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The SovietUniondoes not currentlyhavean overallradioactivewaste

managementprogramor nationallawsthat defineobjectives,procedures,and

standards,althoughsuch a law is beingdeveloped,accordingto the Soviets.

Occupationalhealthand safetydoes not appearto receivemajorattentionas

it does in Westernnations. In addition,constructionpracticesthat wouldbe

consideredmarginalin Westernfacilitiesshow up in Sovietnuclearpowerand

wastemanagementoperations.

The issuesinvolvedwith radioactivewastemanagementand environmental

restorationare beinginvestigatedat severallargeSovietinstitutes;how-

ever,thereis littleapparentinterdisciplinaryintegrationbetweenthem,or

interactionwith the USSRAcademyof Sciences. lt is expectedthat a consen-

sus on technicalsolutionswill be achieved,but it may be slow in c_ming,

especial_vfor finaldisposalof high-levelradioactivewastesand environ-

mentalrestorationof contaminatedareas. Meanwhile,manytreatment,soli-

dification,and disposaloptionsfor radioactivewastemanagementare being

investigatedby the Soviets,as shownin generalin FigureES-I,and in par-

ticularfor high-levelwastes,as shownin FigureES-2 (Falci1990).
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The Soviets continue to state that reprocessing of spent fuel is pre-

ferable to its direct disposal. They believe that reprocessing/partitioning

reduces the amount of long-lived wastes that must be disposed of and should

allow for a careful and specific design of permanent disposal options. For

someselected high-level wastes, final disposal appears to be being accomp-
lished by in-tank solidification.

Recent information indicates eight areas that the Soviets are consid-

ering for a geologic repository. These include salt formations in the Caspian

Sea area and crystalline rock formations in the southern Urals. A potential

candidate repository site has been stated to be at or near Chelyabinsk-40.

Disposal options other than a deep geological repository or deep boreholes

were dismissed, according to a statement made by a Soviet during a recent U.S,

National Academyof Sciences staff visit to the USSR. It was also observed

during this visit and succeeding visits by DOEofficials that the Soviets are

emphasizing partitioning of elements from high-level wastes as a method of

waste treatment and reduction of amounts to be vitrified, and engineered
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barriers for containmentof low-levelwastes,while focusing less attentionon

site remediationand contaminanttransport. Littleor no attentionis being

placed on organicand other hazardouschemicalwastes.

The Soviet proposal to the IAEA for an InternationalCenter at Chernobyl

led to its establishmentunder an agreementsignedon September21, 1990 in

Vienna. Proposalsfor another InternationalCenter at Chelyabinsk-.40are also

being developed. The Soviets are continuingenvironmentalrestorationand

radionuclidemigrationstudiesat Chernobyland Chelyabinsk-40,the latter

having an active laboratoryreferred to as the "East Urals" or "ONIS"

laboratory.

V



GLOSSARYOF ABBREVIATIONS- GENERALTERMS

AES Atomic Energy Station
BN fast breeder reactor [in Russian: Reaktorna BystrykhNeytronakh]
BWR boilingwater reactor
CEC Commissionof the EuropeanCommunities
CMEA Countriesbelongingto the Council for Mutual EconomicAid/Assistance
DOE Departmentof Energy
FBR (:astbreeder reactor
GKAE State Committeeon Utilizationof Atomic Energy
HLLW high-levelliquid waste
HLW high-levelwaste
HTGR high-temperature,gas-cooledreactor
IAEA InternationalAtomic Energy Agency
ICRP InternationalCommissionon RadiologicalProtection
ILLW intermediate-levelliquidwaste
ILW intermediate-levelwaste
INPO Instituteof NuclearPower Operations
JCCEM U.S. - U.S.S.RJoint CoordinatingCommitteefor Environmental

Restorationand Waste Management
kWh kilowatt-hour
LLLW low-levelliquidwaste
LLW 1ow-Ievel waste
LWGR light water-cooled,graphitemoderatedreactor
MAPI Ministry of Atomic Power and Industry
MOC Memorandumof Cooperation
MSWU million separativework units
MT metric ton

MWe megawatts-electrical
MWt megawatts-thermal
NPP Nuclear Power Plant
NRC U.S. Nuclear RegulatoryCommission
PUREX Plutonium/URaniumEXtractionprocess
PWR pressurizedwater reactor
R&D research and development
REE Rare-earthelements
RBMK Soviet boilingwater,graphitemoderated reactor [in Russian: Reaktor

Bol'shoiMoznnostikanalov]
TRU transuranicelements
USSR Union of Soviet SocialistRepublics
VVER Soviet pressurizedwater reactor [in Russian: Vodo-Vodyanoi

Energeticheskii Reaktor]
RSFSR Russian Soviet FederatedSocialistRepublic
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1.0 .INTRODUCTIONAND SCOPE

Radioactivewaste materials--andthe methods being used to treat, pro-

cess, store, transport,and dispose of them--havecome under greatly increased

scrutinyover the last decade both nationallyand internationally. Nuclear

waste practices in the Soviet Union, arguablythe world'slargest nuclear

waste management system,are of obvious interestand may affect practices in

other countries. In addition,poor waste managementpracticesare causing

increasingtechnical,political,and economicalproblems for the Soviet Union,

and this will undoubtedlyinfluencefuture strategies.

This report was preparedas part of a continuingeffort to gain a better

understandingof the Soviet radioactivewaste managementprogram, lt is the

second report on this subject,updatingthe first report RadioactiveWaste

Managementin the USSR" A Review of_UnclassifiedSources_1963-19_.__9_0,

PNL-7182,March 1990 (Bradleyand Schneider1990). This report includesonly

informationobtained or reportedafter the publicationof the first report,

and thus, does not supersedeit.

The scope of this study covers all publicly known radioactivewaste man-

agementactivitiesin the SovietUnion as of February 1991, and is based on a

review of unclassifiedliteraturesources,includingdocuments,meeting pre-

sentations,and data base searchesof worldwidepress releases. The study

focusesprimarilyon waste managementactivities,but relevantbackground

informationon nuclearreactoroperationsis also provided in an appendix.

Informationis given as presentedin the references,with supporting

analysesor inferencesby the author given in brackets[], when sufficient

informationwas availableto assure the analysesare correct. In some cases,

the same informationmay be given in more than one place in the report, where

the informationis pertinentto the respectivereport sections.

I-
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2.0 _ZT_L NO__L.Sl'RUCT!JR__

2,I _OVERNM_'NTAL_ORGANIZATION.

In April 1990, it was reported that the State Committeefor the Utiliza-

tion of Atomic Energy (GKAE) had ""ceasedto exist" and that its director,

AlexanderProtsenko,now held a position in the Academyof Sciences Institute

of NuclearSafety,,The GKAE's responsibilitieswill be carr.iedout by the

MiNistryof Atomic Power and Industry (MAPI, sometimesreferredto as Mina-

tomenergoprom),headed by Vitaly Konovalov, At the same time, Viktor

Sidorenkowas made t'hefirst deputy minister of MAPI, responsiblefor nuclear

power. MAPI'was created in "g89,.by merging the Mini:tr-...of Medium Machine

Buildingwith the Ministry of Nuclear Power, the later organizationcreated

after the Chernobylaccident, Viktor Sidorenkowas previouslyat the

KurchatovInstitdtefor Ator,,icEnergy,and most recentlywas vice chairman of

the State ConTnitteefor the Supervisionof Safe Working P_acticcsin Industry

and the Nuclear Power Industry,Gospromatomnadzor. The other first deputy of

MAPI is Boris Nik_pelov,responsiblefor the nuclear fuel cycle, a job he

carriedover from the former Ministry of M_di'-mMachine Building (_ucleonics

_=k. April 19, 1990). Figure 2.1 shows the MAPI organization(MAPI 1990).

The tlSSRState Committeeof EnvironmentalProtectionwas created in Jan-.

uary ".JBB. lt has been given responsibilit,_*for ensuringenvironmentalpro-

tectionthroughoutthe USSR; and has a national headquartersin Moscow, and

regionalheadquartersin each of the republics. Its main activitiesinclude"

outliningpolicies for state programs in ecology and environmentalprotection,

developinoregulationsand requirements,inspectingactivitiesin all indus-

tries that cause environmentalpollution,issuingpermitsfor disposal of

waste, and helpingto developwaste-freetechnologies. The Supreme Soviet has

given the committeethe mission to inspect all nuclear plants (National

Academyof Sciences 1990).

The USSR State Atomic InspectionCon_nittee,set up in 1986 followingthe

Chernobylaccident_incorporatesthe former State Sanitary Inspectorateof the

Ministry of Health. The committeeis engage(]in monitoringand developingthe

basic documents that outlinethe norms for radiationsafety and sanitationand
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far nuclear power plant operation. Documentson radiationsafety are cur-

rently being developed, and the rules for power stationsare expected be

issued in 1990. A document outliningproceduresfor radioactivewaste hand-

ling in the USSR is being prepared and the committee is trying to resolve the

issue of an adequatemargin of safety in operationsand waste storage and is

currently implementingmonitoring in the 30-km zone around nuclear power sta-

tions (NationalAcademy of Sciences 1990).

Another importantenvironmentalmanagementorganizationappears to be the

EcologyCommitteeof the USSR Councilof Ministers,which has been stated to

be the primary legislative/regulatorybody responsiblefor environmental

issues. An 'initialdraft of an Ei_vironmentalProtectionAct is being revised

for submittalto the Co_;ncilof Ministersafter being criticizedas being ton

stringentand beyond the reach of current Soviet technology (Lesperance1990).

In another development,V. V. Orlov has succeededAcademicianEvgeny

Velikhov as the Presidentof the USSR Nuclear Society. 'Aeis the deputy

directorof the Research and DevelopmentInstituteof Power Engineering,and

is reportedlypromotingnew types of reactors (_N_ucleonicsWeek November 1,

1990).

2.2 MAPI RESEARCH INSTITUTES.!N0__ W_3E MANAGE_I]

2.2.i All-UnionResearch Instituteof InorganicMaterial_s____Moscow

The work at this Instituteincludesbasic researchon radiochemistryand

developmentof equipment for radiochemicalprocessing. The Instituteemploys

about 300 scientists,includingsome at a second location in Moscow and ol,ein

Siberia. The Instituteis also responsiblefor the managementand permanent

disposalof high-levelnuclear waste and for setting standardsfor disposal as

broken down into the followingspecificareas (NationalAcademy of Sciences

1990):

• Managementof HLW from power plants and military installations.
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° Metallurgyof radioactiveelements. During a recent visit by U.S.
scientists,it was noted that large single crystals of technetium
have been prepared,and its complexesin solution have been
thoroughlyexplored. Speciationof TRU elements in solutionis also
emphasized.

• Metallurgicalprocessingtechnologyfor metals used in reactors,
particularlyzirconium,titanium,and beryllium.

° Clean-up processesfor liquid low-levelwaste, both from nuclear
plants and from other research institutes,includingmedical insti-
tutes. Water resultingfrom cleanup is dischargedinto the Moskva
River.

° Superconductingmaterials,_n which work is lust getting started.

2.2.2 Kur.chatovInstitu...teof Atomic Enerqy,Moscow

The I. V. Kurchatov Institutereportsto the Ministry of Atomic Power and

Industry. lt is the Soviet Union'smain nuclearpower researchinstitute,and

is also responsiblefor work at ChernobylUnit #4 (_NucleonicsWeek May 17,

1990).

2.2.3 j<hlopinRadium Institute,Leninqra..d

The KhlopinRadium Institute,f_undedin 1922, is affiliatedwith lab-

oratoriesat Gatchina and elsewhere. Of the 600 staff at the Khlopin Instit-

ute, approximately100 are currentlyinvolvedin radio-ecologicalmodeling

(focusedon Chernobyl)and 50 on waste management issues such as the separa-

tion of organics from radioactivewaste, making of variouswaste forms and

subsequentgeologicdisposal (NationalAcademy of Sciences 1990).

The Institute,now directed by Dr'.Alexander I. Karelin,was responsible

for developingfuel reprocessingplants in the USSR. Institutescientists,

who developedthe first reprocessingplant in the USSR, which was stated to

have been active since 1949, are now "developing"the secondreprocessing

plant for power reactorfuel. Dr. Karelin indicatedthe Institutehad depart-

ments or divisionsdealing with research areas such as (BradleyDecember

1990):

--Physicalsciences,which is involvedwith atomic fission,

--Geochemistryof uranium and radium,

e,
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--Radiologicalchemistry,

--Ecologyand radiationmonitoring [headedby Dr. Galkin],which
covers the northwestsectorof the USSR and the Baltic Sea, with its
main task being the monitoringof the entire Leningradarea and the
SosnoviyBor Power Statiennear Leningrad,

--Analyticalmeasurements,and

--Fuel and materialsdisposal.

Other activitiesat the Instituteincludediverse studiessuch as par-

ticle accelerators,non-destructivetesting,and design of reprocessingequip-

ment. lt is also active in developingtechnologiesfor trappinggases such as

iodine-12g,krypton-B5,tritium, and carbon-14from radiochemicalplants

(Falci 1990). Separationof organics from radioactivewaste is being studied

by ionizationand magnetic separation. Results indicatethat the process

eliminatesdetergents,oils, and complexatesyielding non-toxicproducts

(NationalAcademyof Sciences 1990).

The Khlopin Radium Instituteresearchfacility at Gatchina,near

Leningrad,consistsprimarilyof hot cells used to conductR&D on reprocessing

of reactorfuels with emphasison partitioningHLW streams. The Instituteis

studying partitioningof HLW streams into cesium, strontium,and transplu-

tonium elements and is producingradiationsourcesfrom cesium (using phos-

phate glass) and strontium (usingborosilicateglass) (NationalAcademy of

Sciences 1990). See Section7.0 for furtherinformationon researchat

Gatchina.

2.3 OTHER RESEARCH INSTITUTESINVOLVEDIN WASTE MANAGEMENT

2.3.I Radon Zao_gg__._k

The Radon facility,locatednear Zagorsk (about 100 km east of Moscow),

was establishedin 1964 and serves a populationof approximately30 million in

the Moscow region. [This waste managementfacility handlesmunicipalwaste and

industrial/medical/researchlow- and intermediate-levelradioactivewastes and

is one of about 35 such facilities.] lt employs about 1800 personsat the

site and an additional300 in Moscow. Solids and solidifiedliquidwastes are

stored in shallow-landburialwith cement used for solidifyinglow-salinity

w*
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waste streams and bitumenused for high-salinitywastes. Recently,it was

reportedthat Radon was conductingdemonstrationstudieson vitrificationof

low- and intermediate-levelwastes (AtomnavaEnergiyaOctober 1990; National

Academy of Sciences 1990). Further informationon waste management activities

at Radon is given in Sectiong.O.

2.3.2 _Instituteof PhysicalChemistr_Y,Moscow

This instituteof the USSR Academy of Sciences,directed by Yuriy M.

Polukarov,althoughfocusingon metals corrosionand electrochemistry,is also

involvedin waste management. Activities includedevelopmentof nuclide

adsorbents (ferrocyanidecompounds),radionuclidemigrationand adsorption

rates in soils. They are also studying the chemistryof technetium,including

fabricationof the pure metal (NationalAcademy of Sciences 1990).

2.3.3 Nuclear Safety_Institute,Moscow

Leonid Bolshov'sNuclearSafety Institute,establishedas a result of the

Chernobyldisaster, is now in the processof rapid growth. The Soviet

Politburodecided to create an independentinstitutewithin the Academy of

Sciencesto supply the governmentand the public with an independentview of

the problems relatedto nuclearpower generation,includingimpacts, and

providingexpert judgment--scientificor otherwise.

The Institutecurrentlyhas 130 full- and 240 part-timeemployeeswith

expectedgrowth to 500 full-timeemployees. The Instituteworks with indus-

tries cooperativelyunder contract. The programs include (NationalAcademy of

Sciences 1990):

• radiologicalmeasurementsin the field

• mathematicalmodels

• governmentorders on entire 'Fuelcycle, healtheffects, etc.

• training of power plant operators

• modeling of severe accidents,

• ecologicalproblems,includingglobal impacts.
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3.0 .INTERNATIONALEXCHANGES..ANDAGREEMENTS

3.I ARGENTINA

A breederreactor cooperativeagreementwas signed in Moscow by the

leadersof both nations on October 25, 1990. The agreementcovers exchanges

of breederreactortechnology,with all informationto be coveredby IAEA

safeguards. (Nucleonic.sWeek November8, 1990)

3.2 C__O_OMMISSIONOF THE.EUROpEANCOMMUNITIES

Discussionsare continuingbetweenthe Soviet Union and Commissionof the

EuropeanCommunities(CEC) with respectto concludingthree agreementscover-

ing nuclear safety,exchange of fissilematerial and nuclear fusion research

and development. Detailed discussionsare expectedduring the fall of 1990,

where the Commissionwill negotiateon behalf of Euratom,which will be the

CEC party to the accords. The CEC is also consideringa proposalfor broader

economic assistancefor the Sovietenergy sector, includingnuclearpower

(NucleonicsWeek August 23, 1990a).

3.3 FEDERALREPUBLIC OF GERMANY

West Germany is lookirlgfor a new Soviet partner in its bid to build a

high-temperaturegas-cooled reactor in the USSR, due to protractednegotia-

tions with Techsnabexport(TSE). TileUSSR State Ministryof Petrochemistry,

accordingto West German officials,would perform a feasibilitystudy on the

economicsof using HTRs for generationof process heat in the oil industry.

The study would likely be completedby the end of 1991, in time for a 1992

decision by the PetrochemistryMinistryon whether to build an 80-MW HTR, the

so-calledHTR Module reactor of German design, in the USSR (Nucl_eonicsWeek

April 1990).

3.4 INTERNATIONALATOMIC ENERGYAGENCY

The Soviet proposal for an InternationalResearchCenter at Chernobylwas

establishedunder an agreementsigned on September21, 1990 in Vienna,

Austria. The agreementsets forth the protocolfor internationalresearch at
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the center and defines the servicesand facilitiesto be providedby the

governmentsof the USSR, Byelorussiaand the Ukraine as well as specifyingthe

role of the IAEA in development,coordination,and disseminationof research

results (NuclearWaste News November22, 1990)

The IAEA, working with four other United Nations and EuropeanCommunity

agencies and with some 100 technicalexperts from eight counties,has organ-

ized "a major project" to reassessthe conflicting,sometimesflatly contra-

dictory, findingson the causes,health and environmentaleffects, and

precautionsagainsta repetitionof the Chernobyl-4accident. Participating

organizationsincludethe U.N.'s ScientificCommitteeon the Effectsof Atomic

Radiation (UNSCEAR),the Food & AgriculturalOrganization(FAO), and the World

Health Organization(WHO). The Commissionof the EuropeanCommunities (CEC)

also is participating(NucleonicsWeek May 10, 1990a). Field work on the

study was completedby late 1990, and the IAEA expectsto publish the final

revision by May 1991 (NucleonicsWeek December 6, 1990).

3.5 IRA____.NN

In March 1990, it was reportedthat the Soviet Union agreed to build two

nuclear power plants in Iran. This was part of a "wide rangingprotocol,"

signed on March 6, 1990 (Time_____ssMarch 8, 1990).

3.6 JAPAN

The Japan Atomic IndustrialForum (JAIF)signed an agreementwith the

USSR Academy of Sciences on August 28, 1990 in Tokyo during a visit of

Japanese nuclear facilitiesby a delegationof the Soviet Academy of Sciences.

Work was anticipatedin the areas of developmentof nuclear-gradematerials

and site-selectionmethods (NuclearNews October 1990).

3.7 UNITED KINGDOM

Britain and the Soviet Union signed an agreementon April 10, 1990, call-

ing for prompt notificationof nuclearaccidentsand informationexchangeson

nuclear installations(N_uclearWaste News April 12, 1990).
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3.8 U__NITEDSTATES

The U.S. Departmentof Energy (DOE) has entergdinto an agreementwith

the Instituteof Nuclear Power Operations (INPO)under which INPO will essen-

tially run a new bilateralprogram aimed at improvingthe operationand man-

agement of civilian reactorsin the Soviet Union. The initiativewas proposed

by U.S. Energy SecretaryAdmiralJames K. Watkins (ret.) in September 1989,

and is being implementedunder the Memorandumof Cooperationin Civilian

Nuclear Reactcr Safety and the Atomic Energy Agreement. This agreementis

part of a larger internationalinitiativelaunchedin September 1988 at the

inauguralmeeting of the U.S.-USSRJoint CoordinatingCommitteefor Civilian

Nuclear ReactorSafety. A delegationof U.S. governmentand INPO officials,

led by DOE AssistantSecretaryfor Nuclear EnergyWilliam Young, met with

their Soviet counterpartsMarch 12-16, 1990, and formalizedthe initiative

with Soviet Ministerfor Atomic Power & Industry(MAPI) VitaliyKonovalovand

Deputy Minister for Plant OperationsErik Pozdyshev. The agreementwill focus

on three aspectsof nuclearplant operations: the use of operating instruc-

tions in both normal and emergencysituations,personneltraining,and manage-

ment and operationalcontrol. The U.S.-USSRrepresentativesagreed to focus

the first activitiesunder the agreementto the first-generationPWRs at

Novovoronezh(NucleonicsWeek March 29, 1990).

On May 25, 1990, DOE SecretaryJames Watkinsand the Soviet Minister of

Atomic Power and Industry,Vitaliy'Konovalov,signedthe ninth atomic energy

agreementbetweenthe U.S. and the USSR. The 5-yearagreement includescoop-

eration on environmentalrestorationand waste management (NuclearWaste News

May 31, 1990). PresidentsGeorge Bush and MikhailGorbachevrenewed a U.S.-

USSR civilian nuclearcooperationagreement,previouslysigned in June 1973

and November 1985, on June I, 1990, for "scientificand technicalcooperation

in the field of peacefuluses of atomic energy" (NucleonicsWeek June 7,

1990a).

Technicalexchangesinvolvingthe United States have also included sev-

eral recent visits. A U.S. NationalAcademy of Sciencesgroup, headed by

Dr. Frank Parker, visitedthe Soviet Union from February10-25, 1990. Follow-

ing t),eagreementsigned in May 1990 by Watkinsand Konovalov,a series of
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fact-findingvisits were scheduledon environmentalrestorationand waste

management. Subsequently,a Soviet delegation,headedby Boris V. Nikipelov,

First Deputy Minister, SovietMinistry of Atomic Energyand Industry,visited

the United States from March 26-April3, 1990. A reciprocalDOE team headed

by Leo Duffy, Director of the Office of EnvironmentalRestorationand Waste

Management,visited the SovietUnion from June 18-27, 1990. Potentialareas

for technicalexchangesdiscussedduring this visit includedvitrification,

partitioningof HLW streams,geohydrologicalmodeling and the exchange of

scientistsand studies (Falci 1990).

A further step on cooperationin the area of environmentalrestoration

and nuclearwaste managementwas taken on September18, 1990, when W. Henson

Moore, Deputy Secretaryof DOE, and VitaliyKonovalov,the Minister of MAPI,

signed a Memorandum of Cooperation(MOC). A U.S.-USSRJoint Coordinating

Committeefor EnvironmentalRestorationand Waste Management(JCCEM)was

providedfor under the agreement(NuclearWaste News September27, 1990). On

November 12-16, 1990, U.S. DOE specialistsvisitedthe USSR to hold the first

fact-findingmeeting JCCEM as establishedby the MOC. The JCCEM is the

governingbody for workshopsand technicalexchangeswith the USSR for Envi-

ronmentalRestorationand Waste Management (BradleyDecember1990).
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4.0 WASTE MANAGEMENTIN THE FRONT END OF THE FUEL CYC_LE

The Sovietshave been practicingundergroundleachingof uranium ore

deposits (as well as extractingrare earth elements)since the early 1960s,

primarilyon low-gradeores with a uraniumcontent of 0.03 to 0.05_, and ores

located in complicatedgeologic settings. At present,about 30% of the

uranium recoveredin the USSR is by undergroundleaching. The techniquehas

been used on near surfaceore bodies at 40 to 80 m in depth, as well as ore

bodies locatedup to 600 m in depth, using leachantsof _dlphuricacid or

carbonate-bicarbonatesolutions. The Sovietsreport that uraniumrecoveries

as high as 85% are obtained using acid, and 70% using carbonatesolutions.

They have used severalmethods to overcomepluggingof pore spaces in the ore

bodies due to chemical or mechanicaleffects, includingtreating the wells

with carbon dioxidegas or hydrochloricacid. Hydrochloricacid has been

reportedto be used in amountsof up to 15 kg per ton of ore treated, or up to

150 kg per k_ of uraniumrecovered. Carbonatesolutionsare used up to about

3 kg per ton of ore treated (Skorovarovet al. 1990a).

The Sovietsare studyingmethods of commercialscale beneficiationof

uraniumores using hydrocyclonesfor ore classification,especially"clay-

pyrite-uranium-phosphorus"ores as well as some "uranium-phosphate-carbonate"

ores. They have also carried out "extensiveinvestigations"to develop the

technologyof magnetic fractionationof the initialore, followed by leaching

processes. Pilot tests are plannedusing "high gradientand large volume

gradientmagnetic separatorsusing superconductors."The processesbeing

developedalso producenitrophosphorusfertilizers(Skorovarovet al. 1990b).

The Soviets stated recentlythat they have about 5 x ]09 tonnes of mill

tailingswith an annual productionof about 6-7 x 106 tonnes resultingfrom

uraniummining operations. They have "temporarystorage"of their tailings

and expect to cover them by the year 2000, returning166,000acres back to the

"economy." A reductionof 300 Fold [presumablyof radioactiverelease]was

stated to be achievable,probablythroughthe use of a 1.5 meter clay and

grass cover (Falci 1990).
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5.0 NUCLEARREACTOR OPERATIONSWASTE MANAGEMENT

Waste managementat Soviet nuclearreactorsites emphasizesactivitiesto

reduce the amountsof liquid and solid wastes, and concentrationof liquid

wastes with the reuse of the purifiedwater. The main waste management activ-

ities are as follows (NikiforovSeptemberIggOa):

• interim storageof liquidwaste concentratesin corrosion-resistant
tanks

• incorporationof all categoriesof liquid wastes into "highlywater
resistantmaterials"

• storageof solidifiedwastes in surfaceor n_ar-._urfacefacilities
until regional "repositories"are establishedat reactor sites

• volume reductionof solid wastes to improve"radionuclide
stabilization"

d

• off-gas clean-upto specifieddischarge standards.

Incorporationof wastes from reactoroperationsinto bitumen is the most

i advanced process in the USSR. Based on test results, two types of bitumators

are being used: up to BOO L/h capacity for'RBMK-lO00reactors,and 200 L/h

capacity for VVER-IO00reactors.

The first bituminizationplant for liquid radioactiveconcentratesfrom

the Leningradsite was put into commercialoperationin 1984. Figure 5.1

shows a diagram o_ the Leningradbituminizationplant, and Figure 5.2 a

detailed drawi;igof the bituminator. In 1987, a similar bituminizationplant

at the Ignalin_site became operational. Data on plant operationsat these

sites is given in Table 5.1 (Nikipelovet al. 1990a).

The bitumencompoundis directlytransferredfrom a bitumatorvia a

heated supply line into surface-reinforcedconcrete storageareas having a

volume of 2500 m3 each. For VVER-IO00rea_:torsand the plannedGorky district

heating reactors,bitumenis placed in 200-L steel drums which are transferred

to a surfacefacility for temporarystorage. The storagedesign provides for

removal of these drums for placementinto a regionalrepository (Nikipelov

1990a). A bituminizationplant has also been stated to be operationalat tile

Kalinin VVER reactor station(NikiforovSeptember1990a). The Sovietshave
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FIGURE 5.1. Liquid Radwaste Solidificationby Bituminizationat the
[.eningradReactor Site (Nikipelovet al. 1990a)

further stated that the bitumen is stored in above-groundconcrete containers

(with stainlesssteel liners) becausethe water table is essentiallyat the

ground surface. They also indicatedcontaminationproblemsdue to rain enter-

ing storage vaults locatedat one of the state regional LLW sites near the

Leningradreactor (Falci 1990).

The resins and filters from air and water treatmentat the LeningradRBMK

reactor site are incorporatedinto bitumenwhich is stored in concrete con-

tainers lined with stainlesssteel. There are 12 such containers in a build-

ing at the site, each with a capacity of 2000 m3.
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Liquid LLW from VVER reactoroperations at Novovoronezhis evaporated to

reduce the volume by a factor of 20, to a concentrationof gO0 to 950 grams

of solids per liter of solution, The concentratedsolutioncontaining

I x 10-5 Ci/L is then mixed with bitumen. 'Thetanks into which the bitumen is



_ABI.E5.,_,.BituminizationPlant OperationalData

Le'_ingrad Ignalina
RBM____KR_eactorSite RB.MKReactor Site

Quantity of LL_ and ILW processed -3 x 106 -0.7 x 106
by I/I/1990,m

Quantity of bitumen coml)ound 6800 1542
produced by I/I/1990,m_

Incorporationof solid components 35-40 35-40
into bitumen,%

Average specific activityof 10-4 10.4
bitumen compounds,Ci/L

poured and hardened are designedto serve the 440-MWeunits for 20 years and

the IO00-MWeunits for 5 years (NaticnalAcademy of Sciences 1990).

The Soviets note that preferencehas been given to the bituminization

method over cementationin the past becauseof the low water resistanceand

waste content of their cement-basedwaste forms. They indicatethat studies

have now shown that the use of Portlandcement with a blast furnaceslag con-

tent of 70 to 8(7Y_as a bindingmaterial has enhancedthe mechanicalstrength

when used to solidifywaste solutionshaving a high alkalicontent. In addi-

tion, adding small amountsof bentoniteclay (up to 10% weight), increases

leaching resistance. To improveductility,special plasticizingadditivesmay

also be added. Two types of cementationplants are being established: batch-

operated ceme*Jtationdirectly in a 200-L drum, and batch-operatedmixing of a

binder and a liquid waste concentratein a small-volumemixer (Nikipelov

et al. IggOa).

Radioactivegases formed in the RBMK reactorsat Leningradare released

from solution in the turbinecondenserand ventedto the atmosphereafter a

5-hour delay. Releasesfrom the stack were reportodto be less than 25% of

the allowableconcentration(NationalAcademy of Sciences1990).

Treatmentsystems for handlingradioactivesolutions,as well as resins

and "sorbents,"are availableat Soviet nuclear power plants. Treated solu-

tions are then apparentlysolidifiedusing bituminizationor cementationas

5.4

I'_ j_ ,_l_,,,l,_r_, ' _, ,, , k%r,, 'r_i _,pll................... fv _r ' "'PI_' ii'II" ii ...... ,i, F_II_mI_IJ_, mi,,n,,_I' i,l ,, _Ppi11,h'4_, l_q,pr ,, _lllr F,]II_I ,Ir_ll)'llm'l_llr' tl'_ l_l(IIl'" ' 'Ir,_l,' i,_lJUlr li_' ,wi '_",q_-', ,j(_F_ '



discussed above. Figure 5.3 shows a diagram of a typical processingsystem

for resins, sorbents,sediments, and concentratesat a VVER-440 reactor. Fig-

ure 5.4 depicts the treatmentand disposal of liquid radioactivewastes at

VVER reactors (Nikiforovet al. 1985).

I
I
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1. HighActivityIonExchanger 6. Pump
2. IntermediateActivityIonExchanger 7. Tankfor IonExchangeResin

3a. ContainerforLowActivitySorbents 8. IonExchangeResinHydraulicPump
3b. IntermediateActh_ NeutralizatioWCladficationTank 9. AirLiftPumpto SolidificationFacility
3c. HighActivityNeutralizatiorVCladrcationTank 10, Pump
3(I. StandbyEmergency'rank 11. EvaporatorSystem
3e. Tankfor"StitlResidues" 12. TankforTrapWater
4. Pump 13. MechanicalFilter
5. TankforClarifiedSolutions 14. TrapWaterReceivingTank

FIGURE 5.3. ProcessFlow Diagram for Treatmentand Storageof Radioactive
Ion Exchange Resins, Sorbents,Sedimentsand Concentratesat
VVER-440Reactors (Nikiforovet al. 1985)
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FIGURE5.4. Process Flow Diagram for Treatment and Disposal of Liquid
Radioactive Wastesat VVERReactors (Nikiforov et al. 1985)

Solidradioactivewastesfromnuclearreactoroperations(deco,mHssioned

equipment,debris,filters,specialclothesetc.)are disposedof in shallow-

landrepositoriesequippedwith a "drainsystem,clay shieldsand concrete

ceilings."Facilitiesare [being]establishedfor decontamination,com-

paction,incinerationand incorporationof solidwastesinto a stablematrix.

The Sovietsare "payingmuch attention"to the developmentof radioactive

i,
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waste compactionand incinerationequipmentto help reduce the volumes of

solid wastes to be disposed (NikiforovSeptemberIggOa).

Anotherwaste managementproblemrelatedto Soviet reactoroperations is

the fate of steam generators. The generaltendency at VVER reactors

(VVER-IOOOs),each of which has four steam generators,is that when one fails

all four are replaced,adding to costs, downtime and disposal problems. The

cost of replacingthe four generatorsis estimatedat 25 million rubles plus

another40 million rubles for electricityloss from downtime. Design flaws in

the generatorshave reducedtheir servicelife from a projected30 years to an

averageof 2 to 3 years, lt was reportedthat 26 steam generatorshave now

failed. At the Balakovopower plant, waste managementbecame an issue in

dealingwith its failed steam generators. Transportationworkersrefused to

ship the generatorsoffsiteto be remelted,and metallurgists[presumably

onsite] refusedto remeltthem for fear of radioactivecontamination. The

steam generatorswere then apparentlyleft onsite in a shutdowncondition

(USSR TechnoloqyUpdate Iggo).

Decommiss.ioninqand Decontamination

A new organizationthat is studyingnuclearpower plant decommissioning

methods, and a nuclear spare parts factory are locatedin the town of

Novovoronezh. The Sovietshave stated they are using a decontaminationmethod

involvingchelate complexingagents at reactor stations. The process has a

low corrosivity,is reusable,and is competitivewith "phosphorous"(National

Academy of Sciences 1990).
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6.0 SPENT FUEL MANAGEMENT

At the LeningradRBMK reactor site, spent fuel elements are stored in the

reactor buildingfor 3 years. They are then moved by truck to an adjacent

fuel storagebuildingthat has five pools, each capableof storing4000 assem-

blie,_. The Sovietsstated in a recent visit to the U.S. that all spent fuel

generated at Leningradhas been stored there, and that next year will be the

first year that spent fuel will be transportedto Chelyabinsksubsequentto

reprocessing(NationalAcademy of Sciences 1990; Falci 1990). Spent fuel is

reported to be stored in pools also for 3 years at the NovovoronezhVVER reac-

'torsite. The fuel from units 2-4 at Novovoronezhis shippedto Kyshtym,but

it was not statedwhether it was then reprocessed(NationalAcademy of

Sciences 1990).

The coolingpool for the BN-600 reactorat Beloyarskwas commissionedin

1980. The pool is made of monolithicreinforcedconcreteand lined with

stainlesssteel sheet (3-mm sheet for the walls and 5-mm sheet for the bot-

tom). lt is filled with demineralizedwater to a depth of 7 m, and is

designed to eliminate"self-dumping"resultingfrom pipe breaks or operator

error. The pool liner integrityis checkedby the use of "monitoringgrooves"

in seams under the concrete. The cooling pool is designedto contain 3885

spent fuel assemblies,for a design coolingduration of 3 years (Gorbanet al.

1987).

All three bays of the BeloyarskBN-600cooling pool are united in normal

operation; however,they can be separatedfrom the others by a hydraulicgate.

Two bays of the coolingpool store basketscontainingspent fuel assemblies.

The middle receptionbay stores basketsas well and is also used for fuel

transfer operations. The geometricvolume and surfacearea of the bays are

respectively(Gorbanet al. 1987)'

west - 976.15 m3 and 139.45m2

reception- 392.00 m3 and 56 m2

east - 1503.25m3 and 214.74m2

The water purificationsystem has a capacity of 120 m3/h and maintains

water qualityto the followingspecifications"

o,
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transparency - 95-96%

pH - 6.5-7.5

conductivity - 1.3-3o0pS/cm

chloride content - 50 g/kg

activity - 4.5-5.0.I0-8Ci/L

The cooling systemcontrols the temperaturein the fuel pool to 40°C,and

is shut off if the water is under 35°C,with decay heat being removed by

"naturalprocesses."

Prior to 1984, spent fuel assemblieswere stored in cans filledwith

demineralizedwater, in special basketswith 35 spent fuel assemblieseach.

Since 1984, spent fuel assemblieshave been stored in similar basketsbut

without cans. Betweenspent fuel assembly "nests"the Soviets have placed

components of a "controland protectionsystem." Radiationmonitoringof the

cooling pool building is performed by three gamma-sensors,one aerosol,and

two gas monitors (Gorbanet al. 1987).

At the Zaporozhyesite visited in 1989 by NRC inspectors,reactorspent

fuel storage racks had a nominal capacity for 15 years of operation, lt was

also stated that a separate fuel storagefacilitywas present at the site.

Liquid radioactivewastes were evaporatedand solidified (processunspecified)

and stored onsite, lt was noted that the site had sufficientstorage capacity

for its 30-yearplant life, and that the radwaste buildingwas nearly as large

as one of the power blocks (InsideN.R.C. May 7, 1990).

Recent decisionsby Boris Yeltsin,presidentof the Russian SFSR, may

have a major impacton spent fuel shipmentfrom, and waste managementprac-

tices in, some CMEA countries. Yeltsin announcedin June 1990 that "foreign

wastes would no longer be welcome in Russia"after January I. Although some

spent fuel from VVER-440reactors in Finlandand Hungary has been shippedto

the Mayak site, CMEA countrieswith these reactorshave been asked by the

Soviets to store their spent fuel "longerthan the original 3 yr contract

period." Czechoslovakiaclaims to have not shipped any spent fuel to Russia,

and a moratoriumon shipmentof spent fuel back to the Soviet Union is

expected to cause severe problems for Bulgaria,Czechoslovakia,Hungary and

J
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the German DemocraticRepublic (NucleonicsWeek July 12, 1990a). Addi-

tionally, it has been stated thatthe RussianSFSR would not allow the

constructionof new nuclear facilitieson their territoryafter January 1,

1991, pendingadoptionoi:a program "for dealingwith radioactivewaste and

spent nuclearmaterialsand their utilizationand burial in the USSR."

(SOVETSKAYAROSSIYAJune 28, 1990).

In additionto announcementsby the RussianSFSR, the Soviet bnion has

substantiallyraised the price it charges for return of CMEA country spent

fuel. EffectiveJuly I, 1990, the Sovietswill cancel existing "spent fuel

arrangements"ar,,ddemand payment in hard currencyat the rate of $1,200-

$1,300 per kilogramof uraniumfor spent fuel returnedto the Soviet Union. A

Czechoslovakianofficialnoted this translatesto $16-$20million for an aver-

age PWR core reload,or up to $160 million for all their reactorson line.

Czechoslovakiais now "stronglyconsidering"constructionof a final reposi-

tory for spent fuel in their country (Nucl.earFuel.July 9, 1990).
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7.0 FUEL REPROCESSING

A reprocessingplant at the Chelyabinsk-40site (commonlyreferredto as

the Kyshtymsite, and more recentlyas "Mayak,"see Chapter 11) was put into

operation in 1949 to extractplutoniumfrom naturaluranium irradiatedin

uranium-graphitereactors. Later [reportedto be 1978 (NewScientistJuly 22,

1989)], reprocessingof spent fuel from naval and VVER-440 power reactorswas

also performedat the Chelyabinsk-40site. The Chelyabinsk-40site now meets

all demands for reprocessingof spent fuel from these reactors,constructedin

the USSR and elsewhere(Drozhko 1990). lt has also been reportedthat after

1978, spent fuel from the Chelyabinsk-40site was being transportedby rail to

another reprocessingsite locatedat Tomsk (New S.cie.ntistJuly 22, 1989). No

further developmentshave been reportedrecentlyon the large reprocessing

facility,stated to be 30% complete,for VVER-IO00fuel and "otherreactors"

near Krasnoyarsk(N.uclearFuel October 16, 1989). Also, it should be noted

that the Soviets have also been recyclinguranium,obtained from the reproc-

essing of VVER reactor fuel and then re-enriched,into RBMK reactors

(NikiforovSeptember1990b). Althoughthe reprocessingof RBMK reactor fuel

has been continuallydelayed,the Sovietsrecently indicatedthat spent fuel

from the Leningradreactors would be shippedto Chelyabinsk-40in 1991 for

reprocessingat an unspecifiedtime (Falci1990).

The first reprocessingtechnologywas based on plutoniumand uranium

extractionusing "slightly"solublesodiumuranyl acetateprecipitationfrom

nitric acid solutions. During the firstyears of the radiochemicalplant

operation,acetate-nitratesolutionsmade up the bulk of high-levelwaste

solubles. To "reprocess"the acetate-nitratesolutions,a "precipitation-

; crystallization-sorptiontechnology"which used non-solublecompoundsto pre-

cipitate radionuclidesfrom fission productmixtureswas used. Rutheniumand

strontiumwere concentratedon nickel and chromiumhydroxides;zirconium,

; niobium and protactiniumon iron and nickelsulfides;and cesiumwas copre-

cipitatedwith nickel ferrocyanide. Concentratedfission productsolutions-

were then placed in long-termstorage,and the clarifiedsolutionafter acid-
z

ificationby nitric acid was concentratedby evaporation. Sodium nitratewas ,

_ obtained from distillationresiduesby crystallization(Drozhko1990).
z
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In the next stage, reprocessingbased on precipitationtechnologywas

replaced by that of liquid extractionwith tri-butylphosphatesolutionusing

an inert diluent as an extractant,in what appearsto be the PUREX proc_;ss

used in western countries. The Soviets state that the "salinity"of their

high-levelradioactivewastes was therebyreducedseveral times (Drozhko

1990).

The Soviets have recentlyreported studiesto determinebetter liquid

extractionsolutionsfor actinidesfrom the first cycle of spent fuel reproc-

essing,evidentlypromptedby concerns over the limited solubilityof pluto-

nium-tributylphosphatein a "diluentof a saturatedhydrocarbontype," and

TBP's relativelyhigh solubilityin an aqueousphase which may result in prod-

uct contaminationwith phosphorus. Their researchled to the selectionof

triisoamylphosphate(TIAP)with 15 carbon atoms and diisobutylisooctylphos-

phate (DIBIOP)with 16 carbon atoms as the preferredextractants. Research

has also been conductedon solvents to enhanceextractionof transplutonium

elementswith phosphineoxides. They have determinedthat diphosphineoxides

and carbamoylphosphineoxides increaseyields by one order of magnitudeor

more. These extractants,as well as TIAP and DIBIOP have been successfully

tested with high burn-up short cooled fuel of 100 GW day/MTU and in VVER spent

fuel reprocessing(Nikiforovet al. September1990c).

At the reprocessingfacility,spent fuel transportationcasks are

unloadedand the wrapped fuel assembliesare sent to a "buffercoolingpond."

The bottoms of the fuel assembliesare cut off using a partiallysubmerged

electriccircular saw to reduce the releaseof gases and aerosols. Cuttings

and non-fuel-bearingcomponentsare sent for "disposal"and the fuel is sent

to a shearingoperation. Followingnitric acid dissolutionof the fuel, the

structuralmaterial and insolubleresidues are removed by an "air operated

= pulse," and sent for disposalwith a pneumatictransport. The lossesof

uranium and plutoniumwere stated not to exceed 0.01 and 0.06%, respectively.

The resultantdissolvedfuel solutions ("suspensions")are "pretreated"with

high molecularorganic flocculants,and pearlite is used in the filtration

process, which uses steel or titaniummetal cartridges. In the extraction
z
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process,the Soviets have stated that the losses of uranium,plutonium, and

neptuniumare 0.01, 0.025, and 0.5%, respectively(NikiforovSeptember IggOb).

The low-levelwastes arisingfrom fuel reprocessingoperationsconstitute

98% of the volume of liquid wastes generatedand only 0.01% of the radioactiv-

ity. Due to the large volumes,evaporation(_'distillation")is not used for

these wastes; rather they are sent to purificationunits where coagulationand

ion-exchangeare primarilyused. The purifiedwater,which contains "permis-

sible concentrationsof essentiallyall radionuclides,"is dischargedto the

environmentor reused. The concentratesof slurriesresultingfrom these

operationsare categorizedas inFermediate-levelwastes,and subjectedto

evaporation,usually in two sta!les.Followingevaporation,concentratesand

filtermaterial slurriesare stGred in stainless-steeltanks, and ion-exchange

resin slurries and concentratescontaining 1291 may be solidifiedusing

bitumen (NikiforovSeptemberIggoa).

In June 1990, it was reportedthat at Chelyabinsk-40,full scale experi-

mental tests were nearingcompletionon a new method of reprocessingbased on

the use of a "metal carbomide"extractant,the cesium salt of cobalt dicarbo-

lide. The Soviets remain interestedin further processingof the transpluto-

nium elements to includetransmutationand space disposal (Drozhko1990). The

crown ether process, using Dicyclohexane-18-Crown-6,as well as the use of

l'etraphenylBorate, was statedto be being used for the extractionof stron-

tium and cesium from high-levelwaste streams (Falci1990). These studies

were elaboratedduring a recent second visit by DOE specialists.

At the Khlopin Radium Institutelaboratoriesin Gatchina,partitioning

(liquid-liquidsolventextractionand purification)of elements from high-

level waste streams is performed,and scientistsare studying processesto

incorporatethe resultingwaste fractionsinto variouswaste forms such as

glass, ceramics,and glass-metalmatrices. At Gatchina,work is starting on

"SYNROC"-typematerials,and in the next year they will put "hot equipment"

into their laboratoriesto make them. The Moscow All-UnionScientific

Research Instituteof InorganicMaterialshas studiedvitrificationof high-

level wastes prior to any partitioningprocess (BradleyDecember 1990).
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Dr. Lazarev, Chief Scientistfor the Khlopin Radium Institute,recently

stated that they started to study partitioningabout 12 years ago using

Diethylphosphate. Due to a number of 'idrawbacks"they shiftedto the

dicarbolideprocess and more recentlyto the study of crown ethers. The

Sovietsrecently ran a 3-month experimentto extract strontiumand cesium

from HLg in 3 molar HNO3 acid solutions. The dicarbolideextractantwas syn-

thesized in the USSR for about 600 rubles/liter. The test included 260 cycles

of dicarbolideextractionwithout significantdicarbolidedegradation. Carry-

over of the dicarbolidewas about 20-50 ppm in the raffinate,radiationexpo-

sure averaged 100 watts-h/ccup to a maximumof 1,000watts-h/cc. Dr. Lazarev

believesthat dicarbolidedegrades slowly and degradationproducts can be sep-

aratedwith settling. No fire or separationproblemswere uncoveredin the

test, and corrosionof the stainlesssteel containmentwasnot visible. One

laboratoryat Gatchina,recentlyvisited by U.S. DOE specialists,containeda

conventionalsieve-plateglass extractioncolumn for processdevelopment. The

Sovietsare actively studying pulsed-columns,and their plan is to improve

separationperformanceby vibratingthe sieve-plateassemblyand by deleting

the traditionalair pulse. This was demonstratedat a vibrationrate of 2 to

3 cycles/secwith a I/4" to I/2" amplitude. They statedthat a stainless

steel containercontaining 18% chrome and 10% nickel was used in their nitric

acid systems,and although they noticedno sign of corrosion,they plan to use

more corrosionresistantmaterial in the future (BradleyDecember 1990).

lt appears that most pilot scale R&D was done at GatcF,ina with "indus-

trial" trials performedat Chelyabinsk-40. At Gatchina,hot cells were built

to test reprocessingof spent fuel from nuclear plants. A model of a small

reprocessingplant was made and installedin eight hot cells which processed

100,000curies. This was a small copy of the full-scaleplant which is at

Chelyabinsk-40. All the operationswere tested in batch sizes of 2 to 3 kilos

per day over a 2- to 3-year period. The Sovietsthen decidedthat operation

of an experimentalplant of this size was too costly and that there was no

need for an experimenton a large scale, so they dismantledthe plant to make

the facilitiesavailablefor work on variousother problems. Part of the

facility at Gatchina is for the "improvement"of the PUREX process to extract

U, Pu, and Np in a single step, which 'isconsistentwith the earlier report
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discussing better actinideextrant solutions,mentionedpreviously. Fully

radioactivetests of the dicarbolideprocesswere started at Chelyabinsk-40

about 5 years ago. The Sovietshave tested at least two variants of the

dicarbolideprocessthere for ext_actionof TRU as well as Cs and Sr. lt was

stated that tests on the dicarbolideprocesshad been done on both uranium

metal and uraniumoxide based spent fuels as well as naval spent fuels. They

indicatedthat 500,000Ci of Cs and Sr had been recoveredat Chelyabinsk-40.

In 4 to 5 months, new equipmentfor the dicarbolideprocess will be installed

there which is to be operationalin 1992. The Soviets indicatedthey will

also try the crown-etherprocessfor Sr extractionon an industrialbasis at

Chelyabinsk-40(BradleyDecember 1990).

A recent articleby Afonin et al. (1990)discussesthe dicarbolideproc-

ess, concentratingon a mathematicalmodel they have developedto describe

dicarbolideextractionprocessesin order to calculateindividualcascades,

overall processflowsheets,and develop automaticcontrol systems. Distribu-

tion coefficientsare also given for various elements in the dicarbolide-

nitrobenzenesystem. The Soviets indicatethat their present state of

dicarbolidetechnologymakes it possibleto solve problems associatedwith

this process in the past (Afoninet al. 1990).
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8.0 HIGH-LEVELWASTE TREATMENT,STORAGEAND.DISPOSAL

8.1 HIGH-LEVELWASTE TREATMENTAND STORAGE

The main method of high-levelliquid waste storageat the Chelyabinsk-40

plant is in stainlesssteel tanks housed in undergroundconcrete structures.,

After 1957, "solutionsand suspensions"were stored in new tanks with a

capacityof 280 to 1500 m3. Tanks that were operateduntil 1957 were washed,

decontaminated,and placed in "conservation"(Drozhko1990). High-level

liquidwaste (>I Ci/L) storagetanks are equippedwith methods for cooling

with permissibletemperaturesof 50 to 60°C, and blowdownto remove radiolysis

products,of which hydrogenmust not exceed 0.3% (NikiforovSeptember 1990a).

Furtherdetails of HLW storagewere given during a recent visit by U.S.

DOE specialiststo the Soviet Union. lt was stated that the tank cKaracteri-

zation studies at Chelyabinsk-40were now complete. The Soviets "decanted"

the liquid phase from double-walledstainlesssteel storagetanks, indicating

that they had taken steps to avoid precipitation. Part of this liquid waste

has been vitrifiedusing their first "industrialscale"melter at

Chelyabinsk-40. By the first or second quarterof 1991, they hope to have a

new vitrificationfacility operational,using the modified second single-

stage ceramicmelter at Chelyabinsk-40. With this facility in operation,they

plan to empty their high-levelwaste storagetanks, allowingthem to be reused

for new wastes resultingfrom the continuedreprocessingof VVER-440 reactor

fuel. They do not plan to build any furtherHLW storagetanks at the

Chelyabinsk-40site (BradleyDecember 1990).

For "mediumactive"wastes stored in single-wallsteel tanks [believed

to be a 300 series stainlesssteel]containingliquidsand solids_derived

from chemicals "no longerused" which have been stored for up to 25 years, the

Sovietsstated that the wastes are incorporatedinto "cement"and/or "clays"

for in-tank"final"disposal. They have solidifiedan unspecifiednumberof

these tanks which they state is feasiblewhen the radioactivecontents are

<5 Ci/L. No significantproblem_have been encounteredwith gas generation in
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their tanks because of the use of air flow-through systems. Temperature

measurements, both radially and vertically in tanks containing solids, showed

a variationfrom 20 to 30°C.

The Soviets felt their most importantproblem is what is to be done to

those double-shelltanks made of stainlesssteel, which have a limited

[undefined]durability. They are developingtechnologyand methods to take

out "remnants"and reprocessthem. In those cases where radiationlevels are

not high [i.e.,no large heat releaseis expectedduring solidification],

in-tank solidification,as with the older tanks,may be considered(Bradley

December 1990).

The Sovietsonly discusstwo high-levelwaste streamsat the

Chelyabinsk-40site. The wastes from power reactor fuel reprocessingare low

in "salt"content, but containa large quantityof long-livedfissionproducts

.andtransplutoniumelements,whereasthe wastes from reprocessingof submarine

and research reactorfuel containa large quantityof salts, but few trans-

plutoniumelements. The solutionsfrom power reactorfuel reprocessingare

concentratedby evaporationand then stored in tanks, with nitric acid being

recycled. Part of the evaporatedHLW solutionsare processedat the "frac-

tionation"facility,and then used for making radiationsources. All high-

level wastes from submarineand researchreactorfuel reprocessingwill be

vitrified,along with the majorityof intermediate-levelwastes (Drozhko

1990).

Some aspects of the history of vitrificationin the USSR were given

during a recent visit to the USSR by a DOE fact-findingdelegation. Their

first work was done on silicateglasseswith a radioactivitycontentranging

'from1-1000Ci/_. They did not build a large-scalemodel of this process.

In the 1970s,natural gas was used as a heating source for a single-stage

vitrificationfacilitywith water-cooledwalls. Oxygen was introducedto

decrease the volume of off-gasesbut a working facilitywas riotcompleted._=

The design for a working facilitywas finallybased on glass tube manufactur-

ing plants in the USSR (BradleyDecember 1990).
3=

The Sovietshave reportedfurtherdetails of the high-levelliquidwaste

vitrificationfacilityat Chelyabinsk.-40.Equipmentis placed in two
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buildings connected by a "technological scaffold" bridge. The first building

contains equipment for feed materials preparation (fluxing), HLLWconcentra-

tion by evaporation, and offgas cleaning systems. The second building con-

tains two 500-1./h [feed rate] electric glass melters (Nikipelov et al. 1990a)

that achieved a maximumprocessing rate of 450 L/h of solution and 90 kg/h of

glass (Medvedev 1990, Niktforov et al. 1990d). The building also contains a

unit for pouring glass into cans, a system for can transportation, a chamber

for welding canisters containing three cans of glass, tools for remote opera-

tion, and air-cooled bays for canister storage. Figure 8.1 shows a diagram of

the 500-L/h feed rate ceramic melter, Figure 8.2 shows the high-level waste

canister, and Figure 8.3 shows the waste canister transport shielded container

(Nikipelovet al. 1990a).

1 2 3 4 5 6 7 8

,. - .. __

-_ - 15 2 - Gas Duct 11 - Bacor(Refractory)

14 1 - Body 10 - DrainSleeve

__ _.._ 3 - Feeders 12 - Chamotte(Refractory)
3 2 m _ _'_"- 4 - Fire-Resistant 13 - SandFilling

ConcretoPl_to 14 - Thermocouples
; -- 5 - Glass Mass Level 15 - Electrodes

-_- __'_17 6 - ParUtion 16 - WaterCooledTubes
4-------4.2 m--------_ 7 -Concrete 17 - WaterCooled8 - MineralWool CurrentLead

g - Drain 18 - BiologicalShield

FIGURE 8_I. CeramicMelter - 500 L/h Feedrate Capacity
(Nikipelovet al. 1990a)
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Body (Carbon Steel;
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I
i
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k.63 m-'-'_

FIGURE 8.2. Canister for Vitrified High-LevelWastes
(Nikipelovet al. 19gOa)

Solidifiedwastes with an activity of -5.5 x 103W/m3 are placed in

forced-air-cooledstorage which consists of concrete bays containingequally

spaced concretetubes (shafts). Two canistersare welded into a "three-seat"

shieldedcontainerand then placed into one of the concrete shafts, lt was

noted that the storagedesign also allows the use of natural air circulation,

if required,using a tall stack. Figure 8.4 is a drawing of the forced-air-

cooled storagefacility. After the specificdecay heat decreasesto 1.0 to

1.5 x 103W/m3, the HLW glass canistersare taken out from the forced-air-

cooled storagebays and transportedin a shieldedcontainerto another storage
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areawhereheat removalis accomplishedby naturalair circulation.This

storage area consistsof reinforcedconcrete bays and shaftsdesigned to hold

four canister'sfor long-termstorage. Figure8.5 showsa drawingof the

natural_circulation-cooledstorage facility (Nikipelovet al. 1990a).

The firstof the two electricmeltersin the vitrificationfacilitywas

used to produce high-levelwaste phosphateglass starting in 1987 (Nikipelov

et al. 1990a). After 13 months operation (Falci 1990), "the furnace [melter

#I] was decommissioned"becauseof "loss of tightness" [corrosion]of the

water cooling system used to cool the current leads to the melter electrodes
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1 - Fans 5 - Reinforced Concrete Shafts for Cans
2 - Gate Valves and Filtering StaUon 6, 7 - Air Ducts
3 -Crane 8 -AIrlntake
4 . Knock-Down Ceiling 9 - Stack

FIGURE8,4. Forced-Atr-Cooled Storage Factlity for Vitrified Wastes
(Nikipelov et al. 1990a)

(Nikipelov et al. 1990a). They shut down the "oven," leaving the HLWglass to

solidify in the melter. Alterations have been made to the other identical

melter in their facility, and they are now heating the melter to "dry the

ceramic liner." Following an inspection, equipment modifications will be

made, after which they will decide whether or not to initiate glass produc-

tion. They stated that they were forced to speed up completion of this

vitrification facility since they lack tanks for waste storage and are not

planning to build any aere. The Soviets further stated that they must "clear

out" existing tanks to make room for wastes from VVER-440 fuel reprocessing,

which is ongoing at Chelyabinsk-40 (Bradley December 1990). This second

melter is "hard piped" tn place and cannot be removed if tt fails. Because of

this design, the Soviets are developing a smaller two-stage melter system

which is more amenable to repair and remote operation (Falci 1990).
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FIGURE.8.5. Natural-Circulation-Cooled Storage Facility for
Vitrified Wastes (Nikipelov et al. 1990a)

Furtherdetails on the two-stagevitrificationprocesswere given in a

recent paper by B. V. Nikiforov. The processrevolves around a method to

' drythe liquid waste and then melt the waste in a second stage using a high-

frequency inductionmelter with a so-called"cold wall" or "cold crucible"

design to help containthe melt and decrease corrosionof the melter mate-

rials. The expecteddesign capacityof the system is 100 L/h of feed solu-

tion and 25-35 kg/h of solidifiedproduct. Fo_'the first stage, fluidized

bed, spray and rotatinghorizontalcalcinersas well as a once-throughevap-

orator have been studied, lt appearsthat only the once through "tube in

tube" evaporatormeets their engineeringand capacity requirements. Exper-

imentswith the once-throughevaporatorhave showed satisfactoryoperation

with up to 100 L/h feed rate of solutionswith salt contents up to 350 g/L

(Nikiforovet al. Iggo).

The performanceof the inductivemeltingprocess has been experimentally

demonstratedin the cold crucible at temperaturesfrom 1200oCto 2300°C. This
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process may be used to produceglassy-crystallineand "mineral-like"materials

such as pyroxene and pyrosilicates,titanatesand titano-silicates,ferrogar-

nets and ferrosilicates,and Synrock-C.

All these materialshave been preparedusing the inductionmelting proc-

ess at a temperatureof 1250°Cto 1550°C,and then treated at 650°C for two

hours to simulateannealing,and irradiatedto 1010 rad to determinetheir

radiationresistance. Chemical stabilitywas determinedby an "express"

[rapid]method under "contactwith distilledwater fraction 0.16-0.25mm"at a

temperatureof 60°Cduring I hour (Nikiforovet al. 1990). Tentative results

showed that sphene,ferrogarnet,and a complextype of glassy-crystalline

pyroxene have high chemical stability,jadeite,aegirine-augiteand andradite

were the most stable,and synroc "type"materialswere "intermediate"in

durability.

The Sovietshave developed"cold crucibles,"made of stainlesssteel and

"sealed"by refractorymaterials,with a tank area of 0.05-0.12m2. At a mean

temperatureof 1500°C,operatingin the "continuousmode," they have demon-

stratedproductionof silicatematerialsat 12-18 kg/h. Details of their

design are given in Table 8.1. Figures8.6 and 8.7 show a general hot cell

arrangementfor the two-stagevitrificationprocess and concept of the induc-

tion-heatedcold cruciblemelter, respectively(Nikiforovet al. 1990). lt

should be noted that two-stagevitrificationprocesseshave been under devel-

opment since the Ig70s in the Soviet Union. A diagram of the KS-KT-lO0two-

stage vitrificationprocessis shown in Figure8.8 (Nikiforovet al. 1985).

The principleof transmutation,as stated by the Soviet scientists,is to

separateactinides,fissionproducts,and/or isotopesof long half-lifeand

subjectthese isotopesto high fluxesof thermalneutrons,protons,or lasers.

lt was indicatedthat heavy water reactorswill be used to produce neutrons

which will bombarda mixtureof Lithium and waste (with an approximatecom-

position of: 237Np - 35%, 243Am - 27% and Cm - 44%). Approximately500 to

I000 kg per year of actinideswill be "burnt"(NationalAcademy of Sciences

1990). Work along these lines has recentlybeen reported by the Ukrainian

Academy of Sciences Instituteof Physicsand Technology"inKharkov. Scien-

tists have installed"severalnew 100 MeV accelerators"at an unspecified
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TABLE 8.1. Specificationsof the Two-StageVitrificationProcessUsing a
Spray Calcinerand InductionMelter with a Cold Crucible

S_.q.ravDrYer-Calciner(RS-lO0)

I. Diameter,m 0.7

2. Height, m 3.5

3. Material, ChISNIOT(StainlessSteel)

4. Furnace Power, kW 240

5. ElectricalConsumption,kWh/L o.g

6. Working Temperature,°C 750

7. ProductionBased on Feed Solution, 100
L/h

InductionMelter with Cold Crucible (IpCht)

1. InductorPower, kW 160

2. Operating Frequency,MegaHz 1.76

3. Crucible Material 12ChISNIOT(StainlessSteel)

4. Dimensions of "Cold"Crucible,r_ 600x300x600

5. OperatingTemperatures,°C 900-2300

6. ProductionBased on End Product
(Glass or Mineral-Like),kg/h 30

nuclearstation to bombard isotopetargetswith electrons. Full-scale"exper-

iments"are scheduledto begin later in 1990 (NuclearWaste News May 10,

1990).

The Khlopin Radium Instituteis conductingresearchon partitioningof

HLW using the organiccompoundcobalt dicarbolylanion in HNO3 acid solutions.

This reagent is especiallyeffectivefor large ions, and the process separates

Sr, Cs, REE and TRU with efficienciesup to 99%. Cs and Sr were reportedto
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F,IGURE,,..8.6.General Hot Cell Arrangementfor the Two-StageVitrification
Process (Nikiforovet al. 1990)
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be concentratedby a factor of I0 in a single extractioncycle with the proc-

ess being automaticallycontrolled. See Section 7.0 for further information

(NationalAcademy of Sciences 1990)o

8.2 HIGH-LEVELWASTE DISPOSAL

The Sovietsrecently indicatedthat they are continuingto look at sev-

eral sites for HLW disposal in crystallineand salt rock. They are consider-

ing using an area at or near the Chelyabinsk-40site for an underground

laboratoryas well as potentiallya disposal site. They were not overly

optimisticon making progressquickly in this area (BradleyDecember 1990).

The Sovietshave also reportedthat the Khlopin Raduium Institutehas

been studyinggeologicaldisposal "for twenty years," in three principal

areas"

• role of barriers

• stabilityof wastes

• characterizationof regionaland centraldisposal sites (waste
repositories).

Field samplesof the variousrock types are collectedby the Institute

staff and sorptionpropertiesof the rocks and migrationof plutonium,cesium,

strontium,and americiumradionuclidesare being studied. Salt mixtures with

carbonatesand clays have been studiedfor use as a backfillmaterial. Gas-

eous and liquid inclusionsin salt have also been studied,probably to age

date the candidatesalt repositoryformations. There appear to be no studies

underwayon rock mechanics. Scientistsat the Khlopin Radium Institutealso

indicatedthat for HLW disposal in deep boreholes,the boreholediameter

consideredas optimum is 0.63 m at a depth of 600 to 1000 m, or deeper. The

canisterswill be stacked in verticalcolumns 500 to 600 m long in bedded rock

formations, lt was stated by the Sovietsthat disposal of LLW, ILW, HLW, TRU,

and iodinewastes in vertical boreholesin salt formationhas been considered

for many years. The primary impuritiesin the bedded salt formationsconsid-

ered ranged from 0.5 to 3%, and were comprisedof dolomite and "sulphate

impurities." Dr. Shishchitswas indicatedto be the principalresearcher in

8.13



this area. A systematicintegratedrepositoryprogram is not in place in the

USSR. Other than these studieson rock types and the followingsite location

studies authoredby Kedrovski,littlework appearsto have been done. lt was

stated that a programto assess physicaland chemicalpropertiesof waste

forms and engineeredbarriers is being "developed"(NationalAcademy of

Sciences 1990).

The Sovietshave noted that the followingtypes of repositorieswould be

necessary (Kedrovskiet al. 1990):

• municipal storagefacilitiesfor disposalof non-industrialwastes

• final disposal storagefacilitiesfor spent fuel and wastes from
nuclear plant decommissioning

• high-levelwastes containinglong-livedradionuclides.

Their conceptsfor geologicdisposal are:

• geologicaland geohydrologicalconditionsare the main isolation
barriers

: • the waste form, whose mechanical,physicaland chemical properties
can be changedby treatmentprocesses,constitutesthe second most
importantbarrier

® engineeredbarriers provid_,additionalisolation,mainly in the
pre-closureperiod

• engineeredbarriers function as the main isolationbarrierfor low-
level waste and for waste containingshort half-liferadionuclides.

The followingconcepts of geologic disposalhave been, or are being evaluated

(Kedrovskiet al. 1990)"

• deep boreholesin salt and hard rock formations

• special undergroundfacilitiesin salt formation,where wastes are
emplaced in mine workings,or into relativelyshort boreholesbored
from these mine workings

• speciallymined salt and potassiummines

• undergroundcavitiesmined in salt formations

• speciallymined openings in hard rocks.
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Figure 8.9 shows an overall concept of a Soviet geologic repository,

Figure 8.10 gives details of various concepts for three different types of

geologic media. Figures 8.11 through 8.13 are drawings of various underground

facilities (Kedrovski et al. 1990).

Figure 8.14 shows a map of the Soviet Union with salt and crystalline

formations and the general location of eight candidate repository sites. The

Soviets focused their initial attention for geologic repository site charac-

terization on the "Pricaspian" lowland, which is famous for its salt domes

(Kedrovski et al. 1990). The primary period of salt accumulations in the

Pricaspian Basin originated about 250 million years ago and continued for

about 10 million years. The Soviets have looked at what they consider are two

key problems with respect to disposal in these salt formations: characteris-

tics of radionuclide migration and the development of a procedure for

System of "Rock Control" Shaft

FIGURE 8.9. Soviet GeologicRepositoryConcept for RadioactiveWastes
(Kedrovskiet al. 1990)
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___[_.8.J_. Hap of HalogenicandCrystallineFormationsin the USSR
{Kedrovskiet al. 1990)
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estimatingthe stabilityof salt dome structures. To date they have concluded

that the volume of intercrystallineinclusionsis much greater than intra-

crystallineinclusions,and that the main pathway for radionuclidemigration

will be via intercrystallinepores. The are also studyingthe age of the salt

formationsusing radiogenicmethods such as argon/potassiumratios (Anderson

et al. 1990). The Sovietshave found abnormaldiapirismin some salt domes

located in the southernpart of the PricaspianBasin. Analysis of the region

made by "space geologicalsurvey"showed a very complicatedtectonic structure

with centersof recent earthquakes. For these reasons,the Pricaspiansalt

formationsare now regardedas potentiallysuitablefor disposal of radio-

activewastes having only "shortlife periods" (300-500years). Figure 8.15

shows details of a geologicsequenceof a candidatesite in the Pricaspian

Basin near Orenburg.

The Soviets report that more attentionwas then paid to bedded salt

formations,one of which is located in the Bashkirianrepublic. Analysis

reportedlyshowed that this formationmay be suitablefor high-levelwastes.

Anotherrock salt deposit, situated in the region of Bachmut hollow in the

Ukraine, apparentlywas abandonedsince it is used as a source of table salt

(Kedrovskiet al. 1990).

Some formationsin Byelorussiaare regardedas possible candidatesfor

waste disposal, includingsome wastes from the Chernobylaccident (Kedrovski

et al. 1990). In this regard,an undergroundrepositoryfor Chernobylwastes

was stated as being consideredat the Gorky nuclearpower station (National

Academy of Sciences 1990).

The use of crystallinerocks for undergroundrepositoriesis also being

considered. In the South Urals region, there are large formationsof tuff and

tuff-breccia,and porphyriteat a depth of 200 to 300 m under the surface

having a thicknessof more than 1.2 to 1.5 km. The Soviets indicate that the

rocks are minimally fracturedand have a low permeability(havinga "filtra-

tion coefficient"about 10.4 to 10-5 m/24 hours),although they indicatethat

some zones have a higher permeability(10.3 m/24 hours). The whole region is

located in a tectonicallystable zone. Figure8.16 shows geologic cross.-

sectionsof the South Urals candidaterepositorysite (Kedrovskiet al. 1990).
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Depth '
in Meters

550 _ Sandy Clays with Sandstorie, Gypsum
I___;_:.| and Anhydrite Interlayers

650 _ i i ns

-. ii. :ii :i]- -_*" Halite with Sylvinite lind Anhydrite
700 |:::::::::::::| Inclusions

[__:; __Anhydritewith Dolomite and Halite Inclusions
750 __,,.*'""" -" lalltewith Anhydrite Inclusions
800 illaceous Anydrite with Dolomite Inclusions

850 Massive Anhydrite

900 Halitewith Sylvinite Inclusions

950 Argillaceous Anhydrite with Dolomite Inclusions
and Interlayers, and some Halite Interlayers.

1000 Water-Bearing Horizons are Related to
Dolomites and Anhydrites, Thickness of

1050 204 m, Argillaceous Anhydrite,Thickness

1100 of 8-25 m.

Macrocrystaillne Halitewith thin (102 mm)
1150 Anhydrite Interlayers,Thickness of 248-390 m.

1200

1250

1300 MassiveBlue-Grey Anhydrite

Anhydrite = CaSO4
Dolomite = CaMg(CO3)=
Gypsum = CaSCW.2H20
Halite -- NaCI

Sylvinite = NaCI + KCI

F GR_I.G.___F_._.=L_.GeologicSequenceof a CandidateRepositorySitein
theOrenburgDistrict(Kedrovskiet al.1990)
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FIGURE8,16. Geological Cross-Section of a Candidate Repository
Site tn the South Urals (Kedrovski et al. 1990)

The Soviet Union has vast territories occupied by permafrost from the

Kolsk Peninsu]a to Chukotsk and Kamchatka. The low pemeabtlity and tectonic

stability of this area have led to its consideration as an emplacement medium

for disposal of low- and intemediate-level waste that do not generate heat

and have relatively short decay periods, Shallow buried and underground
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repositories are being considered. For emplacement of long-lived and heat

generatingwaste the Soviets state they intendto considerdifferentunder-

ground facilitydesigns that use permafrostrocks as a barrier (Kedrovski

et al. 1990).

Another potentialrepositorysite area, which the authoritiesin Soviet

Karelia say has been abandoned, is in the Kuhmo area close to the Finland

border. The local Kareliapress reportsthat Soviet engineersare continuing

feasibilitystudies aimed at building a nuclearpower plant 45 miles from the

Finland border near Rukajarvi,and also claim that the Soviets are considering

a waste repository in the Romuvaavaarea, 12 miles from the border (Nucleonics

April 26, 1990). In June 1990 it was reportedthat the Soviets stated

they have (i_,:_:;_Dedplans for the reactor [and repositorysite] in favor of

building two _'__,_VVER-IO00reactors at the Kola site (,NucleonicsWeek June 7,

1990).

The Soviets state that the most importantscientificand technicalprob-

lems for the future,with respectto waste disposal,are the following

(Kedrovskiet al. 1990):

• developmentof waste preparationtechniquesthat could provide
minimizotionof high-levelwaste volumevia waste partitioning

• developmentof repositorydesign analysisand selectionof the
optimal combinationsof the waste and host rock system

• developmentof reliablemodels of waste behavior in a geologic
environment,risk and safety assessments,and monitoring methods
control over the storageperiod.
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9.0 LOW- AND INTERMEDIATE-LEVELWASTE TREATMENTSTORAGEAND DISPOSAL

Recently,feasibilityand demonstrationstudieshave been conductedat

the Radon facilityon the vitrificationof low- and intermediate-levelwastes.

Radon, one of 34 [or 35] regionalshallow-landdisposalfacilitiesin the

Soviet Union, receives solid and liquid wastes, includingLLW and ILW, from

the Moscow area. Liquidwastes are transportedto the facilityas liquids in

tank trucks (NationalAcademyof Sciences 19g0). The radioactivewastes

receivedat Radon, 35,000m3 per year, are generatedfrom medical and research

centersand test reactors,and are treatedand disposedof onsite. The Radon

facilityalso serves as the centralmanagement site for all the regionalwaste

sites in the USSR State disposal system, and performsdevelopmentalwork on

LLW and ILW. Radon is not part of the Ministry of Atomic Power and Industry

(MAPI),which is responsiblefor defense and nuclearpower wastes, but does

work jointlywith it and the KurchatovInstituteon developmentwork for

treatmentof LLW and ILW. Radon is also testinga small "cold crucible"

melter (see Section 8.1).

The Radon facility began using cementationfor low-salinitywastes in

1965, bitumen for high-salinitywastes in 1969, vitrificationin 1978, and

compactionin 1979. Wastes originatingas solidsor solidifiedfrom liquid

wastes are placed _nto shallow-landburial sites which are then coveredwith a

meter of reinforcedcement and clay layers and plantedwith vegetation. So

far 80,000 m3 of wastes have been disposed of. Solidifiedwastes are also

stored in canistersin above-groundvaults inside a storagebuilding. The

Soviets are planning for a storagelife of 500 years. Site geology consists

of mixed layers of clay and sand from the surfaceto the water table. These

layers are the "basis for containment"of contaminantsfrom the site, which

has marshes on all sides. Groundwaterat Radon is locatedbetween25-70

meters depth, and drinkingwater wells in the area are generallylocated at a

depth of 180-230meters.

The Soviets state that populationgrowth is encroachingon the Radon

facilitywhere 1,800 peoplework, with another300 locatedin Moscow. The

nearestcommunity is about 6 km away (Falci1990). Figure 9.1 shows the
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Acid Regeneration

1. Preparationof Solution for Alkali Evaporation 'l '1
2. HeatExchanger " " 9
3. EvaporatorforConcentrationof AlkaliSolutions I '-_
4. Evaporationfor Concentrationof AcidSolutions I1_. 10

5. CycloneCollector _ _.

6. FractionationColumn
7. ReservoirforCollectionofAcidandAlkali

Condensates

8. Tank for DistilledAcid ,, ,,.\,,,\\\_\\ \\\\
9. Reactor=Crystallizer

10. SpecialTruckfor TransportingWastesfor Burial

FIGURE 9.1. Liquid Radioactive Waste Evaporation at the Radon Facility
(National Academy of Sciences 1990)
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process at Radon for liquid radioactivewaste evaporation,and Figures9.2 and

9.3 show decontaminationby ion exchange and electrodialysis,respectively,

also at Radon. lt is not clear that the electrodialysisprocess is still

being used.

Solid wastes below 30 Mr/h are considerednon-radioactivein the Soviet

Union and do not require any specialtreatmentor handling. They are disposed

of at municipaldumps. [lt is noted that beta- or alpha-emittingradio-

nuclides are not monitoredaccordingto this procedure. Further,the packag-

ing of the waste influencesthe surfaceactivityand the criteriacould be met

by simply increasingthe shieldingprovidedby the container.] The Soviets

indicatethat althoughnot much attentionhad been paid to monitoringin the

past, it is now consideredabsolutelyindispensable(NationalAcademy of

Sciences 1990).

The Soviets have indicatedthat some irradiationsources (such as radium)

were placed in municipaldumps upon which housingwas later built. Some

source materialseven showed up in apartmentunits, and helicoptersurveys

were initiatedto locate other such materials. The Radon facilitynow trans-

ports and disposes of 105 Ci of sourcesand 103 Ci of nonsourcesannually,

with the cost of waste managementessentiallyborne by the Soviet government;

only approximatelyone percent is paid by the facilitygeneratingthe waste.

lt was stated that if a higher percentagewere assessed,more waste generating

facilitiesmight engage in "midnightdumping" (NationalAcademyof Sciences

1990).

The Soviets have stated that processes including both ceramic and induc-
tion melters were initiated at Radon in mid-1989 for vitrification of inter-

mediate-level wastes (National Academyof Sciences 1990). Additional

information was provided in a recent article which described a pilot-scale

vitrification unit that had been operated for 3 months by the Radon Production

Associationin Moscow, processingactual intermediate-levelwastes from the

: Kursk [RBMK reactors]and Kalinin [VVERreactors]power stations. Radioactive

wastes from these reactorswere added to datolite [a calcium-boronsilicate

mineral that was only added to the wastes from the Kursk reactorsthat did not

contain any boron],and quartz and argillaceoussands to producea

@
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NaOH, FeS04

17

Decontaminated
1 Wastes

15
Brine 14

Raw 13
Wastes 1

Dialysate

Brine

1. Container 10. ExperimentalIonExchanger
2. Oil-and-GasolineTrap 11. Experimentalion Exchanger
3. SawdustFilter 12. DiluateStorageUnit
4. Clarifier 13. ElectrodialysisUnit(EDU-50)
5. SandFilter 14. ConcentrateCollector
6. FilterContainingABC(activatedbirchcharcoal) 15. CondensateBrineTank
7. CationExchangeFilter 16. DiluateTank
8. AnionExchangeFilter 17. FilterContainingThiocarbonate
9. StorageTanks,50 m3 18. Metal-CeramicFilters

FIGURE 9.3. Decontaminationof RadioactiveWaste Water by Electrodialysis
at the Radon Facility (Nikiforovet alo 1985)

borosilicatewaste glass. The vitrificationunit has a furnacedivided into

melting and pouringzones of 1,500 mm x 400 mm, and 600 mm x 200 mm, respec-

tively, and is composed of a "B.akor-33"refractoryliner, and then a layer of

"fireclay,"which is cooled using water in tubes. This joule-heatedtype of

melter uses three molybdenumelectrodesin the meltingzone and one in the

pouring zone, all 24 mm in diameter,and has a power consumptionof 100 kW.

Waste glass was discharged into containersvia a bottomdrain in the pouring
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section of the melter. Figure 9.4 shows a drawing of the pilot-scale melter.

The Soviets noted several problem areas during the melter's operation: the

need to replace the molybdenumelectrode_ once a month, phase separation in

the glass melt due to the presence of sulfates and chlorides, and actd conden-

sation formed by thermal decomposition of nitrates in the presence of water.

In 1988, the Soviets also began work at the Radon Production Association in

Moscowon a "pilot Installation" which would have a capacity to produce waste

glass at a rate of 100 kg/h with a feed rate of 350 L/h of waste solutions.

This installation is to have an automatic process control system and was

scheduled for "prestart" tests in 1990 (_Qj]_ya Enerqtya October 1990).

1. Tempocarywastestmagotank 8. MeltIN'FINKImixingtank 14. Contamtseparatorfm oxidn
2. Inlm'medk_towaste stora_ t;mk g. Melter feed meter ofnitrogen
3. Rotwyevaporator 10. Joule-heat_lceramk=melter 15. Storagetank
4. Watervapor ,iter 11. Off-gB sparger le.
5. I-lealexchange' " 12. Low-ult ¢omkmamtetank 17. Off.gainringcleaningfiltw
6. Condensate_toragetank 13. Sprayuperalor 18. Stack
7. Storagehc_:_ersfor mettmaddltivu

FIGURE9.4. Pilot-ScaleMelter for VitrificationTests Using
Intermediate-LevelWastes from Power Reactors
(AtomnavaEnerqiyaOctober 1990)
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Also at Radon, scientistsstated that a plasma jet fuel burner based on

an electricarc plasmatronwas a promisingmethod for waste solidification.

Relativelyhigh temperatures(i.e., 1500°C)are used during processingto

obtain highly stable mineralslag. High temperaturesalso make it possibleto

incinerateunsortedwastes and wastes with up to 30% metal and 10% concrete

(NationalAcademyof Sciences Iggo).

In Dimitrovgrad,where well injectionof ILW and LLW was done, explora-

tory boreholespenetrateMeso-Cenozoicand Paleozoicsedimentarydeposits

having a total thicknessof 2270 to 2300 meters and overlyingthe crystalline

rock foundationof Archeanage. The Paleozoicsectioncontains Devonianand

Permiansystemsof 2100 m thicknesscomposedmainly of carbonaterocks. Meso-

zoic sedimentsare representedby Triassic and Jurassic clays of 100 to 110 m

thickness, The upper complexis composedof quaternary alluvialsand and clay

deposits of 60 m thickness. Both the permeablezones includestronglyminer-

alizedwater (200 to 250 g/L), with a natural flow rate of 0.1 to 1.0 m/year.

The Soviets have apparentlybeen studyingradionuclidemigrationat the

Dimitrovgradsite, with results indicatingcontainmentwithin a "secondary

protective"zone about 6000 m square (Kedrovskiet al. 1990).

The Sovietsare studyingspecializedwaste forms for the immobilization

of iodine-129,carbon-14,and tritiumwastes. For iodine-129,the Soviets

have studiedcement and bituminouscompounds,glasses, epoxidecompositions,

dense polycrystallineand "chemicallymodified"materialsbased on slightly

soluble iodates. Dense polycrystallinewaste forms produced by cold and hot

isostaticpressingof powdered iodine compoundshave been studied,based on

lead iodideand copper iodide. In addition_successivechemicalprecipita-

tion from aqueoussolutionsis being considered In this process,microgran-

ules of materialscontainingiodine are coated with inorganicmodifier

materialssuch as lead iodide and lead-silicate. Characteristicsof these

waste forms are given in Table 9.1 (Kalininet al. 1988). lt appearsthat

Pbl2 or Cul waste forms are preferred,since the Soviets state that they have

prepareda flow diagramFor producingthese wastes forms for storageor burial

(Lazarevet al. 1990).



T..ABL_9.1. Characteristicsof Waste Forms for Immobilizationof Iodine-129

Mass
Iodine Waste Volume Fraction
Leaching for Fixation of Iodine

InitialForm of Velocity, of 500 kg _f 'inWaste
Matrix (pro(_ Iodine Fixat.ion _ cm/da.y_ Iodine,m_ ..Form,%_

Portland cement Ba(IO_)2, Pb(I03) 2-4 x 10.5 9.0 4-5
brand 500 Cu(IO_) 2

Pbl2, CBI 2 x 10-4

Bitumen Ba(I03) Pb(I03) 2-3 x 10-6 2.0 22-31
Pbl2, 2

Lead-borateglass KI, Bal2 3-6 x 10.5 1.2 15 (KI)
10(Bal2)

Epoxideresin Pbl2 2-5 x 10.6 0.6 28-42

IsostaticPressing Pbl2 2 x 10-4 0.2 (not
CuI 3 x I0-b reported)

Chemicalmodifi- Pbl2 3 x 10-7 0.3 (not
cation with reported)
silicate

At present,the Soviets state that sligiltlysolublecarbonatesformed in

a "doublealkalineprocess" seem to be the most convenient form for carbon-14

fixation,but for storageor "burial conditions"cement may be the preferable

waste form. Compoundsof Portlandcement and calcium, strontium,and barium

carbonateshave been studied. Test resultsshow that carbon-14is incor-

porated 'incalciumcarbonatewithin the cementmatrix (Kalininet al. 1988).

Aqueous tritiumwaste solidificationhas been studied by treatingwastes

with calcium oxide and then producing a dry powder of tritiatedcalcium

hydroxidewhich is then incorporatedinto bitumenor other binderssuch as

epoxide resin, paraffin,ceresin and polystyrene. The Sovietsreport that

epoxide resin waste forms have the lowest tritiumleaching "velocity,"but

they are still lookingfor new matrix materials(Kalininet al. 1988).

Intermediate-levelwastes at Chelyabinsk-40are evaporatedwith the

concentratedwastes stored in tanks, _nd the condensatesdischarged into the

Karachai reservoir"to maintain its level." Low-levelwastes are processedby

o
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the ion-exchangefacilityat the water treatmentplant. The filtrate is dis-

charged into the recyclingwater supply basin, with the remainingwastes com-

bined with intermediate-levelwaste solutions. Some low-levelwaste solutions

are also dischargedinto the Karachai reservoir, lt was stated that this was

necessarysince condensatesfrom ILW evaporationwere not alone sufficientto

maintainthe "reservoirlevel" (Drozhko,June 1990).

The majority of solid radioactivewastes from the Mayak plant are to be

disposedof since the plant lacks appropriateprocessingfacilities. Some

solid high-levelwastes are stored in "permanent"ferroconcretefacilities.

Intermediate-and low-levelsolid wastes are placed in speciallyprepared

trenches. Some solid waste treatmentprocesses (such as scrap decontamination

and organicwaste incineration)have been tested,and may be used in a solid

waste treatmentcomplex that is scheduledfor operationin 1998 (Drozhko,June

1990).
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I0.0 TRANSPORTATION

BN-600 reactorspent fuel assembliesare transportedusing the Soviet TK-

11 railroad container-cardesigned for maximum permissiblefuel burnup with a

three-yearcooling. The TK-11 railroadcontainer-carconsistsof three

compartments--onefreightcompartmentand two working compartments. In the

freight compartmenta cask is fixed to a supportingframe and has the follow-

ing specifications(Ogordovet al. 1987):

• inside diameter - 1485 mm

• outsidediameter - 2195 mm

• thicknessof the cask lid - 320 mm

• cask m_=s is not over 86,500 kg.

ThL.workingcompartmentsof the TK-11 container-carhouse electrical

equipment,instrumentation,hydraulicdrive controls,and ventilationsystems.

The outer surfaceof the cask has fins to provide convectiveheat transfer

efficiency. The fins are coated with epoxy to facilitatedecontamination

operations. The lid is made of stainlesssteel. Spent fuel assembliesare

transportedin 35-cellbaskets. Since the spent fuel assemblieshave insuf-

ficient strengthto provide for their integrityunder emergencyconditions,

they are insertedinto cans which are reused. Nitrogen is used as a coolant

for the cans as well as in the container-car(Ogordovet al. 1987).

Liquidwastes, at least those destinedfor regional solidificationand

disposal facilitiessuch as Radon, are transportedas liquids in tank trucks

(NationalAcademyof Sciences 1990).
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11.0 ENVIRONMENTALRESTORATIONAND WASTE MANAGEMENTAT.

LY__H_F_L_j_SK-40AND CHERNOBYL

11.10P.Q._F=_.P,A_...!IONSAT CHELYABINSK-40

11.1.1 .EarlySite Contaminationand Techa River RestoratioB

The ProductionAssociationMayak has carriedout military-industrial

nuclear activitiessince 1948 at the Chelyabinsk-40site, which has been com-

monly referred to in the past as the Kyshtym site. The site, referredto as

Chelyabinsk-40in this report, is locatednear the towns of Kyshtym and Kasli

and is 70 km north of the city of Chelyabinsk. Chelyabinsk-65,which refers

to a town of 83,000 built to house the Mayak staff, is located 12 km from the

site (NucleonicsWeek July 26, 1990a).

The facilitiesat Chelyabinsk-40have had a long history of releasesof

radioactivityto the surroundingenvironment. Accordingto recent Soviet

estimates,a total of about I billion curies have been released to the

environmentat Chelyabinsk-40between 1949 and 1960. The factorscontributing

to the release are given as disposal of solid wastes at the reactor site, dis-

posal of wastes to Lake Karachai and subsequentdispersalby wind from the

lake shore, the 1957 HLW tank explosion,and dischargeto the Techa River from

the reprocessingplant from 1949-1951 (Nucleonic_ March 21, 1991). The

Techa River was severelycontaminatedfrom the dischargeof "intermediate-

level waste" effluents,with a stated specificactivity [locationunspeci-

fied] up to 10.4 Ci/L in 1949-1951. In the summer of 1951, a radiationsurvey

at the Chelyabinsk-40,site revealed an "excessive"contaminationof the flood

lands and bed of the Techa River and an "increasedirradiationeffect on the

inhabitantsof the banks." In September 1951, the dischargeof radioactive

effluents into the river was stopped. The Sovietsstate that the major por-

tion (99%) of the radionuclideswere deposited in the upper region of the

Techa, as far as Muslyumovo. As a result of the contamination,the Techa.

River was withdrawnfrom economic use, some settlementswere evacuated[8,000

people were re-located,accordingto P___ July 17, 1989], and the remainder

were supplied with water from sources other than the 'Techa. Since the con-

taminatedupper flood lands of the Techa constitutedabout 80% of the area of

11.1
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its entire flood lands, the Soviets built a cascade of four reservoirs to con-

tain the contamination. The first reservoir was erected in 1951, and the 1ast

in 1964. The Soviets state that the reservoirs made it possible to isolate

about 98% of the radionuclides deposited in the flood lands. Today, work is

under way to increase the capacity of the reservoirs, and their influence on

the contamination of groundwater is being studied (Ntkipelov et al. 1990c).

In the past, the level of the reservoirs was regulated by using the con-

taminated water as a heat sink for the five plutonium production reactors at

Chelyabinsk-40. With these reactors shut down, the Soviets are concerned

about the steadily increasing water levels in the reservoirs. There is

80 million m3 in Reservoir #10 alone, where fish are reported to be 100 times

more radioactive than normal (NucleonicsWeek July 26, 1990a).

11.1.2 Personnel Exposure

The Soviets recently published information relating to radiation doses to

workers at Chelyabinsk-40 from early operations through 1974. The dose infor-

mation was for workers at two different facilities, a uranium-graphite

channel-type reactor commissioned in June 1948 (now closed and "conserved"),

and a fuel reprocessing plant commissioned in December 1948 (now closed and

dismantled). The Soviets state that in 1948-1952, the radiation technology

was studied and dose reduction techniques were looked for. The active imple-

mentation of these measures began in 1953-1959, and in 1960-1973, radiation
doses fell to within internationalstandards. A more detailed historical

developmentof radiationprotectionprocedureswas given as follows (Nikipelov

et al. February 1990):InAugust 1948, the Ministryof Medium Machine Building

(Minsredmash)and the Ministryof Health prepared the "GeneralSanitary

Standardsand Regulationsfor Health Care of the Employeesat the facilitiesA

and B" [the reactor and reprocessingfacilities,respectively]. The daily

maximumdose was fixed at 0.1 rem for 6 working hours (about30 rem during the

year), with a provisionfor a one-time irradiationdose not to.exceed 25 rem

in case of an accident. Individualmonitoring of externalgamma irradiation

was performedwith film dosimeterswhich could measurethe dose from 0.05 to 3

rem in the energy range 0.4-3.0Mev with an accuracyof 30%.
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• In 1949, "Regulations of the Health Control of the Employees" were
introduced and installation managers were required to report to the
physicians every case of irradiation exceeding ten daily noms (i.e.,
more than 1 rem).

• In 1952, a new norm was introduced which limited the irradiation
dose to 0.05 rem during 6 working hours, or 15 rem per year. These
regulations still allowed a single emergency irradiation not exceed-
ing 25 rem.

® In 1954, new directions were issued that allowed for someemployees
to get doses up to 100 rem, provided that they wou]d then be trans-
ferred to other jobs excluding their contact with ionizing radia-
tion. ]'he Soviets state that this directive resulted from their
practice of using the most qualified workers on facility repairs to
reduce exposure time, and that they only had a limited supply of
such workers.

• A special order was issued in 1954-1955 for the Minsredmash which
established the procedure of transferring workers into "clean"
conditions for 6 months after their total irradiation dose exceeded
45 rem for the last year or 75 rem for the last two years.

• In 1960, the "Sanitary Regulations for the work with Radioactive
Substances" becameeffective in the USSR. The upper weekly dose of
external irradiation was set at 0.1 rem and 5 rem for the yea_.
However, even these regulations allowed, if necessary, to increase
the yearly dose up to 15 rem for persons 30 years or older.

° Starting in 1970, the "Normsof RadiationSafety" (NRB-69)were
introducedin the Minsredmashwhich placed an upper limit of 5 rem
on the yearly dose. This requirementis continued in the norms
NRB-76/87that are effectivenow.

At the reactorinstallationat Chelyabinsk-40,the main contributionto

personneldose came from irradiationin the central hall, in the fuel storage

pools-depositories,and during transportationof the irradiatedproducts.

However, in many rooms, the irradiationdoses were "practicallynii." At the

reprocessingplant, however, the equipmentwas located in such a way that

practicallyall the locationswere subjectto radioactivecontamination.

In 1949, about 30% of the workers at the Chelyabinsk-40reactorreceived

doses of between 100-400rem; at the reprocessingplant in 1950 and 1951, 36%

and 43% of the workers, respectively,receiveddoses between100-400rem.

Table 11.1 gives further informationon averageexternaldoses received by

workers at these two facilitiesfrom 1948 to 1974.
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TABLE11.1. Average External GammaDoses at Chelyabinsk-40
Facilities from 1948 to 1974

Employees at Employees at
Reactor Reprocessing

Commissioned Plant Commissioned
Time Frame in June 1948 _in December 1948.
1948 - 1952 35.4 rem --

1949 - 1952 -- _ 80.3 rem

1953 - 1959 7.9 rem 18.7 rem

1960 - 1974 1.8 rem 3.8 rem

Reactor personnel received the h,ighest doses in 1949 and the first cases

of chronic radiation disease were diagnosed at the same time. At the reproc-

essing plant, the maximumlevel of external gammaradiation was noticed in

1950-1952 with chronic radiation disease being noted a year later than at the

reactor facility. A clear increase in the worker mortality was found for

irradiation levels more than 100 rem during the whole worktime combined with a

maximumdose of 25 rem during any year. The Soviets state that due to the

high background of the external irradiation received by the workers at the

reprocessing plant, it was "impossible to reveal the role of internal irradia-

tion." Table 11.2 provides data on chronic radiation disease and dose

received by Chelyabinsk-40 workers at the reactor and reprocessing plant

(Nikipelov et al. February 1990).

TABLE 3,1.2. The Occurrence Rate of Chronic RadiationDiseaseand Doses
Receivedby Chelyabinsk-40Workers

Average Worker
% of Workers (ga!]___dose,re_m_}___
with Chronic Total for Maximum

FacilitY_ R_adia_i__onDisease Worktime for.a Year

Reactor 5.8 ± 0.5 264 ± 14 127 ± 11

ReprocessingPlant 22.5 ± 0.6 340 ± 5 150 ± 4
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11.1.3 High-Level WasteTank Accident in 1957

In 1957, a high-level waste storage tank at Chelyabinsk-40 exploded,

expelling about 2 million curies into the atmosphere and surrounding environ-
ment out of about 20 million curies contained in the tank. The tank was one

of the 16 250-m3 stainless-steel tanks that were enclosed in a buried

rectangular concrete vault with 60-cm-thick walls (McNeece 1990) having cells

for the storage tanks which were put into operation in 1953 (Falci 1990). The

tanks, which contained high-level Waste solutions with up to 100 g/L sodium

nitrate and 80 g/L of sodium acetate, were cooled by water "flowing through an

annulus between the walls of the tank and the canyon." Deterioration of moni-

toring equipment eventually occurred that evidently was impossible to repair.

Reports indicate that since the tanks were "entirely immersed in water, they

gradually rose as the solutions evaporated, leading to a loss of seal in the

lines for reception and discharge of radioactive material." Due to inade-

quate capacity at the site to clean up the resulting contaminated cooling

water, only periodic cooling ,as used, which eventually led to overheating of

the dried explosive salts (Nikipelov and Drozhko 1990). The Soviets have

stated that the liquid wastes were kept slightly acidic at a pH of 4, and that

the tank did not contain any ferrocyanides (Falci 1990). The stainless steel

tank had a concrete cover 1.5 m thick, and weighed 160 HT. A video of the

accident, shown recently to a U.S. visitor, shows no visible explosion crater,

only one of the 160-MT tank covers laying on the ground. The location of the
tank accident was shown to be between the vitrification and the VVERreactor

fuel reprocessing plants at the Chelyabinsk-40 site (McNeece 1990). It was

also stated that the Chelyabinsk-40 site had about 60 single-wall tanks for

containing HLW(Falci 1990).

A portion of the reactor site in the northeast sector [of the

Chelyabinsk-40 site] becamecontaminated due to the explosion. Contamination

was either covered with clean soil or removed and buried, and decontaminating

solutions were used for washing asphalt roads. Altogether, 350,000 m3 of

contaminated soil was removed and 400,000 m3 of clean soil was deposited

(Nikipelov et al. 1990c). Further details on the tank accident are summarized

by Bradley and Schneider (1990).
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Due to high levels of contaminationfrom the tank explosion, someterri-

torieswere decontaminatedusing road-buildingmachines. Up to a 100-m radius

of the explosioncrater, the dose rate was more than 400 R/hour,within a l-km

radius it was 20 R/hour,and within a 3-km radius it was 3 R/hour. lt appears

that significantcontaminationhas been spread by winds from "bare" parts of

Karachaireservoirto parts of the Chelyabinsk-40site, and has overlappedthe

contaminationzone from the 1957 accident. A total of 600 Ci, mainly of 90Sr

and 137Cs,has been stated to have been spread due to winds (Nikipelovet al.

1990c).

Approximately20 millionCi of activitywas involvedin the explosion,

of which -10/,was scatteredin the surroundingenvironmentfollowingthe move-

ment of the explosioncloud, which initiallyrose to a height of up to I km.

Formationof the radioactive"track"on the ground was stated to be completed

within 11 hours after 'theaccident. For a radioactiveisoplethof 0.1 Ci/km2

of 90Sr, the dimensionsof the contaminationtrack reached300 km by 30-50 km;

for a radioactiveisoplethof 2 Ci/km2, the track was 105 km by 8-9 km

(Nikip¢!ovet al. 1990). The total area of contaminationwas 23,000 km2

(EKONOM!KATEKHN!KA.EKOLOGIYA,January 1990). In the first 10 days after the

accident,it was stated that winds had caused the boundariesof the minimum

contaminationdensity to shift "severalkilometers"into previously "clean"

territory(Nikipelovet al. 1990). Figure 11_I shows a map of the radioactive

contamination"track"from the 1957 accident at Chelyabinsk-40(U.S. DOE

1990).

The maximum radioactivecontaminationdensityon the track's axis near

the sourcereached 15 x 104 Ci/km2 of total activityor 4 x 103 Ci/km2 of

90Sr. In the areas of maximumcontamination,the initialexposure dose was as

high as 0.6 R/h. After 25 years, the total radiationactivity has decreased

by 34 times and has decreasedby 1.8 'timesfor 90Sr activity. The present

contaminationis 99.3% from 90Sr + 90y, and 0.7% from 137Cs (Nikipelovet al.
m

1990). Tables 11.3 and 11.4 indicatesoil activitiesand distributionsof

90Sr contamination(EKON______OM!KATEKHNIKA EKOLOGIYA,January 1990).

In 1957, about 270,000people lived in the contaminatedzone [0.1 Ci/km2

for 90Sri, 10,000 lived in a contaminationzone of _>2Ci/km2 of 90Sr, and
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TABLE 11._. Soil Activity and the Dimensionsof the
Radioactive"Track"from the 1957 Accident
at Chelyabinsk-40

Soil Activity,Ci/km2 _enqth, km Width, km

140,000 I-2 0.5-I

14,000 12 1.5

1,400 10 3.5

280 65 --

28 75 7

TABLE 11.4. Distributionof Strontium-90Contaminationfrom
the 1957 Accident at Chelyabinsk-40

Level..ofCon_Bmination,Ci/km2
Indicator _ 10__0_ ___!_._ 0.1

Area of track km2 200 400 I.,400 23,000

" Number of populatedareas 3 13 71 217

Number of people,000 1.5 5 17 270

2,100 people lived in a contaminationzone of more than 100 Ci/km2 of 90Sr.

In the first 7-10 days immediatelyafter the accident,600 people from the

most contaminatedinhabitedareas were resettled,and in the subsequent

1.5 years, about 10,000 people (Nikipelovet al. 1990). Furtherevacuationof

the populationwas conducted1-1.5 years after the accident for areas with a

strontium-90contaminationlevel exceeding4 Ci/km2, which totaledabout

700 km2. The populationof this region effectivelyused contaminatedfoods

for 3 to 6 months in an "unrestrictedmanner." Only after the secondevacua-
z

tion I-1.5 years after the accident,was the intake of contaminatedfood

halted (EKONOMIKA,TEKHNIKA,EKOLQGIYA,February1990). A total of 10,180

people were evacuated. The averagemaximum radiationdose received by the

- 600 people before evacuationwas 17 rem of externalradiation,160 rem as the

internal radiationdose to the digestivetract, and 52 rem as the effective
-

dose equivalent (Nikipelovet al. 1990).

Only one radiologicallaboratorywas operatingthe first days after the

accident;another seven went into operationlater. Since the accident
z

11.8

:"_........ :=_ ...................... :._ .................. _c_ _-z/r -_............................ _......... _ .............. _ - ........................................................................... ................ i,,, _' _



occurred during harvest time, a great deal of attention was stated to be spent

on monitoring the radioactive content of grains, potatoes, and forage. The

separation of food and forage into clean and contaminated groups was done

3 months after the accident, and withdrawal and destruction of discarded food

was begun 5 to 6 months after the accident (EKONOMIKA,TEKHNI.K.A,EKOLOGIYA,

February1990).

Between 1957-1959,approximately10,000 tons of variouskinds of agri-

cultural producewere withdrawn from use and 200 km2 of agriculturalarea was

"decontaminated"by ploughing. In 1960-1961,deep ploughingwas implemented

on an area of 62 km2, along with burial of some contaminatedsoils to a depth

of more than 50 centimeters (Nikipelovet al. 1990).

After the evacuationwa; completedin 1959, accessto areas with a con-

taminationdensity of more than 2 Ci/km2 of 90Sr was restricted. By 1962, the

area of this zone was reduced to 220 km2 with a maximumcontaminationdensity

of 100 Ci/km2. The remainderof the territorywas turnedover for agricul-

tural usage. In 1958, land areas of 590 km2 in the Chelyabinskregion and

470 km2 in the Sverdlovskregionwere withdrawn from agriculturaluse. In the

Sverdlovskregion, agriculturalproductionwas establishedin 1961. In the

Chelyabinskregion, the restorationof land to agriculturalusage was

"complete"by 1978, and by 1989 about 67% of the land had been broughtback

into use (Nikipelovet al. 1990).

The Sovietsexperimentedwith grazingyoung cattle (about1500 head) on

hayfieldswith contaminationlevels of 4-100 Ci/km2 of strontium-90. After

grazing on the contaminatedfields,the cattle were placedon clean feed for

2 months before slaughter. Analysis of the radioactivityof the meat showed

that its strontium-90contentdid not exceed 100 pCi/kg.

Soldiers in the military unit that was on guard duty at the time of

passageof the radioactivecloud sustaineda dose of about 100 ,rad° The

Sovietscontend that neither they, nor some 2,767 people tested under out-

patientconditions2 to 5 years after the accident,showedany "patternof

radiationsickness." The only effectsof radiationappearedto be a corre-

lation with bronchialasthma (EKONOM!KA,TEKHNIKA,_EKOLOGIYA,March 1990).
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U.S. officialsrecently visitedthe laboratory,referredto as ONIS,

established in 1958 to oversee the effortsto study and mitigate the effects

of the HLW tank explosionin 1957. Located 10 miles from Chelyabinsk-40in an

agriculturalarea near the zone of the worst radioactivecontamination,the

purposesof the laboratoryare to (Falci 1990):

• study the migrationof radioactivityin the environment

• study the biologicaleffectsand influenceof radioactivityon
ecology

• developmeasures to eliminateadverseconsequencesresultingfrom
the contamination

• reclaimcontaminatedareas and return them to the economy.

A recent visitor to the proposedSouth Urals power plant site near

Chelyabinsk-40was told that a nearby lake, Kasha-Kul,was contaminatedto

"300 times normal background"due to the 1957 explosion (McNeece1990).

11.1.4 Restorationof the Karachai Reservoir

Work is under way to eliminatecontaminatedwater basins,primarily

the Karachai reservoirwhere "mediumactivitywaste" was dumped starting in

1951. The reservoirhas accumulatedabout 120 x 106 Ci of 137Cs and 90Sr

distributedbetween the aqueousphase, the bottom loam soil, and deposits in

the ratio 1:7:12. Contaminationis evidentlymigratingto the groundwater

from the reservoir,which the Soviets state became known in the 1960s, and has

now migrated 2 to 3 km from the reservoir(Nikipelovet al. 1990c).

The Soviets startedreducingthe size of the Karachaireservoir in 1967

when its surfacearea was 0.45 km2, reducing it to 0.35 km2 by 1976. After

1976, work was slowed down or stopped,due to large amountsof natural silts

and "artificial"deposits, "primarilyfrom hydroxidesludgesfrom spent fuel

reprocessing,"which occupied up to 30% of the reservoirvolume. A large

amount of sludgesaccumulatedin the northeastsectionof the reservoir in the

dischargeline region. Of the stated 120 x 106 Ci accumulatedin the reser-

voir, -35% is located in the loam deposits in the reservoir,60% in the

"mobiledeposits," and -5% in the aqueousphase, which has a specific activity

of about 1.0 to 1.5 x 10-2 Ci/L. The specificactivity of the depositswas up
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to 2 Ci/L in the discharge line region and up to 0°3 Ci/L in remote regions.

lt appears that the work was then stopped in ]976 due to exposure rates and

wind-blown contamination (Nikipelov et al. 1990c). During a visit to

Chelayabinsk-40 and Lake Karachai by U.S. DOEofficials in June 1990, radia-

tion levels were reported to have reached 80 mr/h on their bus within a

distance of a few hundred feet of the water, and were told that the reservoir

surface radiation level was 3-4 R/h (Falci 1990). Other sources have reported

dose rates in the region of the discharge line, or at the lake surface, from

600 R/h to greater than 700 R/h (Nucleonics WeekAugust 23, 1990b).

In 1985, a "special engineered machine" was developed to work on highly

contaminated parts of the reservoir. To immobilize contaminated lake depos-

its, reinforced concrete hollow blocks were used. By 1989, the northeast

sector had been closed and the reservoir surface area was reduced to 0.29 km2,

then to 0.25 km2 by 1990. The reservoir was packed with 1.5 x 106 m3 soil (of

which 0.4 x 106 m3 is rock) and about 6,000 hollow concrete blocks. In 1990,

the Sovietsplan to divide the reservoirinto sectionsusing dikes, possibly

to minimize furtherairbornecontamination. The Sovietsfurther state that by

1991 the reservoirwill have been reducedto 0.20 km2, and be completelyelim-

inated before 1995. After that they plan to stop contaminantmigration,and

althoughno solutionto this problem has been determined,they are considering

"a sorption treatmentof undergroundwater," and a "groundand surfacedrain

separation." The final choice is to be made in 1993. A systemof engineered

barriers is plannedby the year 2000 to prevent furthermigrationof contam-

inants and stop the dischargeof contaminantsinto the Mishlyak river

(Nikipelovet al. 1990c).

11.1.5 _L_on_g-TermWaste ManagementProqram

lhe 15-yearprogramof waste managementat Chelyabinsk-40includesthe

: followingfour main sections,and is illustratedin Figures 11.2 and 11.3

(Drozhko1990)"

=
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F!GURE11.2. Radwaste Treatmentat Chelyabinsk-40Prior to Start-up of
the Single Stage VitrificationFacility (Drozhko1990)

I. Facilitiesoperationand de_n to provide safe processingand storage of
all waste streams:

• solidificationof li_;id high-levelwastes and some interme-
diate-levelwastes by m_ans of single-stagevitrificationin
1990-1991
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F_LGURE11.3,. RadwasteTreatment at Chelyabinsk-40 After Start-up of the
Bitumization Facility (Drozhko 1990)

® transferof low-and someintermediate-levelliquidwastesin
1993-1994for theirsolidificationat thebituminizationplant,
scheduledfor operationin 1994. Afterthe plantsstart,the
dischargeof all liquidwastescategorieswillbe stopped,
exceptfor filtratesfromthe ion-exchangefacility.

• operationof a single-stage"removable"melter

• design_ndconstructionof a solidwastereprocessingcomplex.

2. Restoration,to include"recovery"of contaminatedareas,and "local-
ization"of contaminationsources:

• implementationof processto regulatethe levelof the Techa
ReservoirCascade- 1991-1992
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• "liquidation"of the Karachaireservoirby 1994

• restorationof the contaminatedTecha River flood-plain,Vurs,
and Techa ReservoirCascade - 1998.

3. Decommissioning:

• decontaminationof ground wastes [surfacesites]

• decontaminationof surfacereservoirssuch as the Techa-Cascade

• decontaminationof metal wastes and solid waste treatment;two-
stage solidification

• evaporationof 'low-levelwastes and contaminatedsurfacewaters

• site selectionfor solid waste disposal

• recultivationof contaminatedareas

• developmentof a mathematicalmodel of the influenceof plants
on groundwater[contamination],and determinationof "hydro-
dynamic and hydrochemicalparameters"

• long-termwaste storageconditionsstudies.

4. Research and developmentto supportthe above areas.

11.2 OPERATIONSAT CHERNOBYL

11.2.1 Status of DestroyedUnit #4

The Soviets recently stated that their data and models indicatethat the

damagedChernobylreactor is currentlytoo hot and that gas pressures are too

great to turn the reactor block into a "monolith." There is apparently agree-

ment that the present status of the damaged reactor is not satisfactory

regardingcontainmentof radionuclides,although the treatmentto be applied

has not been determined (NationalAcademy of Sciences 1990). In addition,

Andrei Gagarinski,deputy directorof the Kurchatov Institute;recently noted

that the 1000-metricton upper plate of Chernobyl#4 will be strengthenedto

prevent it from "fallingdown inside the reactor vault." lt was also stated

that it has been decided to add a steel cover over the concretesarcophagus.

Gagarinskialso noted that the sarcophagusbuilding is not hermetically

sealed, and that aerosolsproduced inside could escape through "many slots and
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holes" and although he added that this posed no health hazard, the Soviets

will be discussing an "advanced confinement system" (Nucleonics Week 5/17/90).

Further information on more permanent "disposal" options for the destroyed

Unit #4 was provided during a recent visit by U.S. DOEstaff (Falci 1990).

The Soviets stated that options included building another engineered structure

over the sarcophagus, filling the present structure with sand, and pouring a

concrete monolith. They felt that the current sarcophagus was adequate to

contain radionuclide migration for 100 years (Falci 1990).

Nearly all of the radioactive noble gases and "the main part" of iodine
were released from the reactor as a result of the accident. The Soviets state

that about 13% (+_7%) of the cesium and 3.5% (¢0.5%) of the fuel was also

released.
z

Large amounts of fuel "masses" are located in the destroyed central hall

of unit #4, as well as under the northern wall of the confinement system, in

the spent Fuel storage pool, and in the "under reactor rooms." The fuel is

believed to exist in three main forms" fragments of reactor core, dispersed

fuel lines and dust, and incorporated into black vitreous masses, of which one

was found with a mass of "somecubic meters." The gammadose rate near this

large mass [found in 1986] was about 8,000 R/h, and had a composition of

95-96% Si02, 2-3% fuel, and small amounts of graphite, iron _nd construction
materials. Similar fuel masses came throughthe steam dischargelines and

oozed like "lava" from steam discharge valvesor formed a pumice-likematerial

upon contactwith water_

About 50 boreholeshave been made into the reactorcore area, from which

the Soviets have determinedthat not only the cover plate, but the "reactor

bottom lid" was thrown away by the explosion,crushingthe metal work beneath

and dropping down about 4 meters (Borovoy1989).

11.2.2 ContaminationMeasurementand RestorationActivities

An IndustrialAssociationwas organizedin October 1986 to remediatethe

Chernobyl site and to be responsiblefor all operationsexcept runningthe

Chernobyl reactor. Their work is being done in fi_e areas:
_

• monitoringand predictingmigrationof radionuclides

z
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• medical and biological consequences of the accident

• decontamination and radioactive waste management

° study and prediction of the radionuclide situation in the control
zone

• radioecological monitoring of the control zone.

The area of medical and biological consequences of the accident includes

developing early diagnostic standards for those evacuated from the 30-km zone,

and developing standards, automatic dosimeter and biological dosimetry sys-

'tems. The Soviets are also looking into treatment of exposed personnel with

food additives such as potassium ferrocyanide, natural herbs, and they are

studying activated charcoal. Through 1991, they are focusing on monitoring

those people who formerly lived in the control zone and expanding this at a

later time to other populations. They expect to monitor about 600,000 people.

More than 80 Soviet research organizations are working in this area, with the

leading ones being the Biophysics Institute in Moscowand the All-Union
Research Center of Radioactive Medicine in Kiev. The decontamination and

waste managementfunction includes the development of new decontamination

methods, as well as nontraditional technologies for extracting radionuclides

from soils (Falci 1990).

Followingthe Chernobylaccidenton April 26, 1986, the Sovietsplaced

more than 800 "containers"of high-levelwastes,with a surfacegamma dose

rate >300 mr/h, within the sarcophagusof unit #4 (Strakhovet al. 1989). The

Soviets also made unlinedtrenches ("makeshiftdisposal sitas")1,_arthe

reactor site for the disposalof 3 x 106 m3 of equipment,trees, etc. These

burial trencheswere locatedabout 4 meters above the water table. In addi-

tion, they have buried another3 x 106 m3 of soil, which in some cases was

removed to a depth of I meter. Wooden houses were torn down and masonry

houses had their roofs removed. The Soviets state that a primary task is to

. remediatethese waste trenchesand they are looking at a variety of options,

includingthe use of sorbentsand in situ burning (Falci 1990). During

1988-89, about 240 holes were drilled around the makeshiftwaste burial sitesc

to monitor the radionuclidemigrationfrom these sites, lt was reported that
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the soil surfaceremains contaminatedwith cesium-137,strontium-90,and

plutonium-239. The "territory"is contaminatedby cesium-137up to

1000 Ci/km2, and by strontiumto more than 600 Ci/km2. The total inventory

[in the 30-km zone], excludingwaste disposal sites, is cesium-137-

ii,_O,O(iOCi; strontium-90- I00 000 Ci; and 800 Ci of plutonium-239+ 240

i(i(ik)pelovet al. 1990b).
[ , , _,

Data from monitoring studieson the amount of radioactivematerial within

various areas surroundingthe Chernobylstation are given in Tables 11.5,

11.6, and 11.7. The Chernobylaccidentreleased about 50 MCi, includingabout

3-4% of the fuel from the reactor, and contaminatedan area of 200,000 km2

with surfacegamma dose rates >0.2 mr/h. The contaminationin the "near zone"

was reportedto be 1.1 x 107 Ci, with a total activitydepositedon "USSR

territory"of 3.1 x 107 Ci (Strakhovet al. 1989).

In January 1987, the Soviets establisheda new disposalsite 15 km west

of the reactorsite that is located20 meters above the water table with an

annual precipitationof 50 cm/yr (Falcl Iggo). In 1988-1989,two types of

radioactivewaste repositories[trenches]were built and put into operation

within the 30-km protectionzone at Chernobyl. Chernobylwastes From the 30

"makeshiftdisposalsites" were then relocated into these repositories

(Nikipelovet al. IggOb):

TABLE 11.5. RadioactivitySurroundingthe ChernobylSite (total
activity in Ci) (NationalAcademy of Sciences 1990)

Soi___!l" ApproximateArea
Annulus (km) (kmr) Cs-137 Sr-gO P__L

0 to I 3 3,100 3,000 7
I to 3 25 13,200 ].4,000 30
3 to 5 50 22,600 30,000 63
5 to 15 628 47,100 63,000 260

15 to 30 2,120 24,000 17,000 440
Trees"

I km_ 5,280 5,600 12
9 km_ 4,070 5,400 11

300 km_ 22,600 30,240 125
990 kmz 11,280 8,000 210

: InterimStoraqe" 110,000 100,000 800

s
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TABLE!1.6. Territory Contaminated with Cesium-137 from the
Ch_rnobyl Accident Excluding the Evacuation Zone,
km_ ()RAVD_ April 17, 1990)

Level of Contamination....(Ci/km2)_
Republics _ 5 to 15 15 to40 Over 40

Byelorussia 9,830 3,640 1,160
Ukraine 540 350 200
Russian Federation 5,760 2,060 310

Total 17,130 6,050 1,670

TABLE11.7. Territory Contaminated with Cesium-137 from the .
Chernobyl Accident, Evacuation Zone Included, km_
(PRAVDAApril 17, 1990)

Level of Contamination__qp__Ci/km2)
lr Republics _ 5 to1___.__55 15 to 40 Over 40

Byel orussi a 10,160 4,210 2,150
Ukraine 1,960 820 640
Russian Federation 5,760 2,060 310

Total 17,880 7,090 3,100

• "Buryakov_a"- for wastes <5 R/h--30trenches (with a capacityof
450,000m ) with clay "screens"and a system of observationholes.

• "Podlesny"- for wastes >5 _/h--8 reinforcedconcrete compartments
with a capacityof 50,000 m_.

More detailedinformationon these "repositories"has been provided by

Strakhov et al (1989). Low- and intermediate-levelwastes are placed in

trenches. The trenchesare 136 m long, 52 m wide, 4 m deep, and have a 12°

(angle of) slope. The trench floor and walls are coveredwith a 1-m water-

proof layer of "locallyprocuredclay" and a protectiveO.6-m layer of ground.

The filled trenchesare smoothed out with a O.6-m ground layer, covered with

l-m-thicklayers of clay and ground, respectively,and then grass is planted

on top. High-levelwastes are stored in a facilitywhich may be multi-

layered,with the walls built in concreteblocks, and the base floor made of

road slabs,placed in a pad of water-tightmaterial. The free space in the

compartmentsis concretedto fill voids and form a protectivelayer of 800 mm
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thickness under the containers. Then, the compartmentsare coveredwith an

asphaltlayer. In perspective,the whole complexwill be coveredwith earth,

a water-tightlayer, and then plantedover with grass (Strakhovet al. 1989).

The Soviet goal is for 300-500years of isolation(Falci1990). Figures II.4

and 11.5 show diagramsof the low- and intermediate-levelwaste disposal

facility and high-levelwaste disposal facility,respectively(Strakhovet al.

1989).

Recent U.S. DOE visitorsto this disposalsite were told that thirteen

trenchescontaining 15,000m3 each have been used, for a total of about

200,000m3 of LLW and _LW buriedwaste so far. Wastes in these trenches have

a surfacedose rate of less than I R/h. Elsewhereonsite they also have

stored 11,000 m3 of wastes having a surfacedose rate of greater than I R/h.

Future plans for disposalof metals, concrete and constructionmaterialsin

2.5-m cubic cells buried in the ground with a I m clay cover was also men-

tioned. The IndustrialAssociationplans to remediatethe improperlydisposed

of waste near the reactorsite and process the rest prior to disposal. The

first stage (with work plans expected to start during July 1990) will identify

storagemethods and processingof the waste; the second stage will involve

construction(Fa]ci 1990).

In 1986-1988,a surveyof the agriculturallands taken out of service

: was carried out. Specialmeasures,aimed at the reductionof radionuclide

uptake,were deemed necessaryon 35 to 40% of the lands. The main uses for

these lands were stated to be (Nikipelovet al. 1990b)"

• growing of seeds and trees with a specializedtree-farmplannedfor
1990

• breeding of cattle and fur-bearinganimals,fodder production,bee-
keeping

• the joint developmentand testingof decontaminationequipmentand
radiobiologicalinvestigations.

The Soviets are interestedin identifying"channels"for migrationof

radionuclidesaway from the Chernobylsite via tilePripyatRiver as well as

; groundwaterroutes to the river. Groundwaterflow to the Pripyat is about

75,000 m3y"I. Transportin the river system (PripyatRiver to the Dneiper

11.19



Wastes

Ground Layer,
lm

Clay Screen,
Clay Screen, 1 m

lm
I

Protective Ground i Leveling Ground

Layer 0.6 m 'i_ Layer 0.6 m

-qP-----18 m '" "-I-- 16m- ._ .....18 m-----_

FIGURE 11.4. Diagram of Low- and Intermediate-Level Waste Disposal Facility
Near Chernobyl (Strakhov et al. 1989)

ConcreteFoundationBlocks,
0.6m ConcreteLayers,0.8m

Wall Reinforcement I CementedVoidSpace

I ContainerwithWastes,
Ground

V= 1 m3 LevelingConcreteLayer,100mm

AsphaltLayer,50 mm PavementSlabs,140mm

Asphalt,50mm
Crushed-StoneCoatingwith
Bitumen,150mm

_8.5 30

FIGURE 11.5. Diagram of High-Level Waste Disposal Facility Near Chernobyl
(Strakhov et al. 1989)

11.20



River and ultimatelyto the Black Sea) was stated to have been measured•

The second major pathway for releaseof radionuclidesis via airbornedust.

It was reportedthat polymers and grass seed were being sprayedover the area

to stabilizethe soils and to limit airbornetransport• The Sovietshave

stated that the Hydrometeorologyservicehas mapped cesium, strontiaum,and

plutoniumcontaminationin soils. Khlopin Institutestaff also have been

involved in studyingradionuclidedistributionsin the air and water from the

Chernobylaccident. Their modeling effortswere found not to be adequateto

predict the observedradionuclidedistributions(NationalAcademy of Sciences

1990).

Due to the scale and difficultyof removing contaminatedsoil from the

Pripyatriver flood lands, radionuclidesare being immobilizedby selective

planting of shrubsor grassy vegetation. In 1990, this is expectedto be

completedon 10 km2 For intrafloodland reservoirs,the removalof contami• m

nated ground deposits,using specialmobile equipment, is being developedwith

cooperationfrom APD, an American company. Simultaneously,the Soviets are

working on immobilization,f radionuclidesusing water plants such as reeds,

canes, etc. (Nikipelovet al. 1990b).

The Soviets indicatethat an urgent task is to reduce the radionuclide

release from contaminatedterritoriesof the 30-km zone into water sources

feedingthe Kiev storage pool. Within this zone the Pripyat River,whose

left-bankflood lands are heavily contaminated,is the main water source.

Approximateinventoriesof strontium-90in this area are reportedto be up to

about 5,000 Ci as well as 20,000 Ci of cesium-137. The stationcoolant pond

(at Chernobyl)is reportedto contain4,600 Ci of cesium-137,700 Ci of stron-

tium-90 and 20 Ci of plutonium-239. To preventradionuclidesfrom entering

from the coolantpond, a system of drain holes between the pond and the river

was put in place to "interceptwaters returninginto the coolant pond"

(Nikipelovet al. 1990b). A representativeof several Soviet ecological

organizationsrecentlyestimatedthat the Kiev reservoircontained30,000 Ci

of radionuclides,and serves as the drinkingwater source for 30 million

people (Nucle.o.nicsWeek May 10, 1990).

- #
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These concernswere amplifiedduring a visit by a U.S. scientistwho

recently spent about three weeks in the vicinity of Chernobyl,participating

in studiesas a part of the U.S./USSRJoint CoordinatingCommitteeon Civilian

Nuclear Reactor Safety. The area of specificinterestwas environmental

radionuclidetransport,and the areas of expected joint research are as

follows (Onishi1990):

• radionuclidecharacterization,especiallyadsorption/desorption
mechanisms,

• field collectionof geo-hydro-radiochemicaldata for determination
of major mechanismscontrollingradionuclidemigration and
mathematicalmodeling,

• developmentand validationof mathematicalmodels for overland and
surfacewaters, and

o evaluationof remediationtechniquesand effectivenessof remedia-
tion of overlandand surfacewaters.

The key USSR organizationsinvolved in this study are:

• The Instituteof ExperimentalMeteorology,which is a Soviet Union
institute(approximately300 staff members) and is officially
responsiblefor determiningdistributionsof radionuclideson the
land and for predictingradionuclidemigrationover land surface,
and in the PripyatRiver and its tributaries.

• The UkrainianInstituteof Hydrometeorology,which is both a
_ Ukrainianinstitute(approximately350 staff members),as well as a

part of the Soviet Union's Instituteof Hydrometeorology. This
institutecollectswater and soil samplesused for future predic-
tions of radionuclide;nigrationover land surfaces and in the
Pripyatand DnieperRivers (includingreservoirs)and their
tributaries.

° The V. Glushkov Instituteof Cybernetics,which is both a Ukrainian
(approximately7,000 staff members)and a Soviet Union institute,
and conductscomputer simulationsof radionuclidemigration in the
Dnieper River from the Kiev Reservoirto its mouth at the Black
Sea.

° The PripyatResearchand IndustrialAssociation,which is believed
to be a Soviet Unio,_organization,is responsiblefor (amongother
things)the 30-km restrictedzone.

! A brief summaryof inforl!_ationlearnedwhile visiting and studying envi-

ronmentalissues in the Chernoby]area is as follows (Onishi1990)"
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• The Ukrainian Instituteof Hydrometeorology,along with other
Soviet institutes,conductedcloud-seeding150 km upwind from Cher-
nobyl after the accidentto avoid precipitationaround the site.

• Within 5 days after the accident,there were rapid increasesof
radionuclideconcentrationsin the flood plains and the rivers.
The Sovietsbuilt dikes, dams, and sedimenttraps around and in
the rivers and flood plains to controlthe migrationof the
radionuclidesin the Pripyatand Dnieper Rivers,which in many
cases were not effective. The Dnieper River has a series of large
reservoirscreatedby locks and dams, and is supplyingdrinking and
irrigationwater to about 40 million people (mostlyUkrainians)
before it reachesthe Black Sea, approximately1000 km away.

• The radionuclidesof currentconcern are 90Sr and 137Cs. There are
three large hot areas (one near the Chernobylplant, the second
about 120 km away, and the third another 100 km away) resulting
from the transportof radionuclidesin differentphysical forms
(i.e.,fuel particlesor condensed forms originallyemitted as a

vapor,most likely to be CsCO_, iBnthecase of C_), precipitation
patterns and other factors. For _vSr, most_oftilehot areas are
near the Chernobylplant, partiallydue to g°Sr being associated
with fuel particles.

• A special characteristicof radionuclidesin the environmentfrom
the Chernobylaccident is the existenceof fuel particles. They
are now disintegratingin the environmentand releasingradion_
clides in land surfacesand in rivers° Only 10 to 20% of the _vSr
was exchangeablein 1986 and 1987, while now more than 60% is
exchangeable.

• The current averageradiationlevels on the ]and, based on observed
measurements,are 150 to 300 /_R/hat the reactorsite, 200 pR/h at

PripyatTown aI__ 40 to _?pR/h at ChernobylTown, respectively. At
PripyatTown,__ Sr and =_'Cs concentrationson the ground are 40
and 100 Ci/kmz, respectively. At ChernobylTown, the highest,read-
ing observed was 10,000pR/h, but (as an average)the level is
about 2 to 3 times the backgroundlevel.

• Dissolvedconcentrationsof 90Sr and 13/Cs in th_=.Pripyat and

Dnieper River_narenow i to 10 pCi/L. The USSR drinkingwater
standardfor _vSr is 400 pCi/L, while in the U.S. it is 100 pCi/L.

• Changes in concentrationsof 137Cs and 90Sr in the PripyatRiver
near Chernobyl over the last four years are shown in Figure 11.6,

togetherwith associatedriver water discharge. Since a major
potentialsource of Sr is the flood plain across from 'theCher-
nobyl plant, and subsequentlythe Kiev Reservoir,these two loca-
tions are the primarycandidatesfor cleanupactivities. Although
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a 5- to lO-year flood can cover most of the flood plain across the
Chernobyl plant, no major flood has occurred during the last 4 years.

• The sources of 90Sr and 137Cs, respectively, flowing from the
Pripyat River into the Kiev Reservoir are as follows:

- 43% and 12% from the flood plain across the Chernobyl plant
- 1% and 7% from the Chernobyl cooling pond
- 22% and 4% from the tributary, the Uzh, and other water

sources near the Chernobyl plant
- 24% and 77% upstream of the Chernobyl plant.

• Unlike gOsr, most of the 137Cs comes from upstream areas of
Chernobyl in roughly equal amounts from the Pripyat and Dnieper
Rivers into the Kiev Reservoir. Host of the radionuclides found in
the flood plain are still near the surface; 90% of them are within
1 cm of the ground surface. About 73%of the radionuclides flowing
into the Kiev Reservoir are trapped there.

• Although radionuclide concentrations in the Pripyat and Dnieper
Rivers are one to two order magnitudes lower than the USSRor USA
drinking standards, an irrigation pathway for radionuclide
transport and uptake has not been considered to date.

Following a request by the Soviet government in October 1989, the Inter-

national Atomic EnergyAgency (IAEA),with the participationof the Commission

of the EuropeanCommunities(CEC),the United Nations Food and Agricultural

Organization(FAO),the U.N. ScientificCommitteeon the Effectsof Atomic

Radiation(UNSCEAR),and the World Health Organization(WHO), is organizinga

major projectto evaluate aspectsof the Chernobylaccident. The stud.,/

[expectedto be availablein 1991] will assess the radiologicalconseqlmnces

within the USSR of the Chernobyl-4accident. The survey will includehealth

and environmentaleffects, and will evaluatethe protectivemeasurestaken by

Soviet authorities(NuclearNews June 1990b).

The Sovietshave reportedthat __cu,_ractwa_ _igned by the USSR Min-

istry of the Atomic Power Industry and the West Berl.lnfirm, Recytech,to

installa pilot decontaminationfacilityat Chernobyl. The plant, to be

operationalin late 1990, will decontaminatematerialsand equipment,of which

165,000MT has accumulatedat the site. The pilot facilitycan handle up to
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5 MT of metal per day, and the contractwith Recytech includesbuilding a

commercialplant of larger capacity in the Chernobylarea (TASSApril 25

1990). i

Beginning in 1991 the Soviets expect to increase the environmental

restoration of the Chernobyl contaminated zone, with emphasis on designing

skecial mobile equipment for decontamination, along with construction of

sarcophagus-2 for the destroyed fourth unit. The main direction of work in

the 30-km contaminated zone is stated to be (Nikipelov et al. 1990b):

• creating a proving ground for testing equipment and technology for
decontaminat i on

• organizing an international center under the aegis of the IAEA to
enlist the cooperation of foreign scientists

• using natural and agricultural lands for the development of
production technology of various kinds of commodities.

11.2.3 Health and Environmental Effects

Authorities in Byelorussia continue to report statistical trends of

diseases in the wake of the Chernobyl accident and recently reported that

there is a clear link to thyroid disease, but it is not yet possible to link

Chernobyl to leukemia and simi'lar diseases (Nucleonics Week 1990a). As part

of this effort, some60,000 people are being continuously monitored (Nuclear

Waste NewsApril 26, 1990). In addition, it has been reported that 150,000

people have been "seriously affected" by radiation doses (Multinational Envi-

ron.mental Outlook May 1, 1990), that of 600,000 people who worked f_r 5 months

at Chernobyl, 7,000 have died (IAEA May 4, 1990), and that the first five

cases of thyroid cancer in infants have been identified (Nuc!eonics Week

May 3, 1990).

Byelorussian Deputy Prime Minister Alexander Kichkailo has indicated

that 2.2 million people (one-fifth of the Byelorussian population) were

exposed to radioactive contamination, there has been a loss of 4 million acres

(20%) of its farmland,and about 2.5 million acres (15%) of its forests have

been affected (NucleonicsWeek 1990a). Accordingto PRAVDA, 14,000 people

would be evacuatedthis year from areas cc,_taminatedby the Chernobyl accident

(WashinqtonPost April 24, 1990). The Sovietsthen stated in a session of the
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Supreme Soviet on April 25, 1990, that at least 300 people had died from

nuclear-relatedcauses due to the Chernobylaccident,and an emergencyprogram

costing 16 billionrubles was proposed. As part of this program, 200,000more

people could be evacuated (IndependentApril 26, 1990; Tim___.__April26, 1990).

Further detailsof the evacuationwere given in June 1990. The basis for

evacuationcomes from a policy (adoptedmore than a year ago) of resettling

people who might incur a dose of more than 35 rem over the next 70-75 years.

A cesium ground contaminationlevel of 15 Ci/km2 was establishedto define

areas where this limit might be reached if there were no specialcontrols,

and a 40 Ci/km2 level was used to define areas where the doses could be kept

below the limit if there were restrictionson the eating of local produce.

Details of the furtherevacuationof people are given in Table 11.8 (Nuclea_

New___.EsJune 1990a).

11.2.4 E__conomicImpacts

A Soviet study by the chief economistof the R&D Instituteof Power

Engineering,Yuri Keryakin,has concludedthat the cost of the Chernobyl

accidentmay be about 20 times higher than previouslyestimated,and has con-

tributed to the country'sworseningeconomic problems. Koryakin estimates

that by the year 2000, the accidentmay cost 170 to 215 billion rubles in

direct and indirectcosts, as shown in Table 11.9. The study also notes that

the estimatednet economiccontributionof nuclearpower since the first power

reactor started in 1954 has been 10 to 50 billionrubles (Wall Street Journal

March 29, 1990. lt was also reported that the accident so far had cost

9 billion rubles and was projectedto cost between 100 to 200 billionrubles

by 1995 and 2000, respectively(TimesApril 26, 1990).

11.3 OTHER CONI'AMINATEDSITES AND ENVIRONMENTAL.RESTORaTION:RELATED

ACTIVITIES

The Sovietsdiscussedstudiesof monitoringradionuclidecontamination

•in water bodies during a U.S. NationalAcademy of Sciences visit to the Soviet

Union. They stated that 30 areas have been looked at, includingthe Pripyat

River, the Kiev Water Reservoir,and the Baltic Sea and rivers flowing into
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TABI,E !!.9. Chernobyl Reactor Accident Costs

Cost
kre.a (billionsof rubles)

Loss of AgricultureProductionon ContaminatedLand 57.5 - 94.5

Loss of ElectricalProduction 66.8

Decontamination/evacuation,cleanup 35-45

Installationof new reactor safety equipment 3.9 - 5.1

Loss of capitalinvested in closed reactors 5.0

Total -215

it. This work was done in collaborationwith Canada, Poland,the Federal

Republicof Germany, and the German DemocraticRepublic (NationalAcademy of

Sciences 1990).

Radiationup to 20 times normal naturalbackgroundwas recently reported

outside the city of Mar;oupol in the Azov Sea coastalarea. Storms and land

slides have exposeddeposits of monazitesands apparentlycontainingthorium-

232. Work to map the som"cesand then possiblyto cover them is to begin soon

(TASSMay 25, 1990).

A recent survey of radioactivecontaminationin Leningradrevealed

150,000spots with above-normalradiationlevels, and 5.3 millioncubic feet

of contaminatedsoil. The only radioactivewaste disposal site was also found

to be leakingradioactivematerial into the soil and groundwater(__uclear

W__.asteNews August 16, 1990). Also near Leningrad,in an area known as Lake

Logoda where islands in the lake were used to test military equipment,a ship

containingradioactivematerialswas "beachedduring the 1960's." lt has been

reportedthat the ship contains about 2,000 MT of water contaminatedwith

strontium-90,causingconcerns of radioactivecontaminationdue to corrosion

of the old ship. lt is expectedthat "salvaging"operationsare to begin in

the summer of 1991 (MoscowTelevisionService 1990).

Izvest_ahas reported that 38 residentsof Tomsk had higher internal

radiationlevels after eating meat and fish caught locally,and four adults
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and three children had to be hospitalized. The contaminationis attributed

to wastes from a nuclear installation,Tomsk-7, built in the 1950s (IZVESTIA..)

May 3, 1990). Environmentalcontaminationhas also been observedat a "chem-

ical isotopefactory"located near Krasnoyarsk,the locationas well for an

undergrounddisposal site for liquid radioactivewastes via a tunnel under-

neath the YeniseyRiver. Referredto as "Site-27",a Soviet journalist

reported that two research expeditionsof specialistsfrom Leningrad_the

KrasnoyarskScientificCenter, and the State Committeefor the Protectionof

Nature confirmedradioactivecontaminationof the Yenisey River. The level

of radioactivity[supposedlyat "Site 27"] was reportedto exceed background

by a factor of "six to eight" and is still up to 100 pR/h more than 400 km

down the YeniseyRiver (wherethe naturalbackgroundis 10 to 15 pR/h). Silty

radioactivedepositswere mentioneddownstreamfrom the site having an activ-

ity level greater than 1,000 pR/h. The article also mentions that industrial

reactorsat the site have used once-throughcooling, dischargingdirectly into

the YeniseyRiver, for more than 30 years. Two of these reactorswere

expectedto be taken out of serviceby 1995, and a third by the year 2000.

The mining and chemical plant at the site has been "converted"to the produc-

tion of fuel for nuclearpower plants (VozdushnyyTransport 1990).

Radioactivecontaminationhas been reported at the UlbinskiyMetal-

lurgical Plant in Ust-Kamenogorsk,where an explosionat a berylliumplant

recently took place, lt was stated that uraniumand thoriumtailings piles

and "radioactivegypsum" piles h;_veaccumulatedto about 100,000tons of

material since 1949. Tailings piles were reportedto be giving off readings

in excess of 19000 pR/h (KAZAKHSTANSKAYAPRAVDA 1990).

The Sovietshave recentlypublisheda map of the city of Moscow that

shows areas of radioactivecontamination. The map, shown in Figure 11.7,

indicatesareas where the contaminationhas "spreadover allarea" and that

which is "local in character" [bothof which are undefined]. The radioactiv-

ity is reportedto range from 0.12 mR/h up to I R/ho Apparently,part of the

radioactivecontaminationis due to disposal at numerousdump sites and then

subsequentuse of material from these dump sites as fill material,thereby

spreadingthe contaminationfurther (Rab.ochaLyaTrlibunaJanuary30, 1991).
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APPENDIX A

An update of PNL-7182 is given in this appendix,which includestables

on Soviet and CMEA country nuclearpower reactors,as well as recent

background information.

A.I POWERREACTOR OPERATIONS

Soviet nuclear power plant constructionhas been slowed down consider-

ably, and many plants have been canceled since the accident at Chernobylin

1986. A recent articleindicatesthat even plants that were nearly completed

are being suspended,such as at Rostov,Zaporozhye,and Gorky (TANJUG1990).

The followingsectiongives further informationon Soviet reactorshutdowns,

safety concerns,and the potentialconstructionof the South Urals power

station near Chelyabinsk.

The UkrainianSupremeSoviet officiallydeclared in March 1990 that it

plans to phase out operationof nuclearreactorsat the Chernobylsite one at

a time over the next 5 years, and then close the site completely(Washington

Post March 4, 1990). The Soviets stated they would shut down the three

Chernobyl reactorsone by one "by the end of next year" [1991]with Unit #3
i

probably being the first to be decommissioned. In addition,a recent visitor,i
I
I/

// reports being told that radioactive"magma"has migrated into the piping under

// Unit #3, causinghigh radioactivitylevels in that units control room

(Nucleo,icsWeek May 3, 1990).

Soviet engineersand scientistscontinueto develop improvedversionsof

the RBMK reactor,as was reported aL a seminarin Vienna on May 15, 1990. The

Soviets appear to be keepingthe RBMK reactoras part of their nuclearpower

mix by developingthe MKR-80U a "modularchannelreactor." Anotherversion,

however, the UKR-1500,a 1500-MWe "._nhancedsafety"versionof the RBMK-lO00,

appears to have less of a chance of being built. Details of the modifica-

tions to the RBMK reactorssince the Chernobylreactor accidentwere also des-

cribed by Vislav Vasilevsky,chief of research'laboratoriesof the Institute

of Power Engineeringin Moscow (NucleonicsWeek May 31, 1990a).
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The Soviet Union has dropped a project to build a 1,000-MWnuclear plant

in Soviet Karelia, and insteadhas confirmedplans to build two VVER-IOOOsto

replace the four VVER-440sat the Kola site. The VVER-IOOOsare to be built

next to Lake Imandra,about 30 kilometersfrom the old VVER-440plant. The

two sites are near the city of Kovdor about 100 miles south of Murmansk.

Constructionis expectedto take six years_ The Finnishcompany, IVO, through

its subsidiary,IVO International,is jointlydevelopingnew VVER-IO00models

with the USSR's export supplier,Atomenergoexport(NucleonicsWeek June 7,

IggOb).

The East German governmentrecently orderedthe first four Soviet-

designed VVER-440 PWRs at Greifswaldshut down pendinga decision,expected

December 16, whether to backfitthe reactorsextensivelyto meet new regula-

tory requirementsand keep them operatinguntil the mid-lggOs. The plants

were ordered to be closed on June I followingcompletionof a report on their

safety by West German safety experts Gesellschaftfuer ReaktorsicherheitmbH

(GRS).

GRS cited insufficientmonitoringof reactorcomponentperformancefol-

lowing repair and maintenance,inadequatereqJalificationof safety-related

equipment followinga repair, and insufficient'Functioningof instrumentsfor

monitoring safety systemsduring outages and startup. As of June 1990,

Greifswald-4was operatingat 65% power in anticipationof a delayedoutage at

th_ end of the year. Greifswald-2and -3 were shut down in Feb_'uaryand

March, 1990, respectively,for long outages accommodatingpressure vessel

annealing. Greifswald-l,recentlyreturned to serviceafter being shut down

for repairs in May, was expected to operate for severalweeks to produce

processheat required by some plant safety systems (NucleonicsWeek June 7,

1990c).

The MAPI, under "orders"from the State Committeefor the Supervision

of Safety in Industryand the Nuclear Power Industry,reduced power at 6

RBMK-lO00reactors in June 1990. This action,due to safety concerns,reduced

power to 700 MWe at LeningradI and 2, Kursk I and 2 and ChernobylI and 2.

MAPI officials hoped to bring the reactors to fuel power within a "month or

two" (NucleonicsWeek July !2, 1990b). lt was then reportedthat VVER-IO00
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reactors are operatingat "significantlyreduced power levels"for up to

200 days after refuelingto partiallycompensatefor a positivethermal

reactivitycoefficient. (.NucleonicsWeek July 26, IggOb). Within the next

two years, all VVER-IO00reactorswill use one-thirdcore annual refueling,

insteadof the originallydesigned one-halfcore annual refueling,to "avoid

positivereactivitycoefficientswith fresh fuel" (NucleonicsWeek October 4,

1990).

The Soviet BN, or fast reactors,are also facing safetyconcerns. Older

BN reactorswill have to be backfitwith a sodium-to-airresidual heat removal

system now being designed, lt is expectedto be installedbetween 1993-1995

at a cost of 100 million rubles. Additional concernsare being expressed over

the fact that BN-600 reactorswill begin to burn plutoniumin the future.

Breeder reactorsin the Soviet Union do not now use plutoniumfuel. BN-600

reactorsuse uranium in three enrichmentzones of 21%, 26%, and 27%, as does

the BN-350 fast reactor. Only the small BOR-60 fast reactor in Dimitrovgrad

[formerlycalled Melekess]has been burningmixed-oxidefuel since 1983. The

fuel is producedonsite in a pilot facility using vibrationcompaction tech-

nology. The current BN-600 fuel and blanket are reprocessed"normally"at

Mayak by dilutingthem with lower-enrichedfuel. The Sovietswere concerned

with the void coefficientsin the BN-600 and also BN-800 reactorswhen these

reactors use mixed-oxidefuel (NucleonicsWeek July 26, 1990c).

At the BN-800 site in Beloyarsk,constructionhas been halted at a very

early stage due to safety concernsby the public, lt will not be resumed

until the public,apparentlycentered in Sverdlovsk,agreesto it, e U.S.

visitorwas recentlytold. Additionally,constructionof the BN-8OOs being

plannedat the "South Urals" site near Chelyabinsk-40had also been halted by

public concerns [centeredin the city of Chelyabinsklof safety. The Soviets

stated that the BN-8OOswere sited at the "South Urals" locationto help main-

tain the water level in the man-made reservoirscontainingcontaminatedwater

from Chelyabinsk-40operations [usingreactor heat for water evaporation],as

well as to providejobs for the staff of the shutdownplutoniumproduction

reactorsat Chelyabinsk-40(McNeece1990). In November of 1990, however, the

People'sDeputiesof the Soviet Oblast in Chelyabinskvoted in Favor of
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restartingconstructionof the "SouthUrals" power plant. The facility was

cited as needed to improve the ecologicalconditionof the nearby Chelyabinsk-

40 site and its reservoirsas well as "burningthe plutoniumthat has already

accumulated"at the site {_ November22, 1990). Followingthis decision,

the Councillorsof the city of Chelyabinskdecided in early December to hold a

referendumon the constructionof the South Urals plants (l'ASSDecember 6,

1990).

Soviet reactor engineer, Grigori Medvedev, recently published a book on

Chernobyl in which the occurrences of reactor and waste-related accidents in

the Soviet Union since 1957 were discussed. These accidents [with the addi-

tion of the accident at Chernobyl Unit 4 in April 1986] as translated from the

French edition of his book, are described in Table A.1.1 (Nucleonics_Week

Ray 31, 1990b).

The Deputy Chairman of the USSRState Committee for the Supervision of

Safety in Industry and the Nuclear Power Industry, recently refuted Medvedev's

claims as being overstated. Amongother assertions, Nikolai Steinberg claimed

that the accident at Leningrad Unit 1 on November 30, 1975 released only 200

curies, instead of 1.5 million curies (Nucleonics Week, July 12, 1990c).

A.2 DEFENSEREACTOROPERATIONS

In 1989, as a result of a visit to the Chelyabinsk-40site, the NRDC

reported the shutdownof three plutoniumproductionreactors at the site, two

in 1987 and another in 1989. (Bradleyet al. 1990) On July 14, 1990 a fourth

plutoniumproductionreactor,AV-2, was shutdownby YevgeniyaZotova, senior

reactorengineerafter nearly 40 years of operation. FactoryDirector Vitaliy

Sadovnikovnoted that the reactorwas originallyplanned to operate "until at

least 1995." (TASS July 1990). The fift_ and last productionreactorwas

shut down at Chelyabinsk-40in a ceremonyon November I, 1990 at the site.

The facilityhad been in operationsince 1952 (NuclearNews December 1990).

A reactorat the Siberian ChemicalCombine and Atomic Power Station,

located at Tomsk-7, has been shut down after operatingfor over thirty years.

lt was also reportedthat the Atomic Power Station "is working its last few
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TABLE A.I.I. Nuclear Reactorand RadioactiveWaste Accidents in the USSR

September 1957 - Explosionof a high-levelliquidwaste tank at
Chelyabinsk-40. Large areas of land remain off-
limits for decades.

May 7, 1966. - Power excursion in the 62-MW prototypeBWR at
Melekess. A health physicistand a shift supervisor
are irradiated. The chain reaction stoppedwhen two
sacks of boric acid were thrown on the reactor.

1964-1979 - Frequentdestructionof fuel assembliesat Beloyarsk-
I [RBMK prototype]. Operatingstaff were irradiated
during repairs to the core.

January 7, 1974 - Explosionof a reinforcedconcretetank containing
radioactivegases at Leningrad-1{RBMK-lO00],

February6, 1974 - Explosionof the tertiarycircuit at Leningrad-1
{RBMK-lO00]from hydraulicshocks inducedby violent
boiling. Three people died, and "highlyradioactive"
water containing filterwastes was released into the
environment.

October 1975 - Meltdown of 25 fuel assembliesat Leningrad-1
{RBMK-lO00]. A day later,over 1.5 million curies
were released throughthe stack.

1977 - Half of the fuel assembliesmelted at Beloyarsk-2
{RBMK-prototype].Staff received radiationdoses from
repairs, which Iasted a year.

December 31, 1978 - Fire at Beloyarsk-2{RBMK-prototype]caused by the
collapseof the turbinebuildingroof. The control
cable was completelyburned aridthe re_,ctorcould not
be controlled. Eight people were irradiatedwhile
trying to inject coolantinto the reactor.

September1982 - Partialcore melt at Chernobyl-1{RBMK-lO00]follow-
ing an incorrectaction by the operatingstaff.
Radioactivematerialwas released into the industrial
zone and the city of Pripyat,and staff received
radiationdoses from repairingthe core.

October 1982 - _.xplosionof the generatorof Armenia-1 [VVER-440],
setting fire to the turbinebuilding. The operating
staff managed to keep the coolant flowing,and a team
from the Kola reactorstationarrived to help the
Armenia operatorssave the reactorcore.
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TABLE_.__!. (contd)

June 27, 1985 - Accident at Balakovo-1 [VVER-IO00] during initial
startup. Fourteen people died when the pressurizer
relief valve opened suddenly and steam at 300 degrees
C was sprayed into staff working areas.

April 26, 1986 - Oestruction of the Chernobyl Unit #4 reactor
[RBMK-lO00]. Very widespread contamination involving
50 MCi causes the evacuation of 135,000 people with at
least 300 deaths. Further evacuations are being
planned.

months and soon another reactor will be shut down" (TAS.___SAugust 21, 1990). It

has also been reported that other defense reactors _re located near the city

of Krasnoyarsk (New Scientist July 22, 1989).

A.3 RADIOACTIVEWASTE CLASSIFICATIONS;IN THE USSR

Categoriesof radioactivewaste are given as follows (NationalAcademyof

Sciences 1990):

Type Activity Level

LiQuid

® Low Level <I x 10-5 Ci/L
• Intermediate-level _>Ix 10"_ <_I Ci/L
• High Level _>1Ci/L

Solid

• Low Level <30 mr/h
• Medium-level 30 <_300 mr/h
• Intermediate-level 0.3 < I r/h
• High Level _>Ir/h

Notes: Solid wastes below 30 pr/h are not
consideredradioactiveand do not require any
specialtreatmentor handling.

In the United States, LLW is that remaining
waste that is not classifiedas HLW or TRU

(i.e. alpha activity >100 nCi/g and TI_2 > 20
yearsi; HLW is defined as spent fuel =.u
wastes from fuel reprocessing.
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Solid wastes in the Soviet Union are judged to be radioactiveif they

meet the followingcriteria (D_ozhko1990):

• specificactivity for beta-activewastes > 2 x 10.6 Ci/kg

• specificactivity for alpha-activewastes > 2 x 10-7 Ci/kg

• specificactivity for transuranicwastes > I x 10-8 Ci/kg

• exposuredose rate for gamma-activewastes > I x 10-7 g-equi.Ra/kg
or the solid waste has a surfaceactivityof:

• For beta-activity > 50 particles/cm2.minover a surfaceof 100 cm2

; • For alpha-activity > 5 particles/cm2.minover a surfaceof 100 cm2

Gamma-activewastes are categorizedby disposal method as follows

KnrozhkoJune 1990):

I group less than 0,3 pR/h trenches

2 group from 0,3 pR/h to 10 _uR/h trenches

3 group more than 10 /JR/hat the
depth of 0.I m from the
surface waste storage
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A.4 SUMMARY TABLES ON SOVIET AND CMEA COUNTRYNUCLEAR POWER REACTORS

TABLE A.4.1. OperationalUSSR Power Reactors

Capacity, Year in

___ocation Name Tvoe ........... MWe Operation Reference

Obninsk AM-I Pressurize_water (PWR),

graphitemoderated 5 1954 A
" -- Mobile;PWR 1.5 1961 A

Siberian Unit 3 LWGR 100 1960 B

" Unit 4 LWGR 100 1961 B
" Unit 5 LWGR 100 1962 B
'° Unit 6 LWGR 100 1963 B

Dimitrovgrad ARBUS Organic-cooledand -_derated (0.75)(a) (1963)(a) A
(New Melekess) BOR-60 Boilingwater 12 ' 1968 C

" VK-50 Boilingwater; superheat 50 1965 C

Novovoronezh Unit 3 VVER 440 1972 B
" Unit 4 VVER 440 1973 B

" Unit 5 VVER 1000 1981 B

Shevchenko

(CaspianSea) BN-350 LMFBR 350(b) 1973 B

Bilibino Unit 1 LWGR 12 1973 D

" Unit 2 LWGR 12 1974 D
" Unit 3 LWGR 12 1975 D

" Unit 4 LWGR 12 1976 D

Kola or Kolsk Unit I VVER 440 1973 B

(Polyarnyye Unit 2 VVER 440 1975 B

Zori, Murmansk) Unit 3 VVER 440 1982 B
" Unit 4 VVER 440 1984 B

Sosnoviy Bor, Leningrad Unit I RBMK 1000 1974 B
Unit 2 RBMK 1000 1976 B

" Unit 3 RBMK 1000 1980 B

" Unit 4 RBMK 1000 1981 B

Kursk Unit I RBMK 1000 1977 B

(Kurchatov,Kursk) Unit 2 RBMK 1000 1979 B
Unit 3 RBMK ],000 1984 B

" Unit 4 RBMK 1000 1986 B

Chernobyl Unit 1 RBMK 1000 1978 B

(Pripyat,Ukraine) Unit 2 RBMK 1000 1979 B
" Unit 3 RBMK 1000 1982 B

Beloyarsk

(Zarechnyy,Sverdlovsk) BN,600 LMFBR 600 1981 B
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TABLEA.4.1. (contd)

Capacity, Year in
Location Name Type HIVe Operation Reference

Rovno
(Kuznetsovsk, Unit I VVER 402 1981 B

West Ukraine) Unit 2 VVER 416 1982 B
Unit 3 VVER 1000 1987 B

Smolensk Unit i RBMK 1000 1983 B

(Desnogorsk,Smolemsk) Unit 2 RBMK 1000 1985 B
" Unit 3 RBMK 1000 1990 B

South Ukraineor
Konstantinovkaor Unit 1 VVER 1000 1983 B

Nikolaivev Unit 2 VVER 1000 1985 B
Unit 3 VVER 1000 1989 B

Ignalina Unit I RBMK 1500 1985 B

(Snieckus,Lithuania) Unit 2 RBMK 1500 1987 B

Kalinin Unit I VVER 1000 1985 B

(Udomlya,Kalinin) Unit 2 VVER 1000 1987 B

Zaporozhye Unit I VVER 1000 1985 B
(Energodar,Ukraine) Unit 2 VVER 1000 1985 B

Uni_ 3 VVER 1000 1987 B

Unit 4 VVER 1000 1988 B
Unit 5 VVER 1000 1989 B

Balakovo Unit i VVER 1000 1986 B

(Balakovo,Saratov) Unit Z VVER 1000 1988 B
Unit 3 VVER 1000 1989 B

Khmel'nitskiy

(_eteshin, Unit I VVER 1000 1988 B
West Ukraine)

References:

A = Seaborg,et al., May 1963. AtomicEnerqy in the SovietUnion, Trip Reportof the U.S. Atomic
EnergyDelegation,U.S. AtomicEnergyCommission,WashingtonD.C.,May 1963.

B = NuclearNews,August 1990,pp. 79-81

C = Katsman,David. 1986. SovietNuclearPower Plants: ReactorTypes,Water and Chemical Control
Systems,Turbines. DelphicAssociates,Inc.

D = AtomnayaEnergiya,November1977.

Notes:

(a) Data in parenthesesrepresentestimates.

(b) Plantalso desalinates120,000cubicmeters of seawaterper day, or about 200 MWe equivalent.
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TABLE A.4.2. DecommissionedUSSR Power Reactors

Capacity, Year in Date
Location Name Type . . MWe,_ Operation Decommissioned Reference

Chernobyl Unit 4 RBMK(a) I@@0 I:_3 1988 A

Beloyarsk AMB-I Boilingwater; superheat;
(Zarechnyy,Sverdlovsk) graphitemoderated_ _ I@0 1963 1987 B, C, D

AMB-2 Boilingwater; superheat;
graphite moderatedtcj 200 1967 1989 B, C, E

Novovoronezh Unit 1 VVER(d) 210 1964 1988 A, B

Unit 2 VVER(e) 365 1969 199@ C, F

Oktemberyan, Amenia Unit 1 VVER(f) 408 1978 1989 C, G
" Unit 2 ,VVER(f) 408 1979 1989 C, G

Siberian Unlt 1 LWBR 10@ 1958 I_8_ H
Unit 2 LWBR 10@ 1959 1989 H

References:

A = NuclearNews, February 1989.
B = Seaborg,B. S., et al. 1963. Atomic Enerqy in the Soviet Union,Trip Report of the U.S. Atomic

EnergyDelegation,U.S. Atomic Energy Commission,WashingtonD.C.,May 1963.

C = Atomnaya Energiya,November1977.
D = NuclearN_ws, August 1987.

E = NucleonicsWeek, March 22, 1990, pp. 6-7.
F = NucleonicsWeek, March 14, 199i, pp. 5-6.

B = NucleonicsWeeK, March 9, 1989, p. 3.

H = NuclearNews, August 1990, p. 81.

Notes:

(a) Unit 4 was destroyed in an accident on April 26, 1986.
(b) Plant was taken off line for decommissioningin 1987, ReferenceD.

(c) Plantwas taken off line for decommissioningin October 1989, ReferenceE.
(d) Plantwas taken off line for deco_mlissloningin 1988, ReferenceA. (lt was noted that the plant was

shut down in 1984,accordinoto informationgiven during a U.S. NationalAcademyof Sciences tour
February12-23, 199_ to the USSR).

(e) Plantwas taken off llne in 1990 for decommissioning,ReferenceF.
(f) Units i and 2 were shut down inFebruary and March of 1989, respectively,for conversionto a fossil-

fired plant (ReferenceG).
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.TABL,E,,,A.4.3.Countrieswith VVER ReactorsOperatingor ',
Under Construction,(Nuclear News 8/90)

Capacity, Year in
..Location Name MWe ODeration

Bulgaria Kozloduy -1 440 1974
.... -2 " 1975
.... -3 " 1981

.... -4 " 1982

.... -5 I_00 1988

.... -6 " 1990
" Belene -I " 1992

.... -2 " 1994

Cuba Juragua -I " 1995
.... -2 " 1997

Czechoslovak ia Bohunice -1 440 1979
.... -2 " 1981
.... -3 " 1985

.... -4 " 1986

" Dukovany -I " 1985
.... -2 " 1986
.... -3 " 1987

.... u4 " 1987
" Mochovce -I " 1991

.... -2 " 1992

.... -3 " 1992

.... -4 " 1993
" Temelin -1 1000 1992
.... -2 " 1994I I

.... -3 " 1995_aj

.... -4 " 1997_aj
Finland Lcviisa -1 " 1977

.... -2 " 1981.

Germany(Dem. Rep.) Rheinsberg-1 70 1966(b)
(c)" Nord -1 440 1974, ,

.... -2 " 1975Lc)

.... -3 " 1978_c)

.... -4 " 1979Lc/

.... -5 " 1990

.... -6 " 1992

.... -7 " 1994

.... -8 " 1995

" Stendal -1 1000 --
e0 tl -2 ii -.
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TABLEA.4.3. (contd)

Capacity, Year in
Location Name MWe O_!ation

Hungary Pak_ -I 440 1983
.... -2 " 1984
.... -3 " 1986

.... -4 " 1987..

.... -5 1000 ._(d)

" " -6 " ._(d)
-Ce)

Poland Zarnowiec -1 " 199Z'e'l)
.... ._ ,, 1992,e).... -3 " 1994
" " -4 " 1995(e)

Referem_e

Nuclear News8/B9 unless otherwise noted.
(a) Cancelled, as reported in the Washinqton Post 5/15/90,

p. A-12.

(b) Shutdown in 19S0, as reported in S vetska a Ro si a 10/23/90.
(c) Shut down in 1990, as reported in N_clear NewsJuly 1990,

p. 55.

(d) Cancelled,as reported in_arN_._s 2/1990,and
,q__ucleoniqsW_e_kk9/13/90.

(e) Indefinitelypostponed,as reported in the _ashinqtonPost
5/15/90,Pi).A-1Z and suspendeduntil the year 20B0, as

reportea lr,N_.w_.l._g9_ 9/13/9B, p. I.
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Calclner, xv, 8.8, 8.9 Radionuclide migration,v, 2.7, 8.15, 8.19, 9.7,
11.15, 11.16, 11.22

Canister, xiii, 8.3, 8.4, 8.5, 8.13, 9.1
RBMK Reactor, 5.2, 5.4, 6.1, 7.1, 9.3, A.1

Cask, 7.2, 10.1
Repository, iv,xiii,xiv,5.1, 6.3, 8.13, 8.14,

Container, xiii, 5.2, 7.4, 8.3, 8.4, _.5, 9.3, 9.4, 8.15, 8.16, 8,17, 8.19, 8.20, 8.21, 8.22, 12.2
10.1, 11.16, 11.19, 12.6

Reproce_sing, iv,x, ?.5, 2.6, 6.1, 7.1, 7.2, 7.3,
[._ontamlnation, xiv, 5.6, 5.7, 9.3, 9.5, 9.9, 7.4, 8.1, 8.2, 8.6, 11.1, 11.2, 11.3, 11.4, 11.5,
10.1, 11.14, 11.6, 11.19, 11.25, 11.26, 11.29 11.10, 11.13, 12.4, A.6

Enrichment,A.3 Solidification, iii, iv,xiii, 5.2, 8.2, 9.7, 9.8, 10.1,
11.12, 11.13, 11.14, 12.3

Fast breeder reactor, FBR or BN, vii,6.1,
10.1, 12.2, 12.6, A.3, A.8 Spent fuel, iv,x, 6.1, 6.2, 6.3, 7.1, 7.2, 7.4, 7.5,

8.14, 10.1, 11.10, 11.15, 12.2, 12.4, 12.6, A.6
GKAE,vii,2.1

Transportation, x, 5.7, 7.2, 8.3, 10.1, 11.3,
High-level waste or HLW, 2.2, 2.6, 3.4, 7.1, 12.2, 12.6
7.2, 7.3, 7.4, 8.1, 8.2, 8.3, 8.4, 8.5, 8.6, 8.9,
8.13, 8.14, 8.19, 8.22, 9.9, 11.1, 11.5, 11.10, Vitrification, xiii,xiv,xi, 2.7, 3.4, 7.3, 8.1, 8.2,
11.12, 11.16, 11.18, 11.19, 11.20, 12.2, 12.3, 8.5, 8.6, 8.7, 8.8, 8.9, 8.10, 8.12, 9.1, 9.3, 9.5,
A.5, A.6 9.6, 11.5, 11.12, 12.2

Incineration, 5.6, 5.7, 9.9 VVER Reactor, xiii,xi, 5.1, 5.3, 5.5, 5.6, 5.7,
6.1, 6.2, 7.1, 7.2, 8.1, 8.6, 8.22, 9.3, 11.5, 12.5,

injection, 9.7 12.6, A.2, A.3, A.5, A.6, A.8, A.9, A.10, A.11

In-TankSolidification, iv, 8.2 Waste forms, xi, 2.5, 5.4, 7.3, 8.14, 9.7, 9.8,
12.2

Intermediate-level waste or ILW, vii,x, xiv,2.5,
5.4, 7.3, 8.13, 8.14, 9.1, 9.7, 9.8, 9.9, 11.14, Bitumen, 2.7, 5.1, 5.2, 5.3, 5.4, 7.3, 9.1, 9.8
11.19

Cement, 2.6, 5.4, 8.1, 9.1, 9.7, 9.8
Ion=exchange,vii, xiv,7.3, 9.9, 11.13

Ceramic, xiii, 7.3, 8.1, 8.3, 8.6, 9.3
Low-level waste or LLW, 2.5, 5.2, 5.3, 5.4, 7.3,
8.3, 8.13, 8.14, 9.1, 9.4, 9.7, 9.8, 9.9, 11.14, Glass, 2.6, 7.3, 7.4, 8.2, 8.3, 8.4, 8.5, 8.6,
11.19, A.6 8.8, 8.9, 9.3, 9.5, 9.6, 9.7, 9_8, 12.2

Ministry of Atomic Power and Industry Polymers, 11.21
(MAPI), vii, 2.1, 2.2, 2.3, 2.5, 3.3, 3.4, 9.1, 12.2,
12.3, A.2

Melter, xii,_, xv, 8.1, 8.3, 8.5, 8.6, 8.7, 8.8,
8.9, 8.11, 9.1, 9.3, 9.5, 9.6, 11.13
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