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PREFACE 

On January 2 0 , 1 9 7 0 , the Nat iona l P e t r o l eum Counc i l , an o f f i 
c i a l ly e s t ab l i s hed indu s t ry adv i s o ry b o ard t o  the S e c r e t ary o f  the 
Int erior , was a s ked t o  und er t ake a c ompr ehens ive s tudy of the 
Na t i on ' s  ene rgy out l o ok . Th i s  requ e s t  c ame from the  As s i s t ant 
S e c r e t ary -Mineral Re s our c e s , Department o f  the I n t er io r , who a s ked 
the Counc i l  t o  p r o j e c t  the energy ou t l oo k  in  the We s t e rn Hem i sphere 
into the fu tur e as  n e ar to the end o f  the c entury as  f e a s ib l e , with 
part icu l ar r e ference t o  the eva luat ion of future t r ends and the ir  
imp l icat ions for t he Un i t ed S t a t e s . 

In  r e s p on s e  t o  th i s  r equ e s t ,  the Na t i ona l P e t r o l eum C ounc i l ' s  
Comm i t t e e  on U . S .  Ene r gy Out l o ok was e s t ab l i she d ,  w i t h  a c o o rdinat 
ing s ub c omm i t t e e , four s upport ing sub c omm i t t e e s  for  o i l , g a s , o ther 
ene rgy forms and gove rnment po l icy , and 14  t a s k  group s . An o r g an i 
z a t ion chart app e ars  a s  App endix 2 .  I n  Jul y  1 9 7 1 , the  C ounc i l  
is sued an int e r im repor t en t i t l ed U. S. En e rg y  Ou t l o o k: A n  I n i t i a l 
App rai s a l  19?1-1985 wh i ch , a l ong with  a s s o c i a t ed t a s k  gr oup r ep o r t s ,  
provided the gr oundwo r k  for sub s equent inve s t i ga t i on o f  the  U . S .  
energy s i tu a t i on . 

Cont inu ing inve s t i g a t i on by the Comm i t t e e  and c omp onent sub 
comm i t t e e s  and t a s k  g roups r e s u l t e d  in the pub l i c a t i on in D e c emb er  
1 9 7 2  o f  the NPC ' s  summary repo r t , U. S. En e rg y  Ou t l o o k, a s  we l l  a s  
an exp and ed fu l l  r ep o r t  o f  t h e  Comm i t t e e . I n d iv i du a l  t a s k  gr oup 
repor t s  have b e en p r ep ar e d  to include m e t hodo l o g y , dat a , i l lu s t r a 
t i ons and c omput e r  program d e s c r ip t ions for  the p a r t i cu l ar area  
s tud ied by the task  group . Thi s report  is  one of  t e n  such de t a i l ed 
s tud ie s . Other fu e l  t a s k  g r oup rep o r t s  a r e  ava i l ab l e  a s  l i s t ed on 
the order form inc luded a t  the back of t h i s  vo lume . 

The find ings and r e c ommendations  o f  t h i s  r ep o r t  r epr e s ent the 
b e s t  j udgment of the expe r t s  from t he energy indus t r i e s . Howeve r , 
it  shou ld b e  n o t e d  that the p o l i t ic a l , e c onom i c , s o c i a l  and t e ch 
no l o g i c a l  fac to r s  b e a r ing upon the l ong - t e rm U . S .  energy ou t l o ok 
are subj e c t  t o  sub s t ant i a l  chang e with  the p a s s ag e  o f  t ime . Thus 
future deve l opmen t s  wi l l  undoub t edly provide add i t ional  in s ig h t s  
and amend the c onc lus ions t o  s ome degr e e . 
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FOREWO RD 

The obj e ct ive o f  the O i l  Sh a l e  T ask  G roup , in  the final  phas e 
of the U . S .  Ene rgy Out l o o k  s tudy , was t o  anal y z e chan g e s  in indus t ry 
and gove rnment po l i c i e s  and e conomi c cond i t i on s  th a t  c ou l d  a ffe c t  
t h e  p roduc t i on o f  fue l s  f r o m  o i l  s h a l e . T h e  t as k  g roup app ro a ch e d  
the s e  ob j e c t ives by p rep aring ana lys e s  o f  s upp ly e l as t i c i ty and 
var i ous p arame t r i c  fac t o r s . 

The e c onomi c data  deve l o p e d  fo r th i s  purpo s e  i s  n o t  an a t t e mp t  
t o  p r e d i c t  ab s o lute  co s t  l eve l s  for future s h a l e  o i l  p r o duc t i on ,  
s ince ne i th e r  the e ffe c t  o f  i n f l at i on nor  i mp r ovement s r e s u l t ing 
fro m exp e r i ence are inc lude d in the cos t e s t i mat e s . Rat e s  o f  re 
turn do not  t ake into  a c c ount the inc lus i on o f  r e s ou r c e  c o s t o r  
deb t i n  t h e  finan c i a l  s t ru c ture o f  a s h a l e  o i l  indus t ry .  

The b a s i c  eng ine e r ing  and e c onomi c  dat a f r o m  the  NP C I n i t i a l 
App r a i s a l  were us e d  in th i s  s tudy .  No t a l l  o f  the ma t e r i a l  c on 
tained i n  the I n i t i a l App r a i s a l  has  b e en i n c o rp o r a t e d  i n t o  t h i s  
rep o r t . F o r  comp l e t en e s s ,  b o th rep o r t s  should  b e  cons i de re d  t o 
gethe r . 

Any us e s  made o f  the data  fro m th i s  s tudy s hould  b e  cons i s tent  
with the ob j e c t ives s t a t e d  ab ove . 
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Cha p t er One 

I NTRODUC T I ON 

BACKGROUND 

The I n i t i a l  App r a i s a l  O i l  Sha l e  Tas k Gr oup r ep o r t  p r o j e c t e d  
s h a l e  o i l  pr oduct ion as  having a h i g h  p o t en t i a l  for  d ev e l opment 
within the s tudy p er i od 1 9 7 1 - 1 9 8 5 ,  und e r  government p o l i c i e s and 
t e chno l o gy exi s t ing a t  that t i me . *  The r e p o r t  d i s cu s s ed in d e t a i l  
the ene rgy r e s erve p o t en t i a l  in U . S .  o i l  s ha l e  and d e s c r ib e d  a 
me thod o f  deve l opment that might ut i l i z e  the s e  r e s erve s . I t  a l s o  
d i s cus s e d the various t e chno l o g i e s  o f  min ing  and crush ing o i l  s h a l e , 
retort ing the s ha l e  t o  pr oduce  crud e sha l e  o i l , and up grad ing t he 
c rude sh a l e  o i l  t o  a p ip e l ine  qua l i ty syncrude wh i c h  wou l d  b e  a 
premium feeds t o c k  t o  a conven t i onal p e t r o l eum r e f inery . A c ap i t a l  
inv e s t ment and operat ing c o s t e s t ima t e  f o r  t h e  va r i ou s  p a r t s  o f  a 
commerc i a l  syncrud e venture , b a s ed on the me thod o f  dev e l opment 
assumed in the I n i t i a l  App r a i s a l , was a l s o  g i ven . 

The obj e c t ive o f  t h i s  current s tudy i s  t o  ana l y z e  c hang e s  in 
indus try and government po l i c i e s  and in e c onomi c cond i t i o n s  that 
cou l d  affe c t  the produc t i on of fu el s fro m o i l shal e ,  wi th a par t i c 
ul ar v i ew t o  the pos s ib i l i t i e s  for incr eas ing the produc t i on o f  such 
fue l s  b e yond t ha t  l ev e l  pro j e c t ed in the In i t ia l  Appr a i s a l . 

The t a s k  group app r oa ched the s e  ob j ec t iv e s  by p r epar ing a supp l y  
e l a s t i c i ty s tudy , wh ich c o mpr i s e s  the f i r s t  p a r t  o f  t h i s  r eport . 
Thi s  s tudy eva lua t e s  the e ffect  that syncrude p r i c e  c ou l d  have on 
recoverab l e  c o mme r c i a l  r e s erve s of o i l  s ha l e  and on the s yn crude 
produc t i on rate  through 1 9 8 5 , ut i l i z in g  the c o s t s  d eve l o p e d  in the 
I n i t ial  App r a i s a l . The as sumpt ion i s  made that a l l  o i l shale r e 
s e rve s , b o t h  government and pr ivat e , wi l l  b e  ava i l ab l e  for deve l op 
ment . A roya l t y  charge , b a s ed on the U . S .  Dep a r t ment o f  the I n t e 
r i o r ' s  prop o s e d Pro t o type O i l  Sha l e  L e a s ing P r o g r a m  o f  1 9 7 1 , i s  
as sume d for o i l  s ha l e  mined on b oth s t a t e  and fede r a l  ho l d ing s , and 
an equival ent charg e is app l i e d  to pr ivat e ho l d ing s . Al s o  e s t i ma t ed 
is  a max i mum cons t ruc t i on rate  for o i l  sha l e  p l ant s , under  non 
emer gency cond i t ions . 

Th i s  report  a l s o  conta ins a s tudy o f  fac t o r s  that  c ou l d  influ 
ence the e conomi c s  and thus the growth rat e o f  the  s ha l e  o i l indu s 
try . The e f f e c t s  o f  government l e a s ing p o l i c i e s  o n  mak ing o i l  s ha l e  
r e s e rves  ava i l ab l e  and o f  gove rnment t ax p o l i c i e s  o n  s yncrude e c o 
nomics  have b e en s t ud i e d , as  we l l  as  l aws and r e gu l a t ions  c oncern ing 
env ironmen t a l  contro l , health  and s af e ty . 

* NPC , U. S. E n e rgy Ou t l o o k, A n  In t er im R e p o r t, A n  In i t ia l  
Appra i sa l b y  t h e  O i l S ha l e Ta s k  Grou p  1971-1985 ( F ebruary 2 5 ,  1 9 7 2 ) . 
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The i mp a c t  o f  i mprovemen t s  in p r e s en t  t e chn o l o gy and o f  n ew 
t echno l o gy i s  d i f f i cu l t  t o  a s s e s s  quant i t at ively , a l t hough s o me 
p o t en t i a l  i mp r ov e men t s  are  now in v i ew and o th e r s  �ay b e  ant i c ip at e d . 
The s ens i t i v i t y  o f  s yncrude e c onomi c s  t o  chang e s  in inve s t ment and 
op e r at ing c o s t s  has b e en evaluat ed . 

Con s id e r a t ion i s  a l s o  g iven t o  r equ i r e me n t s  for  d ir e c t  r eg ional  
supp o r t  o f  a s ha l e  o i l  indus t ry , inciud ing mine and p l ant op e r a t ing 
manpower ,  wat er  and e l e c t r i c  power supp ly , r o ad s , p ip e l ines  and 
c ommuni ty s erv i c e s . 

SUMMARY AND CONCLUS I ONS 

U s ing the  e c on o mi c  data developed for the  I n i t i a l App r a i s a l , 
a supp ly e l a s t i c i t y  s t udy has b e en made to d e t e r mine the e f f e c t  
that t h e  "pr i c e "  p l ac e d  o n  s ha l e  o i l  syncrude wou l d  h ave on t h e  
syncrud e p r o duc t i on r at e  thr ough 1 9 8 5 . *  The ant i c ip a t ed e f f e c t  o f  
gove rnment po l i c ie s , l e g i s l a t ion and t e chno l o g i c  chan g e s  on ava i l 
ab i l ity and "pr i c e "  o f  sync rude are d i s cu s s e d ,  and r e g i o n a l  c ons i d 
e r at ions  f o r  s upp o r t ing an o i l  shal e indus t ry are de l in e at e d . 

Th i s  supp l y  e l a s t i c i ty and p arame t r i c  s tudy i s  n o t  an a t t e mp t  
t o  p r e d i c t  ab s o lut e c o s t  l ev e l s  for future s h a l e  o i l  p r o duc t i o n , 
s in c e  ne i ther  the  e f f e c t  o f  in f l a t ion nor imp r ovemen t s  r e s u l t in g  
fr o m  exp e r i en c e  a r e  inc lud e d  i n  t h e  c o s t e s t i mat e s . The o b j e c t iv e  
o f  t he s tudy i s  t o  ind i c a t e  t h e  s ens i t iv i t y  o f  s ha l e  o i l  produc t i on 
t o  var i ous e c onomic fa c t o r s  and government p o l i c i e s . 

G ove rnment and pr ivat e  ·o i l  sha l e  r e s e rv e s  a r e  a l l  a s s umed t o  
b e  ava i l ab l e  fo r c o mmerc i a l  devel op ment , w i th p ayment o f  r oya l t y  
o n  t h e  o i l  s h a l e  pr oduc ed . O i l  sha l e  r e s e rv e s ,  e qu iva l en t  t o  5 4  
b i l l ion b a rr e l s  o f  syn c rud e , i n  t h e  P i c e an c e  B a s in o f  C o l o r ado and 
Uinta B a s in of U t ah a r e  cons idered to be the mo s t  e c on o mi c a l ly re 
c overab l e  p o r t i on o f  t he Green Rive r Fo r mat i o n  o i l  s ha l e  r e s ourc e s . 
Proj e c t e d  deve l o p ment t hrough 1 9 8 5  wou ld c o mm i t  l e s s  than 6 b i l l ion 
bar r e l s  o f  t he s e  r e s e rve s , a l l  l o c a t ed in the Mah o gany Zone  o f  the 
P i c e an c e  B a s in . 

The c o mmerc i a l  op e ra t i on exp e c t ed t o  b e  u s ed in the  min in g  o f  
o i l  sha l e  through 1 9 8 5  i s  the und erground , r o o m- and - p i l l ar mining 
me thod . App rox i ma t e ly 3 5 - ga l l on per  ton  o i l  s ha l e  in the  Mahogany 
Zone of the P i c eance B a s in in C o l or ado is exp e c t ed to be r e covered . 
Thi s  mining me thod and the pro c e s s e s  for p r o du c t i o n  o f  s ha l e  o i l  
and i t s  up g r ad ing t o  syncrude have b e en d e s c r ib e d  i n  the  I n i t i a l 
App r a i s a l  O i l  Sha l e  T a s k  Gr oup repor t . I nve s tme ·n t  and o p e r a t ing 
co s t s , b as ed o n  contan t  1 9 7 0  do l l ars , are  g iv en in  that  r ep o r t  and 
are a l s o  u s e d  in the p r e s ent supp ly e l as t i c ity s tudy . 

* As  us ed in t h i s  s tudy , "pr i c e "  do e s  no t me an a s p e c i f i c  s e l l ing 
p r i c e  a s  b e tween p roduc er  and purcha s e r  and do e s  not  r ep r e s en t  a 
future mar k e t  value . The t e rm "p r i c e "  i s  u s ed t o  r e fer  gene r a l ly 
t o  e c onomi c  l eve l s  wh i ch wou l d ,  on the b a s i s  o f  the  c a s e s  analy z e d , 
supp ort  g iven l eve l s  o f  a c t iv i ty for the p ar t i cu l a r  fu e l . 
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The sync rude produ c t  upon whic h  t h i s  p r o j e c t ion i s  b a s ed i s  a 
4 6 ° AP I , hydr o t r e a t ed d i s t i l l a t e , e s s en t i a l ly f r e e  o f  s u l fur and low 
in n i t r o g en , thu s  c on s t i tut ing a premium r e f inery f e e d s t o c k . 

D eve l opment s chedu l e s  have b e en e s t i ma t e d  for the four c a s e s  
sp ec i f i ed for the U . S .  Energy Out l o o k  s tudy : 

• C a s e  I :  Max i mum syncrude p roduc t ion r a t e  by the end 
of 1 9 8 5 - - 7 5 0 , 0 0 0  b arr e l s  per day ( 7 5 0  MB / D )  

• C as e s  I I  and I I I :  Mo s t  prob ab l e  s yn crude p r o duct i o n  r a t e - -
4 0 0  MB / D  

• C a s e  I V : Minimum syncrude produc t i on r a t e - - 1 0 0  MB / D . 

The s e  s chedul e s  a s sume tha t syncrude " p r i c e s "  are  ade qua t e  t o  encour 
age c o mme r c i a l  deve l op ment . 

The Cas e I max i mum feas i b l e  produc t ion r a t e  und e r  non - eme r g ency 
cond i t ions t ak e s  into a c c ount , a s ide fr o m  s yncrude " p r i c e , "  o t h e r  
fac t o r s  which l imi t the r a t e  o f  growth o f  p r o duc t i on c apacity . 
The s e  fac t o rs are  the l o g i s t i c s  of p l ant d e s ign , eng ine e r ing  and 
cons t ruc t i on and indu s t ry ' s  c apab i l i ty of supp lying heavy mine and 
p l ant equ ipment . The mo s t  probab l e  devel opment r a t e , Cas e s  I I  and 
I I I , wa s d i s cu s s ed in t he I n i t i a l  Appra i s a l . I t  was e s t ima t ed t o  b e  
4 0 0  MB /D by 1 9 8 5  o n  t h e  a s sumpt ions t h a t  no p r o c e s s  was  r e ady f o r  
immed i a t e  c o mme rc i a l i z a t ion , that t i me was r e qu i r ed for o p e r a t i on 
of a p r o t o typ e un i t , and that only p r ivat e l ands w e r e  ava i l ab l e . 
The min i mum , C a s e  I V ,  r a t e  o f  1 0 0  MB / D  by 1 9 8 5 might r e s u l t from 
unexp e c t edly r e s t r i c t ive env ironmen t a l  facto r s . 

The "pr i c e "  l ev e l  a t  wh ich in i t i a l  .s ync rude p r o duc t i on b e c ome s  
ec onomi ca l ly a t t ract ive dep ends up on the d e s i red r a t e  o f  r e turn on 
the inve s t ment in l i ght o f  the r i s ks invo lved.  Sync rude " p r i ce s "  in 
con s t ant 1 9 7 0  do l l ar s , f . o . b .  the syncrude p l ant , were  b a s e d  on the 
in i t i a l  produc t i on b e ing from 3 6 - ga l l on p e r  t on s ha l e  w i t h  f i r s t  
generat ion t e chno l o gy . The s e  " p r i ce s "  a r e  c a l cu l at e d  f o r  t h r e e  
di s c ount e d  c a s h  f l ow ( DC F )  r a t e s  o f  re turn on t o t al inve s t ment and 
are s hown in the fo l l owing t abu l a t ion . 

DCF  Ra t e  
o f  Re turn 
( P ercent)  

1 0  
1 5  
2 0  

Sync rude 
"Pr i c e "  
( $ / bb l )  

3 . 9 0 
5 . 0 0 
6 . 3 5 

To p ip e l ine  th i s  pr emium product to maj o r  r e f in ing c e n t e r s  wi l l  c o s t  
ab out $ 0 . 5 0  t o  $ 0 . 7 5 p e r  b arr e l . 

As produc t ion expands from the in i t i a l  p l an t , l ower  p roduc t ion 
cos t s  are  ant i c ipated , owing t o  mo re  exp er i ence , i mp r ov e d  p l ant 
p e r formanc e ,  add i t ion o f  incr emental c ap a c ity , l ar g e r  s c a l e  e qu ip -

5 



ment , the introduc t ion o f  new t e chno l o gy , b e t t e r  mat ching  o f  p ro c e s s  
uni t s , and o t h e r  f a c t or s . I ndus t r i a l  exp e r i enc e ,  inc luding p e t r o 
l eum r e fining , sug g e s t s  that a l e arning curve i mp r ov emen t  c an b e  
ant i c ip a t ed . Thi s  f a c t o r  ha s not b e en eva lua t ed , a l t hough exp e r i en c e  
ind i c a t e s  that  i t  has o ff s e t  incr e a s e s  due t o  inf l at i on . P r o j e c t ions  
o f  futur e i n f l a t ion have not b e en cons idered . 

E ff e c t s  that  governmen t a l  p o l i c i e s  and l e g i s l at i on mi g h t  have 
on s t i mu l a t ion or d e t e rrence o f  sha l e  o i l  c o mmer c i a l i z a t i on have 
b e en cons i de r e d  in the p arame t r i c  s tudy . F e d e r a l  l e a s ing p o l i c i e s  
wi l l  i n f luence the l eve l o f  product ion b e c au s e  abou t 8 0  p e r c en t  o f  
the in - p l ac e  o i l  s ha l e  r e s ourc e s  o f  t h e  G r e en Rive r F o r ma t ion i n  
Co l o r ado , U t ah and Wyo ming a r e  o n  feder a l  l and s . A p o l icy wh i c h  
mak e s  adequ a t e  r e s e rv e s  ava i l ab l e  and p e rmi t s  ind i v i du a l  c o mp any 
ho l d ings o f  1 0 , 0 0 0  t o  2 0 , 0 0 0  a c r e s  p e r  s ta t e  wou l d  b e  a s t i mu l ant 
t o  c o mmer c ia l i z a t i on . Th i s  s i z e  range o f  l e a s eho l d  i s  n e e d e d  t o  
provide ad equat e  minab l e  s ha l e  i n  t h e  Maho gany or o ther  r i ch  z on e s  
fo r a l ong - t e rm c o mme r c i al ent e rpr i s e . P e r mi t t ing  c r e d i t  o f  a com
pany ' s  min ing and p ro c e s s ing r e s e arch and deve l opment c o s t s  t oward 
payment o f  r oya l ty cha r g e s  cou l d  a l s o  be a p o s i t iv e  fac t o r  in the 
F e d e r a l  Government ' s  o i l  s ha l e  l eas ing p r o g r am . 

The t a s k  gr oup eva luat ed t ax po l i c i e s  a s  t o  the i r  e ff e c t  on 
syncrude "pr i c e "  when r e t or t ing 3 5 -g a l l on per t on s h al e . The 
fo l l ow ing  e f f e c t s  were n o t e d  a t  a 1 5 - p e rc ent DCF r a t e  of r eturn . 

• I ncr eas ing  the d ep l e t ion a l l owanc e from the  p r e s en t  1 5 -
perc ent ra t e  on c rud e s h a l e  o i l  t o  2 2  p er c en t  o n  syncrude 
wi l l  permit  r educ t i on in r e qu i red s ync rud e "pr i c e "  o f  
$ 0 . 3 5 pe r b a r r e l . 

• Cont inu ing  the inve s t ment t ax c r ed i t  o f  7 p er c en t , a s  
r e c e n t l y  r e in s t i tut ed , reduc e s  s yncrude "pr ic e "  b y  $ 0 . 2 6 
p er b arr e l . 

• Dec r e a s ing  p r e s ent deprec i at i on l if e  o f  1 0  y e a r s  on min 
ing c ap i t a l  and 1 5  ye ars  on p l an t  c ap i t al t o  5 years  o n  
a l l  cap i t a l , a s  propo s ed i n  curren t l e g i s l at i on ,  wi l l  r e 
duc e s yncrude "pr i c e "  b y  $ 0 . 2 3 per  b a rr e l . 

• Sus pend i n g  the  p r e s ent Federal Government roya l ty o n  o i l  
s ha l e , gradua t e d  up t o  $ 0 . 1 7 p er t on for 3 5 - gal l on p e r  
ton  s hal e ,  w i l l  reduce  s yncrude "pr ic e "  b y  $ 0 . 1 9 p e r  
barre l .  

• Remov ing the  l imi t a t ion that r e s t r i c t s  the app l i c a t i on o f  
d ep l e t i o n  al l owanc e t o  no t mo re  than 5 0  p er c en t  o f  t ax ab l e  
inc o me w i l l  r edu ce  s yncrude "pr ic e "  $ 0 . 1 8 p e r  b a rr e l  when 
2 2 - p er c en t  d e p l e t ion i s  a l l owed on s ync rude . 

The c omb ined e f f e c t  o f  inc r e as ed dep l e t i on a l l owanc e , inve s t 
ment t ax c r e d i t  and s h o r t e r  depr ec i a t ion l i fe  i s  a $0 . 7 0 p e r  b arre l 
reduc t i on in  the requ i r e d  "p r i ce . "  App lying t h i s  .r e duc t ion t o  the  
fir s t  p l ant wou ld g iv e  a s t ar t ing  "p r i c e "  of  $ 4 . 3 0 per  barrel  o f  
syncrude . 
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Co s t s  d e s c r i b e d  in  the I n i t ial  Appr a i s al  provide  s u f f i c i en t  
a l l owance t o  me e t  pr e s ent - day env i ronmental  s t andard s . Env i ronmen t a l  
cont r o l  c o s t s  wi l l  inc r e a s e  i f  l e g i s l a t ion b e comes m o r e  r e s t r i c t ive . 
Sen s i t ivity o f  syncrude "p r i c e "  to  t h i s  fac t o r  s hows , for  examp l e , 
that a 1 0 - p e r cent incr e a s e  in t o t a l in i t i a l  m ine  and p l ant inv e s tment 
woul d  inc r e a s e  syncrude "p r i c e "  $ 0 . 4 0 p e r  b ar r e l  at a I S - p e r c ent 
DCF rate  o f  r e turn , or woul d  reduce rate o f  re turn 1 . 5  p e r c en t a g e  
p o in t s  a t  cons t ant sync rud e "pr i c e . "  Howeve r ,  the  s am e  t o t a l  add i 
t i onal inv e s tment , made in equal inc remen t s  ove r  a 1 5 - ye a r  p e r i od; 
wou l d  inc r e a s e  syncrude "pr i c e "  by only $ 0 . 1 5 p e r  b a rr e l . 
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Chapt e r  Two 

SUP PLY ELAST I C I TY STUDY 

DEVELOPMENT OF SUPPLY ELAST I C I TY CURVE S 

The deve l o p ment o f  the re l a t ionship b e tween po t en t i a l  s yncrude 
p roduc t i on and sync rude " p ri c e , "  wh i c h  ha s b e en t e rme d " s up p l y  
e l as t i c i ty s tudy , "  i s  b a s e d  o n  t h e  as s ump t i o n  that s uf f i c i en t  s ha l e  
l ands i n  the G re en Rive r F o rmat i on are ava i l ab l e  f o r  p ro j e c t e d  
comme rc i a l  op e rat i on . T h e  pro cedure s  f o r  mak ing  the  s tudy are as  
fo l l ow s :  

• L and i n  t h e  P i c e ance B a s in w a s  b l o ck e d  o u t  in t ra c t s ,  e ach 
cont aining 6 3 4 mi l l i on as s ay b arre l s  o f  re s e rv e s  in  pl ace  
in  a s e l e ct e d  minab l e  s e am.  Th i s  re s e rve is  b a s e d  on a 2 0 -
year s upp ly o f  o i l  shale , 6 0 -p e rcent re c ov e ry o f  s ha l e  in 
the s e am,  9 6 -vo l ume - pe rcent of F i s ch e r  as s ay as s yn c rude 
yi e l d ,  and a p ro duct ion fro m e ach t ra c t  o f  s u ff i c i ent c rude 
s h a l e  o i l  to y i e l d  SO MB / D  of syn c rude . E a ch t ra c t  thus 
rep re s en t s  a p o t ent i al syn c rude re s e rve of 3 6 5  mi l l i on b ar
re l s .  B e c aus e l e s s  info rma t i on on the  re s e rv e s  i s  ava i l 
ab l e , the U in t a  B as in t ract s we re s ub d i v i d e d  i n  l a rg e r  
b l o cks  o f  7 3 0  mi l l i on b a rre l s  o f  p o t ent i a l  syn c rude t o  
y i e l d  1 0 0  MB / D  o f  syn c rude . The Wyo ming o i l  s ha l e  re 
s o urc e s  we re n o t  inc luded in th i s  s tudy b e c aus e o f  the i r  
depth and p o o re r  qua l i ty and b e c aus e o f  the l ack o f  det a i l e d  
info rmat i on o n  the s e  dep o s i t s . 

• The ave rage F i s ch e r  as s ay was e s t i ma t e d  f o r  e a ch t ra c t . 

• E a ch t ract  was de s i gnated  f o r  a d i t  o r  s h a f t  mining , dep end 
ing up on the typ e  o f  t e rra in . Vari at ions  b e twe en 4 0 0  and 
1 , 3 0 0  f e e t  in l i ft ing he i ght we re cons i de re d  as n o t  app re 
c i ab l y  affe c t ing the c o s t  o f  s h a ft min i n g . 

• The p o t en t i al s yn c rude re s e rves  were t o t a l e d  fo r the s ep a 
rate  c at e g o ri e s  o f  adit  o r  shaft min ing and as s ay va lue o f  
s h a l e . 

• A syn c rude " p ri ce "  in do l l a rs p e r  b arre l was c a l cu l a t e d  f o r  
e ach c a t e g o ry ,  us ing data  fro m  t h e  I n i t i al App ra i s a l  and 
adding roy a l ty c o s t s . Th i s  was done f o r  t h re e  DCF rat e s  o f  
re turn: 1 0 , 1 5  and 2 0  p e rcen t . 

• F o r  e a ch rat e  o f  re turn , p o t ent i a l  s yn c rude p ro duct i on was 
cumul a t e d  at incre as ing syn c rude "pri ce s . "  The s e  data we re 
p l o t t e d  t o  g ive the supply e l as t i c i ty curve s .  

The s e l e ct e d  re s e rve s are within the C l as s 1 and 2 re s ource s 
de fined in  the I n i t i a l  App ra i s a l . The four c l a s s e s  o f  re s o urc e s  
are des c ri b e d  as  fo l l ows : 
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C l a s s 

1 ,  2 

3 

4 

D e s cr ipt i on 

The s e  are the r e s ourc e s  s a t i s fy ing  the  b a s i c  
as s ump t i o n  l imi t ing r e s ources  t o  dep o s i t s  a t  
l e a s t  3 0  f e e t  t h i ck and ave r a g ing 3 0  g a l l on s  
o f  o i l  p e r  ton  o f  s ha l e ,  by a s s ay .  Only the 
mo s t  ac c e s s ib l e  and b e t t e r  d e f ined depo s i t s  
are inc lude d . C l a s s  1 i s  a mo r e  r e s t r i c t ive 
cut of the s e  r e s e rves  and indi c a t e s  that 
p o r t i on wh i ch wou l d  average  3 5  gal l o n s  p er 
ton over a continuous interva l o f  a t  l e a s t  
3 0  f e e t . 

C l as s  3 r e s ourc e s ,  al though ma t ching  C l a s s e s  
1 and 2 i n  r i chne s s ,  are mo re  p o o r ly de fined 
and n o t  a s  favorab ly l o c a t e d . The s e  may b e  
cons i d e r e d  p o t en t i a l  r e s our c e s  and wou l d  b e  
exp l o i ta t i on t ar g e t s  a t  the exhau s t i on o f  
C l a s s  1 and C l as s 2 res our c e s . 

The s e  are  l ower grade, p o o r l y  de fined  d e 
p o s i t s  rang ing down to 1 5  g a l lons  p er t on 
wh i ch, a l though no t o f  current  comme r c i a l  
int e r e s t ,  repres ent a t a r g e t  i n  t h e  event 
that the i r  re covery b e come s f e a s ib l e . 
The s e  may b e  cons idered s p e cu l a t ive re 
s ourc e s . 

The a s s ump t i on was made that the depo s i t s  wou l d  b e  deve l o p e d  
b y  underground r o om - and - p i l l ar mining, ut i l i z ing  a s e l e c t ed minab l e  
s e am i n  the Maho g any Zone . The extent o f  the  Maho g any Zone  i s  indi 
c a t e d  in  F i gure 1 .  T h i s  zone comp r i s e s the r i che s t , mo s t  cont inuous 
and s ha l l owe s t  o i l  s ha l e  s e c t ion in the G r e e n  Riv e r  F o rma t i o n . I n  
outl ining the m inab l e  t r ac t s ,  a n  a t t emp t w a s  made t o  o b t a in a s t a 
t i s t i ca l  s ummary o f  the numb er  and qua l i ty o f  such un i t s  r at h e r  than 
to d e l i n e a t e  the i r  b o undar i e s . As an a i d  in  e s t ima t ing the  co s t  o f  
syncrude p r o duc t i o n, t h e  trac t s  were ident i f i e d  a s  b e ing acce s s ib l e  
b y  e i ther  ad i t  o r  s ha f t  mining . 

The p o t ent i al re cove r ab l e  r e s e rve s ,  e s t im a t e d  for  a l l  o f  the  
avai l ab l e  l ands and p r o duced as syncrude, are  1 5 . 4  b i l l i on b ar r e l s  
ob t a inab l e  b y  ad i t  min ing and 3 8 . 8  b i l l io n  b ar r e l s  b y  shaft mining 
( s e e  T ab l e  1 ) . Thu s ,  there  are  5 4 . 2  b i l l i on b ar r e l s  of  t o t a l  p o t en
t i a l  s yncrude r e s erves  in  the s e l e c t e d  minab l e  s e c t i o n  of the  
Mahogany Zone  in the P i c e ance and Uinta Ba s ins . O f  t h i s  t o t a l ,  
6 . 6  b i l l i on b a rr e l s  a r e  e s t ima ted  to b e  ava i l ab l e  i n  t h e  U i n t a  
Bas in . No c ap ac i ty i s  a s s i gned to t h e  G r e e n  Riv e r  and Wa s hak i e  
Bas ins in  Wyoming . L e s s  than 6 b i l l i on b arr e l s  o f  C l a s s  1 r e 
s erve s ,  l o c a t ed e nt i r e ly in  the P i c e ance Bas in, wou l d  b e  dev e l op e d  
through 1 9 8 5  a t  the  max imum l ev e l  of comme r c i a l  p r o duc t i on p r o j e c t ed 
l at e r  in  t h i s  chap t e r . None o f  the r e s our c e s  in e i th e r  U t a h  o r  
Wyoming a r e  h i gh enough qual i ty or we l l  enough d e f i ne d  to b e  ut i 
l i z e d  dur ing th i s  p e r i o d  at the s t at e d  syncrude e conom i c  l e ve l . 
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• Salt Lake City 

Grea t Divide Ba sin 
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� 

Sand Wash Ba sin 

Area underlain 
by the Green 

River F ormation 

Approximate extent 
of selected minable 

seam in the Mahogany 
Zone (at least 30 feet 

thick and averaging 
at least 30 gal./ton). 

F i gure 1 .  Mahog any Zone Re s e rves  U s e d  in  Th i s  S t udy for  
C a l cul a t i on o f  Re quir e d  " P r i ce s "  for  Var i o us 
L eve l s  o f  Product ion . 

The l im i t ed ava i l ab l e  informat ion ind i c a t e s  that  o n l y  a r e l a 
t iv e l y  sma l l  frac t i on o f  the C l as s  1 and 2 r e s erve s woul d b e  
minab l e  b y  s ur f a c e  methods , e i ther b y  s tr ipping  o r  o p e n  p i t , a t  
c o s t s  comparab l e  t o  und e r ground mining . There  do e s  no t app e ar t o  
b e  enough o f  t h i s  typ e o f  r e s e rve in the ent i r e  G r e en R i v e r  F orma 
t i on t o  have any app r e c i ab l e  effect  o n  the s up p l y  e l a s t i c i ty s tudy . 
Becaus e o f  the abundance o f  the C l a s s  1 and 2 r e coverab l e  r e s erve s 
and the g r e a t e r  depth and p o o r e r  defin i t i o n  o f  the  C l a s s  3 r e 
sourc e s , the l at t e r  have no t b e en brought i n t o  t h i s  p r e s e n t  s tudy . 

The e s t imat e d  r e coverab l e  res erves g iven in  t h e  I n i t i a l  
Appr a i s a l  are about 2 0  b i l l i on barr e l s  o f  e qu iv a l e n t  s yn c rude mo r e  
than t h e  ab ove t o t a l  o f  5 4  b i l l i o n  barr e l s . Th i s  d i fference  r e 
s u l t s  ma inly from the pre s ent s tudy b e in g  b a s ed o n  a comme r c i a l l y  
minab l e  s e c t i o n  o f  the Maho gany Zone r a th e r  t h an o n  t h e  ent ir e  
zone . Thus , no t a l l  o f  the contiguous s h a l e  i n  the z o ne that wou l d  
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Shale 
Assay 

(Gal/Ton) 

30 

31 

32 

33 

34 

35 

36 

37 

Total 

Total Reserves 

TABLE 1 

POTENTIAL SY NCRUDE R ESERVES F ROM A 
SE LECTED M I NAB LE SEAM I N  THE 

MAHOGANY ZON E  OF THE P ICEANCE AN D U I NTA BAS I N S* 

Recoverable Oi l  Shale Reserves as Syncrude 
(Bi l l ion Barrels) 

Piceance Basin 

Adit Mine 

2.9 

2.6 

1. 1 

2.5 

1.5 

1 .5 

0.4 

12.5 

Shaft Mine 

6.9 

2.2 

4.7 

4.4 

4.4 

7.7 

3.7 

1.1 

35.1 

54.2 bi l l ion barrels as syncrude. 

Uinta Basin 

Adit Mine 

2.9 

2.9 

Shaft Mine 

3.7 

3.7 

* Bases for estimate: ( 1 ) Wyoming deposits are not well defined but are believed to be too lean and thin or too deep for including 

in these reserves; (2) continuous minable section at least 30 feet thick and averaging at least 30 gallons per ton; (3) 60-percent recovery 

of the oil shale; and (4) 96 volume percent of Fischer assay as syncrude yield. 

ave r age out t o  at l e as t  3 0  g a l lons p e r  t o n  i s  ne c e s s ar i ly inc lude d .  
Add i t i on o f  t h i s  s h a l e  to  the r e cover ab l e  r e s erves  wou l d  t e nd t o  
r e duc e the aver a g e  as s ay v a l u e  o f  t h e  shal e mined and r e t o r t e d , 
thus inc r e a s ing the  operat ing c o s t s  and the "p r i c e "  r e qu i r e d for  
the s yncrude p r o duc e d . 

As s t a t e d  by the p r op o s e d pro to type l e as ing p r o gr a m  o f  the 
U . S .  Dep a r t ment o f  the I nt e r i o r , the royal ty is $0 . 1 2 p e r  t on for 
3 0 - g a l l on p e r  t on s h a l e , w i th $0 . 0 1 p e r  t on i n c r e ment for e ach g a l 
l on p e r  t on addi t i on a l  as s ay value o f  the s h a l e  mine d .  T h i s  roya l 
ty charge i s  app l i e d  t o  o i l  shale  mined on b o t h  s t at e  and fede r a l  
ho l ding s . F o r  the purp o s e s  o f  t h i s  s tudy ,  an e qu ival ent roya l ty 
char g e  i s  app l i ed fo r p r iv a t e  l ands . B e c aus e o f  the unc e r t a inty 
as  t o  future b o nu s  p ayment l eve l s , no a t t e mp t  was made t o  evalua t e  
t h e  e ffe c t  o f  t h i s  c o s t . 

Segr e ga t i on o f  the  t r a c t s  as  to  typ e o f  mi n i ng was made b e c au s e  
the I n i t i a l  App r a i s a l  deve loped  s o mewhat d i ff e r en t  i nv e s tment and 
ope r at ing c o s t s  for ad i t  than for shaft mining . Us ing the s e  c o s t s , 
F i gure 2 was p r e p a r e d  t o  s how the "pr i c e "  o f  s yncrude f r o m  o i l  
s h a l e  w i th e i ther  a d i t  o r  shaft  min ing . A s  as sume d  p r e v i ous ly , one 
s h a l e  mine woul d s upp ly one r e to r t ing p l ant , and the outpu t fro m 
two p l ant s  wou l d  b e  up gr aded in  a s ing l e  1 0 0  MB/D up grading fac i l 
i ty .  Us ing cons t an t  1 9 7 0  do l l ar s , curv e s  a r e  s hown in  F i gure 2 
for the two mining me tho ds and for DCF  r a t e s  o f  r e turn o f  1 0 , 1 5  
and 2 0  p e rcent  on the t o t al inve s t ment in the  p r o j e c t . Royalty  for 
o i l  s ha l e  mined was converted  t o  an e qu iva l en t  charge in  un i ts o f  
do l l ars  p e r  b ar r e l  o f  s yncrude produc e d . Th i s  charge  i s  g iven in  
Tab l e  2 for var i ous a s s ays o f  shal e . 
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TABLE 2 

ROYALTY CHAR GE FOR OI L SHALE 

Shale A ssay 
( Gallon/Ton) 

30 

31 

32 

33 

34 

35 

36 

37 

Ton s of Shale Mined/ 
bbl of Sync rude* 

1.46 

1.41 

1.37 

1.33 

1.29 

1.25 

1.22 

1.18 

* Based on syncrude yield of 96-volu me-percent assay. 

Royalty Cha rge 

$/Ton of Shalet $/bbl of Sync rude 

0.12 0.18 

0.13 0.18 

0.14 0.19 

0.15 0.20 

0.16 0.21 

0.17 0.21 

0.18 0.22 

0.19 0.22 

t Schedule  of $0. 1 2  per ton for 30-ga l l on/ton shale, a l lowing $0.01 per ton additional for each 1 -ga l l on/ton increment, 
as stated in the proposed prototype leasing program of the U.S. Department of the I nterior. 

U t i l i z ing the ab ove info rma t i on , the supp ly e l a s t i c i ty d a t a  
f o r  syncrude ava i l ab l e  from o i l  s h a l e  in the  Mah o gany Zone  were  
cal cul a t e d  for the thr e e  DCF rates  o f  r e turn . The f i r s t s t ep was  
to  c a l cu l a t e  the "pr i c e "  o f  syncrude , f . o . b .  the syncrude p l an t , 
produc e d  from e ach o f  the b l o cks  o f  p o t en t i al s yn crude r e s erve s , 
as  s hown in  Tab l e  3 .  Cumu l a t ing the r e s erves  a t  inc r e a s ing s yn 
crude "p r i c e s " gave the t o t a l  supp ly that may b e  o b t a ined a t  a 
g iven l ev e l  o f  s ync rude " p r i c e "  a s  s hown in  T ab l e  4 .  The s e  r e su l t s  
are p l o t t e d  in  F i gure 3 .  

S I GN I F I CANC E OF SUP PLY ELAST I C ITY RELAT I ON SH I P  

The supp ly e l as t i c i ty r e l at i on s h ip g iven i n  t h i s  r e p o r t  i s  
dep endent upon th e b a s i c  as sump t ions  s t a t e d  i n  the  I n i t i a l  App r a i s al 
O i l  Sha l e  Task Group report . *  The s e  a s s ump t i ons  h ave a l s o  b e en 
include d in t h i s  report . However , one excep t i on is made in  that 
al l s h a l e  l ands comp r i s ing the Green River F o rma t i on are  n ow a s s umed 
to be ava i l ab l e  for ut i l i z at i on . The p o s s ib l e e f f e c t s  of gove rnment 
p o l i c i e s  and l e g i s l a t i on and o f  change s  in  t e chno l o gy on s yncrude 
" p r i c e , "  and thus o n  s upply e l a s t i c i ty ,  are d i s cus s ed in Chap t e r s  
Thr e e  and F our . 

The "p r i c e "  l ev e l  a t  wh i ch syncrude p r o duc t i o n  b e come s e c onom 
i c a l ly a t t r a c t ive dep ends up on the d e s i r e d  r a t e  o f  r e turn o n  the  
inves tment .  Th i s  s tudy p r e s ents e conom i c s  b a s ed on the use  of  
f i r s t gene r a t i o n  s h a l e  o i l  produc t i on t e chno l o gy .  Syncrude "p r i c e s "  

* NPC , In i t i a l  A p p r a i s a l  b y  t h e  O i l S h a l e  Ta s k  G r ou p �  
pp . 1 1 9 - 1 2 2 .  
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TA B LE 3 

E S TIMA TE D  SYN CR U DE VO L UME S AN D E CONOMI C S  

Recove rable Sync rude 
Re qui red Sync rude "P rice" ($/bbl) 

Oil f.o.b. Sync rude Plant 
Shale Re se rve s P roduction ( D CF Rate of Retu rn) 

Assay a s  Sync rude Capacity 
( Gal/ Ton) ( Billion bbl) (M B/ D) 10% 15% 20% 

Piceance Basin-Private Adit Mines 

31 2.2 300 4.24 5.48 6.9 1 

32 0.7 100 4.17 5.38 6.79 

33 2.5 350 4.1 0 5.28 6.67 

34 1.5 200 4.03 5.19 6.56 

35 1.5 200 3.97 5.10 6.4 5 

36 0.4 50 3.9 1 5.02 6.34 

Total 8.8 1,200 

Piceance Basin-Private Shaft Mines 

33 1.5 200 4.23 5.48 6.94 

35 0.4 50 4.09 5.29 6.72 

To tal 1.9 250 

Piceance Basin-Public Ad it Mines 

30 2.9 400 4.32 5.58 7.03 

31 0.4 50 4.24 5.48 6.9 1 

32 0.4 50 4.17 5.38 6.79 

To tal 3.7 500 

Piceance Basin-Public Shaft Mines 

30 6.9 950 4.47 5.79 7.29 

31 2.2 300 4.38 5.68 7.1 7 

32 4.7 650 4.30 5.58 7.05 

33 2.9 400 4.23 5.48 6.94 

34 4.4 600 4.16 5.38 6.83 

35 7.3 1,000 4.09 5.29 6.72 

36 3.7 500 4.02 5.20 6.62 

37 1. 1 150 3.95 5.12 6.52 

Total 33.2 4,550 
-

Unita Basin-Public Ad it Mines 

30 2.9 400 4.32 5.58 7.03 

Unita Basin-Public Shaft Mines 

30 3.7 500 4.47 5.79 7.29 
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TABLE 4 

SUPPLY ELA STI CITY OF SYN CRUDE FROM OIL SHALE 
( Constant 1970 Dollars) 

Ma xi mu m  Syncrude Value 
($/bbl) f.o.b. Plant 

3.90 

4.00 

4.10 

4.20 

4.30 

4.40 

4.47 

5.01 

5.10 

5.20 

5.30 

5.40 

5.50 

5.60 

5.70 

5.79 

6.33 

6.40 

6.50 

6.60 

6.70 

6.80 

6.90 

7.00 

7.10 

7.20 

7.29 

Cu mulati ve Reco verable Reser ves as Syncrude (Billion Barrels)* 

10% D CF 15% D CF 20% D CF 
Rate of Return Rate of Return Rate of Return 

0.0 

2.9 

18.2 

23.7 

35.4 

43.4 

54.2 

0.0 

1.8 

8.0 

18.2 

23.7 

30.7 

41.2 

43.4 

54.2 

0.0 

0.4 

1.8 

4.4 

10.6 

19.4 

23.7 

30.7 

41 .2 

43.4 

54.2 

* Produced from a minable seam in the Mahogany Zone of the Piceance and Uinta Basins, with average assay of 
at least 30 gallons/ton.  

in cons t ant 1 9 7 0 do l l ars , f . o . b .  the syncrude p l ant , have b e en 
cal cul at e d  with in i t i a l  p r o duct ion b e ing  from the h i ghe s t  qua l i ty 
3 6 - gal lon p e r  t on o i l  s h a l e  r e s e rve s . The s e  "p r i ce s , "  at  three  DCF 
rates of re turn on t o t a l  inve s t ment are : $3 . 9 0 p e r  b ar r e l  fo r a 1 0 -
� e rcent r a t e  of re turn , $5 . 0 0 per b arre l for a 1 5 - p e r cent rate  and 
$6 . 3 5 p e r  b ar r e l  f o r  a 2 0 - p e r cent rate . The "p r i ce "  o f  s yncrude 
de l ive r e d  to a re finery in the Ch i c ago  ar e a  wo u l d  be about $0 . 5 0 to 
$0 . 7 5 p e r  b arr e l  h i gh e r  than the ab ove amoun t s  due t o  t r ans p o r t at ion 
cos t s . 

The supp ly e l as t i c i ty curves  in F i gure 3 are  s i gni f i cant 
b e c aus e they ind i ca t e  that , once the e c onomi c incent ive ex i s t s  t o  
ini t i a t e  p r o duc t i o n  o f  s yncrude , r e l a t iv e l y  s ma l l  incr e a s e s  in  
syncrude " p r i c e "  b r ing l ar g e  increas e s  i n  r e coverab l e  r e s erve s . 
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ROYALTY INCLUDED 
ASSAY .UTON 25 7 30 12 35 17 

DCF 
RATE OF 
RETURN 

----10%"----- -- ---

---SHAFT MINE 

--ADITMINE 

30 
OIL SHALE ASSAY, GAUTON 

35 

F i gure  2 .  Value o f  Sync rude 
from O i l  Sh a l e  w i t h  Adi t  o r  
Sha ft Mining and F i r s t - Gene r a 
t i on T e chno l o gy ( C ons t an t  1 9 7 0  
Do l l ars ) . 

1-z � __J c.. UJ 0 ::J cr. u z >-(f) 
aJ c:i LL __J 
aJ 
aJ ---.. 
ffl 

UJ. u a: c.. 
UJ 0 ::J cr. u z >-(f) 

9 I 
PRODUCTION FROM A SELECTED MINABLE 

SEAM IN THE MAHOGANY ZONE OF THE 

f- PICEANCE AND UINTA BASINS, WITH 

AVERAGE ASSAY AT LEAST 30 GAL/TON 

8 
DISCOUNTED CASH FLOW 

- RATE OF RETURN 

20% 

� 
� 7 

6 
15% 

- I 
_f___f 

5 r 
t-

10% 

....J � 
4 � 

LEARNING CURVE 1- EFFECTS ARE 

NOT INCLUDED 

3 0 I 20 I I 40 
POTENTIAL SYNC R UDE PR ODUCTION,  109 BBLS 

60 

F i gur e 3 .  Re q u i r e d  11Pr i ce s 11 for 
Syncrude from O i l  Sh a l e  ( C o n 
s t ant 1 9 7 0 Do l l ar s ) . 

As the qual i ty decre as e s  t o  3 3  g a l l ons  p e r  t on , the 11p r i c e 11 at  a 
I S - p e r cent r a t e  o f  re turn mus t  incre a s e  $ 0 . 2 6 p e r  b ar r e l t o  b r ing 
in the f i r s t 10 b i l l i on b a rr e l s  of p o t ent i a l  syn c rude p r o duc t i on . 
Ab ove th i s  l eve l ,  incr e a s e s  ave rag ing $0 . 1 2 p e r  b ar r e l  in  s yncrude 
11p r i ce 11 make ava i lab le 1 0 - b i lli o n - barre l increment s  o f  p o t ent i a l  
syncrude p r o duct i on.  Ne i ther  the effect  o f  infl at i on n o r  i mp r o ve 
men t s  r e s u l t ing from exp e r i ence are t aken into ac count in deve l op 
ing the s e  re l at i onships . 

I n  the c a l cul a t i on o f  s yncrude 11pr i c e s , 11 the  un i t  v a l ue s  and 
quan t i t i e s  of byprodu c t s  g iven in the f o l lowing t abul a t i on a r e  
us ed for  e ach 1 0 0  M B / D  o f  s yncrude produc t i on. 
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Un i t  Value Quan t i ty 
Br:erodu c t  ( $ /Ton ) (Ton s / D )  

Coke  4 . 0 0 1 , 4 5 0  
Ammon i a  3 0 . 0 0 2 5 0  
Sul fur ( L ong Ton)  1 5 . 0 0  1 0 0  

The t o t al value o f  byp r o ducts  i s  equivalent  t o  $ 0 . 15 p e r  b a r 
re l o f  syncrude . Tab l e  5 s hows that t h i s  v a l ue has  a 0 . 6  t o  0 . 9  
pe r cent age p o int e ff e c t  on the DCF rate  o f  r e turn a t  c on s t ant syn 
c rude " p r i c e . "  

DEVELOPMENT SCHEDULE AT MAX IMUM RATE 

D ev e l opment s chedu l e s  for C a s e s  I through IV w e r e  s p e c i f i ed 
for the U . S .  Energy Out l ook  s tudy . As app l i e d  t o  s ha l e  o i l  s yn 
c rude product i on, th e s e  are--

• C a s e  I :  Maximum product i on rate  

• Cas e s  I I  and  I I I : Mo s t  probab l e  p r o duc t i on rate  

• Case  IV: Min imum p roduct ion r a t e . 

The mo s t  probab l e  r a t e  was e s t imat e d  in  th e I n i t i al App r a i s a l  t o  b e  
4 0 0  MB/D by 1 9 8 5 . A minimum r a t e  o f  1 0 0  MB/D b y  1 9 8 5  m i ght  r e s u l t  
from unexp e c t edly r e s t r i c t ive environment a l  f a c t o r s . T h e  a s s ump 
t i on i s  made that s yncrude "pr i ce s " w i l l  b e  adequ a t e  t o  encour a g e  
comme r c i al deve l opmen t . 

I n  cons iderat i o n  o f  the C a s e  I ,  max imum, non-eme r g e ncy r a t e ,  
factors  o ther than "p r i c e "  w i l l  undoub t edly l im i t  the  p r o duc t ion o f  
sync rude thr ough 1 9 8 5 . F a ct o rs wh i ch may a f fe ct t h e  deve l opment o f  
comme r c i a l  s h a l e  o i l  p roduc t i on dur ing t h i s  p e r i o d  a r e  cons t ruct ion 

Syncrude Value 
($/bbl) f.o.b. Plant 

3.50 

4.00 

4.50 

5.00 

5.50 

6.00 

TABLE 5 

ECONOMIC EFFECT OF BYPRODUCT CREDIT 
( 100MB/CD Syncrude Capacity) 

Standard 
Case* 

7.7 

10.2 

12.5 

14.6 

16.5 

18.4 

DCF Rate of Return (Percent) 

No Credit 
for Byproducts 

6.8 

9.5 

11.8 

14.0 

15.9 

17.8 

Difference Due to 
Byproduct Valuet 

0.9 

0.7 

0.7 

0.6 

0.6 

0.6 

* Based on adit mining of 35-gal lon/ton o i l  sha le  with royalty on shale at $ 0.17 per ton; constant 1 970 dol l ars. 

t Total byproduct credit is equivalent to $ 0.1 5 per barrel of syncrude. 
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l o g i s t i c s , ava i l ab i l i ty o f  p e r s onne l , r e s t r i c t ive env i r o nme n t a l  
c r i t e r i a ,  and l ac k  o f  emp l oyee hous ing and s upp o r t ing  c omme r c e  and 
indus t ry . A l s o  imp o r t ant are the r a t e  of dev e l opment o f  s e cond 
genera t i o n  t e chno l o gy and avai l ab i l i ty o f  f inanc ing . Howeve r ,  in  
det ermining the  maximum deve l opment r a t e , c ons t ru c t i on l o g i s t i c s  
are c o n c l ud e d  t o  b e  the only l imi t ing f a c t o r . The  o th e r  f a c t o r s  
a r e  d i s cus s ed l at e r  i n  th i s  repo r t . Res erv e s  c e r t a in l y  w i l l  n o t  b e  
l imi t ing  w i t h i n  t h e  s tudy p e r i od 1 9 7 1 - 1 9 8 5 . 

The l o g i s t i c s  invo lved in  c ons truc t i on o f  p l an t s  d e t e rm i n e s  the 
maximum numb er  of p l an t s  wh i ch c an be cons t ruc t e d  s imul tane ous ly and 
the t iming o f  p l an t  cons truc t i on s tarts . On the  b as i s  o f  non - emer 
gency , normal c o n t r a c t i ng p r o c e dur e , up t o  4 0 0  MB/D o f  c ap ac i ty en
c ompas s ing  e i ght  mines , e i gh t  r e t o r t ing p l ant s  and four  up g r ad ing 
p l ant s are  as sumed to be under s imul t ane ous con s t ru c t i o n . Thi s 
as sume s no int erference  fr om o ther c ons t ru c t ion p r o g r ams . Mo r e 
over , the c ons t ru c t ion s t art  o f  the p l an t s  s hou l d  b e  s t a g g e r e d  over 
at l e a s t  a 2 - year p e r i od . 

A s s uming that up t o  4 0 0  MB/ D  o f  c ap a c ity c ou l d  b e  unde r  c o n 
s t ruct ion s imul t an e ou s l y ,  a dev e l opment s chedu l e  wa s s t ruc tured t o  
define the max imum syn c rude produ c t ion r a t e  t h a t  m i ght b e  exp e c t ed 
through 1 9 8 5 .  Other fac t o r s  u s e d  in working up the  s chedu l e  are  as 
fo l lows : 

• Eng in e e r ing and pur chas ing t ime i s  3 y e a r s  p e r  p l an t  up t o  
2 0 0  MB /D s imu l t aneous con s t ruct ion and 3 . 5 years  p e r  p l ant 
from 2 0 0  MB / D  up to 4 0 0  MB/D s imu l t aneou s c on s t ruc t i on . 
Longer d e l ive ry t imes  for purcha s ed equ ipment a r e  a s sumed 
n e c e s s ary when t o t a l  cons truct ion c ommi tmen t exc e e d s  the 
2 0 0  MB/D l ev e l . No l e ad t ime was a l l o t t ed fo r o b t a i n ing 
env i ronmen t a l  approva l s , a l though it is r e c o gn i z ed that 
t h i s  is an imp o r t ant c ons iderat i o n . 

• F i e l d  c ons t ruc t i on t ime i s  3 year s p e r  p l an t  up t o  2 0 0  MB/D 
s imu l t aneous cons t ruc t i on and 3 . 5 years  per p l an t  from 2 0 0  
t o  4 0 0  MB/ D  s imu l t ane ous c ons truc t i on . Longer d e l ivery 
t im e s  a r e  again a fac t or . F i e l d  c o n s t ruc t i on s t art s l a g  
b eh ind eng in e e r ing and purchas ing s t a r t s  b y  6 months . 

• The s t art  o f  e ach cons t ruc t ion j ob l a g s  b eh ind the s t ar t o f  
t h e  p r evious j ob b y  6 months o r  mo r e  depending on t h e  s t atus 
of the 4 0 0  MB/ D  s imu l t an e ou s  con s t ruc t i o n  l im i t at i on . 

The s ch edu l e ,  cha r t e d  in F i gure 4 ,  i s  b a s ed on s imul t an e ous 
d eve l opment o f  two r e t o r t ing pro c e s s e s ( c a l l ed P r oc e s s  A and P ro 
c e s s  B ) . I t  a s s umes that Pro c e s s  A i s  currently  b e ing  d emons t r a t ed 
and that the demons t r a t ion w i l l  b e  c omp l e t ed s at i s fa c t o r i ly in 
1 9 7 2 .  F i e l d  c ons tru c t ion o f  the f i r s t  5 0  MB/D commer c i a l  p l an t  
then fo l l ows , s t ar t ing i n  1 9 7 4 , and t h e  c omp l e t ed p l ant b e c ome s 
op erat ional  in 1 9 7 7 . Pr o c e s s  B i s  as sumed t o  r equ i r e  4 y e a r s  for 
construc t i on and operat ion of a demon s t r a t ion p l ant , d e l ay ing  s t art 
o f  field c ons t ruc t i on o f  the  f i r s t  1 0 0  MB / D  commer c i a l  p l ant unt i l  
1 9 7 7 .  The f i r s t  P ro c e s s  B p l ant i s  oper a t i onal  by 1 9 8 0 .  
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PLANT ON-STREAM 
NO. RATE 

r--------------,---------------,---------------. MB/D 

1970 

I ? l ENGINEERING & PURCHASING 

miM FIELD CONSTRUCTION 

lllllliiiiiOPERATION 

CASE 1: NON
EMERGENCY, MAXIMUM 

DEVELOPMENT RATE, 
LIMITED BY CONSTRUCTION 

LOGISTICS, ECONOMIC 
FEASI Bl LITY ASSUMED. 

RETORTING 
PROCESS "A" 

RETORTING 
PROCESS "B" 

1975 
YEAR END 

I 50 I 150 

1980 
I I 350 550 

CUMULATIVE RATE, MB/D 

12 

11 

10 

9 

8 100 

6 100 

5 100 

4 100 

3 100 

50 

7 100 

2 100 

1985 
I 750 

F i gure 4 .  Deve l opment S che dul e for  P r o duc t i on 
o f  Sync rude from O i l  Sh a l e - - C a s e  I .  
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Pro c e s s A c on t i nue s i t s  devel opment w i t h  a 1 0 0  MB/D p l ant 
s ta r t ing  cons t ruc t i on a f t e r  1 y e ar of o p e r a t i on o n  t h e  5 0  MB/D 
p l ant . Ther e a f t e r ,  1 0 0  MB/D Proce s s  A p l an t s  a r e  s ta r t e d  at  6 - t o  
1 2 - month int erval s b e c aus e o f  the 4 0 0  M B / D  s imu l t aneous  c o n s truc 
t i on l im i t a t i on. Pro c e s s  B continu e s  i t s  dev e l opment w i th the 
s t a r t  of cons t ruc t io n  of ano ther 1 0 0  MB/D c omme r c i a l  p l an t  a f t e r  
t h e  f ir s t  1 0 0  M B / D  p l ant has  operated  for  1 y e a r . No fur t h e r  p l an t s  
c an b e  s t ar t e d  on th i s  p r o c e s s before  1 9 8 5  b e c au s e o f  t h e  4 0 0  M B / D  
s imul t aneous cons truc t i o n  l im i t a t i o n . 

Syncrude p r o duct ion de s i gn cap ac i t i e s  we r e  cumu l a t e d  from the 
deve l opment s ch e du l e  and are g iven in the fo l l owing t abul a t ion : 

1 9 7 2 - 1 9 7 6 
1 9 7 7 - 1 9 7 9  

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

Sync rude 
(MB / D) 

0 
5 0  

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

Al s o , a s  s hown i n  F i gure 5 ,  the r a t e  o f  7 5 0  MB/D i s  the  max i 
mum that i s  b e l i ev e d  t o  b e  o b t a inab l e  by the end o f  1 9 8 5  under a 
non- eme r gency s i tua t i on , w i t h  the as sumed l im i t at i ons  due t o  mine 
and p lant cons t ruc t i on l o g i s t i c s . 

The p r o du c t i o n  s chedu l e  for C a s e s  I I  and I I I  deve l o p e d  by the 
I n i t i a l  App r a i s a l  a t t a ined a max imum of 4 0 0  MB/D of s yn crude by 
1 9 8 5 , a s  s hown i n  F i gure  5 .  This  was b as ed up on the cons i d e ra t i on 
that no pro c e s s  was r e a dy for imme d i a t e  commerc i a l i z a t i o n  i n  1 9 7 1 .  
The r e fo r e , a dd i t i on a l  t ime wou l d  b e  r e qu i r e d  t o  demons t r a t e  the 
t e chni c a l  and e co nomi c f e a s ib i l i ty of the f i r s t p ro c e s s  i n  a p r o t o 
type un i t  b e fo r e  cons t ru c t ing an ini t i a l  1 0 0  MB/D p l an t . A con
s e rva t ive deve l o pment s chedu l e  was  then fo l l owe d , wh i ch invo lved 
de l ay ing s ta r t  of  the s e cond p l ant unt i l  the  i n i t i al p l an t  had 
demon s t r a t e d  the f e a s ib i l i ty o f  commerc i a l  o p e r at i on . In  the  
I n i t i al App ra i s al , ava i l ab i l i ty o f  s h a l e  l ands was as s umed t o  b e  
l imi t ed t o  tho s e  i n  p r iv a t e  hands . Th i s  s tudy as s umes  t h a t  al l 
l ands woul d b e  open t o  c ommerc i al i z a t i o n  and t hus wou l d  p e rmit  a 
mo re  rap i d  dev e l opment r a t e . 

The e f f e c t  o f  chang e in  syncrude "pr i c e "  o n  p r o du c t i o n  r a t e  
i s  a n  imp o r t an t  f a c t o r  in  as s e s s ing t h e  t iming o f  o i l  s hal e deve lop 
ment . E s t ab l i s hment o f  t h i s  r e l ati on s h ip i s  a p r ime obje c t ive o f  
th i s  s tudy and i s  ob t a i n e d  by conve r t ing t h e  p o t e n t i a l  s yncrude 
product i on , s hown in F i gure 3 ,  to a d a i ly r a t e  on the b a s i s  that 
1 0 0  MB/D of s yn c rude p r o duc t i on for 2 0  years u s e s  up 7 3 0  mi l l io n  
b arre l s  (MMB) o f  syncrude r e s e rve s . The r e s ul t ing  p l o t  o f  da i l y  
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des i gn p ro duc t i on r a t e , up t o  the max imum o f  7 5 0  MB/D , i s  s hown · 
in F i gure 6 fo r D C F  r a t e s  o f  re turn o f  1 0 , 1 5  and 2 0  p er c e n t . 
Syncrude "pr i c e s "  r e qui r e d  for  s t art o f  the f i r s t  SO MB/D p ro du c 
t i o n  are $ 3 . 9 0 ,  $ 5 . 0 0 and $ 6 . 3 5 p e r  barr e l , f . o . b .  s yncrude p l ant , 
resp e c t iv e l y  for 1 0 - , 1 5 - and 2 0 - perc ent D C F  r a t e s  o f  r e turn . Syn 
crude "pr i c e s " r e qu i r e d  t o  maint ain a p ar t i cu l ar r a t e  o f  r e turn 
incr e a s e  with each increment of pro duc t i o n . At the  maximum d e s i gn 
produc t i on r a t e  o f  7 5 0  MB/D , the s e  "pr i ce s , "  f . o . b .  s yncrude p l an t , 
are $ 4 . 0 0 , $ 5 . 2 0 and $ 6 . 6 0 p e r  barr e l  for  the  thr e e  r a t e s  o f  
r e turn . 

The cap i ta l  r e qu i r ement has b e e n  e s t imat ed  for  the dev e l opment 
s chedu l e  s hown in F i gure 7 .  Bo th the annu a l  and cumu l a t ive inve s t 
ments  are g iven . The cumu l a t ive inv e s tmen t  r ang e s  up t o  a max imum 
o f  nearly $ 5 . 2  b i l l i on through 1 9 8 5  for the 12 p l an t s  s hown s ch e d 
uled . C ap i t al  for  only tho s e  8 p l an t s  in  o p e ra t i on b y  t h e  e n d  o f  
1 9 8 5  and producing 7 5 0  MB/D o f  syncrude amoun t s  t o  $ 4 . 0  b i l l i o n . 
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Chap t er Thr e e  

E FF E C T  O F  GOVERNMENT POL I C I E S  AND L E G I SLAT I ON 

LEAS I NG OF FEDERAL O I L  SHALE RE SERVE S 

The only U . S .  o i l  s ha l e  d epo s i t  o f  p o t ent i al c ommerc i a l  s i gn i f 
icance i s  the Gre en River Forma t ion i n  C o l o rado , U t ah and Wyoming . 
Th� r iches t and l ar ge s t  depo s it s  are in C o l o rado , the po o re s t  in  
Wyoming . Abou t 8 0  p e r c en t  o f  t he s e  e s t ima t e d  i n -p l a c e  r e s ou r c e s  
a r e  fede r a l  ho l d i n g s . Henc e , federal l e a s ing p o l ic i e s  a r e  imp o r 
t ant in o i l  s ha l e  d eve l opment . 

Su ffic i e nt o i l s ha l e  i s  in p r ivate  o wner s h ip in  the  s ou t hern 
Pic eance Bas in of Co l o r ado t o  a l l ow e s t ab l i s hmen t  of a f l e dging 
indu s try . The pr iva t e l y h e l d  depos i t s  a r e  r e l a t iv e l y  t h in , r i c h  
s ec t ions o f  the Maho gany Zone . Al though the p r iva t e l y  own e d  re 
s ourc e may be  suff ic i ent t o  s t ar t  a s ha l e  o i l  indu s t ry , fede r a l  re 
sources  wi l l  be  r e qu i r e d  to a t t a i n  the pro je c t ed 7 5 0  MB/D b y  1 9 8 5 . 

The t it l e  t o  por t ions  o f  federa l o i l  sha l e  r e s ourc e s  i s  c l ouded 
by unpatented c l a im s . The Department of t he I n t e r i o r  i s  mov ing in 
the d irec t i on of c l ear ing t i t l e s  on the s e  l ands through admin i s t r a 
t ive act ion and l i t i ga t ion . 

F e deral Lea s ing Propo s al s 

O i l  s ha l e  wa s d e s i gnated  a l ea s ab l e  m in e r a l  b y  t he Mineral  
Lea s ing Ac t o f  1 9 2 0 . Pr i or to that  t ime , it  had b e en a l oc a tab l e  
miner a l , und e r  t h e  1 8 7 2  m i n ing  l aw .  Ex ecut ive Or d e r  No . 5 3 2 7 , o n  
Apr i l  1 5 , 1 9 3 0 , wi thd r ew a l l  federal o i l  s h a l e  from l e as ing . Since 
that  t ime , the r e  hav e  b e en a few l e a s ing propo s a l s and one l ea s e 
s a l e , bu t no fed e r a l  a c r e a g e  ha s b e e n  l ea s ed . 

In 1 9 6 8 , the Dep artment o f  the I nt e r i o r ' s  O i l  Shal e Te s t  L e a s e  
Pr ogram pre s en t e d  three  trac t s  i n  the P i c e anc e Ba s i n  o f  C o l o rado 
for c omp e t i t ive bonus b id d ing with  rental s and royal t i e s . The s e  
s i t e s  repr e s ent e d  d i f fer ent g e o l o g i c  s e t t ings  and i nvo lved 1 , 2 5 5 ,  
5 , 1 2 0  and 5 , 0 8 3  a c r e  t r ac t s , for a t o t a l o f  1 1 , 4 5 8  a c r e s .  Exp l o ra 
tory dr i l l ing wa s p rov ided for by permit . Thr e e  b i d s  wer e  r ec e ived  
on two o f  the tr a c t s  but they wer e not a c c e p t e d . 

A new Pro t o type O i l  Sha l e  Leas ing P r o g r am wa s ann ounc e d  in 
1 9 7 1 . Th i s  p r opo s a l  d i ffe r ed from the prev i ous one in  that int e r 
e s t ed pa r t i e s  o b t a ine d perm i t s  to  dr i l l  on s i t e s  s e l ec t e d  by  t h em 
in pub l ic l y  owned s h a l e  ho l d ings in C o l o r ado , U t ah and Wyom ing . 
Perm i t  ho l d e r s  were r equ ir ed t o  a l l ow o ther s to  par t i c ip a t e  pro  
rata in dr i l l ing c o s t s and informat ion . Six t r a c t s ,  about 5 , 1 2 0  
acre s eac h ,  wer e  s e l e c t ed by the Depar tment o f  the  I n t er i o r  fr om 2 5  
nomina t i on s . A d e c i s ion on whe ther t o  pr o c e ed w i t h  the  l e a s e  s a l e  
w i l l  be made a f t e r  m i d - summer 1 9 7 2  and w i l l  d e p end upon evaluat ion 
o f  the core  ho l e  data and c ons idera t i on o f  the e nv ir o nme n t a l  s tud i e s . 

2 3  



I f  the d e c i s ion i s  made to p ro c e e d , the s al e  i s  s ch e dul e d  t o  b e 
g in in the  l at t e r  p a rt o f  1 9 7 2 . Leas e s  o n  the  s e l e c t e d  t ra c t s  
wi l l  b e  s o l d  by comp e t i t ive b onus b i dding , w i th add i t i on a l  ren t  
and roy a l ty charg e s . The bonus wi l l  b e  p ay ab l e  in  f ive annual i n 
s t al lmen t s , w i t h  t h e  l as t  two ins t a l lments  c anc e l l e d  i f  the  l e as e 
i s  re l inqui shed  b y  the th i rd y e a r .  Royal ty wi l l  b e  as s e s s e d on 
the o i l  shale a t  $ 0 . 1 2 p e r  ton fo r 3 0 - g a l l on p e r  t on s h a l e  and 
vary i n g , wi thin l imi ts , up o r  down $ 0 . 0 1 pe r t on fo r e a ch g a l l on 
p e r  ton  ch ange i n  s h al e as s ay .  

The i n t en t  o f  the p ropos ed  1 9 7 1 l e as e  p ro g ram mak e s  i t  c l e a r  
that an op e rato r w i l l  b e  requi red to comp ly no t only wi th t h e  en
v i ronment al re gul a t i ons  pub l i s hed  p rio r to the s t a rt of  deve l o p 
ment , b u t  a l s o  w i th any new re gu l a t i ons o r  re s t ri c t ions  that  may 
be impo s e d during  the l i fe o f  the p ro je c t . L imi t e d  re l i e f may b e  
re al i z e d through the p rov i s ions o f  the 1 9 7 1  l e as ing p ro g ram wh i c h  
pe rmi ts  c redi t fo r excep t i onal env i ronmen t al p ro t e c t ion co s t s  
agains t roy al ty p ayments  o the rwi s e  due the  Gove rnment . Howeve r ,  
th e op en- ended nature o f  env i ronmental cont ro l s  i s  a h a z a rd t o  
a deve l ope r b e caus e h e  wi l l  b e  unab l e  t o  p ro je c t  th e s e  c o s t s  w i th 
c e rt a inty . 

Mine ra l  L e as ing Ac t s  o f  1 9 2 0  and 1 9 7 1 

The Min e ral  L e a s ing Act o f  1 9 2 0  l im i t s  a comp any t o  a maximum 
o f  5 , 1 2 0  ac re s  o f  o i l  s ha l e  re s o urces . I n  the s o uthe rn p a rt o f  
the P i c e an c e  B a s in , th i s  a c re a g e  re s t ri c t i o n  wo u l d  s uppo rt only 
one o i l  s h a l e  p l ant of  l im i t e d  s i z e . Th i s  does  no t p e rmi t t ak ing 
ful l advant age o f  s c a l e  and fai l s  t o  p rovi de an oppo rtun i ty f o r  
exp ans i on . I n  the c e nt e r  o f  the b as i n ,  the depo s i t s  a re much 
th i ck e r ,  and the i n - p l ac e  hydro c a rbon woul d b e  ade qua t e  to s uppo rt 
a l a rge r  p l ant on a t ra c t . Howeve r , the t e c hn i c al and e conom i c  
p rob l ems o f  p ro duc ing t h e  mo re deeply buri e d  re s o urce s  do no t 
have e a rly s o l ut i ons in s i gh t . 

The I nt e ri o r  So l i c i t o r  rul ed  in  1 9 7 1  th at , wh i l e  a p a rty i s  
l imi t e d  by l aw t o  ho l d  o n l y  5 , 1 2 0  a c re s  o f  o i l  s h a l e  l e as e s , 
p a rt i a l ho l dings in  any l e as e amo unting t o  l e s s  t han 1 0 - p e rcent  
int e re s t  are no t coun t e d  agains t the  l imi t . Thus , a comp any o r  
p e rs on mi ght ho l d  a numbe r o f  sma l l  int e re s t s  o f  l e s s t h an 1 0  p e r
c en t  e ach in  l e a s e  a reas  wh i ch would b e  exemp t  f rom the ove ral l 
l imi t o f  5 , 1 2 0  ac re s . The - S o l i c i t o r  al s o  rul e d that , i f  a l e a s e  
shoul d e xp i re ,  t e rminate o r  b e  t rans fe rre d , the l e s s e e  woul d not  
b e  b a rre d f rom acqu i ring  ano ther oil  s h al e l e as e . 

The  p ropo s e d  Min e ral Leas ing Ac t o f  1 9 7 1 wou l d  ra i s e  the 
l imi t a t i on on f e de ra l  o i l  shale l e as e ho l d ings t o  1 0 , 2 4 0  ac re s  in  
any one s t ate . I f  p as s ed ,  th i s  l e g i s l at i on wo u l d  re l i eve the 
a c re age l imi t a t i on p rob l em fo r the t ime b e in g  and mak e fede ral  o i l  
shal e res e rves mo re re adi ly ava i l ab l e  fo r deve l opmen t . 
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Mo di fi c a t i ons to O i l  Sha l e  L e as ing Regu l a t ions 

The t as k  group concluded that the fo l l owing  chan g e s  t o  e xi s t ing 
and prop o s ed  l e as ing l aws would encour age devel opment of an o i l  
shal e indus try . 

• Encour age addi t i onal r e s e ar ch and deve l opmen t  l e ad i ng t o  
s h a l e  o i l  commer c i al i z a t i on by p e rmi t t in g  exp endi tur e s  on 
app rop ri ate  p r o g r ams to be  app l i ed t o  royal t i e s  o th e rw i s e  
due . 

• I n cr e as e  the fede ral  o i l  s h a l e  l e as ing  l imi t at i o n  i n  any 
one s t at e  to at l e a s t  1 0 , 2 4 0  acres  (as p e r  the propo s e d  
1 9 7 1  Ac t ) . 

• App l y  th e acre age l imi t a t i o n  only t o  o i l  s h a l e  re s ou r c e s  
no t under c omme r c i a l devel opment , thus encour a g i ng deve l op 
ment by p e rmi t t i n g  add i t i onal acre a g e  t o  b e  o b t ained  as  
comme rc i al operation p r o c e eds in  r e s pons e t o  demand for  
o i l . 

Work Program 

Indus t ry ' s  i n t e r e s t  in  o i l  sha l e  r e s e rve s i s  r e l at e d  to i t s 
convi c t ion that p r o duc t i on o f  syncrude for  s a l e  in  a future mark e t  
envi ronment wi l l  b e  b o th t e chn i c al ly and e conomi c a l ly f e a s ib l e . 
Th i s  feas ib i l i ty wi l l  depend to a l arge extent o n  the  e x i s tence  o f  
one o r  mo re  proved e c o nomi cal  s h a l e  o i l  r e c o ve ry t e chnique s . A t  
the pre s en t  t ime , the s e  a r e  at  var ious s t a g e s  o f  deve l opment . 

A wo rk p r o g r am arrangement , whereby a p a r ty ob t ains  c r e d i t  
agains t royal t i e s  o th e rw i s e  due the Gove rnme n t  o n  a federal  l e a s e  
for mon i e s  spent  i n  s h a l e  o i l  re cove ry r e s e arch and d eve l opmen t , 
wo uld  b e  a me ans o f  s t imul a t i n g  indus t ry p ar t i c ip a t i o n  in  e ar ly 
commerc i al i z at i on o f  s h a l e  o i l . 

Revi s i on o f  Acr e age L im i t at ions 

O i l  s h a l e  acreage  l e as ed to a s ing l e  p a r ty s ho u l d  be i n cr e as e d 
from 5 , 1 2 0  acres  t o  at  l e as t the 1 0 , 2 4 0  a c r e s  p r o v i d e d  b y  the p r o 
p o s e d  1 9 7 1  Leas ing Act . Th i s  incre as e r ep r e s e n t s  l e s s  th an 1 . 5  
percent o f  the fede r a l  acreage  avai l ab l e . The add i t i on a l  acre age  
i s  needed even by a j o int  ventur e of  two o r  mo re p ar t i e s  t o  as sure 
a suffi c i ently l arge  s hal e r e s e rve that w i l l p e rmi t c omme r c i al 
op e r at i on at the mo re  e conomi c a l ly v i ab l e  1 0 0  MB/D l e ve l ove r an 
extended p e r i o d  o f  t ime . 

The acre age l im i t at ion s houl d no t b e  app l i ed t o  r e s erves  
actual ly und e r  comme r c i al  deve l opment . Deve l o pment w i l l  thus b e  
encour aged b y  p e rm i t t ing addi t i onal  acreage  t o  b e  o b t a i n e d  as 
comme r c i a l  o p e r at ion p r o c e e d s  in  res pons e t o  demand fo r mo re  o i l . 
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The mone t ary and t e chno l o g i cal  demands o f  a comme r c i a l  s h a l e  
� i l  ven tur e are

_
s o  g r e a t  that t h e  ava i l ab l e  numb e r  o f  p o t e n t i a l ly 

1nt e re s te d  part 1 e s  o r  groups w i l l  b e  qu i t e  l im i t e d . C ompan i e s  
wi l l  b e  encour a g e d  t o  p a r t i c i p a t e  in  t h i s  indus try when they c an 
f� re s e e  a l ong l i fe fo r �he proje c t  and g o o d  pro s p e c t s  f o r  e xp an 
S l on : _

Thes e pro s p e c t s  w1 l l  b e  enhanced  no t only by provi d ing  
suff1 c 1 ent l e as ab l e  acreage  for devel opment but a l s o  by p e rm i t t ing 
the c omp any t o  o b t a i n  addi t i onal acre age as i t  cont inues  t o  deve lop  
its  ho l dings . 

Other F a c t o r s  Affe c t ing I ndus t ry ' s  
Respons e t o  O i l  Shal e L e as ing Programs 

Majo r chan g e s  in the Mineral Leas ing Ac t o f  1 9 2 0 , wh i ch are  
exp e c t ed to s t imul a t e  l e as ing of  shale  res e rves , h ave b e en di s 
cus s e d  ab ove . The s e  changes  al one w i l l  no t guar an t e e  favo r ab l e  
a c t i o n  b y  indus t ry .  T e chno l o g i c , e c on om i c  and env i ronmen t a l  
f a c t o r s  are al s o  imp o r t an t . 

TAXE S AND ROYALT I ES 

As p a r t  o f  the U . S .  Energy Out l o o k  p ar ame t r i c  s tudi e s , the 
fo l l ow i n g  po s s ib l e  chang e s  in  t ax po l i c i e s  h ave b e en s tud i e d  for 
the i r  e ffec t  on the  r e qu i r e d  syncrude " p r i ce " and D C F  rate of re 
turn . Thes e p a r ame te r s  are - -

• I nc reas ing the dep l e t i on a l l owance from the p r e s e n t  1 5  p e r 
c en t  o n  c rude s h a l e  o i l  t o  2 2  p e r c ent o n  s yncrude 

• Cont inuing the inve s tmen t t ax c r e d i t  o f  7 p e rcent , as  re 
c e n t l y  r e ins t i tu t e d  

• D e c r e a s ing p r e s ent depre c i at i on l i fe o f  1 0  years  on mining 
c ap i t a l  and 1 5  y e ars  on p l ant c ap i t a l t o  5 y e ar s  on al l 
c ap i t al , as propo s e d in current l e gi s l at i on 

• Suspending the p r e s en t  Federal  Gove rnment ' s  roy a l ty o n  o i l  
s h a l e , gr aduat e d  up t o  $ 0 . 1 7 p e r  ton  for 3 5 - g a l l on p e r  t on 
s h a l e 

• Removing the l im i t a t ion that r e s t r i c t s  the  app l i c a t i o n  o f  
dep l e t i o n  al l owance t o  no t mo re  than 5 0  p e rc ent o f  taxab l e  
income . 

DCF  rate  o f  re turn c a l cul at ions were  made for a d i t  m1n1ng o f  
3 5 - g a l l on p e r  t on o i l  s h a l e  w i th roy a l ty char g e d  o n  the s h a l e  at  
$ 0 . 1 7 per ton . The I n i t i al App r ai s al s tudy was us e d  as a s t andard 
of comp ar i s on . Th i s  s tudy us ed  a depre c i a t i on l i fe o f  1 0  years  on 
mining equipment and 1 5  ye ars on r e t o r t in g  and r e fining p l an t  
equipmen t ,  royal ty cha r g e  o n  the o i l  sha l e , n o  inve s tmen t  t ax 
c re d i t  and a 1 5 -p er c ent dep l e t i on al l owanc e on the c rud e s h a l e  o i l . 
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DCF r a t e s  o f  re turn and net  pro f i t s  are g iven i n  T ab l e  6 for 
syncrud e " p r i ce s "  r anging from $ 3 . 5 0  to  $ 6 . 0 0 per b ar r e l , f . o . b .  
syncrude p l ant . D a t a  are  g iven to comp a r e  w i th the s t andard cas e 
the e ff e c t  o f  e ach o f  the ab ove firs t four p a r ame t e rs and o f  a 
comb inat i on o f  the f i r s t three p arame t e r s . The e ffe c t  o f  r a t e  o f  
re turn o n  the requ i r e d  s yncrude "pr i c e "  i s  s hown in  F i gure  8 .  

TABLE 6 

ECONOM I C  E F FECT OF GOVERNMENT TAX AND ROYA LTY PO L I C I ES* 

Syncrude ( 1 )  (2) (3 ) (4) (5) (6) 
"Price" 5-Year 
($/bbl) Standard No Royalty Depreciation 7% Investment 22% Depletion Combination 

f.o.b. Plant Caset on Shale Life Tax Credit on Syncrude of (3 ) ,  (4) & (5) 

DCF Rate of Return (Percent) 

3.50 7 . 7  8 . 7  8 . 5  8.5 8 . 1  1 0.5 
4.00 1 0.2 1 1  . 1  1 1 .0 1 1 .2 1 1  . 1  1 3 .0 
4.50 1 2 .5 1 3 .2 1 3.3 1 3.5 1 3 .7 1 5 .4 
5.00 1 4.6 1 5 .3 1 5.6 1 5.6 1 6 . 1  1 7 .9 
5.50 1 6.5 1 7 .2 1 7 .8 1 7.6 1 8.4 20.2 
6.00 1 8.4 1 9 .0 1 9.9 1 9.5 20.4 22.5 

Increase in  DCF Rate of Return (Percent) 

3.50 1 .0 0.8 0.8 0.4 2 .8 
4.00 0.9 0 .8 1 .0 0.9 2.8 
4.50 0.7 0.8 1 .0 1 .2 2.9 
5.00 0.7 1 .0 1 .0 1 . 5 3 . 3  
5.50 0.7 1 .3 1 . 1  1 .9 3 . 7  
6.00 0.6 1 .5 1 . 1  2 . 0  4 . 1  

* For a l l  of these cases, the appl ication of depletion a l l owance is restricted to not more than 50 percent of taxable income for any 

given year. 

t Based on adit mining of 35·gal lon per ton oil shale with royalty on shale at $0. 1 7  per ton; constant 1 970 dol lars. 

The re duc t io n  in  sync rude "pr i ce "  a t  cons t an t  r a t e s  o f  r e turn 
is s hown in F i gure 9 .  Except for the r emoval  o f  royal ty cha r g e  on 
the shal e ,  the p ar ame t e r s  have gre a t e r  e ffe c t  as  the r eq u i r e d  
syncrude " p r i c e "  i s  i n c r e as e d . The e f f e c t  o f  the  c omb i n e d  p a r a 
me t e r s  i s , in g ene r al , somewhat l e s s  than the  s um o f  t h e  e ffe c t s  
o f  the individual  p a r ame t e r s . Thi s i s  mainly due t o  t h e  5 0 -pe rcent  
t axab l e  income l imi t a t i o n  on dep l e t i on al l owanc e .  A s imi l ar s tudy 
made on mining and r e t o r t ing  3 0 - gal lon p e r  t o n  s h a l e  s howe d  e ff e c t s  
o f  the p ar ame t e r s  t o  b e  ab out $ 0 . 0 5 t o  $ 0 . 1 0 p er b ar r e l  o f  s yncrude 
gre ater  than fo r p ro c e s s ing 3 5 - g a l l on p e r  t on s h a l e . 

P e rhaps a mo re  meaningful comp ar i s o n  may b e  made by a s s uming 
a cons t ant syncrude "pr i ce "  and d e t e rmining the e ff e c t  of the p ara 
me t e r s . Th i s  app l i e s t o  the mo re r e al i s t i c  s i tu a t i o n  i n  wh i c h  a 
p ar t i cu l ar mark e t  " p r i c e "  exi s t s fo r the s yn c rude . Mo d i f i c a t ions 
in t ax po l i c i e s  may then b e  evaluated  as  t o  the i r  e ffe c t  on the 
projec t ' s  pro fi t ab i l i ty as me asured by DCF r a t e  of r e turn , 
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ADIT MIN ING OF 35-GAL/TON OI L SHALE 
SHALE ROYAL TV AT 1 7  CENTS/TON 

( 1 )  STA N D A R D  CASE 
(2) NO R OYAL TV ON S H A L E  
(3) 7% I N V ESTM E NT TAX C R E D I T  
(4) 5-YEAR D E P R ECIATION L I F E  
(5) 22% D E P L E T I O N  O N  SYNC R U D E  
(6) C O M B I NAT I O N  O F  (3),  (4) & (5) 

STA N D A R D  C AS E :  
a)  R O Y A L  TV 1 7  C E N TS/TON 
b) N O  I N V ESTM E N T  TAX C R E D I T  

(6) 

(/) c) 15% D EP L E T I O N  ON C R U D E  S H A L E  O I L  
d) COM B I N AT I O N  O F  1 0  A N D  15 Y E A R  

D E P R E C I AT I O N  L l  F E  

3 L---�----�----_L ____ _J_ ____ � ____ L_ ____ L_ __ �----�----�-----L----� 
9 

F i gur e 8 .  

1 2  1 5  1 8  
D I SC O U NT E D  CASH F LOW RATE O F  R E TU R N, P E R C E NT 

Change s  in  Gove rnmen t T ax and Roy al ty Po l i c i es 
( Cons t an t  1 9 7 0 Do l l ars ) . 

2 1  

A s ep a r a t e  s tudy was made of the e ff e c t  o n  the  r a t e  of re turn 
o f  removing the 5 0 - p e rcent  t axab l e  income l imi t at ion in  c al cul a t i on 
o f  the dep l e t i o n  al l owanc e . The resul t s  o f  th i s  s tudy are  g iven 
in T ab l e  7 and F i gure 1 0  fo r two c as e s : one b e i ng  the s t andard 
c as e  of I S - p e rcent  dep l e t i o n  on the value of the c rude s h a l e  o i l  
and the o th e r  having a 2 2 - pe rcent dep l e t ion o n  the value o f  the 
syncrude . 

At a I S - p ercent  dep l e t ion al l owance on the c rude , the r a t e  
o f  re turn w a s  no t mat e ri al l y incre a s e d  by r emoval o f  the  l imi t at i on . 
At a 2 2 - p e r c ent dep l e t i on on the syncrude , the e ff e c t  was an i n 
creas e o f  ab out 1 . 3  p e r c ent age p o i n t s  i n  D C F  r a t e  o f  re turn a t  a 
$ 4 . 0 0  p e r  b arre l s ync rude "p r i c e "  and 0 . 3  p e rc en t a g e  p o i n t s  a t  
$ 6 . 0 0 p e r  b arre l . 

ENVI RONMENTAL CONTROL LE G I SLAT I ON 

F ac i l i t i e s and o p e r a t ing cos t s  des crib e d  i n  the  I n i t i a l  
App ra i s al wi l l  me e t  o r  s urpas s 1 9 7 0  envi ronment al c o n t r o l  s t anda rds . 
Env i ronmen t a l  c o n t r o l  co s t s  wi l l  inc r e a s e  i f  l e g i s l at i o n  b e c ome s 
mo re res t r i c t i ve . T h e r e fo re , economi c evaluat ions  were  made t o  

2 8  
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2 1  

Fi gure 9 .  Re duct ion from S tandard C as e  Syncrude 11 P r i c e "  
E ffe c t e d  b y  Changes i n  T ax and Roy al ty Po l i c i e s  
(Cons t an t  1 9 7 0 Do l l ars ) . 

give a b as i s  for e s t imat ing  the pos s ib l e  e ff e c t  o f  the po s t - 1 9 7 0 
l e g i s l at i o n  on the inc rement al cos t o f  p ro ducing s yn c rude . Due t o  
t h e  inab i l i ty to accurately de fine future envi ronment al cons t r aints , 
an inve s t o r  c an only re s o rt to de l aying a c ons t ruc t i o n  de c i s i on 
unt i l  the s ync rude "p r i c e "  r i s e s  s uffi c i e n t l y  t o  b al an c e  the r i s k . 

Po s t -1 9 7 0 envi ronment al l e g is l at ion coul d r e s u l t  i n - -

• I nc re as e d  c ap i t a l  inves tment and op e r a t ing  c o s t s  o f  new 
p l an t s  requi r e d  to prov ide fo r new envi ronme n t a l  contro l 
s t andards wh i ch were not  in e ffe c t  dur ing 1 9 7 0 

• Addi t i o n al annual inve s tment and i n c re a s e d  o p e r a t ing co s t s 
o c cur ring dur i n g  the f i r s t  1 5  o p e r a t ing years  o f  the p l ant 
to p rovi de for  change in envi ronme n t a l  c o n t ro l s t andards 
b e ing made dur ing that p e r i o d  

• A de l ay in s t artup o f  t h e  new p l an t  r e s u l t in g  from une x 
p e c t e d  chan g e s  in environmen t a l  s p e c i f i c at i o n s  t h a t  re 
qui red a p e r i o d  o f  t ime fo r mo d i f i c a t i ons . 

2 9  



1-
z 
<! 
_J 
a... 

UJ 
0 
::> 
a: 
u 
z 
>
(/) 

a:J 

0 

u. 

_J 
a:J 
a:J 
--
IF} 

UJ 
u 

a: 
a... 

7.-----------------.------------------,------------------.-----------------� 

ADIT M IN ING OF 35 GAL/TON OI L SHALE 
SHALE ROYALTY AT 1 7  CENTS/TON 

.,... 

,. "'  .,... 

.,... 

1 5% DEPLETION / 

5 1-----------------�-------

0

�

N

�

V

_

A

_

L

_

U

_

E

_

O

�

F

��----�£_��------r

;

�

/.

l-------------� 

CRUDE SHALE 
OI L 

F i gure 1 0 . 

22% DEPLETION 
ON VALUE OF 
SYNCRUDE 

--- DEPLETION ALLOWANCE L IMITED 
TO 50% OF TAXABLE I N COME 

- - - NO LIMITATION 

D I SCO U NT E D  CASH F LOW RATE OF R ETUR N ,  PE R C E N T  

Removal of Taxab l e  Income L im i t at i on in C a l 
cul a t i on o f  Dep l e t i on A l l owan ce ( C ons t an t  
1 9 7 0 Do l l ar s ) . 

In e ach o f  the s e  c a s e s , the s tudi e s  were made for  the min ing 
and re t o r t ing of 3 5 - g a l l on per t on shal e , and the s t andard c a s e  
was as s umed t o  b e  t h e  s ame as  th at u s e d  in t h e  s tudy o f  t ax and 
royal ty po l i c i e s . 

I n  the f i r s t two c as e s , whe re env i ronm en t a l  c o n t ro l has  b een 
as s umed t o  r e qui re add i t ional  c ap i t al inves tment , no a t temp t  was 
made to de t e rmine the actual amoun t o f  inve s tment that  mi ght b e  
neede d . The p e rcentage  increas e s  us e d  i n  th i s  s tudy are only f o r  
t h e  purp o s e o f  e s t ab l i s h ing  t h e  s ens i t ivi ty o f  the r equi r e d  s ync rude 
" p r i c e "  to  th i s  typ e o f  p rob l em .  

Op e rat ing co s t s w e re incre as e d  t o  provi de for  the  add i t i o n al 
annual co s t  o f  t h e  extra  inve s tment . On an annua l o p e r a t ing co s t  
b as i s , they we re c a l cul a t e d  to amoun t to 5 pe rcent  o f  th e add i 
t i onal  ac cumul a t e d  i nve s tment and t o  cover the add i t i onal ope rat ing 
co s t s re l at i ng  t o  th e adde d inve s tment . 

W i th r e s p e c t  t o  the f i rs t c a s e , the e ffe c t s  o f  incre as e s  o f  5 ,  
1 0  and 1 5  p e rcent  in  ini t i al inves tment were  evalua t e d . Th e i n 
c r e as e in  annua r  o p e r a t ing co s t s  i s  5 p e rcent o f  the  a dd i t ional  
inve s tment . Th i s  amount s t o  app rox imat e l y 2 ,  4 and 6 p e r cent o f  the 
o r i g inal annual operat ing c o s t s  for e a ch o f  the i n i t i a l  inve s tment 

30 



incre a s e s  o f  5 ,  1 0  and 1 5  p e rcent , resp e c t i v e l y . Comp a r i s on o f  the 
e ffe c t  of th e s e  h i gh e r  c o s t l eve l s  with  th e s t andard c as e  is  made 
in T ab l e  8 and F i gure 1 1 . For  examp l e , at a cons t an t  1 5 - p e rcent  
DCF rate o f  re turn , e ach 5 - p e rc en t  inc r e as e in  c api t al r ai s e s  the 
required s ync rude " p r i c e "  b y  $ 0 . 2 0 per b ar r e l . As s uming a c o n 
s t ant sync rude " p r i c e "  o f  $ 5 . 0 0 p e r  b arr e l , wh i ch p r o vi des  a 1 4 . 6 -
percent DC F re turn fo r the s t andard c as e , e ach 5 - p e rcent  c ap i t al 
inc re as e  reduce s  the r a t e  o f  return b y  ab out 0 . 7  p e rc en t a g e  po i n t s . 
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ANNUAL OPERATIN G  COSTS 
INCREASED BY 5% OF 
ADDITIONAL I NVESTMENT 

1 8  

D I SC O U N T E D  CASH F LOW RATE O F  R ET U R N ,  P E R CE NT 

F i gure 1 1 . E ffe c t  on Required  "Pri c e "  o f  I n c r e as e d  I nves tment 
and Re s ul t ant Op e rating Co s t s fo r E nvi ronmental  
Contro l ( Cons t an t  1 9 7 0 Do l l ars ) . 

I n  the s e cond c as e , the as s ump t i on was made that  mo re  s t r in 
gent envi ronme n t al s t andards woul d requ i r e  a cont inuing inc r e a s e  
i n  cap i t al inve s tmen t dur ing t h e  fi rs t 1 5  y e a r s  o f  th e p ro j e c t  

2 1  

l i fe . Re s u l t s  are  s hown in  T ab l e  9 and F i gure 1 2  fo r 0 . 5 - pe rc e n t  
and 1 . 0 - p e rcent annual addi t i ons to the ini t i al c ap i t a l  inves tment 
of th e ent i r e  min e , r e t o r t ing and up grading p l an t . Annua l ope rat 
ing cos t s  we re i n c re as e d  ye arly by 5 p e rc e nt o f  th e i n c r emen t a l  
inve s tmen t . A t  a c o ns t an t  1 5 - pe rcent D C F  r a t e  o f  re turn , 1 - p e rcent  
annual addi t i on a l  inve s tment incre a s e s  the r e qu i r e d  s yn crude "pr i ce "  
b y  $ 0 . 2 0 p e r  b arr e l . A t  a c ons t ant $ 5 . 0 0 p e r  b ar r e l s yn crude 
"pr i ce , "  the rate  o f  re turn i s  de cr e a s e d  by 0 . 9  p e r centage  p o i n t s . 
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I NVESTMENT 
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D I SC O U N T E D  CAS H F LOW R ATE O F  R ETU R N ,  P E R C E NT 
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Fi gure 1 2 . E ff e c t  on Requi red " P r i c e "  o f  Equal Annual Add i t ions 
t o  I nves tment and Res ul t ant Op e r a t ing Co s t s  for  En
v i r onmen t al Con tro l ( C ons t ant 1 9 7 0  Do l l ars ) . 

The thi rd c a s e o f  th i s  s tudy i s  an e valuat i o n  o f  the  e ffe c t  
o f  p r o l o n g e d  d e l ay in  pl ant s t artup o n  s yn c rude . e c onomi c s . E n 
vi ronme n t al c o n t r o l  p rob l ems are envi s i oned as  c aus ing  t h e  de l ay , 
pos s ib ly by requi r i n g  the ins tal l a t i o n  o f  add i t ional  p l ant e q u i p 
ment p r i o r  t o  o p e r at i on . Th e e ffect  o f  the adde d inve s tment h a s  
al re ady b e en di s cus s e d a n d  i s  no t included i n  th i s  c as e .  

I n  the s t andard c as e , s t artup t ime i s  as s ume d t o  b e  3 mon ths . 
Thi s  p rovides  for  g e t t ing  the r e t o r t ing and c rude s h a l e  o i l  up 
grading uni t s  ons t re am at ful l c ap a c i t y  and a s s uming ful l o p e r a t i n g  
co s t s  dur ing  t h i s  p e ri o d  wi thout any a t t endan t i n come . The p r e s ent 
s tudy as s ume d 1 2 - and 2 4 - month de l ays in  i ni t i at i o n  o f  the no rmal 
p l an t  s t artup a f t e r  comp l e t ion o f  cons truc t ion . T o t a l  p r o j e c t  
l i fe i s  ext ende d b y  t h e  l en g th o f  t h e  de l ay . Op e r at ing co s t s  
during  thi s  d e l ay t ime are as s ume d to b e  2 5  p e rcent  o f  the no rmal 
ope rat ing c o s t s  to p rovide fo r r e t ent ion o f  s up e rvi s o ry and s ome 
maint en ance l ab o r , overh e ad c o s ts  and ut i l i t i e s  dur ing  the t ime 
the p l ant is awa i t in g  s t artup . 

E conomi c e ffe c t s  o f  a p r o l onged de l ay in p l an t  s t artup , as  
s hown in T ab l e  10  and F i gure 1 3 , are ve ry s ub s t an t i a l and wou ld  
.cons t i tute a s e r i ous p rob l em . F o r  examp l e , at  a c ons t an t  1 5 - p e rcent 
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DCF rate o f  re t urn , a 1 2 - month delay in i n i t i a t ing  s t ar tup r e qu i r e s  
a $ 0 . 5 5  p e r  b arrel  increas e in syncrude "p r i ce . "  At a cons t an t  syn 
crude "p ri ce "  o f  $ 5 . 0 0 p e r  b a rrel , th i s  de l ay r e duc e s  the rate  o f  
re turn b y  1 . 7  p e r c en t age po ints . 

Th e ec onomi c mo del  t re at s  n e g at ive income t ax as a p o s i t ive 
c ash flow , a s s uming it is app l i e d  agains t the t axab l e  income o f  
th e p arent comp any o r  the j o int venture p ar t i c i p an t s . The ab ove 
cas e , in pa r t i cul a r , i ncurs a l arge amoun t of n e g a t i v e  income t ax 
dur ing the years o f  s t artup -de l ay .  The e ff e c t  o f  c a r rying th e s e  
negat ive inc ome t axes  forward during t h e  5 s ub s equent years , as 
coul d be done by an independent sync rude comp any , is shown in 
Fi gure 1 3 .  The furth e r  reduc t i on in  r a t e  o f  re turn fo r the 1 2 -
month d e l ay i s  0 . 2  p e rcentage  p o i nt s . 

OCCUPAT I ONAL SAFETY AND HEALTH ACT (OSHA) OF  1 9 7 0  

E ffe c t ive Ap r i l  2 8 , 1 9 7 1 , when Chap t e r  XVI I o f  T i t l e  2 9  o f  
the Code o f  Federal  Re gul at ions was i s sued purs uant t o  autho r i ty 
in OSHA , a new chap t e r  was opened in emp l oye r - emp l oyee re l at i ons 
in the Un i t e d  S t at e s . The Code of Federal  Regul a t ions  d e l i n e a t e d  
the e s t ab l i s h e d  f e d e r a l  s t andards and nat ional  cons ensus s t andards 
fo r o ccup at ional s afe ty and h e a l th . Admin i s t r at i on o f  the Re gul a 
t i ons was s e t up in  the o f f i c e  o f  the As s i s t ant S e c r e tary o f  
Lab o r  fo r Occup a t i o nal S a fe ty and H e a l t h . 

A s urvey o f  the min ing and p l ant cons t ruc t ion fi e l ds indi c a t e s  
that t h e  I n i t i al App r a i s al  inco rpo rates  qui t e  e ffe c t i ve ly t h e  
federal s t andards enume rat e d  by OSHA . W i th r e gard t o  o p e r a t ing 
co s t s , the s ame conclus i o n  app l i e s . Occup a t ional  s a fety and 
hea l th adminis t r a t i o n  s t a ffs were included in t h e  overh e a d  co s t  
es t ima t e s . 
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TABL E 7 

E C O N O M I C  E F F E C T  O F  R E M O V I N G  TAX A B L E  
I N C OM E  L I M ITAT I O N  F R O M  D E PLETI O N  

A L L OWA N C E  C A L C U LATI ON 

Syncrude 
Price 

(S/bbl )  
f.o.b.  Plant 

3.50 

4.00 

4.50 

5. 00  

5. 50 

6.00 

3.50 

4. 00 

4.50 

5.00 

5. 50 

6.00 

1 5% Depletion on 
Value of C rude  Shale Oil  

50% Limit* No L imit 

22% Depletion on 
Value of  Syncrude 

50% L i m it No L imit 

DCF Rate of Return (Percent) 

7 . 7  8. 1 8. 1 9.9 

1 0. 2  1 0. 5  1 1 . 1  1 2. 3  

1 2. 5  1 2.6 1 3. 7  1 4.6  

1 4.6  1 4. 7  1 6. 1  1 6. 7  

1 6 . 5  1 6.6  1 8.4  1 8. 8  

1 8.4 1 8.4 20.4 20. 7 

I ncrease in D C F  
Rate o f  Return (Percent) 

0.4 0.4 2. 2 

0.3 0.9 2. 1 

0. 1 1 . 2  2. 1 

0. 1 1 . 5  2.0 

0. 1 1 . 9  2. 3 

0.0 2. 0 2.3 

• S t a n dard Case : Adit  m i n i n g  of 35-ga l l o n  per t o n  o i l  sha l e ;  

royalty on s h a l e  a t  $0. 1 7  p e r  t o n ;  cons t a n t  1 970 dol lars.  

TAB L E 9 

E C O N O M I C  E F F E CT O F  E Q U AL A N N U A L 
A D DI T I O N S  TO I N V ESTM E N T  O V E R  1 5  Y E ARS 

F O R  E N V I R O N M E N TA L  C O N T R O L  

Syncrude 
Price 

(S/bbl )  
f .o .b .  Plant 

3. 50 

4.00 

4. 50 

5. 00 

5.50 

6.00 

3.50 

4.00 

4.50 

5.00 

5. 50 

6.00 

Return on 
Base 

I nvestment* 

Annual Add ition to I n itial 
Capital I nvestmentt 

0.5% 1 .0% 

DC F Rate of Return (Percent) 

7. 7 

1 0. 2  

1 2. 5  

1 4.6  

16 .5  

1 8.4 

7 . 1 

9 . 8  

1 2. 1  

1 4. 2  

1 6 . 1  

1 8.0  

6 .6  

9 .3  

1 1 .6 

1 3. 7  

1 5. 7  

1 7.6  

Reduction i n  DC F Rate 
of Return (Percent) 

0.6 

0 .4 

0 .4 

0 .4 

0.4 

0.4 

1 . 1  

0.9 

0.9 

0.9 

0.8 

0.8 

• Based o n  ad1t  m i n i n g  o f  35-g a l l o n  per ton oil  shale w i t h  

roya l t y  on s h a l e  a t  $0. 1 7  p e r  ton ; co nstant  1 970 d o l l ars. 

t I nves t me n t  assumed to be made i n  equal  incre men t s  
over t h e  f i rst 1 5  yeC:trs o f  a 20-year opera t i n g  per i o d .  Resu l t 
a n t  decrease i n  D C F  r a t e  of return i ncludes t h e  e f f e c t  o f  

incremental a d d i t i o n s  t o  a n n u a l  opera t i n g  costs re la ted to 

the i n c reased inves t me n t  i n  equ i pment a n d  assumed to be 

5 percent of the accu mulated increme n t a l  invest ment. 
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T A B L E  8 
E C O N OM I C  E F F E C T  O F  I N C R E A S E D  I N I T I A L  

I N V ESTM E N T  F O R  E N V I R O N M E NT A L  C O N T R O L  

Syncrude  
Price 

(S/bbl )  
f.o.b.  Plant 

Return on 
Base 

I nvestment* 

I ncrease i n  Total l n itial l nvestmentt 

� _!!!li_ � 
DC F Rate of Return (Percent) 

3. 50 7. 7 7 .0  6.4 5.9 

4.00 1 0. 2  9 .6  9.0 8.4 

4. 50 1 2. 5  1 1 . 8  1 1 . 2  1 0.6 

5.00 1 4.6  1 3. 8  1 3. 1  1 2. 5  

5. 5 0  1 6. 5 1 5. 7  1 5. 0  1 4.3 

6.00 1 8.4  1 7. 5  1 6. 8  1 6.0  

3 .50 

4 .00 

4. 50 

5.00  

5. 50 

6.00 

Reduction in D C F  
Rate o f  Return (Percent) 

0 . 7  1 . 3  1 . 8  

0.6 1 . 2  1 . 8  

0 .7  1 . 3 1 . 9  

0 . 8  1 . 5  2. 1 

0 .8  1 . 5  2.2 

�9 1 .6  24 

· Based on a d i t  m i n i n g  of 35-ga l l o n  p e r  t o n  o i l  s h a l e  w i t h  

roy a l t y  on shale a t  $0. 1 7  per t o n ;  cons t a n t  1 970 d o l lars.  

t E f fect shown on DCF rate o f  r e t u r n  i n cl u des t h e  effect 

of i n c reased annual  ope r a t i ng costs related to i n creased 

i n i ti a l  investme n t  i n  e q u i p m e n t  and assumed to equal 5 per

cent of t h e  a d d i t ional  inves t men t .  A 20-year oper a t i n g  peri 
od i s  assumed for each insta l l a t i o n .  

TABLE 1 0  

E C O N O M I C  E F F EC T  O F  P R O L ON G E D  STA R T- U P  O E L AY 

Syncrude 
Price 

(S/bb l )  
f.o.b. Plant 

3 . 50 

4.00 

4. 50 

5. 00  

5.50 

6.00 

3.50 

4.00 

4. 50 

5. 00 

5. 50 

6.00 

Standard � 
Delay in I n itiating 

Start-U p t  
1 2  M onths 24 M onths 

D C  F Rate of Return (Percent) 

7. 7 7 .0  6.4 

1 � 2  � 2  &4 

1 2. 5 1 1 . 1  1 0.1  

1 4. 6  1 2. 9  1 1 .6  

1 6. 5  1 4. 5  1 3.0 

1 8.4  1 6. 1  1 4. 3  

Reduction in  D C  F 
Rate of Return (Percent) 

0. 7 1 .3 

1 .0 1 . 8  

1 . 4  2.4 

1 . 7  3.0 

2.0 3. 5 

2.3 4 . 1  

• Based on a d i t  m i n i n g  o f  35-g a l l o n  p e r  t o n  o i l  s h a l e  w i t h  

roya l ty on s h a l e  a t  $0. 1 7  p e r  ton ; con s t a n t  1 9 70 d o l l ars. 

t Opera t i n g  costs d u r i n g  delay were charged a t  25 percent 
of n o r mal costs. No i n come d u r i n g  del a y ;  project l i fe ex

ten ded by length of delay. 
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Chap t e r  Four 

CHANGES  IN TE CHNOLOGY AND THE 
" L EARN I NG CURVE" E F FECT 

The o i l  shale  indus try w i l l  emp l oy s ome p r o c e s s e s , equipment 
and sys tems not ut i l i z e d  b e fore on an indus t r i a l s c a l e . Thus , 
there w i l l  b e  nume rous opp ortuni t i e s  for  t e chno l o g i c a l  innova t i on . 
The s o - ca l l e d  " l e arning curve " i s  a me ans o f  quan t i fy ing imp r ove 
ments wh i ch inc lud e  not  only th e app l i c a t i on o f  new t e chn o l o gy in 
a deve lop ing indus try , but al s o  the cumu l a t ive e ffe c t  o f  a numb e r  
of l e arning f a c t o r s  that tend t o  impr ove p e r f o rmance and r e duce  
cos ts .  This  l e arning curve i s  comp l e t e l y  independent of  i n f l a 
t i on , pr oduct value ch ange s and such e c onomi c fac t o r s . 

Some o f  the l e arn i ng f ac tors  are - -

• Exp e r i e n c e : As de s i gners  and ope rat o r s  b e come more fami l 
i ar with  the equipment and p r o ce s s e s , nume rous impr oveme n t s  
accrue . Longer operat ing p e r i o ds b e twe en s hut down s , im 
proved equipment l i fe , e l imin at i on o f  unn e c e s s ary op e r a 
t i ons , more e ffect ive ut i l i z at i on o f  p e r s onne l , and b e t t e r  
y i e l ds o c cur f o r  any new indus t r i a l  o p e r a t i on . 

• I n c r e m e n t a l  cap a c i t y : Mo s t  p l ant s , e xp e c i a l ly tho s e  em 
p l oying new p r o ce s s e s , are over de s i gne d .  Aft e r  i n i t i a l  
p e r f o rmance e xp e c t a t ions are ach i eve d ,  " b o t t l en e ck remova l "  
adds t o  c ap a c i ty at a much l ower un i t  c o s t  t h an f o r  the 
o r i g inal  ins t a l l a t i on . A part of t h i s  l ower co s t  p e r  un i t  
o f  product i s  that s i t e  deve l opment and s imi l ar c o s t s  are 
not  repeate d .  

• Larg e r� m o r e  e ffi c i e n t s i ng l e  u n i t s  o f  e qu i p m e n t : The h i s 
t o ry o f  the p r o ce s s  indus t r i e s  i s  that l ar g e r  an d l ar g e r  
s in g l e  un i t s  o f  equipment b e c ome po s s ib l e . C a t a lyt i c  
crack e r s  o r i g ina l ly wer e  l imi t e d  t o  1 0  t o  1 5  MB / D  throug h 
put . Now un i t s  a r e  in  t h e  5 0  t o  1 0 0  M B / D  r an g e . Both  in 
ves tmen t and o p e r at ing c o s t s  are s i gn i f i c an t ly l owe r . Ex 
amp l e s  could  b e  c i t e d  for e a ch indus try that  are s im i l ar . 
Th i s  r e s u l t s  in  a cons i derab ly g r e a t e r  l e arning e f f e c t  th an 
fo r un i t s  o f  cons t ant s i z e . 

• Au t o m a t i o n : Although mo s t  in dus t r i e s  now u s e  a h i gh degree  
o f  automat ion , the ab i l i ty t o  aut omat e increas e s  w i th g r e a t 
e r  know l e dge o f  the proc e s s e s  and equ ipment b e ing emp l oye d . 

The s e  e f fe c t s  have b e en di s cus s e d  in th e t e chni c a l  l i t e r a ture 
and evalua t i ons  have b e e n  made o f  the le arning r a te exp e r i en ce d  in 
the aircraf t  as s emb ly ,  pe t r o l eum re fin i ng and o th e r  indus t r i al 
ac t ivi ti e s . *  For  examp l e , i t  has b e en shown tha t , whe n  cumu l a t ive 

* W .  B .  H i r s chmann , " The Learning Curve , "  C h e m i c a l Eng i n e e ri ng 
(Mar ch 3 0 , 1 9 6 4 ) , pp . 9 5 - 1 0 0 . 
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p r o duc t i on i s  doub l e d ,  the un i t  cos t i s  r e du c e d  ab ou t 1 0  p e r c e n t  
( a  l e arni ng curve fa c tor o f 9 0  p e r cent ) f o r  e i th e r  a c omp l e te p e 
tro l e um r e f in e ry o r  individual  un i t s  o f  the s ame s i ze an d i s  c on 
s i dered  typ i c a l  o f  a m a ch ine - p aced ope r a t i on th a t  invo lve s l i t t l e  
d i re c t  l ab o r . A more  l ab or - intens ive oper a t i on , s u ch a s  a i r f r ame 
a s s emb ly ,  shows a r e du c t ion o f  ab out 20 p e r c en t . Inve s tmen t  as 
we l l  as  ope r at ing  c o s ts are b e l i e ve d  to  be s u s c e p t ib l e  t o  imp r ove 
ment  th rough e xp e r i en ce . 

Mos t l e a rn i n g  curve imp rovement can b e  exp e c t e d  in the more 
l ab o r - intens ive p a r ts o f  the ope r at i on , s uch as min ing and mat e r i a l  
h andl ing , and in  tho s e  are as wh ere new t e chn o l o gy i s  us e d ,  s u ch a s  
r e t o r t i n g  and e nv i ronment a l  c ontr o l . A l e arning curve f a c t o r  in 
the r ange  of 9 0  p e rcent for o i l  sha l e  deve l opment  wou l d  s e em 
r e a s onab l e . 

Sp e c i fi c  p o te n t i a l  te chno l o g i c  imp r ovemen t s  that are p r e s e n t ly 
in evidence are  d i s cus s e d  in  th e fol l owing s e c t i on . I n  addi t i on 
to the s e  imp r ovements , app r e c i ab l e  e conom i c  advan t ag e  may b e c ome 
p o s s ib l e by s i gn i fi c an t  changes  in oi l s h a l e  p r o ce s s in g  me tho ds , 
such as i n  s i tu r e t o r t ing o r  shale  gas i f i c a t ion . 

M I N ING  IMP ROVEMENT S 

The p r e s ent - day demons trate d r o om - and - p i l l a r  me th o d  o f  mining 
o i l  sha l e  h a s  a cons i d e r ab l e c o s t advantage ove r o th e r  unde r g r ound 
mining me tho ds b e c au s e  th e l a r ge s i z e of m ine open ings , c oup l e d  
w i th h i gh p r o du c t i on r a te s , p e rmi ts us e o f  l ar g e r  e quipment than 
norm a l l y  found in o th e r  unde r ground m ining op e r a t i ons . Unde r 
ground o i l  sh al e mining c o s ts were e s tima t e d  for  the I n i t i a l  Ap 
pr a i s a l  on the b a s i s  o f  us ing pre s en t ly ava i l ab l e fron t - en d  
l o a de r s , trucks and f i x e d  cru s h ing  p l ants . 

Con c e p ts fo r improve d  room- and - p i l l a r  mining u t i l i z e  equip 
men t  s uch as mob i l e  crus hers  and conveyor s y s tems . I n  addi t i on , 
improvements in  dr i l l in g , b l as t ing and r o o f - b o l t in g  equ i pment an d 
te chnique s are  ant i c ip at e d . 

Rad i c a l  chan g e s  in unde rg round mining me tho ds are a l s o b e in g  
cons i d e re d . Dur ing re cent y e ars , l arge s i ze b or ing  m a ch in e s  have 
b e en us e d  s u c c e s s fu l ly for dr i l l ing tunne l s  in h a rd r o ck . A s i mi 
l ar typ e o f  mach ine h a s  b e e n  p r op o s e d  for mining o i l  s h a l e . *  S ome 
type o f  c on t inuous mining mach ine cou l d  re du c e  b o th c ap i t a l  and 
op e r a t ing  c os ts b y  an appre c i ab l e  amount .  

* H .  E .  Carve r , " O i l  Sha l e  Mining : A N ew P o s s ib i l i ty for  
Me chan i z at i on , "  and W .  H .  Ham i l ton , " P r e l iminary De s i gn an d Evalua 
t i on o f  an Alk i rk O i l  Sh a l e  Mine r , "  P ro c e e di n g s  o f  t h e  F i r s t F i v e  
Oi Z S h a Z e  Symp o s i a: 19 6 4 - 19 6 8  ( Co l o rado S ch o o l of  Mine s ) , pp . 2 1 5 -
2 6 5 . 

3 8  



The s e  p o t en t i a l  imp r ovements in unde rground mining and c rus h 
ing eve n tua l ly cou l d  r e duce  mine and crushe r op e r a t ing c o s ts  b y  
incre as ing p r o du c ti v i ty from impr ove d me ch an i z at i on and , the r eby , 
re duc ing manp owe r  r e qui rement s .  A r e duct i o n  in  in i t i a l  and de 
fe rre d c ap i t al inve s tment in mining  and crus h i n g  a l s o  may b e  ant i 
c ipat e d .  

RE TORT I NG IMPROVEMENT S 

A re tor t ing  me thod u t i l i z ing h o t  re cyc l e d  s o l i ds was s e l e c te d  
f o r  the I n i t i a l  App r ai s a l a s  repre s en t a t i ve o f  a c omme r c i a l op e r a 
t i on . Th i s  s e l e c t i on was made b e caus e a r e t o r t  was n e e de d  tha t  
c ould s at i s fac t or i ly handl e o i l  s h a l e  having a n  as s ay o f  ab out 3 5  
ga l l ons p e r  t on . Imp r ovements to  th i s  typ e o f  re t o r t  are  p o s s ib le 
mainly in incre a s e d  s i z e and c ap ac i ty o f  the individu a l  un i ts , 
re s ul t ing in r e duct i ons in b o th c ap i t al inve s tment and op e r at ing 
cos ts . 

Imp r oveme n t s  may b e  an t i c ip a t e d  in th o s e  re t o r t i n g  p r o ce s s e s  
whi ch u s e  h o t  g a s e s  to  s upply the re t o r t ing h e a t . The s e  a r e  l ower  
cap i t a l - c os t re t o r t s  th an th e re cy c l e d  ho t s o l i ds typ e . Shou l d  
modif i c a t ions to de s i gn and op e r a t i on o f  th e h o t  gas  r e t o r t  p e rm i t 
i t  to b e  us e d  fo r 3 5 - g al l on p e r  t on s h a l e  and t o  ob t a in  y i e l ds 
comp arab le t o  th e ho t s o l i ds r e t o r t , even g r e a t e r  re du c t i o n s  in 
requ i r e d  syncrude " p r i c e "  might  be an t i c ip a t e d  th an ob t a in ab l e by 
imp r ovements  in th e r e cy c l e d  h o t  s o l i d s  p r o c e s s .  

SHALE OI L UPG RAD I N G  IMPROVEMENTS 

Re duced shale  o i l  upgrading cos ts  are e xp e c te d  t o  re s ul t  mainly 
from impr ovements  in c a t a lys ts for hydr ode s u l fur i z a t i on and hydro 
den i trogen a t i on an d from improve d me tho ds for p ro c e s s in g  the re 
s i dua l frac t i on . The s e  improvements  could r e du ce b o th cap i t a l  and 
ope r a t ing c o s ts . 

SENS IT I V I TY OF SYNC RUDE " P RI C E "  TO CAP I TAL AND OPERAT I N G  COSTS  

At pres ent , de fin i t ive e s tima t e s  c anno t  be  made  of  c ap i t a l  and 
ope rat ing cos t re du c t i ons th a t  may b e  ob t ai n e d  by l e arning curve 
improvements and te chno l o g i c a l  ch ange s .  Howeve r , the s ens i t i vi ty 
of the sync rude " p r i c e "  required  for a s t ate d D C F  r a t e  o f  re turn 
can be re l a te d  graph i c a l ly to the s e  cos t r e du c t ions . F i gure  1 4  has  
b e en prepared to  show the s e  e ffe ct s . A s imp l i fy ing  a s s ump t i on made 
in the deve l opme n t  of the r e l a t i ons h ips was to app ly the c o s t re 
duc t i on , e i the r  c ap i tal o r  operat ing , p r o  r a t a  a c r o s s the e n t i r e  
min ing , re t o r ting and upgrading oper a t i on . 
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EFFECT OF 10% CHANGE I N  OPE RATI NG COST 

I I I I I I I 
1 2  1 5  1 8  

D I SC O U N T E D  CASH F LOW RATE O F  R ETU R N ,  P E R C E NT 

F i gure 1 4 . Sens i t ivity o f  Syncrude " P r i c e "  t o  Chang e 
in Cap i t al and Ope rat ing C o s t s  ( C ons t an t  
1 9 7 0 Do l l ar s ) . 

DEVE LOPMENT OF  IN SITU RETORT ING 

I 
2 1  

Deve l opme n t  of fe a s i b l e  an d e conom i c  i n  s i tu me tho ds are im
por t an t  for eventu a l  re cove ry o f  the  de ep ly b u r i e d  o i l  s h a l e  re 
s our c e s  in the G re en R ive r Format i on . At pre s en t , i n  s i tu re t o r t 
ing appe ars  t o  h ave a p o t en t i a l  fo r p r o du c ing s h a l e  o i l  from the s e  
s trat a ,  b ut i t  i s  as s umed th a t  no s i gn i fi c an t  comme r c i a l i z a t i on 
w i l l  o c cur  b e fo re 1 9 8 5 . 

Propos e d  me thods for re t o r t ing o i l  shale  in p l ac e  gene r a l ly 
fal l into  th ree  ma j o r c a t e g or i e s : ( 1 )  forming a b l o ck o r  " ch imney" 
of b roke n s h a l e  in p l ace an d re t o r t ing as i f  i t  were  a f i xe d -b e d ,  
b a t ch re t or t , ( 2 )  form ing f r a c tures i n  a shal e s tr a t a  b e tween two 
group s o f  we l l s and re t o r t i n g  by for cing a i r  or ho t gas e s  thr ou gh 
th e fra c tu re s , and ( 3 )  wo rk ing in a z one o f  n a t ive p e rme ab i l i ty 
and p o ro s i ty t o  ac c omp l i s h  con t act  b e tween the s h a l e  fo rma t i on and 
the re t o r t ing  me d i a . *  

* P .  F .  Dougan , F .  S .  Reyn o l ds and P .  F .  Ro o t , "The Po t en t i al 
for I n  S i tu Re tor t ing  of O i l  Shale in th e P i ce an c e  Cr e ek B as in  
o f  No r thwe s tern Co l o r ado , " C o l o r ado S c h o o l o f  M i n e s  Qu a r t e r ly , 
Vo l .  6 5 ,  No . 4 ( O c t ob e r  1 9 7 0 ) , pp . 5 7 - 7 2 . 
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Re torting Ch imneys o f  B r oken Sha l e  

One s cheme i n  t h e  f i rs t typ e o f  op e r at i on wh i ch h a s  o c cas i on e d  
cons iderab l e d i s cus s i on is the u s e  of one o r  m o r e  nu c l e a r  b l as ts  
to  form th e ch imney . Prepara t i ons wou l d  th en be  made  t o  re t o r t  
the b roken s h a l e  in t h e  ch imney and to re c ov e r  t h e  s h a l e  o i l  b y  
dri l l ing we l l s to  c ommun i c a t e  wi th th e t o p  and b o t tom o f  the chim
ney . Air , mixed  w i th r e cy c l e d  gas e s , cou l d  then be  pump e d  in to 
the t op o f  the b e d  of s h a l e , combus t ion ini t i a t e d ,  and the ch imney 
ope rated as a l arge b a t ch re tor t . Conden s e d  o i l ,  vap o r s  and g as e s  
wou l d  b e  dr awn off f r om the b o t tom o f  th e b e d . 

Th i s  s cheme app e a r s  to  b e  fai r ly a t t r ac t ive from an e conom i c  
viewpoin t , p rovi d ing favorab l e  as sump t i on s  are made re g ard ing 
th i ckne s s  and r ichne s s  of the shale s tr a t a , y i e l d  l eve l of the 
nuc l e ar dev ic e s  us e d ,  o i l  re covery ob t a in e d , and a i r  comp r e s s i on 
co s ts . Howeve r ,  s e ve r a l  s e r ious que s t ions ar i s e  conc e rn ing thi s 
ope r a t i on . 

Re s i dual r ad i o a c t iv i ty in the s h a l e  ch imney may re su l t  in 
exce s s ive rad i o ac t i v i ty in th e o i l  and gas p r o du ce d . A re l at e d  
prob l em i s  the pos s ib i l i ty o f  radio a c t ive c on t am i n a t ion o f  unde r 
ground water , p a r t i cul ar ly in the deep , cen t r al are a o f  the 
P i ceance B as in whe re aqu i fers  app e ar to fe e d  i n t o  the Wh i te Rive r . 
Due to the mas s o f  l o o s e  mate r i al on top o f  a l owe r z one o f  th e 
re torted and burne d s h a l e , comp ac t ion may o c cur , re s u l ting in ex 
ce s s ive ly h i gh p r e s s ure  drop through th e b e d  an d exorb i tan t a i r  
compre s s ion cos ts . Thus , th e ope rat ion cou l d  b e c ome une conom i c al  
or infe as ib l e  b e fore c omp l e t i on . Exp e r imen t a l  wo rk on a p r o to type 
s ca l e  would be requ i r e d  for th o rough evalua t i on o f  th i s  typ e o f  
1.- n  s i tu me thod . 

The pr e s en t  gove rnme n t a l  p r 1 c1ng p o l icy for  nu c l e ar de v i ce s , 
and the dep th o f  ch imney needed to e f fe c t ive l y  u t i l i z e  the o i l  
s h a l e  i n  p l ace , f avo r the u s e  o f  dev i c e s  o f  the 2 5 0 - k i l o ton y ie l d  
r�nge . S e i s m i c  e ff e c t s  o f  a s e r i e s  o f  sh o t s  o f  th i s  s i z e , made 
freqtient ly ove r the yea r s  o f  con temp l a t e d  c omme r c i al s h a l e  o i l  
produc t i o n , p r ob ab ly wou l d  p r e c lude th i s  typ e o f  ope r a t ion . De 
ve l opment of t e chno l ogy in the use  o f  a s e r i e s  o f  sma l l  nu c l e ar 
shots  might  b e  the s o lut i on to the s e i sm i c  p r ob l em .  

Re tort ing F r a c tur e d  S t r a t a  

Me thods for i n  s i tu r e to r t ing o f  frac ture d o i l  s h a l e  s tr a t a  
h ave b e en s ub j e c te d  to l ab o r a tory and f i e l d  te s t s by var ious com 
pan i e s  and b y  th e U . S .  Bure au o f  Mines ove r a p e r i o d  o f  ab o u t  2 0  
years . *  

* For  work r e p o r t e d  by indu s try , s e e fo l l owing art ic l e s  in 
Pro c e e d i n g s  of t h e  F ir s t  F i v e O i l Sha l e  Sym p o s i a :  196 4 -196 8 :  
B .  F .  Grant , " Re t o r t ing O il Shal e Und e r ground , P r o b l ems and Po s s i 
b i l i t i e s , "  pp . 3 9 - 4 6 ; V .  D .  Al l red , " Some Cha r ac t e r i s t ic Propert i e s  
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o f  C o l o r ado  O il Shal e Whi c h  May Influ enc e In S i t u  Pro c e s s ing , 
pp . 4 7 - 7 6 ; A .  L .  Barnes and R .  T .  E l l ington , " A  L o o k  a t  In S i t u  
O i l  Shal e Re t o r t ing M e th o d s  Bas ed o n  L im i t ed H e a t  T r an s fe r  Cont a c t  
Sur face s , "  pp . 8 2 7 - 8 5 2 . 

For wo r k  repor t ed by U . S .  Bur e au o f  Mine s , s e e : N .  M .  Me l t on 
and T .  S .  C r o s s , " Fr ac tur ing Oil  Sha l e  with E l e c tr i c i ty , "  and 
J .  A .  Mi l l er and W .  D .  Howe l l , "Exp l o s ive Fr ac tur ing T e s t ed in O i l  
Shal e , "  Pro c e e di n g s  o f  t h e  Fir s t  Fiv e O i l Sha l e  S y m p o s i a : 1 9"6 4 -
1 9683 pp . 6 1 1 - 6 4 0 . S e e  Al so : E .  L .  Burwe l l , H .  C .  C arpenter and 
H .  W .  S o hns , "Exper iment a l  In Si tu Re t o r t ing o f  O i l  Sha l e  a t  Roc k  
Spr ings , Wyom ing , "  O i l S h a l e  Pr o gram T e c hn i c a l Pr o gr e s s R e p o r t 3  
U . S .  Bur e au o f  M i n e s  Repo r t  No . 1 6  (June 1 9 6 9 ) ; G .  G .  Campb e l l , 
W .  G .  S c o t t  and J .  A .  Mi l l e r , "Evalua t i on o f  O i l - Shal e Frac tur ing  
Te s t s  near  Rock Spr ings , Wyom ing , "  R e p o r t o f  Inv e s t i g a t i o n 3  U . S .  
Bur e au o f  Mine s R . I .  7 3 9 7  ( June 1 9 7 0 ) ; E .  L .  Burwe l l , T .  E .  S t e rn e r  
and H .  C .  C a rpent e r , "Sha l e  O i l  Recovery b y  I n  S i t u  Re t o r t ing - - A 
P i l o t  Study , "  Jour n a l o f  Pe t r o l e um T e c hn o l o g y  ( D e c emb e r  1 9 7 0 ) , 
pp . 1 5 2 0 - 1 5 2 4 ; H .  E .  Thoma s ,  H .  C .  Carpent e r  and T .  E .  S t e rner , 
"Hydraul i c  Fr a c tur ing o f  Wyoming Gre en Riv e r  O i l  Shal e :  F i e l d  
Expe r imen t s ,. Pha s e  I ,  R e p o r t  o f  In v e s t i g a t i o n 3  U . S .  Bur e au o f  
Min e s  R . I .  7 5 9 6 (1 9 7 2 ) . 
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Frac tur ing o f  the s t rata  u sua l l y  i s  con s i d e r e d  nec e s s ary to 
provide f l ow p aths fo r air o r  o ther r e t o r t ing ga s and for the 
produc t s . Frac tur ing t e c hniques  inc lude u s e  o f  hyd r au l ic p r e s sure , 
exp l o s iv e s  such a s  de s ens i t i z ed n i t r o g lyc e r ine , and h i gh - vol t a g e  
e l ec t r ic curr ent . 

Cont a c t  i s  made from the surface o f  the groun d  t o  the  s ha l e  
strata  t hrough we l l s  d r i l l e d  a t  spa c ed int e rval s .  Aft e r  frac tur 
ing , some o f  the s e  we l l s  are us ed to c onduc t a i r  o r  p r e h e a t e d  
.ga s e s  to  the shal e , and o ther we l l s  r e turn o i l  vap o r s  and gas e s  
above ground . 

Bur e au o f  Mine s ' ex t r apo l a t ion o f  f i e ld t e s t  d a t a  ind ic at e  
that i n  s i tu produc t ion o f  sha l e  o i l  may b e  c ompe t i t ive w i t h  the 
mor e  c onvent ional  und er ground mining and e x  s i t u  r e t o r t ing m e t hod s . 
In thes e s tud i e s , an op t im i s t ic v i ewpo int wa s t aken o f  the  p o t en 
t i al t e c hn i c a l  prob l ems , and overburden t h i c kne s s wa s l im i t ed t o  
5 0 0  f e e t . A r e l a t iv e l y  t h i n  produc t ion z one  wa s a s s umed in  med ium 
grade shal e . The economic s would b e  improved ma t e r i a l l y ,  thr ough 
reduc t i on in we l l - d r i l l ing  c o s t , by oper a t ion in th i c ker s t ra t a  o f  
r icher sha l e . 

D e t a i l s  o f  wo r k  by pr iva t e  indu s t ry dur ing r e c en t  ye ar s on 
i n  s i t u  r e t o r t ing of o i l  s hal e have not  b e en ex t e n s iv e l y  pub l i s h ed . 
The r e for e , the s t a tu s  o f  th i s  t e c hnol o gy c ann o t  b e  fu l l y  eva luat ed . 
However , informa t i on ava i l ab l e  from the Bur e au o f  Mines  ind i c a t e s  
that c ons iderab l e  f i e l d  wo rk s t i l l  rema ins t o  b e  done t o  d emo n 
s t r a t e  t h e  t e c hno l o gy o f  c ommer c ial - s c a l e i n  s i tu r e t o r t ing . Some 
o f  the prob l ems that appear are deve l o pment of fr a c turing t ec h 
niqu e s  app l ic ab l e  over a w id e  r ange o f  s i tu a t i ons , maint enanc e o f  
the fractur e s  dur ing r e t o rt ing t o  a l l ow a r e a sonab l e  pre s sure drop 
for  ga s flow,  and e ff i c i ent recovery of  the  o i l  from t he s t r a t a . 
Deeper s t r a t a  than t ho s e  t e s t ed by the Bu r e au o f  Mine s ,  wh i c h  are  
only a few hund red fe e t  d e e p , may pr e s ent prob l ems du e t o  s e a l ing 
o f  the frac tures  from swe l l ing of the s ha l e  when he a t ed and from 
compa c t ion by the we ight o f  overburden . 

Re t o r t ing in Natur a l  Permeab i l ity 

Re t o r t ing s ha l e  in a natura l l y  perme a b l e  z o ne m i ght we l l  e l im 
ina t e  many o f  t h e  pro bl ems a s s o c iated w i t h  nu cl ear expl o s iv e s  and 
frac tur ing methods . The p e rmea b i l ity o f  the  z o ne s ho u l d  inc r e as e  
a s  kerogen i s  conve r t ed dur ing the r e t o r t ing s t e p . Ho weve r ,  new 
probl ems may ar i s e . The unc on f ine d nature of a na tur a l  p e rm e ab l e  
z one may c r e a t e  d i ff i cu l t ie s  i n  the l o s s  o f  wo r k ing flu id s  o r  
produc t s . Ground wa t e r  cont amina t i on may b e  a gr e at er po t e n t ial  
pro b l em with  th i s  t e chn i que . 

GAS I F I CAT I ON OF  O I L  SHALE 

New ga s for  the  Un i t ed S t a t e s , whe th e r  l iqu e f i e d  natural g a s  
( LNG)  imp o rt s ,  Ar c t i c  gas , or  g a s  manufactur e d  f r o m  co a l  o r  p e t ro 
l e um l i quids , wi l l  c o s t s everal  t ime s  the pre s en t  re gul a t e d  fi e l d  
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pr ic e o f  natural gas . The qu e s t ion a r i s e s  a s  t o  whe ther o r  no t 
gas  from o i l  s h a l e  c an b e  comp e t i t ive in  t h i s  mark e t . 

A p r e c i s e  appr a i sa l  i s  d i f ficu l t  b e c au s e  l i t t l e  r e s e a r c h  has  
b e en a imed a t  the p r o duc t i on of  gas  from o i l  shale  in  the Un i t e d  
St a t e s . Mo s t  o f  the e ffo r t  h a s  b e en l im i t e d  t o  a mode s t  p r o g r am 
dur ing  the 1 9 5 0 ' s  b y  the In s t i tute o f  Gas  T e c hno l o gy ( I GT )  whi c h  
inv e s t i g a t e d  t h e  hydr o g a s i fi c a t ion o f  o i l  s ha l e . 

Howev e r , g a s  has  b e en a pr imary pr odu c t  o f  the  E s t on ian o i l  
shal e  indus t ry , whe r e  pr oduc t ion in 1 9 6 8  was repor t ed t o  b e  ab out 
1 0 0 m i l l ion cub ic  fe e t  (MMC F )  per day . Gas  is a l s o  a ma j or ob j e c 
t ive o f  Br a z i l ' s  o i l s ha l e  devel opme n t  p r o g r am . A 2 , 2 0 0  m e t r ic 
ton  per  day pro t o typ e  r e t o r t , r e c over ing 2 5  p e r c ent o f  t he c a l o r i 
fic  value o f  the s ha l e  p rodu c t  as g a s  and l i qu id p e tr o l eum gas 
( L PG ) , is  s c hedu l ed t o  go into o p e ra t ion dur ing 1 9 7 2 .  

A l t hough I GT d emons t r a t e d  t hat hydr o g a s i f ic a t ion c o u l d  pro 
duc e  a h i gh y i e l d  o f  p ip e l ine qu al i t y  gas  from o i l  s ha l e s , intro 
duc t i on o f  the shal e into  i t s  h i gh - pre s sur e , h i g h - t empe r a tu r e  
r e a c t o r  and remova l o f  s p en t  sha l e  from t he s y s t em p r e s ent s fo rmi 
dab l e  mec han i c a l  probl ems . Re su l t s  from I GT ' s  current  c o a l  hydro 
gas i f i c a t ion p i l o t  p l an t  pr o g r am wi l l  b e  u s e fu l  in  eva lu a t ing  the 
pr o c e s s ing  of o i l  s h a l e  by thi s method , but the d emons t r a t i o n  o f  
commerc i a l - s c a l e  e qu ipmen t  i s  not in pro s p e c t  for  s ev e r a l  ye ar s . 

The g a s i f i c a t i on o f  o i l sha l e  in  E s t o n i a  u s e d  a mo d i f i ed coke 
oven , fired with l ow - B TU ga s from o ther  o i l  s ha l e  r e t o r t s . Th e 
s ha l e  i s  o f  very h i gh grade - - 7 0 g a l l ons per  t o n . Thi s t e c hn o l o gy 
i s  unl ike l y  t o  b e  u s ed in  the Un ited  S t a t e s , e spec i a l l y  s in c e  U . S .  
o i l  s ha l e s  a r e  o f  l owe r grade t han th o s e  in  E s t o n i a . I t s  s i gn i f 
i c ance i s  th at gas  p ro duc t i on from o i l  s h a l e  has  b e en a c c omp l i sh e d  
o n  an indus t r i al  s c al e . 

Pro c e s s e s , such a s  that b e ing  d ev e l oped in  B r a z i l , whi ch 
yi e l d  gas as  a c o - pr oduc t  with  the sha l e  o i l  s e em mo s t  app l i c ab l e  
for U . S .  o i l  shal e s . Cer t a i n  c on f i gur a t i ons o f  s ev e r a l  t yp es o f  
r e t o r t s  c an p r o duc e h i gh - B TU gas  a s  we l l  a s  o i l . I nc r e a s ed y i e l d s  
o f  g a s  a r e  po s s i b l �  i f  ec onom i c a l l y  j u s t i f i a b l e .  

W i t h  g a s  from c o a l  and p e tro l eum l i qu id s  b e ing pro j e c t ed t o  
co s t  in exc e s s  o f  $ 1 . 0 0 p e r  m i l l ion BTU ' s - - t he e qu ival ent o f  $ 6 . 0 0 
per  b ar r e l  for o i l - - there  would  s e em t o  b e  an inc ent ive t o  produc e 
a h i gher  c omp onent o f  s h a l e  p r o duct as gas . Mo s t  o i l  s h a l e  re 
t o r t ing  re s e a r ch in the  Un i t e d  S t a t e s  has  b e en condu c t ed dur ing 
the t ime that f i e ld p r i c e s  for gas have b e en in  the r an g e  o f  $ 0 . 1 0 
to  $ 0 . 1 5 per m i l l ion B TU ' s - - equ ival ent t o  $ 0 . 6 0 to  $ 0 . 9 0 p e r  b ar 
r e l  o f  o i l . Thu s , there  wa s every r e a s on t o  minim i z e  ga s a s  a 
produc t .  

I t  wa s n o t e d  e ar l ie r  that an appra i s a l  o f  o i l  s ha l e  a s  a 
s ource o f  gas i s  d i ff i cu l t  b ec au s e  s o  l i t t l e  e ff o r t  h a s  b e en de 
v oted  to sha l e  g a s  in the  Un i t ed Sta t e s . I t  s e em s  l ike l y ,  how
ever , that the same ba s i c  r e t o r t ing metho d s  b e ing d eve l op e d  t o  
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produ c e  o i l can p r o duce gas as  a c o - pr odu c t .  The r e fo r e , the  t ech 
no l o g ic a l  s t atus  o f  gas  produc t i on from s ha l e  i s  n o t  gr e a t l y  d i f 
ferent from that t o  produc e o i l  al one . 

Y i e l d s  o f  r e t o r t  gas  rang ing up t o  2 , 0 0 0  cub ic fe e t  o f  n atur al  
ga s equ ival ent per  ton  of  3 5 - g a l l on p e r  t on s h a l e are r e a s on ab l e . 
Thus , ga s y i e l d  from o i l  s hale  in 1 9 8 5  c ou l d  amount t o  2 b i l l ion 
cub ic feet ( B C F )  per day if the max imum pro j e c t ed s h a l e  min ing r a t e  
o f  1 mi l l i on t o n s  p e r  c a l endar day i s  a t t aine d . I n c r e a s e d  gas  
yie l d  may b e  only p art i a l ly at the  expen s e  of  o i l  y i e l d . Sho u l d  
gas y i e l d  b e  ent i r e ly a t  the expen s e  o f  o i l  y i e l d ,  the p r o duct i on 
of 2 B CF p e r  day o f  gas wou l d  r e s u l t  in o i l  p r o duct i on b e ing 2 5 0 
MB / D  l e s s  t h an the pro j e ct e d  max imum o f  7 5 0 MB / D . 

I NDUS TRY AND GOVERNMENT C OOPERAT I ON I N  O I L  SHALE RE SEARCH AND 
DEVELOPMENT 

S inc e 1 9 4 5 , indu s t ry and gove rnment t o ge ther have spent  mor e  
than $ 1 7 5  mi l l i on i n  r e s e ar c h  and d ev e l o pment on o i l  s ha l e . Me th 
ods have b e e n  t e s t ed on p i l o t  and s em i - comme r c i a l  s c a l e s  for min 
ing and re t o r t ing o i l  s hal e ,  i n  s i t u  r e t o rt ing , r e f i n ing  and up 
gr ading the o i l , and t he ut i l i z at i on o r  d i spo s i t i on o f  was t e s . 
The bu l k  o f  t he s e  expend itur e s  to d a t e  have b e en mad e  b y  i ndu s try . 
The expend i tur e s  have not b e en inc luded in t he i r  ent i r e t y  in  the 
ec onom ic s tud i e s  g iven in t h i s  report . 

Indu s t ry has shown i t s  wi l l ingne s s  t o  c ondu c t  r e se ar c h  and 
deve l o pment on s hal e o i l  produ c t ion t e chno l ogy and can b e  expec t e d 
to ma int a in an a d e qu a t e  l evel  o f  ac t iv i t y  t o  supp o r t  comme r c i a l  
produc t ion when t h e  indu s t ry g e t s  unde r way . 

Po s s i b l e r o l e s  o f  gove rnme nt in o i l  s ha l e  r e s e ar c h  and d eve l 
opment c an b e  c a t e go r i z ed in five p r in c i p a l  s upp o r t ive a r e a s : 

• Geo l o gy and r e s our c e s  

• Fundament a l  r e s e arch 

• In s i t u t echniqu e s  

• Env i ronment a l  p ro t e c t i on 

• Cooperat ive r e s e arch and devel opment . 

The F ed e r a l  Gove rnment owns mor e than 8 0  p er c en t  o f  the  o i l  
s ha l e  re sourc e s  that u l t imatel y may b e  ut i l i z ed . G eo l o g i c a l  d a t a  
pert a i n ing  t o  the s e  re sour c e s  a r e  l imi ted . The r e fore , a govern 
ment - i n i t i at ed p r o gram u s i ng bo th pub l ic and p r iv a t e  means s hould 
b e  c onduc ted  to prov ide needed informa t i on on the  federal  o i l  s ha l e  
ho l d ings . 

The Federal  Government , throu gh a g enc i e s  such a s  the Na t i onal  
Sc ienc e Found a t ion , the Bur eau o f  S t and ards , t he Bu r e au of  Mine s ,  
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the Atomic Ene r g y  Comm i s s i on and ins t rumen ta l i t i es within t h e  
Depar tment o f  D e f e n s e , h a s  t r ad i t ional l y  s uppo r t e d  fundam en t a l  
sc ient i f ic r e s e ar c h . O i l  shal e has b e en the o b j e c t  o f  a r e l a t iv e l y  
smal l propo r t i on o f  th i s  e ffort i n  t h e  p a s t . Thi s  i s  a u s e fu l  area 
of  g ov ernme n t - f inanc ed r e s earch and should be  incr e as ed . 

Con s iderab l e  e ff o r t  b y  b o t h  government and indu s try h a s  gone 
int o r e s e a r c h  o n  i n  s i t u  methods  o f  s hal e o i l  p r o duc t ion , b o t h  
nuc l e ar and non - nuc l e a r , but suc c e s s  ha s no t b e en pr o c l a imed t o  
date . I n  add i t i on t o  t he obv ious b en e fi t s  o f  an e ff i c ient , e c o 
nomi c a l , environment a l l y  acc ept ab l e  i n  s i tu shal e o i l  produc t i on 
me thod , there  a r e  l ar g e  p o t en t i al r e s e rv e s  of o i l  s ha l e  that  do 
no t s e em r e c ov e r ab l e  by mining t echn i qu e s . In s i t u r e t o r t ing war 
r ant s a fairly  s i gn i f i c ant l ev e l  o f  r e s e ar c h  b y  gove rnment , par 
t icu l ar l y  on the b a s ic c onc ept s and t e c hn o l o gy inv o l ved . 

Minim i z a t i on o f  env i ronmental  e f f e c t s  and me ans o f  p t i l i z ing  
o r  c o nt r o l l i ng g a s e ou s , l i qu id and s o l id wa s t e s  fr om an  o i l  s ha l e  
indu s t ry ar e sub j e c t s o f  c onc ern . Thi s a r e a  i s  r e c e iv ing  a t t en 
t i on b y  bo th  gove rnment and indu s t r y . I t  i s  app r opr i a t e  t h a t  
governm en t  par t i c ipa t e  wi t h  indu s t ry i n  an ac c e l e r a t ed p ro gram in 
env ironment a l l y  r e l a te d  o i l  s h a l e  re s e ar c h . 

Federal  Gov ernment par t ic ipat ion i n  r e s e ar c h  a nd dev e l opment 
of o i l s ha l e  m i n ing  and proc e s s  t e c hno l o gy s hould  be ind ir e c t  in 
order to r educe t he admin i s tr a t ive r e qu ir ement and minim i z e  the 
c o s t s . On e way t h i s  could  b e  a c c omp l i shed i s  t hr ou gh a mod i f i c a 
t ion o f  the 1 9 7 1  Pro t o typ e  O i l  Sha l e  Leas ing Pro g r am , wh i c h  wou l d  
prov ide  t h a t  pr iv a t e  exp end i tur e s  on app r o pr i a t e  wo rk pro g r ams in 
o i l  s h a l e  mining and pr o c e s s ing r e s earch and d ev e l o pment c ou l d  b e  
appl ied t o  future payment o f  r o ya l t i e s  o th erwi s e  d u e  the Gove r n 
ment und er  t h e  l e a s ing pro gram . Appr opr i a t e  wo r k  p r o g r am s  may b e  
de s i gned fo r o i l sha l e  m in ing , i n  s i tu r e t o r t ing , a n d  pr o c e s s ing 
r e s e a r c h  and deve l o pment wh i c h  l e ad to commen c ement of c omm e r c i a l  
instal l a t ions . Cr e d i t  wou l d  b e  g iven for exp end itur e s  mad e  o r  
c ontr ibut ions t o  a w o r k  program subs e qu en t  t o  ac qu i s i t i on o f  a 
fed eral  l e a s e  and p r i or t o  any commer c ia l  devel opmen t  by the  l e s 
s e e . Suc h  a pro gram wo u l d  no t only b e  c o nduc ive t o  e ar l i e r  o i l  
shal e c omme r c i a l i z at i on b y  encourag ing p r i v a t e  indu s try t o  fund 
add i t i on a l  r e s earch and d ev e l o pment , but it a l so  wou l d  encour a g e  
part i c ip at ion i n  b id d ing f o r  federal  o i l  s ha l e  l e as e s . Ano ther 
way this  could b e  ac c omp l i shed is  through government fund ing o f  
as s i s t an c e  t o  indu s t ry - o r i g ina t e d  and oper a t ed pro grams . 
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Chap t e r  F ive 

RE G I ONAL CONS I DERAT I ONS FOR D I RE CT 
SUPPORT OF AN O I L  SHALE I NDUSTRY 

The deve l opmen t  o f  an o i l  s ha l e  indu s t ry w i l l  requ i r e  d i r e c t  
supp ort  from r e g i on a l  r e s our c e s , including manpowe r ,  wat e r , e l e c t r i c  
powe r , roads , p ip e l ines  and c ommuni ty s ervi c e s . Thi s chap t er d i s 
cus s e s  the requ i r emen t s  for t h i s  support wh i c h  r e l a t e  d i r e c t ly t o  
the ins t a l l at i on and op era t i on o f  p l ant f ac i l i t i e s  i n  t h e  o i l  s h a l e  
region . Supp ort  o f  urb an and commun i ty fac i l i t i e s  and n e eds a r e  
n o t  c ons i d e red . 

MANPOWE R FOR M I NE AND P LANT 

The numb e r  o f  p e rmanent emp l oy e e s  wh i c h  w i l l  b e  n e e d e d  for  
op erat i on , maint enan c e , sup erv i s ion and supp o r t ing s erv i c e s  for  a 
1 0 0  MB / D  sync rude f i rs t - g ene rat i on p l an t  are e s t im a t e d  in  the 
fo l l ow ing t abul a t i on : 

Mining 
R e t o r t ing 
S o l id Re s idue D i spo s a l  
Sha l e  O i l  Up g r ad ing 

Total  

1 , 0 0 0  
2 0 0  
2 0 0  
3 0 0  

1 , 7 0 0  

T emp o r ary c ons t ruc t i on manp ower  t o  bu i l d  a 1 0 0  MB / D  s yn c rude 
p l ant i s  e s t imat ed to average  about 1 , 8 0 0  p e op l e  over the c on s t ruc 
t i on l i fe ,  peak ing a t  about 3 , 8 0 0  dur ing the f i n a l  year . 

For the prop o s ed max imum dev e l opmen t s chedu l e  d i s cu s s ed in  
Chap t er Two , the manp ower requ i r emen t s  wou l d  be  tho s e  s hown in T ab l e  
1 1 . 

WATER REQU I REMENTS FOR M I NE AND P LANT USE 

Wa t e r  wi l l  be u s e d  in many of the op e r a t i ons  a s s o c i at e d  w i t h  
an o i l  sha l e  indus t ry .  A spec i f i c input o f  wat er  wi l l  b e  r e qu ir e d  
for - -

• Mine dr i l l ing op e r a t i ons  

• Mine l o ading op e rat i ons 

• Crush ing an d s cr e ening p l ant du s t  con t r o l  

• F l ue g a s  c o o l ing and mo i s t e n ing i n  r e t o r t ing 
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TAB LE 11 

MANPO WER RE QUIREMEN TS FOR A SYNCR UDE P LAN T 

S ync rude Pe rmanent Te mporar y Construction 
(MB/ D) E mplo yees Pe rsonnel (A vera ge) 

1974 900 

1975 900 

1976 900 

1977 50 850 1,800 

1978 50 850 5,400 

1 979 50 850 7,200 

1980 150 2,550 7,200 

1981 250 4,250 7,200 

1982 350 5, 950 7,200 

1983 450 7,650 7,200 

1984 650 11,050 7,200 

1985 750 12,750 7,200 

• Spent s h a l e  we t t ing  

• Co o l ing t ower  make up in r e t o r t ing and up g r ad ing p l an t s  

• B o i le r  wat e r  mak eup i n  r e t o r t ing  and up g r ading p l an t s  

• P r o ce s s  wat er  f o r  up gr ading 

• Coke - cut t ing water  for upgr ading 

• Pe r s onne l  u s e . 

The quant i ty o f  wa t e r  input that wi l l  b e  r equ i r e d  wi l l  d ep end 
somewhat on the p r o c e s s  d e s igns s e l e c t e d  and on the amount o f  a i r  
c o o l ing that can b e  u s e d . Assuming that max imum a i r  coo l ing i s  
u s e d , the water r e qu i r ement for a p l ant c omp l ex p r o duc ing 1 0 0  MB / D  
o f  syncrude has b e en e s t ima t e d  t o  b e  as  s hown i n  t h e  fo l l owing 
t abu l a t ion : 

Mining 
R e t o r t ing 
S o l i d  Re s i due D i s p o s a l  
Sha l e  O i l  Up grad ing 

T o t a l  

Ac re - F e e t /Y e ar 

3 0 0  
6 , 0 0 0  
3 , 0 0 0  
7 , 2 0 0  

1 6 , 5 0 0  

The re i s  s ome pro c e s s  e ffluent wat er p r o duc e d , inc l uding r e t o r t 
ing wat e r  s ep ar a t e d  and s ome s a l ine  b l owdown w a t e r , amount ing t o  
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ab out 2 , 5 0 0  acre - fe e t  p e r  year . I f  a l l  o f  t h i s  wat er  c ou l d  b e  us ed 
to wet s o l id r e s idue to fac i l i t a t e  comp ac t i on , the n e t  f r e s h  w a t e r  
input r e qu i r ement wou ld b e  re duc ed t o  about 1 4 , 0 0 0  acre - fe e t  p e r  
year . 

B a s e d  on the above e s t imat e s , it  i s  p r o b ab l e  that wa t e r  r e qu ir e 
men t s  for 1 0 0  MB / D  o f  s yncrude p roduc t ion f rom c omme r c i a l  s h a l e  o i l  
comp l ex e s  wi l l  b e  in the r ange o f  1 4 , 0 0 0  t o  1 6 , 5 0 0  a c r e - f e e t  p e r  
year . For p l ann ing purp o s e s  t o  eva lua t e  the ava i l ab i l i ty o f  fr e s h  
wat er  supp ly , it  i s  r e c ommended that the l a r g e r  quan t i ty o f  1 6 , 5 0 0  
acre - fe e t  per  year b e  u s ed . 

Us ing the f a c t o r  o f  1 6 , 5 0 0  acr e - fee t p er y e a r  p e r  1 0 0  MB / D  
syncrude produc t i on , wa t e r  re quiremen t s  f o r  t h e  propo s ed max imum 
deve lopment s chedu l e  out l ined in Chap t e r  Two would b e  a s  s hown in 
Tab l e  1 2 . 

The Department o f  the I n t e r i o r  e s t ima t e s  t ha t  w a t e r  ava i l ab i l i ty 
wi thin the S t a t e  o f  C o l o rado for a s ha l e  o i l  indu s t ry may vary from 
8 6 , 0 0 0  t o  4 5 6 , 0 0 0  acre - fe e t  p e r year . The m in imum e s t imat e  o f  
8 6 , 0 0 0  acre - f e e t  p e r  y e a r  wou l d  be mar g ina l ly l im i t ing i f  accur a t e . 
Ant i c ip a t ing that t h i s  l ow amount i s  n o t  c o r r e c t , the  a s sump t i on 
i s  made that wat e r  wi l l  b e  ava i l ab l e  for deve lop ing up t o  7 5 0  MB/D 
o f  syncrud e . 

ELECTRI C POWER GENERAT I ON AND TRANSMI S S I ON FAC I L I T I E S  

Ano t her fac t o r  wh i ch shou ld b e  cons i d e r e d  i n  evaluat i on o f  
re g i ona l support i s  the input requ i r e d  fo r p ower gene r a t i on and 
transmi s s i on .  The 1 0 0  MB/ D  p l an t s  w i l l  u s e  an e s t im a t e d  1 1 0 , 0 0 0  
k i l owat t s  ( KW) o f  p owe r for syncrude p r o duc t i on . As s uming tha t power 
p l ants  are ins t a l l ed wh i c h  u s e  the proved t e chno l o gy of wa t e r  c o o l 
ing , the wat e r  input t o  pr oduce  th i s  power i s  e s t im a t e d  t o  b e  about 
8 0 0  acre - fe e t  per year . Us ing the s e  fact o r s , the  power and wa t e r  
requ i rement s f o r  t h e  propo s ed deve l opment s chedu l e  o f  Chap t e r  Two 
would be as s hown in T ab l e  1 3 . 

1977- 1979 

1980 

198 1 

1982 

1983 

1984 

1985 

TAB LE 12 

WATER RE QUIREMENT FOR A SYN CR UDE PLANT 

Sync rud e 
(MB/ D) 

50 

150 

250 

350 

450 

650 

750 

49  

Wate r Re qui re men t 
(Ac re -Fee t pe r Yea r) 

8,250 

24,750 

41,250 

57,750 

74, 250 

107, 250 

123,750 



TABLE 13 

PO WE R  AND WA TE R RE QU I REMEN TS FO R A SYNC RUDE PLAN T 

Syncrude Po wer Wate r fo r Po we r  
(M B/D) ( KW) (Acre -Feet �er Yea r) 

1 977- 1 979 50 55,000 400 

1 980 1 50 1 65,000 1 ,200 

1 98 1  250 275,000 2,000 

1 982 350 385,000 2,800 

1 983 450 495,000 3,600 

1 984 650 71 5,000 5,200 

1 985 750 825,000 6,000 

SECONDARY ROADS TO M I NE S AND PLANTS 

Exi s t ing  ro ads in  the ar eas  where  dev e l opmen t s  wou l d  b e  e xp e c t e d  
to t ake p l ace  t o  1 9 8 5  a r e  n o t  p r e s en t l y  ade quat e  and wou l d  have t o  
b e  improved e xt en s ive l y . Al s o ,  a web o f  n e w  r o ads wou l d  h ave t o  b e  
c ons t ructe d t o  t ie p l ant faci l i t ie s  t o g e the r .  F o r  e s t imat ing the 
c o s t  of b u i l d ing such a road sys tem , it has  b e en as s um e d  that the 
P arachute Creek , Ro an Creek , Conn Creek and C l e ar C r e ek county r o ads 
would b e  imp rove d t o  f i r s t - c l as s , he avy - duty ro ads w i th a s phal t i c  
concre t e  s urfac e s . The e xi s t ing county h i ghway on P i c e an c e  Creek  
wou l d  b e  re s ur face d and wi dene d .  New ro ads t o  min e s  wou l d  b e  con
s t ruc t e d  on E a s t  F o rk , We s t  F o rk , E a s t  M i dd l e  F o rk and M i d d l e  Fork 
of P arachu t e  Creek , on East Fork of Conn C r e e k  and on Deer P ark 
Gulch and Tom C r e e k . I n t er t i e s  b e tween the Para c hut e C r e e k , Ro an 
Creek and P i c e an c e  C r e ek sys t ems wou l d  b e  cons t ruc t e d  ov er  the m e s a s . 
Expendi ture s re qui r e d  are  s hown in T ab l e  1 4 . 

C o s t s  o f  the r o ad s  we re  e s t imated from C o l l e c t o r  r o a d  t ab u l a 
t i ons by the C o l orado S t at e  H i ghway D ep artment made f o r  the  N a t i on 
a l  Hi ghway Fun c t i on a l  C l as s i fi cat i on and N e e ds S tudy . The  t e rr a in 
was c l as s i fi e d  as  " r o l l in g "  for r o ads in val leys and "moun t a in ous " 
fo r a l l  o th e r  r o ads . The value s deve l op e d  in th i s  w ay wi l l  b e  ave r 
age e s t imat e s  for the We s t e rn S l op e  o f  C o l o r ado  and are  n o t  s p e c i f 
i c  t o  the o i l  s h a l e  a r e as . A s  s uch , they indi c a t e  o n l y  a n  " o r de r 
o f -magn i tude " c os t ,  and the d i s t rib ut i on b e tween p ub l i c  and p r ivate  
s ources  of  fund s  is  unde t e rmined . 

TAB LE 1 4  

E XPEND ITU RE S  RE QU I RED FO R ROAD IMP RO VEMEN T 

Mile s E xpenditure 

I mproved Cou nty Roads 35 $ 4, 000,000 

I mproved P iceance Creek Road 33 500,000 

Ne w R oads to M i nes 30 8,500,000 

I nterties 20 7,000,000 

Total 118 $20,000,000 
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SYNCRUDE P I PE L I NE S  

Sha l e  o i l  from p r o ce s s ing p l an t s  in t h e  o i l  s h a l e  are a woul d 
be  moved t o  re fining cent e r s  v i a  p ip e l ine s . P a r t  o f  the p r o du ct 
o i l  may move we s t  t o  S a l t  Lake C i ty or L o s  Ang e l e s . Howeve r , i t  i s  
l ikely that mo st  o f  the o i l  w i l l  move e a s t  t o  Ch i c ago and o t h e r  
mi dwe s t e rn re fining cent e r s . 

The re are s everal  p o s s ib l e  rout e s  by  wh i ch a p ip e l ine c an con 
ne ct with ex i s t ing p ipe l in e s  t o  mi dwe s t e rn are as : ( 1 )  n o r t h  t o  
Wamsut t e r , Wyoming , and then t o  Casper  t o  conn e c t  t o  the P l at t e  o r  
Serv i ce l ines  moving e a s t ; ( 2 )  d i re ct ly north  and e a s t  t o  F o r t  
Laramie t o  conn e c t  w i t h  e i ther o f  the s e  l in e s ; and ( 3 )  d i r e c t ly 
e as t  v i a  F o r t  C o l l ins  for conn e c t ion w i th the Arap aho e l ine n e ar 
S t e r l ing . A p o r t i on o f  the o i l  cou l d  go  we s t  t o  U t ah . 

COMMUN I TY SERV I CE S *  

The popul at i on o f  we s t e rn C o l or ado i s  r e l a t ive ly sma l l , and th e 
larg e s t  commun i ty , Grand Junct ion , has a popu l a t ion in t h e  urban 
area o f  app rox ima t e ly 3 0 , 0 0 0  p e rsons . The maj o r  e a s t - we s t  h i ghway 
of C o l o r ado i s  I n t e r s t a t e  7 0 ,  now under cons t ruc t i on a l ong the  
C o l o r ado River . 

Thi s  h ighway g en e r a l l y  l i e s  a l ong the  s outhern b oundary o f  the 
principal  o i l  s ha l e  are a , a s  does  the rout e of the D enver and Rio 
G rande We s t ern Ra i l r o ad ma in l ine . The nor thern b oundary o f  the 
sha l e  area  is  app roximat e ly marked by the Wh i t e  River Va l l ey , a 
remo t e  and i s o l a t ed va l l ey in a thinly s e t t l e d a r e a  w i t h  two commu 
n i t i e s , Meeker and Rang e l y , each having a p opul a t i on o f  about 1 , 5 0 0 . 

The p r in c i p a l  indu s t r i e s  in the r e g i on a r e  g r a z ing o f  l iv e s t ock 
and the ext r ac t i on o f  mineral s .  Rang e l y , in R i o  B l anco C ounty , i s  
the s i t e  o f  C o l o rado ' s  l a r g e s t  o i l  f i e l d , and ex i s t s  p r in c i p a l ly 
as an o i l  and g a s  c ent e r . Grand Junct ion , the p r in c i p a l  c ommun i ty 
o f  we s t e rn C o l o r ado , i s  a t ranspo r t a t ion hub w i t h  r a i l , t ruck and 
h i ghway commun i cat i on w i th we s t e rn C o l o rado and mo r e  d i s t ant p o ints , 
and w i t h  fr equent j e t a ir s e rv i c e  p r in c ip a l ly t o  D env er  and S a l t  
Lake C i ty . G r and Junc t i on i s  a l s o  a comme r c i a l  and m e d i c a l  c en t e r  
f o r  t h e  r e g i on with  a numb e r  o f  who l e s a l e  supp ly f i rms and s e rvi c e s , 
as we l l  as  med i ca l , e duc a t ional  and other  p r o fe s s i o n a l  s e rv i c e s  . 

. R i fl e , s i tu a t e d  in G a r f i e l d  C ounty on t he C o l o r ado River a t  the 
s outhwe s t e rn c o rn e r  of the  P i c e ance C r e ek B a s in , has h i s t o r i c a l ly 

* Th i s  s e ct ion i s  t aken from R e p o r t o n  E c o n om i c s o f  Env i r o n 
m e n t a l  Pr o te c t i o n  fo r a Fe d e r a l O i l Sh a l e L e a s i n g  Pr o gram � p r e 
pared by a spe c i a l  commi t t e e  o f  the [ Co l o r ado ] Governor ' s  O i l  Sha l e  
Adv i s o ry C omm i t t e e  fo r the D i r e c t o r  o f  Natural  Re s o ur c e s  o f  the  
St a te  o f  C o l o r ado ( J anuary 1 9 7 1 ) , pp . 1 6 7 - 1 6 9 . 
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been o r i en t e d  mo r e  t owards indu s t r i al a c t i v i ty . I t  i s  t h e  s i t e  o f  
the Un i o n  C a rb i de vanadium - uran ium m i l l  and i s  t h e  n e ar e s t  commun i t y  
t o  the  Bur e au o f  Min e s ' p l ant at Anv i l  P o in t s . The Denv e r  and R i o  
Grande Ra i l r o ad has  m a d e  i t  a s h ipp ing po int for  l iv e s t o ck from t h e  
P i c e an c e  C r e e k  B a s in . A s i gn i fi c ant p o r t i on o f  the  manp ower n e e ded 
for an o i l  s ha l e  indus t ry in Rio  B l anco  C ounty c an b e  exp e c t ed to 
l o c ate  in R i f l e . 

To  the e as t  i s  the county s e at o f  G a r fi e l d  Coun t y , G l e nwo o d  
Sp r ing s , s i tuat e d  at t he j unc t i on o f  t h e  Ro ar ing F o r k  and C o l o r ado 
Rivers . Th i s  c ommun i ty has b e c ome the f o c a l  p o int o f  d i s t r i bu t i on 
of goods and s e rv i c e s  t o  the very large areas drained by the C o l o rado , 
E a g l e ,  Roar ing Fork , F ry ing Pan and C rys t a l  River s . I n  add i t i on , 
i t  has b e en a cen t e r  fo r l o ca l , s t at e  and f e d e r a l  o ff i ce s . I t  has  a 
popul a t i on o f  about 4 , 0 0 0  and i s  we l l  s e rved by med i c a l  and e du c a 
t i onal fac i l i t i e s . I t  i s  exp e c t ed t o  ab s o rb s ome o f  the popul a t ion 
growth f l owing f rom o i l  s ha l e  deve l opment . 

The c ommun i t i e s  o f  New C a s t l e ,  S i l t , Grand Va l l ey and D e b e que 
on the C o l o rado River w i l l  t ake on added s i gn i f i c an c e  a s  popu l at i o n  
c en t e r s , b u t  are n o t  exp e c t ed t o  ab s o rb a maj o r  s ha r e  o f  any pop u
l a t i on g rowth d e r ived from an  oil  sha l e  indu s t ry , a t  l e a s t  in the  
e ar l y  phas e s  o f  its  d ev e l opment . 

The pr e s en t  pub l i c fac i l i t i e s  in we s t e rn C o l o rado , g en e r a l l y , 
c an supp or t a popu l at ion s omewhat in exc e s s  o f  the  p r e s en t  popu l a 
t i on . T o  b e  sur e , s ome d i s l o c a t i ons wi l l  o c cur , but the  r e g i on a l  
dev e l opment i s  qu i t e  advanc ed . 
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APPEND I X  1 

O I L  SHALE TASK GROUP 
OF  THE 

NAT I ONAL PETROLEUM COUNC I L ' S  
COMM I T TEE ON U . S .  ENE RGY OUTLOOK 

CHAI RMAN 

Ke l l ey Arn o l d  E .  
As s o c i at e  

Pro c e s s  
Un ion O i l  

D i r e c t o r  for Re s e ar c h  
Eng ine er ing & Dev e l o pment 
C omp any of C a l i fo rn i a  

COCHAI RMAN 

Re id Stone 
Oil Sha l e  Coordinator  
U . S .  G e o l o g i c a l  Survey 
Department o f  the I n t e r i o r  

ALTERNATE COCHAI RMAN 

S idney Kat e l l  
Morgant own Energy Re s our c e  C en t e r  
U . S .  Bur e au o f  Mine s 

H .  E .  Bond , V i c e  P r e s ident 
Synthe t i c  C rude and Mine r a l s  

D iv i s i on 
At l ant ic Richf i e l d Company 

Ru s s e l l  J .  C ameron , P r e s iden t  
C ameron Eng in e e r s  

* * * 

AS S I STANT 

Wa l t e r  I .  Barn e t  

S E C RETARY 

Edmond H .  F a r r i n g t on 
Consu l t an t  
Nat i on a l  P e t r o l eum C ounc i l  

ASS I STANT T O  THE CHAI RMAN 

Har o l d  C arver 
Mine r a l s  Exp l o r a t ion C omp any 

Hugh J .  L e a ch 
V i c e  P r e s ident 
Re s e arch and Deve l o pment 
C l eve l and - C l i ffs  I r on C ompany 

Harry P f o r z h e imer , S r . 
As s i s t an t  t o  the  S en i or 

V i c e  P r e s i d ent 
Natural  Re s our c e s  
The S t andard O i l  C ompany ( Ohio ) 

Senior  Eng ine e r ing  As s o c i a t e  
Un ion O i l  Company o f  C a l i f o rn i a  
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APPEND I X  3 

COORD I NAT I NG SUBCOMMI TTEE 
OF THE 

NAT I ONAL PE TROLEUM COUNC I L ' S  
COMMI TTEE ON U . S .  ENERGY OUTLOOK 

CHA I RMAN 

Warren B .  Dav i s  
D i r e c t o r , E c onomic s 
Gul f  O i l  C o rporat ion 

COCHAI RMAN 

Gene P .  Morr e l l , D i r e c t o r *  
U . S .  O f f i c e  o f  O i l  and G a s  
Department o f  t h e  I n t e r ior 

SECRETARY 

Vincent M .  Br own 
Execut ive D i r e c t o r  
Na t i onal  P e t r o l eum C ounc i l  

J .  A .  Cob l e  
C h i e f  E c onom i s t  
Mob i l  O i l  C o rpo r a t i on 

N .  G .  Dumbros , V i c e  P r e s ident 
Indus t ry and Pub l i c Af f a i r s  
Mar athon O i l  C omp any 

Jack W .  Ro ach 
Vic e P r e s ident , Hydroc arbon 

Dev e l opment 
Kerr -Mc G e e  C orpo r a t i on 

* * * 

ALTE RNATE COCHAI RMAN 

Dav id R .  O l iver 
As s i s t ant D i r e c t or 
P l ans  and P r o g r ams 
U . S .  O f f i c e . o f O i l  and G a s  

ALTERNATE S E C RE TARY 

Edmond H .  F ar r ing ton 
Consul t ant 
Na t i onal P e t r o l eum Counc i l  

S amu e l  S chwart z ,  V i c e  P r e s ident 
C o o r d inat ing & P l anning D e p ar tment 
Con t in e n t a l  O i l  C omp any 

W .  T .  S l i c k , Jr . 
Manag e r , Pub l i c  Affa i r s  
Humb l e  O i l  & R e f ining Comp any 

S am Sm i t h  
V i c e  P r e s i d ent 
E l  P a s o  Natur a l  G a s  C omp any 

AS S I STANTS 

Henry G .  C o r ey , Manager 
Coord inat ing & P l ann ing Department 
Cont inen t a l  O i l  Comp any 

Harry G ev e r t z ,  Mana g e r  
Spec i a l  P r o j e c t s  
E l  P a s o  Natur a l  G a s  Comp any 

* S e rved unt i l  Dec emb e r  1 5 , 1 9 7 2 ; rep l ac e d  by Duke R .  L i gon . 
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APPEND I X  4 

OTHER ENERGY RE SOURCES  SUBCOMM I TTEE 
OF THE 

NAT I ONAL PETROLEUM COUNC I L ' S  
COMMI TTEE ON U . S .  ENERGY OUTLOOK 

CHAI RMAN 

Jack W .  Roach 
Vi ce P re s i dent , Hydro carb on 

Deve l opment 
Kerr -Mc G e e  Corporat i on 

CO CHAI RMAN 

John B .  Rigg  
Deputy As s i s t ant Se c r e t ary

Miner a l s  P r o g r am 
U . S .  Dep ar tment o f  the I n t e r i o r  

G .  W .  B e eman , Vi c e  Pr e s ident 
Commonwe a l th E d i s on C omp any 

H .  E .  Bond , V i c e  P r e s ident 
Synthe t i c Crude and Miner a l s  

D iv i s ion 
At l ant ic Richf i e ld C omp any 

Thomas H .  Burb ank 
Vi ce P r e s ident 
Edi s on E l e c t r ic I n s t itute  

Rich ard 0 .  Burk 
Dev e l opment P l anning 
Sun O i l  Comp any 

Pau l  S .  Button 
D i r e c t o r  of Power Marke t ing 
Tenne s s e e  Va l l ey Aut hor i ty 

Ru s s e l l  J .  Cameron , P r e s ident 
C ameron Eng in e e r s  

Har o l d  C arver 
Minera l s  Exp l o ra t ion Comp any 

Bernard B .  Chew 
Ac t ing Ch i e f  
Power Surveys and Ana lys i s  
Bure au o f  Powe r 
F e de r al Power Commi s s ion 

* * * 
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SECRETARY 

Edmond H .  F a r r i ng t on 
Consu l t an t  
Nat i on a l  P e t ro l eum C ounc i l  

G eo r g e  H .  C obb  
Execut ive Vice  P r e s i d en t  
Ker r - Mc G e e  C o rp o r a t i o n  

H .  L .  De l oney 
Vice P r e s i d en t  for Fu e l s  
Midd l e  South S e rv i c e s  

Dr . T .  M .  D o s cher 
E & P Consu l t ing Eng i n e e r  
She l l  O i l  C omp any 

Dr . Rex T .  E l l in g t on 
C ameron Eng ine e r s  

Northcu t t  E ly 
Wa s h ing ton , D . C .  

Rafford L .  F au lkn er  
B e t h e s d a , Maryl and 

Paul Fry 
S t aff  E c onomi s t  
Ame r i c an Pub l ic Power As s o c i a t ion 

R .  B .  G a l b r e a th , Man a g e r  
T a r  S ands D iv i s i on 
C i t i e s  S e rv i c e  C ompany 



L e on P .  G aucher 
Consu l t an t  (Texaco I nc . )  

C .  D ona l d  G e i g e r  
Re s our c e s  Acqu i s i t ions  
Car t e r  Oil  Comp any 

Emanu e l  G o rdon 
Nuc l e ar Fue l Pr oduc t s  Manager 
Atomic I ndu s t r i a l  Fo rum , I nc . 

J .  Eme r s on Harp e r  
As s i s t an t  & Power  Eng ineer ing 

Adv i s o r  
Offic e o f  As s i s t ant S e c r e t ary 

Wat e r  and Power Re s ourc e s  
U . S .  Depar tment o f  t h e  I n t e r i o r  

Donald Hunt er , D i r e c t o r  
Ur an ium Supp ly D iv i s ion 
Gul f  Ene rgy and Env i ronment a l  

Sys t ems 

V .  M .  Johns ton , Manag e r  
Econom i c s  S e rv i c e s  
I s l and C r e e k  C o a l  S a l e s  Company 

John J .  Ke arney , V i c e  Pr e s ident 
Edi s on E l ec t r i c  I n s t i tut e 

Ke l l ey Arno l d  E .  
As s o c i a t e  

Pro c e s s  
Union O i l  

D i r e c t o r  for Re s earch 
Eng ineer ing & Devel opmen t 
Comp any o f  C a l i forn ia 

John E .  K i l kenny 
Senior  G e o l o g i s t  
Un ion O i l  Comp any o f  C a l iforn i a  

D .  T .  K in g , D i r e c t o r  
C o a l  Prep ara t i on & D i s t r ibut ion 
U . S .  S t e e l  C orpo r a t ion 

Jame s N .  L and i s , Consu l t ant 
B e cht e l  C orporat ion 

O l af A .  La r s on , S t a ff Eng in e e r  
Pro c e s s  Re s earch Department 
Gu l f  Re s e arch & D eve l opment C o . 

John E .  Laws on , D i r e c t o r  
Pro c e s s ing Group f o r  Synthe t i c 

Crude and Min e r a l  Op erat ions 
At l ant i c  R i c hf i e l d  Company 
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Hugh J .  L e a c h , V i c e  P r e s i d en t  
Re s ea r ch and D ev e l opmen t 
C l ev e l and - C l i f fs I ron C omp any 

Dwi ght Mi l l e r  
As s i s t an t  D i r e c t o r  
Nor t h e rn Mark e t ing and 

Nut r i t i on Re s e arch 
Agr i cu l ture  Re s earch S e rv i c e  
U . S .  D ep ar tment o f  Ag r i cu l t ur e  

W .  B .  Ol iv e r , Manager 
Re s ourc e s  Acqu i s i t i on s  
C ar t e r  O i l  Company 

Harry P f o r z he im e r , S r . 
As s i s t ant t o  the  Sen i o r  

V i c e  P r e s i dent 
Natura l  Re s ou r c e s  
The S t andard O i l  Comp any ( O h i o )  

Dr . C .  J .  P o t t e r  
Cha i rman 
Ro c he s t e r & P i t t sburgh C o a l  Co . 

E .  H .  Re i c h l  
V i c e  P r e s i d en t , Re s ea rc h  
Cons o l ida t ion C o a l  Comp any 

W .  H .  S e aman , V i c e  P r e s i d en t  
Sout hern C a l i fornia  Ed i s on Co . 

H .  W .  S e ar s , V i c e  P r e s ident 
Northe a s t  Ut i l i t i e s  S e rv i c e  Co . 

John D .  S e lby 
Deputy D i v i s i on General  Man ag e r  
Nuc l ear Energy D iv i s i on 
Gene r a l  E l e c t r i c  Comp any 

Howard M .  S i e g e l , Man a g e r  
Synth e t i c  Fue l s  Re s e arch Depar tment 
E s s o  Re s e a r ch & Eng ine e r ing  C o . 

Dr . G e o rg e  Skap e rdas 
Manag e r , P ro c e s s  Deve l opment 
Re s e arch and D ev e l opment 
The M . W .  K e l l o gg Comp any 

Dona l d  E .  Sm i th 
S t af f  E c onomi s t  
Na t i onal  Ru r a l  E l e c t r i c  

Coope rat ive As s o c i at i on 



A .  M .  W i l s on , P r e s ident 
Utah Int erna t ional  Inc . 

F .  Leo Wr ight 
As s i s t ant t o  the Ex e cut ive 

Vice Pr e s i dent 
Nuc l e ar Ene r gy Sys t ems 
We s t inghou s e  E l e c t r i c  Corporat ion 
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Dr . J .  F .  Wyg an t  
D i re c t o r  
Produ c t s  & Exp l o r a t ory Re s e arch 
Amer i c an O i l  Comp any 



APPEND I X  5 

BAS I C  AS SUMPT I ONS  FOR THE I N I T I AL APP RA I SAL 
(E s t ab l i s he d  J anuary 1 4 , 1 9 7 1 )  

U . S .  AND STATE GOVERNMENT POL I C I E S  

+ U .  S .  Lands . 

T i t l e s  wh ich are  not  c l e ar now w i l l  n o t  b e  c l eared . 

B l o c k ing up o f  ownership p a rc e l s  by exchang e w i t h  p r iv a t e  l and 
p arce l s  wi l l  not  be done . 

The Nava l O i l  Sha l e  Res erve s w i l l  n o t  b e  r e l e a s e d . 

L e a s e s  wi l l  n o t  b e  offered . 

+ S t a t e  Lands . 

There are no l ands ava i l ab l e  in C o l o rado . 

Wyoming s t a t e  l ands wi l l  not  b e  o ffered  for  l e as e . 

U t ah s t a t e  l and s wi l l  b e  ava i l ab l e  for  l e a s e . 

+ Adequat e wat e r  wi l l  b e  ava i l ab l e  and o b t a in ab l e  in a l l  s t a t e s  up 
to 1 9 8 5 . 

+ Environmen t a l  f a c t o r s  r e g ard ing sha l e  o i l  p roduc t i o n . 

Air  p o l lut i o n  s t andards on dus t , p a r t icul a t e  ma t t e r  and su l fur 
d i oxide wi l l  be s e t  by the s t a t e s  and the  F e d e r a l  Gove rnment . 
The s e  s t andards wi l l  b e  me t by t he o i l  s ha l e  fac i l i t i e s . 

Wa t e r  p o l lut i on - - sur face and underground - - s t andards  w i l l b e  
s e t  b y  the s ta t e s  and the F ederal  G ov e rnment . The o i l  s ha l e  
fac i l i t i e s  w i l l  m e e t  the s e  s t andard s . 

D i s p o s a l  o f  s o l id wa s t e s  wi l l  b e  a l l owed in  c anyons and in 
mined out a r e a s  under  s p e c i f i c a t i ons  s e t  by the s t a t e s  and the 
Federal G overnmen t . 

Gr ound surface e ff e c t s .  

Sur fa c e  renewal s p e c i f i c a t ions a ft e r  s t r ipping op e r a t ions  
wi l l  b e  set  by the s t a t e s  and the F ede r a l  Government .  
The s e  sp e c i f i c a t i ons  w i l l  b e  me t by the o i l  s ha l e  indus t ry .  

Sub s i denc e from underground mining o r  i n  s i t u op e r a t i on s  
i s  no t exp e c t e d  t o  oc cur . 

S e i sm i c  e f f e c t s  w i l l  b e  comp en s at e d  for . 
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+ The d ep r e c i at i o n  r a t e  w i l l  b e  c a l cu l at ed by c omb ina t i on o f  doub l e  
d e c l ining b a lance  and s t raight - l ine methods . 

+ D ep l e t ion a l l owanc e . 

The dep l e t ion a l l owance  w i l l  b e  1 5  p e rcent o f  the  va lue o f  
o i l  and g a s  a f t e r  r e t o r t ing . 

The value o f  the o i l  and g a s  for the d ep l e t ion c a l cu l a t i o n  
wi l l  b e  c a l cu l a t ed by p r o r at ing t he t o t a l  revenue by the  r a t i o  
o f  t h e  co s t  o f  mining , p lus r e t o r t ing and a s h  d i s p o s a l , t o  the  
t o ta l  c o s t s . 

+ Inves tment t ax c r e d i t  wi l l  no t b e  a l l owed . 

+ D i r e c t  supp o r t  o f  s ha l e  o i l  product ion . 

The re  wi l l  not  b e  any sub s idy . 

G eo l o g i c a l  inve s t i g a t i on s  w i l l  b e  cont inu ed a t  about the  
p r e s ent l ev e l  o r  wi l l  not b e  incr e a s ed enough to  have  any 
s i gn i f i cant e ff e c t . 

Government r e s e arch and deve l opment w i l l  b e  cont inue d a t  about 
the  pr e s ent l ev e l  but w i l l  not b e  incr e a s e d  enough to have 
any s ign i f i c an t  e f f e c t . 

T ax p r ov i s i on s  wi l l  n o t  b e  changed enough t o  have any s i gn i f i 
c ant e ff e c t . 

O I L  SHALE RE SERVES 

+ Minab l e - - 2 5 - , 3 0 - , and 3 5 - g a l l on p e r  t on a s s ay v a lu e  s h a l e . 

S t r ip m in ing - - 3 0 - fo o t  minimum thickn e s s  o f  o i l  s ha l e  s e am . 

Unde rground mining - - 3 0 - fo o t  min imum t h i ckne s s  o f  o i l s h a l e  
s e am . 

+ Recove rab l e  r e s erves  wi l l  ave rage  6 0  p e r c en t  o f  in - p l a c e  r e s ourc e s . 

TECHNOLOG I C  FACTORS 

+ In s i t u operat i o n  i s  n o t  pr e s en t l y  proved and w i l l  n o t  b e  by 1 9 8 5 .  

+ G a s i f ic a t ion i s  n o t  p r e s en t l y  proved and w i l l  n o t  b e  by 1 9 8 5 .  

+ Techno l o gy i s  p re s en t l y  ava i la b l e  for  min ing , r e t o r t ing , r e f ining 
and byp r o duct  re cove ry . 
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SYNTHET I C  FUEL QUAL I TY ( S e e  al s o  " P rop e r t i e s  o f  C rude S h a l e  O i l  
and Syncrud e " )  

+ Sync rude charac t e r i s t i c s  wi l l  b e : 

Pour po int - - + 5 0 ° F  
V i s co s i ty - - 4 0  SSU at 1 0 0 ° F  
N i t r o g en - - 3 5 0  ppm 
Su l fur - - 5 0 ppm . 

C rude typ e a s s ay s p ec i f i c a t ions wi l l  b e  pr epared by 
the O i l  Sha l e  T a s k  Group 

ECONOMI C FACTORS 

+ T ime b a s e s  for  inve s tment . 

Cap i t a l  inve s tment c o s t s  w i l l  b e  b a s e d  on 1 9 7 0  do l l ar s . 

The eng ine e r ing and construc t i on t ime s ch e du l e  for an o i l  
s ha l e  p l ant w i l l  b e  3 years . 

The de ferred inves tment s chedu l e  for  mining and sp ent s h a l e  
d i s p o s al w i l l  c o v e r  a p e r i o d  of 1 8  y e a r s  from the s t ar t  o f  
p l ant op erat ions . 

The p r o j e c t  l i fe  wi l l  b e  2 0  years from the  s t ar t  o f  p l an t  
op erat i ons . 

P l ant s t ar tup t ime w i l l  b e  3 months a ft e r  c omp l e t i on o f  
cons t ruc t ion . 

+ The s i z e  o f  un i t  p l an t s  wi l l  b e : 

Min ing and re t o r t ing - - e quivalent t o  SO MB / D  s yncrude . 
c ap a c ity . 

Up g r ad ing t o  syncrude s p e c i fi cat ions - - 1 0 0  MB/ D  syn c rude . 

+ Cap i t al inve s tment requirement . 

P l ant and e qu ipment wi l l  b e  included in c ap i t a l  inv e s tment . 

L and wi l l  not  b e  inc luded . 

I n i t i a l  exp en s e  wi l l  b e  c ap i t a l i z ed .  

Roya l t i e s  on p r oc e s s e s  wi l l  b e  pa id at the  s t a r t  o f  the p r o j e c t  
and cap it a l i z ed .  

+ Byproduct val ue s - - f . o . b . p l ant . 

G r e en Coke - - $ 4 p e r  t on 
Anhydrous Ammon i a - - $ 3 0  p er t on 
Su l fur - - $ 1 5  p e r  l ong t on . 
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LOG I ST I CS P ROB LEMS 

+ Manp ower .  

Supp ly and t r a ining o f  manpower wi l l  b e  inc luded a s  a p a r t  o f  
p l an t  s t ar tup c o s t . 

Hous ing - - c ommun i t y  deve l opment co s t s  wi l l  b e  a s sumed by p r ivate  
inve s t o r s . 

+ Commun i c a t i on s  and t r an s p o r t a t i on . 

Ra i l ro ad spur c onne c t ions wi l l  b e  included in the p r o j e c t  c o s t . 

P r iv a t e  h i g hway c onne c t ions w i l l  b e  inc lud ed in the pr iva t e  
c o s t . 

I n t e rn a l  p l an t  p ip e l in e s  w i l l  b e  inc luded in the  p ro j e c t  c o s t , 
but p ip e l ine  conne c t i ons t o  c ommon c arr i er l in e s  w i l l  n o t  b e  
inc lude d . 

+ Dome s t i c  wat e r  supp l y  wi l l  b e  furn i s hed by the mun i c ip a l i t i e s . 

+ Other dome s t i c  ut i l i t i e s  wi l l  b e  furn i s hed by the  mun i c ip a l i t i e s . 
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PROPERT I ES O F  CRUDE SHALE O I L  AND SYNCRUDE 

Typ ical  p r op e rt i e s o f  the c rude s ha l e  o i l and s yncrude a r e : 

G rav i ty , 0 AP I 
Pour P o int , ° F  
S u l fur , wt % 
N i tro gen , wt % 
RVP , p s i  
Vi s c o s i ty , SUS a t  1 0 0 ° F  

Analys i s  o f  F r a c t ions 
But ane s  and Bu t ene s ,  vo l % 
C s - 3 5 0 ° F  Naphtha 

Vo l % 
Gravity , o AP I 
Sul fur , wt % 
N i t ro g e n , wt % 
K F a c t o r  
Aromat i c s , vo l % 
Napht hen e s , vo l % 
Paraffins , v o l  % 
3 5 0 - 5 5 0 ° F  D i s t i l l a t e  

Vo l % 
Grav i t y , o AP I 
Sul fur , wt % 
N i t r o g en , wt % 
Aromat i c s , vol  % 
F r e e z ing P o int , ° F  

5 5 0 - 8 5 0 ° F  D i s t i l l a t e  
Vo l % 
G r avity , 0 AP I 
Su l fur , wt % 
N i t r o g en , wt % 
Pour Po int , ° F  

8 5 0 ° F - P lus Re s idue 
Vo l % 
Gravity , 0 AP I 
Su l fur , wt % 
N i t r o gen , wt % 
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C rude 
Sha l e  O i l  

2 8 . 0  
7 5  

0 . 8  
1 . 7  

1 2 0  

4 . 6  

1 9 . 1  
5 0 . 0  

0 . 7 0 
0 . 7 5 

1 1 . 7  

1 7 . 3  
3 1 . 0  

0 . 8 0 
1 .  3 5  

3 3 . 0  
2 1 . 0  

0 . 8 0 
1 .  9 0  

2 6 . 0  
1 2 . 0  

1 . 0  
2 . 4  

Sync rude 

4 6 . 2  
5 0  

0 . 0 0 5  
0 . 0 3 5  
8 

4 0  

9 .  0 

2 7 . 5 
5 4 . 5  
< 0 . 0 0 0 1  

0 . 0 0 0 1  
1 2 . 0  
1 8  
3 7  . 
4 5  

4 1 . 0  
3 8 . 3  

0 . 0 0 0 8  
0 . 0 0 7 5  

3 4  
- 3 5  

2 2 .  5 
3 3 . 1  
< 0 . 0 1 

0 . 1 2 
+ 8 0  

None 



CONCLUS I ONS  F ROM THE I N I T IAL APPRAI SAL ( 1 9 7 1 - 1 9 8 5 )  

Conc l u s i on s  arr ived a t  a s  a resul t o f  the I n i t i a l App r a i s a l 
s tudy a r e  a s  fo l l ows : 

• Re c ov e r ab l e  r e s erv e s  o f  o i l  t o  1 9 8 5  from o i l  s ha l e  r e s ourc e s  
i n  t h e  Un i t ed S t a t e s  t o t a l  about 1 7  b i l l i o n  b arr e l s . 

• D ev e l opment o f  o i l  s ha l e  t o  1 9 8 5  wi l l  p r o b ab ly o c cur in  the 
p r ime 3 5 - ga l l on per t on ho l d ing s in p r i va t e  hand s . 

• Produc t i on o f  syncrude from the s e  r e s e rv e s  c ou l d  r e ac h  
about 4 0 0  MB / D  b y  1 9 8 5 . 

• Cap i t a l  inv e s tment , adj u s t ed t o  m i d - 1 9 7 0  b as i s ,  in fac i l i t i e s  
t o  p r oduc e 1 0 0  MB / D  o f  syncrude from o i l  s h a l e  w i l l  b e  o f  
the  o rder  o f  $ 5 0 0  mi l l ion . 

• Syncrude " p r i c e , "  a t  a I S - p erc ent DCF r a t e  o f  r e turn , var i e s  
from $ 4 . 3 5 t o  $ 5 . 3 0 p e r  b arre l a t  the �p g r ading f ac i l i ty 
in C o l o r ado . (Th i s  i s  wi thout roya l t y  wh i c h ,  on 3 5 - ga l l on 
p e r  t on o i l  sha l e , amount s  t o  $ 0 . 2 1 p e r  b ar r e l  o f  s yncrude . )  

CAP I TAL I NVESTMENT AND OPE RAT I N G  COSTS DEVE LOPED FOR THE I N I T IAL 
APPRAI SAL 

E s t imat e s  of c ap i t al  inv e s tment r e qu i rement s and op e r a t i n g  c o s t s , 
b a s e d  on mid - ye ar 1 9 7 0 ,  were g iven in t he I n i t i a l  Appr a i s a l  in the 
s e c t ions  d e a l ing with mining ( inc luding r aw s h a l e  c rus h ing  and ash 
d i spo s a l ) , r e t o r t ing and up g r ading . The s e  co s t s  have b e en us e d  in 
Appendix T ab l e  1 to c a l cu l a t e  t o t a l  c ap i t a l  inv e s tment and t o t a l  
annual  op e r a t ing c o s t s  for t h e  1 2  c as e s  invo lv ing t h e  four min ing 
me thods and three  grades  o f  o i l  sha l e . S e t t ing  up t he s e  1 2  c a s e s  
i s  no t int ended t o  imp ly that each c a s e  i s  con s i d e r e d  f e a s ib l e . 
The purp o s e  i s  t o  ind i c a t e  the r e l a t ive e c onom i c  advan t a g e  o r  d i s 
advan t ag e  o f  the p ar t icular  m in ing me thods ov e r  a r ange  o f  s ha l e  
qua l i ty . 

The in i t i a l  min ing , crushing and ash  d i sp o s a l  c ap i t a l  inc lud e s  
inve s tment in e qu ipment to p e rm i t  s t ar tup o f  t he s e  o p e r a t i on s  and 
a l s o  the  c o s t  of deve l op ing the  mine to the ful l - s c a l e  output r e 
qu ired  by the r e t or t ing  p l an t . The deferred  c ap i t a l  p r o v i d e s  for 
rep l ac ement o f  e qu ipment dur ing the l i fe o f  the p r o j e c t . F r om 3 5  
t o  4 5  p e r c en t  o f  the t o t a l  c ap i t a l  inv e s tment in min ing , crus hing 
and ash  d i sp o s a l  is  in t h i s  d e ferred c a t e go ry . 

O t he r  inv e s tment i t ems a r e  the r e t o r t ing p l an t  ( in c luding 
gas  p r o c e s s ing p l an t , o f f - s it e  s t ruc tur e s  and p ip e l in e s ) ,  the  fac i l 
i t i e s  for upg rading the c rude o i l  t o  syncrude , and t h e  wa t e r  supp ly 
sys t em . Working c ap i t a l  has b e en c a l cu l at ed from t he annual op e ra t 
ing c o s t s  by the fo l l owing formu l a : 

Working c ap i t a l  = [ 5  x (Mining , c rushing and a s h  d i s p o s a l )  + 
4 x ( Re t o r t in g )  + 3 x (Up g r ading ) ]  1 / 1 2 . 
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Thi s provi d e s  c a s h  for 1 month o f  t o t a l  o p e r a t ing co s t s , a 1 -
mon th s t ockp i l e  o f  r aw s ha l e  and c rude s h a l e  o i l , 1 month o f  syn 
crude produc t i on in t r ans i t , and a 1 - month d e l ay in r e c e iving p ay 
ment for d e l ivered syncrude . 

C o s t  o f  o i l  s ha l e  r e s erve s i s  not inc luded in  t h i s  t o t a l  c ap i t a l . 
At e s t imat e d  1 9 7 0  value s , c o s t  would b e  about $ 2 0  m i l l ion for a 2 0 -
year shale  supp ly a t  1 0 0  MB/ D  syncrude p r o duc t i on r a t e . 

Op erat ing c o s t s  are def ined in t h i s s tudy a s  inc luding a l l  the 
i t ems such as  l abo r , ove rhead , ma int enanc e ,  ut i l i t i e s , supp l i e s , 
insurance and prop e r ty t ax e s . Not  inc lud ed a r e  d ep r e c i a t i on and 
income t axe s . The s e  a r e  c a l cu l a t e d  s eparat e l y , as d i s cu s s ed in the  
I n i t i a l  Appr a i s a l  Oil  Sha l e  T a s k  Group r ep o r t . 

For mining , crush ing and a s h  d i s p o s a l , p r ov i s i on i s  made by 
means of de ferred c ap i t a l  inv e s tmen t for mine deve l o pment and e qu ip 
ment repl acement ove r  the a s s umed 2 0 - ye ar p r o j e c t  l i f e . The maj o r  
p a r t  o f  the r e t o r t ing and up grading p l an t s  a r e  c ons i d e r e d  t o  hav e . 
op erab l e  l iv e s  o f  at  l e a s t  2 0  ye ar s . However , ma int enanc e co s t s  
have b e en as sumed t o  inc r e a s e  b y  5 0  p ercent  dur ing the  l a s t  5 years , 
as shown by the s t ep - up in operat ing c o s t s . 

The c ap i t al and operat ing c o s t s  g iven in App endix T ab l e  1 ar e 
for a syncrude pr oduc t ion un it  of 1 0 0  MB /D . As d i s cus s e d  in  the 
I n i t i a l  App r a i s al , this  i s  con s i dered a r e a s onab l e  s c a l e  of o p e rat ion 
with two min e s  and a s s o c i a t ed r e t o r t ing p l ant s f e e d ing  c rude s ha l e  
o i l  t o  a s ing l e  up grading p l ant for produc t i on o f  1 0 0  MB/ D  s yn crude . *  
The quan t i ty o f  sha l e  o f  each grade , r e qu ir e d  t o  p r o du c e  1 0 4  MB / D  
o f  c rude s ha l e  o i l  and , from th i s , 1 0 0  MB / D  o f  s yn crude , i s  shown 
in the fo l l ow ing t abul at ion . 

Shale  As s ay ( G a l / Ton)  

2 5  
3 0  
3 5  

Sha l e  Mined and Re t o r t e d  
( Ton s / C a l endar Day) 

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

Un it  c ap i t a l  and operat ing c o s t s , for mining and r e t o r t ing , are 
as sumed t o  be app l i c ab l e  over t h i s  r ange  of d a i l y  s ha l e  capac i t y  
for two un i t s .  

Comp l iance w i t h  the env ironment a l  c ont r o l  r e g u l a t ions  in  e f f e c t  
i n  C o l orado i n  1 9 7 0  has b e en provided for in t he s e  inv e s tment and 
op erat ing c o s t s . The l i s t  g iven b e l ow c omp r i s e s  the  ma in i t ems o f  
equipment and operat ing proc edures  b e ing  u s e d fo r env i r onme n t a l  
cont r o l  purpo s e s . Many of the s e  i t ems have b e en in u s e  for  s ome 
t ime and are  cons idered  s t andard d e s i gn and o p e r a t ing p r a c t i c e . 

* NPC , A n  In i t i a l  A p p rai s a l  b y  t h e  O i l S h a l e  Ta s k  G r o up , 
pp . 2 8 - 3 0 . 
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Min ing and C ru s h ing : 

( 1 )  B l ower s , duc t s  and b a ff l e s  t o  c ondu c t  fr e s h  a i r  i n t o  t he m ine  
and t o  d i s t r ibut e i t  e f fect ive ly . 

( 2 )  Du s t  c ont r o l  dur ing dr i l l ing , l o ad ing and c ru s hing  op e r a t i ons - 
u s ing wat er and du s t y  a i r  co l l e c t ing  and c l e an i n g  e qu i pmen t .  

( 3 )  Co l l e c t i on and r eu s e  o f  wat e r  produc ed from the  mine . 

Re t o r t ing : 

( 1 )  Enc l o sure and s ea l ing o f  dus t - produc ing o p e r a t ions . 

( 2 )  Co l l e c t i on and c l ean ing o f  dus ty a i r . 

( 3 )  S e a l ing o f  e qu ipment t o  p revent hyd r o c a rb on emi s s i on s . 

( 4 )  U s e  o f  mechan i c a l  s ea l s  on pump s t o  p r event hyd r o c arbon emi s s i o n  
t o  the atmo s p he r e . 

( 5 )  O i l - wa t e r  s ep ar a t or s . 

( 6 )  Re covery o f  s u l fur and ammon i a  from r e t o r t  p ro duc t wat e r . 

( 7 )  U s e  o f  exc e s s  wat e r  from mine and r e t o r t  o p e r a t i ons  t o  mo i s ten 
s ha l e  r e s i due . 

( 8 )  Cyc l one s ,  e l e c t r o s t a t i c  s eparat o r s  and wet  s c rub b e r s  t o  c l e an 
s t ack  g a s e s  b e fo r e  vent ing t o  the atmo sphe re . 

D i spo s a l  o f  Sha l e  Re s i due : 

( 1 )  Mo i s t en ing t o  pr event dus t ing 

( 2 )  Comp a c t i on on d i s p o s a l  area  t o  p r event b l owing and p e rc o l at ion 
o f  natural  p r e c i p i t a t i on through the r e s i du e . 

( 3 )  Rout ing o f  s u r fa c e  wa t e r  around o r  through the  r e s i due d i sp o s a l  
are a b y  means  o f  l ined channe l s  o r  condu i t s . 

( 4 )  C o l l e c t i o n  o f  wa t e r  run - o f f  o r  s e epage from r e s i due a r e a  and 
u s e  in op e r a t i on s . 

( 5 )  Ve g e t a t i on o f  the inac t ive r e s idue d i s p o s a l  ar e a . 

Sha l e  O i l  Upgr ad ing : 

( 1 )  F l o at ing - ro o f  t anks . 

( 2 )  Mechan i c a l - s e a l ed o i l  pump s . 

( 3 )  F l ar e s . 
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( 4 )  Re c overy o f  hydro g en s ul f ide and ammon i a  from p r o du c t  wat er 
and gas s t r e ams . 

( 5 )  Su l fur p l ant for  conver s i on o f  hydr o g en s u l f ide t o  a s to r ab l e  
and mark e t ab l e  byp roduc t .  

( 6 )  O i l -wat e r  s eparat o r s . 

( 7 )  Re turn o f  c l ar i f i e d  wat er  t o  r e t o r t  for  mo i s t ening o f  s ha l e  
r e s i due . 
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Appendix Table 1 

ESTIMAT E D  COSTS FOR P R OD U C I NG 1 00 MB/D SY NCRUDE FROM O I L  SHA L E *  

( A t  Mid-Year 1970) 

25 Gal/Ton Shale 

O i l  S ha le Mined & R etorted (Tons/D) 1 74,800 

Crude S ha l e  O i l  Produced ( B /D) 1 04,000 

Surface Underground 

Mining Method Pit Strip Ad it Shaft --

M in i ng, Crush ing, Ash D isposal 

I n itial  1 76.8 95.4 1 05.0 1 30.8 

Deferred 94.2 79.4 7 1 .4 74.0 

Retorting 248.2 248.2 248.2 248.2 
Upgrading 1 92 .8 1 92.8 1 92.8 1 92.8 
Water System 7.0 7 .0 7.0 7.0 

Total I nvestment 7 1 9.0 622.8 624.4 652.8 
Working Capital 27.6 27 .6 27.6 28.8 

Total Capital (Not Incl. Land) 746.6 650 .4 652.0 681 .6 

M i n i ng, Crushing, Ash D isposal 39.6 39.6 39.6 42.8 
Retorting 20.4/25.6 

Upgrading 1 6.8/ 1 9.4 

Water System 0.4 

Total Operating Costs 

Fi rst 1 5  Years 77.2 77.2 77.2 80.4 
After 1 5  Years 85.0 85.0 85.0 88.2 

Mining, Crushing, Ash D isposal 

Pit Strip Ad it Shaft 
-- -- --

Capita l  ( $ per Ton/D ) - 1  n it ia l  1 ,01 1 546 601 748 

- Deferred 539 454 409 424 

Operating Cost ( ¢  per Ton )  

F irst 1 5  Years 62 62 62 67 

After 1 5  Years 62 62 62 67 

. Taken from the I n it ia l  A ppraisal. 
t Operating costs do not i nc lude depreciati on.  

30 Gal/Ton Shale 

1 45,600 

1 04,000 

Surface Underground 

Pit Strip Ad it Shaft - --

Capital ($ Million) 

1 47.2 79.4 87.6 1 09.0 

78.4 66.0 59.4 6 1 .6 

206.8 206.8 206.8 206.8 

1 92.8 1 92.8 1 92.8 1 92.8 

7 .0 7 .0 7 .0 7 .0 

632.2 552.0 553.6 577.2 

23.6 23.6 23.6 24.8 

655.8 575.6 577.2 602.0 

Operating Costs ($ Mil lion/Year)t  

33.0 
1 7.0/2 1 . 2 

1 6.8/ 1 9.4 

0.4 

67.2 
74.0 

33.0 33.0 

67.2 67.2 
74.0 74.0 

Unit Costs 

Retorting 
Oil Shale 

1 ,420 

32 

40 

35.6 

69.8 

76.6 

35 Gal/Ton Shale 

1 24,800 

1 04,000 

Surface Underground 

Pit 

1 26.2 

67.2 

1 77.2 

1 92.8 

7.0 

570.4 

20.8 

591 .2 

28.2 
1 4.6/ 1 8.2 

1 6.8/ 1 9.4 

0.4 

60.0 

66.2 

Strip Ad it Shaft 

68.2 75.0 93.4 

56 .6 5 1 .0 52.8 

1 77.2 1 77 .2 1 77.2 

1 92.8 1 92.8 1 92.8 

7.0 7.0 7 .0 

501 .8 503.0 523.2 

20.8 20.8 2 1 .8 

522.6 523.8 545.0 

28.2 28.2 30.6 

60.0 60.0 62.4 

66.2 66.2 68.6 

Upgrading Crude Shale Oil 

($ per B/D)  

( ci  per Bbl . )  

( ¢ per B bl . )  

1 ,854 

44 
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I NTRODUCT I ON 

APPEND I X  6 

NPC O I L  SHALE TASK GROUP 
COMPUTER PROGRAM DOCUMENTAT I ON 

DCF rate  o f  r e turn c ompu t e r  p r o gr am WB CDFROR was u s e d by the 
Oil  Sha l e  Task Group in the e c onom i c  evalua t i on o f  syncrude p r o 
duc t i on from o i l  sha l e . Th i s  program was d ev e l op e d  by p e r s onne l 
in the Res earch and O i l  Shal e D epartmen t s  o f  Un i on O i l  Comp any o f  
Ca l i fo rn i a , i n  c onsu l t at ion with  p e r s onne l i n  Un ion ' s  E c onom i c s  and 
Corporate  P l ann ing D epar tment and memb e r s  of the O i l  Sha l e  T a s k  
Group . The pr in c ip l e s  ut i l i z ed i n  the s e  c ompu t a t i ons  a r e  in gen e r a l  
u s e  f o r  t h i s  typ e o f  e c onomic  eva luat ion and d o  n o t  c omp r i s e  i n fo r 
ma t i on prop r i e t ary t o  the Un ion O i l  Comp any o f  C a l i f o rn i a . 

The program do cumen t a t ion provided by t h i s  r e p o r t  i s  b e ing 
made ava i l ab l e  to the U . S .  Dep artment of the I n t e r i o r , through the 
Nat i onal P e t r o l eum C ounc i l , in answer t o  the Depar tment ' s  r e que s t  
for the c ompu t e r  p r o g r ams u s e d  in the U . S .  Ene rgy Out l o ok s tudy . 

OVERV I EW 

In  summary , the c omput e r  p r o gr am WBDC F RO R  c omput e s  the D C F  
r a t e  o f  re turn ( I nve s t or ' s  Method)  on c ap i t a l  inv e s tment for a n  o i l  
sha l e  m ining and r e t o r t ing and shal e o i l  up grading sy s t em .  I nput 
data inc lude cap i t a l  inv e s tment , annual  op e r a t ing c o s t s , and quan 
t i ty and value o f  s ha l e  o i l  sync rude and byp roduc t s . In c ome t ax 
rate , inve s tment t ax c r ed i t  and dep l e t i on a l l owan c e  a r e  a l s o  input s .  

The annua l  n e t  c a s h  f l ow i s  comput e d , and then the  d i s c ount rate  
wh ich w i l l  make the sum o f  the d i s coun t e d  c a s h  f l ows e qua l t o  z er o  
is  d e t e rmined . I n  add i t i on , annu al and t o t a l  n e t  p r o f i t s for the 
proj e c t  are c a l cu l at e d . 

COMPUTER REQU I REMENTS 

The program WBDC FROR is wr i t t en in F o r t r an I V , G l eve l , for us e 
on the I BM 3 6 0  o r  3 7 0  sys t ems . The p r o g r am comp r i s e s  a ma in rout ine 
and four sub - rou t ine s .  I n  conta ins 7 0 0  s ou r c e  s t at emen t s  and has 
a t o t a l  program s i z e  o f  2 3 , 3 0 0  byt e s . 

C o r e  requ i r ements on the I BM 3 7 0 / 5 5  are  6 2 K  byt e s . Runn ing 
t ime , for examp l e , with thr e e  independent c a s e s  and s even syncrude 
values for e ach c a s e  wa s 2 minu t e s  r e a l t ime and 1 7  s e c ond s CPU 
t ime . Dep ending up on the pr intout op t i on s e l e c t e d , up t o  5 p a g e s  
of output are  p r int ed  for e a c h  r a t e  o f  re turn c a l cu l a t i on made . 
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I NPUT DATA 

I nput d a t a  t o  WBDC FROR are ent ered  on a d e c k  o f  1 5  c ar d s , p lus 
a s e r i e s  of o p t ional  c ards  wh i ch a r e  r e ad in a s  c a l l ed for  by the  
prog ram . A s amp l e  of  the input keypunch s h e e t , w i t h  t h e  examp l e  
prob lem e n t e r e d ,  i s  sh own on the fo l l owing p ag e . A l i s t in g  and 
exp l anat i on of the input dat a and var i ab l e n ame s s h own on the s h e e t  
i s  g iven in  App endix T ab l e  2 .  

OUTPUT DATA 

Output i s  p r in t e d  on a max imum o f  f iv e  s h e e t s  f o r  e a c h  r a t e  o f  
r e turn c omput a t ion . Op t i ons provide f o r  omi s s i on o f  s e l e c t e d  s ec 
t i ons  o f  the ful l  output and for pr int out o f  a summary s h e e t . 

A d e s c r i p t ion o f  the computat i on pro c e du r e  and t h e  p r i n t e d  
va lues  i s  g iven in App endix Tab l e  3 .  Examp l e s  o f  the s t andard out 
put , produced from the input data  l i s t e d  in App endix T ab l e  2 ,  a r e  
shown in App end ix T ab l e s  4 through 8 .  Excep t for  App endix T ab l e  6 ,  
the s e  have b e en previou s ly pub l i s hed in the  I n i t i a l  Appr a i s a l O i l  
Sha l e  T a s k  G roup repo r t . 

7 4  



CARD 

P.I.Gl! - �1 ----

DATA TO ·nE KEYPUNCHED 
TYPE 0� O.._TAo PAT·Eo -------�---

FOR• ---���· . PROJE�o --------------------�------ PHONE' •·----------------- <:A.Rl> FO�"' --------------

0 V E RIFY; D PRINTINC PUI<CH, 0 IHTERPRET 

I NPUT T� WBDCFROR 

J��-�L-H��I ,-i l I I . + . I I I ,-- I i . I I I . i . I 
I 1 : H-4 

�q --§fihtri=: 'l ! I l l J 1  
�--41il�f2 I if XrE� I J XCI ( SPVAL . t . C< OBI o, I �( D - I IX :oo, ' '!I �(tf"!T 2 IX I DKl I I I I I� I I • ' • I I ! I I . • I  I I • I i I I ' .  i i I I I I I • I I 

. 1 1 1  I i --l-f-:-J . i 1 . l l  I I I ,W 
3 I I I I !I I i • l  I I I • • • I  I 1 I I I •  I • I T-n-H!-; 1-,--rTn rl i • l : -;-r-1 ! ! I I I ! I . L I ll ! I l 

<dAP (li) 1 1 I 1 1xc� 7"Q ·lll 1 x1 APOl _ l---�C�.LLi�'-.._ ll!lR x_Cll.l_ ___ LJl<EB..EKt2t _ _ _  Li.RRll.Lilll__L[]_wcAR i 1 

---.1 • :tPnrtFI . . n- q F tlilP J <IV�riFP I I bftp[pcl . I n ·nl I RdY.iYl . JBLAV ! I i 
(Jl 4 ! I I ! 1 • 1  I I • I ' I I· I • I I I I I " ·  ! i I I • I I I I • I i I I I i • i I 

LLL _ _L L I I . . I I I tr---!· I I I i i I I I I I i I I J_L _jj_Jj_j ! - i rtM rkl ll : Reb r 1 1 ! i r 1 1 1 1 1_r 1 1 ! ! 1T1 
5 : I I • I , . . I I i I I I I ! I i I I ! I I ! ! i i I I : i i 

.Lf-+-f-L-H. I ! -W-- ·Hi i-r- i -r---- - ! I H-1-- - ! i I I i . I  I I . I I I I ! : I 
i T ' I ! I I I Ttr.& I (.)pi (!:ne--t l . . I f I n I ! I I ! I : : . ! I I i ! I I I tl 

6 M�A- ! ! �-�-+��f_. _(_Jl,_ + --���----- __ 
' • I �- n· ��-f---+-�[jjji ! !�- __ i ! -t-1 ! I •  I I I I . 1 • $tml ! I -1-

7 ft�R I RJBX ' I I� • • I · i : I I =Rl.!..U IT I • I i!R=tt-1+1 I I I I ! I 
..,.. - 1 - -- - -T -- • 1 • =f---r--- .,r-Tr i· l r- 1 ·  --,, I 1 1 !I r � REF 1T8P I E�w-r-r ,· 1 • 1 • 1 r -n- -f-+- --ll � i�,. fF -

I 
i • -r-r 1 -j-� 1 T 1 . i -r 

LLL _j_ -t-W-H--- ' -l -+-c-r-+-�H-· . -4-H+ I 1-+-J. I . J LLL L I i_ I j i LW-LlJ __�_ 1 T 1 1 , c 1 �r�rl 1 I viR rA IE, . r 1 I 1 ! I , :�· 1 I I . • r!TT T 1 : 1 ' 1 ' 1 1 : 
1 0 SIHA1 E I ( I L I i I • 1 • . I ' . ! . L � I • , I • I I ' I • ! I 

I I I i : I ·' , ·c:o 1-1- -� -f-r- · • _ J- - . - · ' �� _ r-r - • 1 , r-- - ,- . 
I . 1 

1 2  AMI�r N t 
.. f 

• _l • • • I 1 L:ll�.\. - ·f- .. -- -·-!--r-r-· -
1 3 SW C U 0 0 0 I a P • 

..J "· . ·H· r· · - -r-l----- . , . 1 4 Tl ! r: R I I I " • • I . • • I • I I I I 
' i I l I I I I. I I I I I I I . --�i '--..1_ _ I I I i_l_U . 
1-1 I I 1 __ W I IP�Nf I N INF= ,1§' 1 I I - . I I I j i I I I I I ,--Ti"T1TITI T i iTTTT fTI I I Tttul rTTI I I 1-[INfflT OAJr7fll"l I�EVENJH RO 'IT IW )E P� ' N � CiP!E1TI I I t; SH RUDJJ I I I I I ROtR I I I I I I I I I I  I I I SUMN1AR'l' i I 1 5 I I  I ' ! •  I I  . I , . I • 1 · 1  I I I I I , • j I I i I 

I I _ _ . . 1 1 , _ . 1 1 1 1 r 1 1 _ -ll J. -L 1111 1 ' 1 1 1 ' ' 1 1 
� ��j�- -�--�-- -+�-����� \ _:tl� �:A� )Sf IF :CisiTTI TT I TIT I l l lr-, ,-:--

1 6+ 1 1 l rfT[I�TI [ i l ! l fT[· I I J'f i !TI-IT�I I ll l l l l l lol l l l l l l !l l�rT-!"f l J 1 I l l I l l  I 



Card 
No . 

1 

2 

3 

App endix Tab l e  2 

I NPUT DATA FOR PRO GRAM WBD C F ROR 

Var i ab l e  
Name or 
( I  t ern) 

Value 
Us e d  for 
Exampl e 

( D e s crip t i o n )  -

NCOYR 3 
NOPYR 2 0  
NDB 0 

NS L 0 

NTP 1 

TAXE S 5 2 . 
TAXC R 0 .  
CSOVAL 0 .  

CSOBPD 1 0 4 0 0 0 . 

CODE 1 .  

PT XCOD 0 .  

X I N C  0 .  

XCAP ( l )  7 5 . 0  

XCAP ( 2 ) 7 . 0  

XCAP ( 3 ) 1 7 7 . 2  

Un i ts o f  
Var i ab l e s 

ye ars 
years 
none 

none 

none 

% 
% 
$ / b b l  

B / D  

none 

none 

none 

$ MM 

$ MM 

$ MM 

7 6  

Remarks 

8 0  al phame r i c  cha r a c t e r s  
for  prob l em t i t l e . 

P l an t  cons t ruc t i on p e r i o d . 
Pl ant o p e r a t ing p e r i o d . 
I n s truc t i on t o  us e only 

doub l e - d e c l ining b a l ance 
( DDB ) depre c i a t i o n  fo r a l l  
four c ap i t al c a t e g o r i e s , 
i f  NDB >O .  

I ns t ruc t i on t o  us e only 
s t r a i gh t - l ine ( S L )  depre 
c i at i on , i f  NS L >O . 

I n s t ruc t i o n  t o  us e S L  depre 
c i a t i on f o r  mining  and 
wat e r  c ap i tal  and DDB / S L  
comb in at i on f o r  r e t o r t ing 
and re f i n i n g  c ap i t a l . 

T o t al income t ax r a t e . 
I nves tme n t  t ax c r e d i t . 
( Opt i o nal ) Value o f  c rude 

s h al e o i l  fo r dep l e t io n  
c a l cul at i on . 

( Op t i onal  w i t h  CS OVAL) D a i l y  
crude s h a l e o i l  p r o duc t i on , 
fo r c a l cul a t i o n  o f  ave rage 
crude s h a l e  o i l  value . 

Ins t ruct i on t o  c a rry income 
t ax c r e d i t  fo rward i f  
CODE > O . 

Ins t ruct ion not  t o  c a l cu l a t e  
t ax on p r eterenc e s , i f  
P T XCOD >0 . 

Numb e r  o f  t imes the  in i t i al 
value o f  s h a l e  o i l  ( s e e  
Card 1 0 )  i s  incremen ted  
by $ 0 . 5 0 /bb l and a new 
comput a t i on i s  made . 

I n i t i al c ap i t a l  fo r min ing 
and c rus h ing  o i l  s h a l e  and 
fo r ash d i s pos a l . 

C ap i t al fo r wat e r  s upply 
sys tem ( r e s ervo i r ,  e t c . )  

Re t o r t ing p l ant c ap i t al . 



Card 
No . 

4 

5 

6 

Var i ab l e  
Name o r  
( I t em) 

XCAP ( 4 )  

XP RE X ( l )  

XPREX ( 2 )  

XP RE X (  3 )  

XWCAP 

CAPDE F  

STL I FE 

DEP LN 

SYNDE P 

DEBTP C 

DET I NT 
ROYLTY 

DELAY 

CAP I NC 

FCOST 

(YR) 

( OPCOST)  

Value 
U s e d  for 
Examp l e  

1 9 2 . 8  

0 . 

0 .  

0 .  

2 0 . 8 

5 1 . 0  

0 . 

1 5 .  

0 .  

0 . 

0 .  
0 . 

0 . 

0 . 

0 .  

1 

2 8 . 2  

Uni ts o f  
Vari ab l e s  

$MM 

$ MM  

$ MM 

$ MM 

$ MM 

$ MM 

years 

% 

none 

% 

% / annum 
¢ / bb l 

years 

% 

none 

none 

$ MM/ yr 

7 7  

Appendix T ab l e  2 ( cont inue d)  

Remarks 

Shal e o i l  up g r ading  ( r e 
f i n i n g )  p l an t  c ap i t al . 

S t artup p r epro duc t i on e x 
pens e . 

Mine deve l opment preproduc 
t i o n  e xp ens e .  

Manag ement p reproduc t i o n  e x 
pen s e . 

Wo rking  c ap i t al . 

D e f e r r e d  c ap i t al fo r m1n 1ng 
and c rushing o f  o i l  shal e 
and for  a s h  d i s p o s al . 

I f  S TL I FE >O ,  s e t s  dep r e c i a 
t i o n  l i fe fo r c ap i t al i t ems 
( 1 ) , (3 ) and ( 4 )  equa l to  
S T L I FE . 

Dep l e t io n  r a t e , defau l t s  to  
1 5 % , i f  D E P LN= O .  

Dep l e t i on i s  c a l cul a t e d  on 
value of s yn c rude i f  
SYNDEP > O .  

P e rc ent o f  t o t al in i t i al 
cap i t al provided  as deb t 
c ap i t a l . 

I n t e r e s t r a t e  on deb t . 
Roy al ty ch ar g e , c a l cul a t e d  

on sync rude p roduc e d . 
D e l ay in  ini t i at ing  s t artup . 

P e rc en t  o f  ini t i al c ap i t a l  
added e a ch o f  f i rs t 1 5  
o p e r a t ing years  ( e . g . , for 
env i ronment al contro l ) . 

I f  FCOST> O ,  app ly fac t o rs 
t o  c ap i t al and operat ing 
c o s t s , r e ad FCOST numb er  
of  opt i onal  c ards in  s e 
quence . 

Y e ar numb e r  in  wh i ch ( OPCOST)  
is  i n i t i at e d . 

Annual op e r a t ing c o s t for  
mining , c rushing  and ash  
di s po s a l . 

( N o t e  t h a t  up t o  4 o ther  
ope rat ing c o s t amount s  may 
b e  ent e r e d , b e g inn ing  at 
the s ub s equent year en 
t e r e d . )  



Var i ab l e  
Card Name o f  

No . ( I t em) 

7 ( Y R) 

8 

9 

1 0  

1 1  

1 2  

1 3  

1 4  

( OP COST ) 

(YR.) 
(OPCOST)  

(YR) 
( OPCOST)  

( QUANT)  

(YR) 

(VALUE ) 

(QUANT)  

(YR) 

(VALUE ) 

(QUANT )  
(YR) 
(VALUE ) 

(QUANT )  

(YR) 
(VALUE ) 

( QUANT)  

(YR) 
(VALUE) 

Value 
Us e d  fo r 
Exampl e 

1 
0 . 4  

1 
1 4 . 6  

1 6  
1 8 . 2  

1 
1 6 . 8  

1 6  
1 9 . 4  

1 0 0 0 0 0 . 

1 

4 . 5 0 

1 4 5 0 . 

1 

4 . 0 0 

2 5 0 . 
1 

3 0 . 

1 0 0 . 

1 
1 5 .  

0 . 

0 . 
0 . 

Appendix T ab l e  2 ( c on t i nued)  

Un i ts o f  
Var i ab l es Remark s 

none Y e a r  numb e r .  
$ MM/yr Annua l o p e r a t ing  co s t  f o r  

w a t e r  s y s t em .  

none 
$ MM/yr 

none 
$ MM/yr 

none 
$ MM/ yr 

none 
$ MM/yr 

B / CD 

none 

$ /bb l 

Tons / CD 

none 

$ / ton 

Tons / CD 
none 
$ / ton 

Y e a r  numb e r . 
Annual o p e r a t ing c o s t for  

re t o r t i n g . 
Y e a r  numb e r . 
Annual o p e rat ing c o s t . 

Y e a r  numb e r . 
Annual op e r a t ing  c o s t fo r 

up grading ( re fining) . 
Y e a r  numb e r .  
Annual op e ra t i n g  c o s t . 

Dai ly p r o duc t i o n  r a t e  o f  
s h a l e  o i l  ( s yncrude ) . 

Y e ar numb e r  in  wh i ch (VALUE )  
i s  ini t i at e d . 

S al e s value o f  s h a l e o i l  
( s yn c rude) . (No t e  th at 
up t o  4 o th e r  values  may 
b e  ent e r e d , b e g inning at 
the s ub s e quent y e a r  en
t e r e d . )  

D a i l y  p r o duc t i o n  r a t e  o f  
s h a l e  o i l  coke . 

Y e a r  numb e r  in whi ch (VALUE) 
is ini t i at e d . 

S a l e s  value o f  coke . 

Dai ly pro duc t i o n  o f  ammo ni a .  
Ye ar numb e r . 
S a l e s  value o f  ammon i a . 

Long Tons / D a i l y  pro duc t ion o f  s ul fur . 
CD 

none Year  numb e r . 
$ / l ong ton S al e s  value o f  s ul fur . 

Un i t / C D D a i l y  p r o duc t i on o f  o ther  
byp r o duc t . 

none Year  numb e r . 
$ / un i t  S a l e s  value o f  o th e r  b y 

produc t . 
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Card 
No . 

1 5  

Var i ab l e  
Name o f  
( I t em) 

P RNT (N)  

Opt ional C ards 

1 6 +  CAP FAC 

OPCFAC ( N )  

Value 
Us e d  fo r 
E x amp l e  

9 

0 

0 

Uni t s o f  
Vari ab l e s 

none 

none 

none 

7 9  

Appendix T ab l e  2 ( cont inue d) 

Remarks 

I ns t ruc t i on to pr int various 
s e c t i ons o f  o utput , i f  
P RNT ( N ) > O . 

F a c t o r  to app l y  t o  previ 
ous ly ent e r e d  i n i t i al , 
d e f e r r e d  and work ing c ap 
i t al i t ems . 

F a c t o r s  ( up t o  7 )  app l i e d in 
s equenc e to o p e r a t ing  c o s ts , 
fo r the s ame CAP FAC . 

( No t e  t h a t  a new r a t e  o f  re 
turn value i s  c a l cul a t e d  
a ft e r  e a ch OP C FAC (N)  i s  e n 
t e r e d . )  



App end ix Tab l e  3 

COMPUTAT I ON PROCEDURE AND OUTPUT 
DESCRI PT I ON FOR PROGRAM WBDCFROR 

Output She e t  1 ( S e e  App end ix Tab l e  4 )  

I nput d a t a  are  t abu l a t ed . 

I n i t i a l  c ap i t a l , work ing c ap i tal and preproduc t i on exp e n s e  
are  d i s tr ibu t e d  ov er  3 c ons t ruc t i on years , the  f i r s t  o p e r a t ing 
year in the p r e c en t ag e s  g iven b e l ow : 

Y e ar Numb er  

Cap i t a l  
Min ing 
Wat er  s upply 
Re t o r t ing  
R e f in in g  
Working 

Preproduc t i on Exp e n s e  
S t ar tup 
Mine Devel opment 
Mana g ement 

Cons t ruc t i on 
1 2 3 

2 0  
s o  
1 0  
1 0  

3 3  

3 0  
5 0  
4 S  
4 5  

s o  
3 3  

5 0  

4 S  
4 S  
5 0  

6 5  
5 0  
3 4  

Ope r a t i o n  
4 

s o  
3 5  

Deferred  min ing c ap i t a l  i s  d i s t r ibu t ed un i formly over a l l  o f  
t h e  operat ing years  exc ep t  the l a s t  two . 

I n  add i t ion t o  i t s  in i t i a l  ent ry , wo rking c ap i t a l  i s  ent e r ed 
as  a negat ive value ( c ap i t a l  recovery i t em) f o r  the  l a s t  
operat ing year . 

Land c o s t s  and s a lvage  value of p l ant s a r e  d i s r e g arded . 

Output She et  2 ( S e e  App endix Tab l e  5 )  

Annua l  Revenue = I ( Da i ly Produc t i on Rat e  x P r odu c t  Va l u e )  x 
3 6 5 , $ / year . 

Ou tput Sheet  3 ( S e e  App endix Tab l e  6 )  

Annua l  Royalty  = ( D a i l y  Syncrude Produ c t ion Ra t e )  x ( Roya l ty 
Rat e )  x 3 6 S / 1 0 0 , $ / year . 

Roya l t y  i s  added t o  the annua l  mining o p e ra t ing c o s t . 

D e b t  Commit t ed (on annual bas i s ) = (Annua l  I n i t i a l  C ap i t a l  + 
Wo rking Cap i t a l )  x ( I n i t i a l  
Debt  P e r c ent ) / 1 0 0 , $ /year . 

8 0  



Append ix T ab l e  3 ( Cont inued)  

Deb t is  as sumed t o  b e  r e t ired  at a un i fo rm annu a l  rate  over 
the l i fe  of the p r o j e ct . 

Out s t anding Debt  = D eb t  remainin g a t  b e g inn ing o f  e a c h  ye ar . 

Annual  I n t e r e s t  - ( Out s tanding Deb t )  x ( I n t e r e s t  Ra t e ) / 1 0 0 , 
$ /ye ar . 

Annual  int e r e s t  i s  d i s tr ibuted  in prop o r t i on t o  the i n i t i a l  
cap i t a l  inv e s tment fo r each op e ra t i on (m ining , r e t o rt ing , e t c . )  
and added t o  that op e ra t ion ' s  annu a l  o p e r a t ing c o s t . 

Incr Op erg  Co s t  = (Annua l  increment t o  c ap i t a l , CAP I NC > O . )  x 
0 . 0 5 ,  $ /year . 

Incr emen t a l  op erat ing c o s t  prov ide s for  o p e r a t ing c o s t s  inc i 
den t a l  t o  inc r e a s e s  in c ap i t a l  inv e s tmen t ( r e su l t ing , e . g . , 
from envi ronment a l  cont r o l  r equ i r ement s ) . The annu a l  amount s  
are arb i t rar i ly added t o  the annu a l  r e t o r t  op e r at ing c o s t s . 

Output She e t  4 ( S e e  App endix Tab l e  7 )  
Depr e c i at i on i s  c a l cu l a t ed annual ly for  e a c h  o p e r a t ing year 
and each o f  the four c ap i t a l  c a t e g o r i e s . The depr e c i a t i on 
methods and l iv e s  u s ed are d i s cus s e d in the s e c t ion on I nput  
Dat a . Unl e s s  o t he rw i de c a l l ed for , depr e c i ab l e  l i fe  i s  10  
year s for mining , c ru s h ing and a s h  d i sp o s a l , p r o j e c t  l i fe for 
the wat e r  sys t em ,  and 1 5  years for r e t o r t ing and r e f in ing . 

Output She e t  5 ( S e e  App endix Tab l e  8 )  

Dep l e t e d  Pr odu c t  Revenue Rat ion = ( Op e r a t ing C o s t s  + Deprec i a 
t i on , for Mining [ in c luding crus hing and a s h  d i s p o s a l ]  and 
Ret o r t ing ) / ( T o t a l  Op e r a t ing Co s t s  + Depre c i a t i on for  the ent ire  
pro j e c t . )  

Dep l e t ed P rodu c t  Value = (Annual Value of Sync rude )  x ( Revenue 
Rat io ) , $/ye ar . 

Dep l e t ion A l l owan c e  by Value � ( D ep l e t ed Produc t Va lue ) x 
(Dep l e t i on Al l owanc e ,  % ) / 1 0 0 , 
$ /year . 

Dep l e t ion A l l owan c e  by Mar g in = (Dep l e t ed Pr odu c t  Va lue -
[Op e r a t ing  C o s t s  + D ep r e c i at ion fo r Mining and Re t o r t in g ] )  x 
0 . 0 5 ,  $ /year . 

Dep l e t ion A l l owan c e  P e rmi t t ed = the l e s s er amount (by Value)  
or (by Mar g in ) , $ / year . 

8 1  



App end ix Tab l e  3 ( Co n t inu e d )  

T ax ab l e  I nc om e = (Annual  Revenue ) - (Annua l  Op e r a t ing C o s t s ) 
( Deprec i a t i on ) - ( P r eproduc t i on Exp en s e s , i f  app l i c ab l e  t o  the 
ye a r ) - ( D ep l e t i o n  A l l owance Perm i t t ed ) , $ / year . 

I n c ome Tax = ( - 1 )  x ( T axab l e  I n c ome ) x ( I n c ome Tax Ra t e , % ) / 
1 0 0 ,  $ /ye a r . 

No t e  that t ax e s  charged ar e negat ive valu e s  and t ax c r ed i t s  
a r e  p o s i t ive . An income t ax c r e d i t  wi l l  b e  c ar r i e d  forward 
a max imum o f  5 years , if  input CODE > O . 

Tax on P r e ferenc e s  = ( - 0 . 1 ) x (Dep l e t i on A l l owan c e  P e rm i t t e d  
+ I n c ome Tax)  $ /year . 

No t e  that t ax on p r e fe renc e s  may b e  a p o s i t ive value and , 
the r e fo r e , a c r e d i t  a g a ins t income t ax . 

N e t  C a s h  Margin = (Revenue ) - (Op e r a t i n g  C o s t s )  - ( P rep r o duc 
t i on Exp ens e ,  i f  app l i c ab l e )  + ( I n c ome T ax ,  n o t ing  s i gn )  + 
( T ax on P re fe rence s , not ing s i gn )  - ( P aymen t on D eb t ) , $ /ye ar . 

N e t  C a s h  F l ow = ( N e t  C a s h  Mar g in )  - (Annua l Cap i t a l  I nv e s tment )  
- (Wo r k ing  C ap i t a l , i f  app l ic ab l e  t h a t  y e a r )  + ( D e b t  Comm i t t ed) , 
$ / ye ar . 

N e t  P r o f i t  = ( T axab l e  I nc ome)  + ( D ep l e t i on A l l owan c e  P e rmi t t ed)  
+ ( I nc ome Tax , not ing s ign) + ( T ax on P r e f e r e nc e s , not ing s ign) 
$ / ye ar . 

N e t  P r o f i t  = ( N e t  C a s h  Marg in) - (Depr ec i a t i o n )  + ( P ayment on 
D eb t ) , $ /ye a r . 

D i s c ount e d C a sh F l ow Rat e  of Re turn = d i s c ount r a t e  r e qu i r e d  
t o  make sum o f  p r e s ent wor t h  o f  t h e  n e t  c a s h  f l ow e qua l t o  
z e ro , % .  

The r a t e  o f  r e turn c a l cu l at ion i s  an i t er a t iv e  p r o c e dur e , 
s t ar t ing at 1 0 % , and i s  p e rmi t t e d up t o  4 0  i t e ra t ions  t o  
c onve r g e  w i t h in a pre s cr i b ed error . 
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