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ABSTRACT

J. R. TRABALKA, L. D. EYMAN, and S. I. AUERBACH. 1979.
Analysis of the 1957-58 soviet nuclear accident.
ORNL-5613. Oak Ridge National Laboratory, Oak Ridge,
Tennessee. 82 pp.

The occurrence of a Soviet accident in the winter of 1957-58,

involving the atmospheric release of reprocessed fission wastes

(cooling time approximately 1-2 years), appears to have been confirmed,

primarily by an analysis of the U.S.S.R. radioecology literature. Due

to the high population density in the affected region (Cheliabinsk

Province in the highly industrialized Urals Region) and the reported

level of 90Sr contamination, the event probably resulted in the

evacuation and/or resettlement of the human population from a

significant area (100-1000 km2). The resulting contamination zone is

estimated to have contained approximately 10 Ci of Sr (reference

radionuclide); a relatively small fraction of the total may have been

dispersed as an aerosol. Although a plausible explanation for the
137

incident exists (i.e., use of now-obsolete waste storage- Cs isotope

separation techniques), it is not yet possible, based on the limited

information presently available, to completely dismiss this phenomenon

as a purely historical event. It seems imperative that we have a

complete explanation of the causes(s) and consequences of this incident.

Soviet experience gained in application of corrective measures would be

invaluable to the rest of the world nuclear community.
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INTRODUCTION

Retrospective accounts by former Soviet citizens (primarily by two

individuals, 1-6,7) have suggested the presence of an extensive,

uninhabited area contaminated by radioactive materials in Cheliabinsk

Province (Ural Mountains) of the U.S.S.R. One source reported

(L. Tumerman, 7) that he encountered a highly radioactive, restricted

area (20-30 km long, approximately 100 km south of the city of

Sverdlovsk) during an automobile trip from Cheliabinsk to Sverdlovsk in

1961. Both individuals believed, based on information supplied to them

from a variety of sources (3,7), that the contaminated area was created

following an explosion in a nuclear waste storage site (associated with

Plutonium production for military weapons) in the late 1950's. They

were told that the accident resulted in significant loss of life

(hundreds of people) and required the permanent evacuation of the

civilian population from a large area.

Information (extensively edited and unevaluated) released from the

United States Central Intelligence Agency (CIA) files to a citizens'

group (8) indicated the presence of military nuclear installations

(Techa-Reactor, Sungul-Radiological Institute) near the city of Kasli

(Fig. 1). These installations were located among many large lakes in

the upper Techa River Drainage. The Techa River itself reportedly (8)

had been contaminated with radioactivity throughout its course, perhaps

to some extent as early as 1954. The CIA documents indicate the

occurrence of a nuclear-related incident(s) and subsequent presence of

high-level radioactive contamination in this area between 1956-1961,
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Fig. 1. Geographic region in which a Soviet catastrophe involving
nuclear wastes is reported to have occurred. Map is based
on pre-accident geographic features. Dashed area indicates
zone in which extensive changes in population centers and
surface hydrologic features appear after the accident.
[See later discussion in Remedial Measures Section (Redrawn
from 9)]
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most probably in the winter of 1957-1958. No cause(s) was clearly

identified; possibilities suggested (8) were either an accident

associated with high-level waste storage or an experimental nuclear

weapons test. The scope of the incident, in human terms, was not

well-defined, but appeared to involve some loss of life (magnitude

undetermined), evacuation of the civilian population from a large area,

and the appearance of a restricted, radioactive contamination zone east

of Kasli.

The CIA documents appear to corroborate at least some aspects of

the conclusions drawn by former Soviet citizens. However, any objective

observer must also conclude that there are significant inconsistent

elements internal to both sets of information (1,3,8). A disturbing

feature of both information sets is the notable absence of either

first- or second-person accounts of the incident itself or confirmed

authoritative information related to its aftermath. We have no reason

to doubt either the veracity or sincerity of the reports made by Soviet

citizens either to the press or to the CIA, or in magazine accounts

(1,3,4,7,8). However, we quickly recognized that we must have

additional objective information in order to perform a credible,

scientific evaluation of the incident. A critique of the information

supplied by former Soviet citizens and the CIA is certainly not the

purpose of this paper, but will be reported elsewhere (10).

The first (and most comprehensive) published reports of a Soviet

nuclear accident are attributable to Z. A. Medvedev (1,3,4), an

internationally recognized geneticist now living in London, England.

He concluded that the radioactive contamination zone (reported by
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Tumerman, 7) in Cheliabinsk Province was created in the winter of

1957-58 (3). He alleged that it resulted from a massive explosion at a

military site where long-lived, high-level fission wastes had been

improperly buried for many years (3,4). Based on information obtained

from Soviet radioecology studies, which he believed were conducted near

the site of the catastrophe, Medvedev suggested (3) that the

contamination zone contained in excess of 1 x 109 curies (Ci, a unit

of radioactivity equal to 3.7 x1010 disintegrations per second) of
90

Sr (reference radionuclide) and extended over several thousand

square miles. During a visit to our Laboratory (October 1977), he

reiterated his contention (3,4) that the location, year of occurrence,

area! extent, and indeed, even the type of nuclear-related incident

could be confirmed within reasonable limits by a critical analysis of

the existing U.S.S.R. radioecology literature.

PURPOSE

The implications of a catastrophic release from a high-level

fission waste storage facility seem obvious. We therefore conducted an

independent analysis of the Soviet literature associated with

radioecology and nuclear technology in order to resolve our own doubts

about the exact nature and consequences, indeed even the occurrence, of

the postulated incident. Because of some apparent inconsistencies, we

originally believed that Medvedev could have reached completely

incorrect conclusions about both the source and extent of the

contamination zone in Cheliabinsk Province because of his unfamiliarity

with radioecology and nuclear technology. A skeptic might argue that
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the radioecology study area was associated with a large radiochemical

separations complex and resulted from imprudent, chronic releases of

radioactivity over a long period. He might also suggest that Tumerman

(7) observed a restricted area on the large reservation associated with

a military plutonium production facility. It might follow that local

residents had been relocated when the site was originally developed

(Oak Ridge and Hanford experience) and the radiation warning signs

actually represented a relatively low radioactivity level associated

with chronic releases (designed to discourage unauthorized entry). Our

secondary hypothesis was that Medvedev was trying to convey the

existence of an actual historical nuclear incident, but that he had

misinterpreted the scientific literature on which he reported (3), again

because of unfamiliarity with the subject matter. Once we had seen the

CIA release (8), however, it became apparent that the order of our

hypotheses was probably reversed.

SOVIET RADIOECOLOGY SOURCES

A significant proportion of the contemporary Soviet radioecology

literature has been devoted to field studies in an area which may

actually have been accidentally contaminated (e.g., such as the "Kasli

area") although the site location is never provided in these

publications (11-52). A pervasive characteristic of these works is the

statement that the radioisotopes, moderate- to long-lived fission

products (primarily 90Sr, but also 144Ce, 137Cs, 106Ru, and 95Zr),

were experimentally applied once as carrier-free nitrate solutions

(14,16-18,34,40,43) to either soil or water surfaces, in quantities
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sufficient for accurate radiological analyses. [The radioisotope
95 Zr is mentioned only once in a footnote to a paper on the genetic

90effects of Sr (17). The original applications in this case also

included 44Ce, 06Ru, and 95Zr, but these isotopes had decayed
out in the 11-year period between application and data collection.]

The reported level of application was typically between 0.3 mCi/m2
2 137 7

and 3.4 mCi/m (except for Cs, 4-8 yCi/m , in association with

90 2
Sr, 0.6-3.4 mCi/m , in terrestrial studies) over land and water

areas which are often incredibly large (11-52) for experimental

radioecological studies (stated areas up to 11 km2).

Reticence about site identification in ecological field research

is most peculiar. It is standard practice to report both an accurate

site location and a reasonable description of the biological community

under investigation. The interested reader has only to scan the field

studies reported in the 1977 issues of the Soviet Journal of Ecology

and Radiobiology to verify this. The reader will also encounter papers

by authors previously associated with "Kasli area" studies which make

this point quite effectively (53-55). In two cases (54,55), data were

obtained from an area immediately east of the dashed area drawn in

Fig. 1 (near the centroid). This site may have served as the control

area for "Kasli area" radioecology investigations. [We realize the

possibility that military security restrictions might affect the

identification by Soviet scientists of study sites associated with

nuclear installations to a greater degree than in the United States.]

Research results reported by contemporary scientists at other

locations in the U.S.S.R. (56-60) show clearly that such high levels
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(i.e., mCi/m ) were not required for accurate radiological analyses.

In fact, the levels applied in this group of long-term field studies

were, in many cases, either producing measurable genetic effects or

demonstrably toxic (17-19,34,35,38,39,49,51,52), which might confound

studies of radionuclide transport: the stated object in the majority

of cases. Further, the methods by which these large field sites were

contaminated are not provided. [We recognize that in some cases, Soviet

2scientists have applied high levels (i.e., mCi/m ) to well-defined,

small areas (< 0.1 ha) in other unrelated radioecology studies for

specific purposes, but these papers also contain a clear description of

the application method as well.]

The exclusive use of the nitrate form of the isotopes appears

unusual in itself since the isotopes were typically supplied as

chlorides in our country (except zirconium, as the oxalate) for research

purposes (61,62). Radiostrontium chloride was the chemical form

produced during removal of isotopic carriers (calcium, barium) (62).

There would then seem to be no advantage in ecological studies in

conversion back to a nitrate. Contemporary Soviet scientists, working

at the Urals Scientific Center, report application of the isotopes

exclusively as chlorides (except zirconium, as the oxalate) in other,

unrelated radioecology studies (63-68), indicating that Soviet practice

was probably not significantly different from our own. The nitrate

form is that in which fission products were usually held during most

steps in fuel reprocessing, other radiochemical separations, and

high-level liquid waste storage (61,62,69-85). [We understand that

other western countries utilized different isotope production schemes
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than our country did, resulting in different chemical forms of isotopes

supplied for research purposes (i.e., cerium chloride, strontium

nitrate, and cesium sulphate in the United Kingdom, 74), but we feel

that the reports of actual Soviet practice negate this alternative.]

The reporting of data, often starting, at relatively long time

intervals, i.e., 6, 10, 11, 13, or 14 years following contamination

(11-15,17,19,29,31,40,41,43,44,49,50,52) is also a common

characteristic of this subset of Soviet radioecology publications.

Results of eighteen studies (12-19,31,40,41,43-45,48-50,52) which were

published over a thirteen-year period, all indicate a starting date

between 1957 and 1961, assuming no more than a one-year time lag

between completion of data collection and publication of the results.

The majority of these references indicate a date of contamination

occurring in 1957-1958 (12,14,16-19,31,41,43-45). There are internal

inconsistencies in at least one series of related terrestrial

radioecology papers (20,22-25,27-33) about the exact date of initial

contamination. However, the confusion is alleviated by the information

provided by three independent references (19,31,86). The combined

information indicates that the terrestrial study area was first

contaminated in the latter half of calendar year 1957. [The apparent

inconsistencies noted may not represent deliberate obfuscation, but

rather may indicate that the authors were relaying information provided

to them by other sources.]

Both aquatic (41) and terrestrial radioecology (11,52) papers

indicate that the isotope was originally applied in a single aerosol

event, a critical revelation which supports an accident case. In one
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case the application was to a group of closed lakes (41-43,45-48), two
2 2

of which had reported surface areas of 4.5 km and 11 km , respectively.

The radioisotopes applied were 144Ce, 90Sr, and Ru (no mention of

137Cs); initial 90Sr concentration ~1 mCi/m for the two lakes
90just described. In the other case, the isotope ( Sr alone) was applied

to the canopies of two distinct forest types (30-60 years old) (11,52).

The implication that these inputs were part of planned artificial

contamination experiments is unrealistic (our conclusion, but also see

last page of reference 87).

The fact that the two lakes described above were part of a group

of 13 (46) which were actually contaminated (10 of which had surface

areas of 5km2 to 30 km2,(47)(further demonstrates the implausibility of

a planned deliberate contamination experiment. An indication that not

all the lakes in this group were heavily contaminated (perhaps only 2)

is perhaps provided by a cryptic reference (88) in the Soviet text on

Radioecology about "the situation in a certain region prior to the

beginning of global fallout caused by accidental contamination of a

water body [Our underlining]. Since the Sr concentration in the

water was rather low the water body was used for a variety of purposes

(water supply, farming, etc.)." This reference is to a Soviet paper on

90Sr behavior in the human food chain, associated with a contaminated

lake, to have been presented at a 1966 IAEA Symposium, but which was

later withdrawn prior to the symposium. However, it was still

abstracted (Nuclear Science Abstracts) and referenced as a preprint (89).
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Another water body (21,26) probably with at least a partially open

drainage, contained a90Sr concentration in 1969 (0.2 uCi/liter in

water) comparable to the two lakes described above at the time of their

original contamination. Unlike the other two, it had obviously received
137~ ,90c 137r .. .. ,. .

Cs ( Sr: Cs activity ratio in water reportedly 8:1 in 1969).

This large water body (our estimate of surface area, approximately

20 km ) either received much more airborne activity or direct liquid

inputs because of close proximity to the release site. If described

conditions in 1969 represented an equilibrium for 90Sr resulting from

a single input in 1957 (not known), then the contamination zone

associated with this one system alone could have contained a 90Sr

inventory of 1 x 10 Ci (10). We are currently unable to determine

whether this lake initially received 90Sr and 137Cs in proportions

comparable to those reported previously for terrestrial areas
90 137
( Sr: Cs activity ratio > 100:1) or in nearly equal amounts

typical of unseparated fission wastes (74) without a more detailed

history of the water body and its drainage. The latter case seems the

more reasonable one based on other Soviet experience (57,90,91).

[Should the former case hold, this one system and its downstream

drainage could have contained on the order of 107 Ci of 90Sr

(reference radionuclide).]

For purposes of our analysis, we have assumed that this water body

was contaminated as a result of the same event which resulted in aerosol

contamination of the other 13 lakes and terrestrial areas described,

but that a large fraction of its radioactivity may have entered in

liquid, rather than aerosol, form and over a longer time period. We



11 ORNL-5613

cannot dismiss the possibility that this large water body was primarily

contaminated by a totally different mechanism (i.e., chronic leakage

from storage versus acute accidental event). A portion of the estimated

radionuclide inventory in this system could have been derived from

incidental releases from reported plutonium production facilities (8)

(i.e., reactors and/or radiochemical separations plants and/or waste

storage areas, etc.). However, it would appear to require extreme

negligence to explain a release of 10 Ci of Sr (reference

radionuclide) by such a mechanism, particularly to an open aquatic

ecosystem. We are aware, however, of at least one case wherein high

concentrations of fission/activation products (including 0.01 yCi/liter

Sr in water) have been maintained in a closed lake (size and

location unknown) for many years, as a result of chronic discharges

from a Soviet reactor complex which began operating prior to 1957

(90,92,93). Thus, any judgment about the actual source(s) of

radionuclides for this one large water body must be tempered with

caution.

The location of the radioecology study area can be determined

within reasonable limits by combining fragments of information (i.e.,

fauna, vegetation, soil, etc) from the literature. For example, one

publication (46), together with one of its own citations (94), indicates

that the group of 13 lakes was located in the forest-steppe zone of

the Central Belt and in the Eastern Urals between the cities of

Cheliabinsk and Sverdlovsk. The author of this work was associated

with the Sungul Nuclear Research Institute (75) when he produced his

first publication on the subject in 1961 (48). The manmals, waterfowl,
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reptiles, amphibians, and fishes identified in the study area

(20,23,25,27,29,31,33,47) match exactly with those reported from the

Urals region (95,96). Further, the presence of mammals from the

Siberian fauna (23,27) combined with the major forest types

(11,12,14,15,18,33,50) again indicate that the location is on the

eastern side of the Ural mountains. Within this area, the forest types

also further define the locality to an area north of Cheliabinsk and

south of Sverdlovsk (95,97). One paper specifically places the

terrestrial study area in Cheliabinsk Province (31). The particular

set of soil-yegetation types studied are all found together only near

Kasli within this zone (95,98,99) and along west-east paths (prevailing

winds-westerlies and southwesterlies, 94, 98), < 50 km long, which might

be expected for radioactive fallout from airborne plumes generated by an

accidental release from a site near Kasli.

One can arrive at an estimate of the minimum size of the area

2 90
contaminated with ~ 1.0 mCi/m Sr by several independent

methods. For example, an estimate can be based on the interconnecting

watershed-water area required for the three heavily contaminated lakes

described earlier. Because of the high density of lakes near Kasli

(>100 within a 25 km radius) one could actually hypothesize a number

of 50 km-long contamination zones (not shown in Fig. 1) which fulfill

the condition that 14 lakes (10 of which have surface areas between 5

and 30 km ) are either included directly within the high-level

contamination zone or would be contaminated by transfer via the Techa

River drainage. A number of these zones would not have to exceed 10 km

in width; all, however, contain at least some areas of present human
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habitation. The contaminated areas suggested, although much smaller

than that described by Medvedev (several thousand sq. miles, 3), are

2
still considerably greater than 100 km (by factors of 3-5) in order

to fulfill these conditions. However, since specific, high

contamination levels have been reported for only three lakes (21,45),

in order to make a truly conservative areal estimate, one can further

limit the calculation to consideration of instances wherein only three

2
lakes, surface areas 4.5, 11, and approximately 20 km (open

drainage), are found in close proximity. Conditions for this case are

fulfilled at two locations: one north (Lake Sinara and two smaller

lakes to the east) and another south (Lake Kyzyltash and two small

lakes to its northeast) of the city of Kasli (Fig. 1). The southern

area contains no evidence of any towns or villages on the most recent

available maps north of Lake Kyzyltash; see later section on Remedial

Measures. Using the smallest rectangular area which would enclose

each group of three lakes, we obtained values slightly in excess of

100 km . The areal estimates would then have to be increased further

in order to fulfill the condition that a reach of highway be included

in the contamination zone (e.g., Tumerman's observation, 7).

Another method for making such an estimate, as Medvedev proposed

(3), can be based on the area required to support a reasonable harvest

of sixteen animals (number collected in one radioecology study, 23)

from a healthy, free-living deer herd under the climatic conditions

known to exist in this region of the Urals (95,98). This would fulfill

the constraint that all individuals had lived exclusively within the

contaminated area. [Our expectation is that Soviet scientists probably
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collected a relatively small fraction of the deer population from an

unenclosed area within the "Kasli area" contamination zone; note that

specimens were shot rather than trapped (23,27). See additional

discussion in Reference 10.] A third method involves examination of

spatial separation between the major soil-vegetation types

(13-16,19,36,40,44,95,98) (pine forest on turf-podzolic soil,

birch-pine forest on gray forest soil, birch-forb forest on leached

chernozem soil, salt grasses on solonchak, etc.) which were subjected

to long-term studies of radionuclide migration after the event. Each

of the methods independently indicates a minimum size for the

2
contamination zone of ~ 100 km in surface area.

PARTIAL CORROBORATION

After analyzing the available evidence up to this point (from

Soviet citizens, CIA release, radioecology publications), we concluded

that a major airborne release involving moderate- to long-lived fission

products (but, inexplicably, with most of the 137qs removed) occurred

at a site near the city of Kasli (50 km radius) in the winter of

1957-58. Extensive ice and snow cover in the long Russian winter could

have delayed significant transfer into soil and surface waters for up

to five months (95). We further concluded that an extensive area

(> 100 km )was contaminated with high levels (~ 1.0 mCi/m 90Sr,

chosen as reference radionuclide) of radioactivity. The zone of

significant contamination appeared to have spread over a potential

east-west distance of 50 km. The width or orientation of the zone

(north-south) could not be definitively ascertained; a reasonable
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estimate indicated that the total area of the contamination zone

s> on
(>0.1 /iCi/nr *uSr - 10 times the 1957-58 fallout background level, 59)

2
might exceed 1000 km .

Based on the activity levels reported and the areal estimates for

the contamination zone, we estimated that, if the entire Soviet

radioecology data set analyzed refers to a single event, the incident

involved the release of approximately 10 Ci of Sr (reference

radionuclide). We could not dismiss the possibility of independent

contributions from several types of events (permutations and

combinations of accidents and non-accidents) or from complex releases

associated with a single accident. Thus, the airborne contribution to

the "Kasli area" contamination zone potentially could represent a

5 90
relatively small fraction of the total, perhaps 10 Ci of Sr, if

2 2
our "minimum" case holds (~ 100 km @ 1 mCi/m ). The critical

missing piece of information is the history of the drainage associated

with one large water body discussed earlier - in particular, the

sequence of radionuclide inputs (and losses) as a function of time

between 1948-1970. Due to the high population density in this region

90
(the industrial Urals, 95) and the reported level of Sr contamination

alone (100,101), the incident probably resulted in the evacuation

and/or resettlement of the human population from a significant area.

However, the estimated scale of the "Kasli area" event, both in terms

of at least an order of magnitude smaller area affected and 3 to 4

orders of magnitude less activity released, is significantly different

than that originally postulated by Z. A. Medvedev (3), partially

confirming our previous hypothesis that he may have incorrectly

interpreted his literature sources.
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REMEDIAL MEASURES

One could reasonably expect that some of the research results

arising from studies of the Kasli incident dealt with means for

lessening environmental impact. Some work was directed toward reducing

the uptake of fission products by food crops by different chemical

treatments, plowing techniques, etc. (13,36). In another case,

radiation effects on conifer seedlings, produced by long-lived fission

products incorporated in the surface soil layer (34), were examined as

part of a feasibility study to convert agricultural areas, too highly

contaminated for food production, to forestry uses. Some of the aquatic

research studies were cited in later evaluations of the migration

potential for fission products in water contaminated by nuclear

explosives applied for peaceful purposes (102). Still another paper

appears to have synthesized dosimetric information obtained after the

incident to develop criteria for emergency plans specifically designed

for radiochemical separations facilities (37). [The "Kasli area"

environmental studies have apparently been ongoing long enough to

generate new field experiments designed to answer specific questions

raised by the initial research, particularly in relation to observations

of radiation effects in certain invertebrate populations and tree

species (19,52,86,103). It also appears that certain other radioecology

investigations which involve the application of elevated concentrations

of highly toxic radionuclides either because of short physical half-life

(104) or low fractional uptake from soil (105) have been conducted in

the "Kasli area" contamination zone. These studies were all initiated

in the period between 1964-1974.]
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Comparisons of high-resolution (1:250,000) maps of the area between

Cheliabinsk and Sverdlovsk based on materials produced before

(1936-1954) and after the accident (1973-1974), respectively, indicated

the deletion of over 30 names of small communities (< 2000 population)

within the dashed area of Fig. 1. None of the names of towns and

villages shown on the earlier editions within the 70-km-long

southwest-northeast running arm of the dashed area appear on the later

editions. A somewhat wider zone (10-15 km vs 7 km) runs in a

southeasterly direction toward the Sverdlovsk-Cheliabinsk highway,

generally along the Techa River; however, names of a few communities

still remain in this area. A number of the communities whose names no

longer appear had evidently grown to >. 2000 population size by the late

1950's as their presence on low-resolution atlases (9,106) testifies

(Boyevka, Yugo-Koneva, and Russkaya Karabolka in the northeast arm and

Metlino and Asanova in the southeast arm of the dashed area in Fig. 1).

Further, population centers in other parts of the region appear to have

developed extensively in the same period; nowhere else in the

Sverdlovsk-Cheliabinsk area has such extensive deletion of community

names occurred. Collectively, this information could be construed to

indicate the relocation of the human inhabitants from the area in a

time frame consistent with the contamination incident.

Other measures have apparently included modification of surface

water flow patterns in the Techa River drainage in order to reduce the

90hydrologic transport of longer-lived fission products ( Sr, in

particular) out of the contamination zone. This undertaking may have

contributed to the apparent confusion indicated in the CIA release (8)
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about dates and types of accidents, particularly if extensive use of

explosives was employed in construction projects. Such projects may

have played a significant role in relocating human inhabitants from the

southeast arm of the dashed area in Fig. 1. That is, the northeast arm

(or a segment thereof) could represent the primary area contaminated by

the radioactive plume resulting from the "Kasli area" accident. The

origin of the plume seems to have been near the junction of Lake

Kyzyltash and the Techa River. The orientation of the plume deposition

zone is that which one would expect for a winter event in this region:

prevailing winds are southwesterlies (94,98). Secondary transport of

contaminated soil and snow by the wind, along with surface and ground

waters, could further modify the shape of the original contamination

zone, particularly near unforested areas which had been highly

contaminated initially. Thus, the shape of the dashed area in Fig. 1

is somewhat more complex than one might expect from a single, simple

plume release, but not necessarily inconsistent with that from a single

release because of the considerations discussed above. [Neither can a

complex release from a single site be ruled out.] The total area
2

involved is approximately 1000 km (400 sq. miles), an order of

magnitude less than that originally suggested by Medvedev (3).

Extensive changes in surface water characteristics have occurred

within the dashed area in Fig. 1. An additional area is located

approximately 20 km north of Kasli, in the watershed between Lake Itkul

and Lake Sinara; however, the alterations here may have been the result

of contemporary operations at a nearby nuclear installation. The most

interesting features on the latest map series are two new, large
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cascaded reservoirs (total surface area =* 50 km , approximately equal

to that of Lake Irtyash) on the Techa River immediately downstream from

Lake Kyzyltash, along with an associated canal system (Fig. 2).

The Techa River no longer drains from Lake Irtyash through Lake

Kyzyltash (as indicated in Fig. 1). Water which would have flowed into

Lake Kyzyltash from Lake Irtyash now is diverted into acanal (Fig. 2).

The canal transfers water around Lake Kyzyltash and the two new

reservoirs to a point downstream on the Techa River. A new drainage

for Lake Irtyash has also been provided (through Lake Berdenish) into

the same canal system. All former tributaries of the Techa, which

entered in the reach between Lake Kyzyltash and the new reservoirs, now

drain into canal systems and flows are similarly intercepted and

diverted to a point well downstream. The canals discharge into the

Techa at a point 10 km upstream (west) from the highway between

Cheliabinsk and Sverdlovsk.

The appearance of the two large cascaded reservoirs (non-power

producing) in such awater-rich area can be interpreted as surprising

in itself. The fact that these reservoirs and Lake Kyzyltash have been

isolated hydrologically from the surrounding drainage area (hardly a

typical practice) strongly indicates that they have been specifically
90designed to prevent awaterborne contaminant (such as Sr) from

moving further downstream in the Techa River system. Combined with

Lake Kyzyltash, the total surface area available for storage is in

excess of 70 km2. If this system has been designed, as one could

conclude, to contain contaminated water resulting from the "Kasli area"

incident, the storage area may also be indicative of the scale of the
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hydrologic transport of radioactive materials down the Techa
River system. Map is based on post-accident (1973) features
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original watershed/water surface which was heavily contaminated. The

presence of the reservoir storage system explains the absence of the

city of Metlino and some smaller communities, which would have been

inundated when the reservoirs were filled, but does not explain the

disappearance of the majority of the small communities described

previously.

Another significant observation is that the hypothesized primary

plume deposition zone (northeast arm of dashed area in Fig. 1) contains

three water bodies of the proper sizes and positions (Lakes Uruskul,

Berdenish, and either Kyzyltash or first reservoir downstream) to

explain those previously described in radioecology studies (21,26,45).

The centerline of the apparent plume deposition zone also intersects

the Sverdlovsk-Cheliabinsk highway at a point 100 km from Sverdlovsk

(recall Tumerman's observations reported earlier, 7).

The Soviet Union published its fish stocking records (as part of a

fisheries improvement program begun in 1957) in the journal Voprosi

Ikhtiologii (Problems of Icthyology). These records (107) provide

additional information on the contamination zone in several respects.

First, as expected, the lakes enclosed within the dashed area in

Fig. 1 have never been stocked, the object of the program being food

production for human beings. The extension of the dashed area into

Lake Irtyash was done to enclose the canal system described previously,

not to indicate that we felt that Lake Irtyash was heavily contaminated

by the accident. In fact, Lake Irtyash and nearly all of the lakes to

its northeast (past Kasli up to the highway) have been stocked as part

of the fisheries improvement program. Lake Itkul, Lake Sinara (108),
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and one of the two small lakes east of Lake Sinara have also been

stocked. Lakes have been stocked virtually all around the periphery of

the dashed area drawn in Fig. 1, but never inside. This seems to

reinforce our previous conclusions about the extent of the presently

impacted area based on other sources; i.e., that the total extent of

2
the presently affected zone is not significantly larger than 1000 km

as stated.

Significant physical changes may occur in populated areas over a

time span of 20 to 40 years as a result of many factors: growth,

changes in land-use patterns, development, etc. Thus, one has to be

somewhat cautious about interpreting differences observed on a

sequential time series of maps independent of other sources. However,

we believe that the combined information presented is internally

consistent, supports an accident case, further defines the scale of the

event, and seems to contain far too many coincidences with other

information sources to be explainable as a chance phenomenon.

POTENTIAL CAUSES

At least six potential types of events within two major categories

could be postulated to explain the "Kasli area" incident based on the

present-day status of nuclear technology development. The two major

categories are detonation of nuclear explosive devices (weapons test,

weapons production accident, applications for peaceful purposes), and

incidents involving aspects of plutonium production technology

(reactors, radiochemical separations plants, high-level waste storage

sites). In order to perform an evaluation of the probability that the
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"Kasli area" event was associated with one of these cases, one must

consider three primary sources of information: historical development

of nuclear weapons and reactor technology, inherent safeguards

associated with each, and the radioactive "fingerprint" (array of

fission products, relative concentrations, and inventories)

characteristic of each individual source.

The "Kasli area" event occurred during a period of intense

development and testing of both nuclear weapons and reactor

technology. The intensity of this development was much greater in the

U.S.S.R. than in the United States (109). The Soviet Union was racing

to achieve nuclear weapons parity in this period near the height of the

"Cold War." At this stage also, the two technologies were closely

linked (70,74,109). The reactors which had produced the bulk of the

existing fission product inventory at that time outside the U.S.S.R.

were the near-natural uranium-fueled (aluminum clad or aluminum alloy),

graphite-moderated, plutonium-producers, reasonably typified by those

located at Hanford, Washington (74). Some heavy-water-moderated

production reactors were also in existence by 1957 (110). Contemporary

Soviet production reactors were believed to be similar in design

(75,109).

Assuming that Soviet developments in fuel reprocessing and

high-level waste storage closely followed those in the United States,

the U.S.S.R. would have had a large inventory (stored in large

underground tanks) of both high-level wastes (*> 1 Ci/liter fission

product concentration) produced by solvent extraction (hexone and TBP

processes) of uranium and plutonium, and intermediate-level wastes
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(< 1 Ci/liter) from an obsolete precipitation process (Bismuth

Phosphate) designed for separation of plutonium alone, from fission

products formed in irradiated fuel (70-72,74,75,78-83,110). [Uranium

was later separated from these wastes primarily by a TBP process

(74,111).] Because of the high level of secrecy associated with early

Soviet nuclear development, any analysis, particularly involving

radiochemical separations and waste storage, is necessarily limited.

Information must be gleaned from the relatively small number of

open-literature publications available outside the Soviet Union

(75,109). Ironically, our only good reference on the subject is a 1966

Soviet biomedical research paper in which unseparated waste

constituents are reported (112). The information presented indicates

that the U.S.S.R. developed the sodium uranyl acetate precipitation

process (113) for fuel reprocessing and, further, may have continued to

use it into the 1960's. The United States originally used the Bismuth

Phosphate precipitation scheme for plutonium production (111), but

discontinued it in the early 1950's (110,114) because it was not as

selective as solvent extraction, it did not recover uranium without an

auxiliary precipitation (111) or solvent extraction (74) step, and

waste volumes were relatively large (> 10 times those of later solvent

extraction processes, 70). Two of the above objections apply to the

sodium uranyl acetate process; however, uranium recovery was

incorporated into the procedure (113). The presence of acetate in the

first-cycle aqueous wastes may have represented a mixed blessing. On

the one hand, its presence would seem to offer the possibility of a

decomposition/concentration step which might allow considerable volume
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reduction and denitrification. The result could have been a highly

concentrated, high-level liquid waste. An exothermic, potentially

explosive (acetate-nitrate) reaction also looms under certain conditions

if the concentration step is not carefully controlled. Fission product

concentrations in unconcentrated first-cycle liquid wastes would

typically have been in the 10-100 Ci/liter range (200 days decay after

removal from a reactor). Thus, underground tank storage for a minimum

of 3 to 5 years would have been expected before any of this material

could have been reclassified as intermediate level. At that point,

other waste storage/disposal techniques might have been considered

(cribbing, earthen pit storage, deep well injection, etc.) (115).

[Cryptic information provided in a waste storage research paper,

discussed later, leads us to believe that the Soviet Union may have

also developed a solvent extraction process for full-scale use by

1957-58.]

One other significant difference known to exist was that the

U.S.S.R. was engaged in production of selected fission products for

agricultural and industrial use on a much larger scale than in the

United States. For example, in 1958, the reported production of the

long-lived fission product, 137Cs, was to exceed 1x10 Ci (116).
Contemporary U.S. production of all long-lived fission elements on an

annual basis was an order of magnitude less; total production of all

radioisotopes at Oak Ridge National Laboratory (the major producer)

through 1957 was 3.3 x105 Ci (117). The cumulative production of

137Cs through August 1959 was <3x104 Ci (118).
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NUCLEAR EXPLOSIVES ACCIDENTS

The "Kasli area" event predates serious consideration of the

application of nuclear explosives in civil engineering (i.e., peaceful

purposes - mining, reservoir construction, formation of underground

cavities, etc.) (119). Although the incident occurred during a period

of intense testing of nuclear weapons throughout the world, such

testing was (obviously) carried out in areas remote from population

centers. The cities of Cheliabinsk and Sverdlovsk comprised population

centers of approximately 700,000 citizens each in 1959; average

population density in Cheliabinsk Province was 3400 people per 100
2

km (95). This region was (and still is) a highly industrialized

area of significant economic importance to the Soviet Union (95). In

order to account for the total amount of 90Sr which we estimate to be

present in the "Kasli area" contamination zone (approximately 106 Ci),

one would require a 10 to 20 megaton (MT) yield device (101,120,121),

along with complete retention of 90Sr (but not 137Cs) within the

contamination zone - totally unrealistic. The total yield of a

hydrogen bomb (MT class device) is the sum of the fission yield of the

atomic bomb trigger, the thermonuclear yield of the fusion device, and

the additional fission yield of a238U blanket (if used). The ratio

of fission yield to total yield may thus vary widely; however, we have

assumed worst-case values of 0.5 to 1.0 for our estimate (121).

Fission yields of 90Sr and 137Cs are comparable under all known
conditions (122); 90Sr yields relative to 137Cs range from 0.36 to
0.93 (122) as opposed to arelatively constant average 90Sr/137Cs
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ratio of 0.63 in world-wide fallout (101,121). Because both isotopes

have gaseous precursors, ancestor decay chains with similar properties

(59,121), and nearly identical half-lives (28-30 years), significant
90 137fractionation of Sr from ° Cs does not occur following large

nuclear detonations (101,119,121).

One can hypothesize a case involving accidental detonation of a

small (kT class) device at a combined weapons production/radiochemical

separations/high-level waste storage facility. The detonation of a

smaller device (kT) in a complex installation could produce radioactive

contamination related to the facility rather than the device. That

is, the accidental detonation of the nuclear device would represent the

dispersal mechanism rather than the source of radioactivity. Since

triggering devices are not installed at a weapons production facility,

as an obvious safety measure, this case seems highly unlikely.

Further, it may be unreasonable to conclude that the Soviet Union,

which in 1958 had produced the world's first orbiting space satellite,

would not have taken the precaution (as the United States did) of

spatial separation of individual components of the weapons production

process. The arming of a nuclear explosive device in close proximity

to the facilities described above seems most improbable.

PLUTONIUM PRODUCTION ACCIDENTS

We seem inevitably drawn to the conclusion that the "Kasli area"

contamination zone contains reactor-generated fission products

associated with weapons-grade plutonium production. However, a case

involving a reactor accident as the sole source would require
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essentially complete loss and deposition of the inventory of fission

products from a reactor of the 1000 megawatt-thermal (MWt) class

(Table 1) (also 74,125). The dominant isotopes present are short-lived

materials (initial column in Table 1) (also true for weapon-produced

materials, 102,122) not reported in any of the radioecology studies

associated with the "Kasli area" incident. Had such a reactor accident

occurred, there undoubtedly would have been no healthy forest

ecosystems left for radioecologists to study near the site since

radiation dose rates (already near or above damage thresholds for

certain life-history stages of several tree species) would have been

increased initially over two to three orders of magnitude above those

actually reported. Further, reactors of the size required here did not

reportedly appear in either Europe, Canada, the United States, or the

Soviet Union until the early 1970's (74,75,77,109).

Although it appears that one can dismiss the case of a reactor

accident as the cause of the "Kasli area" event on the basis of quite

simple considerations, one must introduce an additional caveat at this

point: an important (perhaps obvious) one which applies to some extent

to all cases which we discuss. To wit, we assume, despite obvious

evidence of censorship about methods, site location, etc., that the

actual scientific data presented in our Soviet references were factual

and had not been deliberately altered in order to mask the occurrence

of a specific type of incident, e.g., a reactor accident. A skeptic

might again argue that collection of data (and radiochemical analysis

of samples obtained initially) in radioecology studies had deliberately

been delayed to allow the radioactive decay of short-lived
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Table 1. Ratios of individual reactor fission product activities to
137Cs (Ci of F.P.:Ci of 137Cs) for various decay times
(123,124)

Initial

Days

Isotope 200 350 500 700 1800

Sr-89 42.0 3.2 0.45 __ „

Sr-90a 1.0 1.0 1.0 1.0 1.0 1.0

Y-91 50.0 5.0 0.92 0.16 — --

Zr-95 54.0 5.8 1.1 0.23 — —

Nb-95 33.0 12.0 2.5 0.54 — —

Ru-103a 59.0 0.94 — — -- —

Ru-106a 1.6 1.1 0.84 0.64 0.44 —

Te-129a 7.7 — — — — --

1-131 37.0 — — — — —

Te-132 56.0 — — — — --

Xe-133 85.0 — — — —
—

Ba-140a 350.0 — — — — —

Ce-141 63.0 1.9 — — — —

Pr-143 79.0 — — — — —

Ce-144a 34.0 20.0 14.0 9.6 5.7 0.39

Nd-147 32.0 -- — — — —

Pm-147 2.3 2.0 1.8 1.6 1.4 0.62

Total Activ'jty .
Per Ci of l37Csb 987.6C 53.94 23.61 14.77 9.54 3.01

Percent of

Initial Actn'vity 100.0 5.5 2.4 1.5 1.0 0.3

aIncludes daughter activity.

bFuel irradiation time - 100 days; 137Cs inventory of 1000 MWt
reactor after 100 days operating time - 7 x 105Ci.

cIncludes l37Cs contribution.
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radionuclides. He might also suggest that terrestrial field work was

carried out at locations remote enough from the reactor to permit the

survival of forest ecosystems (e.g., areas of mixed forest where pines,

but not birch, would be killed, 52) and, further, that references to

applications of isotopes as carrier-free nitrates simply represented an

attempt to allay suspicion about already-skimpy Experimental Methods

and Materials sections of radioecology publications. The conspicuous

137 90
reduction of Cs relative to Sr reported in field studies could

be explained by a volatility mechanism: fractionation of cesium from

less volatile elements (strontium, cerium, ruthenium) at high

temperatures (83,126) under accident conditions. This would have to be

followed by the catastrophic release of the nonvolatile inventory. The

presence of a large, classified (military security), prototype

plutonium-production reactor at one of the "Kasli area" sites could

provide both the required fission product inventory and the reason for

concealment.

Our argumentative skeptic might not agree, but we have no reason

to believe that the scientific data have been falsified; in any event,

additional evidence against a reactor accident case does exist. The

catastrophic ejection of the entire nonvolatile fission product

inventory of a nuclear reactor (even a Soviet prototype in 1957-58) in

the sequence suggested above does not seem yery credible. [The

Windscale experience (U.K., October, 1957 which Soviet authors

acknowledge as the largest radioactivity release in reactor history,

100) would appear to be more typical; in this case (127), the principal

131 4 137
fission products released were I (2 x 10 Ci) and Cs (600 Ci;
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90Sr/137Cs activity ratio 0.015).] Meltdown of the fuel elements and,

hence, attainment of temperatures in excess of 1150 C (83) would be a

requisite in any event. At temperatures of 1227 C and 1680 C, which

are sufficient to melt aluminum clad and aluminum alloy fuel elements,

respectively (83), both strontium and cesium are volatilized; cerium,

but not ruthenium (metal) is also slightly volatile at 1680 C

(83,126). The association of 90Sr, 106Ru, and 144Ce at appropriately
2

high surface concentrations (mCi/m ) in certain "Kasli area"

radioecology studies is not consistent with requirements of a

fractionation mechanism based on differential element volatilities at

high temperatures; i.e., that both strontium and cesium be significantly

separated from cerium and ruthenium.

A catastrophic reactor accident of the hypothetical type required

here would also result in the release and deposition of large quantities
239

of plutonium and uranium. We estimate that the activity of Pu

released would have been approximately 1% (74,83) of the corresponding

values for 90Sr. Because of its much greater toxicity (74,125),

plutonium, and not just 90Sr, would have been subjected to intensive
study in the "Kasli area." The internal radiation dose contribution

from plutonium could not have been ignored in radiation effects

studies. We have found no mention of plutonium in the extensive "Kasli

area" radioecology investigations (11-52). [This case would also

require either that an extremely large area had been contaminated by

137Cs (>100 times that for 90Sr), or that overlap had occurred
between high-level (mCi/m2) 137Cs and 90Sr contamination zones
(caused by a shift in wind direction during the accident) in order to
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90 137
produce the Sr/±0'Cs activity ratios (> 100:1) reported in

terrestrial radioecology study areas. If such 137Cs contaminated

areas actually existed one might legitimately ask three questions:

first, why the obvious preponderance of Sr research papers in the

Soviet literature; second, why have Soviet scientists used data from

their own long-term research on 90Sr to forecast its migration in

soils (44), but, in a similar exercise, used United Kingdom data (128)

to forecast Cs migration; and, third, why are the first 137Cs

data in long-term Soviet soil radioecology studies not reported till

10 years after application (14), while only 144Ce and 90Sr data are

reported earlier (15,16)?]

The radioactive "fingerprint" provided by the "Kasli area" field

studies strongly implies an incident involving the radiochemical

separations-waste storage aspect of weapons-plutonium production

technology. The five radioisotopes (95Zr, 90Sr, 106Ru, 137Cs,
144

and Ce) reported in these investigations become the dominant

radioactive materials remaining in reactor-produced high-level liquid

wastes after 1 to 2 years decay time following removal from a reactor

(Table 1). [Zirconium-niobium-95 was often at least partially removed,

both by "head-end" treatments and its tendency to plate out on the

walls of tanks (70,124). Observed ratios of 90Sr in actual waste

materials could be lower by afactor of 2; 106Ru might be increased

by the same factor (124). Promethium-147, a low-energy beta emitter,

while present in these wastes, would not ordinarily be reported in

environmental studies since its dose contribution in such a mixture is

negligible (125) and its concentration would not be determinable

without a rigorous analytical effort (124).]
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Terrestrial radioecology studies report Sr/ Cs activity

ratios in soil and organisms which are over two orders of magnitude

greater (i.e., 90Sr concentration:137Cs concentration >100:1) than
those present in unseparated fission wastes. While it is true that

both of these isotopes are dominant radioactive components in long-lived

wastes (> 5 years after removal from a reactor) (Table 1), the

90Sr:137Cs activity ratio is also essentially equal to unity. The

fact that 144Ce was apparently the dominant isotope at the start of

both soil (15,16), terrestrial ecology (17,52,86), and aquatic ecology

(45) studies (144Ce:90Sr ~ 10:1) argues against release of materials

from a high-level waste facility after long-term storage. In one

series of aquatic studies, 106Ru was also present at approximately

the same level as 90Sr at the start (45), and, again, there is no

indication that 137Cs contributed significantly to the total activity.

These isotopic activity ratios are what one would expect in reprocessed

fission wastes (allowing approximately 1-2 years decay time after

removal from a reactor) if and only if 137Cs had been somehow separated

from the remaining material (Table 1).

The data in Table 1 (coupled with observed variations in actual

144 90 106
high-level wastes) indicate that an activity ratio for Ce: Sr: Ru:

137Cs of approximately 10:1:1:1 actually holds true, within afactor

of two, for the period from 200 days to 2 years. Thus, while the

activity ratios reported in "Kasli area" studies agree well with those

in reprocessed wastes for 90Sr, 106Ru, and 144Ce, an intervening
137Cs removal mechanism is required to reduce its level to < 1/100

that of 90Sr. [Waste storage containers would have been filled
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gradually over a period of time which would depend on tank volume,

process volume, and production rate (72). Thus, the activity ratio

described would have been an average value; some material in storage

Id have been aged a slightly shorter or longer time, respectively.]wou

CESIUM SEPARATION MECHANISMS

At least five potential explanations exist to account for the

aberrantly low Cs: 9Sr ratios (relative to typical high-level
wastes) reported in the terrestrial radioecology data set we have

analyzed. First, cesium might have been separated as part of the

primary fuel reprocessing scheme. At least one plutonium separations

procedure (ion exchange - zirconium phosphate columns) incorporated

cesium removal (also *JZr) in the primary step (129). However, we

have found no reference to suggest that this scheme was developed

anywhere past laboratory scale and, thus far, no mention of this

process in the Soviet nuclear technology literature. [Evidence for the

sodium uranyl acetate reprocessing method (and solvent extraction,

discussed later) effectively negates this possibility.]

Second, separation of 137Cs (and 90Sr) from high-level wastes

might have been attempted in order both to reduce the long-term hazards

of stored wastes and the volume of storage required. Although this is

a common practice with modern waste materials (110), according to our

information (61,74), separations for this purpose in 1957-58 had not

advanced past the exploratory stage. [However, waste scavenging

(involving precipitation, decantation of supernatant, and rinsing of

the precipitate) is one mechanism whereby separation of 137Cs from
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90
Sr (by factors > 100 to 1) and other fission products can be

achieved (62,69,74,130). This type of step could have been performed

preparatory to a cesium isotope production process as well.]

A third case is derivable from the second: clean separation of
107

the liquid (supernatant) containing > 99% of the Cs from a

precipitate (sludge) containing >99% of the 90Sr, 106Ru, and
144

Ce in stored, neutralized high-level wastes by some accident

mechanism which allows rapid leakage of the liquid out of containment

and, then, atmospheric dispersal of at least a fraction of the sludge.

This case is attractive because if the bulk of the precipitate followed

the liquid (as a slurry) and then found its way into the previously

described large water body (with the open drainage), while the other

lakes and the terrestrial areas were contaminated by the aerosol phase,

one would have a potential explanation for the "Kasli area" incident

which would involve releases from only a single high-level waste

container.

Fourth, the Russian nuclear technology literature indicates that

137
Cs was the initial isotope (and in 1958, the only product of

significance both inside and outside the U.S.S.R.) removed from fission

wastes for large-scale radioisotope production (69,116). Presently,

this would seem to be the best explanation for the marked reduction of

137
Cs in part of the "Kasli area" contamination zone involving a

deliberate separation accident.

A fifth possibility is that high-temperature conditions, produced

by self-heating of drying, highly concentrated high-level wastes,

137
caused the volatilization of most of the Cs prior to an explosion
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which vented the remaining materials. However, the volatilization case

has two serious problems: one is the repeated reference to isotope

application in the nitrate form in "Kasli area" radioecology studies

and the other is the presence of Ru as a significant (and

apparently undiminished) constituent at the start of aquatic studies.

A significant effort has been expended both in the United States and

the Soviet Union directed toward conversion of high-level liquid wastes

to solids (glasses, ceramic fusions, calcined alumina, etc.) for

reasons related to safety, volume reduction etc. (74,85,131). One

product of this research has been detailed information on the

volatilization of fission products at temperatures above 100 C. In

acid preparations (most probable case based on reported Soviet practice

in 1962,132, but see later discussion on dispersal mechanisms),

ruthenium volatilizes at lower temperatures (< 400 C) than cesium

(formation of RuO«). In basic (neutralized) mixtures, ruthenium

volatilization may be suppressed at temperatures up to 900 C. However,

137
volatilization of Cs commences at temperatures of 400 to 500 C

near the decomposition temperature of its oxide. In neutralized

high-level liquid wastes produced in solvent extraction (or sodium

uranyl acetate, 113) processes, the dominant nitrates present (NaNO^,

A1(N03)3, and NH^NO-^) (70,71,74) would also be decomposed at

temperatures less than 400 C (133). [Some arguments applied earlier

both for and against a reactor accident can be applied to the waste

volatilization case, as well.]
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PROBABLE SOURCE

The volume (70,72,77,78,114), radioactivity, and corresponding

energy content of nitrate containing high-level wastes (several
3

hundred - several thousand m ) held in a single underground storage

tank could be sufficient to produce the level of contamination

associated with the "Kasli area" event (and, in some historical cases,

provide considerable explosive force for its dispersal if somehow

released). This would have been the only source which could have

provided the required inventory of moderate- to long-lived fission

products in a single point release based on U.S. radiochemical

separations/high-level waste handling practice in 1957-58 (72,74).

POTENTIAL DISPERSAL MECHANISMS FOR HIGH-LEVEL WASTES

One can postulate accident cases wherein, either as a result of a

violent conventional explosion/fire following either a nuclear

criticality (superheating effect), or ignition of highly flammable

solvents, or deflagration/detonation of certain historical nitrate

wastes, or detonation of radiolytically produced hydrogen gas, or even

steam pressure build-up (from radiolytic decay heat) in a high-level

waste storage system associated with a radiochemical separations plant,

a large quantity of fission products could be dispersed to the

atmosphere. One could not necessarily infer the exact cause of the

accident based on the reported isotopic ratios in the high-level

contamination zone. Once again, the isotopic content is determined by

the materials released rather than the dispersal mechanism.
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The explosive potential of diethyl ether, nitromethane, and

certain other highly flammable solvents considered for certain solvent

extraction applications in fuel reprocessing (75,81,82) was well known

and it seems doubtful that these would have been used in full-scale

operations. Because of the apparent dissimilarity between Soviet and

U.S. reprocessing schemes and rates of fission product development for

agricultural and industrial uses which we reported earlier, one

obviously cannot absolutely rule out the possibility that other

significant differences in radiochemical separations techniques also

existed, however improbable they might seem at present. The

association of large volumes of solvents with large volumes of

high-level wastes (spatially) is still highly unlikely.

At this point in the separations/storage process, fissionable

material should not have been present in significant quantity, an

argument against a nuclear criticality dispersal mechanism. Conditions

of tank storage should have been unfavorable for a sustained

criticality. In further support of this point, criticality incidents

associated with radiochemical separations in contemporary U.S.

experience (to the "Kasli area" incident) did not occur in materials

containing fission products (134). Neither explosions nor significant

quantities of long-lived fission products were produced in these

incidents.

Despite the presence of large quantities of fission products held

in U.S. high-level waste storage tanks, no incidences of fires,

explosions, or significant atmospheric radioactive releases had

occurred through 1975 (114,134) (or have since occurred, to our
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knowledge). The relatively few failures had involved either corrosion

or flexure of the steel tank liners, but without catastrophic leakage

of the contents because of built-in safeguards (114,134). Contemporary

experience with radiochemical separations outside the Soviet Union had

involved a few explosions and fires (of very limited extent) associated

with evaporators, ion exchange columns, etc. (134,135). Three of the

four reported explosions involved evaporators (134, 135); only one

occurred in association with significant fission product activity (135).

The possibility of an incident associated with large-scale.

radioisotope production seems enhanced by the fact that in 1957-1958

137
the major Cs separations scheme employed the ammonium alum process

(62,69,74,117). This process fulfilled all the requirements for a

large-scale production process stated by Soviet authors (69) in what

appears to be the first comprehensive paper on the subject published

outside the U.S.S.R. This first Soviet paper (69) did not provide a

137 137
Cs production scheme since Cs had already been separated from

the material supplied to these investigators (the alum process was the

only production method referenced, 62). The importance of the ammonium

alum process is that resulting wastes, if left untreated, could then

contain significant quantities of anmonium nitrate [certain hexone

solvent extraction process wastes also shared this feature prior to

further separations) (70,74,80)]. In the United States, the ammonium

137
alum process for Cs removal formed only an intermediate step in

the fission product separations scheme (62,114). Storage of large

volumes of high-level wastes containing ammonium nitrate, following

this step, was not practiced in the United States. The Soviet
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literature suggests that this might have been the case, following
137

Cs separation, in the U.S.S.R. in 1958 (69,116). Separations

schemes for other long-lived fission elements were under development,

but not beyond bench-scale facilities. It was recommended in any case

that wastes be held for 2 to 2.5 years prior to isolation of isotopes

90 144
such as Sr and Ce from reactor wastes (69).

The explosive qualities of ammonium nitrate have been well

recognized, but perhaps less well known is the fact that it forms a

major ingredient in many slurry explosives (136-138). Ammonium nitrate

is generally thought to be relatively insensitive to accidental

detonation. However, at least five major disasters have involved

accidental detonation of solid fertilizer-grade ammonium nitrate by

apparently spontaneous mechanisms (136,139). A chemical explosion

occurred at the Chalk River Nuclear Research Laboratories in 1950 in a

pilot plant evaporator used to concentrate fission products from a

nitric acid-ammonium nitrate solution (135). The cause was determined

to be "the buildup of too large a concentration of ammonium nitrate in

the hot evaporator concentrate." Thus, a precedent already exists for

a radioactive waste explosion when significant quantities of ammonium

nitrate are present. [We must (again) point out that we have no direct

evidence that the U.S.S.R. was using the ammonium alum process for

137
Cs separation in 1957-58. Ammonium nitrate could likewise have

been present in high-level wastes for a number of reasons. It could

have been formed as a result of precipitation (74) or neutralization

(70) steps, or it may have been used as a salting agent in solvent

extraction (70,140). Further, the Soviet Union was reportedly
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developing the nickel ferrocyanide cesium extraction process in 1957

(141); this process was also under development in the United States at

the same time (61). In our case, the nickel ferrocyanide process had

not been carried beyond pilot-scale facilities (74). We cannot rule

out the possibility that the U.S.S.R. abandoned (or ignored) other

cesium separations processes in favor of the nickel ferrocyanide

procedure.]

ACCIDENT SCRIPTS

Based on the available evidence and the assumption that Soviet

practice was similar to that in the United States in 1957-58, we will

propose two independent explanations for both the initiation and

expression of the "Kasli area" accident. Both ultimately involve

explosions/fires in high-level waste residues contained in tank storage.

In U.S. practice, high-level waste tanks were double-walled systems

(concrete shell with sidewall and bottom lined inside with steel; top

made of concrete, often with a thick layer of earth overhead). Some

tanks had both a primary internal cooling system to prevent boiling and

a backup system (air-cooled reflux condenser) in the tank top to prevent

liquid ejection, should boiling occur. In these tanks, air was flushed

continually to prevent hydrogen accumulation. Other tanks allowed

controlled boiling of the liquid wastes (agitation by airlift

circulators) and used a single condenser to return condensate to the

tank. Air which exited all tanks was filtered to remove radioactive

particles. Tanks were constantly monitored for a variety of conditions.

If a leak was detected in one tank, its contents could be pumped into
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another. Some tanks were designed with a "cup and saucer" arrangement

whereby liquid leakage from the inner "cup" could be retained by the

outer "saucer" (114).

The initiation of our proposed accident would require that at least

two, perhaps even three, of the primary cooling/safety mechanisms failed

simultaneously and, further, that the failures went undetected (or at

least unremedied) while conditions led to dispersal of the tank

contents. Based on U.S. experience in 1957-58, it is difficult (for

us) to see how anything but an "act of God" could have accomplished

this. Our imaginary skeptic (now converted to a waste storage

phenomenon rather than a reactor accident) might argue that the U.S.S.R.

either did not incorporate all of our safety features into their waste

storage practice or utilized a radically different type of storage

system.

Both of the skeptic's suggestions may have merit, but, for the

moment, let us assume that failure of safety mechanisms has occurred on

a U.S. design storage tank and proceed from there. For tanks which

kept wastes cooled below the boiling point, we will assume that the air

purge system failed; this allowed the buildup of a high concentration

of radiolytic hydrogen (72,77,85,110,114) which then ignited and

exploded. In the case of a "boiling waste" tank, we will speculate

that the air-lift circulator failed; this led to the periodic occurrence

of the "bumping" phenomenon (an irregular, violent boiling effect,

apparently exacerbated by the presence of precipitates in neutralized

wastes) (72,78,110,114). Our calculation of the possible energy

release from a hydrogen explosion (typical container dimensions up to
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several thousand cubic meters, worst-case conditions) and the maximum

observed value for the "bumping" phenomenon (78) are both quite

similar, ~ 10 kcal. The tank pressurization produced by ignition of

radiolytic hydrogen or steam release via the "bumping" phenomenon might

cause failure of the cooling systems and other safety devices and/or a

breach in container integrity, but would hardly be sufficient to

totally destroy the tank or to produce atmospheric dispersal of the

contents. Likewise, design criteria sufficient to prevent container

rupture, at least by the "bumping" phenomenon are now well-known

(77,78,110,114).

However, in U.S. practice, tank pressurization by irregular,

violent boiling was discovered "under operating conditions different

from those for which the storage tanks were originally designed. Hence,

the existing structures had to be carefully evaluated to determine the

amount of internal vapor pressure they could safely contain. Steps

were taken to insure that this pressure was not exceeded" (114). Thus,

in the United States, early experience with high-level wastes played a

major role in determining both the structural design of later high-level

waste storage tanks and the types and degree of application of safety

mechanisms (114). If the U.S.S.R. (with a lesser degree of experience

in 1957-58) had attempted to use less conservative design criteria for

waste storage tanks (or different structural designs, etc.) than the

United States, one might reasonably speculate that "the discovery" of

this phenomenon might have occurred under less satisfactory

circumstances. Depending on whether (and where) a breach in the

container occurred, the initiation event might have been accompanied by
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either complete loss of the liquid contents directly into the

surrounding soil, or a fractional loss via a geyser of steam and boiling

liquid into the air (and over the soil) through the top of the tank, or

essentially no loss of the liquid inventory. Liquid remaining in the

tank would begin to self-concentrate, and solid residues (from

neutralized wastes), if unaccompanied by liquid, could begin to

superheat because of radioactive decay. The initiation event thus could

incorporate a significant liquid release to the environs, but would not

be expected to produce the required atmospheric release to explain the

"Kasli area" incident.

The ultimate expression of the accident could have occurred when

superheating of slurries or solid residues left in the tank produced

either a deflagration resulting from reactions between nitrates and

excessive amounts of organic contaminants (solvent decomposition

residues (117), perhaps acetate, etc.) or a detonation of ammonium

nitrate-containing wastes. The potential energy release would be up to

10 times greater than that for the initiation event (e.g., 0.1 kT-TNT
Q

equivalent, ~ 1 x 10 kcal; initial condition - 2 M NH^NO, in

1000 m tank, 2/3 full, 140). A violent explosion in one waste

storage tank could breach the containment of a companion tank (usually

arranged in groups called "farms") by ground shock; thus, a simultaneous

atmospheric and liquid release (i.e., from the companion tank) of

high-level radioactive wastes with significantly different radionuclide

contents could occur. A tank breach/liquid leakage/aerosol-dispersal-

of-precipitate case (discussed earlier - third cesium separation case)

would require the involvement of only a single tank to produce a liquid
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90 137
release with a Sr: Cs activity ratio of ~ 1:1 and an aerosol

release with a ratio > 100:1. This would seem to offer at least two

possible mechanisms for contamination of the entire "Kasli area" zone,

90 137
with its apparently disparate Sr/ Cs ratios (one large water

body vs other lakes and terrestrial areas) as a result of a single

event. However, the mechanism for precipitate (sludge) dispersal in

the latter case escapes us at present since the bulk of the

nitrate-organic or ammonium nitrate fraction should accompany the liquid

and not remain with the precipitate. However, this latter case may

still have merit in light of the discussion which follows.

ANOTHER VIEWPOINT

Although acid storage of high-level waste concentrates in stainless

steel tanks, presumably without sludges, was reported to be typical

Soviet practice in 1962, this may have referred only to wastes produced

by newer solvent extraction processes (132), i.e., not from the sodium

uranyl acetate process. In a research paper (presented at a 1958 Geneva

Symposium) related to the feasibility of storing high-level wastes in

open, earthen reservoirs (142), Soviet scientists reported data on the

migration of mixed fission products in soils using two distinct types

of model solutions [alkaline, 2.4 M NaNO, and acid, 1MA1(N03)_].

The alkaline solution could have been a model for neutralized,

high-level wastes from either the sodium uranyl acetate precipitation

process or a TBP-type solvent extraction method. The aluminum

nitrate-containing solution most certainly represented a solvent

extraction waste (probably from a hexone process, 70,71). Aluminum
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nitrate was used as a salting agent (70,140) and waste storage in acid

form (in stainless steel tanks) was often practiced because

neutralization significantly increased storage volumes (70).

Further, the alternative of long-term storage of high-level wastes

in small, surface reservoirs of earth (both lined and unlined) appears

to have at least been seriously explored by the U.S.S.R. (if not

implemented) because of economic considerations (142). An intriguing

series of related laboratory studies on the potential use of unlined,

low flow rate, cascaded reservoirs for deactivation and disposal of

radioactive wastes was published in the late 1950-mid 1960 period

(143). The initial results generated optimism about the efficacy of

such systems for generalized radioactive waste disposal. Later papers

focussed on optimizing cesium/strontium radioisotope removal by

manipulation of physical and biological characteristics and identified

a potential problem with transport of radioactivity out of such systems

by desorption phenomena. In the one known field test of an unlined

system (142), a gully (3 km long) was simply dammed and wastes were

directly discharged into it. This system failed rapidly because of

radionuclide migration (primarily ruthenium, but also strontium and

cesium isotopes) into ground water (142).

Thus, although the Soviet Union has reportedly employed tank

storage for its high-level wastes (77,132,144), one cannot presently

eliminate the possibility that the "Kasli area" event was caused by the

catastrophic failure of an early, experimental waste disposal project

involving some other type of container. For example, storage of

high-level wastes in asphalt-lined pits was considered for a time in
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the United States, but was abandoned when research indicated potential

problems with overheating and radiation damage in the asphalt liners

(145). Subsequent research on bituminization (incorporation into

asphalt) in the U.S.S.R. has also shown that high-level waste materials

may not be stored in asphalt without auxiliary cooling and, further,

that potentially explosive reactions may take place when waste

nitrate-asphalt mixtures are allowed to reach temperatures of 300 C

(146).

Another speculative source in the U.S.S.R. may have been from a

porous underground geologic formation into which high-level wastes may

have been pumped for disposal (76). However, perhaps because of the

inherent hazards recognized for this method of high-level waste disposal

(76), reported Soviet practice prior to 1972 (77,84,144) had involved

injection of only low- and intermediate-level wastes into porous

geologic formations. [What we have reluctantly concluded from all of

this information is that just what "typical Soviet practice in either

radiochemical separations or high-level waste storage" was in 1957-58

is still open to considerable speculation. The potential for accidents

and chronic leakage associated with earthen reservoir storage of liquid

high-level wastes appears to have been much greater than for controlled

tank storage. Mechanisms for aerosol dispersal and cesium separation

would also be more varied because of soil interactions. However, the

relationship of these additional phenomena to an analysis of hazards

associated with the historical development of nuclear technology

outside the U.S.S.R. seems rather peripheral.]
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ADDITIONAL SUPPORT FOR HIGH-LEVEL WASTE ACCIDENT

Potential failures of safety mechanisms (cooling systems) on

high-level liquid waste storage tanks resulting in evaporation and

drying have long been recognized as a significant hazard (72,77,85).

Soviet authors appeared to be particularly concerned with the potential

for explosions resulting from such failures in a paper (85) delivered at

the IAEA Symposium on the Disposal of Radioactive Wastes held in 1959.

Further evidence in support of an incident involving airborne

release of separated radioactive wastes from a radiochemical

separations/high-level waste storage facility is provided by a Soviet

paper (37) presented at another IAEA Symposium (Handling of Radiation

Accidents) held in 1969. The stated purpose of this paper was to

determine criteria for systematic evacuation of areas accidentally

contaminated by long-lived fission products (aged 200-350 days) from a

radiochemical separations facility. The paper reports the results of a

planned experimental contamination of field plots for subsequent

dosimetric measurements (length of study - 3 months). However, the

large size of the study area (indicated by the variety of physical and

land-use features; e.g., haystacks, forest plots, asphalt highway,

water bodies, collective farms, etc.), presence of contamination on

clothing of collective farm workers, data on human inhalation and

ingestion, and data for various seasons again suggest the

implausibility of a planned experimental event. Additionally, the

authors provide data for differential contamination of various

terrestrial surfaces as a result of the passage of a radioactive cloud,
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methods or references not provided. This dosimetric study has been

reported as the source of radioactive contamination subsequently

utilized in a series of "Kasli area" terrestrial radioecology

investigations. However, early works in the radioecology series were

ongoing (20,30,31) 3 to 9 years before the stated date of contamination

of the territory, - an apparent internal inconsistency.

SUMMARY AND CONCLUSIONS

It would seem that one can postulate a credible accidental release

of separated fission wastes from high-level liquid waste storage

associated with a Soviet radiochemical separations plant in 1957-58 by

conventional means, i.e., without having to resort to any type of

nuclear explosive or criticality mechanism. One such accident could

have involved the detonation of a large volume of dried high-level

wastes (containing significant quantities of ammonium nitrate), from

137
which most of the Cs had been deliberately separated, following

failure of a cooling system on a high-level waste storage tank. Based

on present information and the assumption that Soviet practice was

similar to that in the United States, it would seem that the only

significant alternatives to be considered are additional venting

mechanisms (e.g., fires/explosions involving other types of nitrate

wastes, or perhaps even rupture of containment by steam pressure) which

could result in the combined atmospheric/liquid release of separated,

reprocessed fission wastes (approximately 10 Ci of Sr - reference

radionuclide) from a typical storage vessel. Cases involving detonation

of nuclear explosives or reactor accidents (note thefpervyous caveat)
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appear to deserve little consideration as the sole source of the "Kasli

area" contamination zone. The available evidence has firmly convinced

us that a major release of fission products from a "Kasli area"

installation did occur, regardless of the cause.

Many different types of accidents could be postulated to explain

the atmospheric/liquid release of radioactive materials from a

high-level liquid waste storage facility in addition to those discussed;

most would not be credible based on U.S. practice or experience. We

have not specifically considered accidents whose causes are essentially

unrelated to the technology and could not be deduced without an onsite

forensic analysis (e.g., gross human error, natural disasters, or

sabotage). What we have been particularly concerned with are those

potential accident mechanisms perhaps inherent in the historical

development of the technology. We also have not seriously attempted to

analyze a situation involving multiple accidents, combinations of

accidents and non-accidents, or a complex single event because we feel

that all the potential causes under discussion contain considerable

speculation already; further additions at this time seem pointless. We

have singled out the ammonium nitrate waste-explosion case because it

combines a seemingly credible dispersal mechanism consistent with

observations of cesium separation in the terrestrial contamination zone.

We reiterate that this is not the only reasonable explanation for the

"Kasli area" incident and that actual confirmation of the cause must

await release of more information by the Soviet scientific community.

We are presently unable to reconcile the allegations of large

numbers of civilian casualties made by Medvedev and Tumerman (3,4,7)
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with the reported concentrations of radioactivity in "Kasli area"

radioecology studies. Our estimates of radiation dose rates for the

2 90
1 mCi/m - Sr reference surface concentration, using several

potential mixtures of 200- to 350-day-old reactor fission products

(worst case, relative abundances from Table 1), are a small fraction of

those delivered to inhabitants of the Marshall Islands, who were

accidentally exposed to fallout radiation following a nuclear test in

the Pacific (Bravo shot - Operation Castle, 147) in 1954. By analogy

with the absence of casualties and the types of effects observed (147),

we would conclude that prompt evacuation and personnel decontamination

in the "Kasli area" should have prevented the development of acute

radiation sequelae (primarily skin burns in this case). [Skin lesions

produced by direct deposition on human skin are far less likely in

Siberian residents in the winter than in Marshallese inhabitants under

tropical conditions.] Thus, it seems quite reasonable to us that

severe injuries and casualties, if any, may have been restricted to the

nuclear installation at which the accident occurred. Nonetheless,

present uncertainty about the exact distribution pattern of

contamination from the accident, 1957 population patterns near the

release site, residence time of the human population in the

contamination zone (post-accident), isotopic content and particle size

of the source material, and the actual circumstances surrounding the

event (time, meteorological conditions, etc.) seriously limits a

complete assessment of the human consequences of this incident. Again,

we believe that this must await the release of more information by

sources in the Soviet Union.
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We encourage independent evaluation of the bibliography we have

presented as well as the addition of any new information on the event.

This incident appears to raise safety questions related to historical

radioisotope separations and subsequent high-level liquid waste storage

which should be answered. While we believe that the "Kasli area"

phenomenon resulted from use of now-obsolete waste storage-isotope

separation techniques, it has not been our objective to totally dismiss

this incident as a historical event which could never reoccur, but

rather to provide a vehicle whereby we can eventually obtain more

information. It seems most probable to us that the eventual truth of

the matter will be that modern high-level waste handling practices

(denitrification, conversion to anhydrous melts or solid matrices, etc.)

would have prevented this incident.

It seems rather apparent that the Soviet nuclear program has had

to contend with a catastrophe involving reprocessed nuclear wastes.

The extensive body of publications in the open literature indicates the

seriousness with which the Soviet scientific establishment viewed the

problem. However, the reluctance to provide detailed information about

the nature of the source, site, etc., coupled with the probable

existence of more research, documented but internal to the Soviet Union,

limits the usefulness of the experiences gained by Soviet scientists:

ecologists, health physicists, civil engineers, nuclear technologists,

etc. As scientists deeply involved in evaluating hazards associated

with radioactive releases to the biosphere, we urge the Soviet

scientific community, which was engaged in the aftermath of the "Kasli

area" incident, to share all pertinent information with other
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scientists concerned with achieving the safe development of world-wide

nuclear power. Soviet experience gained during the application of

remedial measures on an unparalleled scale following this accident is

clearly unique and would be invaluable to the remainder of the world's

nuclear community.
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