


This technical report has been reviewed and is approved. 

I 
RADC Project Engineer 

/ 

* 

If this copy if not needed, return LO RADC (IRRO/Capt Trossbach, Jr.) 

GAFB NY 13441. 





I O VIF VIS 

LIST  01    [LLUSTRATIOHB  

LIST 01   TAlihlS  

■ lUfl   W'l''                                                                                        • • 

i       i vri'i ii ti ("T m\                                                     

I i     i Nl H(,\   Id SOURCES  

in    SOLID MM, Di.vi.Loi'Mi.vi  

IV     PETROUSUM  DEVELOPMEin  

V    NATURAL GAS  DEVELOPMEITI  

\i    i hie ri;i(   POWER HIVKUH'MKNT  

\- i  T         OI    M! 'T \'     Ml- \t \ Nil 1     HA I A\{ " 1                                                               .       .       .       .       ■       •       •      •       •       •       • 

VIII     RE8ERVE-PH0DÜCTIOR  roMl'AHISUNS  

!X      CONCI.rSIüNS  

1 11 

iv 

vi 

1 

■1 

9 

20 

27 

34 

;-42 

(51 

68 

11 



[LLUSTRATIONS 

1 

2 

:< 

i 

5 

8 

7 

9 

in 

11 

12 

La 

ii 

15 

17 

it 

19 

20 

Twndi   Ln Coal   Production  In B««ton. Kumpe  

USSR  ir..-ui<   Ln Co.1   Production by Ulnlm Method  

[ntor-ivgional Cool iowoaoiiti      

USSR Cool   Production,   Consumption,   nml   Kxport  

USSR i tlllMtion -it  Othor Solid Kuoli  

USSR Utilization ol   Ml  Solid Fuels  

Solid   PUOl   Consumption   in   l.nstorn  Kurope  

OH M.ui oil  Product! BoUnoo  Ln the UtSI  

\pp;u-eni    l;..|hHM-v   RUM   In   the   USSR  

USSR natural Can Production  

milled Eloctrlc Poiror Capaoltj In the USSR  

USSR I'eiKind tor Prloary Enorgy  

BMrgy   Demand   ol    USSR   Industrial   Sector  

UH.^V   Demand   of   USSR  BlCCtrlC   Poiror   Industry  

USSR Roflnlng Capacity Buildup    

„emand   tor   Primary   Bnorgy   l«  —tern  Kuropean Count ries, 

Estl«at#d   Production.    Imports,   and   Demand  ol   Natural 

Oaa  in Baatom Europa  

BstlWltod   Production.    Imports,   and   Demand  of  (rude  Oil 

i n  Kastern   Kurope  

USSR (,i i «nd Product Exporta  

[■portanco ol  USSR Bnorgy Bxportn  

10 

ii 

ii 

IS 

IS 

17 

19 

21 

2\ 

2S 

35 

11 

46 

17 

19 

50 

52 

r.3 

5S 

59 

Hi 



I Allies 

1 

2 

6 

7 

H 

9 

K) 

11 

12 

13 

11 

18 

16 

17 

1H 

19 

20 

81 

22 

23 

Su-mnnry   of   Knoruv   H.-sn ves   In   UBSR   Btld   Kastern   BlITOp«   .    .    . 

c oaparlson ol  Energy  Reserves     

IMfflonal Distribution of Priaary BiMrgjr Production 

in   thr   I SSK  

Comparisoii  Of   iH'cp Coal   Mining   TOChttOlOSJf  

(■(.mparisin ol Surfaco Mining Tochnoiogf  

Bxtrnctlon   and   LOOOOS,   and   Utlliaation  Of  Associated  (iases. 

Underground Btoraga "i  Oas in th«' 'SSH  

Production   Of   Vitural   (ias   in  Kastern  Kurope  

Maximum   Poucc  Stations  Sizes  and  Steam   Parameters   in   ISSR   , 

Struetura of Fual Conauaptloa in USSR Thermal Blaotric 
Power  Stations  

Nuclear   Power   Project ions   for  Kastern   Kurope 

installed Capacity  

Installed  Capacity   ol   USSR  Nuclear  Power Reactors  by  Type   . 

EconOPic   Framework   for   USSR  and   Faster.;  Europe  

i ssK Daaand for Primary Bnargy by Bouroa of Bnargy  

Daaand for Primary Bnargy by Bad Uaa la the USSR  

Demand   for  Primary   Bnargy   by  Source  of   Knerpy   in 

lästern  Europa  

Dapaadanca   Oi   lästern   Kurope  on   Imports   for  Kncrny  Supplies 

Rafining  Capa«  Ity   Buildup   la  Kastern  Kurope     

Cruda  dl   Supply 'liomand   balance  

i.< I inery   Production   and   Product   Kxports  

Natural   lias  Supply/bem;, ad   balance  

Comparison   of   Hosoivos   and   Production   Data—Hard  Coal   .    .    . 

Comparison  of   Reserves  and   Production   Data—Brown  Coal      .    . 

iv 

.> 

7 

7 

12 

12 

30 

31 

33 

sa 

39 

40 

10 

42 

15 

48 

81 

81 

r)5 

55 

57 

57 

sa 

ss 

.; 



TABUES   (Concluded) 

24 Cosparlaon of  »•«•nwi »nd Produetloa D«U—Cmd« 011   . 

25 Caapariaon   ol   ICS.TVS   .m.l   ProdttOtion   Data—Natural   Gas 

6.r) 

66 



PREFACE 

Tlir   .iiuilvsis   i rpoi-t <■<!   herein  ».is   conductec'   hy   ii n   i ntc I'd 1 sr 1 pi i nil ry 

t«aa  IrcM  the Operntlona Evaluation,  inur^y Technology,   Baergy Bconoaica, 

;nicl   Minaral   Raaourcaa   and   Matarlala  Kepnrtments   at   Stanford   F{fcsearch 

institute.    Wa ara grataful   for tha eooparatlon ol   interested aganclM 

and   Individual! who wara contactad   for thalr knowiefi^e,  data,  and  opinlona 

ragardlng varioua aapactt "i  anargy prograsa  Ln the USSR and Eaatam 

Europa. 

ancouragaaant  and support oi   fchaaa aganciaa in the identirication or 

unclassified   data   sources, 

Speci.il    appraeiatlon   should   he   ^iven   for  the   support   of   Mr.   H.   A. 

I lack   ol    Mil'A   and   Mr.   C.    K.   Davis   ol   li\l)(    in   their   role   as   project 

monitors   and   the   numerous   staff   members  at   FTD  who   provided   access   to 

CIROOL. 

Individuals  who  contributed   directly   to  this   project   report   include; 

Indlvidua1s Project   Hespons 1 bi 1 ity 

Oaorga   Hopkins 

Nick   Koreas 

Richard s.-timidt 

(   ail   'i rexel 

Principal  Authors 

Project Haaagar 

Petroleum,   natural   tias,   electric 
power  development,   other 
hydrocarbons 

Kesources  and   reserves,   solid 
fuel  development,   other energy 
sources 

Baargy   supply,   demand,   and   trade 

vi 



Siipoorl i in-   li<'S<   in h 

„..,-,„.,„ Utinser BUctrtelty rappU """ '1™1'1 

„.„„,   B^tortlt. Kxplorntlun  and  extraction   fehnolo« 

stan ord FlmU ****** •e«»«,lc« 

.,.  i ,- rick ii.-n.-v.   rr. s-. un.ia.-v vcoymn 

lav   .upel.nan Nmlc-ar   power 

.,.,„„   Itacltonsl« l:"e^V   transportation 

„ennls   Rohan ' "«^   «^^   an,'   (lemU,Ul 

V.-ank  v.alkor Bolld   fuel   supply   ami   demand 

Translators 

Theodore   Hause.   Ma.n.a   l.ut/e,   .lanina   Nadaner.   Marianna   Slooum 

Kesearch Analysts  and Assistants 

Margret   Carroll,   Maurine  .loarv,   Mleen  Cooper.   Klara   Fvans. 

CUudli   Qrill.    Kathv   Miller.    Kyle   Schump,    I.un^-Hsin  «« 

Editor 

Krede rick  Coshe 

1 1 lustrators 

Lung-HslD  W«  and Janice  Dickson 

Secretarial  Support and  Report  Tjrping 

Ma.lellne  An.ierson.   <ieri   Haly. Kvelyn   Khlnoo.   P»t   I«WU, 

Adeline   Mackin,   Mary   Park 

vii 



^^^HhMHi 

iTüiLSDIIC PAaZ BUNK-iiüT rilMZD 

1       INTHODUrnON 

rii(>  cii.M^v   sliortag«   lacod   by  the  United  States duriai  the comirif; 

(Iccadc   has   ulobal   aiialo^s.     Many  other   industrialized   nations   face   similar 

•IWrfy   shortages   that   could   impair  thoir  ability   to  meet   expanding   needs. 

Ihi'   rapid   convfrsion  ot   the   industrialized   nations   from  a  coal   bas<(l 

economy   to  an   oil   and   t;as   based  economy   is   producing  especially  acute 

problems   for  nations   such   as   those   in Western  Kuropo   and    Japan which  m 

lacking   adequate   resources   of   oil   and   fß».     These  countries   are   becominn 

LnerMSincly  doperulont   upon  the  OPK  countries   in   general  and   on  (forth 

Africa   anci   tlie  Middle  Kast   in particular  to meet   their expanding  fuel 

needs. 

On   the   other  hand,   the   I'SSK   is   known  to  have   vast   energy   resources. 

Like   other  Kuropean  countries,   most   of   the   USSR's   client   states   in 

Kastcrn   Kurope  are   short   of   energy   resources.     The   Kastern  Kuropean 

countries   rely  on  the  USSR  to meet   their energy  needs.      If  the  latter 

Is   unwilling   or  unabln  to  meet  these  needs,   many  of   these countries will 

undoubtedly   I urn   to   the  North African  and  Middle   Kastern  suppliers   to 

Iu11 111   thoir   requirements. 

In   the   meantime,   the   political/military   situation   In   North Africa 

and   the  Middle   Kast   can   liest   be  described  as   unstable.      In  addltloi   to 

the Arab-lM-aeli   confrontation,   the  OPKC   nations   have  developed   an 

awaivness   (in   MM  cases  •SOggomtOd)   of   their  strong  economic   position 

vis-a-vis   the  oil   hungry   nations,   and  are  exhibiting  an   increasing 

dOgroO  of   IndependiiK e   in  dealing  with  those  nations. 

In   vie\    of   the  many   historical   cases   of  military   confrontation 

occurring   OVOr   prized   resources,    It   is   obvious   that   the   Department   of 



1. i.'iiso   needs  ■   sound   assessment   of   the   potential   role   of   the   I'SSII   in   the 

world  onorgy   OCOnoajr.     On   the  one   hnnd,   the  Soviets   represent   n   potential 

eomotltor   for   tlM   rOOOUrcOl   Of   the OPKC;   on   the  other  hand,   they  nmv 

well   pii'vide   iin   ■Itomatlvo   sourro   of   oil   and   ^as   11'   relieve  the 

dopondonoo of onorgy huocry nations on ORC.    The actual  role ol   tb« 

USSR  ni.iv V.<>11   lie   l)etv,een  these  two poles. 

The  objective   of   this   studv   Is   to  provide   a   sound   assessment   of   the 

enerr.v  «■<•..IU'IMV   Oi    the   USSR  and   six   Eaatam   Kuropean   nations   (Bulgaria, 

Caaehoalovakia,   Baat   Qaraany,   llun^an,',   I'oland,   and   Romania)   from  now 

through   1990.     The   elements   of   this   assessment   Include: 

• Survey  of  energy   resources  by type,   locations,   quantities, 

and   development   potential,    including   coal,   oil.   «as, 

other  solid   lueis,   and  electric  power Reneration. 

• Keviev   of   technology  employed   for  energy   exploitation, 

including  exploration,   development,   production, 

distribution,   storage,   and  utilization. 

• \ppraisiil   ol    i"ecent   Hkl)   in   resource   recovery,   fuel   and 

onergy  conversion,   distribution,   and utilization, 

including   new   fomis   of   energy. 

• I fends   in anargy  production and  consumption. 

• Kstimation  of   overall  energy  supply-demand   balance  for 

1970,   with   pro)eitions  at   five-year   intervals  to  1990. 

• lieview  of  Soviet   trade  policies with  Eastern Kurope, 

Western   Kurope,   and   the   rest   of   the  world. 

• Analysis   of   the   implication of Soviet  energy   policies 

vis-a-vis   the   tnited  States,   Western  Kurope,   and   the 

rest   of  the   world. 

■   . 



Although   i»   (iwal   (l<';i i   o\   r 1 .i ss i f it-cl   1 Iterat ui-c   A:IS   a vn i liil) 1 <■   for 

this   studv.   t lu>   results   ;ir«'   iMMd  »Mitircly   on  unclassified   1 I tfratnrc. 

riic Buthon ••r« pleasantly iurprlaad by the amount of  iBforaatiOB 

■ vallabla   for   Ulis   study.    I>\it   VOrt   disappointed   t)y   its   un<'\'enness   and 

tlic   Lack   Of   consisteiK'v   in  both   the   numbers  and   the  del init ions.     Although 

the  clasoiflod   and   unc1 assitled   literature  were   not   always   consistent, 

■ad   the  ilassilied   1 iteratu n-  contained  more  detail   in   certain  areas, 

use  of   classilied   data   uould   not   change   the   tindinns   and   conclusions. 

The   results   ol   this   study   are  lontained   m   seven   volumes.      In 

addition   to  this   summary   volume,   the   tolloving  six  detailed   studies 

■ re   ■ va i lable : 

Appendix   \ I ramework  oi   Knei'^v  Supply   and   Hemand 

Appendix   Is Coal 

Appendix  < Petroleum 

Appendix   D (las 

Appendix   E Other  Hydrocarbons   and   l-:nerj;y   Sources 

Appendix   1 Kiectrlc   F'owe r 



I 1     INI aiV  RESOURCES 

In  d i si u>s i iit;   tlx-   potential   'it v<'ii'piiKMit   ol   encM-KV   resources,   cue 

list   dlstlRKUlsh  lifiween   rssourcas,   vhlell  nr«?   the   total   .nmoimt   ol 

ii.it« ii .i Is   oeCUI*rlll|   IB   BSturS)   ind   recoverable   reserves,   which  are   the 

known  Ldentlflad dapoalta thai  can be developed aeotioalcally with 

exist I ii).',   tachnology.     Savon  eatagorlM  of   reserves   are   described   in  the 

Soviel   iitaralurai 

Category 

\ 

Ii 

i 

Approximate   tqnivalent    to 
IS   V'IMCI • lature 

I), 

D, 

Provad   reserves 

Probable   reserves 

Inferred   reserves 

Initial   development   done 

I'leliiilnary  exploration  done 

Speculative   reserves 

Keeonnaissance  data   only 

Predicted  on  geological   principles 

These  descript'ons   K i ve   the   closest   11.8.   equivalent   definitions,   but 

they  are  still   only   very   rou^h eijnivalents.     Category A Soviet   reserves 

are  much   less   certain   than   U.S.   proved   reserves. 

The  USSR  is  known  to   have  very   large energy   resources,   but   no one 

(including   the   I'SSK)   has   a   very  |OOd  estimate  of   the   mannitude  of   the 

recoverable   reserves.      This   is   primarily   because   relatively   little 

exploratory work   has   been  carried   out   in   the   vast   reaches  of  Siberia  and 

Kastern   USSR.     Table 1    shows   an  estimate   of   the   principal   recoverable  energy 

reserves  of  the  LTSR  and   Eastern European countries — reserves  that  are 

economically   recovirable  through the use  of currently  available 
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technology,    Althoucli  thm  rmm i   ■     oi   tha  fossil   Ftwlfl   in the ttuttmn 

Buropean countrlea arc  locally  ilKnifloaiil   Ln several  <-as<>s,   the« are 

ii  owpared with  those oi   the USSR.    Further,   these estiastea of  re- 

arabla  reservea   ire aavll   Ln ooaparlaon vlth  tha  total   rssouresa thai 

exlal   in thess eo«intrles.    Ursnius  reservea of the QOS  represent as axeep- 

t i on  to t in -. fass ra 1   sit ust Los. 

io  plaos   the  USSR   and   Bsstsrs Kuropean  energy  reserves   in 

psrspSCtlVS,   tshle   2   shows   a   comparison   ol   selected   estimated   recovcrahlo 

n  M rv.s  vith   the   proven   reserves  of   the  United   States.      The   comparison 

is  not   psrfonwd   USins   strictly   identical  units,   because  of differences 

in (letnntion  of   reserves.     The estimate   for  the USSR   in  particular   is 

much  less ccrtmn   than   the  estimate of U.S.   proven   reserves. 

As   the  demand   for  energy   rises   in   the  USSR,   the   center  of  energy 

production   is  shifting   toward   Siberia.     Table  3   shows   the  declining 

pereSPtSfS Of  production of  crude  oil,   natural  gas,   coal,   and  electric 

power   in   the   Kuiopean  part   of   the  USSR   from  1940   through   1975,      It   is 

clear  that   the  USSR   is  becoming   increasingly dependent  upon  new resource 

developments  east   of   the   Urals. 

To  summan/.e,    the  USSR   has  enormous deposits  of   all   fossil   fuels, 

and   (real   potential   for   hydroelectric  and   nuclear  power.     A   large  portion 

Of   these  resources  are   located   in Siberia  and   the  Soviet   Far Blast,   far 

from  their  .-enteis of  consumption,   so  that   their  recovery   is  hampered 

bv  geography  and   geology.     The  bulk of Soviet  energy  resources   is  essen- 

tially   underdeveloped.     Meanwhile,   the   resources  of   fossil   fuels   in 

Kastern   lurops   and   Kur. an   USSR  are   becoming   depleted   through   inc.eased 

product ion. 

With   MM   exceptions,    the   resources   of   the   Kastern   Kurop-.Mn   countries 

are   small   in   comparison   with   their  present   and   projected  energy   reciui remeni s, 

■   . 



Tabl« 2 

( uMI'MJISdN t)F  ENERGY  RESERVES 

lln ill ('oi i 01 1 (ilia 

(iw 1 11. n (Ml 11 Ion (Hi 1 1 Ion 

Metric Tons) Mot rlc Tons) Cubic Meteis) 

i .isf«'ni Europe 17.«) ■1K7 95(5 

i ssi; 167,S 10,000 22,000 

1 til tr<l   St it (>;. 7')..-") 5.290 7,900 

I nit.Ml   St  itt>s   .is 

pcrcMil   oi   USSR r.r; 5;i': :;.; 

Tabl« :i 

REGIOIML lUSIRiliiTION OP   PKIMXUV   KXKHCV 

I'HODUTION   IN   TMK   ISSK 

( IV r. or.t    ol   Total    in   Kuropean   Part, 

[ncluding the Urala) 

1975 

Pi-oduct Ion 1940 

93.7 

1960 

92. H 

1970 

HI.8 

(Plan) 

(i-udo   oil 63 . 1 

Natural pai 99.5 97.6 70.2 51.3 

Coal 71,3 61 . 1 56 . H n. a. 

Blactrlc powei* 90.8 7S. 1 73, H 72.0 

n. a .   -   not   iva i la hi. 

-   . 



Moreover,   ttieae   r* Bervea »re generally   In '-i ill  deposite,   leedliifi to 

relatively   Inefficient   recovery :iii(i hi^ii  recovery coetn,    Raetern Buropoan 

ruoli    ii'    froquontly  i»f   lov^ nunlity,   rcqulrlnii  priKJoHHlnj;  ijofcuT use, 

which  iciiis  to  Further  Loeseea    Thus,   the Kastern European countrieii uro 

becoaing   Increasingly dependent   upon  Importe ol fueli  to (Met   their 

Internal  deficiti ol   Cosei]   fuelsi    Notable exceptions  Include Hast 

Geraan end  Polish coal  and Romnian oil, but oven these deposits arc 

becoming  rapidly depleted   through developmenta 

.   , 



Ill     SOMI)  FI'KI, MVELOPMBNT 

The   ^Mitral   !I-.IKIS   in  coal   production   in   the  USSR  and   E-istt-rn  Kurope 

arc   shown   m  tiptf   L.     Overall   coal   inoduction   is   rising   rapidly   in  hoth 

tlu>   I'SSK   and   the   other   Mastern   Kuropean  countries,   although   the   rate  of 

increase   is ceclinin^,     Wlule   the  USSli  (ir)minates   the  coal   reserves of  the 

area,    it   produces  only  about  one-half of  the  total  coal   produced   in 

Eastern  Europe. 

The USSR,   like   the  United  States,   experienced   a   strong   trend   toward 

surface  ■lalag of  coal   m   recent   years,   as  shown   in  Figure  2.     Most  of the 

current   production   uu-rease  can  he   attrihuted   to   surface  mining,   and  much 

Of   it     is   in   the  Kuzbas*   and   Kazakhstan. 

The   comparison  of  coal   mining   technology   in   the  USSR   and   the  United 

States   is  shown   in  Tables   1   and   5,     The USSR  tends   to  use  much   larger 

machinery  than   the United  States does,   and   to operate   in  much   larger  mines. 

In  deep  ■lalag,   the   USSR   tends   to  use  mechanized   longwall   mining  equipment, 

but   the   remaminu  need   for  manual   workover  tends   to  offset   the   higher 

productivity that  ordinärilv  would   be  expected  with   longwall   machines. 

In   surface  mining,   the  USSR   relies  heavily on  large,   complex  bucket-wheel 

excavators,   whereas   the  United   States   relies on   intermediate   size   shovels 

and   loaders  that   have   greater  flexibility.     The  use  of   larger  and   highly 

mechanized  machines   results   in   the   introduction  of  waste  matter   to   the 

coal,   and   leads   to  cleaning   losses  and  production   losses.     Also,   the  need 

for equipment  maintenance  of   large  machines could   affect  overall 

production. 

Kuznetsk Basin.     A   similar  short   form  is Donbass,    for Donets Basin. 
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Table  4 

COMMRISOK  dl    E>EBP COAL MINING TCCHNOIiOGY 

M i n Laf 

Inlt ii! 1 
hnula^e 

Ma i n 
haulage 

Trandi 

Prohleips 

iSSR  and   Kastern   Kurope 

Ma i n 1 v   1 Oflgwa 1 1 ;   svnc 
iiuit i munis 

8c rapar cha i na 

Belts  and   rail 

I IK rat I i '•!'    nu'cha ii i /:i t ion; 

raduotloa »orklni  forces 

Excaaaiva   mar.ua 1   work;    limiting 
banafltl   l vom  ineclianlzatton; 
Lnafflclant   mining   of   thick/thin 
srams 

United   States 

Mniniv eontinuoua; 
some   lotiKwall 

Shuttle   cars 

He Its   a nd   ra i 1 

Increasing  mechnni 

/at ion;   reduction 
work  force 

Lack   jf   short-haul 

(capability  to  use 
capacity   of Billing 
machines 

Table  5 

COMMRISOM OF  8URFACI COAL MINING TKCHNO.'JUGY 

USSR and   Eastern Kurope 

Overburden       Hucket   ffhaal   excavators 

MlDlng Hucket  wlieel  excavators/ 

ihovalI 

Haulaga Lar^e  trucks 

Trends Increasing   e(iuipment   size 

taeraaalng mine size 

Problems Successful   application  of 

giant)   blgb  capacity 
equipment 

Uniter"  States 

I) ra K 11 ne s /powe r 
shovels 

ShoveIs/loaders 

La rge   t rue ks 

Moderate equipment 

size; modular 

operat ions 

Improvement of 

technology application; 

control of environmental 

effects 
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Plgur«  3  ^Ivos  n   uross   impression of  the   inter-re^lonal  coal  movomonts 

fi-om  tlu-  main coal   basins  of   tlio  USSH.     l.ar^f  quantities of coal  move   long 

distances   in   the USSK,   with  most  of  the  movement  holn«   rail   movements   into 

1 he rentrnl   iuropeon   r*glOII>.      In   fact,   HH  percent   of   the coal   moved   by 

rail   In  1970  nnd   these   coal   shipments constituted  22   percent  of  the   totnl 

rail   freight   in   the   DUR. 

Coal  production,   consumption,   and  exports   In  the  USSR  are   summarized 

In  Figure   1.     The  difference  between  raw production  and   not   internal 

consumption  curves   Is  represented   by   losses   In   the  cat,'   of  brown  coal  ar.d 

by exports and   losses   in   the  case of  hard  coal.     The  production  and 

consumption of  hard  coals   is expected   to  remain  relatively constant   In 

coming  years,   whilo  consumption of  brown  coal   Is expected   to   Increase 

significantly.     The  use  of  hard  coals   is expected   to   shift  primarily  to 

coklnn,   while  the   increased  use of  brown coal  will  be   for electric  power 

generation. 

Figure  t>  shows   the  utilization  of other  solid   fuels   In  the USSR. 

Peat   and  oil   shale,   most  of which  become  boiler  fuel   for electric  power 

stations where  they  are   locally  plentiful,   are expected   to   le"el  off   In 

the  coming   years  at   about  one order of magnitude   lower   than either  brown 

or  hard  coal.     The  use   « f   fuel   wood   is expected  to  decline  and  be  used 

ma.nlv  for domestic  purposes. 

Figure  'i  shows  an  overview of end  use   for all   solid   fuels   In   the USSU. 

The  primary use of  solid   fuels   (mainly coal)   is   for   Industry  and   electric 

power  generation where   Its  utilization   is projected   to continue   to   Increase 

out   to  1990.    Commercial,   residential,   agricultural,   and   transportation 

uses of  solid   fuels  arc   about one-tenth  that  of electrical   generation, 

and   these  are expected   to decrease   rapidly as  they  are  replaced  by oil 

and   gas. 

13 
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Solid   fuel   consumption   in  the  other Eastern Kuropean  countries   ll 

slioun   in  Figure   7,   wiicrc   it   is  seen   that   modest  growth   is expected   in 

Poland,   (/•■choslovakia,   livil^aria,   and  Romania,   and   little or no growth of 

solid   fuel   use   is expected in East Germany  and  Hungary,   where  oil   and 

^as  are  projected   to hecom•   increasingly   important. 

In   summnrv,   the  use  of  solid   fuels   is expected  to  have  a  continuing 

iKxIost  growth,   primarily   for electric  power  generation.     Hard  coal  will 

probably tie   restricted  primarily   to  coking,   and   for other  purposes  will  be 

replaced   by  brown  coal,   oil,   and   gas.     Surface mining   Is expected   to 

provide  an   InOMMlng  share  of  solid   fuels  as new large  r.anes   in 

Southwestern  Siberia  and Central Asia   are developed.     AlthouKh  oil   shale 

and   peat  will   continue   to  be  used   locally,   they will  provide  a   rapidly 

decllnlnn  ahere  of   the energy  balance. 
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IV    PrmOLEUM DBVBLOVMDn 

lixcepl   for  period! of war and   civil   strife,   the USSR  has  been  a  major 

pii>(iiiit>r  and  not  exporter of oil   and  oil  products  since  1873.     However, 

the  (iramat ic   nuicnse   in  production   and  consumption   (shown   in  Figure  H) 

has   taken place   since   the decision   in   the  early  1950s  to  shift   from a  coal 

to  an oil   and   ^as t'conomy.     Oil  production   reached   the U.S.   level   in   1971 

and   is   likely  to  surpass   it   by  1975.     Kxports of  crude oil   and   products 

tecmml   for  about  onc-<iuarter of oil  production,   and  may be expected   to 

continue   in   the   future.     The   shaded  portions of Figure 8   indicate   losses 

in  crude   transport   and   refining. 

Continued  growth  of  the oil   industry   is  heavily dependent   upon  the 

development  of  new   fields,   and  especially  those   in Siberia.     The  major 

Krowth  areas  are   shown   in   the   following   Ubulation: 

REGIONAL  DISTUinUTION OF CRUDE O.L  PRODUCTION   IN  THE  USSR* 
(Million  Metric   Fons) 

Region 

European  part   (including Urals) 

Orenburg Rogioa 
Perm Region 
Komi  ASSR 

Asiatic Part   (cast of Urals) 

Western Siberia 

Turkmen  SSR 
Ka/.akli SSR 

Total 

1975 
1970 (Plan) 

285.2 314.5 

7.4 14.0 

16.1 21.5 
5.6 10.0 

63.6       181.5 

31.4 125 

14.4 22 

13.1 30 

348.8       496.0 

Not   including  gas condensate. 
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\hMut i ..ui-i 111 hs oi tha add.-.I produotloii durlnf thr ourrcnl tiv»- 

\(.. t- plan is expscted to ooour cist of tiu> rniis, espctcially In ••■tern 

Siberia.    Sown doubti havn bnan eapr©nnü<l uboul   tli«' S'>,it>t   nblllty  hi 

exploit    tlM   v..■st.TII   Siberian   dcpM   Ms    m   a   timely   fashion.     Although   Soviel 

tedmology any nol  IN na noidilstlcated M that of the United states, ovor 

;tl) iillion ti.ns of crude oilOOOr« prodoee«! m Western Siberia m li»7(), Just. 

ton yean XftOl "il was discovered at Shaim 63 million tons were produced 

m l1.»?'.', when Samotlor alone ove r ful 1 11 1 led the plan by B Mt.  A problem 

that resulted fron this shift of oil productioi to the east is the extra 

burden placed OOtbe transportation system.  The following tabulation shows 

the means of crude and product transport in the I'SSH from 1950 to 1975. 

MEANS OF CKUDK AND PRODUCTS TRANSPORT IN HIE USSR 

(Million Metric Tons) 

1950   1955   19«0   1965   1970   1975 

Railroad Total 13,2 77.<i 150 221 302 410 

Crude 11.1 15.6 37 53 84 105 

Products 19.1 62.1) 113 168 218 305 

Pipelines Total 15.3 51.7 130 226 340 

Crude 12.6 45.3 115 205 315 

Products 2.7 6.4 15 21 25 

River Total 11.9   11.1 19 25 34 

Ocean Total 15.8 23.0 34 54 93 

loreign n. a. n.a. 8 23 58 

Internal n.a. n.a. 26 31 35 

n.a. - not available. 

Although pipel.nes have had a rapid growth over the period shown, 

they have not effectively met the demand for either crude or product 

transport; the railroads oontinue to carry an increasing amount of crude 

and the bulk of the products.  The following tabulation of the average 

length of oil pipeline haul shows that the length of the crude haul has 

grown dramatically, while the length of product haul lias remained 

essentially constant. 
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AVnAGI  LIMGTH OP OIL PIPBLZMB  HAUL  IN T1IK USSR 
(Kl lotnetors) 

1950        U)b5       1960        19fi5       1070        1971 

Crude oil 230 234 350 «29 130 939 

ProdtlCtl 73!< 641 745 K57 864 840 

This   trend   i.s  (-xpecU'd   to continue  as  the  centei   of crude  production 

moves away   from  the  markits  and   new refineries nre  built  nearer  to  the 

consumers.     This  will,   of courso,   increase  the  cost of delivered  product. 

The  cost  of pipeliiunu  crude oil   from Western  Siberia   fields  to Moscow 

would   be  about  2   rubles per  ton. 

In  nddilion   to  a   shortage of product  pipelines,   the   supply of oil 

products  has  been   limited  by  refining  capacity.    As  shown   in  the   following 

tabulation,   the  USSR  has consistently   fallen  short of  its  planned  refinery 

growth,   although   its  current   five-year projection  seems  more   realistic. 

GROWTH   I.VUICKS OF PRIMARY REFINING CAPACITY   IN 
THE  USSR,   PLANNED AND ACTUAL 

(Growth Over Planning Period) 

PI Bimlns Pen od 
Planned Growth 

Index 
Actual Growth 

Index 

1959-1965 

1966-1970 

1971-1975 

2.0  Plus 

1.7 

1.4 

1.9 

1.44 

1.3* 

SRI  projection. 

The  apparent   refinery runs   in  the USSR are  seen  in Figure  9   to  be 

slanted  heavily to  fuel oil,   with a  substantial   increase   in diosel  fuel 

production  to  mutch  the mechanization of agriculture   in    the   late  1950s, 

This breakdown   is  similar  to   that  of Western Europe  and   is expected   to 
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remain  so,   with  emphasis on   fuel  oil.     The  quality of  these  products   is 

iN pendent   upon   the   relatively high   sulfur  content  of Soviet  crudes,   which 

is  shown   in   the   following  tabulation. 

SULFUU CO>rrENT OF CRirDES  UU.IVERED  TO  SOVIET IlEFINERI'^S 
(Percent of Total) 

Less than 0.8 Wt%  to 
O.f) WT'' 2.0 WT% 0 ver a wr; 

1965 23,H 64.6 9.6 

196(3 25.'I 64.4 10.2 

1967 24.3 64.9 10.8 

The  quality of Soviet oil  products  also   suffers   from a  lack of 

sophisticatcc   secondary processing capability at Soviet  refineries  relative 

to  the United  States,   as  shown below. 

nCONMKY PROCESSING  USSR  REFINERIES 
(Percent of Primary Distillation) 

Thermal   cracking 

Catalytic  cracking 

Catalytic  reforming 

Ilydrotreat ing 

Hydrocracking 

n.a.   - not  available. 

USSR 1 970 U.S. 
1955 1960 1965 Plan Actual 1970 

1H.1 36.4 26.7 18.5 10.3 

0.9 n.a. 5.2 6.5 5.7 39.7 

- - 4.4 10.9 6.1 23.4 

- - 3.0 1.5 4.1 31.4 

- ■• - 0.9 - 6.2 

This   shortage of  secondary processing capability  is especially 

important   to  the  petrochemical   industry,   which  is   faced  witli   importing 

feedstocks.    Continuing  improvements   in  secondary processing  should 

alleviate   this difficulty. 
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The Eastern Kuropean countries can be   seen  from  the   following 

tabulation  to bo   incroaslngly depcmlent upon  Imports of crude oil   from 

the USSR. 

OIL  PHOmiCTION ANI)   IMPORTS,    IN EASTERN  EUROPE 

(Million Metric Tons) 

1960    1965    1970 

Production 

USSR 117.9 242.9 352.6 

Eastern Bloc 13.3 15.2 16.6 

Easlern Bloc Imports 

Crud»- 6.4   16.9   34.1 

Products 4.0    5.6    7. j 

Total 10.4    22.5   41.6 

Petroleum products account for a decreasing share of the imports as the 

Eastern European counlnes increfase their refining capacity. 

In summary, oil production in the USSR has started to shift toward 

Western Siberia, increasing the cost of oil products to the consumers. 

Still, important production from European USSR fields is projected. 

Increasing domestic consumption of oil products will strain refinery 

capacity and construction schedules.  Refinery product slates will change 

only slowly, continuing to stress fuel oil production to gain the economy 

of scale; the capacity of individual refineries will increase to about 

240,000 barrels per day.  There will be an Increasing need for secondary 

processing to handle new high sulfur crudes and to meet the needs of the 

petrochemical Indus*ry and the new demands of the transportation sector. 

New refineries will tend to be located near centers of consumption.  The 

Eastern Ei'.-c pean countries will continue to be dependent upon the USSR 

lor crude oil, but will approach self-sufficiency in refined products. 
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V  NATVRAL GAS DKVEIOPMENT 

In contrast with the petroleum industry, the natural gas industry 

in the USSR is a rclativel ' recent devolopmont, becomint; significant loss 

than  20 years ago.  Hefore 1955 most natural gas MM associated gas that 

was a byproduct of the petroleum industry.  The gas industry has 

consistently fallen short of Soviet plans (as seen in Figure 10) and not 

kept pace with demands.  This shortfall is duo mainly to lack of gas 

processing plants and to delays in the pipeline construction industry. 

This is recognized by the Soviet leaders who have scheduled the laying of 

33,000 kilometers of large diameter (lO-inch to 56-inch) main gas 

pipeline in the ninth five-year plan. 

As with coal and oil, the production of natural gas projected to 

shift toward the east, although the European fields will continue to be 

important.  The following tabulation, which shows the main growth areas, 

indicates that 80 percent of the increased gas production from 1970 to 

147.) is expected to occur oust of the l'ials. 

REGIONAL »ISTRIBUTION OF NATURAE GAS 

PRODUCTION IN THE USSR 

(Billion Cubic Meters) 

Europea-. part (including Urals) 

Orenburg Region 

Komi ASSR 

Asiatic part (east of Urals) 

Western Siberia 

Turkmen SSSR 

1970 

59 

9.3 

13.1 

1975 

(Plan) 

139 164.1 

1.3 26 
6.9 16.1 

155.9 

41 

65.1 
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Since the increased production in tno four «reas shown exceeds the total 

increase in production during the period, other fields must have a 

decreasing production. 

This will, of .oursc, gruatly increase the average distance transported 

beyond that shown in the following tabulation.  For example, the transport 

of gas from I'rengoi, 3,000 kilometers, through the Northern Lights 

Pipeline to Leningrad would cost about 9 rubles per 1,000 cubic meters. 

NATUHAL GAS TRANSPORT IN THE USSR 

1950  1955 1960 1965  1968  1970 

Gas production (billion cubic meters)  5.8  9.0 45.3 127.7 169.1 19' 

Gas pipelined (billion cubic meters)   1.5  3.5 32.8 112.1 145.7 181.5 

Average distance of transport 607 680  900 

(kilometers) 

The substantial difference between gas produced and gas pipelined 

represents losses and usage in the field. 

In addition to the losses of natural gas, there is a substantial loss 

of associated gas in the oil fields, as shown in Table 6.  The degree of 

gas utilization has dropped from 70 percent in 1965 to 61 percent in 1970, 

which was 6 percent less than the planned level of utilization in that 

year.  This is a further result of the shift of production to the east 

and the resultant shortage of gas processing equipment and pipelines. 

(In comparison, over 90 percent of the associated gas is used In the 

United States.)  The large diameter pipe (42, 48, and 5C inches) being 

introduced m the USSR is more efficient than the relativ« ly smaller 

diameter pipe in widespread use in the United States, buc there is a 

shortage in this larger pipe that limits gas transport capabilities. 

in gas consumption, there is inadequate storage capacity to meet 

peak demands. As shown in Table 7, there was only enough stc--go capacity 
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to moot 36  percent  of peak flomamis   in  1965.     This   incroasod  to 60  percent 

in  1970,   with  plans   to  roach 66 percent  by  1975. 

The production of natural gas in Eastern Europo (Table 8) is small 

compared to USSR production, with only Romania being self-sufficient in 

this  regard. 

In summary,   natural  gas production  is projected  to move toward  the 

east,   as with other   fuels.    There continue  to be  shortfalls  in gas 

production  and  undor-utilization of associated   gas because of  lack of 

pipeline and  processing   facilities.     Supply dislocations continue because 

of shortage of  storage   facilities.     Increased  exports of natural gas  fmm 

the USSR  to   (he  other Eastern  European countries  will  be partly offsot 

by  increasing   imports of  gas  to  the USSR  from   Iran  and Afghanistan. 
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VI     ELECTRIC   TOWER  DEVELOPMEl^ 

Since Lenin   first  recognized  the electric power  industry as basic 

to  tho  grovtk of  the Soviet economy,   electric power developments have 

enjoyt'd  I  relatively privileged  position and have  acquired  an  ability to 

produce equipment   as   technologically  advanced  as any  in  the United States 

or Western Europe.     From  its earliest development,   this equipment  has 

been  installed   in  an  integrated  grid   in European USSR  that   is being 

extended both  beyond   the Urals  and   into Eastern Europe. 

The  trends   in   installed  electric power capacity   in  the  USSR are 

shown  in Figure  U.     Although  most of the  installed  capacity  is derived 

from  thermal power plants,   hydroelectric power contributes  over 20 percent 

of  the  total,   and   nuclear power   is expected  to do  so by  1990.     Many of 

those nuclear  stations are   located  where hydro power  is unavailable and 

where   it   is uneconomical   to  transport   fossil   fuel. 

The   following   tabulation  shows  that   (as with other energy resources) 

the  greatest opportunity   for expanding hydroelectric power  lies east of 

the Urals,   where  the  hydroelectric  potential  is under-utilized. 

HYDROKLECTRIC   POWER  UTILIZATION  IN  THE  USSR 
BY REGION   IN 1970 

European  Region 

Asiatic  Region 

Western  Siberia 

Eastern Siberia 

Total  USSR 

Production of 

Hydro-flower Percent of Economic 
(Million  kwh) Potential 

6«,839 34.3% 

63,281 7.1 
1,760 3.2 

19,356 14.1 

132,120 12.1 
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Most of the hydroelectric development will occur in W.stern Siberia, where 

the existing economic potential is currently only about 2.3 percent 

utilized. Although some pumped storage plants are being built, they ore 

not oxpoctud to bo u significant source of electric onorgy In tho UIHR, 

Other Kastern European countries do not have significant unused hydro- 

electric potential, and major projects are being built only in Romania and 

Hulgaria. 

In contrast with the United States, a large portion of the thermal 

power plants in the USSR supply heat in the form of steam and hot water 

as well as electricity.  The following tabulation shows the installed 

capacity by type of station.  The condensing turbine stations provide 

only electricity while the heat and power turbine provide both electricity 

and district heat. 

INSTALLED CAPACITY OF PXECTOIC POWER 

THERMAL STATIONS IN Tim  USSR, 

BY TYPE OF STATION 

(Thousand MW) 

Steam Turbines 

Condonsir 

20.9 

i Heat and 

13.0 

Power 
* 

Others 

195K 8.7 

1965 1H.2 32. V 11.0 

1970 76.2 17.0 10.2 

1975 99.5 65.0 12.5-14.5 

Gas Turbines and Internal Combustion Engines. 

The gas turbines and internal combustion engines are used primarily for 

peak-demand operation. 
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Tlu-rc  have  been dramatic  increases  in  the  sizes of   individual  turbines 

and  .station  sizes  since World War  II,   and   further  increases   in unit  sizes 

are  planned   for   thr   future,   as  shown  in Table  9.     EiKht   hundred MW power 

turblnoB wort    installed   in  stations having 2,000  MW  total  capacity in 

1970.    At present,   1,200 MW   single shaft  turbines are being built  for 

introductio i   in 3,000 MW   stations by 1975. 

In conjunction with   the   technological  changes  in  thermal  power 

generation,   v  basic  change   in the  type of  fuel used  in power stations also 

occurred   in  recent  years.     Table   10  shows   that  coal's  share of  the   fuel 

balance has dropped   from  71  percent   in  1960   to  46 percent   in  1970 and   is 

expected  to drop  another  3.5  percent by  1975.     In  the  meantime,   the  share 

Of gns and oil   is expected   io  increase   from about 20 percent  to about 

52 percent.     It  can be observed  that  thermal   stations consume over one- 

third of the   fuel  used   in  the USSR and are  still  growing. 

The efficiency  in   fuel  consumption of  thermal  power  stations  is 

improving dramatically,   as a  result of  the   increasing  size of thermal 

power stations which  load   to  economies of  scale;   the change of  fuel   type; 

and  the phasing out  of older,   less efficient  generating capacity.    This 

increase  in efficiency  is  shown by the   following comparison of decreasing 

heat  rates: 

NET  HEAT RATES OF  THERMAL  POWER  STATIONS   IN 

THE USSR 
(Btu/kWh) 

USSR United  States 
(Net)   Htu/kWh (Net)   Btu/kWh 

5 960 11,157 10,701 

19ü5 12,090 10,384 

1970 10,459 10,508 

1975 (Plan)                   9,444 
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Table   10 

STRUCTURE OF  FUEL COMSUMPTION   IN USSR 

THERMAL  ELECTRIC    POWER  STATIONS 
(Percent  of Total  Fuel on Coal Equivalent   Fuel   Basis) 

Ci ;i s 

Liquid   Fuel 

Coal 

Peat 

Oil   Shale 

Other 

Percent   of  Total 
Fuel Consumed 
in   USSR 

1975 
1960 1965 1970 (Plan) 

12,3% 25,6 26 26.8% 

7,5 12.8 22.5 25.1 

70.9 54.6 46.1 42.6 

7 1.5 3.1 3.5 

1 1.5 1.7 1.6 

1 .3 1 0,6 0.4 

29.3 32,6 35.6 36.5 

Within  ten years,   the  hoat   input per  kilowatt of electrical output  has 

docreaseci  by 25 percent   to equal  that  of  the United  States,   with   further 

improvements projected   for  1975. 

The  rapid  introduction of nuclear power into  the USSR and  Eastern 

Europe  is  shown  in Table   11,    The USSR,   East Germany,   and Czechoslovakia 

are  the  clear  leaders   in  this program,     Poland and  Romania have  less 

requirement   for nuclear power because of  their apparent  self-sufficiency 

In coal,   and oil and  ^as,   respectively. 

Table 12 shows that the standardized 440 MW pressurized water reactor 

will take the load, followed by the light water cooled, graphite moderated 

reactor. Tlie fast breeder reactor is not expected to be sijfnificant until 

after  1980. 
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Table  11 

NUCLEAK POWFR   PROJKCTIONS  FOR  EASTERN EUROPE 

INSTALLED CAPACITY 
(Thousand MW) 

USSR 

Bulgsrii 

Czechoslovakia 

GDR 

Hungary 

Poland 

Roman1a 

1970 

1.1 

0.0 7 

1975 

7.1 

.14 

0.51 

1980 

21.1 

.88 

1.76 

2.0 

0.44 

198J 1995 

53 118 

1.76 3.5 

3.6 6.0 

4.0 7.0 

0.88 1.76 

0.44 0.88 

0.44 0.88 

Table  12 

INSTALLED CAPACITY OF  USSR  NUCLEAR  POWER  REACTORS 

BY TYPE 
(Thousand MW) 

1966 1970 

»WR 

PWR 

LWGR 

FBR 

Total 

1973 197[ 1980 

0.05 0.05 0.05 0.05 0.05 

0.21 0.58 1.46 4.22 10.22 

0.69 0.89 0.89 1.89 8.87 

~ 0.01 0.36 0.96' 1.96 

0.95 i.ea 2.76 7.12 21.1 

UWR - Boilinti Water Reactor. 
PWR -  Pressurized Water Reactor. 

LWGR - Light Water Cooled,   Graphite Moderated Reactor. 
IHR - last Breeder Reactor. 
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In summary,   olocLrn;  powr generation  la expected  to continue   its 

rapid  growth,   with  thurmal  power  stations  leading  thu  way  and nnclear 

power »x'comin^  significant  after  1985;   the  expansion   m  Kastem Europe 

will   be  based  on  standard  Soviet  440  MW   reactors.     No   significant 

hydro power programs are  expected  except  possibly  In  Siberia,   with 

transmission of power  to  the Urals and continued  integration of  the USSR 

and  Eastern European power  grids.     Spot  shortages of power because of 

inadequate  reserv;  capacity will  continue.     The USSR will  continue  to 

develop  largo  supercritical  single  shaft  turbines,   each  having capacities 

on   the order of   1,()0() MW.     Expansion of  the UM of   strip mined,   low-grade 

coal  can be expected  for  thermal power  stations. 
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VII     Sl'PPLY-DEMAND  I1ALANCE 

In   order   to  projett   the  demand   for  basic  energy   In   the   USSR   and   the 

six  Eastern  European countries,   the  economic   framework  shown  In Table   l.'i 

was  doveloped   from  Inlted  Nations   statistical  abstracts  and   from 

statistical   handbooks  ol   the   individual   countries.      It   Is  seen  that   the 

total   population.   GNP,   and   energy consumption  of   the  six  Eastern  European 

countries   are  only  about  40 percent   of  the  USSR   levels. 

Table   13 

ECONOMIC   ERAMEWOKK   EOH   USSR  AND   EASTERN  EUROPE 

USSR Eastern Europe 

1970  Population   (mllllor) 

Growth  rate   1960-1970 

1970-1980 

1980-1990 

1970  GNP   (billion  U.S. 

dollars) 

Growth   rate   1960-1970 

1970-1980 

1980-1990 

1970   Primary  energy   (million 

tons   oi   coal   equivalent) 

Growth   rate   1960-1970 

1970-1980 

1980-1990 

242.8 103.1 

1.3% 0.6% 

1.1 0.8 

1.1 0.7 

314.2* 137.0 

6.7% 5.6% 

6.6 5.9 

5.5 5.1 

994.1 403.2 

5.7% 4.5% 
5.5 4.5 
5.0 3.9 

The absolute  value  of  Soviet  GNP is  subject   to defini- 

tion,   but   it  does  not   affect   results  of  this  study  because 
it   was   used  only  as  an   index. 
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The  Kastern Furopetm countries   ore  expected  to grow  In populations, 

(.NP,   md energy consumption  at  a   slluhtly  slower rate  than  the  USSR. 

Figure   12   shows   the  estimated   demand   for   D'-lmary  energy   In   the   USSR 

during   the   1W0  to  1990 period.      It   Is   seen   that   the  total  demand   for 

primary  energy will   nearly  triple   between   1970 and   19',)ü.     Since  the 

demand   for  solid   fuels   is  projected   to   Increase   only  about  40 percent  during 

this   period,   other   sources  must   nearly  quadruple   to   fl<l   the   gap.     The 

changing  energy   balance   Is   shown   In  Table   14.     Whereas   solid   fuels   supplied 

12  percent   and   oil  an i  gas  a   little  over  50 percent   of  the energy   In   1970, 

solid   fuel's   share  will   drop  to  about   21   percent   and   oil   and   gas   will 

increase   to two-thirds  by  1990,   with   nuclear power approaching   10  percent 

and  hydropower   remaining constant   at    just   over 4  percent. 

The  statistics  shown on  Figure   12  and Table   14  were derived  by 

projecting   the  growth of  the  various  sectors  of   the economy,   and   the 

amount   of   energy   required   for  each  end   use.     The   breakdown  of   total 

primary energy  by end  use   is  given   in  Table   15,   where   It   is   seen  that   the 

combined  demand   for  industry and  electric  power  is  a   fairly  constant   77 

percent   of  the  total   from  1970 through   1990,   even  though  industry  and 

electric   power  reverse  positions.     The  shares  of   the   residential,   commercial, 

and  transportation  sectors are  projected  to  increase  slightly  through  the 

period,   while  the  share  of  agriculture and   "other"  decline  sl'ghtly. 

In addition  to the  demand   fcr  primary  energy,   the  flow  of   secondary 

energy   among   the various economic  sectors   Is  Important.     Typical   flows  of 

secondary  energy   (electricity,   steam,   coke,   manufactured ga^)   between 

the   Industrial   and  electric  power sectors are shown   in Figures   IJ  and   14. 

Kven with  the waste   heat  of much  of   the  electric  power  industry  being  used 

as  district   heat,   the  total efficiency   of  the  industry   Is  only   about 

35   percent. 
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Table  14 

ISSH  DKMAND  fCM   PRIMARY  ENERGY 

BY SOURCE   OK  ENERGY 

1960 1970 19H0 1990 

Natural   ^as 9.2Pr 21 . 9-, 27.97« 29.2% 

Oll 23.5 31.1 35. 9 36.2 

Solid   fuels M.l «a. a 30.0 21.5 

Myd ro 4.2 4.« 4.3 4.3 

Nuclear - 0.1 1.9 8.8 

loo.o:  100.01  ioo.o%  ioo.o% 

Table   15 

UKMAN1)   FOH   PRIMARY  ENERGY 

BY   KN1)   USE   IN  THE   USSR 

(Million Tons Coal   Equivalent) 

1970 1980 1990 

Residential  and 73 134 241 

commerciii 1 

Industry 413 630 948 

(41.5%) (36.9%) (34.J%) 

Elettrlc-  power 354 691 1174 

(35.t%) (40.5%) (42.4%) 

Transportation 72 130 234 

Auricultuie 53 82 123 

Ofier 29 39 49 

Total 994 1706 2769 
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In order to meet the petroleum product Jemanris through 1990, the 

vorv substantial buildup of reflnln« capacity shown in Figure 15 will 

be required.  This conclusion is bns >.i on the assumption that USSR will 

attempt not only to be self-sufficient in refined products, but also to 

continue exporting about 10 percent of its refined products, as in the 

recent past.  The foliowing growth rates in refining capacity would be 

required to meet these goals: 

1960-1970 (actual)   T.M 

197()-19H0 5.2% 

1980-1990 4.5" 

These would appear to be achievable in an expanding economy. 

The «n.wth m -Murgy demand in the other Eastern European countries 

is expected to bo significantly less than In the USSR.  The increase in 

enemy demand shown in Kigure 16 is significantly less than the increase 

in demand in the I'SSK during this period.  Solid fuels (primarily coal) 

are expected to continue to provide a ^reat share in the energy economies 

of these countries (except these countries will not support this expan- 

sion, they will probably rely on either increased coal imports from the 

I SSH or  I great3r shift to oil and gag imports from the USSR or the OPEC 

countrios.  The expected shift in the fuel balance In Eastern Europe is 

shown in Table 1«.  n> 1990 oil and Ras will provide half of the energy, 

and nuclear power should begin to be significant. 

The expected dependence „f the Eastern European countries on omports 

to meet their »Mrgy requirements is shown in Table 17 and illustrated 

in Figures 17 and 1H.  Total pivvuuetion of coal in the six Eastern 

European countries should be adequate to meet their total demand for 

coal, althouKh there are grMt differences between supply and demand in 
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Till) It-   16 

DKMANIi   FOR   I'KIMAHV   ENERGY  HV   SOriU-K 

OK  ENERGY   IN EASTERN EUROPE 

lOiio 1970 1980 

100.K 100.OT loo.o'; 

1990 

Natunl  ^.'is s ()■ 10 4% 19.9; 2'» 8 

Oi i 1 0 16 R 22.2 26 1 

Solid   tu.'Is HC) 1 71 (i 55.1 43 0 

Hydro 0 9 1 1 1.6 1 6 

Nuclear - 0 1 1.2 4 5 

100.0 

'.ahlo   17 

DKPKNDKNCK  OF  EANTBRN KlKOPK  ON   IMPORTS 

TOR ENERGY  SUPPLIES 

1970 19H0 

Oil   (rni 11 i on  mot i • u- 
tons   year 

Hequl i'L-nients 56 106 

Proj'aut ion 17 1H 

Iaportf 39 HH 

Jas   (billion cubic 
meters/year) 

Requirements 
Production 
Imports 

Coal     (million metric 
tons/year) 

Requirements 
Production 
Imports/exports 

37 110 

:i4 74 

3 36 

596 
622 

21/32 

683 
700-725 
30/40 

Hard coal  and brown coal, 
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the   Individual   countries.     The  total   supply   of   KHP   in   the   six  countries 

should   1K>   only   nhout   10   percent,   short   of   their  demnnd   in   1970,   but   they 

will   hnve  to   import   about   one-third   of   their  natural   «as   . rotn   the  USSR   bv 

L9S0,   Bad  ammrly  half   of   it   in   1990.     A  much more  serious  deficit   in crude 

oil   is  expci t<Ml   throughout   the   study   period,   with   a   corresponding   lar^e 

demand   lor   imports.      The   ISSli   current Is    tills   almost   all   of   this   demand. 

but   lias   recently   lUgCMtOd   that   their  Kastern  European  clients  benin   to 

develop  alternative   sources   of   supply,    i.e.,   the OPKC   nations. 

A  major   increase   in   refining  capacity will   be   required   in   Kastern 

Europa  ind  countries  as   they  move  toward  self-sufficiency   in  refined 

products.     The   buildup   shown   in  Table   18   should   be  within   the  capability 

Of   these   nations. 

The   production  and   demand   lor  crude   oil   in   the   USSR  and   ootent ial   tor- 

crude  oil   exports  are   shown   in  Table   19.     The   production   fiKures   shown  are 

based   on  annual   increases   of   H.4   percent   from   1970  to   1975,   5.4   percent   from 

1975  to   19H0,   and    1.0   percent   from   1980   to  1990.     Such   increases  will 

require a   rapid  development   of   oil   reserves,   particularly   in  Siberia. 

II   these  production  estimates  are   achieved,   the  UBSS   should  bo  able 

to  meet   the   domestic   demand   for  petroleum   products   plus   the   crude   )il 

requirements   ot   lästern  Kurope  with  a   substantial   balance   (or  export   to 

the   rest   of   the  world.      To   the  extent   that   the   requirements   of  the 

Kastern  Kuropean   countries   are  met   through   imports   from   the OPKC   nations, 

additional   crude   oil   will   be   available   for export   to  the   rest   of   the  world. 

Alternatively,   these   potential   «xportl   could   be   used   to   relieve  the  expected 

short   term   problems   rosultlng   from  expected   shortfalls   in   natural  «as 

production.     k»  a   twlag   fuel,   oil   could  provide  a  cushion  against   possible 

shorttalls   in  the  production   of   other energy   sources. 
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Table   IK 

KFF1NING  CAPACITY   BVIUHfP   IN  KASTKKN  HAOR' 
(Million  Metric  Tons   per  Year) 

Bulglria 

( /<'<lu>slovRki.i 

CDU 

Minima ry 

Polarifl 

Koman i a 

Total 

1960-70 1970-80 

5.9 H.O 

8.0 8.0 

M.7 13.8 

:<.? H.8 

8.S 12.0 

4,0 8,0 

36,8 56,6 

Ta ile   19 

CHIDK   OIL SUPPl-Y/DFWVNI)   BALANCE 

(Million Metrl- Tons) 

I SSK 

Production 

DemaiKi 

Potential surplus 

lästern Kuropean 

!-et| u I i-ement s 

1'otentlnl export to 

rest ol world 

1970 

28 

1975 1980 

51 67 

1990 

353 480* 625 980 

289 368 470 7P8 

6-1* 112 155 212 

39^ 61 8« 161 

51 

Five-vcar plan gnj.1—196, 

Includos losses and refinery charRe for product exports. 

Olffercnce between production and demand: with imixirts 

of 2 million metric tons added, surplus is 66, 

Actual deliveries. 

Including condensate production. 
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The  expected   refinery   product ion,   demand  and   potential   exports   of 

petroleum   products   I rum  the   USSR  are  shown   in  Table   20.     The   share   cf 

petroleum  products   produced   for  export   is expected  to decline  over  the 

comlnn  years  as  other   industrialized  countries become   self-sufficient 

in   refining  ciip:u itv.     This  will   a^ain   require   a   substantial   buildup  of 

refinery capacity,   ns   indicated  earlier. 

The  I'SSR  is  «?xpected   to   face  ■   short  term  problem with natural  ^as. 

They  have   renularly  missed  their  production  goals,   and are expected  to 

COntlniM   this   trend   at   least   through   1975.     Even   so,   the  product   on   linures 

shown  on Ttbl*   21   require   annual   production   imeases  of  6.4   percent   from 

1970   t'>   197r-,   9. 1   percent   from   1975   to   19HÜ,   and   7.2   percent   from   19K0  to 

1990.     Tabl*   21   shows   a   potential   production  shortfall   of   about   ß4 

billion  cubic   meters   in   1975   (including  contractual  commitments   to Europe) 

:mil   M   billion  cubic   meters   In   1980.     These   figures   are  about   equivalent 

to   50  millirn   bi'rrels   of   crude   oil   or   residual   fuel   oil.     This   deficit 

will   protably  be  met   by  a   combination  of   reduced  demands;   Imports   of 

gma   from   [ran  and Afghanistan;   shifts  to petroleum;   and  perhaps   reneging 

OH  contract   commitments.      Expansion  of   the   pipeline  system  should   alleviate 

this   problem  by   1990. 

Except   for  times  of war and  civil   strife,   the  USSR has  bee»;  a 

significant   exporter  of   petroleum  and   products   for   100   years.     The 

exponential   buildup  of   these  exports  since World  War   II   are  shown   In 

Eigure   19,   and  their   recent   stability   is  shown   in  Eigure  20       Since energy 

exports  provine  an   important   share  of  Soviet  hard currencies,   they are 

expected  to continue  at  a   high   level,   with  natural  gas  adding to the 

opportunities. 

In summary, both oil and natural gas represent large foreign exchange 

earnings for the ISSH, and the Soviets will attempt to meet their contract 

commitments.     Although   they   plan  to supply  a   major  share   of   the   oil   and 
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Tabl«  30 

REFINERY   PRODUCTION AND   PRODUCT  EXPORTS 

(Million Itotrlc Ton«) 

1970 197 S 19H0 1990 

USSR 

Production 

l«as:     Own  requirement» 

(includes   losse«) 

Potential   surplus 
(available   tur export) 

297 

230 

27' 

332 

309 

27 

427 

422 

712 

690 

22 

*     laports--!;   -xporta—28 million metric   ton«. 

Table 21 

NATURAL  GAS   SUPPLY/DEMAND  BALANCE 

(Billion Cubic Meter«) 

1975 1980 1990 

USSR 

Produfclon 

D«aBndt 

198 
198 

270* 
300 

400-500 
420 

800-900 
720 

Potential  surplus 3.3» (30)' 5»* 130^ 

Ea«tern Europe 2.5** 17 36 109 

requirements 

§5 Cowltmants ■ 17 as 21 

I 
•• 

ft 

five-year  plan goal—320. 

Including   loaaes. 

Available  for export  ba«ed on ;«port« fro«  Iran «nd Afghanlatan. 

Deficit. 

A««UBed  production  of  425. 

AaauMed   production of  850. 

Actual  deliveries. 

Contract  commltiaenta  to Weatern Europe,   including  option«. 
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^as   rcqulremcMits   .<!   lästern Kurope,   they  encouraKe  those  countries  to 

ri.-velop altfrnativ.    smir.cs of energy.     The  Eastern Kuropean  countries 

^ill   strive   I.T   so 11-sufficlency   in   pytroleum   refining   hut   are  not 

projected   to  become   major  net   petroleum  product   exporters. 
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\ I I I      KKSKUVK-PKODICTION   COMPARISONS 

CiMiipa ti -on   of   pi'i HTI cd  fMimuhi t i v   production   o(    principal    finis   with 

tlnir  cst im.i I cd   rccovi'ril) 1c   rcscr%'cs   is   (-«Kiuircd   to   (•ompli-tc   the   snpplv- 

denumd   .inilysis   pri'scntcil   m   the   picceedinn   sectifm.      Pi-o joct ions  of   fuel 

demand   and   production   acquire   lull   ■IgnlflOMKM   only   in   the   OOBtWKl   of 

then    rceive   base   and   the   relative   ease   by  which   .such   reserves   can  be 

developed. 

A   comparison   of   tu-rd  coal   reserves  and   projected   cumulative   produc- 

tion   m   tlie   period   from   1975   to   1990   is   shown   in  Table   22,     Reserves   of 

hard  coal    in  HulKarii,   (.erman  Democratic   Republic,   Hungary,   and   Romania 

are  mall,   and   it   appeals   likely  that    these   countries  will   continue   to 

import   hard   coal.      t'/.echoslovak ia ,   I'oland,   and   the   USSR   have  hard   coal 

reserves   in   excess   of   their domestic   needs,   and   can   probably   supply   the 

requirements   of   the   other  Kastern  Kuropean  countries.      It   It  noted,   how- 

ever,   th.it   only   about   half  of   the  USSR  hard  coal   reserves  are   in   the 

Kuropean   and   southwestern   Siberian   fields   tnai   are   closest   to consuming 

rtfionSt      Development   of   mote   remote   hard  coal   deposits  of   the  t'SSR  will 

be  both   costly   and   time-consuming. 

The   reserve-production   relationships   for  brown   coal   are   shown   in 

Table   23.     Although   there  are   relatively   small   reserves  of   bnvwn   coal   in 

Bulgaria,   Czechoslovakia,   Hungary,   and   Poland,   those   appear adequate   to 

satisfy   projected   demands   until   1990.     After  that   time,   however,   unless 

there  are   shifts   in   the   energy   fuel   mjx   that   substitute   for  brown  coals, 

it  may   become   necessary   for  some of   these  nations   to   import  brown  coals, 

as   it appears  necessary   for  Romania   to  do  at   an earlier  date  because  of 

her small   reserves.     The German Democratic  Republic  and  the USSR each have 

(il 
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ample   blown   mal    rVMnWI   to   support   tMflr  own   IUMMIS   ami    to  export   I.,  ullwi 

Kastrni  luropMM   nations.      Howcvoi-,   11    Is   noted   t Im I   .r.<.it>   lliun   lialf  »f 

USSR bmwn mal   rmtervma ur* in rawtt« MilwrUfl coal  II.'MH,  prenmitlnii 

(li-volopnuMit   prol)l(<nis   an.)   hlgft   t i'anspoit at Ion   costs. 

For  mule  oil,   tin-   r<>scrvn-prociuct ion   relationships   in   tin,'  Kastern 

Knropean   nations   a r.-    is   shown   in  Table   24«     Kstimatcd   reserves  of  Czechos- 

lovakia,   German   Democratic   Republic,   ami   Inland  are   less   than   projected 

requirements   to   IMO,   an,l   th.-s,.   nations  w'.ll   be   forced   to   import   most  of 

their  cnide   r»tl   supplies.      H»il,;aria   aptx'ais   to  have  enough   reserves   for 

the   short   term,    if   new   fields   meet   expectations;   if   not,   then   she,   too, 

will   be   forced   to   rely   almost   exclusively  on   imported   crude.     Hungary, 

Komania,   and   the   ISSH   have  crude   reserves   significantly   in  excess  of 

their domestic   requirements,   and   could   provide   the   relatively   small  amo-mts 

of   exports   needed   to   supply   other  Kastern  Kuropean   nations.     AKain,   it 

must   be   noted   thi.t   most   of   the   USSR's  crude   reserves   are   located   in   remote, 

eastern   regions;   only  about   one-third  of   the   total   crude   reserves  are 

estimated   to  occur   in   Kuropean   regions  of   the  USSH.      Projected  cumulative 

crude   production in the  USSR   to   1990 would  be  about   equivalent   to  presently 

known   Kuropean   reserves,   ami   it   is  conceivable   that   spot   shortages  could 

occur  during   this   interval   unless   the   large  Western   Siberian  deposits  were 

developed  at   an   early   date. 

The   reserve-production   relationships   for  natural   gas  are   shown   in 

Table  23.     The   data   suggest   that   Czechoslovakia,   Poland,   and   somewhat 

surprisingly,   Romania  may   experience  deficiencies   in   gas   supplies   from 

their domestic   sources  by   1990  that will   require offsetting  gas  imports 

to  meet   projected  demand.     Gas   supplies  of  Bulgaria,   Hungary,   and  the  USSR 

appear adequate  to meet   projected  requirements   to  1990.     The  situation   in 

the  German  Democratic   Republic   is  unclear.     The   1973   Irternational   Pe.^ro- 

leum  Encyclopedia   gives  GDR   gas   reserves  at   15   billion   cubic  meters, 

equivalent   to  one  year's  production as projected  for  1975.     New gas 
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diMOV»ri«i   in   tlu.  OM   havo  bMfl   i n-l, <:, t.-d,   but   tho   arlual   reserves   are 

wncoitain.      If   the   reserves   prove   to   '.e   less   than   that   estlmate.l,   i hen 

the  QM   will   als,,   bn   In   a   po#ltloa   fco   Uiporl   natural   uas   supplies.     The 

USSR   has   ample  nti   reserves   to   supplv   it.    needs   and   to   export   to  other 

CMKA   rountries       Howev.-r,   ..„iv   about   on.-fourth   of   UB8R  |M   reserves   are 

in   tb..   BlUfOpMa   part    ot   th.-  eounlrv.   ami   these   will   be   insufficient   to 

meet   protected  demands   unless  augmented   (and  ultimately   replaced)   by  |M 

from  Siberian   fields. 

In   summn-v.   a   comparison  of   fuel   reserves  and   cumulative   production 

requirements   for  th«   Kastern   Kuropean  countries   indicates   that   many   nations 

Have   verv   Unuted   fuel    reserves   and   that   they  will   need   to   import   much 

(if   not   all)   of   the.r   supplies   bv   1M0.      In   this   Kroup   of   nations,   only 

the   \MM   has   sufficient   fuel   reserves   to -..et  her  own   .equirements  and 

export    fco   h. r   trading   partners.     .foweve-,   the   principal   fuel   reserves  of 

th..   DSM   are   locate,,   in   regions   remote   from  consuming   centers,   and   this 

together  with   problems   in   development   technoloKy,   could   constra.n   the   pace 

of   such   development , 
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IX    CONCLUSIONS 

ThrOUghOUl   most   Ol    the   l;i.st    hundifd   yra rs,   the   USSR   has   not   only 

maint.iinecl   energy   Mlf-BttffICiCaey  l)iit   hns   l)een  a   mn jor  exporter  of    luels. 

It   appears that   the   resouree   bast   and   recoverable  reserves   are  sulfirient 

to continue  exports   into   the   fOTOMMbl«   luture.      If   successful   in  carrylntf 

out   projected  development   programs   for   very   lar.;e   fuel   resources   in 

Siberia,   the   TSSK   not   only   should   remain  self-sufficient   but   also  should 

be   able   to meet   its  <<>miiii t merits   to  Kastern   Kuropean  clients   and   to 

contribute  even  more   ■igniflcant   energy exports  to  the   rest   of   the     orld. 

Nevertheless,   Soviet  exports   of   fuels   will   not   be  sutlicient   to disrupt 

the   overall   .orld   energy   market.     Although  the   USSK   and   Kastern  European 

countries  will   continue   to   import   relatively   small   amounts   ol   oil   and 

■M   trm  the  OPK   countries,   they   are   not  expected   to  become   major 

competitors   with   the   rest   of   the  world   for   tar^e quantities   of  Middle 

Kastern   oil   and  ^as. 

The   successtul   exploitation  ol   Siberian  energy   resources   in  general, 

and   natural   pi  deposits   in   particular,    is  by  no means   assured.     Although 

much  Of   the   rctiuirtMl   fcbnolony   and   the   development   programs   for  these 

resources   exist,   and   although   r-ecent   oil   production   has   been   Impressive, 

tuere  are   ■igniflcant   lociatiC   diitlculties   in exploiting   the  Siberian 

r-esources.      As   a   rvsult.   oil.   and   particularly   natural   gas.    production 

may   be   less   than  planned   levels. 

la   the   event   that   the   Soviets   are   unable   to develop  Siberian   resources 

on   the   required   time  scale,    they  would   appear   to haves   the   following   i ive 

opt ions: 
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Option 

1.     Substitute  other   fuels 

 Apparent  ConsequerK es 

Alter   planned   consumption 

patterns 

2.     Limit  exports  to Kastern Kurope       Porce   reliance  on  non-l'SSH 
supplies 

3. Limit   internal consumption 

4. Kxpami   imports 1 rom ORC 

5. I{eiiuce exports to   rest  of 

world 

Limit   non-essential   activities 

Compete  with  Western world   for 
supplies,   lose   self-sufficiency 

Relinquish   important   source   of 

hard  currency. 

The   USSR  could   be  expected   to  approach   these  alternatives   in   approximately 

the   above  order  of  priority   (least   desirable  options  have  higher   numbers). 

There   Is  only  ■   limited   flexibility   in  substituting   fuels   (e.^.,   oil   for 

Has)   without   cutting   into   foreign  trade  commitments,   but   substitution would 

be  a   relatively   straightforward   approach.     Since  our   near   term   projections 

of   natural   (.'as   production   fall   short   of   the   potential   demand,   a   combination 

of   substitution  of   oil   for   ^as,    limitation  of   gas  consumption,   and 

increased   imports  Of   (•■   from   Iran  and  Afghanistan  shculd   be  expected. 

There   are  a'ready   indications   of   limitation of   commitments  to  Eastern 

Europe   as   the   ' SSH  encourages   th-jse  countries   to develop  other  sources  of 

supply.     As   a   result,   these   countries   wi'.l,   to   "ome  extent     COHIWtfl   for 

•iupplies.     Kortunately,   however,   their   requirements  are  small.     Limitation 

of   internal   consumption   is   relatively easier  in  ths Soviet  e'onomy   than 

in   the  l.S.   economy,   but  may  be expected  to have an adverse effect   on  any 

economy.     Greatly  expanded   in.ports   ol   crude  oil   from  the  OPEC   to  the   USSR 

seem  unlikely,   as   noted   above.      However,   expanded   imports   of   natural   ^as 

would  appear  advantageous   to  both  the   USSR  and   Iran/Afghanistan.      Natural 

^as   Imports  by  the  USSR   from  these coantries  should  not   have  a   significant 

Impact   on  potential   supplies   to  the   united States   or  other  Western   nations. 
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Another  alternntlve  scenario could   tosult   in  expanded Soviet   trade 

in  oil   and   ^as  vUth   the  West.     This   expanded   trade  ouild   result   from  a 

deliberate   attempt   by   the  West   to  prevent  Soviet   proKrams   from 

experiencinn   an   impending   shortfall   that   could   force   them  to  become 

competitive with  the  West   for OfK  oil   or  that  would  prevent   them   from 

meeting   natural   gas  commitments.     Or,   the expanded  Soviet   trade  could 

result   from  a   desire   to develop Soviet   resources   as   another  alternative 

source  of   supply   for the West.     Some  .ombination  of   these  situations  could 

also   bring  about   such  expansion  of   trade.      In  any  case,   the  West   would 

supplv   technological   inputs   In   ■   barter  arrangement   for Soviet   oil   or 

gas.     Typical   Items   that   the  West   might  barter   In   return for  oil  and 

gas   might   Include: 

• Gas   processing   plants 

• Pipeline  compressors 

• Pipeline  pipe 

• Secondary   oil   processing  equipment 

• Drill   pipe,   bits,   and  accessories 

• Secondary   recovery  material 

• Arctic   and   offshore  drilling  equipment. 

Several   Western   nations   have  already   been   trading  pipeline   pipe  to  the 

ISSK   tot   future   gas   deliveries.     The   timely   development   of   Siberian  oil 

and  gas   is  dependent   upon   these   imports.     Therefore,   a  mutual  dependency 

situation  would   result   from   Increased  trade,   at   least   Initially. 

Kxpanded   trade  of  Western  technology   for Soviet  oil  and   gas would 

have  potential   widespread  consequences   for  the  West.     Kstablishment   of 

trade   relations   In  this   vital   sector  could   further the  progress  made   in 

relaxing   strained   relations  between   ttie United States  and  the  t'SSK. 

with   resulting   general,   as  well   as  mutual,   benefit.     The  development   of 

alternative  sources  of   fiel  supplies   should  certainly  tie  of   benefit   to 
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the   West.    Lfl   view  of   the   lf.rKe   levels   of   pro.Jecteci   fuel   requirements. 

To  the  extent   that   the  Unitetl  States  <nn trade  technoloK>   for   needed 

resources,   ■   reduction   In  our   projected   balance  of  payments deficit 

will   be  affected.     On  the  other  hand,   Increased  reliance  on the USSR 

for essential   resources   Increases  our   vulnerability  to potential 

coercion   from  that   source.        One   can   only  speculate   about   many   confli.t 

scenarios   in  whUh   the  West   would   develop  the  Soviet   resources,   only   to 

be   cut   off   from  the  expected   oil   and   |M   supplies  without   cmpensatlon. 

However  bi/arre   such   scenarios   may   be,    It   vould   be  useful   to  analyze 

them   fully  before  becomlnn   committed   to a   ma 1or  course  of   action 

On   balance,   it  would   seem   that   expanded  trade   of   Western  technology 

for  Soviet   ol1   and  «as  would   be   advantageous  to  the  West,   since  we 

desire   both  detente   and   trade   for   resources,   but   would  be   even  more 

advantaKeous   to  the  Soviets   since   they   seek  peaceful   conditions.   Western 

resource  development   technoloRy.   and   iMg  ranRe  foreign exchange. 
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