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A.       Geology of Eastern Buropea pean Oil Shale 

01]   shale   is actually   not  shale,   and does  not  contain  oil.     if   is, 

Instead,    i   fine-grained,   compact,   laminated  sedimentary   rork  that  con- 

tains  kero^n,   an organic  hi^h-molecular weight  tnineraloid  of   indefinite 

composition.      Although   oU   shale   has   some   properties   common   to   both   pe- 

troleum  and   coal,    it   is   distinct,    represent in,   an   intermediate   or   transi- 

tional   stage   in  hydrocarbon accumulation and  evolution. 

T'-' genera]   geologicaJ   consensus   is   that  oil   shale  was  deposited 

largely at   the  bottoms of quiet   lakes and   lagoons containing  large quanti- 

ties   Oi   nearly   fresh   water.      However,   oil   shales  wore   formed   in   many   dif- 

ferent  geological  times  and   in a   range  of  geographic  and  physiographic 

environments.1 As  a   result,   the  degree  and  effectiveness   of  complex  geo- 

Chemical   processes   varied,   and   consequently   the   chemical   composition   of 

kerogen   in   oil   shales   varies   greatly.      Particularly   variable   are   the   con- 

tents  of   nitrogen and   sulfur.     Most   oi   the  sulfur   is   in  the   form  of   iron 

sulfides   and   gypsum,   although  some  sulfur   Is  combined  with   the   organic 

matter. 

Organic   material    is   common   in  almost   all   types   of   sedimentary   rocks.' 

With   increasing  amounts  of   organic  matter,   some  sedimentary   rocks  grade 

into  oil   shales,   and   others   grade   into  coal   seams.      Oil   shales   show   that 

organic   material   is   collected   and   preserved   at   much   different   rates   in 

succeeding   strata   or   sections   of   strata.      Oi]   shales   are   generally   thin- 

'-dded,   occurring   intercalated with  other sedimentary horizons.     Although 

they   represent   sharp  changes   in   deposition  character,   oil   shales   must   be 

MHilMiiiiritTi 
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originated througli lon^ term rhythmic changes In the deposition; in this 

respect, they appear to be the result of processes similar to that which 

resulted   In coal  seam   formation. 

The  organic port ion ol  oil  shale   ranges   Prom  10 to ■!() percent,   and 

the  oil  yield   ranges   from 2 to 24  percent.     The geochemistry of oil   shales 

differs   from coals   in  that  organic matter  is closely associated with the 

mineral   mass.     Oil   shale quality   is  closely  dependent   on   the  source  or- 

ganic matter as well   as  on the conditions of   its dlagenesis and  Inter- 

action with the  sediments.     The character of  oil  shales   is also  Influenced 

by   the   successive  alterations  experienced   subsequent   to deposition;   since 

the  deposits  cover  a   range   of  ages,   this   also contributes  to  the   vari- 

ability   in qunli ty. 

Generally  speaking,   older  oil   shales  have  higher  yields  of  oil  than 

more   recent  deposits.     However,   lesser  oil  yields  are   found   in metfmorphosed 

deposits,   owing   to escape   of   the   parts  of  the  hydrocarbon   iractions.     For 

tiiis   reason,   oil   shales   seem  to  be  of   little   importance   in  much  of   Kastern 

Europe,   especially   in  countries  that   have  experienced   severe Alpine   fold- 

ing.     Although  oil   shale  deposits  occur  in  Bulgaria   and  Czechoslovakia, 

these   resources  are   small   in comparison  to those   of   the  USSR.      The  de- 

posits   are  not  well-known,   and   therefore   it   is  difficult   to  arrive  at   an 

independent   assessment   of   resources   or   recoverable   reserves.     Table   K-l 

summarizes  available  data   Cor  these  countries, 

Hul^ari a   lias  moderate-sized  deposits   near Bresnik,   where  about   125 

million  barrels  of   shale   oil   are   Inferred.     Other deposits  that   are   less 

well-known  occur   in   the   vicinity   of   Sofia,   Kustindil,   liadomir,   Vratca , 

Stdra   Zagora,   Kazanlik,   and  Coma   Djoumaya;   no  resource  estimates  are 

available   for  these  deposits.     Probably,   however,   Bulgarian  oil  shale 

will   be   limited   to   relatively  small   scale,   local  uses. 

•■■^'~- '-' ^■i--" •■ '''- .-■■M.. ~ ^.„t_;.^     --..    - ■TI
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Tab) i.   K-l 

OIL SHALE   IIESOURCKS 

OF  EASTERN  EUROPE 

BuiK;Ji.ia Czechoslovakii 

Geological a^e 

Thickness (feet) 

Grade (gal Ions 'ton ) 

[nferred   resources 
(mi ilinn   ba rrela) 

Associat ion deposits 

9-150 

34 

125 

Pe nn i a n 

<1 

50 

Coal 

I iiknov. n 

Source:     Jaffe,   Colorado School   oi   Mines. 

Czechoslovakia  has  small   oi]   shale deposits   in  the  Kladno Basin  as 

sociated with coal  deposits,   as well as   In  the western  Bohemian  region. 

These   deposits,   however,   are  quite   small   and   unlikely  to be  developed, 

other   than   to  meet   local   needs. 

B'        Geology   of   Qj1   shale   in   the   USSR 

A   brief  description   ol   the   geologj   of   oil   shale   in   the   USSR   is   gj 
ve 11 

be 1 ov. . 

l.       Siberia 

The   oldest   pi atiorm-tvpe   oil   shale  deposits   of   the   USSR  are   in 

Siberia.     This   area   .overs   about   150,000  square   kilometers.     The   oil   shale 

sequence   is   of   Lower Cambrian   age  and   is   about   25   to   9.)  meters   thick.     The 

producing   formation   is  mainly  marine   limestones  and   shales,   with   varying 

.,.. ^.läfcj^ii.m   -■■" — -■- .■.■...■■.^...■- —. ^.^^ 
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contents of  organic  matter.     Most  oil shales  have  thicknesses of about  1 

to 2  meters. 

^.       Baltic   Basin 

The  most   important   oil  shale  resources  occur   in  this  area. 

There   are  two shale   formations,   both  of  Ordovician age.      The  Baltic  oil 

shale area  covers  about   4.000  square  kilometers.     The   rocks  of  this area 

are  mainly carbonate   rocks,   with oil  shale deposits   interbedded with marl 

and   limestone.     Structures   associated with  oil  shale  occurrences  are  com- 

plex,   associated  with   fractures   and  karat  topography,   which complicate 

mining operations, 

:i-       Hussian   Platform  and   Urals 

In this   region  the   oil  shale  comprises  a  horizon   in  the Devonian 

sedimentary sequence.     However,   the  oil  shale   is  not   of   good  quality,   al- 

though the total   resources  appear to  be  large. 

4.       Kazakhstan 

Oil  shales   occur   in  clastic  sediments   in   Kazakhstan.      m this 

area,   the  oil  shale   is  about   1.5  meters thick  and   is   included   in  a  sequence 

oi   folded  sediments.     Younger deposits  of  upper Paleozoic   age  also occur 

in this  region. 

5.       Kuznetsk   Basin 

Oil shale beds of Devonian age occur in the Kuznetsk Basin, 

m this basin the oil shale is interbedded with shale, and the beds s 

persistent   over   large   areas.      The  oil   shal 
are 

(5  to   17 meters)   that   are  sufficiently clo 
e   occurs   in   fairly   thick  beds 

se to the  surface  to  permit 
surface  mining. 

-   -  -•- ' '—'"'—■■M —,        -..  ■—^. 
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t)il   Shale  deposits   of   more   recent   nöoloulcal   OKOS   occur   in Central 

Asia  and elsewhere   in Siberia.     1'or the most   part,   these deposits  aic 

relatively   small   and   low   grade,   although  they  are   not    veil-known.     While 

the   resources   in these  deposits  may  appear to be  grent,   their  small   size, 

lower quality,   and   remoteness   from centers  of   industry will   probably   rele- 

gate  them to lesser  positions  compared  to the   oil  shale  deposits  ol   the 

European  USSR. 

C.       Oil  Shale   Resources  of   the   USSR 

The oil  shale  of  the  USSR  is   significant  not  because  of   its quality 

or quantity,   but   because  of  the   locations  of  major deposits   in areas   lack- 

ing  other fuels.     Oil  shale   represents  an  important   local   fuel   in the 

Baltic  area  and   In  the  Middle   Volga   region. 

Table E-2  presents  estimates  of  the  oil   shale   resources  of  the  USSR. 

There are  five  principal  oil  shale   regions;   Baltic,   northern  and eastern 

Russian platform,   Kazakhstan,   Kuznetsk Basin,   and  eastern Siberia.     Esti- 

mated  "geological   reserves"   (remaining  resources   in place)   as   determined 

in  1955 and   1968  are  shown.      In  nearly every  case   (except   for Siberia), 

the  amount  of  estimated   resources   has declined   in the  most   recent estimate, 

with  the  total  tonnage  of  Soviet   oil  shale  being   "only"   140 billion metric 

tons. 

Still,   these   resources   remain  ill-defined.     Only  about   5  percent  are 

proven,   with  another  15   percent   considered  probable;   four-fifths  of the 

total  estimated   resources  are   classed  as   possible,   and  their actual magni- 

tude   remains  uncertain.     Furthermore,   nearly three-quarters   of  the  possible 

resources are   located   in  the   remote   regions  of  Siberia   (Figure  E-l).     Even 

if  these   resources were   better  known and  could   be  developed,   it  seems 

likely that they  would  be   of   lesser  importance  than  the  more  sizable  de- 

posits  of  oil,   gas,   and  coal   that   occur  in Siberia.     The  best   known 

.... _.      - _      ^_ — . , ; . , ^. _. ;. ■    ■■"   ■ ^-       .■■..■■..^J-- r^■|■fMl■^ll^l¥•"iJ"'^•J:"^^-•- —■ -    ■   ^ , U. , U  ^ - -    - — ^ ,    i iiiirtfi 
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and hiRhest quality oil shale resources are those of the European part of 

the USSR, The Bnltlc and Middle VolKfl regions, deficient In ether fuels, 

■u'''   l">-tiiiinte  to  have   the  highest   qunllt.v  oil   shale  d.-pesits. 

Table  K-L!  also  shows Soviet-est tmntoil  "minnblc   reserves"  ..r  oil   shale 

as   of   1955.     As   in   the  ease  of   coal,   this  term   refers   to deposits  that 

might  be  targets   for mining,   and  dees  not   imply  a   recoverabllity   factor. 

Because  of   the  smaller estimated   remaining   resources  determined   in   1968, 

the  minable   reserves   must,   be   revised  accordingly/     Attempting  to arrive 

at   a   new estimate   of   oil   shale   reserves,   we  have  employed   recent   data   for 

the  deposits   in  calculating  the   amount   likely  to  be   recoverable. 

In  constructing   this   new  estimate,   we  have   relied   upon   USSR  oil   shale 

data   that   were   presented   in   a   series   of   papers   at   the   1968   U.N.   Symposium 

on  the Development   and  Utilization  of Oil  Shale  Resources  held   in Tallinn, 

Estonian  SSR.     Data   were   derive.1   from  a   number  of   papers   by   different 

authors   representing  different   institutes  and  agencies,   and  this  variety 

may   have   introduced   errors   of   unknown  amount   into  the   analysis;   however. 

any   such  errors   are   believed   to  be   small. 

In  discussing   the   development   of   Baltic   oil   shales,   Gnzizoy3   noted 

that   the  balance  of   resources   of   the  operating   pits   and  mines 

.   .   .   comprise  only   II   percent  of  the  total  balance 
resources  of   the   categories  A+B+C   ,   of  the  basin." 

Gazizov   goes  on   to  discuss  changes   in   oil   shale   thickness  and  quality 

toward   the  margins   ol    the   basin.     Shale  deposits   ".    .    .   which   have  been 

earlier  considered   to  be   rather   prospective  are   found   to  be   non-standard 

in   accordance  with   the   data   of   the   preliminary   prospecting."     That   is. 

Note  that   for the  Hal tic   region,   the   latest  estimated   remaining  re- 
sources  are   less  than  the earlier minable   reserves. 

\ W 

 .J-......J. 
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they nre  not .suitable   for development.    Allowing   For  the   I net   that  ex- 

ploration  ttiny  have  been   incomplete and   that   further work limy   lead   to dis- 

covery   ol   more   pr Islnj;   oil   shales,    It   is   assumed   tliat   up   to  ^0   peroont 

Of   the   resources   in   place   may  be   of   sufficient   thickness   and  quality   to 

permit  efficient operations.     Applying this  factor to the  1968 estimated 

remaining   resources,   we   found  that   about   28 billion   tons   ol   oil  shale  oc- 

cur  in  thick  heels  suitable   for development   (Table   E-2,   column  4).     How- 

ever,   nearly   four-fifths  of   this   resource   is   in Siberia,   and   the most 

likely   developments   of   the   near  term   will   occur  only   in   the   European  sec- 

tor. 

Not   all   the   remaining   resources  will   be  recovered.     Gazizov  states 

that   "mining   losses"   range   from about   50 percent   in  underground  mining 

to  about  30  percent   in  surface  operations.     In the  Baltic   shales,   frac- 

turing   and   karst   conditions   greatly   complicate  mining,   and   influence   the 

recovery   of  mined   shale.      In   this   analysis,   we  assume   that   only  about   50 

percent   recovery will   be  achieved;    in  certain areas  where  surface mining 

can  be   practiced,   this   assumption   may  be   over-conservative.     Applying 

this   factor  to the   remaining   resources   in  thick  beds,   we  estimate  that 

about   11   billion   tons   of   recoverable   oil  shale  occur   in   the  USSR.      Only 

about   2.5  billion   tons   occur   in   the   European  sector,   and   only   about   1 

billion   in   the  Baltic   region,   where   previous  developments   have   been  con- 

centrated.      Therefore,    it   seems   unlikely   that   oil   shale  would  become 

other   than   a   local   fuel   that   is   used   to  supplement   energy   supplies. 

The   above  estimate  of   recoverable   oil   shale   reserves   may  be   checked 

agaitrit   a   more  complete  estimate   according   to  reserve   categories   (Table 

E-3).     This  table  shows   that  the  total  estimated   resources   in Categories 

A   +   B  +  C'   +  C
2   is   abo"t   16   billion   tons.     However,   this   estimate  ex- 

cludes   the  deposits  of   the  northeast   Siberian platform that   represent 

the   bulk  of  the oil  shale   resources  of  the USSR,   and  therefore  these 
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Table   E-3 

OIL  SHAl.i:   RESOl'RCKS  OK  THK   USSR   BY  RESERVE  CATECX3RI1-;S 
(Mi llicn  ■lens) 

A+B 

RSFSR 

Leningrad 

Kost romsk 

Kuybyshev 

Ulyanousk 

Saratov 

Orenburg 

Kemerovsk 

Irkutsk 

Baskor SSR 

Komi  SSii 

Estonia 

Kazakhstan 

Kirgiz 

Taozik 

TOTAL 

1,316 

122 

1 

403 

33 

108 

309 

34 

1, 963 

s 

1,251 5,131 

698 l,9o6 

5 36 

326 ] ,895 

15 112 

36 2 

67 ■157 

8 90 

91 - 

6 32 

2 550 

1 ,969 4,667 

46 164 

20 43 

3 26 

3,290 3.289 10,031 

JANUARY   1 ,   lOö'l 

Tota 1 

7,698 

3 ,076 

42 

2,624 

161 

146 

833 

132 

93 

13 

552 

8,599 

21« 

65 

 30 

16,610 

data are not comparable with the SRI estimated total recoverable reserves 

presented in Table K-2. In order to compare these data, the Siberian re- 

sources  must   be  excluded,   and  the  data   are  as   follows: 

SRI  estimated  recoverable 
oil   shale   reserves 
exclusive  of  Siberia 

Soviet  estimated   resources 
in Categories A  +   B 

10 

2.9 billion tons 

3.3 billion tons 

- 

*■- - ■ ^ i ^ i - ■- -^..^.^ , - i , , ; , --'-,-  ■■■■ ^  ^ , -  .. . * , ■ ■ ■■ ■ , i ■- ■ ■ • - ■-- 



iv.uwmui u jiuiuJwimiviiPKmiuiiiiiuuiu^ i^ij ajjagpimmmmmmitm "-'-■•-' j^^B^pwp^-^^^-^-^-™^——i»^ —. aurnm;'1^ - 

The difference In these estimates is small (less than 10 percent).  Thus, 

it seems reasonable to expect that the oil shale reserves of the USSR will 

be about 3 billion tons, most of which are in the European sector. 

1).   Oil Shale Production and Ise in the USSR 

Although the mining of oil shale is of lessor importance relative to 

the overall fuels economy of the L'SSR, the unique nature of its use war- 

rants a brief look at this resource.  Oil shale accounted for approximately 

0.7 percent (on equivalent fuel basis) ol the total fuels production in 

4 
the   1 SSK   in   1970, It   is,   however,   of  major   importance   as   local  fuel   in 

Estonian  .SSR  and   in  the   region   ol   Leningrad.      In   1970   it   accounted   for 
5 

60   percent   in   the   fuels   balance   of   Estonia, 

The  major production  of   oil  shale  occurs   in  the  Estonian  SSR and  the 

Leningrad  and   Volga   regions   of   RSFSR,     The   Leningrad  deposits   (Gdov)   are 

essentially   the   continuation   of   the  Estonian   (Baltic)   deposits,   having 

the   same  hydrocarbon  composition  and   varying  only  in  the  amounts  and  type 
G 

of   mineral   content.        Production  at   other   known  deposits   has   not   begun  or 

has  been  terminated  on economic   grounds.     Table  E-4  covers  the historical 

production   trends. 

The   production   In   1970  amounted   to 24  million metric   tons,   with 

approximacely   1H.9  million   tons   produced   in  Estonian SSR.     The Soviet 
7 

plans  call   for  production   to   increase  to  'A2.7  million  tons   by  1975,     of 
8 

which  26 million  tons  are   to  be   accounted   lor by   production   in  Estonia. 

The   shale  deposits   of   Estonia   and   the   Leningrad   region   lie   in  hori- 

zontal   seams   about  3  meters   (approximately   10   feet)   thick,   at  depths  of 

6   to  90 meters   (20  to 300   feet)   and  have  been mined  by   traditional methods 

employed   by  the  coal   industry,     Uoth  deep  shaft  mining  and  open  seam min- 

ing are used.     The  open  seam  mining  methods  are currently   favored,   on 

economic  grounds,   with  most   of   the  planned  production  growth to be 

11 

.    ;.  ,    .,l.^r.^—^./^^ -.r^.....-.. ^«^-..W^.-.....,   ■- L    .  W.^  '"-■"-^—>  . , 1  ■■     ,..^.    ■.■■   ..:-.   i        ,   ,■.  |-t}M|B 



—— ^nm^w^^rimmmpmmm^^^^Km'-^ «^^^W^WWWIWWnWWWiWPIWPi 

1 

S 

N 

C 

0) 

■r-l t- o P3 o to *f N CO no m C^I 
C 10 ^ rH T M to ^J T O O 
c c. X W o 01 X O rt *T w 01 
p •• •^ * ■» • * • •■ * 
tn n t> o m to to to r^ uc 
w rH H H rH H H 

O 
t 
o 
H 

o /-N 

Efl 
t- B 

0 
2Z H 
to 

T M Ü 
1 ^J ■H 

u - 

0) s 0 
i-H H ^■. 

S3 
tz % — 
i~ hH c 

eg 
Sz; n 
0 3 •—( 0 
r- £ 
U P 
3 ^-^ 

O 
cs ex 

J 
H 
o 

H o Oi o 01 o rH Ol 
O m rH f~ C-l X ^r rH 
01 M T iH 01 rH 01 

O Ol 05 in rH o H 05 «r M n rH o rH N X ^ H T^ N • 
^ m X t^ 1* w rH Ol rH H n 

^5 T 
X X 
tc n 

r- X o in H m to M 
rM to X "SJ" N in N T-- • 
« Q 'T rH H Ol 01 CO n 

~ 01 to 01 H in Ol X c 
co rH in X O N T t- 01 
t- in rH r~ 05 Tf CO ^r ^r 

T     m m 

cr: CO c* 05 <* H X c 05 
05 •r m t^ o to Ol TH 
t^ rH 0) co to X o CO 

o ^r H rH H rH CO TT 
rH rH Ol 01 01 05 Ol N 

O, m o m o m to t^ X 0) o 
-r -r in 10 to to to tc !0 to r^ 
Ol 05 05 0) 05 0) 05 Gi 05 O) 05 

ß 
C5 

rH 
•H 
a 
> 
a 

o 
a 

12 

■ - ■ 
■ 

■ ■...     .... —.^..^„.t^. -.-^- >■-   ::. ;-., '•■-  ■—--- -- --     —-    -'—^  —' J 



w—r^m^mmm^Km'm "«tu ■ im^m^mmm*mmmmi^miem*m*^*^^~* i .im im iiiiiiivuiiii>.j-ii*^niH«p«ipaipiiiH«fppn«^ m 

accounted for by this method. Open pit raining is practiced in the Baltic 

region only (Estonian SSR), as is evident from the reported regional pro- 

duction   and   niininj;   met hods  statistics   in   Table   K-5, 

Table E-5 

MINING METHODS   FOR OIL SHALE   IN THE   USSR 

(Millions  Tons   per Year*) 

Mining   Region   and   Method 

USSR   -   total 

Open  pit   mining 

Deep shall  raining 

196£ 1971 1975   (Plan) 

21.2 25.3 32.7 

3.3 8.0 13.0 

17.9 17,3 19.7 

RSFSR   -   total 

Open   lit  raining 

Deep Phaft  mining 

5.4 

3. 1 

5.3 

5.3 

G.7 

6.7 

Estonian SSR - total 

Open pit mining 

Deep shaft raining 

15.8 20.0 26.0 

3.3 8.0 13.0 

12.5 12.0 13.0 

Compiled   from  statements   and   statistics   in: 

1.     N,   V,   Melnikov,   Mineralnoe  toplivo,   "Nedra,"  Moscow  1971, 
2-      LüHl-   No-   12'   P-   -8.    1972. 
3.     A.   P.   Petrov,   "Prospects   of   Development   of   the   USSR Oil 

Shale   Industry," Tallinn   1968. 

13 
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The roported costs and productivity of oil shale mining have been 

improved because of expansion and modernization of deep shaft mining and 

wider Introduction of open pit mining methods.  The reported monthly 

productivity ol a worker in the Estonian shale industry if; IBO tons for 

deep mines and 500  tons for open pit mines,  while his counterpart s 

10 
productivity   in  the  coal   industry   is   50 and  329 tons,   respectively. 

The   reported   production  cost   Of   one   ton   of   Estonian  shale   is   2.5   rubles, 

which   is   justification  enough   for using   it   as   local   fuel   rather than   re- 

lying   on   coal,   gas,   and   oil,   which   have   to  be  delivered   from  other   re- 

gions.     The   reported   cost   of  hard   coal   delivered   in  Estonia   is   1H   to  20 

rubles   per  ton. The   reported  cost   of   mining  oil   shale   is  the  same  as 
12 

for coal,   if   referred  to the  same  calorific   value. The  giowth   in  pro- 

ductivity   in  the  oil   shale  industry   . an  be   seen  below   in Table E-ß. 

Table  E-6 

AVERAGE MONTHLY PRODUCTIVITY OF A WORKER IN THE USSR OIL 

SHALE INDUSTRY 

(Metric Tons) 

1950 1955 1958 1965 1968 1969 Producing Region 

USSR - total 

Leningrad region 

Volga region 

Estonian SSR 

Source:  N. V. Melnikov, Mineralnoe toplivo, Pub, "Nedra," p. 142 (Moscow 

1971). 

34.8 55.7 71.4 116,8 128,0 137,0 

26.8 •17.2 58. 5 89.0 89,9 93.0 

25, 9 '13.8 54,8 66.3 71.6 78.3 

■11.0 67.0 80,6 133.7 153,3 164 .6 
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The  mined   shale  contains  30 to 40  percent   of  organic matter,   with 

a heat  of  combustion averaging 2.150 to 3,600 kllocalories per kilogram 

(Kcal/kg).     These  characteristics make  the  shale  somewhat  analogous   to 

low  BradeS   of  brown  coal.     However,   unlike  coal.   It  contains   »ppreclable 

quantities  of  hydrogen and oxygen,   and on burning,   causes   Cormation of 

compounds   leading  to equipment  corrosion.     The high  ash  content,   if 

burned  directly   in  boilers  as   is  done   in   the  USSR,   causes extreme wear 

Of  equipment   and   high   particulate  emissions.     This   problem  has  apparently 

been solved   in  the  Soviet  electric  stations  through  lengthy experimenta- 

tion   in   boiler,   dust   collector,   and   filter  design.     At   present  most   of 

the   power  stations   in  Estonian SSR and   some   in  the   Leningrad   region  are 

working  exclusively  on  oil  shale.     The   recently completed   "pre-Baltic" 

station,   which   has  an   installed  capacity  of   1,624  megawatts   (MW),   is 

designed   to   burn  shale  with   a   calorific   value   of   2,000  Kcal/kg.     Another 

station,   the   "Estonian."  designed   for  shale,   is  being  built   now with  an 

ultimate  capacity  of   1,600 MW, 

Although  the   burning  of  oil  shale   in  electric   stations   is   loss  effi- 

cient   and   equipment   replacement   is   more   costly   than  in   similar  plants   work- 

ing  on coal,   the   production  costs  of  electricity  are   lower.     It   is   re- 

ported       that   the   cost   of  production  at   the   "pre-Baltic"  station  is 

0.0071   rubles   per  kilowatt-hour   (kWh).     This   is   lower  than  for similar 

regional   stations  working  on  coal   that   has   to be delivered   from other 

regions. 

The   balance   of   the   oil   shale   is   being   used   for production  of   town 

gas  and   liquid   products.     This   sector   is   unlikely  to grow  in  the  future 

unless  use   is  made   of   the   reported  new methods  developed  for multiple 

use  of   shale.      In   this  method,   shale   is   processed   in  a   fluidized bed  at 

high  temperature   with   a   heat   carrier.     A   high  calorific   gas   is   produced 

simultaneously with   liquid   product  and  clinker,   which  is  usable  in  the 

construction   industry.     The   gas  and   liquid   product,   after cleanup  and 

16 
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re'inn,,,   could   be  used  as   relatively  clean   fuel   In  electric  stations  or 

as  pftrochemical   feedstocks.    This development   is worth WatchinBl   as   it 

may  supply  answers   to use  of   t ho  oil   shales   i,,  the  United  stales.      it   ap- 

pears,   however,   that   the development   Is dtill   Ina   Highly experimental 

stage  and   is  unlikely  to be  commercialized   in   the  near  future. 

Processed  shale   from which  hydrocarbons  have  been   removed  is  used 

for  production  oi   building  materials. 

As  already  mentioned,   direct  use  of  shale  as  n   fuel   Is  made difficult 

because  of  the  high  ash content,   sulfur content,   and corrosion  and  scaling 

on boilers,     A   further difficulty   is   that   the maximum capacity of  power 

Plants   using   Baltic   oil   shales   is   limited   by   the   need   to  control   emissions 

Of   particulates   and   sulfur   oxides."      In   addition   to   emissions   from  plants 

(which  may   be   up  to  20   times   the   maximum   permissible   normal-0,5  mg/ 

milligrams   per   cubic   meters   S,y .   shale   stored   in  stockpiles   is   subject 

to  spontaneous   combustion   and   this   leads   to   further   air  pollution.     Burn- 

ing  dumps   ■'.    .    .   evolve   into  the   atmosphere   great   amounts   of   smoke   con- 

taining  dust   as  well   as   toxic   gases.   .   ."     Attempts   to  control   this   situa- 

tion   have   included   changing   dump   practices   and   changing  procedures  to   re- 

duce   the  content   of   shale   lines. 

17 
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11     PEAT 

Peat   consists  of   partly decayed   vegetable matter,   inorganic  materials, 

and  water   in  varying  proportions.      It   is  often  considered  to represent  an 

initial   stage   in the  process of  coal   formation;   under   favorable  geological 

conditions,   peat  may  be  ultimately   transformed  into coal.     There  is  con- 

siderable   variation  in  the  characteristics  of  peat  deposits,   and  especially 

in  the   physical   properties  of  the   peat   itself.     Differences  are   relateu  to 

varieties of  plants   from which  peat   is   formed;   climate;   water-land   regime; 

and  quantity  of   sediment  deposited   in the   locality of  peat   occurrence. 

These  differences   in  peat  character are   reflected  in   its quality  and  con- 

sequently   in  its  prospective  use. 

All   known  peat  bogs  of  the   USSR are   post-glacial   in age,   or about 

13,000 y°ars  old.     Clearly,   the  process  of  alteration  of   vegetable  mat- 

ter has  barely  began.     Still,   there  are   important  deposits   in  the  USSR 

that   are  used  extensively. 

By  Soviet   standards,   only  bogs  meeting the  following  criteria  are 

considered   commercial: 

• Thickness of  at   least  1 meter, 

• Loss  than  2  percent  of   peat   volume  comprised  of  undecom- 
posed   stumps. 

• At   least   20  percent  decomposition  for all   vegetal  matter. 

• Less  than 2li  percent   ash, 

• Xon-permafrest  soil  conditions. 

Estimated  peat   resources  of  the  USSR are  presented   in Table  E-«  and 

in  Figure  E-2.     A  total   in-place   resource   (A  + B + C,   + €_ )   of  124  billion 
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Table E-8 

S'l'IMiXTKU   I'lvAT   III'ISOUKCKS  Oh'   I'lll:   USSH 

(Hill ion   tons) 

Republic A+15 

RSFSR 

Belorussin   SSR 

Ukraine SSR 

Estonian SSR 

Latvian SSR 

Lithuanian SSR 

Others 

Total 

7 .2 

1 5 

0 I 

0 1 

0 3 

0. 2 

0. 05 

9.75 

10.9 

1.9 

0.7 

0.7 

0.9 

0.4 

0.05 

15,55 

.JANUARY i,  mm» 

Total 

93.6 

2,0 

1.2 

1,1 

0.4 

0.4 

98.7 

111 7 

5 4 

2 3 

1 9 

1, 6 

1. 0 

0, 1 

124 . 0 

Source:      'Energy  Resources  of  the  USSR," 

tons   is  estimated  to be  present.     Almost   all   of  this   resource  occurs   in 

the   Russian  Soviet   Federated  Socialist   Republic   (the   largest   administra- 

tive   subdivision);   Table  K-9 presents  a  more  detailed   breakdown  of  esti- 

mated   resources   For the   RSFSR. 

Although   the   total   resources   are  quite   large,   the  estimated   recover- 

able   reserves   are more modest.     Assuming  that   the A +   B categories   re- 

ported   by Soviet   sources  are   roughly  equivalent  to recoverable   reserves, 

only  about   8   percent   of   the  total   peat  deposits  of  the   USSR may  be  ex- 

pected  to support  development.     The   predominant  peat  developments   of   the 

past   have  been   in  the  European  part   of   the   USSR,   and   this  pattern   is   likely 

to  persist   in   the   future.     The   largest   proved   reserves   are   in  the   Lenin- 

grad   region,   closely   followed   by   the   Moscow   region.     Other   important   de- 

posits   occur  at   Upper   Volga.   Middle   Urals,   and   the   Volga-Viatskiy   regions. 

19 

■- ■■ -    ■-■    ■-   - -    ■■ '■'— ■' — ■ -•": ...■...^-..v-^—-^.^^—^-J^^^^—... -■        -■ '■- —..^.....-.^^^-^m^i-^^ia. 



■f..    I,.ll#lllplp P^UIULl l.ll,L.»II.U-U. ii«w ]IIIUIIWIP^«PPW»IP(W» '.«»'I.M'"1^!     •'."■«IHil.l""»."1"!!-" !■'    ■»^lim»llH'.iMl,i»SU«|^J.."!ll.,l-.Ll----V-    '  "   HIU   JIIUl'U   |l!-- 

; 

■ ■ ' -^''■1 

<\ '  •■■■• 

'vj 

20 

-■■ ■ ■  -      ^^^_J—^ . ■ -    -  •  MIMiMMMB 



___ — Hi*>™"!«»»'"»!wnw'™iS'!iw»»iBW»fW»,w™»W 

i 
o 
d 

8 
■ 

o    o    o 
-     n     ^ 
r.     .-5     ^■ 

C       M eg     FH 

1 IS    ■) 
M   2 

i 
O     o 
0)      H 

00 (*) ^^ M 

1 

C4       C 

C       (0 

U       w - 

x:     «     „ 

u Ü. w 

21 

S 

■o 

I 
1 

-  ■—--■--■":—■—-- -"'--^'^•"■■—-- 
 I  <■..-.--.   -...-:-:  ..,■,.-.■...  . r ..■■., ■■■■i^Ü lii 



ij mtmMimMmwmmJmnniwmrmmf»t.nimmitiiji U.IJ. mi    ippnpp^nPilp«MIM<mtRin^fi<«--  :mmm*mmjmvm\.. i'»wf^i«^*!-sp»w»wi«|iw»nppw,ui»iiiiji IU^^^'WIW-' lll,.l'J|™.i .."H 

on for fuel use 

Peat from these deposits Is used locally to supplement fuel supplies for 

home hentiMK and other domestic purposes.  Pent productlo 

from 1940 to 1970 is presented In Table K-K). 

Table K-10 

SUMMARY OF  PEAT  PRODUCTION   IN THE 
USSR  FOR   FUEL  USE  ONLY 

(Thousand  Metric   Tons) 

Total 
Year (thous uui metric tons) 

1940 33.2 

1915 22.-1 

1950 .'W . 0 

1955 50.8 

19(50 53.(5 

19(55 n. a. 

1970 5 7.;; 

".a.   -  not  available, 
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[II  GEOTHERMAL RESOURCES 

A.   Introduction 

Geothermal resources may be considered as being the natural heat of 

the earth; the energy that may be extracted from such natural heat; and 

all minerals or other products obtained from naturally heated fluids, 

but excluding oil, hydrocarbon gas, or other hydrocarbon substances. 

In a technical sense, geothermal resources are porous rocks containing 

water (or steam) at elevated temperatures.  The heat energy stored in 

these rocks may be conveyed to the surface by extraction of the associ- 

ated fluids.  Thus, there are two basic component to a geothermal 

system:  (a) a source of heat (high regional heat flow, or local igneous 

intrusion, or high temperatures and pressures in thick sedimentary de- 

posits), and (b) circulating water. 

Geothermal resources represent an emerging source of energy that 

may in the future contribute to overall energy supplies.  For the most 

part, however, such contributions are likely to br relatively small in 

comparison to the more conventional fuels, at least for the foreseeable 

future, 

Rocks constituting geothermal reservoirs may be practically of any 

age or type so long as they are relatively porous and permeable (or 

sufficiently brittle to sustain open fractures at elevated temperatures). 

Four types of geothermal resources have been recognized;15 

1.  Normal geothermal gradient and heat flow, such as occur on 

continental masses and in most ocean basins.  The geopressured 

resources of thick, recent sedimentary accumulations are of 

23 
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Accordingly, the remainder of this section will servo to describe the 

geothermal situation in the USSR and the COMECON countries as it appears 

from present information. 

Ü.  Geothermal Resources of the USSR 

1.  Considerations of Geothermal Potential 

There have been a number of recent studies of geothermal phe- 

nomena and resources in the USSR.  Sevorax have been compiled into a 
Iti 

useful bibliography.    More recent works arc given in the references 

cited, and listed at the end of this report.  Examples are references 

17, 18, and 19, the latter being a  recent review of the characteristics 

of Soviet geothermal resources and their projected development.  Table 

E-ll presents some of these data. 

Considerable activity in geothermal exploration is underway in 

Dagestan, Chechen-Ingush SSR, Georgian SSR, Kabardino-Balkar, northern 

Osetya, Stavropol, Krasnodarskiy Kray, Kazakhstan, Kamchatka, Caucasus, 

Kuriles, and Sakhalin.  It has been estimated that the geothermal re- 

sources of the USSR have a daily capacity of 22 million cubic meters of 

hot water and 130,000 tons of steam.  This is equivalent to 40 million 

tons of standard conventional fuels.  The 1975 plan is to produce about 

15 million cubic meters of hot water and 170,000 tons of steam.19 Of 

the total, the geothermal resources at depths of 1,000 to 3,500 meters 

at temperatures between 50OC and 130OC have an estimated output of about 

8 million cubic meters daily; nearly three-quarters of these resources 

are at shallow depths (1,030 to 1,500 meters). 

Soviet sources state that the heat capacity of currently de- 

veloped geothermal resources arc in the range from 130 Kcal/kg to 170 

Kcal/kg; for purposes of this analysis, an average value of 150 Kcal/kg 

25 
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is used.     The heating value of p  ton of standard  cool cqulvnlont   m 

7,()()() Kcnl/kg;   therefore,   tho unit  hoot enpacitv <»i' goothormal   rosourcc« 

is only about  two-hundredths of that of coal. 

At  present,   there   are   11  geothermal   facilities   in  operation   in 
9 + 

the  USSR,   with  a   total  amount of consumed  heat   at   1,400   >   10     Kcal/year. 

The  efficiency of  conversion of  geothermal energy   into electricity or 

some  other usable   form  is  not   great,   usually of  the  order of  10   to   15 
t 

percent  of   the   total   amount  of  consumed   heat.       Therefore,   the  total 
9 

amount of usable energy would be of the order of about 110 > 10  Kcal/ 

year.  To allow comparison with other energy forms considered in this 

study, this amount of usable heat may be compared with the heating value 

of standard fuel or coal equivalent.  A kilogram of standard coal is 

taken in this report to represent 7,000 Kcal, a ton of standard fuel is 

therefore 7 million Kcal.  The usable geothermal heat is thus equivalent 

to the standard fuel as follows: 

140x10 
9 Kcal ton 

year    ,6. 
7x10 Kcal 

20x10 
3  ton 

year 

This result suggests that the existing geothermal facilities of the USSR 

arc not of exceptional importance to its overall energy balance.  A 

greatly improved efficiency of heat extraction would be required to in- 

crease the amount of equivalent fuel significantly.  Although Soviet 

From reference 19.  Original values were given as 200 Gcal/hr. 

These wore converted to annual values assuming 7,000 hours of annual 

operation. 

See, for example, P. Kruger and C. Otte, "Geothermal Energy," Stanford 

Univorsity Press, 1973. 
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sources 
indicate   that  geothermal  resources  represent  an equivalent  of 

125,000   tons of  conventional  fuel,   this   Eigure   Is  regnrciecl  as  unrcalls- 

tically  high;   it  would   imply  a   thermal  conversion efficiency of  roughly 

60  percent,   which does   not   appear consistent  with   the   state  of   the   art 

of goo the mal   svs terns. 

-'     g£°5Bg££g  £or Use of Geothermal Resources  in  the U SSR 

The USSR has recognized the energy potentials of geothermal re- 

sources for some time.   I„ 1964, the Soviet Academy of Sciences esti- 

mated that at least 94 million barrels per day of hot water and steam 

(ranging in temperature from 130> to 356°P) could ultimately be pro- 

duced.  Attention to the possible use of geothermal resources has in- 

creased in recent years, and a number of individual sites have been 

investigated. *     fhe prospective uses of these resources vary from space 

heating, spas, agricultural purposes, and power generation. 

Figure E-3, 6 map prepared by the Soviet Academy of Sciences, 

shows areas regarded as promising for thermal water „m   .- b ^ux Lueimai water utilization.  This 

map deserves comment: 

• Areas shown as "prom.sing for thermal water prospecting" cover 

a wide range of geological characteristics.  In view of the 

relatively low heat flow and geothermal gradients, it does not 

seem likely that the northwest area adjacent to Finland would 

have much promise, and it might be found that the Urals may not 

be exceptionally favorable.  The most promising areas appear to 

lie in the remote regions along the southern border and in the 

basins of the European platform. 

Cited in reference 19. 
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• Areas shown as having local discharges of thermal water are 

found in the Transcaucasus, where exploration and development 

arc being undertaken. Other areas in this category are In 

rugged and remote regions of the southern mountains, and are 

unlikely to experience development in the near future. 

• Areas of recent volcanic activity are limited to the Kamchatka 

Peninsula, where efforts to develop geothermal steam for elec- 

tric energy generation are in progress. 

• Areas of thermal waters suitable for heat supplies are found in 

the Ukraine, Kazakhstan, and the Western Siberian Basin. These 

resources seem to be of the geopressured type, although they 

are quite imperfectly known at present and are essentially 

undeveloped. 

The amounts of thermal water "reserves" of the USSR are given in 

Table E-12.  More than half the total occurs in the western Siberian 

Basin. As noted elsewhere in this report, the western Siberian Basin 

has important resources of oil, gas, and coal as well as geothermal 

waters.  The fact that such a variety of energy resources are located 

together in this area suggests that there may be a genetic relationship 

among them.  The hydrocarbon resources represent each physical state 

(solid, liquid, and gas), and each is believed to require the appli- 

cation of heat in arriving at their common states.  Further, each has 

experienced a common geological regime.  It is intriguing to speculate 

that the individual fossil fuels may represent products of parts of the 

same general process, and that this process was intimately involved with 

the geothermal resources occurring in the area. However, this possi- 

bility requires further research. 
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a.    European Area 

The European area of the USSR is characterized primarily 

by relatively  low  temperatures  at  1 kilometer depth,   with  large areas 
o o 

of  the threat  plain  being  from 10 C   to 30 C.     These   lower  temperature 

regions extend   from  the  Polish border  to  the Urals  over   the  northern 

two-thirds of  the European part of the country.     This   large  region lacks 

apparent  surface  geothermal  manifestations  such  as  thermal  springs,   and 

the potentials  fo.- development do not  appear promising,   with the possible 

exception of the suspected     presence of geopressu^ed  resources  in this 

area. 

The   southern  third  of European  USSR   is   a  different  geo- 

thermal  situation.     Temperatures at  1 kilometer depth   in  this region  are 
o 

everywhere  greater  than  30 C.     There  are extensive  areas where the tem- 

peratures are  greater  than 40 C;   these  are narrow,   east-west zones along 

the northern p-art  of  the Black Sea,   traversing  the Caucasus  and broaden- 

ing  into substantial  areas east  of  the Caspian Sea.     Smaller  (but  still 

substantial)   areas  have   temperatures greater than  50 C ;   these occur 

within  the  general  zone  of  higher  temperatures.     It   is  probably signifi- 

cant  that  so many of   the   thermal  springs noted   in Figure  E-3 occur  in 

this general  region  of  greater temperature  at  1 kilometer depth,   imply- 

ing  that  there   is  a  genetic  relationship.     The  geothermal  resources of 

tliis region woild   therefore  appear  to be  largely of  the  hot water/dry 

steam types associatcr!  with the  intensive  tectonic  activity of  the area 

that continues  to  the  present day.     This assumption does not preclude 

the possible  occurrence  of geopressured  resources  in  this area,   but does 

suggest that  their occurrence may be  less widespread   than  the other 

types. 

There  are  many thermal  springs  in the  general  region of 

the oilfields of  the Caucasus.     Indeed,   the  subsurface  thermal 

22 
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characteristics  have  been used  to guide  the  search  for oil   in this 
21 

area. It  wrs  found   that  geoisotherms clearly define  the  main anti- 

clinal  folds  that  are  the  producing structures,   and  thus can be used  in 

exploring for buried  structures that may not be apparent  from other 

information. 

Important  hot  water deposits of Krasnodar,   Stavropol,   and 

Mahachkala of  the Caucasus occur  in porous  sediments.     These  sediments 

are  situated  over the  areas of highest  1  kilometer  temperatures  (>500C). 

b.     Eastern Regions 

The   regions of  the USSR east  of  the Urals display a dif- 
22 

forent  gcothermal  regime   than   the European  sector. In  the European 

region,   the   temperature  at   1  kilometer depth  increases  southward.    Most 

of  the  region   is characterized  by low temperatures  (less  than 300C). 

In  the Black Sea area  and   in  the Caucasus,   temperatures  are  mainly be- 
0 0 Q 

twccn 30     and   50 C,   with   a   few smaller  regions  reaching up  to  100 C. 

(See Figure  E-3.) 

Most  of  the  western Siberian Basin has  temperatures at 
0 o 

1  kilometer  that  arc  between  30    and  50 c,   generally  similar to the 

temperatures of  the Transcaucasus region  but  in marked  contrast  to 

those  in most  of European  USSR.    The  Ural  mountains represent  a  sharp 

demarcation  between  these   temperature  regions.     Higher  temperatures at 

1 kilometer depths  in  the  western Siberian Basin  are  also evident  at 

2 kilometer depths,   concentrated   in the  same  areas.     It   is  potentially 

significant  that  the  area  of western Siberia where high temperatures 

are  found  at  1 kilometer depth coincides with  the  area of  sizable de- 

posits of oil  and   gas. 

Little   is  known  about  the  temperature  regime  at depths of 

several kilometers  in much of central Asia  or  the  far eastern regions of 

Siberia. 
33 
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3. Geothermal Production and Use 

At present, 11 geothermal facilities are in operation in the 

USSR. Data on these facilities are currently incomplete but important 

characteristics of selected geothermal facilities are shown in Tables 

E-13 and E-14. 

Apart from generating electricity, geothermal energy is used 

in several other areas of the Soviet economy.  These are in four main 

areas: domestic and industrial applications, agriculture, medical and 

health applications, and geothermal byproducts. 

a.  Domestic and Industrial Applications 

Domestic and industrial applications of geothermal energy 

include heating, hot water supply, permafrost (mining and construction), 

refrigeration anJ air conditioning, and swimming pools and baths. 

• Heating is the largest domestic use of geothermal energy 

in the USSR.  Low temperature waters from thernal springs 

or drill holes represent an annual saving of at least 15 

million tons of standard conventional fuels, and increased 

use of geothermal resources is projected for the future. 

It has been estimated, for example, that the total geo- 

thermal heat value is comparable to the total coal, oil, 

and peat resources of the country. This, however, is apart 

from geothermal resources used in electricity generation as 

described above. 

• Hot water supply from geothermal sources is extensively 

used for domestic and industrial purposes.  Many hot water 

supply systems are constructed to function also as heating 

systems. 

34 
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Table E-13 

CHARACTERISTICS OF REPRESENTATIVE CURRENTLY 

OPERATING GEOTHERMAL STATIONS IN THE USSR 

Installed Capacity (MW) 

Number of wells 

Temperature (0C) 

Surface pressure (atm.) 

Geothennal water consumptior 
(cubic meters) 

Well depth (meters) 

Heat capacity 

(kilocalorles/kilogram) 

Paratunka Pauzhetka 

0.75 5* 

20^ 

8 22 

H2 170 

n.a. 2.2-Ö.7 

289 n.a. 

302-604 100-400 

n.a. 170 

n.a. not available. 

Present. 
t 

ProJ ec ted. 
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• Possible use of geothermnl resources to melt permafrost 

and Eacilltote mining mui mineral recovery is projected; 

however, these uses have yet to be achieved. 

• Geothormal waters may also be used for refrigeration and 

air conditioning, as a further part of an overall heating/ 

water supply system. 

• Outdoor swimming pools are heated by geothermal waters, 

either directly or as the outflow from a generating plant 

or heating system. 

b. Agricultural Applications 

Agricultural applications of geothermal energy are pri- 

marily for hot house cultivation c' vegetables and other plants.  Several 

geothermally heaied hot houses have been developed in Siberia and the 

Far East. 

c. Medical and Health Applications 

Medical and health applications oC geothormal waters are 

common at numerous spas and Sanatoriums, so as to take advantage of the 

reputed healing influence of mineralized waters. 

d.  Geothermal Byproducts 

Geothermal byproducts include recovered salts extracted 

as a result of processing for other uses, principally power generation. 
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C.       Geothemal Resources  of CMEA Countries 

I,     Summary 

Fitjuro E-4 shows regional goothermal data for Eastern Europe, 
23 

in the Conn of a map of isotherms at 1 kilometer depth.   The map shows 

that most of the area from the borders with Western Europe to the Urals 

(the great plains and lowlands regions) is characterized by modest geo- 

thermal conditions of between 20°C   and 30ÜC at this depth.  These con- 

ditions arc consistent with the relatively undisturbed character of the 

sediments pnd the absence of intrusive activity in this region.  Owing 

to the low temperatures, it seems unlikely that geothermal resources of 

the more familiar types will be present in this region.  However, the 

possibility that gcopressured resources may exist needs to be examined 

through further work. 

The uplands that extend through the German Democratic Republic, 

southern Poland, northeastern Czechoslovakia, and into Romania and Bul- 

garia are characterized by  1 kilometer temperatures of 30lJC to about 

500C.  This zone also extends along the northern border of the Black Sea 

and through the Caucasus Into Kazakhstan and Central Asia.  The Donets 

Basin and Volga-l'rals provinces are northerly offshoots to the main trend. 

The area where these higher temperatures occur is noted, in Eastern 

Europe at least, for the occurrence of numerous thermal springs and other 

surface geothermal manifestations.  Thermal springs also occur along 

this same trend m the USSR and the Caucasus, but these have been less 

developed for recreational and medicinal purposes than the springs fur- 

ther to the west. 

Localized regions where the 1 kilometer temperature is greater 

than 500C are found Ln the German Democratic Republic, Hungary, along the 

Caucasus trend, aiid in the Aral Sea region.  These geothermal highs are 

..■■-...^^^^... ,...J,..»I^--J^J1^ 
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Sourct:   L.Sttgtna,  'Gaolhtrmol Mop ol Eotlcrn Europi' GEOTHERMICS , Vol. I, No. 4, p   140, OfCtmbor 1972. 

Figure E-4 

GEOISOTHERMS AT I KILOMETER DEPTH, 0C 
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clearly  associated  with recent   tectonic  activity,     il   is  perhaps  signifi- 

cant   that goothermal hitjlis coinciclo with structural  lows  (the Hungarian 

Basin,   the Aral  Sea  Basin,   the   local   basins  of   the Transcaucusus,   and   the 

western Bulgarian  basin).     These   temperature-structural   relationships 

need   to be   investigated   in  greater detail, 

2. Geothermal Uesourcos of Bulgaria 

Located   In   a   region  of   relatively  high  geothermal   anomalies 

(1'igure  E-4,   generally 30PC   to   500C   or  greater  at   1  kilometer depth), 

Bulgaria   appears   ru  be   favorably   situated   for  geothermal   resources. 

However,   as Figure  E-4   shows,   data   are   lacking   for   the   southern  half of 

the  country.     Unfortunately,    this   is   the   region where most  of   the   ther- 

mal   springs of Bulgaria occur   and   where   additional data  are  obviously 

required.     There   is   insufficient   information   at  present  with  which   to 

evaluate   the  energy potential   for   these  resources. 

The  U.S.   Geological  Survey  reported   on  some  97   thermal   springs 

in  Bulgaria  as of   19Ü5.     These   springs   included   those  with   a  wide  range 

of   surface   temperature;   the   lowest   temperature  was reported   as  56Pp, 

with   the   highest  being  187°?.     More  commonly,   water  temperatures  were 

in   the   somewhat  narrower  range   from  about   75° F   to  120PF. 

In view of  the  relatively  low  temperatures  and   the   sparse 

technical date   about   the  deposits,   it does  not   seem  likely  that  geo- 

thermal  resources  would  represent   an   important   factor   in   the  Bulgarian 

energy  scene   in  the  coming years, 

3, Geothermal  Resources  of Czechoslovakia 

Czechoslovakia  occurs   in   a   region  of  recent   intense   folding 

and   tectonic   activity.     Figure   E-4   shows   that   the  temperatures   at   1 

kilometer depth  are  usually  greater  than  300C   (with  the  exception  of  a 
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narrow cast-west r.onc through the center of the country). Highest 

temperatures are found in the southeast (greater than 500C)> and, to n 

Lusacr extent, Ln the north control and northwest parts of the country 

(3ü"c to 40oC) . 

Terrestrial heat flow measurements were made in Czechoslovakia 
24 

beginning in 1964, using specially drilled bore holes.   The average 

heat flow is 1.70 ij.cal/cm
2sec, higher than the mean world value of 1.58 

M,cal/cm
2sec, but in good agreement with the average value for central 

Europe (1.67 ^cal/cm2sec) .  Geologically older units have lower heat 

flow values than younger formations. This means, generally, that heat 

flow values will increase from west to east in Czechoslovakia.  For ex- 

ample, the older Bohemian Massif in the west has an average heat flow of 

1.61 n.cal/cm2sec while the younger Carpathians in the east have an aver- 

age heat flow oC 2.13 ^cal/cm2sec.  The geothermal field in the Ostrava- 

Karvina coal basin has an average heat flow of 1.81 ucal/cm
2sec.  These 

data are consistent with surface geothermal manifestations in thermal 

and mineral springs, as they suggest greatest potential in the eastern 

and western limits of the country, with little apparent potential recog- 

nized in the center. 

Czechoslovakia has many thermal and mineral springs, and at 

least 1,600 sites have been recognized, with others likely to be identi- 

fied through further investigation.  Mineral waters in Czechoslovakia 

refer to "ground water which exceeds in value one of the following 

criteria: 

1 g/i  dissolved solids 

1 g/l  dissolved C02 

1 mg/2 H2S 

1 mg/i, titrated su1 fur. 

41 

- -   — - -  -  ■ - ■— I  IM      ■** 



or        5 mg/i   I 

10 mg/i Fe 

0.7 mg/l  As 

or higher concentrations of 

F", 2n  , I-i+, Sr+, etc. 

Thermal waters arc waters with the temperature above S^'c (until recently 

„25 
the boundary was 20 C). 

In Czechoslovakia, mineral waters recognized as having medici- 

nal properties an protected by law.  Thermal waters are not yet applied 

' ^ the general inn of power; also, there are fewer thermal springs than 

mineral springs. 

The hydrogeology of Western and Eastern Czechoslovakia is im- 

portant in the context of geotherraa] resources.  In the west (Bohemian 

Massif), ground water Ls stored principally in thick and extensive layers 

of pervious sandstones.  The deeper aquifers are confined, and are marked 

by a scries of artesian springs.  In the east (Carpathian mountain re- 

gion), a greater variety of hydrologic zones is present.  The variety is 

attributed to the stratigraphic and structural relationships of the area. 

The most important hydrologic zone is in the sediments occurring in the 

central part of Slovakia, where tectonic structure plays an important 

role in determining water circulation patterns. 

The thermal springs are located relatively coincident with 

regions of high temperatures at 1 kilometer depth or high geothermal 

gradient, or both.  This suggests that the thermal springs are related 

to a more deep-seated phenomenon and therefore may represent potential 

sources of energy. 

Most thermal springs in Czechoslovakia are rather tepid ; the 

U.S. Geological Survey in 1965 reported the highest temperature thermal 

o0- 26 
spring   in Czechoslovakia  to be  only  about   72  F. More  recent Czech 



datn   indicate  that  there  are  several  springs  having temperatures  of 

more   than  MPc   (99' F).     Hotter  springs  are  concentrated   in   the  enslem 

part  of  the  com;try,   in  the  general  area  of greater  temperatures  ut   1 

kilometer depth.     This   is  still  rather discouraging  in  terms of  potential 

geoLhermal   resource  development.     It   is  possible,   however,   that   further 

exploration or drilling may discover waters of higher  temperature  at 

greater depth;   this  nossibility,   however,   remains unproven and  the  poten- 

tial use  of geothermal  resources  in Czechoslovakia must  be  regarded   as 

speculative. 

4«     Geothc-mal Resources of  the  German Democratic Republic 

The German Democratic Republic  occurs  in  a  region  where   tempera- 

tures  at   1  kilometer depth  are  generally between 300C  and  40Pc   (see  Fig- 

ure E-4).     Highest  temperatures  (400C   to 500C)   are  found   in  the  northern 

two-thirds of  the  country,   where  no known  thermal  springs were  noted  by 
26 

the U.S.   Geological  Survey. This   is  a   region where  relatively  thick 

sedimentary strata  occur,   and   it   is conceivable  that  the  higher  tempera- 

tures may  represent  the presence of  geopressured  zones  that may ulti- 

mately become developed. 

A  few thermal  springs occur   in  the  southernmost part of  the 

GDR,   near  the Czech  border.     These  are   In  a region of recent  tectonic 

disturbance,   as  are   those  across  the   frontier  in Czechoslovakia.     How- 

ever,   these   springs  are  only 20oC   to  310C   and   their   likelihood   as  a 

potential  power  source  appears  to be  slight. 

Temperatures  at 0.5 and  1  kilometer depths  in the German Demo- 

cratic Republic  are  shown  in Figure E-5.     These  temperatures are  rela- 

tively modest   (mostly around  30°C)   and  hence,   important geothermal 

potentials  appear unlikely  in the GDR. 

43 

 ^,^..._.:.-^.^.,-.  ..^-■■.:  — ^ ..,..^.^-^...-^^M 



( 

•v>i.r 

£ x 

3 

O 
w 

a 

m 

\ 
\ o 

«■ w 

z-^. 
•    k E 

o '» vA \       '    v. o 
\           ,o   —, 
*»»* R    /•" •• 

a 
UJ 
o 
cr 
ui 
t- 
UJ 
5 

3 
«o     _ 

UJ      o z 
1   ** 
ii     d 

UJ 
cr 

cr 
ui 
Q. 

u 

o 
e 

44 

■    -  ■■ ■    -- -        -   -- -  •   -  



5.    (K-utlicrmnl Resources o! Hungary 

Hungary  luis   Liu   higliesL   temperntures  aL  i  kilometer depth  ot 

.ill   the   louuli ies  ol'   Unstern   Uurope   (aou   Figure   K-l).     All   lempeni Lures 

reported  are  greater   than  5CPC,   ranging up   to  750C   in   the  south central 

part  ol"   the  country. 

The  Hungarian basin  is  part  oC   the Alpine   tectonic  system;   it 

has  a  maximum depth  of  5  kilometers below sea   level  and   an  average  depth 

oC  about  2   kilometers.     Very high  heat   flow measurements  have  been re- 

corded   in  Hungary,   ranging   from a  high  of  3.035  |j,cal/cm sec   to more 

"moderate"   values  of   1.9   to  2.0  ^cal/ciiTsec.     Many other heat  flow 

measurements  occur   in   the   average  magnitude  of  about   2.4   to  2.6  (j,cal/ 
2 

cm"sec.  The average value of the geothermal gradient in lungary is 

54.2" C per kilometer, but over large areas it is more than life  per 

kilometer.  The highest measured temperature gradient is 2250C per kilo- 

meter at Lakitelek, more than four times the average value.  The Laki- 

telek area appears to be generally similar to Larderello, Italy, where 

electricity has been produced from geothermal resources for many years. 

27 
It was estimated   that 20,000 square kilometers of rocks 

having porosity greater than 10 percent occur in Hungary.  More than 

4,000 cubic kiiometors of hot water at 60'c to 200ÜC occurs at loss 

than 1 kilometer depth, making these resources attractive targets for 

development. 

It was found that higher geothermal gradients than average 

(>700C/kilometer) occur at places where the depth to basement is shallow, 

while lower gradients (-^l^C/kilomcter) are found where the sediments 
28 

are thickest.    Apparently, the thicker sedimentary sequence blankets 

the deeper heat sources and lowers their surface heat flow. 
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The geological ;ispocts of goothorranl waters  In Hungary were 
29 

examined by Konm.    No active volcanic bolts or apparent near-snr lace 

igneous activity was noted.  Bottomhole temperatures at 2,5 to 4.5 kilo- 

meters are in the range of IStPc to 250'C; however, these deeper forma- 

tions do not appear to be related to the surface water occurrences. 

Geophysical data indicate that the earth's crust is 24-26 

kilometers thick under Hungary; this is 8-10 kilometers thinner than the 

average for Europe.  The gcothermal anomalies are thus attributed to 

processes taking place within the upper mantle, which in turn influence 

the hydrogeology of nearer-surface rocks and their structures. 

Two basic geological units are regionally important as surface 

thermal water occurrences:  the Mesozoic carbonate basement rocks and 

the Cenozoic clastic sediments.  These units appear to occur in separate 

parts of the country; basement rocks occur in a northeast trending belt 

through the center of the country, while the sediments occur in the ex- 

treme northwest and southeast.  About 20 percent of the total thermal 

wells occur in the older rock:,, where the water storage and yield are 

largely controlled by fractures.  Thus, the reservoirs in this unit are 

of variable character and are ill-defined as to capacity. 

The remaining thermal waters occur in the more recent sedi- 

mentary deposits, largely alternating sand, sandstone, and clays in 

individual beds from 5-25 meters thick, which occur as multi-unit reser- 

voir systems.  The most favorable area is in southeast Hungary, where 

an aquifer occurs at 800 to 2,400 meters depth. 

Highest heat flow values are found in the southccntral part 

of the country, diminishing toward the northwest and northeast.  These 

data indicate that Hungary is an "island" of high geothcrmal values 

surrounded by areas that are relatively "normal" from the thermal 
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standpoint.  Accordingly, a more detailed discussion of Hungarian geo- 

therraal characteristics is presented. 

The Hungarian Basin has several hydrologic systems of Lmportancc 

to geothcrmal resources; these will be described briefly from the oldest 

to the youngest. 

• The deepest (oldest) system is made up of fractured Paleo- 

zoic and Mesozoic sediments.  Limestones comprise much of 

the sequence, and contain large amounts of water in karst 

topography.  These can represent important sources of 

heated water, although the reservoirs are located only with 

difficulty. 

• The basal conglomerates, lying on the basement rocks, also 

may represent additional sources of heated water. 

• High porosity sandstones of high permeability deposited in 

lower Pliocene times are the most extensive and important 

format ion from the standpoir  of geothermal resources. 

More than half the geothermal potential of Hungary is repre- 

sented in these strata. 

The porous rocks containing the geothermal water are under the 

lithostatic load of the overlying strata at depths of about 1 to 'A  kilo- 

meters.  Only a small part of the lithostatic pressure is borne by   the 

interstitial waters, which are under essentially hydrostatic pressure 

only. 

There are several surface geothermal manifestations in Hungary, 

in the form of thermal springs and wells, as catalogued by the Geological 
26 

Survey.    Most of these are low temperature, with the greatest measured 

temperature being only about 8Ü0C.  These wells arc scattered throughout 

the country. 

17 
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Deeper reservoirs arc readied through drilling to depths of 

about 2  kilometers using standard oil-field exploration equipment.  Most 

hot waters in the Hungarian Basin are alkal i-hydrocarbonate typt?, with 

about 2,500   ppn. soluble salts. 

It was noted recently that deep drilling (5-6 kilometers) for 

oil exploration In Hungary has been hampered by technical difficulties. 

These are the result of "abnormally high geothermal gradients and high 

„30 
formation pressures    in lower strata.  This could be of importance for 

potential development: of geopressured resources.  Temperatures are gener- 

ally In the range from UXT1 F to 600 F and pressures frequently exceed 

simple hydrostatic pressures.  It was noted that "effective pore pres- 

sures measured In wells in Hungary exceed those of the U.S. Gulf Coast, 

and temperatures exceed those measured in Kansas, California, or the 

Rocky Mountains."  Formation pressure gradients increase with depth, 

and values exceeding 0.866 psl/ft must be expected.  These anomalous 

pressures were explained by compaction and uplift. 

It seems clear from those data that there is an important 

potential for development of geopressured resources in Hungary, and that 

future work is required to test this potential to determine its energy 

contribution. 

There were K0 geothermal wells in Hungary as of 1970 (Figure 

E-6).  The average production of hot water at 85-90 C is about HO   to 90 

cubic meters/hour, with an average energy content of about 1 to 5  million 

kcal/hour.  The total output is about 6,800 cubic meters/hour, with about 

0,44 MU considered as the ultimate capacity.  The optimum useful pro- 

duction capacity of geothermal energy at present is about one-third the 

ultimate capacity or about 0.15 MW.  Geothermal energy has been used in 

Hungary for heating and for control of soil temperatures to aid in 

agriculture. 
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The development and utilization of t;eotliermal resources in 

31 
Hungary was described by Beltcky.   Detailed data on the number of wells, 

output, characteristics, and utilization are shown in Tables E-15, E-lü, 

and E-17.  The tables show that most wells (70 percent of the total) 

have temperatures less than 60°C, and that the principal use of these 

thermal waters is for heatint; or recreational/medicinal purposes (spas). 

Despite long-standing use of the geothermal resources of Hun- 

gary, the average geothermal characteristics have changed only slightly 

over time.  Increasing attention is being given to "multipurpose utili- 

zation" of geothermal wells, especially those from which associated 

natural gas can be recovered for industrial use. 

6.  Geothermal Resources of Poland 

Polanci is in an area marked by relatively modest temperatures 

at 1 kilometer depth (see Figure E-4).  In the northeastern third of the 

country, temperatures range from 20° to 300C at 1 kilometer, while in a 

northwestern trending belt across the center of the country, tempera- 

tures are generally from 3CP   to  40°C.  In a small area in the southwest- 

ern part of Poland, 1 kilometer temperatures are greater than 400C.  The 

surface heat flow in Poland is about 0.8 ^cal/cm2sec in the shallow 

crystalline formations of the Eastern European shield area of the north- 

cast, and about twice as much (or 1.7 ^cal/cnTsec) in the Czechoslo- 

vakian frontier at the southern part of the country. 

Important amounts of thermal waters under high pressures occur 

in thick sedimentary sequences of the Polish lowlands.  The tempera- 

tures of these waters are low, rarely exceeding 400C.  However, the 

water is relatively pure (low dissolved solids content) and in high 

32 
volume.   This description suggests that these waters may actually 

represent geopressured resources of the type occurring in the U.S. Gulf 
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Coast province and elsewhere.  Present developments inCiechoclnek and 

Koszuty achieve flows of 100 cubic meters/hour and 40 cubic meters/hour, 

respectively, with the dissolved solids content boinK low.  This sug- 

gests that the waters are under high pressure, as are those for typical 

gcopressured systems.  It would appear, therefore, that the Polish low- 

land may represent a region with some promise for geopressured resource 

development.  However, this possibility remains to bo tested by further 

exploration and drilling. 

Thermal waters in the southern part of Poland are associated 

with recent tectonic activity, a different typo of geothermal resources 

than those described above.  These latter resources are more likely to 

be associated with thermal springs and other surface manifestations of 

geothermal occurrences.  However, the temperatures of these manifesta- 

tions are rather low (JiCPc)   and their potential for further development 

does not appear promising. 

The chemical character of brines in northwest Poland was re- 

cently examined. "  Brines occur at depths greater than 2,000 meters. 

Most authors attribute the origin of brines to leaching of soluble salts 

from the salt-bearing sedimentary sequence occurring in this region. A 

similar origin has been suggested for the brines of the Imperial Valley, 

California.  However, this recent work in Poland has been interpreted 

to suggest the presence of fossil saline water, which has been later 

diluted by recent meteoric water.  It was further suggested that the 

water of the most concentrated brines resulted from in-place filtration 

through semi-permeable clay membranes separating more permeable strata. 

Additional exploration work is necessary to determine with precision 

the nature and origin of those brines. 
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7.  Gcothorma^ Resources of Romania 

Romanlu Is situated In a region whore temperatures at 1 kilo- 

llu U',• l,L'^l- — muinly between :^c and «Pc   (see L'i^re E-l) .  ,iiBhor 

temperatures (greater than 400C) are found at depth along the western 

frontier of the country.  The lowest temperatures (less than 300c) are 

found in the southeastern region and in a small area of the central 

part. 

A number of low temperature thermal springs were noted in 

Romania by Waring.26 Temperatures of these springs ranged from about 

20°C to nearly 50^.  More recently, the mineral and thermal waters of 

Romania were reported upon by Ghenea and Nicolescu.34 Figure E-7, 

adapted from their work, shows the locations of principal hot springs 

and mineral waters.  The figure shows that most springs have low tempera- 

tures, as reported by the U.S. Geological Survey. 

There is a possibility that higher temperatures and/or geo- 

pressured resources may occur in the extreme northwest part of Romania- 

part of the Tectonic basin that comprises Hungary.  However, this possi- 

bility remains to be tested by further exploration. 
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IV  URANIUM IN THE USSR AND EASTERN KUROPE 

A-  r.eoiotry Qj uranium Resources 

-n^o a-, lov.. pubUshed ,|ats on th8 ^^^ 

na „e Ba0t8r„ Furopean ool|ntrles.  .^^^ _ pubiished ^^^   « 

ura,uu„ recces .ather point.«, oxclude thls „gion: „ 

t 0 Praaea, rapo« o.cxudea tho 0SS„, Eastorn Europe and the   ^ d 

epubl c ox CMaa. - ,u the very lea.ti thls ^^^^ 

o„pl8 a aaa „eaca ^aXaaaia, accou„tlng 0l the .,orld uranlum re3 ^^ 
sreau, co.pUoataa tha procass ot  estl„atlnB tho ^^ ^        ^ 

tial peacetime nuclear uses  such a« <„ 
f „ CS' such as in generation of electricity, A 
further and related problem is the uncertaintv tw • 

, ne uncertainty that Imperfect knowledge 
bout this important (and projected high growth) sector introduces into 

the overall energy balance of these nation.  p-  „ 
extends m t.     . nations.  Finally, similar uncertainty 
<-..\Lönus to the^G nnti/->nc!' v.„i      . 

nations roles in international trade in energy or fuels. 

Still, this situation is not surprising  -t- ic  i 
nf fh« • uprising.  xt is a logical consequence H. lmpo,t.nce ol. m.a„lum as an c9sentiai portion oi ^^ 

^.a, a„d th0 arra>. O1 ao_lty requlrements that ^^ ^^^^^ 

such systems and their components  Th««« 
»mponents.  mere seems little likelihood that 

u. aac, ro(lullMIO,Us will bo ^^^ substantiaiiy ^ ^ J*. 

' lnlo-"°- "" —'  raaourcaa »ay coatlnua to „„ obscured. 

.,0 abaaaca oi t„fol.m.tlo„ abmlt uranlum rosourcos probab  aiso 

moot. l„c„npleta .„owaadga about the ooc^eaoo and cbaraotorutlc. 
oi urantu., i,. partlcular dopo5lts. ^^  ^ ^^^ ^ ^ 

ounoo  or tbo r„„,otu and i,„p„riuctly oXpl„r0d raBlons of tbe USSR, it 

- doubtless true ior portions oi tbo .astern .uropoan countries as weU. 

in vi,,. oi tbis situation, a„alysls of the „^ , 

::::::::os- Tdingiy-this discüssion ™——* - - exploration crticria i„r urani«,   a., a bests for Gv„luatiag the remal„lnB 

u.antu» rcsotn-ces and caiculati„B recoveraMe reaarve, ior eacb co:::; 
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Uranium doposits occur in a variety oi   geological regions, repre- 

senting a range of depositional processes,"   These are summarized below 

 Deposit Type      Pnrnent. of Known Reserves 

1. Conglomerates 

2. Other sedimentary rocks 

3. Vein or vein type deposits 
in igneous or metamorphic 
rocks 

65'; 

25 

10 

loo'; 

Nearly two-thirds ol total known reserves occur in Procambrian conglom- 

erates, with another one-quarter of known reserves occurring in other 

sedimentary rocks, mainly sandstones.  Thus, the clastic sedimentary 

rocks thus account lor about 90 percent oi known resources.  The remain- 

ing 10 percent of the known resources occur in vein or vein-type deposits 

in igneous or metamorphic terrain; formerly, these represented most of 

the known resources.  Unlike the conglomerates or sandstone deposits 

whereby product minerals may also be recovered, vein deposits often have 

uranium as the only extractable mineral, adversely affecting the overall 

economic aspects of operations. 

In addition to these three basic classes of deposit, uranium also 

occurs as low grade deposits in shale, phosphorite, or granite.  Present 

in great abundance, these latter deposits would provide virtually inex- 

haustible uranium supplies if cost of recovery were no obstacle.  As a 

practical matter, however, their contribution to uranium reserves in the 

near future seems likely to be small. 

37 
The average uranium content of common rock typos is as follows: 

llock Type 

Igneous 

Shale 

Limestone 

Sandstones 

Average Uranium Content 
 (ppm)  

3.5 ± 0.5 

3.7 ± 0.5 

2.2 ± 0.1 

1.1 ± 1.5 

Hiis tabulation further illustrates the point that clastic sediments 

(e.g., sandstones and conglomerates) are richest in uranium content and 
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are therefore ehe most promising targets for exploration.  The tabulation, 

however, is for uranium content in ppm; when percent uranium oxide (IJ.jOy) 

is the measure (Table E-18), sandstones still rank highest among typical 

rocks, with the exception of metasodinients. 

There are . number of provinces that contain favorable geologic 

features ior uranium occurrence, but in which deposits have yet to be 

discovered.  The preceding data indicate that the most promising areas 

for future discoveries will probably be characterized by sedimentary 

features associated with deposits covering a range in geologic age.  An 

analysis of regional or generalized geological criteria for uranium 

occurrence38 describes the characteristics of the three principal areas: 

•  Pr.Cambrian areas contain about 70 percent of -he total world 
uranium resources; this total is comprised of conglomerates 
65 percent) and vein deposits (5 percent).  Known Precambrian 

deposits are largely confined to shield areas: stable terrain 
comprised of igneous and metamorphic rocks that contain various 
amounts of in-mixed sediments. nwro  is a wide variety of 
uranium mineralogy, host rock, and structural control in these 
areas.  mere are three main classes of uranium deposits in 
Precambrian areas: 

1. 

2, 

Silicic host rocks assoc atod with metamorphosed 
sediments. 

tetamorphosed sedimentary host rocks associated 
with younger intrusive bodies. 

3.  Metamorphosed sedimentary host rocks with minor 
intrusions ol varying age. 

Although there are important exceptions, uranium generally 
avors the sediments deposited apart from volcanic activity 
miogeosyncline environment).  The metamorphic derivations of 
these sediments are also important host rocks.  Finally 
uranium deposits have also been found in the sedimentary vein 
that covers Precambrian shield areas. 

Figure K-H show, the locations of major geological feat.res 
important lor uranium occurrence.  Shield areas are exposed in 
the Kola Penisula «rca of the USSR, as well as in the Ukraine 
and along the southern margin of Siberia.  There are also 
extensive areas that are covered by younger sediments. 

Sedimentary Rasins contain about 20 percent of the world uranium 
resources These basins vary in shape, amount of sediments, and 
degree of development.  Considered most favorable for uranium 
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deposition   are  closed depressions  characterized  by relatively 
thin  accumulations of  terrestrial   sediments  on  a rigid but 
sinkinK block  around which  intense deformation has  taken place. 
These  basins  are   typified by  the Colorado  Plateau region of  the 
United  States,   the  Fergana  Hasin  of  the  USSU   (located  in Central 
Asia),   and  the  Pannonian liasin of Hungary  and  llomanla  (see 
Figure i:-8). 

•     lolded Mountain   Melts contain  the remaining  10  percent of  the 
world's  uranium resources.     Numerous  uranium  occurrences have 
been  noted   in   such   terrain.     In  Europe,   certain granites  intruded 
into  the   folded  mountain chains contain  commercially valuable 
uranium-hearing  veins.     These deposits  are  known  to occur in 
Germany   and  Czechoslovakia.     Additional   deposits doubtless occur 
in other  regions   (see  Figure E-8), 

It  is  clear   from   the  above  that  uranium occurs   in  a range of rather 

different  geologic  conditions,   and  that  detailed  knowledge of  specific 

local   features  will   be  required  to determine  likely  resources with 

precision.     However,   the  requisite geologic work has  not  been performed 

in many  areas   (or,   as   in   Eastern  Europe and  the USSR,   if done was not 

reported).     Consequently,   in order  to estimate resources  for such areas, 

reliance has  to be placed on general  comparisons  of  size of area and 

distribution of deposits  with  features  in better  known  areas.     It was 

found by Butler3®   that   the amount of uranium resources  in  sedimentary 

rocks can  be approximated by   (1)  multiplying  the  area  involved by  the 

fraction of  the outcrop length of  the  formation   (or  the  fraction of 

thoroughly  explored  ground—i.e.,  ore-bearing)   and   (2)   using the best 

data on   thickness   to  compute  volume and   tonnage.      For   the Colorado 

Plateau deposits,   the  area   thought   to be  underlain  by  ore  is about 0.5 

to U.6 percent  of  the  total  area considered  likely   to be uranium-bearing. 

Ore-grade uranium deposits  are considered  to be 0.1  percent UgOg or more. 

Larger  amounts  of  lower  grade deposits   (60-150  ppm)   occur,  but  these  are 

marginal  at  best.     The  limits of  such areas may be  approximated for 

incompletely explored  areas by general  geologic  information about  the 

region. 

See,   for  example,   W.   S,   Keys  and P.   H.   bodd,   "Lithofacies of Continental 
Sedimentary  Hocks  Related  to Significant  Uranium Deposits in the Western 
United  States Second  UN  International  Conference on Peaceful  Uses of 
Atomic  Energy,   Vol.   2,   pp.   ^67-378,   1958. 

GO 



Table   K-1H 

URANIUM CONTENTS  OF TYPICAL  HOCKS 
(Weight  Percent) 

Rooks 

Sandstones 

Quartz-pebble  conglomerates 

Veins 

Metascdiments 

Granite 

Phosphates 

Black   shales 

Uranium content   (^U.-jOx) 

0.15   to  0.30,   avg  0.22 

0,12   to  0.16 

0.10   to  1.0 

0.23 

0.0015 

0.012   to  0.02'1 

0.007   (U.S.) 
0.3   (Scandanavia) 

Source:     U.S.   Geological   Survey,   Professional  Paper  820, 
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B.   rranliim Deposits oJ thg USSR 

Currently available information indicates that uranium reserves of 

the USSR are known to occur in at least 16 different deposits (Table 

E-19).  n.o table shows the estimated reserves of uranium metal and 

U308 for these deposits.  Figure E-9 shows locations of some of the key 

deposits.  The remainder of this section will summarize some salient 

features about these principal uranium deposits of the USSR. 

I.   Peruana Valley 

There are several uranium deposits in the Fergana Valley of 

Central Asia. The  principal ore body is an oxide replacement 

in a highly fractured and soluble limestone.  The uranium 

content was estimated to be about 1 percent U..t) .  Additional 

deposits, representing a variety of geological types, also 

appear to be present in this area. 

2. Kara Tau Mountains 

The most important uranium deposits in this area appear to be 

rather low-grade uranium-bearing shales.  The uranium is 

scattered in irregular pockets. 

3. frals 

A number oi small and scattered uranium occurrences have been 

suggested m the Ural Mountains. At present, those appear to 

1)0 poorly known. 

'•   Krivoy Rpg Area (I'kraine) 

Uranium ores occur in Lensliko and disseminated bodies.  These 

deposits were being worked in the early 1960's and production 

may be continuing at present, 

5.   Kstonia 

Uranium occurs in shales similar to those found in Sweden. 

However, the uranium is widely dispersed, and large volume of 

rock would have to be processed to realize its recovery. 
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Table E-19 

ESTIMATED  URANIUM  RESERVES   IN THE   USSK 

(Metric Tons) 

Deposit 

Eergana   Valley 

Kara-lau  Mountains 

L'rals 

Krivoy Rog   (Ukraine) 

Estonia 

Kola  Peninsula/Karelia 

Ikrainian Shield 

Northern Caucasus/ 
Caspian/Aral  Seas 

Lake   Issyk-Kul 

Altai-Zapadnvy  Sayan 
Mountains 

Transbrikal 

Aldan 

Far East 

Jurassic  Sub-bituminous Coal 

Northern Siberia 

Permian  Ha.sin 

Total 

Uranium Metal 

10,000 to 30,000 

500 to 2,000 

100 to 4,000 

15,000 to 50,000 

w50,000 to 100,000 

100  to 2,000 

100  to 2,000 

1,000  to     10,000 

1,000  to     10,000 

1,000  to 10,000 

500  to 5,000 

500  to 5,000 

500  to 5,000 

5,000  to 40,000 

500   to 5,000 

500  to 5,000 

86,300  to 285,000 

Source:     Joint  Committee  on Atomic Energy,   U.S.   Congress,   1961. 
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(3.   Kola Peninsula and Karelia 

Uranium occurs in small quantities in the igneous rocks that 

comprise this area, and may also bo present as vein deposits, 

7. l.Tkrainian Shield Area 

Possible uranium mineralization may occur in the area adjacent 

to the Hungarian and Czechoslovakian borders. 

8. Norther.i Caucasus 

This area oi extensive mineralization and tectonic activity 

may contain uranium deposits as well. 

9. Lake   1 ssyk-Kul/ Area 

This area borders the Fergana Valley region, and may also be 

uranium-bearing. 

10•   Altai-Xapadnyy Sayan Mountain Area 

Uranium-bearing monazite deposits have been reported to be 

present in this area. 

11. Trans-Baikal   Area 

Uranium-bearing monazite placers occur in this area.  Also, 

there are probably minor deposits scattered throughout the 

area. 

12. Aldan Area 

This  area  is  similar   io  the  Trans-Baikal   area. 

13. Kar last 

Hie diverse geological conditions in this area suggest that 

any uranium deposits present would be small and scattered. 

14. Jurassic Brown Coals 

Uranium is known to occur as minor amounts in certain brown 

coal deposits.  mere are numerous small brown coal deposits 

of Jurossic Age in Southern Siberia and the Far East from 

which uranium might be extracted. 
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15.  Permian Basis 

The possibility of uranium-bearing sediments in this area has 

been suggested, and remains to be demonstrated. 

C.   Uranium Mining and Processing Technology 

Information about mining and processing of uranium in the USSR and 

Kastern Kurope is more readily available t'ian information about ore 

reserves, but is fragmentary and incomplete at best.  The foregoing 

discussion suggests that uranium deposits of the USSR and other CMEA 

countries are structurally complex, similar in some respects to those of 

the rare metals.  This complexity necessitates extensive exploration 

drilling and sampling to define the limits and quality of the ore bodies 

and permit design of mining methods for ore recovery. 

Both surface and underground mining methods appear to be used.10 

In surface mines, the ore bodies defined by exploratory drilling and 

sampling are drilled and blasted using granulated explosives that appear 

to be similar to the ammonium nitrate/fuel oil mixtures (ANFO) used so 

widely in the United Slates.  Hie broken rock and ore are loaded by 

shovels or by "rotary excavators" (presumably equivalent to the bucket 

wheel excavators employed in surface coal mining in Germany and else- 

where, but smaller).  Transportation of the mined ore is by truck and 

belt conveyor, again apparently similar in concept to those of the West. 

In underground uranium mining, the Soviets discuss capabilities of 

an "entry-drive combine."  In this context, however, the machines 

described are similar in appearance and apparent function to the con- 

tinuous mining machines common to underground coal mines of the United 

States.  This machine has an articulated cutting head which mechanically 

removes ere from the face of the mine, and also has mechanical crablike 

arms that collect the mined ore and feed it to an integral conveyor 

system that traverses the machine to supply the mined ore to a car or 

other haulage system lor removal from the mine. 
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Considerable attention  appears  to have been given   to chemical 

leaching  <>i  uranium ores   In   attempts   to mine  complex  deposits  as  well   as 

to   Improve overall   recovery.        This  method  also appears   to  have promise 

for   uranium recovery   from ores  with  very  low  uranium content.     The 

process  entails   the   following   stops: 

L.     Breaking  and  preparation  ol  ores. 

2.     Equipment  installation. 

;i.     Capillary   Leaching   by   sulfuric  acid   solutions:     collection  of 
leachate. 

I.    Absorption extraction oi  uranium from solution. 

5,     Recovery  and recycling  ol   reagents. 

Processing  of recovered  uranium ores  in  the USSR  and  Kastern  Europe 

is   little discussed   in  readily   available  literature.     However,   given 

the  nature of  the material   and   the  likely uses  for which  it  is  intended, 

it   seems  reasonable  to expect   that   the  techniques  employed  will  be gen- 

erally   similar   to  those  used   in   the  West. 

D.        Estimated  Uranium  Reserves,   Production,   and  Trade  of   the  USSR 
and CMEA Countries 

It  was  pointjd out  earlier   that  there  are  no published  estimates 

ol   uranium resources  from  Kastern  Kuropean or  Soviet   sources.     However, 

an  estimate ol   uranium reserves   in  these  countries was  prepared  in  1961 
42 

for   the  Joint   Committee  on   Atomic   Energy  of   the  U.S.   Congress. Table 

K-2ü  summarizes   this  estimate.      Ibe   table  shows  that   the  largest  reserves 

are  in  the USSR,   as might  be  expected.     Hie  second largest  reserves  are 

estimated  to  be   in   the German   Democratic  Republic;   reserves  of  the other 

countries  are   individually   small   but  clearly would be   significant  in  the 

aggregate. 

In an attempt to place the estimated resources and reserves in 

perspective, some brief remarks on estimated uranium production are 

offered.  Again, it is emphasized that these data are estimates only, 

and not a result of published statistical information from original 

sources, and therefore may be subject to greater than nornal uncertainty. 
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Table   E-20 

täTIMATEli   UMNIUM  RESERVES   IN 

( MH lie    Idiis ) 

N 

Uranium 

Country 

Uranium 

Metal* 

Oxide 
U  0 

3   8 

Bulgaria 15,000 17,689 

Czechoslovakia 25,000 29,481 

German üemocra tic 
Republic 100,000 117,925 

Hungary 15,000 17,689 

Poland 1,000 1,179 

Romania 15,000 17,689 

USSR 80 000   -  270 000 93,340   -  318,396 

Hearings,   U.S.   Joint Committee  on Atomic  Energy,   U.S. 

Congress,   1961. 
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On the basis of available information, the annual output of the 

Soviet Union is on the order of 8.000 tons of oxide per year, and the 

annual output of the other Kastern European Countries is about 600 tons 

(Table K-21).  Total production is about 11,600 tons.  These figures are, 

at best, a broad estimate based on a search of the literature of the 

past 30 years.  Production capability in future years would not appear 

to bo limited by reserves. 

Substantial uranium trade by and among the C.MKA countries cannot be 

ruled out.  .Already European countries and .Japan are trading heavily with 

the CMEA countries for a wide range of minerals and metals.  Japan, in 

particular, is stepping up its trade with the East, and there is no 

reason to suppose that this will not include uranium in the future.  in 

view of its considerable lack of success in exploring for uranium in 

Canada and in the United States over the past three years, Japan might 

well consider more prom.sing areas such as eastern Siberia.  However  if 

uranium prices remain at low levels for some years, it is rather doubt- 

ful that Japan will pursue such a course too vigorously. 

The European countries are less likely than Japan to seek uranium 

supplies from the CMKA countries because most countries are developing 

sources in nations that have traditionally supplied Europe with minerals. 

Table K-21 

ESTIMATED URANIUM PRODUCTION CAPABILITY OF 
TKK EASTERN EUROPEAN COUNTRIES 
(Thousand Tons of U,,ü per Year) 

Country 
Thousand Tons of 
U308 pcr Yea,' 

USSR 8,000 

German Democratic Republic 100 

Poland 50 

Czechoslovakia 250 

Romania 50 

Hungary 
50 

Iiulf,raria 100 

. 

8,600 
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Apart from selective sales of uranium, it would appear difficult 

for the Soviets to affect Western markets very much.  Multiple sources 

of supply are one of the factors that deter Soviet sales; another is 

that there is no apparent real shortaf-o of uranium ores.  Further, the 

demand lor uranium 15 years hence and beyond will be so enormous that 

Soviet trade would have to be exceedingly large to have any effect. 

But it is always possible that individual governments will deal with the 

CMEA countries for their uranium supply; even modest CMEA sales will 

make it difficult for new and existing uranium producers, particularly 

those outside the United States, to compete.  An added advantage of the 

Soviets is that the USSR imports UgOg from the CMEA countries and offers 

uranium processing on a contract basis, in competition with the United 

States. 

E.   Uranium Deposits in Individual Countries 

1.   Uranium Deposits in Bulgaria 

Bulgarian uranium deposits are distributed more or less through- 

out the country, but the largest concentration of uranium occurs at the 

Bukhovo deposit near Solia.  The rocks in this are described as follows: 

Era 

Meso:'.oic 

Paleozoic 

Period 

Cretaceous 

Jurassic 

'IViassic 

Silurian 

Rock Type 

Marly limestone 

Sandy shale and sandstone 

Breccia and conglomerate 

Schist 

The uranium deposits occur as fillings of fractures in the Silurian 

schist. The deposit is not a true vein filling, and the uranium is 

presumed to have been formed either by oxidation of a pitch blende- 

bearing vein or by deposition from surface waters. 

Bulgaria had four mines operating in 1952 in the Bukhovo and 

Kreraikovzi-Seslavkzi areas.  The Bukhovo Mine reportedly contained ore 

that ran 2 percent u^.  In 1954 a large new mine was opened in the 

Rhodope Mountains between Mada and Zilatograd; the ore was shipped to 
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1.   rraniuii. Deposlta of Itumania 

Most ol Uonumia's uranium deposits occur in tho i'ransyivanian 

mountains ol the east-central part of the country.  These mountains are 

made up of folded and metamorphosed Paleozoic sedimentary rocks that 

have been Intruded by Tertiary volcanic rocks.  The uranium deposits 

occur as veins in which uranium minerals are present in association with 

deposits of other minerals. 

Romania reportedly has small but adequate uranium resources to 

satisfy its own needs lor reactor fuel.  The head ol the state electri- 

city board has stated that heavy water reactors will be installed in 

Romania In order to use the native uranium and save on foreign exchange 

that would otherwise be required for imported uranium and enrichment 

service for the other types of reactors. 

Deposits and mines in Romania are located near Capnic in the 

leau mining region oJ Baia Mare; at Beica in western Transylvania; and 

at Turnu Severin. The USSR sold back to Romania its one-half interest 

in mines in the Baita district of Transylvania. 

  - ■—    ■■ ■ -   



  " 

REFERENCES 

3 . 

I. M. Ozerov and V. I. Polozov, "Principles oJ Oil Shale Commercial 
Classification," UN Symposium on the Development and Utilization of 
Oil Shale Resources, Tollinn, 196H. 

D. R. Williamson, "oil Shales:  Part 3, The Nature and Origins of 
Kerogens," Mineral Industries Bulletin, Vol. 7, No. 5, Colorado 
School of Mines, Golden, Colorado, September 1964. 

M. S. Gazizov, "Geological Conditions and Ways of Development of 
Baltic Oil Shale Deposits," UN Symposium on the Development and 
Utilization ol Oil Shale Resources, Tallinn, 1968. 

Narodnoie kho/.iaistvo SSSR v 1970 g, Pub. "statistika," p. IH'.i 
(Moscow 197J). 

ö.  Teploenergetlka, No. 12, p. IG (1972) 

6. M. I. Podkletnov, "Main Methods and New Trends in Shale Processing 
in the USSR," UN Symposium on the Development and Utilization of 
Oil Shale Resources, Section III, Tollinn, 1968. 

N. K. Baybakov, "State live-Veur Plan for the Development of the 
USSR National Economy for the Period 1971-1975," Part I, JPRS- 
56970-1, p. ill (Joint Publications Research Service, Arlington 
Va., September 1972). 

8. 

9. 

10. 

LL. 

12. 

UgOl, No. 12, p. 28, 1972. 

ügol, No. 12, p, 27,    1972. 

Dgol, No. 1, p. 7 1, 1973. 

Teploenergetlka, No. 12, p. 17, .972. 

N. V. Melrikov, Minoralnoe topliyo, Pub. "Nedra," p. 172 (Moscow 
1971). '  

13, 

L4, 

Melnikov, op.cit. p. 115. 

s. i,. Epshtcin, "Problems of Purification of Atmospheric Air in the 
Shale Basin," UN Symposium on the Development and Utilization of 
Oil Shale Resources, Tollinn, 1968, 

7.1 

■ -  -■■---   ^^ 
^«tfidfl 



ii -u ..-.in" mmmmmmmmm^^^im —~~~—~~~ -^t^mmmmmmmmmitgm 

15 

l(i. 

17. 

18. 

L9 

20. 

21 

'>•> 

'■!'.'> . 

26, 

Davlio^ents ""p^t"';"1  T'^'    ^^>  ^oration,  and 

school  of Minos.  Goldenrcol^ado:       *     '  ^^ ^'  Colorado 

•'^othor.al   m,;uOKrup,     0,   the   USSR/1   preparod Iiifor 

uäsiun^"..; n. c!ÜMSü AdVanCed Research ProJ-^ Agency  (DARPAJ. 

on ^o'ussr'^iLy"''"xxn; ?"* ''   l\  ^^' "G*<***™* Field 
Vol.   5.   pp.   .7-7i^^9. I"t —tional   Geological   Congress. 

Snde^JouÄt'in^he^sr'Ac^d   ''   'r T™'  "^^^ of Moscow. K'     Acaclemy  "^   Sciences of  the USSR, 

.vo.  flu  ^04-947,  December 1972. 

I'Tu^y'^/i™';;™1 Devsl<">"™t.  "0" and G.s Jo^-n,!,  „„,  122. 

»o.   »,   pp.   1677-1685,Xt-be° 1970 Um 0K'1°gl"S'   ™-   "• 

-.KL »a„k sssR, vox! ^viir^ziXT^iT3-'' D°ki^ 
L.   Stegena,   'Geothermal  Map of Eastßvn  i,„.        " „ 
•No.    I.   p.   140,  December  19?2 UOPÜ'     CGother,llicH-   Vol.   1, 

\.   Cermak,   "Terrestrial   H,.TI     I        -^      , 
to Some Geological  FLJes-XXnir^f0:.10^'18 ^  ItS K(?latiü" Vol.   5,   pp.   75-85,   1969 ' international   Geological   Congress, 

Couniri^rof'tbe tri^T  ^^ ^  ^ United  "^es  and  other 
Geological L~vey    1965 *'     ProfeSSional ^P- 492.   u.s. 

Pres^ted'^t'iii^rna'ion:!1 L^ T GCOtl1™1  ,l~s ^ Hungary." 
/-land.   November L-^oeiberlis^?"  VolCeno10^  ^™*>  *™ 

in z^:^G:rr:s
a: ^'----;-o,v.rOUS sedi^ts 

PP.   99-109   (197077  ' l'   SPecial   Issue  No.   2. 

7 5 

--   ■ ■   ■'■   -'■ -'■ 



■^^■n^^ '""■•"•■wi-   i um Jiurn^^m^iv^iMnnNKipippnijiHn iiuiiiiiuuiijvgiaiH.i   i <n«pipq^pgpipipinHipa«H 

29. 

3U. 

31 

K. Korim  'Oeological Aspects of Thermal Water Occurrences in 
Hungary, Geothermics, Vol. i. No. 3, pp. 96-102 (1972). 

0 -Uiiquander, "High Pressures, Temperatures Plague Deep Drilling 
i" Hungary,  OH and Gas Journal, pp. 97-100, May 21, 1973. 

L. Belteky  "Development and Utilization ol Thermal Waters in 
Hungary,  Geothermics. Vol. 1, No. 3, pp. 103-112 (1972). 

Poland8'3^";-"0CCUrrenCC and Utili-ation "*  Thermal Waters in 
llatio)' Vo1' 2' Part '' Speclal ISSUG No- 2' PP. 95- 

32. 

33, 

34. 

35, 

36. 

andUHvSa110 f^c^   Tongior»i'   '"K*  isotopic  Composition  of  Oxygen 

ZtZZllT toi T Nrinr lrom.the Mt,so/-oic in Nt'rthwest p^d •■ ucoLiiermics.   \ ol.   i,   N0(   2,   pp.   67-69   (1972). 

C.   Cftene. and M.   Nlcolescu,  "Apercu Gonoral   Sur u.» Eaux Minerale, 

1 "'" r 9» "»r"10'    XX"1   ■"'—tl„„al  0c„loBlcal C°„ r       , \<)i.   iö,   i.p.   99-112,   Prague,   1969. ' 

"Uranium:     Resources,   Production  and  Demand,"   A Joint  Report  bv  tho 

Uses ol  Atomic  Energy,   Vol.   2,  pp.   7-10,  1968, Woeful 

fndi^Lf af%aH? C"   ,;-   WeaVer'   "T^ium-to-lranium Ratios as 
cocho^r^f S0dlmentar>' Processes:     Example of Concept of ueochemical   Facies. 

37, 

3H. 

39, 

10. 

41. 

J. Kratchman, "Regional Exploration Criteria for Uranium." 
roceed.ngs  second UN International Conference on the Peaceful 

Uses oi Atomic Energy, Vol. 2, pp. 325-329, 1958. 

2nitedBStites "'V '^TnTr*  ApPraisal ol V™**™  Resources of the 
nited states,  .second UN International Conference on the Peaceful 

Uses of Atomic Energy, Vol. 2, pp. u-ie, L958< i caceful 

n'Jn^T  aJu "•.''• LobanOV' ,,Razrabotka Mestorozhdenii 
Radioaktivnykh Rud  (Mining of the Radioactive Ores). Moscow. 1970. 

Symposium on Uranium Recovery  International A+ 
•Sao Paulo. 1970; Vienna 19^  I,lttr"atlonal Atomic Energy Agency, 

U.S. Congress Joint Committee on Atomic Energy, 1961  Hearings on 
international Atomic Policies of the United States, pp. 161^61^ 

76 

    ■ ■ --  _^    ---        - -  



—— —■■".— 

BIBLIOGRAPHY 
(Gcothormal Studies; 

Alexandrov, A. L. , l.. A. Lubiraova, and (i. A. Toraara, "Heat Flow through 
the Hottom ol the Inner Seas and Lakes in the USSH," Goothermics, 
Vol. 1, No. 2, 19 72, pp. 73-80. 

Arshavskayra, N. I., 1. G. Berzlna, and E. A. Lubimova, "GGochomical and 
Geothermal Parameters for the Pechenga and Hicolatva Regions, 
Baltic Shijld," Geothermios, Vol. 1, No. 1, 1972, pp. 25-30. 

Kutas, It. I., "liivestigation of Heat Flow Anomalies in Sume Regions oi 
the Ukraine," Geothermios, Vol. I, No. 1, 1972, pp. 35-39. 

Lubimova, E. A., et al, "Terrestrial Heat Flow on Pre-Cambrian Shields 
in the USSR." Geothermios, Vol. 1, No. 2, 1972, pp. 81-89. 

I.ubimora, E. A., U. A. Zor'n, and S. V. Lysak, "Geothermal Anomaly in 
the Baikal Lake Region," Geothermios, Vol. 1, No. 1, 1972, pp. 31-34. 

77 



MISSION 
of 

Rome Air Development Center 

RADC is the principal AFSC organization charged with 
planning and executing the USA* exploratory and advanced 
development programs for electromagnetic intelligence 
techniques,  reliability and compatibility techniques for 
electronic  systems, electromagnetic transmission and 
reception,  ground based surveillance, ground 
communications,  information displays and information 
processing.     This Center provides technical or 
management assistance in support of studies,  analyses, 
development planning activities,  acquisition,  test 
evaluation, modification,  and operation of aerospace 
systems and related equipment. 

Source AFSCR 23-50, 11 Matf 70 

7F 

 .   ■ ■-■"••^-■■' 


