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ol USSR: Reduction in Estimated Gold Production

g I
N A T . L g
{ cook f . Ceniral Intelligence Agency i
b l . National Foreign Assessment Center
[ " December 1978
i i . Key Judgments

" Identification of a major ore-unloading bottleneck at the Muruntau gold

- plant—the largest in the USSR—and revisions in our estimate of the gold’

' content of the Muruntau ore deposit have resulted in a reassessment of the
- plant’s output and:a’reduction in our estimates of total annual Soviet gold
. production since 1970. We now believe that Soviet gold production totaled
- about 270 metric tons in 1977, 100 tons less than our previous estimate.
. Soviet gold reserves at the end of 1977 are in turn calculated at about 1,530
tons instead of 1,865 tons, a diffzrence of more than $2 billion at $200 per
 troy ounce (see figure 1). Our revised estimates suggest that the USSR has
- been selling substaptially more gold than it has been producing since 1975.

. The revisions reflect only the reassessment of production at Muruntau,

.- which accounted for one-third of our previous estimate of total Soviet gold
-production but only 7 percent of production in the revised estimate. Estimates

- of producdon in Magadan Oblast and the Yakutsk ASSR, which account for

_about one-half of: the revised cstimate,

H have not been changeawe are atso rcasonably certain

3 g‘of the accuracy of the estimate for the roughly one-fifth of total output
.+ produced as a byproduct of the copper industry. We are niuch less certain
. . about production at 14 other gold mining locations scattered throughout the

7 - USSR, which account for most of the remaining 20 percent of production in
. tho revised ‘estimate.! A detailed analysis_j of these facilitics,
~; now under wdy, mdy lcad %o further revisi mour estimates of total Soviet

gold procuction and ;va;scwcs.‘ I o
1710+ The estimates ’L»f the capacity and level of production at Muruntau were
'\ developed with the assistance of leading US experts in the fields of mining,
| ecology; and transportation. These experts|

developed estimating approaches |

| Thesc experts also provided

i . 4nAlysis on tne nature of the ore deposit and the efficiency of the refining
s ’
S ; .‘
S
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| o : We estimate that r\i'luruntau ’s present ore-processing capacity is 54,000
¥ tons per day. Given an ore wnth an average gold content of 0.10 troy ounce per
|4 tom,a 90-percent rccovery 'rate, and a 360-day work year, it is estimated that
) producnon would be 54 tons of gold per year. Processing capacity will
Lber T increase to 75, 000 tons of ore per day when construction currently under way

i 1 iscompicte in 1979-80. Thls will be sufficient to support productlon of 75 tons
| of gold per year. |- - '
by SN
, , Smcc 1972 howcvcr. ‘much of the processing capacity has been 1dlc

I f becausc of an orc-unloading bottleneck. Evidence

1 together with Soviet. data and factors derived fromtnc operavmg experence —
L of US mlmng iand railroad companies, indicates that, between the start of

- - operations in July 1969 and mid-1978, the Soviets could deliver 20,000 tons -
: of ore per day to the plant This volume could support production of about 20
JiEn ! tons of gold per year, 100 tons less than the production figure we have been -
. . carrying for 1977. The estimate of ore deliveries| |-
N which points te a figure of about 16, 000 .
O 1 tons Tor The ore processed per day, since 1969. o | =

RN R | Between ti\e start of operations in 1969 and the end of 1972, Muruntau s o
] . unloading capablhty ‘of 20,000 tons of ore per day was not slgmﬁcantly below -
'~ the 25,000-ton capaclty ‘of the processing facilitics. Between 1973 and mid-
1978, how"ver, processing capaclty grew from 25,000 tons per day to about
IR , 54,000 tons, while ore-unloadmg capacity remained at 20,000 tons. A second *
L . ore-unloading facility was completed by mid-1978. With the second facility in.
L . place, maximum potentlal output from Muruntau has jumped to about 40 ,
1Rt - tons of gold per year, still wcll below the processing capacity. To operate the
pd #1 © 1 - plant at or near dcslgn capaclty in 1979-80 (75 tons per ycar), the Soviets will
ISR ‘ .. have to install at lcast |two more unloading points, using the existing rail
[y 1 d - transport system, or ‘move part’ of the ore by truck To datc we have no .
SIEE L ev:dcnce they are domg either - ; , » :

I The revision of cstlmated gold production at Muruntau has causcd usto
R I _ ' rcduce our estimate of Soviet golu reserves as of yearend 1977, from 1,865
‘I 17 tons ($12 billion at $200 an ounce) to about 1,530 tons (510 billion). The -
|~ reduction in our cstlmate of reserves is of little immediate importance for the
ST O 1 Sovict hard currency posivon. With almost $10 billion in gold reserves and
SR annual gold production valued at $1.7 billion, availability of gold for export is
SO | ~ not likely to constrain lmports substantially in the near term. In the next few
o A years, however, falling Sovnct oil production is expected to cut into Moscow’s
I hard currency cammgs.xthls will probably intensify pressure to cxpand gold
Ll 1 sales in the West, At some pcint Moscow will have to tic its sales more closcly
P to currcnt producuon m ordcr to mamtam reserves at an acccptablc level.
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3. Ore-Refining Process at Muruntau (dlagram)
.| : 4. Processing Facxlxtm at Muruntau (drawing) .. raeei
I ¥ Grmdmg Mills and Mercury Amalgamalors at Muruntau

f%_-f“'-‘6 ' ‘Thnckemng Tanks at Murantau (photograph)
7 Pavhuca Tanks’ at Muruntau (photograph)
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: Zto about 1,160 tons, of which the USSR pro-
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'In 1977, total world gold productlon amounted

‘duced 270 tons or 23 percent and South Africa
i i700 tons or 60 percent. Since 1974, Soviet gold

!production has exceeded the combined output of
all other world gold producers,! except South
Africa (see figure 2). Gold, along with arms,
ranks after oil as 'he largcst source of Soviet
hard currency earnings. In 1977, for example,
:Soviet gold sales amounted to about $1.6 billion,
roughly 10 percent of Soviet hard currency carn-
mgs in that year. I ; !

'In 1965 the Soviets began to dcvclop an opcn-
pit gold mine near Muruntau, located in the
Kyzylkum desert of the Uzbek SSR, roughly 400
kilometers west of Tashkent (see . map) Con-
structicn of the prwmnng plant began in May
1967, and production in July: 1969. Since then,
the entire Muruntau eomplex (ptucessing plant,
mine, support facilities, and housmg) has been
‘expanded dramatically. Although still under con-

;struction, Muruntau dwarfs in size any gold
7| iplant in the United States'and is considerably

larger than any South Afncan plant (sce appe't-

Fl Idix A for detatls) US lexperts attmate that it

would cost about $500 million to duplicate the

| proccssmg plant in the Umted Statu. Investment

in mfrastructure would amount to an addtttonal

'|$500 million. - - - | 1] e |

" n 1973 OER estlmatcd that the Muruntau
plant would produce 90 tons of gold per year at

panded key sections of the plant, we increased
iour estimate of the plent’s annual production
1capactty to 135 tons—an amount at least 50
pcrccnt greater than the largest gold plant in
South Africa. Wc cstlmated that production was

i i
. S [
R AR T B !

capacity. Dunng 1974-76, as the Soviets: ex-

close to the level of installed capacity during

1969-77, and by 1977 accounted for about one- .

third of total Soviet old production.

New evidence about the pace of operations at
Muruntau, however, led us to question whether
the gold plant was actually producing up to

capacity. Therefore we conducted, with the help
of US experts, a thorough reassessment of both -

capacity and production at Muruntau. The re-
sults of this reassessment are reported in this
paper. Because our estimates of capacity and
production are directly related to the flow of
materials through the refinery process, the fol-
lowing three sections of this report will (1)
briefly trace the ey elements in the refining
process, (2) define ths specific techniques used to
estimate the processing capacity of the plant, and
(3) describe the ore-unloading bottleneck and its

- effect on actual production at Muruntau.- Fi-

nally, we offer some possible explanations for the
unbalanced expansion of Muruntau’s facilities,
and briefly outline the prospects for future Soviet

gold production and sales. A detailed desfription

of all facilities at Muruntau and the basis for our

estimates of gold produc':tton at other locations in’
- the USSR are, mcluded in appcndtxw A and B
| respcctwely ., , "

l
. i

: 'l'ho Roﬂning Procm ot Mumntau
The reﬁnmg process at Muruntau is defined in -

metallurgical terms as a rcsm-tn-the-pulp (RIP)
process. Although not used in the United States
to recover gold, the RIP process is employed in
the US uranium industry and in South Africa for
the joint recovery of gold and uranium.

The jrct‘ininx; process at Muruntau consists of

nine basic steps: (a) crushing the ore, (b) grind--

ing the ore, (¢) recovering the heavy gold nuggets

ret




i (Metric Tons)
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: N b mercury amalgamatlon, (d) thlckemnz the = by conveyor belts (2) to the top of the mill
e slurry. (e) drssolvmg the pulp in sodium cyamde. j building (3) and deposited into holding bins (4)
() extractmg the gold out of solution with ion | located along the north wall of the building. The
exchange resins, (g) recycling: the resin, (h) | Soviets probably maiatain an eight- to 16-hour
refining electrolytmlly, and (i) fi nal refinmg. f inventory of orz at all times to ensure continuous
The process is described below and shown in the operatrons when the crushers are undergomg

| snl'nphfied flow sheet (see figure 3). L .|, | maintenance. - . | .

- f (The ore is brought to the plant by rail from an = The crushed ore is moved by conveyor belts .

b Opeq pit mine eigh: kilometers o the cast. Pri- from the knlding bins to semiautogenous grind-

.. mary crushing of the ore is performed under- | mg mills where it is ground to a powder.? Water .
ground at the unloading points. (l)" where the | is added to th= ‘grinding mills to speed the .

ore is probably crushed toa maxlrnum sizeof 15 | grinding process and reduce power consumption.

1 tol20 centrmeters. The crushed ore is transported .
; S I P 1An sutegem zrlndln. mill is one iu which the ore grinds itself -

[ | V |
L L—*——'——— i ' ] Ik 1 ‘ | by turning in a revolving cylinder. In a semiautogenous grinding
% ) Figures shown ln perenthm refer to lhe proeeuinc facilities | mill ¢ few steel balls are added to the mill to increase the efficiency
ehown in figure 4. of the grinding proeeu. ;
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The ground ore is passed through amalgamators
adjacent to the grinding mills. Free gold (heavy
gold nuggets) released from the ore during the
grinding process adheres to the mercury-coated
inrer wall of the amalgamator. Periodically the

sludge or amalgam formed on the inner wall of

the amalgamator is removed and sent directly to
the refinery for final purification.- The Soviets
probably recover about 55 percent of the total
gold output at Muruntau by the; @crcury amai-

! : . ’ ' | ‘ :

' Ore containing the fine gold particles passes
through the amalgamators into spiral classifiers
which ensure a uniform size grinding prior to the
thickening process. Oversize particles of ore are
returned by the spiral classifiers to the semiauto-

genous mills for additional grinding. Upon leav-

i
i

|
i
!
i
i
i i

ing the classificr, the powdered ore is in a water
mixture (slurry) with a solid content of about 15
percent. B

The slurry is piped out of the mill building into
large circular tanks called thickeners (5) tc
reduce the proportion of water. This is achieved
by allowing the solids to settle to the bottom of
the tank. Because the Muruntau ore setties
slowly, chemiculs called flocculants are added to
the thickening tanks to speed the process.

When the desired liquid:solid ratio has been
achieved, the viscous residue at the bottom of the
thickening tank, called pulp, is piped through
pump houses (6) into the icn-exchange building
(7). The water in the thickening tanks, called
overflow, is returned to the mill for reuse in the
grinding circuit.
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_ ' of mixers and its gold content is dissolved in
' sodium cyanide; a process taking 10 to 14 hours.

where it is exposed to ion-exchange resms (plas-

| reuse. ina process called resm stnpplng. e

! ani

] mtallav. Mooeow‘ "Meununiya." 1972. p.: 210,
] ; , ,. v !
l

i -

R The xon-exchange buxidmg houses columnar
R tanks called Pachuca mixers. The pulp, which
| icontains about 45 percent solids, enters a series.

: The dissolved : pulp then enters other mixers,

o 'txc| polymers with an affinity for igold) that:
1 'adsorb the gold out of the cyanide solution. A’
4o »Sovnet manual indicates that 52 Pachuca. tanks
{ are used to dlssolve the gold pulp * The remain-.
L :ing: 86 tanks.are used to expose the! solution to.
'1on-exchange resins.. The resin is reeovered for

i ’ The gold is then reﬁned by a standard electro- ;
1lyt|c process in. which' the gold is|deposited on'
 titanium sheets (cathodee) set in electrolytlc cells

‘ then manually peeled from 'the cathode. .

| Final purification of the gold reodvercd by the
f‘ mercury amalgamatxon ‘process and the RIP: |
. procees is performed in the ref nel‘y (8) behmd o
1 : :

*t N, Mastenltskiy and L, V. Chumev. umnmm ummd-f

aN

the xon-eichaﬁge bunldmg,l uelng a standard .re-
fining process to produce gold that is 99.99-
~percent pure. |

| Eshmohng fho Design Capoeity of the Gold Plant

Our new estimate of the ore processsing capac- =~

ity at Muruntau is bascd on analysis of -|

]
stages in the ore-processing sequencel

I AN esti-
‘mated range of maximum capacity has been

‘established for each stage, depending vanously :
'on measurements ;i

analysns by US e 1

.mining ard processing techniques, factors de-.
rived from Soviet technical Joumals, and com-
pansons with' processes used in gold plants in
non-Commumst countries. ‘

Cnnhlng Cepuchy

The sxze and type of crusher used at Muruntau
is based on reports from ho visited
‘other Soviet mineral processing plants. These
reported that 60-inch crushers are com-




' | would have a cr
1| |oflore per day.

1| per day.

i [BCNUUY EIINUIMg TINS approximately 110 meters

A in!diameter and  lonig (see figure S).,
" 1 According t ] ,-each mill: of this size

. monly used. Moreovessthe-size-and-configura-

tien—of-the~untoading~facility-at-Muruniau-is
. consisteat-with-that-required-to‘support-a-60-inch
- eausher. US technical manuals indicate that one
- 60-inch crusher can crush 4,500 tons of ore per
i hour into 20-centimeter pieces suitable for feed-
“ing the grinding mills. According to a Soviet
 technical manual, a 60-inch cone: crusher is
- capable of crushing more than 5,000 tons of ore
. per hour.* Gold ore processing plants operate 24
- hours a day; crushers, howcver, frequent!y oper-

{
]
!
t
i
[
il
|

-} ate for only two shifts, or 16 hours each day.

; Maintenance is conducted during the third shift.
. Until this year, Muruntau operated with only.
rone crusher. Assuming  that the| crusher can
 handle 4,500 tons per hour and operates for 16

- hours cach day, the plant would have had a

| crushing capacity of 72,000 tons of ore per day.*
| 'In early 1974 construction: began on a second,

60-inch

| crushers operating - 16 hoursa dally, the plant;

ﬁlthnedusly.}lf the second

IR crusher were constructed to ensure that one or,

the other would operate 24 hours a day, the plant |
.- Has a crushing:capacity of |10

[

| |

=

two semiauto-

could process appr f ore

03

per, day. | isug
igestsithar- 1Iding 18 divided into seven .or |
R Tty Lk . : o . ! E N ' .

: AL Buov, Mckl‘anlcfmkoyé obamdmnlyc Mtltclnl)ch- ,
ifabrik | zavodov tyazhelyikh tsvetrikh metallov, Moscow; “Metal-
i lurgiya,” 1974, p. 99, - I

: 4
) ' mnew that 4,500 tons per hour is a more realistic
;est \ pacity of a 60-inch cone cnu!‘lerl, .

s’mp tons _Of- (:)rc .
A R

eight bays, each large enough to acoommodéte o

~one mill and the associated catwalk, pipes, and

access space. Thus, if all of the grinding mills -
were operating, the total capacity of the mill
building would be at least 91,000 tons per day,
and possibly 104,000 tons per day.® These mills
requirc constant maintenance, however, so at

: lqast one or two may be out of operation in any
‘given time, thus reducing the overall milling

capacity to 65,000-91,000 tons per day.

Thickening Capacity

Eighteen thickener tanks will be used in par-
allel at Muruntau to reduce the proportion of
water in the slurry that emerges from the milling
process. Each of the tanks measures 50 meters in
diameter and has a surface area of 1,986 re
meters (sce figure 6). Thickener tanks ﬁf;
' | in Nevada—the best

analog to Muruntau—have a diameter of 38

meters and a surface area of 1,139 square me-
ters. Their capacity is 2,750 tons per day. By

‘applying the ratio of square Jeet to capacity of
‘the tanks at the US plant to the tanks at

Muruntau,” we estimate: thickener capacity at
Muruntau to be 70,432 tons per day.” Applying
the ratio of ‘square feet to capacity of the
thickener tanks.at five  other non-Communist
gold plants to the tanks at Muruntau yields an
estimated processing capacity in the range of
59,000 to 85,000 tons of ore per day. .
- According to a Soviet technical manual, thick-
ening tanks require 1.5 to 2 square meters of
surface area’to process 1 ton of clay-base ore
cach 24 hours! The manual adds that the
amount of ore processed can be increased two to
four times with the use of flocculants, which
promote agglomeration and settling. Soviet geo-
logical studies indicate that the ore processed at
Muruntau has a clay base. In addition, three

£13,000 t/day per mill x 7 mills = 91,000 t/day.
13,000 t/day per mill x 8 mills = 104,000 t/day.

12,250 t/day + 12,265 3q ft = 0.183 t/sq ft
0.183 t/sq ft X 21,382 sq ft X 18 thickener tanks =
70,432 t/day.

*I. N. Maslenitskiy and L. V. Chugaev, op. cit., p. 137.
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:Thickening Tanks at Muruntau

|
P
.
|

cter were

;3 e

I
E
cylmdncal tanks 9 meters m dla

‘these tanks contain flocculants. Thus, taking the -

mcasured surface area of the thickener tanks at
‘Muruntau and applying the variables con-
tained in the Soviet manual, the daily capacity
G A

Figure 6 .

of the thickeners would fall within a range of
about 35,000 to 96,000 tons.’

* 21,382 sq ft -- 22 sq {t/t/24 hrs = 972 t/tank/
24 hrs X 18 thickener tanks = 17,496 t/24 hrs X
2 (cffect of flocculants) = 34,992 t/24 hrs.
21,382 sq ft + 16 sq ft/t/24 hrs = 1,336 t/tank/
24 hrs < 18 thickener tanks = 24,048 t/24 hrs X
4 (effect of flocculants) = 96,192 /24 hrs.
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It is estimated that the ca;"mcity,l is more likely

g

i
P
i
H
'
|
i
i
1
|
i

* to,be in the upper half of the range of 35,000 to
- 96,000 tons, given the calculations of thickener
. capacity at non-Communist gold plants and our

;’calculationsf of Muruntau's }::apacities at the
joither stages in the processing sequence.
Pl [ N T

| Pachuca T
{

I L

B ! : v

| Pachuca Tank Cupm:ify;l S o
|A total of 138 Pachuca tanks will be oper-
ational at Mururtau when construction is com-
plete. The tanks are located in the jon-exchange
building and are used ifor leaching and ion-
exchange adsorption of the gold. Each tank
measures 17 meters high and 5.5 meters in
diameter wi of 410 cubic meters (see
calculate that each tank

1

Top Se ot:.s

Fiqure 7

could process 255 tons of oreina 24-hodr period;

138 tanks could process 35,190 tons. However,
believe that the pulp can be fully
15solved in the Pachuca tanks in a period of 10
to 14 hours (contact time). Experts reason that
because the heavy gold particles have already
been removed by the mercury amalgamation
process, the fine gold particles remaining in the
pulp would be ‘comparatively easy to dissolve.
Assuming a contact time of 10 to 14 hours, the
processing capacity of the Pachuca tanks during
a 24-hour period would range from 60,000 to
84,000 tons.® - ‘ '

24 hrs + 14 hr contact time X 35,190 t = 60,326 1.
24 hrs + 10 hr contact time X 35,190 t = 84,456 t.




: ' |At present only 102 Pachuca tanks have been |

constructed thus constraining processing capac-

~ityitc a range of 44.C00 to 62000 tons/day

fr‘o‘wuupodoy FRE R

T\'vo electncal substatxons supply power to the ;
Muruntau plant. One substation contains three

: transformers designed to step-down 220-volt al- -

ternatmg current. ¢

lines to a nearby rectifier building for conversion
to direct current, which is needed in the electro-
lytlc recovery of the gold. o

The second substation contams two probable
Sov:et TRDTsNG transformers with a Soviet-
rated power capacity of 63,000 kilowatts each.
This substation does not appear to ibe linked to
the rectifier building. Instead, it probably pro-
vides alternating current for operatlon of plant

‘equipment. Soviet technical manuals indicate

that industrial plants involved in processes that
would be severely disrupted by poWer interrup-

tions are provided with a 100-percent redundant -

transformer capacity. Individual transformers

are 'routinely operated at 50 percent of their
rated capacity so that they will bé ready to .

assume the additional load needed to operate the
plant in the event one transformer or the other

fanls Thus, the.actual power used to operate |
‘equipment at Muruntau may be only :50 percent
‘'of the substation capacity of 126 megawatts, or

63 megawatts (63,000 kilowatts). | ]

‘Alnalysls of ‘Western gold: plants ‘processing

ores similar to those at Muruntau indicates that

‘between 15 and 24 kilowatt hours | (kWh) of
.clectricity are required to process 0. 9'ton of ore. !
; Average power consumption per ton of ore ~t
'these plants is 20 kWh. Assummg that (a) power

yconsumptxon at Muruntau is comparable to aver-
i i : o [
RN i : i ;

type, rated at a power capac-

ity lof 40,000 kilowatts each. The third trans- .
: former appears to be a modified TDTNG with
i fewer cooling radiators and a smaller oil-coolant
i . tank. This suggests that its power capacity is

' - somewhat less than 40,000 kilowatts. Current
' from the substation is carried on transmission .

age power consumption at Western plants, and
(b) the transformers at Muruntau are operated
at 50 to 75 percent of capacity, about 69.000 to

103,00 tons of ore could be processed eaci. day." - .

While the estimated range of capacity differed *
somewhat from process to process, all five esti- .
mates consistently covered a range of 72,000 to
84,000 tons (see figure 8). As a result, we judge

that this range represents the most likely interval
within which the design capacity of the Murun-

tau plant falls, with a best estimate of about

75,000 tons of ore per day. Given (a) an average

gold content of 0.10 troy ounce, (b) a 90-percent

recovery rate,'? and (c) a 360-day work year, this

equates to an output of 75 tons of gold per year."”

The Produc..on Bottleneck _
Despite our finding that the design capacity of

the Muruntau plant seems to be roughly 72,000

to 84,000 tons of ore a day,[ ' v
' %‘|:|a significant dlﬁCfClWW

cessing capacity of the plant and the capacity of
the transport system that supports it (see figure
S). Specifically, the loading and unloading areas

as pre-ently configured are major -bottlenecks,

having the capacity to supply only around 18,000

to 26,000 tons of ore per 16-hour day—far less

than the ore-processing capacity of the plant.*
For the rail system to meet the design capacity of
the plant to process ore would require that one
80-ton rail car be unloaded every 90 seconds
dunng a 24-hour day—a physxcal impossibility,
given the present configuration and use of the
loading and un'>ading facilities.

;. 163,000 kW + 20 kWh/ton X 24 hrs/day =
75,600 (short tons) X 0907185 = - Ny
68,583 (metric tons) or
94,500 kW + 20 kWh/ton X 24 hrs/day =
113,400 (short tons)
- X% 0907185 = 102,875 metric tons,

2 The recovery rate is the amount of gold netually obtained as a
percent of the amount that could be obtained if the refining process
were perfect.

v Since construction of all facilities is not yet completed, the
present proeeulnl eepncity is estimatod to be only 54 tons of gold
per year.

“ The transport system probably operatel on a two-shift day, as

do the crushers. Dov nstream facilities operate around the clock.
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{’l‘hc ore-loadmg fadlxtnw Vat ‘Mumntau are

*| located 1.5 km west of the ‘open-pit mine and
1’| consist. of two broad-gauge: rail spurs that con-
-4 nect with the main rail line to the plant, some 8
: km to the west. Ore moved from

[this mine is
transported to this area by. Bel AZ-540 (27-ton
capacity) .or Bel AZ-548 (40 ton-capac:ty)

trucks Ore is then loaded onto ra:l cars, 1 usmg ‘

|

" cither EKG-4.6 (10-ton capacity) or EKG-8.E
‘(20—tonﬂcapac1ty) power shoyels (spc figure 10).

- de ~ L, [ 9 ~---m=&3mm1|j

usually only one f c

vrall ‘s urs and one power shovel have :

A oading rail cars at this site at any 2
time.™ This information combined with equip-
ment 'operation  factors obtained from Soviet
technical manuals made possible estimates of rail
car loading rates. :

,n-r_j

% The largest number of power lhovels! Lt the mine was

ohgig s

22 in Junc 19784 * |

‘i
'..:‘ | =T T
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4, : The output of a powcr shovel waa dctcrmmcd
by 'usmg the size of the bucket in cubic meters,

. cach bucket (cycle time), and the total operating

iy tlme per day. In addition; othcr factors such as

thc {bucket’s actual load (it is not always full),
mterruptnons in cycle time, and the type of soil
bemg loaded were taken| into consideration to

) :wthe amount of time required to dig and unload |

1 e ut mtnmatc{
Yo the largest shovel, the” -8.E |
1Ic-meter bucket, is useéd for. loadmg. and we

assume that downtime for maintenance is cov- -

' ct‘ed by use of another EKG-S E shovel

| ]
I

|

i

"~ The prachcal hou-ly output of a powcr shovcl '
with these factors in mind can be obtained from -
the following formula contained in & Soviet

manual " : : - '

' 360Ek, C
DT

- B, Boky, Gomoyc delo, Moooow MIR, 1967, pp. 548-549 K,
equals 0.95, the filling factor for wcll-fngmcmed mck. K, equals
1.5, the bulking flctor for aoil of medium demity -
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Q=. output per hour in cujbic meters

E = bucket capacity in cubic meters

t =duration of cycle in scconds
3,600 =seconds per hour

k, = filling factor of the b:uckct

k, = bulking factor of the fsoil

C =time-use factor of the excavation; for

filling cars it is 0.55-0.90 to account

. for spillage. In this estimate, we use
the midpoint of 0.725.

(3600) (8) (0.95) (0.725)

Q= (1.5) (30)
Q= 19836 _ 441 cubic meters
T 45 per hour

13
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standard engincering  conversion),: this power !

I JAL 2.5 tons of gold orc per cubic meter (a !

1

!

shovel output suggests a capacity to load about ;
11,100 tons of orc per hour or about 17,600 tons of

and adding more power shovels, |

P S

. | Unloading Facility

" i The unloading facility at Muruntau 1s tic

'major bottleneck restricting ore deliver:=: to the

quantiiics supplicd by only one power shovel

14

orc .per 16-hour day. This could casily bc in- |

i

crcased, however, by using both tr:;tcks at once |

RN R R GRS
loading onto one rail car at a time. Until May

1978, the plant had only one unloading pit 15

meters long scrved by two tracks. Since the

sccond ore unloading facility just came on stream

in May 1978, we have not considered it.in.our
cstimatces of past production

|_kt|railroad cngincers cstimate that it would
take cach sidc-unloaded car three to four
minutes to complete the unloading cyclc at the
plant. This includes getting the cars positioned,
unloaded, repositioning the carriage. and moved

. Top gecret
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| to allow another car to unload. This is long. by

. | US standards but reflects the fact that the size of

| the orc-loading pit is almost the same as the
length of the rail cars. This means that cach car
' has to be positioned cxactly before unloading to
avoid spills that could increase downtime at the
pit. ' D P -
.1 We cstimatce that in a 16-hour day, 320 cars
could be unloaded with a threc-minute turn-

around, and 240 cars could be unloaded with a
four-minute turnaround. Assuming each car car-
rics 80 tons of ore, this cquates to 25,600 tons per
day and 19,200 tons per day, respectively.

As a cross-check on these figures, we exam-
ined the volume of waste in the waste ponds
south of the plant. The four manmade waste
ponds (scc figure 12) contain an estimated 43

million tons of waste, all of which has accumu-

15
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Alatcd over the last nine years. Dnvndmz the figure
~ by nine years or 3,285 days yields a throughput

: of around 13,000 tons a day—much more in line
: with the transport dehvery capability than the
' plant’s orocessing capacity. An additional waste

jhave done elther oo

16

1workyear R ;g| -i! il

pond exists in the desert 25 km 1o the southeast.
This pond has bee
but measuremen

are not poss:ble since the waste 1s being dumped
free-form in the desert. Since each of the other
four waste ponds took 18 to 24 months to fill,
however, we estimate that the waste in this pond
tepresents 25 percent of the total waste in the
four manmade ponds. The total volume of waste
equates e " throughput of 16, 000 tbns of ore a
day ) ;. Ly :-|'1. " .
| . i o : " ol ;E

‘ Because the emmated throughput of ore
ranges from a low of 16,000 tons per day (based
on waste dCDOSItS) to a high of 25,600 tons per
day (based on a three-minute unloading time),
we judge that ore deliveries probably have aver-

‘aged about 20,000 tons per day This is equal to.

20 tons of gold per year using the assumptions.
already speclfied regarding the gold content of
the ore, the | recovery rate, and, thezlength of the

!

: ! : Between the start of operatlonsi in 1969 and

the end of 1972, urloading capacity of 20,000
tons of ore per day was inot sngmf' cantly. belowI
the 25,000-ton capacity of processmg facilities..
Betwecn 1973 and. mid-1975, however, orocess-?
ing capacity grew from 25,000 tons per day to
about 54,000 tons, but ore-unloadmg ca 1ty;

remamed at 20,000 tons until mld-l978 The

| second ore-unloading facility, mstalled this year

and which doubled Muruntau’s capacnty to un-
load ore, gives the plant a maxlmum output of
about 40 tons of gold per year, still well below its-
processing capacity. To operate Muruntau at or
near its design capacity, the Sovncts will have to
install at least two more unloadmg points using
the existing rail transport system or move part of
the ore by trucks. We have no evndence that they

i

P

ii"
]

!

|

Possible Explanations of Unbaluncod Mumntuu
Expon!son .

We do not knuw why the Soviets have not
expanded ore-unloading facilities in tandem with
the ore-processing facilitics. We can think of a
number of explanations but have no hard evi-

dence to support any of them. One possibility is -

that the Soviets have encountered technical prob-
lems in the refining processes that limited pro-
duction and delayed the nced for expanded ore-
unloading facilities.

e Moscow recently criticized the Mlmstry of
Chemical Industry for not producmg suf-

ficient amounts of chemicals used in the

refining process at Muruntau. The Soviets
reported that shortages of chemicals (ion-
exchanze resins and flocculants) were ham-
pering  gold production at plants using
Muruntau s technology "

AL A 100 IR AP T 1 e P

o

uses the same refining process as Muruntau)
fell short of planned output in 1977, thereby
suggestmg a natxonwnde shortage of chem-
icals. - ;

Moreover. we cannot overlook the possibility
that the gap between unloading capacity and
processing capacity has been the result of a
different kind of bureaucratic bungling. Soviet
ministries are notorious for their lack of coordi-
nation when given responsibility for different
parts of the same construction project. As a
result, large new facilities often stand idle for
lack of raw materials or critical components.

A ohange in Soviet gold sales policy may also |
have slowed the growth of gold production at -

Muruntau; requisite chemicals could have been
imported and/or additional unloading points
constructed sooner had the USSR attacked a
higher priority to domestic gold production in the
carly 1970s. In all likelihood, the USSR—with

" Khimicheskava promyshlennost, 12, 19717, p.7.
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its substantial gold rescrves and cautious sales
’ policy—had no pressing need for additional gold
: production, o :

A

i
|
I

. Following heavy sales in the carly 1960s, the
: USSR withdrew from the gold :market during

!
]
i

© 1 1966-T1. Annual sales to the West fell from an
+ | average of 450 tons in 1963-65 to an average of
. | 23 tons in 1966-71. The Soviet decision to re-
. i sume substantial gold sales apparently came late

-in 1971, By this time reserves had been substan-

- - tially rebuilt, and gold prices had begun their

_ i upward - movement following the ' Smithsonian-

: | accords.

- The USSR followed a relatively cautious gold
. ; sales policy in 1972-75. Except for 1973, when
- i heavy gold sales were required to meet grain
. | import requirements, Soviet gold production out-

| paced sales (see table 1), Estimated gold reserves

*.1 at the end of 1975 were slightly above their 1971
“ 1 yearend level. S ,

: | During this period the USSR brobably. was

i loath to increase gold sales markedly at the risk
' | of adversely affecting gold prices. Moreover, the

| availability of Western credits in the early 1970s
i provided a relatively costless altcrpativc means

[ ; : [
; ; O . Feg ot
|
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of raising needed forcign exchange. Under these
circumstances . Moscow appeared under little
pressure to -expand domestic production.

By the end of 1975, Moscow's attitude regard-
ing sales strategy had apparently changed. The

risc in Soviet indebtedness increased the cost of

borrowing and raised questions in the West

rregarding Soviet ability to manage its balance of
payments. Western recession demornsirated So-

viet vulnerability to Western market conditions
in marketing exports. Thus, it appears, in retro-
spect, that the USSR may have decided to
increase its reliance on gold in managing its
balance of payments. Annual sales taigets in
1975-78 were raised well above previous levels,
Soviet gold sales (660 tons in 1976-77) substan-
tially exceeded producticn in the last two years
and are expected to do so again in 1978.

Outlook for Production and Sales

With the recent expansion of the ore-unload-
ing facilities, we estimate that annual gold pro-
duction at Muruntau will climb to about 30 tons
in 1978 and 40 tons in 1979 and 1980. Given
likely increases in other parts of the country,
total Soviet gold production protably will not

3 . Table 1
X Co ; T ©© USSR: Production and Allocation of Gold _
L P ) L P - Metric Tons
i | R !’ 199 1970 1971 1072 1973 1974 1975 1976 1977
o v : . . .
| Previous CIA estimates: | . = : : S
" Total production ... 191 203 222 958 265 275 808 351 370
7 Muruntaw i e 1 5° 20 45 45 ‘45 80 110 120
10 OMKE i 190 188 202 213 220 230 923 241 250
| Domestic consumption ... 97 .39 30 40 4l 42 43 45 46
| ¢ Sales hwsiviornend 0 81 19 158 804 181 147 528 832
| Yearend reserves ........... 1378 1507 1701 1761 1681 1783 1,896 1574 1867
| Revised CIA estimates ! A S . ; :
| * Total production |. 191 208, 212 233 240 250 243 261 270 .
| Murunta; ... 1 5 10 2 2 920 2 2 2
' [ Other bt 190 108, 202 213 220 230 223 241 250
‘ i Domestic consumption ........ . 8T 89. 30 40 41 42 43 45 . 46
1 Sales ....ocbciiiabe . O 8 19 158 304 181 147 398 832
f l’ Yearend reserves ............ 1376 1507 1,601 1726 1621 1606 1,749 1637 1529
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¥ cxceed 310 tons by 1980 about 20 percent lower
: than we previously behcved If, the Soviets are
1 nblc to operate the. Muruntau plant at or near
- capacnty. itotal Soviet gold production. could in-

crease to, 350-375 tons .per year by th: mid-
-1980s. (Sec appendix B for-the mcthodouogy used

| to estimate gold productnon m regtons othcr than '

‘Muruntau). - g , i

| | The revxsed wtnmate.ot‘ 'gold productlon at
Muruntau has caused! us to reduce our estimate -
the next few years, however, falling Soviet oil

of Soviet gold reserves as of yearend 1977 from

111,865 tons ($12 billion at :$200 an ounce) to

about 1,530 tons ($10: bllhon) We now estimate
that since the resumption ‘of large gold sales'in
1976 the Sovicts have drawn down their gold

reserves by about 200 tons to meet hard currency -

requirements. In 1976<77 Moscow earned almost
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33 billion from gold sales. Moscow sold about

334 tons of gold valied at nearly $2.1 billion ~
during the first nine months of 1978. Sales this .

* year could reach 400 tons, ylcldmg more than Lk
- $2.5 billion. - N

The drawdown on reserves is of httlc lmmcdt-
ate importance for the Soviet hard currency
position. With $9.8 billion in gold reserves and
annual gold production valued at about $1.7
billion, avatlabnhty of gold for export is not likely .
to constrain imports much in the near term. In

production is expected to cut into. Moscow's hard
currency carnings; this will probably intensify

. pressure to expand ¢old sales to the West. At

some point, Moscow will have to tic its sales
more closely to current production in order to

' maintain reseives at an acceptable level.
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: - The Muruntau complex consists of ‘mines,

. processing facilities, a refinery, a| laboratory, a
‘rail and road transport system, and a trick motor

- pool. In addition, there are maintenance facili-
- ties, power supply facilities, an administration

| ;n?’i_ne is

' that development of more than one underground
: 'S ‘ : '} | : ; i

building, two separate housing compounds for

military and prison labor, a ‘chemical storage
area, a few ancillary buildings that have not yet

: | . been identified, and a waste dispo"sal area. :
R S : . ‘
i | 'The open-pit mine covers a surface area of

about 230 hectares and has a maximum depth of

about 140 meters.:! |

- posit in South Dakota. Experts | ,
i estimate the average gold content of the

| | [2Zexcavators were operating’
in the mine. Piles of displuced overburden cover

an area of about 400 hectares i

i
{7

i . 4 . e o it T T
' /An underground mine is under construction

" roughly 1 kilometer from the operi-pit r:ine and
- will begin operations at a derth qf 460 meters..
" This mine does not yet appear to be in operation,

An article published in Ogonyok indicated that
sever2l underground mines ;eventually will be
built at Muruntau, but there is no firm evidence

C i
Pl .

| under way. . .| ;

: _ |
LT SR &
1 H ! t

i
|

i ' inténsiVe -!geol“ogicall prospecting of the Kyzyl-

¢ | kum desert began in 1957 and continued through
"1 | atjleast 1968. The decision to build the Murun-
tau plant apparently was' based| on estimates

made during the early 1960s of gold in surface

B . deposits. Exploration during '1966-68 revealed

that vast reserves also existed at' depths up to
2,100 meters below the surface. This ore report-

| edlyhasa higher gold content than the ore at the

surface. ' Although data on' the !size of total
reserves have not been published, the Soviets

! reported officially in 1969 :that reserves were
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I
o

&
1
i

IR P
Sl O
i

o | APPENDIXA

D:ESCRIPTION OF FACILITIES

twice as lerge as originally believed.” Soviet

publications have indicated that the Muruntau
deposit is vne of the world’s largest, with proved
reserves that will last at least several decad&s.”.

The Muruntau formation is a low-grade de-

- posit in which gold appears in quartz veins,?
similar to the Australian gold deposits at Balla-

rat and Castlemine and to the Homestake de-

uruntau deposit at 0.10 ounce per ton, based

on detailed Soviet studies of the geochemistry of

the Muruntau deposit.? Their analysis is consis-
tent with Soviet reports indicating that where

favorable mining conditions exist, such as those

at Muruntau, deposits with ore grades of 0.10

ounce per ton are being commercially exploited. -

An ore grade of 0.10 ounce per ton is about one-

‘half the average grade of ores currently being
- mined in the United States and South Africa.

Pmouiﬁg Facilities

 The processing plant is located about 8 kilo-
meters west of the open-pit mining area and is

connected to the mining area by a rail shuttle. .

The plant covers a surface area of about 60

facilitiw| " |

~hectares and consists of four major. production

" " Pravda, 4 August 1969, P. 3. s
. ®N, A. Vykhover, Ekonomika mineralnogo syrya, Moscow;
Nedra, 1969, p. 222, C S

* According to the US Geological Survey, the deposit is de-
scribed technically as quartz-pyrite-arsenopyrite. .

 We previously estimated the average gold conterit of the ore at
0.15 troy ounce per ton. Indeed, some experts believe that the
irregular shape of the mine indicates that the Soviets have selective-
ly mined the ore deposit, a technique called “high grading"—
extracting the richest ores first in order to achieve a higher level of
output from smaller quantities of ore. Nevertheless, these experts
are convinced that the total quantity of ore removed to date would
yield an average gold content of 0.10 ounce per ton. o
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? , QA mill, 670 meters in length érnnds the ore;

| primary crushmg is performed underground

1 before entering the mill. . The mill also sizes
and sorts the ore to ensure a|uniform feed
!mlxture ‘prior to final refi nlng The mill is
l equipped with amalgamators that recover the
theavy gold nuggets. The mnll building ap-
| pears to be completed although we do not
‘| know whether it has been completely outfit-

1 ted thh machinery and eqmpment

10 A th:ckener area of 18 tanks each 50 meters
in dnamcter, develops a viscous solution. Con-
structnon in this area was recently completed

‘o An :on-exchange building housmg cylindrical
| tanks—called Pachuca tank..-*—extracts ihe
gold. At present, 102 Pachuca tanks are
‘installed and work is under way on putting
i the final 36 tanks in place I J

°A re/' inery, 120 metérs in length is used in
! the final stages of purification. The r_eﬁnery
| was completed in the early l970s '

The pace of construction suggects that the proc-

Muruntau is the largect investment prOJect
ever carried out in the Soviet gold industry and
probably the most expensive undertaking by any
gold mdustr’y in the world. mdustry experts

L,
li:‘ A I

v
1

I

essmg facnlltm should be eompleted in 1979-80 :

Top v ret 4

estimated that if this investment, including infra-
structure, were undertaken in the United States,
it would cost about $1 billion (in 1978 dollars)..
The most expensive part of the project, the
processing facility, probably would cost about .
$500 million. This is roughly three to five times -
the capital valuation of the largest gold plants in - .
South Africa and the United States. The remain-
ing $500 million represents costs such as the
water supply system, road and rail transport, the -
construction of the nearby city of Zarafshan, and
related ancillary costs such as the geological
survey and development of the open-pit and
underground mine.

The capital investment at Muruntau can also
be inferred roughly from published Soviet litera-
ture. In 1973 the Soviets reported that the total
capital investment at the Zod plant (a new gold
plant in Armenia) amounted to 160 million:
rubles.? Aocording to ruble-dollar ratios calcu- -
lated in a previous CIA study, the published '
ruble investment fi gure would equate to about
$220 million in 1970 prices or about $400 million
in 1978 prices. The Zod plant is considerably
smaller than the onec at Muruntau, in terms of -
both size and estimated capacity, and is lecated
in a region of the USSR where oonstructxon costs
are less.

» Summary of World Broadcasts, 20 April 1973.
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AE A - 1 APPENDIX B
BASIS_ FOR CIA ESTIMATE OF SOVIET GOLD PRODUCTION |

| AT LOCATIONS OTHER THAN MURUNTAU
IR

|
P
|

"+ | Total Soviet gold production is th°! sum of () 4

{ ' mined gold and (b) gold recovered as a by- E Estimates of gold
o j-product in the refining of copper, lead and zinc. p ] €ast Region are based
jMinodGold:'é o

.+ The Northeast Region, consnstmg of the.
iMagadan Oblast and the Yakutsk ASSR is the

‘largest gﬂld—nmdumnn—nmm—-n—'hLUSSLLmL’ The estimate of gold production in the Lena
’_Lable 2) : Gold Trust (Irkutsk -Oblast) is based on the

reportmg | ,

. ll' v?.i e .?-»:z":é;:‘éie?{"lf :,,,,15.«_,4,57,_ T , —
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25 I ussa: Rovisod ssﬁmam of Gold Produchon. by Remon |

gN"“h“* , LenaGold =~ Byproduct Other
*. [ Region'  Muruntau, ~ Trut ~ Recovery’  Mined Gold"
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't Gold recovered as a byproduct of copper refining.
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80Id production in the Lena
-about. 11 tons per annum

| | reports

i

-1 ;simply increased our estimate of output in these

. [

| during 1967-69 and that output was not expected
|ta increase significantly in the;forclsmble future.

| /1 The estimate of mined 'gold | production in
other parts of the USSR is based on two Soviet
that indicated that the North-

1 least Region accounted for about 60 percent of
| ithe USSR’s production of mined gold at that
“itime. ‘Production . in the - Northeast .Region

‘amounted to 48 tons in 1957; Hence, total Soviet

that year, of which other_-greasgaccounted ,fo.r

| jabout 32 tons.* .. - -

| Since the late 1950s, little information . has

: :been available on gold production in these other

:areas. In the absence of such intelligence we have

areas at about the same rate that production has
been increased in older mining areas in . the
ngrtheast Region. This estimate is, of course,

| itenuous at ' best. We are currently reassessing

available data on the 14 gold processing plants

N3

| i

o :
K

1

f‘Previously.-reportinz for the Lena Gold Trust was included
» ,under other arcas. Since information. on gold production in the
. iLena Region has become available, we have listed the Lena Region
¢ ;scparately and have adjusted our estimates of gold production in _
i, jother arcas accordingly. S e b
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jmined gold: production probably was 80 tons in -

chionA and the Lena Gold Trust. When this

study is completed, we may revise our current

~estimate. Preliminary analysis of five of the: -
largest of these 14 Soviet gold plants suggests
that their combined output probably is 25 to 30 - -

tons per year. Thus our overall estimate of gold

- production in other regions of -the USSR—56
- tons in 1977—may be of the right order of o

magnitude.

Gold Rw as Byproduct o
To estimate the amount of gold recovered in

the processing of copper,

average factor was developed for the recovery of
gold per ton of refined copper at each copper

refinery in the USSR. The average recovery .

factor for each refinery was weighted according
to its estimated share of total Soviet output of
refined copper. The overall factor was then ad-
justed upward slightly to allow for the small
amount of gold that is recovered in the process-

ing of lead/zinc ores. We estimate that on the -

average the Soviets recover 35 grams of gold
(slightly more than one troy ounce) per ton of

i '!Qt,il‘cr'tha'? Murun{al‘l'_an d those in the Northeast refined copper. The USSR produced an esti-

mated 1.4 million tons of refined copper in 1977,
which would yicld an estimated 49 tons of gold.

lead, and zinc, an
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