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PREFACE 

On January 2 0 , 19 7 0 , the Nat i onal Petro l eum Counc i l ,  an off i 
c i a l ly e s t a bl i shed industry adv i s o ry bo ard to  the Secretary of  the 
Int e r i o r ,  was as ked to under take a comprehens ive s tudy of  the 
Nat i on's ener gy out l o ok . Thi s  request  carne from the As s i s tant 
Secretary - Mineral Re s our c e s , Department of  the Int e r i o r ,  who a s ke a  
t h e  C ounc i l  to  proj ect  t h e  energy out l ook i n  the Wes t ern Hemisphere 
into  the futur e  a s  near to  the end of  the century a s  feas i bl e ,  with 
par t i cular r e ference to the evaluat ion o f  future trends and the ir 
imp l icat i ons for the Uni t ed States . 

In  re spons e to  this  r e que s t ,  the Nat ional P e tro l eum Counc i l 's 
Committee  on U . S .  Ene rgy Out l ook was e s t abl i shed, with a co ordinat 
ing s ubc omm i t t e e ,  four s upp o rt ing subcommi t t e e s  for o i l ,  gas,  other 
energy forms and government p o l icy, and 14 task groups . An organ i 
z a t i on chart app e ar s  a s  App endix B .  In July 19 7 1, the Counc i l  
is sued an int e r im repor t ent i t l ed U.S. Energy Outlook: An Initial 
Appraisal 1971-1985 wh i ch,  al ong with a s s o c iated task  gr oup rep o rt s ,  
p rovided the groundwork for subs equent inve s t igat ion o f  the U . S .  
energy s i tuat i on . 

C ont inu ing inve s t igation by the Committee  and comp onent sub
comm i t t e e s  and task  groups  r e sulted  in the publ ication in Dec ember 
19 7 2  o f  the  NPC's summary rep o r t ,  U.S. Energy Outlook, as we l l  a s  
an exp anded ful l  r eport of  t h e  Committe e . Individual task group 
r epor t s  have be en prepared to  inc lude methodo logy, data, i l lus tra 
t i ons and comput e r  program desc ript ions for the part icular area 
s tud ied by the task group . Thi s  report i s  one o f  t en such det a i l ed 
s tud i e s . Other fue l  task group reports are ava i l abl e  as l i s t ed on 
the order form inc luded at the back of this vo lume . 

The find ings and r e commendat i ons o f  this r ep o rt r ep r e s ent the 
be s t  j udgment of the exp e r t s  from the energy indus t r i e s . Howeve r,  
it  should be n o t ed that the p o l i t ic a l ,  ec onom i c ,  s o c ial and t ech 
no l o g i c a l  fac t o r s  bear ing up on the long - term U . S .  energy out l o ok 
ar e subj ect  t o  subs t an t i al chang e with the p a s s age o f  t ime . Thus 
future deve l opment s wi l l  undou bt edly provide addit ional ins ight s 
and amend the conclus ions to  s ome degr e e . 



INTRODUC T I ON 

Nucl ear power i s  expected  to  become incre a s ingly important in 
meet ing U . S. ene r gy requirements . Th i s  dev e l opment reflects  ( 1) a 
s h i ft o f  ene rgy demand t oward e lectri cal us age and ( 2 )  the gene r a l ly 
current l y  favor ab l e  e c onomi c s  of nuc l e ar p ower p l ants for b as e - l oad 
gene r at ion o f  e l e c tr i c ity over pl ant s  that ut il iz e  fo s s i l  fue l s . 

Thi s  repo r t  wil l  examine - -

• Vari ous proj e c t e d  nuc l e ar power growth rates  and fac t o r s  
which influenc e the s e  growth rat e s  

• The ade quacy o f  t h e  dome s t i c  r e s ource b a s e  o f  nuc l e ar 
fue l s - -uran ium and tho r ium 

• Expl o r at i on ,  m ining and mil l ing ac t iv i ty requ ired to  sup 
p l y  u3 os from the uran ium re s o urce  b a s e  

• The c al c ul at e d  urani um (U3 o8 ) pr ic e s  co rre spond ing to  
var ious supp l y  as sump t i on s  

• The nucl e ar fue l  proce s s ing requ ir ements  

• The co s t  o f  n ucl ear fue l s  in power gene rat ion 

• The nec e s sary c ap i t a l  expenditure s for the nuc l e ar fue l  
suppl y  indus t ry 
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SUMMARY AND CONCLUS I ONS 

The Nat ional Petrol eum Counc i l ' s Init ial Appraisal  as sumed a 
cont inuat i on o f  the gene ral gove rnment po l ic i e s  and ec onomic 
c l imate in e ffec t in 1 9 7 1 . * In th is  context , ins tal l ed nuc l e ar 
e l e c tr ic power generat ing c apac ity was pr oj e c t ed to  a t t a in a l evel  
o f  1 5 0 , 0 0 0  me gawa t t s  (MWe ) in  1 9 8 0  and 3 0 0 , 0 0 0  MWe in  1 9 8 5 . In 
o rder  to a s s e s s  the c apab il i t y  o f  the nuc l e ar indu s try to  prov ide 
mo re  energy and to t ake int o acc ount pos s ib l e  changes  in govern 
ment po l ic ie s  and the economic cl ima t e , this  s tudy ha s deve l oped 
pr o j ec t ion s for a max imum growth ra t e  of nuc l e ar e l ec tr ic power 
( C a s e  I - -45 0 , 0 0 0  MWe inst al l ed in 1 98 5 ) , a m in imum gr owth rate  
( Ca s e  I V - - 2 40 , 0 0 0  MWe in 1 98 5 )  and two int erme d i ate growth rates  
( C a s e  I I - - 3 7 5 , 0 0 0  MWe in  1 98 5  and Case  I I I - - 3 0 0 , 0 0 0  MWe in  1 9 8 5 ) . 
The four d i fferent r a t e s  o f  gr owth wer e  then fur ther pro j ected t o  
the ye ar 2 0 0 0  i n  order t o  e s tabl ish the requ i r ement s  for the 
devel opment of forward r e s erves of uran ium and thor ium in 1 98 5  
and to e s tabl i s h  a ba s i s  for qual i t at ive analys i s  o f  trend s  in 
suppl y  of nuc l e ar ene r gy to  the end of the c en tury . 

NUCLEAR POWER GROWTH 

The I n i t i a l  Appr a i s al proj ect ion and the four nuc l e ar power 
growth c a s e s  deve loped for thi s  s tudy are g iven in 5 - ye ar inc r e 
men t s  i n  Tab l e  1 .  

1 975 

1 980 

1 985 

I nitial 
Appraisal 

59 

1 50 

300 

TABLE 1 

PROJ ECTED GROWTH OF N UCLEAR POWER 
(Thousand MWe of I nstalled Generating Capacity) 

Case I Case I I  

64 64 

1 88 1 88 

450 375 

Case I l l  

64 

1 50 

300 

Case IV  

28 

1 07 

240 

Case  I I I c o r r e sponds very c l o s e l y  t o  the Init i al Apprais al 
pro j ect ion , and i t  i s  a l so very near ly e qual to  Atomic Ener gy 
Commi s s i on (AEC ) and Federal Power Comm i ss ion ( FP C )  o ffic i al 
forec as t s . t 

* NPC , U.S. Energy Outlook: An Initial Appraisal 1971-1985 � 
Vo l s . I and I I  ( 1 9 7 1 ) . 

t AEC , Nuclear Power Growth 1971-1985� WAS H - 1 1 3 9 - - Rev . 1 
(Decemb er 1 9 7 1 ) ; FPC , The 1970 National Power Survey Part I 
(December 1 9 7 1 ) . 
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S ince the AEC , in 1 9 7 1 , ins t ituted proc edur e s  to  evaluate al l 
env i ronment al  fac to r s  r e l a t ed to  nuc l e ar powe r p l an t s  in c ompl ianc e 
with the Na t i onal Environmental Po l ic y  Ac t ,  the t ime nec e s s ary to 
ob t a in c onstruc t ion perm i t s  and ope r a t ing l ic ens e s  has increa s ed 
s ign i ficant ly . The pres ent l e gal  and regul at ory turmo i l  d e l aying 
nuc l e ar p l ant l ic ens ing and ope rat ion w i l l  have to  be sub s t an 
t ia l l y  r e s o lved i n  the ne ar fut ur e ,  e i ther  through l e g i s lat ion o r  
proc edur al  improvement , t o  r e a l i z e  even the Cas e I I I  proje c t ion . 

Case  IV pro jec t s  a cont inua t i on or wo rs ening in con s traint s 
on  nuc l ear p lant ins t a l l a t i on includ ing : ( 1 )  t ec hnical  probl ems 
of mor e  than a r out ine nature;  ( 2 )  delay s  in s it e  acqu i s i t ion and 
approva l b e c au s e  of env ironmenta l  consider a t i on s ; and ( 3 ) delays 
in l ic ens ing p l ant s b ec au s e  of l e gal  and r e gu l a t o ry c on s iderat ions . 

Ca s e  I I  pro jec t s  the c onver s e  o f  Case  IV cond i t ions , with 
s tr eaml ined l ic ens ing proc edure s ,  improved cons truc t io n  t echn iqu e s  
and we l l -defined environmental s tandards . Th is  should r e su l t  in 
a 6- to  7 - ye ar o rder l ead t ime , which w i l l  be  suffi c i ent for the 
r e a c t or manufac turer s ,  pr e s sure  ve s s e l supp l ie r s , t urb ine genera 
tor  v end o r s  and o ther nuc l ea r  p l ant componen t  manufac ture r s  a s  
we l l  as t h e  d e s i gn and cons truc t ion indu s try t o  phys ic a l ly me e t  
t h e  inc r ea s ed nuc l e ar growth r a t e  sugge s t ed . 

Cas e I pr o je c t s  that a l l  c entral s t at ion bas e - l oad e l e c t r i c  
gener at ing p l an t s  ins t a l l e d  betwe en 1 9 8 0  and 1 98 5  w i l l  b e  nuc l e ar 
fue l ed . This l evel  o f  nuc l ear p ower growth could b e  ach i eved with 
an imme d i at e , concer ted e ffor t  by b o th government and industry to  
make ut i l i z at ion of  nuc l ear p ower a h i gh p r i or i ty nat ional goal . 

In order for nuclear energy to contribute its full potential� 
prompt development is needed of an effective government siting and 
licensing procedure that minimizes administrative processing and 
eliminates unwarranted delay s in nuclear plant construction and 
operation. 

• Rad i o ac t ivity and t he d i s char ge o f  was t e  he at shoul d be  
pl ac ed in a b a l anc e d  p e r sp ec t ive r e l at ive t o  the  ex i s t ence 
o f  the s e  phenomena in nature and the i r  envi ronmental 
e ffe c t s . C ar e ful r e gu l a t i on of nuc l e ar fac i l i t i e s --whe the r 
they may b e  p ower plant s , proc e s s ing fac i l i t i e s  o r  s tor age 
ar e a s - is ne ce s s ar y  to ensure s tand ards of de s i gn ,  cons truc 
t i on and operat i on which w i l l  s afe guard he al th and s afety . 
Howeve r , ob je c t i ons t o  thes e fac il i t i e s  shoul d b e  con s i d 
e r ed o n  the b a s i s  o f  fact , not emo t i on , and dec ided in 
l i ght of the need for energy in order to c ontr o l  p o l lu t i on 
o f  the env i ronment and protect  the he alth and s a fety o f  
s o c i e ty general ly . 

• Re gul atory and l i cens ing procedures  mus t  b e  administered 
and , whe re ne c e s s ary , changed s o  as  to  ensure a proper 
balanc e whi ch wi l l  p r o t ec t the individual c i t i z en whi l e , at 
the s ame t ime , perm i t t ing the construc t i on and ope rat ion o f  
nuc l e a r  p l ant s  i n  a t imely manner s o  as  to  s at i s fy the 
growing r e quiremen ts o f  that s ame c it i z en for ene rgy supply . 
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Al l o f  the nuc l ear p l ants  inc luded in the proj ected nuc l e ar 
power c ap ac i ty through 1 9 8 5  ar e a s sumed to  be  l ight water r e actor 
( LWR) o r  h i gh - temperature ga s - co o l ed reac t o r  (HTGR) p l ant s . Fast 
breeder r e actor s , repre s ent ing a new concept in nucl e ar t echno l o gy ,  
are no t exp e c t e d  t o  b e  commerc i a l l y  ava i l ab l e  unt i l  aft e r  1 9 8 5 , 
al though they w i l l  probably become the maj o r  reactor type  ordered 
dur ing the 1 9 9 0 's . Becau s e  o f  the l ong l e ad t ime nece s s ary fo r 
uranium exp l o r at i on and the con s t ru c t ion o f  new fue l  cyc l e  c apac
i ty , howeve r ,  uranium d i s covery requ i rement s and fue l  cyc l e  in 
ve s tment s w i l l  tend t o  l evel out at a h i gh rate  pr ior to  1 9 8 5  in 
ant i c ipa t i on of the intro duct ion of b r e eder r eac t o rs in the l a t e  
1 98 0 ' s  or  e ar ly 1 9 9 0 ' s .  

URANI UM DEMAND 

The four nuc l e ar power growth pr o j e c t i ons wil l require cumu 
l at ive product i on o f  fr om 40 0 , 0 0 0  to  7 0 0 , 0 0 0  t ons o f  u3 o8 through 
1 9 8 5 . Thes e  requ i rement s are shown in d e t a i l  in T ab l e  2 .  

1 975 
1 980 
1 985 

TABLE 2 

ANNUAL u3o8 REQUIREMENTS FROM INDUSTRY* 
(Thousand Tons U30sl 

Initial 
Appraisal Case I Case II Case Ill 

Annual Cumul. Annual Cumul. Annual Cumul. Annual Cumul. ---- -- -- ---- ----

1 8  66 1 9 . 1  58 1 9. 1  58 1 9. 1  58 
34 205 50.9 240 45.6 230 36.5 200 
59 450 1 08.5 700 89.2 600 70.7 500 

Case IV 

Annual Cumul. 

1 1 .5 30 
29. 1 1 40 
60.4 400 

* The requirements do not include uranium reserves needed in 1985 for future production. An additional 0.7 million to 1.3 
million tons of U30s (corresponding closely to a 10-year "forward reserve", Case I V-Case I) is considered necessary for this purpose. 

The I n i t ial  Appr a i sal e s t ima t e s  o f  U3 08 requ ir ement s from 
indu s t ry were b a s ed on an enr ichment p l ant t a i l s  a s s ay o f  0 . 2 0 
pe rcent u2 3 5 with p lutonium (Pu) recyc l e  s t ar t ing in 1 9 7 4 .  Al s o , 
it  was as sumed that Gove rnment s t o ckp i l e s  o f  u3 os would not b e  
r e l e a s e d  for co mmerc ial u s e  i n  e l e c t r i c  p ower generat i on . The 
corre spond ing a s sumpt ions for C as es I - IV ar e :  Enr ichment p l ants  
wil l  ope rate  at a 0 . 2 0 percent U2 3 5 tails  as s ay thr ough 1 9 8 1  and 
0 . 2 7 5  p e rc ent t a i l s  thereafter ; 60 p erc ent o f  the plutonium pro 
duced in LWR ' s wi l l  be  recyc l ed b e g inn ing in 1 9 7 8 ; the quant it i e s  
o f  uranium r e qu i r ed fr om indu s try exc lude U3 08 supp l ie s  from the 
Gove rnment s t o ckp i l e  in accordanc e w ith the Gove rnment p l an an 
nounc ed March 7 ,  1 9 7 2 . 

NUCLEAR RE S OURCE S 

No d e t a i l ed a s s e s sment has b e en made o f  the ful l  potent i al 
for d i s covery o f  ur an ium r e s ourc e s  in the Uni t e d  S t at e s  and such 
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an under t ak ing was no t pos s ib l e  in the t ime av ai l ab l e  for thi s  
s tudy . Howeve r ,  the general ext ent of  the r e l a t ively unexplored 
yet favorab l e  areas ha s b e en t aken into  account in a s s e s s ing the 
c ap ab il i ty o f  U . S .  indu s tr y  to  mee t  futur e uranium requirement s . 

As o f  January 1 ,  1 9 7 2 , the AEC e s t ima ted proved plus po t en
t i al ur an ium r e s ourc e s  minabl e at a fo rward c o s t  of up to  $1 5 p e r  
pound U3 08 to  b e  1 . 6 m i l l ion tons . Al s o , the uran ium re sour c e  
b a s e  i n  the Un i t e d  S t at e s  o f f e r s  t h e  pro spect  o f  l oc at ing s i gn i f 
ic ant add i t i onal depo s i t s . 

As d e fined by the AEC , p o t ent i al re sour c e s  r e fer to  uran ium 
surmis ed to o ccur in unexpl ored ext ens i ons o f  known depo s i t s  or 
in und is covered depos i t s  in known ur an ium d i s t r i c t s  and which i s  
expected b y  the AE C to  be  minab l e  i n  the given c o s t  r ange . The 
AEC ' s  e s t imat e of r e s our c e s  can a l s o  be categor i z ed as shown in 
Tab l e  3 . 

TABLE 3 

DOMESTIC R ESOURCES O F  URANI UM ESTI MATED BY THE A EC* 
(Thousand Tons U30sl 

Maximum Forward Cost Reasonably Assured Estimated Additional 
per Pound U30st {Proved Reserves) {Potential Reserves) 

$ 8 273 460 

1 0  423t 650 

1 5  625 1 ,000 

* Esti mates of the AEC as of January 1 ,  1 972. 

Total 

733 

1 ,073 

1 ,625 

t The AEC cost levels cannot be directly compared with "prices" as calculated in this study because the AEC's values 
do not include a return on investment, interest, income tax or amortization of past investments in exploration and mine/ 
mi l l  construction. 

+ Includes 90,000 tons potential ly recoverable as a by-product of copper and phosphate mining through the year 
2000 if recovery facilities are provided. None of this material is being recovered today. 

The AEC e s t ima t e s  o f  add i t i onal r e s ourc e s  o f  u3os ar e not an 
a t t empt to  measure tlie u l t ima t e  uranium re sour c e s o f  the c ountry 
o r  the total  r e c overab l e  re sourc e s  at the co s t s  ind icated . The 
po tent i al e s t ima t e  i s  re l ated to spe c i fic known mineral i zat ion 
and ge o l o g ical trends and , as such , i s  sub j ect  t o  change from 
t ime t o  t ime a s  new informat i on i s  deve l op e d . 

Sub s t an t i al ly , a l l  o f  the pr e s ent prove d r e s e rve s and approx 
imat e l y  8 5  percent o f  the pot ent i al r e s erves as determined by the 
AEC are l oc ated in the p r e s ently produc ing areas.  ye t the s e  ar eas 
make up l e s s  than 10  pe rcent o f  the total regi on in whi ch ur anium 
occur renc e s  are found - - and even t he pr oduc ing ar e as in many c a s e s  
ar e no t comp l e t e ly exp lor e d . The r e fo r e , op t im i sm is  warr anted 
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r e garding the abi l ity o f  the ur an ium exp l orat ion indu stry to  
l oc at e  s igni f icant ne w dome s t ic uran ium re source s ,  prov id ing the 
nec e s s ary exp l oratory e ffo rt is  mount ed . 

Policies concerning land use3 economic incentives3 regulatory 
standards and imports should encourage exploration efforts for 
uranium. 

• The immediate  need fo r increased  expl oration for uranium 
and the l ike l ihood that more economical l y  rec ove rab l e  re 
s ourc e s  wil l b e  found in the Un i t ed States  l end an ur gency 
to  the prompt development of a general pol icy to encourage 
dome s t i c  expl orat i on . 

Access to public lands for development of uranium and thorium 
resources by private industry should be allowed on a basis that 
permits optimum planning and implementation of exploratory and 
development efforts. 

• Appr ox ima t e l y  5 0  percent o f  a l l  proved and potent i al ura 
n ium r e s ourc e s  are on federal o r  Ind ian l ands ; ther e fore , 
futur e  l and l aw change s and l e as ing po l i c i e s  could have a 
maj or impact on future uran ium exp loration ac t iv i ty . 

• Federa l l y  c ontro l l ed l and s mus t  b e  fr e e l y  acce s s ib l e  for 
exp l orat i on if pr o j e c t e d  requirement s for uran ium from 
dome s t i c  r e s erve s are t o  be met . Al l l and s having ur an ium 
poten t i al should rema in ava i l abl e for exp l or at i on and 
devel opment unt i l  exploration informat ion al l ows as s e s s 
men t  o f  the m ineral value s . 

• Uran ium l and u s e  regul a t i on s  s hould al l ow the mo s t  e ffi 
c i ent d ev e l opment o f  pro pe r t i e s  t o  take place  without un 
nec e s s ary r e s traints  or  incre as e d  co s t  and shoul d cons ider 
the Nat ion's need fo r the imme d i at e  devel opment o f  add i 
t i onal l ow co s t  ur an ium re s e rves . Any new t ime l imit s 
p l aced on feder al cl aims and l e a s e s  held  for uran ium 
s houl d t ake int o account the l ong l e ad t imes as s o c iated 
w i th uranium expl orat ion and development as we l l  as  future 
market  requir ement s .  Re as onab l e  re s tr ic t i ons to prevent 
mi sus e or unnec e s sary damage to the surface and surround 
ings should no t unduly hand i cap the nuc l e ar r aw mat e r i al 
indus try . 

In  add i tion to  uran ium , tho r ium is  a natural ly oc curr ing e l e 
ment which can b e  ut i l i z ed i n  conj unc t i on with h i ghly enr i ched 
uran ium as nuc l e ar fuel  in the HTGR .  Thor ium i s  known to  be ava i l 
ab l e  in quant i t i e s  s i gnificantly in exces s o f  p ro j e cted requir ements 

Federal sponsorship of research and development should be di
rected to the optimum utilization of our domestic natural resources 
of nuclear fuels. 

• The orderly technical deve lopment o f  fas t  breeder r e actors 
i s  a ne c e s s ary nat ional pr i or i ty . 
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• Bas i c  re s e ar ch le ading t o  improved exp l orat i on t e chniqu e s  
and advanc ed m ine ral (uranium) proc e s s ing t e chn i ques 
would a s s is t in d e t erm ining the ext ent of U . S .  ur an ium 
and tho r ium r e s our c e s  and in expand ing the ir ut i l i z at i on . 

URANIUM SUPPLY AND C OSTS 

Whi l e  the uran ium r e s ource ba s e  is  cons idered ad equate , eco 
nomic incent ives mus t  improve b e fore exp l orat ion ac t iv i ty wi l l  be  
at the  l evel nec e s s ary t o  l ocate  required po tent ial r e s ourc e s  and 
t o  devel op both proved and potential resourc e s . I nves tment s  in 
uran ium expl orat i on mu s t  general l y be made pr ior to  nuc l ear p owe r 
p l ant c o mm i tment s b ec aus e l ead t ime for exp l orat ion and the add i 
t ion o f  new c ap ac i ty i n  mining and mi l l ing i s  normal ly a s  l ong o r  
l onger than reac t or order l e ad t ime . 

Expl orat i on Ac t iv i t y  

Re asonab l y  a s sured , or  "proved , "  uran ium r e s e rve s a r e  no t 
suffi c i ent to  suppor t  the pro j ected  annual product ion requi rement s  
through 1 9 8 5  for any o f  t h e  four c a se s . * Ther e fo r e , new dis c ov 
e r i e s  mus t  b e  made . A rap id bu i l dup in uranium expl orat ion a c t iv 
i ty , b e g inning now and ext end ing over the next 5 t o  6 ye ars , wi l l  
b e  needed t o  me e t  ur an ium demand i n  the 1 9 8 0 - 1 98 5 per i od . Pro 
j ec t i ons ba s ed on an a s sumed average d i s covery rate o f  4 pound s 
o f  U3 03 per foo t  of  sur face dr i l l ing indicate  that t o tal sur fac e 
dr i l l ing fo r uran ium should inc re a s e  from 1 5 . 5  m i l l ion fe e t  in 
1 9 7 1  to 4 5  mil l i on fe e t  in 1 9 7 7  to meet Case  I I I  demand and to 6 5  
m i l l i on fe e t  in 1 9 7 7  t o  meet  Cas e I demand . A comp ar ab l e  rate o f  
inc r e a s e  was a t t ained i n  the p as t , though n o t  ove r  such an ext end 
ed period o f  t ime . 

Pres ent market cond i t ions have b e en l e s s  than s at i s fac tory 
to  provide the nece s s ary inc ent ive s fo r uranium pr oduc ers  to ex 
pl o r e  exten s ive l y  fo r add i t ional ur anium depo s i t s  o r  to  deve l op 
many known proper t i e s , l e t  a l one t o  exp l or e  fo r and develop the 
h i gher co s t  ore b o dies  ( $ 1 0  to $ 1 5  per pound U3 0 3 ) . In  fac t , 
dr i l l ing rates  have ·de cre a s e d  in the l a s t  2 years . B as ic inc en 
t iv e s  are needed i f  a heal thy dome s t i c  indu s try i s  t o  survive the 
p e r i o d  of trans act i on fro m  supp lying a gove rnment market to  sup 
plying a matur e c omme r c i a l  market  and ach i eve the required sharp 
inc r e a s e  in exp l orat i on activ i ty . 

Impo rtant incentiv e s  that c ould s t imul a t e  incr e a s ed dr i l l ing 
a c t iv i ty by the  dome s t i c  mining indu s t ry inc lude - -

• Long - range uran ium purc ha s e  contrac t s  b e tween pr oduce r s  
and ut il i t i e s  

* Proved res erv e s  are c at e gori z ed b y  the AEC a s  hav ing a max 
imum fo rward produc t ion c o s t  o f  $ 8 per pound u3 o8 or  l es s . 
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• Ur anium s e l l ing prices  which c ove r the co s t s  o f  d i s c overy , 
deve lopment and product ion , and a r e a s onab l e  return on 
inve s tment 

• Cont inue d Gove rnment po l icy to  r e s t r i c t  i mportat ion o f  
uran ium as required to  ma int ain a v i ab l e  indus t ry . 

Mining and Mi l l ing Capac ity 

Uran ium mining and m i l l ing capac i ty now in operat i on or under 
con s t ruc t i on p lus the ex i s t ing u3 o8 invent o ry he l d  by indu s t ry are 
adequate to  me e t  pro j ected U . S .  requ i rement s at l e ast  through 1 9 7 5  
under  al l d emand c a s e s  cons idered . However , to me e t  e ach o f  the 
U3 03 demand c a s e s  through 1 9 8 5 , all pre s ently d i s cove red re s e rve s 
and s ome po t en t i al re s e rves wil l  need t o  be  in produc t i on by 1 9 8 0 , 
and sub s t an t i al p roduc t i on from new di scove r i e s  w i l l  b e  required 
in the 1 9 8 0 - 1 9 8 5  t ime per i o d . Comm i tment s to  c o ns t ruc t n ew mining 
and m i l l ing fac i l i t ie s  needed aft e r  1 9 75 mu s t  b e g in within 1 or 2 
ye ars . 

In  cons t ant 1 9 7 0  do l l ar s , the c al cu l ated average "pr i c e "  o f  
U3 08 produc ed from new mine s and mi l l s  that w i l l  c ome into produc 
t ion fr om 1 9 7 9 to 1 9 8 5  i s  approx ima t e l y  $ 1 0 . 5 0 p e r  pound t o  pro 
v ide  a 1 5 - p e r c ent discounted cash fl ow (DC F )  rate o f  re turn on 
inve s tment . 

As u s e d  in th is  s tudy ,  "pr i c e "  do e s  not mean a spe c i fic  s el l 
ing pr i c e  b e twe en produc e r  and purc has e r  and do e s  not repr e s ent a 
future market  value . Ins t e ad ,  the t e rm "p r i c e "  a s  u s e d  here re 
fer s  t o  U3 03 value s calculated t o  provide the spe c i fied DCF  rate 
o f  r e turn on inve s tment in new produc t i on fac i l i t i e s  b as ed on 
e s t imat e d  c o s t s , l ead t imes , o r e  r e s e rve s , pro duc t i on and de l iv 
e r i e s . 

Fo r the purpo s e  o f  e s t imat ing future cos t s  o f  ur an ium , it  was 
a s sumed that the ave rage c o s t s  obtained from re s e rv e s  yet  to be  
d i s c overed wi l l  be  comparab l e  t o  the  e s t ima ted cost  o f  mining ura
n ium fr om pre s ently known re s ourc e s . 

Ave r age indu s try c o s t s  o f  uranium product ion , including b o th 
open - p i t  and und erground propert ie s ,  u s e d  in calculat i on o f  ura
n ium suppl y e conom i c s  ar e summar i z ed in Tab l e  4 .  

Fur ther , i t  i s  e s t ima t ed that expl orat ion expend iture s would 
s tart 9 ye ar s p r i o r  to  produc t i on and that mine /m i l l  c ons t ruc t ion 
wou l d  b e gin 4 t o  5 year s  prior to  pr oduc t ion , wi th the average 
mine l i fe b e ing approx imate l y  1 0  ye ars . 

Taking thes e c o s t  and l e ad -t ime e s t ima t e s  int o ac count , 
l eve l i z ed u3 o8 "pr i ce s "  were c alcul at ed and are summar i zed in 
Tab l e  5 .  

9 



TABLE 4 

COSTS OF URANI UM PRODUCTION* 
(Constant 1970 Dollars) 

Exploration 

Mine/Mi l l  Capital 

Operating 

$ per Po und U30s Recovered 

0.95 

* Based on AEC data. 

DCF Return o n  l nvestment t 
(Percent) 

1 0  
1 2.5 
1 5  
1 7. 5  
20 

TABLE 5 

LEVELI ZED "PRI CE" PER POUND u3o8* 
(Constant 1970 Do llars) 

1 .59 

4.35 

6.89 

$ per l b. U30s 
8.91 
9.59 

1 0.37 
1 1 .27 
1 2.39 

* The term "level ized price" as used here is the average "price" required over the assu med life of new 
U30g production centers starti ng production in 1 979 and calculated to provide a given DCF rate of return 
on investment. 

t All return on investment figures are after tax. 

Uranium "pric e s "  a s  c omputed in thi s s tudy are part icu l ar l y  
s en s i t ive to ur an ium d is co ve ry ra t e s .  The d i s c overy rate is  pr o 
j ec t ed t o  rema in at the pr e s ent l evel  o f  4 pounds o f  u3o8 per foo t  
o f  surface dr i l l ing at l e as t throu gh 1 9 8 5 . A decr e a s e  o f  1 pound 
p e r  fo o t  in the d i s c ov e ry rate increas e s  the "pr ice"  o f  U 3 0g re 
qu ired for a 1 5 - pe rc ent r e turn on inve s tment by about $ 1 . 00 per 
pound . 

Envir onmental , he al th and s afe ty fac tors  have already had 
s ign ificant imp ac t on the econom i c s  of uran ium min ing and wi l l  un 
doub t edly c ont inue t o  be  a pr ime c ons iderat i on . C o s t  increas es 
in underground uran ium m ine s to me et the 1 9 7 1  radon exposure 
s t andards ar e e s t ima t ed to rang e b e twe en $ 0 . 2 5 to $ 1 . 1 5 per pound 
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U30g ,  depend ing upon ore grade and mining condit i on s . The c o s t  
o f  m e e t ing 1 9 7 1  radia t ion exp o sur e s t andard s has b e en t aken int o 
acc ount in the pr oduc t i on c o s t  pro j e c t i ons . 

Health and safety standards and regulations for m�n�ng should 
be based on reliable evidence that such regulations will� in fact� 
achieve desirable goals. 

• Re l i ab l e  ev idenc e that such s t andards and r e gul at i ons ar e 
e s s en t i al to human h e a l th and s a fety i s  part icul arly im
por t ant in such ar e a s  a s  rad i a t i on cont ro l , s ound abat e 
ment and du s t  contr o l  b e c au s e  the ec onomic imp ac t o f  un 
nec e s s ar i ly r e s tr ic t ive r e gu l a t i o ns c an cur t a i l  produc t i on 
o f  needed energy r e s ource s .  

The c o s t  o f  me e t ing l and rec l amation requirements  in open - p i t  
mining cou l d  al s o  have a s i gn i f i c ant impact on uran ium c o s t s . De 
pend ing on the l evel o f  r e cl amat i on requ ired , added co s t s  could 
r ange fr om $ 0 . 1 0 to mor e  than $ 1 . 0 0 per pound U30g . 

The Nation's needs for additional� economic� domestic energy 
supplies should be given full weight in establishing new federal 
land reclamation regulations. 

• Ov erly r e s tr ic t ive recl amat i on requ ir ements coul d imp air 
the e conomi c fea s ib i l ity o f  uran ium surface mining 
operat i ons . 

• Rec l ama t ion r e gu l a t i ons should a l l ow fl e x ib i l i ty in the 
app l i ca t i on o f  r e s tor a t i on metho ds to the hi ghly var i ed 
ec o l o g ical  and land us e condit ions ex i s t ing in d i fferent 
uranium mining areas and should be des i gned to enc our age 
the opt imum us e of the l and . 

• Recl amat i on s tandards should no t unneces s ar i ly inhib it  
u s e  o f  the  mo s t  e ffic i ent mining me thod s .  I t  should al s o  
b e  po s s ib l e  fo r oper ators  t o  read i l y  mak e  impr ovement s o r  
change s in the rec lamat ion p l an a s  new me thods ar e 
deve l oped . 

• Sur fac e rec l amat ion r e gu l a t i on s  should b e  coord in at ed by 
int e r e s ted government agenc i e s  to prevent mul t ip l e  in 
spect i on and report ing . They can b e s t  be adm in i s t ered on 
the s ta t e  or  l oc al l eve l . 

Differential tax provisions which have historically been an 
incentive for production of domestic uranium should not only be 
continued but strengthened. 

• I n  v i ew o f  the imme d i a t e  need fo r e conomic incent ives to  
incre a s e  ur anium exp l orat i on , the  ex i s t ing tax incent ive s 
provided the ur anium m ining indu s try s hould no t b e  reduc ed , 
inc lud ing int angibl e d ev e l opment co s t s  and the dep l e t i on 
all owanc e . 
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NUCLEAR FUEL PROCESS ING 

To meet  the range of pro j ec t ed dome s t ic nuc l e ar power p l ant 
demand and fo r e i gn requ ir ement s ,  su ffi c i ent enrichment p l ant c a 
pac i ty would b e  required to  provide the amounts o f  s eparat ive 
wo rk shown in T ab l e  6 .  

TAB LE 6 

ANN UAL SEPARATI VE WOR K  DEMAND FOR ENRICHMENT 
(Mil l ions of Separative Work Units [SWU] )* 

I nitial This Study 

Year Appraisal Case I Case I I  Case I l l  Case I V  

1 975 1 6.5 1 1 .6 1 1 .6 1 1 .6 8.9 

1 980 35.3 36.5 34.0 31 . 1  26.9 

1 985 70.7 63.6 56.7 48.7  43.4 

* A measure of required work in u ranium enrich ment operations to increase the percentage of the isotope U235 above 
that found in natural urani u m. 

The In i t ial  Apprai sal e s t imate o f  demand for s epar at ive wo rk 
as sumed p lut on ium recyc l e  b e g inn ing in 1 9 7 4 , a d i ffus ion p l ant 
operating t a i l s  as s ay of 0 . 2 0 - perc ent U2 3 5 , and a rel at ive ly high 
l evel  of enr ichment work for for e ign cu s t omers . However , the cor 
re spond ing as sump t ions for Ca s e s  I- IV o f  this  s tudy are ( 1 )  6 0  
p e rc ent o f  ava i l ab l e  plutonium recyc l ed b e g inn ing in 1 9 7 8 , ( 2 )  an 
e ffec t ive ope r at ing t a il s ass ay o f  0 . 2 7 5 - p ercent U2 3 5 , and ( 3 ) a 
s i gni fi cant reduc t i on in  enr ichment work for for e i gn cus t omers . 
The ne t e ffec t  o f  the s e  new a s sumpt i ons re gard ing the oper at i on 
o f  the enr ichment p l an t s  i s  a reduc t i on in separat ive work requ ire 
ment s in C as e s I- IV ,  a s  compared to  the Ini t ial  Appr a i s al . 

The opt imum e conomic t a i l s  as say for oper at ion o f  the en 
r i chment pl ant s  i s  a comp l ex det erminat ion which i s  dependent on 
b o th the c o s t  o f  s ep ar a t ive work and the c o s t  o f  natural uranium 
The Gove rnment p l an announced in Marc h 1 9 7 2  t o  inc re a s e  enrich
ment pl ant t ai l s  as s a y  fr om 0 . 2 0 0 -percent t o  0 . 2 7 5 - percent U2 3 5 
or  h i gher and t o  u s e  the Gove rnment ' s  natural uran ium s t ockp i l e  
t o  prov ide supp l ementary feed to o ff s e t  t h e  a s s o c i at ed incr eased 
fe ed requ i rement s extends the c ap ab il i ty o f  the ex i s t ing enrich
ment p l ant s . It rema ins t o  b e  s e en whe ther , in the l ong run , i t  
w i l l  be  mor e e conomi cal to  opera t e  at a h i gh t a i l s  as say with the 
as s o c iated h i gh u3 os r e qu i rement s or vice  vers a .  

Overall economic balance between natural uranium requirements 
and enrichment costs should be used to establish the enrichment 
plant operating tails assay . 

• The AEC should review the t a i l s  as s ay program on an annual 
b as i s  and , i f  the U30 3  market growth fal l s  s i gn i fi c antly be -
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l ow that proj e ct e d  by the AEC as "mo s t  l ik e ly , "  comparabl e  
adj us tments should be made i n  the rate a t  whi ch s t ockp i l e  
mat e r i a l  repl ac e s  dome s t ic a l l y  pr oduc ed U3 0g i n  the c om
me r c i al mar ke t . Fur thermore , in the event that exp l o ra 
t ion p o l i c i e s  or the l ack o f  adequate incent ives t o  the 
r aw mat e r ial pr oduc er react  to  pos tpone the i mmed i ate 
exp l o r at ion nec e s s ary for increas ing or e re s e rve s , the 
AEC should recons ider i t s  d i s p o s a l  p o l icy and r e s e rve the 
bal ance o f  i t s  s tockp i l e  fo r futur e dome s t i c  u s e . 

Con s ider ing the capac ity o f  the three exi s t ing Gove rnment 
enri chment p l ant s , the inventory of enr iched ur an ium- ,  pl ans fo r 
futur e produc t ion , the AEC ' s  enr ichment p l ant expans i on pro gram 
and i t s  rec ently announced p l an t o  inc r e as e  the ta i l s  a s s ay ,  a 
four th enr i chment fac i l i ty wi l l  be needed by 1 9 8 2 t o  me e t  the re 
qu i r emen t s  o f  C a s e  I I I . In o r de r  to  me e t  the enr i chment require 
ment s o f  C a s e  I ,  the enrichment p l ant would be needed by 1 9 8 0 .  
For C a s e  IV , p l anned exp ans i on o f  the ex i s t ing enr ichment fa c i l i 
t i e s  i s  adequate unt i l  1 9 8 5 ,  p rovided t h e  fu l l  enr iched uranium 
invent o ry i s  produc ed . 

The l e ad t ime required for pl ann ing and c ons truct ing a new 
enr i chment fac i l i ty wil l depend upon whe the r the p l ant i s  bui l t  
by the Gove rnment o r  p r ivate ent erpr i s e . The l e ad t ime for indu s 
t r y  i s  e s t i ma t ed at 9 years , and f o r  the Gove rnment 6 to  7 year s , 
depend ing on the ava i l a bi l ity o f  e l ectr ic power . Even under 
Case  I I I , a d e c i s ion is needed in 1 9 7 3 to  impl ement p l ans for 
c o n s truc t ion i f  pr iva t e  indus try is to bu i l d  the next p l ant . 
Und e r  Cas e I ,  a new enr ichment p l an t  cons truc t i on pr o gram would 
have to  be part o f  the over a l l  gove rnment / indu s try e ffor t d irected 
at eme rgency expans i on of  nucl e ar fac il i t i e s . 

The Government should move promptly to ensure that enrichment 
capacity in the United States will be sufficient to meet projected 
needs and to establish operating conditions that will encourage 
private industry to undertake the financing of the very large 
capital investments that new enrichment plants will require. 

• Gove rnment p o l i cy in the next 1 - 2  ye ars  i s  ve ry c r i t ical 
in d e t e r mining the future ac t i ons that will be nec es s ary 
t o  provide the needed expans ion o f  enrichment c ap ac ity . 
The r e fore , Gove rnment p o l i cy on enrichment should inc lude 
the fo l l owing: 

- - Prompt , d e t a i l ed , and t ime l y  act ions to ensure im
p l ementat ion of p l ant exp ans i on pro grams ; 

- - Ac c e l e r at i on o f  the t r ans fer o f  s ep arat ion t echno l o gy 
to  pr iva t e  indu s t ry ; 

- - Coop eration by the AEC and i t s  contr ac tors  in pro 
viding all e c onomic and financ ial dat a on al ternate 
s ep arat i on t echno l o g i e s  to  permit  private indus try 
to arr ive at s ound bus ine s s  dec i s i ons on how be st to  
provide the  expanded enri chment capac i ty neede d ; 
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- - Re ad ine s s  to  move qu ickly t o  c ons ider and r e s o lve 
the comp l ex environmental , ant i tru s t  and health and 
s afety is sue s  that l ic ens ing o f  a large , pr ivat e l y 
owned enr i c hment fac i l ity m i ght ent a i l . 

Exc e s s  c ap ac i ty now ex i s t s  in al l o the r fuel  proc e s s ing s e c 
t ors , inc luding conve r s ion (U3 03 to  UF6 ) ,  fue l  fabric at ion , trans 
po r t a t i on , spent fue l  repro c e s s ing and the s to rage o f  wa s t e s . 
However ,  a s  w i th nucl ear gene rat ion pl ant s , o rderly deve l opment 
of add i t ional nuc l e ar fue l  proce s s ing capac i ty to  me et future 
demand wi l l  be he av i l y  dependent on r e as onabl e and t ime ly re gul a 
t o ry act ion , a s  we l l  as  o n  t h e  ne c e s s ary economic cl ima t e . 

NUC LEAR FUEL COSTS 

A s i gn i fican t  inc reas e in uran ium c o s t s  would not mat e r i al ly 
affect the c omp e t i t ive po s i t ion of nuc l ear generated e l ectr i c i ty .  
Fo r examp l e , i f  the "pr i c e "  o f  U3 08 d oubl ed fr om $ 8 . 0 0  t o  $ 1 6 . 0 0 
per  pound , the fu el  c yc l e  c o s t  would be increas ed by 0 . 6 6 mill s  
p e r  KWH , and thi s amount , c arr ied through t o  the c o s t  o f  nuc l e ar 
gene rated e l e c t r i c i ty , would cau s e  an increase  o f  only about 1 0  
pe rcent . 

Tabl e  7 shows the components o f  fue l  cyc l e  c o s t  for a typ ic al 
1 , 0 0 0  MWe pr e s sur i z ed water reac tor ( PWR) , u t i l i z ing cons tant 
"pr i c e s "  l eve l i z ed over the fir s t  1 0  years of p l ant ope r a t i on at 
an 80 -percent c apac i ty fa ctor  and a 1 5 -perc ent DCF  r at e  o f  re turn . 

TABLE 7 

F U E L  CYCL E  COSTS FOR TYPICAL 1,000 MWe (BASE LOAD) PWR 

Fuel Cycle Compo nents 

Fabrication (@ $70/Kg U) 
Uran ium (@ $8/lb. U308) 
Conversion (@ $2.52/Kg) 
Enrichment(@ $32/SWU) 
Reprocessing & Sh ipping (@ $45/Kg U) 
Plutonium Credit(@ $7.50/Kg fissi le) 

Total Fuel Cycle Costs 

Cost (Mills/KWH) 

0.40 
0.66 
0.08 
0.80 
0. 1 4  

(0.1 5) 

1.93 

The fu el  cyc l e  co s t  as sump t i ons s ho wn in Tabl e  7 imply a t o t al 
fue l  c o s t  o f  app r oximate ly $ 0 . 1 8 per  mi l l i on BTU's (con s t ant 1 9 7 0  
dol l ars ) . 

Aft e r  a l l owing for the h ighe r c ap i t al c o s t s  a s s o c iated with 
bui ld ing nuc l e ar genera t ing p l ants , the p r o j ec t ed nuc l e ar fue l  
c o s t  places  future nuc l e ar powe r a t  a compe t i t ive break- even 
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po int w i th c o al - fired p l ant s u t i l i z ing fue l s  c o s t ing app rox imate ly 
$ 0 . 4 0 pe r mi l l i on BTU ' s . * 

CAP I TAL EXPEND I TURES 

To t a l  c ap i t al expend itur e s  fo r the nuc l e a r  fue l  supply indus 
t ry over the 1 9 7 1 - 1 9 85 p e r i od ar e shown in Tab l e  8 .  

1 3. 1  

TABLE 8 

CAPITAL COSTS FOR NUCLEAR FUEL SUPPLY I NDUSTRY 
1971 to 1 985 

(Bill io ns of 1 970 Do llars) 

Case I I  Case I l l  

1 1 .0 8.5 

Case IV 

6.7 

* Thi s  break - even value i s  b as ed on a coal - fired p l ant with 
s t ack ga s de sul fu r i z at i on . 
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Chap t e r  One 

NUCLEAR POWER GROWTH 

BAC KGROUND 

The I n i t i al Appra i s al of the nuc l e ar energy out l ook for the 
1 9 7 1 - 1 9 85 p e r i o d  was made under the bas i c  a s s ump t i on that Govern 
ment p o l i c i e s  and e conomic c l imat e  prevail ing in 1 9 7 1  would con 
t i nue without maj or  changes throughout the p eriod . Ins t a l l e d  
nuc l e ar powe r cap ac i ty was proj e cted to  re ach 3 0 0 , 0 0 0  MWe i n  1 9 85 .  

This repo r t  e xamine s the condit ions under whi ch an incre ased 
p o r t i on o f  U . S .  energy requi rements could be supported by dome s t i c  
nuc l e ar fue ls , t aking into c ons iderat i on cert ain factors whi ch 
might affe c t  thi s  c ap abi l i ty .  Four pro j e c t i ons of nuc l e ar p ower 
growth repres enting s l ow ,  me dium , fas t and maximum rat e s  were pre 
p are d .  The s e  p roj e c t i ons were then examine d i n  l i ght o f  the cor 
responding uranium re s ource ava i l abi l i ty ,  uranium exp l oration and 
p roduction requirements , government p o l i c i e s  and e conomi c factors . 

I n  proj e ct ing nuc l e ar fue l demand , i t  was as sume d that c om 
mer c i a l  us e of nuc l e ar fue l wi l l  be confined t o  the e l e ctric  
ut i l i ty s e c t or .  Wh i l e nuc l e ar fue l may also  be used  t o  provide 
s ome proce s s  he at by 1 9 85 , thi s  use was assume d to be ne g l i g i ble 
r e l at ive to  the ove r a l l  demand for nuc l e ar fue l .  

The as sump t i ons were a l s o  made in as s e s s ing dome s t i c  nuc l e ar 
p ower growth ( as in the I n i t i al App r a i s a l )  that U . S .  Government 
requi rement s  for nuc l e ar mate r i a l s  w i l l  be s at i s fied from gove rn 
ment s t ocks , and th at al l requi rement s for nuc l e ar fue l s  by dome s 
t i c  e l e ct r i c  ut i l i t i e s  w i l l  be furni shed from U . S . s ource s . Fur 
t he r ,  i t  was as sume d that ur anium imported for enri chment in U . S . 
Government - owned faci l i t i e s  wi l l  be reexported for u s e  in reacto rs :  
abr o ad . 

NUCLEAR FUEL CYCLE 

Nuc l e ar e l e c t r i c  p ower to day dep ends l argely on f i s s ion of the 
uranium i s o tope , U2 35 , in a re actor  to create the heat nece s s ary t o  
p roduce s te am t o  dr1ve the turbine . There are thr e e  typ e s  of com
me r c i a l  nuc l e ar re actors avai l abl e in the  Uni t e d  States : ( 1 )  the 
p r e s suri z e d  wat e r  reacto r , ( 2 )  the bo i l ing wat e r  reactor (BWR) , and 
( 3 ) the high- temp erature g as - coo l e d  reactor . The PWR and BWR use 
uranium fue l  with wate r  s e rving as the p r imary c o o l ant , and as  such 
they are c a l l e d  l i ght-water re actor s . The HTGR i s  fue led with 
uranium and thorium , with he l ium s e rving as the pr imary coolant . 

C omme r c i a l  fas t bre eder r e actors  are proj e ct e d  t o  begin oper 
at i on in the Uni t e d  S t at e s  in the 1 9 86 - 1 9 9 0  p e r i o d . The deve lop 
ment o f  breeder reactors  wi l l  a l l ow an incr e as e i n  the utiliz a 
t i on o f  the energy content of  n atur al  uranium from be twe en 1 and 
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2 p e rc en t , as i s  now achi eved in non - b re eder reactors , t o  ab out 
60 to  7 0  pe rcent . 

The us e of  nuc l e ar fue ls d i ffers sub s t an t i a l ly from fo s s i l 
fue l s  in  two i mp o r t ant ways : 

( 1 )  P r i o r  t o  us e in an e l e c t r i c  ut i l i ty , uranium mus t under 
go a comp l ex s er i e s  o f  proce s s ing and fab r i c a t i on s t eps  
to  produce fue l e l ement s  that  are  used within the  nucl e ar 
reactors . 

( 2 )  Nucl e ar fue l s  are not comp l e tely exp ende d when used for 
the f i r s t  t ime in a reactor  but are remove d ,  pur i fi e d , 
r e p l eni shed and r e fab r i cated periodic a l ly . 

The s e  uni que charac t er i s t i cs e s t ab l i s h  a " fuel  cyc l e "  whi ch 
c an b e  de s cribed b roadly as cons is t ing of  the s tep s o f  exp lo ration ,  
mining , mi l l ing , conve r s i on ,  enri chment , fue l fab r i c a t i on , fue l  
recove ry and repro c e s s ing , transp o r t at i on and was te d i spo s al . The 
fue l cyc l e  is i l lus t rated in F i gure 1 .  The e conomi c s  of nucl e ar 
fue l s  are affe cted n o t  only by the cos t o f  the fue l i t s e l f  but a l s o  
by fue l des i gn ,  r e actor op e r at ing c ondi t i ons and the amount of  
p lutonium ( Pu )  re cyc l e . 

EXPLORATION ... WASTE 
.... MINING DISPOSAL 

� i 
IRRADIATED 

"""'-MILLING FUEL REACTOR 
PROCESSING 

., 

� • • i 
PURIFICATION 

... ... PELLET- ... 
FUEL 

& ENRICHMENT ELEMENT 
CONVERSION 

r' ... IZATION .... 
FABRICATION 

F i gure 1 .  Nuc l ear Fuel Cyc l e . 

Uranium as i t  i s  found in nature contains ab out 0 . 7  pe rcent 
of the i s o t ope  U 2 3 5 with the remai nde r b e ing the i s o t op e  U 2 38. 
Through the p ro c e s s  of  "enri chment , "  wh i ch i s  accomp l i shed in 
the AE C ' s  gas eous di ffus i on p l ant s , the pe rcentage of U 2 3 5 is  
incre a s e d  t o  2 t o  3 pe rcent , whi ch i s  requi red in  the LWR ' s .  The 
i s o t op e  U 2 3 8, whi ch comp r i s e s  ab out 9 7  or 9 8  p ercent of the en 
r i ched uranium fue l , can c ontribute s i gn i fi can t ly to  p owe r produc 
t i on only after i t  i s  t r an s forme d into a fis s i onab l e i s o t ope of 
p lutonium w i thin the react o r . Th i s  p lutonium adds to the supp ly 
of he at . 
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HTGR ' s  u s e  h i gh ly enri ched uranium ( 9 3 - p ercent U 2 3 5 ) a s  the 
f i s s i l e fue l  and thor ium as the fer t i l e  fu e l . * The thor ium i s  
u s ed a s  a subs t i tute for U 2 38 in the HTGR , where i t  i s  converted 
t o  the f i s s i onabl e  i s otope u2 3 3 . The U 2 3 3  adds  to the supp ly of  
hea t . 

At app roximate annual int e rva l s , 2 5  to  3 5 p er cent o f  the fue l 
as s embl i e s  are r emoved be cau s e  a p o r t i on of  the fue l  i s  dep l e ted 
in  U2 3 5 c ontent to the p o int that it no l onger con t r i but e s  to 
e conomi c p ower p r oduc t i on . The dep l eted fue l  i s  then shipped to  
a reproce s s ing p l ant where i t  i s  tre ated chemi cal ly t o  recover 
p lutonium and unut i l i zed uranium . 

B o th uranium and p l utonium h ave value and may be us ed as re 
act o r  fue l  again , thus comp l e t ing the fue l  cyc l e . The recovered 
plutonium may be s to red fo r future us e as fue l  in a bre e der reactor 
or  it  may be r e cycl ed in fue l fo r LWR ' s  as  a s ubs t i tute fo r U2 3 5 .  
The recovered  U2 3 5 i s  recyc l e d  into fue l  fo r LWR's and the recovered 
U2 3 3  from the HTGR fue l i s  recycl ed into HT GR fue l in p l ace of u2 3 5 . 

NUCLEAR POWE R P ROJE CT I ONS 

The I n i t i a l  Appr a i s a l  adop t e d  the 1 9 7 1 AEC e s t imates o f  nuc l e ar 
e l e ct r i c al powe r growth and uranium requi rements through 1 9 85 . I n  
t h e  p re s ent s tudy , t h e  nucl ear power growth was reexamine d w i th em
phas i s  on  var i at i ons in th i s  growth as a funct ion o f  al t erna tive 
a s s ump t ions . 

I n  eval uat ing the p o s s i bi l i ti e s  fo r gre a t e r  dome s t i c  supp ly of 
nucl e a r  ene rgy , proj e c t ions of nucl ear e l e c t r i c  power growth through 
the y e ar 1 9 7 8  were bas e d  on s che dul ed operat ion dates fo r el ectric  
ut i l i ty p l ants unde r cons t ruction and on  o rder as of  Octobe r  1 9 7 1 . t 
From thi s  bas e ,  thr e e  proj e c t i ons o f  e l e c t r i c  l o ad growth were de -
v e l oped thr ough 1 9 85 : 4 5 0 , 0 0 0 , 3 7 5 , 0 0 0  and 3 0 0 , 0 0 0  MWe of in
s ta l l ed nuc l e ar c apac i ty fo r C a s e s  I ,  I I  and I I I ,  r e spect ive ly ( s e e  
Tabl e  9 ) . A four th pr o j ect i on was made t o  t ake into account the 
p o s s i bi l i ty of a very subs tant ial  s l owing of  nuc l e ar p l ant add i 
t i ons through 1 9 80 , and a cont inu ing lag through 1 9 85 resul t ing in 
l im i t ing ins tal led capac i ty to 2 4 0 , 0 0 0  MWe in 1 9 85 (Ta bl e  9 ,  C a s e  
IV) . 

* F i s s i l e fue l s  such as U 2 3 3 , U2 3 5 and Pu 2 3 9 are tho s e  which 
undergo fi s s i on . F e rt i l e  fue l s  such as thor ium and U2 3 8 abs orb 
neutrons to  produce a f i s s i l e  fue l CU 2 3 3  and Pu 2 3 9 respect ive ly) . 

t Thi s  pr o j e c t i o n  was ba s ed on the Ed i s o n  Elec tric  Ins t itute's 
(EE I )  comp i lat i on of  nuc l ear p lant s chedu l e s . The AEC ha s subs e 
quent ly publ i shed a n  e s t ima t e  o f  expected nuc l e ar power growth which 
shows a s l ightly l ower rate of  ins ta l l a t ion thr ough 1 9 7 8 .  However ,  
the effect on nuc l ear fue l  demand proj ect i ons o f  us ing the mor e 
r ec ent AEC data r a ther than the EE I data wou ld be mino r . 

1 9  



Ins t al l ed c apacity in each o f  the four cas e s  was then pro j e ct e d  
to  th e y e ar 2 0 0 0  in o rder to e s t abl i s h  the requi rements f o r  exp l o 
rat ion and the deve lopment o f  fo rward res e rves o f  natural uranium 
through 1 9 85 and to  analy z e  t rends in  demand fo r and s upply o f  
nuc l e ar fue l to  the end o f  the c entury . Leve l s  o f  ins t al l e d  nu
c l e ar generat ing capac i ty ut i l i z ed to deve lop U30 8 requirements 
beyond 1 9 85 are al s o  shown in Tabl e 9 .  The gene rat ing c apacity 
pro j ect ions for the 1 9 7 2 - 2 0 0 0  per iod are converted to  e quiva l ent 
BTU ' s  and KWH's in Tabl e  1 0 , ut i l i z ing the p lant fac tor a s sump t ions 
shown in Table 1 1 . 

Fo l l owing i s  a general des cript i on o f  the four c a s e s  pro j e c t ed 
through 1 9 85 . 

C as e  I I I  as s umes an orde rly growth o f  nuc l e ar power pro duc t i on . 
Thi s  i s  a "medium" nucl ear ene rgy demand cas e and c l o s ely approxi 
mat e s  the AE C ' s  "mo s t  l ikely" pro j e c t i on . In  thi s  cas e ,  nuc l e ar 
p l ants  come on l ine with gr adual ly incre as ing frequency result ing 

TABLE 9 

PROJECTED NUCLEAR CAPACITY 

(1,000 MWe) 

Initial Case I Case II Case Ill Case IV Appraisal 
Thermal* Total Thermal FBRt Total Thermal FBR Total Thermal FBR Total Thermal FBR 

1972 19 22 22 22 22 22 22 11 11 
1973 32 38 38 38 38 38 38 16 16 
1974 46 55 55 55 55 55 55 22 22 
1975 59 64 64 64 64 64 64 28 28 

1976 73 71 71 71 71 71 71 38 38 
1977 89 89 89 89 89 89 89 51 51 
1978 108 108 108 108 108 108 108 68 68 
1979 128 140 140 140 140 128 128 87 87 

1980 150 188 188 188 188 150 150 107 107 
1981 173 227 227 216 216 173 173 128 128 
1982 199 269 269 250 250 200 200 152 152 
1983 230 320 320 288 288 230 230 179 179 

1984 263 380 380 328 328 263 263 209 209 
1985 300 450 450 375 375 300 300 240 240 
1990 750 675 75 625 560 65 500 450 50 400 395 5 
1995 1,065 795 270 890 665 225 710 530 180 568 463 105 
2000 1,470 900 570 1,225 750 475 980 600 380 785 495 290 

. Thermal includes light-water and high-termperature gas-cooled reactors • 

t FBR means fast breeder reactor. For purposes of calculation of u3o8 requirements, the breeder reactor was assumed to be put in 

commercial use as follows: Cases I and 11-5,000 MWe in 1 986; Case 111-4,000 MWe in 1 986; Case I V-5,000 MWe in 1990. Breeders 
were assumed to be of 1,500 MWe size and to have a fuel doubling time of 8 to 10 years. A parametric study has also been prepared 
assuming that the breeder will enter into commercial use more slowly, beginning at a level of 1,000 MWe in 1 987 and growing to only 
5,000 MWe in 1 990, 44,000 in 1995 and 254,000 in the year 2000 (see text). 
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TABLE 10 
NUCLEAR ENERGY PROJECTIONS TO THE YEAR 2000 

Case I Case II Case Ill Case IV 

Thermal FBR Thermal FBR Thermal FBR Thermal FBR 

MWe MWe KWH BTU MWe MWe KWH BTU MWe MWe KWH BTU MWe MWe KWH BTU 

(000) (000) X 109 X 1012 (000) (000) X 109 X 1012 (000) (OOO) X 109 X 1012 (OOO) (OOO) X 109 X 1012 
1972 22 96 983 22 96 983 22 96 983 11 72 736 
1975 64 390 4,000 64 390 4,000 64 390 4,000 28 162 1,661 
1980 188 1,107 11,349 188 1,107 11,349 150 955 9,787 107 662 6,788 
1985 450· 2,908 29,810 375 2,463 25,249 300 t 1,973 20,220 240 1,573 16,126 
1990 675 75 4,981 49,348 560 65 4,147 41,059 450 50 3,323 32,902 395 2,674 26,726 
1995 795 270 7,180 69,782 665 225 6,144 59,566 530 180 4,788 46,523 463 105 4,061 37,521 
2000 * 900 570 9,986 95,356 750 475 8,322 79,461 600 380 6,657 63,569 495 290 5,330 51.D46 

. Case I includes the MWe equivalent of about 5-percent utilization of nuclear energy for process heat. If this is used as process heat, electrical output would have 
to be reduced accordingly. 

t Converted from a fiscal year to a calendar year_ basis, the AE�'s projection (WASH-1139, Rev. 1) of the "most likely" installed nuclear capacity is 300,000 MWe in 1985. 

from imp rovement s  in b o th manufacturing t e chni que s and regul atory 
procedure s . The current l i cens ing and l e gal prob l ems are assumed 
to  b e  re s o l ved during th e next 2 or 3 ye ars . The l ead t ime re 
qui red from p l acing an o rder to pl ant ope rat ion drops to 6 o r  7 
years from the pres ent 8 years or  mo re . B e c aus e o f  the i r  economi cs 
and general ch arac t e ri s t i cs , nuc l e ar p l ants  compris e mo s t  of  the 
l arge , b as e - l oad pl ant addi t i ons . 

C as e I I  as s umes that , in addi t i o n  t o  the s i tuat ion des crib e d  
under C as e  I I I , a mark e d  pre ference deve l ops for nuc l e a r  p l ants 
o ve r  fo s s i l - fue l e d  p l ants  b ecaus e of increas ingly s t ringent air 
p o l l ut ion re gul a t i ons and l imited avai l ab i l i ty o f  c l e an fo s s i l  
fue l s .  Thi s  results  in l i c ens ing procedures b e ing s t re aml ined , 
imp roved cons t ruc t i on t e chni ques w i th engine e ring and manufacturing 
advances reducing as s o c i a t e d  1e ad t ime s , and r e s o lut i on of envi ron
ment al p rob l ems wi thout de l ays . 

Cas e I as s umes that b o th go ve rnment and indus t ry j o in in a 
maximum e ffo rt to  incre a s e  U . S .  nuc l e a r  powe r capac i ty .  Th is 
coul d be the resul t o f  a national energy po l icy whi ch makes nuc l e ar 
pow e r  a fi rs t pri o ri ty nat i onal goal o r  the exi s t ence o f  eme rgency 
condi tions whi ch requi re s uch an e ffo r t . Such a po l i cy mi ght be  
the resul t o f  b o th ve ry s t ringent ai r p o l l ut ion l imits  and a need 
to  l imit  the  us e of  o i l  and gas  fo r e l e c t r i c al powe r produc t ion in  
o rder to  minimi z e  th e U . S .  dep endence on  impo rted fuel s .  

C as e I V  as s umes a cont inuing chao t i c  s i tuat ion with respect t o  
l i cens ing and s i t ing . Environment al cons t raint s , manufacturing and 
t echni cal p rob l ems o f  more than a routine nature , and regulatory 
di f fi cul t i e s  al l cont inue to  caus e p l anning and cons t ruc t ion de l ays 
such that only the p l ants  al re ady on o rde r in 1 9 71 w i l l  go into 
ope rat ion through 1 9 80 .  Nuc l e ar p l ant comp l e tions p i ck up after 
1 9 80 ,  b ut the ins t al l e d  c apac i ty by 1 9 85 fal l s  20 pe rcent short o f  
C as e I I I . 
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Thermal Reactors: 

Year of Start-Up 

1 975 and earlier 
1 976- 1 980 inclusive 
1 981  and thereafter 

FBR's 

Year of Start-Up 

1 986-1 990 
1 99 1 - 1 995 
1 996-2000 

LWR and HTGR (average): 

1 970- 1 985 
1 986-2000 

FBR: 

1 986 and thereafter 

TABLE 1 1  

PLANT FACTOR ASSUMPTI ONS* 

Capacity Factors 

Heat Ratest 

Year After Starting 
Commercial Operation 

1 st 2nd 3rd 

50% 70% 80% 
60% 80% 80% 
80% 80% 80% 

Year After Starting 
Commercial Operation 

1 st 2nd 3rd 

50% 70% 80% 
60% 80% 80% 
80% 80% 80% 

1 0,250 Btu/Kw-hr. 
1 0,000 Btu/Kw-hr. 

8,800 Btu/Kw-hr. 

* The Plant Factor Assumptions shown in this table above were util ized in computing the KWH and BTU's in Table 1 0. 
However, the SO-percent capacity factor is based on operational capacity of the plant rather than an estimate of its use in 
the overal l  electrical generation system. After 1 990 the nuclear capacity is a sufficiently high fraction of the total that 
some of the plants wil l  run at l ower capacity factors. For example, in the year 2000 a 69-percent capacity factor is rea
sonable for LWR's in Case I l l , with breeder reactors running at 80 percent. This would drop the nuclear KWH and BTU's 
by about 1 0  percent in the year 2000 as compared to the data presented in Table 1 0. Cases I and I I  may show even lower 
plant capacity factors. 

t Although the average heat rates shown in this table were assumed in order to calculate nuclear fuel requirements, the 
HTGR heat rate is projected to be 8,800 BTU/KWH, the LWR heat rate to be 1 0,250 BTU/KWH, and the heat rate for 
FBR's may range from 8,000 to 8,800 BTU/KWH. 

The growth rate in nuc l e ar generat ing c ap ac i ty for e ach cas e 
in the 1 9 86 - 2 0 0 0  period  gene r a l ly r e f l e c t s  a continuat i on o f  the 
t rend p roj e c t e d  for the 1 9 80 - 1 9 85 p e r i o d  with the excep t i on o f  
C as e  I ,  whi ch als o t akes  i n t o  account the p o s s ib i l i ty that nuc l e ar 
ene rgy could b e  us ed for p ro duct i on o f  proce s s  he at in s i gnifi cant 
amounts  in the ye ar 2 0 0 0 . 

FACTORS BEARING ON NUC LEAR POWER PLANT GROWTH 

Th e ins t al l at ion o f  nuc l e a r  powe r p l ants is a comp l ex ope r 
at ion wh ich requi re s t imely int e grat i on o f  a numb e r  o f  a c t ivi t ie s  
ove r a cons iderab l e  p e r i o d  o f  t ime ( s e e  F i gure 2 ) . The actual 
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rate at whi ch nuc l e ar powe r capacity wi l l  be added t o  the U . S . e l e c 
t r i c  indus t ry ove r the next 1 5  ye ars depends up on a numbe r of  fac
tors , many of whi ch are common to  a l l  e l e ct r i c  p l ant s .  Howeve r ,  
there are s eve ral  key factors wh ich wi l l  be ar un ique ly on the growth 
o f  nuc l e ar power generat ing capac i ty : 

• Ava i l abi l i ty o f  p l ant s i te s  

• P l ant l i c ens ing cons ide rat ions 

• Envi ronmental cons iderat ions 

• Manufac turing indus t ry ' s  abi l ity to  s upply nece s s ary equip 
ment 

• Cons t ruct i on c apabi l i ty 

• C ap i t a l  co s t  o f  nuc l e ar gene rat ing p l ants 

• Nuc l ear fuel c o s t s . 

MAJOR ACT1V1TY 

ORDER 

ISSUE OF LICENSES 

SITE 

NUCLEAR STEAM 
SUPPLY SYSTEM 

STRUCTURAL 
BUILDING WORK 

MECHANICAL 

ELECTRICAL 

FUEL CYCLE 
o - INITIAL CORE 
o - REPLACEMENT 

BATCH 

YEARS ·7 

TASK MONTHS ·84 

CONTRACT AWARD l� 

CONSTRUCT! ON PERMIT 
OPERATING LICENSE 

SITE PREPARATION & 
EXCAVATION 

REACTOR IFAB,SHIP & INSTALL) 
STEAM GENERATOR 
PRESSURIZER & PUMP 

REACTOR TURBINE 

TURBINE GENERATOR-FAB & 
INSTALL; INSTRUMENTATION 

WIRE & CABLE; SWITCHGEAR, ETC. 

RECEIPT OF U303 
U303 UF6 CONVERSION 
ENRICHMENT 
FUEL FABRICATION 
LOAD 

·6 

·72 

·5 -4 -3 ·2 ·1 

·60 ·48 ·36 -24 ·12 

L;> 
6. 

0 
o-o 
<>--<> 

"" --o 
o-o 

0 

TEST o---
COMMERCIAL OPERATION 

NOTE: MODIFICATION OF TABLE IV-16, IN THE AEC PUBLICATION "THE NUCLEAR INDUSTRY -1971." 
SYMBOLS (L>,o, o)INDICATE STARTING AND COMPLETION TIMES FOR THE ACTIVITY SHOWN. 

F igur e  2 .  Nuc l ear E l ec t r i c  Power P l ant 

C ons t ruc t i on and Op erat ing Schedul e .  

Avail abi l ity o f  P l an t  S i t e s  

+1 +2 +3 

+12 +24 +36 

0 
o-o 

c-o 
o-f-o 0 

o-a 
�CYCLE 1---&cYCLE 2"10:. 

Gui de l ines h ave bee n  i s s ued by the Atomic Energy Commi s s ion 
whi ch s p e c i fy cri t e r i a  fo r p l ant l o c at ion and l and requi rements to 
be us ed in evaluating nuc l e ar pl ant l i c ens ing reque s ts . Natural 
charac t e r i s t ic s  imp o r t an t  to the int e g r i ty of the p l ant are t aken 
into cons iderat i on .  The r e fore , the s e i smo l ogy , geology , hydr o l ogy 
and me t e o r o l ogy of the s i t e  are evaluat e d  by the AE C be fore i t  
approves a p r op o s ed s i t e . The maximum fore s e e abl e s i t e  requi re 
ment for p l ants comp l e t e d  by 1 9 85 would be 3 0 0 . Th is  as sume s an 
ave r age s t at i on s i z e o f  only 1 , 5 0 0  MWe in conj uncti on wi th the 
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C a s e  I p r oj e ct i on of  4 5 0 , 0 0 0  ins t a l l e d  MWe in 1 9 85 .  The magn itude 
o f  this  requirement is not t o  be minimi z e d , but it should be con 
s i de r e d  in p e rspect ive by noting that the exi s t ing U . S .  e l e c t r i c  
gene rat ing cap ac i ty o f  about 3 5 0 , 0 0 0  MWe f o r  p l ants o f  a l l  typ e s  
( f os s i l  and nuc l e ar) i s  l o c a t e d  on more than 3 , 0 0 0  s eparate s i t e s . 
S ome o f  the s e  exi s t ing s i t e s  wi l l  be abl e t o  acc ommo date new 
nuc l e ar un i t s . Furthermore , the c oncep t of  pre as s embl e d ,  p l at fo rm 
moun t e d , l arge nuc l e ar p l ants  l ocated o n  wate r , has be en introduced 
by s eve r a l  manufacturers . Th i s  t e chn ique has p r omi s e  of  reduc ing 
the l ike l ihood o f  problems of s i t e  avai l abi l ity . 

P l an t  L i c ens ing Cons i derat i ons 

AE C r e gul at ions requ i re that a ut i l ity o bt ain a con s t ruct ion 
p e rmi t p r i o r  t o  s t art ing � ons t ruct i on of a nuc l ear p l ant and an 
operating l i cens e be fo re  be ginning comme rc i al operat ion . The s e  
r e gulat i ons have r e cent ly be en revi s e d  t o  require a fu l l  envi r on 
men t a l  review t o  me e t  the requi rements  of  the National Environ 
men t a l  Po l i cy Act of  1 9 6 9 . In  addi t i on ,  ut i l i t i e s  mus t obtain as 
many as 6 0  c l e ar ances  or p e rmi t s  from the l o c a l , s t ate and nat i onal 
gove rnment agenc i e s  that have as s erted j uris di ct ion ove r  vari ous 
asp e c t s  o f  s i t ing , cons t ruct ion and ope rat ion o f  maj o r  e l ec t r i c  
powe r fac i l i t i es . * 

Re gul atory de l ays in obt aining the nece s s ary c l earances and 
p e rmi ts and court ch al l enges invo lving the revi s e d  envi ronmental 
requi rement s have re cently become a maj o r  o bs tacl e to  the growth 
o f  nucl e a r  powe r . De l ays in comme rcial operat ion o f  3 nuc l e ar 
p l ants  wh i ch had been s chedul ed to come on - s tream in 1 9 6 9 , 3 in 
1 9 7 0 , 2 in 1 9 7 1 , 1 0  in 1 9 7 2 , 8 in 1 9 7 3 , and 8 in 1 9 7 4  ( a  t o t a l  
o f  3 4 p l ants ) were , i n  varying degree s ,  the r e s u l t  o f  re gulat ory 
de l ay s  and/ o r  envi ronment al chal l enges . 

As o f  May 1 9 7 2  no nuc l e ar p l ant had been i s s ued a con s t ruc
t ion p e rmi t or  a ful l powe r ope rat ing l i cens e s ince e arly in 1 9 7 l . t 

P rimari ly as a re sul t o f  s uch de lays , th e l e ad t ime from o rde r 
to  comp l e t ion o f  a new nuc l e ar p l ant has subs t anti a l ly incre as ed 
t o  8 ye ars o r  more . Howeve r ,  given the  growing awarene s s  o f  the 
e ffect of the s e  de lays on the Nation ' s  supp ly of e l e ctr i c  p ower , 
the r e  i s  r e as on t o  e xp e c t  a s e r i ous e ffort to  e l iminate unwar 
r an t e d  de l ays in the futur e . 

* U . S .  Congres s ,  Senate Comme rce Commi ttee , S t atement of  
Mr . She aron Harr i s , Pre s i dent and Chai rman o f  Carol ina Power and 
L i ght  C omp any and Chairman o f  the Edi s on E l e c t r i c  Ins t itute , 
May 1 5 , 1 9 7 2 . 

t On June 2 ,  1 9 7 2 , the Pres i dent s i gned a bi l l  a l l owing i s s uanc e 
o f  t empo rary operat ing l i c ens e s  fo r p l ants when the envi ronmental 
revi ew is no t yet comp l e t e  and the power s upp ly s i tuat ion is de eme d 
to  be cri t i c al . Thi s  a c t i on was too  l at e  to be j udged as to i t s  
e ff e c t i vene s s  i n  thi s  s tudy . 

2 4  



Many s t at e s , for examp l e , have al ready t aken act ion to e xpedite 
res o l ut ion o f  powe r p l ant s i t ing que s t ions . Fourteen s t at e s , in 
part i cular , have adopt e d  s p e c i al pro c edures fo r c e rt i fi cat ion o f  
power p l ant s i t e s  whi l e  othe r s t at e s  are cons i dering new procedures 
to res o lve s i t ing que s t i ons th rough us e of  exis ting agenc i e s  and 
autho r i t i es . 

Much can and i s  be ing accomp l i shed by the ut i l i t i es thems el ves 
thro ugh dis cus s ion o f  the i r  pl ans with gove rnmental bo dies  and with 
interes t e d  c i t i z en groups . In  addi t i o n , al l ut i l i t i e s  are now 
fil ing l on g - range p l ans under Fede ral Powe r Commi s s i on Do cke t  R36 2 , 
and thes e p l ans are ava i l abl e to the publ i c . 

The de gree  t o  whi ch nuc l e ar growth rates  might incr e a s e  in 
the l at t e r  p ar t  of the 1 9 7 2 - 1 9 85 p e r i o d  wi l l  depend up on the abi l 
i ty o f  indus try and gove rnment t o  deve lop e ffective p l ant s i t ing 
and l i cens ing procedure s along wi th r e as onable and de fin i t ive 
envi ronment al s t andards . Long l ead t ime and inde fini t e  delay can 
di s courage ut i l i t i es from s e l e c t ing nuc l e ar power p l ants to  meet 
th e i r  growing e l ectri cal demand . Howeve r ,  the degree of the re 
s t raining e ffe ct is r e l at ive to the de l ays encountered in buil ding 
fo s s i l fue l - fi re d  p l ants  and the ava i l abi l i ty o f  environmentally  
accept abl e  fos s i l  fue l . 

Environment a l  C ons ide r at i ons 

Wh i l e  nuc lear p l ants  do not h ave p ar t i culate or gaseous p o l 
lut ants  from c ombus t i on ,  there  are s eve ral  potent i a l  environmental 
problems that are e i ther  unique or  of  p ar t i cular conce rn to  nuc l e ar 
p l an t s . The s e  inc lude - -

• Rad i o ac t ivity r e l e ase  t o  the envi r onment in the form of  
rad i a t i on , ai rbo rne r adi oact ivity and r adi oact ive l i quids : 
Po tent ial expo s ure from the s e  s ources has be en c alcul ated 
to be well be low exposure from the natural background and 
even be l ow the no rmal medi c al and diagono s t i c  x - ray ex
posures . Wh i l e  the  amounts o f  radio activi ty r e l e as ed are 
ve ry smal l , s p e c ial sys tems and procedures and cont inuous 
monito r ing are requi red to l imit envi ronmental expo s ure . 

• Heat d i s s ip a t i on from c o o l ing wat e r : The coo l ing p ro c e s s  
f o r  nuc l e a r  p l ants is  e s s en t i al ly the s ame a s  that fo r 
fo s s i l - fue l e d  p l ant s . Howeve r ,  l i ght -water  typ e nuc l e ar 
power p l ants in us e to day require l arger  amounts o f  co o l ing 
wat e r  and dis ch arge gre ater  amounts o f  was t e  heat to the 
wat e r  than comp arably s i z ed fo s s i l - fue led p l ants be c aus e 
( 1 )  they are l e s s  e ff i c i ent in the conve rs ion o f  thermal 
ene rgy to e l e c t r i c i ty , and ( 2 ) they dis charge a l l  o f  the i r  
was t e  heat  through t h e  coo l ing wat e r  sys t em ,  wh e r e as about 
2 5  pe rcent o f  the was t e  h e at from a f o s s i l - fue l e d  p l ant is  
dis charged through the  s t ack . However , thermal d i s charges  
are  no t nec e s s ari ly harmful to  the  envi ronment . The e ffects 
o f  the rmal dis ch arge are dependent upon the s p ec i fi c  l o c a -
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t ion , n atural wat e r  body condi t ions and the natural temp e r 
ature range s . I n  areas wh ere inc reas ed t emper ature o f  the 
natural waters is p o t entially harmful , co o l ing fac i l it i es 
s uch as cool ing ponds o r  cool ing towers can be ins t al l e d to 
minimi z e  o r  comp l e t e ly el iminat e  thes e heat e ffects . 

• P o t ent i al r e l e a s e  of  radioact ivi ty as a resul t o f  ac c i dent 
c ondi t ions s uch as a mal func t ion of the eme rgency core 
c o o l ing sys t em (ECCS ) : Rule -making hearings are  pres ently 
be ing conducted by the AEC re garding the adequacy of pres 
ent E C CS des i gn c r i t e r i a . Further , a l o s s  o f  fluid t e s t 
wil l be conduct e d  in the near future by th e AE C to gather 
e xpe rimental dat a on reactor condit ions affe c t ing ECCS 
des i gn in o rde r to ensure adequate regul atory requi rements . 

• Low - level radi oact ive was te produc t s  result ing from norma l 
op e r a t i on o f  a nuc l e ar p l ant : The s e  was t e s , c o l l e cted by 
a radioact ive was t e  tre atment sys t em ,  are p l aced in p r o 
tect ive cont ainers a t  the p ower p l ant for shipment to  an 
AE C appr oved fac i l i ty ,  where the cont ainer i s  buried . 
H i gh - leve l  was t e s  are a l s o  cre ated wi thin the fue l e l e 
ments a s  a r e s u l t  o f  fis s i on o f  the nuc l e ar fue l . How 
ever , the s e  was t e s  remain s e aled with in the fue l e l ements 
unt i l  the spent fue l i s  rep roces s ed at a s ep arate locat i on 
( di s cus s e d  mo re ful ly in Chap ter  F ive , "Fue l Rep roce s s ing" 
and "Was te Dispo s i t i on " ) . 

Manufacturing I nuds t ry ' s  Abi l ity t o  Supp ly Equipment 

A 6 - to  7 - ye ar o rde r l e ad t ime is  adequate to  adj us t manu 
facturing cap a c i ty to  me e t  demand in all  are as of  nuc l e ar p l ant 
equipment supp ly . Gener a l ly ,  the it ems with the l ong l e ad t imes - 
requi r ing as much as 5 t o  6 ye �rs e ach - - are  the turbine gene r ator  
and the  pre s sure  ve s s e l  (see  F i gure 2 ) . 

On ba l ance , the manufac turing indus t ry ' s  abi l i ty to  supply the 
nece s s a ry equipment and s e rvi ces can be comp a t i bl e  with an exp ande d 
nuc l e a r  powe r pro gram . There i s  int ens e comp e t i t ion among five do 
me s t i c  re act o r  s upp l i ers , e ach s e eking to increas e his  share o f  the 
comme rcial  nucl e ar power p l an t  market . Th is  comp e t i t ive s i tuat ion 
sugge s ts that the U . S .  nucl ear indus try could res pond ve ry we l l  to 
a subs t ant ial ups urge of nuc l e a r  plant o rders . In addi t i on , there 
i s  an app re c i abl e fo r e i gn manufa cturing c apabi l i ty ,  part icul arly 
fo r turbine gene rators and pres s ure ves s e l s . 

Cons t ruct ion C apabi l i ty 

Fo r the l ong t e rm ,  the cons truct ion indus t ry ' s  cap abil ity to 
bui l d  nuc l e ar p ower p l ants  is dependen t upon its having h i ghly 
qual i f ied p e rs onnel t o  s t aff bo th de s i gn and f i e l d  cons truc t ion 
act ivi t i e s . Re cent exper i ence  indi cates that th i s  w i l l  no l onger 
be a maj o r  o bs t ac l e  in  the p ath o f  nuc l e a r  power growth . Des i gn 
di fficul t i e s  have diminished a s  the indus try gains expe r i ence , and 
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the qual i ty o f  cons t ruct i on requi red by th e exac t ing speci ficat i ons 
has proved to be wel l  within the s k i l l s  o f  go od craftsmen . 

At th e pres ent t ime , the eng ineering and cons tructi on man - hours 
requi red to bui l d  a nucl ear power p l ant are greater than thos e re 
qui red to  bui l d  a fo s s i l - fue l e d  p l ant o f  comp arabl e s i z e . Howeve r , 
with the imp rovement o f  nuc l e ar t e chno l o gy and c l ar i fi c at ion o f  
l i cens ing requi rements , i t  s e ems cert ain th at des i gn changes dur ing 
cons t ruc t ion wi l l  decre as e with a cons equent reduction in enginee ring 
and cons t ruc t i on l abo r requi rement s .  Furthermo re , the techni que 
o f  u t i l i z ing preas s embled , barge - mounted nuc l e ar p l ant s  h o l ds 
promi s e  o f  s t andardi z at ion and mul t i p l e  cons truction under drydock 
condi t ions whi ch could s imp l i fy fi e l d  engine e r ing and reduc e field  
cons t ruct i on l abo r requi remen ts . 

As nuc l e ar plants become mo re s t andard i t  is  expected that the 
amoun t  of engine e r ing and cons truct ion l abo r requi red to  bui l d  th e 
pres ent typ e s  o f  nuclear  power p l ants wi l l  no t be appreci ably 
gre ater  th an the eng ineering and cons t ruct ion l abo r required to 
bui l d  fo s s i l - fue l e d  powe r p l ants of l ike s i z e . Therefore , the prob
l em o f  the avai l abi l i ty of qual i f i e d  cons t ruct i on l abo r c an be con 
s i dered in the bro ade r context o f  the requirements fo r al l power 
p l ants  rathe r than s o l e ly of nuc l e ar power p l ants . The e l e c t r i c  
powe r indus t ry pres ent ly emp l oy s  about 3 pe rcent o f  the exis t ing 
heavy indus t r i a l  cons t ruct ion l abo r po o l  fo r i ts expans ion require 
ment s  and th i s  w i l l  increas e to 5 pe rcent by the year 2 0 0 0 . There 
may therefo re be probl ems in provi ding s uffi c i ent l abo r fo r the 
cons t ruc t ion o f  all e l e c t r i c  generat ing p l ants unl e s s  adequate 
attention i s  g iven to  bet t e r  management , us e of mo re e ffi c i ent 
cons truc t i on t e chniques and inc reas ed t raining programs - - part i cu
larly fo r the s ki l l e d  c rafts . Howeve r ,  thi s  incre as e in l abo r re 
quiremen ts , whi l e  s i gni fican t , i s  s t i l l  a rel atively smal l per 
c ent age o f  the total  l abo r fo rce e xpected to  be avai l abl e . 

Cap i t al C o s t s  o f  Nuc l e ar Gene rating P l ants 

As l ong as l i cens ing procedures are pro l onged and s a fety and 
envi ronmental requirements cont inual ly ch ange and be come mo re 
s tr ingent , th e cap i t a l  co s t  of nucl ear power p l ants wi l l  very l ik e 
l y  increas e ,  even o n  a cons t ant do l l ar bas i s . When the influence 
of the s e  fac tors and of bas i c  enginee ring de s i gn s t abi l i z e , the 
maj o r  c aus e of future co s t  increas e s  w i l l  be inflat ion and wage 
e s c al at ion . The s e s ame facto rs wi l l , of cours e ,  caus e incre as es 
in the c ap i tal co s t  of all  e l e ct ri c p ower generat ion p l ants to 
s ome degre e . 

On a comparat ive bas i s , nuc l ear powe r p l ants are expected to 
be mo re expens ive to bui l d  th an comparabl e fo s s i l - fuel e d  p l ants 
during the t ime period under cons i de rat ion in this s tudy . In  de
ve loping proj ect ions of e l ectri c ut i l i ty inves tment requirements 
for the 1 9 7 2 - 1 9 85 perio d , the E l ec t r i c i ty Task Group o f  the NPC 
ut i l i z e d  a c ap i t al c o s t  factor  for nuc l e ar p l ants  of $ 3 0 0  per KW 
for commi t t e d  c ap ac i ty and $ 4 0 0  p e r  KW for uncommi t t e d  c ap ac i ty . 
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C ap i t a l  cos t factors  us ed by the E l e ct r i c i ty T as k  Group for fo s s i l 
fue led p l ants  ranged from $ 2 0 0  p e r  KW t o  $ 3 0 0  p e r  KW . 

Th e h i ghe r c ap i t al co s t  o f  nucl e ar powe r c an b e  mo re than 
o ffs e t , ove r the l ong t e rm ,  by the re l at ive ly l ow cos t o f  nucl ear 
fue l  ( s e e  "Nucl e ar Fue l Co s t s , "  b e l ow) ; and the r e fo re , i t  i s  no t 
exp e c t e d  to  b e  a contro l l ing facto r in a dec i s ion to expand nuc l ear 
powe r . However , c aution mus t be  exerc i s e d in app lying this general 
ob s e rvat ion b e caus e condit ions affect ing b o th c ap it al cos ts and 
fue l co s t s c an vary cons iderab ly in di fferent areas o f  the Uni t e d  
S t at e s . 

Nucl e ar Fuel Co s ts 

Within r e as onab l e  range s , increas e s  in nucl e a r  fue l  co s t s  w i l l  
no t r e t ard th e growth o f  nuc l e ar power b e c aus e nucl ear fuel  repre 
s ents l e s s  th an 2 5  pe rcent o f  th e cos t o f  generat ing e l ectr i c i ty 
in a nuc l e ar p ower p l ant . As shown in T ab l e  1 2 , nuc l e ar fue l c o s t s  
fo r a typ i cal  b as e - l o ad re ac t o r  amount to only ab out 1 . 9  mi l l s  
p e r  KWH out o f  a t o t a l  e l ec t r i c i ty c o s t  of  9 to  1 1  mi l l s pe r KWH . 

TABLE 1 2  

COST OF ELECTRI C  POWER FROM 1 ,000 MWe (BASE-LOAD) PWR 

Fuel* 

Fabrication (@ $70/Kg U )  
Uran ium (@ $8/lb. U309l 
Conversion (@ $2.52/Kg) 
Enrichment (@ $32/SWU) 
Reprocessing & Shipping (@ $45/Kg U )  
Pluton ium Credit (@ $7.50/Kg fissi le) 

Total Fuel Costs 

Al l Other Costs 

Total Power Cost 

Power Costs ( Mills/KWH) 

0.40 
0.66 
0.08 
0.80 
0. 1 4  

(0. 1 5) 

1 .93 

7.00 . 9.00 

9.00 - 1 1 .00 

" This fuel cost calculation i s  for a typical 1,000 MWe PWR, uses constant prices and is levelized over the first ten 
years of operation at an SO-percent capacity factor with a 1 5-percent discount rate. 

The t ot al fue l cyc l e  c o s t  o f  ab out 1 . 9  mi l l s  p e r  KWH shown 
in T ab l e 1 2  i s  equivalent t o  ab out $ 0 . 18 per  mi l l i on BTU ' s .  
As suming that o ther fue l - cyc l e  c o s t s  remain the s ame , the pro 
j e cted incr e a s e  in uranium raw mate r i a l  c o s t s  at I S - p e r cent DCF  
rate o f  re turn would c au s e  t o t al fue l costs  t o  appr o ach $ 0 . 2 0 per  
mi l l i on BTU's b e tween 1 9 80 and 1 9 85 . 

The nuc l e ar c o s t  i s  n o t  ve ry s ens i t ive t o  change s  in the c o s t  
o f  one o f  t h e  component s  and t h e  c o s t  o f  p ower even l e s s  s o .  For  
examp le ,  i f  uran ium were t o  doub l e  in price  from $8  t o  $ 1 6  per  
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p ound U 30 g , the  fue l c o s t  would be increased  by 0 . 6 6 mi l l s  p e r  
KWH , or  about one - t hird ; and ,  be c aus e o f  nuc l e ar fue l s ' re l at i ve ly 
sma l l  c o s t con t r i bution ,  the resu l t ant p ower cos t  incr e as e would 
be le s s  t han 10 per cent . A 2 0 - p e r cent incr e as e  in the p r i c e  o f  
enr i chment s e rvi c e s  produce s  a 0 . 1 6 mi l l s  p e r  KWH incr e as e irr fue� 
c o s t s , and l e s s  t han a 2 - percent incr e as e in power cos t s . 

For l arge incre as es in any one o f  the co s t  components , the  fue l 
cycl e coul d be reoptimi z ed to minimi z e  the e ffect o f  the co s t  in
creas e . Fo r example , i f  fabri cation co s t s de creas e and uranium 
cos ts increas e ,  then l ower uranium enri chment woul d be us ed ( hence 
l e s s  uranium) and the i r radi at i on t ime woul d be s hort ened ( h ence 
mo re fabri cat ion) . 

· 
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Chap t e r  Two 

NUCLEAR RESOURCES 

Uranium o re re s e rves in the Uni te d  S t at e s  have be en incre as ed 
s ubs t an t i a l ly in re cent years and now s t and at a h i ghe r l eve l than 
any p revi ous ye ar even th ough the exp l o ratory dri l l ing e ffo rt t o  
dat e h as e s s en t i al ly been l imi t e d  t o  a smal l p o rt i on of  the t otal 
are a  in wh i ch uran ium occurs . Since its  be ginning in 19 4 8 ,  the 
uranium indus t ry in the Uni t e d  S t ates  has demon s t rat e d  the cap a 
b i l i ty to  di s co ve r  ur anium re s e rves i n  exce s s  o f  the demand . The 
magni t ude o f  the e xp lo rat ion e ffo rt fo r uran ium wh i ch di s c ove red 
th e re qui re d new o re res e rve s h as be en di re ctly re l at e d  to  the 
market  for u rani um concent rat e s . 

I n  vi ew o f  the l ong l e ad t imes require d  fo r exp l o rat i on and 
p roduc t i on ,  convert ing domes t i c  uranium res ources  to  ec onomi c a l ly 
re cove rabl e res e rves wi l l  requi re  th at the re cent decre as e  in ura 
nium exp l orat i on activi ty be reve r s e d  in the near future . A grow 
ing , aggres s i ve e xp lo rat i on p r o gram can be ach i e ved only with 
s ound gove rnment p o l i cy and imp rove d e c onomi c incent i ve s . The 
dome s t i c  uranium indus t ry mus t be p e rmitted acces s to  nuc l e ar 
natural res ources . I t  mus t al s o  have s at i s fact o ry evi dence o f  a 
s u ffi c i en t  dome s t i c  market , w i th p ri ce s  wh i ch wi l l  cover the cos ts 
of dis cove ry ,  deve l opment and p roduct i on ,  and a r e as on abl e rat e of 
return on inves tment . 

The Ini t i al App rai s al accep t e d  the AE C e s t imat e o f  ( 1 )  re as on 
ably assured res ources (p roved uranium re s e rve s )  p lus ( 2 )  e s t i 
mat e d  addi t i onal uran ium re s ources (potent i al uranium re s e rve s )  as 
the bas i s  fo r evaluat ing the adequacy o f  dome s t i c  ur anium res ources  
t o  s upp ly a growth in  dome s t i c  nuc l e ar e l ectric  p owe r wh i ch i s  
p roj e c t e d  t o  reach 30 0 , 0 0 0  ins t al l ed MWe in 1 9 85 . G iven app rop r i 
ate  e conomi c incen t i ves , the uranium re s ource p o s it ion of the 
Uni t e d  S t at es app e ars adequat e with respect to l ow c o s t  uranium 
t o  supp ly th e re l at e d  cumu l at ive U . S .  requirement of  4 5 0 , 0 0 0  t ons 
o f  u3 o8 . 

URAN IUM RE SOURCE REQU I REMENTS : 1 9 7 1 - 1 9 85 

The current s tudy evaluat e s  th e requi rements  fo r nuc l e ar 
fue l s  ne e de d  t o  supp o rt growth rat e s  o f  nuc l e ar p owe r ove r and 
above the r at e  p r o j e c t e d  in the I ni t i al App rai s al . I t  a l s o  
addres s es the p o s s ibi l i ty o f  a reduced growth r ate fo r nuc lear 
p owe r . E s t imat e d  ranges o f  nuc l e a r  growth indi c at e  cumulat ive 
uranium p ro duction requi rements  from the domes t i c  mining indus t ry 
through 1 9 85 ranging from app roximat e ly 4 0 0 , 0 0 0  t on s  o f  U 30 8 in 
C as e  IV ( l ow c as e )  t o  app roximat e ly 7 0 0 , 0 0 0  t ons in C as e I (maxi 
mum cas e ) . The cumu l at iye p ro duc t i on requi rement for C as e  I I  
(h i gh c as e )  i s  es t imat e d  t o  be 6 0 0 , 0 0 0  tons , and fo r C as e  I I I  
( me di um cas e )  i t  i s  ne ar 5 0 0 , 0 0 0  t ons ( s e e  Tabl e 1 3 ) .  
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TABLE 13  

REQU I R EMENTS FROM INDUSTRY FOR URANIUM CONCENTRATE * 
(1 ,OOO's Short To ns U30s) 

Case I Case I I  Case I l l  t Case IV 

Annual =!= Cumul. Annual =!= Cumul. Annual =!= Cumul. Annual =!= Cumul. 

1 972 1 2.3 1 2.3 1 2.3 1 2.3 1 2.3 1 2.3 5 .1  5 . 1  
1 973 1 2.6 24.9 1 2.6 24.9 1 2.6 24.9 5.9 1 1 .0 
1 974 1 3 .7 38.6 13.7  38.6 1 3.7 38.6 8.2 1 9.2 
1975 1 9 . 1  57.7 19. 1  57.7 1 9. 1  57.7 1 1 .5 30.7 

1976 22.0 79.7 22.0 79.7 2 1 .7 79.4 1 4.6 45.3 
1 977 28.0 1 07.7 28.0 107.7 23.5 1 02.9 18 . 1  63.4 
1978 39.2 1 46.9 38.9 1 46.6 27.7 1 30.6 2 1 .8 85.2 
1 979 44.4 1 91 .3 40.9 187 .5 31 .6 1 62.2 24.9 1 1 0.1  
1980 50.9 242.2 45.6 233.1 36.5 1 98.7 29.1 1 39.2 

1 981  7 1 .7 31 3 .9 62.9 296.0 48.4 247 . 1  39.3 1 78.5 
1 982 84.2 398.1  69.4 365.4 54.4 301 .5 44.8 223.3 
1 983 96.3 494.4 76.7 442. 1  6 1 .2 362.7 50.2 273.5 
1984 1 00.0 594.4 82.3 524.4 66.2 428.9 54.9 328.4 
1 985 1 08.5 702.9 89.2 613 .6 70.7 499.6 60.4 388.8 

* Demand was computed assuming (a) 0.20·percent U235 enrichment plant tails assay through 1 981 and 0.275 percent thereafter 
and (b) 60 percent of the Pu produced in LWR's recycled beginning in 1 978. An increase in enrichment plant tails assay of 0.050 
percent U235 would increase U308 demand by 1 0  percent. Total elimination of plutonium recycle would increase annual U308 
demand by about 1 0  percent by the year 1 985. 

t The Initial Appraisal estimate to supply the same installed nuclear power capacity in 1 985 was based on a tails assay of 0.20-
percent U235 and Pu recycle starting in 1 974. 

:1: U308 production for the year 1 970 was 12.9 thousand tons. 

The f i gures  in Tabl e  1 3 do not inc lude res erves ne eded in 
1 9 8 5  fo r futur e produc t i on but do r e fl e c t  r equirements with enr ich
ment p l ant opera t i ons cons i s t ent with the Government ' s  s tockp i l e  
disposal  p l an announced o n  March 7 ,  1 9 7 2 . Forward r e s erves in 1 9 8 5 
cons idered nec e s s ary for such produc t i on would amount to an add i 
t i onal 1 . 3 mi l l i on tons o f  U303 for Cas e I ,  1 . 1  mi l l ion fo r Cas e 
I I ,  0 . 8  m i l l i on for Cas e I I I , and 0 . 7  m i l l i on for C a s e  IV . Th is  
amounts  to  a forward r e s erve equal to  app rox imat e ly a 1 0 -year 
demand for U30 3 . 

URAN I UM RE SOURCE S AVAI LABLE : 1 9 7 1 - 1 9 8 5  

Es t imate s  o f  domes t i c  uranium r e s ourc e s  (p roved and p ot ent i al 
res erve s )  a t  d i fferent cos t  l eve ls  made annual ly by th e AEC have 
p rovided an e s t abl ished re ference p o int agains t whi ch to measure 
proj e c t i ons o f  requi red uranium produc t i on in th e near future . 
The AE C e s t imat e s  uranium res ources in  the Uni t e d  States , as o f  
January 1 ,  1 9 7 2 , ava i l abl e at a cos t o f  p ro duc t i on not t o  exceed 
$ 1 5  p e r  pound of U30 3 , to be 6 2 5 , 0 0 0  t on s  of reas onably as sured 
p lus 1 mi l l i on t ons o f  e s timat e d  addi t i onal r e s ource s  ( s ee Table 
1 4) . The resul t an t  t o t a l  of 1 , 6 2 5 , 0 0 0  t on s  of proved p lus poten 
t i al re s erves a re thus in exces s o f  al l the proj ected  demands 
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(max imum of 0 . 7 mi l l i on t ons in Cas e I )  through 1 9 8 5 and are s uf
fici ent to p rovide subs t ant i al fo rward re s e rve s in a l l  demand cas e s  
p rovi ded the n e ce s s ary e xp l o ra t i on and deve l opment i s  done . 

TABLE 14 

DOMESTIC RESOURCES OF URANIUM AS ESTIMATED BY AEC-JANUARV 1 , 1972 

Cost of Production* 
($ per Pound) 

$ 8 (or less) 
$1 0 (or less) 
$1 5 (or less) 

Reasonably Assured t 
(Proved Reserves) 

2 73,000 
423,000 § 
625,000 § 

Tons of U30s (Cumulative) 

Estimated Additional :f 
(Potential Reserves) 

460,000 
650,000 

1 ,000,000 

Total 

733,000 
1 ,073,000 
1 ,625,000 

* Costs are estimated by the AEC and are based on the forward cost of production, not including amortization of past investments, 
interest or income taxes. Does not necessarily represent the market price. 

t Reasonably assured resources refer to uranium which occurs in known ore deposits or such grade, quantity, and configuration 
that it can, within the given cost range, be recovered with currently proven mining and processing technology. Estimates of the tonnage 
and grade are based on specific sample data and measurements of the deposits and on knowledge of ore-body habit. 

:j: Estimated additional resources refer to uranium surmised to occur in unexplored extensions of known deposits or in undiscovered 
deposits in known uranium districts, and which is expected to be discoverable and exploitable in the given cost range. The tonnage and 
grade of estimated additional resources are based primarily on knowledge of the characteristics of deposits within the same districts. 

§ I ncludes 90,000 tons potentially recoverable as a by-product of phosphate and copper mining at a cost of $10 per pound or less. 
through the year 2000 if recovery facilities are provided. None of this material is being recovered today. 

However , i t  s hou ld be recogn i z ed that a prec i s e  comp ar i s on 
of  AEC e s t imat e s  o f  ava i l abl e  uranium re sour c e s  at var i ous c o s t  
l eve l s  to  the uran ium requirements  f o r  power p l ants  i s  m i s l ead ing 
for s everal reason s : 

• Whi l e  the AEC 's s e l e c t i on o f  c o s t  l eve l s  at $ 8 ,  $ 1 0 and 
$ 1 5  p e r  pound o f  U3 0 3 bracke t s  the range of  average "pr i c e s "  
computed i n  t h i s  s tudy to be ne c e s s ary to produc e uran ium 
from var i ous c l a s s e s  o f  o r e  r e s e rves and product i on fac i l 
i t i e s , the AEC do e s  no t inc lude in i t s  va lue s  for c o s t  o f  
product ion e ither r e turn on inve s tment o r  c ertain o ther 
c o s t s  such as int e re s t , income t ax o r  amor t i z at i on of p a s t  
inve s tment in e xp lo rat ion and mine/mi l l  con s t ruc t i on . Th e 
re l a t i onship o f  the AEC values t o  the "p r i c e "  as calcu 
l a t e d  in th i s  s tudy i s  c l o s e  enough only to  p rovide a 
bas i s  fo r j udgement as t o  the general adequacy o f  
res ources t o  s uppo rt dome s t i c  produc t i on . 

• P r e s ent mining and m i l l ing fac i l i t i e s  do not have the 
c ap ac i ty to p roduce th e uranium required , and it i s  
the re fo r e  obvious that addi t i onal fac i l i t i e s  mus t  be 
cons tructed . Furthe rmo re , at current p ri c e s  o f  $ 8  p e r  
pound o r  l e s s  for U 3 0 3 , exi s t ing underground mining 
op e rat i ons are not r e cover ing the l ower g rade ores wh i ch 
h ave be en adj udged t o  be capabl e o f  y i e lding U 308 at 
p r i ce s  in the range of $ 8  to $ 1 5  p e r  p ound . By p a s s ing 
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thes e ores  dur ing th e ini ti a l  m1n1ng operat ion subs t an
t i a l ly reduces the p o s s i bi l i ty of re covering them in 
the future for comp arabl e l ow co s t .  

• Extens i ve e xp l orat i on and deve l opment dr i l l ing is  nece s 
s ary t o  bring the potent i al r e s e rves into the proved 
cate gory . 

A sh arp incre a s e  in exp l orat ion e ffort and hence s urface 
dri l l ing is ne ce s s ary i f  the requi rements from th e indus t ry fo r 
uranium c on cent rate are t o  be me t .  Due t o  th e l e ad time ( 8  to  1 0  
ye ars ) requi re d from ini t i at i on of  the e xp l orat i on p rogram unt i l  
the fi rs t p roduct i on o f  uranium , exp l o ration for new dep os i t s  mus t  
be unde r way i n  the near future i f  i t  i s  t o  h ave any imp act on 
ur anium s upp ly during the 1 9 80 - 1 9 85 p e r i o d . Wi th a p reva i l ing 
marke t :Q r i ce of  unde r $ 8  per  p oun d of U 3o8, maj o r  e fforts h ave not 
be en maae recen t ly to do ext ens ive exp l o rat i on for or  t o  deve l op 
l ow grade uran i um dep os i t s . " Pr i c e "  proj e ct i ons s hown in th i s  
rep ort indi cate th at subs t ant i a l ly h i gh e r  "pri c e s " i n  the range o f  
rough ly $ 9 . 0 0 t o  $ 1 2 . 5 0 p e r  p ound , bas ed o n  ave rage produc t i on 
cos t s , are n e c es s ary t o  p rovi de a DCF  rat e  o f  return o f  10  t o  2 0  
p e rcent on the inves tmen ts required t o  dis cove r and p roduce from 
new ore res e rves . The risk inhe rent in e xp l orat ion ventures makes 
the h i gh e r  rat e of  return more l ikely in order t o  bring about the 
ne ce s s ary dri l l ing e ffo rt . 

His t o ri c al ly , the succes s o f  exp l or at ion demons trat e s  the 
cap abi l i ty of the ur anium indus t ry to add new r e s e rve s through an 
incre as e d  e xp l o rat i on e ffo rt . Sur face  dr i l l ing , whi ch his t o ri cal
ly has be en a good me as ure o f  the l eve l o f  uranium exp l orat ion 
act ivi ty , h as var i e d  in prop o r t i on t o  the ant i cip at e d  market for 
ur anium concent rat e s  and finan c i al incent i ve s  ( s e e F i gure 3 ) .  
Dri l l ing p e ake d  in 19 5 7  in respons e t o  the AE C ' s  program t o  pur
ch as e uran ium c oncen t rates , only t o  fal l sh arp ly in 1 9 5 8  with the 
ann ounc ement that the purch as e  p ro grams would be curt a i led . In  
re s p ons e t o  an exp and ing p r i vate mark et , t o t al foo t age dri l l ed ros e 
once again from a l ow o f  2 . 1  mi l l i on fe e t  in 19 6 5  to  2 4  mi l l i on 
fee t  in 1 9 6 8  and ul t imat e ly t o  3 0 mil l i on fe e t  in 1 9 6 9 . Fo l l ow
ing 1 9 6 9 , howeve r ,  exp l o ration e ffo rt de c l ined sh arp ly due to a 
s i gni fi cant de creas e in the rate  o f  p l acing n ew nucl e ar reac t o r  
o rders . 

The dis cove ry rate , in pounds o f  uranium dis covered for foot
age dr i l l ed ,  was the s ame for the 1 9 6 6 - 1 9 7 1  p eriod as for th e 
previous 6 y e ars - - 3 . 8  pounds o f  U303 p e r  foot . S t at i s t i c s  on 
h i s t o r i c a l  uranium di s cove ry rat es as comp i l ed by the AE C are 
shown in T abl e 1 5 . 

POTENTI AL RE SERVES OF URANIUM 

I n  the c a s e  o f  o il , quantat ive e s t ima t e s  o f  specu l at ive poten
t i al r e s e rve s wer e  made as a re su l t  o f  a c ompr ehens ive a s s es sment 
of the po t en t ial  o f  the ent i re Un ited  S t at e s , inc luding i t s  off-
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3-Year Period 

1 960 - 1 962 
1 96 1 - 1 963 
1 962 - 1 964 
1 963-1 965 
1 964 - 1 966 
1 965 - 1 967 
1 966-1 968 
1 967-1 969 
1 968 - 1 970 
1 969- 1 97 1  

ANNUAL 
ADDITIONS 

TO RESERVES 

CA LENDA R  YEAR ( B E G I N N I NG) 

Annual Surface Dr i l l ing and Re s e rve Add i t i ons 
(Bas e d  on AEC Data) . 

TABLE 1 5  

DRI L LI N G  EXPE R I E NCE FACTORS* 
(Based on 3-Year Moving Averages) 

Pounds u3o8 Added to 
Reserves/Foot of Total Dril lingt 

3.2 
3.6 
4.0 
4.6 
3.5 
3.5 
2.6 
3. 1 
3.5 
4.4 

* Compiled by the AEC. 

t Reserve additions as defined by the AEC are those reserves mineable at costs of up  to $8.00 per pound U30g. The 
discovery rate over the 1 969-1 97 1 period including reserves mineable up to $1 0.00 per pound U30s is approximately 
5.0 pounds U30g/ft. 
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shore re g i on s . * No suc h ex t en s ive as s e s sment has yet b e en made o f  
t he p o t ent ial  f o r  uran ium , and such a s tudy was considered beyond 
the s cope  of thi s report . Howeve r ,  the po s s ib i l i ty of t he ex i s t enc e 
o f  such s p e culat ive potent ial re s erves mus t  be  t aken into  account 
in as s e s s ing the capab i l i ty o f  U . S .  indus try t o  d i s cover such re 
s e rves and t o  pr oduce add i t i onal dom e s t i c  uran ium from them at c o s t s  
o f  p roduct ion o f  $ 1 5  pe r pound o r  l e s s . 

The AE C ' s  publ i shed fi gure for " es t imat ed add it iona l r e s ourc e s " 
(pot ent ial  r e s erve s )  o f  U3 08 (e . g . , 1 . 0  m i l l ion tons at $ 1 5  p e r  
pound o r  l e s s )  i s  n o t  an attempt to  me asure e ithe r the ult imate 
ur anium r e sour c e s  in thi s country or the to tal rec ove r ab l e  re s ourc e s  
a t  the c o s t s  ind icated . Rather , i t  i s  r e l ated only t o  spec i fi c  
known uran ium m iner al i z at i on and geol o g ical trend s and , a s  such , i s  
sub j ec t  t o  change from t ime t o  t ime a s  new info rmat ion i s  deve l oped . 
The e s t ima t e s  o f  proved r e s erv e s  are al s o  sub j ect to  change with 
t ime and the deve lopment of new informat i on . 

Nine ty - five percent o f  the u ran ium d i s c ove red in the Uni ted 
S t a t e s  is in s ed iment ary rocks , pr inc ipa l l y  s ands tone . Whi l e  new 
typ e s  o f  depo s i t s are expec ted to be found , the s and s t one type wil l 
probably p rovide the bas is  for the U . S .  uran ium indus try in the 
futur e ,  a t  l e a s t  in the l owe r pr i c e  range . Mo s t  of the ur anium 
o ccurrenc e s  in s edimentary rocks  in the Uni ted S t a t e s have b e en 
found in a 4 5 0 , 0 0 0  s quare mi l e  reg ion of  the we s te rn Un ited St at e s . 
F i gure 4 ind i ca t e s  the are a s  o f  the we s t e rn Un ited Stat e s  considered 
t o  be  the mo s t  prospect ive for ur an ium explorat ion . 

Oppor tun i t i e s  ex i s t  fo r add i t i onal uran ium d i s cove r i e s  not c on 
nected w i th known ur anium mine r al i z at ion and geol o gical trends . 
Sub s t ant i al ly , a l l  o f  the p roved r e s erve s and approx imately 85 per 
cent of the po t en t i al r e s e rv e s  ind icated in Tab l e  1 4  are l o cated in 
pr e s ently produc ing areas . t E i ghty - five to 9 0  percent of recent 
dr i l l ing ha s b e en c onc ent rated in and around thes e produ c ing ar e a s . 
Thes e  are as , whi ch make up l e s s  than 1 0  p e rc ent o f  the t o t al area 
in whi ch uran ium o c currenc e s  ar e found , are s t i l l  incomp l e t e l y  ex 
p l o red . Exp l o r at i on dril l ing out s ide o f  the produc ing areas ha s 
b e en l imited  only b ec au s e  there has b een l it t l e  inc ent ive to under 
take wi ldcat exp l or at i on wh i l e  adequate opportun i t i es for the di s 
covery o f  new r e s erve s s t i l l  ex i s t  in the known d i s t r i c t s . However , 
t o  me e t  p r o j e c ted demand , i t  w i l l  b e c ome nec e s s ary to  expl ore out .
s ide  the pre s en t  pro duc ing areas . 

The uranium indus try i s  in a comparat ively youthful s t age o f  
deve lopment when compared t o  the o i l  indus t ry . Uran ium , l ike o i l , 
does not o ccur eve rywh e re , however , the r e  i s  l i t t le reas on to  th ink 
that uranium i s  re s t ricted  only t o  thos e areas that have b een 
exp l ored during th es e e arly years . His t o r i c a l  evidence for nearly 

* NPC , Fut ur e Petr oleum Pr ovinces o f  t he Un it ed St at es ( 1 9 7 0 ) . 

t Ra fford L .  F aulkner "Ou t l o o k  for Uran ium Produc t i on to  Me e t  
Future Nuc l ear Fue l  Need s i n  the Un i t ed States , "  Uni t ed Nat ions 
Four th Int erna t i onal Confer enc e on Peac e ful Us e s  of Atomic Ene r gy , 
Geneva , Swi t z er l and , Septemb e r  6 - 1 6 , 1 9 7 1 . 
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F i gure 4 .  Uranium Re s our ce s - -We s t e rn Uni te d  S t ates . 

al l minerals  indi c at es res ource s , at any given p e r i o d  o f  t ime , in 
exce s s  o f  e arl i e r  es t imat es . Furth e rmore , the amount of incre as e 
in thes e res ources i s  direc t ly re l at e d  t o  the leve l  o f  exp l o ration 
a c t i vi ty . G i ven the l arge un exp l o red are as wh i ch may be  favorab l e , 
the re i s  every reas on t o  b e l i eve that s i gn i fi c ant addi t i onal 
dep o s i ts of ur an ium wi l l  be di s covered , depending upon the l eve l 
o f  e xp l orat i on . 

THORIUM 

Thorium i s  found in the Uni t e d  S t ates in a numb e r  o f  differ 
ent g e o l o g i c  envi ronmen t s . Th e maj or  known l ow - co s t  re s e rves are 
in ve in dep os i t s  l ocated in I dah o and Montan a . Thorium r e s ourc es 
in the Uni t ed States , as reported by the AEC , are e s t imat ed at 
6 5 , 0 0 0  t ons of indicated and inferred and 3 5 0 , 0 0 0  t on s  o f  p oten
t i al add i t i onal res our ce s , avai l ab l e  under p r e s ent e conomi c 
c ondi t i ons . 
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Proj e c t e d  requi rements for nuclear grade tho rium oxi de 
through the year 2 0 0 0  are not e xpe cted t o  exce ed a few thous and 
t ons annua l ly . The avai l abl e dome s t i c res ource s  are the re fo re 
mo re than adequate to  me et p roj e ct e d  demands fo r thorium oxi de , 
and th e re i s  l i t t l e  incent i ve o r  need for e xp l o rat ion fo r new 
dep os i t s . 

P r o duct ion cap abi l i t i e s  for comme r c i al and nuc l e ar grade 
thorium oxide are mo re than adequate t o  me et current requi rement s .  
Howeve r ,  addi t i onal p roduc t i on c apaci ty wi l l  be nece s s ary to me e t  
demand through th e end o f  t h e  c entury . 

PUB L I C  LANDS AND MI N I NG LAWS 

Ne arly 5 0  p e rcent o f  the 
both th e $ 8  and $ 1 0 per p ound 
publ ic  domain ( s e e Tabl e 1 6 ) . 
publ i c  doma in , and p roduc t i on 
mining l aws . Th e s e  l aws can , 
dome s t i c  ur anium supp ly . 

es t imat ed addi t i onal res ourc e s  in 
U30 3 catego ries  are l o cat ed on the 

Exp l o rat ion fo r uranium on the 
there from , is governed by th e fede ral 
th ere fore , h ave a pro found e ffect on 

TABLE 16 

PERCENTAGE DISTRI BUTION OF DOMESTI C URAN I UM 
ORE R ESOURCES BY LAND CLASSI F ICATION* 

JAN UARY 1,  1972 

$ 8 Resources $ 1 0  Resources 
Reasonably Estimated Reasonably Estimated 

Land Type Assured Additional Assured Additional 

Fee Landst 4 1 %  23% 40% 2 1 %  
Pu blic Domain 33 48 33 49 
State Lands 3 3 3 3 
I ndian Lands 1 8  1 9  1 9  20 
Federal Reacquired Lands 2 2 2 2 
Rai lroad Lands 3 5 3 5 

Total 1 00% 1 00% 100% 100% 

* I nformation furnished by the U.S. Atomic Energy Commission. Distribution percentages are approximate. 

t The sign ificance of uranium in the public lands is greater than indicated by the category "Publ ic Domain" in 
the above table, because u ranium found on claims on public land which have since been patented has been included 
under " Fee Lands." 

Th e Publ i c  L and Law Revi ew Commi s s i on has re c ommended modi fi 
c at i ons o f  the p r e s ent mining l aws . The s e  changes  could incre as e 
l and cos ts ; h oweve r ,  they are n o t  e xp e c t e d  to  affe ct the avai l 
abi l i ty o f  l and for uranium exp l o r at ion . 

S e r i ous re duct i on in pot ent i a l  uranium r e s e rve s would resul t , 
however , i f  acce s s  to  the publ i c  doma in we re t o  be subs t anti al ly 
rest ri cted as i s  be ing advo c at e d in many quart e rs , including th e 
l e g i s l at i ve branch o f  Gove rnmen t . For  e xamp l e , a 5 0 -pe rcent 
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reduct i on in  the amount o f  publ ic  domain open t o  min e ral exp l o ra
t i on and p roduc t i on woul d reduce the current e s t imat ed addi t i onal 
re s o urce s by app roximat ely 2 5  pe rcent . 

Al l l ands h aving ur anium p ot en t i al s hould remain avai labl e 
fo r e xp l o rat ion and deve l opment unt i l  exp l o rat ion info rmati on 
a l l ows as s e s smen t of mineral values . Any n ew t ime limi t s  p l aced 
on fe de ral  c l aims or l e a s e s  held for uranium should take into 
acc ount th e l ong l e ad t imes as s oci ated with uranium exp l orat ion 
and deve l opment as we l l  as future market requi rement s .  

I NCENT I VE S  FOR D I S COVERY 

Th e uranium indus t ry i s  faced with a t remendous chal l enge in 
th e years ahe ad . Cumul at ive requi rements fo r U303 pr oduct ion 
through th e y e ar 2 0 0 0  range from rough ly 1 . 5  mi l l i on t ons of U 30 3 
for C as e  I V  t o  2 . 7  mi l l i on t ons for C as e  I . * The mi d - range growth 
rates ( Cas e s  I I  and I I I )  w i l l  requ i re app roximat e ly 2 . 3 and 1 . 9  
m i l l i on t ons o f  uran i um ,  respect ive ly . P rovi s.i on for a forward 
res e rve beyond the y e ar 2 0 0 0  w i l l  requi re even larger amounts . 

The growth r at e  in uranium product ion and hence exp l o rat ion 
act ivity ove r  th e next 30 y e ars will h ave t o  e xce ed th e growth 
rat e s  exp e r i enced in the p as t  for mos t  mine ral commodi t i e s . Dri l 
l ing r at e s  h ave de cre ased in the l as t  2 ye ars ; an d ,  i f  the 
nece s s ary uranium t o  s at i s fy the demands th rough 1 9 85 an d beyond 
i s  to be p rovi de d ,  an imme di ate increas e in dri l l ing act ivity i s  
ne c e s s ary . Furthermore , s ince i t  may be imp o s s ibl e  to  sus t ain 
uranium di s c ove ry rat e s  e xp e ri enced ove r the pas t s eve ral ye ars 
a p rop o rt i onal ly gre at e r  dr i l l ing e ffort may be requi red . 

In  o rder t o  ach i eve the requi red sh arp inc re as e in dr i l l ing 
activi ty ,  and in vi ew of  the l ong l e ad t ime s requi re d from exp l or
ation to  p roduc t i on , it is a neces s i ty th at uranium raw mat e r i als  
p ro duce rs be  p rovide d imme di at e ly with incentive s  t o  unde rt ake the 
t as k . Pres ent market  condi t i ons h ave been l e s s  than s at i s fact o ry 
in provi ding th e n e ce s s ary incent ives for ur anium produce rs to  
devel op even many kn own uranium propert i e s , l e t  alone  exp l ore  
e xt ens ive ly fo r n ew uranium res e rve s . Incen t i ve s  that could 
s t imul at e  increas e d  dri l l ing act i vi ty inc lude : 

* E s t imat e s  are bas ed on th e as sump t i on that the U2 3 5 as s ay 
o f  the t ai ls from the enri chment p l ant wi l l  rema in 0 . 2 7 5  p ercent 
in acco rdance with the p l an out l ined by AEC Ch ai rman S chles inge r 
be fo re the J o int C ommi t t e e  on Atomi c Ene rgy , March 7 ,  19 7 2 . 

Ut i l i za t i on o f  thor ium as a nuc l e ar fuel  in HTGR's could 
r e sul t in a l owe r ing of demand for U3 08 by 5 t o  1 0  percent aft e r  
1 9 85 .  Al s o , b e c au s e  o f  the thermal e ffi c i ency ( 3 9 to  4 0  percent ) 
o f  the HT GR and i t s  improv i s ed neut ron economy wi th U2 3 3 ,  the e c o 
nom i c s  o f  the t hor ium fue l  cyc l e  ar e r e l a t ive l y  in s ens i t ive to the 
co s t  of ur anium fe e d . The r e fore , hi gh co s t  u ran ium re s e rv e s  c an 
be u t i l i z e d  for the HTGR � 
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• L ong - ran ge uranium p urchas e contracts  between p roducers 
and ut i l ities  

• Uranium s e l l ing p ri ce s  whi ch cover the co s t  of  
di s covery , deve l opment and p roduct ion , and a r e as on 
abl e re turn on inve s tment 

• As s ur ance that Government p o l i cy wi l l  cont inue t o  
res t ri ct imp o rt at i on o f  uranium as requi red t o  main 
t ain a viable domes t i c  mining indus t ry 

• Timely acces s t o  publ i c  lands for uranium exp l ora
t i on and deve l opmen t 

• C ontinua t i on o f  a favo rabl e t ax envi ronment . 

G iven app rop r i at e  incent ives to s t ep up e xp l o r at i on act i vi ty 
on a t imely bas i s , and cons i dering the res ource s  avai labl e , 
adequat e  uran ium res e rve s can be deve l oped to  mee t  p roduct i on 
requirements through 1 9 85 . Op t imi sm i s  warranted on the adequacy 
of dome s t i c  uranium res ources to meet p roduc t i on requi rements fo r 
Cas es I I - I V through th e y e ar 2 0 0 0 . Although the magni tude of  
the e xp l or at i on e ffo rt for Cas e I w i l l  requi re opt imum s ucces s , 
re as onable op t imism i s  warrant e d  th at the p roduct i on re qui rement s 
for thi s cas e could be s upp l i e d from dome s t i c  ur anium re s e rve s . 
I t  mus t be as s ume d ,  h oweve r ,  in  o rder t o  mee t  demands through 1 9 85 
from the s e  dome s t i c  res ources in  a l l  c as es except C as e  I V ,  that 
( 1 )  the re cent decline in  uranium exp l o rat i on activi ty be reve r s e d  
in t h e  n e ar future and ( 2 )  e conomi cs and gove rnment p o l i cy be such 
s o  as t o  encourage th e maint enance o f  a growing , aggre s s ive 
exp l o ra t i on p ro gram by p rivate indus t ry .  To  mee t th e demands 
beyond 19 85 ,  addi t i onal geograph i c  areas , curren t ly unexp l ored , 
mus t y i e l d  uranium dis cove r i e s  s imi l ar t o  thos e  found in the p as t . 
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Chap t e r  Three 

URAN I UM SUPPLY ANALYS I S - - METHOD AND ASSUMPT IONS 

T o ana ly z e  the dome s t i c  uranium supp ly c ap ab i l i ty ,  the Nuc l e ar 
T as k Group adop t e d  a demand o r i ented appr ai s a l . E s t imates  of  ex 
p l o ra t i on and produc t i on act ivi ty leve l s , as we l l  as the finan c i a l  
requi rements p l ac e d  o n  the ur anium raw mat e r i al s  indus try , were 
made with respect  t o  the proj ected  demand for nuc l e ar power ( rather 
than b e ing b as e d  on s ome pre e s t ab l i shed rate of growth in dri l l ing 
leve l s , such as used  in the o i l  and gas analys i s ) . The nuc l e ar 
energy s upp ly analys i s  invo lved three fundamental s t ep s : 

( 1 ) E s t ab l i shing a range of  nuc l e ar power growth proj e c t i ons 
( C as e s  I - I V) 

( 2 )  Comput ing the resul t ing nuc l e ar fue l  demand 

( 3 ) Judging the ab i l i ty o f  the ur anium raw mat e r i a l s  indus t ry ,  
the nuc lear  fue l  p roce s s ing indus try and the nuc l e ar p l ant 
manufac turing indu s t ry to supp ly the demand for each c as e .  

Two comput e r  mode l s  were used in proj e c t ing the ac tivity in 
the key s e gment s  of  the nuc l e ar indus try . The "uranium demand 
mode l , "  used in p roj e c t ing demand for uranium and enri chment p l ant 
s ep arative wo rk , was p rovided by the At omi c Ene rgy Commi s s i on ' s  
O ffice  o f  P l ann ing and Analys i s . By ut i l i z ing th i s  mo de l , the 
Nuc l e ar T as k  Group was ab l e  to proj ect  s ep ar at ive work demand and 
natural  uranium requi rement s  under a var i e ty o f  nuc l e ar generating 
cap a c i ty g r owth a s s ump t i ons and a wide r ange of nuc l e ar power p l ant 
and fue l cyc le op e r at ing p ar ame t e r s . A s imp l i fied f l ow chart of  
the  uranium demand mode l i s  i l lus t r at e d  in F i gure 5 .  

A s e cond mode l , the "uranium supp ly mode l , "  was cons tructed by 
the Nuc l e ar T as k  Gr oup to  aid  in data reduc t i on and t o  faci l i t ate 
s tudy of the var i ab l e s  affe c t ing uranium supp ly . Thi s  mo de l was 
de s i gned s o  that it could ac cept the computed output from the de 
mand mode l . * Furthermore , i t  could ut i l i z e the de tai led e s t imates  
o f  dome s t i c  uranium p roduct i on cap ab i l i ty as ma intained by the  AEC . 
The supply mode l p r ovi des  thr e e  typ e s  of  output data : 

( 1 )  E s t imat e s  o f  op erating requirement s for the uranium raw 
ma te r i a l s  indus t ry . 

( 2 )  Proj e c t i ons of  c ap i t al expendi ture s and op e r at ing cos t s  
in the uranium raw mat e r i a l s  indus try . 

* The supp ly mode l i s  p rogrammed in the Fortran IV code whi ch 
accep t s  any s e t o f  annual U 3 0 8 demand p r o j e ct i ons for the years  
1 9 7 1  through 2 0 0 0 . 
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F igure 5 .  Concep tual F l ow Chart - - Ur anium Demand Mode l .  

( 3 ) Uranium "p r i c e s "  calcul ated t o  provide a sp e c i fied DCF 
rate o f  re turn on p roj e c t e d  inves tments . The s e  U3 0 g  
"pr i c e s " a s  c a l cul ated by the mode l are l eve l i z e d  "p r i c e s "  
wh i ch a r e  bas e d  o n  ave rage produc t i on co s t s . Th is  im
p l i e s , there fore , that the l ower c o s t  product i on cent ers  
wi l l  e arn gre at e r  than ave rage re turns when s e l l ing at 
the leve l i z ed " p r i c e "  whi l e  the h i gher c o s t p roduct i on 
centers wi l l  be e arning l owe r than ave rage returns . 

A s imp l i f ied f l ow char t of  the ur anium supp ly model  i s  i l lus 
trated in F i gure 6 .  

DEMAND MODEL CALCULAT I ONS AND AS SUMPTIONS 

The c a l culat i on of uranium demand was ini t i ated with a proj e c 
t i on of  th e annual add i t i ons t o  dome s t ic  nuc l e ar cap a c i ty for e ach 
typ e of reactor through the ye ar 2 0 0 0 . I n i t i a l  fue l core charac 
t e r i s t i c s  o f  the s e  reactors - - s uch as enr ichment l eve l and core 
s i z e - -were c ombined with s p e c i f i e d  l e ad t imes for vari ous fue l 
cyc l e  s ervi c e s  to  p r oj ect  annual requi rements for initial  core fue l 
proce s s ing and supply . Operat in g char act e r i s t i c s  were us ed with 
uranium and p lutonium re cyc l e  p r oj ect i ons and reproce s s ing l e ad 
time s to c a l culate the vari ous fue l cyc l e  requi rement s  fo r rep l ace -
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F igur e 6 .  Conc ep tual F l ow C har t - - Uranium Supply Mode l . 

ment fue l .  T h e s e  were then added to  t he p r oj e c t i on of  the ini t i al 
core requi rements to  p rovide annual  s c hedules  o f  requirements for 
natural ur anium and s eparat ive work . The calculat i ons we re re 
p e ated with var i ous key p arameters  be ing as s i gned di fferent values 
in order to  te s t  the s ens i t ivity of t he p r oj e c ted demand s chedules  
to  the s e  p arame te r s . 

As sump t i ons regarding the bas ic reactor fue l characte r i s t i c s  
a s  us ed i n  t he ur anium demand mode l a r e  s hown i n  T abl e 1 7  f o r  LWR ' s  
and in T abl e 1 8  for the HT GR . The l e ad t ime s assumed for fue l cy 
c l e  proce s s in g  ( fo l l owing exp l orat i on ,  mining and mi l l ing of  natural  
uranium) as us ed in the  uranium demand mode l , are  shown in  T abl e 1 9 . 
E s t imated s ep arat ive work required for enri chmen t of  for e i gn uran i 
um subj e c t  to  re e xport  and e s t imated U . S .  Government requirement s  
fo r s ep arat ive work a r e  s hown i n  T abl e 2 0 . * 

SUPPLY MODEL CALCULAT I ONS 

In evaluating the Un ited  S t ate s ' uranium produc t i on cap abi l i ty ,  
including bo th ore  r e s erve s and produc t i on fac i l i t i e s , five re -

* As sump t i ons s hown in T abl e 2 0  were made to  evaluate the ade 
quacy o f  dome s t i c enrichmen t capac i ty .  
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TABLE 17  

CHARACTERISTICS OF L IGHT WATER REACTORS 

Plant Starting Commerical in Period 
Boiling Water Reactor Pressurized Water Reactor 

Characteristics* Through 1 980 After 1 980 Through 1 980 After 1 980 

Thermal Efficiency (Percent) 34 34 33 33 

Specific Power ( KWt/ Kg H.M. )  22 24 38 41 

I n itial Core (Average) 
I rradiation Level (MWDt/MTU ) 2 1 ,000 21 ,000 24,400 24,400 
Fresh Fuel Assay (Wt. % U235l 2.20 2.20 2.63 2.63 
Spent Fuel Assay (Wt. % U235l 0.71 0.77 0.76 0.76 
F issi le Pu Recovered ( Kg/MTU ) t  5.0 5.0 5.84 5.84 
Feed Required (Ton U 30afMWe)=l= 0.766 0.706 0.563 0.522 
Separative Work Requ ired ( Kg/MWe)=l= 287 264 236 2 1 8  

Replacement Loadings (Steady State, 
at 80% Plant Factor and 60% Pu Recycle)§ 

I rradiation Level (MWDt/MTU ) 27,500 27,500 33,000 33,000 
Fresh Fuel  Assay (Wt. % U 235l 2.56 2.56 3. 1 9  3. 1 9  
Spent Fuel Assay (Wt. % U235l 0.75 0.75 0.84 0.84 
F issi le  Pu Recovered ( Kg/MTU ) t  5.4 5.4 6.84 6.84 
Feed Required (Ton U308/MWe/yr.)=l= 0 . 1 53 0. 1 53 0 . 1 66 0 . 1 66 
Separative Work Requ ired ( Kg/MWe/yr.)=l= 78 71 88 99 

* KWt is thermal kilowatts, H.M. is heavy metal (U-Th) ,  MWDt is  thermal megawatt days, MTU is  metric ton (thousand kilo
grams) of uraniu m, "Ton u3o8" is short ton (2,000 pounds) of yellowcake from a mi l l ,  MWe is electrical megawatts. 

t After losses. 

=I= Based on operation of enriching facil ities at a tai ls assay of 0.275 percent and 60-percent recycle of plutonium. Pu recycle 
starts in 1 978. Therefore, u3o8 feed per year through 1 977 is 0.1 86 tons u3o8tMWe for BWR's and 0. 1 92 tons u3o8tMWe 
for PWR's; S imi larly, annual separative work is 94 Kg/MWe for BWR's and 1 04 Kg/MWe for PWR's through 1 977. The projected 
annual u3o8 requirements shown in this study do not include use of the Government stockpile and are based on an equivalent 
tails assay of 0.20 percent through 1 98 1 .  For replacement loadings, the required feed and separative work are net in that they 
al low for the use of uranium recovered from spent fuel .  Al lowance is made for fabrication and reprocessing losses. 

§ At steady state a portion of the reactor core (25 to 35 percent) is replaced with fresh fuel approximately on an annual 
basis. 

s e rve s - faci l i ty c l as s i fi c at i ons o f  produc t i on (mining and mi l l i�g)  
were ut i l i z ed . The five c las s e s are de fined as fo l l ows : 

C l as s 1 :  

C l as s  2 :  

C l as s 3 : 

C l a s s  4 :  

Exis t ing p roduc t i on cent ers  and as s o c i at e d  r e s e rves 

P roduct ion cent e r s  under construct i on and ass ociated 
res erves 

P os s i bl e  future p r oduc t i on cent e rs j us t i fied by de 
fined r e s e rve s 

Po s s i bl e  future produc t i on centers j us t i fied by 
p art i a l ly exp l ored and potent i al res e rve s 
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TABLE 1 8  

CHARACTERISTICS OF H IGH-TEMPERATURE GAS-COOLED R EACTORS 

Characteristics* 

Thermal Efficiency (%) 
Specific Power (KWt/Kg H.M. )  
Initial Core (Average) 

I rradiation Level ( MWDt/MT H .M. )  
Fresh Fuel (Kg U235l 
Spent Fuel (Kg U235l 
Fissile U233 recovered (Kg)  t 
Feed Required (ton U308/MWe) ::!= 
Separative Work Required (Kg/MWe) ::!= 

Replacement Loadings (Steady State 
at 80% Plant Factor) § 

I rradiation Level (MWDt/MT H.M.) 
Fresh Fuel (Kg U235l 

(Kg U235) 
Spent Fuel (Kg U235) 
Fissi le U233 Recovered (Kg) t 
Feed Requ ired (ton U308/MWe/yr) ::!= 
Separative Work Requ ired (Kg/MWe/yr) ::!= 

Plant Starting Commercial in Period 
(Typical 1 , 160 MWe) 

After 1 980 

39 
82 

54,500 
1 ,600 

340 
750 

0.39 
320 

95,000 
395 
200 

26 
200 

0.091 
74 

* KWt is thermal kilowatts, H.M. is heavy metal (U-Th ) ,  MWDt is thermal megawatt days, MT is metric tons (thousand 
kilograms). and "ton U30g" is short ton (2,000 pounds) of yellowcake from a mil l .  MWe is electrical megawatts. 

t After losses. 

:1: Based on operation of enriching facilities at a tails assay of 0.275 percent. The projected annual U30g requirements 
shown in this study do not include use of the Government stockpile and are based on an equivalent tails assay of 0.20 per
cent through 1 98 1 .  For replacement loadings, the required feed and separative work are net, in  that they allow for the use 
of uranium recovered from spent fuel. Al lowance is made for fabrication and reprocessing losses. 

§ At steady state a portion of the reactor core (25 to 35 percent) is replaced with fresh fuel approximately on an annual 
basis. 

C l as s  5 :  Produc tion from futur e dis cove r i e s  (no pr oduc tion 
center ident i f ied) . 

C l as s e s  1 - 4  are b as ed on AEC de s i gnat i ons and de fin i t i ons . * 
C l a s s  5 was s p e ci fi cally cre at e d  for the purp o s e  o f  t h i s  s tudy . A 
produc t i on center cons i s t s  o f  a mi l l  p lus i t s  support ing mine s , ore 
r e s e rve s , and as s o c i ated equipment , fac i l i t i e s  and o rgani z at i on . 

* S e e  App endix E .  
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Decay After D ischarge 

Reprocess ing 

Conversion to U F5 

Enrichment 

Fuel Fabrication 

Fin ished Fuel Storage 

Total 

TABLE 1 9  

DOMESTI C FUEL CYCLE PROCESSING TI MES* 

Time in Months 
I nitial Core 

3 

3 

6 

3 

1 5  

Replacement Core 

6 

3 

3 

3 

6 

3 

24 

* The times shown are estimates for new reactors for which specific data are not avai lable, general ly those starting 
commercial operation in  1 976 or later. When available, specific data was used in demand caluclations instead of the 
ti mes shown here. 

Year 

1 972 
1 973 
1 974 
1 975 
1 976 
1 977 
1 978 
1 979 
1 980 
1 981 
1 982 
1 983 
1 984 
1 985 

TABLE 20 

ANNUAL FOREIGN AND U.S. GOVERNMENT R EQUI R EMENTS 
FOR SEPARATIVE WOR K  

(Thousands of Separative Work Units) 

Foreign 
Requ irements 

1 ,200 
1 ,500 
2,400 
3,700 
5,1 00 
6,900 
8,900 

1 0,700 
1 2, 1 00 
1 2,800 
1 3,600 
1 4,400 
1 4,900 
1 5,400 
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Government 
Requirements 

2,040 
800 
400 

1 ,020 
1 ,240 
1 ,290 
1 ,340 
1 ,3 10  
1 ,260 
1 ,240 
1 ,250 
1 ,250 
1 ,250 



The fo l l owing s ix s teps out l ine the me thodo l o gy emp l oyed in 
deve l op ing ur anium raw mater ial  supp ly proj ect i ons ( s ee Figure 7 
for flow chart) : 

( 1 )  P r oj e c ted natural ur anium demand ( from the demand mode l 
analys i s )  was adj us ted for as sumed fe ed from the Gove rn 
men t - owned uranium s tockp i l e  and net uranium imports . *  
S t ockp i l e  us age was calcul ated to  be the di fference be 
twe en U3 0 3  required when the enr i chment p l ants are op e r 
ated a t  0 . 2 7 5 -p e r cent U2 3 5 t a i l s  as s ay ( as announced by 
the AE C )  and the l e s s e r  amount o f  U 3 0 8 required i f  the 
enr ichment p l ants were op erated at 0 . 2 0 0 - per cent U2 3 5 
t ai l s  as s ay ( the actual bas i s  for det ermining U 3 0 8 feed 
from commer c i al s ource s ) . Th is  s t o ckp i l e d i s p o s a l  pro 
gram was a s s umed t o  end in 1 9 81 in e ach demand cas e re 
gardl e s s  o f  the amount o f  U 3 0 8 remaining in the s to ckp i l e  
at that t ime . 

( 2 )  As requi red by pro j e c t e d  demand in C as e s  I - IV ,  s ource s of  
ur an ium supp ly were  br ought into  produc t i on according to 
the f o l lowing pr i o r i t i e s : ( a) production from C l a s s  1 
and 2 prop e rt i e s  operat ing at capacity ( for the f i r s t  5 
years product i on i s  bas ed on p l anne d  mine operat ing 
l eve l s ) ,  ( b) reduct i on in invento r i e s  ( the mode l holds 
minimum U30 3  invent o r i e s  at 1 0  percent o f  annual  demand) , 
( c )  p roduct ion from C l a s s  3 propert i e s , (d) product ion 
from C l as s  4 prop e rt i e s , and ( e )  product ion from new 
dis cover i e s  (C l a s s 5 propert i e s ) . 

( 3 ) Annual  add i t i ons t o  uran ium r e s e rve s required t o  sus t ain 
proj e ct e d  produc t i on l eve l s  were calculated bas e d  on 
as s ume d l e ad t ime s and as sumed r e s e rve - t o - produc t i on 
r a t i o s . 

( 4 )  Annual dr i l l ing t o  support  s cheduled new re s erve addi 
t i ons was computed . 

( 5 )  S chedule s of exp l orat i on inve s tment , mine /mi l l  cap i t al , 
p r imary deve l opment and op e r ating exp ens e s  were computed 
for e ach year for e ach product i on c l as s . 

( 6 )  As a mode l op t i on , the U3 0 3  "pr ice"  required t o  provi de 
a spec ified  DCF re turn on inve s tment is c omputed bas ed 
on inves tments through 1 9 85 for e ach c l as s . Thi s  c a l cu
l a t i on t akes into  ac count a l l  app ropr i at e  tax deduct i ble  
e xp end i ture s  inc luding intangibl e  deve l opment wh ich is  
deduc ted in  the  year al l owed under current tax regu l a 
t i on s . T ax calcul at i ons include p r ovis i ons fo r pre fe r 
ence t axes and inv e s tment t ax credi t s . 

* The  uranium supp ly mode l was develop ed with the c apabi l i ty 
o f  cons idering uran ium imp o r t s . S ince imports  do not c ons t i tute a 
s ource of  s upp ly for dome s t i c  purpo s e s , a z e r o  fi gure was ut i l i z ed . 
(Refer to  App end ix G ,  S chedu l e  A) . 
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A. 

B. 

c. 

NATURAL URANI UM REQU I R EMENTS 
ADJUSTED BY AEC STOCKPI LE 

SALES AND I MPORTS 

PRODUCTION CAPABI LITY. 
CLASSES 1-4 

BEGI NNI NG PRODUCTION SCHEDULE 
AND CAPABI LITI ES, I NVENTORIES, 

AND ORE RESERVES 

BEGI N USAGE OF PRODUCTION 
CAPACITY CLASS 3, AND CLASS 4 

WHEN N EC ESSARY . 

. COMPUTE ENDING I N VENTORY 

CALCU LATE NEW DISCOVER I ES 
R EQU IRED 

CALCU LATE ANNUAL O R E  RESERVE 
ADDITI ONS 

COMPUTE DRI LLI N G  AND 
O R E  R ESERVE STATI STICS. 

I N PUT, LEAD TIMES, AND EXPENSES 
APPORTI ONED BY YEAR FOR FOLLOWING 

CATEGORI ES FOR CLASS 5 ; 

EXPLORATION I NVESTMENT 
DEVELOPMENT D R I LLI NG 
M I N E  CAPITAL 
M I L L  CAPITAL 
R EPLACEMENT EQUIPMENT 
PRI MARY DEVELOPMENT 
OPERATI N G  EXPENSES . 

EXPENSES FOR CLASSES 1 -4 

I NPUT DESI R E D  RATE OF R ETUR N ;  
ROYALTY AND PRODUCTION FACTORS; 
INCOME, I NVESTM ENT TAX CREDIT AND 

P R E F ER ENCE TAX PERCENTAGES; 
DEPRECIATION CRITERION. 

CLASS 5 CALCULATIONS 
OPERATING STATISTICS ARE CALCULATED 

BASED ON LEAD TI MES AND PARAMETER 
ASSUMPTIONS. THE EXPENSES ARE APPORTIONED 

BY YEAR AND A R E  BASED UPON ANNUAL ORE 
R ESERVE ADDITIONS. 

CALCULATE AND P R I NT URANIUM RAW 
MATERI ALS I N V ESTM ENT AND 

PRODUCTION COST SCH EDULES. 

CALCULATE 
R EVENUE, ROYALTY, DEPRECIATION, 
N ET SALES, BEFORE TAX CASH F LOW, 

DEPLETION, TAXABLE I NCOME, I NCOME 
TAX, PREFER E NCE TAX, INVESTMENT 
TAX CRE DIT, N ET TAXES, AFTER TAX 

CASH F LOW, DISCOUNTED CASH F LOW, 
CUMULATI V E  CASH F LOW. 

CHANG E PRICE 
AND R ECALCULATE. 

WRITE DISCOUNTED CASH F LOW ANALYSIS 
REPORT WHICH INCLUDES PRICE FOR 

DESI R E D  RATE OF R ETURN. 

F igur e 7 .  Uranium Supp ly Model  C a l cu l at i ons . 

4 8  



SUPPLY MODEL ASSUMPT I ONS 

In order to  compute bo th the required rate of ur anium r e s ource 
deve lopment and the as s o c i ated indus try inve s tments  and operat ing 
c o s t s , it was ne c e s s ary to make a numbe r of as sump t i ons re garding 
future deve l opment p at t e rns , produc t i on rates  and c o s t s . With re 
s p e c t  t o  p r o duc t i on from prop e r t i e s  in C l as s e s  1 through 4 ,  the 
gener a l  deve l opment patterns. , produc t i on rat e s  and as s o c iated i n 
ve s tmen t  and operating c o s t s  are t aken directly from t h e  publ i shed 
AEC e s t imate s .  For p roduc t i on from C l a s s  5 ,  deve lopment p a t t e rns 
and co s t s we r e  a s s ume d to be s imi l ar to  tho s e  for known p r ope r t i e s  
i n  C l as s e s 3 and 4 .  The spe c i f i c  as sumpt ions for C l as s  5 pr oduc 
t i on wh i ch were us ed in deve loping the r e ference cas e s  ( C a s e s  I - IV) 
and c e r t ain parame tr i c  s tudi e s  are d i s cus s e d  in the f o l l owing p ar a 
graphs . C o s t  a s sump t i ons w i th r e s p e c t  to C l a s s  5 produc t i on a l s o  
a r e  s ummar i z ed i n  T abl e 2 1 . 

Exp lo r a t i on 

The p r incip a l  e l ements  of  a mo dern ur anium e xp l o rat i on program 
are dep i ct e d  in F i gure 8 .  The exp lo rat i on pha s e  i s  the ini t i al 
s t age in the deve l opment o f  new r e s our c e s  and i s  a p e r i od of  e xtreme 
finan c i a l  r i s k . The time and e ff o r t .  required to  make a s ingle new 
dis covery c annot  be predicted with accuracy . 

The t iming shown in F i gure 8 indi c ates  that , on the average , 
approximate ly 2 years are required from the incep t i on o f  a sp e c i fic  
proj e c t  unt i l  d i s c ove ry o f  uranium mine r al i z at i on . ( In  thi s  con
text , d i s covery does  not me an a dri l l ed - out ore body , but a " good 
show . " )  Th i s  2 - year p e r i od t akes  into account t ime spent in pur 
s uing p r o s p e c t s  that fai l t o  r e s u l t  in d i s c overy . Of c ours e ,  the 

TABLE 21 

NEW URANI UM PROPERTY I NVESTMENT AND OPERATING EXPENSE 
(Constant 1 970 Dollars) 

Exploration 

Land Costs 

Exploration Dri l l ing 

Development Dri l l ing 

Total 

Capital 

Mine Construction 

Mi l l  Construction 

Mine Development 

Operating Expense 

Equipment Replacement 

Total D i rect and I ndirect 

Reserve Additions 
$/lb. U30g 

Indicated and Inferred Resources 

0. 1 0  
0.60 
0.20 

0.90 

$/lb. U30g Annual Production Capacity 

1 . 1 0  
4. 25 

$/lb. u3og Produced 

0. 1 5  
4.35 

4 9  

$/lb. U30g Produced 

0.1 10 
0.425 
0.900 



l ong - t e rm exp l or a t i on succ e s s  o f  any uranium producer i s  influenced 
by the comp e tence and exper i ence of i t s  exp l or a t i on s t aff . F i g 
u r e  8 i l lus trate s that a given exp l oration proj e c t  may fail  a t  a 
numb e r  o f  de c i s ion s t age s . In ur an ium exp l o r a t i on , the r i sks are 
h i gh and only a sma l l  pe rcent age of  the exp l o r at i on dr i l l ing r e 
su l t s  i n  added o re r e s erve s . 

Once the in i t i al d i s covery i s  made , a detailed  dr i l l ing pro 
gram i s  requi red t o  de l ineate the mine r al i z e d  are a  and a l l ow an 
engine e r ing evaluat i on o f  the depo s i t . Ove r al l ,  the exp l oration 
phase  of  a p r oj e c t  ( the  t ime b e tween ini t i a t i on o f  an exp lo rat i on 
p roj ect  and the de c i s i on t o  p roceed with mine deve lopment )  is  
l ike ly to encomp a s s  4 or 5 ye ar s . The  assump t i ons us ed in the ur 
an ium supp ly mode l regarding exp l oration l e ad t ime s , cos ts and dis 
c ove ry rates  are fur ther specified b e l ow :  

Exp l o r at i on Co s t s  

In  the b as i c  supply c as e s , t o t a l  exp l orat i on c o s ts are e s t i 
mat e d  at $ 0 . 9 0 p e r  p ound U3 0 3 added to re s erve s , or app r oximat e ly 
$ 0 . 9 5 per  p ound u3 o8 in concentrat e . Uni t  exp l o ration co s t s  are 
a functi on of  d i s covery rat e s  and th i s  co s t  factor is a key var i 
ab l e  in the supp ly mode l . 

A re cent AEC report , Uranium Explo ratio n Activity , pub l i shed 
in Augus t  1 9 7 1 ,  comp i l e s  dat a c o l l e cted from an indus try survey 
over the 5 - year p e r i od 1 9 6 6 - 1 9 7 0 . * S ome s e l e cted results  of th is  
survey are summar i z ed as  fo l l ows : 

• Surface e xp l orat i on and deve l opment dr i l l ing reported for 
the 1 9 6 6 - 1 9 7 0  p e r i od - - 85 . 8  mi l l i on fe e t  

• Exp l orat i on inv e s tment reported for  the 1 9 6 6 - 1 9 7 0  p e r i od : 
( 1 )  L and - - $ 5 3 . 0  mi l l i on ; ( 2 )  Sur face Dri l l ing - - $ 1 0 0 . 5  

mi l l i on ; ( 3 ) O ther  ( G e o l o g i c a l , e tc . ) - - $ 5 7 . 8  m i l l i on ;  ( 4 )  
T o t al - - $ 2 1 1 . 3 mi l l i on . 

B a s e d  on thi s data , i t  i s  pos s ib l e  to  e s t imate exp l orat i on co s ts 
p e r  pound o f  d i s c ove r e d  r e s erve s (Ec)  as a funct i on o f  the dri l l ing 
succ e s s  ratio  ( d i s covery fac t or)  as fo l l ows : 

Ec  = $ 2 1 1 . 3 mi l l i on 
85 . 8  mi l l ion feet  

X Surface feet  dr i l led 
Pounds u3o 8 dis c overed 

Th is  fo rmu l a  i s  shown in graphical  form in F i gure 9 .  

* A sub s equent AE C survey made avai l ab l e in June 1 9 7 2  indi 
c a t e s  that dur ing 1 9 7 1  t o t a l  exp l orat i on inve s tment was approx i 
mate ly $ 5 5 . 0  mi l l i on in supp ort  of  1 5  mi l l i on feet  o f  surface 
dri l l ing . Thi s  corresponds very c l o s e ly with the task group 
e s t imate s  o f  1 9 7 0  c o s t s  shown in F i gure 9 .  
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F igur e 8 .  D e c i s i on E l ement s i n  Uranium Exp l or a t i on . 
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D ISCOVERY FACTOR ( LBS. U30s PER FOOT TOTAL SU R FACE D R I LL I NG)  

F igure 9 .  Uranium Exp l oration C o s t s  vs . F inding Rat e . 

D i s covery Rat e s  

Uranium dis cove ry rates  are usua l ly expres s e d  a s  a funct i on of  
t o t al exp l orat i on dri l l ing and deve l opment dri l l ing s ince avai lab le 
indus t ry s t at i s t i cs do no t a l l ow any c l e ar b re akdown b e tween the 
two typ e s  o f  dri l l ing . S t at i s t i ca l  an aly s e s  of the dis c overy rate 
data were p e r fo rmed , however , no s i gn i f i c ant trends can b e  e s t ab 
l i shed from the h i s t or i cal  dat a avai l ab l e .  

A t rend t o  de ep e r  dr i l l ing and incre as ed re l i ance in the fu 
ture on unde rground uranium mining may h ave a b e aring on future 
dis covery rat e s . The ave rage depth p e r  surface exp l oration h o l e  
h a s  incre as ed sub s t an t i a l ly ove r t h e  p a s t  s eve ral ye ars ( s e e  F i g 
u r e  1 0 ) , and thi s  t rend i s  exp e c t e d  t o  cont inue . Rememb e r ing that 
C l as s 1 and 2 p roduction centers  are tho s e  min ing and mi l l ing fa
c i l i t i e s  now in op e r at i on or unde r cons t ruct ion and that C l a s s  3 
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and 4 prop e r t i e s  are de fined as p ro babl e future produc t i on cente rs , 
a comp ar i s on o f  the pe rcentage of  open - p i t  vs . unde rground produc 
t i on cap abi l i ty i s  shown in the fo l l owing t abul at i on : 

Produc t i on C ap abi l i ty Through 1 9 85 

C l a s s  
1 & 2 
3 & 4 

Open - P i t  
5 3% 
3 1 %  

Unde rground 
4 7% 
6 9 %  

I n  F i gure 1 0 , his t o r i c a l  ave rage hole  depths are p lo t t e d  along 
w i th a proj e c t i on of future dri l l ing depths assuming that by 1 9 80 ,  

j:: 
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Average drilling 
depth in 1 980: 
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B - 1 ,500 Feet 
C - 1 ,000 Feet 
D - Projected Historical 

Trend 

X X X 
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X 

X 
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YEAR 

PROJECTED 

1,320' 

I 
I 

I 
I 

1,020· 

/ / 
I / 

/ s / 
7 

/ / 
720' 

"61 0' 

// ::::-;--/ 
�/ � D £'�� 

75 80 

F igur e 1 0 . Trends in the Average D epth o f  Dr i l l ing . 
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6 0  pe rcent o f  the dri l l ing wi l l  be w i th an underground obj ect ive 
and 40 pe rcent wi th an open - p i t  obj e ct ive . The ave rage dep th of 
open - p i t  dr i l l ing is t aken as 3 0 0  fe e t , and p l o t s  are shown for 
ave rage unde rground depths of  1 , 0 0 0 ,  1 , 5 0 0  and 2 , 0 0 0  fee t . (A 
l inear l e as t s quare s f i t  of  the h i s t or i c a l  data indi cates  an ave r 
age dep th o f  app r oximate ly 6 0 0  fe e t  i n  1 9 80 . )  

Thre e  uranium di s cove ry rat e s  and corresponding exp l orat i on 
co s t s  were cons idered in the supp ly mode l proj e ct i ons . An op t imis 
t i c  e s t imate wh i ch might result from imp r oved t e chno l ogy and/ or the 
d i s cove ry of large new uranium dis t r i c t s  in fron t i e r  areas assume s 
a di s cove ry rate  o f  5 p ounds of  U 30 3  p e r  foot at $ 0 . 7 2 p e r  p ound .  
The me dian e s t imate i s  4 p ounds o f  U3 0 3  p e r  fo ot  at $ 0 . 9 0 p e r  pound , 
and the p e s s imi s t i c  e s t imate i s  3 p ounds of  U 3 0 3  p e r  foot at $ 1 . 2 0 
p e r  pound e xp l oration co s t s . 

Exp l orat i on L e ad T ime s 

The supp ly mode l as sump t i ons regarding l e ad t imes for inve s t 
ments and dri l l ing act ivity are summari z ed in T abl e 2 2  and i l lus 
t r at e d  in F i gure 1 1 . 

Mine /Mi l l  I nve s tment 

A typ i c a l  mine/mi l l  deve lopment s chedule  is diagramme d in F i g 
ure 1 2  for an underground mine and i n  F i gure 1 3 fo r an op en - p i t  

EXPLORATION 
I N VESTM ENT 

EXPLO RATI ON 
D R I LLI NG FOOTAGE 

DEV E LOPMENT 
D R I LLING I NVESTM ENT 

M I N E  CAPITAL 

M I L L CAPITAL 

P R I MARY D E V E LOPM E NT 

P R O D U CTI O N F R OM 
P R OVEN R ES E R VES 

P R O D U CTI ON F R OM 
POTE NTI A L  R ES E R VES 

-8 

l 2o% 1 3o% l 3o% l2oo/� 

1 20% 140% 140%) 

-6 -4 -2 

P RODUCTION 
CAPACITY 

I NSTA LLED 

0 

E LAPS E D  T I M E  I N  YEARS 

2 4 6 8 

F i gure 1 1 . Uranium Exp lo r a t i on and Devel opment L e ad T imes for 
I nv e s tment s  and D r i l l ing Ac tivity . 
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(J1 
(J1 

I DESIGN, ORDER & RECEIVE 

HOIST & HEAD FRAME 
( 1 2 MO.) 

R I GHTS 

DESIGN, ORDER PUMP, FACILITY 

AND DISCHARGE WATER PIPE 
(6 MO.) 

DEVELOP U.G. SHOP, COMPRESSED AlA, 

& DRILL WATER SUPPLY SYSTEM 
(6 MO.) 

MINE/MILL ESTABLISH SET SHAFT SINK SHAFT INSTL DEVELOP INITIAL COMPLETE COMPLETE U.G. ORE PRIMARY DEVELOPMENT 

FEASIBILITY STUDY COLLAR (6-1 8 MO.) SHAFT SHAFT STATION PUMP STATION TRANSFER FACILITY •- - ·� 
(3 MO.) (3 MO.) STEEL (4 MO.I (2 MO.) (4 MO.) 

SHAFT PI LOT HOLE 
( 1  MO.) 

ARRANGE FOR 

POWER SUPPLY 
(2 MO.) 

DESIGN & CONSTRUCT OFFICE, 

DRY ROOM, & SHOP 
'(2MO.) 

( 1  MO.I 

DESIGN, DRILL, & CASE INITIAL VENT HOLE 

(6 MO.) 

vv 

f.-'?"4 �%� 

SELECT, ORDER, & RECEIVE MINING EQUIPMENT 

(9MO.) 

LAB TESTING AND PLANT DESIGN & SELECTION OF CONTRACTOR MILL CONST
,_
R

.,;.
U

.:_
CT

_
IO
-'-

N
-----+<l 

PROCESS ?:���
)
MI NATION (18 MO.) 

F i gur e 1 2 . Typ ical  Underground Mine /Mi l l  Devel opment Sc hedul e .  
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TABLE 22 

LEAD TI MES FOR I NVESTMENTS AND DRI LLING ACTIVITY 

Years Prior 
to Start of 
Production 

1 0  
9 
8 
7 
6 
5* 
4 
3 
2 
1 
0 

* Reserve established. 

MINE/MILL ESTABLISH 

Exploration 
Expenditure 

(Percent) 

5 
1 0  
30 
30 
25 

ESTABLISH PIT LIMITS 
13 MO.) 

SELECT, 
ORDER & RECEIVE 

Develop ment 
Drilling 

Expenditure 
(Percent) 

0 
0 
0 

20 
40 
40 

SELECT, ORDER & RECEIVE MINING EQUIPMENT 
19 MO.l 

ARRANGE FOR POWER SUPPLY 
13 MO.) 

FEASIBI LITY STUDY DESIGN CRITERIA WASTE REMOVAL EQUIPMENT 
13 MO.) 12 MO.) I 

I9 MO.) 

I 
I 
I 

DEVELOP SITE ACCESS 
SURFACE/RIGHTS FOR WASTE DISPOSAL 

I4 MO.) 

LAB TESTING & PROCESS PLANT DESIGN AND M I LL CONSTRUCTION 

j-...:..-"-::-D::ET::E:::R�M;:-:1 N,,A:-:;T�IO;:':N::---• �ELECTION ciF,_C_O_N-TR_A_C_T_O.,.R<>----1 1-15 MO.) 
14 MO.) 19 MO.) 

Drilling 
Footage 
(Percent) 

20 
30 
30 
20 

PRODUCTION 

F igure 1 3 . Typ ic a l  Op en- P i t  Mine /Mi l l  Deve l opment Schedule . 

5 6  



mine . The s equence o f  act ivi t i e s  and t iming shown on the s e  f i gure s 
wi l l , o f  cours e ,  b e  mo dified to  f i t  any s p e c i f i c  c i rcums t ance . I n  
general , howeve r , one could exp e c t  a 2 - t o  3 1 / 2 - ye ar deve l opment 
and con s t ruct i on p e r i o d  for an open - p i t  mine/mi l l  fac i l i ty and a 
4 - to  5 - ye ar peri od for a maj o r  unde rground mine . The l e ad time 
requi rements for uranium exp l orat i on and produc t i on are of prime 
imp ortan ce s ince the t iming of inve s tments  b e comes a cri t i cal as 
s ump t i on in the DCF re turn on inve s tment calculat i ons . 

The mine /mi l l  cap i t a l  c o s t s  us ed in the analys e s  for the sup 
p ly mode l are - -

• Mine con s t ruct ion : $ 1 . 1 0 p e r  pound o f  U30 3  product ion 
c ap a c i ty 

• Mi l l  con s t ruc t i on : $ 4 . 2 5  per p ound of  U3 0 s  produc t i on 
c ap a c i ty 

• T o t a l : $ 5 . 35 p e r  pound U 30 3  product i on c ap a c i ty . 

Thes e  exp endi tur e s  are b a s e d  on the ave rage future inve s tment 
for a l l  product i on centers , open - p i t  and underground , in the C l as s 
3 and 4 categor i e s  ( a l l  known prop e rt i e s  whi ch could l ikely supp ort 
a mine and mi l l ,  but for whi ch no cons truct i on h as b e en ini t i ated) . 
Furthe r ,  the s e  fi gure s repres ent inve s tments made p r i or to  produc 
t i on ;  an add i t i on a l  as sump t i on i s  that $ 0 . 1 5 p e r  p ound o f  U30 3 pro 
duced w i l l  b e  inve s ted ove r the producing l i fe o f  the faci l i t i e s  
f o r  e quipment rep l acement and c ap i t al addi t i ons . 

P ar ame t r i c  s tudi e s  inve s t i gate the e ffe c t  o f  changes in mine/ 
mi l l  c o s t s  on uran ium c o st s . There  i s  a s i gnifi cant e conomy of 
s ca l e  a s s o c i ated with mi l l ing faci l i t i e s . For  examp l e , with an 
average mi l l  fe ed ore grade o f  4 p ounds of  U30 3  p e r  ton of  o re , a 
1 , 5 0 0  tons per day mi l l  would t o s t  ab out $ 1 0  mi l l i on , whi l e a mi l l  
o f  twi c e  that c ap ac i ty would c o s t  ab out $ 1 5  mi l l i on - - an incre as e 
o f  only 5 0  p e rcent in c ap i t al co s t . The e s t imated inve s tment fac
tors  are $ 5 . 0 0 p e r  p ound of U 30 3  c ap a c i ty at 1 , 5 0 0 t ons per day and 
$ 3 . 7 5 p e r  p ound o f  U 30 3 c ap ac i ty at 3 , 0 0 0  t ons p e r  day . The mi l l  
inve s tment p e r  p ound o f  U 30 3  product i on cap ac i ty i s , o f  cours e ,  
a l s o  dependent on ore grade , re covery and the mi l l  op erat ing 
s chedul e . 

Mine cons t ruct i on c o s t s  inc lude a l l  ne c e s s ary m1n1ng equipment 
and real prop erty . The c o s t s  of s inking shafts and s t ation deve lop 
ment and/or s t ripp ing are not inc luded , b ut they are carried  in a 
s ep arate c o s t  c at e gory t e rmed p r imary deve l opment ( dis cus s e d  in the 
fo l l owing s e ct i on) . 

As sumpt ions us ed re garding l e ad t ime s for c a l culation of  mine / 
mi l l  inve s tment are shown in F i gure 1 1 .  

P rimary Deve l opment 

An ave rage primary deve l opment co s t  o f  $ 0 . 9 0 per p ound of  
U3 03 pr oduced i s  used  in a l l  demand cas e s . As  shown in F i gure 1 1 , 
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s ome deve l opment work wi l l  precede p roduc t i on by as much as 4 ye ar s , 
inc luding shaft s inking o r  s tr ipp ing and primary unde rground deve l 
opment . 

Ope r at i ng C o s t s  

The ave rage op erating c o s t  us ed i n  the analys i s  for C l a s s  5 
produc t i on i s  $ 4 . 3 5 per  p ound of  U3 03 . Th i s  figure inc lude s royal 
ty and ore  hauling but exc lude s depre c i at i on ,  amort i z at i on ,  and 
dep l e t i on .  

Re s erve - to - P roduct i on Rat i o  

The s i z ing of  U3 0 3  p roduct i on fac i l i t i e s  to  a pr oved ore re 
s erve i s  ve ry important to  future d i s c ove ry requirement s  and has 
s ubs t ant i a l imp ac t  on e conomic evaluat i ons . In  s ome cas e s , mi l l ing 
faci l i t i e s  are de s i gned s o  that they can be 1e adi ly exp anded beyond 
ini t i al c ap ac i ty l imi ts bas ed on the probabi l i ty of deve l op ing p o 
tent i a l  ore re s e rve s i n  addit ion t o  the proved re s erve . In  gene r 
a l , the bas i c  mine /mi l l  de s i gn de c i s i ons are bas ed o n  sur face 
dri l l ing and r e l ated to ore r e s e rve e s t imat e s  that p rovide informa
t i on on l e s s  th an 1 0 0  p ercent o f  the c ontro l l ed l and . There fore , 
add i t i onal informat i on on the ore re s erve is  gene rated from unde r 
ground dr i l l ing and further surface dri l l ing during the e ar ly 
s t ages  o f  mine deve l opment . 

P r oduct i on center C l as s e s  2 and 3 , as de fined by the AEC ,  are 
bas ed on suff i c i ent prove d ore r e s e rve s to supp ort e conomical new 
p ro duct i on uni t s . The s e  two p roduc t i on capabi l ity categor i e s  are 
bas ed on res e rve s of 9 2 , 0 0 0  tons o f  U 3 0 3 and are proj e cted to p r o 
duce app r ox imat e ly 1 3 , 0 0 0  tons o f  U 3 0 3 per  year a t  what are con 
s idered op t imum rates  o r  announc ed p ro duction cap abi l i t i e s . Thi s  
reduces t o  a re s e rve - t o - pr oduction r at i o  (R/ P )  of 7 . 0  a s  an average  
o f  known e conomi cal ore bodies  whi ch had not be en brought to  pro 
duc t i on at the t ime of  the AE C evaluat i ons (January 1 ,  1 9 7 1 ) . 

For  the bas i c  supp ly c a s e s , i t  was assumed that , for produc 
t i on from C l a s s  5 p rop e r t i e s , ( 1 )  an R/P of  7 . 0  would be required 
be fo re  a new re s e rve could be p l aced into product i on an d ( 2 )  addi 
t i on a l  res erve s would be found dur ing mine deve l opment through the 
firs t ye ar of mine operation whi ch would br ing the ove r a l l  R/P to  
1 0 . 0  ( o r  an aver age mine l i fe o f  1 0  y e ars ) . 

A parame tr i c  s tudy inve s t i gat e s  the e ffe ct on uranium res erve 
requirement s  and co s t s o f  changing the ini t i a l  R/P from 7 . 0 t o  5 . 0  
an d 9 . 0 .  

T axe s  

As sump t i ons be aring o n  t ax c a l cu l at i ons for the four bas ic  
cas e s  are : 
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• Uni t - o f - p r oduct i on dep r e c i a t i on was us ed for mine /mi l l  
equipment and surface s t ructure s .  

• I n t angib l e  deve lopment c o s t s  were exp ens ed as incurred . 

• Equipment repl acement c o s t s  were ave raged over the produc 
t i on l i fe and wr i t t en off each year . 

• D ep l e t i on was c a l culated e ach ye ar fo r the indus try as a 
who l e . The 2 2 - p ercent s t atuto ry rate with a 5 0 - p ercent 
net income l imi t at i on was us ed . 

• I ncome t ax e s  we r e  calcu l ated at S O  pe rcent o f  net  taxab le  
income . 

• P r e ference t axes  we re c a l culated at an e ffect ive rate , o f 8 
p e r cent o f  dep le t i on minus income t ax . 

• I nve s tment t ax credit  was a l l owed at the rate of  7 per cent 
on 80 p e r cent of the mine /mi l l  inve s tmen t . 

A numb er o f  t ax p ar ame t r i c  s tudi e s  have 
of wh i ch are dis cus s ed l ater in thi s  report . 
cus s ion o f  the t ax a s s ump t i ons and me thod o f  
the analys i s  i s  p r ovided as App end ix F .  

Rate o f  Re turn on I nves tment 

b e en made , the results  
A more  de tai led dis 

cal cul a t i on us ed in 

The s upply mode l was emp l oyed to c a l culate a l e ve l i z ed "pr i ce"  
corre sponding t o  a s p e c i fied DCF r e turn on inve s tment in e ach c l as s  
o f  produ c t i on cent e r  through 1 9 85 .  D i s count fact ors  us ed in U3 0 8 
"pr i c e "  c omputat i ons are: 1 0  per cent , 1 2 . 5  p er c ent , 1 5  pe rcent , 
1 7 . 5  pe rcent and 2 0 p e rcent . 

L IMI TAT I ONS OF THE SUPPLY MODEL 

The supp ly mode l a l l ows a fixed s e t  of  b as i c  analy t i c a l  p r o 
j e c t i ons t o  b e  made by s imul a t i on o f  the uranium r aw mat e r i al sup 
p ly indus try and provides  for s ens i t iv i ty t e s t ing o f  a wide range 
o f  influenc ing as sump t ions . I t  i s  no t an e c onome t r i c  or p r i c e  
for e cas t ing mode l .  

The mode l doe s a l l ow a "pr i c e "  analys i s  o f  the uranium raw 
mat e r i a l s  indus t ry , t r e ated as a s in g l e  ent i ty , in t e rms o f  the 
s tandard D C F  rate  of re turn on inve s tment procedure . Al l s i gn i fi 
c ant var i ab l e s  of  the inte inal rate  o f  re turn on inves tment analy
s i s  are dat a input to the p r ogram and are there fore sub j ect  to  
s ens i t iv i ty ana ly s i s  or  p ar ame t e r  vari at i on . Furthe r , the  computer 
output p rovide s s eparate  annual  s chedu l e s  of  indus try op er ating 
s t at i s t i cs , inve s tment · and op e r a t ing exp endi tur e s  and finan c i a l  
data . 

The mode l do e s  n o t  p rovide ye a:r -b y - ye ar p r i c e s  for U3 0 3 , but 
ins t e ad calcul a t e s  a leve l i z ed "pr i c e "  requi red over . the as sumed 
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l ife o f  produc t i on centers  in e ach c l as s  whi ch are brought into 
p r o duc t i on thr ough 1 9 85 .  

The uran ium supp ly mode l i s  demand o r i ented . The mode l pro 
j e c t s  s equent i a l ly ( 1 )  requirement s  for add i t i onal p roduc t i on c a 
p a c i ty , ( 2 )  r e s e rve add i t i ons and ( 3 ) phys i c al exp lo r at o ry require 
ment s . T here are no bui l t - in l imits  to  the l eve l s  o f  ac t ivity pro 
j ec t e d  e xcep t indi re ctly vi a the  demand case  cons idere d . The r e fore , 
t h e  r e s u l t s  o f  the supp ly mode l cal cul a t i ons require inte rpretation 
and analy s i s  be fore be ing con s i dered as val i d and reas onabl e pro 
j e c t i ons . Sp e c i fi ca l ly , the rate o f  increas e  in new mining op era
t i ons , the rate o f  incre a s e  in surface dri l l ing , the  rate of  in
c r e as e in ore  r e s e rve add i t i ons and the ?dequacy of natural uranium 
r e s our ce s · mus t  be cons i dered in l i gh t  o f  t he program output . Als o ,  
the  demand o r i entat i on of  the  supp ly mode l creates  s ome imp rac t i cal 
p e aks in  e xp l o r at i on and p ro duc t i on s t at i s t i c s wh i c h  have be en 
s mo o t hed in p r e s entation of resul t s  for imp roved ana lys i s . 

I t  i s  emp h as i z e d  that the U3 0 3 "pr ice"  l eve l s  as s o c i ated with 
a g iven re turn on inves tment calcul ated by the mode l are bas ed on 
average costs. The  l owe s t  c o s t p roduc t i on center wou l d , therefore , 
e arn a re turn great e r  t h an 1 5  p e r c ent at the 1 5 - p e r cent r e turn on 
inve s tment "pr i c e "  c al cul at i on by the mode l . C onve r s e ly ,  the mos t  
marg in a l  p r oduct i on center would b e  operat ing a t  a much l ower re 
turn than 1 5  p e r cent at the s ame "pr i c e . "  
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Chap t e r  Four 

URAN I UM SUPPLY ANALYS I S - - RESULTS 

PRI N C I PAL F I ND IN G S  

I n  order fo r the dome s t ic ur anium indu s t ry t o  suppl y C a s e  I I I  
requ irement s ,  product ion c apabil i t y  mus t  doubl e  by 1 9 80 and doubl e 
again by 1 9 85 .  Paradox ical ly , the pres ent ur an ium produc t ion ca
pac i ty o f  a bout 3 0 m i l l i on pound s o f  U3 08 per ye ar i s  con s iderably 
in exce s s  o f  current demand , and the indu s try ' s  invent o r i e s  ar e 
expected to  inc r e a s e  t o  about 3 2 m i l l i on pound s o f  U3 08 by the end 
o f  1 9 7 4 . P r i o r  t o  1 980 , new produc t i on requ i rement s c an be suppl ied 
from the proved and po tential res e rve s (produc t ion cl as s e s  3 and 4 )  
pr ovided the nece s s ary m ine s and mil l s  ar e con s t ructed . Assuming a 
continuation o f  pres ent d i s covery rate s ,  sur face dr il l ing mus t  in 
c r e a s e  from the current l evel o f  a bout 1 5  m i l l ion feet per year t o  
about 4 5  m i l l i on f e e t  p e r  ye ar by 1 9 7 7  in orde r  t o  d i s c over t h e  re 
s e rve s needed t o  as sure dome s t i c  ur an ium supp ly in the 1 980 - 1 9 85 
t ime period . 

For Cas e I ,  subs t an t i a l  produc t i on from future d i s c over ie s  
( C l a s s  5 )  wi l l  be needed i n  1 9 7 9  requ i r ing surface dri l l ing l eve l s  
o f  over 6 0  m i l l ion fe e t  p e r  ye ar by 1 9 7 6 . 

Supplying C a s e  I I  requi rement s  al s o  re quires  product i on from 
future d i s c over i e s  in 1 97 9 , with sur face dril l ing approaching S O  
m i l l i on fe e t  in 1 9 7 6 . 

Case  I V ,  on the o the r hand , wi l l  not requ i re produc t ion from 
future d i s c ove r i e s  unt i l  the assumed t ermina t i on o f  the Government 
s to c kp i l e  d i spo s al pro gr am in 1 982 . For C a s e  IV , surface dril l ing 
r e qui rements l ag appr oxima t ely 1 - 1 / 2  ye ars behind Case I I I .  

Information gene rated by the uranium supply mode l was comp i l e d  
in three s eparate s chedu l e s : ( 1 )  Schedul e A ,  which i s  a summary by 
year o f  U3 08 demand , plus  as soc i ated exp l or at i on and product i on re 
qu i rement s ;  ( 2 )  Schedu l e  B ,  wh i ch i s  a summary by ye ar o f  uranium 
raw mat e r i al inve s tment requirements and ope r at ion s  c o s t s ; and (3 ) 
S chedule  C ,  whi ch i s  a pro fo rma income s t atement and cash fl ow 
proj e c t i on by ye ar . The s upply mod e l  output for the four supp ly 
cas e s , report ing indus t ry act ivi ty l eve l s  and cap i t al inve s tments 
( S chedules  A and B ) , is  include d as Appendix G .  A s amp l e  of  the 
Schedu l e  C rep or t  is a l s o  inc lud e d  in Appendix G .  Data s hown for 
Schedul e s  A and B are fo r the ye ar s 1 9 7 1  through 1 9 85 .  Schedul e C 
data ar e provided through the year 2 0 0 0 . 

I NTERPRETAT I ON AND I LLUSTRAT I ON OF RE SULTS 

The purpo s e  of the suppl y  model wa s t o  provide e s t imat e s  o f  
the var ious requ i r ement s ne eded to  acc ommodate a pr eviou s l y  calcu 
l ated s chedu l e  o f  uranium demands . I n  cons truct ing the mo de l , 
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howev e r , c e r t ain a s sump t i ons were used - - i . e . ,  the sudden pha s e out 
o f  t he s to ckp i l e  dispo s al pro gr am , the ac commo dat i on o f  curr ent 
exc e s s  indus try invento r i e s  and the infl ex i bl e  rat e s  of produc t i on 
for C l as s  1 - 4 produc t ion cent e r s  wh i ch have subs equently created 
mino r var i a t i ons in some of th e supp ly model e s t imat e s . In part i c 
ular , vari at ions have appe ar ed in the d e t a i l ed annual pro j e c t i ons 
o f  product ion requ ir ements , res erve add i t ions and dr i l l ing act ivi ty 
l evel s . In v i ew o f  the s e  vari a t i ons , s ome of the supply mo del re 
sul t s  s hown gr aph i c al ly in thi s s ec t ion have be en purp o s e l y  smoothed 
in order that a mo re reas onabl e pattern of industry requ irement s 
may be i l lus trated . 

Produc t ion Requ i r ements 

For e ach o f  the four demand c as es , e s t imat e s  o f  annual U303 
supp ly were calculated , a s  s h own in F i gure s  1 4  through 1 7 . To tal 
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Fi gure 1 5 . E s t imat e d  Annual u3o 8 Supp ly - - C as e I I . 

U3 03 produc t ion from ex i s t ing and new fac i l i t i e s  through the ye ar 
1 9 8 5  i s  summar i z ed in th e fo l l owing schedu l e . * 

Mi l l i on Pounds U30 3 
C as e  I Cas e I I  Cas e I I I  Cas e IV 

u3 o8 Produ c t ion 
( 1 9 7 1 - 1 9 8 5 )  1 , 4 0 0  1 , 2 0 0  1 , 0 0 0 8 0 0  

I n  Cas e s  I and I I , pr o duct i on i s  requ i red fr om C l a s s  3 proper t i e s  
i n  1 9 7 5 , fr om C l as s  4 propert i e s  i n  1 9 7 6  and from y e t  und i s c overed 
prop e r t i e s  ( C l a s s  5 )  as early as 1 9 7 9 . For C as e  I I I ,  which corr e 
sp onds to the AEC ' s  "mo s t  l ikely" nuc l ear g rowth for ecas t , pr oduc 
t ion i s  r equi red from Cl ass  3 prope rt i e s  in  1 9 7 6 , fr om C l as s 4 
pr op e r t i e s  in 1 9 7 7 , and from ye t und is c overed r e s erve s ( C l as s  5 
proper t i e s ) in 1 9 8 0 .  For Cas e IV ( the  l ow demand c a s e ) , Clas s 3 
produc t i on i s  n o t  needed unt i l  1 9 7 9 , C l a s s  4 unt i l  1 9 8 0 , and Cl as s  
5 unt i l  1 9 8 2 . 

* Adj us t ed for inv ent ory and s t ockp i le d i sp o s a l . 
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Fi gure 1 6 . E s t imated Annual u3o8 Supp ly - - Ca s e  I I I . 

F i gure s 1 4  through 1 7  a l s o  i l lu s t r at e  the u s e  o f  indu s t ry in
vent o r i e s  in < me e t ing the pro j e c ted U3 03 demands . I t  c an be noted , 
however ,  in Cas e s  I through I I I  ( F igur e s  1 4  through 1 6 )  that in 
vent o ry i s  ut i l i z ed in two s eparate t ime p e r i od s . Thi s  results  
from C l as s 3 and 4 produc t i on be ing introduc ed at a fixed rate as 
spec i fi ed by the AEC 's analys is  o f  product ion fr om Cl as s 3 and 4 
prop e r t i e s . The supp ly mode l  does  no t al l ow for an adj u s tment o f  
the r a t e  o f  br inging o n  Cl a s s  3 and 4 product i on s inc e the inve s t 
ment and operat ing co s t  f i gures  ut i l i z ed in s ubse quent s ec t i on s  o f  
t h e  anal ys i s  are t i ed to the g iven produc t i on growth p at t ern . I t  
s hould be remembered that the supp ly model  i s  a theor e t ical  model 
a�d that in prac t ic e  the rat e s  of product ion from new p ropert i e s  
wou l d  l ikely be adj us ted to accommoda t e  t h e  inventory i n  ear l ie r  
ye ars . 

F igure s  1 4  through 1 7  a l s o  show the contr i bu t i on s  from the 
Government - owned uran ium s t o ckp i l e . The stockp i l e  i s  u t i l i zed for 
e ach supp ly ca s e  on the bas is  o f  the r e c en t l y  announced AEC plan 
for d i spo s al (the spl i t - t a i l s  s cheme ) . For e ach c a s e , the d i sposal  
program has been pr o j e c t e d ' t o end in 1 9 81 ;  the r e fo r e , the quant i ty 
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Fi gure 1 7 .  E s t imat e d  Annual u 3o8 Supply - - C as e I V .  

o f  the s t ockp i l e  d i sp o sed i n  the dome s t i c market i s  gr e ater  for 
C as e  I than fo r Case  I I , and for Cas e I I  i t  i s  gre ater than for 
C a s e  I I I , etc . The max imum quant i ty o f  Government uran ium s t oc k 
p i l e di spo s al  pro j e c t ed i s  under the C as e I as sump t i on where  ap 
proxima t e l y  86 mi l l i on pounds o f  u3o8 i s  pr o j e c t ed to  b e  fed into 
the dome s t ic marke t b e twe en 1 9 7 3 and 1 982 . For Cas e I V  the c o rre 
sponding quan t i ty i s  4 9  mi l l i on p ounds o f  U3 0 3  from s tockp i l e  
mat e r i al . 

Dr i l l ing and D i s c overy Requ irement s 

F i gur e 1 8  shows  the annual U3 0 3  r e s erve add i t i ons requ i red in 
C a s e  I I I .  I t  i s  imp o r t an t  to  note  that , in this  c a s e , new d i s c ov 
er i e s  mu s t  acc ount fo r only 3 0 pe r c en t  o f  r e s e rve add i t i on s  i n  1 9 7 2  
but th at t h i s  propor t ion incre a s e s  t o  80 percent by 1 9 85 . In  pro 
j ec t ing ne w  d i s c overy r e quireme�ts (ore  r e s e rve add it i ons ) , two 
c r i t i c a l  a ssumpt i ons we re made : ( 1 )  that the average R/ P fo r new 
produc t i on centers is 7 . 0  and ( 2 ) that the l e ad t ime b e twe en e s t ab 
l is hing a proved r e s e rve and fir s t  product ion wi l l  average 5 year s . 
The s e  a s s umpt i on s  al l ow fo r the c alcul a t i on o f  futur e r e s e rve re 
qu irement s .  Thi s  c oncept d i ffer s from pr e sent indu s try p r ac t ic e  o f  
anal yz ing fo rward re s erve r e quir ement s i n  t e rms o f  an 8- year o r  
1 0 -year forward supp ly . The supply mode l a s sumpt ions e quate to ap -
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prox ima t e l y  a 1 0 - ye ar forward res erve for the l ow supply cas e s tud
ied . Some o f  the par ame t r i c  s tudi e s , however , have a s sumed d i f 
ferent forward re s e rve r e quir ement s .  

F i gure 1 9  s hows the pr o j ected amount o f  surfa c e  d r i l l ing re 
qu ired p e r  ye ar for e ach supp ly ca s e . I t  i s  o bvious that a rever 
s al of  the recent downward t rend in dr il l ing act ivity i s  nece s s ary 
even in the mo s t  p e s s im i s t ic c as e . To achi eve the Case  I proj e c 
t ion , the 1 9 7 1  l ev e l  o f  sur face  dri l l ing mu s t  be doubl ed by 1 9 7 3 , 
wh i l e  for Case  I I  i t  mu s t  be doubl ed by 1 9 7 4 . The d r i l l ing foo tage 
r e qu i red fo r C as e s  I I I  and IV would not app e ar t o  pr e s s the indu s 
try . 

The s i gni fic ant incr e a s e  in sur fac e dr i l l ing dur ing the s e cond 
hal f o f  the 1 9 7 0 ' s  i s  needed to find uran ium o r e  r e s erve s for the 
new produc t i on cent e r s that wil l be r e qu i r ed to me e t  the su bs tan 
t i al inc re a s e s  in  u3 o8 p roduc t ion p r o j e c t ed for the 1 9 80 ' s .  The 
p e ak in expl orat i on and d i s c overy r e qu i r ement s dur ing the l a t e  
1 9 7 0 ' s  i s  brought o n  by s everal fa c t or s a ffec t ing demand i n  the 
early 1 9 80 ' s :  
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F igur e 1 9 . Annual Sur face Dr i l l ing Requirement s - - (As sump t i ons 
Product ion C l a s s e s  1 - 5  D i s covery Rat e - 4 l b. / ft . u3o8) .  

• The need to replace  gove rnment s tockp i l e  del iver i e s , which 
are as sumed t o  cease in 1 9 81 ,  with new produc t ion 

• The r e t ir ement o f  ex i s t ing produc t i on c ent er s ( Cl as s 1 )  
whi ch mus t  be replaced 

• The r ap i d  market growth pr o j e c t e d  fo r the 1 9 80 ' s . 

The su bs equent decl ine in annua l d r i l l ing i s  due t o  the l evel ing out 
in demand fo r ur anium dur ing the l ate 1 980 ' s  as a result o f  the in 
t roduc t i on o f  fa s t  bre eder r e acto r s . 

Inve s tment Requ i r ement s 

B e twe en 1 9 7 2 and 1 9 85 , cumul at ive t o tal  uran ium raw mater i al 
inves tment i s  proj e c t ed to  range from $ 3 . 7  to  $ 6 . 0  bi l l ion .  
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A c ap i tal inve s tmen t  summary fo r e ac h  o f  t he four c a s e s  for 
t he ye ars 1 9 7 2 , 1 9 7 5 , 1 9 80 and 1 9 85 i s  s hown in F i gure 2 0 , t he an -
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nual inve s tment p e aks in 1 9 80 in a l l  c as e s . The patt e rn i s  cyc l i ca] 
wi th the emphas i s  b e ing on expl orat i on inve s tment in t he early p e r 
i od and m ine/m i l l inv e s tment i n  the l at er period . 

The decl ine in inves tment requ i rements  after 1 9 80 re fl e c t s  
( 1 )  c omp l e t ion o f  the large buildup in pr oduc t ion capa c i t y  wh ich i s  

needed t o  me e t  market requ irement s  i n  t h e  1 9 80 - 1 9 85 per i od and 
( 2 ) r educ t i on in po s t - 1 9 85 uranium demand cau s ed by the introduc 
t i on o f  the b reeder r e actor . 

Cal cul a ted Uranium "Pr i c e "  

Us ing the d e ta i l ed co s t  and le ad t ime assump t i ons de s cr ibed 
e ar l i er , a l eve l i z ed uran ium "pr i c e "  r e quired to  yield a s pe c i fi ed 
re turn on inve s t ed c ap i tal was ca lcul ated . The s e  leve l i z ed "pr i c e "  
c alcul a t i ons ( a s  a funct i on o f  t h e  D C F  r a t e  o f  return )  a r e  p l o tted 
in F i gure 21  for C l as s 3 , 4 and 5 pr odu c t i on center s .  The "pr i c e s "  
a r e  the s ame fo r e ach o f  the four supply c as es and were pre s ent ed 
e ar l ie r  in Tab l e  5 .  

Produc t i on from C l as s 3 and C l a s s  4 prope r t i e s  i s  expected t o  
require  a l ower "pr i c e "  for a g iven re turn than produc t ion fr om 
C l as s 5 prope r t i e s  becau s e  exp l or at i on c o s t s  requ ired t o  del ine ate 
tho s e  r e s e rve s already d e t ermined to  be  a s s o c iated with C l as s  3 and 
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F i gur e 2 1 . "Pr i c e " / P ound U308 vs . DCF  Ra-te o f  Re turn for Product i on 
C l a s s e s  3 , 4  and 5 .  
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4 prope rt i e s  c an b e  expec t ed to  b e  l e s s  t han t he exp l orat i on c o s t  
a s s o c iated w i t h  mak i ng new d i s c over i e s  ( Cl as s 5 prop ert ie s ) . C l as s  
3 produc t i on , howeve r , will  requ i re a h igher "pr ice"  t han C l as s 4 
pr oduct i on b e cau s e  Cl ass  3 product ion cent ers includ e p r imar i ly 
underground r e s ources whi c h  result in hi gher mining co s t s , whi l e  
C l as s  4 product i on cent ers  include a l arger percent age o f  surface 
re s our ce s ,  resul t ing in l ower m in ing c o s t s . 

PARAMETRI C S TUD I ES 

A numbe r  o f  parame t er variations were s tud ied with  t he a id o f  
the ur an ium supply model  i n  order to  ident ify t h o s e  var i ab l e s  which 
have t he mo s t  s igni fi c ant e ffect on ur an ium supp ly and "pr ice " c al 
cul at i ons . The mo s t  s i gn ifi cant o f  t he s e  vari ab l e s  ar e d is cus s ed 
in t he fo l l owing s e ct i ons . 

The magn i tud e o f  t he expl orat ion e ffort requ ired t o  provide 
a g iven l evel  o f  uranium supp ly is  inver s e ly proport ional to  t he 
d i s c overy r at e . F i gure 2 2  port rays t h i s  r e l a t ions hip . I t  s hou ld 
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a l s o  be not ed that the e ffect o f  changes in the d i s c overy rat e on 
the c al cu l a t ed uran ium "pr i c e s "  is very s i gn i fi c ant . F i gure 2 3 
shows , over a r ange o f  d i s c overy rates , the vari at i on in  c alculated 
"pr ic e s "  of u3 o 8 from C l a s s  5 prope r t i e s  for DCF  re turns on inve s t 
men t  be twe en 1 0  p ercent and 2 0  p e rc ent . A reduc t ion in the d i s 
c overy r at e  from 4 pounds p e r  foo t , as us ed in the bas ic supp ly 
c as e s , to  2 pound s per foo t  inc rea s e s  the calculated "p r i c e "  o f  
u3 o s  at a 1 5 - percent re turn , from about $ 1 0 . 5 0 p e r  pound t o  over 
$ 1 4 . 0 0 per pound . Th is  r epr e s ents a 4 0 - percent inc re a s e . 

Re s erve - to - Produc t i on Rat i o  

The amount o f  exp l o r a t i on e ffort n eeded t o  support a given 
l ev e l  o f  uran ium supply is  a ffected s igni fi c ant ly by the quan t i ty 
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RATE OF R ETU R N  

P arametric  S tudy - - Ca s e  I I I  ( Future D i s c over i e s )  C l a s s  5 
"Pr i c e " / P ound U30 g vs . D i s covery Rate . 
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o f  known r e s e rv e s  d e emed nec e s sary to be " i n - hand " t o  sus t a in 
futur e produc t ion , i . e . , the des ired re s e rve - to -produc t i on r a t i o . 
The as sumpt ion in the bas ic supp ly ca s e s  was that an in i t ial  R/ P 
o f  7 . 0  would be r epr e s enta t ive o f  new uran ium produc t i on ope r a 
t ions . * Under the demand a s s ump t i ons o f  Ca s e  II I ,  an in i t i a l  R/ P 
o f  9 . 0  for C l as s 5 proper t i es would incre as e  the ne ed for new re 
s erve add i t i on s  by a bout 2 5  perc ent annual l y ,  whi l e  a r a t i o  o f  5 . 0  
would decreas e this  need by about 2 5  percent ( s e e  F i gur e 2 4 ) . Sur 
fac e  dr i l l ing r e quirements ar e a ffec t ed by changes in the ini t ial 
R/ P in the s ame manne r as re s e rve requ ir ement s are a ffec ted ( s e e  
Figur e 2 5 ) . 
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F i gure 2 4 . P ar ame tr i c  S tudy - - Ca s e  I I I  ( Future D i s cover i e s ) C l a s s  5 
Re s erve Add i t i ons vs . Re s erve - t o - Product i on Rat i o . 

The e ffec t  o f  var i a t i on s  in the R/ P on calculated "pr ic e s "  at 
var i ous  ra t e s  of r e turn i s  i l lus trat ed in F i gure 2 6 .  An incr e as e  
in the R/ P o f  7 . 0 t o  9 . 0  would caus e a n  increas e in the calcu l ated 
"pr i c e "  o f  U3 0g of a bout $ 0 . 5 0 p er pound at a 1 5 -percent DCF  rate 
of r e turn on inve s tment . 

* Because of  the l e ad t ime as sume d for m ine cap i t a l  inve s t 
ment , thi s m e ans that a re s e rve o f  s even t ime s the expected annual 
rate of produc t ion mus t  be proved approximate ly 5 years prior to 
the t ime produc t i on be g ins . 
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F i gur e 2 5 .  Parametric  S tudy - - Ca s e  I I I - - Dr i l l ing to Prove ( Futur e 
D i s cove r i e s )  C l as s 5 Re s erve s vs . Re s erve - t o - Produc t i on Rat i o . 

The init ial R/ P o f  7 . 0 a ssumed for th e ba s i c  supp ly c as e s  do e s  
no t provide suffic ient r e s e rves to  su st ain p roduc t i on ove r  the as 
sumed mine l i fe o f  1 0  ye ar s . The r e fo r e , the r equ i red add it ional 3 
yea r s  o f  pot ent i a l  re s erves wer e  as sumed t o  have been pr oved dur ing 
the firs t year of product i on fr om a new mining fac i l ity . Becaus e 
o f  the long l e ad t ime s be tween the ye ars o f  exp l orat ion inves tment 
and firs t product ion , it is evident that the re i s  an ec onomic trade 
o ff be tween ( 1 )  exp end i tur e s  in the ear l y  year s to  prove up re
s erve s  gu arant e e ing an incr e a s ed mine l i fe and ( 2 )  keeping the ex
p l or at ion inve s tment to t he m inimum r equi red for an e c onom ic a l ly 
vi abl e produc t ion ope r at i on . 

Mine /Mil l  I nves tment 

Al though the inve s tment in mining and m i l l ing fac il i t ies  is 
pr ob ably more certain for any spec i fic pro j e c t  than are exp l orat ion 
co s t s , the re may be a c ons ide rabl e  r ange of cap i t a l  c o s t s  be cau s e  
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F i gur e 2 6 .  P ar ametric S tudy - - Ca s e  I I I  ( Future D i s c over i e s )  C l as s  5 
"Pr i c e " /Pound u 3 o 8  vs . Res e rve - to - Produc t i on Rat i o . 

o f  d i fferenc e s  in ore gr ade and in annual  t onnage capabi l i ty o f  
mil l s  a s s o c i ated with s p e c i fic produc t ion c enters . The e ffect o f  
incr e a s ed mine/m i l l inve s tment o n  calcul ated ur anium "price s "  i s , 
however , r e l at iv e ly sma l l ,  as  shown in Tab l e  2 3 . 

TABLE 23 

E F FECT OF INCREASED MI N E/MI LL I NVESTMENT 

DCF "Price"/lb. UaOa Effect on "Price" 

Rate of Return for Basic with Increased I nvestment 

on Cases I -I V  

I nvestment (Class 5) 1 0% 20% 300k 40% 50% 

1 0% $ 8.91 $ 8.99 $ 9.09 $ 9.1 9 $ 9.28 $ 9.39 

1 2.5% 9.59 9.67 9.79 9.91 1 0.03 1 0. 1 3  

1 5% 1 0.37 1 0.47 1 0.60 1 0.73 1 0.86 1 0.99 

1 7.5% 1 1 .27 1 1 .39 1 1 .55 1 1 .7 1  1 1 .87 1 2.01 

20% 1 2.39 1 2.53 1 2.74 1 2.89 1 3 .08 1 3 .25 

Note: Based on 1970 costs and on average costs. 
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1990 

T ax Al t ernat ive s  

Po s s ib l e  variat ions i n  the tax l aws  a ffect ing ur an ium were 
s tud i ed . However , t he r ange of t ax a l t erna t ives s tud ied s hould not 
b e  int erpr e t ed e i ther a s  a r ecommendat i on fo r spec i fi c  t ax l aw 
change s or as ev idenc e o f  spec ial  knowl edge concern ing p ending t ax 
propo s a l s .  What wa s a t t empt ed wa s t o  u s e  the s upply mod e l  t o  
evaluate the impor tance o f  var i ous t ax par ameter s such a s  dep l e t ion 
a l l owanc e , inv e s tment t ax cred i t s  and pre ferenc e t ax e s . 

Tab l e  2 4  summa r i z es the r esul t s  o f  an anal ys i s  o f  t ax a l t er 
nat iv e s , uti l i z ing the supp ly mode l . Of t he cas e s  cons idered , 
e l im ina t i on o f  the d ep l e t i on a l l owance would h ave the great·e s t  
impac t o n  calcu l a ted uranium "pr ice s , "  caus ing an incre as e  o f  ap 
prox ima t e l y  $ 2 . 0 0 per pound o f  U3 0s or  2 0  perc ent at a 1 5 -percent 
rate of re turn . On t he o ther h and , a sub s t ant i a l  inc r e a s e  in the 
2 2 - pe rcent dep l e t ion a l l owance wou ld , b y  i ts e l f ,  have a r e l at ively 
sma l l  e ffect on the c al culated  uranium "pr ice . "  

Even at the l owe r rat e s  o f  r e turn , the ful l  s tatutory rate o f  
2 2  p ercent o f  pro du c t  value i s  not  r ec e ived und e r  cur rent tax l aws 
b e c au s e  the dep l e t ion al l owanc e i s  l im i t ed to 5 0  percent of net in 
c ome . Therefore , incr e a s ed dep le t ion al l owanc e s  are not an advan -
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TABLE 24 

EFFECTS OF VARIOUS TAX POLICY ASSUMPTIONS 
ON THE REQUI R ED "PRICE" OF U3o8• 

(Dollars per Pound) 

7 Parameters-"Prices" with Changes Shown in Tax Assumptions of Basic Supply Cases 

( 1 )  (2) (3) (4) (5) (6) (7) 
Primary 

uPrice" with Primary Development 
DCF Tax Policy 

Rate of Assumptions 
Return of Basic Supply 

(Percent) Cases {1-- IV)t Depletion = 0% 

Development & Exploration 
Depletion = 27.5% Expense as Expense as 

No % Net I nco me No % Net I nco me I nvestment Investment 
Depletion 27.5% Limitation Limitation Tax Credit Tax Credit 

1 0  8.91 1 0. 1 9  8.91 8.57 8.05 8.81 8.61 

1 2.5 9.59 1 1 . 1 3  9.59 9.33 9.03 9.45 9.23 

1 5  10.37 1 2.23 1 0.37 1 0.23 9.89 10.23 9.95 

1 7 .5 1 1 .27 1 3.45 1 1 .21 1 1 .27 10.85 1 1 . 1 1  10.77 

20 1 2.39 1 4.89 1 2 . 1 9  1 2.39 1 1 .97 1 2.23 1 1 .81 

* Values shown a r e  the calculated levelized "prices" required for U30a produced from Class 5 properties (new discoveries) in order t o  obtain the DCF rates of return shown. 

t Tax Assumptions of basic supply Cases I-IV are described in Chapter Three and are further detailed in Appendix F. The basic assumptions which were changed selectively 
in the parametric studies shown are: Depletion = 22 percent statutory rate with 50-percent net income limitation. Investment Tax Credit = 7 percent on 80 percent of the 
mine/mill investment. 

No 
Preference 

Tax 

8.81 

9.45 
1 0.21 

1 1 .09 
1 2.23 

tage t o  the dome s t ic indus try , exc ept in a r e l a t ively sma l l  way at 
h i gher r at e s  of r e turn , unle s s  the net income l imitat ion i s  a l s o  
r emoved . I f  the depl e t i on r at e  for ur anium were increas ed t o  2 7 . 5  
percen t  fr om the pres ent level o f  2 2  perc ent , no dec r e a s e  in the 
c alcul ated "pr i c e "  at a 1 0 - percent r at e  of r e turn is evident . How 
ever , s imu l t aneous removal of  the 5 0  percen t  o f  ne t income l imi ta 
t ion wou ld reduce the ca lcula t ed "pr i c e "  at the s ame rate  of  r e turn 
by almo s t  $ 0 . 9 0 per pound o f  U3 0g . At a I S -percent DCF rate o f  
r eturn , the "pr ic e "  per pound o f  u3 o8 d ec reas e s  only 5 p e r cent . 

Rat e  o f  Fas t Breeder Re actor Int roduction 

The t iming and rat e o f  bre eder reactor introduction is  an ex 
t reme ly imp o r t ant fac t o r  in proj e c t ing uranium requirements b eyond 
1 9 8 5 . F igur e 2 7  i l lus trates  the impa c t  on ur an ium demand if breeder 
reactors ent er into c ommer c i al ope rat ion a t  a somewhat s l ower rate  
than as sumed in  t he ba s i c  Cas e I I I . * Even though there is  no 
divergence unt i l  1 9 8 6  in the proj e c ted l i ght wa ter reactor vs. 
breeder reac t o r  add i t i on s , the U 30 3 demand curve s begin to  s eparate 
in 1 9 8 4  due to  the l ead t ime s involve d .  The annual U 30 8 demand 
when bre e de r  reactors are introduce d· s l owly is approx ima t e ly 2 0  per 
c ent greater than in the bas i c  C a s e  I I I  by 1 9 9 0 , with the - differ 
ential  increas ing the reafter . 

Thi s  p arame ter var i a t ion sub s t ant i a l ly incre a s e s  the uran ium 
r e s erve d i s c overy requirement and a s s o c iated need for dr i l l ing pro 
j ec t e d  for the the l at e  1 9 7 0 ' s  and e ar ly 1 9 8 0 ' s .  Proj ect i ons from 
the supp ly mod e l  indicate  that addit ional d i s cove r i e s  (over and 
above the b a s ic  C a s e  I I I  p ro j e c t ion) wi l l  be needed by at l e a s t  
1 9 8 0  if  t h e  breede r  reactors d o  no t come in a s  r ap i dly a s  proj e c t 
ed i n  C a s e  I I I  ( s e e  F i gure 2 8 ) . 

* S e e  fo o tnot e  on  T ab l e  9 ,  Chap t e r  One ., for buildup rate a ssumed . 
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F i gur e 2 8 . Parametr ic  S tudy - -Annual U 30 8 D i s covery Requirement s 
As suming S l ow Introduc t i on o f  Breeder Reactor s . 

S im i l arly , a r e duced rate of introduction of breeder re actors 
al s o  incr e as e s  dr i l l ing requ ir ements . Th is  e ffect on the bas ic 
C a s e  I I I  proj e ct i on i s  shown in F igur e 2 9 .  

Mul t ip l e  Parame t r i c  Var i a t i ons 

The as s ignment o f  the s ame d i s covery rate s , cap i tal  c o s t s  and 
op e ra t ing c o s t s  to e a ch o f  the four b as ic  supp ly cas e s  has imp l i c i t  
i n  i t  the assumpt i on that the h igh level o f  act iv i ty requ ired in 
C a s e  I would be ach i eved with the s ame effic i ency as the l ow level  
of  a c t iv i ty requ ir e d  in Case  IV . Th is  may not be  r e al i s t ic . There 
fore , parame tric  s tudie s were made to  exam ine the poten t i al impact 
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F igur e 2 9 . Parame tric  S tudy - - Effect o f  a S low Rat e  o f  Bre eder 
Introduc t i on on Cas e I I I  Surface Dr i l l ing Requir ements . 

of  g en e r a l l y  r e duced e f f i c i ency as the leve l of ac t iv i ty incre as e s  
( s e e  T ab l e 2 5 ) . 

F igure 3 0 indi cates  surface dr i l l ing requ irements  w i th the re 
v i s e d  d i s covery rate a s s umpt i ons . F igure 31 shows the required 
U 30 s "pr i c e s "  under the as sump t i ons of  th i s  parame tric  s tudy .  I t  
should b e  no t e d  that the comb inat i on o f  reduced dis covery rates and 
incr e a s e d  cap i t a l  and operat ing c o s t s  as sume d for Cas e I increas e s  
the c a l cu l a t e d  U30 3 "pr ice"  to  about $ 2 . 0 0 p e r  pound mo re than the 
"price"  for C a s e  I I I  at a 1 5 - p e rc ent rate  o f  re turn on inv e s tment . 

M I N I NG REGULAT I ONS 

The h e a l th and s afety s tandards s e t  forth under the F e deral 
Me t a l  and Nonme t a l l ic  Mine S af e ty Ac t of 1 9 6 6  and surface r e c l ama 
t ion requiremen t s  e s t ab l i shed by s t ate ag enc i e s  have had in the 
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TABLE 25 

CASE I - IV ASSUMPTIONS FOR MULTIPLE 
PARAMETER VARIATI ON CASES 

Case I Case I I  

( l bs. of u3o8/ft. dril led) 3 lb./ft. 3 lb./ft. 

Capital Cost 

Operating Cost 

+20% 

+ 1 0% 

* Standard Cost Assu mptions. See Chapter 3. 

1 20 

1 00 

80 

60 

ACTUAL PROJECTED 

+ 1 0% 

+ 5% 

Case I l l  Case I V  

4 l b./ft. 5 l b./ft. 
* * 

* * 

SUPPLY 

40 CASE 1 1 1-4 LB./FT • 

20 

0 

1 965 1 970 1 975 

CALENDAR YEAR 

1 980 

F i gur e 3 0 .  Parame t r i c  S tudy - - Effect on Sur face Dr i l l ing 
Requ ir ement s As suming I ncr e a s e d  Supply Act ivity 

Reduce s  D i s covery Rate . 

1 985 

pas t , and wi l l  c ont inue to have , maj o r  e conomic e ffects  on mining 
op erat ions . The impact  has b een part icularly s evere for the urani 
um min ing indus t ry where  underg round mines mus t  comp ly w i th s tr i c t  
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radi a t i on exp o sure l imit s . The c o s t  of  comp lying wi th the s e  s t an 
dards wi l l  vary from m ine t o  mine , and the l imited exper ience under 
the new requ irements doe s  n o t  provide suff i c i ent data for firm de 
term inat ion of  the incremental co s t  for me e t ing the new s t andards . 
Howeve r ,  reas onab l e  e s t ima t e s  can be  made . The r e l a t i ons hip of  
U30 3  "p r i c e s " as calculated by the  supp ly mo de l to  incre ased cap i t al 
c o s t s  was d i s cus s ed as a p arame t r i c  s tudy . Howeve r , incre as e s  in 
op e r at ing c o s t s , unl ike incr e as e s  in cap i t al c o s t s , would require 
sub s t an t i a l ly an e quivalent incre a s e  in "p r i c e "  s ince the cash 
f l ows o ccur in the s ame year , and are there fore not sub j e ct t o  a 
d i s count ing e ffe ct . 

Unde rground Mine s 

The incremental cos t s  of  me e t ing the new rad i a t i on and s afety 
s t andards have b e en e s t imated on the b a s i s  o f  current op erat ing 
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expe rience and the Ar thur D .  L i t t l e  report . *  Tho s e  incremen tal 
increas e s  under d i ffer ing cond i t i ons are s hown in Tab l e  2 6 . A l l  
c o s t s  inc lude the requ i red addit ional cap i tal expendi ture s and 
operat ing and ind ir ect  c o s t s . 

Cost/Ton Ore 

Cost/lb. U309 
@ 2.6 l b. Recovered 
@ 3.0 lb. Recovered 
@ 4.0 l b. Recovered 

TABLE 26 

ESTI MATED I NCREMENTAL COSTS TO M E ET 
NEW RADI ATION AN D SAFETY STANDARDS 

Mine Conditions 
Favorable Average 

$ 1 ,03 $ 1 .64 

0.40 0.63 
0.34 0.55 
0.26 0.41 

Severe 

$ 2.90 

1 . 1 2  
0.97 
0.73 

The maj or i ty of underground uran ium m ine s now in ope rat i on 
(C l as s e s  1 and 2 )  would b e  c l as s ified  as having favo rab l e  or ave r 
a g e  mine cond i t i ons , wh i l e  mos t new underground deve lopments 
(C l as s e s  3 , 4 and 5 )  w i l l  be  deeper and w i l l  produce more wa ter . 
C ond it ions in tha l a t t e r  type mine s would probably be cons idered to 
be  s eve r e . 

Any further reduc t ion in the rad i at i on exposure s tandard 
wou ld be c o s t ly and ext reme ly difficul t , if no t impo s s ib l e , to meet 
by further re finement s  o f  s tandard vent i l at ion prac t ices . A com
p l e t e ly new app ro ach to the prob l em would have to be deve loped , 
with the c o s t  and resul t s  b e ing specul a t ive . 

Open - P i t  Mines 

Open - p i t  mines  are gene r a l ly no t affected by radi ation l imi 
tat i ons . Howeve r , o ther new heal th and s afe ty s t andards wi l l  in 
c r e a s e  equipment c o s t . When related  to c o s t per ton of ore , the s e  
requiremen t s  s hould n o t  ex ceed $ 0 . 0 2 p e r  ton . The maj or concern 
in open - p i t  mining i s  th e land reclamat i on requirements enac ted by 
the s t at e s . Requ irements vary from s t at e  to  s t ate , and comp l e t e  
res torat i on o f  the l and to  i t s  o r i g inal cond i t i on may eventual ly 
b e  required in s ome area s . 

* Arthur D .  L i t t l e , Inc . , " The Economic E ffects  of  Ra diat ion 
Exp o s ure Standards for Uran ium Mines , "  prepared for the F ederal 
Radiat i on Counc i l , Sep temb e r  1 9 7 0 . 
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Bas e d  on c o s t  e s t imat e s  by the S t anford Re s e arch Ins t i tute 
( SR I )  for coal  mines , the co s t  of  surface r e c l amat i on for a typ i 
cal uran ium open - p i t  mine wi l l  range from $ 0 . 0 7  p e r  t on o f  ore t o  
$ 2 . 9 0 p e r  ton a s  indi cated i n  Tab l e  2 7 .  

TABLE 27 

ESTI MATED I NCR EMENTAL COSTS TO MEET OPEN PIT 
RECLAMATION REQU I R EMENTS 

Cost/Ton Ore 

Cost/lb. U 30s 
@ 2.6 l b. Recovered 
@ 3.0 l b. Recovered 
@ 4.0 lb. Recovered 

Mild 

7 .0rt - 1 1 .5rl 

2.7rt - 4.4rt 
2.3rt - 3.8rt 
1 .8rt - 2.9rt 

* Reclamation requirements are as follows: 

Mi ld  requirements: Regrade dumps, cover with top soil and reseed. 

Requirements* 
Moderate 

1 1 .ort - 1 1  .art 

4.2rt .  6.5rt 
3. 7rt - 5.7rt 
2.8rt .  4.3rt 

Moderate requ irements: Regrade dumps, slope pit wal ls, cover with top soi l and reseed. 
Severe requ irements: Backfil l  all pits and return su rface to near original. 
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Severe 

$2.1  0 . $2.90 

$0.81  - $ 1 . 1 2  
$0.70 - $0.97 
$0.53 - $0.73 



Chap ter F ive 

NUCLEAR FUEL PROCE S S I NG 

As i l lus trated e ar l ier in this report (F igure 1 ,  Chapter One ) 
the nuc l e ar fue l  cyc l e  inc lude s many operat ions both before and 
after fue l us age . This  chap ter inc lud e s  a d i s cus s ion of the require 
ments  and c ap ab i l i t i e s  of  the maj or s e gments of the ur anium fue l 
cyc l e  other than the raw mater ial acqu i s it i on s egments (exp l orat ion , 
min ing and mi l l ing ) wh ich have alre ady b e en di scus s ed in detai l . 

URAN IUM ENRI CHMENT 

The three Gove rnment - owned enr ichment p l ants  have a pres ent 
t o t a l  capac i l ity of  1 7 , 2 3 0 , 0 0 0  un i t s  of  s eparative work ( SWU ) per 
year . The p l ants  are not now operat ing a t  fu l l  capac i ty , but they 
are proc e s �ing more uran ium than is requ ired and are thereby pro 
vi ding a Gove rnment s t o ckp i l e  of  enr iched ma ter ial that can be  
dr awn upon in  the  future . With the  comp l e t ion of  the AEC ' s  expan 
s ion prog rams , namely C a s c ade Improvement Program and Cas cade Up 
rat ing Program , the total  capac ity of  the thre e  plants wi l l  be in 
c r e a s e d  by ab out 6 0  percent to 2 7 . 9  m i l l i on SWU per year . 

The annual s eparat ive work requ irement s for th� four nuc l e ar 
power supply c a s e s  to the year 2 0 0 0  are shown in F igure 3 2 .  In  
1 9 8 0 , the s e  demands r ange from a l ow of 1 3 . 5  m i l l ion un i t s  for  Case  
IV  to  a high o f  2 3 . 1  m i l l ion un i t s  for C a s e  I .  The annua l requ ire 
ments  in 1 9 8 5  rang e from 2 6 . 7  m i l l i on un i t s  for Case  IV to  4 7  mi l 
l i on un i t s  for C a s e  I .  Dur ing the per i od 1 9 8 6  t o  2 0 0 0 , therma l r e 
actors  w i l l  cont inue to  be  adde d a s  new c apacity , al though a t  a d i 
min i s hing rate . Con s e quen t ly , the requ irement s for s eparative work 
cont inue to grow . The enri chment requirements i l lus trated in F i gure 
3 2 and c i t e d  above are b a s e d  on ( 1 )  0 . 2 7 5 - p er cent U2 3 5 t a i l s  a s s ay , * 
( 2 )  6 0 - p ercent p luton ium r ecyc l e  beg inning in 1 9 7 8  and (3 ) exc lus ion 
of  for e ign and U . S .  Government requ ir emen t s . 

Cumulat ive s eparat ive work requiremen t s  are i l lus tra ted in 
F igure 3 3 . Inc luded in the s e  pro j e c t ions , however , are the exp e c t 
e d  for e ign and U . S .  Government requ irement s  for s eparat ive wo rk . 
F igure 3 3  i s  therefor& a r epre s entat ion of the total  cumu l a t ive 
demand on the  U . S .  uran ium enr ichment p l ants . Al s o  shown in  F igure 
3 3  is the cumulat ive s ep arat ive wo rk produ c t i on as planned by the 
AEC . 

* Th i s  i s  no t in conf l i c t  with previous s tatements  that uranium 
demand was calcul a t e d  b a s e d  on 0 . 2 0 - p er cent U 2 3 5 t a i l s  as s ay through 
1 9 8 1 .  
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F igur e 3 2 .  Annual U . S .  S ep ar at ive Work Requi r ements . 

On the bas i s  of the s e  data , addit ional urna ium enrichment c a 
p a c i ty b eyond t h e  expans i on programs w i l l  b e  required f o r  Case  I 
by 1 9 8 0 , for C a s e  I I  by 1 9 8 1  and for C as e  I I I  by 1 9 8 2 . C apac i ty i s  
adequa t e  for C a s e  I V  through 1 9 8 5 .  

There  i s  s ome f l ex ib i l i ty in the c apac i ty of  an enri chment 
p l ant to supp ly enr iched uran ium , wh ich is accomp l i s hed primar i ly 
by adj u s t ing t he a s s ay o f  the p l ant tai l ing s . By operat ing at a 
t a i l s  as s ay of  0 . 3 0 - p ercent U2 3 5 , the produc t i on o f  enr iched ura 
n ium can b e  inc r e a s e d  by mo re than 2 0  percent above the c apac ity of  
the  s ame p l ant opera t e d  a t  a tails  a s s ay of  0 . 2 0 - p er cent U2 3 5 . 
Howeve r , th i s  incre a s e  mus t  be  a ccompanied by an incre a s e  in the 
uran ium f e e d  requ ir emen t s  of  about 20 percent . Thus , change s  in 
uran ium enrichment op erat ions c annot be made w i thout c aus ing s ig 
n i f i cant chang e s  in ur an ium requ irement s .  
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F igur e 3 3 . Cumu l a t ive S eparat ive Work Requ irement s .  

Gove rnment and indus try mus t c l o s e ly s c ru t in i z e  enri chment 
requiremen t s  b e cau s e  of  the l ong l e ad t imes as s oc iated w i th bu i l d 
ing new enr ichment faci l i t i e s . I t  i s  e s t imated tha t the l e ad t ime 
for indus try to p lan and cons truct new enri chment fac i l i t i e s  wi l l  
be  9 year s , wh i l e for the Gove rnment i t  w i l l  be  6 t o  7 years . C on
s tru ct i on of  add i t ional cap a c i ty at an e x i s t ing p l ant could reduce 
th is  l e ad t ime by 1 to  2 years and reduce cap i tal co s t s by 2 5  per 
cent . I n  any event , if  add i t i onal power generat ing � ap ac i ty i s  
re qu ir e d , the l imit ing factor may be  the 6 to  8 year l ead t ime 
a s s o c ia t e d  with bui l ding a new power p l ant . 

Before add i t ional enr ichment cap ac i ty can b e  commit t e d , s ev 
e r al  de c i s i ons wi l l  have to  b e  made . They are - -

• Wil l the new c apac ity be  bui l t  by Gove rnment or  by private 
indu s try? 

• Who w i l l  own i t ?  

• Where w i l l  it  be  l oc ated?  

• Who will  supp ly the  power ?  
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• What te chno l ogy wi l l  be  us ed? 

• How much cap a c i ty wi l l  b e  adde d at one t ime?  

If  p r ivate indus try is  to  provide new c apa c i ty by 1 9 8 2 , promp t 
act ion mus t  be  t aken with r e spect  to ( 1 )  acc e l erat ion of the trans 
fer o f  t e chno l o gy to  pr ivate indus try , ( 2 )  energ e t ic a c t i on by 
government and indus try to  c arry out the techno logy shar ing program 
pres ently under way and ( 3 ) r ecognit ion by Gove rnment and indus t ry 
that de c i s i on dat e s  are near at hand on the many i s sues  invo lv ing 
owners hip , l o c at ion , t e chno l ogy and s i z e . 

The co s t  of new enri chment capac i ty i s  about $ 1 2 5  to $ 1 5 0  
p e r  SWU capac i ty p e r  year . Based  on the s e  c o s t s , the cap i t a l  r e 
qu irement s  through 1 9 8 5  for addit ional enr ichment c ap ac i ty cou ld 
vary from ab out $ 2  b i l l ion in Case  IV to ove r $ 6  b i l l ion in Case I .  
Th i s  e s t imate does  no t inc lude the c 9 s t  of the e l ec tr i c  power 
p l ant s ne e de d  to supp ly powe r to the enri chment p l ant s . Cap i t a l  
requirements  f o r  the p o s t - 1 9 8 5  per iod were not cons idered b y  the 
Task  Group . 

FUEL REPROCE S S I NG 

Three  p r ivat e ly owned p l ants de s igned to r epro c e s s  irrad iated 
fue l  e l ements remove d from power reactors  are  op erating or are 
b e ing bu i l t  in the Un i t e d  S t at e s . The ir comb ine d cap ac ity has 
b e en announc e d  to be 2 , 7 0 0  me t r i c  tons uran ium (MTU ) per year . 
Th i s  i s  e s t imat e d  to  be  suffic ient to proce s s  the irradiated fue l  
d i s charged from powe r reactors thr ough 1 9 8 1  fo r C a s e  I .  None the 
l e s s , add i t ional capac i ty w i l l  be requ ired p r i or to 1 9 8 5  in a l l  
four demand cas e s . I n  the po s t - 1 9 8 5  per iod even more reproc e s s ing 
c apac i ty w i l l  b e  ne eded in addit ion to a re s o lut ion of c ertain 
t e chno l o g ical  prob l ems a s s o c iated with the tre atment of  fas t breed
e r  and HTGR fue l s . Howeve r ,  a repro c e s s ing p l ant can be  des igned , 
or modi f i e d , to  p ro ce s s  fas t b re e der fue l  as we l l  as the rmal r e 
actor fue l .  

D if f icu l t i e s  are b e ing encountered in o b t a ining operat ing 
l icens e s  for the p l an t s  now be ing bu i l t , and s im i lar difficu l t i e s  
may be  ant i c ip a t e d  with any new p l ants . A s  repro c e s s ing i s  a nec
e s s ary s t ep in  the fue l  cyc l e , l i cens ing prob l ems mus t be res o lve d .  
Becau s e  o f  th i s  difficu l ty , a total  l e ad t ime o f  about 8 years may 
b e  nece s s ary . Th i s  inc lude s 3 ye ars for obt a in ing a l i cens e and 
5 years for cons truc t i on . 

E s t imat e s  o f  the c ap i t a l  c o s t  o f  repro c e s s ing p l ants range 
b e twe en $ 5 0 , 0 0 0  and $ 1 0 0 , 0 0 0 p er annua l  me t r i c  ton of throughput , 
dep end ing upon the s i z e of  the p l ant and nature and extent of the 
fac i l ity .  Add i t ional fac i l i t i e s  required b y  the AEC for the pro 
c e s s ing and recovery o f  s o l i d ,  l i quid and gas e ous was t e s  may c ause 
p l ants  to  have higher co s t s  p e r  annua l  metric ton . For the pur 
p o s e  of  e s t imat ing to tal c ap i t al inv e s tment requirement s ,  an ave r 
a g e  co s t  of  $ 6 5 , 0 0 0  p e r  annual  metric  t o n  o f  throughput c ap a c i ty 
was as sume d .  
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WASTE D I SPO S I T I ON 

The fuel cyc le  gene rates  radioactive was t e s  of  various inten 
s i t i e s . L ow- l eve l was te s  are gene ra l ly bur ied in s torage trac t s  
l ic en s ed by t h e  AEC . High - l eve l was t e s  a r e  currently s tored 
e i ther in l iqui d  form in l arge bur ied t anks or  are converted to  
s o l id form such a s  glass  or c eramic and s tored on the  s ur face at a 
repro c e s s ing p l ant . The AEC i s  s tudying o ther s torage po s s ib i l i 
t i e s  for high- l eve l wa s t e s . The s e  inc lude s torage in abandone d  
mine s or i n  rooms excavat e d  i n  s a l t  beds . The quant i ty o f  h igh
l eve l was te s  is  mo de s t , e s t imated at 1 2 5 , 0 0 0  cub ic  feet  (about 
3 , 0 0 0  tons ) for the per iod 1 9 7 2  through 1 9 8 5  and 7 7 0 , 0 0 0  cub i c  
f e e t  (about 2 0 , 0 0 0  tons ) by the year 2 0 0 0 . Was t e  s t orage cos t s  
a r e  exp e c t e d  to  contribute o n l y  about 0 . 0 3 to  0 . 0 5 m i l l s  per KWH 
to  the c o s t  of  powe r genera t i on 

An add i t i onal was te s t orage prob l em i s  the handl ing o f  gas eous 
rad i o ac t ive was t e s  such as kryp ton 8 5  and t r i t ium , wh ich are r e 
l e a s e d  from the spent fue l  dur ing reproce s s ing . Te chno logy i s  
b e ing deve l op e d  for re covery and s torage o f  th i s  gas eous was t e , and 
fac i l i t i e s  wi l l  be bu i l t  up on succe s s ful c omp l e t i on of the deve l op 
ment program .  At the pres ent t ime , the c o s t  of  the re covery fac i l 
i t i e s  i s  n o t  known , s o  it  i s  imp o s s ib l e  to  e s t ima te a defin i t ive 
co s t  p e r  KWH for such d i s po s a l . 

CONVERS I ON AND FABRI CAT I ON 

The two rema ining maj or  s t eps in the fue l  cyc l e  are ( 1 )  con
vers ion o f  uran ium c oncentrat e s  from U30 8 t o  UF6 and ( 2 )  reduc t i on 
of  the enr iche d UF 6 t o  U0 2 and fab r i c at i on of  the U0 2 into reactor 
cor e s . * The forme r i s  c al l ed GOnve r s ion , the latter fabr ication . 

The re i s  adequate cap a c i ty to day in the s e  f i e l ds , and l e ad 
t ime for p l ant con s t ruct i on i s  no t cons ide red a l im i t ing factor for 
add ing n ew capac ity . For b o th typ e s  of p l ants , the l e ad t ime b e 
tween s t ar t  o f  des ign and operat ion i s  about 3 year s . 

The c ap i tal c o s t s  o f  conve rs i on and fab r i ca t i on p l ants are 
e s t imat e d  to  be re spec t ive ly $ 4 , 0 0 0  and $ 2 5 , 0 0 0  per annua l MTU 
ca�ac ity . 

The ava i l ab i l ity of  conve r s ion and fabricat ion fac i l i t i e s  to 
s a t i s fy p o s t - 1 9 8 5  demands do e s  no t app e ar to  pres ent any s er ious 
prob l ems in t e rms of  cap i t al inve s tment or t e chno logy . I t  should 
be recogni z e d , howeve r , that fue l  fabricat i on w i l l  become incre as 
ing ly more expens ive with the advent of  p luton ium and U2 33 fab r i c a 
t ion f o r  re cyc le  and fas t bree de r  fue l  e l ement s . 

* Inc ludes fab r ic a t i on o f  tub ing and fue l  bundl e s . 
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PLUTON I UM SUPPLY 

P luton ium is  recove red from sp ent fue l  r emoved from l ight 
water reactors  a t  a rate  of  approximat e ly 6 . 4  kg per MTU in the r e 
actor fue l . * I t  has two important us e s  in the nuc l e ar power econ
omy - - as a fue l  in non - breede r  reactors  to  rep l ace U 2 3 5 and as the 
p r imary fue l in fas t br eeder reactors . The former use  is  known as 
p lutonium r e cyc l e . 

For the next few years , recyc l ing i s  re l a t ive ly un important 
be cau s e  quan t i t i e s  are smal l .  However , during the latter part of  
thi s decade and in the  next , the  u s e  as s igned to  p lutonium become s 
increas ing ly s i gnificant . In  th i s  s tudy i t  was j udge d  that 6 0  p e r 
c en t  of  t h e  r e cove red p lutonium could be  recyc l e d  s tart ing i n  1 9 7 8  
and that suffi c i ent p luton ium inventor i e s  woul d  r emain t o  support 
the proj e c ted breeder re actor program .  I f  there i s  no  p luton ium 
recyc l e , the U 30 8 demand for C a s e  I I I  of  th i s  s tudy i s  increased  
by  about 1 0  percent . t 

The c ap i tal c o s t  o f  a fabr ication p l ant t o  produce mixed p lu
ton ium and uranium ox ide fue l  e l ement s  i s  e s t imat e d  at $ 1 0 0 , 0 0 0  to  
$ 1 3 5 , 0 0 0  p e r  annual me t r i c  ton o f  c apac i ty . 

TRANSPORTAT I ON OF NUCLEAR MATERIALS 

The transportation of nucl e ar fue l  mat e r i al s is regulated by 
the Dep artment of Transportat ion and requires  specific  typ e s  of 
containers and s h ipment contro l .  Unt i l  the nuc l ear fue l mate r i a l s  
have b e en irrad i ated i n  a r e actor , the ir transportation from po int 
to p o int doe s  n o t  pres ent any maj or problems . 

Transport o f  re covered p lutonium and U 2 3 3  requires  addi t i onal 
precaut ions , howeve r .  Sh ipment of  irradiated fue l  mater ial s r e 
qu ire s the us e of  containers wh ich are heav i ly shie lded and con
s tructed so a s  t o  with s tand damage in the event of  acc idents dur ing 
trans it . Wi th the increas ing vo lume of irrad iated fue l  e l ements 
from p owe r reactors , a sub s t an t i a l  numb e r  of  containers w i l l  be r e 
qu ire d ,  and the ir transportat ion to  and from repro c e s s ing p l ant s  
w i l l  pre s ent p o t ent i a l  log i s t i c al prob l ems . Adequa te p lanning for 
the manufac ture of the required conta iners a s  we l l  as for the move 
ment o f  the s e  c on t a iners - in int e r s t a t e  commerce i s  e s s en t ial to  
avo id unne ce s s ary ec onomic pena l t ie s  from the  resu l t ing de lays . 

* Th i s  i s  the max imum rate  o f  re covery and i s  a t tained when 
s teady - s t at e  operat i on ( fue l cyc l e  equi l ib �ium) i s  ach i eved . 

t Re cyc l e  o f  a k i l o g ram o f  fis s i l e  p lutonium reduce s  enr ich
ment capac i ty requi rements about 1 2 5  k i l o gram un i t s  of s eparat ive 
work , bas e d  on a 0 . 2 7 5 - percent U 2 3 5 t a i l s  a s s ay .  Sav ings in nat
ural uranium requ i rement s  and enrichment c ap a c i ty requirements are 
a l s o  dependent on the s p e c i f i c  fue l  de s ign . 
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FUEL CYCLE CAP I TAL REQUI REMENTS 

A summary of capital  exp endi tures for the nuc l e ar fue l cyc l e  
ove r the p e r i o d  1 9 7 2 - 1 9 8 5  is  shown i n  Tab l e  2 8 .  

TABLE 28 

CAPITAL EXPENDITURES FOR THE N UCLEAR FUEL CYCLE-1 972 - 1 985 

Bill ions of 1 970 Dollars 
Fuel Cycle Sector Case I *  Case I I *  Case I l l *  

Uranium Raw Materialst $ 6.0 $ 5. 1 $ 4.3 
Conversion 0.3 0.2 0.2 
Enrich ment:f 6.0 5.0 3.5 
Fabrication 0.4 0.3 0.2 
Transportation, Reprocessing 

and Waste Storage 0.4 0.4 0.3 

Total Fuel Cycle $ 1 3. 1  $ 1 1 .0 $ 8.5 

* Case I projects 450,000 instal led MWe in 1 985; Case 1 1-375,000; Case 1 1 1 -300,000; Case I V-240,000. 

t I n cl udes primary development and overburden removal as capital items. 

:j: Not including power plants required to supply power. 
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$ 3.7 
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CHA I RMAN 

G e o r g e  H .  C obb 
Execu t ive V i ce P r e s ident 
K e r r - Mc G e e  Corporat ion 

COCHA I RMAN 

Rob e r t  D .  N i n in g e r  
As s i s tant D ir e c tor for Raw Mat e r i a l s  
D iv i s ion o f  P r o du c t ion and 

Mat e r i a l s  Manag ement 
A t om i c  Energy Comm i s s i on 

Rafford L .  F au l kne r 
B e t he sd a , Maryl and 

Emanu e l  Gordon* 

Nuc l e ar Fuel Pr o j e ct s  Manag er 
A t om i c  I ndu s t r i a l  F o rum , I n c . 

Donald Hun t e r , D ir e c t ort 
Uran ium Supp ly D iv i s ion 

* 

Gulf Energy and Environment a l  Sys t ems 

John J .  Kearney 
Vice P r e s ident 
E d i s on E l e c t r i c  I n s t itute 

* 

S E CRETARY 

Edmond H .  F ar r ington 
Consul tant 
Nat ional P e t r o l eum C ounc i l  

* 

John D .  S e l by *  
D eputy D iv i s i o n  General Manager 
Nuc l e ar Energy Divis ion 
Gene r a l  E l ec t r i c  Company 

A. M .  Wi l s on , P r e s ident 
Utah Interna t ional Inc . 

F .  L e o  Wr ight 
As s i s tant t o  the Execu t ive 

Vice P r e s ident 
Nuc l ear Energy Sys tems 
We s t inghous e  E l e c t r i c  Corporat ion 

SPEC IAL AS S I STANTS 

Raymond Duran t e  
We s t inghouse E l e c t r i c  C o rpora t i on 

Dr . G e z a  L .  Gyorey 
Manag e r , Nuc l e ar F u e l  P l anning 
Nu c l e ar Energy D iv i s i on 
General E l e c t r i c  C ompany 

E dward J .  Hanrahan 
A s s i s t ant D i r e c t o r  
Energy a n d  Environment 
O ff i c e  o f  P l ann ing and Analys i s  
Atomic Energy C omm i s s ion 

E dward Kuhn 
E d i s on E l e c t r i c  I n s t i tu t e  

Rob e r t  P .  Luke , Manag e r  
Uran ium P l ann ing a n d  Eva l u a t i o n  
Uranium M ining a n d  M i l l ing D iv i s i o n  
Nu c l e ar D iv i s ion , Mar k e t ing 
Kerr - Mc G e e  Corp o r a t ion 

A. R. Ma the s o n , Manager 
I ndus try and G overnment Ac t iv i t i e s  
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Gulf Energy & Environment al Sys tems 
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D iv i s ion of P ro duc t i on and 
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Dona l d  K .  S imp s on 
Op e r a t i ons S t a f f  As s i s t an t  
National P e t r o l eum C ounc i l  

* Rep l a c e d  John T .  Sherman in May 1 9 7 2 .  

t R e p l a c e d  A l b e r t  G r aff in January 1 9 7 2 .  

* Rep l a c e d  A .  Eugene S c hub e r t  in January 1 9 7 2 . 
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Execut ive D irector 
Nat ional Pe tro leum C ouncil  

* 

Samue l Schwart z  
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and Pl ann ing Department 
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W .  T .  S l ick , Jr . 
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Exxon C ompany , U . S . A .  

Sam Smith 
Vice  Pres ident , 
E l  P a s o  Natural Gas Company 

STUDY AREAS 

P e t ro l eum 

Energy D emand and Petro l eum 

* Served unt i l  D e cember 1 5 , 1 9 7 2 ; rep l aced by Duke R .  L igon 

t Rep laced Henry C .  Rub in in June 1 9 7 2 . 
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* Rep l ac ed G eor g e  E .  Toml ins on - - Ju l y  1 9 7 2 . 
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* Rep l ac ed John T .  She rman - -May 1 9 7 2  

t Rep laced Albert Gr a ff - - January 1 9 7 2 . 

+ Replaced A .  Eug ene Schub e r t - - Janua ry 1 9 7 2 . 
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APPENDIX E 

AEC ' S  URANI UM PRODUCT I ON DATA 

As the s t ruc ture o f  the suppl y  mode l was determ ined t o  s ome 
de gree by the data  on U . S .  ur an ium r e s erve s and pr oduct i on c ap a 
b i l i ty a s  i t  i s  mainta ined by the At omic  Ener gy Commis s i on (Raw 
Mat e r i a l s Office , Gr and Junct ion , C o l orado ) , this informat i on i s  
d e s c r ibed b e l ow .  

The AEC prov ides the offic ia l  U . S .  uranium ore res erve evalua 
t ions and maint ains a comp i l a t ion o f  ur anium indu s t ry exp l orat ion 
and ope rat ing s t at i s t ica l in format ion and pro j e c t ions of dome s t ic 
produc t ion capab i l i ty . The sourc e data for the s e  comp i l at ions and 
ge o l o g ic a l / engineer ing evaluat ions i s  provided vo lunt ar i l y  by the 
dome s t ic uran ium expl orat i on and produc t ion indus try . S ince ope r 
ating data i s  accumulated and repo r t ed only on a periodic ba s i s , 
there i s  the re fore some l ag t ime bu i l t  into the AEC ' s  repor t ing 
capab i l i ty .  In  s p i t e  o f  th i s , the Grand Junc t i on data bank i s  
genera l l y  cons idered by the indus t ry to  cont a in the mo s t  accurat e 
and comp l e t e  info rma t ion available  on dome s t i c  nuc l e ar raw mat e r i al s . 

The sour c e  data  i s  b as ic exp l or a t i on and co s t  informa t i on . 
The Grand Junct i on s ta ff per forms an independent eva luat i on o f  e ach 
uranium or e b ody and o f  each ex is t ing or fu ture po t ent ial uran ium 
produc t ion center . The s e  ind ividual evaluat ions o f  e ach r eported 
d i s c overy are the n  summa r i z ed in a form that wi l l  not d i s c l o s e  in 
dividual comp any confidential  informa t i on b e for e r e l e a s e  t o  the 
gene ral pub l i c . I t  i s  th is  compos i t e  informat i on that has b e en 
ut i l i zed a s  a key bui ld ing e l ement in the Nuc l e ar Task Gr oup ' s  
uran ium supply model . 

In  order t o  anal y z e  U . S .  uranium product i on c apab i l i ty , the 
known or e b o d i e s  have b e en a s s i gned by t he AEC to  a "produc t i on 
c enter , "  w i th produc t i on c enters broken down into four cl as s i fi c a 
t ions : * 

• C l a s s  1 - - Pro duc t ion c enters b a s ed on ex i s t ing m i l l s  and 
mines and r e s our c e s  avail abl e to s upport such mil l s  

• Cl a s s  2 - - P ro duct ion c ent e r s  under cons truct ion fo r which 
the t iming and r a t e s  of produc t ion c an be reason 
ably predic ted 

• Cl a s s  3 - - Produc t ion cent e r s  whi ch have , acc ording to  the 
evaluat ion o f  the Grand Junc t i on s t aff , suffic ient 
r e s e rv e s  to j u s t i fy a produc t i on commitment 

* A produ c t i on c enter c ons i s t s  of a m i l l  and it s support ing 
mines and ava i l ab l e  re sourc e s . 
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• C l a s s  4 - - Pro duct ion centers based on re s e rve s which have 
no t b e en ful l y  exp l or ed but wh i ch have su ffic ient 
po t ent�al resources  to warran t  c on s i derat ion o f  
new p ro duction fac i l i t i e s . 

E s t ima t ed o r e  r e s erve s and product ion c ap ab i l i t i e s  for e ach 
c l as s , as we l l  as as s o c i at ed inve s tment and operat ing c o s t s , are 
summar i z ed in Tab l e s  A- 1 through A- 4 .  The data ut i l i z ed in the s e  
tab l e s  a r e  t aken from AEC Grand Junc t ion Workshop Papers , whi ch 
wer e  made ava i l ab l e  in Septemb er 1 9 7 1 , and we re b a s ed on co s t s  and 
r e s ourc e s  as o f  January 1 ,  1 9 7 1  ( 1 9 7 0  con s t ant do l l ar s ) . 

TABLE A-1 

CLASS 1 PRODUCTION AND COST DATA 

Production Operating Capital 
Year Capabil ity* Costst Expenditures* 

(Thousand Tons of U30s) (Mill ions of Dollars) 

1 97 1  1 4. 4  $ 1 1 8 $ 30 

1 972 1 4. 7  1 25 29 

1 973  1 5.0 1 23 29 

1 974 1 4.8 1 31 30 

1 975 1 4.5  1 22 31 

1 976 1 3.5  1 1 4  26 

1 977 1 3.5  1 1 2  25 

1 978 1 2.3  1 06 28 

1 979 1 2.4  1 06 29 

1 980 1 0.3  85 25 

1 98 1  9.8 82 2 1  

1 982 8.8 71 20 

1 983 8.0 57 1 9  

1 984 7.9 55 1 6  

1 985 7.0 50 1 2  

Total 1 76.9 $1 ,457 $370 

* Production capabil ity through 1 985 based on 1 41 ,000 tons U308 reserves (at costs up to $8/lb. U308) and 
98,000 tons of potential .  

t I ncludes mining, mil l ing haulage, royalty, etc. 

:j: I ncludes exploration; mine capital, mil l  capital, primary development and replacement equipment. 
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TABLE A-2 

CLASS 2 PRODUCTION AND COST DATA 

Production Operating Capital 
Year Capability* Costst Expenditures* 

(Thousand Tons of U30sl (Mill ions of Dollars) 

1 97 1  1 .3 $ 4 $ 29 

1 972 2. 1 9 25 

1 973 3.3 1 9  1 2  

1 974 3.4 1 6  1 1  

1 975 3.4 1 9  1 1  

1 976 3.3 1 8  1 2  

1 977 3.4 1 9  1 0  

1 978 3. 1 1 9  9 

1 979 2.9 1 8  8 

1 980 2.9 1 7  8 

1 981 2.9 1 1  6 

1 982 1 .9 1 4  3 

1 983 1 .9 1 4  4 

1 984 1 .4 1 2  2 

1 985 1 .3 1 0  

Total 38.5 $225 $151  

* Production capabil ity through 1 985 based o n  38,500 tons U303 reserves (at costs up t o  $8/lb. U303l and 
1 5,000 tons of potential. 

t I ncludes mining, mi l l ing, haulage, royalty, etc. 

:j: I ncl udes exploration, mine capital, mil l  capital, primary development and replacement equipment. 
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TABLE A-3 

CLASS 3 PRODUCTION AND COST DATA 

Year 

1971  

1 972 

1 973 

1 974 

1 975* 

1 976 

1 977 

1 978 

1 979 

1 980 

1 981 

1 982 

1 983 

1 984 

1 985 

Total 

Production 
Capabilityt 

(Thousand Tons of U308) 

0.9 

4.9 

9.2 

1 0. 1  

1 0.2  

1 0.2 

1 0.0 

1 0.0 

1 0.0 

9.9 

9.6 

95.6 

* 1 975 is the earliest year of production al lowed from Class 3. 

Operating 
Costs:f: 

$ 

1 0  

44 

77 

87 

88 

89 

90 

85 

84 

82 

82 

$81 8  

(Mill ions of Dollars) 

Capital 
Expenditures§ 

$ 3 

3 

1 7  

34 

49 

62 

44 

20 

1 7  

20 

20 

21  

1 5  

1 1  

9 

$345 

t Production capabi l ity through 1 985 based on 56,000 tons U303 reserves (at costs up to $8/lb. U303l and 
1 73,000 tons of potential. 

:j: I ncludes mining, mi l l ing, hau lage, royalty, etc. 

§ I ncl udes exploration, mine capital, mil l  capital , pri mary development and replacement equipment. 

1 0 4  



TABLE A-4 

CLASS 4 PRODUCTI ON AND COST DATA 

Year 

1 97 1  

1 97 2  

1 973 

1 974 

1 975 

1 976 

1 977* 

1 978 

1 979 

1 980 

1 981 

1 982 

1 983 

1 984 

1 985 

Total 

Production 
Capabilityt 

(Thousand Tons of U30sl 

0.2 

5.2 

6.3 

6.4 

6.5 

6.6 

6.6 

6.7 

6.7 

51 . 2  

* 1 977 i s  the earl iest year of production allowed from Class 4. 

Operating 
Costs=!= 

$ 

3 

48 

57 

57 

56 

56 

61 

59 

59 

$456 

(Mill ions of Dollars) 

Capital 
Expenditures§ 

$ 
3 

6 

3 

26 

57 

27 

20 

1 9  

20 

1 7  

1 4  

1 3  

1 0  

$236 

t Production capabil ity through 1 985 based on 1 2,600 tons U308 reserves (at costs up to $8/lb. U308) and 
80,000 tons of potential. 

:j: I ncludes mining, mi l l ing, hau lage, royalty, etc. 

§ I ncludes exploration, mine capital, mil l  capital , primary development and replacement equi pment. 
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APPEND IX F 

TAX CAL CULAT I ONS 

F o r  e ach c l a s s  of produc tion c enter the fo l lowing procedure s  
and a s sump t i ons a r e  us ed in t h e  uranium supp ly mode l ' s  tax calcu 
l a t i ons : 

• The revenue s chedul e corresponding to a g iven re turn on 
inve s tment is c al cul at e d . 

• Royal t i e s , operat ing c o s t s  and pr imary deve lopment exp en
d i ture s  are deduc ted from r evenue to g ive b e fore t ax cash 
flow . 

• I n  o rder to calculate  t axab l e  income , certain i t ems are 
deducted from b e fore t ax c ash flow . They are ( 1 )  mine / 
mi l l  depre c i at i on , ( 2 )  e quipment rep l acement e xpen s e , 
( 3 ) deve lopment dri l l ing and ( 4 )  dep l e t ion . 

(1 ) Mine /Mi ll D epr e c i at i o n - - Un i t  o f  product i on depre c i ation 
i s  a s sumed for mine/mi l l  equipment and bui ld ings . The s e  
calcu l at i ons are o f  cour s e  dependent o n  the res e rve - to - pro 
duc t i on r a t i o  and mine - l ife a s sump t i ons . I t  i s  l ikely that 
s ome fac i l i t i e s  wi l l  be on an acc e l erated deprec i ation 
s chedul e .  However , the indus try ave rage co s t s  indicate 
that mo s t  mines wi l l  b e  under the ne t pro f i t s  l imitation 
on dep l e t i on . Further , r e s erve - to -produc t i on r a t i o s are 
exp e c t e d  to  average . l O or  l e s s . For the s e  re asons , uni t 
o f - produc t i on depr e c i a t i on i s  cons idered r e a s onab l e . Sen 
s i t iv i ty t e s t s  indicate  tha t there i s  no s i gnifi cant im 
p ac t  on the "pr i c e "  cal cu l a t i ons from the expected effects 
o f  acc e l erated depre c iat ion . 

( 2 )  Deve l opment Dri l l ing - - D eve lopment dr i l l ing expens e i s  
an a l l owed intangib l e  deve lopment expense unde r  current tax 
laws and is deduc ted for t ax purp o s e s  in the ye ar incurr ed . 

( 3 ) .  Equipment Repl ac ement - -Mine /m i l l  equipment rep lacement 
@ $ 0 . 1 5 p e r  pound o f  u3o8 produced p e r  year i s  a s s ume d to  
b e  sho rt - l ive d equipment , and for  the  tax c a l cuation is  
exp ens ed as incurred . 

( 4 )  D ep l e t i on - - The dep l e t i on calculat ion is made e ach year 
for the indus try a� a who l e . The 2 2  percent s tatut ory rate 
app l i e s  except when there i s  a 5 0  percent ne t income l im 
i tat i on . A t  l ower re turns on inve s tment (RO I ' s ) ,  the 5 0  
p erc ent l imitation i s  gener ally  in effe c t , and effe c t ive 
dep l e t i on rates  can be as l ow as 1 2  perc ent . When prices  
l imit the  average property to  50  percent of  n e t  income for 
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dep l e t i on , the to tal indus try dep l e t i on is  overs tated to 
the de gre e  that the b e s t  proper t i e s  are on 2 2  percent of 
r evenue . C onvers e ly ,  at the hi gher RO I ' s ,  dep l e ti on is 
unde r s tated  to the extent that marginal prop e r t i e s  are 
sub j e c t  to the 50 p ercent l imitation . As the " e ffect ive 
dep l e t i on rate"  for the indus try is a function of  the s e l l 
ing pr i c e  (RO I ) ,  thi s  app e ar s  to  b e  a reas onab l e  mode l for 
the indus try , and any b i a s  is s omewhat compens ated in the 
preference tax cal cul a t i on . 

• Preference taxes  are calculated at an effe c t ive rate of  8 
p ercent (dep l e t i on minus income t ax ) . There i s  no s i gni fi 
cant e ffect on the calculated "pr ice"  from minor var i at i ons 
in the effe c t ive preference t ax rate . 

Any numb e r  o f  a l t e rnative t ax po l i cy a s s ump t ions could b e  
made us ing the uranium supp ly mo de l .  
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APPENDIX G 

SUPPLY MODEL PRI NTOUT 

The examp l e  print out enc l o s ed in this  appendix i s  provided 
t o  s how the forma t of data generated by the Uranium Supply Model  
and ut i l i z ed by the  Nuc l e ar Task  G roup . 

The fo l l owing s chedu l e s  ar e included for Supply Cas e s  I ,  I I ,  
I I I  and IV : 

• Schedul e A "U . S .  U30 3  Supply Ava i l ab i l i ty ,  
Stat i s t ical  Summary" 

• Schedu l e  B - - "Uranium Raw Ma ter i al s  Pr odu c t i on 
and Inve s tment C o s t s . "  

As an examp l e  of  the financ ial  analy s e s  made , a parame t r i c  
c a s e  in whi ch t h e  d i s covery rate w a s  he ld to  3 p ounds U 30 8 per 
foot of exp l orat i on dr i l l ing i s  s hown for vari ous RO i r s  in the 
enc l o s ed Schedu l e  C ( "D i s counted Cash F l ow Analys i s " ) . 
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1-' 
1-' 
1-' 

T O T A L R E Q U I RE M E N T S  

AEC  S T O C K P I LE S A L E S  

N E T  I M PO R T S  

A D J U S T E D  R E Q U I R E ME N T S  
C�O�ST l C  I ND ,  D E M A N D ! 

YELL OWCAKE P R O D U C T I O N  

U308 I N V EN T O R I ES 
1 1 / 1 /71 : 2 1 , 6 MM LBS , )  

P R O D U C T I O N C A P A B I L I T Y 
CLASS  I 
C L A S S  I I 
C L A S S  I I I 
C L A S S  I V  

SUB TOTAL 

C L ASS V ( N E W  D I S CO V E R Y ) 
A NNUA� A DD I T I ONS 

I + I  R E S E R V E  A D D I T I O N S 
LEVE L I ZE D  I + !  REQ , 

U N I T E D  S T A TE S U3 0 8  S U P P L Y  A V A I L A B I L I T Y 
S T A T I S T I C A L  S U M M A R Y  S CH E D U L E  A 

1 9 7 1  1 9 7 2  1 9 7 3  1 9 7 4 1 9 7 5 1 9 7 6  1 9 7 7 1 9 7 6  1 9 7 9 1 9 B o  1 9 8 1  1 9 8 2 1 9 6 3 1 9 8 4  1 9 6 5 T C T AL 

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - M I L L I O N S  Or P O U N D S  U 3 0 8 - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

1 3 . 8  2 8 . 1  2 8 . 7  3 1 . 1  4 3 , 5  5 o , o 6 5 . 4  9 o . 4  1 o 2 . 4 1 1 7 . 5  1 4 3 . 5  1 6 8 . 3  1 9 2 , 7  1 9 9 , 9  2 1 1 . o  1 4 ; 2 , 3  

0 .  0 0 .  0 

0 .  0 0 .  0 

1 3 . 8  2 6 . 1  

2 4 , 7  2 6 . o  

3 2 , 5  3 0 , 4  

2 8 . 8  
2 . 6 
0 .  0 
0 . 0 

29 , 4  
4 , 2  
0 .  0 
0 .  0 

1 . 8  3 , 7 5 . 4  

0 .  0 0 .  0 0 .  0 

6 , 2  

c .  0 

9 . 3  1 1 . 9  1 3 . 5  

o . o  o . o  o . o  

1 5 . 5  1 9 . 1  

0 .  0 0 .  0 

IJ .  0 

0 . 0 
0 .  0 

0 .  0 

0 .  0 
0 .  0 

0 . 1)  8 6 , 4 

0 .  () 0 .  0 

2 6 . 9  2 7 . 4  3 8 . 1  4 3 , 8  5 6 . 1  7 8 , 5  8 8 . 9  1 0 2 . o  1 2 4 . 4  1 6 6 , 3  1 9 2 . 7 1 9 9 , 9  2 1 7 . o  1 4 o 5 , 9  

2 8 . o  2 9 , 4  2 8 , 4  4 3 , 8  6 2 . 6  6 3 , 6  8 4 . 7  1 0 3 , 5  1 2 7 . o t 7 o , 8 1 9 5 , 1 2 o o . 6  2 1 8 . 7  1 4 o 6 . o  

3 1 . 5  3 2 , 5  2 2 . 8  2 2 , 8 2 9 . 3  1 4 , 4  1 0 . 2 1 1 . 0  1 4 . 3  1 6 . 8  1 9 . 3  2 o . a  2 1 . 1  

3 o . o  
6 . 6  
0 .  0 0 .  0 

2 9 , 6 
6 , 8  
o . o  
Q I Q 

29 . 0 
6 . 6  
1 . 6  
0 .  0 

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

2 7 · 0  
6 . 8  

1 8 . 4 
1 0 . 4 

2 4 , 6 
6 . 2  

2 0 , 2  
1 2 , 6  

2 4 . 4 
5 . 8  

2 Q . 4 
1 2 . 8 

2 0 · 6  
5 . 8  

2 0 . 4 
1 3 , 0  

1 9 , 6 
s . e  

2 o . o  
1 3 . 2  

1 7 , 6 
3 , 8  

2 0 . 0  
1 3 . 2  

1 6 · 0  
3 , '8 

2 0 , 0  
1 3 , 4  

1 5 , 8 
2 . 8  

2 o . o 
1 3 , 4  

1 4 · 0  
2 . 6  

2 0 , 0  
1 3 . 4 

353 . 4  
n . o  

1 9 1 , 0 
1 1 5 , 8  

3 1 . 4 3 3 , 6  3 6 . 6  3 6 . 4  3 7 , 6  4 3 , 9  6 2 . 6  6 3 , 6  6 3 . 4  5 9 , 6  5 6 . 6  5 4 , 6  5 3 , c  5 2 , 0  s o . o 73 7 . 2 

0 , 0  o . o  o . o  o . o  Q . O  Q , Q  0 · 0  O o O  2 1 . 3 4 3 , 7  6 6 . 4  1 1 � . 2  1 4 1 . 9  1 4 8 , 6  1 6 B , 7 o . o  o . o  o . o  o . o  o . o  o . o o . o  o . o  2 1 . 3  2 2 . 4  2 4 , 7 4 7 , 8  2 5 , 8 6 , 7 2 0 · 1  1 6 8 , 7  

0 .  0 
0 ,  D 

0 .  0 
c . o  

0 • 0  1 5 7 , 2  1 6 4 , 8 1 8 1 , 9  3 5 2 o 1  1 8 9 , 8 1 0 0 • 4 2 Q 1 o 7  1 7 2 , 3 1 53 , 5 1 1 8 , 9  1 8 6 , 3  2 9 8 , 7  2 2 77 0 7 
5 2 . 4  1 o 7 , 4 1 68 . o  2 3 2 . 9  2 4 1 . 3  2 1 4 · 1  1 6 4 , o t 5 8 . 1  l 7 5 . 8 1 � 8 . 2  152 , 9  2 0 1 . 3  2 5 6 . 7  2 2 7 3 , 2  

O R E  R E S E R V E S  5 2 9 , 3  5 7 2 , 9  6 6 3 , 7  8 Q 5 , 5  1 0 0 4 , 3  1 2 4 9 , 4  1 4 B o . 5  1 6 7 9 , $  1 8 6 8 , 3  2 0 3 2 · 0  2 1 9 3 , 3  2 3 51 , 7  2 4 2 1 • 1 2 4 7 2 , 6  � 59E , 1 
Y E A R S  t O R W A R D  R E S E R V E S  9 , 3  8 , 8  8 . 5 8 . 4 8 . 5  8 . 6  9 . Q  9 , 1  9 . 2 9 , 2  9 , 3 9 , 5 9 , 5 9 , 5 9 , 7  

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - M I L L I O � S  o r  F E E T  S U � F A C E D R I L L I N G - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 
D R I LL I NG T O  P R O V E  C L A S S  I - I V  
PO T E N T I A L R E S E R V E S  1 5 , 5  1 7 , 4  1 6 . 6  1 5 , ?  1 4 , 8  1 4 , o  1 3 · 1 1 2 . 2  1 1 . 3  1 0 . 5 9 , 6 9 , 4  8 , 6  7 , 7 6 , 8  1 8 3 , 2  

DR I L L I NG T O  P R O V E  
C L A S S .  V R E S E R V E S  

C S HMATCll TOT A L  
OR I LU N G  REQ U I RE ME: N T S  

o , o 2 , 6  9 , 3  2 0 . 4  3 4 , 9  4 7 , 5  5 4 , 7  54 , o  4 6 , 3  4 3 . 7  4 o . 7  3V , 9  4 1 . 4  46 , 8  5 8 , o  5 4 2 , 2  

1 5 , 5  2 o . o 2 5 . 9  3 6 , 1  4 9 . 7  6 1 . 5  6 7 . 8 6 6 , 2  5 9 . 6  5 4 . 2 5 o . 3  4 9 . 3  s o . o  5 4 , 5  6 4 , 8  7 2 5 . 4  



U R A N I U M R A W  M A T E R I A L S I N V E S T � E N T  A N D  P R O D U C T I O N C O S T  S C H E D U L E S  S C H E D U L E  B 

1 9 7 1 1 9 7 2 1 9 7 3 1 9 7 4  1 9 7 5  1 9 7 6 1 9 7 7  1 9 7 8  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  T O T A L  

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - M I L L I O N S  C r  D O L L A R S - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
C L A S S  I 

E XPL O R A  T !  ON I N V E S T M E N T  1 . 5  2 . 3  3 . 0  2 . 6  5 1 . 4 5 1 . 2  5 1 . 2  5 1 . 0  5 1 . 5  5 0 . 2  4 9 , 5  4 9 . 8  4 9 , 8  4 7 , 5  0 '  0 5 1 2 , 8  

OEVCL OP"MEN T D R I L L I N G o . s 0 . 7 1 · 0  1 . 4 1 4 , 9 1 5 . 1  t 5 . 1 1 5 . 3 1 4 . 8 1 5 · 1  1 4 . 8  1 4 , 5 1 4 , 5  1 3 . 5 0 • D 1 5 1 . 2  

S UB T O T AL. 2 . 0  3 . o  4 . o  4 . o 6 6 . 3  6 6 . 3 6 6 . 3  6 6 . 3 6 6  o 3  6 5 . 3 6 4  o 3  6 4 . 3  6 4 . 3  6 1 . 3 0 . 0 6 6 4 . Q  

1-' 
1-' M I NE C A P I TAL.  o . o  0 .  0 0 '  0 0 .  0 0 .  0 0 .  0 o . o  0 .  0 a .  o 0 .  0 0 '  0 0 .  0 0 .  0 0 .  0 0 ' 0  0 .  0 
N M l L L C A P i t A L o . o  0 .  0 0 .  0 o .  o '  0 .  0 0 .  0 0 .  0 0 .  0 0 .  0 0 .  0 0 .  0 0 .  0 0 '  0 0 .  0 0 ,  D 0 .  0 

ReP L A CE M E NT E Q U I P M E N T  6 , 0 4 , 0  4 . 0  4 , 0 4 , 0 4 , Q  3 . 0 4 . 0 5 . 0 6 , 0  3 .  0 2 .  0 1 . 0  1 .  0 1 .  0 5 2 , o  

SVB T OTAl. 6 , 0  4 , 0 4 ' 0 4 . 0 4 . 0  4 , 0  3 . 0  4 .  0 5 . Q 6 , Q 3 . Q  2 . 0  1 . 0  1 '  0 1 . 0  5 2 , 0 

P R ! M A� Y  D E V E L. O P M E N T 2 2 , 0  2 2 . 0  2 1 . 0  2 2 . 0  2 2 . 0 1 7 . o :t 7 . o  1 9 . o 19 . o  1 5 . o  1 5 . a  1 5 . o  1 5 . 0  1 5 . 0  1 1 ·  0 2 6 ? .  0 

OPE R A T I N G  E XP E N S E S 1 1 8 , 0  1 2 5 , o  1 2 3 . 0  1 3 1 . 0  1 2 2 . 0  1 1 4 . 0  1 1 2 . o  1 o 6 . o  1 0 6 . Q B 5 . o  8 2 . 0 7 1 . 0  5 7 , Q 5 5 . 0  5 o . o  1 4 5 7 . o  

T O T Al. 1 4 8 . 0  1 5 4 . o  1 5 2 . Q  1 6 1 · 0  2 1 4 . 3  2 0 1 · 3  1 9 8 . 3  1 9 5 , 3  1 9 6 . 3  1 7 1 . 3  1 6 4 . 3  1 52 . 3  1 3 7 , 3  1 3 2 . 3 6 2 . o 2 4 4 o . o  
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- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - M I L L I O N S  O r D O L L A R S - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

C L A S S  1 

E X P L O R A T I O N I N V E S T M E N T  1 . 5  2 . 3  3 . 0  2 . 6  5 1 , 4  5 1 . 2  5 1 . 2 5 1 . 0  5 1 . 5  5 0 . 2  4 9 , 5  4 9 , 8  4 9 , 8  4 7 , 8 0 .  0 5 1 2 , 8  
...... DE V E L OPMENT  D R I L L I N G 0 , 5  0 .  7 1 ·  0 1 . 4 1 4 . 9  1 5 . 1  1 5 . 1  1 5 , 3  1 4 . 8  1 5 . 1  1 4 . 8 1 4 . 5  1 4 . 5  1 3 , 5  o . o  1 5 1 . 2  
N 
0 SUB  T O T A L  2 , 0 3 . 0  4 .  0 4 , 0 6 6 . 3 6 6 , 3  6 6 . 3  6 6 , 3 6 6 . 3 6 5 , 3  6 4 , 3 6 4 , 3 6 4 , 3  6 1 . 3 0 .  0 6 6 4 , 0  

M I NE C A P I T A L  0 .  0 0 .  0 0 .  0 0 .  u 0 .  0 0 .  0 0 .  0 0 .  0 0 .  0 0 .  0 0 .  0 0 '  0 0 '  0 0 .  0 G .  0 0 .  0 
M I L L C A P I T A L 0 . 0 0 .  0 0 .  0 0 ' 0  0 .  0 0 .  Q 0 .  0 0 .  0 0 .  0 0 .  0 o . o  0 .  0 0 '  0 0 .  0 0 .  0 0 .  0 
REPL A C EMENT  E Q U I P M E N T  6 , 0  4 , 0  4 . 0  4 , 0  4 , 0  4 . 0 3 � 0 4 , 0  5 .  0 6 , 0  3 , 0  2 , 0  1 ,  0 1 , 0  1 .  0 5 2 . 0  

SUB  T O T A L.  6 , 0  4 , o 4 .  0 4 , Q  4 .  0 4 . 0 3 .  0 4 . 0 5 .  0 6 , 0 3 . Q  2 .  0 1 .  0 1 ' 0  1 . 0  5 2 , 0 

P R I M A R Y  DEVELOPME N T  2 2 , 0 2 2 , 0  2 1 . 0  2 2 , 0  2 2 . 0  1 7 , 0  1 7 . 0  H . o  1 9 . 0  1 5 . o  1 5 . o  1 5 . 0  1 5 . 0 1 5 . 0  1 1 . ()  2 6 7 , 0  

OPE R A T I NG E X P E N S E S  1 1 8 , 0 1 25 , 0  1 2 3 . 0  1 3 1 , 0 1 2 2 . 0  1 1 4  . o  1 1 2 . 0  1 Q 6 , o  1 o 6 . o  8 5 . 0  e 2 . o 7 1 , 0  5 7 , c  5 5 . 0  s o . o 1 4 5 7 , o  

T O TA L  1 4 8 , 0  1 5 4 , o 1 5 2 . 0  1 6 1 · 0  2 1 4 . 3  2 0 1 · 3  1 9 8 , 3  1 9 5 , 3  1 9 6 , 3  1 7 1 . 3  1 6 4 , 3  1 5 2 , 3 1 3 7 , 3  1 3 2 . 3 6 2 . 0  2 4 <4 o , o  



U R A N I U M  R A W  M A T E R I A L S  I N V E S T M E N T  A N D  P R O D U C T I ON C OS T SCHEDULES  S CHEDUL E  B 

1 9 7 1  1 9 7 2  1 9 7 3 1 9 7 4 1 9 7 5  1 9 7 6 1 9 7 7  1 9 7 8 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  t O T A L  

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - M I L L I O N S Or D O L L A R S - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -- -
C L A S S  1 1  

E X P L O RA T I O N I N V E S T M E N T  0 . 0 0 .  0 o . o  0 .  0 1 o . e 1 1 . 6  1 0 . 8 1 1 . 7 1 0 . 8 1 1 . 7  1 1 . 6  1 0 . 8  1 0  . a  1 0 . I'l 0 .  0 1 1 1 , 4  
DEVEL O P M E N T  DR I LL I NG 0 .  0 o . o  o . o  0 I Q 3 . 1  3 1 3  3 , 1  3 , 2  3 , 1  3 , 2  3 , 3  3 1 1 3 . 1  3 , 1  0 .  0 3 1 , 6  

1-' SOB T O T A L  0 .  0 0 .  0 0 · 0  0 . 0 1 3 . 9 1 4 , 9 1 3 . 9 1 4 , 9 1 3 . 9 1 4 , 9 1 4 . 9  1 3 , 9  1 3 1 9  1 3 . 9 0 . 0 14 3 , 0  
N 
1-' M I NE C A P I T A L  6 , 0  s , o 0 .  0 0 .  0 0 .  0 0 .  0 0 .  0 0 .  0 0 .  0 0 .  0 0 .  0 0 .  0 0 .  0 0 .  0 0 .  0 1 1 . 0  

M I L L  C A P I T A l.  1 3 , 0  1 0 . 0  o . o  o . o 0 .  0 0 .  0 0 .  0 0 .  0 0 .  0 0 .  0 0 .  0 0 1 Q 0 .  0 0 .  0 0 ' 0  23 , 0  
R E P L A C E M E N T  E Q U I P M E N T  0 .  0 o . o  2 . 0  1 . 0  1 . 0  1 . 0 1 . 0  o . o  0 .  0 0 .  0 1 . 0  0 .  0 1 . 0  0 . 0 0 .  0 a . o  

SU B TOTAL.  1 9 , 0  1 5 . o 2 . 0  1 . 0  1 · 0  1 ,  0 1 . 0  0 .  0 0 .  0 0 .  0 1 o 0  0 ' 0  1 . 0  0 .  0 0 .  0 4 2 , 0  

P� [ M AR Y  DEVELOPMENT  1 0 , 0  1 0 . 0  1 0 . 0  1 o . o  1 0 . 0  1 0 . 0  9 . 0  8 , 0  e . o  7 .  0 4 . o 3 , Q  3 . 0  2 . 0  1 .  0 1 0:5 , 0  

O�ERAT l NG E X P E N S E S  4 . 0  9 , Q 1 9 . 0  1 6 . 0  1 9 . 0  1 8  . o  1 9  •O 1 9 . 0  1 8 . o 1 1 . o  1 1 . o  1 4 . 0  1 4 . 0  1 2 . o  1 0 . 0  225 , o  

T OT AL. 3 3 . 0  3 4 . o  3 1 · 0  2 1 . o  4 3 . 9  4 3 . 9  4 2 . 9  4 1 . 9  39 , 9 3 8 . 9 3 6 . 9  3 o . 9  31 o 9 27 , 9  1 1 • 0  �H.5 . o  



UR A N I UM R A W  M A T E R I A LS I N VESTMENT  A N D  PR O D UC T I O N C O S T S C HEDULES  S CHE DULE 8 

1 9 7 1  1 9 7 2  1 9 7 3  1 9 7 4 1 9 7 5  1 9 7 6  1 9 7 7  1 9 7 9 1 9 7 9  1 9 8 0  1 9 131  1 9 8 2  1 9 8 3  1 9 8 4 1 9 13 5  T O T A L  
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - M I L L I O NS or DOLL A R S - - -- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -- - - -

C L A S S  1 1 1  

E XPLO R A T I O N I N V E S T M E N T 1 , 6  1 . 6  1 · 5  2 . :5  2 3 . 0  1 9 . 1 2 0 . 6  1 8 , 6  2 0 . 6  2 0 . 5  2 1 . 5 1 8 . 3  1 7 , 2  1 6 . 8 1 ·  0 2 0 4 . 2  
DEVELOPMENT  D R I L L I NG 0 , 4  0 . 4  o . 5  o . ? 6 . 5  6 . 4  6 . 9  6 , 9  6 , 9  7 , Q 7 . o  7 . 2  5 . 3  4 o 7 0 .  0 6 6 , 5  

I-' SUB T O T A L 2 .  0 2 .  0 2 . 0  3 . 0  2 9 . 5  2 5 , 5  2 7 . 5  2 5 . 5 2 7 . 5 27 , 5  2 8 . 5 2 5 . 5  2 2 . 5  2 1 . 5  1 . 0 2 7 1 . 0  
N 

M I NE C A P I T AL. 0 .  0 0 .  0 N 3 . 0  3 , 0  6 . 0  1 0 . 0  1 0 . 0  0 .  0 o . o 0 .  0 0 .  0 o . o  0 .  0 o . o  o . o  3 2 , 0 
M I LL C A P I TA L 0 .  0 o . o 2 , 0  1 5 , 0  3 o . o 2 2 , 0  9 .  0 2 , 0  o . o  0 .  0 o . o  0 , 0  0 .  0 o . o  0 .  0 e o . o  
REPLACEMENT  E QU I P M ENT  0 .  0 0 .  0 0 .  0 1 . 0  1 . 0  3 , 0  2 . 0  3 , 0  2 . 0  1 . 0 1 . 0  1 . 0  1 , 0  1 .  0 1 . 0  1 8 , 0  

SUB T O T A L  0 .  () o . o  s . o  1 9 . 0  3 7 . 0  3 5 , Q 2 1 . 0  5 , Q 2 , Q 1 . 0 1 . 0  1 . 0  l o O  1 . 0  1 . 0  13 0 , 0 

P R I MA R Y  �E V E LO PMEN T 1 . 0  1 . 0  1 0 . 0  1 3 . o  s . o 2 6 , Q 19 . o  1 3 . o  1 o . o 1 1 . 0  1 1 . 0  1 4 . 0  1 2 . o 1 0 o 0  7 , o 1 63 , o  

OPER A T I NG EXPENS E S o . o 0 .  0 0 .  0 0 .  0 1 o . o  4 4 , a 7 7  . o  8 7 , 0  B B . o S 9 , Q 9 o , o  a s . o  8 4 , 0 8 2 . 0  8 2 , 1) au . o  

TO T AL 3 , 0  3 , Q  1 1 . o  3 5 . 0  8 1 , 5  1:5Q , 5  1 4 4 . 5  1 3 0 . 5  1 2 7 , 5  1 2 8 , 5  1 3 o . s  1 2 5 , 5  1 1 9 , 5 1 1 4 , 5  9 1 . 0  13U , o  



U R A N I UM R A W  M � T E R I AL S  I N V E S T M E N T  A N D  P RO D UC T I O N COST  S C � E DU�ES SCHEDU�E B 

1 9 7 1  1 9 7 2  1 9 7 3  1 9 7 4  1 9 7 5  1 9 7 6  1 9 7 7  1 9 7 8  1 9 7 9 1 9 6 0  1 9 8 1 1 9 8 2  1 9 8 3 1 9 8 4  1 9 8 5 T O T A �  

- - - - - - - - - - - - - - - -- - - - - - - - - - - - - - - - - - - - - - - - - - M I L L I O N S  Or D O L L A R S - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

C L A S S  I V  

EXPL O R A T I O N I N V F. S T M E N T  2 , 3 4 , 7  o . a  5 , 3  6 . 1  5 , 7 5 . 8  6 , 8  6 . 2  6 , 1  5 . u  4 , 0  J . o  0 .  0 0 .  0 6 1 . !1  

1--' DE VEL OPMENT UR I L � I NG 0 , 7 1 . 3  o . 2  1 , 6  1 . 8  2 , 2  2 . 1  2 , 1  2 . 7  2 . 6  2 . 9  c .  0 0 .  0 0 .  0 0 .  0 2 0 , 4 
N 

SUB T O T A L  3 . 0  6 . 0  1 ·  0 6 . 9  7 . 9  7 . 9  7 . 9  8 . 9  6 , 9  8 . 9  7 . 9  4 . 0 3 , Q 0 .  0 0 . 0 8 2 . 2  
VI 

M I NE C A P I TAL. 0 . 0  0 .  0 o . o  o . o  1 . 0  7 .  0 4 . 0  2 . 0  0 .  0 0 .  0 o . o  0 .  0 0 .  0 0 .  0 0 .  0 1 .. . 0 

M I I.L C A P I T AL. 0 . 0 0 .  0 o . o  0 .  0 1 7 . 0  3 3 , 0  5 . 0  0 .  0 0 . ?  0 .  0 0 .  0 0 .  0 0 ' 0  0 .  0 0 .  0 5 5 , 0  

R E P L A C E M E N T  E Q U I P M E N T  0 .  0 0 .  0 0 .  0 o . o  1 . 0  2 , 0  2 . 0  1 . 0  2 , 0  2 , 0  2 . 0  2 . 0  2 , Q  2 , 0  2 . a  2 0 , 0  

S U B  T O TA L  0 .  0 o . o  0 .  0 o . o  1 9 . 0  4 2 . 0  1 1 . 0  3 . 0  2 . 0  2 . c  2 . 0 2 . 0 2 . 0  2 . 0  2 . 0  8 9 , 0  

P R I M A R Y  D E V E L O P M E N T  0 . 0 0 .  0 o . o  0 . 0 4 , Q  1 3 , o  1 4 . 0  1 3 , 0 1 3 . Q  1 3 . o  1 1 · 0  1 2 . 0  1 1 . 0  1 1 . 0  1 1 · 0 1 2 6 , o  

OPERAT I NG E X P E N SE S 0 .  0 0 .  0 o . o  o . o  0 . 0 3 . 0  4 8 . o  5 7 . 0  5 7 . o 5 6 . !)  5 6 . (1  6 1 . 0  5 9 . o 5 9 . 0  5 9 . o  5 1 5 o O  

T O T A L.  3 , 0  6 . 0  1 · 0  6 . 9  3 Q , 9  6 5 , 9  e o . 9  8 1 . 9  e 0 . 9  7 9 . 9 7 6 . 9  7 9 . o 7 5 . Q 7 2 · 0 7 2 · 0  8 1 2 . 2  



U R A � ! U M R A W  M A T E R I A L S I N V E S T � E N T  A N D  P R O D U C T I O N C O S T  S C H E D U L E S  S C H E D U L E  B 

1 9 7 1  1 9 7 2 1 9 7 3  1 9 7 4  1 9 7 5  1 9 7 6 1 9 7 7 1 9 7 8 1 9 7 9  1 9 8 0 1 9 8 1  1 9 8 2 1 9 8 3 1 9 6 4  1 9 8 5 T C UL 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - M I LL I O NS O r DOLL A RS - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

C L A S S  V 

E XPL O R A T I O N I N V E S T M E N T  1 . 1  s , o  1 6 . 8  3 6 , 7 6 7 . 8  9 6 , o 1 1 1 · 6 1 1 5 . 0 1 0 6 . 3 9 9 . 2  9 4 . Q  9 2 , 3  9 3 , 5  1 0 4 , 6  j, 2 7 . 5  1 1 6 9 . 4  D E V E L O P M E NT DR I L L I NG 0 .  0 0 .  0 1 · 3 5 , 7  1 4 · 1 2 3 , 8  3 1 . 3  3 4 , 3 3 1 , 9  2 9 . 2  2 7 . 3  2 6 , 8  2 5 , 4  2 5 , 9  3 1 , 4  3 0 8 , 3  
I-' S U B  T O T A L  1 . 1  5 , o 1 8 · 0  4 4 , 5  8 1 . 8 1 1 9 , 6 1 4 2 . 9 1 4 9 , 3  1 3 8 . 1 1 2 8 . 3  1 2 1 · 3 1 1 9 . o  1 1 8 , 9  1 3 Q . 6  1 5 8 . 9  1 4 7 7 . 7  N 
.j::o. M I NE C AP I T A L  0 .  0 0 .  0 0 .  0 o , 7 1 · 8 3 , 6  9 . 4 1 8 , 5 2 2 , 5  2 5 . 1  2 6 . 5 1 5 . 5  1 3 , 6  1 4 , 5 1 1 . 3 1 6 3 , 1  M l i. L.  C A P I T AL. 0 . 0 0 ' 0  0 .  0 0 .  0 0 . � 5 , 5  2 4 . 9  6 6 , 4 8 9 , 3 9 9 . 5  1 1 0 . 6  6 3 , 1  5 5 . 5  5 7 , 5  3 9 . 1 6 1 1 , 6 REPL A C E M E N T  E Q U I P M E N T  0 . 0 0 '  0 0 .  0 0 .  0 0 .  0 0 .  0 0 .  0 0 .  0 1 . 9  4 , 9  7 , 8  1 2 ; 8 1 5 . 3  1 7 ; 0 1 9 , 5 7 9 , 3 

SUB  T O T A L.  0 , 0  0 .  0 0 .  0 o . 7  1 . 6  9 , 1  3 4 . 2  8 4 , 9 1 1 3 . 7 1 2 9 , 6  1 4 5 . 1 9 1 , 4  6 4 , 6  6 9 , 1  6 9 , 9  85 4 , 0  
P R I M A R Y  DE VEi. O P M E N T  0 . 0 0 .  0 0 .  0 0 .  0 0 .  0 1 . 2  5 . 8  1 6 , 7  3 4 . 1  5 4 , 6  7 5 , 7 9 3 , 1 1 0 5 . 7  1 1 7 . 1  1 2 6 . 8 6 3 0 , 7  

OPERA T I NG E X P E N SE S  0 . 0 0 .  0 0 .  0 0 .  0 0 .  0 0 .  0 0 .  0 0 .  0 5 6 . 4  1 4 1 . 7  2 2 7 . 2  3 7 2 . 4  4 4 2 , 7 4 9 4 . 2 5 6 4 . 1  2 2 9 8 , 7  

T O T A l.  1 . 1  5 , Q  1 8 . Q 4 5 . 2  8 3 , 6  1 3 o . o 1 B 3 . o  2 5 o . 9 3 4 2 . 3  4 5 4 . 2  5 6 9 , 3  6 7 6 , Q  7 5 1 , 8 8 3 1 · 0  9 1 9 , 7  5 26 1 o 1  



URA N I UM R A W  M A TE R I A � S  I N V E S T M E N T  A ND PR O D U C T I O N  C OS T  S C � E D U L E S  S C � E D U L E  B 

1 9 7 1  1 9 7 2 1 9 7 3  1 9 7 4  1 9 7 5 1 9 7 6  1 9 7 7  1 9 7 8  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  T O T AL 

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - M I L L I O NS O r D O L L A R S - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

...... TO T A LS BY CLASS  N 
CJ1 CU S S  I 1 4 8 . 0 1 5 4 , 0 1 5 2 . 0  1 6 1 · 0  21 4 . 3  2 0 1 . 3  1 9 8 . 3  1 9 5 . 3  1 9 6 . 3  1 7 1 . 3  t 6 4 , 3  1 5 2 . 3 1 37 , 3  1 3 2 . 3 6 2 . 0  2 4 4 o , o  

C L A S S  I I  3 3 , 0  J 4 , o  3 1 . 0  2 7 , c  4 3 . 9  4 3 , 9  4 2 . 9  4 1 o 9  3 9 . 9  3 8 . 9  3 6 . 9  3 0 . 9  3 1 . 9  2 7 , 9  1 1 · 0  5 1 5 , o  
C L A S S  I I I  3 , 0  3 , o 1 7 . 0  3 5 , Q  8 1 , 5 1 3 0 , 5  1 4 4 , 5  1 3 Q . 5  1 2 7 , 5  1 2 8 . 5 t 3 o . s  1 2 5 , 5  1 1 9 , 5  1 1 4 , 5 9 1 . o  1 38 2 , o  
C L A S S  I V  3 , 0  6 . 0  1 ·  0 6 , 9 3 1) . 9  6 5 , 9  e o . 9  8 1 , 9 Ei o . 9  7 9 , 9 7 6 . 9  7 9 , o  7 5 . o  7 2 . 0 ' 2 · 0  8 1 2 . 2  
C L A S S  V 1 . 1  5 . o 1 8 . 0  4 5 . 2 8 3 . 6 1 3 0 . 0  1 8 3 . 0  2 5 o . 9  3 4 2 , 3  4 5 4 . 2 5 6 9 . 3  6 7 6 . Q  7 5 1 . 8 8 J i , 0 9 1 9 , 7 5 2 6 1 . 1  

T O T A L 1 8 8 , 1  2 o 2 . o  2 1 9 · 0  2 7 5 , 1  4 5 4 . 2  5 7 1 . 6  6 4 9 . 6  7 o o . 5  7 8 6 , 9  8 7 2 . 8  9 7 7 , 9  1 0 6 3 , 7  1 1 1 5 . 5  1 1 7 7 . 7  1 1 5 5 , 7 1 0 4 1 0 , 3  





....... 
N 
-.....] 

T O T A L  R E Q U I RE M E N T S  

A E C S T O CK P I L E S A L E S  

N E T  I M P O R T S  

A D J U S T E D  R E Q U I R E M E N T S  
( DO M E S T I C  I N D , D E M A N D ) 

Y E L L O W C A K E  P R O D U C T I ON 

U 3 0 8  I NV E N T O R I E S  
( 1 / 1 / 7 1 = 2 1 , 6 M M  L B S . ) 

P RO D U C T I O N  C A P A B I L I T Y 
C L A S S  1 
C L A S S  I I  
C L A S S  I I I  
C L A S S  I V  

SUB TQHL 

CL A S S  V C N E W  D i s C o V E R Y )  
A N N U A L  ADD I T I O N S  

l + l  R E S E R V E  A D D I T I O N S  
L E VE L I ZE D  1 + 1  R E Q , 

U N I T E D  S T A T E S U 3 0 8 S U P P L Y  A V A I L A B I L I T Y 
S T A T I S T I C A L  S U M M A R Y  s C H E D U L E  A 

1 9 7 1  1 9 7 2  1 9 7 3  1 9 7 4  1 9 7 5  1 9 7 6  1 9 7 7  1 9 7 8  1 9 7 9  1 9 B a  1 9 8 1  1 9 8 2  1 9 8 3  1 9 & 4  1 9 8 5  T O T A L  
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - M I LL I O N S  O r  P O U � D S  U 3 0 8 - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

I 
1 3 , 8  2 8 . 1  2 8 . 7 3 1 · 1 4 3 . 5  4 9 , ?. 5 5 . 2  6 4 . 3  7 3 , 4  B 4 , P  9 6 . 9  1 0 8 , 8  1 2 2 . 5  1 3 2 , 4  1 4 1 , 3  1 o 7 4 . o 

0 .  0 0 ' 0  1 . 8  3 , 7  

0 .  0 0 .  0 0 .  0 0 .  0 

5 . 4  6 , o 

0 .  0 0 .  0 

8 .  0 
0 '  0 

9 .  0 
o .  n 

1 0 . 1  1 1 . 6  1 3 . 4  

o . o  o . o o . o  
0 .  0 
0 .  0 

0 .  0 

0 .  0 

0 .  0 0 . 0 6 9 , 0  

n .  o 0 . 0 0 ' 0  

1 3 , 8 2 8 · 1  

2 4 . 7 2 6 . 0  

26 . 9  2 7 . 4  3 8 . 1  4 3 . 2 4 7 . 2 · 5 5 . 3  6 3 . 3  7 3 . 2  8 3 , 5  1 o a . s  1 2 2 . 5  1 3 2 . 4 1 4 1 , 3  1 0 o 5 . o 

2 8 . 0  2 8 . 4  2 8 , 4  3 5 , 4  4 4 . Q 5 9 , 6  

3 2 , 5  J o . 4  3 1 , 5  3 2 , 5  2 2 . 8  1 5 . o u . s  1 6 · 1  

2 8 , 8  
2 , 6  
0 .  0 
0 .  0 

2 9 , 4  
4 , 2  
0 .  0 
0 .  0 

3 Q . Q  
6 , 6  
0 .  0 
0 .  0 

2 9 , 6  
6 , 8  
0 '  0 
0 '  0 

2 9 . o 
6 , 8  
0 .  0 
0 .  0 

2 7 . o 
6 .  6 
1 , !3  
0 ' 0 

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

3 1 , 4  3 3 . 6  3 6 , 6  3 6 , 4  3 5 , 8  3 5 , 4 4 4 . Q  

o . o  0 · 0  o . o  0 · 0 0 · 0  o . o 0 · 0  
o . o  o . o  o . o  o . o  0 · 0  o . o  0 · 0  

2 4 . 6  
6 . 2  

1 8 , 4 
1 0 , 4 

5 9 . 6  

0 .  0 
0 .  0 

6 3 . o 

1 5 . 8  

2 4 . 4  
5 . 8 

2 Q , 2 
1 2 , 6 

6 5 , 9  6 4 , 7  1 1 0 o 0 1 2 3 , 9  1 3 3 , 4 1 4 2 , 2  9 9 7 , 5  

8 , 5  

2 Q o 6  
5 , 8  

2 0 , 4 
1 <' , 8  

9 . 7 

1 9 , 6  
5 . b  

2 0 , 4  
1 3 . 0 

1 0 , 9  1 2 , 3  1 3 . 2 1 4 · 1  

1 7 , 6  
3 , 9  

2 o . o  
1 3 , 2 

1 6 . o 
3 , 8  

2 0 . 0  
1 3 , 2  

1 5 , 8 
2 , 8  

2 o , n  1 3 , 4 

1 4 . 0 
2 . 6  

2 Q , O  
1 3 , 4 

3 5 3 , 4  
7 7  . o  

1 ? 1. .  0 
1 0 2 , 4 

6 3 . o 5 9 , 6  5 8 , 8  5 4 , 6  5 3 . o  5 ? . o  5 o . o  7 Q 3 , 8  

o . o 6 , 3  2 5 . 9  5 5 , 4  7 o , 9  6 1 , 4 92 . 2  
o . o  6 . 3  1 9 . 6 2 9 , 5  1 5 , 5  1 o . s  1 o . s  9 2 , 2  

o . o  
Q .  0 

0 .  0 
u ' 0  

o · o o · o 4 6 . 3  1 4 4 . 6  2 1 1 . 2 1 1 4 , 1 7 7 , 5  9 4 . 7  1 1 4 , 3 1 2 1 . 6  B 3 . 0  2 1 . 1 9 5 , 9  1 1 � 6 . 3 
O o O  1 5 , 4  6 3 , 6  1 3 6 0 0  i 5 8 , 6  1 3 6 , 3  9 5 , 4  9 5 , 5  1 1 0 o 2  1 0 6 , 3  7 7 , 2  6 8 , 7  1 2 Q , 6  1 1 S 3 , 8  

O R E  R E S E R V E S  5 2 9 , 3  5 72 , 9  6 1 1 • 3  6 6 1 • 1 7 5 5 . 6  9 1 2 • 2 1 o 7 9 . 3  1 2 0 4 , 7  1 2 8 2 , 3  1 3 7 2 . 8  1 4 9 5 , 5  1 6 1 7 , 9  1 6 5 2 • 1 � 6 4 9 , 7  1 6 P 7 , 7  
YEA RS r O R W A R D  R E S E R V E S  1 0 , 4  1 0 , 0  9 . 5  9 , 1 9 . 0  9 . 3  9 . 6  9 , 7  9 . 5  9 , 4  9 . 6  9 . 9  9 . 8  9 , 6  9 , 6  

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - M I L L I O N S O F F E E 1 S U R F A C e D R I L L I N G - - - - · - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
D R I L L I NG T O  P R O V E  C L A S S  I - I V 
P O T E N T I AL R E S E R V E S  1 5 . 5 1 7 . 4  1 6 . 6  1 5 , 7  1 4 . 8  1 4 , Q  1 3 · 1  1 2 . 2  1 1 . 3  1 0 . 5 9 . 6  9 , 4  8 , 6  7 , 7  6 , 8  1 8 3 , 2  

D R I L L I NG T O  P R O V E 
C � A S S  y R E S E R V E S  

EST I M 4 TED T O T A L.  
DR I LL I NG R E Q U I R E M E N T S  

0 , 0  o . o  o . e  4 , 3  1 2 . 7  2 3 , 7  3 2 . 1  3 3 , 7  3 0 o 1  2 6 , 6  2 5 . 5  2 4 . 9  2 2 . 7  22 . 3  ? 8 , 5  2 8 7 , 9  

1 5 , 5 1 7 1 4  1 7 , 4 2 0 1 0 2 7 , 5  3 7 , 7  4 5 , 2  4 5 , 9  4 1 , 4  3 7 , 1 3 5 , 1  3 4 , 3  3 1 , 3  3 0 o 0  3 5 , 3  47 1 • 1  



UR A N I UM R A W  M A T E R I A L S  I N V E S T M E N T  A N D  P R O D U C T I O N C O ST S C H E DU L E S  S C H E DU L E  8 

1 9 7 1  1 9 7 2  1 9 7 3  1 9 7 4  1 9 7 5  1 9 7 6  1 9 7 7  1 9 7 8 1 9 7 9  1 9 8 0  1 9 81 1 98 2  1 9 8 3  1 9 8 4  1 9 8 5  T O T Al,. 

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - M I L L I O NS OF DO LL A R S - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
C L A S S  I 

E X P L O R A T I O N I N V E S T M E N T  1 . 5 2 . 3  3 . 0  2 . 6  5 1 . 4  5 1 . 2  5 1 . 2  5 1 . 0  5 1 . 5  5 0 . 2  4 9 . 5  4 9 . 8  4 9 , 8  4 7 , 8 o . o  5 1 2 , 8 

D E VE L O P ME N T D R I L L I N G o . 5  0 .  7 1 ·  0 1 o 4  1 4 . 9  1 5 . 1  1 5 . 1  1 5 , 3  1 4 . 8  1 5 . 1  1 4 . 8  1 4 , 5  1 4 . 5  1 3 • .5 0 .  0 1 !5 1 , 2  

1-' S U B  T O T A L  2 . 0  3 .  0 6 6 . 3  6 6 , 3  6 6 . 3 N 4 . 0  4 , 0  6 6 . 3 6 6 . 3  6 5 , 3  6 4 . 3  6 4 . 3  6 4 , 3 6 1 . 3  0 ' 0  6 6 4 , 0  
00 

M I NE C A P I T AL o . o  0 , 0  0 .  0 o . o  o . o  0 .  0 0 .  0 o . o  0 .  0 o . o  0 .  0 0 .  0 0 .  0 0 .  0 o . o  0 '  0 
M I LL C A P I T A L o . o o . o  0 .  0 o . o  0 .  0 0 .  0 0 .  0 0 .  0 o . o  o . o  0 .  0 0 .  0 0 , 0  0 .  0 () , 0  0 1 Q 
R E P L A C E M E N T  E � U I P M E N T  6 , 0  4 .  0 4 . 0  4 . 0  4 .  0 4 , 0  3 . 0  4 , 0  5 . 0  6 , 0  3 .  0 2 , 0  1 . 0  1 . 0  1 . ()  5 2 , 0  

S U B  T O T A L 6 , 0  4 . 0 4 . 0  4 .  0 4 .  0 4 '  0 3 . 0  4 , 0 s . o  6 , 0 3 . o 2 . 0  1 . 0  1 . 0  l . Q  5 2 , 0  

P R I M A R Y  D E V E L O P H E � T 2 2 . ll  2 2 . 0  2 1 . 0  2 2 . 0  2 2 . 0  1 7 , Q  t 7 . o  1 9 , Q  1 9 . 0  1 5 . Q  1 s . o  1 5 . o  1 5 . o  1 s . o  1 1 · 0  2 6 7 , 0  

O PE R A T I NG E X P E N S E S 1 1 8 . 0  1 25 , Q  1 2 3 . 0  1 3 1 . 0  1 2 2 . 0  1 1 4  · 0  1 1 2 . o  1 Q 6 . 0  1 0 6 . o  8 5 . o 8 2 . 0  7 1 . 0  5 7 , Q !; 5 , Q  s a . o  1 4 5 7 , o  

T O T AL 1 4 8 . 0  1 5 4 , Q  1 5 2 . Q  1 6 1 · 0  2 1 4 . 3  2 1) 1 , 3  1 9 8 . 3  1 9 5 . 3  1 9 6 . 3  1 7 1 . 3  1 6 4 , 3  1 5 2 . 3  1 3 7 , 3  1 3 2 , 3  6 2 . 0  2 4 4 o , o  



U R A N I U M R A W  M A TE R I A L S  I N V E S T M E N T  A N D  P R O D U C 'f ! O N C O S T  S C H E D U L E S S C H E D U L E  B 

1 9 7 1 1 9 7 2  1 9 7 3  1 9 7 4  1 9 7 5  1 9 7 6  1 9 7 7  1 9 7 8 1 9 7 9  1 9 6 0  1 9 6 1 1 9 6 2  1 9 6 3  1 9 6 4 1 9 8 5 T O T 4L 

- - - - - - - - - - - - - - - - - - - - - - - - - - - - · - - - - - - - - - - - - - M I L L I O N S OF D O L L A R S - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
C L AS S I I  

E XP� O R A T ! O N ! �V E S T M E N T 0 . 0 0 .  0 0 .  0 0 .  0 1 0 . 6  1 1 . 6  1 0 . 6  1 1 . 7 l Q . !i  1 1 . 7 1 1 . 6  1 0 . 8  1 0  . a  1 0 . 8 0 . 0 1 1 1 , 4  
D E V E L O P M E N T  D R I L L I NG 0 . 0 0 .  0 0 .  0 0 .  0 3 . 1  3 , 3 3 . 1  3 , 2  3 .  l. 3 . 2  3 , 3  3 , 1  3 , 1 3 . 1  0 .  0 3 1 , 6 

f--1 S U B  T O T A L  0 .  0 0 .  0 0 .  0 0 I 0 1 3 . 9  1 4 , 9  1 3 . 9 1 4 . 9  1 3 . 9  1 4 . 9  1 4 . 9  1 3 . 9  1 3 , 9 1 3 . 9  0 .  0 1 4 3 , o  
N 
\.0 M I NE C A P I T A L  6 .  0 5 .  0 0 .  0 0 .  0 0 .  0 o , o  0 .  0 0 .  0 o .  n 0 .  0 0 .  0 G ,  0 0 .  0 0 ' 0  0 .  0 1 1 . 0 

M I LL C A P I T AL. 1 3 , 0  1 0 . 0  0 .  0 0 .  0 0 .  0 0 .  0 0 .  0 0 .  0 0 .  0 0 .  0 0 .  0 0 .  0 0 .  0 0 .  0 0 .  0 2 3 , 0  
RE"P1. A CE M E N T E Q u i P M E N T 0 .  0 0 .  0 2 , 0  1 , 0  1 . 0  1 ,  0 1 . 0  0 .  0 o . o  0 .  0 1 , 0 0 ' 0  1 . 0 0 . 0 0 ;  0 e , o  

S UB T O T A L  1 9 . 0  1 s . o  2 . 0  1 .  0 1 . 0  1 . 0  1 .  0 o . o  0 .  Q o . o  1 . 0  0 .  0 1 . 0  0 .  0 0 .  0 4 2 , 0  

P R I M A R Y  D E V E L O P M E N T  1 0 , 0  1 0 . 0  1 0 . 0  1 0 , 0  1 0 . 0  1 0 . 0  9 .  0 8 .  0 8 .  0 7 , Q  4 . o 3 . 0 3 , Q  2 . 0  1 .  0 1 o s . o  

OPERA T I NG E X P E N S E S 4 .  0 9 . o  1 9 . 0  1 6 · 0  1 9 . o  1 6 . Q 1 9 . Q 1 9 . Q  1 8 . o  1 7 . o  1 7 . Q  1 4 . 0  1 4 . o 1 2 . 0  1 0 · 0  2 2 5 , o 

T O T A L 3 3 . 0  3 4 , o  3 1 . 0  2 7 . 0  4 3 . 9  4 3 , 9 4 2 . 9  4 1 . 9 3 9 . 9  3 8 . 9  3 6 . 9 3 Q . 9  3 1 . 9  2 7 . 9  1 1 · 0  51 5 , o  



U R A N I U M R A W  M A T E R I A L S  I NV E S T M E NT A N D  PRODUCT I O N  C O S T  S C H E D U L E S  S C H E D U L E  B 

1 9 7 1  1 9 7 2  1 9 7 3  1 9 7 4  1 9 7 5  1 9 7 6 1 9 7 7  1 9 7 8  1 9 7 9  1 9 8 0  1 9 8 1  1 9 8 2 1 9 8 3 1 9 8 4  ::_ 9 8 5  T O HL 

- - - - - - - - - - - - - - - - - - - - - - - - - - -- - - - - - - - - - - - - - - M I L L I ONS  or D OLLA RS - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -- - - - - - - - - - - - - - - -

C L A S S  I I I  

E X P L O RA T I ON I N V E S T M E N T  1 . 6 1 . 6  1 · 5 2 . 3  2 3 · 0 1 9 . 1  2 0 . 6  1 6 . 6  2 0 . 6 2 0 . 5 2 1 . 5 1 8 , 3 1 7 . 2 1 6 . 8 1 · 0  2 0 4 , 2  

1-' D E V E LOP M E N T  D R I LL I NG 0 , 4  0 . 4 Q . 5 o . 7  6 . 5  6 . 4  6 . 9  6 . 9  6 . 9  7 . 0 7 . 0 7 . 2  5 . 3  4 . 7  0 .() . 6 6  . e  

CJ-:1 
SUB T O T AL 2 . 0  2 . 0  2 .  0 3 . o 2 9 . 5  2 5 , 5  2 7 . 5  2 5 . 5 2 7 , 5 27 , 5 2 8 . 5 2 5 . 5 2 2 . 5  2 1 · 5 1 .  0 2 7 1 o 0  0 

M I NE CAP I TA L  () , 0  0 .  0 0 . 0 3 , 0 3 . o  6 . 0 1 o . o  1 0 . 0  0 .  0 0 .  0 0 .  0 o . n 0 .  0 0 .  0 0 .  0 3 2 , 0  
M I LL C A P I T A L  0 , 0  0 '  0 0 .  0 2 , 0  1 5 , 0 3 0 , 0  22 , 0  9 , 0  2 . 0  o .  a 0 .  0 0 , 0  0 '  0 0 . 0 0 .  0 e o , o  

REPL A C EM E N T  E Q U I PMENT  0 , ()  o . o  o . o  0 .  0 1 . 0  1 . 0  3 . 0  2 , 0  3 . 0  2 . 0 1 . 0  1 . 0  1 . 0  1 . 0  1 . 0  17 , 0 

S UB TOTAL 0 .  0 o . o  0 .  0 5 , 0  1 9 . 0  3 7 , Q  3 5 . 0  2 1 . 0  5 . o 2 , 0  1 · 0  1 .  0 1 . 0  1 . 0  1 . o :1;29 , 0  

PR I M A R Y  DEVE L O P M E N T  0 , 0  1 . 0  1 . 0  1 0 . 0  1 3 . 0  5 , o  2 6 . 0  19 , 0  1 3 . 0  1 0 . 0  1 1 . 0  1 1  d )  14 , 0  1 2 , 0  1 0 . 0  1 5 6 , 0  

OPERA T I NG EXPEN SE S 0 .  0 o . o  0 .  0 Q I 0 0 .  0 1 0 . 0  4 4 . 0  7 7 . 0  67 , Q a e . o  8 9 , Q  9 o . o  8 5 , 0  8 4 . 0  8 2 . 0 ?. 3 6 , 0  

TOTAL 2 , 0  3 , 0 3 . 0  18 . 0  6 1 , 5  7 7 , 5  1 3 2 . 5  1 4 2 . 5  1 3 2 , 5  1 2 7 , 5  1 2 9 . 5  1 2 7 , 5 1 22 , 5  a 8 , 5  9 4 , 0  1 2 9 2 , 0  



U R A N I U M  R A W  M A T E R I A L S  I NV E S T M E N T  A N D  PRODUC T I O N C O S T  SCHEDULES  S C H E DUL.E B 

1 9 7 1  1 9 7 2  1 9 7 3 1 9 7 4 1 9 7 5  1 9 7 6  1 9 7 7  1 9 7 8 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 T O T AL 

- - - - - - - - - - - - - -- - - - - - - - - - - - - - - - - - - -- - - - - - - - M I L L I ONS  O F D O LL A R S - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

C L A S S  I V  

EXPLOR A T I O N I N V E S T M E NT 2 . 3 4 , 7 o . 8 !5 . 3  6 . 1  5 1 7  5 , 8 6 , 8 6 . 2  6 , 1  5 . 0  4 .  0 3 . 0  o . o  0 .  0 6 1 , 8 

DE VE� OPME NT O R I L L fNG 0 .  7 1 . 3  Q . 2 1 . 6  1 . 8  2 1 2  2 . 1  2 1 1 2 . 7  2 . 8  2 . 9 0 .  0 0 .  0 0 I Q 0 .  0 2 0 , 4 

SUB  TOTA L 3 , 0  6 . o 1 · 0 6 1 9  7 . 9  7 1 9 7 . 9 8 1 9 8 . 9 8 . 9  7 . 9  4 o O 3 . 0  n 1 o Q .  0 6 2 1 2  
........ 
tN H l N E  C A P I TAL 0 . 0 o . o  0 .  0 0 I Q 0 I 0 1 1 0  7 . 0  4 1 0  2 . 0 0 .  0 0 .  0 Q I 0 0 .  0 0 .  0 0 .  0 1 4 . 0  

........ M I L L  C A P I T A L  o , o 0 .  0 0 , 0  0 . 0 a .  o 1 7 , 0  3 3 , a  5 , 0 Q 1 0 0 1 0  0 .  0 0 1 Q 0 .  0 0 .  0 0 .  0 !5 5 , 0  

R E PL A C EMENT EQU I P M ENT 0 , 0  0 .  0 o .  a 0 I 0 a .  o 1 , 0  2 . 0  2 , 0  1 . 0  2 , 0  2 . 0 2 , 0 2 . 0  2 1 0  2 . 0  1 8 , 0  

SUB  T O T A L  0 .  0 0 .  0 0 .  0 0 .  0 0 .  0 1 9 , 0  4 2 . 0  1 1 . 0  3 .  0 2 . 0  2 . o  2 . 0 2 1 0 2 . 0  2 . 0  e ? , o  

P R I M A R Y  D E V E L O P M E N T  4 . 0 13 . 0  1 4 , 0  
- --

1 3 . 0  1 3 . 0  13 . 0  1 1 . 0  1 2 , 0  1 1 . 0  1 1 5 , 0  0 .  0 () .  0 0 .  0 o . o  0 .  0 1 1 . 0  

OPE R A T { NG E XP E N S E S  0 .  0 0 .  0 o . o  0 I 0 0 . 0 0 1 0  3 . 0  4 8 1 0 5 7 . 0  5 7 . 0  5 6 . o 56 . 0  6 1 . 0 5 9 , 0  5 9 . 0  4 5 6 1 0  

T O T AL 3 , 0  6 1 0 1 · 0  6 1 9 7 . 9 3 a . 9 6 5 . 9  8 1 . 9  81 . 9 e 0 , 9 7 8 . 9  1 3 o O  7 8 . o 7 2 o 0  7 2 • 0  H o . 2  



U R A N I UM R A W  MA T E R I A L S  I N V E S T M E N T  A N D  PRODUC T I ON CO S T  SCHEDULES  S C H E D U L E  9 
1 9 7 1 1 9 7 2 1 9 7 3 1 9 7 4  1 9 7 5 1 9 7 6 1 9 7 7  1 9 7 8  1 9 7 9  1 9 8 n  1 9 8 1 1 9 8 2 1 9 8 3 1 9 6 4  1 9 Fl 5  T O T A L.  
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -M ! LL. ! ONS or DOL.L. A R S - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -C I. A S S  V 

E XPLORA T I O N I N V E S T M E N T  o . 5 3 . 3  1 2 . 5  3 1 o 1 6 Q . 5  8 5 . 9  9 5 . 8 s 7 . o 7 5 . 4 7 o . o  '7 o . o  6 6 . 8  6 5 . o 7 6 . 8  1 0 6 . 8  9 Q 7 , 9 1-' DEVELOPMENt D R I L L I NG 0 .  0 0 .  0 0 .  0 Q , 6  3 . 8  1 1 · 8 2 2 . 3  2 9 . o 2 7 . 4  2 2 . 4  1 9 , 7 2 o . 1 2 Q . 4  1 7 , 4 1 6 . 5  2 1 2 o O  � 
SUB  T O T A L.  o . 5 3 , 3  1 2 · 5  N 3 2 . 3  6 4 . 3  9 7 , 7  1 1 8 · 1  1 1 6 , 0 1 0 2 · 8 9 2 . 4  8 9 . 7  8 7 . 6 8 5 . 4  9 4 . 2  1 2 3 · 3  1 1 1 9 , 9  

M I NE C A P I T AL 0 .  0 0 .  0 o . o o . o  o . 3  1 . 4  3 , 4  6 , ?  1 4 . 6  2 3 , 4  2 3 . 6  1 4 . 1  1 1 . 1 1 0 . 1  8 . 5  1 1 7 , 2  M I L L C ! P I T A L  0 .  0 0 .  0 0 .  0 0 .  0 o . o  0 .  0 2 . 7  1 6 , 3  5 3 . 6  9 4 . 2  9 9 . 4  5 1 , 5  4 4 . 5  4 2 . 1  3 4 . ?  4 4 4 , 9  REPLACEMENT E Q U I P M E N T  0 .  0 0 .  0 0 .  0 o . o o . o 0 .  0 0 .  0 0 .  0 0 .  0 o . 9  3 . 9  8 , 3  1 0 . 6 1 2 . 2 1 3 . 8  4 9 , 8  
SUB TOTAL. o . o 0 .  0 o . o  0 .  0 o . 3  1 , 4  6 . 1 2 3 . 1  6 8 . 2  1 1 8 . 6 1 2 6 . 8  7 9 , 8  6 6 . 2  6 4 . 4  5 7 . 0 6 1 1 , 9 

P R I MARY  DEVELOPMENT  0 . 0 o . o  0 .  0 o . o  o . o  o . o  o . 6 3 , 7  1 3 . 1  29 , 6 4 9 . 0  6 4 , 6 7 5 , 1 8 4 . 0  9 1 . 9  4 1 1 . 6  
OPE R A T I NG E XPENSE S 0 . 0 0 .  0 o . o  o . o  0 .  0 0 .  0 o . o  0 .  0 0 .  0 2? , 3  1 1 2 . 7  2 4 (1 , 9  J o 8 , 3  3 54 , 0  4 0 1 . 0  1 4 '1 4 , 3  

T OTAl. 0 , 5  3 , 3  1 2 . 5 3 2 . 3  6 4 . 6  9 9 , 1 1 2 4 . 7  1 4 2 , 8  1 8 4 , 0  2 6 ? , 9  378 , 3  4 ? 2 , 9  5 3 5 , o  5 9 6 , 7  6 7 3 , 2  3 58 7 , 7  



U R A N I UM R A W  M A T E R I A L S I N V E S T M E N T  A N D  P R O D U C T I O N C O S T  S C H E DU L E S  S C I"! E DU l. E  B 

1 9 7 1  1 9 7 2  1 9 7 3  1 9 7 4 1 9 7 5  1 9 7 6 1 9 7 7  1 9 7 8  l. 9 7 9  1 9 8 0  1 9 8 1  1 9 8 2  1 9 8 3  1 9 B 4 1 9 8 5 T O T Al. 

- - - - - - - - - - - - - - - - ·· - - - - - - - - - - - - - - - - - - - - - - - - - M I L L I O N S  Of D O L L A R S - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

1-' 
tN T O T A L S  B Y  C L A S S  
tN 

C L A S S  I 1 4 8 , Q 1 5 4 , 0 1 5 2 . 0  1 6 1 t  0 2 1 4 . 3  2 0 1 . 3  1 9 6 . 3  1 9 5 . 3  1 9 6 , 3  1 7 1 . 3  1 6 4 , 3  1 5 2 . 3  1 3 7 , 3  1 3 2 , 3  6 2 . 0  2 4 <4 1) , 0  
C L A S S  I I 3 3 , 0  3 4 . o  3 1 · 0  2 7 , 0 4 3 . 9 4 3 , 9  4 2 . 9  4 1 . 9  3 9 , 9  3 8 , 9  3 6 . 9  3 0 . 9  3 1 . 9  2 7 , 9 1 1 · 0 5 1 5 , 0  
C L A S S  I I I  2 . 0 3 . o 3 . 0  1 8 . 0  6 1 , 5  7 7 , 5  1 3 2 , 5  1 4 2 . 5 1 3 2 . 5  1 2 7 , 5  1 2 9 . 5  1 2 7 . 5  1 2 2 . 5  1 1 8 , 5 9 4 . o  1 2 9 2 , 0  
C L A S S  I V  3 , 0  6 . 0  1 ·  0 6 , 9  7 . 9 3 0 , 9  6 5 . 9 8 1 . 9 8 1 . 9  6 Q , 9  7 8 . 9  7 3 , Q 7 B , o  7 2 . 0  7 2 . 0  7 4 0 . 2 
C I. A S S  V o . s 3 , 3  1 2 · 5 3 2 , 3  6 4 . 6  9 9 , 1  1 2 4 . 7  1 4 2 , 8  1 8 4 . Q  2 6 7 , 9  3 7 8 , 3  4 7 2 , 9  5 3 5 . Q  5 9 6 , 7  6 7 3 . 2  3 5 8 7 , 7  

T O TA L 1 8 6 , 5  2 0 0 . 3  1 9 9 , 5  2 45 . 2  3 9 2 . 2  4 5 2 . ?  5 6 4 . 3  6 Q 4 . 4  6 3 4 . 6 6 8 6 , 5  7 8 7 , 9  8 5 6 , 6  9 o 4 . 7  9 4 ? . 4  9 1 2 · 2  8 5 7 4 , 9  
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V1 

T O T A �  R i Q U I � E H E N T S  

A E C  STQO� , I �E SA�ES 

N E T  I MP O R T S  

A D J U S T E D  q E Q U J H i H E N T S  
C DQHE S T I C  J ND ,  DEHAND J 

Y e � � o W C A � !  P R o D UC T i o N 

U�08 I N Y E � T O R I E I  
C 11 1 1 7 1 � 2 1 , 6HM � BS , )  

PRODUC T I O N CAP AS I � I T Y 
C � A S S  l 
C � A S S  I t  
C � A S $  I l l  
C �A S $  I V  

SUB T o T A l.  

C � A S S  Y C N E W  D I SCOVeR Y )  
ANNuAL 4 0D I T I ONI 

1 • 1 RESERVE A D D t T I ONS 
�EyE� l Z!D 1 • 1  R&Q i 

ORe ReS aRves 
ViARS ' oRWA�D R8Si RVE S 

UN l T iD S T A T E S U308 SUPP� Y A V A I L AB I L I T Y 
S T A T I S T I C A L  S uMM AR Y SCHEDULE A 

1971  1 9 7 � 197 3 19 7 4 1 ? 75 1 9 7 6  1 9 7 7  1 9 78 1979  198 0 1981  1982  1983  19 8 4 1985 T O T A L  

· · · · · · - · · · · · · · - · - · · · · - - · - - • - � - - - • - · · · � - - · - · - - H ! L L I ONS O F POUN DS U30 8 • · · · · · · - · - - - - - - - - - · · - - · - - - - - - - - • · · - • · · - · · - - -

13 , 8  11 , 9  1 3 , 4  1 8 , 7  21 , 2  3 2 , 8  4 2 , 2  5 0 , 1  5 , , 3  6 7 , 1 7 8 , 7  89 , 7  1 0 0 , 4  1 0 9 , 8  120 , 7 832 , 8 

o . o  o , o  0 . 8  2 , 3  � . 2  3 , 7  5 , 8  6 , 5 7 , 4  8 , 9  1 0 , 5  o , o  o . o  o , o  o : o  4 9 o l  
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Director of I nformation 
National Petroleum Council 
1625 K Street, N. W. 
Washington, D. C. 20006 

ORDER F O RM 

Date ________________________ _ 

E nclosed is a check in the amount of $ _____ as payment for copies of U.S. Energy Outlook indicated below. 

QUANTITY TITLE UN I T  PR ICE* TOTAL PRICE 

U S. Energy Outlook-

A Summary Report of the $ 6.50 
National Petroleum Council ( 1 34 pp.) 

U S. Energy Ou tlook-

A Report of the NPC Committee 1 5.00 
on U.S. Energy Outlook 

Soft Back (381 pp.) 

Hard Back (381 pp.) 1 7.50 

Guide to NPC Report on 

U.S. Energy Outlook-
1 .50 

Presentation made to the 
National Petroleum Council (40 pp.) 

NPC Recommendations for a Single Copies 
National Energy Policy Free t 

I am interested in the following fuel task group reports containing methodology, data, i l lustrations and computer 
program descriptions. Please send information concerning availabil ity and cost u pon completion of these reports. 

Quantity 
Desired :j: 

E nergy Demand Nuclear 

Oil & Gas (Oi l  & Gas Supply; Foreign Oi l  & Oi l  Shale Gas Avai labi l ity) 

O i l  Demand Electricity 

Gas Demand Water Avai labil ity 

Gas Transportation New Energy Forms 

Coa l 

* Price i ncludes postage at bookrate except requests for special handling. 

t Quantity avai lable at cost. 

Quantity 
Desired :j: 

:j: You are not obl igated to purchase this quantity. The information is needed for purposes of estimating printing stock only. 

MAI L R EPORTS TO: 

Name _______________________________________________ ___ 

Title ________________________ _ 

Company __________________________________________ __ 

Address __________________________ _ 

City & State ______________ Zip Code ____ _ 
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