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TNFORMATTON

TEE PHOSPHORUS INDUSTRY OF THE USSR*

L Surmary

The USSR seems to be self-sufficient with respect to the supply of both
phosphorus and the raw material for phosphorus, phosphate rock (calcium phos-
phate). The Russisns would have suificient phosphorus availsble for large-
scale munitions-filling end for the masnufacture of nerve gases and do not seem
to be vulnerable to economic warfare in this field.

There are two forms of elemental, or pure, phosphorus: white phosphorus and
red phosphorus. Red phoaphorus, which is used primarily in the manufscture of
matches; 1s obtained by subjecting whitegphosphorus to elevated temperstures.
White phosphorus, the main subject of this report, is by far the most important
from both & military and an industrial point of view.

For strictly military purposes, white phosphorus is used primarily as a suoke-
producing and incendiary agent. Phosphorus produces one of the mogt effective
gcreening smokes known. Dangerous burns ceused by burning phosphorus mske it an
efficient sntipersonnel weapon. For these militery uses, white phosphorus, either
alone or in combinstion with other chemicels, is used ag a fill in shells, bombs,
and grengdes. White phosphorus also is used in the preparation of the highly
toxic nerve gases, such as Sarin and Tabun, which were developed by the Germsns
during World War II; in pyrotechnics; snd in tracer compositions.

Soviet military requirements for phosphorus in 1952 are believed to have
amounted to 9,900 metric tons, or 27.5 percent of total availsble production.
Of this amount, 7,000 metric tong, or 19.7 percent, &re believed to have been
ugsed for munitions-filling, tracer shells. smoke boxes, and flaves and 2,900
metric tons, or 8.2 percent; for the msnufacture of nerve gnses.

‘The principsl industrial uses for white phosphorus are as & raw material to
be used in the production of phoaphoric acid, phosphorus rentoxide, snd phos-
phorus trichloride. From these intermediate chemicals, there are derived in
turm & lsrge number of other important phosphorous compounds. These last are
used in the manufacture of foods, drugs, detergents, and plastics and in other
branches of the chemiecal industry.

Total Soviet production of phosphorus In 1553 is estimated to be about
35,500 metric tons (between 25,500 and 48,900 metric tons). On the basis of
this estimsted production of phosphoruz, the USSR ranks second only fo the
US among principsl phosphorus-producing countries. In 1952, Soviet produc-
tion wee, however, equivaleat to anly sbout 20 percent of US production.

-

¥ This report contains information availoble se of 1 March 195%.




Saviet industriasl requirements for phosphorus in 1952 are estimated to have
amounted to 25,600 metric tons, or 72.1 percent of totsl avallable production,
Of this smount, 23,040 metric tons, or 65.0 percent, were used in the manufacture
of phosphoric acid; 1,360 metric tons, or 3.8 percent; in the manufscture of
phosphorus pentoxide- and phosphorus trichloride; and 1,200 metric tons, or 3.3
percent, to produce red phosphorus for use in the match industry.

The electrothermal method is the method génerally used both in the US and

. in the USSR for the production of white phosphorus. This method involves the

heating of a mixture of phosphate rock, coke, end sand in an electric-arc
furnace.

Although Soviet technology is generally similar to that used in the US; the
consumption of phosphate rock and of electric nower per ton of’phosphorus appears

B

to be considerably higher in the USSR than in the US.

Totel reserves of phosphate rock available in the USSR are believed to emount
to 9 billion metric tons. The USSR is therefore assured of abundent supplies of
this rav materisl for its production of phgsphorus. Phosphate rock deposits are
fairly evenly distributed west of the Urels and in Central Asia. The largest
and richest deposits occur in the northern Kola peninsula and in the Kare-Tau
range of South Kazakhstan. ’

The principal phosphorus-producing plants in the USSR are located in 5 eco-
nomic regions® -- 1 plant at Kirovsk in the Northwest (Ia), 1 at Beketovksa in
the Volge (VI), 1 at Dzerzhinsk in Centrsl FEuropean USSR (VII), 1 at Berezniki
and 1 at Pervoural‘sk in the Urals (VIII), and 1 at Alga in Kazalkh SSR {Xa).
Although it is not known where the Russians heve reassembled the former
Piesteritz phosphorus plant vhich was removed from East Germany, the equlipment
of this plent was reported by one relisble source to have been consigned to .
Sverdlovsk, Megnitogorsk, and Stelinsk.. S

Input requirements of raw materiale and electric pover necessary to achieve
an annual production of 35,500 metric toms of phosphorus are estimated to be as
follows: 440,000 metric tons of phosphate rock, 89,000 metric tons of silica,
71,000 metric tons of coke (67,000 metric tons of amthracite coal}, 835 metric
tons of carbon electrodes, and 640 million kilowatt-hours of electricity.

Transportation of phosphate rock to the producing plamts rrobably dces not
constitute & problem, since most plants have either local or relatively neaxrby
deposits of phosphate rock st their disposal. Ghimment of white phosphorus
under water is probably taking place by rail, truck, and ship, but it is doubt-
ful thet the Russians are eble %o ship much phosphorus over long distances; in
view of the hazerdous nsture of the product and the special tenk cars required.

S

* The term region in this report refers to the economic regions defined and
numbeved on CIA Map 1208, 9-51, USSR: Economic Regions.




Little is kmown concerning trade in phosphorus between the USSR and foreign
countries. During World Var II the USSR received shipments of 2,089 short tong
of phosphorus. No other information concerning imports of phosphorus by the
USSR is aveilsble. Only smell amounts of phospherus have been exported, mostly
to East Germany, during the past Y4 years.

There is no good evidence that phosphorus 1s belng directly szockpiled in
the USSR. Phosphorus~filled runitions at munitions-filling installetions may,
hovever, constitute a reserve stockpile of undetermined size, available for
military operations.

Supplies of phosphorus probebly could be restricted only by attack on the
producing installations or their power plants. :

I. Introduction.

A. Description of Phosphorus.

Phosphorus occurs in white and red allotropic forms. The most commonly
Imovm and most widely used is the white form, with which this report mainly deals.
White phosphorus is a sof't, transiucent meterial, having a disagreeable, pungent
odor. It is highly poisonous and burns spontaneously in contact with air, pro-~
duecing thick white fumes of phosphorus pentoxide {Pz05}. WUhite phosphorus has
a density of 1.8, a melting point of 44°C, end o boiling voint of #80°C. Since
white phosphorus oxidizes rapidly in the air under spontaneous combustion, it
is usually stored and handled under water. White phosphorus is soluble in car-
bon disulfide, benzene, chloroform, end toluenc.

then white phosphorus is heated above =T750C for a prolonged period of
time, it is converted to red phosphorus, 2 ctable, noninflasmeble, and non-
poisonous product, vhich is not soluble in organic solvents.

B. Uses of Fhosphorus.

1. Milltary.

The primary military use of vhite phosphorus is as a smoke-producing
end incendiary agent. Phosphorus, when irn contact with air, produces one of the
most effective screening smokes known. The dangerous burns caused by burning
phoegphorus make it sn efficlent antipersomnel weapon. For these purpoges., phos-
phoxrus ic used =2 o £1i11 in shells., bombs, snd grenades either slone or in com-
binstion with other chemicasls; such &g sulfur or carbon disulfide.
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The Russians wmade extensive use of white phosphorus in incendiary
shells during Vorld Wer II. Phosphorus, either alone or in solution, was used
by the Russians as a.f£illing for hand grenades; rifle shells, glass ampoules,
incendiaxy flasks and projectiles, aerial bambs,; rocket missiles, airbcrne
incendiary apparatus; acrial ampoules, and rotational scatter bombs. g._/“% Solu-
tione of phosphorus in organic solvents were used chiefly as fillings for in-
cendiery flasks for use ageainst tanks. The most cammon solution was a saturated
solution of vhite phosphorus in corbon disulfide, with or without an admixture
of crude turpentine.

White phosphorus also is an essential ingredient of the highly toxic
nerve gases, known as Tabun and Sarin, which vere developed by the Germans dur-
ing World VWor II. It was used in the proportion of 0.2k metric ton per metric
ton oi Tabun and 1 metric ton per metric ton of Sarin. Phosphorus also is used .

in making pyrotechnic mixtures, such as tracers and flares. Red phosphorus is
used as a component of tracer and incendiary mixtures and also in chemical var-
fare as a componert of match heads for .Lgniting soke boxes and friction primers
{airplene flares).

£, TIndustrial. 4

Vhite phosphorus is the Basic starting material in the manufacture

of & large muber of phosphorous compounds, of which the most inportant are phos-

rhoric acid, phosphorus pentoxide, and phosphorus trichloride. These key con-
pounds derived from phosphorus are in turn converted to many other derivatives,
some of the most widely used of which are fertilizers; nutritive and therapeutic
agents; reagents in organic syntheses and in the production of antibiotics, anti-
malarials, and culfa drugs; water-softening end ore-flotation agents; detergents;
oil additives; fire-resisteut and anticorrosion campounds; plasticizers {tricresyl
and triphenyl phosphates); soft drinks; baking pouder; and dentifrices. Phos-
phoric acid, or same other derivative of phosphorus, is used in at least one
step of the manufucturing process of most industries: for instance, 1n the drugs,
legther, paper, brewing, cellulose, d;ye , printing, rubber; and soap industries;
in the manufacture of high-octane gasoline;. in the plckling of stainless steels;
in the bright dirping of aluminmum; end in the rust proofing and metal bonding of
metal surfaces.

Red phosphorus is of lesser industrial importance than white phos-
phorus, and is used primarily in the match industry as a component of the mixture

- opplied to the striking surface of match boxes, and also in the preperation of

phosphor bronbcs

*  Footnote refercnces in arebic numerals are to sources listed in Appendix D.




€. Production Methods.

1. Uhite Phosphorus.

a. Electrothermal Method.

The electrothermal is the pmost important and most generally used
- method throughout the world for the production of white phosphorus. A mixture

of phosmate rock (mainly calcium phosnhate), coke or anthracite coal, and
silica is placed in an electric-arc furnace s Where, in the intense heat of the
electric arc {1,300 to 1,500°C), the phosphate rock is reduced by the carbon
of the coke to phosphorus and slag. The liberated phosphorus in vepor form to-
gether with cerbon monoxide ond other gases, passes into coolers where the pure
phosphorus is collected and is kept under water until solidified into cskes or
sticks, vhich are then shipped or stored under water in tins or barrels.

The electric-are furnaces usuolly operate on single-phase or
three-phase current and sre provided with carbon or, in some cases, with
graphite electrodes. They are gimilar to calcium carbide ovens except that
they are hermetically closed to prevent evkry of air, which would oxldize the
' phosphorus into phosphorus pentoxide. Three-phase clectric-are furnoces gen-
erally are considered to be more practical and more powerful and are the ones
most often installed at present. The moin structure of the furnasces is boiler
- plate. The furnaces are lined with asbestos, with fire-resistant clay, with a
mixture of coal and pitch, or with graphite and pitch.

Early furnaces for the production of phosphorus were quite small
and were for a batch type of operation. Improved technology has led to larger,
continuously operated furnaces. Many plants now have capacities of 10 to 25
metric tons of phosphorus per day. Same plmts find it economical to, operate
only 1 furnace, wherea.s others may ‘have 3 5 furnaces in operstion.

Careful chemical control is a necessity in the operation of
electric-arc furnaces. Slight changes in the ratio of the verious rav materials
or in their composition mey result in serious losses. Grinding and mixing of
the raw materials are necessary to achieve good result At some plants the
naterials are first fused into briquettes.

Apatite and phosphorite ores oxre the most commonly used phosphate
rock raw materials. Silica; in the form of sand or quartz, or in the form of
silicates such as nepheline or feldspar, is added as & flux. This facilitates
the reduction of the phosphate rock and converts the calcium oxide into stable,
low-melting calcium silicate, forming a slog which can be easily removed from
the Durnace. The proportion in which the various ingredients are uscd varies
according to the chemical anslysis of different batches of raw materials. The
amount of coke used in such as to provide & 10-percent excess of carbon.




The electric pover capacity of single-phase electric-arce fur-
naces does not exceed several hundred kilowatts {kw), and that of threc-phase
furnaces ranges up to 12,000 kw. According to Soviet practice the average
electric pover consumption required for the production of 1 metric ton of phos-
phoras is reported to vary between 16,000 and 20,000 kilowatt-bours {kwh). 2/

The consumption of phosphate rock and electric power per metric
ton of phosphorus appears to be considerably higher in the USSR than in the US.
The yield of phosphorus, based on the calcium phosphate content of the phos-~
phate rock, ig about 92 to 95 percent in US mractice but appears to be lower in
the USSR. The compareble Soviet yield of usable phosphorus varies froam between
70 to 85 percent of the total phosphorus content of the charge. 3/ Soviet phog-
phorus technology is generally similar to that practiced in the US.. :

' b. Blast-Furnace Mcthod.

The blast-furnace method for the production of white phosphorus
is of secondary importance and generally is not considered economical or practical
in view of the low yield of phosphorus dbjained. Research studies on this pro-
cess have been under way, however, both in the US and in the USSR, aimed prin-
civally at the production of phosphoric acid froam the phosphorus obtained in this
manner. The blast-furnace method was tested in the USSR in pilot-plant operation
but has not been used industrially, mainly because of the high consumption of
coke. lievertheless, in 194k, because of the critical demand for phosphorus, the
blast-furnace method was used in several Soviet plants, although the yield of
phosphorus was low. 4/ ‘

A blast furnace similar in appeareance and structure to the blast
furnaces used in the steel industry is employed in this method. Phosphate rock
is pulverized; mixed with ground coke; and compressed.into briquettes, vhich; to-
gether with sand as a flux and additional coke, are charged into the top of the
furnoce. The high temperature required for the reduction of the phosphate rock
to phosphorus is achieved by the combustion of the carbon comtent of the charge
to carbon monoxide. The emount of coke added is therefore congiderably larpger
than in the electric-arc furnace process. Blast air, required for the combus-
tion of coke and liberation of heat, is inmtroduced into the furnace after being
preheated to 600 to 8009C in heat exchangers. The gases leaving the furnace have
a lov phosphorus content because of the high dilution with nltrogen lmtroduced
into the furnace as pert of the blast air. About £5 percenmt of the phosphorus
liberated in the blast furnece is comverted to phosphine gas (PHz) and is there-
fore lost. For these reasons, the recovery of phosphorus in liquid form by
condensation is pot economical. It is usuelly preferable to coavert the phos«

- phorus-containing gases to phosphorus pentoxide and then to phosphoric acid.

2. Red Phosphorus. 5/

Red phosphorus is obtained by heating white phosphorus in ruffle
ovens, sutoclaves, or rotary drums, first o £75 to 280°C then graduslly

-6 -




reising the temperature over a period of several dsys to 330 to 340%:,
According to Soviet practice,; about 1.1 metric tons of white phosphorus are
needed to produce 1 metric ton of red phogphorue. This conversion requires
from 1.8 to 1,9 metric tons of heavy oil or 5,000 kwh of electric power for
heating the resctors.

D. Historical Development of Soviet Production Methods. 6/

Smxll phosphorus-producing instellations existed in Tsarist Russia.
They were based on the retort method of reducing dicalcium phosphate, which
was obtained by the action of sulfuric scid on bones. The first regearch
studies on the electrothermsl production of phosphorus were carried out in
1521-22 at the Scientific Institute of Fertilizers by S.1, Volfkovich and
E. Tukovskiy. Further research end development of this process were done
8t the leningrad Institute of Applied Chemistry (GIPKh) and by factory
engineers. ‘

The production of phosphorus by the electrotherrml method was
estzblished in 1928. The first Soviet efiectric-arc furnaces for full-scale
electrothermal production of phosphorus from domestic phosphorites were
constructed at the Chernorech'ye Chemicel Combine imeni Kelinin st
Dzerzhinsk end were developed by S.I. Volfkovich, who was awarded the
Mendeleyev prize in 1931 for his work on phosphorus and phosphates.#

The USGR hse never published figures concerning the production of
phosphorus. The earliest reported fipure of phosphorus production is for
the year 1923-24, when, according to a very doubtful end unconfirmed source,
gbout 2,000 kilograms (kg) of phosphorus were produced at the Troitsk phos-
phorus factory is Zolotaya Sopka; Chkalov Province, in the Urals. This fac-
tory is szid formerly to hsve produced glue, various soaps, and red phos-
phorus. It is not lnown whether this plent is still in operation. Produc-
tion of unlmown quantities of phosphorus by the Leninpgrad Institute of
Applied Chenmistry, formerly knowm s&s the Vatny Ostrov Chemical Plent, was
reported in 1928 and 1929,

The first plant for the electrothermal production of phosphorus in
the USSR, equipped with 1 three-phase electric-arc furnsce opersting on a
2,000-kw current, was stated to have begun production in 1933 in the Khibiny
mountains near Kirovsk on the Kola peninsuls.¥* During the pericd 1927-37,
production of phosphorus in the USSR renortedly Incressed seversl timzs

* See Appendix A, Plant C, p. 28, for further information.
®¥ See Apvendix A, Plant D, p. 2&; for further information.




tenfold. This increcase in production was urdoubtedly comnected with the
@xploita;tion of the huge phosphote rock (apatite)} despoits of the Khibmy tun~
dra, where production of phosphorus was contamplated as early as 1932,

The exact production of phosphorus before and during World War XII is
not known. It has been stated that the USSR suffered a severe shortage of
this chemicel during the war. Shimments of 2,089 short tons of phosphorus
from the US to the USSR under lend-lLease attest to this shortaege.

I1. Supply Situation.

A. (Ore Deposits.

The principal phosphate rock deposits in the USSR include the apatite
deposits loceted im the Khibiny mountains near Kirovek on the Kola peninsuln;
the phosphorite deposits locabed in the Kares-Tau range, extending through
Dzhambul Oblest and South Kazekhsten Oblast, and phosphorite deposits located
in Aktyubinsk Oblast of Kezakh SSR; in Kirov Obla.s‘c (erca of the Vyatke-Kame
deposits) and in the Moscow (Yegor"ycvs}'; , Orél, and Kursk oblasts. 7/

The total currently known ore resecves of phosphate rock in the USSR
ore estimgted at 9 billion metric tons. These are primorily apotite snd phose-
phorite, both of which consist of calcium phosphate snd various other minerals.
Of this amount; less than Z billion metric tons are classified as explored
{proved) reserves. The ore varies from 1% to 30 percemt in content of phose
phorus pentoxide.

The total ore reéserves of apatite, as of Jenuary 1935, were reported as
2 blllion metric tons, of which neerly 500 million metric tons were classified
as explored reserves. The content of phosphorus pentoxide in the apatite ore
varies from 24 to 28 percent.

The total known ore reserves of phosphorite, as of Janusry 1938, were given
as G billion metric tons, of which more thsn 1 billion metric tons were claseified
as explored reserves. The comtent of phosphorus pentoxide in the phosphorite ore
vories from 17 to 30 percent. 8/ A more recent report indicetes am increase of
1 billion metric toas in the total ore rescrves of phosphorite ,» With a content
of 3C percent phesphorus pentoxide. 9/

Both apetite and phosphorite ores are conceagtrated principelly by fio-
tation methods. In the manufacture of phosphorus the purity or grade of the
cre 18 not so important as in the preparation of fertilizers; such as super-
phosphate. The highest grede of phosphate vock in the USSR is the apetite cone-
centrate from the deposits in the Xhibiny mountains, followed by the phosphorite
concentrates frcm the Kerve-Teu range of South Kazakhetan. Teble 1% shows the
content of phosphorus pemtoxide in ore and concentrates from the principal phose
phate yock deposits in the USSR. }Q/’

¥

Teble L followe on p. 9.




Table 1

The Phosphorus Pentoxide Content of
Principal Phosphate Rock Deposits in the USSR

Percent of
Phosphorus Pentoxide

-  Ares Type of CGre Product Content
Khibiny Apatite Ore 0.8 to 34.6
Concentrate 38.8 to Lko.2
Kara-Tau Phosphorite Ore 26.2 to 30.0

. Concentrate

Vyetka Phosphorite Ore {%ashed) 23.5 to 26.0
_ Concentrate 8.0 to 28.3
Yegor‘yevsk Phosphorite ’ Ore 21.2 to 23.7
- Concentrate 27.5 to 31.0
Aktyubinsk Phosphorite &ee 17.5 to 19.0
Concentrate £5.0 to 26.0

B. Supply of Phosphorus.

1. Production Estimstes.

Soviet plants were probably producing phosphorus in 1952 at an
estimated total emnual production rate of about 17,500 metric tons.¥* In
addition; 18,000 to 20,000 metric tons of annual capacity for the production
of phosphorus were dismantled from the German Piesteritz plent in 1946 and were
removed to an unknowvn destinstion in the USSR.¥*

Assuming that the Plesteritz furnaces are now installed and operating
in the USSR; totel Soviet production of phosphorus in 1952 can be estimated at
about 35,500 metric tons amnually. The true Tigure probably lies between 25,500
and 48,900 metric tons. This wide range has had to be given because of the many

uncertainties existing in the information availasble on the production of individ-

ual plants and because of the total lack of informetion regarding Soviet require-
ments for phosphorus.®%#*

The position of the USSR in relation to other phosphorus-producing
countbries is shown in Table 2.##6¢

#* A Soviet englneer who dismantled the installations producing phosphorus
at Bitterfeld in East Germany stated that there were 5 plants producing phos-
phorue in the USSR, 1 of vhich was located on the Kola peninsula. 1_}/

#%  The Piesteritz plant was reported by one reliable source to have been
consigned to Sverdlovsk, Magnitogorsk, or Stalinsk. }i/
LWt See Appendix B for full discussion of the methods which were used in
arriving at the above estimates.
##A# Table ¢ follows on p. 10.




Table 2

Estimated Production of Phosphorus by Selected Countries

1952 .
Metric Tons ‘
Country Amoun®
us ' ' 180,000 —/ :
USSR . 35,500
14 18,000 &/
France 12 000
West Germeny ,500 a/

a. CIA- estimates.

2. Imports and Exports. 13/

Little information is svailsble regarding imports of phosphorus
by the USSR. An unconfirmed report of 1951 from the Electrochemical Cambine
Bitterfeld in East Germeny stated that the deliveries of phosphorus to the
USSR leave there as priority shipments via Stettin with no indicéation as to
destination. This informetion ls comtradicted by reports of 1951 exports of
phosphorus frcm the USSR to Easst Germany.

If production of phosphorus in East Germsry incresses beyond that
countryfs most urgent requirements, it is possible that shipuents of phosphorus
to the USSR may eventuate. Other than the USSR, East Cermany is the only Iknown -
producer in the Soviet Bloc.

Scattered information is availsble on exports of phosphorus from the
USSR during the years 1048-51 ; indicating shipments of relatively small amounts,
principally to East Germeny and Finland. Finland reportedly received 10.5 metric
tons in 194%9. Soviet exports of phosphorus to East Germany were apparently ebout
600 metric tons in 1948, 600 metric tons in 1949, 20 metric toms in 1950, and
sbout 100 metric tons in 1951. 1t therefore seems probeble that Soviet exports
of phosphorus to East Germany will citber drop to a negligible amount or even
cease campletely diring and after 1952. Production of phosphorus in East Germany
is rapidly 1 mreesing and will probably meke this country independent of imports
fram the USSR.

3. Stockpiles. }_lf/

 There is no good evidence that phosphorus is being stockplled by
the USSR in bulk form. It is knouwn that the Russians seized 5,000 metric tons
of phosphorus stored by the Germans in their Dyhernfurth nerve-gas factory, which
fell into Soviet hands in 194%5. Machinery and equimment from the Dyhernfurth
factory were dismextled by the Russians and were reported to haove been delivered
t0 Beketovks, rear Stalingrad. I% is quite conceivable that these 5,000 metric
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tons of phosphorus were also transpo
there.

srriving at Beketovka.

rted to Beketovke and possibly were gtored

Several reports mention shipments of phosphorus in Germsn tank cars
It 15 Imown that phosphorus munitions-£illing instells.

tions were operating, st lemst to a limited extent, in the years immediately

following World Ver 1I.
opersting.,

i oA

It seems probeble that these installstions sre still

The Russians undoubtedly do possess a stockpile of wadetermined

size of phosphorus-filled runitions.

4. Total Supply.

Exclusive of possible stockpiles, the total 1952 supply of phosphorus

aveilable to the USSR is estimated at
and 48,900 metric tons).

C. Input Requirements.

1. Primary Rew Materials. 15/

35,500 metric tons (somewhere between 25,500

4

The amounts of rew materiasls required for the production of 1 metric

ton of phosphorus, according to Soviet

vractice, are shown in Table 3.

‘Tgble 3

Raw Materials Requlred for the Production
of 1 Metric Tan of Phosphorus in the USSR

Metxric Tons

Rawr Material

Fhosphorite
or
Apatite

Silica
Coke

ox
Anthracite Coal

Amount g‘/
11 to 16.5 b/
9 to 16

2.5

2.0

1.9

a. Approximate.

b. Depending on composition.

The mamfacture of 35,500 metric tons of phosphorus, the most

prebable estimete of production in the

USSR in 1952, would therefore require
R

the quantities of raw materiels shown in Teble &4

* Teble 4 follows on p. 12.




Table L

Rew Materials Required for the Production
of 35,500 Metric Tons of Phosphorus in the USSR

¥etric Tons

Raw Mgterial Amount 9'/
Phosphate Rock ' _ Wil ,000 b/
Silica ’ 89,000
Coke 71,000

or ‘
Anthracite Coal . | 67,000
Carbon Electrodes 885 ¢/

4

a., Calculated from Table 3.

b. Based on an averasge consumption of 12.5 tonms of phos=-
phate rock per metric ton of phosphorus.

c. No information was avallsble on Soviet consumption of
carbon electrodes in the production of phosphorus. ' There«
fore, in accordance with US practice, a factor of 50 pounds
of carbon electrode material per ton of phosphorus was used
in this calculation.

. ¢. Electric Power. 16/

Pover consumption depends on the type of furnace end on the ,
phosphorus pentoxide content of the phosphate rock snd varies from 16,000 to
20,000 kwh per metric ton of phosphorus. Soviet consumption ¢f electric
pover in 1952 for the mamufacture of 35,500 metric tons of phosphorus, there-
fore, 15 cstimated at about 640 million kwh, using an average of 18,000 kwh
per metric ton of phosphorus.

L. Plant Iocations and Capacities.

Table 5% lists the locatlons and estimated anmual capacities of known
ard probable phosphorus plants in the USSR %%

IR

_% Table 5 follous on p. 13. ‘
*#*  See Appendix A for further information about these plants.




Table 5

Locations and Estimsted Capscities of Phosphorus Plants in the USSR

1952
Metric Tons
Location Plant, Neme  Anpmal Cg,pacity. §/
Northwest {Ia)
Kirovsk Apetite Chemical Combine 5,000
Volga (VI) |
Beketovks Factory No. 91 2,700 to 7,600
Centrel Buropean USSR {VII) .
Dzerzhinsk C‘hernorech'yé Chenicsl
: Cembine imeni Kalinin 4,800
Urals {VITL)
Berezniki Voroshilov Chemical Cmb:.f.'ne k500
21 sk "Degyatiletiye Oltyabrya
FesveuT Khrompik Chemical Combine 500 to 5,00C
Kazakh SSK {Xa)
' Aktyubinek Chemical Combine
e memyu' Kirov 0 to 2,000

" @. 18,000 to 20,000 metric tons of additional anmual capacity (4 fwrnsces)
were dismentled in 1946 from the Germon Picsteritz plamt. The location of
these furnaces in the USSR has not been determined.

' E. Trausportation.

L. Phosphate Rock. 17/

Little positive information is avallable as to the sources and
routes of transportsetion of phosphate rock 0 each of the individual plants
yroducing phosphorus listed in Teble 5. All but one of the Mmown phosphorus-
producing plants in the USSR are located in gecgraphic areas having either




local or relstively cloge phosphate rock deposits cepsble of supplying
phosphste rock by rail or by water. Transportetion of vhogpbgte rock from
the mines to the consuming plants depends primerily cn the avallability of
freight cars gnd offers no particular problem, Ome source states that Soviet
freight cars bandling phosphates have & capacity of approximately 40 metric
tons of apatite esch.

The one plant which ia dependent on long-distance transportstion
of phosphate rock is the Beketovim plant neer Stalingred. This plegnt is
believed to receive part of its phosphate rock from the large Esye-Teu. de-
posits in South Kazekhstan, which would involve & 1,000 to 1,500 - mile beul
by railrced end poeeibly by barge ecross the Cespien Sea from Krasnovodsk
aod up the Volga River. Shipments of phosphate ore to this plant by berge,
boat, and il bave been reported. It 1s possible thet the Bekstovim plent

ray elso receive apstite from the Kole peninsule, end phogphorite from

‘daposits in ¥egoriyevsk in Centrel Buropeen USSR (VIT), in Kirov Colsst in

the Vyatks-Kams srea, or in Aktyubinsk Oblast. Difficulty in transportation
of maw phosphate rock therefore could a;fect the production of phosphorus
=t thig plant. : ’

It is known that the Apstite Chemicsl Combine at Kirovsk utilizes
locel spatite deposits as raw materlals for its production of phosphorus and
that the piznt &t Algs hes its own phosphorite mines. No transportation prob-
lems, therefore, arise in connection with these two plants. :

Fnosphate rock shipped to the Chernorech’ye Chemical Conbine
imeni Kalinin gt Dzerzhinsk is reported to consist of phosphorite from
Vyatka, Yegor‘yevsk, and Sgratov and of apstite from the Kola peninsula.
Thege deposits, with the exception of the Kole apetite, are locsted within
& few mundred miles of the plant. Shipments of phosplmte rock by redl to
this plant, therefore, probably present no problem. C

Fhe Voroshilov Chemical Coambine st Berezniki is reported o
receive phospbste rock from the nesrby Vyatks (Eirov) srea. Although mo
information 18 aveilsble &® to the origin of the phosphete rock utilized
by the "Desystiletiye Oktysbrys' Khrompik Chemicsl Combine st Pervoural’sk,
vhich eleso ig loceted in the Urels ares, it is probeble that this plant
#lso receives its phosphate roek from the Vyatke-Kema deposits.

R Ph%om..’]ﬁjf

Transportation of phosphorus is by reil and by truck. %Fhe
phogphorus is placed in tank cars, Larrels, drums, earvthemmre jars, or
even kettles, under & protective lgyer of wster or cslcium chloriée brine.
Fhosphorus msy also be transported in the form of phosphorus-filled munitions,
such as shells, barbs, and grenades, which can be filled at the producing
plents. Both the . f111Ing of phosphorus into munitions and the shipment of
these filled munitions by ¥sil and truck for use by the Soviet Army end Nevy

~
; \,\{1@ -




such over long distences® im the VESR. It appears move likely that phosphorus
iz transported in the form of filled menitioms. '

III. Requirements.

~ Bo information 1s evailsble comrerming Soviet nilitery cr industirial require-
B20%8 for phosphorus. Likewise, questitetive informatien comcarning Soviet cuRe
mxm%daﬂmmmmmmmlwmo £his preciuvdss
any calaculaticn of requirements fron ewch souzees. Therefore, in atbemgd
%0 estoblich at lesst a probeble pattern of Soviet requiresemts;
mecessary Go mske sume rather hreel sssuaptions. Statistics concezning UB

requirensnts f@pmmwmm&Aa,mmemmMmqmmﬂ
ZETRS . : :

A. Mlitary. |
Hable 6 shavs the estimated Sovist military requirenmsade

in 2952,

Kmiticns-Filling , Tracer
ghells, 8moke Bomes,

Flares, end Other Filiings 7,000 19.7
Ferve Geses 2,900 8.2
Fotal 1 2,900 | 219

8. Dotimzted, Goe Appendix C for vhe Dethod Uied in moking (hece
egtirgtean.

¥ ¥he Bulk of this infarmaticn relabing %o shimente of phosphorus came from.
a sRdy of ¢the ectivities st Factory Ho. 91 ab Rskebovks and the Cherncrech’ye
Chemicel Cambire imemi Kelinin att Deerzhimelk.

- 15 «
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B. Igduseriel.

Fable T lists he probaeble mmowds of phosphorus peeded TO make
key phosphorus ccupoudds for 1odnstrial purposes. Beeeuse of lack of Soviet
da.aa,; these amounts were calculsted cn the basis of US experience.*

Table 7

Estimsted Soviet Industrisl BReguirements for Phosphorus
1952

Amount Required _/ Fercent of

Use (¥etric Tons) & Total

Phosphoric Acid v 23,080 65.0
Phosphorus Pentoxide

or Phosphorus Prichloride 1,360 3.8

Matches 1,200 3.3

Totel , ’ 25,600 72.1

&. Dstimsted. Bae Appepiix G Tor ihe methods used In meking
these estimates.,

IV. Czpabilities, Vulrersbilitiss, and Intentions.

A. C&p&bil#ties .

As noted in Taehle 2,%% the USSR occupies second place in world pro-
duction of phosphorus, probably producing &lmost 20 percent a3 much &s the
world®s legding producer, the US. If 35,500 metric tons, the estimmte of
annual production given in this report, iz ressomably accursie, it then appears
that the USSR has sufficient phosphorus for such lsrge-scele chemical warfere
purposes &s mmitions filling and the mapufacture of nerve grses.

B. Vuwlnerebilities.

The USSR is not an importer of phosphorus, being self-sufficient
with respect to production of both phosphete rock and phosphorus, and is
therefore not vulnereble to economic warfare with respect to this chemical.
Supplies of phosphorus could be restricted principally by attack on the
producing installgtions or their power plants.

¥ Eee a;..scription of method on p. 36,
) ‘H P lO above
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. Intentions.

Accurate knowledge concerning Soviet supplies of phosphorus probebly
would not be &n indicator of Soviet intentions. Until deteiled Information
regarding sllocations becomes available, it is doubtful whether any reasonable

conclusions concerning Soviet intentions can be drawn from & study of the
phospherus industry slone. '




This appendlx summarizes the knowm informetion sbout individusl phos-
phorus-producing plants in the USSR. The known producers are listed in I,
and other possible producers for which some informgtion was found are listed
in I7. : N
. For some of the plents listed in XX, only pertisl nemes or no mmmes at
1) were found. - - -

Z, Fuown Profucers.
A. Factory No. 9l.

1. Xocation. 4

Beketovka, Stalingred Oblast, Volgs (Region VI).
2. Estimted Profuction of Fhogphorus in 1953.

2,700 to 7,600 metric tons per year.
3. Production Informaticn.
&. Production of Phosphorus. 19/

The production of phosphorus at this plent iz reported by
mEny sources and is substantisted by reported shipments of phosphete rock
to the plant. Ssvernl sources report deliveries of phosphate roek amounting
to about 23,000 to 65,000 metric tons per yesr. It is not known which of
these reporte ie the wore accurate or what types of roek are delivered to
the plent. Asgiming, however, thet & high-grade ore such &5 the ooe mined
&t Kera-Tau, vhich hag an avermge phosphorus pentoxide content of sbout
23 percent, would be used by this plant, snd sesuming that sll the ore
@ummatotmmwmdformmﬁmmofmphm, ths out-
rat of phosphorus, calculated from the reported dsliveries of phosphute rock,
would emount to about 2,700 to 7,600 metric tons per yeer, .

b. Production of Other Phosphorous Compounds. 20/

Phogphorie acid production was reported by three sources,
the profucticon 18 suid to beve smounted to et lezst 5 tank cars per Say
shipped to wnlmown destinetions or to 180 metrie tons per month ehipped in
drumz to Poland , '




b, Militaxy Activities.

This plant hag reportedly filled pPhogphorug into the following
muniticnss ' ' ‘

8. Grepades, ineluding 8-cm, 12-cm, ead 13-cm sizes. 21/

. b. Boabs, mclm:.j &ireruft typs and 25-kg, 50-kg splinter,.
wnd 250-kg detoramtion types. 22 '

c. Swsllg, including 2.7-em, 7.65-cm, 8.8-em, 12-em, and 17-em
entiziroraft; 10.T-cm artillery; end morter shells of different celibers. 23/

¢, Ammmiticn, 12.2-cz celiber. 2b/
e. Smoke pots. 25/

. Folotov eocktails (27 pefeent sulfur, 73 percent phos-
phorus). 26/ : o

5. Plant Equipment,

. The following equipment probebdly used in the production of phoe-
rhorus hes been reporteds _ : o

&. Smelting fuwmeces, including 2 three-phage electrie-arc
furnsces and 2 horizontsl furnaces sbout & m long =nd 1 to 1.5 n in diameter,
possibly oil-fired. 27/ , » |

) | b, Phoaphoru@ ovens, mported to heve been under construction
‘uring the period September 1948 to April 19%9. a8/ - ‘

‘€. One rotery furnsce, probsbly for msaufecture of red phos-
Phorus, vhich wes Deing dismsntisd and replsced in Merch 109, 29/

4. %o barrel-staped furnsces, ebout 3 m high end I m in
diamster, which hed not bsan used since 1945 but which were to be used in
the future. 30/

e. Coarbon electrodes, ebout 2 to 2.20 m long. 31/
f. €ne dizeillgtion epparetis of camplicated sirusturs. é@/

B. Six steel-sheet vezssls, 6 m high end 2 ¢¢ I m in digmster,
probebly for storege of liquid phosphorus. 33/

. Fowr ingulated steel tanks, 6 m high, 3 m in dismater, peinted
black, provided with mamy pipes. 3b/ _
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i, Several bollers. 35/

1. One quartz-crushing machine. 36/
k. Two stone breakers. 3

1. %wo grihﬂing drums. ;3_8/

m. One conveyor belt. 39/

n. Four phosphate crushers. 150/

. 6. Sourcs of Pover. b1/

Beketovka power plant, located opposite Factory Wo. 91, hus its
own transformer station end supplies en electric current of 60,000 to 70,000
volts to Factory Wo. 91 by means of an underground cable. The phosphorus
plant is equipped with & large electric witchboard and a transformer station

provided with four transformers.

7. Raw Materisle.

2. Phospbate Rock. &2/

Several sources report the delivery of phospbate rock to thie
plant in barges on the Volge Rivser. Thess sources imdicate that the dsliveries
of phosphete rock amoumted to sbout 23,000 to 65,000 mekrie tons p@r year.

b. Coke. &3/

Coke, limestons, and antbracite vere reported to be used, amd
coal and coke were xeported to be stored im large quantities.

c. Silica. k/

Fo informatiom other than the fact that quertz wvas used in the
production process.

8. Storege of Phosphorus. 45/

Phosphorus is z@portgd %o btz stored in the plant, both in &
building snd in tank wegone of 60-metric-ton cepasity.

9. Disgtribution of Fhosphorus. iy

One source steted that tiw phosphorus producsd by the plant was
intendzd exclusively for ths Soviet Lray and Favy and that 1t ves taken avay
by Sovier Army vehieles. The phosphorus was said %o bw shipped in metal bar-
r2lg of 200-liter capacity, by truck only, ¢o an unknown destimation. Anotber
source reported the shipment, &t least twice & month, of & tank c&r of phoge-
phorus o leipzig. :




B. Voroshilov Chemicel Combins.

1. Location.

Berezniki, Molotov Oblast, Urals {Region VILY).

2. Estimated Production of Phosphorus in 1953.
4,500 metric tons per year. ’

3. Production Information.

a. Production of Phosphorus. 87/

. The production of phosphorus st this plant is based on German
intelligence reports of 1982 end 1943. Tais plant was considered by the Ger-
mans as being one of the largest Soviet chemical piants, which was reported
to be producing chlorine, hsavy chemicals, war gases, explosives, phosphorus,
and smoke agents. during the wvar. in the evkence of more recent information,
the Cerman eptimate of 4,500 metric tons per year 13 eccepted.

b, Production of Other Phosphorous Compourds.

flo information.

k. Militery Activities.

o infomat:_tdnc

5. Plant Equipment. 48/

The productidn units are reported to be mechanized and in part
gutomatic. : : '

6. Scurcs of FPower. ?1’,2/

One steam power plant, using cosl dust as fuel, built by Borsig,
produced 83,000 kv in 1936 and 105.000 kw in 19h1. Another power plant, con~
sisting of six turbines, operated hydraulically, is reportedly of most modern
conctruction. In 1941 thls power plant prodvced 450 million kwh during 5,000
operational hours. Rronch stations receive their power from the main plant
and from the Solikemsk-Gubalkha network. Additional power comes from the
plant at Solikemsk. : i

7. Raw Materialse.

a. Phosphate Rock. ’_SQ./

Phosphorite from Vyatka (Kirov) on the Yar -- Fosforitnsye
branch Lime. ’
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b, Coke. 2:}_/
¥rom Gubakha.
c. Silica.

Ho ixformation.

8. Storage of Phosphorus. .
Eo information.

9. Distridution of Phosphorus.

Fo information.

€. Cherporech'ye Chemical Gombine iment Kalinin.
1.. Locstion. - . |
Deerzhinsk, Gor'kiy Oblest, Comtral Europeen UBSR (Reglon VII).

2. Estimated Production of Phosphorus in 1953.

4,800 metric tons per year.

3. Prodnction Information.

a. Production of Phosphorus. 52/

The production of both white and red phosphorus at this plart
is substantiated by a report menmtioning the construction at this plant of the
first electric-are furnaces for the production of phosphorus, as well as by
n;?;erous sources mentioning production of phosphorus sinmce 1930 and up to
1949,

b. Production of Other Phosphorous Compounds. 53/

Production of phosphoric acid has been reported bty at least
three sources. This production for 1936 was reported as ol metric toms dally
Production of trisodium phosphate, emmonium phosphate, and other fertilizers
vas also reported. ‘

L. Military Activities. 54/

The £illing of phosphorus into incendiary bombs and mortar pro-
Jectiles was reported to hove taken place here during the war. Ome repord
menticas 30~ %o 50-kg phosphorus bombs and another report mentions bombs sbout
120 cm long and 50 %o 60 cm in digmeter.




5. Plant Equiyment. 55/

The first éwiet electric-axrce furnsces for full-scale electro-
thermal productiom of phosphorus from domestic phosphorites (developed by
S.I. Yolfkovich) were constructed a% this plaut.

6. Sogurce of Power. 56/

The Chemical Combipe is supplied with electric power fram the
foliowing sources:

e. From its own pover plant, builé betwveen 1934 and 1937, located
on the Oka. River, using peat es fuel and producieg 50,000 kv of electrigiw.

'b.. From the Gor'kiy GRES I# Balakhma, which usee peat, coal, and
crude oil as fuel end produces 204,000 kv of electricity.

c. Fram the power plante Balekhanipski TS ,%* Dzerzhinsk TRIS,
and Gor'kiy TETS. ’ s

7. Bav ¥aterials. 57/
' a. Phosphate Rock.

Phosphorite is obtaeined from the Vyatks, ¥egor®yevsk, and
Seratov deposits; apatite from the Kola penimsula. -

b. Coke.
¥o information.
¢c. Silica.

-Ho 1nformetion.
8. Storage of Phosphorus.

¥o inforpatian.

9. Distribution of Phosphorus.
Ro information. ‘

Note: Besides production of phoephorus at this plant, there is
somz indication that phosphorus in unknown amounts may possibly be producsd
at the nearby Factory FNo. 96, also located at Dzerzhinsk.

# State Regional Electric Stetion No. 1.
wH Thermozlectric Central Station




D. Apstite Chemical Canblne.

1. location.
Kirovsk, Murmansk Oblast, Fortivest {Reglon Ia).

2. Estineted Production of Phosphorus in 1953.

5,000 metric toms per year.

3. Production Information.

6. Production of Phosphorus. 58/

The production of both white and red phosphorus at this pleny
is reported by several sources. It is ¥nown that an experimental plant for
the production of phosphorus hy the electrotbermal method vwas built in this
area as early as 1932, and in 193%4 this mlant vas reparted to be the largest
pboepborus plant in the UBSR. In 1940, Kirovsk was regarded as the center
of the Soviet phosphorus industry. Although most of tha information releting
40 phosphorus rodnction &t this plant 18 based on prewar
reports, and mo evidence.of plamt expansicn or increased production in recen®
yoars is evailable, 1t seema very likely, in viev of the sbundant phosphate
rock (epatite) reserves and electric pover availeble in the eres, that phos-
phorus is being produced at tho present time st the rate of at least 5,000
petric tons per year. ' .

b. Produckion of Other Pboephorrms cmpmmd- _§2/

 Phosphoric acid, superphosphate, mixed fertilizers, and other
technically importent pbosphoric acid compourds ere reported to be produced
at this plaxt. A productiom of 2,000 metric tons of phosphoric acid per
year was planned st the.time of the building of the plant,

k. Wilieexy Ackivivies. 60/

During the war, Molotov cocktails were produced st this pi&nt,
Phosphoyus was £illed into verious otber ¢types of canisters for the Soviet
Axexy .

5. Plant Equipment. 61/
Oue threc-phase electric-arc fuxnace, operating on 6 2,000-kw cur-

6. Source of Power. 62/

In 1934 the construction of the Bivakaya (ES wes completed. Be-
fore 1935 the opereting capacity of the power plant wes 15,000 kv. A 15,000-kw
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turbine wg put into operation in 1935, Thisz plant supplies eleciric powsy
both to the spstite minese in the Khibiny mountains and to the Apetite (hemical
Combine. During the period 1032-39, two other large hydroelectric plsats were
al30 erected gnd put into operstion in the Niva Valley.

7. Rawv Materials.

2. Phoaphate Rock. 63/

Apatite deposits discovered in 1921 in the Khibiny mountzing,
estimted at 2 billion metric tons, are the reported source of supply for
this plsnt. Other large reserves of spatite are located further to the West,
in the Monche tundra. The crude apatite contains 30 to 35 percent phosphorus
pentoxide,; and & concentrate of 38 to 40 percent phosphorus pentoxide is obtained
by 2 megnetic snd flotation process, which is used in the production of phos-
phorus Some of the concentrate is procesazed near the depozits, and some iz
shipped to superphosphsite plants in other perts of the USSR or is exported.

b. Coke. 6l/ ’

"A peat-coking plant wmg reported under construction in 1935
neqayr the Laplandiya railroad station. The primgry purpozes of this plant _
were (1) to supply peat tar to the spatite concentrating plant near the Apatity
railroad station, where it was to be used as s flotation reagent, and (2) to
supply the peat coke for phosphorus production at this plant.

c. Giliea.

No information.

8. Storege of Phosphorus.

No informatiod.

Distribution of Phosphorus.

\7

No information.

1%. Possible Producers.

in addition to the plants listed in I, sbove, for which evidence of sctual
or probable phosphorus production is available, there have been indications,
from 1 or 2 snd, in a few cases, from 3 cr L or more sources each, that phos-
phorus may also be produced at the plants listed below. Because of the scant
and unconfirmed information currently aveilable, these plants should not be
regarded at this time as more than possible producers of pnosphorus.




1. Location.
Alga, Aktyubinsk Oblast, Kezakh SSR (Region Xa).
2. Estimated Production of Phosphorus in 1953

0 %o 2,000 metric toms per year
3. Production Ynformetion. »
a. Produckion of Phosphorus. 65/

Several gources reported the producticm of phosphorus at
this plant during the period 1939-46, and one of these sources reported that
phosphorus was produced on a large scale. ¥one of these reports, however,
gives anmy informedion comcerning the actdal output of phosphorus at this
plant. %he only keown basis for estimsting the phosphozus poduction of this
plant 18 & veport concerning the capecity of the electric power plant sttachsd
40 this chemical factory. This report states thet the electric power capacity
of this plant was 5,000 €0 10,000 kv in 1G44. Ascuming thet ¢his power plast
opareted eb maxime capscity for 10.000 hours per vear, tha enmual output
of electricity would have been about 60 million kwh. Assuming further that
no% more than 55 to €0 percent of &he evailsble electric power was dsvoted {0
rroduction of phosphorus and using an electric power comsuaption figure of
17,000 kvh per metric tom of phosphorus as reported in a 1949 Soviet texir
book, the output of pheaphorus at this plent in 1944 probably would not bave
ezceeded 2,000 metric tons per year. Since production of phosphorus ab this
plant hes not been reported since 1946, it 1s possibvle that production is
teking place st the present time (1953‘§°

b. Froduction of %ha'l?hos;ghmmm Compounds . _6_6/

Fhosephate, fex%ilimm , primarily diphosphates (precipitate),
and guperphosphate . '

bo Militery Activities. 67/

Duripg World War II this plant discostimuesd the production of
phosphate fertilizers and produced .wimarily phosphorus for militery pirposes.

5. Plant Equipment.
Ro information.




6. Source of Power, 68/

A power plant is located 45 km south of Aktyubinsk with a capacity
of 5,000 ¢o 10,000 kv, The source of energy is coal (comsumption, 120 tons
per day). Equimment inclwdes ¢ turbogenerators asd 4 boilers.

7. BRaw Materials.

1. Phosphate Rock. 69/

Fhe plapt has its owvn phospliorite mines; which began operations
in 193% apd which hove been exparded since the Second Five Year Plan (1933-37).
Fhosphorite deposits are located between the railroed stations of Bish-Tamak
and Dzhurun in Aktyubinsk Oblast. The reserves in this erea are estimated to
bte at least 200 nillicn teons of  phosphorite, containing up to 25 percvent
phosphorus pentoxide.

2, Coke.

Fo information. s

3. Btlica.
| %o information.
‘8. Btorage of Phoephorus.
Fo information.

' 9. Distribution of fhosphomm '
: Bo.infonﬁaﬁiono |
B. Desystiletiye Oktyabrys Khrompik Chemical Combine.
1. Location.

Pervoural’sk, Sverdlovak Oblast, Urals (Region VIIY}.

2. Estinated Production of Phosphorus in 1953.

500 to 5,000 metric ¢ons par year

3. Production Information.

a. Production of Phosphorus. 70/

‘Fhe production of phosphorus et this plant is reported by
several sources of prevar or early World Wer II {1gu2)

-
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date, and in amounts varying from 500 to 5,000 metric tons per year. Mo
information on postwar production of phisphorus at this plant is availeble.
It is possible that phosphorus is produced there at the present time ond at
the same rate.

b- Production of Other Phocphorous Compounds.

Mo informaetion.

k. Military Activities.

No information.

5. Plant Equipment.

No informstionm.

6. Source of Power.

From Chegres central power pfént and from Uralenergo via trans-
former ststion 12.

T. Raw Materials.

No information.

8. Distribution of Ph-sphorus.

No informamtion.

a3, Storage of -Phosphorus.

No information.

C. NKVD Kombinat.

1. ZLocation.

Aktyubinsk, Aktyubinslk Oblast, Kszskh SSR {Region Xe).

2. Avallsble Information. 72/

Red phosphorus and some highly secret products are reportedly pro-
duced at this plant, located T lm outside the city.

D. BRersol Chemical Plant (Powder Factory No. 15).

2
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1. Locatioq.
Chepayevsk, Kuybyshev Oblast, Volra (Region VI).

2. Availsble Information. Zé/

Chemicel warfare sgents, smoke shells, and smoke pots are reported
%o be produced at this plant. Power reportedly ia supplied by a power plant
of T,5C0 kw capacity.

E. telin Electrochemical Combine.

1. iocationa
Chirchik, Tashkent Oblast, Central Asia (Region Xb}.

2. Avsilable Informstion. ZE/

Producing phosphorus or phosphorus fertilizers, such &3 superphos-
phate (source iz not clear), and nitrogerous fertilizers, reportedly sufficient
for Uzbek sgriculture.

F. (Two Names, Not Reported).

1. Loecstion.

'Rudnichnyyy Kirov Oblast, Central European USSK (Region VXI).

2. Avsileble Informstion. 75/

One phosphorus-processing plsnt is reportedly located here, sbout
20 kn northeast of the Fosforitneya railroad station. Another phosphorus
works 1s reported southwest of Fosforitnamya. The large nearby Vyatka-Koms
phosphorite deposits make it poszzible thst phosphorus might be produced here,

G. ATZ Chemicsl Plant.

1. Location.
CGorlovke, Stalino Oblast, Ukrazine (Region Ti1).

Aveilsble Informstion. 76/

n

One building which contained furnsces wss believed to be producing
vhosphorus .

H. (WName Not Reported).

1. ;oéation,

Kandalaksha ., Murmmnsk Oblast, Northweat {Region Ia).




2. Avsilsble Informution. 77/

Phosphorus, phosphoric ascid, and superphosphates from apatite wsre
reportedly produced here. Production of phosphorus st this locstion seems
pozsible in view of the proximity of the plsnt to larpe deposits of spatite
ore at Kirovsk and because of the sveilability of electric power.

I. Bogoslovsk Metallurgicel and Chemicel Combine.

1. Locstion.
Karpinsk, Sverdlovsk Oblast, Ursls (Region VIII).

2. Availsble Informstion. 78/

Phosphorus was reported to be produced at this plant by Germsn
intelligence reports; one of which mentioned & planned production of 50 metric
Tons per year.

J. (Neme Not Reported, Presumed to Be "Roketa" Explosives Plant).
1. Location. '
Kemerovo, Kemerovo Oblast, West Siberis (Region IX).

2. Available Information. 79

—e!

A phosphorus plant wss reported, which was located 6.5 km north of
the city, on the ezst bank of Tom* River, and north of an electric power plant.

K. Frunze Chemical Conmbine.
1. Location.
Kineghms, Ivanovo Oblsst, Central Europesn USSR (Region VII).

2. Availsble Informstion. 80/

Phosphorus, phosphoric =cid, snd incendisry projectiles have re-
portedly been produced here. Phosphorite deposits, sstimated at 9.9 million
metrie tons, of which only 116,000 metric tons hsve been mined, are found in
the Kineshms region.

L. State Institute of Applied Chemistry (GIPKh) (Formerly "Vatny Ostrov'
Chemicel Plant).

1. Locstion.

Leningrad, Leningred Oblast, Northwest {Region im).

2. Aveilsble Information. 81/

Both white and red phosphorus, phosphoric acid, and smoke and In-
cendizry materislas were feportedly produced here in 1928-~29. The slectrotharmal
production of phosphorus from phosphorites snd spetites was reportedly developed
&t this institute.




#. “Liskhimstroy" Chemical Combipe.

1. location.

1isichansk, Voroshilovgrad Oblast, Ularaine {Region III).
2. fAvallsble Information. 82/

Phosphorusisli'stedmgthechemicalwﬁzfm products made at
this plamd. o

§. Besti Phosphorit Works.

b P Location.
m.nm (near Tallin), Estonian SSR, Baltic (Region IIa).
2. Aveilsble Information. §§/

Aghough a "phosphorus planxt’ fs reportedly built et this site
in 1941, acd both phosphorite fertilizer and phosphorus were reporﬁedly TXo-
duced, there is no comvincing evidence that this plant ever produced phosphorus.
“The plan% apperently was built to produce superphosphate fertilizer. Reports
"~ of large shirmszts of “phosphorus® to Germeny quite probably referred to
shiyments of phosphorus fertilizer. In view of the avallabllity of local phos=
vhate rock deposits; it is conceivable that phosphorus migh% be produced at
this plant in the future.

. Kialo@ngge Qrdzhonikidze Sumhospha‘@e Plaot L@nemicel Plant Eo 90).
1. »I’aocation, -

Molotov, Molotov Oblest, Urals (Region VIIY).
2. Availoble Informatiop. 84/

Fhosphorus and sulfuric acid reportedly have been produced here
since the begimming of World War II-

P. (Heme Hot Reported).
1. Yocation.

Riga, Latvizu SSR, Baltic (Reglon IIa).
2o Availeble Information. 85/

Located I km north of Rigs, on the east shore of the Dvins River.
This plant received an unknown &ype of grey powder (possibly apatite) in open
railroad freight cars amd produced phosphorus and sulfuric acid. Approximetely
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15 frelght carg of 20-ton capacity and 5 freight cars of 50-%on capacity of
and products reportedly were shipped daily to an unkooun desbination.

¢ Voykhim Zavod Lenim.

4. Locstion.
Saratov, Saratov Oblast, Volga (Region ¥I).
2. Avallsble Yaformation. 86/
Phosphozus and phosphorus-halogen canpounds are eportedly pro-
duced at this plant. During World War I this plant supplied the entire

military needs of the ¥sarist axmed forces for chlorine. The plaat has since
gone through many larpe-scale improvements aad modsrnizetions.

R. (Heme ¥ot Reported)..

1. locetion. ,
s
Shostka, Sumy Oblast, Ukreime (Region YII). .
2. Availsble Informatiom. 87/

Production of red apd white phosphorus was reported at a large
chemical pleat located sbout 1 mile south of Shosthka. FThe principal end
rroducts reportedly were smokeless powder and nitroglycerin.

S. Chemical Cambine (Powder and Ezplosives Plamt}.

1. Iocation. -
Vologda, Vologda (blast, Northern Buropsan (83R {Region Ibj.

€. Availeble Information. 88/

Fhe phosphorus producticn plamed for 1937 was reported ¢o be
2,000 metric tons yearly, but this figure appearsz o be high and doubtful iz
viev of the lack of amy furtber confirmatory information.

%. Ruytysbev Chemical Combine.

1. Iocation.

Yoekresensk, Moscow Oblast, Uewtral Buropesen UBSR {Region WIL).

ro
o

Availeble Informatiom. 89/

Phosphorus is mentiomed among the products mede by this plant.
ZThis plant 18 known ¢o mamufacture superphosphate. In view of the existence
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of the large Yegor'yevsk phosphorite deposits in this regiom, it i6 conceivable
thet phcsphorus might be produced here.

U. (Heme Not Repoxted).

1. Iocation.
Vurnary, Chuvesh ASSR, Volga (Region VI).
o, Avai_lable Information. @/

The production of phosphorus 18 reported at a chemical plant
mamifecturing phosphate meel apd other chemicals from the local phosphorite
sxd ol shale deposits. :

V. Froitsk Phosphorus Factory.
1. location.

Zolotaya Sopka, (hkalov Colast, Urals (Region VIIL).
2. Avalleble Informatiom. 91/
" Production of 2,000 kg of phosphorus was reperted for 1923-2k.

This factory is said to have produced glue, various soaps, end red phosphorus.
% 18 not known whether the plant 1s still im operstion. ‘

Wo ‘(Emeﬂotnepo_rtedjo o

1. Iocation.
' Rechitsa, Gemel Oblast, Belorussien SSR (Region IDb).
2. Availsble Information. 32/
A phosthorus plemt which bas pledged preliminary fulfillment of

the Fourth Five Yesr Plant (1946-50) is mentioned in an unconfirmed Soviet press
repore.




APPENDIX B

ETHODOLOGY

<. Estimating Total Soviet Production.®

Totel Soviet production of phoszphorus was arrived st by adding to the
estimzted production of individusl known or possible plants the former pro-
ductive capacity of the Germen phosphorus plant dismantled at Pilcsteritz.

Because of the msny uncertainties existing in the information aveilabl
on the production of individusl plants and the total lack of informetion re-
gerding Soviet requirements for phosphorus, reporting has been done in terms

estimvate, and & maximm estimmte.

The estimates given in this repomf are intended to represent production.
They are believed slso to represent practicsl working capecity. Ths inform:-
tion, however, is not sufficiently detailed to meke & clear-cut distinction
between production end capacity.

Total plant-by-plant estimates of the production of phosphorus in the
USSR for 1953 is shown in Teble 8.%%

It will be roted that in the minimum estimste only the Dzerzhinsk snd
Beketovka plants and the capacity dismantled from Piesteritz sre included.
These production fecilities are believed to be the minimm now installed in
the USSR. In the best estimate; additional preduction facilities are esti-
meited for Berezniki, Kirovsk, and Pervoural’sk. The information upon which
estirates for these latter plants is bmsed sppears to be adequate but not as
sound as the information concerning the former plants., The maximum estimate
&lso includes the Alpp plant, which is reported to have converted from pro-
duction of phosphate fertilizer to production of phosphorus during the war,
The meximum estimete also uses the higher estimste of individusl plsnt pro-
duction wherever & production range was reported.

i

1. Estimsting Input Requirements.###

The method used in estimmting the smounts of raw materimls and electricity
required by the USSR in the production of phosphorus wams to multiply Soviet
consumption factors required for the produection of 1 metric ton of phosphorus
by the best estimste of total Soviet phosphorus production (35y500 metric
tons).

# Bee 11, C-1,
** Tgble & fol

> ¥
follows on p. 35.
¥%¥  Qee II, D, p.




Fable 8

Plamt-hy-Plant Estimates for the Production of FPhosphorus

in the USSR
1953
Metric Toms
Bstimates
FPiant Best Maximm Mindwom
Dzerzhinsk L 800 4,800 4,800
Beketovka 2,700 7,600 2,700
Plesterite of 18,000 20,000 18,000
Berezniki 4,500 L, 500
Kirovsk 5,000 5,000
Pervoural'sk 500 5,000
Alge s 2,00
Total | 35,500 48,900 25,500
. Ao Trosom locstion of This Formor German plant 16 not

The comsumption Pactors for phosphate rock, silica, coke or anthracite, amd
electric power were taken from a Soviet textbook. The comsumption factor
£or carbon electrodes was cbtained from e US textbook, since no corresponding
factor could be found in Soviet mt»ooka

III. Estimating Soviet Militery Requirements.®

The estimated phosphorus requiremsu¢ of 7,000 metric tons, given in
Poble 6,3% for such parposes as the £illing of mmitiocns snd for tracer shells,
is bosed solely on parallel U8 militery requirements which were feported to
be 7,000 ghort tons in 1951, imcressing o 17,000 short tans emfually begine
ning 1o July 1952. 93/ It has been assumed that Soviet requirements for
nilitary purposes in 1952, exclusive of the requirement for nexve gases, will
be aligh%t;f highezr than the 1B requirement in 195i.

‘Fhe vhosphorus weqx.ﬁmanta ziven in Teble 6 for nerve-gos production
are CIA estimotes.

& Bee 111, &, Do 15, sbove.
% P. 315, sbove.
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IV. Estineting Soviet Industriael Requirements.®

®he best estimate of total Bovlet phosphorus production is 35,500
metric tons. Subbracting estimated military requirements (see Teble G} of
9,900 metric tons leaves 25,600 metric tons, estimated industrial use.

In the UB cbout 90 psrcent of phosphorus production goes into phosphoric
gcid. Assuming this perecntage holds true for the USSR, 23,040 metric toas
would go into this use. This is equivalent to 17 percent of estimated US
phosphorus consugnption for this parpose im 1952.

Soviet match production is assumed to be ebout 50 percent of UB match
rroduction. The latter currently consuines sbout 2,400 metric tans of phos-
phorus anruslly.

fSoviet phosphorus requiremcents for the manufocturc of phosphorus pentoxide
end phosphorus trichloride were ealculasted by subtracting ths phosphorus ree-
guirements for matches end phosphoric acid from the total estimated phose
phorus aveflable for Wodustrial) uses. 4

Vo Estimsting I’rodnctiqn of Individual Plants.¥&

In geporal, estimates of production im the individual plants listed in
Appendix A were based either on published figures cr were derived from
information as to available electric power or om reported phosphate rock
shipmente %o the plant. In same instances, where different production
figures and different shimments of phosphate rock were given by various
sources, an estimsted production range was assigned to that plant.

¥ Gee 1%, B, p- 36, above.
&% Bee Appepdix A; p. 18; above.




GAPS IR IRTELLIGENCE

Yery 1ittle is krown regardipg the following aspects of the Soviet phos-
phorus industry: .

1. Actual production, particularly since 194G.
2. The mumber of plants engaged in its mamifacture.

3. Detalls of plant equipment, such as mmber apd type of electric fur-
naces, capacity, and power consumption.

L. Source exd amourt of pboapha,te rock, coke, end silica consumed by
individual plemts.

5. Amounts of phosphorus allocated to*various commercial end-use indus-
tries. Amcumts used for mmitions £illing, for merve-gas manmufecture, and
for othar military uses.

6. location of the reaasanbled German phosphorus furnaces which were
dismantled from Piesterits im 1946. Degree of present utiligatiom of these
production facil.xfies.

7. Production of phosphorus-derived chemicals, from which accurate esti-
mates cf phosphorus consumption in peacetime could be derived.

8. Stockpiling of phosphorus. location and size of stockpiles.




SRRCES ARD EVALUATION CF SCURCES

i. Evalustion of Sowrces.

¥he sources used in %his report csn be divided roughly imto three cate-
gories es follows:

1. ASr Porce, Kavy, Stake, and a fev CIA reports (00 and S0 sources),
mostly based on interrogation of, German prisopers of war repatriated from the
53R who had been working in vericus Soviet industrisl plants. A few sources
in this clagss are based on reparts of US diplomsts or engimeers who had visited

2. Captured German intelligence docunents, describing Soviet chemical
planks, %ypes of rroducts menufactured, and natural resources.

$ .

3, Soviet ond US chemicsl ¢extbooks and publications.

Smccabelmmgtotheﬁrstcmmwmmwusedmtbemm

it studles {Appendiz A). These, together with captwred (erman documents
8038 reports), provided the backbope of the plant studies. An evaluation of
these gources as ¢o the reliability of ths informatioa supplied by them is
scmevhat A4fficult. Fhe German imtelligence documents provided most of the
mroduction figures, which although about 10 to 15 years old, can be considered
as fairly relicble. The remainder of the report is almost entirely based on
aceowts of returning German prisomers of var. These individuals had seldom
Deen nllowed access 0 important oduction details. Although the imformation
supplied by them {s of fairly recept date (up to late 1949}, %he relisbility
and’ even the veracity of thesc prisoner-of-iar cccounts are rotber doubtful.
A large mmber of SO reports were studled. They proved to be of considersble
value foy the maty technical details vhich they clearly preseuted. -

%he ¢third category of zreferences, namely Soviet snd UB textbooks and
publicesions, vere relied on mrimaxily in the chapters oo the general descrip-
tiom of the nature and uses of phosphorus, the history of phosphorus rroduc-
tion 1n the USSR, technology, rew materials apd power requirements, and esti-
msked Soviet comsumption of phosphorus ia 1952. U8 data on the operstional
detaile of phosphorus technology were used only when no correspanding Soviet
figuxes ould be fourd. :

25 Bourc@g_.
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S.I. Vol'fkovich, Obechaya khimicheskaye tekhnologiya (Genoral Chem-
ical ??echmlogys, Yol. II, ¥oscow-leningrad, 1946, p. 226. U.
Ibid. '
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- Ibid., pp. 220, 193.
AP ¥egorov, A.I. Shereahevekiy, and I.V. Shmanenkov, Kurs .

tekhml%éz mineyal ‘nykh veschestv (Technology of Mimeral Bubstances},
Koscow, - Pe 351. U.

CIA 00-W¢"  2D. No. T-55, 5 Apr 1950. Source: Isvestiya Aksdemii
Houk USSR, utdeleniye Khimicheskilh Rauk, Ho. 2, 19%7. C.
CIA 00. T Avg 1951 (date of infoxmation, 1G43). c, -

O\ W

Cod FDD Ho. 133, 20 Mar 1948 ‘dete of information, 1540j. S.

) .
4 / s S Y ; -
Caxmarce, Russisn Economic. Kotes, Ilof £65-5, 15 Jan 1531‘-0 u.

State, Re on Wer A{d Jurnished by the United States to the USSR,
June £g, 1%1-&'% 20, 1945, f‘ore! ige Econcmic Section, Office
of Foreign Liquidation.  R.

7. Yegorovw, op. cit., p. 31.

M.Y. Poz-i‘s, Fekhnol -miperal * soley {Technology of Mineral

Balts), Moscow-Leningred, '13&“9,'&17';:1), 7:—'3{73;f. U. . ,

d. Ivan M. Gubkin, Geoi.%cheskqn izuchennost’® 1 mineral’mo-syxr'

baza SSSR {Geologi Investigation and Raw mfenaln““gmu%
USER), 1939, p. 165. U. :

7. Alx, USA¥, Treasure Island Mo. 55964, translation from Kalendar’

8 chnik (Calendar Guide), Momcow, 1946. U.
20. ‘Ioﬁ.;;;ﬂv"ﬂ‘* ~n eit., p. 218.

1. ; ;A7 805,

1Z. CIA 80, 3 Fov 1947. 8, 2L ‘
CliA SO, 28 Fov 1951 §dnﬁe of taformation, 1950 to 1951). 8.
CTA 80, 17 Fed 1949 (date of Lxformetion, Jan-Oot IGAEY. 4.
CIA S0, :1 Sop 1951 {date of infermation, esrly 19,51%0 8,
CIA 50, 3 Deec 1951 (date of infermation, <7 Jan 1951). S.

S U 0%
C":’-h-n e "'"_.‘ PR —T o L
Beate, HICOG, SiR 7/15, Frankfurt, 6 Feb 1951 (date of information,

Apr 1945-Aug 1048). 8.
Alr,; TOOL AISS, Ho. 6TOTC-4-175TC, 16 Aug 1950 (date & information,

Dec 1945-Aug 1948).
. 39 «
M




CIA S0, 21 Mar 1950 (éamte of information, Jul 194k-Aug 29U8). S.

- tn v
Har

J

15. Yol'fkovich, op. cit., p. 226.
16.. Yoid.

. T o~

«
L]

/ ’
AMr, USAFE , 061, 18, Feem 15, Report Bo. 49-5:953-0850, 24 Ang 1950
{date of infoymation, Sep-Deec 1949).

CIA 80, 21 Kar 1950 gdata of {nformation, Jul 104k-Avg 1G48). S,
Cra 00, 14 Sep 1950 (date of information, 1930). 8, 'L

CIA 00, 9 Jon 1951 {date of infématioa, 15 Dee 1950). €, °

18. Stste, HICOG, SIR 7/13, JIC, CIA 506688, L Aug 1950 (date of informetiod,
Aug 1945-dul 1g49). 8. | |
Alr, UBAFE, 05T, I§, Tesm 15, op. cit. . )
Alx, TOU1 AIBS, Ho. 42613-6-3135D, 15 Febt 1951 (date of information,
Dec 1948-1ar 1649). .
Alr, USAFE, PIR-EP T991, Wricger Report Mo. P-006515-6-992, 10" Jam
1950 {dste of isfcrmation, Oet 1QU6-Jul 1949).

v jne

I. , Romy .
sledar LiJ49). 8. : \
19. CIA 80, 11 Sap 1949 (date of isformation, Jwe-Bov 1948). 8.
CIA 80, 21 Mer 1950 (date of infermation, Jul 19hl-Aug 1948). 8.
CIA.SO, £3 Max 1950 {date of information, mid-1946). S.. .
Alr, TOOL AYSS, Fo. TOITO-5-2T13C (date of information; 1946).
Adr, TOOL AYSS, Bo. 67072-L-1757C, op. cit. ' :
Mr, 7001 AISS, No. 42613-6-3135D, op. eit. ,
Air, TOO1 AISS, No. @-w;lhaososgécg 1270t 1649 (date of information;
Apr 1945-Autumn 194T). |
Alr, USAFE, 0SX, II}, Teem 15, op. cit. _
Alxr, USFA, @-2, R-425-51, 28 tar 1351, ID Ko. 778868, CIA 6055739
(dote of information, Jul 194h-Oct 1947). -
) I3a Finn,
P !"f >




23,

24,

ﬁo

KL
32

;.‘SIA 244230, 16 Avz 1y50 (d.a’m_ef information, Dec 1948«Har 1949}. S.

7 ) o' f;"D , e
Reata, HUCOG, SIR 7/13, op. cit.
e : ’ 51 Tlate : Har L949),
BACR Z22TS, 18 Ape is50 (ma.e »f loformetiom, Dee L343

Dec Jgs B _ _
crr s, 17 ey ;95@\(&@. of {nfarmaticn, Oct 19Mh-fug 191&7\2; 8.
.9

»
' St

) 2
B R !, +5 Jun 4950 [date of Laformation, Jase
CIA 80, 2 sAm 1950 (date of irformbtion, Feb 19UT-Aug 1948). 8.
CIA 80, 2% Mar 1050 (Anta of information, Jul 1G4l-Anz 1948). 8.
, mat -

!
iid

Vi

A'oia: ‘o’_-\f:aloﬂ 'An‘. vo
Adr, UBAFE, TO01 AISS, No. 20851-6-16530, EP-22037, 29 Mar 1930
{dats of information, Apx-Sep 1946). : |
CYA 80, 2 Jun 1950 (date of infarmatiom, Feb 194 T~Aug 15437, 8.
L‘ AN

4’"

by

* ot
BALE

Pt
s

BAK

4 v O IR, LR P P SR
€A 80, 15 1530 (dats of information, Bov 1045-tar 1946},
Aigfn Mg mg mg M 159 %o &Eo )

» STU/R 728, 148 '
CIA CR 03610, BIY, , T Bov 1949 {date of {ufcrmaticn;
Jane¥eb 19#9§, ,

Tbid.
¥, TO0. AISS, Ko. 6707T2-4-1757C, op. cit.
AR , fU/'R/’iR/“IZeé, p _at




33, Alr, TOUL AXBS; Wo. 67072-4-1757C, op. cit.
3%, Ar; 7001 AYSS, Bo. 42613-6-3135D, op. olf.

gg ey ecial BL  rekly lerort Yo R0 e
37. CEA CH 03610, SYU/R/PWR/UOS, op. cit.
38. Doid. :
39. i T L b, __
L}-Q‘o ’ ,/b LJ’I1
1. CIA CH 03610, SIU/R/PVR h%" ; om

Adr, TOOL AXSS, Ro. 67072 - . eig.

Air, ME 0819 mg Team 153 o c1€o :
ho, Army %—148"“ 3 2 H8 ke aformstion

W0 Kg 1
M3. Atr, 7001 AZES, Moo @-ooﬁ:. -5253¢, op. elt.
- Army, 905G, . S P

bbo Alr. 7O ATSS, Ko, g-coirlio-5-306, & ops edF.
Qs I\r.r

BAOR »/’J/*'i;w?& gg
46. Alr, UBAFE, osxq X%, Toam 1 cfg citt

A ) 799“”»

Siaia, EOC03, 8IR 7/13, op. cmo

W7, . Wa 808 &0 s 3 R s A

o AA England, lomdon, m-lm-so,, mugm Bummazy Bosll2, CYA

2 12 Jan 19,500 S.

Aror DS HlO 4 g

18. ‘E'L._:‘ 'R =

k9. a.

9. L

Slo .

52, L&, |
Ay > o=
6 1950 {Gote of lnformatiom, id,) .
Bavy, Comanvfarger 53-5-51, Pussy Willow 105213, Caxd Ko. 1038352,
01 Feb 1nEY Lapka af ‘W?mpm 19%9). S.

Axs..

Ay

Armry ou, ar i

State, HITO8, SIR 13/2-File Fo. 715/7158, 28 Sun 195@ {(aate of
informaticn, Feb-Hov 1948). 8.

CIA 00 (date of informaticsm, Jul 1930-Feb 1932j. S,

Alr, UBAFE, PIR-EP 7991, Vrivger Report Bo. ¥-006515-6-992, 10 Jan 1950
(8ate of infermation, Oct 1946~Jul 1949),

Ae, TOOL AIBS; USAFE, Bo. T~005511-6-6924 ((datc of infarmatiod;

Peb .1,9h7_Ju;1. 1949},

Alr, USAF, freasure Xslapd, 18 Jul 1951, Smn'ceg Socialiom in the

B@m‘d ‘tb.e Polear Cirele, Lemingrad, 193L.

e cal. {ndustry met Tieion, trazslakion of German doce
" et publiahﬂd m Jun 1961, 0.

o §2 =




53. A

54, Ar- ; g, Aum AA8 late
WL, 4340 e
State, HICOG, SIR 13/2-File Eo. T15/TL58, op. eit.

Alr, UBAFR. PIR-XP 405 (Reel Bo. 2), Report No. 16101-10-54,

31 Ost 1549 (dste of informatiom, Apr 1546-Oet 1949).
Alr; TOO1 AISS, YBAFE, Mo. 0O3TN6/3/297B, 24 Oct 1950 (date of
ioforzation, Jan-Apr 1948).
Alr, UBAYE, PIR-EKP 045695, Wrieger Bupurt Ho. 16048-8-1839,
23 Apr 1951 {Aate of information, Feb 1947-Sep 1949).
55. CIA 00="7 PID, CD Fo. ©-55, 5 Apr 1950. C.
56. &y
~ 9 -_. “l_b— A | menp—— ’L
A8 e :

57. Amy 3D8 %o. .07, Kar L1942 8.

58. CIA FID ¥o. u-384ﬁ 340062, 17 Mug 1949 (date of information, P
1933-1 Fob 1943}. 8. / L

CIA FDD B~ 23, 31 Mer 1948 (date of information, 1940},

»

«

s ien Chembar
r ,f Q.JIZ»"’\ . .) .
Alr» wm M’ 18 Jal 1951’ 920 cit. "
@mmp Rxms&an Ecmic Botes, Bo. 2655, 15 Jan 1934. U,
Boviet Union, op. cit. a
1 1 dake of m.fmatimg , 1950}, Co

Bo. 265-5, 15 Jar 193%. U.
et Uaian, op. cit.

“TIA FOD Fo: 133, op. eit.
State Planning Coomission of the USSR, Plan of Putting New

Enterprises into Operation, Hoscov, 1935, Library of Congress Ref.

No. HC 335-A5-1935 D.
£3. CIA FOD Ho. ¥-382/49, op. clt.
CIA BID Eo. 133, op. cit.

e 43 - -
-~

CIA 00~V ? Kar 195X (date of informakion, 19590} Cf —

-

,r'




650

BIR

]

'aﬁwﬁ#'

w 2

3 A

020 Cit.

Pozta, Gp. cit., D uaoo

[ T8 F-e e kSR e R
A_rr*
Ar=) /  JSi [(Late £ JUPe
nats.
g ‘§g ‘
Atr, AL, P-T8 6023-KE, IA/cH 388016. 8. .
b - z"\: 1 I T e 4 Al
: Laf sreaty - ' )
. 2, . ab, "_91’9"' Ja
514,
=
Army SRR
4
i
Ay
y TR
' Ll /
W Eccnanic Re Feb 1956.
Ri TR 2172371, 23 Mar 1349 r
$4T~Jan 19U8).

CIA CKF Q2695, BACR Ref.: MIL/PROD/106L/K. 105, 25 Jus 1 da
qu 'wmu&u J‘ulmﬂov 19483, /. g 749 {dace
r— U Mgw T .

R ooy sk—. ..v -
CIA,, Ss ‘:Ef'eam Parias, m«-zogw@p 5 Dec 1950 (date of information,
13 Kov 19%). 8. ‘
CIA FI13 Bo. 2313, 1940,




CORFIRRMTINL

82. »m

83. B | y 49 [dete s
7o ~udl & 49 Jo
.(,:A 00, 19 Jam 1952 (dm:,o of Memm&,ioa,-, 94h). ¢,
8k, [T .iC, fpecial [rtellligamce Ac.
. 26 Pab 1948, ’ ’
85. Alr, UBAFE, 0SI, I3, Repart Fo. L9-11-491-0850, 9 Aug 195¢
uam of information, Sup IONS-Ame 1949).
86. i JCM, T80k, SIA 611207, 15 My 1351 (date of Infesmation,
37,0794
a7. m 00,30 Mar 2948 (dste of infarmation, Jul 1930-Feb 1932}, 8;

89. .a,
PRI S TR igu2., 8t
s%—m» 1D, FAWIR (defte of information, 16 Ock 1946 Y,
S0, Ar -
A..f_!_, j. .—JA;:., 4"! J '
‘!lfésihabgdg w at ‘tha' lBSBJ C;nlmbia Tuiversity Press;
94.o Ll G .
92 c:xA 00, 3 Jan 1950.7 T
. 93. Chemical Week, 2 Aug 1952, p. 36.
9%. ' Falth, Eayes, end Clark, Yodustrial Chemicals, John Wiley & Boua,
Pew Ym‘k 1950, p. 497. 0.




