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ABSTRACT: The travelerattendedthe conference,ComparativeAssessment
of the EnvironmentalImpactof RadionuclidesReleasedDuring
Three Major Nuclear Accidents: Kyshtym, Windscale, and
Chernobyl and presented an invited paper giving a western
perspectiveof the Kyshtym (Chelyabinsk-40)high-levelwaste
explosic, that took place in 1957. Papers of interest to
severalORNL and DOE programswere presented. These covered
the topics of accident sourceterms, atmosphericdispersion,
resuspension,chemical and physical forms of contamination
(e.g., "hot" particles), environmental contamination and
transfer,radiologicaleffectson humans and the envirenment,
and countermeasures.The traveleralso made valuablecontacts

; with Soviet and other scientists related to an ongoing
assessment sponsored by the International Union of
Radioecologistsof releases from the Chelyabinsk-40site.

I This included an agreement in principle for direct
participationby key Soviet scientists.
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SUMMARYOF ACTIVITIES,INCLUDINGTRAVELER'SROLE

The traveler attended the conference, Comparative Assessment of the
EnvironmentalImpactof RadionuclidesRe]easedDuringThree Major Nuclear
Accidents: Kyshtym, Windscale, Chernobyl in Luxembourg,October I-5,
1990. Threemajor nuclearaccidentshave resultedin the releaseof large
quantitiesof radioactivefissionproducts into the environmentand the
contaminationof substantialareas in the northernhemisphere. The first
was the high-level waste explosion at the Chelyabinsk-40plutonium-
production center (Ch-40;also known as the Kyshtym nuclear complex) in
the Urals in September 1957, the second involved a gas-cooled
plutonium-productionreactorat Windscalein October1957, and the third
occurred at the Chernobyl atomic electric station in the Ukraine in
Apri'l-May1986. Many subsequentstudieshave investigatedthe nature and
consequencesof these accidents. The aim of the conferencewas not simply
to present, but, more particularly, to compare assessments of the
environmental significanceof the three accidents. There were five
consecutivetechnicalsessions,plus a poster sessionand concludingpanel
discussion:

I. AccidentSource Terms (6 papers)
2. AtmosphericDispersion,Resuspension,Chemical,and Physical

Forms of Contamination(B papers)
3. EnvironmentalContaminationand Transfer (30 papers)
4. Radiological Implications for Man and His Environment

(13 papers)
5. Countermeasures(9 papers).

Several videotape presentationswere also available to participants.
There was one each on the Windscaleand Ch-40 accidents,and there were
severalon the Chernobylaccident,coveringsuchtopicsas lessonslearned
and decontaminationmeasures. This conferencewas a historicalevent for
several reasons. First, it was attended by over 50 Soviet scientists.
This was the largestSoviet turnoutever for an internationalscientific
meeting, and 50 of the 66 formal presentations were made by Soviet
scientists. There also were nine delegatesfrom EasternBloc countries.
Second,the Sovietswho attendeddid so as many separatedelegations--not
as one, as in the past. lt was apparentfrom both the presentationsand
the ensuing discussions that they did not have one single official
position on the issues,contraryto past practice. Further, it did not
Appear that representativesof the governmentor the KGB were present to
monitorwhat transpired.

Unfortunately,the informationtransfervia presentationsmade by Soviet
scientists was not of historic proportions, lt was In fact quite
disappointing. The record turnout of Soviet scientistswas apparently
unexpected,apd thus all presentationshad to be cut from 20-25 minutesto
15 mi,_:t_ it,length to accommodate the larger number of speakers.
Although simultaneoustranslationswerc available, the rapid pace and
obvious inex,_erienceof many speakers,coupledwith visualaids that were

• generally of very poor quality--often totally unreadable--produced



generallyunsatisfactory,sometimesincoherent,presentations.One factor
that may have made it difficult for translatorsto keep pace with the
Soviet speakerswas that Russianwas first translatedintoFrenchand then
into English. In addition,fewpreprints of paperswere made availableat
the meeting. Thus, u1_.c_2rstandingand interpretationof presentationswere
hamperedby a lack of familiarizationwith the materialbeforehandand an
inabilityto make cross-comparisonsduring presentationsand afterwards.
Copies of preprints are to be mailed to participantsonce all of the
Soviet papers have been translated. This will obviously take time.
Because the traveler is able to read Russian and is generallyfamiliar
with much of the subject matter, his experience at the conference was
probably better than that of many other participants. However, the
traveler's efforts to pursue questions about individual papers were
hamperedbecauserelativelyfew SovieL scientistsspoke Englishand those
who did were in demand as translators.

The causes and developmentof the accidentswere to be described in the
first session, but this was done only for the accidents at Ch-40 (by
G. N. Romanov, U.S.S.R., and the traveler) and Windscale (by
A, C. Chamberlainand A. E. Eggleton,UnitedKingdom). Estimationsof the
source terms were performed for all three accidents. The subsequent
atmosphericdispersionand groundd_positionfrom the 1957Sovietaccident
were topicscovered in this session. The most interestingrevelationson
source terms came from a brief presentation by L. M. Khitrov of the
U.S.S.R.during the concludingpanel discussionand fromdiscussionswith
participantsafter the session on Source Terms. The presentationby
Khitrov,l_ighlightedthe fact that the Sovietshave revisedtheir estimate
of the '_'Csreleased during the Chernobyl accidentupward, resulting in
estimatesmore consistentwith earlierU.S. and U.K. estimates.

The traveler'sparticipationin this conferencewas directlyrelatedto an
environmentalassessmentof the 1957 Soviet nuclearaccidentcommissioned
by the InternationalUnion of Radioecologists(IUR). The traveler and
S. I. Auerbach,past director of the EnvironmentalSciencesDivision at
ORNL, were asked to perform such an assessment based on all available
information,but particularlythat releasedby the Soviet Union over the
past 15 months. The conference representedthe first opportunity to
present our findings. The traveler's expenses were covered by the
Commission of the European Communities (CEC), which cosponsored the
Luxembourgconferencewith the IUR. The ultimateproductof this activity
should be of benefitto severalORNL and DOE programs.

The travelerhad pointedout inconsistenciesin the Soviet sourceterm for
137Csfrom the 1957 high-levelwaste explosionat Ch-40 in his own paper,
with the objective of obtaining clarification from Soviet scientists
during the meeting. A formerlyclassified1974 Sovietreportpublishedin

o 1990 indicatesthat much more 137Cswas released (or was present in the
contaminatedareas at the time of the I957 accid,._nt--possiblyfrom one of
the unconfirmedreactor accidentsat Ch-40) than do other recent Soviet
reports.



Independentanalyses of radionuclidesin soil samples collected irl1990
from areas in and near the contaminationzone resulting from the 1957
accident have been made by extremelyreputablewestern scientists. The
results were provided to the traveler at the conference following the
first session. These indicatethat eithersignificantunreportedairborne
releases of 137Cshave occurredfrom Ch-40 or there is a major discrepancy
in the source term for the 1957 accident. Soviet scientists (including
Dr. Romanov) contactedat the meeting statedthat no discrepancyexisted
and that the informationin their recent reportswas simply more accurate
than tkat in the 1974 report. Other inconsistencieswith published
informationappearedin the videotapepresentationon the 1957 accident.

Thus, it appearsthat the concernsexpressedin the traveler'spaper were
indeedwarranted, lt is the traveler'sjudgmentthat the ongoingprocess
of declassificationof informationabout Ch,-40by the Soviet Union,which
has recentlyrevealedsignificantoverexposureof workersto radiationand
massive additional environmental contamination produced by early
operations, is probably incompletewith respectto radioactivereleases
from Ch-40, as well as their consequences.

Special topics in the second session, in addition to atmospheric
dispersionand depositionof the releases,were resuspensionof deposited
activity and the fate of "hot" particles. One particularly graphic
demonstrationof the latter was in a presentationby N. V. Victorova,
U.S.S.R., in which autoradiographsof tree leaves were used as a
monitoring tool. Perhaps the most interesting Soviet paper (by

A. V. Konoplyov and T.M. Bobovnikova) covered differences in
environmentalmigrationbehaviorof 9°Srand I_7Csreleasedby the Chernobyl
and r.h-40accidents. Most of the fallout at Chernobyl occurred as
nonexchangeablechemicalfor,,Is(fuelparticles),whereassolublenitrates
dominatedat sites in the Urals contaminatedby the 1957 high-levelwaste
explosion.

Followingthe second session,the travelerand Dr. Rene Kirchmannof the
IUR met frithDr. G. N. Romanov,Director of the ExperimentalScientific
Research Institute,establishedby the U.S.S.R.to deal with th_,aftermath
of the 1957explosionat Ch-40. Dr. Romanovagreed (in principle,subject
to approval by higher authority) to collaboratewith the traveler in
preparing a joint environmentalassessmentof the 1957 accident. The
first step was to be a review of the paper prepared by the traveler and
S. I. Auerbach for the Luxembourg conference, if possible prior to
departure from the conference. This was to be followed by individual
written contributionsfrom Dr. Romanovand his colleagues for the final
assessmentreportsponsoredby the IUR. This was also to includetravel,
if necessary, to and from the Soviet Union for work sessions and
informationgatheringactivities. A meeting was scheduledfor the last
day of the conferenceto discussDr. Romanov'sreview commentsand to iron
out more details of the proposedcollaboration.

During the course of this first meeting and subsequentdiscussionswith
Dr. Romanov and Yury Nozach, a high-levelrepresentativefrom the Ch-40
plutonium-productioncomplex who cochaired the opening session of the



conference, the traveler obtained additional details about the 1957
accident regarding evacuationsand remedialmeasures. However, it was
expectedthat much more would be providedvia the reviewof the traveler's
paper and follow-upmeetingsand discussions. However,no reviewcomments
or further informationwere provided in the meetingthefttook place on the
final day of the conference. Instead,Dr. Romanovindicatedthat he would
return his comments to the traveler by mail and asked Dr. Kirchmann to
develop a formal agreementfor his continuedparticipationin this effort
through officialchannels. He did, however,indicatethat the subjectof
releases from Ch.-40,other than those from the 1957 accident, could be
includedwithin the scope of the proposedassessment. Although this may
only include those already identifiedcurrently (dischargeof 3 MCi of
radioactivityto the Techa River in 1949-1951 and aerosol and liquid
releases from the Karachayre:_ervoir,which contains 120 MCi of 9°Srand
I_7Cs),it offers the possibilitythat informationon unreportedreleases
of the type describedabove may also be obtained. In any event, further
information on releases to the Techa River and from the Karachay
reservoir,along with past and planned remedialactivities,shouldprove
beneficial to DOE's EnvironmentalRestoration Program. Further, and
possiblyeven more significant,Dr. Romanovsuggestedthat the releaseof
a comprehensiveSovietreporton remedialactionsand emergencyresponses
to radiation accidents (see later discussion on Session 5 of the
conference) might also be expedited through an arrangement with the
IUR/CEC. Such a report should contain a wide variety of information
potentiallyuseful to the EnvironmentalRestorationProgram.

The 30 papers presented in the third session of the conferencecovered
observationsof radioactivecontaminationin soils and waters producedby
all three accidents,togetherwith studieson the transfer of radioactive
substancesin terrestrial,aquatic,and agriculturalecosystems. A total
releaseof 23 kg of 2_9'24°Pufrom the Chernobylaccidentwas estimatedby
V. I_.Kulakov et al., U.S.S.R., from ground deposition measurements.
Agriculturalproblems followingthe Chernov_ylrelease were describedby
B. S. Prister,U.S.S.R. High levels of '°'Cscontaminationare found in
the Polyesiy,_regionof Byelorussiaand the northernUkraine. This is an
area where '"'Csuptake by biota is enhanced 3y unique soil conditions.
Additionsof lime, high-potassiumfertilizers,,_ndzeolites,coupledwith
plowinghave apparentlybeen effectivein reduci=,'guptake of "'Cs. There
were also 13 papers devoted to migration and biological effects of
radionuclides,primarilyIZTCs,releasedby the Chernobylaccident.

The fourth sessionbegan with a presentationnot on the program. Soviet
scientist G. P,.Kuznetsov of the Vernadsky Institute of the U.S.S.R.
Academy of S;iences gave an eyewitness account of a major submarine
reactoraccic_entthat occurredin the northwestAtlantic in 1961. He was
a sailor on board the Soviet nuclear submarine at the time of the
accident. A major environmentalreleasewas narrowly averted, but the
accidentcost the lives of eight shipmatesas a result of acute radiation
exposure (reportedlyup to 6000 man-Sv). The traveler returned with
copies of this presentation,but unfortunatelyone is handwritten in
Russian and the other is a French translation of the former. This
accident was also describedin two articles in Pravda in July 1990.
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Scheduledpresentationsfrom the fourth session of the conference dealt
with human and ecological effectsof the Chernobyl and Ch-40 accidents.
The Soviets have estimated that the committed effective radiation dose
equivalentfrom 137Csfrom the Chernobylaccident amountsto 100 mSv for
a person inhabiting areas contaminatedat 10 Ci/km2 (M. I. Balonov,
U.S.S.R.). The presentation by L. A. Buldakov et al., U.S.S.R., on
medical consequencesof the 1957 high-levelwaste explosioncontainedno
new informationand little quantitativedata on radiation ef(ects or
dosimetry for inhabitants of areas most highly contaminated. Until
quantitativedata for medicalexaminationsand dosimetryare provided,the
Soviet conclusions of no significant effects of radiation exposure
following the 1957 accident should be viewed with skepticism. For
example,some farm animalswere alreadydying of acute radiationexposure
in the most highly contaminatedpart of the 1957 depositionzone at the
time that evacuation of the human populationwas being conducted. Yet
humans reportedlyreceived radiationdoses only 5-10% of those delivered
to farm animals.

Accordingto I. A. Ryabtsev,U.S.S.R.,despite the great differencesin
scale and consequences of the Chernobyl and the 1957 accidents, the
responses of vertebrate populationsexhibited a similar pattern. Many
species have benefitted over the long term because of the reduction in
human intrusioninto and disturbanceof highly contaminatedareas, even
though most vertebrateswere killedduring the initialMacute exposure"
period immediatelyfollowingbothaccidents. Dr. Ryabtsevagreedto send
the traveler a complete set of his publishedworks on both accidents
Areas of 20 and 50 km= of pine forestwere killed by the 1957 high-levei
waste explosion and the Chernobyl reactor accident, respectively, as
describedby F. A. Tikhomirov,U.S.S.R. Damage to pinetrees at Chernobyl
might have been greater if the accidenthad not occurredin the springof
the year. Ninety percent of the fallout was washed out of the canopy
during the first year, whereas it took 3-5 years at the Urals sites that
were contaminatedin the autumn. A paper by V. A. Shevchenko,U.S.S.R.,
provideda comprehensivereviewof radiationgeneticsresearch conducted
in the Chernobyland Urals contaminationzones. One major findingwas a
superlinearmutationresponseto radiationexposureat doses >I mGy/d. Ir_
later discussions,Dr. Shevchenko indicatedthat results from the work
conductedin Urals is to be publishedin an issue of the Journal of the
Total Environmentlater in 1990. These publicationsshould be of major
interest to ecological programs sponsored by the Office of Health and
EnvironmentalResearch°

The final set of presentationsdealt with remedial actionsand emergency
response. Land-u_econtrolsprovedto be most effective(by a factor of
200) in reducing"USruptake in agroecosystemsin the Urals, followed by
surface decontamination (5-15 times), deep ploughing (2-7 times), and
physical-chemicaltreatments(2-4times),accordingto Dr. Romanov. (The
traveler was able to obtain a preprint of this paper.) Some of the
variousphysical-chemicaltreatmentswere describedby I. "[_Moiseyevand
F. A. Tikhomirov,U.S.S.R.,but many of the details were unintelligible
(for reasons described earlier),and interpretationwill have to await
receiptof the preprintor the final paper'. (Unfortunately,the latter
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comment applies _o many of the papers presented at the conference.)
Littleinformationwas providedon countermeasuresof most interestto the
traveler: environmentaldecontaminationand contaminationcontrol. There
appears to have been little Soviet interest in controllinggroundwater
contamination in the Urals contamination zone, For example, and
informationon actualdecontaminationprocedures(e.g.,the specifics)was
not provided. A major Soviettreatiseon remedialmeasures and emergency
responsesto radiationaccioentshas reportedlybeen preparedbut appears
to be held up in the review process. The individualmost knowledgeable
about this document is Dr. Romanov, Director of the Experimental
ScientificResearchCenter locatednear the Urals contaminationzone.

'The actions taken after the 1957 Windscale reactor accident were
reappraised by D. Jackson and S. R. Jones, United Kingdom, based on
current recommendations for responses to off-site releases of
radioactivity. They concluded that greater emphasis on meat and
vegetableswould have been appropriateand the milk ban area could have
bee:_extendedsubstantially. There were severalother papers that dealt
with retrospectivecritiquesof responsesto the Windscaleand Chernobyl
accidents. These would appear to be of interestto those concernedwith
defining emergency reference levels, evacuation criteria, and
countermeasuresfor dealingwith radiationaccidents.

The conference in Luxembourgwas a historic event, and the conference
proceedings should prove to be an extremely important resource for
comparativeassessmentsof the threehistorical_uclearaccidents,as well
as a major source of information for those charged with developing
countermeasuresand emergencyresponsecriteria for dealing with future
accidents. The conferenceaffordedthe travelerto make contactwith many
Soviet scientistsknown to him previously only by names and writings.
Severalcontacts,most notablywith G. N. Romanov,shouldprove extremely
beneficial in increasingwestern access to an enormous amount of Soviet
data and experience on remedial measures and consequencesof the 1957
high-levelwaste explosionand other relea_Eesjfromthe Ch-40 comple_ in
the Urals.

Should such an opportunityfor interactionwith Soviet scientistspresent
itself in future,the traveler recommendsthat the DOE consider sending
its own delegation,completewith translator(s),to fostercloserties and
promote improved communications. This should prove to be extremely
beneficialin increasingthe level and quality of technicalexchanges.

DISCLAIMER

This report was preFared as an account of work sponsored by an agency of the United States
Government, Neither the United States Government nor any agency thereof, nor any oftheir

: employees, makes any warranty, express or implied, or assumes any legal liability or responsi-

bility for the accuracy, completeness, or usefulness of any information, apparatus, product, or

process disclosed, or represents that its use would not infringe private)y owned rights. Refer-
ence herein to any specific commercial product, process, or sereice by trade name, trademark,
manufacturer, or otherwise does not necessarily constitute or imply its endorsement, recom-

mendation, or favoring by the United States Government or any agency ti_ereof. The views

and opinions of authors expressed herei,I do not necessarily state or reflect those of the
United States Government or any agency thereof.
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APPENDIXA

ITINERARY

September29-30 Travel from Oak Ridge, Tennessee,to Luxembourg,
Duchy of Luxembourg

October I-5 Conference at the Commission of European
Communities,Luxembourg,Duchy of Luxembourg

October6 Travel from Luxembourg,Duchy of Luxembourg,to
Oak Ridge, Tennessee
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APPENDIXB

PRINCIPALCONTACTSAT THE CONFERENCE
SPONSOREDBY THE COMMISSIONOFEUROPEANCOMMUNITIES

LUXEMBOURG,DUCHYOF LUXEMBOURG

Aarkrog, Asker RIS_ National Laboratory
DK-4000,
Roskilde,Denmark

Arkhipov,Nikolai Directorof ResearchProgram
PripyatResearchandIndustrialOrganization
U.S.S.R.-252167Kiev

Bennett,Burton UNSCEAR,
Vienna,Austria

Davidchuk,Vasily Instituteof Geophysics
U.S.S.R.Academyof Sciences
U.S.S.R.-252003Kiev

Demin, Vladimir U.S.S.R.State Committeefor Utilizationof
Atomic Energy,
Dept. of NuclearSafety
I. V. KurchatovInstituteof Atomic Energy
U.S.S.R.-l_3182Moscow

Dreicer,Mona IAEA, Div. NuclearSafety
' RadiationSafety Section

A-1400, Vienna,Austria

llyazov,Robert ByelorussianInstituteof
, AgriculturalRadiology

U.S.S.R.-246020Gomel

Kirchmann,ReneI InternationalUnion of Radioecologists
B-4480,Oupeye, Belgium

Konoplyov,A1exey Chief of Laboratory
Instituteof ExperimentalMeteorology
Kaluga Region

i U.S.S.R.-24g020Obninsk

Linsley,Gordon IAEA, Div. Nuclear Fuel Cycle
Waste ManagementSection
A-1400, Vienna,Austria

ISupplementaldiscussions held with traveler related to collaborative

assessmentof 1957 Sovietnuclearaccidentat Chelyabinsk-40(Kyshtym)complex;
see text.
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Medvedev,Zhores National Institutefor MedicalResearch
Mill Hill
GB-LondonNW7 IAA

Nozach,Yury ProductionOperations
Ministryof Medium MachineBuilding
U.S.S.R.-454065Chelyabinsk,40

Polikarpov,Gennady Instituteof Biologyof South Seas
DepartmentRadiationand C. Biology
U.S.S.R.-335000Sevastopol

Prister,Boris Deputy Director
UkrainianBranch of the All-Union
AgriculturalRadiobiology
ResearchInstitute
Kiev Region
U.S.S.R.-255205Chabany

Romanov,GennadyI Director
ExperimentalScientificResearch Institute
Ministryof Atomic Energy and Industry
U.S.S.R.-454065Chelyabinsk,65

Ryabov, Igor Instituteof EvolutionaryAnimalMorphology
and Ecology,U.S.S.R.Academyof Sciences
U.S.S.R.-lIT071Moscow

Ryabtsev,Igor Instituteof EvulutionaryAnimalMorphology
and Ecology,U.S.S.R.Academyof Sciences
U.S.S.R.-lIT071Moscow

Schell,W.R. Departmentof RadiationHealth
Universityof Pittsburgh
Pittsburgh,PA 15261

Shevchenko,Vladimir Instituteof GeneralGenetics
U.S.S.R.Academy of Sciences
U.S.S.R.-11780gMoscow

Telfer,Jim ScottishNuclear Limit_
GB-GlasgowG44 4AD

Templeton,William BattellePacific NorthwestLaboratory
Richland,WA 99352

Van Den Hoek, Jan ',!ageningenAgriculturalUniversity
NL-6709PJ, Wageningen,The Netherlands

Whicker, F. Ward ColoradoState University
Fort Collins,CO 80523
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Yushkov, Petr Instituteof Ecologyof Plants and Animals
Urals Divisionof the U.S.S.R.
Academyof Sciences
U.S.S.R.-620008Sverdlovsk-8
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APPENDIXC

i LITERATUREOBTAINED

Book of Abstracts,Seminaron ComparativeAssessmentof the Environmental
Impacts of Radionuclides Released During Three Major Nuclear
Accidents: Kyshtym,Windscale,Chernobyl,Luxembourg,October I-5,
1990.

L. Foulquier and Y. Baudin-Jaulent, Radioecological Impact of the
ChernobylAccidenton ContinentalAquaticEcosystems,XI-3522/goFR,
Commissionof the EuropeanCommunities(19g0).

Ro Kirchmann (Rapporteur),AgriculturalCountermeasures Taken in the
ChernobylRegion and Evaluationof Results,InternationalUnion of
Radioecologists(April1990).

G. N. Romanov, L. A. Buldakov,and V. L. Shvedov,ComparativeAnalysisof
the Effectiveness of Measures for Radiation Protection of the

Population After the Kyshtym Accident, preprint of paper from .,
Seminar on ComparativeAssessment of the EnvironmentalImpact of
Radionuclides Released During Three Major Nuclear Accidents:
Kyshtym, Windscale,Chernobyl, Luxembourg,October I-5, 1990 (in
Russian).

G. A. Kuznetsov,A QuarterCenturyBeforeChernobyl(EyewitnessAccountof
Reactor Accident On Board a Soviet Nuclear Submarine in 1961),
unscheduled presentation made during seminar on Comparative
Assessment of the EnvironmentalImpact of RadionuclidesReleased
DuringThreeMajorNuclearAccidents:Kyshtym,Windscale,Chernobyl,
Luxembourg,October 1-5, 1990 (in Russianor French, see text).






