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I. Introduction

The first public indication that a serious radiocactive accident had
occurred in the Soviet Undion appeared in the Western Press in the Novenber
4, 1976 issue of New Scientist, in an article by Dr. Zhores Medvedev entitled,
"Two Decades of Dissidence,™ (p. 264-267, Appendix I). The main thrust of the

article was the degree of dissidence among elite Soviet scientists, In the
article Dr. Medvedev discusses the accident which occured in 1953 as an ex-
ample of the fight against Lysenko's theories and how classical genetics was
legitimatized for radiology, radio-biology, and medicine as a result of the
accident., He describes the accident: "nuclear reactor waste had been buried
in a deserted area, not more than a few dozen miles from the Urals town of
Blagoveshensk... Suddenly there was an enormous explosion like a violent vol-
cano. The muclear reactions had led to overheating in the underground burial
grounds. The explosion poured radiocactive dust and materials high up into
the sky.”" (p. 265) See Figure 1 for Location Map.

The report of the accident according to Dr. Medvedev in his article in New
Scientist of June 30, 1977, entitled, "Facts Behind The Soviet Nuclear Disas-

ter,” (Appendix II) caused a semsation: '™y New Scientist article created

an unexpected sensation because this nuclear disaster was absolutely unknown
to Western experts' (at least in the general scientific commmity outside
the intelligence commmity). Sir John Hill, the chairman of the United King-
dom Atomic Energy Authority "tried to' dismiss my story as both scientific
fiction, rubbish and a figment of the imagination." Dr. Medvedev's story
was confirmed by Professor Lev Tumerman who said that he had visited the
area between the two cities in the Urals, Cheliabinsk and Sverdlovsk, in
1960, and was able to see hundreds of square miles that had been heavily
contaminated by radicactive waste, The articJ:e details how Dr. Medvedev
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went through the Soviet biological literature and found veiled references to

the accident and the biological studies that resulted from it. He claims in

~ the article that more than one hundred articles have been published since 1958

which detail the effects of strontium-90¢ and cesium~-137 in natural and plant
and animal popuiations. He says the length of time that populations were ex-
posed to the radiation corroborates reports of the accident occurring in late
1957 or early 1958.

II. Analyses of the Article

Dr. Medvedev quotes a paper by F. Rovinsky in Atommaya Energiva (». 379,

1965). In this report Rovinsky states that the experimental lakes used to
corroborate his mathematical model for movement of radiocactive isotopes were
11,3 and 4.5 square kilometers in size, and almost round in shape. They were
of the eutrophic type. These are equivalent to lakes with radii of 6000 and
4000 feet, respectively. Dr. Medvedev points out that "it is hard to believe
that amyone in his right mind would contaminate two such large lakes just to
confirm some mathematical calculations.' This seems a reasonable enough
comclusion but shows the deductive method of analysis used by Dr. Medvedev,
The concentrations of radio isotopes in water or in sediments are not given
in the English version of this publication though.the relative concentra-
tions of Sr-90, Ru-106 and Ce-144 are given. The article is found in Appen-~
dix III.

The test of the Soviet literature referred to or documented is not
available in the Vanderbilt library though the Union List of seriuls indicates
that these journals are all subscribed to by various libraries in the United
States. It would be possible to obtain copies of the original articles.

The next references are a series of papers by Il'enko which were pub-

lished in Voprosy Ichtilogii (problems of ichthyology). Il'enky found that




the concentration of strontium-90 in water was 0.2 micro curies per liter and
cesium-137 was 0.025 micro curies per liter. Medvedev states, 'both figures
are 100 times higher than contamination levels in ponds created specifically
for research purposes both in the U.S.S.R. and other countries,"” These con-
centrations compare with maximm concentrations of strontium-90 in the Columbia
River at Vernita in 1972' of 2. 8(10'6) micro curies per liter as shown in ERDA-
1538 Waste Management Operation - Hanford Reservation (p. II-3-65). Open ponds
on the Hanford site had concentrations of cesium-137 listed as high as 220(10° )
micro curies per liter (p. II-3-67) in comparison to the levels of 0.025 micro
curies per liter in the Il'enko article. Strontium=-90 in the groundwater in
areas under the disposal sites reached concentrations as high as 19.2 pico
curies per milliliter or .019 micro curies per liter, am order of magnitude
lower than the concentrations found in thell'enko open ponds. (0.I11.1-73) The
activity of the intermediate radioactive waste generated at Oak Ridge National
Laboratory is listed as 0,005 curies per gallon or 1320 micro curies per liter.
This is taken from WASH-1532, Environmental Statement on Radioactive Waste
Facilities - ORNL, August. 1974 (p. 23).

During the period of the Clinch River study the highest concentration
discharged from White Oak Creek into the Clinch River was listed as 0.017
micre curies per liter in ORML-3721 Suppl. 1,"Concentrations, Total Stream
Loads and Mass Transport of Radiomuclies in the Clinch and Tennessee Rivers,"
M.A. Charchill, et al, 1965 (p. 7), which indicates that the concentratiom
in this Russian "experimental pond" was 10 times higher than that in White
QOak Creek which drains the Qak Ridge National Laboratory [acilities. I think
cne must agree with Dr. Medvedev that the concentrations in the pond were far
higher than one would utilize in ponds created specifically for experimental

purposes.
Dr. Medvedev calculates that since more than 100 pike were sampled, the




lake must have had at least ten to twenty times that number in order not to
affect the population balance. The lake contained only four different species
as reported in Il'enko's work (which we have not been able to look at yet).
From this Medvedev assumes that to hold this many pike the lake must have been
ten to twenty syuare kilometers in size. In conversations with the Tennessee
Wildliife Commission, the fisheries people there say that it is impossible, |
based wupon this sketchy evidence to indicate the size of the lake. It would
depend a great deal upon the type of lake, the other fisheries presently in
the lake and the feed material available. Therefore, though Medvedev's cal-
culations may be correct there certainly is no way of concluding this from
his article. One must, of course, go to Il'enko's articles and search those

more carefully than is possible from Medvedev's treatment. Medvedev also

points out that the concentration in the sediment was at least ten times

that in the water.
To contaminate a lake of size with 0.2 micro curies per liter would re-

quire more than 50,000 curies of Sn-90. Il'enko points out that the total
amount of Cs-137 and Sr-90 in water, plants, plankton, and silt is 1000 times

higher than in the water. Therefore, Medvedev concludes that the amoumt of
strontium~90 and cesium=-137 in the lakes must have been at least 50 million
curies. . This amount would have had to flow into the lake from its basin.
Therefore, the total amount of contamination must have been much higher than
this.

The soi]l contamination in that area ranged as high as 3.4 millicuries
of strontium~-90 per square meter. This contrasts with fallout concentrations
of 83.7 millicuries of Sr-80 per square kilometer (83.7 x 1076 milli curies/mz)
in the most contaminated region, 40 to 50° north latitude, till 1970 (UNSCEAR
1972, p. 26). Obviously, the average concentrations around the yglobe were

much lower than those found in the test areas. These should be compared with
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the concentrations in the soil at the Nevada test site. Twenty one deer were
killed in the contaminated area, From this Medvedev concludes that there must
have been at least 100 deer avajlable and they would have required 100 square
miles for their range.

Both the extrapolations by Medvedev from the number of animals sampled
are very tennous, 'I'he original literature, Zoologicheskii Zhurnal (Zoology
Jéurnal) and the Zhurnal Obschei Biologii (Journal of General Biology) should

be consulted. The range of the animals needs to be investigated further to

see haw valid are the estimates by Medvedev, They, of course, would not prove

that these were in fact the ranges but could show if they are reasonable values.
Medvedev goes on to state that "many millions of curies of strontium-90,

cesium-137, and other radicactive isotopes did contaminate a very large area

of the South Urals region where the first Soviet military reactors were builit

in the late 1940's. The nature of the contamination certainly excludes the

poésibility that it was a reactor accident or a real atomic explosion. The

facts in the published materials agree much better with an accident in a nu-

clear waste disposal site."”

III. Analysis Of The CIA Documents

This view can be contrasted with the information made available in the
LTA documents which were released on November 11, 1977 to Mr. Richard B, Pollock,
Director of the Citizens' Movement For Safe And Efficient Energy (Critical Mass)
(Appendix IV). The wmevaluated information does corroborate, to some extent,
some of the information presented by Medvedev. It indicates that there was an
incident at a nuclear plant near Kyshtym, a2 town 70 kilometers northwest of
Chelyabinsk on the Chelyabinsk- Sverdlovsk Railrocad line. In the first report,
identified as CSK-3/465,101, dated February 16, 1961, it is indicated that an
explosion occurred in March, 1958 and wrecked part of the nuclear power plant.




In the report 00B-3, 202,034, dated 5 December 1961, it is stated that "in
May, 1961, a terrific explosion occurred in the Chelyabinsk region." In
the report jdentified as 00B~-3,204,092, 21 December 1960, it is stated that
"in May, 1960...al1 the leaves on the treés in and around Yemanzhelinskaya
were completely covered with a fine layer of red dust. Very quickly the
leaves cn the poplar trees became extremely shiny brown, curled wp, and
féll off. The leafy green vegetables were covered with the same type of
dust and curled up and died." In the Report OOK-323/20537-76 dated 27 Sep~-
tember 1076, the statement is made, "In about 1956 there was an explosion
at Chelyabimsk-40; the explosion lighted up the sky for a great distance...
The chief evidence of the explosion was the tremendous number of casualties
in the hospital of Chelyabinsk. Many of the casualties were suffering from
the effects of radiation." The Report O0E-324/01015-77 dated 24 January
1977 states that a 20 megaton device was deliberately dropped from an air-
plane in this region in the 1957-1958 period to test the effect on a subway
as well as the usual civilian and military facilities. In the Report OCB-
321/06645-77, 25 March 1977, it is stated that the 'Kyshtym Disaster!
occurred in 1958 and "was caused by a blast at the storage site of nuclear
waste from military reactors. I) was told that the accident was caused by
the negligent storage of plutonium wastes.” In the Report entitled, "Plant
Summary, IR Firm Nobzr 8014401, it is stated, "In the spring of 1958 hum-
dreds of persans were exposed to radiation and injured as a result of an
explosion at the Kyshtym plant. In early October 1959 an atomic test re-

portedly took place in Kyshtyvm."

IV. Evaluation Of The Documents

The quantities of wastes inwwlved can be compared with the total inven-

tory of strontium-90 at the Hunford site which was estimated (in the Naticnal



Academy of Sciences Report, "Radicactive Wastes at the Hanford Reservation, 1978)
to be approximately 127 million curiesof strontium-90. If we assume that Han-
ford has approximately two thirds of the defense radioactive wastes, this would
make a total of approximately 200 million curies in U.S. storage. This certain-
1y casts some ém:bt about the 50 million curies of strontium-90 and cesium-137
that Dr. Medvedev indicates were in one lake.

If, as appears possible, the;e were two incidents, one can make calculations
on the production of strontium-90 from a 20 megaton bomb. If one assumes that
the bomb is all fission then one would arrive at approximately 3 million curies
of strontium~-90 produced in the 20 megaton explosion. More likely, only about
5% of that energy released was due to fission and therefore only about 150,000
curies of strontium-90 were produced, not all of which, of course, would fall
to the ground in the immediate vicinity. If the bomb was exploded close to
the ground, and incorporated soil in the fireball much of it would be deposited
locally.

One might compare these quantities of strontium-90 with the strontium-90
produced by all weapons tests through 1970, 14.4 megacuries. Of this amount
14.1 megaciries had fallen to the groumd, 1.8 megacuriesas local fallout, and
12.2 megacuries as global fallout, (UNSCEAR, 1972, p. 84)

From this informution one can conclude that most likely one or more
radicactive incidents occurred in the Soviet Union in the 1956-1958 time period.
The amounts of strontium depusited as deduced by Medvedev seem to be excessive.

V. Implication For The U.S. Nuclear Program
Why should we be interested in the further examination of these Soviet inci--
dents? I believe there are four major reasons why we should be interested.

1. It is likely to be one of the major questions raised by the intervenors

in the future. We need to have answers. Could it happen here? There are three




particular items that we might investigate. First, what would be the effeczs
of a hydrogen explosion in one of the waste tanks? We could calculate the
amount of build~up of radioclytic hydrogen in the tank and assume that this,
cambined with sufficient oxygen, could cause a hydrogen explosion to take
place, This should be relatively straight-forward. Secondly, we could es-
timate the effect of inadvertent nuclear excursion. For example, if the
Soviet reprocessing technology was less sophisticated than ours and left

as much as 3% of the plutonivm-uraniun in the waste stream and stored this
in a neutralized solution, then it might be possible to concentrate suffi-
cient fissile material in the sludge to have c¢ritical mass. What would be
the effect of such an explosion? Once again, this should be relatively

easy to calculate if we do not insist upon a very sophisticated scenario.
Thirdly, if the waste were stored in trenches such as Z-9, could an inad-
vertent criticality take place? These questions could, I think, be resolved
in a simple fashion relatively quickly.

2. It might give us further information on the migration of nucliear
wastes released to the environment. What would be the effect of a nuclear
waste explosion on the environment? What would be the movement in the
enviromment? To do this, it seems to me there are three mujor things we

could do. One is that we need to read the Soviet literature that Medvedev

has, and which he details, only briefly, in his article in New Scientist.

It would be useful to be in contact with him to see his bibliography on one
hxmdréd or so articles he says that he has read. It would be even more
useful if he world make conies of those availuble to us, The tramslation
.of this should be a relatively minor matter and we, as engineers, might cor-
relate and evaluate this information ina different way that he, as a biologist
has. Secondly, we need to read the Soviet literature in the health physics

field and in the fields of hyvdrology, meteorology, etc., which are not the
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areas that, it appears from the article, that Medvedev has looked at. In
that case, we would tend to look for the same sorts of coincidences that he
found in his look through the biclogical literature. From this we would
try to obtain a coherent picture of what has actually taken place - the spe-
cific kinds of nuclides that have moved, how far they moved, the rate of
decrease, etc, The initial clues are found in the article, "Atomic Energy™
that Medvedev quotes and is attached here. (Appendix IV} And finaily, we
might compare this-movement with the Okio phenomeha and see if the movements
seem to be similar.

A lot of this evaluation, of course, was based upon supposition. For
example, in the "Atomic Energy’ article detailed information on the movement
of Ru-106, Ce-144, and Sr-90 are presented. Their fission yields are 3.8,

6.1 and 5.9%, respectively. Yet, their concentrations in lake water vary by
a factor of 10 with Ru-106 and Sr-90 being approximately the same concemntra-
tion and Ce-144 being approximately a factor of 10 greater. This does not
seem logical. We expect Ruthenium=-106 as a complexed dion, as frequently is
the case, to flow to the lake fairly quickly. The strontium would be the
intermediate flow, and the cerium as a rare earth, to be tied into the sedi-
ments in a very short order. This is corroborated by the studies at Hanford
as shown in Figure 2 (P.II.1-46). |

3. One.could do an independent check to see if such nuclear incidents
took place in late 1957 and 1958, Using fallout data and meteorological maps,
it would be possible to determine when and where the incidents took place. I
did this in my thesis in the early 1950's. This certainly should be checked.

' 4, What sort of remedial measures could be take to avoid such incidents?
Should the depth of the high-level liquid radicactive waste tanks be sufficient
to prevent the release of this radicactive mterié.l to the atmosphere in the
event of a criticality incident? What is the maximm energy release to be

expected from a criticality incident? Are we making a mistake in having our
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tank storage so near to the surface? There is an indication in the CIA
unevaluated reports that a 20 megaton bomb was exploded over that region

for a training film. Would this be sufficient to remove the earth and

the tons of the tanks? If so, what depth would ocne have to go before this

would be impossible? This study might then also change the criteria for
the storage of the liquid waste prior to the time of solidification if we
&id reprocassing. It might also indicate whether or not we wish to

store the irradiated fuel elements at the surface for a period of time
prior to the decision to store irretrievably in deep geological formations.

The cost of such studies woudd be small in comparison to the value

of the information to be obtained. I urge that these studies be undertaken.
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R Two decades

of dissidence

Boue

' Khrushchev's speech to the 20th Party Congress in

[956 forced scientists, among others, to reappraise -~

their role within society, Some of the scientific elite then linked up with the rank and file to form 2

unique and highly significant part of the dissident movement e

oo == The repression of scientists and
2, “YF2 intellectuals during Stalin’s time
couid eate the impression that
% dissidence was widespread ameong -
N, them, However, this was pot' the.
§=""case. There were different. reasons..
¥ “For-repressiom. Somemperae-
ot | cuted for—their- political ¥ views,"

S others wers victims of the struggie .

W3 with psendo-scientific trends, but
; } many were repressed for purely
' “random reasons. . - -
~ Stalin was an anmnmllecmalm

supported badly educated or. just
.- primitive people, considering them

Medveder - T I to be “great” scientists because
ualgnchaimth:se: * .+ they had declared their intention
working vt of cafTying cut some extraordinary
National Institute for .
Medical Reserceh ‘achievemnent.. Sometimes this:

_suppart- was justifed and the :
.. achievements of these -unknown
T pioneers. wers  later recognised
throughout the world.. Examples. include D. Papanin's
sucesssful expedition to the North Pole, and V. C.'hkaiov‘s
first transarctic flight from the USSR to Americs.’

But very oftem Stalin's anti-intellectual sopport was
given to semi-edncated psendoscientists like T. D. Lysenko .
and O, Lepshmskaya.Suchsaent:ststbentnedtoestab—
lish a2 dominating position through ideclogical pressure and
by using the apparatus of terror. It was just this cruelty
.and the terror of the state machine which made orgamsed
dissidencs in science impossible. |

‘Individnai cases of dissent among sczmt:sts were pos-
sible. One example was the direct refusal of academician
Peter Kapitza to participate in research related to the
atomic bomb--an action which cost him his pesition and
job, but not his life. This kind of dissent was very risky,
not only from the point of view of the individaal's scien.
tific position, but from that of his life and freedom as well,

Khrushchev's bold denunciation of the Stailm terror in
1956, and his rudimentary attempts to establish some legal
justice in the country, gradually stimulated a better intel.
lectual climate, including the “scientific. Hepressntative
groups of the sdentific community began to oppose some
aspects of governmment and party policy.. But the inertia
of fear aborted many such attempts. The scieatific opposi-
tion did, however, play an important part in changing
developments that had aiready been approved by the party.
Cybernetics was not the only useful science rehgbilitated
after Stalin's death, Many other new technologies, pre-
viously suppressed, now strugghed to the surface with the
help of political pressure.

Khrushchev's initial measures in support of science, en-
couraging scientific exchange with the West and develop-
ing new science centres, togsther with his policy of ‘“de-
stahmsatxon" and the rehab:htanon of political prisoners,
won enthusiastic support among scientists. During this
period (1953-57) he was even sensitive to demands about
Lysenko. In 1956 Lysenko was dismissed from his pesition
as president of the Lenin Academy of Agricultural Sciences
. of the USSR. He was reinstated..in- 1961--when- Lysenko

" more sssantial than Khrushchey hxmse]f

Khrushchev also -abolished the annual “Stalin Prizes:
whxch had been awarded for the best achievements.in
sdence and technology. He introduced the “Lenin Prizes:
in their stead, These were to be awarded once every:twe
years, there would be fewer of them, and they wonld
involve less money. This reform was, however; not:very
“significant, <1 o SaaFre s e ‘"'Mm%

Khrushchev's Teal conflict with the seentific commudity
began to be feit after 1958-59 when the “anti-party” oppo-
sition had been eliminated and he had become the “d&
facto” dictator of the Soviet Union. In accordance with the
: long standing tradition of the communist movement,..this

. mweant.that he now wanted to be thought of not only~as:
many “of his actions. He often- a political leader—the first secretary of the party-—-but

" who k.new all the mers. iz
>_ h.n‘!'-"bg:\,

Opposxtnon to- Lysenko %

An important centre of scientific and pohba.'l oppomtmn

also as a “s-uper scien

~ arose in the agricultural and biological sciences around the:

Lysenko issue, Hundreds of scientists—not only blologm
“but chemists, physicists and others—united against’
Lysenko and against Khrushchev’s support of LysenkdE
This struggle was reflected in many-official meetings -and
countless speeches by Xhrnshchev, -where he atrackei
those scieatists who opposed the “fruitful and rmlunonﬁ
ary Michurin-Lysenko bmlogy". Lt @
In 1963 a number of scentists challcnged Kh-ushc.hev s
unrealistic 70 to 30 per cent annual growth tarret forths
chemical fertiliser industry. Their open letter had somes
effect and the “chemicalisation” programme was modiGedl
Awareness of environmental problems aiso startedy
around the 1560s, sceatific groups often pointmg out _J;he:;
environmental dangess of industrial projects. In some* {
cases the government made copcessions, but mare oftené
it was relnctant to alter its industrial plans. . ’
Even Khrushchev's reasonable attempt to reorganwe:,
the Academy of Scences m 1960, by hivime off - thc.:,!
numerous indusirial, technological "and agricaitural -

s

setf{:?;i.
the dispute. When it became clear that it was impossible-b
carry out the reform simply, the government decided to F67
ahead without the Academy's cooperation. The preszdeng
of the Academy, A. N. Nesmejanov, was forced to resi
Khrushchev's conflict with the scientific community
tributed to his. downfall in 1964, Some episodes in this
flict——such 2s his closurs of the Moscow Timigazev Agrl%
cultnral Academy, his support for Lysenkn's psencloﬂIt
science, and his attempt to reorganise the Sovier Academyz:
of Sciencss inte a Committes of Science in 1964-—-wu-=-
mentioned by Suslov, in his report to the Pacty Plenum—-
as among the ressons for Rhrushchev's dismissal.
Two tragic episodes exposed the axpjosire relat:ums
between KXhrushchev and the scientific cornmunity, and:
were of .particunlar importance. They strained Khrushchev's:
relations with two groups of very infuential scientists. Both -
these groups—the nuclear physicists and the spacecraft and -
rocketry technologists——were the elite of the elite. They ¢
were also essential for the countrs's strengrh—-probablr

--.v-- .

,.‘.-

~.. It was.suppressed geneticists who- ongmaliv started tﬁe -

' sided with Khrushchev in .his quarrel with. agncultural
- .=xperts and” Saznnsts.

conflict with the nuciear physicsts. In-1955-36 they, .mm_
- nnmbu- of_attempts to ‘arouse. the physmsts :o the—

- ........ - o - - -

--..n—- -

e ,-_
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senetic dangers of radiocactivity. This underground propa-
'gmda, which emphasised the dangers of radiatiox and the
3+ peed for classical genetics to control it, was rather suceess.
% . ful. By 1956 several hundred signatures had been collected
oo an appeal calling for the restoration of genmetics and
~diation genetics in particular. The tsar of tie nuclear
physicsts, Jgor Kurchatov, banded this appeal in person to
Khrushchev. Khrushchevy was furious, but he conld not
rouck Kurchatov who had toc strong a backing. Fimally
khrushchev made some smazll concessions, including the
removal of Lysenko from the presidency of the Agncul-
wral Academy, though he returned .to favour later. .

A tragic catastrophe.-occurred- in;:;1958, which, ma.de-
seclear physidists extremely sensitive to-the radmbmloglml:
znd genetics issue. _The catastrophe itself could have. been::

foreseen, For many years- nuclear reactor waste-had been
buried in a deserted area pot more than a few dozen miles
from the Urals town of -Blagoveshensk. The waste was. not.
waried very deep. Nuclear -scientists> had. often warned .-
about the dangers involved:in -this: pri:‘nitive.lmethod'.of
waste disposal, but nobody. took. their mews'sermsly. The .
alternative of drowning the containers in the very deep

waters of the Pacific or. Indian Ocesans had heen rejected. ..

as too expensive and-protracted. Dispersing the. highly~ .
r.-:dmacnve materiais over other parts.of the country was
also considered unnecessary.- The large nuclear industry,
cncentrated in the Urals, just continued to bury its waste

in the same way it had done since-the beginning of the .

atomic race. Suddenly- there. was- an. epormons explosion, -
like a violent volcano, The nuclear. reactions had led to
overheating in the underground burial grounds. The explo-
son poured radicactive’ dust.and mraterials high vp into .
* the sky. It was just the wrong Weanher for such a tragech
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Strong winds blew the radicactive clouds hundreds of miles
away. It was difficult to gauge the extent of the disaster
immediately, and no evacuation plan was put into operation .
right away. Many villages and towns were only ordered to
~evacuate when the symptoms of radiation sickness were ..
-already-quite apparent. Tens of thousands of people were
raffected, . hundreds dying, though -the _real figures bave
‘never been made- public. The large area, where thé - acm- -
dent happened, is still considered dangerous and is closed ==
to the public. A number of biological stations have been..
.built on the edge of this—the largest gamma field.in_the: ;‘-',-
-world-—in order-to study tﬁe radsoacnve damage done to o
‘plants and animals. .
~ The irradiated populanon was d:smbuted over many
.clinics. But no one really knew how to treat the different
.stages of radiation sickness, how to measure the radiation .-
dose received by the patient, how to predict what the affects. .°
.would be both for the patients and their-offspring. Radia---z..
tion genetics and radiology  could have provided. the ™
answer, but neither of them. was available. There was no-
Jlaboratory in the whole of the country whicir could-mrake=--
a routine .investigation of chromosome..abem'uons—-the: =
most evident result of radiation:exposure: marTow- su:dcs" -
-did not exist; there was mo chemical’ protection- against. -
radsar.xon expasure avmlabie forummed:at "dxstnbunon..*
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. Iﬁahy‘ towns and villages, where the radioactive level was

moderate or high, but not lethal, were not evacuated, The
observation medical teams established in them were not
well prepared for serious tests,

All this greatly shocked the nuclear sment:sts, and their
opposition to Khrushchev's anti-genetic stand became too
strong to resist. The government was forced to legalise
. classical genetics, at least for radmlogy, radiobiology, and
" medicine, Lysenko s only remaining power base was agri-
culture,

The nuciear physidsts were now weII aware of the real
‘dangers of nuciear explosions. They wers no longer just

However, the conflict between Khrushchev and thaite p- £e
ranking scientific elite not only contributed 2 lot.of fual.;
to the anti.Khrushchev move,..made by the Party -Pracsa i
dium in October1864, it also created a unique sitvation™ i
where the highest scanttﬁc support became avai]ab;e.for S‘-
political dissidents; who had never belonged to the: e:]me,

- Political dissidents within the scentific community>weig: b
usua.lly at the lower levels of the scientific hxr.rarchy_',t'hcu_._,..
young students and junior scientists, not the privileges.
academicians, tried to explore some pohnca] alternaiiv?s’ 5
and ideas during the -post-war period., Their fatwund

Stalin was usually tragic. During Khrushchev's timei: th_‘

an obedient group of experts. Their strong opposition to— first wave of arrests among young scientists and ‘studégfsis

government policy contributed considerably to the final

_agreement to end atmospheric tests of nndear devices.

‘The other line of resistance developed in space research:
‘after 1858, Khrushchev's misnse of space research to boost:
Soviet political. prestige led to an irreparable catasirophe. ©
’I’hespaceamimﬂxtaryupertsthensmrtedtomst
political pressures and wantsd a- s:gmﬁcaﬁt mle in the
deqsmn-makmg’ Process.

"In' October of 1960 Khmshc.hev dec:ded to head the
" Soviet delegation to the General Assembly mesting of the
United Natons. He and some other heads of East European:

countries were to make the trip on the ship “Baitika”.
_ Always obsessed ‘with the idea of showing the Americans .
_'Soviet superiority in at least some areas of technology,
" Kbrushchev issued a directive that a Soviet rocket to the
. Moon shonld be launched to coincide with the time of the:

Baltika’s docking in New York. It would be some kind of

space “salyut” for the wrrival of snch an mportam cnm--

SRR PP e e
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mumst group to the Umted Stazs.
T Lumrrockatbimup- s e
Thf. ehte of Soviet rocket technology: was, of course, at
the. “cosmodrome”, However, when .the start was ordered
and the button was pressed the ignition did not work
. According to the safety regulations, any inspection conld
only take place aftar the fuel had been removed. This was
a long process and would mean postponing the whole
spectacle. Marshal Nedelin, who was in charge and under

an obhgauon to fulfil the ambitions order, irresponsibly -

decided to investigate the fault xmmedutely The special
ladders and platforms were moved to the rocket and
do:ensofengmeersandexperrssmrmdtouplorethe
different parts of the multi-rocket system, Suddenly the
ignition started to work, The rockst fell hecause it was
blocked by the ladders. All the men and women in the
areawereldned.'rheyweresomeofthebstreprmta-
tives of Soviet space technology, - -« --

- This tragedy was not the only svent to makex:he space
technologists aware of the dangers of poiitical “salyuts™.
The government's attempt to hide the real story-—the

official press referred to Nedelin's death as being due to |

-2 plane ¢rashi——meant that the tragic death of many
prominent scientists and technical experts passed without
even short obituaries. The duplicate tocket was later
launched and declared a great achievement, But this would
not heal the wounds of those who had lost their relatives,
friends and mlleagns.

These are just a few examples that show how Khrush-
chev began to lose the confidence of Soviet scientists. They
also show that the dissent started not only among the rank
and file, but also at the level of the highest scientific elite.
The culmination of this conflict was a special Party Planum
held in June 1963, to discuss the ideology and ideological
orientation in science, literaturs and art, This Plenum
was ominously reminiscent of the notorious decisions taken
by Stalin and A. Zhdanov on the supenonty of ideclogy

.and its relevance to.all aspects of stience, literatore and -

art. Their decisions had Jmuated the reprsswe measures

- ———

© full membership of three academies (USSR, U'k:'-nez

dissident groups came after the military m:mznuon:ﬁ'_ﬁ
Bungary in October 1956, These arrests are not well i e
-betause the rehabilitation of. millions of victims- ofr*thagg
‘Stalin terror was under -way- at-'the same !:mc;.‘“"h".fé
-millions were being released, th.e hundreds of nEw: CEITCas L 3
could easily pass unpoticed.. : -.—"_.e.‘i’s‘;ﬁ-#é
. These young dissidents had been brough: inte- c:::stcncz:ﬁ-‘

bm

hy the' new policy of “destalinisation”. Homer;‘-’.therg—
_wantsd more - ssrious reforms -ina society. ’Iheyv-v.me;a,:
mors complete investigation and the pumshment ofrthase: f-f--
others who had also besn guilty of snch cimes }n-—lsssaﬁ‘:
from almost all ‘groups in socety—irom woﬁcu-smanﬁ‘ 5
ts because of the lack of any means of commmunica® :
of the latter's privileged “elite’ position and their satisfFy ¢
tion with the half-measures of Khrushchev's regiroe toward*ﬁ
-were still famous from Stalin’s time. =~ . p‘g
The situation changed arcund 1862-63. A cerra:n mop-..m-:
-tion grew ‘up between the democratic political omosmon e
and the scientific elite opposition group. : - P
signs of political recognition, the titles, prizes, w
and even high positions—were all tremendousiy mded—_{.’.:'
one dons to recsive the titls Hero of Socialist Labowr? Wity
it for the development of a good new variety of .wheafR¥:
filled the construction programme for a hydroclemc-
Peing built by siave labouar from the prison ams"..'.!‘h‘é':
. A5 a rule the most decorated scientists came ﬁbm.the
Lysenko camp, with himself well in the iead—pine- ardm'sM

stunned by-the details of the Stalin-terror; they wantedss. &=
57; there were few such dissidents, and they were isolziead’ & =
tion; from higher sections of the intelligentsia, becaise:
: liberalisation. Too many of the intellectual elite of; 195&5{!
Pt SN
By then the prestge of the numerous s:ta.te on'tz:s ‘th'ét’«":f
"and devalued. The question: naturally arose—whatThidiE:
-or a new version of the nuclear bomb, or had onesverfik:
. same questions could be asked about prizes and degrusz
of Lenin, Hero of Socialist-Labour, several Stajm .

ﬁiﬁﬁ'ﬁnﬁfﬂ‘}ﬁ%

Agricaltural), member of the Academy Pra&ndzn
tor of the Institute of Genetics and of the Gorky SkIes
Experimental Station, Deputy of the Supreme S:lne:.‘, - 2
The devaluation of the scientific hierarchical pyramudiie
made closer contacts between the younger politicaily activegt:
groups and the more honest representatives of &g.f‘e}xt
much easier. In many cases the high ranking “elite'™ sciens-f-o
tists were themselves looking for such contact R;ght:‘l@:f—-
to 1957-58 the politically orientated younger dissidents:is
would have considered any kind of friendly reinions: thh E
such scientific celebrities as .academicians I. Tamm, P+
Kapitza, A. D. Sakkarov, N. N. Semenov, V. A, E.agelhardt,
I. L. Knunianz and A. I Berg, as.quite unthinkable. Bul
by 1962-64 links had started to appear. Not omiy d:d*co-i
operation and friendship between the two penerations! - k:
become possible, but the older and more privileged group; :
gave direct support to the political dissent of their younzef 1=
colleagnes. They gave financial aid to help arpanise tbel :
samizdat network; they sometimes made faclities avail:
able for safeguarding -and reproducing samivdat’roriarf:
“they also strongly e.ncouraged angd defended thoses =
trouble In 3 few ca.s&s, members of the hxghﬁtmeaﬂlc =

P n'!éui"
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-~ Tpe coOperation between prominent sclentists aad

olitical dissidents became especially evident in 1966-67.
Afany joint statements were prepared and sent as high as
e 250d Party Congress. These opposed the then current
Serempts to rehabilitate Stalin and also protested against
sigame of the political trials. The government was not yet
“nady to deal with this kind of dissent. The spring of 1968

e oufspokin political dissidenis themselves—
f Andrei Sakharov is one of the best known

scientists started to split up under this pressure into

several trends, each with its own methods.and own pro-

grammes of reform. . . .

The whole phenomenan of dissent in thé USSR became
well publicised in the West at this time. But this does not
mean that the West properly understood the complexity
of the situation. Publicity was mostly centred around some
prominent figures—the western “press” publicity is always
.individually orientated. However, the main streams of the
widespread but moderate dissent among scientists and

ot only the famous “Prague spring”..it was-also the - ‘technological experts remained .unseen. it was never-the. . .-
eymoon of intellectual .dissent in the--USSR.. Many - less, influential. The new policy of detente was, to a signifi- -
that this was the.beginning of. real democratisation. ¥ cant extent, the. result_of internal pressure..fm:p .these. |
ever, the tragic-events.of ‘Augnst 1968. changed.the- ;: scientific: and ‘ technologicat groups., They. made-it. clear. =
E jon dramatically -within the Soviet Unioiitas well: The-.that the-development. of-the Soviet -Union -as -an.advanced
sroyoup of young activists, who. tried-to demonstrate in'Red - power. was ot possible -in isolation-or: with .its' "sciemce:

- -

ST

E5quare. was arrested.

:a-ggn: activity in science became- official policy. The pre- _ tions. But this complex and coatradictory chapter in the: oy
Fiously more-or-less united movement of politically minded ' history of Soviet. science needs special consideration. . O .
3 sss e R D : e R A -
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Special measures. {o -suppress dissi-:: divided ideologically into “socialist” and’“bourgeois” sec-"

<% Retracing the early. l'.tis:ory‘-of television, one man has built his own mechanically scanned system—and .

.. My first foray into television was-
in 1936, when TV was based-on
_ mechanical scanning and my elder
brother and a friend decided 'to

il Elliot

i

2r or so previously, my brother had heard on a radio set’

vision signais then being put out by the BBC, and was
Eﬁred with schoolboy enthusiasm to try to get a picture.
lnfortunately, by the-time.the requisite motor parts etc
Bhad been collectad by the nse of fair means or pocket
had it that the BBC was experimenting with 120 line and 130
mlne TV, so we went on working on the mechanical system
24T the vague hope that by running the system at some un-
Prediied but incredibly high speed some sort of pictore
gmizht he resolved. I was told off at one stage to count the
REaber of tarns being put on the motor windings by one of
. &2 clders by counting the revolutions of the handle of the

Jrinder, We soon found it was far better for the winder

foPerator to count his own revolutions-—my. Grst lesson in

A3lace would be 240 lines and 405 lines aiternately for a
B§ Tial period. Various distractions, suck as the need to pass
B T2ams, came along, and I gave up television construction
- or:helﬁmeheing. .o
%hpurmg the next ten years, I collected bits and pieces
S irdiana, and after the war joined Scophony-Baird Ltd as
§:1 very junior engineer. There I met J. D. Percy, one of the
g:{l}"amrc} team, then a director. I saw some remains of
ird’s activities, including one of his colour test cards (a
A gﬂure of Popeye the Sailor). Unfortunately, I lost track of
i m“-'rf relics, but I hope they still exist somewhere and will
Iy m‘!:' to light some day.
= n:\-'"e'r some years of wandering through the electrical and
£ 0% industry, in 1968 I again joined Baird Television,
Z2Ch by this time was a subsidiary of Radio Rentals Ltd.
#7""2ral members of the staff. of the parent companv had

;:_:'* in the TV business since the early days, and_talking

A
-~

%o Wem re-awakened my.interest in mechanical

-

Y
%

1l

ered receiver as the starting point. We-also ha

i

experiment with the new hobby. A .

Ziponey, the 30 line transmissions were terminated. Rumonr

met, along the way, some of the people involved in the early days.of Baird'swork. .0, - .

-2

Disc receiver made by Baird International .. oot . ol
Television Ltd T -

plete disc receiver made by Baird International Televisaon
Ltd. This warked perfectly {rom the start, and. has never
given any trouble sinpce-—not a bad record for-a46year<wid
(Figure 1, above). '

To transmit an image over a single communication chan-

nel, the image has to be scanned line by-line, in a way
_analogous to the reading .of a page of a book. A typist
listening to the reading can reproduce the page exactly if

told when each lina starts., In TV, the words on the page -

are squivalent to “picture elements” and these ars sent
one after the other, line by line, to the receiver as instroc-
tions to produce more or less light corresponding to the
brightness of these clements in the original scene. The
start-of-line information is called synchronisation and this
enables the receiver to keep in step with the transmitter.

A scene can be scanned mechanically in several ways,

notably by dissecting the image into lines. or by fiying spot °

ek " TV, 50 scanning. The otiginal Baird carmeras of 1926 vintage sseda™
. S0 that we decided to build-a camera, using a very disc carrying a spiral of lesises, éach 6f which produced 3™~
d"a com- complete image of the scene which was swept vertcaily

: 'j
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Cimeds haning ¢he Soviet nugilesy WisasiEy

Ywhen the story first came to light last year, Western nuclear experts were scaptical that 3 large

accidsnt, involving nuclear waste materials, could have occurred in the south Urals in lata 19537 or

aurly 1958. However, published Soviet research into the effect of radioactivity on piants und animals

confirms that a nuclear disaster did contaminate hundreds of square miles of the region -

In my article “Two decades of
dissidenca” (New Scientist, vol 72,
p 264), I mentioned the accurrence
at the end of 1957 or beginning of

19538 of a nuclear disaster in the
* southern Urals. I described how

the disaster had resulted from 3
suddan explosion involving auclear waste stored in nnder-
grGund shelters, not far from wnhere the ficst Soviet mili-
tarv reactors had b built; how strong winas carned a
muxture ol radioacuve products and soil over a large area,
probably more than a thousand square miles in size; and
how many villages and small towns were not evacuated on
time, probably causing the deaths later of several hundred
people from radiation sickness,

I was unaware at the time that this nuclear disaster was
absolutely cnknown to Western experts, and my New
Scientist article created an unexpected sensation. Reports
about this 20-year-old nuclear disaster appeared in almost
all the major newspapers, At the same time, some Western
nuclear experts, including the chairman of the United
Kingdom Atomic Energy Authority, Sir John Hill, tried to
dismiss my story as “sciencesfiction”, “rubbish” or a “fig-
ment of the imagination”.

However, about a month later my story was confirmed
by Professor Lev Tumerman, former head of the biophysius
laboratory at the Institute of Molecular Biology in Moscow,
who had emigrated to Israel in 1872. Tumerman visited
the area between the two Ural oties—Cheliabinsk and
Sverdlovsk—in 1960. He was able to see that hundreds of
square miles of land thers had been sp heavily contamin-
ated by radioactive wastes that the arsa was forbidden
territory. All the villages and small towns had been des-
troyed so as to make the dangerous zone uninhabitable
and to prevent the evacuated pe=ople from returning.
Tumesrman’s eye-witness evidence did not, however, con-

DrZhores Madvedey
*is a hiochernist
working at the
National Institute for
Medical Research,
Loudon

vince all the experts, incuding Sir John Hill, of the truth .

of this disaster. Doubts remained that the story was
exaggerated, These doubts convinced me of the need to
collect more information that would throw light on the
real scaie of this naclear disaster,

Different kinds of nuclear acddents release different
kinds of radicactive products into the environment, If
reactor nuclear waste is sgattered from a storage area the
resuit will be quite specific. The numerous short-lived
radioactive isotopes, with very intensive gamma.and beta
radiation, will already have disappeared during the storage

- period. Only long-lived isotopes, which constitute about 5

to § per cent of the initial radioactivity, remain dangerous
after the first two to three months. Radioactive strontiume
S0 and caesium-137 are the most important of these. Both
have haif-lives of about 30 years, Caesium-137, as an isotope

with gamma radiation,. is more dangerous for external

irradiation. However, it is less cumulative and, because it
is more soluble and is not fixed permanently in biological
structures, it disappears more rapidly from animals and
the soil. Strontium-90 is a close analogue of calcium and is
able to substitute for calcium in both bones and soil. Since
calcum forms part of permanent body structure, this
means that strontium-50 can be fixed in animals for many
years, while it may remain for hundreds of years in the
soil. This is why strontium-80, which emits beta radiation,

] SVERDLOVSK
S~ Sverdlovsk

3

D0y -,
B Gk N S | ™~
5.

KURGAN

Map showing the approrimate
area contammated by the
nuclear disaster

is considered the most dangerous product from nuclear
bomb tests and the nuclear industry.

If the nuclear disaster in the Urals really caused the
contamination of hundreds or thousaads of square mriles of
territory, this area must still be poiluted today—heavily
by stroatinm.90, and partly by caesium-137. The soil, seil
animals, plants, insects, mammals, lakes, fish- and all other
forms of life in this area would still contain significant
amounts of strontinm-50 and caesium-137. The randesn
distribution of radicactive isotopes during an accident of
this type would cause the isotope concentration level to
vary enormously from place to place. In many areas the
external and internal radiation would seriously threaten
the ife of many species—increasing their mutation load
and mortality, and inducing many other changes. The ex-
tremsly large contaminated area would also create a
umique community of animals and plants, where genstic,
population, botanical, zoological and limnological research
into the infinence of radioactive contamination could be
studied in ity natural conditions.

Critics of Tumerman’s and my story can obviously ask:
why then did Soviet scientists miss this chance to study
the unique radiobiological and genetic probiems, which
this enormous (certainly the largest in the worid) radio.
active snvironment provided for long-term study?

The answer is very simple——the Soviet scientists did not
miss this chance. Mora than 100 works on the effect of
strontium-90 and caesium-137 in natural plant and animal
populations have been published since 1958. In most of
these publications, neither the cause nor the geographical
location of the contaminated area are indicated. This is
the unavoidable price of censorship. However, the specific
composition of the plants and animals, the cimate, soil
types and many other indicators leads to the inevitable
conclusion that it lies in the south Urals. (in one publi
cation, the Cheliabinsk region is acrually mentioned—a
censorship slip.) The terms of observation—l0 years in
1968, 11 in 1969, 14 in 1971, and so on—reveal the apprexi.
mate date of the original accident. Finally, the scale of
the research (especially with mamumals, birds and fish)
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Verintions in the concentration of camm!&'l—baud on the
rexearch of A. I. Il'enko

indicates clearly that rather heavy radicactive contamina-
tion covered hundreds of square miles of an area contain-
ing several large lakes, -

I had known about the nuclear waste explosion in the
Urals arsa since 1958. My professor at that time, Vsevolod
Klechkovsky, who was a leading expert in the use of
radioactive isotopes and radiation in agricultural research,
was given the job of setting up an experimental station
within the contaminated territory. The station was to study
the effect of radioactive isotopes on plant and animal life
and to monitor the soc-calied “secondary distribution” of’
the contamination. Radicactive pollution of this type can-
not be confined within the initial area, since soil erosion
and biological distribution constantiy widen the radioactive
region, The specific activity of the contamination declines
with time both in the original area and the new neighbour-
ing ones. Klechkovsky offerad me a job at this station, bat
I did not accept it as the work was classified. A number of
junior researchers fram his department of agrochemistry
and biochemistry at the Timirjazey Agricuitural Academy,
howevar, did go to work there, and still do today.

At the beginning all work associated with this nuclear
disaster was considered as highly dassified. Thers was no
chance of publishing any research results. The situation
changed slightly after Krughchev's demise, because blame
couid then be laid on the nuclear authorities appointed by
him. The chairman of the State Committee for Atomic
Energy of the USSR, Professor Vasily Emelyangv, was dis-
missed from his post in 1968; sorm# officials in
both the peaceful and mmtary branches of the atomic
energy industry went as weil,

It was too late in 1965/1968, and it was considered un.
necessary, to acknowledge the catastrophe that had taken
place years before. But at Jeast the high level of secrecy
which had surrounded the disaster was lifted. Many experts
from the SW and other research
establishments ow start comprehensive
research in the contaminated area and to publish their
results in Soviet academic journals. The ending of
Lysenko's dommauon in biology and genetics aiso helped
this change in amtudc. Several new resesarch institutes
and units specialising in genetics, radiobiology and scology,
set up in 1965 and 1966, pressed hard for access to this
unique radioactive environment.

These studies started, unfortunately, several years after
the initial impact of the radioactive hazard on the com-
munity which comprised ail levels of life—from soil bac.
teria through to large animais, plants and trees. Farm
animals and plants, as weil as the human population, were
included in places of “secondary distribution” where the

radioactivity level had not been so kigh as tu
evacuation. . .
One of tha first works that pointed to a possible serious
industrial nmuclear disaster was published in 1865 (see
Atomnave Energivg, vol 18, p 379). At first glance the
paper_a'ppeara 1o be purely mathematical. Its title—"The
calculation method for the distribution of radioactive con-
tamination in water and botiom deposits of non-running
water lakes"—was rather theoretical, and the whole text
was saturated with mathematical equations. This study was
based on measuraments that had been taken in two lakes
contaminated by industrial radicactive waste five years
previously. (Since the paper had been submitted for publi.
cation in May, 1964, the work must have been completed
some time in 1963.) The author, F. Rovinsky, found that
the isotope composition was complex at first, but after the
first few months strontium-30 became dominant. The water
radioactivity (the level in absolute figures was not given)
fell quickly during the first two years because of absorption
by the silt. Then some kind of equilibrium was established
between . the bottom silit deposits and the water. The
theoretical calcnlations and the experimental picture were
almost identical. One can find hardly anything wrong with
the whole work or the “experimental contamination”, ex-
cept for the size of the two lakes referred to. “The
experimental lakes were” wrote. Rovinsky, “sutrophic
types, the first was 11-3 sq. km in size and the second was
4-5 sq. km, both alriost round in shape.” It is rather hard
TG oESve that anyone in his right mind would contaminate
two such large lakes just to confirm some mathematical
cajculations. However, [ did not find any other research on
thess two particular lakes,
-Athird contaminated lake appeared in'two papers by
A. I. Wenko, published at the beginning of the 18705 (see
_Kgfgs%f%iym@u vol 10, p 1127; vol 12, p 174). I'enko
nad studied the distribution of caesium-137 and streatium.
80 in water, plankton, water plants, and diferent species
of fish between 1368 and 1970, but the lake had besn con-
taminated many years before. He gave the actual isotope
concentration of both isotopes in this lake. It varied avery
month depending very much on seasonal conditions, and
with maximum pealts during October and July. Such
variations could only be typical of a running water lake
with a contaminated basin.. During the summer of 1963,
the concentration of strontium-90 in the water was 0-2
microcurie per litre (sCi/l.), and that of caesium-137 was
0-025 »Ci/l. Both figures are 100 times higher than con-
tamination levels in ponds created specifically for research
purpoeses, hoth in the USSR and other countries,

A lake wi

The purpose of Il'enko's work was to study food chains
among different forms of life in the lake. Pike were the
largest and final link in the chain. II'enko had measured
the isotope concentration in the bones and muscle of more
than 100 pike, some weighing as much as 25 to 30 jbs.
The lake was not a rich one, since only four species of fisk
were found there, And as it is u-nportant for food chain
studies that the popu]atwn balance is not seriousiy affectad,
the number of pike in the lake must have been at jeast
10 to 20 times the number studied. A lake containing this
number of large pike must be between 10 to 20 square
kilometres in size. One would need at least 50000 Ci to
contaminate such a iake with strontjum-50 up to the level
of 0-2 uCi/}, that is if it were non-running and not too
deep, For a running water iake the amount would have to
be much greater, But in either case such a level of radio-
activity is far too high to handie for experimental purposes.

The lakes in the Urals region usually have very thick
bottom silt deposits. The total amount of strontium-50 in
the bottom silt of the two lakes which Rovinsky studied
was at least 10 times higher than in the water, once

foree
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‘eyuiditriem was reached. However, these were nen-running-

‘water iype lukes. The lake studied by Ilenko, had an

intensive turnover of its water supply——the strontinm-90
concentration could vary up or down by more than 400 per
cent within one month. These conditions meant that the
bottom silt and the water plants became the main accumu-
lators of radioactive materials—a process which had
staried many years before Il'enke’s experiments. l'enke
calculated that the total amount of caesium-I137 and
strontium-9¢ in the water plants, plankton and silt was
about 1000 times higher than m the water. For example,
the concentration of caesium-137 in water plants varied
from 10 to 38 ~Ci/kg. . .

This means that the total minimum amount of strontinm-
90 and cassium-137 in the whole lake must be around 50

million curiss, And this enormous amount of radioactivity .

filtared into the lake from the lake’s basin! It is well known
that soil fixes stromtium very strongly, so only a small
fraction could have filtered through with the soil water
—probably some five to six per cent over several years.

It is, of course, impossible to know precisely how many
hundrads of millions of curies of strontium-90 and caesium-
137 would have 1o be fixed in its basin for such an enormous
amournt of radicactivity to accumulate in a ruaning water

- lake. Thare. ars no precedents for such research. This

radioactivity is cquivaient to thousands of tons of radium.
Could anyone imagine that this amount of radioactive
material would be distributed over the area surrounding
the lake, just for “experimental™ purposes?

Many papers have been published on the different species
living in the contaminated area. The levels of soil contami-
nation were usually the same with the different experiments
—~from 0:2 to 1-0, from 1-0 to 1-5 and from
1-8 to 3-4 mCi of strontium-90, and 4-0 to 7-0 »Ci
of caesiumn-137 per square metre between 1965 and
1368, II'enko and his collaborators also carried out several
studies of mammals at the same time as they were doing
their work on the lake's population, between 1968 and
1970. Since the samples of fish and animals were taken
continuously, the whole research was certainly carried out
in the 'same environment. In two studiss of mammals,
where food chains were 2lso the main research.aim, about
2000 individoal animals from 15 differsnt cpeces were
killed (see Zoologicheskii Zhurnal, vol 49, p 1370;

- ‘Obschei Biglagii, vol s, p 698). Small animals, such as
mice, rats and rabbits, are poor indicators of the size of a.

research area. However, these two papers reportad killing
21 deer from the contaminated area. This final link of
the food chair is indeed rather revealing. Since the shoot
ing bad to be done without causing any serious depletion
in the natural population or species ratios, at least 100 deer
must have been available, Deer migrate normally over
large distances, especially during winter, so the area
covered shouid have been at least 100 square miles.

The level of so0il contamination by strontinm-90, of
between 1-8 and 3-4 mCi/sq. m, is also much higher than
any possibie “experimental” contamination. About aone
million curies of strontivm-30 would be necessary to

Timental” fieid.

Woarks by other authors, in which the plants, soils and
soil animals were studied, aiso indicated an area on a
geographical scale, not just a fenced-off feld. Their
identical levels of radicactivity and cross- references to
Il'enko’s work indicate that it was in fact the same “ex-
perimental” area these authors were studying. The con.
taminated territory had many different soil types, consisting
as it did of meadows, hiils, plains and wvarious kinds of
forests. In general, within any contamination area there
were at least six or seven ecological groups.

A large resgarch team, headed by academician N. P.
Dubinin, has carried out work on the population genetics
of the area—the frequency and pattern of chromosomal

aberrations, comparvative radic.sensitivity, seloczinn of
radio-resistant forms, and s¢ on. It is ciear that they were
working in the same contaminated area as thie one used
for the other studies. The authors refer to I'cnko's work
when quoting the level of radicactivity as being 1-8 to
3-4 and 1-0 to 1-5 mCi/sq. m. They also acknowledpe that
the area was not contaminated on purpose for their experi-
ments, and that they had only been able to start their
radiobiological and genetical observations seven years
after the organisms, selected for research purposes, had
alreedy been living in the radioactive ervironment. {see
Uspekhi Sovremennoi Genetiki, vol 4, p 170).

1S japse of Lime was a definite research disadvantage,
The early adaptation stages had been missed and the initial
level of irradiation by the mixture of short-lived and long-
lived isotopes was unknown. Despite these methodical
aberrations, the authors were able to find 2 selection of
more resistant forms and some other genetical population
changes in soil algae {(chlorella), mzny plants {mostly
perenniat), and rodents. particularly species of mice.

Hihdogy 13 ur
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Left: average conceniration of strontium-90 (uCi/g of dry’
weight) in planis m a section of the contaminated areg: and
right: contaminalion of the soil with stromtium-30 (uCi/sq.m)—
based on the work of A. l. Il'enke in 1967. The distributions are
random and therefore probably accidental

The special aspect of the work, which I wish to emphasise
here, is the size of the research area. For exampie, the
research team started their work on rodents with a popu-
lation that had already lived 30 generations in a radicactive
environment. One has to be certain for population genetics
work that the individual animais being used for the
different measurements are the true ancestors of those
animals which lived in the area when the original radio-
active contamination occurred. Rodents do not migrate
very far during their adult life, perhaps abont 1000 metres,
However, with each new generation the migration from the
ancestral environment will be even further. During 30
generations, migration could reach as much as 20 to 30
kilometres, which means 400 to 900 square kilometres of
radioactive environment. Dubinin and his coliesagues do
not give the exact size of their research area, but they do
admit that all the animals they studied had really lived
in the radioactive zone over all these years,

Single-cell soil algae (chlorella) are extremely resistant
to radioactive contamination, so their level of genetical
damage should be much higher than for those spedes
which just could not survive. Dubinin and his team took
samples of chlorella some five years, or 200 penerations,
after the radicactive contamination had occurred. The
work was clearly carried out in a different area, ane
perhaps where onjy the algae could have survived. The
radioactivity of the seil was much higher, its maximum
actjvity being 1-0" disintegrations per kilogramme of soil
per minute. This activity calculated per square metre is
about five curies' for a surface layer of 8 to 10 cm depth!

There was a verv uneven distribution of radiocactive
contamination over the area used for this research., The
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L W bt Ras Loem published on plants and animals was
arlizel out I pixces where thase animals and plants coul
bivie far many generations. Otker areas, where they were
net ahle o survive, were certainly not explored so
morotzily. But the existence of such areas in this general
geographical location has been acknowledged by Dubinin.
In his sutobiography. Vechnoe Dvizhenie, he describes how
his group carried out long-term research in an area “‘con-
taminated by high doses of radicactive substances”, where
“some members of the species have died out, some are
suffering and declining slowly, while others have evolved
a higher resistance”.

The nature of the plant and animal species referred to
in these research papers—there are more than 200 species
in all—can easily indicate the approximate geographical
location of the area under study, The mixture of European
and Siberian species points to the Urals. This conclusion
is confirmed by the accidental acknowledgement in one of
the recant works of II'enke and his collaborators that
the animals for their work had been collected in the
Cheligbinsk region. This particular research was done
during the autumn of 1971 and the animals had bean
living in a radioactive environment for 14 years—in other
words since the autumn of 1957.

The papers, that [ have referred to, represent only a
small fraction of the research data that has been published
on this contaminated environment in different Soviet
scientific journals. The nuclear authorities in Britain and

the US probably put more trust in the expensive i.-.."qrma-' .
tion they receive from monitoring global fell-out o trom
space-satellite surveillance. They certainly do not read
such Soviet journals as Veprosy Ichtiologii, Genetika or
Zoologicheskii Zhurnal. There are probably very few
foreign scientists who read these journals regularly either.
And even fewer who can understand the meaning of the
many methodical omissions.

This is why so many experts were puzzied and doubtful
about my article in New Scientist last November. Science
fiction or not, many millions of curies of strontivm.30,
caesium-137 and other radioactive isotopes did contaminate
a very large area of the South Urals region, where the
first Soviet military reactors were built in the late 1540s.
The nature of the contamination certainly exciudes the
possibility thar it was 2 reactor accdent or a real atomic
explesion. The facts in the published materials agree much
better with an accident in 2 nuclear waste disposal site.
How it happened, and what was the real human price of
this accident, has not yet been revealed. Soviet secrets
can often be extremely long-lived. But whether the sceptics,
who felt that the burial of nuclear waste in the USSR or
elsewhere couid not have led to an accident remotely
resembling the one I described in my previous New
Scientist article, believe it or not, there are no doubts that
this nuclear disaster in the Urals did happen around
1957/58. And we must take this accdent as a warning to
ensure that such.a tragedy does not happen again. [}
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‘Washington, bC 20013

T CENTRAL INTELLIGENCE AGENCY
WASHINGTON. D.C, 20505

= .. LT . -

T o 1iNovr
. . _/"’/

Mr. Richard B Peolleck, Nirectoyr '

The Citizens' Movemesnt for Safe and Efficient Energy

(Critical Mass) o
P.C. Box 1538 o

Dear Mr. Pollock: :

Ly e .
. . - c oA e e .
— - . -

This is in reply to your letter of 2 September requesting,
under the Freedom of Information Act, all information in our
files relating o 2 nuclear disaster alleged to have occurred
in the Ural Mountains in the Soviet Uniom in 19858. This
Teply also will cover documents forwarded to us by the
Energy Resezrch and Development Administration on 23 September
1977. These CIA documents were found in ERDA files -while
they were processing a similar FOI request you had levied on

them.
We have Teviewed all the itams concerned and I am

enclasing copies of 14 of them for your reteation. The
first three, sent in their entirety, are:

‘1. Newsclipping, Christian Science Monitor,
dzted 12 January 1877,

2. Foreign Broadcast Information Service iteﬁ,
dated 11 November 1876, . :

3. Foreign Broadcast Information Service item,
datad 11 NovenmbeT 1976.

You will note in =ach of the remaining items portions

have been deleted under the provisions of the Freedom of
Information Act. I am listing the items below, and alongside

each is the approprizte eremption f{rom the Freedom of Infor-
mation Act which explaims why the deletion had to be made.
An explanztion of the exemptions follows later in this
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... Documents . . . Exemptions

4. ﬂcs 3/:39 785, lgted 4 March 1959. (b) (1),

Eor iR

5. Cs- K- 3/465 141, dated 16 Pebruary (b)Y (1},
1561.

‘6. Memorandum, dated 27 December 1976. (b)gz),
7. TDCS;3/356,555, dated 21 May 1958. (b}(1),
8. CS-3/407,67§, dated 5 August 1959. (b)(1),
9. 00-B-3,202, 034 dated 5 December (b)Y (1),

1961. . . . . o (B3 (6]

10.. 00-3-3,204,092, datedu21 December {(b) (13,
1961. | (b (6)

11. 00-K-323/20537-76, dated (b) (11,
20 September 1976. A (b) (6)

12. 00-E-324/01015, dated (b) (1),
24 January 1877, :

13. 00-B-321/06645-77, dated (b} (1),
25 March 1877. : (b} (6)

14. Plant Summary, undated. T (b)Y (1),

There were also a number of documents which could not
be released, even with deletions. I am listing them below
and alongside each is the number of the appropriate exemp-

() (3)"

(b3 (3)

(b3 (6)
(63 (3)
(b3 (3)

(03 (33,

) (32,

DIOR

(b) (3)

(63 (3), s

(b} (33

>

ticn £from the Act whlch gives the Teason why the item could

not be released.

~

Documents Exemptions :--»_

. 15. 00-B- 3/255 712, dated 5 April 1963. (b) (1),

| _ ¢b) (6)

16. CS-X-3/3507/314, dated 16 April (») (1),
1962. )

17. Briefing, dated 8 December 1976.. . tB)(i),

18.: 0SI1-SD-SC/61-7, dated 3 ApTiL_ 1961.'(h)(3)'
19. Weekly Surveyeor, dated 14 May 1973 (b)(a)
"20. 0SI-SD-KH/75-5, dated May 1975. (b) (3)

CbJCJJ,

(B (3}

(B) (3)
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21. TDCS-3/416, 433 dated 26 October  (8) (1),
- 1959: G o » -
?2i¥ﬁwsmm7w dated 18 November  (b) (1),
- 195807 _ ..
23. CS-3/380,057, dated 4 December (b) C1),
1358, | |
24. CS-3/468,269; dated 23 March 1961. (b)(1),
25. CS-3/477,050, dated 14 June 1861.  (b) (1),
26. CS-3/478,158, dated 17 June 1961.  (»}(1),
27. CS-3/496,952, dated 26 December  (b)(1),
- Co1sel. S
28. .CSLT-X-3/704,634, dated Z December (b)(1),

1962.
23. CS-3/508,773, dated 27 April 1862. (b)(3)

The apul*can;;:ty of the Freedom of Inrormatlon Act
subsections cited is explained as follows:

{b) (1) applies to material which is properly
classified pursuant to Section 1 of Executive Order
11632, znd is exempt under Section 5(B) of the same
Qrder; . ‘ 4

(b)fa) applies to the Director's suatutory
obligations te protect f£rom disclosure intelligence
sources anéd methods, as well as the organization,
functions, nanes, o:f1c131 titles, salariss or number
of personnel employed by the Agency, in accord with t
National Security Act of 1947 and the CIA Act of 1848,
Tespectively; and,

. {d) (&) applles to information release of which

privacy of octher 1nd1v1duals.

#

As I mentionsd in my: letter of 30 September we are waiving

search fees for this Tequest. We are also wailving couylnc
fees of $2. SO for the 25 pages enclosed.

There were alsoc in our flles documents pertaining to

.+ your rtequest which originated in the Departments of State
.v..and Defepnse. I racommend that you contact them £or coples

of documents relating to the accident which they authored.

(&3 (3

SICIN
() (3) -

(I C3)
() (3)

() (3)
() (3)

(b (3]

s
he

would constitute an unwarranted lnvaslcn of the nersonal




'Informatlon Review Qfficer; of the actions on item 18 thraugh,._

.

- The CIA official responsible for the actions on items
4, 5, 15; and 16 was Mr. Charles A. Briggs, former DDO

20, was Dr. Herbert Rothenburg, Acting Director of the
Offxce of Scientific Intelligence; of item 6, was ir. Noel
Firth, Director of the Office of Imagery Analy51s; of item
17, was Mr. Philip A. Waggener, Deputy Director of Strategic
Research; -and of items 7-14 and 21-29 was Mr. Robert E.

Owen, DDO Information Review Officer.

Under the terms of the Freedom of Information Act you
haye the right to appeal their actions to the CIA Information
Review Committee. If you choose to do seo, please write to -

-

‘me, stating in full the.basis of your appeal.

I have dec:ded 2o waive 2ll fees ncrmally charged for
the processing of such requests.

Sincerely,

L g

Gene F. Wilson .
Information and Privacy Ceordinator

En;lcsures . . .
IPS/JOE/eb/31 Oct 77 . 2 - 0 i e e i
Orig. - Adse. Lo Pt i e e e : -
1 - IPS Chrono - : - —
1 - IPS F-77-0785 G@GIP :
Q@ - IPS F-77-0664 GIP .
l - Dept. of Energy:  (ex-ERDA) (Attn: John A. Griffin,
. _ Dir. Div. of Classification)
1 - DDO B
1 - QSI )
1l - 01a
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1957-19
v s

f‘ s - ‘ .
e SOURCE EVALUATIONS ARZ DEFINITIVE. APPRAISAL OF CONTENT 1S TENTATNE. T
™ . . U »a-..-.’_-:."-".':;.:-q'!— v L .. H . .' .: }',' .'_......'.-. RRRA-SEIR
iy : L. '.':"-:..'_ -
L+ In the win..e_ of 1937; an uospecified aceidernt occurred at the Kasli_-_ ,
“ (¥ 55-54, E G0-Lk8) atcmic plamt ..
~g A1l stores in Fomensk-Uralskiy which .sold L‘Il.._, meat, a.nd. other i'ccd..‘bui'.;s -

vers clusad as 2 precaution 2g2inst radianien c\.p::"'ure, and nev supplies_
= were brought in two days labar by traim and truck.

o LTCR the vehicles, and the resul‘bz.n., guzuss war
.the.worst shorsages duering World War IT.
O~ grew Dystericel with fear, with an inei

-The foed was ‘sold directl‘_‘r-'
e reminiscent of those during: <
The preople in K.mensk-Ura.lsIdy St

dexce of unknown "mysterious” disezses .
‘oreaking out. A few leading ciiizens zroused the puolic ange: by wea..:.ng _’-f'.
small radiation coumters which were ncrc avzn.able to eve:'y'cne . . .
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from several pecsple that larse areas’ no*‘cb of C‘n-alya.‘binsk G-
vere contaminated by radicactive waste frowm 2 nuclear plant -
. opeTa tirg at an unknown site near Kyshtym,'a town 70 kilo-~ - i
meters northyest of Chelyabinsk on the Chﬂl}'abinsL—Sverdlcvsk
railroad lime. It ¥as general knowledge that-the Chelyabinsk |~
arez had an abnormally high number of cancer casés.’ To go- ° e T .
swioaming -in the nmumerous 1akes and rivers in the vicinity wag -.".
L counaidersd: 2 health hazard by some-.-peoples.” Foof brougbt by T - .
. . . %the peasants to the Chelyabinsk market (rynok) was checked by -
' the municipal health aunthorities inm 2 sm2ll hotse at the mar-~".
ket entrance where -the peasants alse paid thelr sales"tax.™ -
" "How radloactive food was destroyed was unknown to source.- .r:oca
delivered to ‘the plants, schools, ebtel, by the kolkhozys and .
. sovkhozy’- was probably exanmined by the -lather’ themselves s -Un-— .
- . - £i1 1958 passengers were cbecked at the Kyshtym railway sta—- "
O o £ion, and. nobody could entex the town without a special permitd
- By what -authority the permit, was issued aud why the checllang ~ -
C  was discontinued in 1958, source was unable to say. "In 2ddi- "
e tion, some villeges in £he Xyshtym area had beern contaminafed
. and -burned down, 2nd the inhabitants -moved 1nte new cnes build
- by the government. They were allowed *to tzks with thnm only_ -
— -oa the c"othes 111 h\h...:h they wers dressed -
iy 4. The plant was p-o‘aa.h Xy prccessing; radicact ve depcsits :I’ouud.
i in the TUrals, among which were huge depcsits of zirconium.
. . Sp'urce _¥AB told thiw b? a .;.riendf Ry s T ¥

. -, -
_-. -

- . K

-

s Ta TSR LR TR ety
i '. :._. wha ":Ln 1953-1951: bad &’ :job-[- R :
o~ y Lol . :Ln the Ayshtym-ﬁrgayash erea. He a.lso toia
- . 'sourse “thael St oIl s ]as early as 1954 that
.+ - the waber: oi‘ £he .Lecha R:!.vs:r, running from Iake Eyzyliash and

v ) Takes Ulagach.and -enptying Into the Iset Rive::- at Dalwatavo, had
' . becom hish.." zadica,c..ive.

- ~\ - . -
- . -

. 5. In 1&te.- ‘Angust 1860, souree wilth some 100 other offics ﬁorkarz ‘
. . was sent for tan dayz toc help harvest zt the Bolshaya Task:*.na
Sovkboz asouth of Izke Ealdy, about 50 kilometers vorth of”
_ ' Chelyabinsk. A% the Nadyrov Bridge which .crosged the Techa o’
- River, hs sz2w a2 Lfew poaue s with the inseriptidn: ™Drinking
-strictly prohibitsd, water polluted” (Pit strogo vospreshohay-
etsya, veda *asryaznena). While' -workcing 2% the’ sov}:‘zoz,‘u» aia
Tiot zpproach the Techa,becauss the river bank w23 2 prohibiited
area.. Some distzance north of tha.river there was a2 ccntinucus
. i%zh 2bout one mater desp 2and onz meter wide, With pastersa:
“Ho passage, polluted zone” (Prckhcd vaspreshchayetsya, "zagrya
nennaya zomnz2). -Source did wot’discuss polivtion of the Tecna
- with persous on th° sovkho,... In Chelyeblinsk be mentioned 4L t
... med B S.'riend,/ VTt T 0L O and was told that’aceordinmg to ,‘.:'
) . J.‘e.ther who 1ived om the Techa' somevhers’ in.the -
. T:mmcn Ohlas <, thz rivar was: polluted on ita“lover course als
- . .6. Scurce vaguely remembered having heard that the Kysh‘-_m arsz
T “edans installation was known a3 the Post Bax N0 installatic

Si =t seme mamacad by, (Cou) Sorckin,

————
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In Mareh 19 55, 2n explosion Nrccknd part of ...hc nuclear plan‘r._

a2t RKyshtywm. Whether the explosion was nuclear or chemical,
aource could not tell, nor-did he have information om | ‘
c2sualti=s. The mattér was openly discussed zmong employees
of the Trals Branch cf the Acaé.emy of Gcns»ruction and .

Architecture. . .,-.- eI e - .-'; .

. - - .
oo o..

- .
d - -

Source kneu ci‘ one case in which work ab the Kyahum pla.n‘-" o

allegedly resulted in the sexual impotence of an engineer
(name unknown) end subseguent divorce. The divorcee waa .
Aline Loy (maiden name), an engineasr with the trust Hetal-
Jurgstroy a3t Chelyabinsk, who left her husband in 1935 or °
1957 aft=r a few months of married life. In summer 156G,
she mazrried {fnu) Chulkov, a&n officer 'with the combai engi-
neers, wWho wWes traunsferred to Novaya Zeml?a. in August 11960,

."' . t e

While working gt the Urals Branch of 'b‘ne: Acad-my af C:m- e
strpetion z2nd Architseture, source heard that 4o 1957 iks

laboratory of reinforced-concrete constroetlon (chief, - -t

/fuvr/ Bershtain) had investigaied an aceident, fall of =a.
smokestack Ifrom = huge planit)uwhilch vas being buil‘“ by the
MYD Glavpromsoroy or Minis ury of Medium Machine Buj_ld" ug

in the Argayash area. . . :

-

..
-

. Sourcs was mot certain but thought thet a second 'plant might

2lso have be=n bullt in the Argayash area by the MVD G...a.v-—-
prcrs troy or Ministry of Mec‘.ium Mactuine Building. .

. - l' E ‘ -
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was a_productisn sihe 'ﬁ*‘ru:i?:?‘ﬁﬁ?fEEgﬁp Chelyabznskpbo is actually

cca"‘:?ﬁgﬁfgﬁg;;:SFTEE_iE‘Eﬁﬁe one pbundred kilometexs norrhwest of -

helyabinsk. In zbout 1956 there was an explosion at Chelyabinsk-40; TR
the explesion. lighted uvp the sky for a great distance apnd the news-—
papers in Chalyabinsk made a flimsy attémpt to proclaim the event
an vnusual occurrence of the northern lights. The chief evidence

of the explosion was the tramsndous number of casualties in the - .°.. .7
- hespitals of Chelyabinsk. Eany of the casualties were suffering . v?-% oo
from tha effects of rodiaticn. Shortly after the explosion g sciem— - . | -

tific researzh institute to study effects of radiation was estaollshed -

.in Chelyabicsk, presumably as a tasult of the accident at Chelyabinsk—&o.;,"_-'

[Collector's comment: Source did not ac:ually'wltnass the explos;cn- e L
and could provide no deta_ls oz its :ausa ) - e X T AT
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THIS 15 UNEVALUATED INFORMATION
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‘., 2.

3.
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- Bccﬂm-S. . L. * L .

Br.c_nt..y r.heré heve besz accounts in US news-pape.rs concerning comments R
made by two former citizens of the USSR on a “vast nothing”, an area within
the DSSR where it is speculated 2 nuclearx ac:cidenr: occurred in the la::e.

1950'5. There was a top secret Soviet: 4.2..1.m/ . .

T LT wh:r.ch shcwed a nnclea:
_test’ -r.ha.: had occuzz =d. in-‘an mspec.:r.a.:.ed region of the Ural Hountains.

"It is likely, =lthough mot cerzain, that cthe test occurred in the 1957-58
period, and this may zccount for the "vast not:h:mg" ment::.cned. :i.:n. tbe _mews

-

A:co:ding to the film, the USSR constructed 2 ct.:mple;e.ly new city din a

valley ir the Ural Mouotains region for the test. A subway was constructed
under the yvillage, and one of the major purpeoses of . the test was to see
if the subway could withstand a aunclear attack. The intabitants of the
village ware goats and sheep, and the post-explosicon photograpby sShowed

' the effszts gf a nuclear blast upon animal life as well

as building

materials. Military equipment was placed around the village, and the
eSfects of the explosion upon armaments of war also vera dapm*‘ed in

the £iln. - . .

= - .
- * -

'I'he. ‘:;o'.-..-vb itself was described a2s a2 20 megaton device vwhich was dro‘p-p;d
from an airplane. The £lash of the e.xplosian iliuninated the mountains

which surrounded the wvillage. The c Ty virtua.lly t:as el
subway su::'vived the explosion. e :

wre " -

f

:..m:.na:ed bur. ..he:

f.-

"7 "7 Because of the f:'..lm's cla.ss:."‘-

:at:.cn thcse w"'xo sa'-: it: were :'..nst:ructed to t:rea: tha uhcle mar:te.r as

‘n:.g'nly class:.f:.ed o LTI
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Reccm‘: navspaper acr:.ounc" quot:e tuo Sov:.ex: ertigres, one
the other in Israel, who knew something about the “vast

of the cmigres said a 60 square mile area in the Ural Mo
desolaze and still heavily radicactive in. 109m

in London znd
notiing”. Ona s
untains was !
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- THIS 15 UNEVALUATZD INFORMATION ‘ - -7
: oo .=t s e = % e ot a4 e o meam ol e o . .
souges  § v -t . Tt et e . T Tt
K * _‘ .‘... ot ;. LI . - -“. * - :..-- - - E
M - . ". - . .O:. . _.. . . : .-..-‘.' .' -- - -, .. 4
- ) »n1s 1nrarzaction’ 23 related in the first-persea T~ - CLF
o as stated by Che s i S L O R ¢
. ¢ . I - .
i - . - : * .- . . : . A-"'—. [ - ., T | l
1y X _ ) o . . 1
pu I. In Junme 1951, T ;:J R '"___ . . near Chelyabinsk, an .. . 3
induscrial towm in the *tals 2 few hundred X \lowmeters south of )
~3 Sverdlovak. [ . 77 . oL e et L. TR
m . : , we heades north towards Sverdlovak and ﬁnlfczzfak by cax. i -
. . . Vel e . L il .
2. About 100 kilomerera f£ron Sverdlovak, we crossed a scrange, uvnishabhdted” . o 2 ~-
o - . and unfarmed arcz. Dighuay sigems along the way varned drivess nat to - .
stop for the next 20 co-30 £llometers becacas of Tadiation. The land -
_ Vas empSy.” Thars vese po villages, no tovns, 00 pecople, no cultivacad L=
i land; o=ly the chf.meys of destroynd houses remained., I .asked the - A
- driver ©O 3Ly because I wvaated o &riok Waser. The driver refuscd. - "'. -
YOne doesn’t stop here. Yon drive quickly and cress the area without .o
ary stops,”™ ba said. e e L e fe W
- 3. In convessaziozs with perople in the arez, T was zZold thac the area vas ot -
- the aize of tha "Ryshtizm Disaster,” .s0 called afzer a tows aboul 200 N
kilometers south of Sverdlovak znd 250 3=, exst af Elagoveshnsk. Ain -
accident had oscurred three years earlies, thac is, is 13958, that was =
caused by x blast =t the storage alite of nuclear waate from =ilitzxy N
nuclear reactozz. I weg Sold that the acgidens was czused by the neg— Ay
ligent storage of pluteniun wistas. Tuddreds of people perisbed and ..
the ares besase and will re=ais rzdicacriive for =amy yeaTs. Om= of T
Tthe cuzreas topics of gonversation at the zimes wzs whether eacing fish :
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or eating crabr fros the radicactive rivers of the srex waa oore
dangerous. ) "
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The resiricted arss of Iyshiys is aup—a.:x_—.s.-ely 60 k= B/S amd B5 =z B/H.
The r=ilrscad Ifroa Exill to Xarzbask rmms dizagoazlly’ Sreoa the XX corrmer
to the 5W corper with Zyaatyn in the centar. It izcindes the iz:tﬂ.l&..ian:
a2t Packa (reacior ) azd Swgul (radislogical inst 11:u..=) :

.' -

B.Iatc_::z . : ) < ] .. ‘;_: . .

. A lu':'c ato=ic fzat and a workers' settlexernt wers established
‘abeut 15 = ¥ of Xrakiy=, protably at Tocha on Ozers Irtyssh, during ths

period 1955 to 1948, Armmc=imately 70,000 irmates of 12 labor camps, w*i:i;a.z&

_ in the constimction. In the spring of 19-,3: the entize population, 1?--174“-12-5.

‘%ca'f Plawy a=3d ..a;__zaeat ' o .“ RS . = T i

ar wia e e e

all P amd forced laborers had to evacuzte ths Kyahtyn resiricted ares.’ Tha
Pormlation was redlased by Commmizia and helr dependexta who ‘eame to Kyaktyn
Irc= a2l pver the USSR, Thay wvere rapnrto&lr awar to laa.ve +he arca azzin.

| The Tes ri:"-ud are=a covers Z7C0 ag. k= ccm‘:.aini:a.g aigh.t small '1:‘53: v!.‘;h . .-

1nterconascting waterzonrees. The wicic plant (rescter) iz gfiuzted im g -
tuwmmel vhich exte=is beneath a river, with oxly a azoke stack vislble ahove - .7

grouzmd, One of the lakes vas drained azd a dDuilding of umdetizmi>edixize

wa3 Bullt ox 1ts-hed with comenmt, rubbsr, zxd lead. Thes the lake was rafilled i

with wxter. A doudls tracked KRR lime vas buili td tho aswa, The wmdarzromd’
Tacsory waa 30 to 40 matars Delow ths surface axd vors xw Tollows:

8 amall shops all ths su=s size {(approx. 50 by 25/283). They had baex blzzted
out from the slate rock,. The verdizal wnlls were ceated vith reizforse=2
concreie up to =2 haight of apFre=. 3 = & m. TRay suPported a caimforzed ee
concrete thrse cextar ar:h roof 6 = T = kigh iz the middle o7 the akos, y
e celling-was mors st-cngly armmured thax the walls by the additicz of crasx
boxd {iro= bars.

A larse shop approx. 100 by 40 = vas buils in +ho szza vay 2s the s=aller shopa.
The cellizz was supported iz the middle of the roo= by & concroto pm:.r:r of
1,20 by 1,20 m cress uec‘til:m. .
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Coastruetion o:' tha'shopﬁ_m $inl nb.eﬁ and t:nc triléing of machins. rnw*im

started a fow dxjs befors izmfarzant lur‘: the c:.::-.m these rcuxd:s‘:icnz vere 1L 'b:" 2
or 0,80 vy 1,50 =. .

- A1) uxderground rooms wers alactriczlly lizht ed. ' ) :

Btesl breckets wers cast im the valls of the large zhap, *-rhi:h ghould Possi.bl?
support the rails of csanes,

Ths thickness of ‘ths wxlls {eoasisting of tha rock and concrets coating)
batwasz the phops VaAS appToN. 5 B

Ld -
’ . - t )

Predustion . k | .,

It in reportsd this plant containms wicmic pilss 2=t suppliss Sumgnl. Radio- - _
logical Instltute with rzidlo-active materizls. Thisx plz.t haz 'n‘-e‘::-. reported | . .

to be mxaufzectuwrizg componexsz for ateale Veapoas - .. : ]
Iz the spring of 1558 hwxdreds of parsoz=s vere cxposed to rmdimtiom amd - . ° 7 ]
injured z3 a result of sz explosiom ot the Kys=htym plazt. ’

In =arly October 1959, aa atoaic tazxt reTeortediy took place im Eyshiym.: k
Aftexr tha test, push foodstulls os meat, fiokh mnd =il vore rexcved frox the T
retall giores In Sverdlorsk s=d Chslyabizak snd destroyed, Residonts wera TR
oxder=d to tuwra 1z focd stoeks inm thelr homyes. Reyideats wers wazned cgainst™
buyiznz azricultural produess Irom farmera. . - =

—,

Iabor . ) ‘ ) {

e

In thiz arer iz 1955 tiasw ware military psrsommel Svom various aTtry wmits and
arms, © Witk +hem 18 labes battaliozs of abount 1,000 mez each wsre activatsd. - Hy
Trhere wers alac 25,000 Sorist soldiers of Gezsral Ylasov, vwho kad collsboratad - - !
s with they Germzns., These ex weres asheally conzidared a3 prisomers and vere i
Aikevise orgaaized ixto labor bstialicms. In additioa, sbout 60,800 Sovist
convicts of boil sazes wers employed in the Project.
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METHOD FOR CALCULATING THE RADIOACTIVE IMPURITY CONCENTRATION
IN THE WATER AND THE BOTTOM LAYER OF STAGNANT RESERVOIRS

v.q“

.
(L
~

(UDC 621.039.7:628,515)

™

F. Ta. Roviaoskii ' ‘ i

Translated from Atommaya Energiya, Vol, 18, No. 4,
- pp. 379-383, April, 1965 :
Original article submirted May 17, 1964

N l:l':'- l&ﬁ;d_i )

The present article is concemned with certain mends in the migration and rediswribution of 12dicactive

impurites {o stagnanar reservoirs after they have been contaminated only once. The capture of the

dissolved impurities by the borrom layer occurs as a result of jon-exchange and moleculat adsorption .
processes, On this basis, we derived equations describing the variation in the concenmation of radio- -
active isotopes in dependence on the dme of their presence in the water and the bottom layer. The '
derived equations make it possible to calculate the impurity percentages in the components of stag~

nant reservoirs, -

!
S .
i
f;
!
f
i

-

B i

It was shown in [1] that radicactive isotopes are disrributed among the basic reservoir corhpanenm {the warer,
the bottom deposits, and the biological mass) in such a manner that the amount of radicactive isotopes in the bio-
logical mass can be neglected. Consequently, a stagnant reservoir can be considered as a two-component systam,

in order to predict the coatamination levels of the water and the bottom deposits, we shall consider a ressrvoir
where the water volume is V m?, the surface area of the botwom layer is § m?; while the average depth is small, nor
. exceeding 4-3 m. Such a reservoir, which has the shape of a shallow basin, is characterized by intensive mrbuient
i and c?nvecttve mixing of the water mass, which leads to the interacton of the entire water mass with the botrom
i layer [2]

We shall assume that the radicactive impuriry was inroduced only ogce in an ameount equivalent to 4 Ci,
which initially entered cnly the warer mass in the zeservoir, so that this amount was instantaneously distribgted
throughour the entire volume V. We shall denote by Q(t) the amount {supply) of the radicactive impurity in the
; water and by P(t) the amount (supply) of the radicactive impurity absorbed by the bottom layer, which vary during
the tme t. Then, we can use the following inital conditions:

- W vy

£

t=0, Q,=4, P,=0,

! where Qp and P, are the initial impurity amounts in the water and the bortom layer, re.speétively. Since the impurity
! introduced in the reservoir will be subsequently redistributed only between water and the bottom layer, thea, without
! consideting for the moment radicactive decay, we obtain
3

A= Q)+ 2 (). ' (n

The capture of the dissojved impurity by bottom deposits occurs as a result of ion-exchange and molecular ad-
sorption progesses, and, therefore, in the general cise, the change in.the amount of impurity in the botrom layar
{Fig. 1) can be described by the following equadon:

-‘-l-{’-(-tl =u:Q(t)—p»P (t)' . ) (2)

2

wherc g:—and yz are ccns:anrs dctenmnmg r:he sorprion and desorpnon Tates, resnec:nely
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- o C B . Wit a consideration of ihe minal condmons and £g. (D, zhe.-

T LR L

] &
) g *"sdlution of Eq.'(2) is given by
Bottom | y
deposits Y Water .
A —ugf f-bds g
} P(y=—" (g — ()Y, ©
| o
‘F iy
i | i) -Hz(i-i—"i)f
. Fig. 1, Scheme of the migration of isotopes Q)= - (_____ +e = ) . “
:.,'__.:\ . in a stagnant reservoic, | 1+Tl-% 1%

We shall respectively denote by p(t) and q{z) the mean values of the radicaciive i.n‘;pmity‘s surface density in
the botom layer and its volnme concentration in warter:

-

L

4 . ™ (5)
A ) t+ B
-- ¢ A H - 1+El'- ¢
T q(t)=9-;(r)'='7 m pz+e a! =)). (6
= { == .

= After finding the limiting values of these quanrities for T — w, we reach the conclusion that, in the course of
.- time, equilibrium with respect to the impurity is established between the water and the bowom layer in the reservoir:
e - - .

{ 20 BiVg=p.Sp, (1

A
at i
O

where @ and P are the equilibrium concentrations in the water and the bottom layer, respectively.

-

o

By using Eqs. (1) and (7) and inmoducing a correction for the decay, we finally obtain:

A
p(8) = B (L —e " THS ) emnr, @)
A
(t):-(g-[-- d—a? ) e, (9)

5= Consequently, if the values of A V¥, and § are known, the predicdon of the impurity concenTadons in the
f %wlw and the botrom layer consists in determining T, b and p, {or gy

S We shall assume that we know q; and q;—the respits of measurements of the volume concentration at the in-
x mnnof:ime:tand . Then, after elimminating py, we cbtaio '

A-—q? A—qP’

Composition, mg/liter

Reservoir i Naet ] mer {Mges | catr | cim l BCO;! | SO3% | si0s | Total

354 125 4.7 758

FILSt v o veonvsroanensssnsenaness {105.3] 8.3 56.4| 25 7.1
5.6 1282 127 3 3493

LT T O B I 45.6 j110.5} 8.5 /866
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Fig. 3. Determination of the half-life of Ru’™ and Ce™ in the first (2} and the second (b) reservoirs.
3 It is convenient to express q in explicit form if :Tz=. 2. In this case,
. ' = Agg—Vgi ,
- 9= T Va—2a 1y
. V{Agp—Vah) A—gV 1
He= A Vg—avgy) © (61‘92) ve (__2)
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Fig. 4. Calculated concentration curves for radicactive isotopes in warter (a) and in the bottom layer (b) of the
experimental reservoirs, 1) 5% 2 Ru'™; 3) Ca™: 4) sum of three isotopes.
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Thus, the above scheme of rediswribution of the radioactive impurity in 2 stagnant reservoir makes it possible

We shall apply 1:’:1; derived equadons to the case of artificial contaminaton of two stagnant resetvoirs by a
mixmre of St™, Rel® and Ce¥* isotopes.

lakes, one with a surface area of 1.3 kmz {the frst reservoir) and the otiier with a surface area of

Eutrophic
- 4.5 kmz (the second reservoir), were used for the experiments. The lakes bave shallow, saucershaped bottoms. They
" have large silt deposits, witich have completely smoothed out the initial bowom relief. The shores are pasrdally

owetgrown with reed; there is an abundance of submerged plants: milfeil (Myriophyllum), aquatic plant (Cerato-

:t. phiylium demersum), and pond weed {Potamogeton). Good conditions forsthe development of the biclogical mass

prevail in the lakes: the summer temperaquzes aze high, there is a sufficient amount of oxygen and organic manter
-in the water, the water is well illuminated throughaut its depth, ete. The hydrochemical composition of the lake

. waters is given in Table 1. - .

The results of the measurements of the concenmaticn of isotapes in the water, which were petformed over 2
period of five years after the isowopes were inzoduced in the lakes, were made available 1o us. The total actvity of
water samples was determined during the first thres years, and radiochemical detsrminations of st™ were performed

-, dudpg the pext two years, The results of these experimentzl observations are given in Fig, 2.
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: ' TABLE 2. Half-Life 7 of Some Isotopes in Stagnant
W ater Reservoirs

r. d
- ) Average 27
Reservoir der.gth 90 | carsé | Rutts | Spso
i1+ 1 S 1.0 1.4t 1.0 18 1i6
Second. o v ... $.9 0.9 | 24 108 180

"Moreover, the constants A.V,8,T, and 7 (besides py} were found experimentally for caleulation by rr'xeans of

from curves 1 of Fig. 2 were substmred. It was assumed here that, beginning with the third year after the intro- - -
duction of radicactive isotopes in the reservoirs, the conuibution of Ru'® and Ce™ 1o the total activity of water was
small in comparison with the conrribution of Sc™ because of their radioactive decay and adsorption by the bonom
layer. This azsumption was confirmed by special analyses of the percentages of the above isotopes in the water,

The values of the u, constant for ™ for the first and the second reservoir were equal to 1.9~ 107 and 3.9 - 16~
day™!, respectively.

Then, oo the basis of the known constanzs, the Sr® coneenmration for the entire peried of time was calculated,

A comparison between the acmal variation of the isotope concentrations in the water and the calculated qft) curves
for 8¢™ is given in Fig. 2. ‘

The constant u, for a certain isotope is connected with its half-life in water (7 by the following simple  © . <.

reladonship:
gV
W= 0.698 .

The value of T for Ru'™ and Ce™* for the first and the second reservoirs can be found by the well -known method of
graphical analysis of a complex cutve. The points on the curves for instants of dmes sufficiently ciose t0 1, repre«
sent the copncentrations of three isotopes, f.e,, [Ce+Ru+ Srl. If we submract the calenlated curves 2 from curves 1
(see Fig. 2), the thus obtained difference curves will corraspond o the variation in the concentation of two COMpo=
oents in the water [Ce+Rul (Fig. 3a and bl. The rectilinear section of the curves [Ce +Ru] corrasponds to the vasia- -
don of [Rul in time due to migracion (since 2 comection for the decay of Ru’™ has been introduced here). The slope
of this section of the curve can be used for determining the T value for Ru'®,

H

T

Furthermore, if we subwact the [Rul swaight line from [Ce+ Rul, we can separate the szaight line corresponding
to changes in the Ce* concentration in water due o migraton: the T value for Ce™# can readily be found with re-
spect 1o the slope of this swaight line (see Fig. 3, a and bJ.

the derived equatons. The u, coastant for Sr® was detarminad by means of Eq. {9}, whers the q{t} and t values found .....

\ el

The half-life constimutes the quantitative characteristic of the migration of radioactive isotopes from the water  °

10 the bottom layer in stagnant reservoirs, *

The Eq, (9) given above cousists of two pars: a certain constant § and the variable *

A -
— epetig
A—gqV TP LAtV o ossaie
. e V hd

It is obvious that  characierizes the rate at which q(t) tends to . The larger the T value, the siower the rate
at which equilibrium between water and the botrom layer is established in the reservoir, and, conversely, the smaller
the 7 value, the higher the rate at which the-equilibrivm staze is established. Consequentty, r characterizes the
equilibrium establishment time, but does not determine the equilibrium concentrations of isotopes in the reservoir.

!The term half-life of an isotope in the water of a stagnant reservoir denotes the time interval duriag which the
isotope concenuation in the water is reducad by one half solely as a result of isotope migration in the reservoir,
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atentdes the 7 values {or four isotopes, where the © valuac for Ce Ru'™ ang ™ were derermine

© the enperimenial daza given in Fig. 2, while the 7 value for Y™ was found independendy with re-~
.- spect 0 e shilt of radivactve equilibrium betwesn st® and Y¥ [31.

1) 0
witl TESpOCE

-

It is obvious front the table that the T values for Y* a2nd Ce* are close to each other for both reservoirs.
Tizis was 10 bz expected, since the above isotopes are chemically similar, and the {orm of their state in a solution
with pH = 7-9 is the same. Therefore, the processes of their absorption by the bottom layer must 2lso be identical,
Moreover, it should be mentioned that the 7 values for all the radioactive isotopes were larger in the second resar-
voir than in the smaller first reservoir.

The found r values make it possible ta place the isotopes in order with respect to the rate at which equilibrium
-4 is established in the reservoir: rare sarths, yuwium > muthenium > strontium,

Thus, on the basis of the experimental datz, we obiained the constants necessary for calculating oft) and plr)
for $c%, Ru'™ and Ce™ in wwo reservoirs by means of the equations derived by approximating a stagpant resarvoir by
2 two-component system. The calculation results are shown in Fig. 4, a and b,

The variation of the total concentration of Sz, Rul™ and Ce™* in water (curves 4 in Fig. 4a) is in fairly good
. agreement with the acmal behavior of the concenrration of radicactive isotopas obtained by measuring the over-all
5-activity of samples (see Fig, 2), ' -

The plu) curves (see Fig. 4b) have characteristic maximums, the existence of which can also be demonstrated
analytcally,

Thus, the results obtained in caleniaring the concenwation of radicactive impurities in the water and the
fo < ' bowom layers of stagnant reservoirs are in fairly good agreement with the factual data available 1o us. The use of
the equations derived also made it possible 0 determine some other characteristics of the behavior of §¢°, Rui®

owe . e and Ce™ in stagnant reservoirs,
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