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by  Roger  H,  Dunstan  and Rona ld  H.  Schmid t

Seotember 1984

1.  I  n t rod  uc t i  on

Produc t ion  o f  o i l  f rom o f fshore  Ca l i fo rn ia  faces  severa l  obs tac les

because o f  the  o i l ' s  re la t i ve  v iscos i ty  and concent ra t ion  o f  con taminants .

The heavy  o f fshore  o i l  i s  less  a t t rac t i ve  to  West  Coast  re f iners  than the

h igher  g rade A laskan o i l  cur ren t ly  be ing  sent  to  Ca l i fo rn ia .  Most  exper ts

expec t  much o f  the  o f fshore  o i l  to  be  sent  to  Gu l f  Coast  re f iner ies  tha t

are  be t te r  ab le  to  hand le  these poor  qua l i t y  c rudes .V Fur thermore ,  g iven

the  more  s t r ingent  po1 lu t ion  res t r i c t ions  in  Ca l i fo rn ia  and cur ren t

re f inery  economics ,  i t  i s  un l i ke ly  tha t  re f inery  capac i ty  in  Ca l i fo rn ia

wj l l  be  upgraded to  p rocess  s ign i f i can t ly  la rger  vo1 unes  o f  o i l  f rom the

of fshore  d iscover ies .

The prob lem o f  p roduc ing  and re f in ing  the  o j l ,  there fore ,  has  centered

around the  bes t  a l te rna t ives  fo r  t ranspor t ing  o i l  be tween Ca l  i fo rn ia  and

the  Gu l f  Coast .  The most  compet i t i ve  t ranspor ta t ion  techno log ies  invo lve

the  use  o f  tankers  o r  the  cons t ruc t ion  o f  a  p ipe l ine ,  A t  the  present

t ime,  Ca l  i fo rn ia  regu la to ry  agenc ies  favor  the  cons t ruc t ion  o f  p ipe l ines ,

fear ing  the  consequences  o f  o i l  sp i l l s  c rea ted  by  tanker  acc idents ,  0 i l

companies $ri th reserves off the coast, on the other hand, general1y favor

the  use  o f  tankers  to  max imize  the i r  p roduc t ion  f lex ib i l i t y  and to  reduce

cos ts .
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The  deba te  abou t  t ranspor ta t i on  has  tended  to  focus  on  s ta t i c

compar j sons  be tween  un i t  cos ts  o f  t ranspor ta t i on  techno log ies .  As  i s

shown  in  th i s  a r t j c l e ,  however ,  t he  cons t ra jn t  imposed  on  the  poss ib le

p roduc t i on  pa th  by  the  cho ice  o f  t ha t  t echno logy  may  a l so  be  an  jmpor tan t

cons ide ra t j on .  l ' l os t  op t ima l  dep le t i on  s tud ies  y ie ld  dec l i n ing  p roduc t i on

pa ths  ove r  t ime ,  mak ing  the  f l ex ib i l i t y  o f  t he  de l i ve ry  sys tem jmpor tan t .

Because  p ipe l i nes  a re  des igned  to  ca r ry  a  re la t i ve l y  cons tan t  vo lune  o f

p roduc t i on ,  t h i s  resu l t  sugges ts  tha t  t he  use  o f  p ipe i  i ne  t ranspor " ta t i on

sys tems  cou ld  impose  cons ide rab le  cons t ra in t s  on  the  i n te r tempora l  f l ow  o f

p roduc t i on  re la t i ve  to  a  more  f l ex ib le  sys tem,  such  as  the  use  o f  o j l

t anke rs .

The  pu rpose  o f  t h i s  a r t i c l e  j s  t o  examjne  the  cond i t i ons  under  wh icn

the  op t ima l  dep le t i on  pa th  uncons t ra jned  by  the  t ranspor ta t i on

techno logy  - -  wou ld  y ie ld  a  re la t i ve l y  cons tan t  p roduc t j on  pa th  tha t  wou ld

f i t  na tu ra l l y  w i th  a  p ipe l i ne  techno logy .  Fu r the rmore ,  us ing  da ta  f rom

the  Ca l i f o rn ia  o f f sho re  o i l  s i t ua t i on ,  a  se t  o f  s imu la t i ons  a re  conduc teo

to  obse rve  the  sens j t i v i t y  o f  such  a  pa th  to  sma11  pe r tu rba t i ons  i n  some

o f  t he  mode l  pa ramete rs .

Resu l t s  o f  t he  s imu la t i on  mode l  i nd i ca te  tha t  cond i t i ons  favo r ing  the

cons t ruc t i on  o f  a  p ipe l  i ne  requ i re  h igh l y  res t r i c t i ve  assumpt jons  abou t

pa ramete r  va lues .  I n  pa r t i cu la r ,  m ino r  changes  i n  the  assumed  g rov , , t h  ra te

in  o i l  p r i ces  qu i ck l y  change  a  fa i r l y  f l a t  p roduc t i on  pa th  i n to  a  s teep ly

fa l l i ng  pa th .  Va lues  fo r  cos t  f unc t ' i on  pa ramete rs  and  the  deg ree  to  wh ich

Ca l i f o rn i a  r e f i ne r i es  i nc rease  t he i r  ab i l j t y  t o  hand le  heav ie r  c rudes  a re

a l so  shown  to  be  jmpor tan t  i n  t he  sens i t i v i t y  expe r jmen ts ,  espec ia l l y  w i th
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rega rd  to  the  op t ima l  s i ze  o f  such  a  p ipe l i ne .  P re fe rence  fo r  p ipe l i nes

ove r  a  more  f l ex jb le  mode  o f  t ranspor ta t i on ,  t he re fo re ,  may  depend  mo l "e  on

lowen  s ta t l c  un i t  cos t s  i n  t he  p i pe l i ne  case  t han  wou ld  be  t he  case  w j t h

tanke rs ,  and  the  d i f f e rence  mus t  be  su f f i c i en t l y  l a rge  to  o f f se t  t he  l oss

to  p roduce rs  caused  by  the  resu l t i ng  res t ruc tu r j ng  o f  t he  p roduc t i on  pa th .

The  theo re t i ca l  mode l  i s  p resen ted  i n  the  nex t  sec t i on .  The  mode l  i s

cas t  i n  t he  f ramework  o f  a  p r j ce - tak ing  p roduce r  tha t  i s  a  member  o f  a

compe t i t i ve  f r i nge .  A  s imu la t i on  mode l  f o r  t he  o f f sho re  Ca l j f o rn ia  case

tha t  bu i  l ds  on  the  theo re t i ca l  mode l  i s  t hen  cons t ruc ted  i n  Sec t i on  I I I .

S imu la t i on  resu l t s  f o r  seve ra l  sens i t i v i t y  expe r imen ts  a re  p resen ted  i n

Sec t i on  IV ,  w i th  conc lud ing  remarks  i n  Sec t i on  V .

I i .  The  Theore t i ca l  Mode l

The  p rob lem o f  mode l  i ng  the  dep le t i on  o f  o f f sho re  o i l  f r om Ca l i f o rn ia

can  be  cas t  i n  a  re la t i ve l y  s tandard  op t jma l  dep le t i on  f ramework  w j th  the

p roduce r  choos ing  a  pa th  o f  p roduc t j on  tha t  max im izes  the  p resen t  va lue  o f

the  resou rce  s tock .  Un t i I  t he  resou rce  i s  exhaus ted ,  dec i s ions  mus t  be

made  rega rd ing  the  quan t j t y  o f  ou tpu t  i n  success iVe  t ime  pe r iods .  The

cons t ra in t s  f aced  by  the  p roduce r  have  been  ou t l i ned  by  Sco t t  (1967) .

Spec i f i ca l l y ,  un i t  ex t rac t i on  cos ts  i nc rease  as  nese rves  dec rease ,  and  the

amoun t  o f  p roduc t i on  i n  any  g j ven  t ime  pe r iod  i s  cons t ra ined  by  the

p roduce r ' s  cap i t a l  s t ock  o f  we l l s ,  p rocess ing  p l an t s ,  and  p i pe l i nes .  A

fun the r  comp l i ca t i on  i n t roduced  in  th i s  mode l  i s  t he  co inc iden t  p roduc t j on

o f  a  subs t i t u te  good ,  a  resou rce  o f  h ighe r  g rade .  Un l i ke  s imp le r  mode ls

(Her f i ndah l  (1967)  and  Dasgup ta  and  Hea l  (1974 ,1980) ) ,  sequen t ia l
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dep le t i on  o f  t he  d i f f e ren t  g rades  i s  a l l owed  because  o f  ove r lapp ing

ex t rac t i  on  cos t  schedu l  es .

There  a re  seve ra l  o the r  impor tan t  mod i f j ca t i ons  o f  t he  s tandard

op t ima ' l  dep le t i on  f ramework .  F i r s t ,  t he  mode l  deve loped  be low  assumes

tha t  p r i ces  a re  de te rm jned  exogenous ly .  S tandard  op t ima l  dep le t i on

mode l  s ,  such  as  those  by  Hny i  l i  cza  and  P i  ndyck  (  1976)  ,  Sa l  an t  (  1976)  ,

P i  ndyck  (  1978) ,  Lew i  s  and  Schma l  ensee  (  1980) ,  and  Eswaran  and  Lew i  s

(1984) ,  assume tha t  pn i ces  a re  de te rm ined  w i th in  the  mode l  as  the  resu l t

o f  t he  i n te rac t i on  o f  compe t i t i ve  o r  monopo l  i s t i c  f o rces .  I n  t h i s  case ,

the  agen ts  mode led  a re  cons ide red  pa r t  o f  Lhe  "compe t i t i ve  f r i nge , "

so l v i ng  t he i r  dep le t i on  p ro f i l e s  based  on  p r i ce  expec ta t i ons .  The re  i s

assumed  to  be  m in ' ima l  f eedback  f rom the  ac t i ons  o f  t he  f r i nge  to  the

p r i ce -se t te rs  i n  t he  marke t .  As  a  resu l t ,  t he  mode l  y ie lds  a  p roduc t i on

pa th  tha t  j s  based  on  the  d i f f e rence  be tween  the  exogenous ly  de te rm ined

gro \ { th  ra te  o f  p r i ces  and  the  f i rmrs  d i  scoun t  ra te ,

Second ,  t he  mode l  j s  necessa r j  l y  d i f f e ren t  i n  t ha t  t he  f l ow  o f  t he

resource  i s  cha rac te r i zed  by  a  des t i na t i on  as  we l ' l  as  a  t ime  pe r iod ,

There  a re  two  marke ts  i n  wh ich  the  resou rce  can  be  so ld  w i th  d i f f e ren r .

cos ts  o f  t ranspor ta t i on  assoc ia ted  w i th  them.  Because  the  p r i ce  a t  each

re f i ne ry  i s  assumed  to  be  the  same fo r  a  g i ven  g rade  o f  c rude  o i l ,  t he

p ro f i t s  pe r  ba r re l  o f  o i l  so ld  to  the  c lose r  re f i ne ry ,  j n  t h i s  case

Ca l i f o rn ia ,  a re  assumed  to  be  h ighen  than  those  assoc ia ted  w i th  a  ba r re l

so ld  to  the  more  d i s tan t  re f i ne ry ,  Texas .  B ind ing  res t r i c t i ons  on  the

quanL i t y  t ha t  can  be  so ld  to  Ca l i f o rn ja  re f i ne r ies  a t  any  po in t ,  however . ,

i ead  to  a  t rade -o f f  be tween  h ighe r  cu r ren t  t ranspor ta t i on  cos ts  to  reach



Page  5

the  Texas  marke t  and  the  cos t  o f  pos tpon ing  p roduc t i on  un t i l  i t  can  be

so ld  i n  Ca l i f o rn i a .

The  op t ima l  dep le t i on  mode l  can  be  desc r ibed  as  fo l l ows :

r-
,  - a +

(1)  max ; l  e  " "  (e. (qr+qr)  -  c(R,q 'qe)-T(q 'qr) )dt
qzo

(2 )  s . t .  R=-q t -qZ

(3 )  q l  =  f (A ,K)

(4) P=rP

with c*(0 '  Co1=cqz '0 ,  C*or=C*or(0,  Cq1q1=Cq1q z=Cqzqz '0
T  t n  T  ) n  T  - n  r  ) n'  q  I  " '  ' q2  "  '  'O  1q2 - " '  '  q2q2  "

where  q r ( t )  i s  quan t i t y  o f  o f f sho re  o i l  sen t  t o  t he  l ow-cos t  re f i ne ry

(  Ca l  i  f o rn ' i a ) ,

q2 ( t )  i s  t he  quan t i t y  o f  o f f sho re  o i l  sen t  t o  t he  more  d i s tan t

re f i  ne ry  (Texas ) ,

P ( t )  i s  t he  p r i ce  o f  1ow-qua l  i t y  o f f sho re  o i l  a t  bo th  re f i ne r ies ,

R( t )  a re  p roven  rese rves  o f  o f f shone  o i l  a t  t he  beg inn ing  o f  t he

per i  od ,

r  Js  the  expec ted  g rowth  ra te  o f  p r i ces ,

A ( t )  i s  t he  quan t i t y  o f  A laskan  impor t s  o f  h ighe r  qua l  i t y  c rude  to

Ca l i f o rn ia ,  assumed  to  be  exogenous ly  de te rm ined ,

K ( t )  i s  t he  cap i ta l  s tock  upg raded  to  p rocess  o f f sho re  o i1 ,

6  i s  t he  p roduce r r s  d j scoun t  r a te ,

C( . )  1s  the  p roduc t i on  cos t  f unc t i on ,  and
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T(o)  i s  the  t ranspor ta t ion  cos t  func t ion .

The op t im iza t ion  prob lem,  there fore ,  requ i res  the  producer  to  a l loca te

produc t ion  over  t ime to  re f iner ies  jn  the  two loca t ions  (Or*Or )  so  as  to

max imize  the  present  va lue  o f  p roven reserves ,  where  reserves  are  assuned
? /

known .  = '  l 4ang i  na  l  ex t rac t i  on  cos ts  (wh ich  a re  i  ndependen t  o f  t he

des t i na t i on  o f  t he  c rude )  a re  assumed  to  r i se  as  the  rese rve  i s  dep le ted

- -  imp ly ing  tha t  t he  l eas t  cos t l y  po r t i ons  o f  t he  rese rve  a re  dep le ted

f i r s t  - -  and  j nc rease  w i th  the  to ta l  vo lume o f  p roduc t i on  a t  any  po in t  i n

t ime  ( i nd i ca t i ng  pe rhaps  a  need  fo r  add i t i ona l  d r i l i i ng  ac t i v i t y  t o  expand

pnoduc t i on ) .

A l Ioca t i on  o f  p roduc t i on  be tween  the  two  re f i n ing  des t i na t i ons  i s

de te rm ined  by  a  comb ina t i on  o f  t ranspor ta t j on  cos t  d i f f e ren t i a l s  and  a

b ind ing  capac j t y  res t r i c t i on  fo r  Qr .  Regard less  o f  mode ,  t ranspor ta t ' i on

cos ts  a re  assumed  to  r j se  a t  an  i nc reas ing  ra te  w i th  p roduc t i on  to  e i t he r

des t i na t i on  (a l t hough  they  r i se  i ndependen t l y  o f  t he  quan t i t y  sen t  t o  t he

o the r  des t j na t i on ) ,  bu t  t he  m in imum t ranspor ta t j on  cos t  f o r  q ,  i s  assumed

to  be  g rea te r  t han  the  max jmum cos t  o f  t r anspor ta t i on  fo r  Qr .  Capac i t y

res t r j c t i ons  I im i t i nq  q . ,  can  be  eased  by  a  dec rease  i n  impor t s  o f  h ighe r

qua l i t y  o i l  and /o r  t h rough  cap i t a f  i nves tmen t  i n  upg rad ing  f ac j l i t j e s .

G iven  the  cos t  s t ruc tu re ,  t he re fo re ,  q l  i s  de te rm ined  be fo re  any  o i l  i s

ta rge ted  to  qZ .

The  assumpt ion  o f  r i s i ng  marg ina l  cos ts  i n  t ranspor ta t i on ,  o f  cou rse ,

wou ld  seem a t  f i r s t  t o  be  i napprop r ia te  fo r  t he  case  o f  p ipe l i nes .

P ipe l i nes  a re  usua l l y  assumed  to  have  dec reas ing  mang ina l  cos t s ,  Th i s

la t te r  assumpt ion ,  however ,  i s  based  on  a  compar i son  o f  two  p ipe l i nes  tha t
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p rocess  d j f f e ren t  quan t i t i e s  o f  c rude  o i l .  I f  a  l a rge  and  sma l l  p i pe l i ne

a re  bo th  run  a t  capac i t y  f o r  t he  same leng th  o f  t ime  i t  i s  l i ke l y  t ha t  t he

la rge r  p ipe l i ne  w i  l I  have  l ower  un i t  cos ts  o f  t ranspor ta t i on .  0n  the

o the r  hand ,  i f  t he  two  p ipe l i nes  hand le  the  same aggrega te  quan t i t y  ove r

t ime ,  t he  h i ghe r  vo lume  t r anspo r ted  i n  t he  l a rge r  p i pe l i ne  resu l t s  i n  t he

dep le t i on  o f  t he  rese rve  more  rap id l y ,  and  hence  has  a  sho r te r  l j f e t ime .

The  cap i ta l  cos ts  o f  cons t ruc t i on ,  t he re fo re ,  mus t  be  l ev ied  ove r  a

sho r te r  pe r i od  o f  t ime .  As  a  resu i t ,  assum ing  t ha t  t he  p i pe l i ne  wou ld  be

f i I l ed  t o  capac i t y  i n  each  pe r i od ,  i t  i s  qu j t e  poss ib l e  t ha t  t he  marg ina l

cos t  (wh ich  i s  now equa l  t o  ave rage  cos t )  i s  pos i t i ve l y  re la ted  to  the

p i  pe l  i  ne  s i  ze  beyond  a  ce r ta i  n  range . i /

The  Hami l t on ian  f o r  ( 1 ) - ( 4 )  can  be  w r i t t en :

(s )  H=. -6 t (p . (q1*qz)  -  c (R,q 'qe)  -T(q 'qe) )  *  r ( -qr  -qz)

F i rs t  o rde r  cond i t i ons  fo r  a  max imum requ j re  tha t :

(5)  eHlaqz '  r  = 
" -6t (p 

-  cr2-  I rz)

-6 t
(7)  aH,zan = -e

Di  f f e re  n  t  i  a t i  ng

de r i  va t i  ve  w i  t h

Eu  le r  eq  ua t  j  on

re f i  ne ry :

C^=- I
ll

(6 )  w i th  respec t  t o  t ime ,  equa t i ng  the  resu l t i ng

the  exp ress ion  i n  ( 7 ) ,  and  rep lac j ng  i  w i t h  ( a )  y i e l ds  t he

fo r  t he  f l ow  o f  t he  resou rce  sen t  t o  t he  more  d i s tan t

r l -
c

(8 )
( r - 6 )P+6 (C  +T  ) -C  R -qC  -C

q2  q2  q2R  1q2q1  R

cqzq}tl qzq|
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As  shown  in  (8 ) ,  t he  ra te  o f  change  in  p roduc t i on  ded ica ted  to  Texas

re f i ne r ies  (q r )  j s  de te rm ined  by  the  g rowth  ra te  o f  p r i ces ,  t he  ra te  o f

change  in  p roduc t i on  ded ica ted  to  Ca l i f o rn ia  r r  "  '  ' | ?3 r r  ne r r  es  (91 , ) ,  ano  rne

shape  o f  t he  cos t  f unc t i ons .  I f  Ca l j f o rn i a  r e f j ne r i es  i nc rease  t he t r

capac i t y  t o  p rocess  o f f sho re  c rude  ove r  t ime ,  i l  j s  pos i t i ve ,  l ead ing  to  a

fas te r  dec rease  i n  the  quan t i t y  o f  Texas -bound  o i l  ove r  t ime .  G iven  the

assumpt ion  tha t  j t  i s  a lways  cheaper  to  send  o i l  t o  Ca l i f o rn ia  than  to

Texas ,  t h j s  resu l t  mere l y  i nd i ca tes  l ha t  t he  advan tages  o f  sp read ing  ou t

sh ipmen ts  o f  o i l  t o  Texas  ove r  l onge r  pe r iods  o f  t ime  a re  d im in i shed  when

the  pe rcen tage  o f  c rude  tha t  can  be  hand led  a t  Ca l i f o rn ia  fac i l i t j es

i  nc reases .

The  p r i ce  t e rm  i n  ( 8 )  a l so

p r i ce  g rows  a t  l ess  than  the

va lue  o f  a  ba r re l  o f  o i l  f a l l s

tha t  case  have  the  i ncen t i ve

h ighe r  cos ts  o f  p roduc t i on  and

d i  scoun ted  rea l  va  l ue  o f  o i  l  .

a f f ec t s  the  ra te  o f  dep le t i on .  When  the

f i rmrs  d i scoun t  ra te ,  t he  d i  scoun ted  p resen t

to  the  f i rm  in  each  pe r iod .  P roduce rs  i n

t o  p roduce  as  rap id l y  as  poss ib l e ,  i ncu r r i ng

t ranspor ta t i on  to  avo id  the  l oss  i n  t he

The  advan tages  and  d i sadvan tages  o f  us ing  p ipe l i nes  ve rsus  tanke rs  can

be  seen  j n  the  con tex t  o f  equa t i on  8 .  Tanke rs  i n  t h i s  exe rc i se  a re

assumed  to  be  capab le  o f  t ranspor t i ng  any  quan t i t y  o f  o i l  t o  re f i ne r ies ,

w i th  a  re la t i ve l y  sma l l  i nc rease  i n  the  marg ina l  cos t  o f  t r anspor ta t i on .

P ipe l i nes ,  on  the  o the r  hand ,  a re  assumed  to  have  dec reas ing  marg ina ' l

cos t s  f o r  any  g i ven  p i pe l i ne  s i ze  un t i l  t he  capac i t y  o f  t he  p i pe l i ne  i s

neached .  Beyond  tha t  l eve l  ,  t he  marg ina l  cos t  i s  assumed  to  be
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In  o rde r  t o  m in im ize  t ranspor ta t l on  cos ts  i n  t he

p ipe l i ne  case ,  t he re  i s  p ressu re  to  se t  i ,  equa l  t o  ze ro  and  choose  the

leve l  o f  Q2  tha t  max im jzes  cons t ra ined  p "o t i i r .  Th i s  i s  done  so  as  to

avo id  h ighe r  un i t  t r anspor ta t i on  cos ts  caused  by  the  p ipe l  i ne  i nc reas ing

i t s  cha rges  to  recove r  i t s  cos ts .4 /  I n  o rde r  f o r  a  p ipe l i ne

t ranspor ta t i on  techno logy  to  be  op t ima l  ( i n  compar i son  to  a  pe r fec t l y

f l ex i b l e  sys tem w i t h  s im i l a r  ove ra l l  cos t s ) ,  i t  i s  necessa ry  t o  have  a

fa i r l y  cons tan t  des i red  f l ow  o f  o i l  t o  t he  more  d i s tan t  re f i ne ry  fo r  a

long  pe r iod  o f  t ime .  I f ,  on  the  o the r  hand ,  t he  op t jma l  f l oy  d rops  o f f

r ap id l y ,  t hen  a  p i pe l i ne  so lu t i on  imposes  cons ide rab le  cons t ra i n t s  on  t he

p roduc t j on  f l ow  re la t i ve  to  a  f l ex ib le  de l  i ve ry  sys tem.

F0r  9z  t0  equa l  ze ro ,  seve r "a l  pa ramete rs  a l "e  impor tan t .  The

denomina to r  i n  equa t i on  8  j s  pos i t i ve ,  so  t he  s i gn  o f  i ,  depends  on  t he

numera to r .  As  shown  in  equa t i on  8 ,  t he  s ign  o f  i " ,  t he  magn i tudes  o f  t he

der i va t i ves ,  and  i nc reases  i n  t he  g rowth  
" " t "  

i f  p r i ces  re la t i ve  to  the

f i rmrs  d i scoun t  ra te  a re  c r j t i ca l  i n  de te rm in ing  the  s ign  and  magn i tude  o f

9c .  Assuming  tha t  t he  de r i va t i ves  a re  re la t i ve l y  sma l I ,  t he  cons t ra in t

i l po ruO by  a  f i xed  ve rsus  f l ex jb le  de l i ve ry  sys tem depends  c r i t i ca l l y  on

the  f i r s t  two  fac to rs :  t he  d i f f e rence  be tween  the  g rowth  ra te  o f  o i  l

p r i ces  and  the  f i rmrs  d i  scoun t  na te ,  and  the  pa t te rn  o f  sa les  to  the
' i ow-cos t  

des t i na t i on .  As  shown  in  Sec t i on  iV ,  t he  op t ima i  dep le t i on  pa ths

a re  espec ia l l y  sens i t i ve  to  the  p r i ce  e f fec t ,  a l t hough  changes  i n  o the r

pa ramete rs  a f fec t  t he  op t ima ' l  s i ze  o f  t he  p ipe l i ne  and  the  pe r iod  ove r

wh ich  i t  oDera tes .
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I I I .  An  Op t jma l  Dep le t j on  S jmu la t i on  Mode l

The  s imu la t i on  mode l  f o r  t he  o f f sho re  Ca l i f o rn ia  re l  i es  on  a  h igh l y

s imp l i f i ed  desc r i p t i on  o f  t he  s i t ua t i on .  I n  sp i t e  o f  t he  s imp l  i f y i ng

assumpt ' i ons ,  however ,  t he  mode l  can  be  app l i ed  qu i te  eas i l y  t o  a  w ide

range  o f  poss ib l e  scena r i os .

P roduc t i on  o f  o i l  f r om o f f sho re  rese rves  i s  assumed  to  be  ta rge ted  to

Ca l i f o rn i a  and  Texas  re f i ne r i es .  Sa les  o f  o f f sho re  o i l  t o  Ca l i f o rn i a

(CAL)  a re  de te rm ined  by  the  exp ress ion :

(e)  cAL( t )  =  cAL( t -1)  *  a1[AL( t ) -AL( t -1) ] ,

where  AL  rep r "esen ts  impor t s  o f  h igh -qua l i t y  o i l  f r om A laska  (o r  poss ib l y

o the r  sou rces )  t o  Ca l i f o rn ia  re f j ne r ies  and  a re  de te rm ined  by  the

exDress ion :

(10 )  AL ( t )  =  AL ( t - 1 )a2 .

The  g rowth  ra te  o f  o f f sho re  p roduc t i on  ded ica ted  to  Ca l i f o rn ia ,  t he re fo re ,

can  be  pos i t i ve  o r  nega t i ve  depend ing  on  the  change  in  A laskan  p roduc t i on

re f i ned  i n  Ca l i f o rn i a  ( a r ) ,  and  t he  deg ree  o f  subs t i t u t ab i l i t y  o f  capac i t y

be tween  heavy  and  f i gh t  c rude  (a r ) .

Rese rves  a re  assumed  to  dec l i ne  ove r  t ime  w i th  p roduc t i on  ( the re  i s

assumed  to  be  no  change  in  the  o r i g ina l  rese rve  s tock  ove r  t ime)  us ing  the

eq  ua t i  on :

(11)  REs( t )  =  REs(r -1)  -  cAL( t -1)  -  rEX( t -1)

where  TEX i s  o f f sho re  p roduc t i on  sen t  t o  Texas .  The  rea l  p r i ce  o f  o i1  i s

a l so  de te rm ined  recu rs i ve l y  us ing  a  cons tan t  rea l  g rowth  ra te :

( 12 )  P ( r )  =  ( 1+ r ) .P ( t - 1 )

where  r  i s  t he  g rowth  ra te .
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Texas  re f  i  ne r i es

equa t i  on  8  above :

' i  s determ j  ned usi  ng a

+ [ ( r -d)P + 6(CTEX+TrEX) crEx.nes(REs( t ) -REs(r - t ) )

-  (cAL(t)-cAL(r-1)crex.cal  -  cnesl

/  [(crex,rrx*Trex,rex)]
where  the  subscn ip t s  re fe r  t o  de r i va t i ves  o f  t he  p roduc t i on  and

t ranspor ta t j on  cos t  f unc t i ons .  The  p roduc t i on  and  t ranspor ta t i on  cos t

func t i  on  s  a re  de f i ned  by :

(14)  c( t )  =  boREs( t )b1[cRr- ( t ) * rex( t ) ]b2,  ana

(15)  T( t )  =  c^TEX( t ) t2  *  o^cnL( r ) .5 /u"u"
where  a l  l  cos ts  a re  i n  cons tan t  do l  l a rs .

The  so lu t j on  o f  equa t i on  L3 ,  o f  cou rse ,  r equ i res  a  va lue  f o r  TEX( t -1 ) .

To  ob ta j n  an  op t ima l  so lu t i on ,  i t  i s  necessa ry  t o  sea rch  ove r  a l l  poss ib l e

va lues  o f  TEX( t - i )  t o  f i nd  the  op t ima l  i n i t j a l  va lue .  The  equa t ion  sys tem

in  (9 ) - ( 15 )  j s  r epea ted l y  s imu la ted  f o r  poss ib l e  s ta r t i ng  va lues  o f

TEX( t -1 ) ,  runn ing  fo rward  the  p roduc t i on  p lans  un t i  l  r ese rves  a re

exhaus ted  o r  unp ro f i t ab le  to  p roduce ,  and  se lec t i ng  the  i n i t i a l  va lue  tha t

max im izes  the  rea l  d i scoun ted  p resen t  va lue :
sl(16)  PV = >  [ [cAL( t )+rEX( t ) ]P( t ) -c ( r ) -T( t ) l / (1+o)u.
Z_)t

The  resu l t i ng  r rop t ima l r r  pa ths  can  then  be  compared  ac ross  scenar ios ,
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IV .  S i  mu l  a t i  on  Resu l t s

The  node l  desc r ibed  above  was  used  to  examine  the  cond i t i ons  under

wh ich  o f f sho r "e  p roduce rs  wou ld  p roduce  a  pa t te rn  o f  p roduc t i on  compa t jb le

w i t h  a  p i pe l i ne  t echno logy  ( i . e .  ,  a  cons tan t  l eve i  o f  p roduc t j on  ove r

t ime )  w i t hou t  impos ing  any  cons t ra i n t s  on  p roduc t i on .  The  resu l t i ng  "base

case , "  i t  shou ld  be  no ted ,  resu i t s  i n  a  re la t i ve l y  cons tan t  t ranspor ta t i on

cos t  ove r  t ime ,  wh j ch  i s  cons i s ten t  t he  assump t i ons  unde r l y i ng  a  p i pe l . l ne

sys tem.  Th ree  cases  a re  then  compared  to  th j s  , , base  case"  to  eva lua te  the

sens i t i v i t y  o f  t he  base  case  assumpt jons  to  changes  i n  the  g rowth  ra te  o f

o i l  p r i ces ,  t he  g rowth  ra te  o f  p roduc t j on  ded ica ted  to  Ca l i f o rn ia

re f i ne r ies ,  and  a  na rnow ing  o f  t he  re la t iVe  cos t  o f  t r anspor ta t i on  be tween

the two reg i  on s.

The  "Base  Ca  se r l

Va lues  o f  t he  pa ramete rs  fo r  t he  base  case  a re  shown  in  Tab ' l e  1 .  Rea l

o i l  p r i ces  a re  assumed  to  g row 4 .75  pe rcen t  each  yea r " ,  wh i l e  t he  f i rm 's

d i  scoun t  ra te  i s  assumed  to  be  6  pe rcen t ,  0 i scoun ted  p r i ces ,  t he re fo re ,

a re  assumed  to  fa l l  f o r  p roduce rs  ove r  t ime .  A laskan  o i l  i s  assumed  to

decay  a t  t he  ra te  o f  . 5  pe rcen t  pe r  yea r ,  v r i t h  Ca l i f o rn ia  p roduc t i on

rep lac i ng  on l y  a  ve ry  sma11  po r t i on  o f  t he  A laskan  dec l i ne .  Th j s  l a t t e r

assumpt ion  i s  cons i s ten t  w i th  the  w ide  d i f f e rence  i n  qua l  i t y  be tween  the

two  o i  l s .

Any  cho ice  o f  cos t  pa ramete rs  fo r  t h i s  case  i s  necessa r i  l y  a rb i t ra ry .

The re  i s  ve ry  l i t t l e  expe r ience  w i th  ex tended  p roduc t i on  f rom the  ch je f

p roduc ing  zone ,  t he  Mon te rey  fo rma t ion ,  l n  t hese  new ly  d i scove red  o f f sho re

f i e lds .  How p roduc t i on  w i  l l  dec rease  ove r  t jme  and  wha t  add i t j ona ' l  cos ts
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TABLE 1
BASE CASE VALUES FOR PARAMETERS AND MODEL VARIABLES

Parameters :---SuEstr ' tutabl l  
i ty of offshore and Aiaskan o j  I ' u1  =

E las t i c ' i t y  o f  o i  l  supp l y  f nom A laska .  .  . . . . ^2  =

Ra te  o f  p r i ce  i nc rease  i n  o f f sho re  o  i  I  .  .  ,  .  .  ,  .  .  ,  .  .  .  d  r  =

D i scoun t  r a te  f o r  f i rm . . .  . . . . . . . . . . ;  =

E las t i c i t y  o f  p roduc t i on  cos t s  t o  change
in  rese rves .  . . . . b1  =

E las t i c i t y  o f  p roduc t i on  cos ts  to  change
in  l eve l  o f  p roduc t i on  . . . . . . . . . . b t  =

E las t i c i t y  o f  t r anspor ta t j on  cos ts  to  change
in  quan t j t y  t r anspo r ted  t o  Texas .  , . . . . . . . r 2  =

Un i t  cos t  o f  t r anspo r t i ng  o i  1  t o  Ca l  i f o rn i a .  .  .  .  .  .  . d "  =

- .050

.  995

.0475

.060

-1 .200

1 .600

1 .300

.500

I n i t i a l  Va lues  o f  Va r i ab les :

A laskan  o i l  r e f j ned  i n  Ca l j f o rn i a  (AL ;  =  692  t t t
O f f sho re  Ca l j f o rn ia  o i1  re f i ned  (CAL)  =  74 .6  MBD
l {e l l head  p r i ce  o f  o f f sho re  o i l  (P )  =  22 .3  do l l a rs  pe r  ba r re )
Rese rves  o f  o f f sho re  o j l  (RES)  =  2 .5  b i  l l i on  ba r re l s .
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w i l l  be  requ i red  to  ma in ta in  p roduc t i on  l eve l s  j s  sub jec t  t o  con jec tu re .

To  gu ide  the  se lec t i on  o f  t he  pa ramete rs ,  t heo re t i ca l  p rope r t i es  and

pub l  i shed  es t ima les  o f  resou rce  dep le t i on  were  used .  The  pa ramete rs  a re

cons i s tenL  w i th  the  theo re t i ca l  D roDer t i es  o f  t he  cos t  f unc t i on :  an

inc rease  i n  cos ts  w i th  dec reases  i n  rese rves  ove r  t jme  and  f rom h ighe r

p roduc t i on  w i th in  a  g i ven  t ime  pe r iod .  Cos ts  i nc rease  as  the  cons t ra jn t s

o f  geo iogy  and  cap i ta l  s tock  I jm i t  t he  p roduce rs  ab i l i t y  t o  change

rad i ca l l y  t he  p roduc t i on  l eve l  w j t h j n  a  s i ng le  t ime  pe r i od .

T ranspor ta t i on  cos ts  r j se  pe r  un i t  because  o f  t he  i nc reas ing  ave rage  cos ts

when  the  cos t  o f  cons t ruc t j on  o r  ad jus tmen t  t o  cap ' i t a i  s tock  a re  i nc luded .

A l though  p rope r t j es  o f  t he  pa ramete rs  a re  cons i s ten t  w i th  economic

theo ry  and  i n tu i t i on ,  a  more  d i f f i cu l t  ques t i on  to  add ress  Js  whe the r  t he

ac tua l  numer i ca l  va lues  o f  t he  Daramete rs  i n  Tab le  l  ane  reasonab le .  The

lack  o f  ava i l ab le  i n fo fma t ion  makes  i t  d ' i  f f i cu l t  t o  have  con f i dence  i n  the

va lue  o f  a  pa r t j cu la r  pa ramete r .  Fo r tuna te l y  f o r  t h j s  ana lys i s ,  t he  mode l

i s  re la t i ve l y  i nsens i t i ve  to  changes  i n  the  cos t  f unc t i on  pa ramete rs .

Changes  o f  50  pe rcen t  i n  t he  va lues  o f  t he  pa ramete rs  do  no t  p roduce

s ign ' i  f i can t  a l t e ra t i on  i n  t he  qua l i t a t i ve  na tu re  o f  t he  resu l t s .  Th i s  i s

no t  su rp r i s i ng  g i ven  the  sma l l  componen t  cos ts  fo rm re la t iVe  to  the

ove ra l  I  r en t  t he  p roduce r  i s  ea rn ing .

In i t i a . l  va lues  o f  t he  va r iab les  o the r  t han  TEX a re  a l so  shown  in  Tab le

1 .  A laskan  p roduc t i on ,  t he  i n i t i a l  p l i ce  f o r  o f f sho re  o l 1 ,  t he  quan t j t y

o f  o f f sho re  o i l  r e f i ned  i n  Ca l i f o rn i a  r e f i ne r i es .  and  o roven  rese rves  a re

based  on  es t ima ted  va lues  fo r  1 ,987 .9 /
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The  op t ima l  dep le t i on  pa ths  fo r  o f f sho re  o i ' l  sen t  t o  Ca l i f o rn ia  and

Texas  i n  the  base  case  a re  shown  in  Char t  1 .  G iven  the  se t  o f  base  case

panamete rs ,  p roduc t i on  sh ipped  to  Texas  i s  re la t i ve l y  f l a t  be tween  1987

and  the  yea r  2000 ,  ave rag ing  155  thousand  ba r re l  s , / day  ( t ' lBD)  w i th  a  peak  o f

170  MBD,  a f te r  t . t h i ch  the  dec rease  acce le ra tes .  Un t i l  t he  yea r  2000 ,

p roduc t i on  i s  f a i r l y  cons tan t  w j th  l ess  than  20 -pe rcen t  dev ia t j on  o f  t he

op t ima l  pa th  f rom the  mean  o f  t he  f j r s t  f ou r teen  yea rs ,  and  l ess  than  10

percen t  dev ia t i on  i n  any  o f  t he  f i r s t  10  yea rs  f rom the  mean  leve l  f o r

tha t  pe r i  od .

A l though  the  resu l t s  suppor t  a  p ipe l i ne  scenar io  i n  t ha t  t hey  requ i re

re la t i ve l y  sma l  I  nes t r i c t i ons  on  the  p roduc t j on  pa th  fo r  t he  f i r s t  10

years ,  t he  es t ima ted  f l ows  a re  l ower  than  the  capac j t y  o f  cu r ren t l y

p l anned  p ipe l i nes .  The  sma l l es t  p i pe l i ne  be ing  cons ide red ,  t he

A ' l  l -Amer i can  p roposa l ,  has  a  capac i t y  o f  300  MBO.Z /  l 4uch  o f  t h i s

d i f f e rence  can  be  exp la ined  by  the  p roponen t rs  p lan  to  t ranspor t  A laskan

o i l  and  o the r  c rudes  p roduced  in  Ca l i f o rn ia  to  the  Gu l f  Coas t  and  o the r

eas te rn  U .  S .  des t i  na t i  on r .9 /

O f f sho re  sa les  t o  Ca l i f o rn i a  r e f i ne r i es ,  a l so  shown  i n  Cha r t  1 ,

i nc rease  s low ly  du r ing  the  pe r iod  p r i o r  t o  2033 ,  a t  t r h i ch  t ime  p roduc t i on

ceases .  The  mode l  ,  i t  shou ld  be  no ted ,  does  no t  dep le te  a l  I  o f  t he

rese rves  because  the  cos t  o f  p roduc t i on  becomes  p roh ib i t i ve  as  rese rves

a re  d r i ven  to  ze ro  (equa t i on  14 ) .

The  a rgumen t  f o r  p ipe l i nes  i n  t h i s  case  v iou ld  be  fa i r l y  s t rong .

Because  the  p roduc t i on  l eve l  rema ins  fa i r l y  s teady ,  impos ing  a  p ipe l i ne  - -

pe rhaps  a  sma l l e r  l i ne  t han  cu r ren t l y  env i s i oned  wou ld  no t

s ign . i f i can t l y  a l t e r  t he  na tu re  o f  t he  dep le t i on  pa th .
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The  E f fec t  o f  P r i  ces

Wi th  a  s ing le  excep t i on ,  pa ramete rs  used  i n  the  base  case  were

se lec ted  because  they  rep resen t  a  reasonab ly  rea l i s t j c  app rox ima t ion  o f

wha t  m igh t  be  expec ted .  The  one  excep t j on  i s  t he  g rowth  ra te  used  fo r  o i l

p r i ces .  The  base  case  assumed  a  rea l  g rowth  ra te  o f  4 .75  pe rcen t  f o r  o i I

p r i ces  th roughou t  t he  pe r iod .  Such  an  i nc rease  wou ld  be  cons ide red  h igh

g iven  recen t  p r i ce  movemen ts .  To  obse rve  the  sens j t i v i t y  o f  t he  base  case

resu l t  t o  changes  i n  the  p r i ce  g rowth  ra te ,  t he  4 ,75  pe rcen t  base  case

ra te  i s  rep laced  by  a  l ower  ra te  o f  3 .5  pe rcen t .  A l t hough  th i s  may  be

cons ide red  on  t he  h i gh  s i de  as  we l l ,  j t  i s  i l l u s t r a t i ve  o f  t he  impo l " t ance

o f  t he  e f fec t  o f  p r i ce  expec ta t j ons  on  the  ou tcome.

As  shown  in  Char t  2A ,  chang ing  the  g rowth  ra te  i n  p r i ces  has  a  ma jo r

e f fec t  on  the  na tu re  o f  t he  dep le t i on  pa ths .  Tu rn ing  f i r s t  t o  t he  pa th

fo r  Texas ,  t he  i n i t i a l  l e ve l  o f  p roduc t i on  i s  cons ide rab l y  h i ghe r  i n  t he

case  w i th  the  s lower  g rowth  ra te ,  and  the  l eve l  o f  p roduc t i on  dec l i nes

rap id l y .  The  vo lume  i n  t he  i n i t i a l  pe r i od  i s  360  MBD wh i ch  j s  f a r  i n

excess  o f  t he  o f f sho re  p roduc t i on  tha t  t he  p lanned  p ipe l i nes  a re  capab le

o f  t r anspo r t i ng .  As  Cha r t  28  i l l u s t r a tes ,  t he  change  f o r  Ca l i f o rn i a  i s

l im i ted :  t he  on l y  d i f f e rence  f rom the  base  case  i s  t he  ea r l i e r  exhaus t i on

o f  t he  rese rves  as  dep le t i on  o f  t he  resou rce  occu rs  more  rap id l y .  Th i s

resu l t  r e f l ec t s  t he  cap i t a l  cons t ra i n t  on  re f i n i ng  i n  Ca l  i f o rn i a  wh i ch

causes  more  o f  t he  p roduc t i on  to  be  sh ipped  to  Texas .  I n  t he  base  case ,

i t  shou ld  be  no ted ,  43  pe rcen t  o f  t o ta l  rese rves  a re  p rocessed  by  Texas

re f i ne r ies ,  compared  w j th  55  pe rcen t  j n  t he  case  w i th  a  s lower  g rowth  ra te

i  n  p r i  ces .
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Th is  resu l t  i s  cons i s ten t  w i th  theo re t i ca l  f i nd ings  tha t  dec reas ing

the  g rowth  ra te  o f  p r i ces  re la t i ve  to  the  d i scoun t  ra te  sho r tens  the

dep le t i on  pe r iod .  | . r l j t h  l ess  rap id  i nc reases  i n  t he  p r i ce ,  t he  d i scoun ted

p resen t  va lue  o f  i n  s ' i t u  r en t s  dec l i nes  more  rap id l y ,  mak ing  i t

advan tageous  to  i ncu r  h ighe r  cos ts  o f  p roduc t i on  and  t ranspor ta t i on  - -

bo lh  o f  wh ich  a re  assumed  to  r i se  a t  i nc reas inq  ra tes  w i th  add i t i ona ' l

ou tpu t  - -  and  no t  de lay  ex t rac t i on .

_  Changes  i n  the  re la t j ve  sha res  sh ipped  to  CAL  and  TEX a re  cons i s ten t

w j th  the  reduc t i on  i n  p resen t  va lue  assoc ja ted  w i th  the  l ower  g rowth  i n

p r i ces ,  Because  the  va lue  o f  t he  o i l  i n  t he  g round  dec l i nes  a t  a  fas te r

ra te  than  i n  the  base  case ,  t he re  i s  more  i ncen t i ve  to  ge t  t he  o i l  ou t

qu i ck l y .  As  a  resu l t ,  t he re  j s  a  l a rge r  pena l t y  assoc ja ted  v r i t h  wa i t i ng

fo r  t he  
' l e ss - cos t l y  

Ca l i f o rn i a  f ac i l i t i e s  t o  p rocess  t he  o f f sho re  o i l .

The  jmp l  i ca t i ons  o f  t he  1ow-p r i ced  scenar jo  fo r  t he  p ipe l  i ne  case  a re

qu j t e  s i gn i f i can t .  The  impos i t i on  o f  a  p i pe l i ne  t echno logy  wou ld  requ i re

ma jo r  depar tu res  f rom the  dep le t i on  pa th  shown  in  Char t  1 .  Char t  3

compares  the  dev ja t i on  o f  t he  op t ima l  p roduc t i on  pa th  f rom each  case ,s

ave rage  p roduc t i on  l eve l  f o r  t he  f i r s t  14  yea rs .  As  shown  in  the  Char t ,  a

f i xed  p roduc t i on  pa th  requ i red  fo r  a  p ipe l i ne  wou ld  p lace  a  much  g rea te r

res t r i c t i on  on  the  p roduc t i on  pa th  i n  t he  case  o f  a  l ower  g rowth  ra te  j n

p r i ces :  dev ia t i ons  f rom the  ave rage  exceed  70 -pe rcen t  a t  t he  beg inn ing

and  end  o f  t he  l 4 -yea r  pe r iod .  By  con t ras t ,  t he  res t r i c t i on  does  no t

exceed  20 -pe rcen t  f o r  t he  base  case  scenar io .

Because  o f  t he  g rea te r  va r i a t i on  i n  p roduc t i on  i n  t h i s  case ,  r equ i r i ng

a  p ipe l i ne  techno logy  wou ld  mos t  1 i ke1y  fo rce  p roduce rs  to  ex t rac t  t he
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resource  a t  a  s lower  ra te  than  they  wou ld  p re fe r ,  and  fo r  a  l onge r  pe r iod

o f  t ime .  The  es t ima ted  l oss  o f  p resen t  va lue  i s  abou t  20  pe rcen t .  As  a

resu l t ,  t he  a rgumen t  f avo r ing  a  p ipe l i ne  on  economic  g rounds  mus t  be  based

on  the  assumpt ion  tha t  t he  un i t  t r anspor ta t i on  cos ts  o f  p ipe l  i nes  a re

su f f i c i en t l y  l ower  than  a  more  f l ex ib le  sys tem such  tha t  p roduce rs  can

ob ta in  even  h ighe r  d i scoun ted  p ro f i t s  under  a  f i xed  pa th  than  they  cou ld

ge t  under  tha t  shown  in  the  l ow-p r j ce  case  i n  Char t  2A .

The  E f fec t  o f  Subs t i  t u tes

The  dep le t i on  pa th  i s  a l so  a f fec ted  by  the  ava i ' l ab i l  i t y  o f  re f i n ing

capac i t y  j n  Ca l  i f o rn i a .  Unde r  t he  base  case  scena r i o ,  Ca l  i f o rn i a

re f i ne r ies  a re  assumed  to  i nc rease  the i r  p rocess ing  o f  o f f sho re  o i1  a t  a

ve ry  s low  ra te .  Shou ld  the  supp ly  o f  A laskan  o i I  be  reduced  (o r

i nc reased)  a t  a  more  rap id  ra te  than  i nd i ca ted  i n  t he  base  case t  and /o r

shou ld  Ca l i f o rn ia  re f i ne rs  add  cap i ta l  t o  upg rade  the in  capab i l i t y  t o

p rocess  heavy  c rude ,  t he  dep le t i on  pa ths  a re  1 i  ke l y  t o  be  a l t e "ed .9 /

Char t s  4A  and  48  show the  expec ted  p roduc t i on  be ing  sh ipped  to  Texas  and

Ca l  i  f o rn i  a ,  respec t i ve1y .

A  fas te r  g rowth  i n  heavy  o i I  r e f i ne ry  capac i t y  i n  Ca l i f o rn ia  i s

p rox jed  he re  by  a  fas te r  decay  l "a te  i n  A laskan  p roduc t i on  re la t j ve  to  the

base  case .  Us ing  a  decay  ra te  o f  10  pe rcen t ,  i ns tead  o f  t he  base  case

ra te  o f  . 5  pe rcen t ,  o f f sho re  sa les  to  Ca l i f o rn ja  re f i ne r ies  a re  found  ro

inc rease  to  67  pe rcen t  o f  p roduced  rese rves ,  up  f rom 57  pe rcen t  i n  t he

base  case .  The  amoun t  re f i ned  i n  Texas  du r ing  the  i n i t i a l  pe r iod  i s  140

l4BD.  Compared  to  the  base  case ,  t he  p roduc t i on  sen t  t o  Texas  re f i ne r ies

du r ing  the  pe r iod  1987-2000  ave rages  125  MBD compared  to  155  MBD . i n  t he

base  case .
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As  Char t s  4A  and  5  demons t ra te ,  t he  case  fo r "  a  p ipe l i ne  i s  no t  ha rmed

much  by  th i s  change ,  a l t hough  the  s i ze  o f  t he  ' r op t ima l ' r  p ipe l i ne  i s

reduced .  The  change  in  Ca l  j f o rn ia  capab . i  l  i t y  l eads  to  a  fas te r  dep le t i on

o f  t he  o f f sho re  rese rves ,  bu t  t he  pa t te rn  o f  sa les  to  Texas  re f i ne r ies

rema ins  fa i r i y  f l a t  f o r "  t he  pe r iod  1987-2000 .  Because  the  cos t  o f

cons t ruc t i ng  a  p i pe l i ne  does  no t  va ry  much  w i t h  s l ze ,  t he  p i pe l i ne

co r respond ing  to  the  fas te r  g rowth  ra te  i n  sa les  to  Ca l i f o rn ia  wou ld

requ i re  h ighe r  t a r i f f s  t o  cove r  t he  s l i gh t l y  h ighe r  ave r "age  f j xed  cos ts .

A  l a rge r  e f fec t  on  the  dep le t i on  pa ths  occu rs  w i th  changes  i n  the

subs t i t u t i on  pa ramete r  a t  Ca l  j f o rn ia  re f i ne r ies .  Ma in !a in ing  the  decay

ra te  o f  A laskan  c rude  a t  t he  base  case  va lue  o f  , 5  pe rcen t ,  bu t  i nc reas ing

the  e las t i c i t y  o f  subs t i t u t j on  be tween  the  two  c rudes  f rom .05  to .2  l eaos

to  more  d ras t i c  changes  i n  the  amoun t  o f  o f f sho re  c rude  re f i ned  i n

Ca l i f o rn la .  Th i s  expe r imen t  p rox ies  fo r  more  rap id  improvemen ts  to  the

cap j t a l  s t ock  a t  Ca l i f o rn i a  r e f i ne r j es  o r  f o r  an  un fo reseen  i nc rease  j n

h ighe r  qua l  i t y  o f f sho re  c rudes .  The  change  in  sha res  to  each  des t i na t i oh ,

a l so  shown  in  Char t s  4A  and  48 ,  i s  qu i te  s . i gn i f i can t .  The  pe rcen tage  o f

p roduced  rese rves  re f i ned  j n  Ca l i f o rn ia  i nc reases  f rom 57  pe rcen t  i n  t he

base  case  to  83  pe rcen t ,  w j th  193  MBD be ing  re f i ned  . i n  1995 .  The  p ro f i l e

o f  p roduc t i on  t ranspon ted  to  Texas  i s  un favo rab le  i n  bo th  vo lume and

du ra t j on  f o r  a  p i pe l i ne .  Cha r t  5  i  l l u s t r a tes  t he  l a rge  i nc rease  i n

pe rcen t  va r i a t j on  j n  t h i s  l a t t e r  case  re la t i ve  to  the  base  case ,  Fo r

nea r l y  a l l  yea rs  p r i o r  t o  t he  yea r  2000 ,  t he  pe rcen t  dev ia t j on  o f  t he

op t ima l  pa th  f rom the  14 -yea r  ave rage  i s  doub le  tha t  f ound  i n  the  base
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Changes  i n  the  capab ' i  l  i t y  o f  Ca l  i f o rn ia  re f i ne r " i es  to  hand le  heavy

c rude ,  t he re fo re ,  have  two  imp l i ca t j ons  f o r  t he  p i pe l i ne  op t j on .  F i r s t ,

t he  reduc t i on  j n  t he  sha re  o f  o i  l  sh ipped  to  Texas  may  dec rease  the

op t ima l  s i ze  o f  t he  p i pe l  i ne  ( r a i s i ng  ave rage  un i t  cos t s ) .  Second ,  t he

more  rap id  dep le t i on  o f  t he  o f f sho re  rese rves  wou ld  fo rce  the  p ipe l i ne

company  to  ra i se  i t s  cha rges  so  as  to  recap tu re  i t s  cap i ta l  expense  i n  a

sho r te r  pe r i od  o f  t ime .  I f  t he  ab i l i t y  o f  Ca l i f o rn i a  r e f i ne r i es  t o  hand le

o f f sho re  c rudes  i nc reases  s jgn i f i can t l y ,  t hese  fac to rs  cou ld  make  p . i pe l i ne

La r i  f f s  p roh i  b i  t i  ve l y  expens i  ve .

The  E f fec t  o f  Re la t i ve  T ranspor ta t i on  Cos ts

As  men t i oned  i n  t he  p rev ious  subsec t i on ,  t he  p i pe l i ne  case  j s  a f f ec ted

by  changes  i n  the  i n te r tempora l  d i s t r i bu t i on  o f  o f f sho re  o i l  be tween

Ca l i f o rn i a  and  Texas  re f i ne r i es .  I n  add i t i on  t o  be ing  a  f unc t j on  o f  t he

upgrad ing  capab i l  i t y  o f  Ca l  i f o rn ia  re f i ne r ies ,  t he  dec i s ion  to  pu t  o f f

cu r ren t  sh ipmen ts  to  Texas  re f i ne r ies  i n  f avo r  o f  f u tu re  sa les  ro

Ca l i f o rn j a  ne f i ne r i es  depends  on  t he  sav , i ngs  i n  r e l a t i ve  t r anspo r ta t i on

cos ts  tha t  such  a  dec i s ion  wou ld  genera te .

To  obse rve  th i s  e f fec t ,  t he  ave l "age  un i t  cos t  o f  t r anspor ta t i on  to

Ca l i f o rn ia  re f i ne r ies  i s  i nc reased  f rom g0 .50 /ba rne l  i n  t he  base  case  to

$1 .50 /ba r re l  .  The  resu l t s  o f  t h ' i  s  expe r imen t  on  p roduc t i on  sen t  t o  Texas

re la t i ve  to  the  base  case  a re  shown  in  Char t s  6  and  7 .

The  i nc reased  cos t  o f  t r anspor t i ng  o i l  t o  Ca l i f o rn ia  dec reases  the

va lue  o f  de lay i ng  dep le t i on  f o r  p rocess ing  a t  Ca l i f o rn i a  r " e f i ne r j es .  t / i t h

h ighe r  ave rage  un i t  cos ts  o f  t ranspor ta t j on  to  Ca l  i f o rn ia ,  t he  cos t  o f
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t r anspon t j ng  o i l  t o  Texas  becomes  l ess  o f  a  d i s i ncen t i ve ,  r esu l t i ng  i n

s ' l  i gh t l y  h ighe r  sa les  to  Texas  ove r  a  l onge r  pe r iod  o f  t ime ,  Because  the

un i t  cos t  o f  t r anspo r ta t i on  i s  s t i l l  l owe r  f o r  Ca l i f o rn i a  r e f i ne r j es ,

however ,  t he re  i s  no  s ign ' i f  i can t  change  in  the  pa t te rn  o f  sa les  to

Ca l i f o rn j a ,  w i t h  t he  excep t i on  o f  t he  sho r te r  t ime  t o  dep le t i on .  Ove ra l1 ,

the  e f fec ts  a re  ra the r  sma I l .

Changes  i n  the  re la t i ve  t ranspor ta t i on  cos ts  be tween  sh ipp ing  to  Texas

and  sh ipp ing  to  Ca l i f o rn ia ,  t he re fo re ,  have  m jno r  e f fec ts  on  the  case  fo r

a  p i pe l i ne .  Because  t he  I ' op t ima l l  pa th  i s  s t eepe r ,  impos ing  a  p i pe l  i ne

wou ld  be  a  more  b ind ing  cons t ra in t  w i th  a  na r rower  gap  be tween  re ' l a t i ve

t ranspor ta t i on  cos ts  than  w i th  a  w ide r  gap .  Char t  7  i l l us t ra tes  the

s l i gh t l y  g rea te r  dev ia t i ons  f rom the  mean  in  th i s  case  as  opposed  to  the

Dase  case .

V ,  Conc l  us i ons

Resu l t s  f rom the  theo re t i ca l  and  s imu la t i on  mode ls  i nd i ca te  tha t  t ne

op t ima l  dep le t i on  pa th  o f  an  exhaus t i b l e  r esou rce  i s  l i ke l y  t o  exh ib i t  a

pa t te rn  tha t  wou ld  be  i ncons i s ten t  w i th  the  f j xed  quan t i t y  requ i remen ts  o f

a  p ipe l i ne  t ranspor ta t i on  ne twork .  A l though  i t  i s  poss ib le  tha t  t he

s i tua t j on  may  be  such  tha t  a  f i xed  p roduc t i on  schedu le  cou ld  resu l t ,  t he

sens i t i v i t y  o f  such  a  schedu le  t o  m ino r  f l uc tua t i ons  i n  t he  mode l r s

pa ramete rs  cou ld  be  qu i  t e  1a rge ,  sugges t i  ng  tha t  t he  chances  o f  a

p roduc t i on  p ro f i l e  mee t ing  the  op t imum requ j remen ts  fo r  a  p ipe l i ne  a re  fa r

f rom I  i  ke i y .
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Pr i ce  expec ta t i ons ,  i n  pa r t i cu la r ,  we re  shown  to  be  impor tan t  i n

fo rm ing  the  des i red  dep le t i on  pa th  fo r  an  o f f sho re  p roduce r .  As  the  gap

between the growth i  n pr i  ces and the f i  rmr s di  scount rate wi den s ,  the

p roduce r ' s  des i r e  t o  p roduce  as  rap id l y  as  poss ib l e  ( r esu i t i ng  i n  a

rap id l y  f a l  l  i ng  dep le t i on  schedu le )  i s  enhanced .  Changes  o f  one  to  two

percen tage  po in t s  i n  p r i ce  expec ta t i ons  were  shown  to  be  su f f i c i en t l y

l a rge  t o  change  a  f l a t  p roduc t i on  p l an  i n to  a  sha rp l y  f a l l i ng  schedu le .

Even  i f  t he  op t jma l  schedu le  does  happen  to  be  f1a t ,  seve ra l

add j t i ona l  va r i ab les  need  to  be  taken  i n to  accoun t  i n  de te rm in ing  the  s i ze

and  p ro f i t ab i l i t y  o f  t he  p i pe l i ne .  I f  Ca l i f o rn j a  r e f i ne r j es  a re  ab le  t o

inc rease  the j r  capac i t y  t o  hand le  the  heav ie r  c rude ,  t he re  w j l l  be  a

reduc t i on  i n  p roduc t i on  sen t  t h rough  the  p ipe l i ne .  Fu r the rmore ,  t he

sp read  be tween  t ranspor ta t i on  cos t  cha rges  to  reach  Ca l l f o rn ia  and  Texas

re f i ne r ies  cou ld  have  an  e f fec t  on  the  quan t i t y  sh ipped  th rough  the

p i  pe l  i  ne .

P ipe l i nes ,  t he re fo re ,  a re  I i ke l y  t o  a l t e r  t he  p roduc t i on  p l an  f o r

o f f sho re  p roduce rs  re la t i ve  to  tha t  wh ich  wou ld  resu l t  w i th  tanke rs .  Two

cavea ts ,  however ,  a re  impor tan t .  F i r s t ,  t h i s  i s  no t  a  genera l  i nd j c tmen t

o f  p ipe l i nes ,  bu t  a  sugges t i on  tha t ,  l n  ce r ta jn  i ns tances ,  t hey  may

d iss ipa te  some o f  t he  p roduce r rs  ren t .  The  p roduce r  ' l oses  
ren t  i f  f o rced

to  a l t e r  p roduc t i on  f rom the  p resen t  va lue  max im iz ing  pa th .  Any  dev ia t i on

requ i res  i ncu r r i ng  h ighe r  t ranspor ta t i on  o r  p roduc t i on  cos ts  o r  f o rego ing

income.  In  such  a  case  the  cos t  o f  a  p ipe l i ne  i s  g rea te r  t han  the  ta r i f f

sugges t s .  Second ,  cap i t a l  cons t ra i n t s  can  ex i s t  w i t h  sh ipp ing .  Th i s  i s

espec ia l l y  t rue  i n  t he  Un i ted  S ta tes  where  the re  a re  s iqn i f i can t  ba r r i e rs
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to  en t r y , - '  a l t hough  i t  does  no t  appear  to  be  a  s ign j f i can t  p rob lem w j th

the  vo lumes  we  a re  d i scuss ing .

Fu r the rmore ,  t he  resu l t s  o f  t h i s  s tudy  cou ld  a rgue  fo r  a  comb ina t j on

o f  a  p i pe l j ne  and  t anke rs .  Cos t  advan tages  a t t r i bu ted  t o  p i pe l i nes  cou ld

be  exp lo i t ed  fo r  a  base  l eve l  o f  p roduc t i on  ( se t  we l l  be low  the  des i red

in j t i a l  l eve l  o f  p roduc t i on ) ,  w i th  tanke rs  used  to  ca r ry  any  add i t i ona l

quan t i t i es .  0ve r  t ime ,  t he  quan t i t y  sh ipped  i n  tanke rs  wou ld  p resumab ly

dec l i ne  un t i l  on l y  t he  p i pe l i ne  was  used .

To  summar i ze ,  no t  on l y  d i f f e rences  i n  un i t  cos ts  o f  t ranspor ta t j on

be tween  d i f f e ren t  t echno log ies ,  bu t  t he  e f fec t  t ha t  t he  impos i t i on  o f  t he

techno logy  may  have  on  the  i n te r tempora l  a l l oca t i on  o f  p roduc t i on  be t \ ^ /een

the  two  l oca t i ons  shou ld  be  cons ide red  when  dec id ing  abou t  t he  app ropn ia te

techno l  ogy  to  use ,
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Footn ote s

1 . Th is  assumes  tha t  mos t  Ca l  i f o r "n ia  onshore  p roduc t i on  w i l l  con t l nue  to
be  re f i ned  i n  the  s ta te .

A l though  o f f sho re  deve lopmen t  i s  be ing  under taken  by  a  l a rge  number  o f
p roduce rs ,  i t  i s  assumed  tha t  t he  dep le t i on  o f  t he  o f f sho re  rese rves
can  be  mode led  as  i f  a  s ing le  p roduce r  were  i nvo l ved .  Th i s  assumpt jon
e l im ina tes  any  i ne f f i c i enc ies  t ha t  may  resu l t  f r om an  i nd i v i dua l
p roduce r  a t tempt ing  to  max im ize  p ro f i t s  t h rough  p roduc t i on  ra tes
des igned  t o  cap tu re  o i  I  f r om ne ighbo r i ng  f i e l ds ,  r esu l t i ng  i n  h i ghe r
pump ing  cos ts  fo r  a l l  p roduce rs .

Fo r  t he  pu rposes  o f  t he  theo re t i ca l  mode l  (wh ich  a l  l ows  fo r  a
pe r fec t l y . f l ex i b l e  t r anspo r ta t i on  t echno logy ) ,  j t  i s  a l so  assumed  tha t
marg ina l  i os t s  i nc rease  w i t h  quan t i t y  w i t h i n  each  pe r i od .  C lea r l y  i n
t he  case  o f  a  p i pe l i ne .  once  cons t ruc ted  t he  m in imum cos t  so lu t i 0n
wou ld  be  to  run  the  p lpe i i ne  a t  o r  nea r  capac i t y .  Such  a  so lu t i on  can
be  mode led  i n  t h i s  f r "amework  as  a  spec ia l  case ,  where  the  p rob lem i s
to  choose  a  quan t i t y  q2  tha t  i s  cons tan t  ove r  t ime ,

Th i s  assump t i on  imp l i es  t ha t  p i pe l j nes  w i l l  a t t emp t  t o  even l y  amor t i ze
the  cap i ta l  cos t  o f  cons t ruc t i on  ove r  t ime .  I f  t hey  a t tempt  to
recap tu re  the  cos ts  as  a  func t i on  o f  expec ted  dec l i n ing  p roduc t i on
pa t te rns  and  cha rge  a  h ighe r  ra te  fo r  h ighe r  vo lume,  the  p rob lem
becomes  s im i l a r  t o  t ha t  i n  t he  more  f l ex i b l e  case .  Shou ld  FERC a l l ow
a  f l ex i b l e  t a r j f f  s chedu ie  f o r  a  p i pe l i ne  t o  be  deve loped ,  j n  f ac t ,
t he  t r anspo r ta t i on  cos t s  o f  us i ng  a  p i pe l i ne  cou ld  be  s t r uc tu red  so  as
to  no t  a f fec t  t he  dep le t i on  pa th  o f  t he  p roduce r .

Fo r  each  expe r jmen t  t he  cos t  f unc t j on  was  ca l i b r "aLed  us ing  ac tua l
cos ts  as  a  re fe rence  po in t .  G iven  l he  se t  o f  cos t  pa ramete rs ,  t he
jn te rcep t  was  de te rm jned  such  tha t  t he  cos t  f unc t j on  passed  th rough
tha t  re fe rence  po in t .

A  va r ie t y  o f  d i f f e ren t  sou rces  were  ana lyzed  fo r  mode l  i npu ts ,  These
inc lude  the  Annua l  Pe t ro leum Rev iew,  Ca l i f o rn ia  Energy  Commiss ion ,
1983  and  1984 ;  0 i1  T ranspon ta t i on  P lan ,  San ta  Barba ra  Coun ty ,  1984 ;
Exxon  P ipe l i ne  Feas ib i l i t y  S tudy ,  San ta  Barba ra  Coun ty ,  1983 ;  PADD V
Petrol  eum Supp)y/Demand Forecast,  Dames and l ' loore; and var ious
a r t i c l es  i n  0 j l  and  Gas  Jou rna l  and  Pe t ro l eum In te l l i gence  Week l y .

7 .  A  desc r ipL ion  o f  t he  A l l  Amer i ca  p ipe l i ne  p roposa l  can  be  found  i n  the
app l i ca t i on  ma te r ia l s  submj t ted  to  the  Ca l i f o rn ja  S ta te  Lanos
Commiss ion .

8 ,  Sma l l  amoun ts  o f  A laskan  and  o the r  c rudes  o roduced  i n  Ca l i f o rn i a  w i l l
p robab ly  be  t ranspor ted  i n  t hese  p ipe l i nes .  When  these  quan t i t i es  a re
exc luded ,  t he  amoun t  o f  0CS c rudes  be ing  sh ipped  to ta l  app rox jma te l y
225 f4BD.
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9 .  One  poss ib l e  po l i c y  change  t ha t  cou ld  l ead  t o  a  r educ t i on  j n  o i l
sh ipped  f rom A laska ,  o f  cou rse ,  wou ld  be  l eg i s la t i on  remov jng  the
res t r i c t i on  aga jns t  expo r t i ng  domes t i c  c rude  s im i l a r  t o  t ha t
contempl ated i  n a recent proposed amendment to the Export
Admi ni  strat i  on Act.

10 .  Sec t i on  27  o f  t he  Merchan t  Mar ine  Ac t  o f  1920 ,  a l so  known  as  the  Jones
Ac t ,  requ i res  the  use  o f  U .S .  f l ag  vesse l  s  f o r  t rade  be tween  U .S .
po r t s .
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