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Overview

USSR: Nuclear Accident
Near Kyshtym in 1957-58 -

Media reporting of a nuclear accident ncar Kyshtym has appearcd
occasionally since 1958. It was not until 1976, when the writings of Dr.
Zhores Medvedev began to appcar, howcever, that worldwidc attention was
focuscd on this subject. Mcdvedev, an exiled Sovict geneticist, claimed in
several articles and books that a “disaster™ occurred near Kyshtym in
1957-58. He alleged that thousands of casualtics and widespread, long-
term radioactive contamination occurred as the result of an cxplosion
involving nuclear waste stored in underground shelters ‘

There is growing intercest in both the United States and abroad in
cstablishing whether this so-called accident or disastcr was only a historical
event in the development of nuclear energy or is, in fact, relevant to the
current debate over nuclear technology safety

We believe that a significant radioactive contamination problem cxists in
the Kyshtym area of the southern Ural Mountains and that the origin of
this contamination is the Kyshtym nuclear energy complex. We believe
that this contamination problem is the result of a combination of events
rather than a single isolated incident. We do not know the actual extent of
the contamination zonc, but we believe that an arca about 1,000 squarc:
kilometers is affected: as much as 100 squarc kilomcters contain high levels
of radioactivity; the rest is contaminated with hazardous levels of radioac-
tivity. A contributing factor in creating the contamination may have been
the pressure to produce large Guantities of nuclear materials qQuickly

There is cvidence of five accidents or cvents in the Kyshtym area during
the 1950s. The five cvents are listed in decreasing order of the amount of
contamination they could have caused:

« A major releasc of high-level radioactive waste produced from carly
years of spent reactor fuel reprocessing probably occurred at a large
waste pit and also possibly at a waste-filied ravine near the main
production facility. We believe that a single major accident and/or a
series of incidents at one or both cf these sites created scrious contamina-
tion conditions.

th
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« Early rcactor operations at the Kyshtym complex clearly created a
chronic contamination problem of significant proportions in the Tccha
River drainage arsa. Radioactive products, which resulted from rcactor
fuel failures and irradiation of coolant impuritics. flowed into the river
after they were discharged to the lake that provides cooling water (intake
and discharge) for the reactors. In the late 1950s bypass canals were
constructed, isolating the lake from the river, to prevent further contami-
nation of the river.

An incident occurred in onc of the rcactor areas during the late 1950s
and probably was the causc of the shutdown of the area during the 1960s
and 1970s. The most likely cause of the incident was a failure of the corc-
cooling systcm or a suddcen reactor power surge. This incident probably
produced only intense, short-lived contamination near the reactor. But it
also may have causcd radiation injurics to maintenance and cleanup
personncl at the facility as well as to inhabitants of the affected off-site
arcas.

LJ

e An accident in the fuel reprocessing area. cither a fire or chemical
explosion within the arca, probably was responsible for the shutdown of
the arca in 1957-58. Such an accident probably would cause local
radioactive contamination and possibly radiation injurics to maintcnance
and clcanup personnel. An accident external to the arca, such as a waste-
pit cxplosion, also may have been responsible.

* A large cxplosion of stored chemicals may have occurred within the
Kyshtym complex. Such an cxplosion and the subscquent fire could
cxplain some of the cvents described in scveral reports. A large chemical
explosion would not nccessarily have had a direct impact on any of the fa-
cilities within the complex containing radioactive materials. At most,
only minor, localized coatamination would have resulted.

The cvents at Kyshtym have little relevance to current auclear tcchnology
safety issucs. The auclear waste storage practices and technology. the fucl
reprocessing tcchnology, and the reactor technology now available are
significantly different and/or |mprovcd rclative to those in use at Kyshtym
during the 1950s.
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USSR: Nuclear Accidcat
Near Kyshivm in 1957-588 * -

Introduction

Since 195K repurts have indicated that a nuclear
accident occureed ta the southera Ural Mouatuiias
ducing the mid-to-late 1930s. {aformation in & migor-.
ity of these reports points towurd the involvement of
the Kyshtym aucle:ur cacegy complex. {t was aot uatil
September 1961, however. that sateliite photography
af the Kyshiym wecat provided our fiest look at the
(acility that had beea ussociated with the ceporcted
accident

The complex s appraximutely 13 kitometers (kg caust
of the city of Kysatvm in the custern foothills of the
south-ceateal Urals (scc figure 11 The complex -
“cludes the oldest plutonium production Gieility sa the
USSR. Construction of the complex s belicved to
have beea wall uadee way s carly as 1946, The vuter
perimeten secucity fence cacloses an acca roughly 110
squiatee kitometees (km). The comples includes twa
mzjor produstion facditics, o aumbere of wssoconed
facilities for support and aundees fuactwns, and

housing arcas,

Tlic main production facility coasists of three produc-
tion reactoc arcai. a speat {ucl repracessiag and wacte

dispesal gecx. and vurious support arcas, e peaduc:
ton facdity s separately secured and s located oa the
wuthern shore of Liake Kyzyltash, This luke serves ax

the source of cuoling watcer for the resctors (see figure
b

The secead lurge secured arca withia the cunmpley
Loundary s the Tatvsh praduction fucitity locaied
~outhwest of the autia praduction fxcdity va the skore
ol Lake Tatvsh, Thix Tatysh facility hus e aumber of
Liboritory-type buildings. a stcim phint. twao clectre

cal substantions, nad a0 calzoad siding oee liguee B
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The abscace of photography of. the Kyxhiym irea
during the crucial period between the Lite 198Gs und
Scptember 1961 has beea the moxst scciaus intctli-
gence gap in our understaading of cvents succauading
the reported “accident.” Dver the fast thicce yeurs,
however, acw information has become avualuble feom
ia-depth analysis of Soviet cadioccaiogy lucrature,

o I.md satet-

HC IMUECry . s (ortiaaeun mnas proviacd new
tnsight into possible accident eveants srad radivnctive
contaminaiion associated with the Ureal “divaster.”

{adicatars of Radioactive

atzminzfion Fyeats .
jrcr\orl.\' on the Urad auclcir

accuctit sueeer trom the lack of any fiesthuand or cven
cccondhand accaunts of the cventst the absence of
scicatific quaitficstions < deseribing
certaia clfccts tfor example. radiation burasy, sigails-
cant differences 1n the reported dates af aa cvent
(198G-6 3. and widclv varying accounts of cveats sind
theie aftcemath. The cepors, however. present a
resonably consisteat focidization of these cvents te

the southeea Uead arcc

Roughly fulfl of the reports indicitc that n cveat

occucced during 1957-38 . Iaforemativn in i majority of

them cleaely poinis toward the Kyshtvm auclear

cacrgy complex us the location of oac or more events.

Most of the repocts refer o an cxplostve-type eveeat

Same of the deumadic cititions coaceraing the tape of

cvent aece as fullows:

= Explosion at the Kyaslity ra plisat

< Atomic test .. in Kyshiva

- Atontic explosion in the (Chelvabinskt weca

< Large gecas north of Chelsabinsk contaaunated by
cudionctive waste feam o anuclear plion

- Tremendous explosion cnene ol the sections ol

the closed zone fur the wtosuc cenicre near

Chelvabinak.
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Main Production Facility, Kyshtym Complex
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Fieure 3

Tatssh Production Facility . Kashtym Comples

o Loaplinion it the wtesiiie sstatbotbiae Aiowa s
Chelvabinak- 4,

e Terrific explosion sosnewhiere i Chiclyvabinsh
Oblast,

o Ntomic factors cupladed a acinity of Sverdlossd

Chelyabinsk-ion

e Nuclenr ta .. Lawcurred i an unspectliod ot
Sthie Ulead Mountns,
o Divaster. s s

Sl e tease sy

Mot oot the reports sl inds

cof woren Iiag cant ol Koshivm cond hereeeg ij
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Photography. In July 1959 a U-2 aiccralt photo-
graphed the Kyshiym arca for the first time, but the
key arcas of interest were almost eatirely obscured by
cloud cover. Satellite photography of the arca ob-
tained in Scptember 1961 provided our first look at
tee nuclear facilitics in the vicinity of Kyshtym. This
absence of photography of the Kyshtym complex
@uring the crucial peri twegenithe late 1950s and
Sentember 1961°has been the most serious intelli-
gence gap in our understanding of events surrounding
the accident. The 1961 photography rcvcals, however.,
several areas at or near the Kyshtym nuclear cnergy
complex that urce suspected of having a dircet connce-
tion to the radioactive contamination that cxists in the
Crat Mountains. Among these are (1) the large
retention basins cast of the complex and the associat-
¢d Techa River bypass canals, (2) the shutdown
Reuactor Arca {1, (31 the large waste pit and dammed
ravine ncar the fucl reprocessing arca. and (4) a long,
narrow off-site “carridor.” running from the complex
perimcter in a northeasterly direction that appears 10
have bezn cvacuated and declared of f fimits for the
populacc ’ :

The 1961 photography of the Kyshtym arca showed
tiut caniis had deen constructed o route the Techy
River wround Lake Ky sy ftiash, Also, two targe cascad-
¢d basins whose combined arca of approximately 49
km ° had been created for retention and evaporation
of deainage from the kake (see figure 4y The creation
of thesce retention basins and construction of the
bypass cunaly nuty have been necessitated by the
continuing chroaic relcase of significant fission and
actvation praducts from reactor aperations tand from
site runalh, Also, construction of the basins and
canuls may huave been precipitated by u single major
accident that resulted in substantial ground and/or
water contiamination in the vicinity of the site. Given
the abxence of any haldup cribs in the reactor arcas (o
confine the mugority of products released through fucl
{ailures, it s probable that these continuing relcases

Ncyfet

cvenwually forced the Savicts o isolate the wa ter
bodics associited with recactor operations in order o

reduce the radiation hazard to the populice down-

streaum

The photographic history of Reactor Arca 1 indi-
cates that a serious incident occusred at this site same
time before 1941, probably in the fite 1950s. From
September 1961 until mid-1972, very little activity
occurred within the arcy, and no reactlor opcrutions:
were under way. In mid-1972 4 major decontaminic-
tion and modification program was begun. After
almost cight years, reactor operations at the re novated
facility commenced in carly 1980. It is difficult (0
rccondile the extended period of shutdown at Arca ({1
with anything less than a scrious incident that pre-
cluded the resumption of feactor operations. Such i
fong cessation of operations is inconsistent with dem-
anstrated Sovict practice in the operation of produc-
tion reactors, if indced there had not been zn incident
or one having u relatively short-term impact. I a
scrious incident had not occurred at Arca L, it is
likely that the Soviets would hive made the ef fort
nccessary (0 repair and reactivate the reactor(sy in
Arca HI as soon as-possible alter shutdown. The
shutdown occurred at a time when there was a heavy
decmand for reactor products (plutonium and tritium)
for the Soviet nuclear weapons program

A comparison of the estimated volume of high-lcvel
radigacuve waste gencrated at the Kyshivm complex
during its first cight 10 10 ycars of operation and the
known capuacity of the tank storage at the site has led
us to conclude that most of the high-level waste
geacrated by curly fucl reprocessing at the Ky shtym
complex has beea dischurged o the large open pit
south of the luel reprocessing arca (sce figure 3.
Lesser amounts of high-level waste appear to have
been discharged to the daummed ravine cust of the fucl
reprocessing arca (sce figure 6). This conclusion is
further supported by informution obtained through an
examination of the photographic history of activity at
these two sites
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. During the carly-to-mid-1960s the Sovicts began a « Ancxtensive area {at least 25 to 100 km’) was
" massive carth-maving effort (still under wayj to create contaminated with high levels of radivactivity—
a completely new, clean embankment for both the roughly | milliCuric per square meter of strontium-
targe pit and the dammed ravine. The liquid level in 90. The total arca cstimated to have contamination
the pit and the ravinc is kept fairly constant, and the lcvels significantly above fallout background may
dischargc of high-level waste to these arcas has exceed 1,000 km'.

ccased. Thus. the carth-moving opcration would re-
ducc the amount of high-level waste products trans-

The incident appears to have involved the releasce of

portcd into surrounding arcas from the exposed banks, 10* 10 10* Curies of strontium-90, with a minimum
which were contaminated as a result of carlier waste airborne contribution probably on the ordcr of
additions and cvaporation. The manner in which the (0.3-1) x 10* Curics of strontium-90.

Sovicts are depositing the carthen material (presum-
ably sand or gypsum) (o create the new cmbankments  © [t is impossible 10 determine (rom the radioccology

is also rather revealing of the radiation hazard in the literature alone whether the contaminated zone was
vicinity of these two sites. [t i1s also apparent from the cnecaicd by a singic event, several events (involving
winter photography that the pit and the ravine gener- pcrmutations and combinations of accidents and

atc heat, which is consistent with a site for high-level nonaccidents), or complex relcases associated with a
wastc disposat o singlc accident

The inhabitants have been evacuated from an arca l/ :

roughly S to 10 km wide and about 70 to 80 km long . ' j

northeast from the Kyshtym complex. The villages
within the area have been razed, and large-scale
cultivation of crops has been abandoned (sce figure 7).
Long narrow corridors of this type arc typically the
result of an airbornc.radiological releasc following an
accident. Single events of this type tend to produce a
narrow deposition plume with sharp boundarics. This
is in contrast to the more widely affccted area result-
ing (rom chronic opcrational relcases, which tend to
produce more diffuse, widespread depositions

Soviet Radioecology Literature. Analysis of unclassi-
fied Sovict radioccology literature indicates that an
accident occurrcd in the Kasli-Kyshtym arca during
1957-58 and involved the atmospheric release of
reprocessed fission wastes. This analysis indicates the
following:

« A major airbornc rcleasc of radioactivity occurred
within a 50-km radius of Kasli in the winter of
1957-58. involving modcrate- (o long-lived fission
products having little cesium-137. ‘__, J
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Accident lypotheses

The accident hypotheses suggested by the evidence
from the five categorics of information discussed
ibove encompuss (1) nuclear waste events, (21 produc-
tion rcactor events, (3) lucl reprocessing cvents, (4)
nuclcur weupon-related cvents, and (5) chemical ship-
ment/storage detonation.

Nuclear Waste Lvents. 1L has been established that
liarge volumes of high-tevel winte gencrated in the
first several years (passibly 10 years or more) of
operations at the Kyshtym complex were discharged
w the large open pit (or ponds south of the fucl
reprocessing arca. A lesser amount apparently was
discharged into the dammed raviae east of the chemi-
cal sepurations arca .

The accidents that possibly could result from using
open pit reservoirs for storing high-level waste are
chemical explosion, ruclear criticality. and dispersal
of wuaste products from other causes (for example,
wind and water transport). Deonation of dricd waste
is considcred the mast credible single major uccident
cvent for the open pit. Criticality (with a poteatial for
supercriticulity in an unlined carthen pit) theoretically
has a great encrgy potential given reasonably high
plutonium losses in separations. The ncutron poison-
iag cffcet of various fission products in the waste
solution und the severe deminds on plutonium muss
and configuration make 1 critiendity or supercritical-
ity event highly unlikely. (. ..,

“Seeret

Dispersal of wind-_and wafcr-borne waste products
from the pit arcu probably has bci:n'«chronig_-,x‘uurcc
of contamination in the vicinity whatever the aumber
and scvcerity of individual accidents. Clearly, the
fission product inventory and isotopic characteristics
of the high-level wastc residing in the open pit (and
dammed ravine), however dispersed. offcr the best
match to the Sovict radioccology data.

We conclude, thercfore, that a major relcase of high-
level radioactive waste products probably occurred at
the large waste pit and possibly also at the dammed.
waste-filled ravinc. We further conclude that scrious
contamination conditions may have been created in
the vicinity of the complex as the result of a single
major accident, a scrics of incidents, and /or chronic
relcases associated with one or both of thesc waste
disposal sites.

With respect to the few sites used for waste tank
storage at the Kyshtym complex. accident categorics
considercd were chemical explosion (hydrogen detona-
tion, dried waste dctonation), nuclear criticality, and
tank rupture from other causes (bumping, corrosion,
lifting from water table rise. and carthquakes). Dricd
wastc dctonation clearly has the greatest potential for
producing widespread., high-level contamination. I
the cesium-137 had been scparated from the waste
strcam as a conscqucence of the scparations chemistry
or largely removed from the stored waste by, for
example. tank rupture. then the contents of onc large
waste tank could provide both the inventory and
isotopic characteristics consistent with the Soviet ra-
dioccology data. A viable sct of conditions nccessary
to causc an cxplosion in the contents of a wastc tank
can bc achicved. but photographic evidence docs not
support such an cvent at the Kyshivm complex. .

Production Reactor Events. The types of production
rcactors considered in the analysis of events at the
Kyshtym complex were hcavy-water reactors
(HWRSs), single-pass (open cycle) graphite-moderated
reactors (GMRs), and recirculating (closed cycele)

1o
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G MRs. HWRs and recirculating GMRs werce consid-
cred the most likely reactor candidates for the initial
syvstemn(stin Area T with single-pass GMR« clearly
being the type of systems present in reactor arcas

P and I’

T he photographic history of Arca 11 and ncarby
offsite arcas indicates the occurrence of some type of
reactor incident at this facility before the first satellite
photography of September 1961, Types of accidents
considered were reactor power surges, loss of control,
overpower operation, powcer-coolant mismatch, cool-
ing failure. and nonauclear energy release in the core.
R cuctor power surges and cooling failure arc the two
ty pes of reactor events that appear 1o be most consist-
ent with obscrvations about Arca 1, particularly
with respect to the types of cvents required to pre-
cludc relatively quick repair and rcactivation of a
rcactor facility. Release of fission products resulting
from power surges and coaling failures cauld be quite
severe, especially in terms of short-lived activity, and
most likely would produce a long. relatively narrow
plume deposition pattern that is reasonably consistent
with the shape of the northeast corridor. It should be
acted, however, that this type of event would not
producc quite the magnitude of relcase nor the isoto-
pic characteristics indicated in the radioccology litera-
turc

In addition to the Arca I incident, it is clcar from
certain cports and <itc photogreaphy that
chronic releases of fission products and activation
products from the single-pass GMRs during carly
opcrations at the site crcated a scrious contamination
problem in the Techz River by the carly-to-mid-

19 50s. Before the tate 1950s. the radioactive products
resulting from reactor fuct failures and icradiation of
coolant impuritics were free to flow into the Techa
River after being discharged to Lake Kyzyltash.
wus not until the late 1950s that Lake Kyzyltash was
finally isolated from the Techa River flow by i system
of bypuss canals

Fuel Reprocessing Events. Accident hypotheses con-
sidered for the fucl reprocessing facilitics include
explosions and fires. criticality, radioactivity spilis,
wnd chronic relcases. A fire and/or cxplosion. particu-
“tarly in connectivn with the passible uperation of a

solvent extraction pilot plant, are the most likely
causes of a scrious incident within the fuct reprocess-
ing arca that would causc the shutdown noted in the

- data. Such an cvent could cause scvere
Cuncamination in the vicinity of the affected facilitics.
The magnitudc of rclease even in this type of cvent
would be relatively smal! because of the limited
rcactor fuel inventory in a fucl reprocessing plant
opcration. A major radioactivity spill, if occurring ut 2
strategic lccation in the plant, would produce relative-
Iy little contamination away from the facility but
could result in an extended downtime for cleanup.
Criticality and chronic relcases arc considered much
less serious in an uccident sease, although injurics to
plant personnel could result. It is possiblc that some
reports of accident casualtics being treated in Chelva-
binsk hospitials were the result of overexposure and
tnjury to maintenance and cleanup crews brought in
to rcpair and rcactivate a damaged fucl reprocessing
facilir- :

It is likely. thercfore. that cither a firc and/or explo-
sion or 4 major radioactivity spill caused the 1957-3%
shutdown of fucl reprocessing at Kyshtym if, in fact.
this shutdowan was caused by an incident internal to
the fucl reprocessing arca. The cvidence is insufficient
to establish conclusively whether this shutdown was
caused by an incident inside the fucl reprocessing urca
or an incident somewhere outside this arca (for exam-
ple, waste pit cxplosion '

Nuclear Weapons-Related Events. Accident hypoth-
escs considered for nuclcar weapons-rclated events are
(1) fallout from atmospheric tests, (2) accidental deto-
nation of a device, and (3) releases from a weapon
compancnt fubrication plant. None of these cvents is 3
credible candidate for 2 major event and subsequent
high-tcvel contamination in the Kvshiym urea. The
low-Icvel global fallout activity found in the envicon-
mcntal samples and the features of high-altitude
meteorological phenomena argue against any signifi-
cant contamination problem in the Kyshtym arca




being created by fallout from high-yield atmeospheric
tests at Novaya Zemlya or Scmipalatinsk. There is no
cvidence for an accidental detonation of a device, nor
do we belicve that the Soviets would risk having an
assembled device in the vicinity of the Kyshtym
complex during the time frame of interest. The
consideration of releases from a fabrication plant for
weapon components was prompted by the suspected
presence of such a facility in the Tatysh arca of the
Kyshtym oothplcx._ Nocither chronic nor accidental
single releascs from such a plant arc consistent with
cither the magnitude or the isotopic characteristics
indicated by the Soviet radioecology data nor with the
naturc of the event as described in much of the
reporting.

Chemical Shipment/Storage Detonation. Events te-
lating to shipping. storage, and detonation of chemi-
cals were considered as a possible explanation for
samc of the reporting of explosive events. One highly
cxplosive chemical, ammonium nitrats, may have
been stored in reasonabiy largs quantitics somewhere
within the complex during the 1950s.° If the Soviets
had been experimenting with an carly Harford-type
solvent extraction scparation process * during this time
period, it is likely that ammonium nitrate (which is
used as a.process chemical) would have been stored on -
the site.

S 1 disasters involving explosions ~¢ woced o in-transit ammo-
aium nitrate have beea S~unmznted

' REDOX-type process.




