  to increase to 1 8 . 4  tri l l ion 
cubic feet ( TCF ) per year by 1 9 9 2 ,  an increa s e  of 1 . 5  TCF from 
1 9 8 7 . Thi s  pro j ec ted rate for 1 9 9 2  i s  s t i l l  about 1 . 7  TCF below 
the actual demand in 1 9 7 9 . Overa l l , thi s  indicates surp l u s  
c apacity i n  mo s t  o f  the transportation system .  I n  addi t ion , in­
creased transmi s s ion fac i l ities to serve the Northea s t  and C a l i ­
fornia have been propo sed and are awai ting regu l a tory approval . 
Additions to current capacity have a l s o  been propo s ed to s erve 
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the F lor ida market s . I f  these propo s a l s  for capac i ty addi t ions 
are approved , there wi l l  c l early be adequate natura l  gas tran s ­
mi s s ion capac i ty t o  ful ly cover expected demand through 1 9 9 2. 

Thi s  s tudy examined many aspec ts of the s upp l y  s y s tem .  They 
inc luded the gather ing of crude o i l  and its d i s tr ibution to refin­
eries by pipel ine , b arge , and ocean tanker and the di s tr ibut ion 
of product from refineries to con sumer s by pipel ine , b arge , tank 
truck , and rai l tank c ar . Movement of produc t from foreign 
sources through the d i s t r ibut ion sys tem wa s a l s o  reviewed . 

F ina l ly , the changing supp ly needs of 1 9 9 2  were comp ared 
with antic ipated s upply and transportation c apac i ty . The s upply 
sys tem appear s  to have ample c apac i ty and flexib i l ity to handle 
pro j ected growth in demand through 1 9 9 2 . 

THE SUPPLY SYSTEM UNDER STRE S S  

S a t i sfied that the sys tem could handle d i s t r ibut ion ex­
pedi tiou s ly under norma l growth condit ions , the NPC cons idered 
the pos s ib i l ity of a variety of s udden and s evere c r i ses . I n  
other words , the Counci l  sought t o  examine the capab i l i ty o f  the 
U . S .  di s tr ibution sys tem to cope with unusual and unexpected 
stres s . 

I t  i s  important to mention that even under typ i c a l  condi­
tion s , the sys tem responds to a cons tant s t ream of minor s t res s 
such a s  refining down-time , mi s sed pipel ine del iveries , un­
expected changes in weather , swings in s a les , and the l ike . 
Occ a s iona l ly , the sys tem i s  faced with more serious s t res s con­
di tion s . A degree of s tres s is normal in the indu s try , but few 
s tres s s i tuations resu l t  in serious s upply prob lems . I n  fact , 
the consumer r arely feels  the impac t . The s y s tem can respond 
l ike a huge shock abs orber to changes in demand or s upply , 
because of a bu i lt-in level of inventory in s torage , cons iderable 
product in trans i t , and of cour se the abi l ity to move to 
a l ternative s ources of s upply . These features work to give the 
sys tem i t s  remarkab le res i l ience and flexibi l i ty . 

The purpo s e ,  then , became to test the s upply sys tem under 
conditions of severe or abnorma l stres s . To do s o , s ix s tres s  
s cenarios were des igned to rigorously test the s y s tem ' s  capac i ty 
to adapt to sudden and demanding changes in s upp l y  requ irements . 
These were : 

1 .  O i l  Import D i s ruption ( initiating an SPR drawdown ) 
2 .  Colder-Than-Norma l Weather 
3 .  C anadian Gas Import D i s ruption 
4 .  Product P ipel ine D i s ruption ( PADD I I I  to PADD I I )  
5 .  TAPS D i s ruption 
6 .  C an adian Crude O i l  Import D i s ruption . 

For each of these s cenarios , a critical evaluation wa s made of 
the s y s tem ' s  abi l i ty to cope . Thi s included c arefu l ly devel oped 
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al ternat ive ways t6 provide the crude o i l , product ,  or natural 
ga s to overcome the cri s i s  s ituation . E ach s cenario is briefly 
descr ibed below , along with sugges t ions as to how the indu s try 
could effec tively handle the s i tuation . 

Scenario 1 :  O i l  Import Di srupt ion 

Thi s  s cenar io tes t s  the system ' s  ab i l ity to handle a 9 0 -day 
di srupt ion in foreign crude o i l  and product import s , total ing 3 
MMB /D in 1 9 8 7  and 4 . 5  MMB /D in 1 9 9 2 ,  a s  outl ined in Table 2 .  

The c apac ity of the S trategic Petroleum Reserve and the 
enormous flex ib i l ity of the inventory and s upply sys tem are 
adequate to overcome even such an extens ive l o s s  of c rude o i l . 
The product los s could be made up from both dome s t i c  and foreign 
refineries . 

As the s cenario i s  des i gned , the crude o i l  los s wou ld vary 
by region . The mo s t  serious supp ly prob lem wou ld occur on the 
East Coa s t  ( PADD I ) . However , crude o i l  and produc t c an be 
shifted to meet these needs . Free-market trading i s  vital  to the 
effic ient di stribution of SPR o i l . 

TABLE 2 

STRES S SCENARIO 1 
AS SUMED IMPORT REDUCTIONS 

( Thous ands of Barre l s  per Day)  

1 9 8 7  

Crude Oil  Product Total 

PADD I 5 1 0  4 2 0  9 3 0 
PADD I I  2 7 0  2 7 0  
PADD I I I  1 , 4 5 0  2 1 0  1 , 6 6 0  
PADD v 1 4 0  1 4 0  

Tot a l  2 , 3 7 0  6 3 0  3 , 0 0 0  

1 9 9 2  

Crude O i l  P roduc t Total 

PADD I 7 6 5  6 3 0  1 , 3 9 5  
PADD I I  4 0 5  4 0 5  
PADD I I I  2 , 1 7 5  3 1 5  2 , 4 9 0  
PADD v 2 1 0  2 1 0 

Total 3 , 5 5 5  9 4 5  4 , 5 0 0  
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In br ief , the combinat ion of SPR inventory back-up and the 
abi l ity of the system to sh ift product from other parts of the 
system permit coping with even such l arge crude o i l  los ses . 

Scenario 2 :  Colder- Than-Norma l Weather 

Th i s  s cenario examines how the supply sys tem might cope with 
an unusua l ly severe winter with temperatures averaging either 1 0  
percent colder than norma l for 9 0  days or 2 0  percent c o l der than 
norma l for 3 0  days throughout the nation . Whi l e  we have experi ­
enced one o r  the other o f  these condi tions o n  average once in 
every five years ,  these condit ion s have not been s ignifi c antly 
exceeded in the last 5 0  years . 

Both of these condi tions could be handled by a comb inat ion 
of inventory drawdown s and a var iety of resupp ly al ternat ives . 
Thi s  solution wou ld hold both today and for the demand pro j ected 
for 1 9 9 2 . The point of heavies t s tres s in th i s  s cenario is the 
del iverabi l i ty of natural gas to the E a s t  Coa s t , with the area of 
greates t concern being New Engl and . I n  that area , s ome dua l -fuel 
bo i lers wou ld sh ift from gas to o i l . Cons truction pro j ec t s  have 
been proposed , however , to el iminate natura l gas p ipel i ne c apa­
city bottleneck s .  

In short , the current s upp ly system with the improvements 
now in progres s is fu l l y  c apab le of handl ing the severes t weather 
conditions we have exper ienced in over 5 0  years . 

Scenario 3 :  Canadian Ga s Import D i s ruption 

Th i s  s cenario ana lyzes the effec ts of a 5 0  percent l o s s  in 
ga s impor t s  for the month of January at each of the five entry 
points between C anada and the United States . The a s s umed reduc­
tions for purpo ses of thi s  s cenario are about 2 . 3  b i l l ion cubic 
feet per day , as detai led in Table 3 .  

TABLE 3 

STRE S S  SCENARIO 3 
D I S RUPTION IN CANAD IAN GAS IMPORT S  

( Mi l l ions o f  Cubic Feet per D ay )  

PADD I (New Eng land ) 
PADD I (Mid-At lanti c )  
PADD I I  
PADD IV 
PADD V ( Wes t Coas t )  

Total 
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1 0 0  
4 1 0  
5 5 5  
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Thi s  gas l o s s  wou ld be met by c a l l ing upon the bui l t - i n  
cushion and flexibi l i ty i n  the system .  F i r s t , the system inven­
tory wou ld be tapped to meet a large percentage of the s hortfa l l . 
Second , s ome fuel switch ing would take place in the E a s t  Coast 
industrial and electric uti l i ty sec tors , primari ly by drawing on 
available inventories of res idual fuel o i l . 

In brief ,  the sys tem could weather the lo s s  of 5 0  percent of 
the gas norma l ly imported from Canada for 3 0  days without s ig­
nificant difficu l ty . However , the Canad i an natural gas shut-off 
s cenario may po se a temporary problem for the Wes t  Coast if suf­
fic ient natural gas i s  not in s torage at the t ime of the shut­
off . Thi s  s cenario , therefore , empha s i zes the important role of 
seasonal gas s torage in meeting abnorma l demands .  

S cenario 4 :  Product P ipel ine Di sruption ( PADD I I I  to PADD I I )  

Thi s  scenario tes t s  supply sys tem c apab i l ity to res pond to a 
ma j or disruption in a produc ts pipel ine flow . For the purposes 
of thi s  s tudy , the NPC examined the consequences of Explorer 
pipel ine being shut down for 3 0  days . Th i s  p ipel ine del ivers 
about 3 6 0  thous and barre l s  per day (MB /D )  to the Midwest 
( PADD I I )  from the U . S .  Gulf Coast area ( PADD I I I ) . Thi s  i s  an  
important produc t supp ly for a high-consumption area . Thi s  
scenario repres ents an un l ikely stres s cond i tion , becau se product 
pipel ines are repa ired quickly ; norma l ly only a few days of down 
time wou ld be expected for a p ipel ine prob lem .  

Avai l able inventory i s  usual ly adequa te to cover th i s  
a s sumed product los s . The assumed los s o f  pipel ine del iveries 
for 3 0  days would amount to about 1 0 . 8  mi l l ion barrel s :  roughly 
equivalent to three day ' s  supp ly . Thi s  is les s than the amount 
of inventory typica l l y  ava i l able above minimum operating inven­
tory level s in thi s  area , as shown in Table 4 .  I n  add i t ion to 
drawing inventories , a number of al ternative means ex i s t  to 

TABLE 4 

PADD I I  
AVAI LABLE SYSTEM INVENTORY 

Primary I nventory 
Secondary ( j obber s , etc . ) 
Tertiary ( consumers ) 

( Days Supply)  

Gasoline 

4 
4 
6 

1 4  

* 
ABOVE MINIMUM 

D i s t i l late 

1 
3 

2 1  

2 5  

Jet Fuel 

8 

6 

1 4  

*Ba sed on March 3 1 , 1 9 8 8  data and methodo logy outl ined in 
Vo lume IV of thi s  report , Petroleum I nventor ies and S torage . 
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increase product s upply , inc luding increa s ed refining run s , use 
of spare c apac i ty in other pipel ines , and reduced sh ipment s  of 
product out of the area to regions that can receive produc t from 
other s ources . 

I n  summary ,  the los s of a s ingle pipel ine into the Midwest 
for a 3 0 -day per iod could be handled by a c omb inat ion of norma l 
indus try operat ing prac tices . 

Scenario 5 :  TAP S  D i s ruption 

Thi s  scenario examines the shutdown of del iver ies from the 
Tran s -Alaska P ipel ine Sys tem for 3 0  days . TAPS i s  the l argest 
throughput crude oil  pipel ine in the Uni ted S tates , carrying an 
aver age of about 2 MMB / D  for tran s shipment to the Wes t  Coast , 
Gulf Co a s t ,  the Virgin I s lands , and Hawa i i . Th i s  con s t i tutes 
about 1 5  percent of the total u.s. crude o i l  demand . 

The l o s s  of 2 mil lion barrel s of produc t ion i s  a ma j or 
di srupt ion even in the wor ld market ; the lo s s  of 2 mi l l ion 
barrel s of Alaskan crude oil i s  particularly difficult because 
mo s t  of the crude oil is  consumed on the Wes t Coa s t , remo te from 
other ma j or crude o i l  log i st i c s  s ys tems . Given current level s of 
wor ldwide inventories and surplus foreign production capa c i ty , 
acqu i s i tion of rep lacement supply for the Wes t  C o a s t  shou l d  not 
be a ma j or ob s tac l e ;  the problem is  to ma intain cont inu ity of 
supply unti l repl acement crude o i l  supp ly can be del ivered . 

Repl acement of the E a st-of-Rock ies s upp ly poses no ma j or 
prob lem ,  but the s i tuation on the Wes t Coast would be more 
difficult . The Wes t  Coas t crude o i l  los s could be managed by a 
combination of measures , inc luding : drawdown of inventor ies , 
divers ion of sh ip s  carrying Ala skan crude o i l  from their intended 
des tinations , and increas ing imports of crude o i l and p roduct .  

Thu s , wh i le the di s rupt ion of TAPS wou ld res u l t  in h i gher 
cost to the marketpl ace , essential supply needs wou ld be met , 
as suming norma l world crude o i l  supp ly ava i l ab i l i ty , espec i a l ly 
in a current di s ruption . However , the lo s s  of TAPS s upply for 3 0  
days in 1 9 9 2  cou ld pose a substantial ly more s er ious prob lem ,  
which would be fel t by Wes t  Coas t consumer s for s everal week s . 
The Wes t  Coa s t  re- supply problem wi l l  become more difficult in 
later years as pro j ec ted Alaskan production drops and Wes t  Coast 
consumpt ion increases , leaving s ignificantly les s oil  in tran s i t 
to provide cont inui ty in the early days of the cut-off .  

S cenario 6 :  Canadian Crude O i l  Import D i s ruption 

The final s tres s s cenar io tes t s  options ava i l ab le in c a s e  of 
a 3 0 -day di sruption of Canadian crude o i l  impor t s  del ivered via 
Inter-Provinc i a l  pipel ine . Th i s  would resu l t  in a 5 0 0  MB / D  crude 
o i l  los s in the Upper Midwes t .  

Supply to cover a 3 0-day Canadian c rude o i l  di sruption i s  
normal l y  avai lable from primary crude o i l  inventories in the 
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Midwes t  and Gu l f  Coas t .  P ipel ine c apac i ty to move the crude o i l  
to the a ffected areas i s  a l s o  avai lable . I nvento r i e s  wou l d  be 
repleni shed with increased non-Canadian impor t s  l ater in the 
stre s s  response cycle . The system a l s o  retains the flexib i l ity 
to supply s igni f ic ant volume s o f  fini shed produc t into the 
a ffected are as . By 1 9 9 2 , pro j ec ted growth in re f i nery crude o i l  
demand wi l l  make replacement o f  the C anadian vo lume i n  k ind more 
di f ficu l t . Increment a l  product supply and produc t inventory draw 
wou ld be required to br idge a 3 0 -day los s o f  C anad i an c rude o i l . 

For mo s t  o f  the Midwe s t , the lost Canad ian crude o i l  could 
be rep laced qu ickly except for the Twin C itie s are a . 

Summary 

Des igning and examining the s e  s ix s cenar ios has s erved to 
highl ight some important fac tors about our supp l y  system : 

• The sys tem i s  very re s i l ient and flexib l e , permi tting 
it to ad j us t  to and resolve a wide r ange o f  stre s s  
s i tuations . 

• Thi s  flexibil ity and adaptab i l i ty depend heavi ly on 
bu i lt-in inventorie s that occur at key points in the 
system ,  and on the system ' s  gre at capacity to obta in 
crude oi l ,  product , or natural gas from a l ternative 
supply s ource s . 

• The interconnec tabi l ity o f  the individu a l  parts o f  the 
sys tem permits shi fting and diver t ing product from many 
source s  to virtually any po int o f  u l t imate consumpt ion . 
In th i s  s ense , the U . S .  and wor ldwide petrol eum d i s ­
tribution ne tworks are the mo s t  wide spread o f  any 
log i s tic sys tems in the wor ld . 

It  i s  important to recogn i z e  that the se s tre s s  s cenarios examined 
the abi l ity of the sys tem to move crude o i l , produc t , and gas in 
abnormal cond itions . I n  a l l  the scenario s , s upp ly was expected 
to be avai l ab l e  in the system .  Obviou s ly , the sys tem cou ld not 
reso lve s i tuations in which there was not adequate s upply ava i l ­
ab le t o  the system .  I n  thi s  respect , the S tratet i c  Petro leum 
Re s erve provide s an important source o f  potent i a l  s upply , i f  
required . 

F inally , the s tudy has made it c l e ar that economics and the 
free market dr ive thi s  system .  It is a s impl e  but pro found con­
cept : a s  suppl y  shortage s deve lop , price s r i s e , encouraging a 
shi ft to reba lance the di spos ition of crude o i l , product , or 
natural gas . When arti ficial  con s traint s  are p l aced on the 
sy stem , the natura l balanc ing , s e l f-corre c t ing proc e s s  doe s not 
work . 

S ince the end o f  Wor ld War I I , no s e r ious petro leum short­
age s have occurred at the consumer leve l except g a s o l ine l ine s 
and natural gas curtai lment s in the era o f  pr ice and a l l ocat ion 
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contro l s . I n  recent years , however , there have been s i tuations 
where the market felt particu larly heavy pre s sure becau s e  o f  
abnorma l cond i t ion s . The s e  inc luded : 

• Motor gasol ine supply tightn e s s  in the s umme r  o f  1 9 8 8  
• The fue l - switch ing epi sode o f  1 9 8 6  
• The Southwe s t  free z e -up o f  1 9 8 3 . 

Whi l e  the s e  events had the i r  economic cost  and produced a h igh 
level o f  d i s com fort for o i l  and gas companie s , they d id not prove 
in any way d i s rupt ive -- convinc ing te s t imony to the flexibi l i ty 
and adaptab i l ity o f  our s upp ly sys tem . 
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CHAPTER ONE 

BACKGROUND - - OVERVIEW OF CHANGES 

INTRODUCTION 

The U . S . petro leum supply " system" consists o f  thousands o f  
separa te , indepe ndent entit ies , most o f  wh ich are i n  d irect com­
petit ion with each other . Desp i te the disparate business and 
economic interests o f  the industry members , the aggregate system 
responds to economic incentives ( and disincent ives ) in a rat ional 
and reasonabl e  fash ion ; and ana lysis of the " system" capab i l ity 
and per formance is a use fu l simpli fication . 

Economic incent ive is the driving mechanism o f  the supp ly 
system . I t  shapes the short-term response to probl ems and 
opportuni ties , and it triggers longer- term investment dec isions . 

I t  is convenie nt to d iscuss the capabi lity and per formance 
o f  the supp ly-system components as if they were monol i th i c  enti­
t ies . They are not . The per formance o f  the system represents 
the net result o f  actions taken by a great many partic ipants , 
each responding to its own economic interest and incentive . The 
interact ion of the system components c an be very c omplex . For 
example , a rise in local dist i l late prices could simu l taneously 
trigger increased re f inery production , attract increased imports 
and supp ly from other areas , induce flexible consumers to switch 
fue ls ,  and cause inventory draw ( or bui ld , in some c ases) . 

The supply system has changed dramatically since 1 9 7 9 , when 
the NPC issued its report , Petroleum S torage and Transportation 
Capaci ties . This vo lume descr ibes some o f  the more signi f i c ant 
changes . I t  also out l ines the operation o f  current system c om­
ponents in terms o f  the ir flexibil ity and c apab i l ity to mee t  
present and future demands under " norma l "  e conomic a n d  suppl y  
condit ions . 

The same economic dynamics that contro l the " no rma l "  opera­
tion o f  the supply system apply to abnorma l situations that 
"stress"  the system . Chapter Three o f  this vo lume concerns the 
system response to some actual stress cond it ions and the system 
capab i l i ty to respond to some hypothet i c a l  situa tions o f  very 
severe stress . 

Me asured by resu l ts ,  the supply system h as worked wel l  in 
per iods o f  both shortage and surp lus , and it is cont inuing to 
work we l l . The current system is e ff ic ient and e c onomic ; and i t  
is again growing t o  meet economic requirements . Under " no rmal " 
operating cond it ions and prices , no signi ficant problems are 
pro j ec ted through 1 9 9 2 . Further , the system retains c onsiderab le 
f lexib i l ity to respond to qui te unusua l  stress s i tuations . 
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INDUSTRY TRENDS 

In 1 9 7 9 , whe n  the NPC ' s  l a s t  fu l l  report on petro l eum stor­
age and transportati on was publ i shed , gas o l in e  l in e s  p l agued s ome 
American motor i s ts ; petroleum demand averaged 1 8 .5 MMB / D ; im­
ported crude o i l  price s ave raged $2 2 per barre l and we r e  r i s ing ; 
and net o i l  imports ac counted for 4 3  percent o f  U.S . con sumption. 
By 1 9 8 2 , new natural gas s a l e s  co ntr acts with produ c e r s  wer e  
be ing made a t  price s up to $1 0 per thou s and cubic feet ( MCF ) , a s  
pipe l in e  comp an ie s attempted to arr ange long-term s upp l i e s  to 
a l leviate pro j ected natural gas shortage s. 

Genera l ly , the years s ince 1 9 7 9  have bee n  d i f f icult one s for 
the indu stry. Shortage s  o f  crude oil and re fined products turned 
to market g luts , and price s dropped prec ipitou s ly. Surp l u s  
natural gas production and competition from cheap o i l  forc ed mo st 
gas prices be low the i r  r egul ated c e i l ings , r e s u l ting in funda­
menta l change s in gas marketing. With the ben e fit o f  hinds ight , 
th e chang e s  are perc e ived to be the pred i ctable r e s u l t  o f  the 
c l a s s ic economic l aws o f  supp ly and demand , but the swi ftne s s  and 
vigor o f  the reaction we re a surpr i s e  to a lmo s t  everyone in the 
i ndu stry. 

The U.S. supp ly system and the economic e nvironment i n  which 
it operate s  have changed greatly s ince 1 9 7 9. The change s that 
resulted in the pre s ent system occurred i n  two s tage s - - a de­
c l ine stage and the current re covery stage. 

F ir s t  Stage 

I n  1 9 7 9 , U.S . petro leum consumpti on and u.s. r e f i nery run s  
were the s econd h i ghe st i n  h i story , only s l i ghtly be l ow the prior 
year. The cuto f f  of I ranian c rude o i l  had tr i gg er ed a s econd 
round o f  sho rtage s ,  of wh ich gasol ine l ines were the mo s t  v i s ible 
symptom. Natur a l  gas s upp l i e s  were pro j ected to be i nadequate , 
and in many are a s  new gas connections to res identa l  and bu s i ne s s  
consume r s  were banned. 

The government and the f inanc i a l  e xperts were pro j ecting 
energy costs to r i s e  s ign i f icantly f a s te r  th an i n f l ation through 
the decade ; for e c a s ts o f  $1 0 0  a barre l for c rude o i l  in the 1 9 9 0 s 
were c ommon. I t  was the k i nd o f  fre n z ied e nv i ronment i n  whi ch a 
pro j ect to generate gas from ch icken droppings cou l d  rece i ve 
seriou s  cons ide ration ; but it was a l s o  an e nv ironment th at 
attracted mon ey and ta l ent to more substanti a l  energy s upply 
pro j ects. 

Howeve r , it was the demand ha l f  of the supply-demand e qua­
tion th at f i r s t  s ignaled a change. As shown in F i gure 2 ,  U.S . 
petro leum con s umption began to decl ine i n  1 9 7 9  and dropped 3 .6 
MMB / D  ( about 1 9  percent) be fore bottom ing out at a bout 1 5.2 MMB / D  
i n  1 9 8 3 . Demand wa s a l s o  dec l ining i n  the r e s t  o f  the wor ld ; by 
1 9 8 4 , free-world demand was down 6.4 MMB / D  ( about 1 3  percent)  
from 1 9 7 8. Today the eventual e f fect of h i gh pr i c e s  on e ne rgy 
demand s e ems obviou s , but it was not wide ly apparent i n  1 9 7 9 . 
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Figure 2. Total U.S. Product Demand. 

H igh ene rgy price s were a l s o  br inging new ene rgy s upp l i e s  
to the market . The mo st s igni ficant e l eme nt was the growth o f  
non-OPEC o i l  s upply . From 1 9 7 8 through 1 9 8 3 , non-OPEC s upply 
incre ased 4 . 5  MMB / D . Th i s  growth , coupled with r educed demand 
and competition from gas , coal , and nuc l e ar ene rgy , produced a 
c l a s s ic " s que e z e " on OPEC s a l e s . The magn itude o f  th i s  s que e z e  
i s  i l lu strated in Tabl e 5 ,  wh ich shows the change s i n  free -wor ld 
supp ly and demand from 1 9 7 8  through 1 9 8 7 . With demand down by 
5 . 4  MMB / D  and competing s upply up by 6 . 5  MMB / D , OPEC s a l e s  had 
dec l ined 1 1 . 9  MMB / D  by 1 9 8 3 . Further , OP EC ' s  market share had 
dec l i ned from about 6 0  percent o f  fr ee-wo r ld demand in 1 9 7 8  to 4 0  
pe rcent in 1 9 8 3 , repre s enting a s igni ficant lo s s  o f  contro l .  

The impact o f  both shortage and surplus on dome stic crude 
o i l  prices is i l lu strated in F i gure 3 ,  wh ich shows typ i c a l  po sted 
prices for a s our ( h i gh s u l fur ) We st Texas crude o i l .  ( Th i s  
crude o i l  i s  s im i l ar i n  qual ity to the ave rage c rude o i l  run in 
U . S .  re fine r i e s  and normally trade s $0 . 7 5 to $1 . 2 5 per barre l 
be low the more wide ly known We st Texas intermediate crude o i l . )  
In mid - 1 9 7 3 , th e we l lhead price for We st Texas s our crude o i l  was 
about $4 per barre l and r i s ing . Th e Ara b  embargo , wh ich began 1n 
October , qu ickly pushed pric e s  to the $1 0 per barrel leve l by 
ye ar end . 
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TABLE 5 

F REE-WORLD SUPPLY AND DEMAND 
( Mi l l ions o f  Barre l s  per Day ) 

1 9 7 8  1 9 8 3  1 9 8 7  

Demand 5 0 . 3  4 4 . 9  4 7 . 5  

Supply 

OPEC 3 0 . 3  1 8 . 4  1 9 . 0  
Non-OPEC 1 8 . 6  2 3 . 1  2 5 . 3  
Oth e r *  1 . 4  3 . 4  3 . 2  

5 0 . 3  4 4 . 9  4 7 . 5  

* I nventory f l ux , imports from Commun i s t  B loc , e tc . 

Source : BP Stati stical Rev iew , June 1 9 8 8 . 
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Figure 3. West Texas Sour Crude Oil Posted Prices. 
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The I ranian r evo lution cut wor ld crude o i l s uppl y  by a lmo s t  
5 MMB /D a t  the end o f  1 9 7 8 , and by e a r l y  1 9 7 9  i t  bec ame appa rent 
that I ranian s a l e s  wou ld not rebound s oon . Wor l d  pr i c e s  rose 
qu ickly . I n  a ca lcul ated ( and succ es s fu l )  attempt to run pr i c e s  
up further , Libya cut its crude o i l  e xports . I n  the Unite d  
State s , sour crude o i l  postings ( for c rude o i l  wh ich w a s  not 
price contro l l ed ) rose to about $3 6 per barre l by e a r l y  1 9 8 0 . 

Surplus production began to appear in 1 9 8 0 .  I n iti a l ly , the 
OPEC carte l tr ied to de fend pr ices by acting a s  the " swing " s up­
pl ier , with l imited succ e s s . OP EC continued to r a i s e  the i r  · 

" o f f ic i a l " price s to a peak " benchmark " leve l o f  $3 4 per barr e l  
for S audi crude o i l  in 1 9 8 1 , but cut-rate c rude o i l  wa s be ginn ing 
to appear in the spot market in s i gni ficant quantiti e s  a s  indi­
vidua l OPEC member s  c ompeted for a shr i nk ing ma rket . C rude o i l  
prices dri fted down . 

The dec l ine in OPEC s a l e s  f e l l  d i s pr oporti on ate ly on S audi 
Arabia ; the combination of l ower price and greatly reduced vo lume 
was adve r s e ly a f fecting internal deve lopment . I n  Octo be r 1 9 8 5 , 
the Saud i s  imp lemented a program to win back the i r  forme r market 
share . Under the program , Saudi c rude o i l  was priced on a 
" netback " formu l a  tied to spot pr ices o f  re f ined products in the 
area where the c rude o i l  was re fined . I t  virtu a l ly gu ar ante ed a 
re fining pro f i t , and it wa s an invitation to turn surp l u s  c rude 
o i l  into surplus product . 

As shown in F igure 3 ,  the e f fect on U . S . c rude o i l  pr ice s 
wa s severe . I n  the f i r s t  ha l f  o f  1 9 8 6 , po sted pr i c e s  d ropped 
more than $1 6 a barre l to a l ow of about $ 1 0 . The e ffect o f  
the price crash on the exploration and production s ector o f  the 
industry was a l s o  severe . S i nce both crude o i l  and p roduct 
prices declined , re finers and marketers we re re l ative l y  un a f­
fected , though there were l arge reducti ons i n  inventory va lues . 

S ince l ate 1 9 8 6 , price s have fluctuated betwe e n  $1 2 and $ 1 9  
per barre l ,  l arge ly i n  re sponse to OPEC activity . 

Second Stage 

The s e cond stage o f  ch ange s in the U . S .  s upply s ystem and 
th e economic envi ronment s ince 1 9 7 9  is the recovery s tage . 
Although crude o i l  pr ic e s  continued to dec l ine unti l 1 9 8 6 , the 
second stage r ea l ly began in 1 9 8 4 , when petro leum demand again 
began to inc reas e .  As shown in F igur e 2 ,  ove r a l l  U . S . petro­
leum demand in 1 9 8 7  was 1 6 . 7  MMB/ D ,  up 1 . 4  MMB / D  f rom the low 
po int . This repr e s e nts a re covery o f  about 4 0  percent o f  the 
lo s s e s  in the 1 9 7 8 - 1 9 8 3  per iod . The growth h a s  been pr ima r i ly in 
the l i ghter products ( e . g . , gasol ine , d i s ti l l ate , and j et fue l ) ; 
res idual fue l consumption appe ars to have re ached a low and i s  
pro j ected to grow mode s tly . 

Growth has improved the bu s ine s s  environment o f  the r e fin ing 
and marketing se ctor substanti a l ly . After a p a i n f u l  shake-out 
per iod in wh ich many re finerie s bec ame uncompeti tive and were 
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shut down , the r e f ining sector i s  now oper ating at more e f f ic ient 
uti l i z ation leve l s .  I nve stment in upgrading and debottlene cking 
o f  e x i s ting fac i l ities i s  add i ng to c apac ity. 

Petro leum demand i n  the rest of the free wor l d  has a l s o  be en 
growing , a s  shown in Table 5 .  Tota l free -wor ld demand in 1 9 8 7  
( exc lud ing the s o - c a l led Centr a l ly P l anned Econom i e s )  was up 2 .6 

MMB / D  from 1 9 8 3 , a 6 percent incr e a se .  However ,  mo s t  o f  th i s  n ew 
demand was cove r ed by incre a s e s  in non-OPEC production , l e aving 
OP EC with 1 9 8 7  producti on o f  1 9 .0 MMB / D  and unu s e d  production 
c apacity e s timated at 7 to 9 MMB /D. 

Crude oil price uncertainty a s soc iated with the OPEC surp l u s  
continue s to a f fect the U.S .  e xpl oration and production s ector. 
Crude oi l and natural gas pri ces have r i s en from the ir l ows , and 
dr i l l ing i s  up mode stly but s ti l l  we l l  be l ow the p r e - 1 9 8 6  l eve l s. 
In the n e ar te rm , the s tabi l ity o f  th e crude o i l  market wi l l  
probably depend l arge ly on OPEC producti on po l icy. 

For the l onge r term , the E IA i s  fore cas ting th at s upply­
demand pres sure wi l l  pu sh o i l  prices up. Re a l  crude o i l  prices 
have dropped to a l e ve l  th at promote s demand growth. Moreove r , 
in the Un ited S tate s price l eve l s  are insu f f i c i e nt to c over the 
rep laceme nt o f  oi l r e s erves be ing con sumed currently. F i gu re 4 
i s  a plot o f  We st Texas s our po stings in constant 1 9 7 3 do l l ar s .  
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The se are the s ame po s t ings shown on F igure 3 ,  but p r i c e s  h ave 
be en adj usted for i n f l a t ion to r e f l e c t  th e buying powe r o f  1 9 7 3  
do l l ars . I n f l ation coup l e d  with the 1 9 8 6  price r educ tion h a s  
reduced r e a l  crude o i l  prices a lmo s t  t o  the l eve l o f  1 9 7 3 - - i n  
e f fect c los ing the supp ly- demand cyc l e  wh ich began then . Con­
sume rs and produc ers both c an hope that the next cyc l e  wi l l  be 
more s edate . 

MAJOR SYS TEM CHANGE S 

The dec l ine and part i a l  recovery trends out l i ne d  above h ave 
resulted in s ome s ign i f i cant change s to e l ements of the s upply 
sys tem over the l a s t  1 0  years . Some of the ma j or change s are 
out l i ned be low ; the economic interac t ions that produc ed the s e  
change s a r e  continuing t o  shape the pre sent s y stem . 

Regula tions 

The end o f  price and a l l oca tion regu l at i on s  i n  January 1 9 8 1  
produced a ma j or change in the way the sys tem ope r a te s . The 
indu s try returned to fu l l - bore compe t i t ion i n  an environme nt o f  
decl ining demand , surplus capac ity , and the accumu l ated problems 
of e i ght years of contro l s . Table 6 l i s t s s ome o f  the ma j or 
regulat ions in e f fe c t  in 1 9 7 9  and give s some indicat ion o f  the 
restr i ct ion on norma l competit ive operation that the regu l a t i on s  
had impo s ed . 

The regu l atory e nvironme nt s igni f ic an t l y  reduced bo th the 
bene f i t s  and r i s k s  o f  compe t i tion . Cus tome r s  were " l ocked " to 
supp l iers , making it d i f f icult to u s e more or cheaper s upp ly to 
win added mark e t  share . The norma l compe t i t ive bene f i t s  o f  lower 
crude o i l  cos t s , transportation savings , or improved e ff ic ie ncy 
cou l d  not be re a l i z e d ; regu l at ions requ ired th a t  the s e  s avings be 
" pa s s ed through " to consume r s  in the form o f  lowe r pric e s , or 
directly s hared with compet itors under the Mandatory Supp ly Pro­
gram . Conver s e ly , the burden of ine f f i c i e nt equ ipment and opera­
tions cou ld a l so be pas s ed on to semi -capt ive cus tome rs with 
l i ttle r i s k . 

I t  has be en s a i d  that government regu l ations we re not de­
s igned to so lve the supp l y  probl ems of th e t ime but to a l locate 
the burdens uni formly . Un for tunate ly , by inhibit ing the normal 
compe tit ive and mark e t  incentives , regulat ions probably extended 
and exac erbated the burden . Further , by pro t e c t i ng and subs i ­
diz ing i ne f fic iency , t h e  regu l a t ions made the eventua l economic 
shake -out harsher and more painful . 

None o f  the regu l ations remain , even in s tandby form . The 
e f fect of regu l ation s  on the system ' s  abi l i ty to respond to 
supp ly problems i s  d e s c r ibed in det a i l  in the NPC ' s  1 9 8 7  repor t 
enti tled Factors A f fe c t i ng U . S .  O i l  & Gas Out look . 
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TABLE 6 

MAJOR OIL REGULAT I ONS - - 1 9 7 9  

Crude O i l  Price Contro l s  

Product Price Contro l s  

Crude O i l  Entitleme nt Progr am 

Mandatory S upply Progr am 

Suppl i e r / Purchaser Ru le s 

Product A l loc ation 

Crude O i l  Production and Imports 

Impo sed mu lti-tiered c e i l i ng 
prices on dome stic crude o i l  
pr ic e s . 

Impo s ed e f fective c e i l ings on 
product margi n s . P roduct pr i c e s  
were pegged to a ba se -per iod 
price and e s c a l ated with 
incre ased c o s ts ove r  the ba s e  
per iod . 

Mandated the purch a s e  o f  
" entitlement" r i ghts to r e fine 
price-contro l l ed o i l. The 
obj ective was to equa l i z e  crude 
o i l  costs among r e finer s and to 
subs i di z e  sma l l  r e f iners , 
re finers su f fe r ing economic 
hard ship , and various e xotic 
energy pro j ects .  

Mandated the s a l e  o f  crude o i l  
by ma j or r e f i n e r s  to sma l l  
re finer s .  

Mandated c ontinu ing s upp l y  to 
crude o i l  and p roduct customers 
who bought i n  a d e s ignated ba s e  
period , mak ing i t  d i f f i c u l t  for 
e ither s upp l i e r  or c u s tome r to 
change . 

Requ i red r e f i ne r s  and markete r s  
to o f fer product t o  c u s tomer s  
who purch a s e d  i n  an e s tabli shed 
ba s e  pe r iod in proportion to 
the custome r ' s  ba s e -per iod 
purcha s e s . 

I nten s e  dr i l l ing , exploration , and e nhanced o i l  re covery 
activity in the mid- 1 9 7 0 s  and early 1 9 8 0 s  arre s ted the long-term 
dec l i ne in U.S . production and actu a l ly incre ased rate s  for s ome 
years . As shown in F i gure 5 ,  annu a l  ave rage U . S .  production rose 
from a 2 0 -year l ow of 8.1 MMB / D  in 1 9 7 6  to about 9 MMB / D  i n  1 9 8 5 . 
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Figure 5. U.S.  Crude Oil Production. 

Much o f  th i s  growth was from Alaska ' s  North S lope , but s tepped-up 
inve s tment in the Lowe r- 4 8  S tates made a s i z able contr ibut ion . 

On a percentage ba s i s , the growth wa s not l ar ge ; but i t  wa s 
a s igni ficant reve r s a l  o f  a l ong- term trend . I t  re f l ec ted a h igh 
leve l of indu s try ac tivity fue led by the h i gh l eve l o f  then­
current and expected price s in the period fo l l owing the I ra n i an 
cr i s i s . The prec ipitous price reductions o f  e a rly 1 9 8 6  cut o f f  
the c a s h  flow needed t o  finance new pro j ec t s , and with i n  a few 
months , deve lopment act ivity was h alved . The e f fect on produc ­
tion wa s a lmo s t  ins tantaneous , a s  i l lus trated in F i gure 5 .  Crude 
o i l  product ion decl ined an average o f  nearly 3 0 0  MB / D  in 1 9 8 6  - ­
a l l  o f  wh ich occurred in the l a s t  three qu arters o f  the year . I n  
1 9 8 8 , production dropped t o  8 . 1  MMB /D , and i t  i s  continuing to 
de c l i ne . 

In the NPC ' s  1 9 8 7 report , Factors A f fe c t ing U . S . O i l  and G a s  
Outl ook , th e impact o f  the p r i c e  col l ap s e  o n  various port ions o f  
the indu stry was d e s c r ibed . The reac t i on was s eve re , but tho s e  
firms rema ining appear to be recover ing . Compan i e s  have cut back 
outlays in l i ne with lower revenue s and are abl e to c ope wi th the 
lowe r activity rates . Even the hard-h i t  o i l  s e rvice indu s try 
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( e . g . , dr i l l ing , geophys ics , we l l  s ervice ) s e ems to h ave returned 
to mode s t  p ro f itabi l ity .  

Neve rthe l e s s , there i s  l ittle pro spect that i ndu s try activ­
ity wi l l  return to pre- 1 9 8 6  highs s oon . S ince many o f  the c an ­
c e led pro j ects wer e  contingent o n  i n f l ated crude o i l  price s , they 
wou ld be economi c a l l y  wa s te fu l at current value s . Thu s , for the 
near te rm , at l e a s t , further production de c l ine s e ems certa i n . 

With demand up and dome stic crude o i l  production down , i t  1s 
not s urpr i s ing that imported crude o i l  vo lume s are again increas­
ing . F i gure 6 shows average crude oil import rate s  from 1 9 7 6  
through the f i r s t  ha l f  o f  1 9 8 8 . Impo rts bottomed out at 3 . 2  
MMB / D  in 1 9 8 5  - - down more than 5 0  pe rcent from the peak r ate o f  
6 . 6  MMB / D  i n  1 9 7 7 . S i nce then , imports have incre a s ed s te ad i ly 
to an ave rage rate o f  5 . 0  MMB /D in 1 9 8 8 .  
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Figure 6. Crude Oil Imports . 
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Product Mix 

The mix of r e f ined produc t s  in over a l l  U . S .  demand h a s  
changed in response to t ightened environm� nt� l

.
regu l ation and 

inte r - fue l price compe t i t i on . The mo s t  s 1gn1f1c ant change h a s  
been the rapid dec l ine in res idual fue l demand . As shown be low , 
res idu a l  fue l o i l  demand dropped 1 . 7 6 MMB / D  be tween 1 9 7 8  and 
1 9 8 7 , and its share o f  total U . S .  o i l  demand was h a lved . 

U . S .  RES I DUAL FUEL O I L  DEMAND 

Demand ( MMB / D )  
Percent o f  To tal O i l  Demand 

1 9 7 8  

3 . 0 2 
1 6 %  

1 9 8 7  

1 .  2 6  
8 %  

Res idua l fue l o i l  has been displaced by cheape r and /or 
cleaner fue l s  ( natural gas , nuc lear power , and coa l )  in the 
indu s tr i a l - e lectr i c  uti l i ty sector and by natura l gas and d i s ­
t i l l ate fue l s  i n  the commerc i a l  sec tor . Regu l a t i o n s  l im i t in g  
sul fur emi s s ions a n d  fue l sul fur conte nt e f fe c t ive l y  e l iminated 
much of the mark e t  for dome s tic res idual fuel produ c t i on and con­
tr ibuted to a s ign i f i c ant ch ange in the U . S .  re f i nery con f i gura­
tion . 

Other product change s have been l e s s  s i gn i f icant . G a s o l ine 
rema ins the principal product , accoun ting for about 43 pe rcent of 
tota l U . S . petro l eum consumption . The wide l y  fore c a s t  s h i ft to 
die s e l -powe red pas senger c ars fai led to mate r i a l i z e . The ph a s e ­
out o f  l e ad-ba s e d  oc tane enhancers coup led with mandatory vo la­
til ity reduc tions h a s  pres sed the indus try ' s  octane c apac ity , but 
price di f ferent i a l s  be tween h i gh and low octane s tock s have 
suppor ted octane capac ity addi tions . 

As shown be l ow ,  ga s o l ine c on sumpt ion in 1 9 8 7  wa s only 
s l ightly be low the 1 9 7 8  peak rate . 

GAS OL INE AND D I S T I LLATE DEMAND ( MMB / D )  

G a s o l ine 
D i s t i l l a te 

1 9 7 8  

7 . 4  
3 .  4 

1 9 8 3  

6 . 6  
2 . 7  

1 9 8 7  

7 . 2  
3 . 0  

The over a l l  d i s t i l l ate demand f igur e s  ma s k  a m a j or s h i ft 
from res ident i a l  heat ing use to tran sportation ( d i e s e l )  fue l . 
Current ly , demand for r e s identi a l  he ating accoun t s  for only 1 6  
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pe rcent o f  total d i sti l l ate use . The mo st v i s ible r e s u l t  o f  th i s  
change h a s  bee n  the r eduction i n  inventory requ i r e d  to mee t  
winter demand . 

Re fi nery C apac ity 

The sharp de c l i ne in petroleum product demand r e s u lted in 
exc e s s  u. s. r e f inery c apac ity .  Between 1 9 7 9 and 1 9 8 3 , r e f i nery 
i nput dropped more than 3 MMB / D . The end r e s u l t  was a v i gorou s , 
o ften bruta l competition for the rema ining market , wh i ch event­
u a l l y  shut down more than 3 MMB /D o f  uncompetitive r e f i n ing 
capacity . 

By 1 9 8 1 , dec l in ing demand had le ft a lmo st a th ird o f  oper­
able U . S .  r e f in ing c apac ity idle . Re f i ners found i t  di f f i c u l t  to 
recover heavy f ixed costs ( c apita l , l abor , taxe s , e tc . )  at the 
lowe r throughput . Re f inery margins we re poor and wou l d  r emain s o  
for s ome years . 

I t  i s  ax ioma ti c that incrementa l product c o s ts incre a s e  a s  a 
re finery become s mor e  fu l ly lo aded . But at r educ ed-run l e ve l s , 
many r e f i ne rs found themse lve s with very low inc reme nta l or " next 
barr e l " co sts . The result was a paradox i c a l  s ituation i n  wh ich 
overa l l  r e fin ing pro f its wer e  poor , but the apparent margins on 
i ncrementa l or added production were very attractive . Th i s  s i tu­
ation invited the intense price competition th at charac ter i z ed 
the r e f i n ing s e c tor from 1 9 8 0  through 1 9 8 5 . 

F i gures 7 and 8 show the resu lts o f  that competition . 
Between the beginn ing o f  1 9 8 1 and 1 9 8 6 , a th i rd o f  the re fineries 
( over 1 0 0  pl ants ) we re permanently shut down . B a s i c  d i s ti l l ation 

capac ity wa s reduced about 1 7 percent in the s ame per iod . 

Mo s t  o f  the i d l ed pl ants we re sma l l  and i ne f f i c ient by cur­
rent standard s . S tati stic a l ly , mo st wer e  in land p l ants i n  PADDs 
II and I I I , a l though the re we re c lo sure s in every PADD . I nter­
re f inery competi tion was not the only e leme nt in the r e finery 
shake -out . Many o f  the i dled p l ants were origina l ly d e s i gned to 
serve l o c a l  markets that had changed s ign i f i c antly . Oth e r s  were 
bu i l t  to take advantage o f  price and a l l oc ation regu l ations . 
Str ingent e nvironmenta l regu lations and dec l in in g  r e s idu a l  fuel 
oi l demand l e ft s ome pl ants with product th at wa s increas ingly 
di f ficult to market . Further , h i gh inte r e s t  rate s  and un favor­
able s ca l e  e conomi c s  made i t  d i f f icu l t  for the sma l l e r  p l ants to 
j u sti fy new inve s tment to rema in competitive . ( Not a l l  the i d l ed 
re finer i e s  were sma l l ; seve r a l  pl ants in the 7 5  to 1 2 5  MB / D  r ange 
we re c l o s ed a s  we l l . )  

By 1 9 8 6 ,  reduced c apac ity coup led with renewed demand growth 
raised r e f inery uti l i z ation above 8 0  percent , an economi c a l l y  
e f f i c ient leve l . C apac ity e xpans ions began to appear i n  1 9 8 6 , 
re f l e cting pro j e ctions o f  improved pro f itabi l ity made earl i e r  by 
some re finers . About 0 . 5  mi l l ion barre l s  o f  net addition a l  c apa­
c ity we re added dur ing 1 9 8 6  and 1 9 8 7 . 
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SOURCE: EIA, Petroleum Supply Annual. 1987. 
Figure 7.  Number of Operable Refmeries as of January 1 .  

The economic s h ake -out per iod was a d i f f ic u l t  pe riod for the 
ref ine rs , but the net result i s  a more e f f i c i ent and economica l 
refine ry system orie nted to current product demand s .  The im­
provement in re f inery marg ins has stimu l ated inve stment in new 
fac i l itie s , and further inve s tme nt s e ems l ik e ly. 

Petro l eum Transportation and I nventory 

Dec l i ning demand and dome stic production e f f ecti ve ly un­
loaded mo st dome stic c rude o i l  and product pipe l i ne s , mak ing some 
uneconomic. The Te xoma and Seaway pipe l i ne s , wh ich were bu i lt to 
br ing imported crude o i l  from the Texas Gu l f  C o a s t  to inland 
p ip e l ine connections , bec ame super f l uous a s  imported c rude o i l  
vo lume s dec l i ned more th an 3 MMB / D  between 1 9 7 9 and 1 9 8 4 . Both 
l ines we re converted to gas s ervice by 1 9 8 4 . 

The economic hea lth o f  mo st product carr i e r s  h a s  recovered 
with renewed growth in product demand , but the continued d e c l ine 
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Figure 8 .  Operable Refmery Capacity -- 1 979 to 1 988. 

1 987 

in dome stic crude o i l  production pos e s  a longer-te rm probl em for 
crude oil l i n e s  dedic ated to moving f ie ld production to r e fin­
e r i e s .  

1 988 

The decl ine o f  crude o i l  and product price s a fter 1 9 8 1  
radic a l ly changed the perce ived e conomics o f  i nventory. Betwee n  
1 9 7 3  and 1 9 8 1 , o i l  prices increased more th an $3 0 per barre l - ­
a n  average o f  a lmo st $ 4  per year. During th i s  per iod , the value 
of o i l  in storage grew much f a s ter th an the carrying c o s ts , mak­
ing inventory a very good inve stment as we l l  a s  a cushion aga i n s t  
antic ipated future s upp l y  shortage s .  As shown i n  F i gure 9 ,  tota l 
U . S. crude o i l  and product invento r i e s  increa s ed by 2 7  percent 
betwe en 1 9 7 3  and year-end 1 9 8 0 . 

The turnaround i n  c rude o i l  prices beg i nn ing in 1 9 8 1  and the 
grow ing crude o i l  s urp lus in the mark e t  rever s ed the economic s  o f  
exce s s  inventory. The i ndu s try " c a shed " unnece s s ary i nventory , 
br ing ing average volume s back to the l e ve l requ i red to mainta in 
e f f i c ient oper ation. As shown in F i gure 9 ,  ove r a l l  inventory 
vo lume s have returned to the 1 9 7 3 - 1 9 7 4  l eve l . 
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( I n Vo l ume IV o f  th i s  study , Petro l eum I nventor i e s  and 
Storage , and Vo lume V ,  Petro l eum L iquids Transportation , change s 
in the s e  system e l ements are reviewed in deta i l .) 

Natural Gas 

The changes in the natural gas indu stry s ince 1 9 7 9  re f lect 
e s s enti a l ly the s ame s upp ly-demand cycle a s  th e o i l  bu s ine s s .  
However ,  the problems a s soc iated with change were aggravated by 
continued r egu l ation. 

In 1 9 7 9 ,  the dynamics of the natural gas s y s tem wer e  a lmo st 
enti rely control led by fede r a l  l aw and regu l ation. P r i c e s  for 
nearly a l l  gas production were e s s enti a l ly f i xed. With m inor 
exceptions , ga s p ip e l ine compani e s  were the s o l e  purch a s e r s  o f  
f i e ld gas production. The i r  tar i f f s  and pro f i t  margins were a l so 
tightly regul ated , but the y  we re protected from competition i n  
the ir a l located markets . The re w a s  competition amon g  transm i s ­
s i o n  compani e s  f o r  r e gul atory approval to s erve new markets and 
for gas s upply to s uppo rt the propo sed e xpans i on s , but in gene­
ral , price wa s not a s i gn i f i c ant competitive e l ement. 

From 1 9 3 8  through 1 9 7 8 , the inte r s tate natura l gas indu stry 
had been insul ated from both the bene f its and vic i s s i tude s o f  
inte r - fuel competition and s upply-demand pre s sure s  by the regu la­
tion o f  the Federal Power Commi s s ion and its succe s s or , the 
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SOURCE: EIA, Petroleum Supply Annual, 1987. 

Figure 9. U.S. Crude Oil and Product Inventory 
(Excluding Strategic Petroleum Reserve) . 
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Federal Energy Regu l atory Commi s s ion ( FERC ) . The over a l l  e f fect 
o f  regu l ation wa s to ma inta in gas prices at arti f ic i a l ly l ow 
leve l s  that did not support replacement o f  gas r e s e rves . Gas 
shortage s be gan to appe ar in the early 1 9 7 0 s ,  exace rbating U . S .  
energy problems r e s u l ting from both the Arab embargo and the 
Iranian revo lution . 

Legi s l ation a ime d at cre ating an incentive to f ind and pro­
duce add itiona l gas r e s erve s resulted in a ma z e  o f  d i f fe r ent con ­
tro l led price s .  By the early 1 9 8 0 s , gas o f  equ i va l ent qua l ity 
was being s o l d  at we l lhead prices ranging from $0 . 2 0 to $ 1 0 per 
mi l l ion BTU s , depend ing on when and where i t  was d i s covered , the 
depth o f  the producing we l l , and whether it had f i r s t  be en s o l d  
in the inte r s tate market . Further , with regu l atory ove r s i ght , 
gas transmi s s ion companie s we re paying substanti a l ly more for 
certain gas supp l i e s  than they could s e l l  th em for at the del iv­
ery end o f  the pipe l i ne . The ration a l e  was that the h igh-priced 
gas cou ld be " ro l l ed in , "  or ave raged , with very l ow-pri ced b a s e  
vo lume s without r a i s ing the contro l l ed consumer pr i c e s  to a l evel 
where c ompetition from a l te rnative fue l s  wou ld become a factor . 
As shown i n  F igure 1 0 , average we l lhead gas pric e s  rema ined we l l  
be low crude o i l  price s when mea sured o n  an equival ent ener gy 
ba s i s  ( do l l ar s  per mi l l ion BTUs ) . 

Under the Natural Gas Pol icy Act o f  1 9 7 8  ( NGPA ) , gas price 
c e i l ings were programmed to i ncrease ste ad i l y  with th e add ition 
of expe n s ive new s uppl i e s , the e s c a l ation of some o lder gas 
price s at rate s exceed ing infl ation , and the decontr o l  of various 
gas streams . I n  the pas t ,  we l lhead gas p r i c e s  paid by inte r s tate 
tran smi s s ion compan i e s  were nearly a lway s at c e i l i n g  l e ve l s . As 
shown in F i gure 1 0 ,  we l lhead gas pric e s  continued to increase 
through 1 9 8 4 , a l though crude o i l  prices had bee n  de c l i n ing for 
three years ; neverthe l e s s , gas remai ned a bargain at the burner 
tip unti l 1 9 8 6  when the sharp drop in crude o i l  pr i c e s  c l o s ed the 
gap betwe en gas and fue l o i l  suddenly and unexpecte d l y . 

The magn itude o f  the price bargain i s  i l lu s tr ated by F igure 
1 1 ,  wh i ch shows the average price advantage of natural gas over 
res idu a l  fue l in actu a l  prices paid by e le c tr ic uti l i ti e s . I n  
1 9 8 1 , price re gu l ations made gas pr i c e s  a n  ave rage o f  $2 . 5 0 per 
m i l l ion BTUs cheape r than re s idual fue l . In view o f  the very 
l arge inc entive for uti l ities to burn gas , it is not surpri s ing 
that other regu l a ti o n s  pursuant to the 1 9 7 8 Fue l U se Act were 
required to r e s tr i c t  the use of gas by uti l itie s . 

The price inc r e a s e  permitted by the NGPA , and the p s ycho logy 
of shortage , c au s ed burner tip pri c e s  to incre a s e  i n  th e e ar l y  
1 9 8 0 s . T h i s  led to incre a s ed cons ervation and a s h i ft by s ome 
con sumer s  to l e s s  e xpens ive fue l . The s e  change s coup led with 
the inabi l ity to price competi tive ly to s ome c l a s s e s  o f  con sumer 
re sulted in an ove r a l l  dec l ine in gas demand rough ly c ompar abl e 
to that expe r ienced by o i l , de l ayed by about two years . F igure 
1 2  shows the dec l ine of both o i l  and gas demand as a perc entage 
of 1 9 7 8  demand . By 1 9 8 5 , the gas con sumption wa s about 1 2  per­
cent be low 1 9 7 8 . 
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Figure 10. Average Crude Oil and Natural Gas Prices 
at the Wellhead -- Excluding PADD V. 
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Figure 1 1 . Incremental Price of Residual Fuel 
Above Natural Gas to Electric Utilities. 
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Figure 1 2 .  Oil and Gas Demand as Percentage of 1 987 Demand. 

1 987 

As gas demand decre a s e d , gas supp ly kept incre a s ing . I n  
re sponse t o  a bove -market prices o f fered t o  produc e r s  f o r  new 
produc t ion , ga s exploration and dr i l l ing surged ; in 1 9 8 1 , n ew ga? 
res erve s exce eded annu a l  produc t ion by a s ubs tant i a l  amount for 
the f i r s t  ( and l a s t )  t ime s ince 1 9 6 7 .  A rapidly incre a s ing 
" bubbl e "  of surp lus gas appe ared and began to a f fect the mark et. 

Despite the s urp l us , gas price s continued to r i s e ; by 1 9 8 5 , 
the average consumer price wa s doubl e that o f  1 9 7 9 . I t  was 
recogn i z e d  that r i s i ng prices in a shr ink ing marke t wer e  e rod ing 
the c ompe t i t ive po s i t ion o f  ga s , but few in the i ndu s t ry antic­
ipated the magni tude o f  the change s that wou ld r e s u l t. 

The s teep drop in o i l  price s in e arly 1 9 8 6  reduc e d  r e s idual 
fue l price s by 5 0  percent i n  l e s s  than s ix mo nths , and l e ft gas 
uncompe t i tive with r e s idual fue l in many indu s t r i a l  and ut i l ity 
mark e t s .  D e s p i t e  regu l a tory inert ia , gas c ompan i e s  acted quickly 
to cut gas pric e s  and minimi z e  the loss of s a l e s  volume. Gas 
pr ices to uti l i t i e s  we r e  cut an ave rage of $1 per mi l l ion BTU 1n 
a n i ne -month per iod. Even s o , there was a recogn i z able shi ft o f  
ut i l i ty demand to res idu a l  fue l , a s  shown i n  F i gure 1 3 .  Much o f  
the l o s t  s a l e s  were r ecovered i n  1 9 8 7  a s  the r e s u l t  o f  re spons ive 
and innova t ive pric ing by gas se l l ers . 
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The gas indu stry was thru st into the competitive market 
wh i l e  sti l l  s addled with the burdens o f  previous regu l atory 
miscalculation s . Transm i s s ion companie s found them s e lves with 
contractual obl igations to take , or pay for , g a s  in e xc e s s  o f  
consumer demand and at fixed pr ices we l l  a bove the l eve l s  the i r  
cu stomers cou ld or wou ld pay . S ome produce rs , parti c u l a r l y  tho s e  
with new production , d i s covered that they h a d  no ac c e s s  to the 
market , even at deep l y  d i scounted pric e s . I n  a n  attempt to 
encourage c ompetition , F ERC i s s ued orders r e l ieving loca l gas 
distr i bution compan i e s  from ce rta in contractu a l  obl igation s to 
buy from inte r s tate pipe l ine s , but no comparable re l i e f was 
o f fered to the pipe l ine s . ( Le g i s l ative and regul atory change s 
are descr ibed in deta i l  in Vo lume I I I  o f  thi s  report , Natural G a s  
Transportation.) 

The trans ition to a competitive , market- o r i e nted bu s ine s s  
has been d i f f icult and painfu l  for producers and for gas trans­
mi s s ion compan i e s , but many o f  the problems are on the way to 
be ing resolved . Today , more produce r s  have acce s s  to the market 
on a non-d i s c r iminatory ba s i s . A substanti a l  spot gas market h a s  
deve loped ; and l arge u s e r s , including l oc a l  d i s tr ibution com­
panie s , routi nely s hop the market for bargains. Transmi s s ion 
compani e s  compete vigorou s ly with e ach oth e r  to s upp ly gas or g a s  
tran sportation . 

The tran s ition i s  continu ing , but it i s  c le a r  that the new 
gas system wi l l  be more respons ive to market force s and more eco­
nomic a l ly equitable to producers and con sume r s  than i n  the p a s t .  
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SOURCE: EIA, Monthly Energy Reyjew, May 1988, Table 2.6. 

Figure 13.  Petroleum and Natural Gas Input to Electric Utilities . 
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The timing o f  the change i s  appropr iate ; gas demand i s  grow ing 
again , but produc ib i l ity i s  continui ng to dec l ine. The gas 
" bubb l e " of surp l u s  capacity is shr ink ing , and i t  appears that 
gas s uppl y  and demand are in better b a l ance tha n  they have been 
for many year s .  H owever , i t  i s  not ce rta in whe n  the " bubb l e " o f  
s urp l u s  g a s  productivity wi l l  d i s appea r. Rati f i c ation o f  the 
U.S .- Canada trade treaty substantia l ly reduced regul atory bar­
r i ers to gas imports on both s ide s of the borde r , and i t  is not 
yet c l e a r  whether U.S .  gas supp l i e s  wi l l  be s igni f ic antly 
a f fected. 

E lectr i c  Uti l ity Generation Mix 

I n  1 9 7 9 , o i l  and natura l gas provided 29 percent of the 
energy to generate e l ectr i c i ty. At th at time , th i s  f i gure wa s 
a l r e ady trending downward. P rior to 1 9 7 3 , it h ad been incre a s ­
ing. S ince 1 9 7 9 , the vo l ume o f  o i l  and g a s  con s umed by e le c tr ic 
gene rators h a s  f a l len precipitou s ly. From the time o f  the f i r st 
o i l  price shock in 1 9 7 3 - 1 9 7 4 , e lectr i c  uti l itie s  emb arked on 
bui lding program s  to replace o i l - and gas - f ired e le c tr ic gener at­
ing c apac ity with nuc l e ar and coal- fired c apac i ty , due to the 
lower marginal c o s t  o f  operation o f  coal and nuc l e a r  fac i l ities. 
The second oil price shock of 1 9 7 9 - 1 9 8 0  only r e i n forced that 
trend , de sp ite the s imu ltaneous occurrence o f  the acc ident at 
Three M i l e  I s l and. 

E l e ctr ic uti l it i e s  forecasted e lectr ic ity demand to c ontinue 
growing at a mu ltip l e  of the rate of ec onomic growth , as it had 
in the 1 9 6 0 - 1 9 7 3  per iod. I n stead , the rate of growth dropped 
subs tantia l ly ,  even r e l ative to ec onomic g rowth , a s  r e a l  e l e c ­
tr icity prices ro s e . ( S e e  F igure 1 4 . )  Uti l ity pro j ects , and 
e spec ia l ly co a l  and nuc l e ar pl ants , tak e  a l ong time to comp l ete .  
A s  such p lants were brought o n  stream in a n  e nvironment o f  
s lower -th an-e xpected e l ectricity growth , the y  a f forded even mor e  
opportunity to b a c k  o u t  o i l - and gas- fired gene r ation. 

The e f fect of th i s  can be s e en in the fo l l owing graph s o f  
o i l , gas , coa l , nuc l e a r , and tota l energy consumed by e le c tr i c  
uti l iti e s .  ( S e e  F i gures 1 5  and 1 6 . )  

Today , o i l  and gas p l ay a marginal role i n  e lectr ic ity 
generation , not j u st because the tota l amount o f  the s e  fue l s  
con s ume d i s  sma l l e r , but because p lants u s ing the s e  fue l s  o ften 
oper ate only i n  periods o f  high e lectr i c ity demand. Due to very 
h i gh f i xed c o s ts and l ow ope rating costs , c o a l , nuc l ea r ,  hydro­
powe r , and geotherma l p l ants are usua l l y  run as " ba s e - l o ad " 
plants - - that i s , whenever they are not s hut down for mainte­
nance , the y  are oper ating to recover the ir f ixed c os ts .  Ove r l y  
optimi s tic demand forec a s ts o f  the pa st l e ft a g l ut o f  coa l - f ired 
gene rating c apac i ty in c e rta in areas such a s  the Midwe s t  and the 
s outh-centra l  United S tate s. As a r e su lt ,  s ome c o a l - fired plants 
we re relegated to u s e  only in h igh demand per iod s .  Genera l l y , a 
uti l ity doe s not de s ire th i s .  O i l - and gas - f ired generator s  
typ i ca l ly have r e l ative ly h igh operating ( i.e. ,  fue l )  c o s ts , and 
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Figure 14.  U.S. Electricity Sales. 

low capita l  costs ( near z ero , in f ac t ,  for a fu l ly amorti z ed 
pl ant) , and there fore tend to be ope rated for peak ing purpo s e s . 

In recent year s , uti l itie s have again begun u s ing natural 
gas for ba s e  load i n  new fac i l iti es . Seve r a l  reasons for th i s  
are : 

1 987 

• P lans for " new " nuc lear powerpl ants a re non- e x i s tent , 
due to a c ombination o f  poor popu l ar perc eptions o f  
nuc lear s a fe ty ,  very h igh capita l  c o sts , c o s t  overruns , 
and regul atory unce rta inty . Th i s  h a s  l e ft s ome fast­
growing area s  concerned about imminent power s hortage s .  

• L arge decre a s e s  in gas price s ,  together with e nviron­
menta l advantage s ,  h ave improve d  the competitive ne s s  o f  
gas ve rsus coal i n  e lectr i c  gener ation . 

• I ncreas ing construction o f  cogene rate d  power and other 
independent sma l l  powerplants i s  occur r ing , due to the 
1 9 7 8  Publ ic Uti l ities Regu l atory P r actic e s  Act ( PURPA ) . 
The s e  p lants are cons iderably l e s s  c apita l inte n s ive , 
and use fo s s i l  fue l s , usua l ly gas . 

The cour s e  o f  future gas price s and ava i l abi l ity wi l l  a f fect the 
future o f  th i s  trend . 
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OUTLOOK FOR THE FUTURE 

The E IA i s  pro j ecting no s igni f ic ant reve r s a l  o f  recent 
petroleum s upp ly-demand trends. Table 7 shows E IA ' s  fore c a s t  for 
1 9 9 2  a long with h i s to r i c a l  data for compa r i s on. Among the s ig­
nifi c ant e lements are : 

• Continued mode st growth in petro l eum product demand. 
U.S . product requirements are pro j ected to grow 1 . 1  

TABLE 7 

* u.s. P ETROLEUM DEMAND AND SUPPLY 
( Thous ands o f  B arre l s  per Day ) 

1 9 9 2  
1 9 7 9 1 9 8 4  1 9 8 7  P roj. 

Product Demand 

Ga s o l in e  7 , 0 3 4  6 , 6 9 3  7 , 2 0 6  7 , 3 3 0  
Disti l l ate 3 , 3 1 1  2 , 8 4 5  2 , 9 7 6  3 , 4 4 0  
Re s idua l Fue l 2 , 8 2 6  1 , 3 6 9  1 , 2 6 4  1 , 4 7 0  
Other§ 5 , 3 4 2  4 , 8 1 9 5 , 2 1 9  5 , 4 8 0  

Total Demand 1 8 , 5 1 3  1 5 , 7 2 6  1 6 , 6 6 5  1 7 , 7 2 0  

Product Supply 

Crude P roducti on 8 , 5 5 2  8 , 8 7 9  8 , 3 4 9  6 , 8 7 0  
Crude Importsc_n: 6 , 5 1 9  3 , 4 2 6  4 , 6 7 4 7 , 0 6 0  
Product Imports 1 , 9 3 7  2 , 0 1 1  2 , 0 0 4  2 , 3 0 0  
Othe r * *  1 , 5 0 5  1 , 4 1 0  1 , 6 3 8  1 , 4 9 0  

Tota l Supply 1 8 , 5 1 3  1 5 , 7 2 6  1 6 , 6 6 5  1 7 , 7 2 0  

Im:eorts 4 6 %  3 5 %  4 0 %  5 3 %  

* 
Data and ba s e  c a s e  fore cast from DOE Energy I n formati on 

Admin i s tration. 

§ Inc lude s LPG , j et fue l , kero s ine , l ube s , and oth e r  
products. 

c_n:
Inc ludes the Strategic Petro l eum Re s erve. 

* *  
LPG producti on , inventory f l ux , p roc e s s  gain , and oth e r , 

l e s s  e xports. 
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MMB / D  b e twee n  1 9 8 7  and 1 9 9 2 . Thi s  i s  e qu i va l e n t  to a 
1 . 2 5 percent pe r year growth rate . 

• Continued dec l ine in dome s t i c  crude o i l  produc t i on . An 
ove r a l l dec l ine ave raging about 4 percent per year i s  
fore c a s t  t o  r educe dome s t i c  crude o i l  s upply by n e ar ly 
1 . 5  MMB / D  between 1 9 8 7  and 1 9 9 2 . 

• Over a l l  imported crude o i l  and produc t vo l ume wi l l  be 
increa sed to about 53 percent of tota l d emand by 1 9 9 2 , 
up from 4 0  percent in 1 9 8 7 . 

TABLE 8 

LOWER- 4 8  S TATES NATURAL GAS 
H I STORICAL SUPPLY AND DEMAND 

AND PROJECTED G ROWTH 
( B i l l ion Cubic Fee t )  

Demand 

Res i dent i a l  
Comme rc i a l  
I ndustr i a l  
E l ectric Uti l ity 

Subto ta l 

Le a s e  and P l ant Fue l 
P ipel ine Fuel 

To t a l * 

Supply 

D ry Gas Product ion 
Net Imports 
Unaccounted / I nventory 

Total * 

Imports 

Actua l 
1 9 7 9 

4 , 9 5 8  
2 , 7 7 0  
6 , 8 0 7  
3 , 4 6 2  

1 7 , 9 9 7  

1 , 4 8 6  
6 0 0  

2 0 , 0 8 4  

1 9 , 4 4 3  
1 , 2 4 9  

( 6 0 8 )  

2 0 , 0 8 4  

6 %  

Actu a l  
1 9 8 7  

4 , 3 0 2  
2 , 3 9 2  
5 , 8 2 7  
2 , 8 1 4  

1 5 , 3 3 5  

1 , 0 3 3  
5 1 7  

1 6 , 8 8 5  

1 6 , 2 9 5  
9 8 7  

( 3 9 7 )  

1 6 , 8 8 5  

6 %  

P ro j ected 
1 9 9 2  

4 , 5 9 7  
2 , 6 7 2  
6 , 4 2 0  
3 , 2 2 8  

1 6 , 9 1 7  

9 5 6  
5 2 7  

1 8 , 4 0 0  

1 7 , 2 8 0  
1 , 6 1 0  

( 4 9  0 )  

1 8 , 4 0 0  

9 %  

*Tot a l s  may not equal the sum o f  components due to 
independent rounding . 

Source : E I A , Natura l Gas Annua l ;  E IA pro j e c t i on . 
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DOE pro j ects crude o i l  prices wi l l  r i s e  mode stly with price s 
in the r ange o f  about $1 4 . 0 0 to $2 0 . 0 0 pe r barr e l  for 1 9 9 2  in 
1 9 8 8  do l l ar s . Obviou s ly , demand growth wou l d  be in f luenced by 
where in th i s  r ange future prices l ie ,  but the price e f fect is 
not pro j ected to be s u f f i c ie nt to a lter proj ecti o n s  s i gni fi­
c antly . 

The forecast change s po se no s ubstanti a l  problems for the 
indu stry , but trans portation o f  impo rted crude o i l  from tidewater 
to Midwe s t  ( PADD I I )  re fine r i e s  may be come a bottleneck . Crude 
oil import l eve l s in 1 9 9 2  are pro j ected to be s omewh at h i gher 
than in 1 9 7 9 , but two pipe l i ne s ( S eaway and Texoma ) that s e rved 
th i s  mark et were converted to natural gas s e rv i ce . The bottle ­
neck , i f  i t  deve l ops , i s  unlikely to be s e r ious , a s  pipe l ine 
capac ity c an be e xpanded r e l ative ly qu ick l y . 

The mode s t  growth po s e s  no ma j o r s train on product trans­
portation and d i str i buti on systems . Proj ected demand is not 
s ign i f icantly gre ate r  than vo lume s h and l ed in the past without 
d i f f iculty . 

Natura l  gas con s umption in the Lower - 4 8  S tate s i s  proj ected 
to grow about 1 . 7  percent per year betwe en 1 9 8 7  and 1 9 9 2  as shown 
i n  Table 8 .  Re s identi a l  demand wi l l  grow at a bout 1 . 3  pe rcent 
per year , and the aggregate of other demand s at about 2 percent 
per year . 

Growth at th i s  l eve l w i l l  be with i n  the pres ent system capa­
c ity ,  a s s uming approva l of pending app l ications for p ipe l i ne 
expan s ion to the Northeast and to F lorida and C a l i fornia . 
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CHAPTER TWO 

THE SUPPLY SYSTEM UNDER NORMAL COND I T IONS 

OVERVIEW 

The o i l  and gas indu str i e s  h ave demon strated a c apabi l ity to 
respond rapidly to change. The phys ical f l e x i bi l ity o f  the manu­
factur ing , transportation , and d i s tr i bution s ystems is comple­
mented by tr ading activiti e s  that e f fective ly provide every part 
of the country with acce s s  to globa l  supp l i e s  and world market 
pr ices . The system re sponds to economic i ncentive i n  both c ur­
rent operations and long-te rm inve s tment. 

The " system " i s  h i gh ly fr agmented. Functional s e gments o f  
the system ( e.g. , re f i ne r s , transporte r s , trade r s ) operate i nde­
pendently and compete with other segments for a share of the 
overa l l  pro fit margi ns , even with in integrated c omp a n i e s .  With i n  
each function , compan i e s  compete vigorou s ly f o r  market share , f o r  
improved e f fic i ency , and for higher earnings. Competing c ompa­
nies make independent decis ions based on the ir own economi c s  and 
the ir own views of the future. 

Despite the enormou s comp lex ity of the s ys tem , i t  r e s ponds 
rapidly and pred ictably to economic inc entive. H i s to r i ca l l y , the 
system has demon s trated that i t  c an and wi l l  meet e n e rgy demands 
if it i s  phy s ica l ly po s s ible and economi ca l ly attractive . 

Th i s  section reviews the pr inc ipal e l ements o f  a system that 
has undergone s ubstanti a l  ch ange over the l a st 1 0  y e a r s .  P a rts 
o f  the system are near ing the " c apacity "  e s timate s made on ly a 
few years ago ; parts o f  the system are sti l l  underuti l i z e d  and 
l ike ly to remain so. Rec ent per formance of the s y s tem i nd i cate s 
th at there remai n s  cons iderabl e flexibil ity with i n  " norma l "  c o s t  
range s. 

CRUDE OIL TRANSPORTAT I ON AND S TORAGE 

The r e f i n ing and marketing sector i s  a h i gh -vo lume , low­
margin bu s in e s s  in wh ich e f f ic ie ncy is e s s enti a l  to s urviva l .  
Nowhere i s  that e f fic i ency more evident than in the tr ans porta ­
tion o f  petro l eum. Even with the bas ic e f fic iency o f  the phys i ­
cal system , transportation i s  a ma j or cost for the i ndu s try , and 
a great deal o f  e f fort is d i rected to improving the c ompetitive 
po s ition o f  i ndividu a l  companies through inve s tment , trade s ,  and 
supp ly realignment. 

Th i s  se ction outl ine s the phy s i c a l  and economi c  s tructure o f  
the crude o i l  trans portation system a s  i t  h a s  changed over recent 
years. 
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Princ ipa l Crude O i l  Movements 

Table 9 shows 1 9 8 7  c rude o i l  production and c o n s umption by 
PADD . About 3 7  pe rcent o f  U.S .  crude o i l  production i s  from the 
o i l  f i e ld s  o f  A l a s k a  and C a l i forn ia , in PADD V .  The bu l k  o f  
E a s t-o f - Rocki e s  production i s  from Texas and Lou i s i ana ( PADD I I I )  
and from Ok l ahoma and Kan s a s  in PADD I I . ( Table 1 0  shows s imi­
lar data for 1 9 7 9 . )  

Mo st dome stic crude o i l  i s  re fined in the s ame region in 
wh ich it is produced. Table 9 ind icate s that i nter-PADD move ­
ments o f  dome stic crude o i l  tota led only 1 , 1 8 1  MB / D  ( about 1 4  
percent o f  production ) in 1 9 8 7 ,  and ha l f  o f  that vo l ume re f l ected 
the moveme nt of surplus Alaska and C a l i forn i a  o f fshore o i l  from 
PADD V .  

Supp ly 

Field Produc tion 
Imports* 
Domestic Int er-PADD 
Inventory/Other 

Total 
§ 

Demand 

Re finery Input 
Export s  
Direct Use 

To tal 
§ 

* 

TABLE 9 

1 9 87  CRUDE OIL SUPPLY AND DEMAND 
(Thousands of  Barrels per Day) 

Total PADD I PADD I I  PADD III  
--

8 , 34 9  4 1  8 6 5  3 , 8 2 7  
4 , 6 7 4  1 '  1 1 1  8 7 0  2 , 43 1 

6 0  1 , 1 2 1  ( 3 3 9 )  
1 6  3 9  4 �) 

1 3 , 03 9  1 , 2 5 1  2 , 860  5 , 8 3 9  

1 2 , 854  1 , 25 1  2 , 844 5 , 83 9  
1 5 1 1 6  

34 
-- --

1 3 , 03 9  1 , 25 1  2 , 860  5 , 83 9  

PADD IV 

5 6 1  
6 5  

( 23 7 ) 
4 8  

43 7 

4 3 7  

4 3 7  

Imports include 7 3  MB /D to SPR in PADD I I I ;  imports are volumes 
refined in the PADD . 

PADD V 

3 , 05 5  
1 9 7  

( 60 5 )  
5 

2 , 6 5 2  

2 , 483  
1 3 4  

3 4  

2 , 6 5 2  

§ 
Totals may no t equal sum of  components due to independent round ing . 

Source : E IA ,  Pet roleum Supply Annual ,  1 9 8 7 . 
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TABLE 1 0  

1 9 7 9 CRUDE OIL SUPPLY AND DEMAND 
(Thousands o f  Barrels p e r  Day) 

Total PADD I PADD II PADD I I I  PADD IV PADD V 
---

Supply 

Field Produc tion 8 , 55 2  1 46 8 7 1  4 , 55 6  608  2 , 3 7 1  
Imports* 6 , 5 1 9  1 , 4 3 2  1 , 5 2 6  2 , 96 9  6 5  528  
Domestic Inter-PADD 5 1 , 36 9  ( 9 5 7 )  ( 1 8 6 )  ( 23 2 )  
Inventory/Other ( 1 7 4 )  6 7  34 __@) _Q) �) 

To tal
§ 

1 4 , 89 7  1 , 6 5 0  3 , 800 6 , 39 5  480 2 , 5 6 9  

Demand 

Refinery Input 1 4 , 648 1 , 646  3 ' 729 6 , 39 0  4 7 7  2 , 405  
Exports 23 5 4 6 9  2 1 5 9  
Direc t Use 1 4  2 5 1 5 

---

Total 
§ 

1 4 , 89 7  1 , 6 50  3 , 800 6 , 39 5  480 2 , 5 6 9  

* 
Imports include 6 7  MB /D to SPR in PADD I I I ;  imp ort s are vo lumes re-

fined in the PADD . 

§ 
Totals may not equal sum of components due to independent round ing . 

Source : EIA, " Supply , Disposit ion , and S tocks of  all Oils by PAD 
Dis tricts and Import s into the United Stat es , by Country , Final 1 9 7 9 , "  
Energy Data Reports , February 1 9 8 1 .  

I ntra-PADD Movements 

For the bu lk o f  E a st- o f - Rockies production , tran sportation 
from the we l lhead to a r e f inery is a two - s tep proce s s : 

• Gathering i s  the c o l l ection o f  crude o i l  from ind ivid­
ua l prope rti e s  in sma l l-diameter pipe l in e s  or by truck 
for input into a l arge -diameter pipe l i ne . 

• Mainl ine or trunkl ine tran sportati on is the movement o f  
the " gathered "  o i l  to re fine r i e s .  

Origina l ly , mo s t  crude o i l  was gathered v i a  p ipe l ine net­
works connecting separ ate prope rti es in an o i l f i e ld. Gather ing 
systems we re o f ten owned by the main l ine c ompany to wh ich they 
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were conne cted and oper ate d a s  regu late d  common c a r r i e r s .  The 
great bu lk of dome s tic crude oil production was f i r s t  purch a s ed 
at the i nput to the gathe ring system ( commonly , i f  not accur ate­
ly , c a l led a "we l lhead " purcha s e )  by r e f iners who p a i d  a l l  down­
s tream gathe r ing and tr ans portati on costs. 

C rude o i l  production th at wa s too sma l l  o r  too d i s tant to 
j u sti fy a gath e r ing pipel ine conne ction was trucked to a main l i ne 
input point. Origina l ly tru cked vo lume was sma l l ,  but volume s 
began to inc r e a s e  a s  p ipe l ine compan i e s  found that the i r  r egu­
lated tar i f f  s tructure ( ba sed on l ong p ipe l i ne l i fe and s te ady 
throughput) made it uneconomic to bu i ld to propertie s  that were 
expected to h ave a h igh dec l ine and short l i fe .  

As trucked vo lume s increased , c rude o i l  r e s e l le r s  appeared 
to compe te with regul ated tari f f  haulers. Re se l l e r s  buy c rude 
o i l  at the we l lhead and re s e l l  it at a mainl ine i nput point. 
Becau s e  the y  do not transport non- owned o i l , re s e l l e r s  were not 
c l a s s i f i e d  as publ ic carriers ; and thu s  they were able to provide 
e f fective truck tr ans portation for le s s  than the regul ated 
ta ri f fs .  The i r  pr ivate - c arr ier s tatu s  a l so permitted them to 
bu i ld pipe l ine gather ing systems without the tar i f f  r e s tr i ction s 
that app l ied to common c arriers. 

Today it is e s timated that re s e l l e r s  gather a lmo st 25 per­
c ent of E a s t-o f- Rock i e s  production - - mo stly by truck. Re s e l l e r s  
sti l l  a c t  e f fective ly a s  transporters f o r  othe r s , but the y  a l s o  
buy substanti a l  quantiti e s  o f  crude o i l  for the i r  own accounts . 
They s e l l  th i s  crude o i l  at ma inline points on both long- and 
s hort- te rm arr angeme nts . At l arge pipe l ine hubs ( e.g. ,  Midl and , 
Cush ing , S t. J ame s )  a s igni ficant secondary market h a s  deve l oped. 
Mo st dome stic spot prices are quoted at the s e  p ipe l ine hubs. 
( For that reason , spot prices are not di rectly c ompara bl e to 

posted pric e s , wh ich app ly to we l lhead s a l e s.)  

Gather ing co sts can range from a few ce nts per barre l to 
ove r $2 per barrel for c rude o i l  trucked long d i s tanc e s .  On 
ave rage , gather ing c o s ts are l arger than mainl ine transportation 
tar i f f s .  Table 1 1  i l lu s trate s  a typ ical r ange o f  c o s ts to move 
crude o i l  from the Midland area o f  We s t  Texas to the B e aumont/ 
Port Arthur r e f inery cente r. 

Not s urpr i s ingly , much o f  the crude o i l  transportation 
dynami c s  are cente red on min imi z ing gather ing c o s ts .  For 
e xample , re finers o ften negoti ate e xchange s that a l l ow them to 
del ive r the i r  purchased crud e o i l  to a ne arby ma i n l ine and ex­
change it for crude o i l  more economic to the i r  re f i n e r i e s .  The 
e f fect i s  to m i n imi z e  gather ing expense without a l te r i ng e ithe r  
exchange partner ' s  ove r a l l c rude o i l  s upply. 

Sma l l  vo lume s o f  crude oil are gathered and / o r  trans ported 
to re fine r i e s  by bar ge .  

In PADD V ,  C a l i forn i a  production o f  about 1 . 1  MMB / D  i s  
gathered and tr ansported to l o c a l  r e f i ner i e s  in mu ch the s ame 
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TABLE 1 1  

TYP I CAL CRUDE OIL TRANSPORTAT I ON COSTS 
WE ST TEXAS TO BEAUMONT / PORT ARTHUR 

( Do l l ar s  per B arre l )  

P ipe l ine T ruck 
Gathering Gather ing 

Gathe ri ng 0 . 1 0 to 0 . 6 0 0 . 5 0 to 1 . 4 0 
Ma inl ine 0 . 4 0 to 0 . 6 0 0 . 4 0 to 0 . 6 0 

Tota l 0 . 5 0 to 1 . 2 0 0 . 9 0 to 2 . 0 0 

fashion a s  Ea st-o f -Rock i e s  production . Mo st ANS crude o i l  pro­
duction of about 2 MMB /D i s  moved via the TAP S p ipe l ine to the 
port o f  Valde z and then by Ame r ican- f l ag tanke r  to the Puget 
Sound area of Wash ington and to Ca l i fornia and H awa i i . About 6 0 0  
MB /D i s  sh ipped to E a s t-o f-Rock i e s  locations , and s omewhat over 
1 0 0  MB /D is moved to the Virgin I s l ands . 

Because o f  the r emote geographic location o f  ANS production 
and the widely d i spar ate markets in wh ich the crud e o i l  i s  s o l d , 
it i s  impr actical to e s tabl i sh a s ingle we l lhead price for the 
crude o i l . Inste ad , the value o f  ANS crude o i l  i s  e s tabl i shed 
separate ly for vo lume s s o ld in e ach ma j or market are a , and th i s  
value i s  " netted back " to the we l lhead by s ubtracting tr ansporta­
tion co sts . The " net back " price is the ba s i s  for e s tabl i sh ing 
state royalty and s everance tax obl igations . I n  e f fect ,  A l a s k a  
share s in the c o s t  o f  tr ansportation o f  ANS to mark e t ;  th i s  shar­
ing has been and wi l l  continue to be a s igni f i c ant f actor in the 
trans portation dynamics o f  Alas kan crude o i l .  

Imported Crude O i l  and Inter- PADD Movements 

Crude o i l  impo rts in 1 9 8 7  averaged a lmo s t  4 . 7  MMB / D . P ipe­
line de l iveries from Canada accounted for about 6 0 8  MB / D , but the 
bulk o f  imported crude o i l  wa s del ivered by for e i gn- f l ag tank 
ships . Table 1 2  shows the geograph ic mix o f  crude o i l  imports 
in 1 9 8 7 .  

The r e l ative ly l ong tr an s i t  time s for many foreign crude 
o i l s  are a s ign i f i c ant f actor in crude o i l  s upp ly p l anning and 
dynamics . As i l lu s trated in Table 1 3 ,  for e i gn crude o i l  may be 
in tr ans it for up to 4 5  days a fter loading . For a r e f iner , l ong 
tran s it time s me an reduced s upp ly f l exibil ity and h i gher leve l s  
o f  inventory and inventory cost . I n  the h i gh l y  vo l ati l e  market 
of recent years , l ong tr ans it time s a l so incre ased the r i s k  o f  
adve r s e  market change s betwee n  purch ase and de l ivery . To o f fs e t  
the s e  d i s advantage s ,  s ome produce rs have sold long-haul crude o i l  
from tran s sh ipp ing te rmina l s  i n  the Car ibbe an o r  pri ced it ba sed 
on the ma rket at or near the del ivery date . 

- 4 7  -



TABLE 1 2  

PERCENTAGE OF MARINE DELIVERIES OF 
FORE I GN CRUDE O I L  IN 1 9 8 7  

( By Region)  

Latin Ame r i c a  3 2 %  
Middle E a s t  2 6 %  
Africa 2 3 %  Tota l Mar i ne 
Europe 9 %  D e l ive r i e s  o f  
S . E .  As i a  7 %  Fore ign C rude O i l  
Other 3 %  4 , 0 6 6  MB / D  

Source : E IA ,  Petrol eum Supply Annua l ,  1 9 8 7 . 

TABLE 1 3  

VARIOUS TYP I CAL DEL IVE RY PERIODS 

Mex i c o / Houston / S t .  Jame s 
A l a s k a  to We s t  Coast 
Vene z ue l a / Gu l f  Coast 
North S e a / Gu l f  Coast 
Midd l e  E a s t / Gu l f  Coa st 
F ar E a s t/Panam a / Gu l f Co ast 
Al a ska / Panama P i p e l ine /Gu l f  Coast 
We st A fr ic a /Gu l f  Coast 

2 

D ays 

to 3 
7 
5 

1 7 / 2 0  
4 0 / 4 5 
4 0 / 4 5 

2 0  
2 0  

More than 7 5  percent o f  fore ign crude o i l  i s  consumed in 
PADDs I and I I I . Most o f  th i s  crude o i l  is d e l ivered d i re ctly by 
tanker to c o a s ta l  re f ine r i e s  or to adj acent mar ine te rmina l s . 
However , a s igni f ic ant volume o f  fore ign crude o i l  i s  transported 
by pipe l ine into inl and PADD s . Canad i an crude o i l  i s  d e l ivered 
into PADDs I ,  I I ,  and IV . ( PADD s I I I  and V a l s o r e c e i ved very 
minor vo lume s in 1 9 8 7 . )  About 4 0 0  MB /D o f  wate rborne fore ign 
c rude o i l  is rece ived in PADD I I I  and transported by p i pe l ine to 
PADD I I . 

Long-hau l crude o i l  movements on inter-PADD s ystems a re 
re l ative ly l ow cost , a s  indicated in Table 1 4 . Th i s  c o s t  h a s  
bee n  a f actor in the location and competitive po s i tion o f  in l and 
re f inerie s .  

I nter- PADD crude o i l  movements h ave bee n  the mo s t  vo l ati le 
s egme nt of the pipe l ine bu s ine s s  in rec ent y e a r s  and are l i ke l y  
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TABLE 1 4  

TYP I CAL CRUDE O I L  P I PELINE TARIFFS * 
( Do l l ars per B arre l )  

Rou te 

Lou i s iana to Ch icago 
Mid l and , TX to Chicago 
Cu sh ing , OK to Ch ic ago 

Typic a l  Tar i f f  

0 . 5 0 
0 . 7 0 
0 . 4 4 

*Exc lude s gathering cos t to ma inl ine i nput ; include s los s 
a l lowances . 

to rema in so . F igure 1 7  shows approximate inter -PADD c rude o i l  
flows i n  1 9 8 7 . F i gure 1 8  i s  a s imi l ar ch art f or 1 9 7 9 , which 
i l lu s trates the ma j or change s in inter-PADD vo lume s . 

Crude o i l  moveme nts from PADD I I I  to PADD I I  have be en the 
mo s t  a f fec ted . In 1 9 7 9 , p ipe l ine sh ipments of fore ign and dome s­
tic crude oil be tween PADD I I I  and PADD I I  totaled more than 2 . 6  
MMB / D . By 1 9 8 7 ,  a combi nation o f  lowe r demand and incr e a s e d  
Canad ian imports in PADD I I  h a d  reduced t h e  sh ipme n t s  to PADD I 
by more than 1 . 2  MMB / D  ( to 1 . 4  MMB / D ) . The dec l i ne l e ft l ong­
hau l pipe l i nes s ign i f icantly unde ruti l i z ed . Two p i pe l in e s  
( S eaway and Te xoma ) were s hut down and conver ted t o  gas s ervi ce ; 

the se l i ne s  were bui l t  in the 1 9 7 0 s  to br ing c rude o i l  from the 
Gul f Coa s t  to connec t  to i n l and pipe l in e  hubs in Texas and 
Ok l ahoma ( PADD I I ) . Despite the s e  shutdowns , the re is about 3 0  
percent spare c apac ity i n  the rema ining l i ne s . 

Crude o i l  moveme nts from PADD I I I  to PADD I I  are expected to 
incre a s e  in the next five ye ars , a s  increas ing demand and dec l in­
ing produc tion inc r e a s e  the need for imported crude oi l .  By 
1 9 9 2 , U . S .  crude o i l  import vo lume is pro j ected to be s l ightly 
above the 1 9 7 9  leve l and more than 2 MMB / D  h i gh e r  than 1 9 8 7 . 

Capac ity in ex i s t ing long-hau l p ipe l ine s s erving PADD I I  
wi l l  be adequate to handle the pro j ec ted demand , but a potent i a l  
bott leneck cou ld deve lop in c apac ity t o  transport crude oi l to 
the i n l and or igin points of some pipe l i nes . I t  is e xpec ted that 
th i s  bo ttleneck wi l l  be avo ided by a combinat ion o f : 

• U t i l i z a t ion o f  exis ting spare c apac i ty 

• Shi fting i n l and dome s t i c  crude o i l  product ion to PADD 
I I  and replac ing it with impo rted crude o i l  at c o a s ta l  
re finerie s in PADD I I I  
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• Con struction or conver s ion o f  new c apac ity to de l iver 
imported crude o i l  to inl and cente r s  a l r e ady conne cted 
to l ong -hau l pipe l i nes s e rving PADD I I .  

Reve r s a l  o f  unde ruti l i z e d  crude o i l  l ine s that now run from 
i n l and o i l  f i e l d s  to coasta l  r e finer i e s  may bec ome a ttractive a s  
production d e c l i ne s .  One such reve r s a l , a n  ARCO l i ne betwe e n  the 
Hou ston area and Ok l ahoma , h a s  r ecently bee n  comp l eted. 

Mo s t  oth e r  i nter -PADD pipe l ine movements are pro j ecte d  to 
de c l ine a s  local re fine r i e s  consume a l arge r share o f  dec l i n i ng 
production. A po s s ible e xception may be sh ipments o f  C a l i fo rn i a  
and Alaska crude o i l  to Texas o n  the new A l l -Amer i can p i p e l ine 
system. 

F i gure 1 9  is a map o f  the ma j or crude o i l  pipe l ine s in the 
United State s .  A more detai led di scu s s ion o f  p ip e l ine f ac i l i ties 
by PADD i s  p r e s ented i n  Append ix C ,  wh ich conta i n s  a map of c rude 
o i l  pipe l ine s in each PADD and a br ie f review o f  current c apac ity 
uti l i z ation. 

The Phys ica l Sys tems 

Within the Un i ted S tate s , p ipe l ine s are the principal mode 
of crude o i l  trans portation. Th i s  s ection pre s e nts d ata on oth e r  
crude o i l  transportation mode s o f  importance. 

Tank S h ips 

I n  1 9 8 7 ,  the U.S. imported more than 4 MMB / D  o f  fore i gn 
crude o i l  by tank sh ip. E s s entia l ly a l l  o f  th i s  vo lume moved in 
fore i gn- f l ag ve s s e l s .  Curre ntly , there is a s ubs tanti a l  s urplus 
o f  fore ign f l ag ve s s e l s  a s  i l lu s trated in Tabl e 1 5 . Th i s  table 
l i s ts both crude o i l  and product tankers by s i z e r ange and 
ide nti f i e s  a s urp lus c apac ity o f  rough ly 1 0  percent in ships that 
are pre s e ntly idle. The s e  f igur e s  do not inc lude spare c apac ity 
in combi ned dry c argo-crude o i l  carriers. Furth e r , a s ubstanti a l  
incr e a s e  i n  e f fective carrying c apac ity can be obta ined from the 
active f l e e t  by me r e l y  increas ing ship speed. In pe r iods of sur­
p lu s  tonnage and l ow ch arter rate s , ship owners operate tankers 
we l l  be low des ign speed to r educe bunker fue l expe n s e .  

I n  view o f  the l arge additiona l c arri age c ap a c i ty that c an 
be c a l l ed up from the e x i s ting f l e e t  with h i gher charter rate s , 
it i s  un l i kely that for e i gn- flag tanker s wi l l  constr a i n  crude o i l  
s upp ly i n  the next f ive years. However , wor l d  s h ipbu i ld in g  capa­
c ity remains s ubs tanti a l ly underuti l i z ed , and the wor ld tanker 
f l eet could be inc r e a s ed if ec onomic demand wer e  to deve l op .  

The Un i ted S tate s  i s  not a ma j or u s e r  o f  fore ign tank e r s .  
Table 1 6  shows the movement o f  crude o i l  to the Un i ted S tate s and 
the rest o f  the wor ld. Exc luding Canad i an imports , wh ich are 
d e l ivered by p ipe l ine , waterborne c rude o i l  imports to the U n i ted 
State s ave raged only about 2 5  percent of worldwide vo lume , and 
much o f  that i nvo lved r e l ative short-haul tanker voyage s .  
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TABLE 1 5  

WORLD FLEET 
S H I PP ING S TAT I ST I C S  AND ECONOMICS * 

(Mi l l ion De adwe ight Ton s ) 

Ve s s e l  S i z e  
MDWT Tota l  Active I d l e  

1 0 - 2 5  8 . 8  8 . 6  0 . 3 
2 5 - 3 0  5 . 7  5 . 6  0 . 1  
3 0 - 3 5  6 . 6  6 . 5  0 . 1  
3 5 - 4 5  1 0 . 9  1 0 . 6  0 . 3  
4 5 - 5 5  5 . 2  5 . 0  0 . 1  
5 5 - 6 5  8 . 3  8 . 1  0 . 2 
6 5 - 8 0  9 . 3  8 . 9  0 . 4  
8 0-9 0 1 9 . 4  1 8 . 9  0 . 5 
9 0 - 1 0 0  7 . 7  7 . 3  0 . 5  
1 0 0 - 1 2 5  1 1 . 4  1 1 . 0  0 . 4 
1 2 5 - 1 5 0  1 7 . 6  1 7 . 2  0 . 4  
1 5 0 - 2 0 0  8 . 3  8 . 0  0 . 3 
1 7 5 - 2 0 0  2 . 4  2 . 4  
2 0 0 - 2 2 5  3 . 7  2 . 6  1 . 1  
2 2 5 - 3 0 0  7 5 . 8  6 5 . 9  9 . 8  
3 0 0+ 3 0 . 1  2 0 . 7  9 . 5  

2 3 1 . 3  2 0 7 . 3  2 4  ( 1 0 . 4 % 

*Tota l s  may not equ a l  the sum o f  compone nts due to 
independent round ing . 

i d l e ) 

Sourc e : E xtracted from Drewry ' s  Sh ipp ing S tati s ti c s  and 
Economic s # 2 1 6 ,  Octo be r  2 8 , 1 9 8 8 . 

Under the Jone s Act , fore ign- f l a g  ve s s e l s  may not trade 
between U . S .  ports . I nte rna l  U . S .  tra f f ic i s  r e s tr i cte d  to ships 
bui lt in the United S tate s and operated and manned by U . S .  e nti ­
ties . Thi s  re str i ction protects American sh ipp i ng from c ompeti­
tion from fore i gn ve s se l s , which are che aper to bui ld and l e s s  
expen s ive to man . 

The u .s .  Maritime Admin i s tration ( MARAD ) ind icate s  that 
there are 1 5 8 l iqu id-carrying ve s se l s  aggregating 1 0 . 3  mi l l ion 
deadwe ight ton s  ( MMDWT ) l icensed to trade under the Jone s Act . 
Tabl e 1 7  shows the s i z e  range o f  the s e  ships . Not a l l  the s e  
ships are i n  active s ervic e , and many are not ava i lable for the 
comme rc i a l  moveme nt o f  crude oi l or petro leum produ c ts . 
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TABLE 16 

1987 WORLD CRUDE OIL MOVEMENTS 

(Thousands of Barrels per Day) 

To 

Latin Western Southeast Austral- Rest of Des tin. Total 

From u . s .  Canada America Europe Africa As ia Japan as ia World Unknown* Exports 

United States -- 17 127 1 -- 2 -- 2 -- -- 149 

Canada 610 -- -- 1 -- - - 15 - - - - -- 626 

Latin America 1,301 52 -- 240 - - 21 180 -- -- 288 2,082 

Western Europe 356 140 11 - - 24 -- -- -- -- 18 549 

Middle East 986 33 206 2,891 320 1,245 2,156 65 737 -- 8,639 

North Africa 159 -- 11 1,322 -- 36 17 -- 394 -- 1,939 

West Africa 819 26 62 822 40 2 2 - - 36 -- 1,809 

{Jl 1 East and South Africa -- - - - - -- - - -- -- -- -- -- 0 
0'\ South Asia - - - - -- -- -- - - -- -- -- -- 0 

South East Asia 278 -- 9 -- -- - - 572 53 4 55 971 

Japan -- - - -- -- -- -- - - -- -- -- 0 

Australasia 49 -- -- -- -- 32 7 - - - - -- 88 

USSR, E. Europe, & China 69 - - 161 863 28 205 250 -- 1,531 57 3,164 

Total Imports 4,627 268 587 6,140 412 1,543 3,199 120 2,702 418 20,016 

* 
Includes in-trans it losses and volume change, minor movements, and other . 

Source : BP Statistical Review of World Energy. 



TABLE 1 7  

1 9 8 8  JONES ACT TANKER FLEE T *  

Ve s s e l  S i z e  
( MDWT ) 

1 5 - 3 0  
3 0 - 5 0  
5 0 - 8 0  
8 0 - 1 0 0  
1 0 0 - 1 5 0  
1 7 0 - 2 7 0  

Total 

No . of 
Ships 

2 1  
7 2  
2 7  
1 1  
1 0  
1 7  

1 5 8  

*Ve s se l s  include tankers in l ay-up , 
wor ldwide and dome stic service , c l e an product , 
crude o i l , chemic a l , r e s idu a l  fue l o i l ,  grain , 
mi l itary s e a l i f t command , and other s e rvice . 

Sourc e : u.s. Mar it ime Admin i s trat ion . 

The bu lk o f  the U . S . - f l ag c rude o i l  carrie r s  move ANS c rude 
oi l .  Ve s s e l s  from 3 0  to 2 7 0  thou s and de adwe ight ton s (MDWT ) 
operate in the P ac i f ic , mov ing crude o i l  from Valde z ,  Alaska , to 
We s t  Coa s t  re finer i e s  and to Panama , wh ere it i s  pipe l ined acro s s  
the I s thmus and transported t o  E a s t-of-Rock i e s  re finerie s . Mo s t  
o f  the ve s s e l s i n  Gu l f /At l antic service are i n  the 5 0  to 8 0  MDWT 
range suitable for u.s. port s . 

The capac ity o f  the present Jones Act crude o i l  f l e e t  i s  
pro j ec ted t o  be adequate t o  cover demands for the next f ive 
years . The dec l ine o f  ANS crude o i l  vo lume and comp l e t ion of a 
new pipe l i ne from C a l i fornia to Texa s shou ld reduce overa l l  u.s. ­
f l ag demand . Howeve r , the present f l e e t  i s  aging and wi l l  have 
to be replaced eventua l l y .  

Tank Barge Moveme nts 

At the end of 1 9 8 7 , the Coa s t  Guard reported a tota l o f  
4 , 0 7 7 tank barges with a total c apac ity o f  8 1 .3 mi l l ion barre l s  
in var ious l i qu id carrying s ervice s . Th i s  i s  a n  i nc r e a s e  o f  1 0 6  
un its and 9 .9 mi l l ion barre l s  capac ity over f i gure s reported in 
the 1 9 7 9  NPC report , Pe tro leum S torage and Transportation 
Capacitie s .  

Mo s t  o f  the tank barge tra f f ic between U . S .  po r t s  carr i e s  
petrol eum products , a s  i l lustrated i n  F i gure 2 0 ; crude o i l  
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Figure 20. Principal Commodities Carried Between U.S. Ports by 
Non-Self-Propelled Tank Barge in 1 985 -- Percentage of Total. 

ac counts for only 6 percent o f  inter-port tr ade . H oweve r , a 
cons ider abl e fraction o f  crude o i l  barge moveme nt i s  not betwe en 
e s tabl i shed ports . B arges gathe r  crude o i l  from s ome coasta l  
fie lds and tran sport i t  to r e f inerie s ;  and barge s a r e  o ften used 
to l ighte r  ( parti a l ly un load ) fore ign and dome s ti c  tankers with i n  
a po rt . T able 1 8  shows reported re finery rece i pts o f  c rude o i l  
by barge i n  1 9 8 7 . 

Crude o i l  barge c apacity i s  adequate for current needs . No 
future capac i ty problems are e xpected under norma l operating con­
ditions a s  add ition a l  barge s can be con s tructe d  i n  a r e l ative ly 
short per iod . 

Marine Termin a l s  

With the exc epti on o f  the Lou i s iana O f fshore O i l  Port 
( LOOP ) , mo s t  marine te rminal f ac i l iti e s  on th e E a s t  and Gu l f  

Coa sts are l imited by water depth to tanke r s  o f  5 0  to 8 0  MDWT 
fu l ly loaded . The faci l iti e s  o ften rece ive l arger ships th at 
h ave been l ightered to acceptabl e draft . I n  the mid- 1 9 7 0 s , p l a n s  
were deve l oped to bu i ld deep-water o i l  port fac i l iti e s  in Texas 
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and in D e l aware B ay in add ition to the LOOP f ac i l i ty ,  but dec l i n­
ing demand for imported c rude o i l  and dec l i n ing tank e r  charte r 
rate s  made the s e  fac i l iti e s  unnece s s ary . 

As shown in Table 1 9 , the Mar itime Admin i s tration l i sts 6 6  
crude o i l  rece iving f ac i l iti e s  in the United S tate s . Mo st o f  

Dome stic 
Fore ign 

TABLE 1 8  

REF INERY CRUDE O I L  RECE I PTS BY BARGE IN 1 9 8 7 *  
( Thous and s o f  B arre l s  per D ay )  

PADD 
I 

PADD 
I I  

PADD 
I I I  

PADD 
IV 

PADD 
IV Total 

3 
4 5  

4 8  

9 
1 

9 

3 5 3  
2 0  

3 7 3 

0 
0 

0 

1 9  
3 

2 2  

3 8 4  
6 8  

4 5 2 

*Tota l s  may not equa l the sum o f  compone nts due to i nde­
pendent rounding . 

TABLE 19 

u . s .  SEAPORT TANKER AND BARGE TERMINALS 

LIQUID BULK BERTHS 

Berth North South Gulf South North Great 

Berth Type Total Atlantic Atlantic Coast Pacific Pacific Lakes 

Crude Oi l 66 9 0 38 13 6 0 

Refined 285 103 37 40 31 35 39 

Petroleum-crude/ref ined 157 29 15 61 27 19 6 

LPG 5 1 0 4 0 0 0 

LNG 5 3 1 1 0 0 0 

Liquid Bulk - Other 103 32 8 35 13 5 10 

Barge 248 69 2 100 22 43 12 

* 
Total 621 177 61 179 84 65 55 

* 
Total is not the sum of components because of dupl icat ion of terminals handling both 

tankers and barges . 

Source : Maritime Administration , Office of Port and Intermodal Development, Port Facil ity 

Inventory, and U . S .  Army Corps of Engineers, Water Resources Support Center, Port Series . 
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the s e  are i n  c o a s ta l  area re finer i e s , but the r e  a r e  commerc i a l  
termina l s  that s e rve a numbe r o f  user s . LOOP i s  the l argest o f  
the s e  f ac i l i tie s ; i t  can rece ive the l argest tanke r s  currently in 
e x i s tenc e . 

E a s t  and Gu l f  Coast r e f iners minimi z e  the d i s advantage o f  
sma l l  ship rece iving fac i l iti e s  by us ing VLCC s  ( Very L ar ge Crude 
Carrier s )  in the 2 0 0  to 3 0 0  MDWT range for the i n i ti a l  transpor­
tation l e g , and sma l l e r  ships for the final leg . The tr an s fe r  
from l arge s h i p  to sma l ler may be made through trans shipping 
termi na l s  in the C a r i bbe an or by direct l i ghte r ing i nto ship or 
barge . 

On the We s t  Co a s t ,  the Al askan Port o f  Valde z routinely 
loads VLCC- s i z e  ships with ANS crude oi l .  Sh ips of th i s  s i z e  
trade betwee n  Valde z and the Panama p ipe l i n e  input o r  the Virgin 
I s l ands . Other We s t  Coast ports c annot rece ive l o aded VLCC- s i z e  
ships ; but a numbe r o f  re finer i e s  can handle ships o f  1 2 0  MDWT 
and l arger . 

Marine termina l  c apac ity i s  expected to be adequate to 
hand l e  growth through at least 1 9 9 2 . Marine de l ive r i e s  o f  
imported crude o i l  i n  1 9 9 2  are expected to be no h igher than in 
1 9 7 9 , but there h ave been a number o f  add i tions to mar ine te rmi­
nal capac ity , inc luding completion of LOOP . 

Rai l  and T ruck 

Truck transportation o f  c rude o i l  is l imite d  l ar ge ly to 
" gathe ring , "  the r e l ative ly short hau l from the we l l  to a main­
l ine input . Over a l l  truck volume s are s ubstanti a l . 

Over a l l  r a i l  movements o f  crude o i l  to r e f in e r i e s  tota led 
only 57 MB /D , mo s t  of wh ich r e f l ected a unit tra i n  operation 
moving very he avy crude oi l from C a l i forn ia ' s  S an Joaqu in Va l l ey . 
I n  th is c a s e , a unit tra in ope ration o f fered a unique and c o s t­
e f fect ive a lte rnative to an expens ive h eated p i pe l ine system . 

C rude O i l Inve ntory 

At the end o f  1 9 8 7 , pr ivate ly owned c rude o i l  invento r i e s  
tota led a lmo s t  3 4 9  mi l l ion barre l s . Table 2 0  shows the loca­
tion of the s e  barre l s  in the system . I nvento r i e s  at March 3 1 , 
1 9 8 8  are a l s o  shown for comp ar i s on . The NPC e stimate s that about 
3 0 0  mi l l ion barre l s  o f  th i s  inventory are requ i red to ma inta i n  
norma l operation ( e . g . , l ine fi l l ,  tank bottoms , min imum work ing 
volume ) , leaving " ava i l able crude above min imums " at a bout four 
days ' r e f inery consumption . A deta i led pre s e ntation o f  c rude o i l  
and product inventory requ i reme nts i s  inc luded i n  Vo l ume I V  o f  
th i s  report , P etro l eum Inventor ies and Storage . 
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At recent price l eve l s , average c rude o i l  inventory would be 
worth we l l  ove r $ 5  bi l l i on . S torage and c arrying c o s t s  for crude 
o i l  inventory are obvious ly s i gni ficant , with inte r e s t  a lone 
amounting to $ 0 . 5  bi l l i on per year . 

Produce rs h ave l i tt l e  s torage or inventory a t  the f i e ld 
leve l . As shown in Table 2 0 ,  only 6 percent o f  inventory i s  at 
the lease ( o i l  prope rty) leve l . 

TABLE 2 0  

U . S .  CRUDE OIL INVENTORI E S  
( Thou sand s o f  Barre l s )  

Location 

Le a s e  
Pipe l i ne s & T ank F arm 
Re f inery 
Alask an In Trans i t  

Total 

At 1 2 / 3 1 / 8 7  

2 1 , 1 7 7  
2 0 4 , 6 1 3  

9 5 , 8 5 1  
2 7 , 3 5 4  

3 4 8 , 9 9 5  

REF INED PRODUCT TRANS PORTAT I ON AND S TORAGE 

At 3 / 3 1 / 8 8 

2 1 , 2 3 5  
2 0 9 , 9 7 6  
1 0 0 , 8 0 3  

2 1 , 6 1 1  

3 5 3 , 6 2 5  

The transportat ion and d i s tribution s y s tem for pe tro l eum 
products i s  e f f ic i ent and c o s t- e f fec t i ve . Low pipe l ine and 
mar ine transportation c o s t s  a l low fore ign and dome s ti c  re finer i e s  
t o  compete i n  d i s tant marke t s , providing con s ume r s  with a wide 
cho ice o f  supp l i e r s  and the ben e f i t s  o f  e f fect ive c ompe t i t ion . 
For mo s t  re finers , e ff ic ient produc t di s t r ibut ion i s  a prerequ i ­
s i te for economic surviva l . 

Product Supply and Major Movements 

As shown in Table 2 1 , dome s t ic r e f iner i e s  produced mo re than 
90 percent of u.s. fini shed product demand in 1 9 8 7 . C l e a r ly , 
dis tribut ion o f  re finery output i s  the l arge s t  and mo s t  e c onomi­
c a l ly important produc t  transportation e l ement . 

Mo s t  r e f inery produc tion i s  consumed in the s ame area ( PADD ) 
in wh ich it wa s produc ed . The exception i s  the Gu l f  Coas t are a 
o f  PADD I I I . Thi s area i s  the re fining hub o f  the United S tate s , 
and its r e f ineries provide " swing " or suppl ement a l  product to 
mee t  the needs of o ther E a s t - o f - Rock i e s  are a s . F i gure 2 1  i l lus­
tr ate s the surp lus of re finery produc t ion in PADD I I I  c omp ared 
with the r e s t  of the E a s t - o f- Rockies area ( PADDs I ,  I I , and IV) . 
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TABLE 2 1  

1 9 8 7 U . S .  F I N I SHED REF INERY P RODUCT 
SUPPLY AND DEMAND 

( Mi l l ions o f  B arre l s  per D ay )  

Demand 

Supply 

Re f inery 
Imports * 
Exports and Other 

* 

1 5 , 1 1 9 

1 4 , 1 7 8  
1 , 4 4 3  

( 5 0 2 )  

1 5 , 1 1 9  

Exc l ude s unfini shed and blend s tocks 
norma l ly proc e s s ed in r e f i n e r i e s .  

LEGEND REFINERY PRODUCT 

l:i:i:i:::::::::l PRODUCT DEMAND 

PADD I l l  PADDs I , I I , & IV 

SOURCE: EIA, Petroleum Supply Annual, 1987. 

Figure 2 1 .  East-of-Rockies Product Supply and Demand. 
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Ma j or pipe l ine networks have been deve l oped to move fini shed 
gas o l ine , d i s ti l l ate s , and j et fue l to the l arge popu l ation cen­
ters of PADDs I and I I . As i l lustrated s chemati c a l ly i n  F i gure 
2 2 ,  the pr imary tr ans portation path s for Gu l f  C o a s t  re fineries 
re sembl e s  a g i ant "V." Product can be shi fted to e ith er the 
Midwe st or E a s t  Coast l e g  o f  the "V" as d ictated by economic s . 
P ipe l i ne de l iver i e s  from PADD I I I  are suppl emented by barge and 
tanker sh ipments to E a s t  Coast po rts and by barge d e l iver ie s to 
PADD I I  ports on the Mi s s i s s i pp i  and tr i butary r ivers . 

Long-haul p ipe l i ne and marine tran spo rtation c o s ts are l ow 
enough to permit Gu l f  Coast re f iner i e s  to compete e f fectively 
with Midwe st and East Coast re finer s . For e xampl e ,  the c o s t  to 
move gasol ine from the Gu l f  Coast to Ch i c ago i s  about 2 ¢  per 
ga l l on or 8 4 ¢  pe r barre l .  This i s  not s i gn i f icantly h igher than 
the 5 0 ¢  to 7 0 ¢  per barrel cost of br inging crude o i l  from PADD 
I I I  to Chicago area re finerie s , and in many locations the sma l l  
di f ference may be more than o f f set by other s aving s . 

Long -haul movement i s  neither vo lumetr i c a l l y  nor e conomi­
ca l ly the mo st important component of ove ra l l  product tr an s ­
portation c o s ts . Howeve r , i t  commands a d i sproportionate s hare 
of industry attention and ana lys i s  be cause the vo lume and eco­
nomics o f  the s e  movements vary . Loc a l  transpo rtation and final 
distribution expe n s e s  account for the bu lk of product trans porta­
tion costs . The s e  c o s ts may inc lude bar ge or pipe l i ne de l ivery 
from a local re f i nery or l ong-hau l  pipe l ine te rminus to a truck 
or r a i l  terminal fo l l owed by final del ivery to a con s umer or 
retai ler . 

The cost per mi l e  o f  tr ansportati on typica l ly incre a s e s  
rapidly as the s i z e  and di stance o f  the product s h ipme nt de­
cre a ses . Th i s  c o s t  increa s e  is i l lustrated graph i c a l ly in 
Figure 2 3  ( and nume r i c a l l y  in Table 2 2 )  , wh ich s hows typ i c a l  cost 
e l ements to de l iver a gal lon o f  ga s o l ine from the U . S .  Gu l f  Coa st 
to a service station in Boston . In the i l lu s tration the trans ­
portation for 1 , 5 0 0  m i l e s  from the Gu l f  to New Yo rk H arbor i s  
provided by a l arge- diameter pipe l i ne at a c o s t  o f  2 . 2 ¢ - ­
rough ly $ . 0 0 1 5  pe r mi le p e r  ga l l on . The next l e g  from N e w  York 
to Boston ( 2 5 0  m i l e s ) by barge co sts three time s as much per 
mi le ; and the final 4 0 -mi l e  truck de l ivery to the s tation c o s ts 
2 5  time s a s  much per m i l e  a s  the pipe l i ne . Obvious l y , transpor­
tati on cost is dete rmined mor e  by the mode o f  tr ans portation th an 
by the d i s tance moved . 

The l arge di f fe renc e s  in cost per m i l e  o f  various mode s o f  
product transportation provide amp l e  incentive to continua l ly 
ad j u st the s y s tem in re sponse to seasonal or s tructura l ch ange s 
in demand or economi c s . For example , comp an i e s  o ften negotiate 
agre ements to e xchange the u s e  o f  truck te rmina l s  to r educe e ach 
party ' s  average truck mi l e age per gal lon o f  d e l ivered product . 

Product Imports 

As shown i n  Table 2 3 , f i n i shed product impo rts into the 
United S tate s totaled more than 1 . 4  MMB /D in 1 9 8 7 . Th i s  vo lume 
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TABLE 2 2  

I LLUSTRATIVE 
COST TO TRANS PORT GAS OLINE F ROM THE 

U . S .  GULF COAST TO A BOSTON S ERVI CE S TATI ON 

Trans12o rt C o s t  
�o . o f  Cents Per Cents Per 

Trans12ort S egme nt M i l e s  Gal l on M i l e -G a l lon 

P ipe l ine to N . Y .  H arbor 1 , 5 0 0  2 . 2  0 . 0 0 1 5  
Termi nal Cost ( Increm . ) 0 .  1 
Barge to Boston 2 5 0  1 . 1  0 . 0 0 4 4  
Terminal Cost ( I ncrem . ) 0 .  1 
Truck to Service Station 4 0  1 . 5  0 . 0 3 7 5  

Tota l  1 , 7 9 0  5 . 0  0 . 0 0 2 8  
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PADD 
PADD 
PADD 
PADD 

PADD 

I 
I I  
I I I  
IV 

TABLE 2 3  

1 9 8 7  F IN I S HED PRODUCT IMPORTS * 
( Thous ands o f  Barre l s  pe r D ay )  

F in i s hed P roduct I mpo rts 
Canada Oth e r  Tota l 

7 6  1 , 1 3 2  1 , 2 0 8  
2 3  5 2 8  

3 1 4 4  1 4 7  
4 4 

E a s t- o f - Roc k i e s §  1 0 6  1 , 2 8 1  1 , 3 8 7  

v 1 3  4 4  5 6  

Tota l U.S.§ 1 1 8  1 , 3 2 5  1 , 4 4 3  

* Exc l ud e s  NGL s , un fini shed o i l s , and motor g a s o l ine 
blending components. 

§Tota l s  may not equ a l  the sum o f  c omponents due to 
i ndependent rounding. 

Source : E IA ,  Petroleum Supply Annua l ,  1 9 8 7 . 

was a bout evenly spl it betwee n  conventional l ight products ( gaso­
l i ne , keros ine , d i s ti l l ate s , and j et fue l )  and h eavy p roducts 
s uch as r e s idua l fue l , a spha l t ,  and lubri c ants. W i th the e x ­
ception o f  C anadi an d e l ive r ie s , e s s entia l ly a l l  the imported 
products were transported by foreign - f l ag tanke r .  

More than 8 5  percent o f  the waterbo rn e  importe d  p roduct was 
de l ivered to PADD I ,  predominantly in the New England and Mid­
Atl antic regions. Th i s  d e l ivery pattern is a d i re c t  re f l e c tion 
of transportation ec onomi c s .  I t  i s  obvious that Europe is c lo s er 
to New England than to the u . s .  Gu l f  Coa s t ,  but a c l os e r  l ook at 
a map wi l l  reve a l  that the Gu l f  Coast has l ittl e  location ad­
vantage even for mo s t  Car i bbe an product s upp l y  s ou r c e s .  I f  the 
E a s t-o f-Rock i e s  area requ i re s imported g a s o l ine or d i sti l l ate s , 
the lowe st ove ra l l  tr ans portati on cost wi l l  be o bta i ned by 
d i recting the imports to PADD I and e l iminating the c o s t  o f  
mov ing product from PADD I I I  by p ipe l i ne. 

Table 24 i l l ustrate s the magnitude of the c o s t  advantage 
us ing typical ocean fre ight rate s  and pipe l i ne c o s ts .  Transpor­
tati on s avings of 2¢ to 3 ¢  per gal l on are more than enough to 
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cause re f iners to re arr ange supply l i ne s . For e x amp l e ,  a r e f iner 
wi th a s ign i ficant marke t in the North e a s t  may trade or s e l l  h i s  
PADD I I I  re finery produc tion for u s e  i n  the Midwe s t  and r ep l a c e  
i t  with produc t impo rted in to the Northea s t .  By s o  doing , the 
re finer ma intains the produc t ion of h i s  PADD I I I  re f inery at 
opt imum rates and minimi z e s  the c o s t  of s upplying h i s  PADD I 
market . 

TABLE 2 4  

I LLUSTRAT I ON OF THE COST ADVANTAGE OF PADD I I MPORTS 
( Cents Per Ga l l on )  

ImEort to PADD I I I  
Ocean Fre i ght 
P ipe l i ne to N . Y .  

Total 

Direct ImEorts to PADD 
Ocean Freight 

Direct ImEort Advantage 

I 

Transpor tat ion C o s t  o f  
G a s o l ine F rom 

NW Europe Vene zue l a  

4 . 2 1 . 7 
2 . 2  2 . 2  

6 . 4  3 . 9  

3 . 2  2 . 0  

3 . 2  1 . 9  

Obvious ly changes in import vo lume h ave a s igni f i c ant e ffect 
on dome s t i c  c rude oil movements . Import vo l ume s vary s ub s t an ­
tial ly wi th p r i c e  and fre ight r a t e  change s , mak ing t h e  e c onomics 
o f  PADD I supp ly unu s ua l ly dynamic . 

Despite the pre fe rent i a l  direct ion o f  produc t impo r t s  to 
PADD I ,  E a s t  Coa s t  con sume rs are not s ign i f ic an t l y  mo r e  expo s ed 
to an import d i srupt ion than the r e s t  o f  the country . C apac ity 
is avai lable to redi s tr ibute dome s t i c  supp l i e s  and to replace 
l o s t  imports . ( S e e  " S cenario 1 :  Oil Import D i s ruption , "  in 
Chapter Three . )  

Inter -PADD Movemen t s  

F igure 2 4  shows p ipe l ine and wa te rborne movemen t s  o f  conven­
tional l ight produc t s  between PADDs in 1 9 8 7 . The ma j or p rodu c t  
f low from the U . S .  Gu l f  C o a s t  are a ( PADD I I I )  to t h e  E a s t  C o a s t  
and Midwe s t  i s  evident , but the map shows a numbe r  o f  other move ­
ments that appear to be counter to the pr imary f l ow d i re c t ion or 
oppo s i te in direct ion to other movements . For e x amp l e , the map 
shows that 6 7  MB / D  of product flowed into PADD IV from PADD I I  
wh i l e  2 6  MB /D moved i n  the oppo s i te direc tion . 
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The s e  movements i l lus trate the fact that transportation c o s t  
to a market i s  o f ten more a func tion o f  i t s  prox imity to a pri­
mary tran sport termin a l  ( e . g . , pipe l i ne termina l )  than the abso­
lute dis tance from a r e f inery . For examp l e , i t  is le s s  e xpens ive 
to s upp ly e a s te rn Wa shington and Oregon from re f i ne r ie s in Mon­
tana and Wyoming than from much c l o s e r  re finer i e s  in Wa shington , 
because the s e  areas c an be s uppl ied by pipe l ine from PADD IV . 
S imilarly , it i s  economi c  to supp ly the southe a s te rn port ion o f  
PADD I I  with product from PADD I ,  because i t  c an b e  de l ivered via 
a low-co st spur from the ma j o r Colon i a l  and P l antation p ipe l ine 
sys tems . 

Transportat ion c o s t  i s  on ly one o f  the e l emen t s  determining 
product flow . Local demand and ref ining e c onomi c s  c oup l e d  with 
tran sport cost determine the " range " in wh ich a re finery ' s  output 
can be compe tit ive with o ther s ourc e s . For e x amp l e , produc t 
moves both up the M i s s i s s ippi River ( b y  b arge ) from PADD I I I  and 
down the r iver from northern re f iner i e s  in PADD I I . The ec onomic 
" interfac e " betwe en the s e  movements is determined by inc remental 
re f inery production cost in each area , a s  we l l  a s  by barge c o s t s . 
The initial location o f  the e conomic " interfac e " o ften var i e s  for 
di f fe rent r e f i ne r s , but norma l ly produc t  trad ing s oon e l iminate s 
wa s te ful cros shaul ing . 

Figure 2 4  a l s o  shows the l arge r inter-PADD marine move­
ments o f  gas o l ine and d i s ti l l ates ( i nc lud i ng keros ine and j e t 
fue l )  . About 4 3 3  MB /D was moved from PADD I I I  to PADD I ( pr i ­
mar i l y  to F l orida and the Southe a s t )  by s e ago ing barge and tank­
sh ip in 1 9 8 7 . Abou t 1 0 7  MB /D wa s sh ipped on the r iver sys tem 
from PADD I I I  to PADD I I . 

Figure 2 5  s im i l a r l y  shows inte r-PADD product f l ow i n  1 9 7 9 . 
There have been re l at ive ly few l arge chang e s  b e tween 1 9 7 9 and 
1 9 8 7 .  

• P ipel ine f l ow o f  products from PADD I I I  to PADD I I  h a s  
incre a s ed more than 2 0 0  MB /D , re f l ec t ing t h e  c lo s ure o f  
PADD I I  re finerie s . Th is has improved t h e  throughput 
o f  previou s ly underuti l i z ed l ong- h au l  l i ne s . 

• Marine sh ipments from PADD I I I  to F lor ida and the E a s t  
Coa s t  have dec l ined about 4 0 0 MB / D , in p a r t  because o f  
increa s ed product imports . Mo s t  current marine move­
me nts are to the South At l antic s ta t e s  and F lorida . 

In PADD V ,  re fin ing centers in the Los Ange l e s ,  S a n  Fran­
c i s co Bay , and Puge t Sound are a s  are near the ma j or popu l a t ion 
centers they s e rve . The re i s  l i ttle l ong-hau l product movemen t .  

The Phys i c a l  Sys tem 

The fac i l i t i e s  that tran sport re f ined product are much more 
diver se in s i z e , type , and co s t  than comparab l e  c rude o i l  f ac i l i ­
t i e s . I n  th i s  s ec t ion , the var ious phys i c a l - transportation modes 
o f  current importanc e are brie fly descr ibed . 
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P ipe l ines 

I n  add i t ion to the inter-PADD systems , there is a h ighly 
deve loped network of other ( o ften sma l ler ) l i n e s  to d i s tr ibute 
produc t from l oc a l  re finerie s or from del ivery points on l ong­
haul p ipe l ines . F i gure 2 6  shows the l arge r produ c t  pipe l ine s in 
the United S ta te s . Appendix D contain s  further d a ta on pipe­
l ines i n  each PADD and a rev iew o f  the adequacy of the s e  sys tems 
to mee t  probab le demands through 1 9 9 2 . In gener a l , c apac ity 
limitations of the pre sent sys tems are no t e xpec ted to po s e  
s ign i f icant prob l ems . 

Marine Ve s se l s  

I n  1 9 8 7 , fini shed and un fini shed product imports ( excluding 
LPG ) de l ivered by fore ign f l ag ve s s e l s  amounted to more th an 1 . 6  
MMB / D . G a s o l ine and d i s t i l l ate s we re about 6 4 0  MB /D o f  th i s  
total , and r e s idu a l  fue l imports were more th an 5 4 0  MB / D . The 
bal ance was f i n i shed s pec i a l ty produc t s  ( e . g . , a spha l t , lub r i ­
cants ) and unfini shed oi l s . 

T ab le 2 5  shows ma j or wor ld product moveme nts by t anker for 
1 9 8 7 .  The to ta l f i gure for U . S .  imports is s omewhat l ower than 
data pub l i shed by the E ne rgy I n formation Admin i s tration , but the 
tab le is repr e s entative of u .s .  s upp ly s ources . I t  shows a 
geograph ic mix o f  U . S .  waterborne imports in 1 9 8 7  a s  fol l ows : 

Latin America 
We s tern Europe 
North Africa 
Midd l e  E a s t  
Southea s t  A s i a  
Al l Other 

5 4 %  
1 4  
1 1  

8 
3 

1 0  
1 0 0 %  

U . S .  imports accounted for about 2 5  percent o f  the barre l s  
moved in fore ign tr ade i n  1 9 8 7 ;  the percentage o f  ship tonnage 
used wa s sma l ler bec ause of the l arge volume of imports from 
short-haul s ource s . As outl ined in the Crude O i l  Tran s por tation 
and Storage s e c t ion , there i s  l i ttle r i s k  that product imports to 
the United S tate s wi l l  be con s tra ined by a shortage of product 
tankers . 

Marine trade be tween u . s .  ports i s  r e s tr i cted by l aw to 
ships bui l t  in the United S tates and owned and manned by u .s .  
ent i t i e s .  Tab l e  1 5  ( in the C rude Oi l Transportation and S torage 
sec tion ) shows the number and s i z e  of U . S . - f l a g  ships currently 
l icensed under the Jone s Act to trade dome s t i ca l l y . Mo s t  for e i gn 
and dome s t i c  produc t sh ips s erving U . S . port s are in the 3 0  to 5 0  
MDWT range , a s i z e  consonant with water depth and t ankage l imita­
tions at mo s t  ports ; however ,  product ships a s  sma l l  a s  1 0  MDWT 
and as l arge as 9 0  MDWT a l s o  operate here . 

B arge movements r epre s e nt the l arge s t  vo lume o f  mar ine 
produc t movements . The u.s. Mar i t ime Admi n i s t r a t ion e s t imated 
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TABLE 25 

1987 WORLD PETROLEUM PRODUCT MOVEMENTS 

(Thousands of Barrels per Day) 

To 

Latin Western Southeast 

From u . s .  Canada America Europe Africa Asia 

United States - - 70 166 181 4 70 

Canada -- - - -- 3 -- - -

Latin America 871 - - -- 7 -- --

Western Europe 230 8 14 -- 95 1 
Middle East 133 -- 49 486 10 372 

North Africa 181 - - -- 281 - - - -

Wes t  Africa 35 -- - - 15 21 --
East & South Africa -- - - -- 5 - - --

South Asia 27 - - - - 1 - - 7 

Southeast As ia 52 -- 2 1 - - 2 
Japan 1 -- -- -- -- 19 
Australasia 7 -- - - - - -- 20 

USSR , E.  Europe , & China 80 -- 185 786 -- 51 

Total Imports 1,617 78 416 1,766 130 542 

* 
Includes in-trans it losses and volume change , minor movement s ,  and other . 

Source : BP Statistical Review of World Energy. 

Austral- Rest of Destin. Total 

Japan as ia World Unknown* Exports 

32 11 8 55 597 
- - - - -- - - 3 

8 1 - - 66 953 

- - 1 37 115 501 

554 46 24 -- 1,674 

2 2  -- 13 -- 497 
- - - - - - -- 71 
- - - - -- - - 5 

16 1 -- - - 52 

255 29 44 - - 385 

- - - - 7 1 28 

26 -- 1 -- 54 

8 - - 158 45 1,313 

921 89 292 282 6,133 



that 1 9 8 6  barge d e l iveri e s  o f  both crude o i l  and produc t totaled 
more than 4 MMB / D . T able 2 6  shows the areas o f  bar ge a c t i vit y . 
Maj or barge de l ivery are a s  are the Atl antic Coas t ,  the Gu l f  
Coa s t , and the Mi s s is s ippi /Ohio r iver system ,  with l e s s  a c t i vi ty 
on the We s t  Coas t .  

TABLE 2 6  

1 9 8 6  BARGE ACT IVITY B Y  LOCATI ON 

North Eas tern 
Atlantic I n l and Waterways 
Gul f  I n l and Waterways 
Lower Mi s s i s s ippi 
Upper Mi s s i s s ippi 
Ohio and Trib . 
Ca l i fornia 
Pac i f i c  N . W .  
Great L ake s 

MB / D  % 

7 4 3  
5 1 9  

1 , 2 8 8 
7 8 9  
1 8 2  
3 5 7 
1 8 8  
1 3 8  

5 3  

1 7 . 5  
1 2 . 2  
3 0 . 3  
1 8 . 5  

4 . 3 
8 . 4  
4 . 4  
3 . 2  
1 . 2  

S ource : U . S .  Marit ime Adminis tration ( MARAD ) ,  D ome s tic 
Wat erborne Trade of the U . S . , 1 9 8 5 , Table V- 5 ,  by rec e iv ing 
area . 

Product movements account for the bulk o f  barge d e l iverie s .  
Figure 2 7  shows the mix o f  l iquid c argo carried between U . S .  
port s ; the data are for 1 9 8 5  but a l s o  re flect the c urrent mix . 

The co s t  o f  transporting products by barge var i e s  greatly 
with the s i z e  of the movement and the d i s tance trave l ed . S hip­
ment on l arge b arge tows c an be compet i tive with even fairly 
large pipe l ine s . A l arge barge tow can transport gas o l ine 1 , 0 0 0  
mi le s up the Mi s s i s s ippi River sys tem to Ch icago for a s  l i ttle a s  
3 . 3 ¢  p e r  g a l l on o r  1 , 0 0 0  mi l e s  to e a s tern F lorida for 2 ¢  per ga l­
lon . However , much o f  the barge vo lume i s  on sma l l e r  ve s se l s  
providing s econdary d i stribution o f  product from p r imary receiv­
ing po ints . 

I n  recent years , l arge oce ango ing barge arrays have repl aced 
aging U . S . - flag tank ships in many are a s . The low cons truc t ion 
cost  and low manpower requirements o f  the barge s make them more 
economical than tank ship s . The lower c apital c o s t  mak e s  b arge 
inve s tment l e s s  r i sky as we l l  in a rapidly changing s upply en­
vironment . 

Dome s t i c  mar ine product movements are not pro j ec ted to grow 
overa l l . Increas ing import vo lume s wi l l  undoub tedly r eplace 
dome s t ic s upply in s ome port s , and the c apac ity of the inl and 
river sys tem i s  becoming l imited by lock capac ity and water 

- 7 6  -



RESI DUAL 
FUEL OIL 

1 7.6% 

DISTILLATE 
FUEL OIL 

1 8.5% 

7.1% 

PETROLEUM JET FUEL 
6.4% 4.9% 4.2% 

GASOLINE 
( INCLUDING ADDITIVES) 

41 .4% 

SOURCE: U.S. Maritime Administration (MARAD), Domestic Waterborne Trade of the U.s . . 1 985. 

Figure 27. Principal Commodities Carried Between U.S.  Ports by 
Non-Self-Propelled Tank Barge in 1985 -- Percentage of Total. 

depths . Dome s tic ship and barge capac ity i s  not expe c ted to be a 
bottleneck for supp ly tran sportation through the early 1 9 9 0 s . 

Ra i l  Tank Cars 

Products tran s ported by rail are large ly heavy product s  
( a sphalt , res idual fue l , l ubricants ) ,  a s  i l lus trated i n  T ab l e  
2 7 .  The s e  produc t s  are not norma l ly sh ipped b y  pipe l ine , and 
rail shipment is usual ly the mos t  economic transportati on mode to 
consumer s  not s erved by barge . 

The re l ative ly h igh cost o f  switch ing and loading r a i l  c ars 
make s  rail movement uncompetitive with trucks for d i s tanc e s  l e s s  
than 1 0 0  mi l e s , but for long trips rail c o s t s  are much more at­
tract ive . To i l lu s trate , to move re s idual fue l 1 0 0 mi l e s , truck 
transport may be cheaper than rail by more than a c ent per g a l ­
lon , but o n  a 1 , 0 0 0  mi l e  del ivery , rail  c o s t  c ou ld be over 3 0 ¢  
per gal lon l es s . 
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TABLE 2 7  

1 9 8 7  RAI L CAR PETROLEUM MOVEMENT 
BY CLASS 1 CARRIERS 

Commodi ty 

Asphal t  
Re s idua l Fue l O i l  
Crude P e tro l eum and 

Natural G a s o l ine 
Gasol ine and Jet Fue l 
D i s t i l l ate Fue l O i l  
Lubric ating Oi l s  

C ar load s 

3 0 , 8 4 2  
4 6 , 9 6 4  

4 1 , 2 6 2  
1 0 , 3 8 0  
1 4 , 2 1 1  
2 5 , 5 1 7  

MB /D 

4 1  
5 7  

6 6  
1 0  
1 5  
3 2  

The indu s try has reduced much o f  the tank car surp lus that 
depre s sed c ar renta l s  in the mid- 1 9 8 0 s , but there is l it t l e  pro s ­
p e c t  o f  a car s hortage . Past  per formance indic ates  that c a r s  can 
be cons truc ted very quickly when rental or purch a s e  rate s are 
attractive . 

Tank Truck s  

The U . S .  Department o f  Transportation e s t imate s that over 
1 0 2 , 0 0 0  tank truck s  are in petroleum and chemical s ervice , in­
c luding 1 0 , 0 0 0  LPG c arriers . Truck capac itie s normal ly vary from 
1 0 0  to 2 0 0  barre l s , but l arger truck-tr a i l er c omb inations operate 
where permitted by local regu l ation . 

The h i gh c o s t  o f  truck trans portation l imits  the ir u s e  to 
re lat ive ly short-hau l , low-volume d e l iver i e s  to consumer and 
retailer tanks . A 1 0 0 -mile del ivery of g a s o l ine by truck may 
co s t  about 2 . 6 ¢ per gal lon -- 2 0  percent more than the c o s t  to 
move a ga l l on of gasol ine 1 , 5 0 0  mi l e s  on a ma j or pipe l ine . Mo s t  
o i l  compani e s  continual ly analyze and ad j u s t  the ir truck tra f fic 
patterns to minimi z e  overa l l  truck mi l e s . 

Given the l arge number o f  trucks and the i r  geographic d i s ­
per s ion , i t  i s  very unl ikely that truck c apac i ty c ou l d  l imit 
norma l s upply . However , add itional truck capacity can be made 
avai l able in emergency or stre s s  s ituations by uti l i z ing veh i c l e s  
o n  extra shi fts and overt ime . The cost  o f  s uch transportation i s  
high . 

Re s idua l  Fue l Transportation 

The phy s i c a l  characte r i s tics  o f  r e s idua l fue l make i t s  
tran sportation d i s t inct from that o f  other produc t s . Re s idual 
fue l is not normal ly moved by pipe l ine because o f  its high 
vi scos i ty and tendency to become s emi - s o l i d  at a low t emperature . 
For the s ame rea son , many o f  the marine ve s s e l s  and tank cars 
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carrying res idual fue l are equ ipped with heat ing c o i l s  to main­
tain product fluidity . 

The vo lume o f  re s idua l fue l movements in the United S tate s 
has ch anged radica l l y  s ince 1 9 7 9  as i l lustrated by the map s ln 
Figure s 2 8  and 2 9 . The se maps show the inter-PADD f l ow o f  
re s idua l fue l i n  1 9 7 9  and 1 9 8 7 . The maj or d i f ference s are : 

• A reduc tion in re s idual fue l imports from 1 , 1 5 1  MB /D in 
1 9 7 9  to 5 6 5  MB /D in 1 9 8 7 . Thi s  re f l e c t s  a very l arge 
reduct ion in re s idua l  fue l consumpt ion only parti a l ly 
o f fset by decreased refinery production . 

• A reduction o f  more than 1 0 0  MB /D in mar ine movements 
from PADD I I I  to PADD I .  

• A sh i ft o f  PADD V from a net importer to a large 
exporter of res idual fue l . 

Today , dome s t i c  movements o f  res idual fue l  are o f  l ittle 
importance overa l l ;  that s i tuat ion i s  unl ike l y  to ch ange in the 
next f ive year s as growth in demand is expected to be met with 
added imports . 

LPG Transportation 

Mo s t  LPG transportation systems are dedicated exclus ive ly to 
that s ervice , a l though a few pipe lines " batch " LPG w ith c onven­
t ional produc t shipment s .  The h igh vapor pre s sure of LPG make s 
it nece s s ary to mainta in the product under pre s sure ( or refr ig­
eration) in pipe l ines  and s torage . 

There i s  a dua l pipe l ine s ys tem for LPG . " Raw mix " l ines  
gather an un fractionated mix o f  product s  from f i e ld gas p lant s . 
The raw mix contains varying perc entage s o f  e thane , propane , 
butane s ,  and natural ga s o l ine . Raw mix l i n e s  terminate in area s  
with underground s torage and LPG frac t iona tor s .  P ipe l ine s fre ­
quently o f fer tran sportation and fractionation i n  a bundl ed deal . 
Figure 3 0  shows the l ine s that gather mixed LPG . 

Fractionated ( or purity)  product i s  moved in a s eparate 
"de l ivery " sys tem to consuming areas in the Midwe s t  and S outh . 
Figure 3 1  shows the ma j or del ivery pipe l in e s  originating at Mount 
Belvieu and Borger , Texa s , and at Conway , Kans a s . P ipe l i ne 
imports o f  frac tionated LPG are rece ived from Canad a  via the 
Interprovincial / Lakehead sys tem and the Cochin p ipe l ine . 

We l l  over h a l f  the LPG demand in the Un i ted State s  i s  in 
PADD I I I ; petrochemic a l  p lants in the Gul f Coa s t  area are ma j or 
con sumers o f  LPG a s  feeds tock , and Gu l f  Coa s t  re f iners have been 
large-scale users of butane for gasol ine b lending . Net inter­
PADD movements of LPG are rel ative ly sma l l , as s hown in F i gure 
3 2 . F igure 33 shows that the d i s tr ibution patte rn for LPG has  
ch anged re lative ly l i ttle s ince 1 9 7 9 . A s ign i fi c ant except ion i s  
the complet ion o f  a new l ine t o  bring LPG from the Overthrus t  
Belt to We s t  Texas . 
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Figure 28. 1 979 Residual Fuel Oil Marine Inter-PADD Movement 
(Thousands of Barrels per Day) . 
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Figure 32. 1 987 Inter-PADD LPG Movement (Thousands of Barrels per Day) . 
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Product I nventory 

T ab le 2 8  shows the volume s o f  gasol ine , d i s t i l l ate , and 
re s idu a l  fue l in pr imary inventory at year-end 1 9 8 7 . The tab l e  
a l s o  shows the percentage o f  s tocks in r e finerie s ,  p ipe l ine s , and 
pr imary bulk s to rage . Much of the pr imary inventory i s  requi red 
to maintain ongo ing supp ly operations and is  not " avai l ab l e " 
under normal cond i tions . P ipe l ine s tock s , for examp l e , are 
largely l ine f i l l , wh ich cannot be drawn if the l in e s  rema in in 
service . T ab l e  2 8  a l s o  shows inventory expre s s ed as gro s s  and 
net days of s upply at aver age consumpt ion rate . The " ne t  d ay s " 
figure repres ents the s tock above the "minimum " l eve l requ i red to 
mainta in normal s uppl y  operation . Minimum inventory and the con­
cept of " days supp l y "  are pres ented in deta i l  in Vo lume IV o f  
thi s  report , Petroleum I nventori e s  and S torage .  

Total primary product inventor i e s , exc luding LPG , totaled 
6 1 4  mi l l ion barre l s  on December 3 1 , 1 9 8 7 . At current prices thi s  
s tock wou ld b e  valued a t  over $ 1 1  bi l l ion . S torage and carrying 
costs for thi s  inventory are a s igni ficant ongo i ng cos t .  

F i gure s 3 4 ,  3 5 ,  and 3 6  i l lus trate change s in ma j or produc t 
inventory s ince 1 9 7 9 . 

TABLE 2 8  

P RIMARY INVENTORY OF PRODUCTS AT 1 2 / 3 1 / 8 7  

Inventory 
( Mi l l ions of B arre l s ) 

Inventory Location ( % )  
Re f inery 
Bu lk Terminal 
P i pe l ines  

Gro s s  Days Supply 
Net Days S upply 

Above Minimum 

* 

Gasol ine * 

2 2 6  

3 9  
3 8  
2 3  

1 0 0  

3 1  

3 

D i s t i l late 
Fue l O i l  

1 3 4  

3 0  
4 9  
2 1  

1 0 0  

4 5  

1 6  

I nc lude s ga s o l ine b l end components . 

Sourc e : E IA ,  Petroleum Supply Annual , 1 9 8 7 . 
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Res idual 
Fue l O i l  

4 7  

3 9  
6 1  

1 0 0  

3 7  

1 3  



280 
en 240 
_J 
w 
a: 
a: 200 
<( 
al 

u.... 
0 1 60 en 
z 
0 
::::J 
_J 1 20 ::2 -
en 
::.:: 0 80 0 
I-
en 

4 0  
0 

p-----------------------------------------------------------� 8.0 b -i )> r 
"'U ....... ..._.--...----..:17.5 e5 
0 
c (") -i 7.0 � 
� 
r= 

TOTAL PRODUCTION 
r 6.5 5 
z 

BULK TERMI NAL � 
�-._......-----� . . . .. w ........ w, . .... � .. ·.····= .. . . �----...--"'"_..""'00os....,. STOCKS 6 O � .. · · · · ·· ·······:·.•.:·>::::.:·;;•:·::::.:·•:•:·>·:·:·::•:·<·:·:"''''>:wm:·:·•·'·"'''':<•:•:•:•:·:<•>:•:·:·:·>:·:·:·:•:•:·»·;;,;,;.;.;.;.;.,,.,.,.,,.,.,,, <.:·:;;>:·:·:;;;•:•:·:•::·:·:·••::·:·:·:•::·:<·:·:·····"-'·

'
·
'
·"·"· '····· ·· . . . . . . ... . . . . . .  , • ?o 

REFINERY STOCKS � 
• • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • 

r-

• • • • •  PIPELINE STOCKS ' ' '  . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . .  5.5 � 
m 
:::0 

� �----�------�------�----�-------L------�------L-----�
5.0 � 

1 979 1 980 1 98 1 1 982 1 983 1 984 1 985 1 986 1 987 
SOURCE: EIA, Petroleum Supply Annual, 1987. 

250 

(j) 200 _J w a: a: <( al 
u.... 1 50 
0 

en 
z 
0 
::::J � 1 00 
en 
::.:: 

Figure 34. Motor Gasoline (Total Production and Primary Stocks) . 

-i 

�-
---------------------------------------------------------� 32 � 

BULK TERM INAL 
STOCKS 

)> 
r �--------------------� 28 � 

TOTAL PRODUCTION 

TOTAL STOCKS 

0 
c 24 � 
6 
z 20 -:::::j 
:r: 
0 
c 1 6  � 
z 
0 1 2  en 

0 
., 

g REFINERY STOCKS 
to 50 ''""'''''''''''''''''"'""''''''''''''''''''''''"''''""'''""'''''""'''"•'<->;:.,., .• ,., .•.•.•.•.•. , ••.•. ;.;,;,;.;.;.>;.;.;.>;<«·:<>:;.,,,.,,,"''"''''''''"'''''''''"'''''"''''"<·'<''''''''''''''''"''''''''''''''""'''''''''''"''''''''''''''"""''''''''''''''''''''''''''''''"'''''''''''''''''''''''''''''''''''"''''''''''::;.;.;.;.;.;.;.;.;.;.;.;.;.;.;.;.;.;.;.;.;.;.;.;.;.;., 

· · · · · · · · · · · · · � · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · � · · · · · · · · · · · · · · · · · · · · · · · · · 

OJ 8 ?o 

0 1 979 1 980 198 1 1 982 
SOURCE: EIA, Petroleum Supply Annual, 1987. 

PIPELINE STOCKS 

1 983 1 984 1 985 1 986 

Figure 35. Distillate Fuel Oil (Total Production and Primary Stocks) . 

- 8 7  -

:::0 
m 
r 4 en 

"'U 
m 
:::0 0 0 
)> 1 987 � 



� 6 1 00 
0 
a: . 90 � 

0 UJ 
0 a.. 5 � 

(/) . 80 /\ 
(/) ...J 

UJ 
a: 
a: 4 
<( 

S T O C K S  
. 70 � 

aJ 
LL 
0 
(/) 3 � 
z 
0 
:J 
...J 
� 2 

z 
0 
i= U5 1 � 
0 
a.. 
(f) 

0 0 . 

1 979 1 98 0  

. . . 

1 98 1  1 98 2  1 983 1 984 1 985 

NOTE: Disposition includes demand and exports. Stocks are as of December 31 . 

• • 

1 98 6  

SOURCE: EIA, Petroleum Sup;ply Annual, 1987, Table S6, "Residual Fuel Oil Supply and Disposition." 

1 987 

Figure 36. Residual Fuel Oil Primary Stocks and Demand. 
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I n  addit ion to primary inventory , there i s  a l arge volume o f  
product i n  secondary and tert iary s torage owned by j obber s , re­
t a i le r s , and cons ume r s . Because the s e  inventor i e s  are at the end 
of the transportation chain , the volume o f  " avai l ab l e "  ( above 
minimum) s tock in s econdary and tertiary s torage i s  higher than 
in pr imary inventory . Vo lume IV of thi s  report inc lude s detai led 
e stimate s o f  s econdary and tertiary s tocks . 

REF INERY SYSTEM FLE X I B I L I TY 

The shutdown o f  over 2 MMB / D  o f  marginal re fining c apac ity 
has l e f t  the indu s try with a h ighly soph i s tic ated re fin ing sys tem 
capab le o f  upgrading mo s t  of the he avy por t ion o f  the crude o i l  
input t o  gaso l ine and d i s t i l l ate fue l s . I n  s impl e  r e f in er ie s , 
thi s  heavy , high-bo i l ing-po int portion o f  the crude oi l y i e l d s  
mo stly r e s i dual fue l o i l . Table 2 9  shows the improvement in 
s econdary ( upgrading ) fac i l it i e s  relat ive to b a s e  crude o i l  
capac i ty . 

There are , o f  cour s e , s t i l l  many relat ive ly s impl e  re fin­
eries that produce res idual fue l s , aspha l t , and intermed iate 
s tocks a s  primary produc t s . However , the gre at bu lk o f  dome s tic 
capac ity is in c omp lex re finerie s , and the sys tem norma l ly re­
s ponds to supply-demand var iance with the flexib i l i ty and eco­
nomic mot ivation s imi l ar to that of a complex p l ant . 
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TABLE 2 9  

U . S .  REFINERIES COKING AND C RACK ING CAPAC I TY 
AS A PERCENTAGE OF CRUDE O I L  CAPACI TY 

Cracking 
Coking 

Total 

1 9 8 0  

3 7  
9 

4 6  

1 9 8 8  

4 4  
1 3  

5 7  

The high capital and fixed cos t s  o f  s econdary or upgrading 
fac i l it ie s  ( the convers ion and upgrad ing proc e s s  un i t s  " down­
s tream" o f  c rude o i l  d i s t i l l at ion)  make it very economical  for 
refiners to keep the s e  fac i l ities  as fu l l y  uti l i z ed as po s s ible . 
Re f inery des ign usually provide s for more crude o i l  d i s t i l l ation 
capac ity than i s  required to load the s econdary uni t s  and amp l e  
intermediate s torage for s econdary un it feeds to ck s . The s urplus 
d i s t i l l at ion capac ity and the bu f fer s torage ( both of which are 
relative ly inexpens ive ) insulate the norma l ly pro f i table s econd­
ary units from d i s t i l l ation problems ; they a l s o  provide the re­
f iner with a great deal o f  flexibil ity to s h i ft product mix and 
change the rate and qua l i ty of crude o i l  run . 

Uti l i z ation o f  that f lexib i l ity i s  e s s en t ia l ly an economic 
dec i s ion based on the r e f iner ' s  pro j ec tion o f  near-term produc t 
price s ,  crude o i l  co s t s , and product demand . Computer mod e l s  o f  
individual re finer i e s  ( ca l led l inear programs ) re flect the c om­
p lex interac tion o f  various re finery uni t s , enab l ing the re finer 
to examine the economic and phys ical paramete r s  of c rude o i l 
change s and product shifts . The obj ect i s  to ma intain r e f i ne ry 
operat ion near the maximum pro fi tab i l i ty . " Optimi z ation " re­
quire s almost continuous re a s s e s sment in today ' s  vo l a t i l e  marke t . 
As a consequence , the indus try sys tem responds rapidly to the 
economic s igna l s  of the market . Some of the s e  r e s pons e s  are 
di scus sed below .  

Crude Oi l Run 

In the pe riod from January 1 9 8 5  through June 1 9 8 8 ,  month ly 
U . S .  crude oil runs have ranged from 1 1 . 4  to 1 3 . 5  MMB / D , equiva­
lent to about 7 5  to 8 6  percent of rated capac ity . Aggregate 
rated c apac i ty of the U . S . re f ining sys tem was 1 5 . 9  MMB / D  at the 
beginn ing of 1 9 8 8  ( exc luding 0 . 7  MMB /D in the Virgin I s l ands , 
Guam , and Puerto Rico ) . 

I n  the recent pas t , re finery ut i l i z ation h a s  averaged about 
83 percent of rated c apac i ty . However , it wou l d  be overly 
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optimi s t i c  to a s sume tha t  the unused 1 7  percent i s  ava i l able 
under " norma l "  c ircums tanc e s . Roughly 6 percent o f  the nominal 
spare capac i ty is in " temporar i ly idled " uni t s  that theoret i ca l ly 
could be returned to s ervice within 9 0  days . Reactivating the s e  
gene ra l ly margina l faci l it i e s  wou ld requ ire inve s tme nt , and few 
are l ike l y  to be ava i l ab le in the short term . ( They c ou ld , how­
ever , be react ivated i f  long-term economic inc entives deve lop . )  
A port ion o f  the rema ining " spare " capacity can be categor i z ed a s  
s impl e  d i s t i l l ation c apac ity ( topp ing plus re forming , f o r  exam­
ple ) that wou ld be c a l led out only in re l a t ively unu s u a l  c ircum­
stanc e s . The balance i s  c apac ity that wou ld be economic under 
reasonably " normal " bus ine s s  conditions . 

Tab le 3 0  i l l u s trates the di fference in yield and re f inery 
gros s margin from d i f ferent l eve l s  of upgrad ing capac ity for a 

TABLE 3 0  

I LLUSTRATIVE * 
REF I NERY Y IELDS AND MARGINS 

Ful l  C atalytic 
u:egrade Cracking 

Yields ( %  o f  crude ) 
Gasol ine 5 8  5 2  
D i s t i l l ate 2 8  1 9  
Res idua l Fuel 0 2 2  

Re finery Gro s s  Margin 
( $ /bbl of c rude ) 2 . 9 0 1 .  7 0  

Topp ing P l u s  
Re forming 

Max . Min . 

2 5  2 0  
4 5  3 5  
2 5  4 0  

0 ( . 8 0 )  

incre as ing capacity uti l i z ation 

* 
Incremental y i e ld s  and marg ins for We s t  Texas S our crude 

o i l  in var ious mode s . " Fu l l  Upgrading " a s s ume s open coking and 
cracking capac ity . The "Catalytic Cracking"  mode i s  based on a 
s imilar re finery with loaded coker s . For the s impl e  ( topping/ 
re forming ) capac i ty , the "maximum " re flects the type of net 
yields ava i l ab l e  from the " first barre l "  in the topping / 
re forming mode in a complex re finery . The "minimum " repre s ents 
" la s t  barre l "  per formance .  The d i f ference is a re f l ec tion of 
the decl ining flexib i l i ty to optimi z e  r e f inery performance a s  
the re finery approaches c apac ity . Margin f i gures exc lude fixed 
re finery c o s t s . 
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Wes t  Texas Sour type crude oi l .  I n  general , lower leve l s  o f  up­
grading capac ity produce l e s s  gasoline , more re s idu a l  fue l , and 
lower valued re f inery products ove ral l .  The more complex p l ants 
also have greater abi l ity to shift product mix . ( The margin 
figure s in Table 3 0  are not ind icative o f  re finery pro fit be ­
cause they exc lude capital and f ixed c o s t s , but they reflect the 
economic dr ive to uti l i z e  e x i s t ing fac i l i t ie s . )  

Norma l ly , re f inery runs in the s impl e  topping / re forming mode 
are not economic in PADDs I through IV . I n  PADD V ,  the low c o s t  
of the very heavy crude o i l s  h a s  kept s ome runs for res idua l fue l 
margina l ly economic . 

The s ubstantial  flexib i l i ty o f  the U . S .  re f in ing sys tem 
makes the dividing l ine between spare c apac i ty ava i l able under 
" normal " and under " unusual " conditions very s ub j ective ,  but a 
review o f  recent sys tem performance indicate s there i s  s t i l l  eco­
nomic c apac ity remaining . 

F igure 3 7  shows the actual var ia tion in crude o i l  run l eve l s  
( a s  a percentage o f  rated capac ity ) over a 3 0 -month period . The 

var iance re flects s ea sonal demand leve l s  as we l l  as refinery 
" turnaround s "  ( when units are shut down for maj or maintenance ) .  
Turnarounds occur throughout the year , but s ta t i s t i c a l ly ma inte­
nance schedules  have been heavier in the spr ing and fa l l , out s ide 
he avy gasol ine and winter fue l demand periods . 

� 
0 <( a... <( (..) 
l..L.. 
0 
w 
CJ <( 1-z w (..) a: w a... 

00 

85 

00 

75 

70 
Jan-86 Jul-86 Jan-87 JL.d-87 Jan-88 

SOURCE: EIA, Petroleum Supply Monthly. June1988. 

Figure 37. U.S. Refinery Runs -- Percentage of Capacity Utilized. 
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The sys tem h a s  maintained an 8 5 - 8 6  percent u ti l i z a tion rate 
for extended s ummer per iods wi thout inordinate s tra in . However , 
an unu s u a l  comb inat ion o f  operating problems , unit outage s ,  and 
unexpe c tedly s trong demand made the summer of 1 9 8 8  a cha l lenge 
for re fine r s . S upply was adequate , but increa s ed product margins 
and a higher price spread be tween h igh- and low-octane gaso l in e s  
indicated that h i gher cost  s upp ly s ourc e s  were be ing uti l i z ed . 

Re finers seek to optimi z e  the " ba s e "  load o f  the r e finery by 
runn ing the mo s t  economic crude oil  ( u sua l ly the lowe s t  gravity 
and h i ghe s t  s u l fur crude o i l )  that wi l l  reas onably load coking 
and crack ing uni t s  and produce the requ i red produc t s . Uti l i z a­
t ion o f  capa c i ty above the "bas e "  l eve l i s  progre s s ive ly more 
expens ive as vo lume increa s e s  because the re finer may have to 
deviate from the base by : 

• Running l ighter , higher qual i ty crude o i l s  to s tay 
with in internal bottlenecks .  Lighter c rude o i l s  
typ i ca l ly conta in a smaller frac t ion o f  heavy mater i a l , 
permitting the re finer to run more crude o i l  without 
exceed ing s econdary unit capac it i e s . 

• Operat ing outs ide the capac ity o f  s econd ary units . 

However , there i s  evidence that the ove r a l l  s y stem retains 
capac ity to run add i t ional heavy , sour crude o i l . 

S ince 1 9 8 1 , the average gravity o f  crude o i l  run i n  U . S .  
re f inerie s has dec l ined by about 1 . 7  degrees API to an average o f  
3 2  degree s  AP I i n  the fir s t  h a l f  of 1 9 8 8 . Thi s  re flects  improved 
abi l i ty to handl e  heavy , s our crude o i l  and the economic incen­
t ive to do s o . In the s ame period , the average s u l fur l eve l o f  
crude o i l  input has gone up from 0 . 8 8 to 1 . 0 7 percent . However , 
examination o f  monthly E I A  data indicates that the lowes t  gravity 
( and high e s t sul fur ) crude oil input general ly corre s ponds to 

periods o f  h ighe s t  crude o i l  run s . I n  shor t , the incremental 
crude oil has  been s omewhat lower in qual ity than the average , 
ind icat ing that there rema ins some add itional s our crude o i l  
capac ity i n  the sys tem . 

Obviou s ly , the system a l s o  retains the f l ex ib i l ity to run a 
much l ighter crude o i l  s late , i f  it were ava i l ab l e , and to pro­
duce higher volume s of gasol ine and d i s t i l l at e s  thereby . 

For economic reas ons , mos t  ful l  upgrading re f iner i e s  have 
somewha t  lower c ok ing c apac i ty in relation to crude o i l  capacity 
than crack ing c apac i ty . The re fore , as the re fin ing system 
approaches i t s  e ffic ient c apac i ty ,  we wou ld expect an increa s ing 
vo lume o f  crude o i l  run wou ld be in the topping / re forming and 
cracking mode s . As  i l l u s trated in Tab le 3 0 , the s e  mod e s  pro­
duce s igni fican t  quantities  of res idual fue l , s o  i f  the s y s tem 
were approach ing c apac ity , we would expect re s idual fue l produc­
tion to increas e  rapidly with re f inery run rate s . I t  has  not . 
In fact , the recent h i s tory o f  re s idual fue l product ion s hown in 
Figure 3 8  shows s omewhat lowe r res idual fue l yie lds dur ing the 
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Figure 38. Residual Fuel Oil Production as Percentage of Refmery Runs. 

summer periods o f  peak crude o i l  run . ( After ad j us tment for in­
crementa l res iduum diverted to summer a spha l t  produc t ion , the 
sys tem res idua l fue l yields  are about the s ame at both h igh and 
low crude o i l  run leve l s . )  

In s ummary , the U . S .  refining system shows only moderate 
s igns of s train de spite the h igh capac ity uti l i z ation . There i s  
enough economic a l ly viable spare c apac i ty t o  a l l ow r e f inery run s 
to vary s igni f icant ly with seasonal demands and s t i l l  cover grow­
ing annual average requirements . Per formance data shows that the 
sys tem has met peak demands wi thout degradation of y i e l d s  or in­
creased crude o i l  qua l i ty requirement s .  On the bas i s o f  this 
performance ,  it s e ems certain that the exi s t ing sys tem could be 
operated at an annual uti l i z ation rate of 86  percent ( about the 
s ame as recent peak rate s )  without s igni f ic ant e conomic penal ty . 
Thi s  capab i l i ty ,  coupled with planned c apac ity expans ions , should 
be adequate to cover growth into the mid- 1 9 9 0 s .  However , the 
ac tual growth wi l l  probab ly be divided between increased r e finery 
production and added imports depend ing on r e l at ive economic s .  

Product Supply F lexibi l i ty 

Even at today ' s  h igher capac ity ut i l i z at ion , the u .s. re­
fining sys tem retains cons iderable flexib i l i ty to a l ter crude o i l  
run s and sh i ft product mix to meet sea sona l demands , and to 
recover from unexpec ted problems . However ,  the f lexib i l ity o f  
the exis ting sys tem is  expected t o  shrink a s  i t  approaches ful l  
capac i ty . 
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F rom a pract i c a l  s tandpo int , the indus try has  the opt ion to 
provide future s ea s onal and emergency response capabi l i t y  through 
a combination o f :  

• New re fining c apacity -- As shown in Tab l e  3 1 , both 
d i s t i l lation and s econdary c apac ity have incr e a s e d  each 
year s ince capacity bottomed out in 1 9 8 6 . Capac i ty 
add i t ions are cont inuing through new uni t  cons truc­
t ion and debott lenecking o f  exi s t ing fac i l it ie s . 

• I nventory vari ance -- I n  recent year s , s e a sona l and 
emergency demand var iations have been met pr ima r i l y  by 
swings in crude o i l  run rates and s h i ft s  in product 
mix . I nventory var iation s provide a further a l te rna­
tive to mee t ing s easonal and other known- in-advance 
peak needs . I n  o f f-peak periods , inventory can be 
bu i l t  and s tored for use at peak periods when the 
sys tem production rate is at or near c apac ity , pro­
viding a further s ource of s upply . Al though the 
indus try has not operated in thi s  manner in recent 
years , i t  may become economic to abs orb more of the 
demand variance from p lanned inventory bu i l d s  and 
drawdowns . 

• Imports - - Imported product can provide coverage for 
demand var i anc e s . 

TABLE 3 1  

U . S .  REF INING SYSTEM 
C RUDE O I L  AND UPGRAD ING CAPAC I TY ADDI TIONS 

( Thou s ands of Barr e l s  per Day ) 

Crude 
Year D i s t i l l . Cracking Coking 

1 9 8 6  
1 9 8 7 

Percent Incre a s e * 

1 0 7  
3 4 9  

4 5 6  

3 %  

1 0 3  4 8  
1 0 3  1 5 2  

2 0 6  2 0 0  

3 %  1 1 % 

*Crude o i l  run incre ased 7 percent in the s ame two-year 
period . 

Source : EIA , Petro leum Supply Annual , 1 9 8 7 . 
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As d i s cu s s ed be low , the degree o f  s upply flexibi l i ty var i e s  
con s iderably by produc t .  

Gaso l ine 

Table 3 2  shows u . s .  gasol ine supp ly and demand for 1 9 8 5  
through 1 9 8 7 .  Demand has grown about 2 0 0  MB / D  per year in the 
per iod to about 7 . 2  MMB /D in 1 9 8 7 . Dome s t i c  re finery product ion 
accounts for about 9 5  percent of supply ; imports have remained at 
about 5 percent of s upp ly over the per iod . 

TABLE 3 2  

U . S . GASOLINE SUPPLY AND DEMAND 

1 9 8 5  1 9 8 6  1 9 8 7  
MB /D % MB /D % MB /D % 

u . s .  Demand 6 , 8 3 1  7 , 0 3 4  7 , 2 0 6  

Su:e:ely 

Re finery Prod . 6 , 4 1 9  9 4  6 , 7 5 2  9 6  6 , 8 4 1  9 5  
Imports 3 8 1  6 3 2 6  5 3 8 4  5 
Other * 3 1  ( 4 4 )  ( 1 )  ( 1 9 )  1 

Total Supp ly
§ 

6 , 8 3 1  1 0 0  7 , 0 3 4  1 0 0 7 , 2 0 6  1 0 0  

* 
I nventory draw ( or bui ld ) le s s  expor t s . 

§
Total s may not equal sum o f  c omponent s due to independent 

rounding . 

Sourc e : E IA ,  Petroleum Su:e:ely Annual , 1 9 8 7 . 

The 1 9 8 6  NPC report , u . s .  Petroleum Re fining , noted that 
ga sol ine product ion in the Uni ted S tate s wa s approaching capac i ty 
and cou ld peak a s  early a s  1 9 8 8 . A combinat ion o f  added fac i l i ­
ties , reactivation o f  i d l e  uni ts , and improved per formance from 
exis ting c apac ity has  resul ted in a system that retains f lexibi l ­
ity despite its heavy load ing . 

Re finery gasoline production averaged 6 . 9  MMB / D  in 1 9 8 7 and 
the fir s t  seven month s of 1 9 8 8 . Monthly per formance o f  the sys­
tem i s  shown in F igure 3 9 , a plot o f  re finery product ion and 
total new supp ly ( produc tion p lu s  imports ) .  The graph shows that 
gaso l ine production has exceeded 7 MMB /D i n  s evera l  months and 
product ion has continued to fo l low s e asonal demand . I n  1 9 8 6  and 
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Figure 39. Gasoline Supply. 
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1 9 8 7 , g a s o l ine produc tion in the May through Augu s t  peak s e a son 
aver aged about 3 6 5  MB / D  more than the other e ight month s . There 
is c learly some f l exib i l i ty l e ft in the e x i s ting sys tem . 

I nventory swing s and import variance s have not been a s ig­
ni ficant factor in mee t ing peak demands to date . Import s  h ave 
gene ra l ly incre a s ed proportionately l e s s  in the s ummer than pro­
duction , and in three of the l as t  f ive year s , gas o l ine inven­
tor i e s  actua l ly incre a s ed through the peak s e ason . ( In 1 9 8 7 ,  
inventory dr aw added only about 2 percent to s ummer s upply . )  

S ince 1 9 8 5 , the indus try has added s igni fi cant l y  to gasol ine 
and octane c apac ity as s hown in Table 3 3 . B e s ide s the s e  phys ical  
change s , the exis ting fac i l it ie s ' c apab i l i ty h a s  been " s tretched " 
by the use o f  improved catalysts and innovat ive operat ing tech­
niques . Much of thi s c apac ity has been abs orbed by l e ad pha s e ­
out , and more wi l l  be ab sorbed by the pending vapor pre s sure 
restrictions , which wi l l  reduce butane bl end ing . G a s o l ine capa­
c i ty expan s ions are expec ted to cont inue ; and in add i t ion , part 
of the oc tane demand wi l l  be met by increased use of oc tane ­
blending supplements ,  s uch a s  MTBE and e thano l . 

Ne ither transportation , tankage , nor termina l c apab i l ity are 
s een to l imit any of the ga s o l ine s upply a l te rnat ive s . 

D i s t i l l a te Fue l 

Table 3 4  s hows U . S .  d i s t i l l ate demand ( consumption ) and 
supply for 1 9 8 5  through 1 9 8 7 . Demand has grown about 5 0  MB / D  per 
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TABLE 3 3  

U . S .  REF INING SYSTEM 
GASOLINE CAPACITY/OCTANE CAPAC ITY ADD IT I ONS 

(Thous and s of B arrels per D ay) 

Reformer I s omer- Alkylation 
Year Capac ity i z at ion Capac i ty 

1 9 8 6  
1 9 8 7  

Percent Increase 

6 1  
8 6  

1 4 7  

4 %  

6 8  3 3  
1 3 9  1 9  

2 0 7  5 2  

8 0 %  6 %  

Source : Capacity data from EIA , Petro leum Supply Annual , 
1 9 8 7 . 

TABLE 3 4  

u.s. D I STILLATE SUPPLY AND DEMAND 

1 9 8 5  1 9 8 6  1 9 8 7  
MB/D % MB/D % MB/D % 

Demand 2 , 8 6 8  2 , 9 1 4  2 , 9 7 6  

Supply 

Re finery Prod . 2 , 6 8 7  9 4  2 , 7 9 8  9 6  2 , 7 3 1  9 2  
Imports 2 0 0  7 2 4 7  8 2 5 5  8 
Other * ( 1 9 )  __j_!l_ ( 1 3 1 )  ____ill ( 1 0 )  

Total Supp l y  2 , 8 6 8  1 0 0  2 , 9 1 4  1 0 0  2 , 9 7 6  1 0 0  

* 
Inventory draw ( or bui l d )  le s s  exports . 

Source : EIA , Petro leum Supply Annua l ,  1 9 8 7 . 
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year to 2 , 9 7 6  MB / D  in 1 9 8 7 . Imports provide betwee n  7 and 8 
percent o f  dome s t ic demand , but the s e  are part i a l ly o f fs e t  by 
export s ,  wh ich h ave averaged about 7 8  MB / D  dur ing the period . 

A s  s hown in F igure 4 0 ,  monthly refinery produc t ion generally 
fo l lows a s e a s on a l  pattern . Re f ining incentive s  for incremental 
d i s ti l l ate production are o ften marginal , and d i s t i l l ate produc­
tion rate is much more s e n s i t ive to short-term price s than gaso­
l ine . Re f inery y i e l d s  o f  d i s t i l l ate have r anged f rom a l ow o f  
about 2 0  percent o f  crude o i l  run to over 2 4  percent . 
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Figure 40. U.S. Refining System Distillate Production. 

The refining sys tem retains a very subs tant i a l  phy s i c a l  
capabi l ity to produce add i tional d i s t i l l at e  by : 

• Uti l i z ing gasol ine-to-d i s t i l l ate-yield f l ex ib i l ity 
inherent in complex re finer i e s . 

• Running incremental crude o i l . 

Complex re finer i e s  can , and routinely do , sh i ft the yie ld 
leve l s  of gas o l ine to d i s t i l l ate over a fairly wide r ange in 
re spon se to economic incentive . Thi s  flex ibi l ity , coup l ed with 
incremental crude o i l  capacity current ly avai l able in the U . S . 
re fin ing system ,  c an provide s ub s tantial incremental d i s t i l l ate 
volume s throughout mo s t  of the year . However , economic d i s t i l­
late supp ly flexibi l ity i s  expected to shr ink s omewhat a s  the 
system approaches max imum gasol ine capac i ty . 
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Review o f  monthly performance indicates a sys tem with amp le 
d i s t i l l ate c apac ity who s e  uti l i z ation is s en s it ive to economics . 
Even in the peak winter demand season , r e f inery d i s t i l late pro­
duct ion tends to vary by a s  much as 4 0 0  MB / D  in re s pons e  to per­
ce ived margin change s . The pattern of d i s t i l l ate imports a l s o  i s  
more con s i s tent with trans ient price d i f ferenc e s  between fore ign 
and dome stic markets than any supp ly needs ; s e a sona l inc re a s e s  ln 
imports have been minimal . Peak winter demands have been me t ;  
about ha l f  from increased r e f inery produc tion and ha l f  from 
inventory flux . 

D i s t i l l ate supply i s  not expec ted to be a problem through 
the mid- 1 9 9 0 s  at l e a s t . D i s t i ll ate capac ity wi l l  incre a s e  with 
crude o i l  capacity add i t ions , and d i s t i l l at e  y i e ld s  tend to in­
crease unavo idab ly a s  run l eve l s  approach upgrading capac i ty . 
However , existing fac i l i t i e s  wi l l  accommodate inc reased imports 
and / or increased s e a sonal s torage should they become economic . 

The proposed regu lation o f  h ighway die s e l  fue l  sul fur con­
tent ( l imiting s u l fur to 0 . 0 5 percent ) , c ou ld s ub s t antia l ly 
reduce the d i s t i l l ate s upply flexib i l ity , un le s s  the regulatory 
contro l schedu le a l lows adequate lead time for the required 
inve s tments in desu l furi z at ion . The e x i s t ing d i s t i l l ate d e s u l ­
furi zers , even i f  used t o  the ir maximum capac i ty , could produce 
no more than about one-th i rd of the current vo lume o f  h ighway 
diesel  to the 0 . 0 5 percent su l fur spec i fication . Further , poten­
tial import sources wou ld a l s o  be gre atly l imited by any abrupt 
tightening of the fue l speci fications . Re f iners , engine manu­
facturers , and other intere sted part i e s  should work with the 
Environmental Protect ion Agency ( EPA ) to deve lop a pha s e - i n  
s chedu le that w i l l  e ff i c iently introduce 0 . 0 5 percent s pec i f ica­
tion fue l concurrently with diesel  engine s d e s igned to take 
advantage of the fue l . 

Re s idual Fue l 

Tab le 3 5  shows the over a l l  res idua l fue l s upply-demand 
bal ance s for 1 9 8 5 - 1 9 8 7 . Recent interna l demand has ranged from 
1 . 2  to 1 . 4  MMB / D , only about 4 0  percent o f  the max imum l eve l 
reached in 1 9 7 8 . About 4 5  percent o f  demand i s  covered by 
import s .  

The res idual fue l category inc lude s a number o f  produc t s  
d i f ferent iated b y  sul fur content , viscos i ty , a n d  pour character­
i s t i c s  required by the end-user . The s e  products  are not inter­
changeab le in the market nor are they interchange ab l e  in r e f inery 
production . I n  genera l ,  U . S .  demand tends toward lower sul fur 
fue l required by environmental s tandards , whi l e  U . S .  re finery 
production tends to be h igh sul fur . As a consequence , about 2 0  
percent o f  U . S .  production i s  exported to areas where i t  i s  
marketable . 

In genera l , res idua l fue l produc t ion ( except for a s pha l t )  i s  
a by-product o f  gasol ine and d i s t i l late manu facture , and r e f iners 
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TABLE 3 5  

U . S .  RES IDUAL FUEL OIL SUPPLY AND DEMAND 

1 9 8 5  1 9 8 6  1 9 8 7  
MB / D  % MB / D  % MB / D  % 

Demand 1 , 2 0 2  1 , 4 1 8  1 , 2 6 4  

SUEE1Y 

Re finery Prod . 8 8 2  7 3  8 8 9  6 3  8 8 5 7 0  
Imports 5 1 0 4 2  6 6 9  4 7  5 6 5  4 5  
Expor t s  ( 1 9 7 )  ( 1 6 )  ( 1 4  7 )  ( 1 0 )  ( 1 8  6 )  ( 1 5 )  
Other * 7 1 7 

Total Supply 1 , 2 0 2  1 0 0  1 , 4 1 8  1 0 0  1 , 2 6 4  1 0 0  

* 
I nventory draw ( or bui ld)  and round ing . 

Sou rc e : E IA ,  Petroleum SuEElY Annua l ,  1 9 8 7 . 

do not norma l ly vary res idua l fue l production to mee t  s ea s ona l 
demand swing s . Thi s  i s  i ll u s trated by F igures  4 1  and 4 2 ,  which 
show that demand swing s are covered prima r i l y  from impor t s  whi l e  
re finery product ion i s  quite uni form throughout the year . Winter 
i s  s t i l l  the h i ghe s t  demand s ea son for r e s idual fue l ,  but a s  
shown i n  F i gure 4 1 ,  there i s  a deve loping s ummer peak r e l ated to 
e l e c tr i c i ty demands for air conditioning . 

In 1 9 8 7 , PADD I accounted for 5 4  percent o f  r e s i du a l  fue l 
demand and 9 3  percent o f  imports .  Exports o f  re s idu a l  fue l were 
about two-thirds from the Wes t  Coas t ( PADD V)  and mos t  o f  the 
ba l ance from PADD I I I . 

The dome s t i c  re f inery system has the phy s i c a l  c apac i ty to 
produce subs tant i a l l y  more re s idual fue l , but i t  is unlikely to 
be feasible under r e a s onably norma l economic condi t ions . I t  i s  
a l s o  unlikely that r e f iner ie s could meet current s u l fur require­
ments of consumer s  without waivers of environmenta l regu lations . 
Barr ing a maj or ups e t , r e s idual fue l production s e ems certain to 
rema in prima r i ly a by-product of l ight fue l s  manufacture . 

There i s  more than ampl e  flexibi l i ty in down s tre am r e s idual 
fue l fac i l it i e s  to handl e  short-term demand increas e s . Terminal 
and s torage c apac i t i e s  s t i l l  r e f lect the much h i gher vo lume s o f  
e a r l ier years . O n  the other h and , relative ly h igh l eve l s  o f  
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Figure 4 1 .  Residual Fuel Oil Demand and Imports. 
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Figure 42. U.S. Residual Fuel Oil Production. 
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re s idual fue l inventory in the pr imary sys tem and in i ndu s tr i a l / 
uti l ity consume r s torage provide better insulation from short­
term supply ups et s  for res idual fue l c on sumer s  than for u s e r s  of 
other produc t s . 

C RUDE O I L  AND PRODUCT TRADING 

In the current bus ine s s  environment , petro le um trading is a 
ma j or e l ement in the system dynami c s . I t  provide s a mea n s  to 
reduce transportation , to opt imi ze the use of e x i s t ing fac i l ity 
c apac i ty and to r e s pond to s upply problems . Further , trading 
helps ensure that regional crude o i l  and product price s through­
out the country wi l l  re spond promptly to the wor l d  petroleum 
market .  

The vo lume o f  crude o i l  and produc t  traded in the United 
S tates is quite l arge . Virtua l ly every re finer and mos t  l a rge 
marketers have fu l l -time trading s ta f f s . Typ i ca l ly , a ma j or 
re finer may handl e  about 1 . 5  barre l s  o f  crude o i l  for e ach b arrel 
o f  crude oil i t  r e f i ne s ; its  ratio of product handled to market­
ing s a l e s  may be only s l ightly l e s s . The h igh ratios r e f l e c t  
crude o i l  and product traded (via exchange or contemporaneous 
buy- s e l l )  to reduce c o s t , improve e ffic iency , or capita l i z e  on 
pro fit opportun i t ie s . Trading i s  an e s sential part of the supply 
system ,  and i t  is unlikely that any l arge re f iner /marke ter could 
be compet i t ive wi thout the cost savings i t  o f fers . 

Trading activity can be de fined in four broad and over­
lapping categorie s according to the obj ective s : 

• Loc ation Trade s -- The ob j ec tive o f  the s e  trad e s  i s  to 
reduce transportat ion costs . To i l lu s trate , compan i e s  
o ften produce or acquire crude o i l  a t  locations without 
conven ient p ipe l ine acc e s s  to thei r  re finerie s .  The s e  
compani e s  routinely arrange trades  for such c rude o i l  
among thems e lve s so that both par t i e s  t o  the deal  
obtain comparab l e  crude o i l  with minimum transportation 
c o s t . For products , the mos t  common trad e s  are among 
r e f iners or marketers who exchange ( or buy- se l l ) the i r  
surplus supply in one area for c ompar ab l e  produc t in 
another are a . During the per iod o f  shr ink ing demand , 
product trade s enab l ed companie s to shut down unpro fit­
abl e  r e f iner i e s  without withdrawing from c omp e t i t ive 
market ing in the area served . 

• F ac i l ity Opt imi z at ion -- The s e  trade s are aimed at 
gett ing the bet te r  u t i l i z ation or bette r  per formance 
from e x i s t ing hardware . A s impl e  examp l e : Re f iner A 
with a conne c t ion to Explorer p ipel ine may in j ec t  
product into that l ine for Re finer B in r e turn for 
comparable product inj ec ted into Colon i a l  pipe l ine . 
Both part i e s  avo id dup l icating an expens ive connection 
( usual ly a p ipe l ine segment and h igh-volume pump s ) and 

both get h igher uti l i zation of exi s t ing fac i l i t i e s . 

- 10 2 -



Mos t  fac i l ity optimi z at ion trades are fairly s imp le 
( e . g . , exchange o f  termina l ing ) , but s ome can be very 

complex . The trading proce s s  in wh ich re finer s contin­
uou s ly j uggle crude o i l  input to max im i z e  r e f inery 
uti l i z ation and profits  invo lve s very complex economic 
ana ly s i s  and interact ion among many re finers with 
di ffering needs . 

• B a l ancing Purchase or Sale -- The bulk o f  system crude 
o i l  and product is bought and sold under term arrange ­
ment s , but a company ' s  te rm supp ly and demand are 
rarely in balance . Traders are usua l ly re spons ible for 
buying or s e l l ing the crude o i l  or product nece s s ary to 
attain a balance . Traders s eek the be s t  overa l l  eco­
nomic s ,  not j us t  the best pr ice . A c ompany needing 
d i s t i l l ate at the Gul f ,  for example , may e lect to buy 
i t  in New York Harbor and tran s l ate the vo lume to the 
Gul f  by reduc ing pipe l ine sh ipment into PADD I or v i a  a 
location-type trade . 

• Opportuni ty Trading -- The vol at i l ity o f  both wor l d  and 
local  markets creates frequent pro f i t  opportuni t i e s  for 
traders . For example , a h igh regional s pot-marke t 
price may mo tivate traders to pu l l  down inventory to 
exp l o i t  the opportuni ty wh i l e  s imu l taneou s ly arranging 
for rep l ac ement at l e s s  co s t . S ince the added supply 
is l ikely to bring price s down , the trader has a tang­
ible incentive to re spond quickly . D i s t re s s ed c argoe s ,  
loc al shortage s or surp luse s , and d i f fe r ing economic 
proj ections create the economic potent i a l  for pro fit­
ab le trade s . 

Ref iner s and marketers are active opportun i ty trade r s , 
but there are other companies  who s e  pr imary bus ine s s  i s  
opportuni ty trading . The s e  a r e  the compan i e s  that 
purchase crude o i l  or product for specu l at ive r e s a l e , 
acting a s  midd l emen . The s e  traders mon i tor marke t s  
throughout the country or the wor ld for price d i spari­
ties and take quick advantage . I f  u.s. prices  r i s e  
signif icantly above parity with wor ld marke t s , fore ign 
trader s  quickly s h i ft supp l i e s  to the United S tate s ; 
conve r s e ly , supp l i e s  are promptly shi fted away when 
dome s t ic price s are depre s s ed . Some trader s  act e f fec­
tive ly a s  ''market makers " and exped iters for many k inds 
of dome s t i c  a s  we l l  a s  foreign trad ing . The pr ice-and­
supply ba lanc ing func tion that the s e  trader s  he lp per­
form i s  generally bene fic i a l , but s ome have c autioned 
that fore ign s upp l i e s  from the s e  middl emen are not 
s ecure and may d i s appear in t ime s of shortage . 

Trading expands the flexibi l ity and respons e  c apab i l i ty o f  
the supply sys tem , reduc e s  overall c o s t s , and h e l p s  s tab i l i z e  
local markets . The se are bene f i c i a l  by-product s  o f  a h ighly 
pro fit-or iented activity , and trading re spo n s e  tends to be 
proportional to the economic incent ive ava i l ab le . Incentive s  
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need not be large ; recent experience shows that a poten t i a l  for 
a fract ion of a cent per gal lon wi l l  e l ic it vigorous trading 
activity . 

Crude o i l  and produc t trading are inten s e ly c omp e t i t ive ; 
partie s nego tiate hard for a better price , a more f avorable 
d i f ferent i a l  or more f lexible terms . But in the end , e ach party 
mus t  perce ive an economic bene fit or the dea l w i l l  not be made . 
The net r e s u l t  i s  a more e ff i c ient and more re spons ive over a l l  
supp ly s ys tem . 

Futur e s  trading i s  e s s entially a finan c i a l  activi t y  that has  
become comp l ementary to "wet barrel "  trading d e s c r ibed above . 
The development o f  trad ing was a natural response to the uncer­
taintie s a s s oc iated with volatile marke ts . Future s trad ing i s  
now an important factor i n  the dynamics o f  pe tro leum s upp ly : 

• Future s markets improve price d i s covery . The determi ­
nation o f  pr ices  through open outcry rather than tra­
d i t ional a s s e s sments remove s uncerta inty concern ing 
price s , cuts the bid/ asked spread , promotes  more trad­
ing , and contr ibute s to economic e f f ic iency . 

• Futures trading permits the commer c i a l  partic ipant ( the 
o i l  c ompany or trader ) to tran s fe r  to oth e r s  the price 
risk r e l ated to the owner ship of s to ck s . 

• Vigorou s  future s trad ing has contributed to pri c e s  
( dome s t i c  and fore ign)  that move r apidly in re spon s e  to 

wor ld events and pe rceived chang e s  in s upply and 
demand . 

• A lthough a very smal l  percentage o f  NYMEX futur e s  
contracts are taken to de l ivery , increas ingly , trader s  
are u s ing the " exchange for phy s i c a l s  procedure " to 
e ffect wet-barre l transactions . For thi s activity the 
futur e s  market has become an e f fective price c le aring 
hou s e  for traders to balance long and short wet-barre l 
requ irements .  

• A lthough the futures  exchange doe s no t quote prices  for 
the current month , prices for the f i r s t  future month 
are o ften u s e d  as re ference for prompt ( current month ) 
trad e s . ( e . g . , Price at the time o f  tr ans fer i s  based 
on that d ay ' s  " Mere " price plus or minus a " d i f feren­
t i al . " ) 

"Vo l ume s "  traded in the future s  marke t  e xceed any phy s ical 
capacity to d e l iver by orders o f  magni tude . D a i l y  trad ing 
vo lume s frequently exceed daily consumption . Ther e  is s ome 
concern that a s evere supply disruption woul d  render the future s 
market inoperative . Further , there i s  s ome conce rn that a 
future s market fai lure would s omehow seriou s ly impac t the indus ­
try ' s  abi l i ty to e f fec tively d i s tribute ava i lable s uppl i e s . I t  
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is po s s ible , though speculat ive , that a severe s upply d i s ruption 
wou ld cause a fai lure of the future s market s .  Rapid l ar ge price 
increases  ( or decre a se s )  c ould make the future s mark e t s  prac ­
tically inoperable unt i l  the pas sage o f  s u f f i c ie nt t ime ( days ) to 
bring exchange trad ing price l imit.s into l ine with the real  
market . 

In the un l ike ly event o f  a fai lure o f  the future s marke t s , 
there i s  not l ik e ly to be any s igni ficant d i sruption in phy s ic a l  
barr e l  avai labi l i ties  o r  d i s tribution c apab i l ity . 

• Mos t compani e s  u s e  the future s mark e t  a s  a financ ial 
hedge for inventorie s ,  margins , timing , e tc . , not a s  a 
source o f  wet-barre l supp ly .  

• I nventori e s  are not s igni ficantly a ffec ted by the 
exi s tence of the future s marke t as ind i cated by 8 7  
percent o f  re spondents to the NPC ' s  que s t ionnai re on 
thi s sub j e c t  ( Re ference Vo lume IV) . 

The reaction o f  future s  market s  to a s upply c ri s i s  i s  un­
te s ted . Certainly the fai lure o f  a futu re s market wou l d  a lter 
market p sycho logy and wou ld be of cr i s i s  proportions f inanc i a l ly 
for tho se traders on the wrong s ide o f  a marke t  turn . The s e  
events would not , however , change the fact that o i l  i s  phys ical ly 
ava i l able in the sys tem nor woul d  they change the fac i l it i e s  for 
its d i s tribution . Commercial trans ac t ions to keep th i s  o i l  mov­
ing wou ld be conducted in much the s ame way a s  they were prior to 
the advent o f  future s marke t s . 

PRODUCT IMPORTS 

Imports are o ften described as the " ba l anc ing supp ly , "  
f i l l ing the gap between dome s tic production and demand . The 
proce s s  by wh ich the " ba l anc e "  is obtained is a very important 
e l ement in U . S .  supply sys tem dynamics . 

Source s o f  product imports tend to fal l i nto two general 
categories : 

• Supp l i e s  logi s t ica l ly norma l to the Un i te d  S ta te s , 
where pre ference or transportation advantage mak e s  the 
Uni ted State s  the usual market for the product ( e . g . , 
products from Canada , Vene zue la , the C ar ibbean ) . 

• Supp l ie s logi s t ica l ly norma l to o ther areas , but which 
can flow to the Un ited Sta te s  if economic s  are favor­
ab le . 

Obvious ly , U . S .  import volume s from Vene z ue l a  could be ( and 
are )  a f fected by pr ice s , but the higher transportation c o s t s  to 
other ma j or consuming areas tends to make d ive r s ion o f  product 
l e s s  l ikely . I n  fact , product flow from Europe and the Middle 
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E a s t  to the Wes tern H emi sphere i s  more common . Table 3 6  shows 
the proportion o f  U . S . f ini shed gasol ine and d i s t i l l a te imports 
from the ma j or Wes tern H emisphere s upp l ie r s  in 1 9 8 7 . 

The We s tern Hemi s phere imports provide a r e l atively s tab l e  
base s upply vo lume t o  the Un i ted State s . A l though fore ign re­
fine rs u s e  r e f i nery flexib i l ity and inventory s trategy to take 
advantage o f  market change s ,  import volume s f rom the ma j or We s t ­
ern H emi sphere s ourc e s  tend t o  be re l ative ly uni form throughout 
the year . I n  fact , a s igni f ic ant portion o f  We s te rn H em i s phere 
imports is on term contracts . 

I n  sharp contra s t , import vo lume s from Europe and other 
areas are h ighl y  var i ab l e  and very s ens i t ive to short-term price 
di f ference s between U . S .  and fore ign marke t s . For examp l e , i f  
U . S . produc t prices  r i s e  above Europe an pri c e s  by more than about 
4 ¢  to 5 ¢  per gal l on ( roughly the sh ipping cost  to the E a s t  
Coa s t )  , impor t s  increase dramati c a l ly a s  traders  s ee k  t o  c ash i n  
o n  opportun ity . 

Al though s uch price d i spar i t i e s  are o ften s ho r t - l ived , 
traders c an e l iminate much o f  the r i s k  by " h edging " in the 
commod ity futures market ( e . g . , by s e l l ing a contract for future 
de l ivery ) . L arge vo lume s c an be hedged quickly in the future s 
market . The r e s u l t  i s  that imports respond very vigorou s ly to 
even brie f price di spari t i e s ;  and the surge in impor t  vo lume may 
continue for s ome t ime a fter the price gap has  c lo s e d . 

F i gure 4 3  i l l u s trate s the wide variabi l i ty o f  the s e  
" oppor tuni ty '' imports . I t  shows the monthly vo lume o f  d i s t i l l ate 
imports from a l l  area s  except the maj or We s tern Hemi s phere s up­
p l iers  ( de f ined here a s  Braz i l , Canada , Mex ico , Nethe r l ands 

TABLE 3 6  

1 9 8 7  S OURCE OF PRODUCT IMPORTS 

* 
We stern H emi s ph e re 
Europe and Other 

* 

Gasoline 

5 1  
4 9  

1 0 0 %  

D i s ti l l ate 

7 9  
2 1  

1 0 0 % 

Inc lud e s  only Bra z i l , Canada , Mex ico , Nethe rl ands 
Ant i l l e s , Trinidad , Vene zue l a , and Virgin I s lands . 

Sourc e : E IA ,  Petroleum Supply Annu a l , 1 9 8 7 .  
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Figure 43. Distillate Import Volumes (Excluding Western Hemisphere) . *  

Ant i l le s , Trinidad , Vene zue la , and the Virgin I s l ands ) . Over the 
3 1 -month per iod plotted , the average vo lume o f  imports from non­
We s tern Hemisphere s ource s  was 1 . 9  mi l l ion barre l s  per month , 
but the actua l impor t s  ranged from 0 . 2  mi l l ion barr e l s  to a lmo s t  
7 mi l l ion barre l s  p e r  month . The import pattern i s  no t s e a sonal ; 
in 1 9 8 6  and 1 9 8 7 , peak imports from the s e  s ource s  occurred in the 
s ummer .  I n  Europe , s ummer i s  o ften a per iod o f  surplus d i s t i l ­
late supply and low price s . 

As i l l u s trated by F igure 4 3 ,  the import re s ponse to economic 
incent ive c an be qu i te l arge . I t s  e f fec t on the dome s tic marke t  
i s  a l s o  l arge . There i s  ample evidence that import surges weaken 
domes tic prices -- and low import leve l s  tend to s trengthen them . 
I t  i s  worth noting that the ma j or surge s in d i s t i l l at e  impor t s  
resul ted from p r i c e  var ianc e s  we l l  within " no rma l "  bound s . 

F igure 4 4  i s  a s im i l ar graph showing month ly g a s o l ine 
imports from areas exclud ing the same We s tern H emi s phere coun­
trie s . Like d i s t i l l ate , gasol ine import . vo lume s vary more with 
pr ice di fferentia l s  than with the season . The countr i e s  o f  
origin for the import s  are a l s o  variable . 

I n  brie f ,  produc t  import s  play a key ro l e  in supp l ementing 
U . S .  production and provid ing a balancing mechan i sm for both 
supply and prices . 
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Figure 44. Gasoline Import Volumes (Excluding Westem Hemisphere) .*  

NATURAL GAS 

In 1 9 8 7 , natural gas provided more than 1 7  quadr i l l ion BTU 
o f  energy for the United S tate s , roughl y  2 3  percent o f  tota l 
energy demand . Although gas supp l i e s  about h a l f  the energy pro­
vided by petro l eum and roughly the s ame amount as c o a l , the 
operation and economics o f  the indus try are not wide l y  unde r s tood 
by the general pub l ic , in part becau s e  of the c omplex regulations 
that contro l l ed i t  in the pas t .  

Natura l  gas demand and supply for the Lower- 4 8  S tate s are 
shown in Tabl e  3 7  in tri l l ions o f  cubic feet per year . (A 
tri l l ion c ubic feet conta in about the s ame e nergy as 1 7 0  mi l l ion 
barre l s  o f  o i l . )  Natural gas demand in 1 9 7 9  wa s 2 0 . 1  TCF and 
then dec l ined as conservat ion and other fac tors reduced con s ump­
tion . By 1 9 8 7 , ga s demand was down 1 6  percent at 1 6 . 9  TCF . 
Natural gas s upply i s  predominantly from dome s t i c  production ; 
imports account for only 6 percent o f  demand . T ab l e  3 7  s hows 
that dome s t i c  gas production has dec l ined by 3 . 1  TCF s ince 1 9 7 9 . 
Produc t ion wa s l imited by demand , and there remains a s ub s tan­
tial , but shrinking , c apac ity surplus today . The d e c l ine i n  
demand and the emergence o f  surplus produc tion were c ataly s t s  for 
a ma j or change in ga s system dynamic s .  
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The System 

TABLE 3 7  

LOWER- 4 8  STATE S  
NATURAL GAS DEMAND AND S UPPLY 

( Tr i l l i on Cubic Fee t )  

Demand 

S upply 

Product ion 
Imports 
Other * 

* 

1 9 7 9  

2 0 . 1  

1 9 . 4  
1 . 2  

( 0 .  5 )  

2 0 . 1  

1 9 8 4 

1 7 . 7  

1 7 . 1  
0 .  8 

( 0 . 2 ) 

1 7 . 7  

1 9 8 7  

1 6 . 9  

1 6 . 3  
1 . 0  

( 0 • 4 )  

1 6 . 9  

Net o f  inventory flux , export s ,  l o s s e s , 
and exotic s upply . 

The natural gas sys tem di f fers substant i a l l y  from the l iquid 
petro leum system in i t s  market or ienta tion , i t s  phy s ical  fac i l i ­
tie s , and i t s  economic-regu latory structure . The phy s ic a l  sys tem 
for natural gas supply i s  shown s chematic a l ly in F i gure 4 5 . Mos t  
large gas p ipe l ine s origi nate i n  the Gu l f  Coast are a s  o f  Texas 
and Loui s iana , which account for 60 percent of u.s. gas produc­
tion . I f  nece s s ary , fie ld gas i s  proc e s sed to bring i t  to pipe­
l ine s tandards , and pipe l ined to the " c ity gate , "  whe re it is 
de l ivered to a local d i s tribution company . 

O i l  and gas s erve genera l ly d i fferent markets . As  shown in 
Table 3 8 , virtually all demand for natur a l  ga s is  for s ome form 
o f  heating , wh i l e  the petroleum market i s  predominate ly trans ­
portation fue l s . O n  a short-term bas i s , the o i l  a n d  gas sys tems 
interact only in the indu s tr i a l -uti l ity mark e t  where p l ant s with 
dua l- fir ing capab i l ity can ( and do ) s h i ft between o i l  and gas in 
response to price incentive s , supp ly con s traint s , or e nviron­
mental cons iderations . On the supply s ide , sma l l  vo lume s o f  
petro leum enter the gas sys tem a s  re finery gas or s ynth e t i c  gas , 
and some l ique fied pe tro leum gas - l ique fied natura l  gas ( LPG-LNG ) 
is  used to cover peak winter-demand rate s . 
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TABLE 3 8  

1 9 8 7  PETROLEUM AND NATURAL GAS MARKET S  
( Pe rcentage s )  

Transportation * 
Re s identia l /Commerc ial  
I ndu s trial 
E lectric Uti l ity 

* 

Natural Gas 
S a l e s  

3 
3 9  
4 1  
1 7  

1 0 0  

I nc lude s  p ipe l ine fue l . 

P et ro leum 
S a l e s  

6 3  
8 

2 5  
4 

1 0 0  

Sourc e : E IA ,  Month ly Energy Review , March 1 9 8 8 . 

The natural gas indus try developed under a regu la ted pub l ic 
uti l i ty s truc ture . The two primary reasons for thi s  s truc ture 
are s t i l l  key e l ement s in the pre sent sys tem dynami c s : 

• F ir s t , the h igh capital cost  o f  the gas d e l ivery grid 
to supply consumers ( par ticularly res ident i a l  c on­
sumers ) made it d i fficult for e ffective compe t i t ion to 
deve lop in gas transmi s s ion and d i s tr ibut i on . 

• S econd , s ince gas cannot prac t i c a l l y  be inventoried by 
consumers , s upply continuity for cus tome r s  with no 
al ternat ive energy s upply bec ame an overr iding ob j ec ­
t ive o f  the indus try . T o  a s s ure cont inui ty , the sys tem 
required surplus d e l iverab i l ity at the fie ld l eve l , 
s torage , and peak- shaving fac i l it i e s  downstream to 
cover winter demand s ,  p lus a load- shedd ing pr ior i ty 
program to shi ft gas from l e s s  vulnerable u s e r s  when 
nece s s ary . 

The sys tem that deve loped inc lude s local d i s tribution 
compan ies , usua l ly under the contro l of state pub l ic uti l i ty 
commi s s ions , that d i s tr ibute gas to the consume r , s e t  consumer 
pr ices , and determine a l location prior ities  to their cus tome r s . 
Under federal regu lation , inter s tate gas transmi s s ion companies  
purchase gas in  the f i e ld , transport i t  to loca l  d i s tr ibution 
companie s or other pipe line s , and provide s e asonal g a s  s torage 
fac i l ities . Unlike o i l  pipel ine c ompan ie s , which are s o l e l y  
transporters , gas transmi s s ion compan i e s  buy g a s  f o r  r e s a l e  and 
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maintain the r ight and ob l igation to a l locate the i r  ava i l able gas 
among cus tomers . I n  recent years , gas transmi s s ion companie s 
have been provid ing transportation for non-owned gas a l so . I n  
some s ta te s  ( e . g . , Texa s )  intrastate pipe l ine compan i e s  s e rve the 
same funct ions for gas that doe s no t move in inte r s tate commerce . 

Seasona l i ty and S torage 

Gas demand i s  h ighly seasonal . H i s torica l ly ,  consumption in 
the per iod from December through March has ave raged 5 5  to 70 per­
cent h igher than the b a l ance o f  the ye ar . F igure 4 6  shows total 
u.s . month ly natural gas demand and dome s t i c  product i on for a 
1 2 -month period , beg inning in Apr i l  1 9 8 7 . There i s  pre s ently 
surplus production c apac i ty in the Un i ted S tate s ; but a s  the 
graph shows , it fal l s  far short of meeting winter demand . 

Increased winter imports provide a sma l l  me a sure o f  cover­
age , but the indu s try mus t  rely on gas s torage and peak- shaving 
faci l it i e s  to balance the winter demand . Gas transmi s s ion com­
panies ( and some loc a l  d i s tribution companie s )  have deve loped 
underground s torage fac i l i t i e s  with an aggregate capa c i ty of more 
than 8 , 1 0 0  b i l l ion cubic feet ( BCF ) . F igure 47 shows a recent 
inventory cycle with summer inj ection rate s of more than 2 0 0  BCF 
per month and winter withdrawa l rat e s  approaching 5 0 0  BCF per 
month . S torage drawdown often provide s more than 2 0  percent o f  
peak-month s upply . 

1-
w 
w 
u.. 

u 

(ij 
:::> 
u 
z 
0 
::J ....J 
a: 
1-

2.5�----------------.------------------.-----------------, 

2.0 

1 .5 

1 .0 

0 .5 

0 

Apr-87 

PRODUCTION 

Jun-87 Aug-87 Oct-87 Dec-87 Feb-88 Apr-88 

SOURCE: EIA, Monthly Energy Reyjew, September 1 988. 

Figure 46. Gas Production and Demand -- April 1 987 Through April 1988. 
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Figure 47. Gas Inventory Cycle -- April 1 987 Through April 1 988. 

Gas flow rate s from underground s torage decl ine a s  volume is  
withdrawn and pre s sure decl ines . To maintain acceptab l e  with­
drawa l rate s , s torage fac i l it i e s  retain a " b a s e  vo lume " of gas 
that i s  ana logous to the "minimum inventory " o f  l iquid products . 
The base-gas vo lume cou ld be recovered , but at r ate s be low tho s e  
required t o  mee t  winter demand . 

In the 1 9 8 7 - 1 9 8 8  s e a son , the aver age volume o f  gas in under­
ground s torage was : 

* 

STORED GAS VOLUME 

Base Ga s Vo lume 
Average Working Gas * 

Total 

3 . 8  TCF 
2 . 5  TCF 

6 . 3  TCF 

Ranging from a low o f  1 . 7  TCF to a h igh o f  3 . 1  TCF . 
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Gas inventory averaged about 1 3 0  days o f  average demand and had a 
aggregate value o f  about $ 1 4  b i l l ion at then- current price s . 
Recovery o f  the c o s t  o f  mainta ining th i s  inventory , particu larly 
in a period o f  vo l a t i le price s , i s  an important e l ement in the 
e conom i c s  o f  gas transmi s s ion companie s . ( At current value , 
intere s t  c o s �  a lone wou ld be $ 1 . 4  b i l l ion per year . )  

D e l ive ry rate s from underground s torage can b e  augmented by 
peak- shaving fac i l it i e s  owned by both transmi s s ion c omp a n i e s  and 
loc a l  d i stribut ion c ompan ie s . The s e  fac i l i t i e s  ( e . g . , LNG or 
propane-air inj e c t ion ) are des igned to provide h i gh d e l ivery 
rates for short periods o f  peak demand . The aggregate c apacity 
o f  the s e  fac i l it i e s  i s  e s t imated at 7 . 9  BCF per day . 

Con sumer Gas Price s 

The gas i ndus try i s  h igh ly capital intens ive , and the a l lo­
cation of the co s t  ( and return ) o f  cap i ta l  a s s et s  is a s igni fi ­
cant factor i n  e s tab l i sh ing price s to d i f ferent c l a s s e s  o f  cus ­
tomer . G a s  acqu i s ition co s t s  and ma inl ine tran s portation c os t s  
are generally app l icable to a l l  consume r s , but the bene f i t s  o f  
inve s tment and the co s t s  o f  local d i s tribution grids and s ea­
sona l s torage go d i sproportionate ly to res idential and commerc ial  
consumers . 

F i gure 4 8  i l lu s trates the very large d i f ference in the 
seasona l  demand variance of indus try-uti l ity consume r s  and 
res idential-comme r c i a l  customers . Indu s tr ia l -ut i l ity u s e  was 
re latively even throughout the year , whi l e  res iden t i a l -commerc i a l  
demand in January was a lmos t  s ix t ime s the i r  Augus t  require­
ments . 

The a l loc at ion o f  co s t s  to cons umer groups depends in l arge 
part on loca l  pub l i c  uti l ity commi s s ion po l icy ; but in gener a l , 
prices are r e s pons ive to the costs and a s s et s  committed to the 
cus tomer c l a s s . F i gure 4 9  is a d i agram showing U . S .  average 1 9 8 7  
price s for gas a s  i t  f l owed through the s ys tem . G a s  was acqu ired 
at an average wel lhead price of $ 1 . 6 2 per m i l l ion BTU and s o l d  to 
a loc a l  d i s tr ibutor at the c i ty gate for an aver age o f  $ 2 . 7 9 per 
m i l l io n  BTU . Thi s  price inc luded the ratable c o s t  o f  s e a sonal 
s torage and o ther a s s ets . 

The right hal f  o f  F igure 4 9  shows the pr ice to various 
consumer c l a s se s ;  the width of the bar is proportionate to the 
demand of e ach c l as s . On average , loc a l  d i s tr ibutors s o ld gas to 
electric uti l i t i e s  for l e s s  th an the c ity-gate price . That price 
re flects both the l ower c ap i t a l  cost  dedicated to the s e  cus tomers 
and the pr ices  o f  competing fue l s . ( In many areas , a u t i l i ty­
indu str i a l  cus tomer mus t  have instal led dua l - fir ing capacity to 
qua l i fy for the lowe s t  ga s prices . )  A long with the low gas price 
goe s  low priority in the event load shedding i s  requ ired . 

Res identi a l  and commercial consumers rece ive the h ighe s t  
priori ty o n  s upply and there fore the h ighe s t  price . I n  1 9 8 7 , 
res identi a l  consume r s  paid more than three t imes the we l lhead 
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price - - an indication o f  the substantial c ap i t a l  c o s t  and 
expens e  requi red to maintain un inte rrupted home de l ivery . 

Burner-tip gas prices  are no l onger a regu l ated barga i n ; gas 
compan i e s  s tr ive to keep prices competitive w i th petroleum on a 
current bas i s  for swi tchable industrial and uti l i ty cus tomer s  and 
on a longer-term average bas i s  for others . The variance in c on­
s umer price s has  been re f lected a s  a variance i n : 

• Wel lhead prices  to gas produce r s  

• P ro f i t  margins o f  gas transmi s s ion c ompanie s and , to a 
l e s ser extent , o f  local d i s tribution companie s . 

Gas Sys tem Dynamic s -- Be fore and After 

Through the early 1 9 8 0 s , the gas sys t em r e s ponded prima r i l y  
to regulatory economic s . Gas transmis s ion compan i e s  ( and the ir 
intra s tate equivalent s ) were virtually the sole buyer s  of gas 
production and gas import s . They pas s ed thei r  c o s t s  and a l lowed 
pro f i t  margins to the loc a l  d i s tributors that were a lmo s t  the i r  
only cus tomers . The loc a l  d i s tributors in turn pas sed on the i r  
co s t s  and a l l owed margins t o  local end-use r s . The s y s t em worked 
we l l  for two reasons : 

• F ERC contro l led producer gas price s a t  l eve l s  that 
virtu a l ly a s sured that gas would be a b argain to the 
con s umer . 

• I n  the 1 9 7 0 s  and early 1 9 8 0 s , potenti a l  gas demand 
exceeded s upply , and gas transmi s s ion c ompanies were 
able to comm i t  to take and s e l l  e s s en t i a l ly a l l  gas 
produc tion at regulated c e i l ing price s . 

The dec l ine o f  gas demand in the Lowe r- 4 8  S tate s from 2 0 . 1  
TCF in 1 9 7 9  to 1 6 . 0  TCF in 1 9 8 6  l e f t  gas tran smi s s ion c ompani e s  
unable t o  take and s e l l  the ir contrac tual l y  comm i t ted volume s . 
Surplus product ion began to appear in the marke t . At the s ame 
time , the sharp decl ine in o i l  prices brought gas s a l e s  under 
rea l compe t it ive price pre s s ure . I t  was no l onger po s s ible for 
gas tran smi s s ion compan ie s and local  d i s tributo r s  to pas s on 
the ir co s t s  to the marke t .  As a result , many g a s  transmis s ion 
compan ies  renegotiated the price and vo lume comm i tments of the ir 
contrac t s  with producer s .  The result was lower wel lhead prices 
and even more uncomm itted gas competing for market .  A s ig n i f i ­
c ant s pot market deve loped . Today , l arge consumer s  and l o c a l  
di s tributors shop for ga s at the we l lhead leve l . 

For ga s transmi s s ion companie s , a three-ti ered s tructure has  
evo lved based on the l eve l o f  s ervice and the s ecurity o f  suppl y  
the cus tomer de s ire s . Terms vary , but in general the t ie rs are : 

• Sys t em Gas Supply -- Sys tem gas con s t i tute s the l arge s t  
percentage o f  gas movement s . The s ervice l evel a s so­
c ia ted with thi s  gas is cons i s tent w i th h i s torical  
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prac tice . Sys tem gas i s  purchased under transmi s s ion 
company contracts and re so ld primari ly to loca l  d i s ­
tribution companies . It  c arrie s a ratab l e  share o f  the 
transmi s s ion company ' s  fixed c o s t s  ( inc luding s easonal 
s torage charge s ) , a s  we ll a s  the transmi s s ion company ' s  
ga s acqu i s i tion co s t . System gas has f i r s t  prior ity on 
the transmi s s ion company ' s  transportation c apac ity . 

• Firm Tran sportation Gas -- Loca l  d i s tributors c an and 
do contrac t for gas d irectly from the producer in order 
to obta in a lower acqui s i t ion co s t . Transmi s s ion com­
panies  provide f irm transportat ion for thi s  gas at a 
pr ice that reflects the fu l l  cost  o f  the fac i l i t i e s  and 
a s s e ts invo lved . Transportat ion gas is the s econd 
priority gas in the sys tem , and its carr i age is re la­
t ive ly certain . However , the outs ide gas s upp ly tends 
to be le s s  rel iable than for system gas , because pro­
duction fai lure s and s chedu l ing probl ems on gathering 
l ine s can result in erratic del ive r i e s  to the mainl ine . 

• Spot Transportat ion Gas -- The dec l ine in demand left 
mo s t  transmi s s ion pipe l ines with surplus c ap ac ity . 
Vigorous competi tion deve loped to u s e  thi s c apac i ty . 
After pro j ected " sys tem" and " firm transportat ion " gas 
demand s have been s chedu led , transmi s s ion c ompanies  
wi l l  negot i ate to  sh ip incrementa l ga s at l e s s  than the 
fu l l  a l loc a ted cost  and margin in orde r to uti l i z e  
remain ing capac ity . Spot trans portat i on nominat ions 
are ranked in a prior ity " queue " accord ing to p ipel ine 
tari f f s , which may include negot iated price . Spo t 
tran s portation gas i s  poten t i a l l y  the lowe s t  priced 
gas , but i t  a l s o  takes  the lowe s t  prior i ty . Even with 
overa l l  c apac ity surp lus , s po t  nominations are o ften 
bumped from a "queue " becau s e  of l o c a l  bottlenecks . 

Over 5 0  percent o f  the gas transported by transmi s s ion com­
panies  wa s non-sys tem gas in 1 9 8 7 . Th i s  pre sents  some potential 
operationa l and economic prob lems for transmi s s ion compan i e s , 
such as the determinat ion o f  unbund led trans portat ion charge s 
su fficient to cover the fu l l  sys tem cost  -- particularly the cost  
of the s torage fac i l i t i e s  and inventory . The s torage fac i l it i e s  
provide e s sential flexibi l ity in the daily operat ion o f  the 
physical system in addi t ion to accommodating s e asonal vo lume s . 

For example , a s  the result o f  ups tream s chedu l ing or pro­
duction d i f f iculti e s , a local di str ibution c ompany may f a i l  to 
de l iver nominated vo lume s o f  " transportat ion " or " spot " gas to 
the transmi s s ion company . I t  i s  obvious ly un fea s ible to cut o ff 
the d i s tr ibutor ' s  de l ivered gas supply , and the tran smi s s i on 
company rout ine ly balance s the short f a l l  from i t s  own s tored gas . 
Conversely , i f  the cus tomer fai l s  to take d e l ivery o f  a l l  o f  i t s  
gas , the transmi s s ion company must s tore the b a l ance . The obl i­
gation of the transmi s s ion company to cover inpu t / output im­
balances o f  sh ippers i s  a burden that wi l l  grow as the percentage 
of non-owned gas in the sys tem increa s e s . 
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B ec au s e  o f  the s e  change s , the indus try i s  re a s s e s s ing the 
ro le o f  the tran smi s s ion companies and the ir h i s to r i c a l  mandate 
to meet the s e a sonal requirements of the ir consume r s . At i s s ue 
i s  an al ternat ive a l location o f  s e asonal and operational s torage 
c o s t s  a s  the percentage o f  system gas dec l ine s . The i ndus try i s  
addre s s ing the s e  concern s , but the new system dynami c s  are s t i l l  
evo lving . 

On balanc e , the system change s have been p a i n fu l  yet bene­
fic i al . Gas pri c e s  are set compe t i t ive ly in the mark e t , enab l ing 
natura l gas to retain and to a certain extent rec apture s a l e s  
from al ternat ive fuel s uppl i e s . S e l l e r s  and buyers incre a s ingly 
have d irect acce s s  to e ach other , and a number of new par t i c ­
ipants have entered the marketing / transportation chain . The c o s t  
o f  t h i s  s h i f t  to a free-market environment c a n  b e  s e e n  in lower 
pipe l ine revenue and dramatica l ly reduced deve lopmen t  activity . 

Capacity for the Future 

Through 1 9 9 2 ,  gas demand is pro j ected by the E IA to increase 
to 1 8 . 4  TCF per year , an increase of 1 . 5  TCF over 1 9 8 7 . The pro­
j ected 1 9 9 2  rate is s t i l l  1 . 7  TCF le s s  than actual 1 9 7 9  demand , 
leaving mo s t  ga s transmi s s ion l ines with adequate r e s erve capa­
c ity on an annu a l  bas is . 

The demand decl ine was not uni form . I n  the New E ng land and 
Mid-Atl an t i c  regions , gas demand ro s e  s igni fic antly . ( New 
Eng l and demands are up 4 1  percent from a relative ly sma l l  1 9 7 9  
base  and Mid-Atl antic demand s are up 1 0  percent from a l arge 
base . )  We s t  C o a s t  gas demands remained a lmo s t  f l a t  betwee n  1 9 7 9 
and 1 9 8 7 , and are now growing . 

Increased transmi s s ion c apac ity to s erve the North e a s t  and 
C a l i forn i a  has  been propos ed and is awa i t ing various regulatory 
approva l s . Add i t ional c apac i ty has a l s o  been proposed to s erve 
F lorida market s . When the s e  c apac i ty add i t ions are cons tructed , 
there wi l l  be adequate gas pipe l ine c apac ity to fu l ly cover 
demands through 1 9 9 2 .  

LIQUEFI ED PETROLEUM GAS 

The l i que fied pe tro leum gas ( LP G )  market occup i e s  a volati l e  
pos i tion between t h e  much l arger natural gas and l i quid fue l s  
markets . Change s i n  the se ma j or markets h ave s ub s tantia l l y  
a ltered LPG supp ly ,  demand , and economic s  in the p a s t  and s eem 
certain to impos e  further change . 

Table 3 9  shows the overa l l  u . s .  demand for LPG ( ethane , 
propane , and butane s ) . I n  recent years , demand h a s  been in the 
1 . 8  to 1 . 9  MMB / D  range , about 9 0  percent s upp l i e d  f rom dome s tic 
produc tion . The components o f  demand and U . S .  production are 
i l lustrated in Table 4 0 , based on 1 9 8 7 data . 
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TABLE 3 9  

U . S .  L I QUEF IED PETROLEUM GAS S UPPLY AND DEMAND 

1 9 8 5  1 9 8 6  1 9 8 7  
MB / D  % MB / D  % MB /D % 

Demand 

Fue l and Chemical 1 , 5 9 9  8 4  1 , 5 1 2  8 3  1 , 6 1 2  8 4  
Re finery I nput 3 0 4  1 6  3 0 2  1 7  3 0 4  1 6  

Total Demand 1 , 9 0 3  1 0 0  1 , 8 1 4  1 0 0  1 , 9 1 6  1 0 0  

SUE;(2ly 

Re f in . /Ga s P lant 1 , 7 0 4  8 9  1 , 6 9 5  9 3  1 , 7 4 8  9 1  
Imports 1 8 7  1 0  2 4 2  1 3  1 9 0  1 0  
Exports ( 6 2 )  ( 3 )  ( 4 2 )  ( 2 )  ( 3 8 )  ( 2 )  
Other * 7 4  4 ( 8 1 )  ( 4 )  1 6  ( 1 )  

Total Supply 1 , 9 0 3  1 0 0  1 , 8 1 4  1 0 0 1 , 9 1 6  1 0 0  

* 
Primarily inventory draw ( or bui ld ) . 

S ource : E IA , Petroleum Supply Annua l , 1 9 8 7 . Tota l s  may 
not equa l the sum o f  components due to independent round ing . 

TABLE 4 0  

COMPONENTS OF 1 9 8 7  DEMAND AND PRODUCT ION 
( Percentage s )  

Demand P roduc t ion 

E thane 2 5  2 9  
Propane 4 9  4 7  
N-Butane 1 6  1 5  
I sobutane 1 0  9 

1 0 0 %  1 0 0 %  
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About 7 5  percent o f  production i s  from gas plants that 
extrac t the heavy hydroc arbons from natural gas s tr e ams . The 
e conomic ra tiona l e  for the s e  plants wa s two - fo ld : 

• To br ing the natural gas s tream to p ipe l i ne s tandards 
by extracting butane and / or propane 

• To " l i f t "  the value o f  ethane and other LPG from l ow ,  
contro l l ed gas price s to the compe t i t ive marke t . 

Decontrol o f  natural gas and the sharp d e c l ine in o i l  prices  
have s ub s t ant i a l l y  c l o s ed the gas  " pr ice gap , " reducing the 
economics of LPG extraction . So far , the change has  not greatly 
a f fected overa l l  supply ; new s upp l i e s  from the Rocky Mountain 
area coupled with a cautious indus try response to change have 
kept produc tion re lative ly unchanged . Howeve r , it s eems l ik e ly 
that gas p l ant produc tion , e spec ia l ly ethane product i on , wi l l  be 
a f fected in the longer term . 

The market for normal butane will  change s ub s tant i a l ly 
beginning in 1 9 8 9  when new regulat ions wi l l  mandate a summe r  
reduction in gas o l ine vapor pre s sure for a portion o f  the coun­
try . Butane blending into gasol ine wi l l  be cut about 6 5  MB / D  on 
an annual ba s i s , e l iminat ing about 2 0  percent o f  tot a l  N-butane 
demand . The EPA is current ly reviewing further reductions in 
a l l owed ga s o l ine vapor pres s ure that wou ld virtua l ly e l iminate 
ref inery purcha s e s . 

There i s  a great deal o f  flexib i l i ty within the indu s try to 
adapt to price or supply change . As  prices  approach a " floor " 
leve l equ ivalent o f  natural gas price , LPG tend s  to " d i s appear " 
into the natura l gas s tream ,  e ither through reduced extraction or 
d i s p l acement o f  gas as re f inery fue l . I ncrea s e d  imports t end to 
l imit the ups ide price range . The petrochemical indu s try , wh ich 
account s for over 40 percent o f  total U . S .  demand , has demon­
strated a subs tant ial  capab i l ity to s h i ft feeds tocks between 
e thane , propane , and heavie r hydrocarbon s in re spo n s e  to e co­
nomics . I n  recent years shi fts of over 5 0  MB / D  ( up to 1 0 0  MB / D )  
among feed components h a s  been common . 

Import capacity i s  adequate to hand le any l ikely demand for 
several year s . Port and terminal fac i l it i e s  at the Gul f (where 
import growth is mo s t  l ikely)  have operated for a fu l l  quar ter at 
almo s t  seven t ime s the ir average 1 9 8 7  throughput . Th i s  inadver­
tent " te s t "  occurred when Middl e  East produc ing c ountri e s  e lected 
to s e l l  surplus production in the Uni ted State s ; termina l s , pipe­
l ine s , and underground s torage handled the volume s urge without 
stre s s . Sub s tant i a l  spare capac ity is al s o  ava i lable in E a s t  
Coa s t  termina l s  and Canadian LPG pipe l i ne s . 

The PADD V LPG market rema ins rel ative ly insulated from the 
probl ems o f  the r e s t  o f  the country . With no s igni f icant 
petrochemical demand , PADD V accounts for only 5 percent of U . S .  
consumpt ion . The market i s  largely s e l f-contained , with only 
modest se asonal import s from Canada in the northern portion o f  
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PADD V partly o ff s e t  by export s  to Mexico from the s outhern 
portion . No sub s tant i a l  change s in the PADD V s ituat ion are 
pro j ected . 

FUEL SWITCH ING 

A s igni ficant amount o f  energy con sumption in the United 
State s c an be switched from one fue l type to another a s  d i ctated 
by economic s or s upply l imitations . Immediately swi tchab le 
energy consumption in dua l - fuel faci l it i e s  c an be an important 
fac tor in deal ing with short- term o i l  or gas s uppl y  d i s rup tion s . 
In the longer term , fue l switch ing that involve s fac i l i ty c onver ­
s ion cost i s  re spons ive t o  consumer perception s  o f  t h e  re lat ive 
cost , ava i l ab i l i ty , and environmental acceptab i l i ty o f  a lterna­
t ive fue l s . Thi s  sect ion outl ine s the potential  for short- term 
fue l switching a s  i t  may a f fect oil  or gas demand . 

Almo s t  a l l  o f  the immed iate ly switchab l e  energy 
is in indu s trial and u t i l ity fac i l it i e s  that c an u s e  
o r  natural gas . There i s  re lative ly l i tt le coa l /o i l  
capac ity and even le s s  co a l / ga s  dual- fue l capac i ty .  
ing to coal cannot s ign i ficantly reduce both o i l  and 
tion in the short term . 

con sumption 
e i ther o i l  
dua l - fu e l  
Fue l switch­
gas consump-

As shown in Tab l e  4 1 ,  it is e s timated tha t  about 1 . 2  MMB /D 
of oil -equivalent energy demand c an be switched immediately be­
tween oil and gas . About 0 . 9 5 MMB /D of th i s  c apa c i ty is pre s ­
ent ly fue led with gas , and about 0 . 2 2 MMB / D  i s  o i l  fired . The s e  
f igure s  reflect uti l i ty dec i s ions based o n  the r e l a t ive p r i c e s  o f  
oil  and g a s  i n  1 9 8 7 , and they could change quickly i f  the price 
relationships change . Recent hi s tory indicates  that fue l switch­
ing in re spons e  to price can be constrained or d e l ayed by factors 
such a s  contractual obligations , end-use re striction s , environ­
mental requirements , or equ ipment l imitat ion s . However , inter­
ruption o f  gas de l iverie s to industrial  and uti l ity cus tomer s  
under prorationing could result in a rapid shi ft t o  o i l . 

Also  shown in Table 4 1  i s  an e s t imate o f  the total fue l 
switching that might occur a fter a year i f  a s igni f icant economic 
advantage for e ither o i l  or gas were to per s i s t . The e s t imate o f  
the additional switch ing , much o f  which wou ld require equ ipment 
modi ficat ion , i s  based on observed per formance dur ing the c r i s i s  
period s . 

Uti l i ty Fue l Swi tching 

The e lectric u t i l ity sec tor inc lude s over 6 8 , 2 0 0  megawatts 
o f  dua l- fue l generating capac ity , which c an be switched between 
oil and ga s on short notice . Dua l - f ired fac i l it i e s  account for a 
l ittle over 1 0  percent o f  total U . S .  generating capac i ty . I t  h a s  
been e s t imated that about 6 0  MB / D  o f  uti l i ty consumpt ion could be 
shi fted from o i l  to gas on short notice and about 3 0 0  MB / D  of o i l  
could replace g a s  immedi ate ly . About doubl e  the s e  rate s could be 
switched if incentive s  per s i s t  for a year or more . 
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TABLE 4 1  

1 9 8 7  FUEL SWITCHING DATA* 

Total Industry Use 
From Oil to Gas From Gas t o  Oil 

Oil Gas (MB /D) 0·1B /D) 
Oil 

Equiv . One One 
MB /D BCF MB/D Immed . Year Immed .  Year 

Res idential 8 10 4 , 30 2  2 '  1 2 0  3 0  
Commercial 5 6 0  2 , 39 2  1 , 1 8 0  40 80 s o  1 00 
Industrial 4 , 300 5 , 82 7  2 , 87 4  1 20 1 60 6 0 0  7 00 
Electric Util . 5 5 0  2 , 8 1 4 1 , 388  6 0  2 0 0  3 0 0  6 00 

Sub to tal 6 , 140 1 5 , 33 5  7 , 56 2  2 20 4 7 0  9 50 1 , 400 

Transportat ion 1 0 , 4 6 0  5 1 7  255 

Total 1 6 , 67 0  1 5 , 8 5 2 §  7 , 8 1 7  2 20 470  9 50 1 , 40 0  

* Switchab ility estimat e s  reflect the theoret ical capabil ity o f  end-user 
facilities t o  use alt ernative fuels and are calculated on an annual average 
basis , which assume s no alternat ive fuel supply cons traints .  

§
Lower-48 State s , excluding lease and p lant fue l .  

NPC analysis based in part on : 

1 .  Energy Informat ion Administrat ion , "Annual Report on Sales o f  Fue l  
O i l  and Kerosene , 1 9 8 7 , "  Pe troleum Marke t ing Monthly , June 1 9 8 8 ;  and 
Annual Energy Review , 1 9 8 7 . 

2 .  Energy Informat ion Adminis trat ion , " 1 9 8 5  Manufacturing Energy Con­
sumpt ion Survey : Part II - Fuel Switching Capability . "  

3 .  "The Role o f  Natural Gas in Of fset t ing Oil , "  American Gas As soc ia­
t ion , Energy Analysis 1 9 88 - 1 2 ,  October 1 2 ,  1 9 8 8 . 

4 .  1 9 8 7  Historical Consump t ion , Energy Informat ion Adminis trat ion , 
Natural Gas Annual , 1 9 8 7 . 
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The amount o f  dual - fired equipment and the current ba s e  fuel 
in that equipment vary regiona l ly . Table 4 2  shows the 1 9 8 7  dua l ­
fue l e lectric generation c apac ity b y  geograph ic region compared 
to total installed c apac ity . Also shown are tota l o i l  and gas 
consumption for the year for a l l  fac i l i t i e s  in the region . Th i s  
table i s  a s ummary o f  extens ive data pub l i shed by the North 
American E l ectric Re l iabi l ity Counc i l  ( NE RC ) . F i gure 5 0  i s  a map 
showing the geograph ic regions . 

The s outhwes t  and we s te rn regions o f  the Uni ted S tate s have 
the large s t  perc entage ( over 20 percent ) o f  dua l - fired e l ec tric 
generat ion , and it is  predominate ly fue l ed with natura l gas . Oil  

TABLE 4 2  

1987  ELECTRIC UTILITY CAPACITY 
AND OIL/GAS CONSUMPTION 

Total Dual Oil I Gas Oil Gas 
Capacity Capacity Consurnp . Consurnp . 

(Bi l .  Watt s )  (Bil . Wat t s )  (MMB) (BCF) 

Eastern U . S . * 
Northeast (NPCC) 53 1 1 . 0 9 7 . 3  227  
Mid-At lant ic (MAAC ) 49  0 .  1 26 . 7  9 5  
Southeast (SERC) 1 3 9  3 . 1  3 9 . 9  1 9 5  

2 4 1  14 . 3  1 63 . 9  5 1 7 

Midwest* 
Eas t Central (ECAR) 9 5  3 . 0  1 2  
Illinois /Mis s .  (MAIN) 4 5  1 . 6  4 . 1  6 
North Central (MAPP ) 2 9  0 . 7  0 . 4  9 

169  2 . 3  7 . 5  26 

Southwes t *  
Texas (ERCOT) 4 7  6 . 0  0 . 8  9 16 
Other ( SPP ) 6 6  1 6 . 8  0 . 9  6 3 7  

1 1 3 2 2 . 8 1 . 7  1 , 5 53  

We stern U . S .  (WC S S ) * 1 2 6  28 . 8  3 . 6  6 7 5  

To tal U . S .  649 68 . 2  1 76 . 6  2 ' 7 7 0  

* 
( ) - North American Electric Re liab ility Council Region . 

Source : North American Elec tric Reliability Counc il , 1 9 8 8  
Supply/Demand Report . 
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Figure 50. North Amercian Electric Reliability Council (NERC) Regions. 



consumption in the s e  two areas to taled only 5 . 3  mi l l ion b arre l s  
( 1 5 MB /D ) i n  1 9 8 7 , wh i l e  gas use was the e nergy equ iva lent o f  

over a mi l l ion barre l s  o f  o i l  per day . The E a s t  Coast area 
inc lude s mos t  of the dua l - fue l systems presently u s ing o i l . Mid­
we s t  u t i l i t i e s  are l arge ly coal fired ; there is l i ttle oil or gas 
consumption in any Midwe s t  generators . 

Mo s t  o f  the dua l- fue l generat ing p l ant s u s e  o i l  or ga s to 
fire large s te am bo i le r s . Re s idua l fue l  is the pr imary petroleum 
fue l  u sed in the se p l ant s because o f  its l ow c o s t  and h igh he at 
content . However , about 19  percent of the dua l - fue l sys tems are 
engine or turbine dr iven generators or c ombined cyc l e  p l ants , 
which o ften require d i e s e l  or j et fue l when runn ing o i l . As 
indicated in Table 4 3 , NERC foreca s t s  that thi s  type of dua l - fuel 
capac ity wi l l  grow in the future at the expe n s e  of s team-turbine 
pl ants . NERC is fore c a s t ing no increa se in overa l l  dua l - fue l 
uti l i ty capac ity in the next five years . 

A 1 9 8 2 DOE s tudy identi fied a sma l l  percentage o f  generating 
c apac ity that could be switched between coal and o i l  or gas . 
However , i t  i s  highly unlikely that there would be any s igni fi ­
cant swi tch ing t o  o r  from coal i n  re spons e  t o  short- o r  medium­
term incentive s . Mater i a l s  handl ing equ ipment and stack s crub­
bers make the initial  cost  of a coal- fired p l ant much higher 
than a comparable o i l - or gas- fue led generator . Once bui l t , how­
ever , the lower c o s t  o f  fue l makes it economic to operate coal­
fired un its as '' base load " and use the h igher c o s t  oil- and 
gas - f ired plants to cover variable demand . As shown in F ig-
ure 5 1 ,  the average 1 9 8 7  cost of coal to uti l i t i e s  was ha l f  the 
average cost of res idua l fue l and 67 percent o f  the co s t  o f  natu­
ral gas . S ince coal- fired equipment wou ld economi ca l ly d i s p l ace 
oil- or gas - f ired generator s under normal cond i t ions , there is  
little further d i s p l acement that c an be obtained under abnorma l 
conditions . 

TABLE 4 3  

DUAL-FUEL ( O I L / GAS ) 
ELECTRIC GENERATING CAPAC I TY 

(Megawatts ) 

Stearn Generation 
Other 

Tota l Dual-Fue l 

1 9 8 7  

5 5 . 3  
1 2 . 9  

6 8 . 2  

1 9 9 2  

5 2 . 9  
1 4 . 6  

6 7 . 5  

Source : North Amer ican E lectric Re l i ab i l ity Counc i l , 1 9 8 8  
Electr i c i ty Supply & Demand ( for 1 9 8 8 - 1 9 9 7 ) , 1 9 8 8 .  
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Figure 5 1 .  Average Cost of Fuel to Electric Utilities in 1 987. 

I ndus tr i a l  Fue l Swi tching 

The greate s t  volume o f  immediate ly switch ab l e  energy i s  in 
the indu s tr i a l  s ector . Over 7 0 0  MB / D  o f  indu s t r i a l  fue l u s e  c an 
be switched between o i l  and gas , and currently about 8 3  percent 
o f  thi s  energy demand is provided by natural ga s ;  only about 1 2 0 
MB / D  o f  o i l  consumption cou ld be immed iately switched to gas . 
Little , i f  any , industrial  fue l demand coul d  be switched to coal 
in the s hort term . 

The economic s o f  indu s tr i a l  fue l use are gener a l l y  s imi lar 
to tho se of e l ectric uti l i tie s . A recent DOE s tudy i ndicates  
that almo s t  two - th irds o f  the indu s trial  oil  consumption that c an 
be swi tched promptly to gas i s  located a long the coas t a l  areas in 
PADD s I and V ,  where overa l l  transportation c o s t s  for res idua l 
fue l are l ow compared to inland locations . I ndu s tria l use that 
cou ld be switched to o i l  i s  more uni formly d i s tr ibuted . 

As with e l ec tr ic u t i l i ti e s , mos t  o f  the swit chab l e  o i l  and 
gas demand i s  for · l arge s te am boilers and proce s s  heater s . 
However , there i s  a s igni f ic ant demand for engine and turbine 
fue l s  and for space heat ing . 

Other Fue l Switching 

Res idential consumer s  have no s igni ficant c apab i l ity to 
switch fue l s  immed iate ly . I n  many area s , s a fety and environ­
mental rules d i s c ourage dual o i l  and gas fue l ing o f  home s . Port­
abl e  heaters ( ke ro s ine and e l ec tric ) and wood-burn ing s tove s 
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l arge ly repre sent the l imits o f  immedi ate fue l swi t ch ing by re s i ­
dent ial con sumers . Howeve r , h i s tory ind i c ate s that r e s ident i a l  
u s e r s  can and wi l l  swi tch the i r  pr imary fue l i f  they perce ive a 
long- term bene f i t . I t  i s  e s t imate d that about 3 0  MB / D  o f  o i l  
( pr imar i ly di s t i l l at e ) consump tion cou ld be swi tched t o  gas wi th­
in a year i f  economic incentive s  pers i s t . 

Some l arge comme r c i a l  consumer s  ( e . g . , hote l s , l arge s tore s , 
and ma l l s )  ma intain dua l - fue l capabi l i ty . Energy i s  a ma j or 
expense to tho s e  c ompanie s ,  and they mon i tor a l te rnat ive fue l 
costs routine ly . I t  i s  e s t imated that about 4 0  MB / D  o f  o i l  
consumpt ion by comme r c i a l  users could be switched t o  g a s  on short 
no tice ; conve r s e l y , gas use equiva l e nt to about 5 0  MB / D  could be 
shi fted to o i l . G iven ample incent ive , roughl y  twice the s e  
vo lume s could be shi fted within a year . 

In the tran spor tat ion s e c tor , there are only 3 0 , 0 0 0  dual­
fue l  ( ga s o l ine / na tura l gas ) vehi c l e s . The i r  tota l consumpt ion is 
negl igib le . 

ELECTRI C UTILITY FLE X I B I L I TY 

E l ectric u t i l i t i e s retain a l imited f l e x i b i l ity to respond 
to regiona l o i l  or gas supp ly prob l ems for two r e a s on s : 

• U ti l i t i e s  ma intain a reserve gener a t i ng c apac ity to 
cover peak e l e c tric i ty demand and sys tem di s turbanc e s . 

• I n  mo s t  regions , ove r a l l  generat ing c apac ity inc lude s 
fac i l i t i e s operating on di f ferent fue l s . 

This f l e x ib i l i ty may permit u t i l it ie s to react to a s hortage 
s i tu at ion by reduc ing generat ion from p l ant s u s ing the short fue l  
o r  to transmit e le c tr i c ity from un s tr e s sed r e g ions to the prob l em 
area . Un fortunately , the magni tude o f  the s e  potent i a l  respon s e s  
i s  sma l l  and l imi ted t o  non-pe ak demand periods . 

As shown in T ab l e  4 4 , e l ectric uti l i t i e s  h ave i n s ta l led 
generating c apac ity ( no t  on l in e )  equ a l  to about twic e  the ir 
average power demand . Re s e rve capac i ty is e s s en t i a l  to ma intain 
rel iable powe r s upply b e c au se of the h ighly variable demand 
ra te s and the vu lnerab i l i ty to out s ide d i s turbanc e s . Dur ing 
summer peak-demand period s , there is l i tt l e  surp l u s  c apac i ty on a 
2 4 -hour ba s i s ; winter peak rates l e ave only s l igh t l y  more res e rve 
c apac i ty .  

Fue l Mix Adju s tme nt 

I n  non-pe ak periods , ut i l it i e s  have a l imited ab i l ity to 
a l ter the mix of fue l consumpt ion by shi f t in g  the generat ing l oad 
among fac i l i t i e s  u s ing d i f ferent fue l s  ( e . g . , inc r e a s e  generat ion 
from gas- fired generators and reduce the uti l i z ation o f  o i l - fired 
plants ) .  Because of the ir h i gh capital c o s t s  and l ow operating 
costs , hydropower and nuc lear power p l ants are a lmo s t  a lways 
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E a s tern U . S .  
Midwe s t  
Southwe s t  
We s tern U . S .  

Total 

Percentage o f  
Capac ity 

TABLE 4 4  

1 9 8 7  ELECTRIC UT ILITY CAPAC ITY 
AND PEAK /AVERAGE LOADI NG 

To ta l I ns tal led Peak 
Capac ity Load 

( B i l . Watts ) ( B i l . Watts ) 

2 4 0  1 9 3 
1 6 9  1 3 3  
1 1 4  8 7  
1 2 6  8 3  

6 4 8  4 9 6  

7 7 %  

Average 
Load 

( B i l . Watt s ) 

1 1 6  
8 0  
4 8  
5 7  

3 0 2  

4 9 %  

S ource : North American Electric Re l i ab i l i ty Counc i l ,  
1 9 8 8 E l ectr icity Supply & Demand ( for 1 9 8 8 - 1 9 9 7 ) , 1 9 8 8 . 

operated a s  base- load c apac ity . Coal p lants l ikewi s e  tend to be 
ba se-load , a lthough exce s s  c apac ity in s ome are a s  has pushed coal 
plants into var iable u s age -- generally o lder p lants that are 
l e s s  e f fic ient and fu l ly amorti z ed . Oi l and gas p l ants norma l ly 
are the l a s t  p lants pre s sed into s ervice becau s e  o f  the i r  h igh 
fue l c o s t s , a lthough re-powered un its operating as comb i ne d  cycle 
may operate a s  base- load capac ity . 

From a pr ac t i c a l  s tandpo int , the trade -o f f  i n  ut i l ity fue l 
mix woul d  normal ly be between o i l  and gas generator s .  I t  i s  
high ly unlikely that s igni fi cant idle c apac i ty in coal , nuc l e ar , 
or hydropower p lants would be avai lable to permit reduc tion o f  
both o i l  and gas . Dur ing peak periods , a l l  generating capac ity 
i s  l ik e ly to be committed , and the poten t i a l  for fue l mix s h i ft 
wou ld be ve ry sma l l . 

Whe e l ing and " Fuel-by-Wire " 

Because o f  the very long lead time required to con s t ruct 
large e lectric gene rat ing fac i l i tie s , the s lowdown in power 
demand growth l e f t  many are a s  with substan t i a l  surp l u s  generating 
capac ity in the early 1 9 8 0 s . To uti l i ze that surplus , the indu s ­
try developed long-di s t ance energy s al e s  ( o ften c a l led " fue l -by­
wire " s a le s )  from areas with s urplus c apac i ty to areas with 
de ficient or le s s  economical capac ity . 
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One o f  the mo s t  succ e s s ful examp l e s  o f  " fue l -by-wire " i s  the 
supply o f  e l ec tric ity to C a l i forn ia from low-co s t  c o a l  and nuc l e ­
ar generators in Ar i zona and Utah and h igh-vol tage transmi s s ion 
from the Bonnevi l le Power Admini s tration to Southern C a l i forn i a . 
S tr ingent C al i fornia environmenta l regu la t ions made th i s  trade 
economic re lative to new local capac ity despite the ine f f i c iency 
of long-d istance transmi s s ion ; and it is l ikely that the s e  power 
s a l e s  wi l l  grow . 

E lectric ity whee l ing i s  a spec ial  c a s e  o f  l ong-d i s tance 
electric s a l e s . A whe e l ing arrangement invo lve s the s equential  
transmi s s ion o f  power from one ut i l ity to another through a thi rd 
party ( or whe e l ing uti l i ty ) , a l lowing the e ff e c t ive trans fer o f  
electric ity over long d i s tance s . 

In a regional o i l  or gas shortage , long-d i s tance power 
transmi s s ion or whee l ing cou ld provide power i nto the a f fec ted 
region , reduc ing the o i l  or gas needs of local uti l i ti e s . From a 
prac tical s tandpo int , thi s c apab i l ity i s  re stricted even in non­
peak per iods by l imited very-high-vo ltage tran smi s s ion capac ity 
and the power los s e s  a s soc iated with long-d i s tance transmi s s ion . 
Whi le some addi tional long-di s tance l ine s are p l anned ( from 
Quebec to New England and from the Rocky Mountain area to C a l i ­
fornia , for example ) , regulatory approval for s u c h  l ine s i s  often 
d i f f icult and very t ime consuming . 

In s ummary , the practical abi l ity o f  e lectric u t i l i t i e s  to 
re spond to o i l  and gas supply shortage s i s  r e l at ive ly sma l l . 
S igni ficant s pare generating capac ity and fue l flexibil ity e x i s t  
only i n  non-peak periods ( Spring and F a l l ) ; a n d  even in the s e  
per iods , economic transmi s s ion c apac ity l imits  the r ange o f  
re sponse . Non-pe ak periods for e lectr i c a l  power demand a r e  a l s o  
periods o f  re lative ly low o i l  and g a s  demand f o r  burning . Given 
the ir low priority for natura l gas a l location , u t i l i t i e s  are more 
l ike ly to be an added demand on oil supply in a supply s hortage 
th an part o f  the solution . 
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CHAPTER THREE 

THE SUPPLY SYSTEM UNDER STRE S S  

INTRODUCTION 

When events d i s rupt normal supply-demand pattern s , the sys­
tem i s  s aid to be under " s tres s . "  Re finery downtime , mi s sed 
p ipel ine deliver i e s , or s urges in s a l e s  c an create abnormal s itu­
ations requ ir ing corrective ac tion . Mo s t  o f  the s e  s tre s s e s  are 
loc a l i z ed and involve r e lative ly few compan i e s . Coping with 
s tre s s  s ituations o f  th i s  magn i tude i s  part o f  the normal opera­
t ion o f  the system .  

Th i s  section concerns the actual and pro j ected re spon s e  o f  
the supply sys tem to ma j or s tress  s ituat ions i n  which the supply 
disruption or demand s urge is large enough to a f fe c t  a ma j or ity 
of supp l iers in a relatively wide area . S tre s s  s ituations o f  
thi s  sever ity a r e  rare , but the methods o f  re s pons e  are e s s en­
tia l ly the s ame a s  for routine problems . The princ ipal di ffer­
ence i s  the wider r ange of sys tem e l ements that may be invo lved 
in the resolut ion . 

Be fore d i s c u s s ing spe c i f ic s tre s s  s ituations , i t  may be 
useful to review the mechanics through whi ch the indus try re­
sponds to a s upply prob lem . 

Few s tre s s  s ituations re sult in acute s upply prob l ems , 
because the sys tem maintains a cons iderabl e  cu shion in the form 
o f  inventory , in-tran s i t  produc t ,  and a l ternative s upp ly .  The 
system u s e s  thi s  cu shion to attenuate the peak severity o f  the 
problem and s pread the e ffect over t ime and over a wider range o f  
potential s o lution s . The t ime between rec ogni tion o f  a stre s s  
condit ion and i t s  impact on primary s upply c apabi l ity var ies 
con s iderab ly , but the mos t  ser ious potent i a l  s upp ly prob l ems 
( e . g . , p ipe l ine shutdown , crude o i l  s uppl y  cuto f f , refinery 
outages )  are " event " related and are usua l ly ident i fied we l l  
be fore consumer s upp l i e s  are a f fected . 

Mos t  s tre s s  s ituations are o f  short duration ( le s s  than 3 0  
days ) ; and re s pon s e  mu s t  come within the l imitations o f  e x i s t ing 
fac i l i t ie s . Price increa s e s  and s cattered supp ly runouts are 
both symptoms of a s tre s s  s ituation and important e lement s  of the 
solution . They inhibit short-term demand and expand the range o f  
supply increment s .  

Res pon s e s  to a short-term s tre s s  s ituation tend to f a l l  into 
three categori e s  -- inventory draw , supp ly acce lerat ion , and 
final ly , incre a s e d  d irect supply . Timing is the fac tor that 
separate s the c ategor i e s . The time to br ing new s upp ly into the 
s tre s s  area via normal direct route s can be r e l a t ively long , even 
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i f  both the suppl y  and the transportation capac ity are immediate­
ly avai l ab l e . Table 4 5  shows that tran s i t  t ime s for i ndirect 
supply route s r ange up to 3 0  days . To thi s  mus t  be added the 
time to acquire the product and bring it to the pipe l ine i n j e c ­
t ion point o r  the s h iploading dock . 

I n i t ia l ly , inventory draw i s  the only ava i l ab l e  s ource o f  
incremental s upp ly , and i t  i s  usually the mos t  e conomi c a l  re­
spon se . In general ,  there i s  enough inventory in the s ys tem to 
make a very s igni f ic ant c ontribution . Tab l e  4 6  s hows the e s ti­
mated total ava i l ab l e  s ys tem inventory ( above minimum l e ve l s )  . 

The bul k  o f  the ava i lable inventory i s  in s econdary and 
terti ary inventory owned by whol e s al e  d i s tributor s  ( j obber s ) and 
reta i l e r s  and by con s umers .  Only a sma l l  portion of thi s  inven­
tory can b e  phy s ic a l ly red i s tributed to a l leviate prob l ems , but 
the s ame e ffect can be obtained if who l e s a l er s  and consumers 
elect to draw inventory in l i eu o f  current purcha s e s . 

E conomic s govern the inventory po licy o f  who l e s a l e r s  and 
consumers . I f  they perce ive that current price s are h igh and 
l ik e ly to d e c l ine , they wi l l  draw inventory and de fer purcha s e s . 
I f  they b e l i eve pri c e s  wi l l  r i s e , they wi l l  try to buy . On 
nume rous o c c a s ions , who l e s a ler-consumer purch a s e s  a imed at beat­
ing price incre a s e s  have exacerbated a stre s s  cond i t ion by pul l ­
ing product out o f  primary inventory in the e a r l y  s tage s . I n  
the s e  c a s e s , product i s  merely shi fted from pr imary inventory t o  
le s s  f lexible s econdary o r  tertiary s torage . 

Price incre a s e s not only encourage inventory l iquidation , 
they a l s o  encourage s upply acc e l eration and add i t ions . Supply 
acce leration is  the proc e s s  of  shi fting product tempora r i ly from 
non- s t re s s ed areas to the problem region . I t  perm i t s  produc t to 
be moved qu ickly where needed ; and non- s t re s sed area s c an be 
repleni shed by direct s upply on a l e s s  urgent b a s i s . P ipe l ine 
batch trad ing i l lus trate s the pr inc iple ; in thi s  method , volume 
already in the pipe line is traded for equ ival ent volume in a 
later cyc le and d iverted to the problem area . Ship d ivers ion , 
rai lway s hipments , and trucki ng from non - s tr e s sed a re a s  are among 
the many forms o f  acce l erated s upply . 

The s c ope o f  accelerated supp ly activity i s  proportional to 
the economic incentive . Primary suppl iers routinely ad j u s t  the i r  
supp l i e s  i n  re spon s e  to normal prob l ems , but in s evere s tr e s s  
s i tuation s , the respons e  o f  a much wider r ange o f  s upp ly s ou rc e s  
i s  des irable . Incre a s e d  price d i f ferent i a l s  t r igger innovat ive 
trading and s upp l y  real ignment , whi ch c an bring new s upp l i e s  and 
new supp l iers  from a greatly expanded area . 

The final respon s e  s tage i s  sys tem recovery v i a  d irect 
re supply . I ncremental vo lume is acqu ired to rebu i l d  i nventory , 
to replenish produc t that wa s " borrowed " for s upply acce l erat ion , 
and to meet longer-term demand increas e s . The add i t ional supply 
can come from a variety o f  s ources , but it wi l l  a lmo s t  certainly 
be at lower cost  than the s upply increments o f  earlier stage s . 
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TABLE 4 5  

I LLUSTRATIVE PRIMARY TRANS IT T IMES 

Re f ined Product 

P ipe l ine - Hou s ton to New York 
Pipe l ine - Hous ton to Chi cago 

Tanker - Ro tte rdam to New York 
Tanker - S ingapore to Los Ange l e s  

B arge - Hous ton to St . Loui s  

Crude Oil  

Pipe l ine - Lou i s i ana to Ch icago 
Tanker - Mexico to Ph ilade lph i a  

TABLE 4 6  

1 5  
2 0  

to 2 6  days 
to 3 0  days 

1 5  days 
3 0  days 

1 2  days 

1 0  days 
6 days 

AVAILABLE SYSTEM INVENTORY - ABOVE MINIMUMS * 
( Mi l l ions o f  B arre l s ) 

Pr imary Inventory 
Secondary ( Jobber s ,  e tc . )  
Tertiary ( Con sumers ) 

Memo : No . Days Supp ly 

Gas o l ine 

2 6  
3 0  
4 1  
97 
1 4  

D i s t i l l ate 

4 
8 

6 2  
74 

2 5  

*Ba sed on 3 / 3 1 / 8 8 data and methodo logy out l i ned in 
Vo lume IV o f  thi s report , Petro leum I nventor ie s and S torage .  
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Prices  u s ua l ly dec l ine to norma l dur ing th i s  period . I t  s houl d  
b e  noted that the sys tem activity de s cr ibed above i s  the aggre­
gate re s u l t  of independent ac tions of many compan i e s , and the 
actual tran sact ions which produce that re sult c an be very com-
p lex . 

· 

The price d i f ferent i a l s  that trigger the system re s ponse to 
stre s s  s i tuations are for incremental or s pot vo lume s into the 
re l evant area . S a l e s  pric e s  to dealers and con s ume r s  with in the 
area are u sual ly much l e s s  a ffected . I n  the actua l s t re s s  s i tua­
t ions d e s c r ibed in thi s  chapter , the l eve l s  of indu s try re s pon s e  
act ivity were very h igh , but the only e ffec t o n  individual con­
sumers was sma l l , trans ient price increa s e s  that were l arge ly 
unnot iced . 

I n  the even t  o f  a longe r -term s tre s s  s ituation , othe r poten­
tial respon s e s  become fe a s ible . Firs t is fue l swi tch ing . As 
di scus s ed earlier , a very s ubs tantial amount o f  fue l coul d  be 
shi fted between o i l ,  g a s , or coa l , depending on economi c s . Fue l 
swi tching i s  a normal activity o f  uti l it i e s  and s ome large indus ­
tr ial  consumer s ;  and i t  c an b e  e ffective f a i r ly qu ickly i f  the 
incent ive i s  likely to per s i st for more than a month or two . I n  
the longer term , add i tional capital fac i l it i e s and permanent sup­
p ly rea l ignment could become fea s ible . I t ' s  worth noting that 
there has not been a s igni fic ant , long- term s tre s s  prob l em s ince 
the Iran ian c r i s i s . 

I n  brie f ,  the system re s pons e  to s upply s tre s s  i s  a bas ic 
appl ication o f  s upply-demand economic s . Increased prices attrac t 
prompt new s upply wh i l e  encouraging consume rs to. defer purch a s e s  
by drawing inventory o r  switching t o  cheaper fue l . The unive r s e  
o f  potent i a l  responders and the intens ity o f  re spon s e  a r e  propor­
tiona l to the economic incentive o f fered . Exper ience under con­
tro l s  ind i c ate s that government inter ference with the proc e s s  may 
pro l ong the period of s t re s s . ( The 1 9 8 7  NPC report , F ac to r s  
Affecting U . S .  O i l  and Gas Outlook , reviews the e f fe c t  o f  con­
tro l s  on the supply s ys tem in detai l . )  

I n  the fo l l owing s ec tion are de scriptions o f  recent a c tu a l  
stre s s  s ituations o f  importance and a d i s cu s s ion o f  the ir re s o lu­
tions . The se c a s e s  re flect the general princ ipl e s  outl ined 
above . 

ANALYS I S  OF H I S TORICAL SYSTEM STRESSES 

Motor G a s o l ine Supply Tightne s s  - - Summer 1 9 8 8  

S evere prob lems at a number o f  ma j or r e finer i e s  in the U . S .  
Gul f  Coa s t  reduced gasol i ne product ion in the l ate s pring and 
early s ummer of 1 9 8 8 , d e s pite modes t  primary inventori e s  at that 
time . Then , in l ate summer , some s imi l ar prob l ems emerged in 
two Cal i forn ia re finerie s . I n  addit ion , s evere drought l owered 
Mi s s i s s ippi River l eve l s  to nearly unnavigab l e  lows ; th i s  con­
s trained barge movement from the Gul f  Coast to the Upper Midwe s t  
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and allowed s a l twater encroachment up the Mi s s i s s ippi , threaten­
ing operations at s everal r iver s ide Lou i s i ana re finer ie s .  Thi s  
combination o f  reduced production and reduced abi l i ty t o  move 
product rai sed s ome concerns about continued ga s o l ine avai l ab i l ­
ity . Then , in mid-S eptember , two hurricanes h i t  the Gu l f  Coa s t  
within one week , c lo s ing s everal re finerie s for d ay s , and d i s ­
rupting crude o i l  product ion and sh ipments t o  many r e f ine r i e s  for 
weeks . Yet , dur ing th i s  t ime , the only indicat ion o f  consumer 
awarene s s  o f  the gasol ine log i s tica l prob l ems wa s a s ingl e  report 
complain ing about s l ight ly e l evated gaso l ine-over-crude o i l  pr ice 
spreads . 

Summary and Conc lus ions 

I nventories  were drawn down c l o s e  to the ir theoretical mini­
mum operating l eve l s  by the end of June , incre a s ing the flow o f  
gasol ine t o  s econdary inventories b y  more than h a l f  a mi l l ion 
barre l s  dai ly . Gasol ine prices he ld steady or increased mode st­
ly , whi l e  crude oil  price s were dropping , which incre a s ed the 
gas o l ine d i f ferent ial  over crude oi l and other produc t s . As a 
direct resul t ,  ga sol ine output c l imbed to i t s  h ighe s t  leve l in 
over nine years in July , and rose s l ightly more in Augu s t . 
Gasoline imports a l s o  ro se in July and Augu s t , to nearly h a l f  a 
mi l l ion barr e l s  da i ly . Regional gas o l ine price d i f ferent ial s 
kept gaso l ine f l owing into are as that needed i t , d e s p i te the 
increased expense o f  moving it there . No consumer de l ivery d i s ­
ruptions were exper i enced , and by the end o f  September ,  gasol ine 
primary inventor i e s  had ri sen by more than 1 2  mi l l i on barre l s , to 
we l l  in exce s s  o f  the ir minimum operating leve l s . 

Analys is 

At the time o f  the s upply t i ghtne s s , indu s try pre s s  o ften 
attributed the prob l em to surging gasol ine demand . Accord ing to 
semi-final figure s from the Energy In format ion Admin i s tration , 
thi s was true only for the month o f  June , in c omp a r i s on w i th the 
previou s year . In June , primary withdrawa l s  j umped 4 perc ent 
above 1 9 8 7 , to 7 . 8  MMB / D , the h ighe s t  rate in 1 0  years . However , 
a s  i s  s o  o ften the c a s e  in the o i l  indu s try , th i s  h igh pr imary 
withdrawa l rate in June probabl y  re flected t iming of secondary 
s torage fi l l ing , as oppo sed to any surge in con s umer demand . 
Primary s torage withdrawa l s  in May we re 2 . 6  percent be low 1 9 8 7 , 
and Ju ly wi thdrawa l s  were 1 . 4  percent lower , wh i l e  Augu s t  and 
September withdrawa l s  were about 2 . 4  percent and 2 . 0  percent 
above 1 9 8 7 . The average withdrawa l rate from May through 
September was 0 . 9  percent above 1 9 8 7 . That hardly qua l i fi e s  a s  
very s trong demand growth , though i t  was the h i gh es t  peak­
driving- sea son withdrawal rate s ince 1 9 7 8 . ( Se e  F i gure 5 2 . )  

By contrast , the real ga soline demand surge in 1 9 8 8  appar­
ently took p l ac e  in the fir s t  quar ter o f  the year , when the pri­
mary withdrawa l rate was 3 . 2  percent h igher than the previous 
year . Crude o i l  runs and gasol ine product ion both were s igni f i­
cant ly higher in th i s  per iod than at the s ame t ime in 1 9 8 7 , but 
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Figure 52. Gasoline Demand -- Withdrawals from Primary Inventories .  

did not keep pace with demand . As o f  Apr i l  1 9 8 8 , the average 
month ly year-over-year compar i s ons o f  primary withdrawa l s t rength 
had fal len o f f  c on s ide r ably . 

Gasol ine inventor i e s  at the beginning o f  May 1 9 8 8  were a 
rel atively mod e s t  2 2 6  mi l l i on barre l s , nat ionwi de . Thi s was 1 6  
mi l l i on barre l s  l ower than at the s ame time in 1 9 8 7 , but 1 1  m i l ­
l ion barre l s  and 1 9  mi l l ion barre l s  h i gher , re spectively , than 
the s ame po int in 1 9 8 5  and 1 9 8 6 . Thi s  leve l o f  invento r i e s  i s  
s t i l l  2 1  mi l lion b arre l s  above the NPC ' s  be s t  e s t imate o f  min imum 
operating l eve l s , and would h ave po sed no prob l ems norma l l y , a s  
gasol ine produc tion typica l ly i s  qui te h igh in May a n d  June . 
However , severe and we l l  pub l ic i zed r e f inery prob l ems c au s e d  May 
and June output in 1 9 8 8  to average 1 2 5  MB / D  l e s s  than in 1 9 8 7 . 
Furthermore , the combination o f  the s e  prob l ems , plus the threat 
o f  di sruption of r e f inery operations along the Mi s s i s s ippi by the 
s a l twater encroachment , plus the threat of M i s s i s s ippi River 
c losure to gasol ine barge tra ffic , plus the impend ing Fourth o f  
July hol iday , a l l  induced secondary s torage operators t o  rush i n  
to purchase ga s o l ine dur ing June . That , i n  turn , reduced total 
U . S .  gasol ine primary inventories  to j us t  above e s t imated min imum 
operat ing leve l s . ( See F i gure 5 3 . )  

I n  early Jul y , spot gasol ine price s ro s e  6 ¢  per ga l lon on 
the Gul f  Coas t and 1 0 ¢  pe r ga l lon in Chi cago , and the primary 
withdrawal rate s lowed . De spite the cont inued r e f i nery probl ems , 
output surged to 7 . 2  MMB / D ,  the h ighe s t  l eve l s ince January 1 9 7 9 . 
Along with the r i s e  in imports , thi s  caused primary inventor i e s  
to begin bu i lding once again ( s ee Figure 5 4 )  . By t h e  end o f  
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July , Gu l f  Coas t  spot gasol ine price s again d ropped 6 ¢  a gal lon . 
In Chic ago , s pot prices dropped 1 0 ¢  a ga l l on over the month o f  
Augu s t .  

Who l e s a l e  prices  for h igh-octane , premium gaso line rose to 
rough ly 1 0 ¢  per gal lon above regular unl eaded crude o i l  during 
the summer , an increa s e  of about 6¢ per gal lon over the price 
difference o f  the spr ing . Th i s  h igh-oc tane pri c e  spread con­
tinued unt i l January 1 9 8 9 , re flect ing the s trong d emand for 
premium , un leaded g a s o l ine . 

Re f i ne ry operations along the Mis s is s ippi never were d i s ­
rupted b y  the s a l twater encroachment . I nd eed , s ome re fine r i e s  
were a f fected b y  i t , but the favorable gaso line p r i c e  spreads 
induced them to keep operating by undertak ing the expens ive 
practice o f  barging in fre sh water to supply the i r  needs . 

Barge tra f fic a long the Mi s s i s s ippi was s evere ly a f fe c ted by 
the lower water leve l s . During the summer , barges from the Gul f  
Coast re finer ie s typ i c a l ly s upply 6 5  MB / D  o f  g a s o l ine , o r  about 3 
percent , o f  PADD I I  demand . A much l arger proportion i s  supp l i ed 
by pipe lines  from the Gu l f  Co ast , but dur ing the s umme r  the p i pe­
l ine s frequently operate a t  full capac i ty .  Hence , barge tra f fi c  
supp l i e s  a sma l l  but important margina l vo lume . That s upp l y  b e ­
came much more expens ive t o  move , s ince trave l  time s ro s e  and 
barge-towboat combinations had to trave l with much l ighter l oads . 
But the pr ice spreads be tween the Midwes t  and Gu l f  Coa s t  region s , 
and the for tu itous e x i s tence o f  the Tenn e s s ee-Tombigbee a l terna­
tive waterway route , kept that more expens ive s upply c oming . I n  
addit ion , a t  l e a s t  one company even e l ected t o  move product 
volume s into the Midwe st via r a i l . 

The gas o l ine supp ly-demand balance s by PADD for June and 
July show much the s ame p i c ture a s  occurred nationwide . I n  the 
c a se of PADD I ( the E a s t  Coas t ) , about two - thirds o f  the rough ly 
2 . 5  MMB / D  demand is supp l ied by inter-PADD movements by p ipe l ine 
or tanker from the Gu l f  Coa s t . I n  June and July o f  1 9 8 8 , thi s  
volume o f  gasol ine from the Gul f  Coast dropped nearly 7 percent 
from 1 9 8 7 , and the June s tock draw in PADD I amounted to 3 . 5  
mi ll ion barre l s . However , by July , a s l ight s tockbui ld was 
taking p l ac e , a s  r e finery output within PADD I and import s  in­
creased and the primary withdrawal rate dropped . In the New York 
spot marke t ,  the accompanying price " sp ike " amounted to about 5 ¢  
a gal lon for gaso l ine , and l as ted about two weeks i n  July . 

I n  PADD I I  ( the Midwe s t ) , a combination o f  incre a s ed re fin­
ery output , increased uti l i z ation o f  pipel ine c apac i ty , and a 
drop in pr imary withdrawa l s  changed a 7 . 7 mi l l ion barre l s tock­
draw in June to a 0 . 8  mi l l ion barre l s tockbui ld in July . PADD 
I I I  ( the Gu l f  Coa s t )  i s  the ma j or gas o l ine exporting d i s t r ic t , 
produc ing rough ly two-and-a-ha l f  time s i t s  1 . 3  MMB / D  consumption . 
In June 1 9 8 8 , i t  produced about 1 0 7  MB / D  l e s s  gaso l i ne than in 
June 1 9 8 7 , s ince the re finery problems were concentrated in th i s  
d i s tric t . PADD I I I  output c l imbed 2 0 6  MB /D in Ju ly , d e s p i te 
continued r e f inery prob l ems , to 2 percent above the previous 
year . ( S ee F i gures 5 5  through 5 9 . )  
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Figure 55. 1 988 Gasoline Inventories by PADD -- PADD I.  
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Figure 56. 1988 Gasoline Inventories by PADD -- PADD II. 
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Figure 57. 1 988 Gasoline Inventories by PADD -- PADD III. 
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Figure 58. 1 988 Gasoline Inventories by PADD -- PADD IV. 

- 1 4 0  -



3 4  

32 

CJ) 
30 ..J w 

a: 
a: 
<( 28 al 
u. 
0 
CJ) 26 z 
0 
::J 
..J 
� 2 4  

2 2  

20 
Jan Feb Mar A p r  Jun J ul Aug 

SOURCE: EIA, Petroleum Supply Monthly. August 1988. 

Figure 59. 1988 Gasoline Inventories by PADD -- PADD V. 

I n  PADD IV ( the Rocky Mountain s tate s )  , there wa s e s s ential­
ly no problem . In PADD V ( the Pac i fic Coa s t )  , re finery output 
j umped in July and changed a 2 . 7  mi l l ion barre l June s tockdraw 
into a sma l l  s tock increase . S tocks rose by an add i t ional mi l­
l ion barre l s  in Augus t ,  due to continued h i gh re finery output . 
In S eptember , some re f inery problems were reported , which caused 
a mild price s pike . Re f inery output fell by 2 mi l l ion barre l s , 
but that was about the s ame a s  the S eptember dec l ine o f  the pre ­
vious year . Withdrawal s  fe l l  by 3 . 5  mi l l ion barre l s , a l lowing a 
2 . 5  mi l l ion barre l inventory bui ld , wh i ch l e ft g a s o l ine s tocks 
s l ightly higher than in the previous year . 

The e ffect o f  the two hurricane s was to boo s t  spot gaso line 
prices  temporarily in l ate September , a s  once aga in a s urge of 
primary s tock withdrawa l s  occurred due to s upp ly concerns . 
De spite re finery outage s and problems with crude o i l  del ive r i e s  
to r e f inerie s , gas o l i ne primary s tock s showed n o  s ign o f  fa l l ing , 
though incre ased demands from s econdary sys tem operators kept 
fa l l  gasol ine price di fferent i a l s  s trong for mo s t  weeks through 
October . 

The o i l  indu s try had been hit with an abnorma l number o f  
natural d i s as ters and equipment prob lems during the dr iving 
season of 1 9 8 8 . The s e  caused the indu s try to s c r amble to meet 
the resu lting surges  of withdrawa l s , and c au s e d  b r i e f pri c e  
spike s i n  the s pot market and at the racks . Y e t  throughout the 
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s e as on , motor i s t s  cont inued to buy a l l  the g a s o l ine they wanted 
without inconven ienc e , at inflation-ad j u s ted prices  compar ab l e  to 
the 1 9 6 0 s . 

Southwe s t  F ree z e-Up -- December 1 9 8 3  

S evere cold weather in December o f  1 9 8 3  c au s ed temperature s 
to fal l  we l l  below s ea sonal norms in the Northea s t  and Upper 
Midwe s t  for the f i r s t  time in two years , i ncrea s ing heating o i l  
demands i n  the s e  region s . Because Gu l f  Coa s t  re finer ie s suppl y  
both o f  the s e  regions , fue l o i l  demands o n  the s e  re finer i e s  
increased s igni f icant ly . 

I n  l ate December ,  a wave o f  cold a i r  swept down through 
Texa s and Loui s i ana bringing z ero-degree t emperatures to Gul f  
Coast are a s  i l l-prepared for the s ub- fre e z ing cold . Fre e z ing 
rain and s leet fro z e  we l lhead equipment , cutting o ff supp l i e s  o f  
both o i l  and gas . I c y  roads prevented truck movements o f  crude 
o i l  and interfered with norma l crude o i l  gauging and f ie ld 
maintenance operations . More than 6 mi l l ion barre l s  o f  crude o i l  
produc tion was l o s t  -- a lmo s t  a l l  i n  the l a s t  s even days o f  
Decembe r .  

Unl ike northern re finerie s , which are cons tructed with 
s te am-traced or e l ectric a l ly heated lines , Gul f  C o a s t  re fine r i e s  
were not prepared for z e ro-degree weather . Water l ine s fro z e  and 
bur s t , valve s  j ammed , and ice partic l e s  clogged f i l te r s  and 
p lugged l i ne s . Gas c urta i lment shut down the boi le r s  that power 
many r e f inery uni t s , and normal ly hot pipe l ines  fro z e  be fore the 
boi le r s  could b e  shi fted to a l te rnat ive fue l . As  many a s  1 5  
re f iner i e s  were shut down for per iods r anging from a day to two 
weeks , and r e finery produc tion was s everely reduced for two weeks 
extend ing into January 1 9 8 4 . 

F igure 6 0  i l l u s trate s the production los s . I t  shows the 
aggregate monthly produc t ion from PADD I I I  re fine r i e s  during the 
re levant period . Over a l l , the fre e z e  reduced re f inery production 
by about 3 5  mi l l ion barre l s  in December and January . G a s o l ine 
production was down about 15 mi l l ion barre l s  and d i s t i l l at e  pro­
duc tion down rough ly 7 mi l l ion b arre l s  for the s ame per iod . 

The indu s try reacted promptly to re-al ign s upply to reduce 
PADD I I I  produc t shortfa l l s . S cheduled d e l iver i e s  to the Midwe s t  
( PADD I I )  were reduced t o  retain supply for the Gul f  and E a s t  

Coa s t  areas . PADD I I  r e f ineries were able t o  increase r e f inery 
production to o f fs et the diverted supp ly , a s  Midwes t  re fine r i e s  
had b e e n  operating at only 7 9  percent c apac ity . 

I n  PADDs I and I I I , companies drew inventory to cover 
immediate needs , and then inc re a s ed crude o i l  runs to part i a l l y  
rep l enish s tock . Re f i ner i e s  maximi zed d i s t i l l a te y i e l d s  t o  cover 
abnormal demand s .  F igure 6 1  shows d i s t i l l ate production from 
PADD I I I  refiner ies  over the winter per iod ; the h i gh leve l  o f  
d i s t i l l ate production fol lowing the fre e z e -up period i s  apparent . 
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Figure 60. PADD III Refmery Production -- Winter of 1 983- 1 984. 
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Figure 6 1 .  PADD III Distillate Production -- Winter of 1 983- 1 984. 
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Overa l l , i t  appears that the re finery produc t ion l o s t  in the 
December-January fre e z e  wa s replaced about a s  f o l l ow s : 

I ncreased Refinery Runs 
PADD s I and I I  
PADD I I I  

Imports 

1 0  Mi l l ion Barr e l s  
1 0  
1 5  

3 5  M i l l ion Barre l s  

F i gure 6 2  ihows the e ffec t o f  the re finery free z e-up o n  Gul f  
Coa s t  d i s t i l late price s . Spot d i s t i l l ate pri ce s  ( for l arge­
vo lume trans actions ) had dri fted down from October leve l s , but 
began to move upward in mid-December in re spons e  to colder-than­
normal weather . The re finery free z e-up did not s er i ou s ly a f fect 
prices  unt i l  early January , when the ful l  magnitude of the lost 
product ion became apparent . Spot price s j umped about 1 5 ¢  per 
ga l lon a s  companies  attempted to negotiate prompt i nc remental 
supply . 

Within two weeks it became c lear that new d i s t i l late s upply 
being c a l led out by the price increase wou ld be more than ade­
quate , and spot price s began to fall  sharply . By the end o f  
February , spot d i s t i l l ate pric e s  we re 6 ¢  per gal l on be low October 
leve l s  despite the ma s s ive production l o s s  -- probably a re flec­
tion of over-coverage of d i s t i l l ate needs . 

A l s o  shown in F i gure 6 2  are d i s t i l l at e  price s at the 
who l e s a l e  truck rack leve l . Thi s  i s  the price paid by l arge 
d i s tributors . At this l eve l o f  d i s tr ibution , the price reaction 
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Figure 62. Gulf Distillate Spot and Rack Prices -- Winter of 1 983- 1 984. 
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to the free z e  was not i c e ab l e  but s ign i f icant ly l e s s  than in the 
spot market . P r i ce incre a s e s  to home h e a t i ng o i l  consumers were 
sma l l  and unnot iced for the mo s t  part . 

Because winter i s  a l ow-demand per iod for g a s o l ine , the 
price react ion for th i s  produc t wa s much le s s  pronounc ed . As 
shown in F igure 6 3 , Gu l f  Coast spot p r i c e s  for g a s o l in e  h ad 
dec l ined in a re l a t ively norma l s e a s ona l pa ttern from about 8 1 ¢  
per gallon in Oc tober to 7 2 - 7 4 ¢  per ga l lon i n  Decembe r .  Spot 
gas o l ine prices increa s ed to about 8 1 ¢  i n  early Janu ary . By the 
end o f  February , spot p r i c e s  were b ack to the norma l s e a s onal 
leve l -- roughly the s ame a s  in Oc tobe r . 
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Figure 63. Gulf Gasoline Spot and Dealer Prices -- Winter of 1 983- 1 984. 

As i s  o ften the c a s e , gaso l ine price s at the pump d i d  not 
r e f l ec t  the spo t  price run-up . F igure 6 3  shows typ i c a l  p r i c e s  to 
Hous ton s e rvice s tation dealers dur ing the period ; the s e  prices 
showed a lmo s t  no reaction to the fre e z e-up . 

The s y s tem response to the re f inery fre e z e - up prob l em i s  
typical o f  the norma l progre s s ion i n  reso lving s tr e s s  s ituations . 
The shortage triggered an increase in the spot pr i c e s  for immedi­
a te incremental supp l y . Supply from a wide var i e ty o f  s ou rc e s  
flowed into the a f fe c ted are a , bringing spot pr i c e s  b a c k  t o  a 
normal range . Downs tream who l e s a l e  and re tai l pr i c e s  d i d  not 
increase i n  s tep with the spo t  price s  of the s upp l emental s upply . 

Al though the free z e -up was viewed a s  a maj or s tre s s  s itua­
tion by the i ndus try , a t  the consume r l eve l the r e  were no product 
s hortages and no abnorma l price increa s e s . 
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Fue l Switch ing Epi sode 1 9 8 6  

The sharp dec l ine in crude o i l  price s in early 1 9 8 6  re s u l te d  
in s imi lar reduc t ions in product price s . B y  mid-year 1 9 8 6 ,  re­
s idua l  fue l pr i c e s  to uti litie s had dropped about 5 0  percent from 
January leve l s , fal l ing we l l  be low the equival ent co s t  o f  natural 
ga s in s evera l  marke t s . The lower co s t  induc ed many dua l - f ired 
plants to switch from ga s to res idual fue l , r e s u l t ing in a very 
large s urge in re s idual fue l demand . A heat wave on the E a s t  
Coa s t  s igni f i c antly incre a s ed e le c tric generation requi rements 
there , adding further to the petro leum demand . By July 1 9 8 6 , 
res idual fue l consumption by e lectric uti l it i e s  nationwide wa s up 
9 5  percent from the prior year . I n  s ome area s , the growth was 
even greater : in New Engl and and the s outh A t l antic s tates , 
res idua l fue l o i l  consumption more than doubled , and in Texas i t  
quadrupled . 

E lectric u t i l ity demand norma l ly cons titute s a ma j or port ion 
( 3 5 to 4 0  percent ) of the total res idual fuel marke t , and the 

overal l  impact was s igni f icant . F igure 6 4  compare s tota l 1 9 8 6  
res idual fue l demand over a four -month s ummer per iod with 1 9 8 5  
data . The s urge in demand l a s ted four month s , during which total 
res idual fue l demand averaged 32 percent higher than 1 9 8 5  -- an 
increase of more than 4 1  mi l l ion barre l s  ( 3 4 0  MB / D )  for the 
period . 

A demand s urge o f  this magni tude and duration i s  a very s ig­
n i f i c ant event , requiring subs tantial  expans ion o f  norma l s upp ly . 
Figure 6 5  i l lustrates the sys tem re spon s e . A s  ind i c a ted above , 
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Figure 64. 1 986 Residual Fuel Oil Demand vs. 1985 -- June to September. 
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Figure 65. 1986 Residual Fuel Oil Stress Case -- Increased Demand and Supply. 

res idual fue l demand for the four-month per iod ( June through 
September ) of 1 9 8 6  averaged 3 4 0  MB /D h igher than 1 9 8 5 . In the 
s ame per iod , the volume o f  imported re s idual fue l increas ed 2 3 5  
MB /D over the prior year and dome s t ic r e f iner i e s  produced 1 0 9  
MB / D  more . 

The added r e f inery production was obta ined from a number of 
plants that a l te red cond it ions s l ight ly to p roduce additional 
res idual fue l .  The average re finery yield of heavy fue l in­
creased only a few tenths of a percent from s ea sonal norms . 
Produc tion could have been increa sed further h ad the economics 
( relative to imports ) been favorable . The added impor t  volumes 

c ame from 3 4  d i f ferent c ountrie s , and did not s tr a i n  the s y stem . 
Addit ional imports almo s t  c ertainly cou ld h ave been purchased at 
somewhat h igher price s .  

Res idual fue l  inventories  were not drawn down during the 
four-month per iod , in part because they were not requ ired to 
maintain supply . Lower price wa s the dr iving force under lying 
the fue l switch ing ; overa l l  energy s upply was never an i s su e  a s  
gas s upp l i e s  continued to b e  ava i lab l e  o n  c a l l  i f  needed . Uti l i ­
tie s apparently dec ided i t  wou ld b e  more economic t o  buy res idu a l  
fue l concurrent ly with the ir fue l shifts  rather than draw inven­
tory and replace i t  l ater . Had it been nece s s ary , util ity inven­
tories  totaling about 5 5  m i l l ion barre l s  could h ave covered mo s t  
of the added demand . 

F igure 6 6  plots 1 9 8 6  spot market price s for h igh- sul fur 
re s idual fue l at the U . S .  Gu l f  Coast and at New York H arbor . 
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Price movements for o ther fue l grade s were s imi lar . The June­
September demand s urge a lmo s t  certainly had s ome e f fec t on price , 
but i t  i s  d i f f i c u l t  to d is cern the e f fe c t  because c rude o i l  
price s were a l s o  changing radica l ly dur ing the per iod . The im­
pact on competing gas price i s  eas ier to observe . Average u t i l ­
ity gas c o s t s  decl ined a do l l ar per mi l l ion BTU ( equivalent t o  
more than $ 6  p e r  barre l o f  res idua l fue l )  be tween January and 
October .  Thi s  change coupled with incre a s e s  in c rude o i l  pric e s  
c lo s ed the compe t i t ive gap and brought res idua l fue l demand back 
to near norma l . 

I t  can be argued that the 1 9 8 6  fue l switching e p i s ode was 
not a real " stre s s "  s ituation but an economic opportunity for 
res idual fue l s e l ler s . However , the sys tem r e s pon s e  to e conomic 
incentive s was e s s en t i a l l y  the s ame a s  in a s tr e s s s i tuation . 
The h i s tory o f  this epi sode i l lustrates the magnitude and d iver ­
s ity o f  respon s e  when supply-demand econom i c s  are a llowe d to 
function . 

OVERVIEW OF H YPOTHETICAL S TRE S S  SCENARIOS 

The S e cretary of Energy reque s ted the NPC to examine the 
c apab i l it i e s  of the d i s t r ibut ion system to mee t  energy require­
ments in per iods of  s upply " s tre s s . "  S i x  s t re s s  s c enario s were 
s elected for thi s  purpo s e : 

1 .  O i l  Import D i sruption 
2 .  Co lder-Than-Normal Weather 
3 .  C anadi an G a s  Import D i s ruption 
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4 .  Product P ipe l ine D i s ruption ( PADD I I I  to PADD I I )  
5 .  TAPS D i s ruption 
6 .  C anad i an Crude O i l  Import D i s ruption 

The s e  scenar i o s  cover stre s s  s i tuat ions of various types and 
d i f fering s ever ity . The s ituat ions were analyzed to determine 
the potential  impact of the supp ly prob lems on a ffected con sumers 
and the potent ial  indu s try c apabil ity to r e s o lve the p robl ems . 

In a l l  the s tre s s  scenarios , it was determined that the 
sys tem was capable o f  d i s tr ibuting ava i lable s upp ly so as to 
avoid maj or prob lems . For thi s  purpo s e , maj or suppl y  prob l ems 
are defined a s  tho s e  that wou ld result in consumer h ardsh ip 
( e . g . , inadequate fue l for heat ing , bu s i ne s s , or transportation 

needs ) . However , i t  would be wrong to conc lude that s tre s s  
s i tuations o f  the magni tude a s s umed i n  the s e  s c enarios c ould be 
reso lved without s ome impact on consumer c o s t  and c onven ience . 

The e ffect o f  the a s sumed s tre s s  s i tuation on consumer s  
would b e  proportional t o  the s everity o f  the s upply prob lem . For 
example , the co lder-than-normal weather s cenar i o s  are at the edge 
of " normal "  operat ion . Exper ience indic ate s they cou ld be re­
solved with l i ttle awarene s s  of a prob lem by the genera l pub l ic . 
On the other hand , the o i l  import and TAPS d i s rupt ion s c enarios 
repre sent very s evere probl ems that woul d  fully tax system capa­
b i l i ty .  Re solution of the s e  s upply prob lems wou ld probab ly 
result in h igher costs for a per iod and some inconvenience to 
consumers . For example , temporary run-outs and l imited s a l e s  
hours and vo lume s might occur be fore there were s igni f ic ant with­
drawals  from s econdary and tertiary inventor ie s . 

With the e xception o f  the co ld-we athe r scenario s , the stre s s  
s ituations out l i ned o n  the fol lowing page s repre s ent improbable 
combinations of sever ity and duration . They were des igned to 
te st the system ' s c apabi l ity to deploy and d i s t r ibute ava i lable 
supply under qu i te d i f ficult conditions . The s cenario reviews 
indic ate that the sys tem has substantial  flexib i l i ty to do so 
when free -market condi tions permit companie s to bid fo r avai lable 
supply and transportation in the Uni ted S tate s ( and in fore ign 
market s where app l i c ab le ) .  

The NPC d id not cons ider s cenarios that were c learly beyond 
the practical abi l ity of the sys tem to res o lve ( e . g . , a s i tuation 
that trigger s international obl igat ions under the l EA treaty) . 
The s e  are prob lems for government re s o lution ; but even in such 
s i tuations , the supply sys tem flexibi l ity c ould be a u s e fu l  
a s s e t . 

Only one s cenario ( O i l  Import D i s rupt ion ) involved the u s e  
of the S trategic Petro leum Reserve ( SPR) . I n  the other c a s es , i t  
was determined that s uppl i e s  from normal channe l s  wou ld b e  ade­
quate . However ,  the SPR rema ins a very e ffec t ive emergency sup­
ply source if norma l chann e l s  should prove incapab l e  of r e s o lving 
a s tre s s  s ituat ion . 

- 1 4 9 -



SCENARIO 1 :  O I L  IMPORT D I S RUPTION 

Th i s  two-part s cenario i s  des igned to examine the potent i a l  
sys tem re sponse t o  a ma j or l o s s  o f  imported c rude o i l  a nd 
product s  within the s ta ted a s sumptions . I n  the f i r s t  c a s e , i t  
was a s sumed that current import s were reduced b y  3 MMB / D  ( inc lud­
ing 0 . 6  MMB /D o f  product ) . In the s econd c a s e , impor t  vo lume s in 
1 9 9 2  were a s s umed to be cut by 4 . 5  MMB / D  ( inc luding 0 . 9  MMB / D  o f  
produc t ) . The duration o f  thes e  interruptions was arb i tr a r i ly 
as sumed at 9 0  days , and it was intended that the S PR wou l d  be 
ava i l ab l e . C anadian imports were a s s umed to be una ffected ; a l l  
lo s t  import vo lume was from o f f shore sourc e s . 

Thi s  s cenario examine s the indus try and SPR capab i l i t ie s . 
I t  i s  recogni z ed tha t  a d i s ruption o f  the a s sumed magni tude may 
invo lve international and dome s ti c  po l it i c a l  cons iderations that 
are beyond the s cope o f  th i s  analys is . 

Conclus ions 

I n  both c a s e s , the pre sent and pro j ec ted capac ity of the SPR 
and the d i s tribution c apab i l ity o f  the sys tem are adequate to ac­
commodate the l o s s  of crude oil imports . Only a fraction of the 
reduced product s upp ly could be replaced from dome s tic re f in ­
erie s , b u t  rep lacement from foreign r e f i n e r i e s  i s  no t expected to 
be a prob l em .  There i s  enough flexibi l ity i n  the SPR sys tem to 
provide crude o i l  " back-up , "  i f  nece s s ary , to replace a l l  l o s t  
product imports in both the current c a s e  and the future ( 1 9 9 2 )  
c a s e . Thi s  crude o i l  could be run in dome s t i c  or fore i gn re fin­
eries as nece s s ary to obtain the product s upply . { E xport o f  
dome s t i c  or S PR c rude o i l  wou ld require government approval ; i t  
woul d  be feas ible and probab ly economical t o  d ivert remain ing 
import volume s to fore ign re fineri e s  and run SPR c rude o i l  in 
domes tic re finer i e s . )  

Al though S P R  d e l ivery rates are adequate to cover the 
a s sumed import lo s s , it is important that SPR c rude oi l be made 
ava i lable quickly to avoid a probl em in " br idging " the per iod 
between the los s of imported o i l  and fu l l  rate d e l ivery from SPR . 
Current SPR S a l e s  Provi s ions wou ld permit purch a s e r s  submitting 
financ ial  guarantees  to take de l ivery a s  e arly a s  1 6  days a fter 
dec l arat ion o f  an emergency . Thi s  early del ivery opt ion should 
be adequate to avo id s igni ficant shortage in PADD s I and I I I , the 
areas mo s t  a ffec ted by an import reduction . 

Scen ar io Review 

Detai l s  o f  the a s sumed import los s e s , a s  provided by DOE , 
are shown in T ab le 4 7 .  No a s s umptions were made a s  to the 
spe c i fic crude o i l  or product type s that were l os t .  Over a l l , the 
as sumed lo s s  wou l d  be about 2 0  percent o f  current U . S .  demand 
( based on 1 9 8 7 ) , but it wou ld be a much l arger fraction o f  PADD I 
requi rements . 
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TABLE 47 

SCENARIO 1 
ASSUMED IMPORT REDUCTIONS 

Current ( 1 9 8 7 )  

Vo lume (MB/D) Percent o f  
PADD Crude Oil Produc t Total Crude Oil Run Pro duct Demand 

I 5 1 0  420  930  4 1  8 
I I  2 7 0  270  9 

III 1 , 4 5 0  2 1 0  1 ' 66 0  25 5 
v 1 40 1 40 6 

--

Total 2 , 3 7 0  6 3 0  3 , 00 0  1 8  4 

Future ( 1 9 9 2 )  

Vo lume (MB /D) Percent of 

PADD Crude Oil Produc t To tal Crude Oil Run Produc t Demand 

I 765  630  1 , 395  6 2  1 1  

I I  405 405 1 3  
III 2 '  1 7  5 3 1 5  2 , 490  3 5  7 

v 2 1 0 2 10 8 
--

Total 3 , 5 5 5  9 4 5  4 , 5 00 2 6  5 

Current Case  

As shown in  Tab l e  4 8 , the current c a s e  s cenario a s s ume s the 
lo s s  of over ha l f  of crude o i l  imports and about a th ird o f  
product imports . The ab i l ity to redire c t  the rema ining volume 
via trade s can provide con s iderabl e flexib i l i ty to the sys tem . 

The SPR was intended to be used to o f fs e t  a s upply d i s rup­
tion of the a s sumed magn itude . For the analy s i s  o f  crude o i l  
supply capabi l ity i n  thi s  scenario , it was a s s umed that U . S .  
crude o i l  supp ly wou ld provide the feeds tock under ly ing the 
replacement of l o s t  product imports .  Thi s  i s  a " wor s t  c as e "  
a s sumption , which incre a s ed the SPR draw to the fu l l  3 MMB / D  
leve l . 

SPR Drawdown and D i s tribution 

The SPR is located in three areas with good acce s s  to pipe­
l ines and marine loading fac i litie s . As shown in F i gure 6 7 ,  
thes e  areas are : 

• Capl ine -- Thi s  complex inc lude s two ma j or s alt-dome 
s torage fac i l ities  with pipel ine conne c t ion s to a DOE 
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TABLE 4 8  

SCENARIO 1 
1 9 8 7 IMPORT VOLUME 

( Thou s ands o f  B arre l s  per Day ) 

Crude O i l  Produc t 
Import Demand 
I nterrupted Vo lume 
Remain ing Imports 

4 , 6 7 4 ( 1 0 0 % )  
2 , 3 7 0  ( 5 1 % )  
2 , 3 0 4  ( 4 9 % )  

2 , 0 0 4  ( 1 0 0 % )  
6 3 0  ( 3 1 % )  

1 , 3 7 4  ( 6 9 % )  

NEW MEXICO 

Figure 67. Strategic Petroleum Reserve Storage Areas -- PADD III. 

termina l at S t . Jame s , Lou i s iana ( near B aton Rouge ) . 
Thi s  terminal provides mar ine loading c apac ity and 
a cc e s s  to a number o f  ma j or pipe l ine s ,  inc luding 
Cap l ine . The faci l ities  can s upply SPR c rude o i l to 
Lou i s iana re fine r i e s  and to PADD I I . 

• Texoma -- Located near Port Arthur , Texas , thi s  c omp lex 
include s underground s torage in three ma j or s a l t  dome s , 
one o f  which i s  s t i l l  be ing devel oped . I t  i s  connected 
to the Sun mar ine terminal and to a number of primary 
pipe l ines . I t  can supp ly r e f ineries in the Beaumont , 
Port Arthur , and Lake Cha r l e s  are a s ; and i t  has  the 
l arge s t  marine loading c apac ity in the S P R  sys tem . 

- 1 5 2  -



• S e away -- Thi s fac i l i ty ,  near Freepor t , Texas , h a s  
s torage in the Bryan Mound s a l t  dome . I t  i s  connected 
to p ipe l ines  serving the Hou s ton-Texas C ity re fine r ies  
and a re finery at Sweeney , Texas . Marine load ing 
fac i l it i e s  are provided at Freeport and Texa s  C i ty .  

In the aggregate , the s e  SPR fac i l it i e s  are c apabl e  o f  pump­
ing more than 3 . 5  MMB /D o f  crude oil  from s torage . As  shown in 
Table 4 9 , marine load ing c apac ity tota l s  2 . 2  MMB / D , and pipe l ine 
del ivery could be as h igh as 2 . 5  MMB /D . 

TABLE 4 9  

CURRENT CASE 
STRATEGIC PETROLEUM RESERVE DELIVERY CAPAC I TY 

( Thou s ands o f  B arre l s  per Day)  

SPR Max imum Max . D e l ivery Via 
Complex Withdrawal Pipe l ine Marine 

Cap l ine 1 , 0 7 0  1 , 0 7 0  4 3 5  
Texoma 1 , 4 0 0  4 1 5  1 , 0 9 0  
Seaway 1 , 1 0 0  1 , 0 0 0  6 5 0  

Total 3 , 5 7 0  2 , 4 8 5  2 , 1 7 5  

Becaus e  the SPR ' s  marine load ing c apac ity i s  l e s s than the 
max imum withdrawal rate , a portion o f  the c rude o i l  mus t  be 
del ivered by p ipe l ine . I n  an ac tual s ituation , the economic 
advantage o f  pipe l ine d e l ivery would be expe c ted to maxim i z e  
pipel ine vo lume s ( via trad ing and supply r e a l i gnment ) ;  however , 
it wa s e lected to te s t  the sys tem in a "wo r s t  c a s e " s ituat ion in 
wh ich : 

• SPR crude o i l  d i rectly replaces the los t imports 

• Marine-del ivered SPR crude o i l  provides feeds tock to 
dome s t i c  or fore ign re finer ie s ,  which repl ace inter­
rupted product imports . 

As shown in Table 5 0 , a fter maximum requ ired mar ine d e l iv­
eries , there wou ld rema in 8 9 5  MB /D o f  SPR mar ine d e l ivery c apa­
c ity and over 2 MMB / D  of pipel ine del ivery c apac i ty to provide 
PADD I I I  requirements of 1 , 4 5 0  MB / D . 

SPR crude o i l  cannot be phys ica l ly del ivered to r e f inerie s 
repres enting about 3 0  percent o f  PADD I I I  re f in ing capac i ty . 
The s e  p l ants c annot rece ive imported crude o i l  directly and would 
be l i ttle a ffected by a reduction in import s . Of the re f ineries  
that can rece ive SPR c rude o i l ,  about 34  percent o f  capa c i ty i s  
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TABLE 5 0  

CURRENT CASE 
DELIVERY CAPAC ITY FROM S PR 

( Thou s ands o f  Barre l s  per Day)  

D e l ivery Method P ipe l ine Marine 

C apaci ty* 2 , 4 8 5  2 , 1 7 5 

Requ ired for 

PADD I 5 1 0  
PADD I I  2 7 0  
PADD v 1 4 0  
O f f shore Produc t 6 3 0  

Subtotal 2 7 0  1 , 2 8 0  

B a l ance ava i l able for 
PADD I I I  De l ivery 2 , 2 1 5  8 9 5  

*Limited to 3 , 5 7 0  MB /D maximum withd rawal 
c apac ity . 

not pipe l ine connec ted and requires marine de l ivery . ( Tabl e  5 1  
s hows the del ivery options by area . )  A s s uming that impor t  l o s s e s  
are spre ad reasonably evenly , required mar ine d e l iver i e s  woul d  be 
about 5 0 0  MB / D , wh ich is we l l  within the remaining SPR capac ity . 
Detai led analys i s  indicate s no capac ity problems in any o f  the 
three SPR are as . 

Crude O i l  Qua l i ty Requirements 

The SPR contains both high- s u l fur ( sour ) and low- s u l fur 
( swee t )  c rude o i l s , wh ich can be del ivered from e ach SPR area on 
a segrega ted bas i s . Thi s  dua l  qual ity a l lows for the fac i l i t i e s  
and meta l l urgy o f  s ome r e f inerie s that require l ow- s u l fur feed . 
( Low- sul fur crude o i l  has 0 . 5  percent sul fur content or l e s s ; 

high-sul fur crude o i l  has more than 0 . 5  percent sul fur . )  As  
shown in T ab le 5 2 , about 35  percent o f  current SPR inventory i s  
dedicated t o  low- sul fur crude oi l ;  as much a s  6 0  percent o f  crude 
oil de l iver ies  in a 9 0 -day per iod c ould be low- s u l fur c rude o i l .  

Actual 1 9 8 7  crude o i l  imports into PADD s I and I I I  averaged 
about 4 2  percent low- sul fur crude oi l ;  waterborne import s des­
tined for PADD I I  averaged 45  percent l ow- sul fur c rude o i l . 
Assuming the los t import s are o f  s imi l ar mix , the imp l ied SPR 
low- su l fur c rude o i l  demand for PADDs I ,  I I , and I I I  wou ld be 9 5 0  
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TABLE 5 1  

SCENARIO 1 
PADD I I I  REF INERY ACCES S  TO SPR C RUDE OIL 

( Thou s ands o f  Barre l s  per Day)  

Pipe l ine Connected 

Sweeney , Texas 
Hou s ton / Texas City Area 
Beaumont / Port Arthur 
Lake Cha r l e s  Area 
St . Jame s Area 

P ipe l ine Tota l 

Mar ine Del ivery Only 

Corpus Chr i s t i  
LA Delta /New Orleans 
Mi s s i s s ippi 

Marine Only Total 

Total Acc e s s ible to SPR 

Refinery C apac ity 

1 7 5 
1 , 6 5 4  

9 9 0  
4 6 7  
5 3 6  

3 , 8 2 2  6 5 . 6 % 

5 3 8  
1 , 1 7 3  

2 9 5  

2 , 0 0 6  3 4 . 4 % 

5 , 8 2 8  1 0 0 %  

Note : PADD I I I  re finerie s with 2 , 3 7 4 MB / D  
capac ity have n o  direct acce s s  t o  e ither imported 
crude o i l  or SPR crude oil . The s e  re finer ie s 
wou ld be una ffec ted by a reduct ion in crude o i l  
imports . 

TABLE 5 2  

SPR LOW-SULFUR CRUDE OIL INVENTORY AND DELIVERY RATE S  

SPR 
Area 

Cap l ine 
Texoma 
S e away 

Low-Sul fur I nventory 
( Mi l l ions of Barrel s )  

1 8  
1 0 9  

6 5  

1 9 2  

% o f  To tal 3 5 %  

- 1 5 5  -

Average D e l ivery 
Rate ( MB / D )  over 9 0  Days 

2 0 0  
1 , 2 2 0  

7 1 5  

2 , 1 3 5  

6 0 %  



to 1 , 2 5 0  MB / D  depending on the qua l ity required to r ep l a c e  
p7oduct impor t s . Th i s  i s  we l l  within the over a l l  de l ivery capa­
C l ty . H oweve r , there are two areas that may requ i r e  spec i a l  
cons iderat ion : 

• L ow- sul fur c rude o i l  requ irements i n  the area s e rved by 
the S PR C ap l ine complex are l i k e l y  to exceed current 
d e l ivery capacity from that area by s u f f i c i e nt margin 
to require ac tion . The problem i s  r e s o l vabl e  b y  
real igning r ema ining imports and / or onshore s upp ly v i a  
t rade s . 

• PADD V- imported crude o i l  i s  l ar ge ly very l ow- s u l fur 
crude o i l  and c onden s ate that c annot be replaced in 
k ind from the SPR . Heavi er c rude o i l  ( e . g . , A l a s k an 
North S lope o i l )  c an be s ub s t i tuted i n  mo s t  c a se s , and 
the prac t i c a l  e f fect wou ld be s l ight l y  reduced r e f inery 
throughput and reduced gas o l ine yie ld . S ome l ow- s u l fu r  
res idual fue l o i l  production may a l s o  b e  l o s t . 

Sys tem Re sponse 

As ind i c ated above , the SPR production and d i s tr ibut ion 
faci l i t i e s  are c apab l e  of s upplying the fu l l  impo r t  shor t f a l l by 
direct replacement , but there are s ome c r i t i c a l  point s : 

• Rapid i n i t i at ion o f  SPR wi thdrawa l procedure i s  e s s en­
tial to minimi z e  di sruption . Re l e a s e  of SPR c rude o i l  
requires a pres ident ial dec l aration o f  a n  emergency . 
Such a de c l aration can be obtained within a day or two 
o f  a s upply interrupt ion . 

• P rompt ac tion to award SPR c rude o i l  volume to b idders 
and to provide e arly phy s i c a l  de l ivery of the c rude o i l  
i s  a l s o  c r i t i c a l . Under current po l ic y , b i d  reque s t s  
can and wi l l  be made immediate ly a f ter the emergenc y  
dec l aration . I n i t i al sh ipments o f  SPR c r ude o i l  can 
take p l ac e  with in 15 days o f  the pre s ident i a l  dec l ara­
t ion , and they can be incre ased to the fu l l  SPR d e l iv­
ery rate within 3 0  to 35 days . 

• D irect s upply i s  ine f f ic ient . I t  wou l d  resu l t  i n  ex­
pens ive c ro s s -h au l s  of crude o i l . I n  the ab s ence o f  
regu l a to ry barriers , potential transportat ion s avings 
wou ld provide opportun ities for c rude o i l  trad ing to 
reduce i ne f f i c ient crude o i l  movements . 

For the interim , unti l SPR crude o i l  c an b e  de l ivered to 
re fine r i e s , the s y s tem can r e ly on inven tory and the arr iv a l  o f  
in-tran s i t  imports . Tran s i t  times for imported c rude o i l vary 
cons iderably , a s  i l l u s tr ated by Tab l e  5 3 , but on average 1 2 -to-
1 6 -days ' supp ly of waterborne impor t s  is en route at any t ime . 
In a ma j or s tres s s i tuation , some ships might be d iverted by 
foreign s upp l iers , but i t  is reasonab l e  to a s sume that 1 0 -days ' 
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TABLE 5 3  

SOURCES OF MARINE-DELIVERED CRUDE O IL 
AND TRANS IT TIMES -- 1 9 8 7  

Latin Amer i c a  
Midd le E a s t  
Africa 
Europe 
S . E .  As i a  
Other 

Percent 
Supply 

3 2  
2 4  
2 5  

9 
6 
4 

Approx imate 
Trans i t  T ime 

( D ays )  

3 - 7  
1 4 - 3 5  
1 2- 2 0  
1 4 - 1 5  
2 0 - 3 0 

Variable 

1 0 0  Approx . 1 2 - 1 6  

supp ly from in-tran s i t  vo lume wou ld arr ive over a period o f  about 
a month a fter the event that interrupts imports . 

In Volume IV o f  thi s  s tudy , Petro leum I nventor i e s  and 
Storage ,  it i s  e s t imated that sys tem-wide crude o i l  inventor i e s  
totaled 5 4  mi l l ion barre l s  above min imum leve l s  required t o  main­
tain u sua l operation . Thi s  inventory leve l is bel ieved to be in 
the normal range . 

Overa l l , the crude o i l  available to br idge the per iod 
between import interruption and the arrival of SPR supp ly i s : 

In-Tran s i t  Supply 
Inventory Above Min . 

CURRENT CASE ( 1 9 8 7 )  
BRIDGING CRUDE OIL SUPPLY 

Mi l l ions o f  
Barre l s  

2 4  
5 4  
78 

Days ' S uppl y  o f  
I n te rrupted Imports 

1 0  
2 2  
32 

I f  acce s s ible , th i s  volume coupled with product inventory would 
be adequate to br idge the period unt i l  S PR s upp l i e s  begin to 
arr ive . However ,  the a s s umed import los s f a l l s  mo s t  heavi l y  on 
PADDs I and I I I , but no t much o t'  the indus try inventory cou ld be 
phys i c a l ly s h i fted to the s e  d i s trict s . 

Crude o i l  trad ing and exchange s c an provide the mechan i sm 
through which system-wide inventory c an be uti l i z ed a s  " br idging " 
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supply in PADDs I and I I I . For example , a port ion o f  the un­
interrupted import volume could be d iverted to PADD I .  ( Almo s t  
a l l  PADD I crude o i l  mus t  b e  mar ine de l ivered . )  S imi l a r ly , PADD 
I I I  re finers cou ld e f fe c t ive ly uti l i z e  Midwe s t  i nventorie s by 
temporar i ly d iverting c rude o i l  that would o th erwi s e  be shi pped 
north . Trading a l s o  provide s a mechan i sm for equ a l i z ing in the 
short term the d i f fer ing impacts of import l o s s e s  on individual 
re finers within a PADD . 

I n  the i n i t i a l  s tage s o f  a s tre s s  s ituation o f  thi s  magn i ­
tude , mo s t  re fine r s  who give u p  supply wou ld ins i s t  o n  r e turn o f  
a n  equal vo lume b y  a date certain . Unt i l  SPR vo lume s are awarded 
and s cheduled ( 1 3 to 1 9  days a fter import interruption ) , it wou ld 
be di fficult for PADD I or I I I  refiners to make a credib l e  c om­
mitment to repay t ime-traded crude oi l .  I t  i s  antic ipated that 
ful l  SPR d e l ivery rate w i l l  be attained within 3 0  to 3 5  days 
bec au s e  of the t ime required for buyers to arrange transporta­
t ion . However , DOE pro cedures would permit d e l iver i e s  in a s  
l i ttle a s  1 6  days t o  buye rs who provide f inanc i a l  guarante e s . 
Even mode s t  early d e l iveries would avo id a s ign i f icant " br idging " 
gap in supp ly . 

Direct replacement o f  l o s t  import s upply by s h ipment from 
SPR i s  feas ib l e , but economi ca l ly ine ffic ient . I t  woul d  r e s u l t  
in c o s t ly cro s s -hau l ing o f  crude o i l  and underut i l i z at ion o f  
low-co s t  p ipe l ine c apac ity . Over time , the norma l sys tem 
response to e conomic incentive would probably a lter the c rude o i l  
di s tr ibution along the fo l l owing l ines : 

• SPR sh ipments to PADD V wou ld be e ffective ly e l iminated 
by trading SPR crude o i l  for A l a skan North S lope crude 
o i l  that normal l y  would be shipped e as t . I t  mak e s  no 
economic s ense to tie up inventory and ships to move 
c rude o i l  to the We s t  Coast whi l e  equ ivalent crude o i l  
i s  b e ing sh ipped i n  the oppo s ite direct ion . 

• A portion o f  import volume d e s tined for PADD I I I  wou l d  
be traded for S PR crude o i l  ( or equivalent Gul f  Coas t  
s upply)  and d iverted to PADD I .  Th i s  woul d  reduce 
U . S . - flag sh ipments from the Gul f  to the E a s t  Coas t . 

• E xchange s among PADD re finers wou ld reduce c o s tly 
marine outhau l o f  SPR crude o i l  and would incr e a s e  
p ipe l ine d e l ive ry . 

Each o f  thes e  change s o f fers economic incent ive s l arge 
enough to s t imu l ate vigorous crude oil trad ing activity . Norma l 
sys tem re sponse woul d  be expected to improve d i s tr ibu t ion 
e ffic iency s ub s tant i a l ly with in a month or two after S P R  vo lume s 
were awarded and s cheduled . 

Mar ine Requi rements 

D e l ivery of SPR c rude oil wou ld impose add i t ional marine 
tonnage requirements . I n i t i a l ly , the incremental tonnage demands 
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could be qui te h igh , but tonnage requirements shou ld dec l ine 
quickly a s  trad ing and s upply realignment increase d i s tr ibution 
e ffic iency . No attempt was made to e s t imate max imum requ i re­
ments , but they are expected to exceed surplus U . S . - f l ag c apa­
c ity . Foreign- flag tonnage is currently in long supply , and 
inte rrupt ion of U . S .  imports would make the surp l u s  even l arger . 
Jones Act waivers wou ld be nec e s s ary to a l low foreign- f l ag 
ve s s e l s  to trade between U . S .  ports . 

I t  i s  be l ieved tha t the U . S .  Maritime Admin i s tration wi l l  be 
prepared to move qu ickly to grant Jone s Act wa iver s  on a c a se -by­
case ba s i s  and to wi thdraw waivers as the d i s tr ibut ion patterns 
reoptimi z e . 

Replacement of Product Imports 

The a s sumed inte rruption of product supp l i e s  o ffers a le s s  
immediate probl em than interrupt ion o f  crude o i l , bec au s e  the 
volume s are smal l  rel ative to total demand , and because product 
inventory is relat ive ly l arge . ( On a national bas i s , the l o s s  is 
equivalent to 1 . 2  days product supp ly per month . )  

Tabl e  5 4  shows the mix o f  product imports into PADDs I and 
I I I . Option s  for replac ing the produc t  vary accord ing to wh ich 
product s  were actual ly reduced . Among the options are : 

• Add i t ional u.s. Crude Oil  Run s  -- The produc t mix 
includes a h igh percentage of r e s idual fue l o i l  and 
unf ini shed o i l s  typical of s impl e  topping c apac i ty . 

TABLE 5 4  

MIX OF PADD I AND PADD I I I  PRODUCT IMPORTS 
( Thous and s o f  B arre l s  per Day ) 

Total 
PADD I PADD I I I  Vo l .  

Gasol ine 3 4 0  1 6  3 5 6  
D i s t i l late * 2 9 0  1 7  3 0 7  
Un fini shed /Other 2 4 7 3 2 8 5 7 5  
Re s idua l  Fue l O i l  5 2 7  2 7  5 5 4  

1 , 4 0 4  3 8 8 1 , 7 9 2  

* I nc ludes keros ine and j et kero s ine . 

Source : E IA ,  Petro leum S upply Annu a l , 1 9 8 7 . 
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The industry has s pare capacity o f  this type . Replace­
ment o f  1 5 0  to 2 0 0  MB /D ( 2 5 to 30  percent ) of  the l o s t  
product could c ome from dome s t i c  re finerie s ,  i f  
econom i c s  are favorab le . 

• F oreign Purch a s e s  or Proce s s ing - - There i s  a subs tan­
tial surplus of fore ign re finery c apac i ty . I t  shoul d  
be po s s ib l e  t o  repl ace e s s ent i a l ly a l l  the los t imports 
via real igned purch a s e s  ( i f  crude o i l  is ava i l ab l e  in 
wor ld marke t s ) or by proce s s ing U . S .  crude oil s upply 
in fore ign re fineries . Export of u.s. crude o i l  re­
quire s government approval . However , i t  woul d  be 
fe as ible and probab ly economic a l  to d ivert a port ion o f  
rema ining imported crude o i l  vo lume t o  fore ign re fin­
eries and run SPR crude oil in U . S .  re f iner ie s . 

Future Case  ( 1 9 9 2 )  

I n  thi s  c a s e , the a s s umed reduction in import vo lume i s : 

Crude O i l  
Produc t 

Total 

3 , 5 5 5  MB / D  
9 4 5  MB / D  

4 , 5 0 0  MB / D  

A s  shown i n  Tab le 5 5 ,  the SPR del ivery c apac ity i s  pro j ec ted 
by DOE to be 4 , 5 0 0  MB / D , up 9 3 0  MB / D  from current d e l iverab i l i ty .  
I t  was a s s umed that SPR withdrawal would be at max imum rate s to 
make crude oi l avai l able for dome stic or fore ign proce s s ing to 
rep l ace los t product imports .  At maximum capac ity , SPR wou l d  be 
abl e  to supply enough crude o i l  to provide fee d s tock for a l l  the 
l o s t  product imports . 

SPR 
Complex 

Cap l ine 
Texoma 
Seaway 

TABLE 5 5  

1 9 9 2  SPR DELIVERY CAPAC I TY 
( Thous ands o f  Barr e l s  per Day)  

Maximum 
Wi thdrawal 

1 , 0 7 0  
2 , 1 8 0  
1 , 2 5 0  

4 , 5 0 0 

Max . D e l ivery Via 
P ipe l ine * Marine 

1 , 0 7 0  
4 5 0  

1 , 0 0 0  

2 , 5 2 0  

6 3 5  
1 , 7 7 0  

7 5 0  

3 , 1 5 5  

*E s t imated . 
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Marine del ivery rates remain a pote nt i a l  bottleneck . As 
shown in Table 5 6 , a fter deduct ing c apac i ty ded i cated to PADD I ,  
PADD V ,  and o ffshore product backup , there woul d  be about 1 , 3 6 0  
MB /D o f  SPR marine-de l ivery c apac ity remaining . About 3 4  percent 
o f  PADD I I I  re finery capacity that 'can phy s i ca l ly rece ive SPR 
crude oil  i s  not pipe l ine connected and requires  marine del ivery . 
I f  SPR requirements for the se p lants are reasonably proport ional 
to c apac i ty , marine-del ivery requirements woul d  be about 7 4 0  
MB /D , leaving roughly 6 2 0  MB /D o f  spare terminal capac ity . 

TABLE 5 6  

FUTURE CASE ( 1 9 9 2 )  
DELIVERY CAPAC ITY FROM S PR 

( Thou s ands o f  B arre l s  per Day )  

Del ivery Method 

C apacity * 

Required For 

PADD I 
PADD I I  
PADD V 
O ffshore Product 

Subtotal 

Avai l able for PADD I I I §  

P ipe l ine 

2 , 5 2 0  

4 0 5  

4 0 5  

2 , 1 1 5  

Marine 

3 , 1 5 5  

7 6 5  

2 1 0  
8 2 0  

1 , 7 9 5  

1 , 3 6 0  

*Limited to a maximum wi thdrawa l rate o f  4 , 5 0 0  MB /D . 

§
Limited to remaining ava i lab i l ity o f  2 , 1 7 5  MB / D . 

Crude O i l  Qua l i ty 

Current SPR p l an s  c a l l  for a mix o f  low- and h igh- s u l fur 
crude o i l s  as shown in Tab le 5 7 .  Crude o i l  backup to replace 
lost product import s  wou ld be predominantly sour crude o i l , leav­
ing sweet ( low- s u l fur ) supp l i e s  for U . S . r e f i ne r s . Pro j ec ted S PR 
c apac ity wou ld a l low up to 6 9  percent o f  S P R  de l iver i e s  to u . s .  
re fineries t o  be low-s u l fur crude o i l . Th i s  leve l i s  proj ec ted 
to be adequate . D e c l ining u . s .  swe e t  crude o i l  product ion is 
expec ted to be par t i a l ly o f fset by improved s u l fur-handl ing 
c apabil ity of U . S . re finerie s .  
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Cap l ine 
Texoma 
Se away 

% o f  Tot a l  

TABLE 5 7  

S P R  CRUDE OIL MIX - - 1 9 9 2  
LOW- SULFUR INVENTORY 

Volume 
(Mi l l ions o f  Barre l s )  

3 4  
1 8 1  

6 6  

2 8 1  

3 7 %  

Sys tem Response 

Approx . D e l ivery 
Rate ( MB /D )  

3 7 8 
2 , 0 1 1  

7 3 3  

3 , 1 2 2  

6 9 %  

D i rectiona l ly , the system re spon s e s  wou ld b e  s imilar to 
thos e  o f  the current c a se , but the probl em of " br idging " prior 
to arr ival o f  SPR s upp l i e s  i s  more d i fficu�t . The s ys tem-wide 
supply ava i lable to c over the first 3 0  to 3 5  days a fter import 
interrupt ion is shown below : 

I n-Trans it 

FUTURE CAS E  ( 1 9 9 2 )  
BRIDGING CRUDE OIL SUPPLY 

M i l l ions o f  
B arre l s  

Days ' Supply o f  
Inte rrupted Imports 

Inventory Above Min . 
3 6  
5 5  
9T 

1 0  
1 5  
25 

Even i f  a l l  the avai l ab l e  sys tem inventory c ou ld be uti­
l i zed , U . S .  re f inery output would be reduced by 20  to 40  mi l l ion 
barre l s  unl e s s  s igni fi c ant " early de l ivery " volume s are ava i l ­
able . Import los s e s  woul d  fall  mos t  heav i ly on PADDs I and I I I . 
Drawdown o f  produc t inventorie s would reduce the impact on con­
sumers , but the l o s t  re finery production would mean a longer and 
more d i fficult recovery period a fter SPR supp l i e s  become 
ava i l able . 

I n  thi s  c a s e , accelerated de l ivery o f  SPR c rude o i l  would 
become a very important fac tor in  reduc ing the " br idging '' prob­
lems of PADDs I and I I I . Current procedure s appear to be ade­
quate , but government agenc ie s should be prepared to act very 
quickly to award and s chedu le SPR crude o i l  in the minimum per iod 
and to provide the waive rs nece s s ary to arr ange transportat ion . 
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Product inventories  are adequate to avo id consumer shortage s 
during the br idging per iod , but they would have to be e f fective ly 
tran s l ated to PADDs I and I I I  through trading and s upply real ign­
ment . 

Replacement of Product Imports 

There is enough SPR c apac ity to cover a l l  of the l o s t  
product imports .  The crude o i l  equivalent coul d  be re fined in 
either u. s. or fore ign re finerie s . 

SCENARIO 2 :  COLDER-THAN-NORMAL WEATHER 

A severe winter weather scenar io wa s a s s e s sed to determine 
s tre s s e s  that may re sult if temperature s average 1 0  percent 
colder than norma l for 9 0  days , or 20 percent co lder than norma l 
for 3 0  days , acro s s  the nation . Over the pas t  5 7  year s , f ive 
winters have met the former criterion , and s even have met the 
latter , with the mo s t  recent in December 1 9 8 3 , when heating 
degree days totaled 2 2  percent h igher than normal . 

Summary and Conclus ions 

A combinat ion of inventory drawdowns and various re supply 
alternatives would be abl e  to meet system demand under e ither 
pos s ibi l i ty for s evere winter weather , both at present and by 
1 9 9 2 . The natural gas d e l ivery sys tem wou ld be abl e  to mee t  a l l  
res idential and commer c i a l  demands made o f  i t , but could c urta i l  
some ut i l i ty and indus trial users  at the he ight o f  the s evere 
wea ther , with more wide spread curtai lments po s s ib l e  in 1 9 9 2  than 
today . Natural ga s s torage volume s and peak- shaving capab i l it i e s  
are ful ly uti l i zed , con s i s tent with h i s toric a l  experience , in 
either c a s e  in thi s  scenario . However ,  a marg in of flexibi l ity 
exists on the o i l  s ide , where the extra demand can be me t by 
higher output of fue l o i l s  and LPG , h i gher rate s of s tock dep l e ­
t ion , or h igher imports . The supp l ie s  o f  d i s t i l late and re s idua l 
fue l oi l s  shou ld be adequate to serve a l l  o i l -heating demand 
(which amount s  to cons iderably l e s s  than gas -heating demand ) and 
to s erve the curta i l ed indu s trial  and u t i l ity ga s consumers with 
fue l-switch ing capabi l ity . The more s evere 3 0 -day , 2 0 -percent­
co lder scenario cou l d  pose more of a cha l lenge in 1 9 9 2  i f  it 
occurs in March instead of January . I n  this hypothet i c a l  c a s e , a 
conce ivabl e  though improbabl e  combination o f  l ow s tocks in the 
Northea s t  and l ow p ipel ine movements into that region at the 
beginning o f  the cold snap could result in unu s u a l , h i gher cost  
operating procedur e s  and cus tomer s tockdraws for up to two week s . 
By 1 9 9 2 , more inve s tment in natura l gas d e l ivery capab i l ity may 
be nece s s ary to maintain the system ' s  abi l ity to deal  with such a 
late - s e a son , s uper-cold-weather scenar io . 

The point o f  s evere s t  s tre s s  in e i ther form o f  thi s  s cenario 
i s  natural gas de l iverab i l ity to and within the E a s t  C o a s t  region 
( PADD I )  . To provide more flexibi l ity to the winter energy 
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del ivery system ,  it would be nece s s ary to bui l d  more g a s  p ipe­
lines  to F lorida and i nto the New Engl and states now , and perhaps 
to reac tivate LNG c apac i ty for the Mid-Atl antic s ta t e s  by 1 9 9 2 . 
Pro j ec t s  to provide the needed c apac ity have a l re ady been pro­
pos ed to the Federal Energy Regul atory Commi s s ion ( FE RC )  by com­
panies  wishing to bui l d  the l ines , and as o f  now , they could be 
completed by 1 9 9 2  if permits are not de l ayed by l i t igation . 
As suming they are c omp l e ted by that time , no natural gas c urta i l ­
ments a r e  for e s een i n  e ither c a s e  i n  thi s s cenar io , and l ikewi se , 
no heating-oi l  d e l ivery s tre s s e s  should b e  e xperienced . 

In thi s  s c enario , price s for heating o i l  wou l d  r i s e  in areas 
requirin g  addi t ional s upp l i e s , due to the h igh rate of s tockdr aw . 
In the 3 0 -day , 2 0 -percent-co lder case , the price r i s e  woul d  tend 
to s low premature withdrawa l s  of pr imary sys tem inventor i e s  and 
to encourage drawdown of secondary and terti ary inventor i e s .  In 
the 9 0 -day , 1 0 -percent-co lder case , heating o i l  pr i c e s  may r i s e  
at fir s t  t o  conserve pr imary inventori e s , but wou ld then s ettle 
to a sma l l  d i f ferent i a l  above other location s , whi ch woul d  be 
suffic ient to bring in the needed add i t ional s upp l ie s . It shou ld 
be noted that many h e at ing oi l cus tomers woul d  e scape paying 
higher price s during the s evere cold , s ince many consume r s  need 
to repleni sh supply only two or three t ime s i n  a winter s e as on 
and can exerc i s e  s ome contro l over when to buy . 

Some very temporary intra-PADD fue l o i l  d e l ivery d e l ay s  
could r e s u l t  from unusual events o r  freak i sh weather re lated to 
the cold . Such de lays wou ld be loc a l i z ed and quickly r e s olvab le . 

A s s umptions for Ana lys i s  

The analy s i s  o f  th i s  s c enario a s s ume s the e x i s te nc e  o f  the 
pre sent free mark e t  for o i l  products within the Uni ted S ta te s , 
where o i l  product pri ce s  act a s  powe r fu l  s igna l s  o f  r e l ative 
regiona l needs for p roduc t  vo lume s . In the c ompet i tive o i l  
market , rate s o f  re f ined product output , imports , and s tock 
accumu l ation and depletion a lways respond to pr i c e s , which r i s e  
or f a l l  a t  any one locat ion with ris ing o r  fal l ing demand . 
Re latively sma l l  price spreads are su f f i c i ent to move fue l o i l  
volume s whe re they are mos t  urgently needed . Furthermore , per­
s i s tent or re l ative l y  sharp price spreads provide both the s ignal 
that more inve s tment in de l ivery capac i ty i s  needed , and the 
financ ia l  incentive to make that inve s tment . 

Potential  1 9 8 8 and 1 9 9 2  winter natural gas demand by s ector 
and increment a l  increa s e s  in demand , attributable to each form o f  
the s evere-winter-weather s cenario , are s hown i n  T ab l e  5 8 . 

Corresponding potential January 1 9 8 8  and 1 9 9 2  demands for 
d i s t i ll at e , res idual fue l o i l , and LPG ( which inc lude s propane ) , 
exc luding fue l switch ing vo lume s for curtailed ga s cus tomers , are 
s hown in Table 5 9 . 

The periods used for the 9 0 -day , 1 0 -percent-co lder c a s e  are 
December 1 9 8 7  through F ebruary 1 9 8 8  and Decembe r  1 9 9 1  through 
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TABLE 5 8  

* u.s. NATURAL GAS DEMAND 
( Mi l l ion Cubic Feet per Day) 

Average 1 0 %  2 0 %  
Day Colder

§ 
Co lder 

January 1 9 8 8  

Re s ident i a l  2 7 , 3 1 8  2 9 , 6 2 8  3 1 , 9 3 9  
Comme rc i a l  1 3 , 3 1 4  1 4 , 3 3 1  1 5 , 3 4 9 
Industrial 1 7 , 7 7 5  1 7 , 7 7 5  1 7 , 7 7 5  
Electric U t i l ity 5 , 3 3 1  5 , 3 3 1  5 , 3 3 1  

January 1 9 9 2  

Re s idential  2 4 , 9 3 9  2 7 , 0 5 2  2 9 , 1 6 6 
Commerc ial  1 3 , 2 5 4  1 4 , 2 7 1  1 5 , 2 8 8  
Indu s tr ial 2 2 , 3 1 3  2 2 , 3 1 3  2 2 , 3 1 3  
Electric U t i l ity 7 , 1 8 2  7 , 1 8 2  7 , 1 8 2  

* 
Exc lude s l e a s e  and plant fue l and pipe line fue l . 

§
Average for December , January , and February . 

TABLE 5 9  

u.s. PETROLEUM DEMANDS 
( Thou sands o f  Barre l s  per Day ) 

1 0 %  2 0 %  
Normal Co lder * Colder 

January 1 9 8 8  

D i s t i l l ate 3 , 5 1 7  3 , 6 1 4  3 , 7 0 9  
Re s idua l  Fue l O i l  1 , 5 7 8  1 , 6 5 7  1 , 7 4 6  
LPG 2 , 0 6 9  2 , 1 0 3  2 , 1 1 2  

January 1 9 9 2  

D i s t i l l ate 4 , 0 6 5  4 , 0 8 1  4 , 2 5 0  
Re s idua l Fue l Oi l 1 , 8 4 0 1 , 8 8 4  2 , 0 4 0  
LPG 2 , 1 1 2  2 , 1 5 4  2 , 1 5 4  

*Average for Decembe r ,  January , and F ebruary . 

Source : EIA analys is . 
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F eb ruary 1 9 9 2 . S ince the winter o f  1 9 8 7- 1 9 8 8  was about normal ,  
the a s sumed demands for natural gas and o'i l  in the co lder-than­
normal c a s e s  are cons iderably above actual demands for that 
period . For the 3 0 -day , 2 0 -percent-co lder c a s e , January 1 9 8 8  and 
January 1 9 9 2  are u s e d . I t  is as sumed that a l l  s ec t ions of the 
country exper i ence the s ame proport iona l ly severe weather ( a  very 
unl ike ly occurrenc e )  . 

I t  a l so i s  a s s umed that none o f  the probl em s  addre s se d  by 
the other s cenarios occur in thi s  scenar io . S pec i f ic a l ly , there 
are no s imul taneous d isruptions in o i l  imports ,  TAPS crude o i l  
del ivery , o r  ga s imports from Canada , etc . Furthermore , no 
unu sual ly l arge amount o f  re finery capac ity i s  a s s umed to be 
temporarily shut down . F inally , no s erious produc t p ipe l ine 
prob lems are a s sumed in the continental United S tates , and a l l  
typ i c a l ly ice- free Atlant ic ports are a s s umed t o  rema in open , 
with norma l ope rations . 

I n  add it ion , norma l peak winter natural ga s s upply was 
a s sumed to be reduced by 1 0  percent , re flecting the adver s e  
e f fects o f  the s evere weather . However , g a s  s torage fac i l it i e s  
are a s sumed t o  b e  ful l  at the beginning o f  the he a t ing s e ason , 
which i s  normal ga s indus try practice . G a s  s torage capac i ty i s  
the mos t important re source avai l able for mee t ing abnormal 
weather-re lated demand . 

Analys i s 

United S tate s - - Pre sent C a s e s  

Looking at the c a s e s  o f  thi s s cenario from a national per­
spect ive f i r s t , there doe s not appear to be any prob l em in mee t­
ing pre s ent co lder-than-norma l winter o i l  and g a s  d emand s in 
e ither c a s e . The gas pipe l ine sys tem has s u f f i c i e nt c apac i ty at 
pre s ent to s erve a l l  demands without curtai lmen t s  in a l l  regi on s 
except F lor ida , whe re some curtai led ut i l ity demand wou ld h ave to 
be served by res idual fue l o i l  in e ither case in the s cenario . 
That amount s hou ld be relative ly sma l l  ( in the order o f  2 0 MB / D ) , 
and e a s i ly f i l led by drawing on uti l ity inventor i e s  and by l ater 
increas ing re s idual fuel imports to replenish thos e  inventorie s . 

National demands for fue l o i l  in s everely cold weather a l s o  
should b e  met e a s i l y , a t  pre s ent . For the 3 0 -day , 2 0 -percent­
colder c a s e , the f i r s t  s upply s ource wou ld be the drawdown o f  
primary inventor i e s . Oi l compan i e s  bui ld pr imary invento r i e s  o f  
d i s t i l l ate fue l prior to the winter heating se ason , and the 
lowe s t  recent s tock l eve l  at the beginning of January wa s 1 2 3 . 5  
mi l l ion barre l s  in 1 9 8 9 . S ince the NPC e s t imate s d i s t i l late 
minimum operat ing inventorie s to be 8 5  mi l l ion barre l s , primary 
inventory draw in January cou ld theoretica l ly r i s e  as h igh as 1 . 5  
MMB / D , though in practice o i l  compan i e s  wou ld not want d i s t i l l ate 
inventor i e s  to fa l l  to min imum leve l s  in advance o f  F ebruary and 
March heat ing demands . There fore , a bri e f  per iod o f  excep­
tiona l ly heavy pr imary inventory drawdowns wou l d  pu sh d i s t i l l ate 
price s up , which would s l ow the draw on primary s tocks and induce 
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companie s e i ther to incre a s e  d i s ti l l ate product ion and / or to 
increase impor t s . D i s t i l l ate yield from re f inery crude o i l  runs , 
and the amount o f  crude o i l  run at re fine r i e s ,  c an both be in­
creased substant i a l ly within two weeks . Incre a s ed imports o f  
d i s t i l late take two weeks to reach the North e a s t  from Rotterdam . 
As shown in Tab l e  6 0 , a combination o f  h i gh ( but not max imum ) 
recent amounts from e ach supply source more than covers the 
e s timated demand for d i s t i l l ate fue l for the 3 0 -day , 2 0 -percent­
colder case . 

* 

TABLE 6 0  

U . S .  SUPPLY POS S I B I L I T I E S  
O F  D I S TI LLATE FUEL OIL 

( Thou sands o f  Barre l s  per Day)  

3 0 -Day Case  - 2 0 %  Co lder 

Demand 

Re f inery Output 
Imports * 
S tock Draw§ 

Potential Supply 

D i s t i l l ate 

3 , 7 0 9  

3 , 3 0 0  
4 0 0  
7 9 0  

4 , 4 9 0  

Re flects a mode s t  import rate in the f i r s t ha l f  o f  month , 
max imum imports in s econd hal f .  

§
Based on h i s torical per formance .  

In T able 6 0 , the d i s t i l l ate output figure i s  b a s e d  on 
recent , maximum , monthly crude o i l  runs , and the recent maximum 
d i s t i l l ate yield , ad j u s ted downwards s l ightly to r e f l ec t  l e s s  
than maximum production a t  the beginning o f  the mon th . The 
imports figure is based on modest ( 2 0 0  MB / D )  import s  at the be­
ginning of January and very h igh ( 6 0 0  MB / D )  imports in the l a s t  
hal f o f  the month . The s tockdraw i s  b a s ed on the d i fference 
between the recent , lowe s t , ob s erved , end-o f-February inventories 
and the NPC- e s t imated minimum operat ing inventory . Th i s  s tock­
draw rate was cho sen s ince it is appl icable both to a late­
season , extreme cold snap in March , and to an extreme ly c o ld 
January . 

For re s idual fue l o i l ,  the fir s t  source o f  extra supp ly for 
the 3 0-day , 2 0 -percent-co lder case a l s o  woul d  be a h i gher rate o f  
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s tockdraw . Re s idu a l  fue l o i l  primary inventorie s have not re­
cently demonstrated a s ys tematic bui ld for the winter s e ason , but 
have he ld we l l  above the NPC e s t imated min imum operating inven­
tory l eve l throughout e ach recent winter . As  with d i s ti l l ate , i f  
a higher than d e s irable s tock drawdown rate occur s , pr ice s wi l l  
r i s e  t o  induce greater output and imports o f  r e s idu a l  fue l o i l . 
Re s idua l fue l o i l  output could r i s e  to high leve l s  within two 
weeks , whi le imports could r i s e  to high leve l s  a fter two weeks , 
due to trans it t ime s from Europe . 

T ab l e  6 1  deta i l s  the s upply calculat ions for r e s idual fue l 
o i l  for the 3 0 -day , 2 0 -percent-colder case . Once aga in , the re­
finery output repr e s ent s a sma l l  decrea s e  from a c ombination o f  
maximum observed , recent , crude o i l  run rates and maximum ob­
served res idual y i e l d s . Thi s re flects product ion r i s ing to a 
h igh rate quick ly , a fter be ing low initia l ly .  Imports shown in 
the table repre s ent a mod e s t  initial rate and a very h i gh rate in 
the s econd ha l f  of the month . The s tockdraw rate re flects  the 
d i f ference between the recent lowe s t  e nd - o f- February re s idual 
fue l o i l  inventor i e s  and the NPC e s timate of minimum operat ing 
inventory . 

As a general rul e , deal ing with the 9 0 -day , 1 0 -percent­
co lder c a s e  is  l e s s  d i f ficult for the oil indus try , if i t  c an 

* 

TABLE 6 1  

U . S .  SUP PLY POS S I B I L I T I E S  
O F  RES IDUAL FUEL O IL 

( Thou s ands o f  Barr e l s  per D ay )  

3 0 -Day Case - 2 0 %  Co lder 

Demand 

Re f inery Output 
Imports * 
S tock Draw§ 

Potential Supp ly 

Re s idual 

1 , 7 4 6  

1 , 1 0 0  
8 5 0  
1 7 0  

2 , 1 2 0  

Re flects  a mod e s t  import rate in the f i r s t  ha l f  o f  month , 
maximum impor t s  in s econd hal f .  

§
March , or l ate heat ing s eason , s tockdraws , based on the 

d i f ference between recent , lowe s t , observed , end-o f-February 
inventories  and NPC e s t imate of minimum operating inventory . 
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dea l  with the 3 0 -day , 2 0 -percent-co lder c a s e . The d a i ly demands 
to be me t are lower , and there is more t ime to br ing extra output 
and imports on l ine . Once again , the f i r s t  re spons e  to increa sed 
demand wou ld be a h igher rate o f  drawdown of d i s t i ll ate and re­
s idua l inventori e s . After one week , re finery output cou ld b e  
increased s igni f ic antly , and a fter two week s  impor t s  c ou l d  r i se 
to a h igh rate . The s upply calcu lations for b o th fue l s  a re 
detai led in Table 6 2 . 

* 

TABLE 6 2  

U . S .  SUPPLY POS S I B IL I T I E S  
O F  D I STILLATE AND RES IDUAL FUEL O I L S  

( Thou s ands o f  B arre l s  p e r  Day) 

9 0-Day Case  - 1 0 %  Co lder 

D i s ti ll ate Res idu a l  

Demand 3 , 5 4 6  1 , 6 5 7  

Re finery Output * 3 , 4 0 0  1 , 1 5 0  
Maximum Import s § 6 0 0  1 , 1 5 0 
S tock Draw� 3 5 0 1 3 0  

Potential Supp ly 4 , 3 5 0  2 , 4 3 0  

Recent obs erved h igh yield and h igh c rude o i l  run leve l . 

§
B a s ed on h i ghe s t  import vo lume in four-year period 

( 1 9 8 4- 1 9 8 7 )  and weekly import data . 

�Maximum average 9 0 -day rate for l owe s t  recent Decembe r  1 
inventory leve l to minimum operating inven tory . 

In Tab l e  6 2 , the s tockdr aws for e ach fue l are s igni fi c antly 
lower than in the 3 0 -day , 2 0 -percent-colder c a s e , s ince they are 
based on a drawdown of inventories  from the l owes t  recent ob­
served beginning-of-December leve l to min imum operating inventory 
over 9 0  days . Actual ly , the s tockdraw at the beginn ing o f  the 
co ld weather is l ik e ly to be s ub s tant ial ly greater , and thi s  
would induce higher output s  and impor t s  t o  s low o r  reve r s e  the 
drawdown . The output f igure s shown are c omb inations o f  the 
highe s t , recent , obse rved c rude o i l  runs and the h i ghe s t , recent , 
observed yields from crude o i l  for each fue l , wh i l e  the imports 
shown in the tab l e  re flect very high , recently obs erved import 
rate s . 
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Obvious ly , in e i ther c a s e , there would be more than enough 
supp ly to mee t  the demand , so s ome mix of suppl y  options woul d  be 
used . What that mix would be is impo s s ib l e  to determine , s ince 
each of the many o i l  companies  would choo s e  the lowe st - c o s t  mix 
of source s  g iven its own s tock l eve l s  and ava i lable product ion 
and transportat ion inve s tments . 

LPG heating demand a l so would be a ffected by co lder- than­
norma l temperatures . The particul ar l ique f ied gas used for 
heating and other household purpo s e s  is propane , which a l s o  is 
used extens ive ly as a petrochemical feeds tock . It is a s s umed 
that in very cold weather , adequate propane s impl y  wou l d  be bid 
away from petrochemical use , with other gas l iquids , naphtha , and 
gas o i l  s ub s t i tuting for the mi s s ing propane . Addi t iona l ly , the 
s tock drawdowns and incre a sed imports could h e l p  to cover the 
added co l d-weather propane demand . 

Regional Demands -- Current Cas e s  

There a l s o  shou ld b e  no problem mee t ing the demands o f  any 
of the PADDs in s evere winter weather . I n  PADDs I I ,  I I I , IV , and 
V ,  the fue l o i l s  s imp ly are not very intens ively u s e d  for h e a t­
ing , and the s e  d i s tr i c t s  o ften have h igher summer demands for 
d i s t i l l ate and r e s idua l fue l . Al s o , the ir r e finery outputs o f  
the fue l o i l s  equal o r  exceed the i r  typical winter consumptions . 

PADD I pre sents  the mos t  complex s upply s i tu at ion . I t s  
re f inery output o f  d i s t i l l ate and re s idu a l  fue l o i l  c ou ld cover 
only about one - fourth of its winter fue l o i l s  demand , which c an 
r i s e  to about twic e  i t s  summer d i s t i l l ate and res idu a l  demand . 
Heating consumption o f  d i s t i l l ate and r e s idual fue l o i l i s  very 
heavy in PADD I ,  and though pr imary inventories  with in the PADD 
a l s o  tend to be qu ite l arge , fue l o i l  import s and inter-PADD 
movements ( mo s tl y  from PADD I I I )  p l ay a very l arge role in meet­
ing winter heat ing demands . 

I n  the 3 0 -day , 2 0 -pe rcent-co lder c a s e , s upp ly options wou ld 
cover expected d i s ti l l ate demand of about 1 . 8  MMB / D  early in the 
heat ing s ea s on with no problem , as deta i l ed in T ab l e  6 3 . Even a 
qui te mod e s t  l eve l o f  s tocks at that t ime wou ld cover an ave­
rage 1 MMB / D  s tockdraw , and a h igher s to ckdraw rate wou l d  be the 
f i r s t  supp ly s ource u s ed . Output could be r a i s e d  to recent h ighs 
quickly , with in two weeks , wh i l e  extr a  imports woul d  a l s o  take 
two weeks to reach Atl antic harbors , and both wou ld occur i f  a 
heavy s tockdraw boo s ted d i s t i l late price s in PADD I relative to 
other area s . Mo s t  inter-PADD d i s t i l l a te fue l arrive s v i a  p ipe ­
l ine from PADD I I I  in 1 5  to 2 6  days , so extra inter-PADD s upply 
wou ld arr ive only i n  the l a s t  third of the month . 

A l a te - season , s evere cold s nap wa s c on s idered a source o f  
potential problems , s o  the March s upply-demand b a l ance i s  a l s o  
examined i n  det a i l  i n  Table 6 3 .  March heating demand for d i s ­
t i l late wou ld be s ignif icantly lower , even i f  the we ather were 
2 0  percent colder than normal . Stocks a l s o  would be lower , 
al lowing only a more mode s t  s tockdraw . However ,  with March 
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* 

TABLE 6 3  

PADD I SUPPLY POSS I B IL IT I ES 
OF D I S T I LLATE FUEL OIL 

( Thou s and s o f  Barr e l s  per Day ) 

3 0 -Day Case - 2 0 %  Colder 

Demand 

Re finery Output * 
Import s § 
S tock Draw� 
Net I nter-PADD Re ceipts * *  

Potential  Supp ly 

Recent observed high value . 

D i s t i l l at e  
January 

1 , 8 3 0  

4 0 0  
3 5 0  

1 , 0 0 0  
7 0 0  

2 , 4 5 0  

D i s t i l l ate 
March 

1 , 5 8 0  

4 0 0  
3 5 0  
3 5 0  
7 0 0  

1 , 8 0 0  

§
H a l f  recent low , ha l f  recent h igh , re flec t ing Rotterdam­

New York two-week trans i t . 

�
Based on the d i f f erence between recent , l ow ,  

beginning-o f-month l eve l and minimum operating inventory . 
* * 

Recent low value for the firs t two - thirds o f  the month , 
recent high for the l a s t  one -th ird o f  the month b a s ed on 
Hous ton- to-New York C i ty p ipe l ine time . 

demand be ing so much lower than January demand , the d i s t i l late 
supp l ie s  avai lable comfortably exceed demand even in thi s  l ate 
season case . I f  gas curt a i lments re sul ted in s ig n i fi cant 
purcha s e s  of d i s t i l l ate for repl acement fue l , s upply wou ld become 
somewhat tighter but s t i l l  should po se no prob l em . P r i c e s  would 
r is e  a few cents a g a l l on over other are a s  of the country and /or 
over Europe to bring forth the needed supp l i e s . 

In a pure ly hypothetical case o f  unusua l ly low prima ry in­
ventorie s at the beginning o f  a severe co ld snap , d i s t i l la te 
prices in PADD I woul d  incre a s e  enough to cause buye r s  with 
inventorie s on-hand to delay added purch a s e s  and draw down the ir 
inventories instead . Uti l i t i e s  and many indu s t r i a l  u s e r s  main­
tain s i z eable inventories  agains t such a po s s ib i l i ty . Secondary 
fue l oi l s e l lers could a l s o  be induced to d e l ay pr imary pur­
cha s e s , and cou ld cons erve the ir own inventor i e s  by d e l ive r i e s  
t o  heating cus tomer s  o n  a n  " as needed " bas i s , in sma l l  incre­
ments . Though i t  r a i s e s  operating expense s  cons iderab ly , ma j or 

- 1 7 1  -



compan i e s  can even draw primary inventorie s 5 to 1 0  percent b e l ow 
the ir min imum operating inventory leve l s  for short period s . I n  
add i t ion , it i s  l ikely that the price spike wou l d  induce s up­
p l ie r s  to make s ome u s e  o f  truck s and rail to move sma l l  extra 
vo lume s into PADD I qu ickly . S ince i t  is  very un l ik e l y  that net 
inter-PADD rece ipt s and imports wou l d  be low when pr imary inven­
tor i e s  are l ow ,  th i s  hypothe tical wors t  c a s e  i s  no more than an 
academic pos s ib i l i ty . 

I n  the 3 0 -day , 2 0 -percent-co lder c a s e , there wou ld be no 
problem meet ing January r e s i dual fue l o i l  demand , as det a i l ed in 
Table 6 4 . Re s idual supp l i e s  late in the heating s ea son , when 
inventor i e s  c an be s ubstant i a l ly lower , woul d  be more mode s t ,  but 
demand also wou ld be a great deal lower . No t i ghtne s s  wou l d  de­
ve l op even if inventories  were a s  low a s  they were at the end o f  
February 1 9 8 7 , and i f  import s l ikewi s e  began the month near re­
cent winter lows . I f  for any re ason res idual fue l inventor i e s  at 
the beginning o f  a cold s nap were unusually and s ever e l y  low , the 

* 

Demand 

Re f inery 
Imports § 

TABLE 6 4  

PADD I SUPPLY POSS I B IL I T IES 
OF RES IDUAL FUEL O IL 

( Thou s and s  o f  Barr e l s  per D ay )  

3 0 -Day Case  - 2 0 %  C o lder 

Res idua l 
January 

1 , 1 4 0  

Output* 2 0 0  
8 0 0  

S tock Draw� 2 7 5 
Net I nter-PADD Rece ipts * *  2 5  

Poten t i a l  Supply 1 , 3 0 0  

Recent obs erved high value . 

Res idual 
March 

8 8 0  

2 0 0  
8 0 0  

7 5  
2 5  

1 , 1 0 0  

§
H a l f  rec ent low , ha l f  recent h i gh , re fl ect ing Rotterdam­

New York two-week tran s it . 

�
B a s ed on the d i fference between recent , low , 

beginning-o f-month leve l  and minimum operating inventory . 

* *  
Recent low value for the f i r s t  two-thirds o f  the month , 

recent h igh for the l a s t  one-third o f  the month b a s ed on 
Hou s ton-to-New York C ity tran s i t  time . 
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price spike which the initial h igh s tockdraw rate woul d  c au s e  
should dr ive s u f f ic ient ut i l ity purcha s e s  from the market to 
resolve the shortage . 

The potent ial  s upp l i e s  o f  d i s t i l l at e  are more than ade-
ate for the 9 0- day , 1 0 -percent-co lder c a s e , as detai led in 
Table 6 5 .  The re i s  c apac i ty to move at l e a s t  1 MMB / D  o f  d i s ­
t i l late into PADD I from PADD I I I , mo s t ly through the Colonial 
pipe l ine system ,  and at l e a s t  that much exportable winter d i s ­
t i l l ate produc tion capabi l ity i n  PADD I I I . Comb ined w i th pro­
duction of 4 0 0+ MB /D , imports of up to 5 5 0  MB / D , and a typic a l , 
susta inable , winter - l ong s tockdraw o f  3 0 0  MB / D , thi s comfortably 
exceeds pre sent January demand for thi s c a s e . Imports and n e t  
inter-PADD rece ipts c an reach the i r  maximum values in about 1 5  to 
3 0  days , so the s tockdraw at fir s t  probably woul d  be s omewhat 
heavier than s hown , and wou ld taper o ff l ater as imports and net 
receipts rose . 

L ikewi s e , there wou ld be no problem s upplying r e s idual fue l 
oil  to PADD I in the 9 0 -day , 1 0 -percent-colder c a s e . Re s idual 
imports o f  up to 1 MMB /D , d i s trict production of 2 0 0  MB /D , and 
other sources of up to another 1 5 0  MB / D  comfortab l y  exc e ed the 
e st imated January PADD I res idual fue l  demand o f  9 7 0 MB / D  in 
thi s  case . 

* 

TABLE 6 5  

PADD I SUPPLY POS S I B I L I T I E S  
O F  D I S T I LLATE AND RES IDUAL FUEL O I L S  

( Thousand s  o f  Barre l s  p e r  Day)  

9 0 -Day Case - 1 0 %  Co lder 

D i s ti l l ate Re s idual 

Demand 1 , 6 9 0  9 7 0  

Re f inery Output * 4 0 0  2 0 0  
Imports * 5 5 0  1 , 0 0 0  
S to ck Draw§ * 3 0 0  1 0 0  
Net Inter-PADD Receipts 1 , 0 0 0  5 0  

Potential Supply 2 , 2 5 0  1 , 3 5 0  

Obs erved recent high value . 

§
Based on d i f ference between lowes t  recent beginn ing-o f­

Decembe r invento r i e s  and min imum operat ing inventory leve l . 
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1 9 9 2  Demand C a s e s  -- U . S .  and Regional 

By 1 9 9 2 ,  s ome add i tiona l inves tment in transportation and 
s torage fac i l i t i e s  for natural gas wou ld be made in order to meet 
national and regiona l demands during severe winter weathe r . I f  
they are , natura l gas curta i lments woul d  not occur under e i ther 
case . Otherwi s e , s ome indu s trial  and uti l ity gas cus tomers in 
New Engl and , the Midd l e  Atlantic region , and F lo r ida c ou ld be 
curta i led under e ither c a s e  o f  the severe-winter-wea ther 
s cenario , with the curtai lments amounting to a max imum of 3 7  
m i l l ion cubic feet per day (MMCF / D )  in the 9 0 -day , 1 0 -percent­
colder c a s e , and a maximum o f  46 MMCF / D  in the 3 0 -day , 2 0 -
percent-co lder c a se . More pipe l ine capac ity into thes e  areas , 
and po s s ib ly the reactivat ion o f  the Cove Point LNG termina l 
wou ld be nece s s ary to avo id the s e  curta i lments . I f  curtai led 
customers a l l  were to have fue l- switching capab i l i ty ,  the s e  gas 
cut- o f fs would result in up to 5 0  MB / D  o f  extra d i s t i l l ate and 
r e s i dua l fue l o i l  demand for the 9 0 -day , 1 0 -percent-colder c a s e , 
and 7 0  MB / D  o f  extra fue l o i l  demand for the 3 0 -day , 2 0 -percent­
co lder c a s e . 

On a nationwide ba s i s , a s s uming no change in r e f inery , o i l  
transportation , o r  product s torage c apac it i e s , the o i l  indus try 
wi l l  have no probl em meeting the 1 9 9 2  9 0 -day , 1 0 -percent-co lder 
or the 3 0 -day , 2 0 -percent-co lder-we ather emerge�cy demands ,  
though both c a s e s  would be s l ightly more stres sed than a t  
pre sent . U . S . demand for d i s t i l l ate i s  pro j ec ted t o  be 4 , 2 5 0  
MB / D  in the 3 0 -day c a s e  and 4 , 0 8 1  MB /D in the 9 0 -day c a s e , wh i l e  
total res idua l fue l o i l  demand i s  pro j ected t o  b e  2 , 0 4 0  MB / D  i n  
the 3 0 -day c a s e  and 1 , 8 8 4  MB / D  i n  the 9 0 -day c a s e . For the 
Uni ted S tates as a whole , thi s  wou ld l e ave total po s s ible s up­
p l i e s  adequate to c over fue l o i l  demands in both c a s e s  of thi s 
cold-weather s cenar io . 

Meeting s evere winter fue l o i l  demands in PADD s I I , I I I , IV , 
and V i s  not forec a s t  to become a prob l em , s ince heating demand 
for fue l o i l  in thos e  regions shou ld remain qui te sma l l .  I n  PADD 
I ,  demands in the 9 0 - day case should continue to be covered by 
the supply option s . E xtra inve s tment probab ly wou ld be made to 
meet the demand s o f  the 3 0 -day case , e spec i a l ly in l ight o f  the 
extra 70 MB /D of fue l o i l  demand that might o ccur i f  s u f f ic ient 
gas p ip e l ine c apac ity i s  not added . That inve s tment could take 
the form of hold ing l arger inventories  go ing into the heat ing 
season , though that may not be the l ea s t-cost opt ion . The opti­
mal s o lution for meet ing l ikely demand wi l l  be determined by e ach 
company ' s  dec i s ions in l i ght o f  its other plans and e x i s t ing 
hardware . 

SCENARIO 3 :  CANAD IAN GAS IMPORT D I S RUPTION 

I n  th i s  s c enario , it was a s sumed that imported Canad i an 
n atural gas vo lume s were reduced by 5 0  percent for a 3 0 -d ay 
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per iod in January . The overall  lo s s  wa s a s sumed to be 2 , 3 2 5  
MMCF /D a l l oc ated a s  fol l ows : 

PADD I - New Engl and 2 5  MMCF / D  
PADD I - Mid-Atlantic 1 0 0  
PADD I I  4 1 0  
PADD IV 5 5 5  
PADD v 1 , 2 3 5  

2 , 3 2 5  MMCF / D  

The a l loc ation o f  the a s sumed l o s s  i s  approx imate ly propor­
tiona l to 1 9 8 7  vo lume s of imported Canadian gas in e ach are a . 

The relevant cond i t ions were input to a computer mod e l  o f  
the g a s  d i s tr ibut ion sys tem t o  determine the e f fec t o f  the 
Canadi an gas reduc t ion . The mode l is des cribed in Vo lume I I I  o f  
thi s  report , Natural Ga s Transportation . S y s tem capab i l ity wa s 
tes ted for average January demand and at the peak January day 
demand rate . 

Current Case  

B a s ed on average January 1 9 8 8  demand , a 50  percent reduc tion 
in Canadian imports would have caused no d i s ruption to any 
cus tomer c l a s s  in any area o f  the Un i ted State s , provid ing the 
exi s t ing underground s torage and LNG s torage were f i l led to nor­
mal leve l s  at the s tart of the heat ing s e a son . Normal s torage 
management practices  of the indus try are geared toward a s tored 
gas vo lume adequate to cover substan t i a l ly h i ghe r than norma l 
demands over the winter .  For example , in the r e l a t ively normal 
winter of 1 9 8 7 - 1 9 8 8 , only about h a l f  the " work ing " gas inventory 
was drawn . Obviou s ly ,  attainment o f  norma l inventory l eve l s  
pre sume s avai lab i l i ty o f  adequate o f f- s e a s on s upply . 

On a peak January day , sys tem g a s  demand s may be 4 0  percent 
higher than average . At peak-day rate s , a 5 0  percent reduc tion 
in Canadian c apacity wou ld require New Engl and indu s tr i a l  and 
e lectric uti l it i e s  to swi tch from gas to o i l  approx imat e ly a s  
ind icated be low : 

Indu s trial  
E l ec tric U t i l ity 

NEW ENGLAND 
REQUI RED FUEL SWITCH I NG 

From Gas 
(MMCF ) 

1 4  
5 

1 9  

To O i l  
( MB /D )  

2 . 3  
0 . 9  

3 . 2  

F l or ida gas demands are cons trained by inadequate pipe l ine 
capac i ty . On peak January days , about 1 0 2  MCF o f  potent ial  gas 
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demand by e lectric u t i l i t i e s  c annot be s a t i s fied . E qu i val e n t  o i l  
demand i s  1 7 MB / D . A 5 0  percent reduc t i on i n  C an ad ian natura l 
gas wou l d  h ave no further impact on F lorida s upp l y . 

F u e l  switch e s  o f  the se s i z e s  po s e  no o i l  s upp l y  prob l em . 
They c an be covered with ex i s ting invento r ie s . 

Future C a s e  

D e s p i te p ro j ected demand growth , there i s  adequ a te tran s ­
mi s s ion c apac i ty t o  provide fu l l  coverage f o r  a l l  g a s  demand s i n  
mo s t  areas o f  the Uni ted S ta te s  even i f  C anad ian s upp l ie s  are cut 
50 percent , a s s uming that inventor ie s are rep l e n i shed by the 
s tart of the s e a son . With e x i s ting gas transmi s s ion c apac i ty , 
New Engl and and F lorida gas u s e  wou l d  be con s t r a ined a t  peak 
January demand leve l s . D i s rupt ion of Canadian gas wou ld i ncrease 
the vo lume of New Engl and indu s tr i a l  and uti l ity demand that mu s t  
b e  swi tched t o  o i l . Table 6 6  shows the volume o f  uns a t i s f i e d  gas 
demand that would have to be swi tched . 

I n  conc lus ion , the Northea s t , being gene ra l ly c apac i ty 
con stra ined , cou ld experience di f f iculty in the future i n  the 
event of a d i s ruption in C anadian gas . The shortfa l l ,  however , 
cou ld be me t by the drawing down o f  fue l o i l  s toc k s , by whee l ing 
o f  e l e c tr i c i ty or by add it ional con servat ion . S u f f ic ient f lexi­
b i l ity ex i s t s  i n  the non-gas transpor tat ion network to mee t  a l l  

TABLE 6 6  

1 9 9 2  ANNUAL ENERGY OUTLOOK-FUEL SWITCHING REQUIREMENTS 
(PROJECTED UNSATISFIED GAS DEMAND TO BE SWITCHED TO OIL) 

Average January Day 

Peak January Day 

Total 

New England Florida* 
MMCF/D B/D Sector MMCF/D B /D Sector 

1 0  
1 5  
2 5  

2 6  

1 , 6 6 7  Indus trial 2 7 0  
2 , 500 Electric 
4 , 1 6 7  

4 , 33 3  Electric 

4 5 , 00 0  Electric 

Average January Day + 50% 
Canadian Reduc t ion 

2 6  4 , 333  Elec tric 

Peak January Day + 50% 
Canadian Reduction 

Total 

3 5  
1 5  
5 0  

5 , 833 Indust rial 270 
2 , 500 Electric 
8 , 33 3  

4 5 , 000 E lectric 

* Insuffic ient capacity into the s tate of Florida to  sat isfy proj ected 
1 9 9 2  gas demand . 
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needs a s  long as the free market i s  a l l owed to operate . Short­
term price var iat ions could accompany a gas short f a l l , of cour s e . 

New capac ity has been propo sed for the North e a s t  and 
Florida ; i f  approved , this gas supp ly s i tuation wou l d  be s ig­
n i f ic antly improved . 

A Caveat 

The conclu s ion that the a s sumed Canad ian gas d i s rupt i on 
wou ld r e s u l t  in no s igni f ic ant prob l em i s  qu a l i f i e d  by the 
s tatement " provid ing the ex i s t i ng unde rground s to rage and LNG 
storage were fi l led to norma l leve l s . "  This i s  an important 
c ave at . S e a sonal s torage provide s both the vo lume and de l ivery 
rate required to o f f s e t  the a s sumed 5 0  percent l o s s  o f  C anad i an 
natural gas . 

I n  th i s  scenar io , the aggregate s upp ly l o s s  for the 3 0 -day 
period wou ld be about 7 0  BCF , only about 3 percent o f  the 2 , 2 0 0  
to 2 , 3 0 0  BCF o f  "work ing " gas norma lly in unde rground s torage at 
the beginning of January . So long a s  transmi s s ion c apac ity i s  
ava i lable to re-d i s tr ibute supply , wi thdrawa l from underground 
s torage c an o f f s e t  the a s sumed supp ly l o s s . The c omputer mod e l  
showed that amp l e  c apa c i ty was ava i lab l e . 

For the purpo s e  o f  th i s  scenar io , the impor t d i s rupt i on wa s 
a s s umed in January , the peak per iod for gas demand . For mo s t  o f  
the country , January wou ld b e  the mo s t  c r i t i c a l  s upp l y  period , 
and the conc lu s i on o f  " no s igni f icant prob l em "  c an be extra­
polated rea sonab ly to o ther s e a s ons . Howeve r , that extrapo l a t ion 
may not be va l id for C a l i forn ia . 

C a l i fornia gas demand shows le s s  s e a sonal var i a t ion than 
mo s t  of the country because of the c l imate and the h e avy year­
round gas con sumption by e le c tr ic ut i l i t i e s  and enhanced o i l 
recovery pro j ec t s . More than h a l f  o f  the Canadian natural gas 
imports are for PADD V .  Interruption o f  that s upp ly in the 
spring , when underground s torage vo lume s are norma l ly low , c ou l d  
pose more se rious problems than a winte r  outage . I n  part , t h i s  
is because natural g a s  transmi s s ion pipe l ines from PADD s I I , I I I , 
and IV do not h ave substan t i a l  spare c apac ity . The NPC mode l 
study did not addre s s  a summe r d i s rupt ion , but i t  i s  b e l ieved 
that swi tch ing e l ectric u t i l i t i e s  to r e s idua l fue l o i l  wou l d  e a s e  
the prob l em . ( U t i l ity g a s  consumption in C a l i forn i a  averaged 
about 1 , 7 6 0  MMCF / D , roughly 1 4 0  percent o f  the a s s umed Canadian 
gas l o s s . )  

Companie s have propo sed thr ee ma j or pipe l i n e  pro j e c t s  to 
provide add i tional natural gas to PADD V from Loui s i ana , Texas , 
Okl ahoma , and the Ove rthru s t  B e l t . I f  comp le ted , the new 
capacity would provide incre a s ed acce s s  to E a s t - o f-Rock i e s  pro­
duc tion and wou ld reduce the exposure to a s umme r  d i s rupt ion o f  
Canadian gas . 
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SCENAR I O  4 :  P RODUCT P I PELINE D I SRUPTION ( PADD I I I  TO PADD I I )  

Th i s  s c enario i s  des igned to examine the sys tem c apab i l i ty 
to re spond to a ma j or interrupt ion o f  product f l ow f rom PADD I I I  
( Gu l f  Coas t )  to PADD I I  (Midwe s t ) . For s tudy purpo s e s , i t  wa s 

a s sumed that Explorer pipel ine d e l ive rie s to PADD I I  were shut 
down for 30 days . Explorer pipe l i ne runs from the Hou s ton , 
Texa s , area to Chic ago and d e l ive r s  about 3 6 0  MB / D  o f  produc t 
into PADD I I . Th i s  s cenario wa s ana l y z e d  for the current ( 1 9 8 7 )  
supply-demand s i tuat ion and for a 1 9 9 2  pro j ec t ion . 

P ipe l i n e  shutdown s are rare and r ep a i r s  are u s u a l l y  made 
within one to thre e  days . The l ikel ihood of a 3 0 -day inter rup ­
tion to a ma j or pipe l ine i s  very remote . 

Con c lus ions 

Ava i lable inventory ( above min imum ) is more than adequate to 
cover the a s sumed produc t lo s s . I n  add i tion , there are a numbe r  
o f  a l te rnat ives f o r  e f fec tive ly increas ing supp l y  i n t o  PADD I I . 
By the e nd o f  the a s sumed 3 0 -day outage , i t  i s  e s t imated th a t  1 6 0  
to 2 4 0  MB /D o f  inc remental product cou ld b e  made ava i l able from 
incre a s e d  r e f i ne ry runs , uti l i z at ion o f  spare p ipe l ine c apac ity 
resourc ing per iphe r a l  ar e a s  now s upp l ied by PADD I I  to PADD I and 
I I I  re fine r s . The s e  options wou ld be gene ra l ly more c o s t l y  th an 
norma l supply , and many wou ld re qu ire contract nego t i a t i on or 
renego t i at ion to direct supp l i e s  to the prob l em area . It i s  
impo rtant that the sys tem n o t  be arti f ic i a l l y  r e s tr a i n e d  by 
unnece s s ary regu l ation dur ing the stre s s  p e r i od . 

Scenario Review 

Current C a s e  

Aver age 1 9 8 7 PADD I I  demand for petro l eum products that 
norma l ly move by pipe l ine ( exc lud ing LPG )  was 3 , 2 3 0  MB / D  
( Tab le 6 7 ) , 2 , 5 3 2  MB / D  o f  wh ich was supp l ie d  b y  r e f in e r i e s  
located within PADD I I . Products norma l ly moved by p ipe l i ne 
inc l ude f i n i shed mo tor and aviation g a s o l ine , j e t  fue l , keros ine , 
and d i s t i l l ate fue l o i l .  Rough ly 2 0  percent o f  the s e  produ c t s , 
or 7 0 0  MB / D , i s  s uppl ied from PADDs I ,  I I I , IV , and Canada . 
Thu s , the 3 6 0  MB / D  f l ow d i s ruption wou ld be rough ly equ a l  to 1 0  
percent o f  PADD I I  demand and 5 0  percent o f  the n e t  amount o f  
the s e  produc t s  supp l ied to PADD I I  from out s id e  o f  the d i s tr i c t . 

I n i t i a l  Re sponse - - Inventory Dr awdown 

Lo s s  o f  p ipe l i ne de l iver i e s  wou ld r educe product s upp l y  by 
about 1 0 . 8  mi l l ion barre l s  - - a  l i tt l e  over three days ' s upp ly 
for the PADD . I nventor i e s  are adequate to cover a l o s s  o f  th i s  
magn itude . 

Tab l e  6 8  s hows the e xpe c ted avai lable PADD I I  inventory 
leve l s  for ga s o l ine , d i s t i l l ate fue l , and j e t fue l e xpre s s e d  in 
days ' supply . The s e  show more than adequate ava i labi l i ty to 
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TABLE 67 

1987 SUPPLY-DEMAND BALANCE IN PADD I I  

FOR PRODUCTS NORMALLY TRANSPORTED BY P IPELINE 

(Thousands of Barrels per Day ) 

Product PADD I I  

Finished Motor Gasoline 2 , 123 . 2  

Finished Aviation Gasoline 6. 4 

Jet Fuel (Kerosine & Naphtha) 272 . 0  

Kerosine l l . 5  

Distillate Fuel Oil 817. 4 

Total 3 , 230 . 5  

Demand 

Exports 

1 . 4  

0 . 4  

0 . 6  

0 . 6  

3 . 0  

Ref inery 

Production 

1 , 682 . 4  

3 . 5  

192 . 0  

15. 6  

638. 4  

2 , 531. 9 

Supply 

Imports 

3 . 9  

7 . 2 

9 . 3  

20. 4 

Source : Energy Information Administration , Petroleum Supply Annual , 1987 . 

TABLE 6 8  

PADD I I  
AVAILABLE SYS TEM INVENTORY 

Primary I nventory 
S econdary ( Jobbe r s ,  e tc . )  
Tertiary ( Con sumers ) 

* 

( D ays Supp l y )  

G a s o l ine 

4 
4 
6 

1 4  

* 
ABOVE MINIMUM 

D i s t i l l ate 

1 
3 

2 1  

2 5  

Net 

Received from 

Other PADDs 

434 . 8  

3 . 4  

73. 7  

( 2 .  7) 

170 . 1  

679 . 3  

Je t Fue l  

8 

6 

1 4  

Based on March 3 1 ,  1 9 8 8  data and me thodo l o gy out l i ned in 
the NPC report on Petro leum Inventor i e s  and S torage . 
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cover a lo s s  equiva l e nt to three days ' s upp ly . I n  Vo l ume IV o f  
thi s  s tudy , Petro l eum I nvento r i e s  and S torage , d e t a i l ed e s t imate s 
o f  ava i l ab l e  inventory are given ; the f i gure s i n  Table 6 8  a s s ume 
that PADD I I  invento ries are proportional to the national d a ta 
pre sente d  in thi s report . 

Add i t ional Supply Options 

There are a number of options to acce ler ate s upply i nto PADD 
I I  by e f fec tive ly u ti l i z ing inventory and capac ity in ad j o i n ing 
are a s . As shown in Tab l e  6 9 , more than 2 3 0  MB / D  of PADD I I  
produ c t  i s  sh ipped to ad j o ining areas . 

TABLE 6 9  

L IGHT PRODUCT S H I PMENTS FROM PADD I I  
( Thou s ands o f  B arre l s  per D ay )  

To P ipe l in e  B arge 

PADD I 4 9  5 1  
PADD I I I  6 7  
PADD IV 6 7  

1 8 3  5T 

Tab l e  7 0  shows deta i l s  o f  th i s  movement by product a l ong wi th 
data for inter-PADD sh ipments into PADD I I . 

Much o f  th e sh ipme nt from PADD I I  i s  to boundary ar e a s  that 
have a l te rnat ive s upply route s . The s e  d emands can be s h i f ted to 
other supp ly s ourc e s  ( re - sourc ed ) a l lowing more produ c t  to b e  
ret ained i n  PADD I I . Exchanges and trade s a r e  the me chani sms for 
re- sourc ing supp ly to pe r iphe r a l  areas ; and s uch trans a c t i on s  
wou ld r e f l e c t  added c o s t . The po tent i a l  for r e - s ourc ing PADD I 
demand now d e l i ve red from PADD I I  i l lustrate s th i s  option . 

Norma l ly ,  PADD I I  r e f ineries supp ly a port ion o f  B u f fa l o  
demand by b arge a n d  a portion o f  we s te rn Pennsy lvan i a  d emand b y  
pipe l ine d e l ivery . As shown in F i gure 6 8 , Bu f fa l o  a n d  ad j acent 
are a s  of PADD I are a l so suppl ied by pipe l in e s  from the Phi l a­
de lph i a  and New York are as . Al ternat ive supp l y  for we s t e rn 
Pennsylvan ia i s  ava i l ab le by pipe l ine from the P h i l adelphia area . 
Diverting the s e  demands from PADD I I  to PADD I i s  fe a s i b l e  and i s  
done routinely i n  re spon s e  t o  shi ft ing ec onomic incent ive s . I t  
can be done quick ly . 

The add i t ional demand on PADD I produc t s  c an be cove red 
later with inc remental imports or increased p ipe l i ne sh ipments 
from PADD I I I . The net e f fect i s  to s upply PADD I I  indirectly 
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TABLE 70 

1987 INTER-PADD MOVEMENTS* 

(Thousands of Barrels per Day) 
Net 

Moved into PADD I I  from PADD Moved out of PADD II to PADD Moved into 

Product I I I I  IV Subtotal I I I I  IV Subtotal PADD I I  

Finished Motor Gasoline 153 . 3  4 19 . 7 14. 7 587 . 7  7 2 . 8  45. 2  34 . 9  152 . 9  434 . 8  

Pipeline 153 . 3  358 . 4  14. 7 526. 4 40. 3  45. 2 34. 9  120 . 4  406 . 0  

Tanker/Barge - - 6 1 . 3  - - 61 . 3  3 2 . 5  - - -- 32 . 5  2 8 . 8  

Finished Aviation Gasoline 0. 2 3 . 7  - - 3 . 9  - - - - 0 . 5  0 . 5  3 . 4  

Pipeline 0. 2 3 . 4  - - 3 . 6  -- - - 0 . 5  0 . 5  3 . 1  
Tanker/Barge - - 0 . 3 -- 0 . 3  - - -- - - - - 0 . 3 

Jet Fuel 8 . 7 9 7 . 4  2 . 7  108 . 8  6. 2 4. 5 24. 4  35. 1  73. 7 
Pipel ine 8. 7 86. 0  2 . 7 97 . 4  3 . 3  4 . 5  24. 4  32 . 2  65. 2 
Tanker/Barge - - 11. 4  -- 11. 4  2 . 9  - - - - 2 . 9  8. 5 

!-> 
OJ 
!-> I Kerosine 1 . 1  0 . 5  - - 1 . 6  1 . 0  3 . 2  - - 4. 2 ( 2. 7) 

Pipeline 1 . 1  0 . 4  - - 1 . 5  -- 3. 2 -- 3. 2 ( 1. 7) 

Tanker/Barge -- 0 . 1  - - 0 . 1  1 . 0  - - -- 1 . 0  (0.9) 

Dis tillate Fuel Oil 59. 1  144. 1 8. 4 21 1 . 6  19. 9 14. 1 7 . 3  4 1 . 3  170. 1 

Pipeline 58. 7 110. 4 8 . 4  177 . 5  5. 2 14 . 1  7 . 3  26. 6  150 . 9  

Tanker/Barge 0. 4 33. 7 -- 34. 1 14. 7 - - - - 14. 7 19. 4  

Total 1987 2 2 2 . 4  665 . 4  25. 8 913 . 6  99. 9  67 . 0  67 . 1  234. 0 679 . 4  

Pipeline 2 2 2 . 0  558. 6  25. 8 806 . 4  48. 8  6 7 . 0  67. 1 182 . 9 623 . 5  

Tanker/Barge 0 . 4  106 . 8  - - 107 . 2 51. 1 - - -- 5 1 . 1 56. 1  

Memo : 

Total Projected 1992 256 . 5  767 . 3  30. 0  1 , 053. 8  115. 0 7 7 . 0  7 7 . 3  269 . 3  784 . 5  

Pipeline 256 . 0  644. 0  30. 0 930 . 0  56. 0  7 7 . 0 7 7 . 3  210. 3 719. 7 

Tanker/Barge 0 . 5  123 . 3  - - 123. 8 59. 0  -- - - 59. 0  64. 8  

*Numbers may not equal the sum o f  components due to independent rounding. 
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Figure 68. Supply Options for Buffalo and Western Pennsylvania. 

from imports or PADD I I I  vo lume . By uti l i z ing PADD I inven­
torie s ,  the s upply c an be ava i lable in a frac t i on o f  the t ime 
required for d irect d e l ivery . 

There are s imi lar options to reverse the f l ow o f  i n l and 
mar i ne de l iver i e s  to " boundary " areas betwe en PADDs I I  and I I I . 
For e xamp l e ,  barge s upp l i e s  to the S t .  Lou i s  area h ave o ften been 
shi fted betwe en PADD I I  and PADD I I I  re fine r i e s  i n  r e s ponse to 
e conomic incentive s . The e f fect o f  the s h i ft wou l d  b e  to r e t a i n  
produc t s upp l i e s  i n  the " core " are a s  mo s t  a f fec ted by the s e  pipe­
l ine l os s e s  wh i l e  s h i fting resupp ly of per iphe r a l  areas that c an 
be re supp l ied from PADD I I I  e a s i ly and prompt ly . 

The re i s  some surp lus pipe l ine c apac i ty into PADD I I  that 
cou ld be uti l i zed to part i a l ly rep l ace Explorer pi pe l i ne de l i ­
ver ie s . Tab l e  7 1  shows the capac ity and ove ra l l  uti l i z at ion o f  
the se l ines . I n  1 9 8 7 ,  spare c apac i ty from PADD I I I  to I I  aver­
aged about 1 5 0  MB / D , rough ly 20 percent of capac ity , but p ipe l ine 
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TABLE 7 1  

* 
PIPELINE CAPACITIES INTO PADD I I  

(Thousands of  Barre ls p e r  Day) 

Diameter Moves Produc t into PADD I I  from PADD 
( Inches ) I III  IV To tal 

--

Pipe line 

Co lonial 1 2  88 88 
8 34 34 

Plantat ion 1 0  1 1 0 1 1 0 
8 45 45 

Shamrock 8 2 7  27  

Exp lorer 28 360  360  

Texas Eas tern 20  2 2 5  2 25 
1 6  1 1 3 1 1 3 

ARGO 8 2 5  25 

River 6 1 3  1 3  

Phillip s 1 6  1 1 0 1 1 0 

Emerald 6 1 3  1 3  

Cenex 8 1 6  1 6  

WYCO 6 1 4  1 4  

Cheyenne 6 1 7  1 7  

To tal Capacity 
( into PADD II)  2 7 7  8 8 6  4 7  1 , 2 1 0  

Capacity (Exc luding 
Explorer) 277  5 2 6 4 7  850  

Est . Ac tual Movement *  2 2 2  730* 26  978  

* Inc luding LPG where app licable . 

- 1 8 3  -



companies indicated that much l e s s  spare c apac i ty wou l d  b e  avai l ­
able i n  1 9 8 8 .  In a s tre s s  s i tuation , " b atch trading " wou ld per­
mit produc t a l r e ady in the s e  l i ne s to be diverted from up s tr e am 
des tinations i nto PADD I I ; the diverted s upp ly wou ld b e  replaced 
from PADD I I I  in a l a te r  p ipe l ine cycle . 

Inc rementa l r e f inery runs cou ld s upp ly add i t ional produc t , 
a s  we l l . Operat ing r e f inery c apac ity in PADD I I  wa s 3 . 3 MMB / D  in 
1 9 8 7 , opera t i ng at about an 8 7  percent uti l i z at ion rate . Add i ­
t iona l r e f inery runs could produce 8 0  t o  1 5 0  MB / D  o f  produ c t , 
depending on the s e a s on . 

Inc remental s upply o f  product by ra i l  tank c a r  and by tank 
truck a l s o  h a s  b e en uti l i z ed in the p a s t  to e a s e  acute l o c a l  
prob lems . 

I nc remental Supply 

Within 3 0  days , i t  i s  e s t imated that 1 6 0  to 2 6 0  MB / D  o f  
rep l aceme nt supply cou ld b e  obtained a s  shown be l ow : 

Re- sourcing to PADDs I & I I I  
Incremental P ipe l ine Sh ipments 
Inc reme n t a l  Re finery Runs 

5 0  to 7 0  MB / D  
3 0  t o  4 0  MB / D  
8 0  to 1 5 0  MB / D  

�1�6�0
�

t
�
o�2�6�0 MB / D  

Th i s  supp l y  coup led with inve ntory draw i s  more th an adequate to 
br idge the a s s umed l o s s  o f  3 6 0  MB / D  o f  pipe l ine produc t s . 

I n  recent years , the mo s t  s evere te s t  o f  the s upp l y  sys tem 
flexib i l i ty occurred whe n  an unexpected re finery shutdown e l im i ­
nated 1 2 0  t o  1 5 0  MB / D  o f  product supp ly in PADD I I  f o r  an e x ­
tended per iod . The produc t was replaced by the me ans d i s c u s s ed 
above with no di srupt ion o f  consumer s upp l y . 

Future C a s e  ( 1 9 9 2 )  

The impac t o f  a 3 6 0  MB / D  produc t l o s s  in 1 9 9 2 ,  and the 
potent i a l  r e s pons e s , are very s imi l ar to the current c a s e . 
Currently p l anned re finery e xpan s ions in PADD I I  wi l l  more than 
o f f s e t  growth , l e aving inter-PADD movements much l ik e  the current 
case . 

As with the current c a s e , inventory draw i s  e xpected to be 
adequate to cover the lo s s  of 3 6 0  MB / D  of product for 3 0  days . 
The poten t i a l  for o ther s hort - te rm supp ly is e xpe cted to b e  s imi­
l ar to the current c a s e . Re - s ourc ing vo lume to PADD I wi l l  be­
come more c o s t ly , howeve r , a s  demand growth i n  PADD I reduc e s  the 
ab i l ity to de l iver vo lume s to adj o in ing areas . 

SCENARI O 5 :  TAP S D I S RUPT I ON 

I n  th i s  scenario , i t  i s  a s sumed that the Trans-A l a sk a  P ipe­
l ine Sys tem ( TAP S )  is shut down for a per iod o f  3 0  days , reduc ing 
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PADD V c rude o i l  product ion by 2 MMB / D . Th i s  s c enario i s  de ­
s igned primari ly to e xamine the indu s try ab i l ity to ma intain 
supp ly to We s t  Coa s t  consumer s ,  but a TAP S shutdown wou ld a l so 
d i s rup t E a s t-o f-Roc k i e s  del iverie s . I t  was a s s umed that fore i gn 
surplus production c apac i ty cou ld be tapped for direct r epl ace­
ment of l o s t  Alaskan c rude oil and for e xchange repayment . 

Conc lus ions 

The l o s s  of 2 m i l l ion barre l s  of produc t ion is a ma j or d i s­
ruption even in the world market ; the loss of 2 mi l l ion b arre l s  
o f  Alaskan crude o i l  i s  part icularly d i f fi c u l t  because mo s t  o f  
the c rud e o i l  i s  consumed o n  the We s t  Coast , remo te from o ther 
maj or crude oil log i s t i c s  systems . G iven current leve l s  o f  
wor ldwide inventor ie s  and surplus fore ign product ion c apac i ty , 
acqu i s i t i on o f  rep l a c ement supp ly for the We s t  Co a s t  should not 
be a ma j or ob s t ac le ; the problem is to maintain continu ity o f  
supp ly unt i l repl acement c rude o i l  supply �an b e  d e l ivered . 

Examination o f  the po tential crude o i l  and product s upp l i e s  
ava i lable indic ate that s upply continuity c a n  be ma intained to 
con sumers in both the current and fu ture ( 1 9 9 2 )  c a s e s  at a 
noticeable economic co s t ,  but i t  i s  l ikely that s ome r e f inery 
curtai lment wou l d  r e s u l t . In the future ( 1 9 9 2 )  c a s e , s upp l i e s  
might b e  ti ght e nough for a br i e f  per iod t o  be recogn i z ed b y  the 
pub l i c  because of s c attered runouts at termin a l s  and s ervi c e  
s tations . 

Replacement o f  the Alaskan c rude o i l  supply to E a s t-o f­
Ro ck i e s  re finer i e s  currently po s e s  no ma j or problem of e i ther 
supply or timing ; by 1 9 9 2  it is antic ipated that A l a skan c rude 
o i l  movements to the Gu l f  and At l antic Co a s t  areas wi l l  dec l i n e  
t o  a negl igib l e  vo l ume . 

Scenar io Rev i ew 

Current Case 

As shown i n  Tab le 7 2 , TAPS transported 2 MMB / D  of dome s t i c  
crude o i l  supp ly i n  1 9 8 7 . The crude o i l  wa s moved from the North 
S lope o f  Alaska to the port o f  Valde z , from wh ich i t  was s h ipped 
by tanker to mark e t s  in PADD V and PADD s I and I I I . About 6 0 0  
MB / D  o f  the production was sh ipped to E a s t-o f - Rock i e s  r e f ine r ie s  
primari ly via P anama , and 1 . 2  MMB /D was consumed i n  PADD V .  More 
than 1 0 0  MB /D was s h ipped to the Virgin I s l ands . 

The l o s s  o f  6 0 0  MB / D  o f  E a s t-o f-Rock i e s  s upply wou ld be a 
sub s tant ial inconvenience but not a s er ious prob l em e i ther to 
consumers or re f i ne r s . A l a sk a  North S l ope (ANS ) c rude oi l 
average s l e s s  than 6 percent o f  PADDs I - IV re f inery feed . On the 
We s t  Coast , the prob l em wou ld be much more s evere . Tab l e  7 3  
shows th at ANS c rude o i l  cons t i tutes mor e  than 4 0  perc ent o f  
C a l i forn ia crude o i l  supply and over 9 0  percent o f  Puget S ound 
area re finery demand . 
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PADD V :  

TABLE 7 2  

1 9 8 7  ALAS KAN CRUDE O I L  CONSUMPTI ON 
(Mi l l ions o f  Barre l s  per Day ) 

Loc at ion 

C a l i forn i a  
Puget Sound 
Alaska 
Hawa i i  

PADDs I ,  I I ,  I I I : Gu l f  Coa s t  
Car ibbean and o ther 

MMB / D  

0 . 7  
0 . 4  
0 . 1 + 
0 . 0 + 

0 . 6  
0 . 1 + 

2 . 0  

Sourc e : EIA de t a i l  de l ivery reports by c i ty ( 1 9 8 7 ) ; EIA 
1 9 8 7  P e tro leum Supply Annual i and adaptations from NPC e s t i­
ma te s and i ndus try forec a s t s . 

Supply 

Demand 

Surplu s 

TABLE 7 3  

1 9 8 7  PADD V CRUDE O I L  SUPPLY-DEMAND 

Loc ation 

A l a s k a  
C a l i forn i a  
F ar E a s t  
C anada and other 

C a l i forn i a  
Puget S ound 
Alask a 
Hawa i i  

PADD I ,  I I ,  I I I  via Panama 
PADD I ,  I I , I I I  

v i a  We s t - E a s t  P ipe l ines 
C ar i bbe an /Other v i a  Cape Horn 

MMB / D  

2 . 0  
1 . 0  
0 . 2  
0 . 0 + 
3 . 3  

1 . 9  
0 . 4  
0 . 1 + 
0 . 1  
2 . 5  

0 . 6  

0 . 0 + 
0 . 1 + 
0 . 8  

% A l a skan 

1 0 0  

4 0 + 
9 0 + 

1 0 0  
5 0 + 

1 0 0  

5 0  
1 0 0  

Source : E IA d e t a i l  de l ivery report s by c i ty ( 1 9 8 7 ) ; E IA 
1 9 8 7  P e tro l eum Supply Annual ; and adapt a t ions from NPC e s t imate s 
and indu stry fore cas ts . 
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Coverage o f  the We s t  Coa s t  crude o i l  l o s s  i s  more d i f f i c u l t  
than f o r  the Gu l f  and E a s t  C o a s t  are a s  b e c au se : 

• PADD V i s  r e l at ive ly remote from ma j or fore ign produc­
tion are a s  and ma j or fore ign crude o i l  sh ipping route s . 
Replacemen t  s upply c annot be obt a ined qu ick l y . 

• We s t  Coa s t  inventor i e s  o f  crude o i l  and product are 
re lative ly l ower than E a s t-o f-Rock i e s  i nventor i e s . 
They provide fewer days o f  supp l y  cushion in a ma j or 
d i s ruption . 

E a s t- o f- Rock i e s /Virgin I s l ands 

In 1 9 8 7 , ANS de l ive r i e s  to PADD s I - IV tota l ed 6 0 0  MB / D  or 
about 1 8  mi l l ion barre l s  ove r a 3 0 -day per io d . A l o s s  o f  th i s  
magni tude wou ld b e  di srupt ive , but wou ld not po s e  a ser iou s  s up­
ply problem for two rea sons : 

• The l o s s  repr e s ents l e s s  than two days o f  r e f inery 
demand and could be covered by drawing norma l crude o i l  
inventor i e s . PADDs I - IV crude o i l  i nventory ( above the 
min imum requ ir ed for norma l operat ion ) can norma l l y  
provide s i x  days o f  re f inery demand . 

• Fore ign crude o i l  supp ly to rep l ace the ANS crude o i l  
could b e  ava i lable qu ickly . 

Vo lume IV o f  th i s  repor t ,  Petrol eum I nventor i e s  and S torage , 
examin e s  the vo lume o f  crude o i l  that can be dr awn from inventory 
without di srupting norma l operat ions . Norma l l y , more than 4 0  
mi l l ion barre l s  o f  crude o i l  are avai lab l e  in PADDs I - IV to 
handle supply up s e t s . Th i s  i s  more th an twice the volume 
requ i red to cover a 3 0 -day di sruption o f  ANS s upply to E as t-o f­
Rock i e s  re f iner i e s . 

In addi tion , a great de a l  o f  repl acement c rude o i l  s upply i s  
potent i a l ly ava i l ab l e  f a s te r  than the requ ired ANS de l ivery t ime . 
Tab le 7 4  l i s t s  typica l crude o i l  tran s i t  t ime s for ANS and 
fore ign crude o i l  to U . S .  locations . The table shows that tran­
sit time for ANS crude o i l  to the U . S .  Gu l f  Co a s t  is 20 days . 
Rep l acement supp l i e s  from Ve ne z ue l a , Mexico , and Car ibbean tran s ­
shipping s torage could be del ivered i n  only two to f ive days . 
Supp l i e s  from We s t  A fr i c a  c an a l so be de l ivered in l e s s  t ime than 
ANS crude o i l . D ive rs ion of ships bound for Europe o f fer s 
another potent i a l  s ource o f  crude o i l  with a shorter de l ivery 
time than ANS crude o i l .  D ivers ion o f  even a sma l l  por tion o f  
the 3 MMB /D f low to Europe in the Atlantic wou ld b e  a ma j or 
contr ibut ion to Eas t-o f-Rock i e s  supply ; the d iver s ion could 
eas ily be accommodated from Europe an inventory i n i t i a l l y  and 
replaced within 3 5  to 4 0  days from the Midd l e  E a s t . 

With the s e  pote n t i a l  s ource s ,  i t  s hou ld be po s s ib l e  to re­
place a very s ign i f i c ant portion of the ANS crude o i l  in PADDs 
I - IV with no n e t  d e l ay or interruption ; and the b a l ance cou l d  be 
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TABLE 74 

TRANSIT DAYS DURING STRE S S  S ITUATION* 

To 
Pug e t  S ound California Texas /Loui s iana Chicago §  

From 

Vald ez 3 5-6 20,1 2 8,1 

Mexico 1 3 ,1 1o- 1 nr 2 1 0  

V enezu e la 1 3,1 1 0- 1 nr 5 1 3  

Caribb ean 15 ,1 1 2 - 1 3 ,1 3 1 1  

Far Eas t 

( S ingapore) 20 20-2 1 3 6,1 4 4,1 

Middle East 

(Pers ian Gu lf ) 3 1  28-29 3 5  4 3  

* 
Emergency fas t s t e aming o f  1 5  kno t s  average u s e d  versus normal 1 3  

knot s  average . 

§ 
Include s  Gul f  Coast-Midwes t  Pipeline Trans it . 

,I 
Includes d is charge , trans i t , and re loading t o / from Panap ip e . 

S ourc e :  BP America Inc . , Supp ly and Transportat ion Department s ,  

Decemb er 1 9 8 8 . 

replaced very rapidly . For thi s reason , i t  wou ld be f e a s ib l e  and 
economic to redirect s ome ANS crude o i l  bound for PADDs I - IV b ack 
to PADD V .  

There i s  sub s tan t i a l  s urplus fore ign crude o i l  produc t ion 
capac ity i n  areas c lo s e r  to the U . S .  Gu l f  Coa s t  than A l a s k a ; much 
o f  the ANS r ep l acement crude o i l  could be purcha s e d  d i r e c t l y  in 
the s e  are a s . Any required b a l ance could b e  obtained by " t ime 
trade s " with Europe an re f iners . Rep l acement supp ly wou l d  un­
doub tedly c ommand a premium price , but a TAP S shutdown i s  un­
l ik e ly to cre ate a shor tage e i ther for r e f in e r s  or con s umer s  e a s t  
o f  the Rock i e s . 

The s ame option s app ly to replacement o f  Virgin I s lands 
supply , but there wou ld be l e s s  urgency . ANS crude o i l  for the 
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Virgi n I s l ands i s  s hipped in l arge fore ign- f l ag t anke r s  around 
Cape Horn . The long trans it t ime wou ld a l low replacement c rude 
oil to be de l ivered from the Middle E a s t  with no h iatus in r e f in­
ery supply . 

We s t  Coa s t  

D i s ruption o f  t h e  TAP S s upply would be a much more s e r ious 
prob lem for the We s t  Coa s t . S urplus production c apac ity i s  
avai lable i n  Au s tra l i a , I ndone s i a , and mo s t ly i n  the Midd l e  E a s t ;  
but even at max imum tanker spe ed , de l ivery t ime wou ld be 2 0  days 
for Indone s i an o i l  and 3 0  days for Midd le E a s t  purch a s e s . Sur­
plus produc tion in the Middle Eas t is adequate to fu l ly replace 
the ANS supply , so the s tr e s s  period wou l d  be l imited to about 3 0  
days even i f  TAPS wer e  shut down l onger . The percept ion that the 
prob lem wou ld be r e s o lved in a defin ite and f a i r l y  brie f per iod 
is u s e fu l  because it encourage s j obbe rs , r e t a i l e r s , and con sumer s  
to u s e  inventorie s i n  l ieu o f  purcha s e s  a t  s tr e s s  period price s . 

In add i tion to C a l i forn ia crude o i l  produ c t ion o f  1 . 1  MMB / D  
and norma l import s upply ( 2 0 0  MB / D ) , the princ ipal source o f  
supp l emental crude o i l  for re finery input wou ld b e  i n  inven tory , 
inc luding : 

• 6 . 9  m i l l i o n  barre l s  o f  on shore i nventory above the 
min imum inventory l eve l to ma intain norma l ope ra t ion . 
Th i s  crude o i l  i s  in re finery , pipe l in e , and termin a l  
t ank s . 

• 5 . 6  mi l l ion bar r e l s  o f  ANS c rude o i l  in tran s i t  to We s t  
Coa s t  re f inerie s ; i t  i s  a s sumed that t h i s  c rude o i l  
wou ld b e  de l ivered a s  schedu led . 

• 1 0  mi l l ion barre l s  o f  ANS crude o i l  in tran s i t  to 
E a s t -o f-Rock i e s  re fine r i e s  or to the Virgin I s l and s . 
In-tran s i t  c rude o i l  in the P ac i f i c  Ocean could be 
d iverted to the We s t  Coa s t . 

The s e  inven tory segments coup led with ongo ing s upply from 
local produc tion and norma l imports could provide crude o i l 
supply equivalent to 2 3  to 2 5  days o f  We s t  C o a s t  r e finery demand . 
Becau s e  o f  the h igh dependence o f  A l a skan and Puget S ound r e f in ­
e r i e s  o n  ANS c rude o i l , the se pl ant s a r e  l ik e l y  t o  b e a r  a h i gher 
share of any shor t f a l l .  Table 75 shows r e f i nery demand for 
C a l i forn i a  and for Puget Sound /Alaska and i l l u s trate s a po s s ible 
d i s t r ibution of crude o i l  supp ly dur ing a 3 0 -day TAP S outa ge . 

Landed and in-tran s i t i nventory wou l d  not b e  adequ a te to 
br idge a 3 0 -day cuto f f  o f  ANS crude o i l  supp l y . As shown in 
Tab le 7 5 , an addit ional 1 1  to 1 5  mi l l ion barre l s  o f  crude o i l  
wou ld b e  required to avoid a reduct ion i n  re f inery runs . Crude 
o i l  acqu i s it ion should not be a prob l em , but it probab ly wou l d  
not be po s s ib l e  to de l iver the crude o i l  s oon e no ugh t o  avo id 
cutback s  in r e f inery produc t ion . 
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TABLE 75  

POTENTIAL USE O F  INVENTORY TO OFFSET 
REDUCED ANS CRUDE OIL SUPPLY IN PADD V 

California Puget S ound /Alaska 

Re f inery Demand 

Cali f . Product ion 
Normal Imports 

Local Inventory* 

Sub t otal 

In-Trans it Inventory 
To West Coast 
Gulf /V . I .  Diversion§ 

Total 

* 

Mi llion 
Barrels 

5 7  

3 3  
5 
4 . 4  

42 . 4  

4 . 3  
1 t o  4 

48  t o  50 

Days Million 
Supply Barre ls 

3 0  1 5  

1 7  
3 1 
2 2 . 5  

2 2  3 . 5  

2 1 . 3  
1 t o  2 4 t o  6 

2 5  to 26 9 t o  1 1  

Inventory above minimum to maintain normal operation . 

Days 
Supply 

3 0  

2 
5 

7 

2 
8 to 1 2  

1 7  t o  2 1  

§
Assume s 5 0  t o  1 00 pe rcent o f  in-transit ANS c rude o i l  in the Pacific 

Ocean can b e  diverted from East-o f-Rockies /Virgin I s l ands to PADD V .  

Not e : Canadian supp ly to Wes t  Coast as sumed to b e  fully commi t t ed . 

The c r i t i c a l  per iod for crude o i l  supp l i e s  wou l d  be the 
th ird wee k  of the TAP S shutdown . Wh i l e  s ome short-haul fore i gn 
crude o i l  wou l d  be ava i l ab l e  in le s s  than 1 5  days , the volume 
wou ld probably not be enough to completely s upply re finer ie s , 
part icul arly s i nce s upp l i e s  wou ld not be evenly d i s tr ibuted among 
r e f iner s . Potent i a l  sources of fore ign c rude o i l  ava i l able 
within 15  to 20  days a f ter the TAP S shutdown i n c l ude : 

• Me xican c rude o i l  for Japan - - Mexico s e l l s  approxi­
ma te ly 1 8 0  MB / D  to Japane se buye r s , but c rude o i l  
ava i l abi l i ty o n  the We s t  Coast i s  e xpe c te d  t o  incre a s e  
sub s t ant i a l ly upon comp l e t i on o f  a new p ipe l ine t o  the 
P a c i f i c  in 1 9 8 9 . I t  should be po s s ib l e  to trade Midd le 
E a s t  crude oil for at least s ome of the Mex i c a n  c rude 
o i l ; d e l ivery could be made in thr e e  to f ive days . 
Under current contract terms , approval o f  Pemex and / or 
the Me xican gove rnment would be required to a l te r  the 
de s tination of the crude o i l . 
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• E cuadorian c rude o i l  - - Ecuador ma rk e t s  about 2 0 0  MB / D  
o f  crude o i l  that cou ld be de l ivered in l e s s  than 1 4  
days . S a l e s  are general ly committed i n  advance , but it 
should be po s s ib l e  to acquire some for the We s t  C oa s t  
b y  r e s a l e  o r  exch ange . 

• Me xican , Vene z u e l an , and Car ibbean c rude o i l s  - - The s e  
crude oi l s  could be de l ivered t o  the We s t  C o a s t  i n  l e s s  
than 1 5  days v i a  the Panama Cana l . Because Gu l f  and 
E a s t  Coas t re fine r s  would s eek the se c rude o i l s  to 
replace the i r  ANS l os s e s , vo lume s ava i l a b l e  for the 
We s t  Coast wou ld probab ly be sma l l ;  i n i t i a l ly ,  incre­
ment a l  s upp l i e s  o f  the s e  c rude o i l s  prob ably wou l d  be 
traded to retain in-tran s it ANS c rude o i l  on the We s t  
Coast . 

I t  i s  r e a l i s tic to e xpect that 2 to 3 mi l l ion barre l s  could 
be acquired from the s e  s ource s in the first 2 0  days of the TAP S 
outage ; a further 2 to 3 mi l l i on barre l s  wou l d  be avai lab l e  in 
the l a s t  1 0  days . The s e  vo lume s are prob ably not l arge e nough to 
avo id reduce d  crude o i l  run s in the third week o f  the s tr e s s  
per iod . 

Sub s tant i a l  add itional c rude o i l  s upp l ie s wou ld become 
ava i l ab l e  a f ter 1 8  to 2 0  days from a number o f  sourc e s : 

• I ndone s i an product ion - - I nc reme n t a l  Indone s ian c rude 
oi l may be ava i l able from surp l u s  produ c t ion c ap ac i ty 
and inventory . I n  add it ion , i t  shou ld b e  po s s ib le to 
" trade forward " to acqu i re I ndone s i an c rude o i l  prompt­
ly in r e turn for a l ater paybac k ; such t rade s a lmo s t  
a lways inc lude a prem ium o r  " d i f feren t i a l " t o  the un­
s tr e s s ed trading partne r . Some Au s tr a l ian c rude o i l  
may b e  avai lable o n  s imi l ar arrangement s .  The e a r l ie s t  
de l ivery date wou ld b e  about 2 0  days a ft e r  the TAP S 
shutdown . 

• Middle E a s t  crude o i l  in trans it - - On aver age , there 
is more than 3 MMB / D  in trans i t  to Japan , two- th irds 
from the Midd le E a s t .  G iven a s u i tab l e  incent ive , i t  
should be prac t i c a l  t o  d ivert a po rtion o f  that c rude 
o i l  to the We s t  Coa s t  and repl ace i t  with increme ntal 
purcha s e s  o f  Middle E a s t  crude . The e a r l i e s t  de l ivery 
date wou l d  be 15 to 1 8  days a fter the TAPS s hutdown . 

• Middle E a s t  purch a s e s  -- Large s upp l i e s  o f  Middle E a s t  
c rude o i l  c o u l d  be ava i l ab l e  a fter 3 0  days . Surplus 
produc t ion c apac i ty and inve ntory is adequate to cover 
the entire TAPS lo s s . Th i s  c rude o i l  wou l d  cont i nue to 
arr ive a fter TAP S resumed operation unt i l  invento r i e s  
we re replenished . 

Prac t i c a l ly , i t  wou l d  be reasonab le to expe c t  that 6 to 1 0  
mi l l ion barre l s  o f  c rude o i l  could be made ava i l ab l e  in the 1 8 th 
to 3 0 th day o f  the TAP S shutdown . The se vo lume s are s u f f i c ient 
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to cover e s s e nt i a l l y  fu l l  r e f inery demand in the l a s t  1 0  d ays 
a fter the outage , but overa l l  refinery produc t ion wou l d  probab ly 
be r educed by 3 to 6 mi l l ion barre l s  in e a r l ier per iods . 

A shor t fa l l  o f  th i s  magni tude cou l d  b e  c overed from p roduct 
inventory and product moveme nts from PADD I I I . P r imary i nven­
tor i e s  of products tend to be l ower on the We s t  C o a s t than in the 
re s t  of the country , in part becau s e  o f  the shorter d i s tribution 
sys tem be twe en re finer and consume r . Tab l e  7 6  s hows primary 
inventory at March 3 1 , 1 9 8 8 , wh ich is typ i c a l . The t ab l e  s hows 
total i nventory and the vo lume above the min imum i nventory 
requ i red to maintain norma l operation . There is l i tt l e  doubt 
that inventor i e s  cou ld be drawn below " norma l " minimums in a 
s tre s s  s i tuation o f  th i s  sort . 

Con s ide r ab l y  more ava i lable product i s  norm a l l y  i n  s e c ondary 
and terti ary s torage h e ld by j obbers , reta i l e r s , and consume rs . 
An addi tional 1 0  days o f  ga s o l ine suppl y  and 2 0  p l u s  days o f  d i s ­
t i l l a te s uppl y  c ou ld be dr awn from th i s  inventory in l i eu o f  
h igher priced purch a s e s  dur ing the s tr e s s per iod . The percep t i on 
that the crude o i l  s upply prob lems have a c l e ar end ing date en­
courage s consumpt ion o f  s econdary and tert iary i nvento ry . 

Produc t  de l iver i e s  from PADD I I I  or fore i gn s ourc e s  v i a  the 
Panama c an a l  could begin as e ar l y  as 1 5  days a ft e r  the TAP S d i s ­
rup tion ; up t o  7 mi l l ion b arre l s  o f  product could b e  de l ivered i n  
the fo l l owing 1 5  days without s train ing Eas t-o f-Roc k i e s s upply or 
inventory . There is l i tt l e  opportun ity for more rapid acce lera­
t ion o f  product s upply from o ther PADDs becau s e  there is l i ttle 
produc t moveme nt in the interface are a s . G a s o l ine produced to 
Eas t-o f-Rock i e s  spe c i f ic a tions may requ i re waive r s  of spe c i a l  
environmental requirements impo sed by s ome C a l i fo r n i a  j ur i sdic­
tions ; i t  is a s s ume d that the se waivers wou l d  be grante d . 

TABLE 7 6  

PADD V PRODUCT INVENTORY 
( Mi l l ion B arre l s ) 

Product 

G a s o l ine 
Kero j e t  
D i s t i l l ate 
Re s idua l  Fue l 

Total 
I nventory 

2 9  
6 
9 
9 

53 

Ava i l able Above 
Min imum 

2 
1 
1 
4 
8 

S ourc e : Vo lume IV , Petrol eum I nventor i e s  and 
S torage , o f  S torage & Transportation ( National 
Petro l eum Counc i l , 1 9 8 9 ) . 
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Mar ine tonnage to haul the replacement crude o i l  and product 
shou ldn ' t  be a s i gni f icant prob lem ;  s urplus for e ign- f l ag tonnage 
is ava i l able and the U . S . - f lag ships that norma l l y  c arry ANS 
crude o i l  wou ld be ava i l ab l e . Jone s Ac t waive r s  for " c l e a n "  
( l igh t  product ) s h i p s  wi l l  be required t o  perm i t  fore ign f l a g  

ve s s e l s  t o  move product t o  the We s t  Coa s t . O f f s hore l ighte r ing 
may be required for l arger crude o i l  ships with dra f t s  in e xc e s s  
o f  water depth at We s t  Coast port s ; l i ghter ing operator s were 
common be fore ANS product ion disp l aced much of the We s t  Coa s t  
import vo lume . 

The l o s s  o f  2 MMB /D o f  ANS crude o i l  wou l d  be a ser ious s up­
ply prob lem ; but supp ly i s  avai lable and the sys tem shou l d  be 
c apable of ma inta in ing consume r s upp ly wi thout s e r ious d i s rup­
tion . However , it s e ems l ikely that crude o i l  s upp l ie s  could no t 
be del ivered in time to avo id the los s o f  s ome r e f i nery c apac i ty . 
Produc t inventory and po tent ial produc t movements from PADD I I I  
wou ld be mo re than amp l e  to replace the l o s t r e finery produc t i on . 
The cooperation o f  local governments wou ld be e s s ent i a l  to 
expedite re- supp ly from non-normal sourc e s . 

Coping with the l o s s  wou ld be e xpens ive . Crude o i l  cos ts 
wou ld be s ign i f ic antly mor e  than normal ANS crude o i l  c o s t s  
becau s e  o f  h igher transportation c o s t s  and trading premiums . 
P roduc t from PADD I I I  wou ld a l so be s ub s tan t i a l l y  more e xpens ive 
than norma l because o f  fre ight charge s and prem iums . 

H awa i i  re ceive s  4 0  to 5 0  MB /D o f  ANS c rude o i l , but replace­
ment shou ld be a l e s s  d i f f icu l t  prob lem than for the ma i n l and . 
Hawa i i  i s  c l o s e r  to Au s tr a l i a , I ndone s ia , and the ma j or As ian 
supp ly routes . Rep l acement vo l ume s o f  crude o i l  c an be acqu i red 
and del ivered f a i r l y  qu ickly to min imi z e  the gap in crude o i l  
supply . 

Future C a se ( 1 9 9 2 )  

The l o s s  o f  TAPS s upp ly for 3 0  days i n  1 9 9 2  could pose a 
sub s tant i a l ly more s e r i ous prob lem , wh ich wou l d  be f e l t  by We s t  
Coa s t  con sumer s  for s everal week s . T ab l e  7 7  c ompare s PADD V 
supp ly and demand in 1 9 9 2  with 1 9 8 7 . The tab l e  no te s s ome maj or 
change s : 

• We s t  Coa s t  crude o i l  consump t i on i s  pro j ec ted to b e  3 0 0  
MB / D  h igher , but C a l i forn ia crude o i l  produc t i on i s  not 
e xpected to incre a s e . 

• We s t  Coast demand for ANS crude o i l  i s  pro j ected to be 
1 . 4  MMB / D  ( about hal f of to t a l  crude o i l  requi rement ) .  
Howeve r , ANS production i s  foreca s t  to be down to 1 . 5 
MMB / D , l e aving only about 1 0 0  MB / D  moving to E a s t- o f­
Roc k i e s  re finerie s . 

As a result o f  the s e  change s , a TAPS d i s ruption in 1 9 9 2  
wou ld have a much greater impact on PADD V s upp ly than i n  1 9 8 7 , 
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Supply 

Demand 

Suq�lus 

TABLE 7 7  

1 9 9 2  PADD V CRUDE OIL SUPPLY- DEMAND 
( Mi l l ions o f  Barre l s  per Day)  

Location 1 9 8 7  

A l a s k a  2 . 0  
C a l i forn i a  1 . 1  
F ar E a s t  0 . 2  
C anada and other 0 . 0 + 

3 . 3  

C a l i forn i a  1 . 9  
Puget Sound 0 . 4  
Alaska 0 . 1 + 
H awa i i  0 .  1 

2 . 5  

PADD I '  I I , I I I  via Panama 0 . 6  
PADD I '  I I , I I I  

via We s t- E a s t  P ipe l i ne s 0 . 0 + 
Car ibbean / Other via Cape Horn 0 . 1 + 

0 . 8  

1 9 9 2  E s t . 

1 . 5  
1 . 1  
0 . 3  
0 . 0 + 
2 . 9  

2 . 1 + 
0 . 5  
0 . 1 + 
0 . 1  
2 . 8  

0 .  1 

0 . 1  

Source : E I A  d e t a i l  del ivery reports by c i ty ( 1 9 8 7 ) ; E IA 
1 9 8 7  Pe tro l eum Supply Annua l ;  and adaptations from NPC e s t ima tes 
and indu s try forec a s t s . 

because there would be l e s s  crude o i l - in tran s i t  to provide 
continui ty i n  the e a r l y  day s of the cuto f f . 

E a s t-o f-Roc k i e s /Virgin I s l ands 

The lo s s  of ANS s upp l y  to East-o f-Rock i e s  r e f i ne r i e s  woul d  
b e  negl igib l e . I t  should be pract ica l to d ivert s ome fore i gn 
crude o i l  supp l i e s  from PADD I I I to PADD V a lmo s t  immed i a te l y , 
ut i l i z ing inventory to ma intain crude o i l  runs i n  PADD s I I  and 
I I I . 

We s t  Coast 

Crude oil and product supp l i e s  would e ve ntua l ly be ava i lable 
to replace the lost ANS crude oil vo lume s ,  but long tran s i t  time s 
requ i red to bring the se s upp l i e s  to the We s t  Coast woul d  make 
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supp l i e s  unusual ly t ight in the l O th to 2 0 th days o f  the TAP S 
cuto f f . I n  thi s  period , s upplemental supply wou ld be avai lable 
from : 

• Drawdown o f  crude o i l  and pr imary product inventor ies  
be low nominal "minimums . "  "Minimum " inventor ie s in­
c lude a cushion to avo id terminal runouts and re finery 
shutdowns ; the s e  vo lume s wou ld be drawn to avo id 
re finery shutdowns or wide - s c a l e  runout s .  

• Drawdown o f  secondary / terti ary inventory . Avai l ab le 
product inventory in the tanks o f  d i s tr ibutors , 
de alers , indu s tr ia l  users , and individual consumer s  
norma l l y  amounts t o  more than 1 0  days ' s upply . T ight 
product supp ly would undoub tedly result in rapid price 
increase s . The s e  h igher pr ices  plus the recogni tion 
that supp l y  problems wou ld be o f  l imited dur ation wou ld 
encourage midd l emen and consumers to u s e  the i r  inven­
tor ie s and defer purcha s e s . 

I t  i s  probabl e  that some re finers wou ld reduce crude o i l  
run s from the outset rather than shut down the i r  fac i l i t ie s . 
Likewi se , with sh arply reduced product supply , some marketers 
might al loc ate produc t very early in the s tre s s  period . Prices 
wou ld be expec ted to rise rapidly and rema in at h igh leve l s  for 
the duration of the TAPS d i s ruption , not f a l l ing to norma l leve l s  
unti l inventor ies  began t o  b e  rep leni shed . 

As  be fore , s igni ficant c rude o i l  supply from Far E a s t  
product ion and Middl e  E a s t  in-tran s i t  inventory wou ld become 
avai lable 1 8  to 2 0  days a fter the TAPS shutdown . Thi s  vo lume 
coupled with h i gher crude o i l  and product d e l ive r i e s  via the 
P anama C anal and product imports from the F ar E a s t  woul d  e s s en­
tially repl ace the lo s t  ANS crude oi l in the final 1 0  days . 
A fte r 3 0  to 4 0  day s , very large vo lume s o f  Midd l e  E a s t  crude o i l  
would b e  avai lable . 

Coping with a TAPS shutdown in 1 9 9 2  wou ld be a very d i f f i ­
cul t cha l l enge for the system ,  but the i ndu s try c ould maintain 
reasonable supp ly l eve l s  and avoid hardship to individu a l  con­
sumers . However , it s eems l ikely that the publ i c  wou ld be quite 
aware o f  the problem because o f  noticeably h i ghe r price s and some 
inc onvenience ( e . g . , s c attered runouts at termina l s  and s ervic e  
s tat ions ) .  

Summary 

The shutdown o f  TAP S for a period a s  long a s  3 0  days i s  a 
highly improbabl e  event , which wou ld be d i f ficult in 1 9 8 7  and 
subs tant ial ly more so in 1 9 9 2 . Neverthe l e s s , the NPC be l ieves 
that the sys tem could cover such a lo s s , ma intain ing nece s s ary 
supp l i e s  to consume r s . The pub lic would be a f fe c te d  by h i gher 
pr ices for a time and the inconvenience of sc attered runouts 
( particularly in 1 9 9 2 )  at terminals  and s ervic e  s ta t ions for a 
brie f per iod . 
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F a s t ,  dec i s ive action by the indu s try i s  requ i re d  i n  a 
stre s s  s i tuation o f  th i s  magni tude . Cooperation o f  governments 
at every l eve l is e s sent i a l  to resolution of the prob l em . 

SCENARIO 6 :  CANAD IAN CRUDE O I L  IMPORT D I S RUP T I ON 

Th i s  scenario examines the sys tem c apab i l ity to r e d i rect 
crude oil and product i n  the even t o f  a 3 0 -day d i s rupt ion of 
C anadian crude oil imports on the I nterprovi nc i a l / Lakehead pipe ­
l i ne s . Th i s  s c enar io wa s ana lyzed for the current s i tu a t i on and 
for a 1 9 9 2  pro j ection . 

Conc lus ions 

Current ly , c rude o i l  inventory in PADD I I  plus po tent i a l  
repl acement crude o i l  from PADD I I I  and imports a r e  adequate t o  
cover the l o s s  o f  C anadian crude o i l  i n  a n  i n i t i a l  3 0 -day per iod , 
or l onger i f  nece s s ary . I n  addit ion , product inventor ie s and 
potent i a l  inc rement a l  product s upp ly could p rovide s ub s t an t i a l  
addit iona l coverage . On average , it i s  proj ec ted tha t  crude o i l  
and equivalent product equal to twice the C anadian c rude o i l l o s s 
cou ld b e  supp l ied in the 3 0 -day period at a reason ab l e  c o s t  
increment . 

By 1 9 9 2 , pro j ec ted growth in re fi nery c rude o i l  demand wi l l  
make rep l ac ement o f  the C anadian vo lume i n  k ind mo re d i f fi c u l t . 
Incremental product supply and produc t invento ry draw wou l d  be 
required to br idge a 3 0 -day lo s s  o f  C anad ian crude o i l . 

I n  both c a s e s , the Twin C i t i e s  area woul d  po s e  more d i f f i ­
cu l t  ( i . e . , more e xpen s ive ) rep l acement supp ly prob l ems . 

Scenario Review 

Current C a s e  

As s hown in Tab l e  7 8 ,  C anadian imports via I n terprovinc i a l  
pipe l ine to t a l ed 5 2 7  MB / D  i n  1 9 8 7 , mo s t  o f  wh i ch wa s de l i vered t o  
PADD I I . Th i s  vo l ume was a s s umed to be inte rrupted for a pe r iod 
of 3 0  days as the r e s u l t  of a pipe l ine outage . A pipe l ine shut­
down o f  this l ength i s  h igh ly un l ike ly ; downt ime on ma j or pipe­
l ine s rarely exceeds one or two days . 

Canadian imports s upply about 1 7  percent o f  PADD I I  crude 
o i l  requ i rements ; and the l o s s  wou ld be a ma j or up s e t  to that 
region . Howeve r , the ove r a l l  crude o i l  l o s s  ( 1 6 mi l l ion b arre l s  
over 3 0  day s ) i s  not l arge compared with crude o i l  invento r i e s  in 
PADDs I through IV , wh ich aggregated 2 7 4  mi l l ion barre l s  on 
March 3 1 ,  1 9 8 8  -- about 4 4  mi l l ion b ar re l s  above min imum l eve l s  
requ ired t o  maintain normal operations . The chal l en ge wou l d  be 
to u s e  tho s e  inventor i e s  to min imi z e  the immedi ate e f fect of the 
Canadian crude o i l  los s and provide time to replace the s upply 
from other s ourc e s . 
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TABLE 7 8  

1 9 8 7  CANAD IAN IMPORTS TO THE UNI TED S TATES 

P ipe l ine Sys tem 

Inte rprovinc i a l * 

Range l and 

Other 

De s t inat ion 
( Re f in ing Cent e r )  

S t . Paul , MN 
Chi cago , I L  
Detro i t , MI / To l edo , 
Warre n ,  PA 
Other 

B i l l ings , MT 

Various 

Tot a l  Imports 

OH 

Vo lume 
( MB / D )  

1 7 0  
2 2 4  

3 7  
5 4  
4 2  

5 2 7  

6 5  

1 8  

6 1 0  

* I nterprovinc i a l  a l s o de livered approx imate ly 6 0 - 7 5  MB / D  
o f  U . S . crude o i l . 

Source : Adapted from the National Ener gy Board r eport , 
"Exports o f  Crude O i l - 1 9 8 7 ; " I n formation provided by I n ter­
provinc i a l  P ipel ine , December 1 9 8 8 ; NPC e s t ima te s b a s ed on 
indus try experience ; and E IA 1 9 8 7  P e trol eum Supply Annu a l . 

Assuming a l l  o f  the crude o i l  los s wou l d  f a l l  on PADD I I , 
the shutdown o f  I nterprovi nc i a l  pipe l ine for 3 0  days wou ld reduce 
crude oil supp ly by 1 6  mi l l ion b arre l s , rough l y  s ix days of re­
finery crude oil d emand ( at 2 . 8  MMB / D ) . Th i s  l o s s  wou ld be 
covered init i a l ly with inventory draw , but i n  a very short t ime 
add i t ional crude o i l  supp l ie s  from PADDs I I I  and IV could be made 
avai lable . F i na l ly , waterborne imports de l ivered v i a  PADD I I I  
wou ld be incre a s ed to replace the Canadian vo l ume and r ep l e n i sh 
inventor i e s . I ncremental produc t s upp ly and the draw o f  product 
inventory would provide s upp l emental s upp l ie s  to ma i nta in product 
f low to the con sumer . 

As shown in Tab l e  7 9 , crude o i l  and product s upply poten­
t i a l l y  ava i l ab l e  to PADD I I  in the f i r s t  3 0  day s is more than 
doub l e  the a s s umed C anad ian c rude o i l  l o s s . Even l arger vo l ume s 
could be made avai l ab l e  i f  h i gher -cost s upp l y  a l ternative s are 
cons idered ( e . g .  r a i l  de l ivery of crude o i l  and produ c t ) .  Poten­
tial supp ly s ource s are brie fly exp l a i ned be low . 
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TABLE 7 9  

POTENT IAL SUPPLY TO REPLACE A 
3 0 -DAY INTE RRUPTION OF CANAD IAN IMP ORTS 

( PADD II -- Current C a se ) 

SuEElY Po tent i a l  

Vo lume in Days o f  
Mi l l ion Re f i n e r  
Barr e l s  SUEElY 

Reduced C anad i an Supp l y  1 6  6 

Rep l ac ement Crude O i l  Supp ly 
PADD I I  I nventory * 1 7  6 
P ip e l ine from PADD I I I  8 3 

2 5  9 

Inc remental P roduc t Suppl y  
PADD I I  I nventory * 8 to 1 1  3 to 4 
P ipe l ine from PADD I I I  2 1 

1 0  to 1 3  4 to 5 

To t a l  3 5  to 3 8  1 3  to 1 4  

* I nven tory above min imums . 

PADD I I  I nven tory 

D a y s  o f  
C anadian 

SUEElY 

3 0  

3 2  
1 4  to 1 6  

4 6  to 4 8  

1 5  to 2 1  
4 

1 9  to 2 5  

6 5  to 7 3  

Crude o i l  inventory i n  PADD I I  aver age s about 7 5  mi l l ion 
barre l s . Much of th i s  is norma l ly "unavai l ab l e " i n  t ank bottoms , 
p ip e l i ne s , and " s a fe t y "  inventory des igned to i n sure continu i ty 
o f  re finery and transport ope rations . A s s uming PADD I I  i s  rea­
sonab l y  s imi l ar to o ther E a s t-o f-Rock i e s  areas , the " ava i l ab l e " 
crude o i l  inventory above the minimum l eve l s  requ i red for norma l 
operation wou l d  be equiva lent to about s ix days o f  re f i nery s up­
ply or 1 7  mi l l ion barre l s . 

I n  a s tr e s s  s i tuation , some additional c rude o i l  i nventory 
cou ld undoubtedly be drawn to avo id r e f inery shutdowns . Because 
a port ion of the PADD I I  c rude o i l  inventory i s  located a t  p ipe­
l i ne hub s ( e . g . , P a toka ) , the sys tem retains unu s u a l  f l exibi l i ty 
to d irect s tocks to re f i ne r i e s  in part icular need . 
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In cremental P ipe l ine D e l ivery 

I n i t i a l ly , drawdown o f  inventory in the ad j acent PADD I I I  
cou ld provide a prompt s ource o f  acce l erated c rude o i l  s upply to 
the Midwe s t  ( PADD I I )  . I t  i s  expected that re f iners in the 
northern ha l f  o f  PADD I I  wou ld s eek to acqu i re dome s t ic or l anded 
fore ign crude o i l  with immed iate ac c e s s  to pipe l i n e s  s e rving PADD 
I I . Typ i c a l ly , th i s  c rude o i l  might be acquired in a " time 
trade " in wh ich a Gu l f  Coast re finer g ive s up c rude o i l  imme d i ­
ate ly and i s  repaid at a spe c i f ied l ater date , probably with 
impo rted crude o i l . 

The s e  tran s act ions wou ld g ive PADD I I  re fine r s  prompt acce s s  
to add i t ional crude o i l  and e f fective ly a l l ow the sys tem to uti­
lize PADD I I I  inventory . PADD I I I  c rude oil inventory above 
min imum is norma l ly equivalent to about 1 2  days ' s upply for PADD 
I I ,  so even a sma l l  s tockdraw can be a s i gni f i c ant add i t i on to 
Midwe s t  supply . 

Within a r e l a t ive ly few days , inc remental fore ign crude o i l  
wou ld b e  d iverted to PADD I I I  for tran spo rtation to PADD I I  and 
to repay crude o i l  rece ived earlier on t ime trade s . Some o f  th i s  
crude o i l  wou ld be sh ipped d i rectly via p ipe l i n e s  and s ome wou ld 
be traded for i n l and crude oil s upply ac c e s s ib l e  to inter-PADD 
pipe l ines . 

P ip e l ine capac ity and the time requ i red to arr ange tran s ­
actions and phys i c a l l y  transport c rude o i l  a r e  the l imi ting 
factors in prov iding replaceme nt s upp ly in the i n i t i a l  3 0 -d ay 
per iod . As shown in T ab l e  8 0 , unu sed p ipe l ine capac ity from PADD 
I I I  to PADD I I  wa s e s t imated to be 5 0 0  to 5 7 5  MB / D  in 1 9 8 7 . Th i s  
capac ity would be rough ly adequate t o  rep l ac e  t h e  Canad i an crude 
o i l  when replacement supp ly has been obta ined . 

TABLE 8 0  

CURRENT PADD I I I  TO PADD I I  AVAILABLE P I PEL INE CAPAC ITY 

P ipe l ine Sys tem 

C ap l ine 
Mid-Va lley 
Amo co 
ARCO 
O z ark / She l l  
Mob i l  

D i ameter ( inch e s ) 

4 0  
2 2  

8 ,  1 2 ,  1 2 , 2 0  
2 4 , 2 2  
1 0 , 2 2  
2 0  
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Average MMB / D  

2 5 0  
5 0 - 7 5  

} 2 0 0 - 2 5 0  

5 0 0 - 5 7 5  



Exch ange s c an be nego t i a ted and imp l emented i n  a day or two , 
but phys i c a l  tran sportation o f  the crude o i l  may take l onge r . 
Tab l e  8 1  s hows typ i c a l  del ivery time s for crude o i l t o  PADD I I  
locations from various s ource s . The l i s te d  t ime s are for a d i s ­
crete batch t o  reach the des tination ; but s ince p ipe l ine ou tput 
of crude o i l  incre a s e s  immedi ately when i nput rate s r i s e , s upp l y  
may e f fec t ive ly increase f ive to e ight days f a s ter than s hown . 

De l ivery o f  imported crude o i l  to PADD I I I  ( for tran s port to 
the Midwe s t )  can b e  accel erated by " t ime trad i n g "  with E a s t  C o a s t  
re f iners s o  that fore ign s upp l i e s  in tran s i t t o  PADD I c an b e  
diverted t o  PADD I I I  i n  re turn for l a ter payback . The s e  trade s 
(which are not uncommon in norma l time s )  a l l ow PADD I i nvento r i e s  

t o  be e f fectively u t i l i z ed t o  ame l iorate a Midwe s t  shor tage . 
Trading i s  not u s ua l l y  an a l truistic activity ; both p a r t i e s  mu s t  
b e  s a t i s f i ed that they are at a n  economi c advantage . 

I f  only h a l f  the spare pipel ine c apac ity cou l d  be ut i l i z ed 
in the 3 0 -day pe r iod because o f  the t ime requi red to obt a i n  sup­
ply , the inc rementa l rece ipt via PADD I I I  wou l d  a dd 7 . 5  to 8 . 5  
mi l l ion b arre l s  to PADD I I  supp ly , roughly three days ' r e f i nery 
demand ( an equ iva l ent to 1 4  to 1 6  days of Canadian import s )  . 

TABLE 8 1  

TRAN S I T  DAYS DURING STRE S S  S I TUAT I ON *  

To 
Texa s / Lou i s i ana C h i c ago § Ohio /Michigan § 

From 

Mex ico 2 1 0  1 6  
Vene zue l a  5 1 3  1 9  
Caribbean 3 1 1  1 7  
F ar E a s t  3 6 � 4 4 �  5 0 �  
Midd le E a s t  3 5  4 3  4 9  
We s t  Texas 8 1 4  

* I nc lude s emergency f a s t  s te aming o f  1 5  kno t s  averaged 
versus norma l 1 3  kno t s . 

§ Inc l ude s Gu l f  Coas t to Midwe s t  pipe l ine trans i t .  

� I nc lud e s  d i s ch arge , trans it , and re load i ng to / from 
P anapipe . 

Sourc e : BP Amer ica I nc . , Transpo rtat ion Department , 
December 1 9 8 8 .  
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Some incremental s upp ly would a l s o  be ava i l able from PADD IV in 
th i s  s c enario , but i t  is un l ikely to be more than a frac t i on of a 
day ' s  re f inery consumpt ion . 

Product Supply 

To supplement replacement crude o i l  s upp l y , added product 
supp ly wou ld be avai l ab l e  from inventory and from inter-PADD 
movements in the 3 0 -day per iod . Produc t i nvento r i e s  vary s e a son­
ally , but avai lable pr imary s tocks ( above min imums ) average three 
to four days of equiva lent r e finery crude o i l  s upp l y . 

The c apab i l ity o f  supp lying incremental p roduc t to PADD I I  
i s  examined i n  Scenario 4 ,  Produc t P ipe l ine D i s rupt ion ( PADD I I I  
to PADD I I ) . Th i s  scenar io l i s ted 1 3 0  MB / D  o f  sp are c ap ac i ty i n  
product p ipe l ines from PADD I I I  t o  PADD I I  in 1 9 8 7 . I f  only h a l f  
th i s  capac i ty were uti l i zed , i ncrementa l produ c t  equ iva l ent to 
about 2 mi l l ion b arre l s  o f  C anadian crude o i l  could be obt a i ned . 
Produc t input wou ld b e  ava i l ab l e  init i a l ly from PADD I I I  inven­
tory and l ater (within 1 0  days ) from incre as ed produ c t  imports . 

Scenar io 4 iden t i f i e s  other potenti a l  produ c t  s upply s ources 
for a PADD II s tre s s  s i tuation , including drawdown of s ec ondary 
and ter t i ar y  inventor i e s  held by j obber s ,  reta i l er s , and con­
sumers . P roduc t  can a l s o  be made avai l ab l e  from PADD I by a s ­
s igning per iphe r a l  a r e a s  to PADD I s ourc e s . The s e  opt i ons were 
not inc luded in Tab l e  7 9  as they were not requ ired . 

Longer-Term Crude O i l  Supply 

Potent i a l  supp ly from areas out s ide PADD I I  was h e avi ly d i s ­
counted in the i n i t i a l  3 0 -day per iod t o  account f o r  the t ime 
required to fu l ly mar s h a l  a l ternative s upply sources . I f  i t  
appeared that the l o s s  o f  C anadian crude o i l  wou l d  e xtend beyond 
3 0  days , c apac i ty and supply wou ld be ava i l a b l e  to replace e s sen­
t i a l ly all the crude o i l  on a continuing ba s i s . 

Regi ona l  Supply Problems 

The l o s s  of C anad ian imports wou ld not be s h ared equ a l l y  by 
all PADD I I  refine r s . C anadian imports are concentrated in the 
northern h a l f  o f  PADD I I , and some areas wou l d  be a f fec ted more 
by the l o s s  or be l e s s  ab l e  to obtain a l ternate s upp l y . 

• Twin C i t i e s  Area - - Th i s  area woul d  h ave the mo s t  d i f ­
ficult prob l em . Re fineries in the Twin C i t i e s  area are 
supp l ied pr imar i l y  via the Minne sota p ipel ine . Th i s  
sys tem c onnects to the Interprovinc i a l  sys tem and 
brings Canadian crude o i l  and North Dakota produc t ion 
to S t . P au l . D i s rupt ion of Canadian imports wou ld 
reduce supp ly to Twin C it i e s  r e f i ne r i e s  by about 1 7 0  
MB / D . Supp ly for the 3 0 -day per iod c ou l d  be obtained 
by i nventory draw and inc rement a l  throughput on the 
Wood River l i ne . However , with a c apac i ty of about 1 0 0  
MB / D , the Wood River sys tem c annot f u l l y  cover the 
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C anad ian lo s s . Some crude o i l  a l ternat ive s upp ly v i a  
barge or rai l wou ld b e  feasib l e , but add ed product 
de l ive r i e s  and drawdown of produc t  inve n tory wou l d  
probab ly b e  required t o  br idge the 3 0 -day p ipe l i ne 
outage . 

• C h i c ago Ar ea - - Canadian imports into Chi c a go are s p l i t  
betwe e n  swe e t  and sour crude o i l . There i s  amp l e  pipe ­
l ine capa c i ty t o  supply the 2 2 4  MB / D  r equireme n t s  for 
the area . 

• To l edo /Detroit - - Th i s  area wou ld not be s i gni f ic an t l y  
stre s s ed . C anad ian imports i n t o  To l edo / D e tro i t  to t a l e d  
only 3 7  MB / D  in 1 9 8 7 . Adequate pipe l i ne c apacity i s  
avai l ab l e  t o  de l iver repl ac ement supp l i e s . 

Overa l l , the sys tem i s  c apab l e  o f  cover ing the C anadian c rude o i l  
los s without di s rupt i on o f  consume r suppl i e s . The requ ired c rude 
o i l  and produc t  d iver s i on s  wou l d  add to e xpen s e , and the r e  wou ld 
probab ly be s ome r edu ced r e f inery ut i l i z at ion . The a f fec ted 
vo lume is sma l l  r e l a t ive to to�al PADD II s uppl y , however ,  and 
consume r price increa s e s  wou ld probab ly not be exce s s ive . 

Future C a s e  

The l o s s  o f  Canad i an imports in 1 9 9 2  wou l d  po s e  a more 
d i f f icult s upp ly prob l em . Re f ine ry expans ions are expected to 
increase PADD II c rude o i l  demand by about 3 5 0 MB / D over 1 9 8 7 . 
Spare capac ity in e x i s t ing crude o i l  l i nes wou ld be unab l e  t o  
replace the Canadian c rude o i l  o n  a s te ady- s tate bas i s  a n d  wou l d  
make a sma l l e r  contribution in t h e  3 0 -day period . I ncrementa l 
produc t  s upply would undoubtedly be requ ired to br idge the 3 0 -day 
lo s s . ( At l e a s t  one ma j or crude o i l  l ine from PADD I I I  to PADD 
I I  could be s ign i f icantly e xpanded with pump mod i f ic a t i on s ; it i s  
po s s i b l e  that c apac i ty addit ions wi l l  par t i a l l y  o f f s e t  the growth 
of crude o i l  demand to PADD I I , ma intaining pipe l ine c apac i ty 
reserve . )  

R e f inery c apac i ty in the Twin C i t i e s  area has been e xpanded , 
making the c rude o i l  l o s s  an even greater di f f i c u l ty for th i s  
are a . Adequa te product s upply i s  ava i lable to avo id a consume r 
prob l em , but some r e f inery c apac i ty wou ld probab l y  be l o s t  i n  the 
3 0 -day period . 
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APPENDIX A 
STUDY REQUEST LETTER AND 

DESCRIPTION OF THE NATIONAL PETROLEUM COUNCIL 





The Secretary of Energy 
Washington, DC 20585 

Mr . R a l p h  E .  B a i l ey 
C h a i rman 
Nat i on a l  Pet rol eum Cou n c i l 
1625 K St reet , N .  W .  
Wa s h i n gton , D .  C .  20006 

Dear M r .  B a i l ey :  

Fe bruary 2 0 , 1 987 

T h e  Nat i on a l  Pet rol eum Coun c i l has prepa red n ume r o u s  stud i es i n  
t he p a st on t he n at i on ' s  pet rol eum i n ventory ,  sto rage , a n d  
t ra n s po rt a t i on sy stem s . T h e  Counci l ' s l a st compre h e n s i v e st udy o n  
t h i s  s u bj ect w a s  com p l eted i n  1 97 9 .  The p r i n c i p a l  o bj ect i v e s  of 
t h at st udy we re to a n a l yze c u r rent i n vent o r i e s , e s t i mate mi n i m um 
operat i n g  i n vent o ry l evel s ,  determi ne t h e  t ot a l  s t o r a ge c a p a c i ty o f  
the p r i ma ry pet rol eum d i s t r i but i on sy stem , a n d  prov i de det a i l ed 
i n fo rmat i on on t h e  na t i on ' s t ran spo rt at i on sy stem for o i l and 
nat u r a l  gas . I n  1 984 , t h e  Counci l i s sued a repo rt u pd at i n g and 
expand i n g  t h e  i n vent o r i es a nd storage capa c i ty port i o n s  of t h e  197� 
study . 

The s e  s t u d i e s  a re t he most c u r rent , com p re h e n s i ve t re atme nt o f  
pet ro l e um storage and t ra n s po rtat i on that a re av a i l a bl e fo r 
referen ce , wi t h  s ome data be i n g nearly a decade o l d a n d  t he most 
recent from e a r l y  1 983 . S i nce the re l ease of t h e s e  s t ud i e s ,  t h e re 
have been maj o r  c h a n g es i n  t he product i on a n d  t ra n s po r t at i on o f  
crude o i l a n d  n at u r a l  ga s ,  refi nery operat i on s ,  pet r o l e u m  p roducts 
d i s t r i bu t i on network s ,  and the ma rkets they se rve . 

Accord i n g l y ,  I am reques t i n g  the Coun c i l to u n d e r t a k e  a 
comp rehe n s i ve n ew study on petrol eum i n ventory ,  storage , and 
t ra n s p o rt a t i on capa c i t i e s u pdat i n g the Counci l ' s e a r l i e r stud i es as 
neces s a ry . Emp h a s i s  s ho u l d be g i ven to t h e  reexam i n at i on o f  m i n i mum 
ope rat i n g i n v e n t o ry l e v e l s ,  the l ocat i on of storage fa c i l i t i e s and 
av a i l a b i l i ty of i n v e n t o r i es i n  rel at i on to l oc a l  demand , a n d  the 
capabi l i t i e s of d i s t r i but i on netwo r k s  to move p roduct s from re f i n i n g  
cente rs t o  t h e i r p o i nt o f  consumpt i on p a rt i c u l a r l y  d u r i n g  p e r i ods of 
s t re s s . 

For t h e  p u r po se of t h i s study , I des i g nate Dr . H .  A .  Me r k l e i n ,  
Admi n i st rator , E n e rgy I n fo rmat i on Admi n i strat i on ,  to r e p r e s e n t  me 
and to prov i de t h e  neces s a ry coord i nat i on betwe en t h e  De p a rtme nt o f  
E n e rgy a n d  t he C o u n c i l .  

You rs trul y ,  

�� 
John S .  He r r i n gton 
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DESCRI PTION OF THE NATIONAL PETROLEUM COUNC I L  

In May 1 9 4 6 , the Pr e s ident stated tha t  h e  had been impre ssed by 
the contr ibut ion made through government/ industry cooper a t ion to 
the success of the Wor ld War I I  petroleum prog r am .  He felt tha t 
this c lose r e la t ionsh ip shou ld be cont inued and sugg e s ted that the 
Sec re ta r y  of the Inter ior establish an indu s t r y  o r g an i z a t ion to 
prov ide adv i ce on o i l  and gas mat ter s .  Pu r s uant to th i s  r eque s t , 
Inte r ior Sec r e t a r y  J .  A .  Kr ug establi s hed the Na t ional Pe troleum 
Counc i l  (NPC ) on June 18 , 1 9 4 6 . In Oc tober 1 9 7 7 , the Depar tment of 
Ene r gy wa s e stabl i s hed and the Counc i l ' s func t ions we r e  t r a n s fe r r e d  
to the new depar tment . 

The so le purpose of the NPC is to adv ise , i n fo r m , and ma ke 
r ecommendat ions to the Sec r e tary of Energy on any ma tter , r eque s ted 
by h im ,  re lat ing to petro leum or the pe tro leum industr y .  Ma tte r s  
that the Sec re tary wou ld l i ke to have cons ide r ed by the Counc i l  are 
submi t ted as a reque s t  in the form of a lette r  ou t l i n ing the nature 
and scope of the s tudy . The Counc il r e serve s  the r ight to dec ide 
whether i t  w i ll con s ide r any ma tte r r e fe r r ed to i t . 

Examples of r ecent ma j or s tud ies unde r taken by the NPC a t  the 
reque s t  of the Sec re tary inc lude : 

• Re f i ne r y  Fle x i b i l i ty ( 1 9 8 0 )  

• Unconvent iona l Gas Sources ( 1 9 8 0 ) 

• Eme r gency Pr epar edne ss for Inte r r up t ion o f  Pe tro leum Impor t s  
into the Un i ted S ta te s  ( 1 9 8 1 ) 

• u . s . Ar c t ic O i l  & Gas ( 1 9 8 1 )  

• Env ir onmenta l Conse rvat ion -- The O i l  & Ga s Industr i e s  ( 1 9 8 2 )  

• Th ird Wor ld Petro leum Deve lopment : A Sta tement o f  Pr inc iples 
( 1 9 8 2 )  

• Pe tro leum Inventor ies and Stor ag e Capac ity ( 1 9 8 3 , 1 9 8 4 )  

• Enhanced O i l  Recovery ( 1 9 8 4 )  

• The Str a teg ic Petroleum Re serve ( 1 9 8 4 ) 

• u . s .  Petro leum Re f i n ing ( 1 9 8 6 ) 

• Fac tor s Af fec t ing u . s .  O i l  & Gas Ou tlook ( 1 9 8 7 )  

• Inte g r a t i ng R&D Effor ts ( 1 9 8 8 ) . 

The NPC doe s not concer n  i tself w i th tr ade pr ac t i ce s , nor doe s 
i t  eng ag e in any o f  the usual trade assoc iation ac t iv i t ie s . The 
Counc il is subj ec t to the prov i s ions of the Fede r al Adv i sory 
Comm i t tee Ac t o f  1 9 7 2 .  

Member s  o f  the Na t iona l Petroleum Counc i l  a r e  appo i n te d  by the 
Secre tary of Ene r gy and r epresent all segments o f  pe t r oleum 
inte r e sts . The NPC is headed by a Cha ir man and a Vice Cha i r man , who 
are e l ec ted by the Counc i l . The Counc i l  is  s uppor ted e nt i r e ly by 
volunta r y  contr i bu t ions from its member s .  
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NATIONAL PETROLEUM COUNC I L  

MEMBERSHI P  

ADAMS , Wi ll iam L .  
Cha irman and 

Ch ief Exec utive Off i cer 

1 9 8 9  

Un ion Pac i f ic Re sour ce s Company 

ALLEN , Jac k M .  
Cha irman o f  the Boa rd 
Alpar Re sourc e s , I nc . 

AMES , Eugene L . , Jr . 
Pr e s ident 
Venu s O i l  Company 

ANDERSON , Rober t 0 .  
Pre s ident 
Hondo Oil  & Gas Company 

ANGELO , Er nes t ,  Jr . 
Pe tro leum Eng inee r 
Mid land , Texa s 

BAI LEY , Ra lph E .  
Cha i rman of the Board and 

Ch ie f Execu t ive Officer 
Un i ted Mer idian Cor porat ion 

BAI RD , D .  Euan 
Cha irman , P r e s i dent and 

Ch ief Exec u t ive Off icer 
Sch lumberger Limi ted 

BARNES , Jame s E .  
Pres ident and 

Ch ie f Exec u t ive Officer 
MAPCO Inc . 

BASS , Sid R .  
Pres ident 
Bass Bro ther s Ente rpr ises , Inc . 

BLACKBURN , Char les L .  
Cha irman , Pr e s ident and 

Ch ief Execut ive O f f icer 
Maxu s Ene rgy Corpor a t ion 
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BOWEN , W .  J .  
Cha i r man of the Board 
Tr an sco Ene r gy Company 

BRINKLEY , Donald R .  
Pr e s ident and 

Ch ie f Execu t ive Of f icer 
Colon ial P ipel ine Company 

BURGU IERES , P h i l i p  
Cha i r man , Pr e s ident and 

Ch ie f Exec u t ive Off icer 
Cameron I ron Wor k s , Inc . 

BURK E , Fr ank M . , Jr . 
Cha i r man and 

Ch ie f Exec u t ive Of f icer 
Bur ke , Maybo r n  Company , Ltd . 

CALDER , Br uce 
Pr e s ident 
Br uce Calde r , Inc . 

CARL , W i l l iam E .  
Pre s ident 
Car l Oi l & Gas Co . 

CARVER , John A . , Jr . 
Co lleg e o f  Law 
Un iver s i ty o f  Denver 

CASH , R .  D .  
Cha irman , P r e s ident and 

Ch ief Execut ive Off ice r 
Que s ta r Cor por a t ion 

CHANDLER , Col l i s  P . , Jr . 
Pr e s ident 
Chand le r & As soc iate s ,  Inc . 

CHENAULT , Jame s E . , Jr . 
Vice Cha i r man o f  the Board 
Lone S t ar Steel Company 



CHRI SMAN , Ne i l  D .  
Sen ior Vice Pr e s ident 
Mor g an Guar anty Tr ust Company 

of New Yor k 

CONK LIN , Danny H .  
Partner 
Ph i lcon Deve lopment Co . 

COOK , Lodwr ick M .  
Cha irman o f  the Board and 

Ch ief Execut ive Off icer 
Atlan t ic Rich f i e ld Company 

COPELAND , Mar k G .  
Par tne r 
Cope land , Landye , Benne tt 

and Wolf 

COPULOS , Mi lton 
Pr e s i dent 
Na t iona l De fense Counc i l  

Foundat ion 

COURSON , Har o ld D .  
Pr e s i dent 
Cou r son Oil & Ga s ,  I nc . 

COX , Edw in L .  
Cha irman 
Cox O i l  & Gas , I nc . 

CRU IKSHANK , Thomas H .  
Pr e s ident and 

Ch ie f Exec u t ive Of f icer 
Ha l l i bur ton Company 

DERR , Kenne th T .  
Cha i rman of the Boa rd and 

Ch ie f Exec u t ive Of f icer 
Chevron Cor por a t ion 

DIETLER , Cor t land t S .  
Cha i rman and 

Ch ie f Exec u t ive Of f icer 
As soc ia ted Na tural Gas 

Cor por a t ion 

DONAHUE , Al ice C .  
Inte r na t iona l Pr e s ident 
General Feder a t ion of 

Women ' s  Club s 
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DORN , Dav id F .  
Pr e s ident 
For e s t  Oil Corpo r a t ion 

EMI SON , Jame s W .  
Pr e s ident 
We s te r n  Pe tro leum Company 

ERICKSON , Ronald A .  
Cha i r man of the 

Execut ive Comm i t tee 
Er ic k son Pe tro leum Corpor a t ion 

EVANS , Fr ed H .  
Pres ident 
Equ ity Oil Company 

FARRELL , J .  Michae l 
Par tner 
Mana tt , Phe lp s , Rothenber g  & 

Evans 

FI SHER , Wi l l i am L .  
D i r ec tor 
Bureau o f  Economic Geo logy 
Un ive r s i ty of Texas at Au s t in 

GARY , Jame s F .  
Inte r n a t iona l Bus ine ss and 

Ene r gy Adv i sor 
Hono lulu , Hawa i i  

GLANVILLE , Jame s W .  
Gene r a l  Partner 
Lazard Fr e r e s  & Co . 

GLASSER , Jame s J .  
Cha i rman and Pr e s ident 
GATX Cor por a t ion 

GON ZALE Z , Richard J .  
Ene r gy Economic Con sultant 
Aus t i n , Texas 

GOTTWALD , F .  D . , Jr . 
Cha i rman of the Boa r d , 

Ch ie f Exec u t ive Of f icer and 
Cha irman of the Exec u t ive 
Comm i t te e  

Ethyl Corpor a t ion 



GUNN , Rober t D .  
Cha i rman of the Board 
Gunn Oil Company 

HALBOUTY , Miche l  T .  
Cha irman of the Board and 

Ch ief Execut ive Off icer 
Miche l T .  Ha lbouty Ene rgy Co . 

HALL , John R .  
Cha irman and 

Ch ief Execut ive Off icer 
Ash land O i l , Inc . 

HALL , Ronald E .  
Pr e s i dent and 

Ch ie f Execut ive Off icer 
CITGO Petroleum Cor porat ion 

HAMILTON , Frede r ic C .  
Cha i rman , Ch ief Execut ive Off icer 

and Pr e s ident 
Hamilton O il Corpor at ion 

HAMMER , Armand 
Cha i rman of the Board and 

Ch ief Execut ive Off icer 
Occ idental Petroleum Corporat ion 

HAUN , John D .  
Cha i rman o f  the Boa rd 
Bar low & Haun , I nc . 

HAUPTFUHRER , Rober t P .  
Cha irman and 

Ch ief Execut ive Of f icer 
Sun Explorat ion and 

Produc t ion Company 

HEFNER , Raymond H . , Jr . 
Cha irman and 

Ch ie f Execut ive Of f icer 
Bonray Ener gy Corporat ion 

HEMM INGHAU S , Roger R .  
Cha i rman and 

Ch ie f Exec u t ive Of f icer 
Diamond Shamroc k  R&M , I nc . 

HENDRIX ,  Denn is R .  
Pres ident and 

Ch ief Exec u t ive Off icer 
Texas Eas tern Cor porat ion 
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HESS , Leon 
Cha irman of the Boar d  and 

Ch ief Execut ive Off icer 
Amer ada He ss Cor por a t ion 

HOBBS , Mar c ia Wilson 
Commun i ty Leader 
Los Ang e le s , Ca l i for n i a  

HOWSON , Robe r t E .  
Cha i r man of the Board and 

Ch i e f  Exec u t ive Of f icer 
McDermott I nter nat ional I nc . 

BUFF INGTON , Roy M .  
Cha i r man o f  the Board and 

Ch ie f Execu t ive Off icer 
Roy M .  Bu ff ing ton , Inc . 

HUNSUCKER , Rober t D .  
Cha irman , Pr e s ident and 

Ch i e f  Execu t ive Off i cer 
Panhand le Eas te r n  Cor por a t ion 

HUNT , Ray L .  
Cha i r man of the Board 
Hunt O i l  Company 

JOHNSON , A .  Clar k 
Cha i rman and 

Ch ief Exec u t ive Of f icer 
Un ion Texas Petroleum 

Cor por a t ion 

JONES , A .  V . , Jr . 
Partner 
Jone s Company 

JONES , Jon · Rex 
Par tne r 
Jone s Company 

KEPLINGER , H .  F .  
Pr e s ident and 

Cha i rman of the Board 
Kepling e r  Ho ld ing s , Ltd . 

K ETELSEN , Jame s  L .  
Cha i rman and 

Ch ief Execu t ive Of f i cer 
Tenneco I nc . 



K INNEAR , Jame s  W .  
Pres ident and 

Ch ie f Exec u t ive Off icer 
Texaco I nc . 

KOCH ,  Cha r les G .  
Cha i r man and 

Ch ie f Exec u t ive Off icer 
Koch I ndu str i e s , I nc . 

KUEHN , Rona ld L . , Jr . 
Cha i r man , Pre s ident and 

Ch ie f Exec u t ive Off icer 
Sonat Inc . 

LAY , Kenne th L .  
Cha i rman of the Board and 

Ch ief Exec u t ive Off icer 
Enron Cor p . 

LI CHTBLAU , John H .  
P r e s i dent 
Petro leum Indus t r y  Re search 

Foundat ion ,  I nc . 

LI EDTKE , J .  Hugh 
Cha i rman o f  the Board 
Penn z o i l  Company 

McCLEMENTS , Robe r t ,  Jr . 
Cha irman o f  the Board and 

Ch ief Execut ive O f f icer 
Sun Company , I nc . 

Mac DONALD , Pe ter 
Cha irman 
The Nav a j o  Tr ibal Counc i l  

McFARLAND , Lee C .  
Cha irman o f  the Board 
McFar land Ener gy , Inc . 

McNUTT , Jac k W .  
Pr e s i dent and 

Ch i e f  Exec u t ive Off i cer 
Mur phy Oil Corpor a t ion 

McPHERSON , Fran k A .  
Cha irman and 

Ch ie f Exec u tive Off i cer 
Kerr -McGee Corpo r a t ion 
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MAGUI RE , Car y M .  
Pres ident 
Mag u i r e  Oil Company 

MAYER , Fr eder i c k  R .  
Cha irman o f  the Board 
Caza Dr i l l ing & 

Explor a t ion Compan ie s 

MEIDINGER , Judy 
Cha i r man of the Board 
Kon i ag , I nc . 

MILLER , C .  John 
Par tner 
Mi ller Ene r gy Company 

MISBRENER , Jos eph M .  
Pr e s ident 
O i l , Chemic a l  & Atomic Wor ker s 

Internat ional Un ion , AFL-C IO 

MITCHELL , Geor g e  P .  
Cha i r man , Ch ief Execu t ive Off icer 

and Pr e s ide n t  
M i tchell Ene rgy and 

Deve lopment Cor por a t ion 

MOFFETT , Jame s R .  
Cha i r man o f  the Board and 

Ch ief Execut ive Off ic e r  
Fr eepor t -McMoRan Inc . 

MORROW , Richard M .  
Cha irman o f  the Board 
Amoco Cor por a t ion 

MUNRO , John Thomas 
Pr e s ident 
Munro Pe troleum & 

Terminal Cor por a t ion 

MURPHY , John J .  
Cha irman , Pr e s ident and 

Ch ie f Exec u t ive Officer 
Dre sser Indus t r ie s , Inc . 

MURRAY , Allen E .  
Cha irman o f  the Board , Pr e s ident 

and Ch ief Execut ive O f f icer 
Mob i l  Cor por a t ion 



NICANDRO S , Con s tan t ine S .  
Pres ident and 

Ch ie f Exec u t ive Off icer 
Conoco I nc . 

NOBLE , Samue l R .  
Cha i rman o f  the Board 
Noble Af f i li ate s 

O ' CONNOR , Raymond J .  
Vice Pr e s ident 
C it ibank , N . A .  

PACKER , Wi lliam B . , Sr . 
Cha i rman of the Board 
Seav iew Pe tro leum Company 

PALMER , C .  R .  
Cha irman o f  the Board , Pres ident 

and Ch ief Execut ive Of f i cer 
Rowan Compan ies , Inc . 

PARKER , Robert L .  
Cha irman o f  the Boa rd and 

Ch ief Execut ive Off icer 
Par ker Dr i l l i ng Company 

PERRY , Kenne th W .  
Vice Cha irman o f  the Boa rd 
Amer ican Petrof ina , I ncorpo r a ted 

PETTY , Tr av is H .  
Vice Cha i rman 
Bur l i ng ton Re sources Inc . 

PICKENS , T .  Boone , Jr . 
Gene r a l  Par tne r 
Me sa L im i ted Par tner sh ip 

PITTS , L .  Fr ank 
Owner 
Pitts Ene rgy Group 

PLANK , Raymond 
Cha irman and 

Ch ief Execu t ive Off icer 
Apache Cor porat ion 

PRU ET , Che s ley R .  
Pres ident 
Pruet Dr i ll i ng Company 
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RAWL , Lawr ence G .  
Cha irman of the Board and 

Ch ie f Exec u t ive Of f icer 
Exxon Corpor a t ion 

REED , Rober t  G .  I I I  
Cha i r man of the Boar d , Pr e s ident 

and Ch ie f Exec u t ive Of f icer 
Pac if ic Re sour ce s ,  Inc . 

RICHARDSON , F r a n k  H .  
Pr e s ident and 

Ch ief Exec u t ive Off icer 
She ll O i l  Company 

ROSENBERG , Henr y A . , Jr . 
Cha i r man of the Board and 

Ch ie f Exec u t ive Of f icer 
Crown Ce ntr al Pe t r oleum 

Cor por a t ion 

ROSS , Jame s H .  
Pres ident and 

Ch i e f  Execu t ive Of f icer 
BP Amer ica I nc . 

S I LAS , C .  J .  
Cha irman o f  the Boa rd and 

Ch ief Execut ive Off icer 
Ph illips Pe tro leum Company 

S IMMONS , Donald M .  
Pr e s iden t  
S immons Royalty Company 

SLAWSON , Donald C .  
Cha i r man o f  the Boa rd and 

Pr e s ident 
Slawson Compan i e s  

SMI TH , Cla i r  S . , Jr . 
Smi t h  En te r p r i s e s  
Shr evepor t ,  Lou i s i ana 

SMITH , We ldon H .  
Cha i r man of the Boar d  
Big 6 Dr i ll i ng Company 

SMI TH , Will iam T .  
Cha irman 
Wolver ine Explor a t ion Company 



SORENSEN , Ar lo G .  
Pres ident 
M .  H .  Wh i t t ier Cor por a t ion 

STEGEMEI ER , Richard J .  
Pre s ident and 

Ch ie f Exec u t ive Off icer 
Unocal Cor po r a t ion 

STEWARD , H .  Le ighton 
Cha irman , P r e s i dent and 

Ch i e f  Exec u t ive Off icer 
The Lou i s i ana Land and 

Explor a t ion Company 

SWALES , Will iam E .  
Vice Cha irman - Ene rgy 
USX Cor po r at ion 

TRUE , H .  A . , Jr . 
Par tner 
True Oil  Company 

VETTER , Edward 0 .  
Pr e s ident 
Edwa rd 0 .  Ve tte r  & 

As soc ia te s , I nc . 

WARD , L .  0 .  
Owne r - Pr e s i dent 
Ward Petro leum Cor por a t ion 
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WEST , Rober t  V . , Jr . 
Cha irman of the Boa r d  
Te sor o  Pe troleum Cor por a t ion 

WILLIAMS , Joseph H .  
Cha irman o f  the Board and 

Ch ief Execut ive Off icer 
The Wi l l i ams Compan i e s , Inc . 

WI SCHER , I r ene S .  
Pres ident and 

Ch i e f  Exec u t ive Off ic e r  
Panhand le Produc ing Company 

WOODS , Da l ton J .  
Pres ident 
Da lwood Cor por a t ion 

WOODS , Jame s D .  
Pr e s ident and 

Ch ie f Exec u t ive Of f icer 
Baker Hughe s I ncorpor a ted 

ZARROW , Henr y 
Pres ident 
Soone r Pipe & S upp ly Cor por a t ion 

ZEPPA , Keat ing V .  
Cha i r man 
De ltaUS Cor por a t ion 
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NATIONAL PETROLEUM COUNC IL 

COMMITTEE ON 
PETROLEUM STORAGE & TRANS PORTATI ON 

CHAIRMAN 

Wi lliam E .  Swa les 
Vice Cha irman - Ene rgy 
USX Cor por a t ion 

EX OFFIC IO 

Edwin L .  Cox 
Cha irman 
Nat iona l Pe tro leum Counc i l  

GOVERNMENT COCHAIRMAN 

H .  A .  Mer k le in 
Admin i s tr a tor 
Ene r gy Informa t ion Admi n i s t r a t ion 
u . s .  Depar tment of Ene rgy 

EX OFF IC IO 

Lodwr ick M .  Coo k 
Vice Cha i r man 
Nat iona l Pe troleum Counc i l  

SECRETARY 

Mar sha ll w .  Nichols 
Exec u t ive Direc tor 

Na t ional Pe troleum Counc i l  

w .  J .  Bowen 
Cha irman of the Board 
Tr ansco Ene r gy Company 

Ronald A .  Er ickson 
Cha irman of the 

Exec u t ive Comm i t tee 

* 

Er ickson Petroleum Corpor at ion 

John R. Ha ll 
Cha irman and 

Ch ie f Exec u t ive Of f icer 
Ashland O i l , I nc . 

Ronald E .  Hall 
Pr e s i dent and 

Ch ief Exec u t ive Of f icer 
C I TGO Petroleum Cor por a t ion 

* * 

Kenne th L .  Lay 
Cha irman of the Board and 

Ch ie f Exec u t ive Of f icer 
Enr on Cor p . 

John H .  L i ch tblau 
Pr e s ident 
Pe troleum Industry Re search 

Foundat ion , Inc . 

Rober t  McClements , Jr . 
Cha irman of the Board and 

Ch ie f Execu t ive Of f icer 
Sun Company , Inc . 

Richard M .  Mor row 
Cha i r man of the Boar d  
Amoco Cor por a t ion 
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COMMITTEE ON PETROLEUM STORAGE & TRANSPORTATION 

Allen E .  Mur r ay 
Cha irman of the Boar d ,  

Pr e s ident and 
Ch ief Execut ive Off icer 

Mob i l  Cor por a t ion 

Rober t  G .  Reed I I I  
Cha irman o f  the Board , 

Pr e s i dent and 
Ch ie f Exec u t ive Off i cer 

Pac i f ic Re sou r ce s , I nc . 

c .  J .  S i la s  
Cha irman o f  the Boa r d  and 

Ch ief Execu t ive O f f icer 
Ph ill ips Pe troleum Company 

Richard J .  S teg eme i e r  
Pr e s ident and 

Ch ie f Exec u t ive Off icer 
Unocal Cor porat ion 

Joseph H .  Wi l l i ams 
Cha irman of the Board and 

Ch ief Execu t ive Off i cer 
The Wi lliams Compan ie s ,  Inc . 
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NAT I ONAL PETROLEUM COUNC I L  

C OORD I NAT I NG SUBCOMMI TTEE 
OF THE 

C OMMI T TEE ON 
P ETROLEUM S TORAGE & TRANS PORTAT I ON 

CHAI RMAN 

R .  N .  Yamm i n e  
P r e s i d e n t  
Em r o  Ma r k e t ing Comp any 

AS S I STANT TO TH E CHAI RMAN 

C .  M .  P a l me r , Mana g e r  
C r ud e  O i l  S c h e d ul i n g  
Ma r a thon P e t r o l e um Company 

Ro n a l d  J .  B e r t u s  
V i c e  Pr e s i d e n t  

* 

S upply and T r an spo r t a t i o n  
Sh e l l  Re f i n i ng a n d  Ma r ke t i ng 

Company 

Ron a l d  J .  Bur n s  
Pr e s i d e n t  
In te r s t a t e  P i pe l i ne s 
G a s  P ipe l i n e  G r o u p  
E n r o n  C o r p . 

S t ephen L .  Cr oppe r , P r e s id e n t  
W i l l i am s  P ip e  L in e  Company 

John P .  D e s B a r r e s , P r e s id e n t  
S an ta F e  Pac i f i c P ipe l i n e s , I n c . 

B r uce D .  F r o l i c h  
V i c e  P r e s i d e n t  
Supply & D i s t r i b u t i o n  
Ch e v r on U . S . A . I n c . 

* 
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G OVERNMENT C OCHAI RMAN 

J i mm i e  L .  P e t e r s e n , D i r e c to r  
O f f i c e  o f  O i l  and G a s  
En e r gy I n fo r ma t i on Adm i n i s t r a t i on 
U . S .  Depa r tme n t  o f  En e r g y  

SECRETARY 

John H .  G u y , I V  
Depu ty E x e c u t i v e  D i r e c t o r  
N a t i o n a l  P e t r o l e um Counc i l  

* 

D .  R .  H a yw a r d  
V i c e  P r e s i d e n t  
U . S .  S upply 
Ma r k e t i n g  & Re f i n i n g  

D i v i s io n  - U . S .  
Mob i l  O i l  C o r po r a t i o n  

Ro be r t  B .  Ke i fe r , J r . 
G r oup V i c e  P r e s i d e n t  
S upp ly and T r an spo r t a t i on 
A s h land P e t r o l e um Comp a ny 

Rod g e r  W .  Mu r t a u g h  
V i ce P r e s i d e n t  
Ope r a t i o n s  P la nn i ng a nd 

Tr a n s po r t a t i o n  
Amoco O i l  Comp a n y  

Robe r t  P .  Ne u s c h e l  
D i r e c to r , T r a n spo r t a t i o n  C e n t e r  
No r thwe s te r n  Un i v e r s i ty 



COORDINATING SUBCOMMI TTEE 

W i l l i am M .  O l le r  
Execut ive Vice Pres ident 
Te xas Eastern P roduc t s  

P ipe l ine Company 

L .  E .  Sco t t  
V i c e  P r e s i den t 
C r ude S upply and Tr ansportat ion 
Unoc al Re f i n ing and Mar ket ing 

D i v i s ion 
Unoc al Corpo r a t ion 
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J .  E .  Shamas 
Pres ident 
Te x aco T r ad ing and 

Transpo r t a t ion Inc . 

Ray G .  S te iner 
Vice P r e s iden t  
S upply and Tr anspo r ta t ion 
Ph i l l ips 6 6  Company 



NATI ONAL PETROLEUM COUN C I L  

SYS TEM DYNAM I C S  TASK GROUP 
OF THE 

C OMMI TTEE ON 
PETROLEUM S TORAGE & TRANSPORTA T I ON 

CHAI RMAN 

D .  R .  Haywa r d  
Vi ce P r e s i d e n t  
u . s .  S upply 
Ma r k e t i n g  & Re f i n i ng 

D i v i s io n  - U . S .  
Mob i l  O i l  Corpo r a t ion 

A S S I STANT TO THE CHA I RMAN 

Roy Mu r d oc k , Con s u l t a n t  
Na t io n a l  P e t r o l e um Counc i l  

* * 

M i c h e l  E .  D abbar , Mana g e r  
Wo r ld w i d e  C r ud e  O i l S upply and 

Ma r i t ime T r an spo r t a t i o n  
Ph i l l i p s  6 6  Company 

Lawr ence J .  Go ld s te i n  
Exe c u t i ve V i c e  P r e s i de n t 
Pe t r o l e um I n d u s t r y  Re s e a r ch 

Foun d a t ion , I nc . 

Eugene v .  Ho l z e r  
As s i s tan t V i c e  P r e s i d e n t  
G a s  Ope r a t i o n s  
Te x a s  E a s t e r n  G a s  P i pe l i n e  

Company 

d 
. * 

Bu Ka r ac h 1 wa l a  
V i c e  P r e s i d e n t  
P i pe l i n e  F ac i l i ty P la n n i ng 
Enron Co rp . 

* 

G OVERNMENT C OCHA I RMAN 

C ha r le s  C .  H e a th , D i r e c t o r  
P e t ro l e um S upply D i v i s i on 
E ne r g y  I n f o r ma t i o n  Adm i n i s t r a t ion 
u . s .  D e p a r tme n t  of Ene r g y  

S ECRETARY 

J oh n  H .  G u y , I V  
D ep u ty E x e c u t i v e  D i r ec t o r  
N a t i on a l  Pe t r o le um Counc i l  

* 

Edwa r d  N .  K r ape l s  
P r e s i d e n t  
E n e r g y  S e c u r i ty An a lys i s  

R i c h a r d  A .  L i e t z  
V i c e  P r e s i d e n t  
Fa c i l i ty P la n n i ng a nd 

G a s  Ope r a t i o n s  
ANR P ip e l i n e  Company 

Rod g e r  W .  Mu r t augh 
Vice P r e s i d e n t  
Ope r a t i o n s  P l ann i n g  and 

T r a n s po r t a t i o n  
Amoco O i l  Company 

Robe r t  P .  Ne u s ch e l  
D i r e c t o r , T r a n spo r t a t i o n  C e n t e r  
No r thwe s te r n  U n i v e r s i t y  

C u r r e n t l y  Manag e r , Ana ly s i s  and P l ann i ng , 
M i d we s t  G a s  Comp any . 
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SYSTEM DYNAMICS TASK GROUP 

Robe r t  F .  P a s t e r i s  
V i c e  P r e s i d e n t  - Eng ine e r i ng 
Na tu r a l  G a s  P i pe l i n e  C ompany 

o f  Ame r i c a  

L a r r y  C .  T h oma s , Manag e r  
Jo i n t  I n te r e s t  P ip e l i n e  
B P  Ame r i c a  I n c . 

P h i l ip K .  Ve r le g e r ,  J r . 
V i s i t i ng Fe l low 

The In s t i tu t e  o f  I n te r n a t i o n a l  Econom i c s  

S PEC IAL A S S I S TANTS 

B r i a n  J .  B l a z i na 
B u s i ne s s  Deve lopmen t  

Re p r e se n t a t iv e  
Soh i o  P ip e l i n e  Company 

Ma r i lyn G .  Ce r no s e k , Manag e r  
I nd u s t r y  I n fo r ma t i o n  & 

An a l y s i s 
She l l  O i l  Company 

Re g i n a l d  c .  D a y , C on s u l t a n t  
Na t i on a l  P e t r o l e um Coun c i l  

R i c h a r d  L .  I t t e i l ag , D i r e c to r  
G a s  Demand An a l y s i s  
Ame r i c an G a s  A s soc i a t i o n  

Da v i d  F .  Joh n son , D i r e c t o r  
Sy s t ems P la n n i ng a n d  Ana lys i s  

D i v i s io n  
S t r a te g i c  P e t r o l e um Re s e r v e  

Cha r le s  w. L i nde rman 
P r og r am Man a g e r  
Fo s s i l  Fu e l s  
Ed i son E l e c t r i c I n s t i tu t e  
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D a v i d  L .  McCo l lo c h , E c o n om i s t  
O f f i c e  o f  E n e r g y  Eme r g e n c i e s  
En e r g y  Eme r g e n c y  P l a n s  

a n d  I n t e g r a t i o n  
u . s .  Depa r tme n t  o f  En e r gy 

Ra lph Mu l l in g e r  
Pe t r o l e um Econom i s t  
M a r a thon P e t r o l e um Company 

S co t t  F .  Raa urn 
S t a f f  An a ly s t  
Na t u r a l  G a s  S upply 

and Ma r k e t i n g  
C h e v r on U . S . A .  I n c . 

G a r y  D .  Re i chow , D i r e c to r  
Re s u l t s  Man a g eme n t 
Ope r a t io n s  P la n n i n g  and 

Tr a n s po r t a t i o n  
Amoco O i l  Company 

W .  E .  Ryan , Manag e r  
D i s t r i bu t i o n  and F ac i l i t i e s  
P r o d u c t  S upply a n d  

D i s t r i bu t i o n  D e p a r tme n t  
Mob i l  O i l  C o r po r a t i o n  
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APPEND I X  C 

CRUDE O I L  P I PEL INE FAC I L IT I ES BY PADD 

Th i s  append ix out l ine s the crude o i l  p ipe l ine f ac i l i t i e s  and 
capac i t i e s  in e ach Petroleum Admin i s tration for De fen se D i s t r i c t  
( PADD ) • 

PADD I 

Re f iner i e s  i n  PADD I ( U . S .  E a s t  Co a s t )  were de s igned to be 
suppl ied by crude o i l  tanker . Re f iner i e s  are concentrated in the 
coastal are a s  o f  the Mid-At lantic s ta te s ( New J e r s ey , D e l aware , 
and Pennsy lvan i a )  . Only one re f inery in we s te rn Pennsylvan i a  i s  
supp l ied b y  p ipe l ine ; i t  rece ive s Canad ian o r  dome s tic c rude o i l  
via the Midwe s t  ( PADD I I )  sys tems . 

As shown in Table C - 1 , the bulk o f  PADD I re f inery input i s  
imported crude o i l . The dome s t i c  crude o i l  s upply i s  l arge ly 
Alaskan North S lope ( ANS ) c rude o i l  del ive red by t anke r . PADD I 
refine r ie s are l imi ted by wa te r depth to fu l ly l oaded ships in 
the 80 thousand deadwe i ght tons (MDWT ) range ; but l arger ships 
are routinely accommodated by b arge l ighter ing prior to be rthing 
at the r e f i nery whar f .  

TABLE C - 1 

PADD I CRUDE O I L  RUNS 
( Thous ands o f  B arre l s  per Day) 

1 9 7 9  1 9 8 7  D i f f . 

Dome s t ic Crude Oi l 1 6 6  1 1 7  ( 4 9 )  
Imported Crude O i l  1 , 4 8 0  1 , 1 3 6  ( 3 4 4 )  

Re finery Run s 1 , 6 4 6  1 , 2 5 3  ( 3 9 5 )  

S ourc e : AP I Petroleum Indu s try S ta t i s t i c s  ( 9 / 8 8 ) , 
Tab l e  VI I I - 7 . 

As shown in F igure C - 1 ,  there are f ew c rude o i l  pipe l i nes in 
PADD I . *  In the north , Portl and , Maine is the input po int for a 
l ine that transpor t s  fore i gn crude o i l  to e a s tern Canad a , bypa s s ­
ing the ship- s i z e  l imits o f  the S t . Lawrence Waterway . 

Marine rece ipt c apac ity o f  PADD I re finer i e s  i s  more than 
adequate at current rates . No ma j or expans i on of PADD I re f i ne ry 
d i s t i l l ation c apac i ty i s  pro j ec ted for the next f ive years , and 

* F i gure s  C - 1 ,  C- 2 ,  C - 3 , C- 5 ,  and C - 6  are fo ld-out maps and 
can be found at the end o f  th i s  Appendix . 
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mar ine rece iving c ap ac i ty should not be a bottleneck . I n  any 
event , s ince e ach re f inery provide s its own crude o i l  dock and 
terminal f ac i l i t i e s , nece s s ary capac i ty wou ld norma l ly be a part 
of any s i gni f i c an t  re finery add i t ion . 

PADD I I  

The p ipe l ine network supp lying crude o i l  to PADD I I  re f in­
eries is shown in F i gure s C- 2 and C - 3 . E xcept for i n l and 
waterway d e l ive r i e s  aggrega ting l e s s  than a h a l f  o f  one percent , 
a l l  impor ted c rude o i l  del ive r i e s  and a l l  inter-PADD crude o i l  
movements are by p ipe l ine . Dome s t i c  crude o i l  i s  de l ive red from 
PADDs I I I , IV , and V .  Imported crude o i l  i s  d e l ivered from the 
Gul f C o a s t  through PADD I I I  and from C anada through the I nter­
prov inc i a l / Lakehead p ipe l i ne sys tem . 

Tab l e  C- 2 s hows the crude o i l  supp ly to PADD I I  re f i n e r i e s  
i n  1 9 7 9  and 1 9 8 7 . Decl in ing product demand and t h e  c l o s ure o f  

TABLE C - 2  

PADD I I  CRUDE O I L  SUPPLY 
( Thou sands o f  B arre l s  per Day) 

1 9 7 9  1 9 8 7  

PADD I I  P roduc tion 8 7 1  8 6 5  
Imports From : 

C an ada 1 8 0 4 7 2  
O f f shore v i a  

PADD I I I  1 , 3 4 6  3 9 8  
Inter-PADD /Other 1 , 3 3 2  1 , 1 0 9  

Re f inery I nput 3 , 7 2 9  2 , 8 4 4  

D i f f . 

( 6 )  

2 9 2  

( 9 4  8 )  
( 2 2 3 )  

( 8 8 5 )  

S ourc e : E IA ,  Petrol eum Supply Annua l ,  1 9 8 7 ;  Energy 
Data Reports . 

uncomp e t i t ive re f i ner ies reduced over a l l  crude o i l  requi rements 
in PADD I I  by 8 8 5  thous and barre l s  per day (MB / D )  be tween 1 9 7 9  
and 1 9 8 7 .  I n  the s ame t ime per iod , C anad i an c rude o i l  imports 
increased by 2 9 2  MB / D . The net re s u l t  was a reduc t ion o f  about 
1 . 2  mi l l ion b arre l s  per day ( MMB / D )  in dome s t i c  and imported 
crude o i l  movements from PADD I I I . 

The dec l i ne r e s u l ted in the shutdown ( and conver s i on to g a s  
s ervi ce ) o f  two ma j or pipe l i ne s , Texoma a n d  S e away , wh ich formerly 
del ivered imported crude oil from the Gu l f  Coas t to p ipe l ine 
c enters in PADD I I . D e s p i te the shutdown of the s e  l ines , the 
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de c l ine in demand has l e ft other ma j or c rude o i l  l i ne s under­
uti l i zed . Tab l e  C-3 shows that current pipe l i ne c apac i ty from 
PADD I I I  to PADD I I  tota l s  a lmo s t  2 MMB / D  a s suming ope rat ion at 
9 0  percent of des ign capac ity . Ac tua l  s h ipme n t s  of c rude o i l  
from PADD I I I , inc lud ing impor ts , were 1 . 4  MMB / D  i n  1 9 8 7 , l e aving 
surp lus capac ity o f  a lmo s t  3 0  percent . 

TABLE C - 3  

CRUDE O I L  P I PEL INE CAPAC I TY F ROM PADD I I I  TO PADD I I  
( Thous ands o f  B arre l s  per D a y )  

Nor th TX Ar e a / Cushing 
Monroe TX/Cushi ng 
Jacksbo ro / Cush ing 
Basin /Cushing 
She l l / Cush ing 
Cor s i c an a / P a toka 
S t . Jame s / Patoka 
Longview / L ima 

5 5  
1 7 7  
1 0 0  
3 8 2 

2 4  
1 5 0  

1 , 0 7 6 
2 3 8  

2 , 2 0 2  

No te : P ipel ine Ope rat ing Al lowance x 9 0  percent 
1 , 9 8 2  MB / D . 

Spare c apac i ty at the northern end o f  the sys tem between 
Patoka and Chic ago , I l l i no i s , was e s t imated to be 2 8 6  MB / D  in 
1 9 8 7 .  F i gure C - 4  is a schematic d i agram of the northe a s te r n  
sect ion o f  the PADD I I  pipe line network . 

Pl anned and comp l e te d  r e f i nery expa n s i o n s  are e xpected to 
increase 1 9 9 2  PADD I I  c rude o i l  demand by about 3 5 0  MB / D  over 
1 9 8 7 . PADD II pipel ine capac i ty shou l d  be adequate , but capac i ty 
to bring imported c rude o i l  from tidewate r to i n l and p ipe l ine 
origination po ints may be s trained . 

PADD I I I  

Tab le C- 4 shows crude o i l  supp ly to PADD I I I  r e f i ne r ie s for 
1 9 7 9 and 1 9 8 7 . Mo s t  of the PADD I I I  re f i nery c apacity is s i t­
uated in coa s t a l  areas o f  Texas and Lou i s iana , with d i re c t  acce s s  
to marine del iver i e s . C rude o i l  supp ly i s  predominant ly from 
PADD I I I  production and imported crude o i l  or Al a s k an c rude o i l  
rec e ived b y  t anker . 

F i gure C - 5  i s  a map o f  the pr imary p ipe l ine s i n  PADD I I I , 
wh ich tend to fa l l  into two categor i e s : 

• Sys tems that originate in PADD I I I  onshore o r  o f f shore 
oi l f i e ld s  and terminate at r e fine r i e s  
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Figure C-4. PADD II Northeastern Section of Pipeline Network. 

TABLE C - 4  

PADD I I I  C RUDE O I L  SUPPLY 
( Thous ands of B arre l s  per Day)  

PADD I I I  P roduct i on 
Imports 
Inter-PADD / O ther 

Re f inery I nput 

1 9 7 9  

4 , 5 5 6  
2 , 9 6 9  

( 1 , 1 3 5 )  

6 , 3 9 0  

1 9 8 7  

3 , 8 2 7  
2 , 4 3 1  

( 4 1 9 )  

5 , 8 3 9  

D i f f . 

( 7 2 9 )  
( 5 3 8 )  

7 1 6  

( 5 5 1 )  

Sourc e : E IA ,  Pe trol eum Supply Annua l , 1 9 8 7 ;  Energy 
Data Reports . 

• I nter-PADD transportation sys tems that gener a l ly origi­
nate at a pipe l ine hub in PADD I I I  and t e rminate at a 
hub in PADD I I . 

Mo s t  o f  the pipe l ine s shown in F igure C - 5  s erve s pe c i f i c  produc­
ing are a s  and speci f i c  re finery centers . The s e  l in e s  are becom­
ing underut i l i z ed as PADD I I I  production dec l i ne s . The We s t  
Texas sys tems i n  particu l ar have expe r i enced s ign i f i c ant de c l in e s  
i n  throughput . 
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Inter-PADD movements in to and out o f  PADD I I I  h ave changed 
s igni ficantly s i nce 1 9 7 9 . In 1 9 7 9 , more than 2 . 6  MMB / D  ( ne t )  
were pipe l i ned from PADD I I I  to PADD I I ; i n  1 9 8 7 , the vo l ume was 
down to 1 . 4  MMB / D . As ment ioned above , the d e c l ine r e s u l te d  in 
the shutdown and conve r s ion to gas s ervice of S e away and Texoma 
pipe l ine s . The s e  l ines forme r ly provided connec t ions from mar ine 
rece iving po ints to the southern port ion of PADD I I  and to long­
hau l pipe l ine s serving PADD I I . 

The vo lume o f  total U . S .  imported crude o i l  i s  pro j ected to 
increase to 7 MMB / D  by 1 9 9 2  -- up a lmo s t  2 . 3  MMB / D  from 1 9 8 7  and 
somewhat above the 1 9 7 9  crude o i l  import l eve l . A portion of 
th i s  incre a s e  mu s t  be del ivered to PADD I I  by a c omb ination o f : 

• Uti l i z at ion o f  current spare capac i ty . 

• Red irect ion o f  PADD I I I  produc t ion to PADD I I . The 
dome s t ic s upply can be rep l aced in PADD I I I  with in­
cre a s ed imports to coastal r e f iner i e s . 

• Cons truction or conve r s ion o f  new c apac i ty to d e l iver 
imported crude o i l  to inland hubs s e rving PADD I I . 

Reve r s a l  o f  unde rut i l i zed l ines that now run from i n l and 
are as to co a s t a l  r e f i ner i e s  may become attract ive as dome s t ic 
crude o i l  production dec l i ne s . One s uch r ever s a l , an ARCO 
pipe l ine between the Hous ton area and Ok l ahoma h a s  a l ready been 
completed . 

A new p ipe l ine ( A l l -Ame r ican ) de s igned to bring very heavy 
Cali fornia oi l to PADD I I I  began ope ration in 1 9 8 7 . U l t imate l y , 
the sys tem i s  expec ted to s erve the Hous ton area and to provide 
heated pipe l i ne transportation su itab l e  for moving very vi scou s  
C a l i forn ia crude o i l s . 

PADD IV 

As shown in T ab l e  C- 5 ,  PADD IV produc e s  more crude o i l  
than its re finer i e s  consume . Mo st o f  the b a l ance i s  shipped to 
PADD I I . 

F igure C - 6 shows the pr imary crude o i l  p ipe l i n e s  i n  PADD IV 
( and in PADD V )  . Loc a l  systems are d e s igned to move PADD IV pro­

duct ion to r e finer i e s  in the B i l l ings and C a sper areas , in the 
Denve r are a , and in S a l t  Lake C i ty .  Canad i an crud e  o i l  i s  im­
ported into Montana . In 1 9 8 7 , about 2 3 7  MB / D  was s h ipped to 
other PADDs . 

PADD IV pipe l ine sys tems are no t fu l l y  loaded a t  pre sent , 
and throughpu t i s  expected to dec line with PADD IV produc t i on . 
Loc a l  produc t ion i s  more than adequate to c over PADD IV re fi ne ry 
demands , but inter-PADD movements wi l l  a lmo s t  certainly dec l i ne . 
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TABLE C - 5  

PADD I V  CRUDE OIL SUPPLY 
( Thous ands of Barre l s  per Day ) 

PADD IV Produc t ion 
Imports 
Inter-PADD / Other 

Re finery I nput 

1 9 7 9  

6 0 8  
6 5  

( 1 9 6 )  

4 7 7  

1 9 8 7  

5 6 1  
6 5  

( 1 8 9 )  

4 3 7  

D i f f . 

( 4 7 )  

7 

( 4 0 )  

Sourc e : E I A ,  P e tro l eum Supply Annu a l , 1 9 8 7 ;  Energy 
Data Reports . 

PADD V 

The l arge s t  c rude o i l  p i pe l.ine i n  PADD V and in the United 
States i s  the T r an s -A l a skan P ipe line Sys tem ( TAP S )  , whi ch b r ings 
c rude o i l  from the North S lope are a of Alaska to the year- r ound 
port of Va l de z . TAP S ave r aged 1 , 9 6 2  MB / D  in 1 9 8 7 . F rom Valde z , 
the ANS c rude o i l  wa s moved by ship to the We s t  C oa s t , to E a s t ­
of-Rock i e s  locations , and to Hawa i i  and t h e  Virgin I s l ands . 
S ince i t s  comp l e t ion , TAPS c apac ity h a s  been l e s s  than the ANS 
produc tion c apabi l i ty .  Within the next five years , produc t ion 
rate s are e xpected to f a l l  be low present TAPS capac ity . 

ANS crude o i l  production makes PADD V a net supp l i e r  to the 
r e s t  of the Un i ted S t a te s , a s  shown in Tab le C - 6 . I n  1 9 8 7 , s h i p­
ments o f  PADD V c rude o i l  ave raged 6 0 5  MB / D . 

F i gure C - 6  shows a number o f  local C a l i forn i a  s y s tems de­
s igned to transport C a l i fornia produc t i on to re f i n ing centers in 
the Los Ange l e s  and S an F r anc i s co B a s in area s . P ip e l ine s from 
the San Jo aqu in Va l le y  are currently ope r at i ng at c apac i ty fo l ­
l owing a s i gn i f ic an t  growth in produc tion the re . I n  Wash i ngton , 
a br anch o f  Canada ' s  Tran smountain p ipe l ine was former l y  the 
principal s upp l i e r  of c rude o i l  to Puget S ound re f i n e r i e s .  
Today , ANS crude o i l  i s  the pr imary feeds tock for the s e  re f in ­
e r ie s ; the Tran smount ain branch del ivered l e s s  t h a n  1 2  MB / D  in 
1 9 8 7 . 

A new pipe l ine sys tem to bring o f f shore C a l i forn i a  o i l  to 
the Lo s Ange le s area i s  in the p l anning s ta ge ; po l i t i c a l  oppo s i­
t ion to any route s e l ec te d  seems certa in . 

Two inter -PADD pipe l ine s run from C a l i fornia to PADD I I I . 
The Four Corners sys tem has been in operation for s ever a l  year s ; 
and a new l ine ( A l l -Amer ican )  began service in 1 9 8 7 . To t a l  p ipe­
l ine de l i ve r i e s  from PADD V to PADD I I I  wer e  only about 2 0  MB / D  
i n  1 9 8 7 . 
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TABLE C- 6 

PADD V CRUDE O I L  SUPPLY 
( Thou s ands of B ar re l s  per Day ) 

1 9 7 9  1 9 8 7 D i f f . 

PADD V Product ion 2 , 3 7 1  3 , 0 5 5  6 8 4 
Impo rts 5 2 8  1 9 7  ( 3 3 1 )  
Exports * ( 1 5 9 )  ( 1 3 4 )  2 5  
Inter-PADD ( 2 3 2 )  ( 6 0 5 )  ( 3 7 3 )  
Direct U s e / O ther ( 1  0 3 )  ( 3 0 )  7 3  

Re finery I nput 2 , 4 0 5  2 , 4 8 3  7 8  

* Exports are prima r i ly to U . S .  po s s e s s ions ( e . g . , 
Virgin I s l and s ) . 

Sourc e : E IA ,  P e tro leum Supply Annu a l , 1 9 8 7 ; Energy 
Data Report s , F ebruary 1 9 8 1 . 
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APPENDI X  D 

REF INED P RODUCT P IPEL INE FAC IL I T I E S  B Y  PADD 

Th i s  appendix des c r ibe s the re f ined produc t pipel ine sys tem 
of each PADD . Product p ipel ine s transport ga s o l ine , d i s t i l l ate s , 
and j e t fue l  pr imar i l y ,  but s ome l i n e s  a l s o  move b atche s o f  
lique fied petro leum gas ( LP G )  o r  unfini shed product . 

PADD I 

F i gure D- 1 *  i s  a map o f  the product p ipe l ine s o f  PADD I .  
The s e  l i ne s  fa l l  into two general c ategor i e s : 

• Long-hau l sys tems that de l i ver produ c t s  from PADD I I I . 

• Loc a l  sys tems that di str ibute products from PADD I 
re fine r i e s  to we s tern Pennsylvania and we s tern New 
York . In addit ion there are some sma l l - d i ameter l i nes 
that move produc t from marine rece iving po ints in New 
E ng l and to inl and areas . 

As shown in Tab l e  D- 1 ,  the bulk ( 7 0 percen t )  o f  PADD I 
product demand in 1 9 8 7  wa s supp l i ed from out s ide the region by 

* 

TABLE D- 1 

1 9 8 7 PADD I REF INED PRODUCT S UP PLY 

MB /D % 

Re fi nery P roduc tion 1 , 4 7 3  2 9  
Imports 1 , 2 0 7  2 4  
Inter-PADD Net In / ( Out ) 2 , 3 8 8  4 6  
I nventory / O ther 5 8  1 

PADD I Demand * 5 , 1 2 5  1 0 0  

*Tot a l s  may not equa l s um o f  component s due 
to independent round ing . 

Sou rc e : E IA ,  Pe tro leum Supply Annua l , 
1 9 8 7 . 

Fi gures D- 1 through D- 5 are fold-out map s and c an be found 
at the end of th i s  Appendix . 
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impor t s  or sh ipments from PADDs I I  or I I I . Two l on g-hau l pipe­
l ine s ( Co lon i a l  and P l antation ) del ive red more than 2 mi l l ion 
bar re l s  per day ( MMB / D )  of produc t s  from PADD I I I . The s e  l ar ge­
diame ter sys tems s erve the South e a s t  and the Mid-At l an t i c  s tates . 
Colon ia l , the l onger o f  the two l i ne s , termin ate s i n  the New York 
H arbor area . P roduct demand s in c o a s t a l  s tate s north o f  New York 
C i ty are s upp l ied prima r i ly by barge and tanker d e l ive r i e s .  

PADD I re fine r i e s  are concentrated in New J e r s ey , D e l aware , 
and Penns ylvan ia . F rom the s e  re finer ie s a ne twork o f  sma l l er 
pipe l ines de l ive rs produc t to we s tern New York ( e . g . , Bu f f a l o  and 
S yracuse ) and we s tern Penns ylvan ia as far as P i tt sburgh . We s tern 
Pennsylvan ia is an inter face area with produc t  s upp ly from PADD 
I I . Some of the we s tern Pennsy lvan ia p ipel i ne s e gment s  ar e 
equipped to pump e i ther e a s t  or we s t  s o  that we s te rn Pennsylvan i a  
c an be s uppl ied e i ther from PADD I or I I  a s  d i c t a ted by s upp ly 
economi c s . I n  1 9 8 7  about 49 thou s and b arre l s  per day (MB / D )  o f  
f i n i shed produc t ( exc luding LPG )  was d e l ivered by p ipe l ine from 
PADD I I  to PADD I ,  pr imar i l y  to Pennsylvan ia . 

The l ong-hau l p ipe l i n e s  from Texas and Lou i s iana are now 
ope rating c l o s e  to c apac i ty dur ing port ions o f  the year . How­
ever , it i s  expec ted that much o f  the demand growth in PADD I 
wi l l  be suppl ied with incre a s ed imports . Transportation eco­
nomic s  provide an incent ive to direct imports pre feren t i a l ly to 
the northern port ion o f  PADD I .  The current c apac ity o f  the 
l ong-hau l sys tems is expec ted to be adequate through 1 9 9 2 . 

Loc a l  d i s t r ibution pipe l i ne s s erving we s tern New York have 
adequate c apac ity current ly . A l ternate mar ine-de l ivered s upp ly 
can be obtained from PADD II ( v i a  the Great Lake s ) or from New 
York Harbor ( vi a  the Hudson Rive r )  i f  requi red . 

PADD I I  

F i gure s  D- 2 and D- 3 show the exten s ive Midwe s t  pipe l ine 
network in th i s  region . Mo s t  of the sys tem wa s or i gina l ly bu i l t  
t o  di str ibute product from a number o f  s eparate re finery centers 
e i ther in the c rude -oi l produc ing areas o f  PADD I I  ( Kan s a s  and 
Ok l ahoma ) or in the ma j or popu lation center s  of I l l i no i s , 
Indiana , Ohio , and Minne s ota . 

Tab l e  D- 2 shows that local re finerie s provided about 8 1  per­
cent of PADD I I  fini shed product demands in 1 9 8 7 . Mo s t  of the 
balance wa s provided by product sh ippe d from PADD I I I . Long-haul 
product l ines from PADD I I I  de l ivered 5 5 9  MB / D  of fini shed 
product in 1 9 8 7 . An addit ional vo lume of 2 2 2  MB / D  was d e l ivered 
from PADD I via spur l ines from Colon i a l  and P l antation p ipe­
l ine s . ( Th i s  produc t a l so originated in PADD I I I  r e f i ner ie s . )  

Spare capac i ty i n  the long-haul pipe l ines between PADD I I I  
and PADD I I  was e s t imated to average s omewhat over 1 0 0  MB / D  in 
1 9 8 7 , but s igni fic antly l e s s  was avai l ab l e  in peak periods . 
P l anned and comp l e ted r e f inery expan s i ons in PADD I I  are expe c ted 
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TABLE D- 2 

1 9 8 7  PADD I I  REF INED PRODUCT S UPPLY 

MB / D  % 

Re f inery P roduc t ion 3 , 0 8 4  8 1  
Imports 2 8  1 
Inte r-PADD Net I n / ( Out ) 6 8 9  1 8  
I nvento ry / O ther ( 9 )  

PADD I I  Demand* 3 , 7 9 2  1 0 0  

*Tot a l s  may not equ a l  s um o f  c omponents due 
to independe nt round ing . 

Source : EIA , Petro leum Supply Annua l ,  
1 9 8 7 . 

to sati s fy the bu lk o f  demand growth in the re gion for the next 
five years ; current inter -PADD pipe l i ne capa c i ty s hou ld be ade­
quate through 1 9 9 2  without maj or add i t ions . 

Ove ra l l  PADD I I  product demand in 1 9 9 2  i s  not expected to be 
s igni f i c antly above 1 9 7 9  leve l s . The e x i s t ing i nternal product 
d i s tr ibution systems should be adequa te , on ave rage , for the next 
five years at le a s t . 

PADD I I I  

P roduct pipe l i nes are shown in Figure D- 4 .  A s  shown i n  
Table D - 3 , PADD I I I  re finer i e s  produce about twi c e  t h e  vo lume 
required for l oc a l  consumption . Mo s t  o f  the b a l ance i s  sh ipped 
to PADD s I and I I  by pipel ine and mar ine transport . About 2 6 5  
MB /D was exported in 1 9 8 7 . Almost two - th irds o f  th i s  e xport 
vo lume wa s res idu a l  fue l o i l  and pe tro l eum coke that did not me e t  
local sul fur or o ther qua l ity spec i f icat ions . 

Long-hau l p ipe l ines de l ivered abou t 2 MMB / D  o f  g a s o l ine s , 
d i s t i l lates , and j e t  fue l to PADD I and 0 . 5 6 MMB / D  to PADD I I . 
For reasons d i s cu s s ed above , the se sys tems are pro j e c ted to h ave 
amp le c apac i ty to mee t  transportation needs through 1 9 9 2  de s p i te 
re lative ly h i gh current c apac ity uti l i z a tion . 

Loc a l  d i s tr ibution network s and intra s tate t runk p ipe l in e s  
de l iver produc t from Gu l f  Coast a r e a  re finer i e s  to ma j o r coas t a l  
c i t i e s  and inl and popu l ation centers ( e . g . , D a l l a s ) . Other 
sys tems di stribute produc t from re finerie s in We s t  and North 
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TABLE D - 3  

1 9 8 7  PADD I I I  REF INED P RODUCT SUPPLY 

MB / D  % 

Re finery Produc t ion 6 , 5 1 7  2 0 2  
Imports 1 4 7  5 
Inter-PADD Net I n / ( Out ) ( 3 , 1 7 4 )  ( 9 8 )  
E xport s / O ther ( 2 6 7 )  �) 

PADD I I I  Demand * 3 , 2 2 3  1 0 0  

*Tota l s  may not equal sum o f  componen t s  due 
to i ndependent round ing . 

S ourc e : E IA , Pe tro leum Supply Annua l ,  
1 9 8 7 . 

Texa s , E a s t  Texas , and Ark an s a s . The s e  l in e s  pose no ma j or 
problem in mee t ing transportat ion needs through the e a r l y  1 9 9 0 s . 

I n  add i t ion to pipe l ine de l iverie s ,  b ar ge and tanker s h ip­
ments total ing mor e  than 6 0 0  MB /D of petro l eum product we re made 
from PADD I I I  to PADDs I and I I . 

PADD IV 

F i gure D- 5 shows the produc t pipe l ine system i n  PADD IV ( and 
PADD V )  . The sys tem is fed in the north from r e finer i e s  in 
Montana and Wyoming and in the s outh from re fine r i e s  in Colorado 
and Utah . 

Ove ra l l ,  PADD IV product requi reme nts are c lo s e l y  matched by 
ref inery product ion a s  i l lus trated in Tab l e  D- 4 . Howeve r ,  the 
southern area o f  PADD IV is shor t and rece ive s b a l anc ing supp l y  
from PADD I I . The no rthern area i s  s l igh t ly l ong and d e l i ve r s  
surp lus product to North and South Dakota ( PADD I I )  and the 
por t ions of e a s te rn Wash ington and Oregon ( PADD V )  e a s t  of the 
Cas cade mounta ins . 

No s i gn i f icant s upply prob lems are antic ipated for PADD IV 
pipe l ines . 
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PADD V 

TABLE D - 4  

1 9 8 7  PADD I V  REF INED P RODUCT S UPPLY 

Re fi nery P roduc t ion 
Imports 
I nter-PADD Net I n / ( Out ) 
I nventory / Other 

PADD IV Demand * 

MB / D  % 

4 5 2  
4 

1 

4 5 7  

9 9  
1 

1 0 0  

*Tota l s  may not equa l s um o f  components due 
to independent round i ng . 

Source : EIA , Petroleum Supply Annua l ,  
1 9 8 7 . 

Wi th the exception o f  the l i ne s  providing PADD IV produc t to 
eastern Wa shington and Oregon , PADD V product pipe l i ne s are a l l  
local d i s tr ibution systems s erving re finer i e s  i n  the L o s  Ange l e s , 
San Franc isco Bay , or Pug e t  S ound are a s . Mo s t  o f  the s e  d i s tr ibu­
t ion systems are currently ope rating near capac i ty , but th i s  
po s e s  no s igni ficant prob l em a s  a l ternat ive transportat ion modes 
are ava i l ab l e . 

The rapid growth o f  the Phoenix-Tuc son area o f  Ar i z on a  h a s  
s trained pipe l i ne c apac i ty from Los Ange l e s  and T e x a s  into 
Ar i z ona . Recent e xpans ion of the s e  l in e s  shou ld provide c apac i ty 
to me et growth requ irements for seve r a l  years . 

D - 5  





NA$HVIU.E. TN 

AUAOAA AKRON OM 

KHOXVI.L£, TN 

WEST 

VIRGINIA 

' \ ' ../'"' }'.... /'-/ " -
/ VIRGINIA 

J( - - --

C:----j GAEE.....oAO p 

SOUTH 

CAROLINA 

T AUGUSTA 

' 

... - - -- - -- �,.2.-.oG£ (--
'-- - - - -- - - - ---- ' \ � 

FLORIDA 

I"\ _, r'- ' \.- ' I \ I , I \ 
MAINE 1\ \ 

' -�  \ 
I 

NEW 

YORK 

LEGEND 

\ 
I 

1 

) 
I ,. 

0 PIPELINE STATION OR TERMINAL 

@ REFINERY OR REFINERY AREA 

(2] TERMINAL AREA 

E) TRUCK TERMINAL 

G WATER TERMINAL 

• PIPELINE CONNECTION 

NATIONAL PETROLEUM COUNCIL 

PRODUCT PIPELINES 

PIPELINE CAPACITIES* FOR 

PAD DISTRICT 1 
AS OF DECEMBER 31,  1 987 

• FIGURES INDICATE WINTER CAPACITY IN THOUSANDS OF BARRELS PER CALENDAR DAY 

FOR PUMPING #2 FUEL OIL. IF NOT AVAILABLE, NORMAL MIX USED. 

Figure D- 1 .  



t::l 
I 

\0 

--# 

- --

CNPPEWA FAU.S WNJSNJ �::.=.:;.,;:..;.;.;.:__---i,.�� WU.....SPf/ .. t!!l 

-, -....... 
' 

\ 

KOcH 

"-' 

\ 

" "-''OSSN 

.om _@ CARAOUTCH�k 
BAYUS ..0 

crrv . wo 1 

\ 
' 

I ' 
� 

I 
, 

( 
\ ' 

" 

WISCONSIN 

....__ 

ILLINOIS 

sr LOUIS l ..o  
\ 
" 

� 

-"--

-
'...-� - -

' 
\ 

LAKE SUPERIOR 

'�­.( c 
I 

t- J  

MICHIGAN 

KENTUCKY 

LAKE HURON 

LAKE ERIE 

OHIO 

-
I r'-.� ' ( � -"""- - /'\ � .., ........._ _, ..... , I 

'J'- "  
I 

I 

\ .. ' \.. 
, _  

, 

,/ I 

/ 
/ / 
/ 

_. ...,-/ _ _ _ _ _ _ _ _  , 
- -- - - -- - � -- I 

I -- - - --- - -- - - -- - (� ��- - - --f'- ----
r � 0 SOUTHSIDE T NASHVU£ 

� :!] 
I 
l 

, ..)  ' 
lj 

I 
< 

I 

TENNESSEE 

� - - - - - ----------

NATIONAL PETROLEUM COUNCIL 

PRODUCT PIPELINES 

PIPELINE CAPACITIES* FOR 

PAD DISTRICT 2 
EAST OF THE MISSISSIPPI RIVER 

AS OF DECEMBER 31, 1987 

--- --- - --- -

• FIGURES INDICATE CAPACITY IN THOUSANDS OF BARRELS PER CALENDAR DAY 
FOR PUMPING #2 FUEL OIL. IF NOT AVAILABLE, NORMAL MIX USED. 

LEGEND 

[!] PIPELINE STATION OR TERMINAL 

0 REFINERY OR REFINERY AREA 

(2] TERMINAL AREA 

[!!) TRUCK TERMINAL 

B WATER TERMINAL 

• PIPELINE CONNECTION 

Figure D-2. 



I 
I 

r-----
, 

----- ---- -

I
I -----

--- I" 
--

I I 

: r------� t 
I � NORTH DAKOTA J '''-, I l __( - - ""-... '"\r\_ 

I 
I 

I 
,._ _ _ , -- ------1 ------ -- --

, ---- - - - I 

MINNESOTA 

1 
-- - - .__ 1 I I , ... 

'-.. 

I .....,etrv SOUTH DAKOTA 

' ,-... ,-- '-

-

- -

'\._ 

I @j 

_j_j 
WfOl.aV P' TT ' \ \� � \ 

I 

I r------
, --------

; --------� 

I 
I 

I 
DL'MIIf4� 

I 7' : ICOTT CtrY n 

....... 

I I 
I 
I 

NEBRASKA 

KANSAS 

NATIONAL PETROLEUM COUNCIL 

PRODUCT PIPELINES 

PIPELINE CAPACITIES* FOR 

PAD DISTRICT 2 
WEST OF THE MISSISSIPPI RIVER 

AS OF DECEMBER 31, 1987 

\ 

MISSOURI 

LEGEND 

[!] PIPELINE STATION OR TERMINAL 

0 REFINERY OR REFINERY AREA 

[2J TERMINAL AREA 

@J TRUCK TERMINAL 

• PIPELINE CONNECTION 

······ PRODUCT LINE HANDLING CRUDE 

- - PRODUCT LINE HANDLING LPG 

• FIGURES INDICATE WlNTER CAPACITY IN THOUSANDS OF BARRELS PER 

CALENDAR DAY FOR PUMPING 12 FUEL OIL IF NOT AVAILABLE NORMAL MIX USED 

Figure D-3. 



� - -
, - .---. _ _ _ _ _ _  _ 1 - - - - -

I 
I 

I 
I 
I 

I 
I 
I 

I 
I 
I 

I 
I 
I 

I 

NEW MEXICO 

WFSTE /JERALD f11l 

\ 5H£U(141 
.... 

I 

\ 

OlNVtR,CO 

TRUST 129) 

TEXAS 
\ 

\ 

l 
\ ,. --.... _ -'\  
'""- ... 

I ', ... I \ ""- .. / \ 
\ 

NATIONAL PETROLEUM COUNCIL 

PRODUCT PIPELINES 
PIPELINE CAPACITIES* FOR 

PAD DISTRICT 3 
AS OF DECEMBER 31, 1 987 

• FIGURES INDICATE WINTER CAPACITY IN THOUSANDS OF BARRELS PER CALENDAR DAY 

FOR PUMPING 112 FUEL OIL. IF NOT AVAILABLE, NORMAL MIX USED. 

� 
' 

\ 

\ 
' 

' 

'I 
I 
'" 

\ 

.- - - - - - - - -

1 
I 

\ 

.woco. 
Wolt4THCN 

TEICAS EA STUW 
(.CAll 

ARKANSAS 

MISSISSIPPI 

I 
I 

\ 

LEGEND 

- - - -

\ 
\ 

\ 
\ 

\ 

I 
I 
\ 

\ 
\ 

' --- - - ----

0 PIPELINE STATION OR TERMINAL 

0 REFINERY OR REFINERY AREA 

(2] TERMINAL AREA 

[!!) TRUCK TERMINAL 

B WATER TERMINAL 

• PIPELINE CONNECTION 

Figure D-4. 

D-13 



(12/ 

- - - - - -

I!!:]EUOl><E OREGON 

CALIFORNIA 

I 
I 

I 
I 
I 

I 
\. ' "' \. \. "' 

- - - - - - - - - - - - -· I �-----------------------
\ 

\. \. "' \. ' 

I : I 'IPOI<Akt I 
T I 

NEVADA 

"' 
' 

\. "' 

MONTANA 

WYOMING 

I 
I 

\ 
I 
I 

\ 
- -- - - - - - , 

I 

\ 

I 
I 

\ 

-c:nv 10 

NORTH PlAnE. N8 

4,., 
__ 

-
-

\ 
--

UTAH 

COLORADO 
: �-1 �,� 

1 
I 

\ 

I 
I 

\ 
_: - - - - - - - - -- - - -

-
� -

-
-- - -

-- - - -- - - --
- - --

-
-

1 � n  
��� : 

@) __ '-: I ' 

\. ..:.:i)��HTL. \. \ 

"'. < ARIZONA 
\ \. 

" 
I 

! 
) 

.... .... .............. 

NATIONAL PETROLEUM COUNCIL 

PRODUCT PIPELINES 

PIPELINE CAPACITIES* FOR 

PAD DISTRICTS 4 & 5 
AS OF DECEMBER 31 , 1987 

LEGEND 

(!] PIPELINE STATION OR TERMINAL 

@ REFINERY OR REFINERY AREA 

(!!] TRUCK TERMINAL 

(2] TERMINAL AREA 

B WATER TERMINAL 

• PIPELINE CONNECTION 

.... .............. 

I '--�=:=.;:;�'.:::.oaJC=._ n PASO. r. 
I • FIGURES INDICATE WINTER CAPACITY IN THOUSANDS OF BARRELS PER CALENDAR DAY FOR 

.... .............. _ _ _ _ _ _  1 PUMPING #2 FUEL OIL. IF NOT AVAILABLE, NORMAL MIX USED. Figure D-5 . 
D-15 



APPENDIX E 
GWSSARY 





APPEND I X  E 

GLOS SARY 

ACRONYMS AND ABB REVIAT IONS 

ANS Ala skan North S l ope 

AP I Ame r i c an Petro l eum I n s t i tute 

B / D  barr e l s  p e r  day 

BTU B r i t i sh the rmal uni t *  

C F  -- cubic foo t ; a me asure o f  gas vo l ume . 

DOE Department o f  Ene rgy 

DOT Department of Transportation 

DWT de adwe ight tons * 

EIA Ene rgy I n forma tion Adminis trat ion 

FCC F l uid Catalytic Cracking 

FERC - - Federal Energy Re gu latory Commis s io n  

LDC Lo cal D i s tr ibution Company ( for natu r a l  ga s ) * 

LNG l ique f ied natur a l  gas * 

LOOP -- Lou i s iana O f f sh ore Oi l Por t ; a marine rece iving te rminal 
for c rude o i l . 

LPG -- lique fi ed petrol eum gas * 

MARAD -- U . S .  Mar i time Admi n i s tration 

MB /D - - thou s a nd barre l s  per day 

MCF - - thou s and cubic feet ; vo lume me a sure o f  natu r a l  gas . 

MDWT -- thou s and de adwe ight tons 

MMB /D -- mi l l ion barre l s  per day 

MMCF - - m i l l ion cub ic fee t 
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MMCF / D  - - mi l l ion cub ic feet per day 

MTBE -- me thy l terti ary butyl ether ; an octane improvement 
add i t ive . 

NGL - - natural gas l iqu ids * 

NGPA - - Natural G a s  P o l icy Act 

NPC - - National Petro l eum Counc i l  

OPEC Organ i z ation of Petroleum E xporting Count r i e s  

PADD Pe tro leum Admin i s tration for De fen s e  D i s t r i c t *  

ps i pound s per s quare i nch 

RVP Re id vapor pre s s ur e ; a me asure o f  product volat i l i ty . 

SPR S t rategic P etro l eum Res erve* 

TAPS - - Trans-Alaska P ipe l i ne System 

TCF - - t r i l l ion cubic feet 

VLCC - - Very L arge Crude Carrier s ; a l arge oce ango ing t ank s h ip . 

* See a l s o in De f in it ions s e c t ion . 
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DEF INITIONS 

a lkylat ion -- a re f i n ing proc e s s  for chem i c a l ly comb in ing i s o­
butane with o l e fin hydro c arbons ( e . g . , propyl ene , butylene ) 
through the contro l o f  temperature and pre s sure in the 
pre sence of an acid c at a lys t , u s ua l ly s u l fur i c  acid or 
hydrof luoric ac id . The product , a lkyla t e , an i s opara f f in , 
has h igh oc tane value and i s  bl ended with mo tor and avi ation 
gasol ine to improve the antiknock va lue o f  the fue l . 

ava i l able inve ntory -- vo lume in storage above min imum ope rating 
leve l s . 

barge - - gene ral name given to the f l at-bottomed ve s s e l  e s pe­
c i a l ly adapted for the tran spor tation of bulk c ar goe s . 
Barge s can be s e l f-prope l l ed , towed , or pushed . 

barrel - - the s tandard un i t  o f  me asurement o f  l iqu i d s  in the 
pe tro l eum indu s try , conta in ing 4 2  U . S .  s tandard ga l l ons at 
6 0  degrees F .  

batches - - homogeneous quan t i t ie s  o f  petro leum sh ipped through a 
pipe l i ne u s ua l ly having a spec i f ied min imum acceptable s i z e . 

British therma l un i t  ( BTU ) - - the s tandard me a s urement for heat 
employed i n  the U . S .  gas indus try . One BTU r a i s e s  the 
tempe rature o f  one pound o f  water by one degree F ahrenh e i t  
from 5 8 . 5  t o  5 9 . 5  degre e s  under s tandard pre s sure o f  3 0  
inches o f  me rcury . Natura l gas o f  " p ipe l ine qua l i ty " con­
tains about 1 , 0 0 0  BTU per cubic foot . 

burner tip - - s i gn i fying del ivery to the f i n a l  cus tome r . A 
burner-tip price , for examp l e , i s  the p r i c e  charged the 
end-u s er . 

butane - - a norma l ly ga s eous s tra ight-chain or branch- chain 
hydrocarbon . It is  extrac ted from natural gas or re fi ne ry 
gas s treams . I t  inc lude s i sobutane and normal butane . 

c e i l ing price - - the max imum price permitte d  by a regu l a tory 
author i ty exerc i s ing contro l o f  price or pro fi t s . 

cogene ration - - the s imu l t aneous production o f  e l e c tr ic i ty and 
u s e fu l  heat . The heat i s  u s ua l ly in the form o f  s te am or 
hot water . Cogene ration u s ua l ly refers to u s ing h e a t  tha t  
i s  o ften wa s te d  when a n  indus try o r  u t i l i ty generates 
e l ec tr ic i ty .  

coking -- a proc e s s  by wh ich heavier c rude o i l  fractions c a n  be 
therma l ly decompo sed under cond i t ions o f  e l evated tempera­
ture s and pre s s ure to produce a mixture of l i ghter o i l s  and 
petrol eum coke . The l i gh t  o i l s  c an be proc e s s e d  furth e r  i n  
o ther re finery units to meet product spec i f i c at i on s . The 
coke c an be u s e d  e i ther a s  a fue l or in other app l i c a t ions 
such a s  the manu factur ing o f  ste e l  or a l umi num . 
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comb ined cyc l e  - - a c o- gener at ion te chno logy in wh ich add i t ional 
e l ec tr ic i ty i s  produced sequent i a l ly from otherw i s e  l o s t  
was te h e a t  f rom g a s - fired turb ine s . E x i t ing h e a t  f l ow i s  
routed t o  a n  exhaust- fired conventional b o i l e r  o r  t o  a 
heat-re covery s te am generator for ut i l i z at i on by a s te am 
turb ine to produce e l ectr i c i ty . 

common c arrier - - transportat ion l ine or sys tem c arryi ng persons 
or goods for compensation , impar t i a l ly for a l l  persons or 
sh ipper s .  

cracking , c atalytic - - the re fining proce s s  o f  break ing down the 
l arger , heavi e r , and more comp lex hydroc arbon mo lecu l e s  into 
s imp ler and l i ghter mo lecule s . Catalytic c r acking is accom­
p l i shed by the u s e  o f  a catalytic agent and i s  an e f fect ive 
proce s s  for inc re a s ing the yie ld o f  ga s o l ine from c rude o i l . 

cracking , hydroc racking - - a re fining pro ce s s  that u s e s  hydro­
gen and c a t a l y s t s  with relative ly l ow tempe ratu re s and h igh 
pre s sure s for convert ing middle boi l ing or r e s idu a l  ma ter i a l  
to h igh-octane g a s o l ine , reformer charge s tock , j e t  fue l , 
and / or h i gh grade fue l oi l .  The proce s s  u s e s one or more 
cata lys t s , depending upon produc t output , and can handle 
h igh- s u l fur feeds tock s wi thout prior de s u l fur i z a t ion . 

crude o i l  d i s t i l l at ion - - the re fin ing proce s s  o f  s eparat ing 
crude o i l  components at atmospheric pre s s ure by h e at in g  to 
temperature s of about 6 0 0  degre e s  F to 7 5 0  degr e e s  F 
( d epending on the nature o f  the crude o i l  and des ired 

produc t s ) and s ub sequent condens ing of the fractions by 
coo l ing . 

de adwe ight tons ( DWT ) - - the number o f  l ong ton s ( 2 , 2 4 0  pound s )  
o f  c argo , s tore s , and bunkers th at a ve s s e l  c an c arry . I t  
i s  the d i f ference between the l ong ton s o f  water a ve s s e l  
disp l ace s i n  i t s  " l ight " and l oaded cond i tion . A ve s s e l ' s  
c argo c apac i ty i s  l e s s  than its to t a l  deadwe ight tonnage . 

d i s ti l l ate fue l o i l  a gene ral c l a s s i ficat ion for one o f  the 
petro l eum fract ions that is u s ed prima r i ly for space 
heating , on-h i ghway and o f f-h ighway d i e se l eng i ne fue l 
( i nc lud ing r a i lroad engine fue l and fue l  for agr icu l ture 

machinery ) , and e l ectric powe r gene ration . I n c luded are 
product s  known a s  No . 1 ,  No . 2 ,  and No . 4 h e a t i ng o i l  and 
d i e s e l  fue l . I ndus try par l ance o ften inc lud e s  j et fue l and 
kero s ine as d i s t i l l a t e s  a l s o . 

dra ft - - the depth o f  a ve s s e l  be low the water l ine . 

enhanced o i l  recovery - - soph i s ticated proc e s s e s  to augme nt 
recovery of crude o i l  ( e . g . , inj e c t ion of s t e am into 
res ervo i r  forma t ions ) . 

e thane - - a norma l ly gas eous s tra ight-ch a i n  hydrocarbon . I t  i s  
a co l o r l e s s  par a f f inic g a s  th at bo i l s  at a tempe rature o f  
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minus 1 2 7 . 4 8 degrees F .  I t  i s  extracted from natur a l  gas 
and re f inery gas s treams . 

frac tionator - - a proce s s ing plant that s eparate s natura l gas 
l iqui ds into the marketable compone nts e thane , propane , 
butane , and natural ga s o l ines . 

future s - - for the purpo s e  o f  th i s  report , r e f e r s  to future s 
trading o f  No . 2 fue l o i l / ga s  oi l ,  motor g a s o l ine , and c rude 
o i l  on the New York Me rcan t i l e  Exchange and the London 
Inte rnational Petroleum Exchange . 

gathe ring sys tem - - the network o f  sma l l  l in e s  u s ed to co l l e c t  
crude o i l  and g a s  l i quids from individua l produc tion un i t s  
or fac i l i t i e s . 

gravity - - the we ight per unit me as ure o f  petro l eum l iqu id , 
usua l ly expre s s ed in e i ther degre e s  AP I or r e l a ted to water 
as a spec i f ic gravity . AP I gravity is a me a sure of dens ity 
in degre e s  AP I ;  spe c i f i c  gravity is the we ight per unit of a 
l iqu id as re l ated to water . 

hedge - - the es tab l i shment o f  an oppo s ite po s i t ion in the futur e s  
market from that held i n  the phys i c a l  marke t a s  a pro tect ion 
agai n s t  the po s s ib i l i ty of adve r s e  p r i c e  f l uctuati�ns . 

idle capa c i ty - - the component o f  ope rab l e  capac ity that i s  not 
in ope rat ion and not under act ive repa i r , but capab l e  o f  
be ing placed i n  operation within 3 0  days ; and capac i ty not 
in operation but under ac tive repair that can be comp l e ted 
within 9 0  days . 

i sobutane - - the branched chain form o f  butane that i s  extrac ted 
from natura l gas or r e f inery gas s treams . I t  i s  norma l l y  
used a s  a n  a lkylat ion proc e s s  feeds tock i n  a r e finery . 

isome r i z at ion - - a r e f ining proce s s  th at a l te r s  the fundamental 
arrangement o f  a toms in the mo lecule without add ing or 
removing anything from th e original mate r i a l . U s ed to 
convert norma l butane into i s obutane , an a lkylation proce s s  
feeds tock , and normal pentane and hexane into i s opentane 
and i s ohexan e , h igh-oc tane ga s o l ine c omponent s . 

Jones Act - - commonly used term for the Merchant Marine Ac t o f  
1 9 2 0 that prov ide s for the protection o f  the U . S . mer chant 
fleet by exc lud i ng fore ign -bui l t , owned , or operated ships 
from the U . S .  dome s t i c trade s .  The Jon e s  Ac t c overs a l l  
wate rborne transportation between U . S . ports , including 
inl and waterways , Gre a t  Lake s , and the o c e anborne trade 
be tween the U . S .  ma inl and and the noncon t i guous are a s  o f  
Alaska , H awa i i , and Puerto Rico ; a l s o de s ignat e s  a l l  v e s s e l  
pe rsonne l , longshoremen , and h arbor work e r s  a s  " s e amen " and 
wards o f  the fede r a l  court . 
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l ique fied natural gas ( LNG ) -- natura l gas become s a l iquid at a 
tempe rature o f  minu s 2 5 8  degrees F and may be s tored and 
tran s ported in the l i quid state . 

l ique f ied petro l eum gas ( LPG)  -- butane , propane , and e thane 
separated from re finery and natural gas s tream s . I n  th i s  
report , LPG a l s o inc lude s butane , propane , and e thane i n  
unfractionated mixed s treams produced by natur a l  g a s  p lants . 

loc al d i s tr ibution company ( LDC ) 
that prima r i ly s e l l s  gas to 
diame ter pipe l ine ne twork . 
dependent on LDC s . 

-- the local s ervice c ompany 
an end-us e r  through i t s  sma l l er 
Re s ident i a l  cus tome r s  are h i ghly 

Marit ime Admini s tration ( MARAD ) -- an agency of the U . S .  Depart­
ment of Comme rce that admini s ters programs to aid in the 
deve lopment , promot ion , and operation of the U . S .  merchant 
marine indus try , inc luding emergency merch an t  ship opera­
tion s . 

Me re New York Mercantile Exchange . 

minimum operat ing inventory -- the lowe s t  inventory at whi ch 
" norma l "  supply operations are maintained . At lower l eve l s , 
the sys tem may incur abnorma l c o s t s  to maintain consumer 
s uppl y  and there may be other problems ( e . g . , runout s ) . 

naphtha -- a generic term app l ied to a petro leum frac t ion with an 
approximate boi l ing range between 1 2 2  and 4 0 0  degre e s  F .  

natura l gas l iquids ( NGL ) -- h igh vapor pre s sure , pydrocarbon 
l iquids s eparated from wet natura l gas and moved by pipe­
l ine to a fract ionation fac i l ity where the c omponent s are 
s eparated into e thane s , propanes , butane s ,  and natural 
gasol ine . 

re forming -- a r e f i n ing proc e s s  u s ing control l ed heat and 
pre s sure with catalysts to rearrange certain hydroc arbon 
mo lecul e s , thereby c onverting para f f in ic and naphthenic type 
hydrocarbons ( e . g . , low-oc tane ga sol ine boi l ing range f rac tions ) 
into petrochemical feed s tocks and h igher oc tane s tocks suit­
able for b lend ing into fini shed gasol ine . 

re serves -- the recoverable vo lume o f  the re source ( o i l  or ga s )  
that i s  commerc ial  under current economic cond itions with 
current techno logy . 

res idua l fue l o i l  -- the heavier hydrocarbons contained in c rude 
o i l  that have h i gher boi l ing points in the d i s t i l l at ion 
proce s s . B ec au s e  o f  its impurities  and s u l fur content , 
the se " bottoms " ( s ome time s c a l l e d  No . 6 fue l o i l )  are burned 
pr imar i ly in l arger bo i lers s uch as e lectric-ut i l ity and 
industrial bo i lers . 
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re-s ource -- to a s s ign s upply o f  a customer or area to a d i f­
ferent supply sourc e . 

spot marke t  - - commod ity tran s actions whereby partic ipants make 
buy-and-se l l  commitments of relative ly short duration , in 
contrast to the " contra c t "  market in which t ransactions are 
long term . 

natural gas proce s s ing p l ant -- a fac i l ity de s igned ( l )  to 
ach ieve the recovery of natura l gas l iquids from the s tream 
o f  natura l ga s wh ich may or may not have been proc e s sed 
through lease s eparator s and field fac i l i t i e s , and ( 2 )  to 
c ontro l the qual ity of the natural gas to be marketed . 

oxygenates -- oxygenates include both a lcoh o l s  and e ther s  used a s  
octane boo s t ing add itive s for gasol ine ( e . g . , methyl 
tertiary butyl e ther ) . 

Petro leum Adminis tration for De fen se D i s tricts  ( PADD s )  - - a 
geographic aggregat ion o f  the 5 0  s tate s and the D i s tr ic t  o f  
Co lumbia into f ive d i s tricts origina l ly d e s igned b y  the 
Petroleum Admin i s tration for Defense in 1 9 5 0  for purpo s e s  o f  
admini s tration ( see Execut ive Summary ) . 

peak s having -- the u s e  o f  fue l s  and equipment to generate or 
manu fac ture gas to s upplement the norma l s upply of p ipe l ine 
gas during the se asonal per iods of greate s t  cus tome r demand . 

petroleum product s  - - a generic term used to d e s c r ibe produc t s  
obtained from d i s t i l l ing and proce s s ing crude o i l , unfin­
i shed o i l s , natural gas l iqu ids , blend s tocks , and other 
mi s c e l l aneous hydroc arbon compound s .  I n c ludes a l l  gasol ine , 
j et fue l s , kero s ine , d i s t i l l ate fue l oi l ,  r e s idual fue l o i l , 
l ique fied petroleum gases , petrochemi c a l  feeds tock s , l ubri­
cant s , paraffin wax , pe tro leum coke , asph a l t ,  and many other 
mi s c e l l aneous produc ts . 

private c arrier - - any person , partne r ship , or c orporation other 
than common or contract carrier who trans ports property o f  
which such party i s  the owner , and the transportat ion i s  in 
furtherance of i t s  commerc i a l  enterpr i s e . 

sour crude o i l  -- a crude o i l  having a sul fur c ontent o f  more 
than 0 . 5  percent ( by we ight ) . 

Strategic Petro leum Re s erve ( SPR) -- a federa l program created by 
the Energy Po l icy and Cons ervation Act o f  1 9 7 5  to e s tabli sh 
a reserve of up to one b i l l ion barre l s  o f  c rude o i l  and /or 
petro leum produc t s  in order to reduce the impac t of  d i srup­
t ions in petro leum supp l ie s  and to carry out the obl igations 
o f  the Uni ted S tate s under the I nternat iona l Energy Program . 

sul fur content -- the amount o f  sul fur in crude o i l , e xpr e s s ed a s  
a percentage by we ight . Thi s  su l fur can be in the form o f  
e lemental s u l fur , mercaptan sul fur , and / or hydrogen s u l fide . 
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swee t  crude o i l  -- a crude o i l  having a s u l fur content o f  l e s s  
than 0 . 5  percent ( by we ight ) . 

take-or-pay -- a contractual obl igation to pay for a certain 
thre sho ld quant i ty o f  gas whe ther or not the buyer finds it 
pos s ib l e  ( or bene f i c ia l )  to take fu l l  d e l ivery . 

tank car -- r a i l  car used for transport ing l iqui d s  in bul k . I t  
i s  cons tructed i n  ac cordance with varying spec i f i cation s , 
due to phys ical  propert i e s  and characte r i s t i c s  o f  produc t s  
t o  be transported . 

tar i f f  - - the document pub l i shed by the common carrier p ipe l ine 
owner s ett ing rate s charged and ru l e s  and regulations under 
wh ich the s e  s ervices  wi l l  be per formed . I nter s tate c ommon 
carr iers mus t  f i l e  tari f f s  with the Federal Energy Regula­
tory Commi s s ion . 

topp �ng p lu s  re forming -- l i terally atmo s pher ic c rude o i l  d i s ­
t i l l ation c apac i ty p l u s  catalytic reforming c apac ity ( to 
convert d i s t i l l ed naphtha to gasol ine ) . I n  thi s  vo lume and 
in common indu s try u s age , topping / re forming c apac i ty 
inc lude s any re f inery c apac ity rema ining a fter cok ing and 
cracking c apac i ty i s  ful ly loaded . 

tow -- one or more barge s pushed by a towboat or pul l ed by a 
tugboat . 

trunk l ine -- a l arge-diame ter p ipe l ine mo s t  usua l ly de l ivering 
petroleum into a r e f inery or produc tion d i s tr ibution 
terminal . 

unbund led s e rvice -- proce s s  where gas pipe l ines o ffer and charge 
rate s based on c o s t s  for each service s eparately , e . g . , the 
gas commodity , tran sportation ( firm or interrupt ible ) ,  peak 
shaving , s torage , e tc . 

U . S .  f l ag f le e t  -- a l l  ships regi stered in the Uni ted S tate s . 

waterway -- the more than 2 5 , 0 0 0  mi l e s  o f  nav igab l e  r iver s , 
canal s ,  and channe l s  in the United S tate s , ma intained to a 
depth o f  at l e a s t  nine fee t . 

we l lhead -- l i teral ly , the s ur face contro l valves o f  an o i l  or 
ga s we l l . In prac tice , "we l lhead " refers to price , vo lume , 
or qua l i ty o f  product ion at the firs t s a l e  or trans fer from 
the produc ing property . 
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