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Seven research nuclear reactors are situated on the territory of SSC
RIAR. Permanent work is carried out to improve the safety of reactor
operation and to correct somehow actions of radiation accidents.

| This report is dedicated to ideology of the computer code, the main
purpose of which is the prediction of radiation consequences of fission
products release into atmosphere. The principles of mode don’t depend on
‘ : type of reactors. Therefore, it is not necessary to speak about physical

characteristics and scenarios of supposed accidents. It is important to have
knowledge about range of parameters values, which are important for
consequences.

! On agree with existent possibilities first stage of work is only carried
| out now. One may propose the complex code, which is to control all
‘ accident processes from beginning to- end ( from initial event up to
; radiation damage ). Design of such integrated code is planned in future.

Authors of the report believe, as the first step it is useful to have

automatic operator code, which would base on real characteristics weather

i and fission product release  into atmosphere, which are measured
continuously. Such code is described in the report.

| Institute’s nuclear reactors ( except BOR-60 ) use light water for
| cooling their cores. It is necessary to note, that radiation harm will be

define gaseous fission products ( GFP ) and volatile compounds of iodine

until core is not damaged. In case emergency at BOR-60 a large quantity
| of high activity sodium aerosols may be released. However in accordance
| with the results of calculations, the influence of radioactive sodium aerosols
will not be essential. Such tape of accidents has been taken into account in
reactors project, and protective measure had been provided.

| The value of discharge activity depends on leakages of coolant,
activity concentration, failed fuel rods number, leakage from the boxes.
Respective date for nuclear reactors are given in table 1.

‘ : Table 1’.
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- Some Characteristics of SRIAR’s nuclear reactors

Parameter Naine of reactors

VK-50 | BOR-60 | MIR-IM | SM-2 | RBT-10
Power, MW 170 60 100 100 10
Coolant H»0 Na H,0 H,0 H,0
Cgolant volume, 50 25 76 45 67
m
Pressure, MPa 7 <0.5 5 0.18
Temperature, 0C 274 320-520 83 86 60
Volume of germetic 4500 800 2000 22520 480
boxes, m3
Activity concentra- | 6.29-107 | 5.5-1010 | 7.03-107 | 7.4-10% | 6.66-106
tion In emergency
boxes, Bg/m3.

If the core is damaged, the gaseous and volatile fission products will
determine the primary radiation harm also. Long time radiation
consequences will be determined by Cs, Sr, Ru, Ce, Ba, Pu and other
radionuclides. The contribution of other radionuclide core components will
be least of all. Such tape accidents are referred to overprojective ( severe )
accidents. Countermeasures are recommended in special (manual’s )
guidance. They come into operation in case when the event project
accident may become to severe accident. In case of severe accidents with
core damage the most essential factors are the reactor power, duration of
company ( work period ), corium temperature.

Research reactors computers code that would calculate consequences
of severe accidents including vapor explosion, core melting and core-
concrete interaction are probably not designed. Therefore, our code do not
take into account fission product release of such accidents.

Presented code are destined for task, which independent of different
reactor’s peculiarity and accident scenario. Code is based on direct
measurements of some physical values, that improves reliability of results.
The algorithm ( procedure ) of calculation has a speedy decision, and all
time of procedure is defined by initial date’s input time. As a resuit the
time of taking protective measures increases. That is just the aim of code
and operator of institute central control office in case of the first accident
features are emerged.

The FP escape is possible out of emerged building (if is has
damages ) in a few seconds after accidents beginning. The FP release from
high altitude stack may occur in 1-3 minutes after accidents. The duration
of accidental release may be going from 4 up to 10 hours. The time of FP
expansion to settlements is from. 0.15 to 1.5 hours in dependence on
weather conditions. This time is that for taking measures to protect
population.

Model of code takes into account:
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- gaseous fission product released contents;

- - contents of iodine volatile compounds in discharge;

- contents of fission product’s aerosols in discharge;
- escape of the radioactive air out of the building;
- discharge of radioactive air out of ventilation stack;
- weather conditions;
- relief of the region;
- structure of region economy;
- contamination and use of food products;
- secondary wind lifting.
The results of code calculation:

e at early stage of accident is:
- external irradiation from the radioactive cloud;
- internal irradiation as a result of radionuclides inhalation;
- irradiation dose in settlements;
- irradiation dose on the axis of the cloud track;
- track picture of the cloud on the map;
- picture of zones with different contamination;
- recommendation to protect the population and choose action
contaminated zones;
o at middle stage of accident is:
- levels of surface contamination on cloud motion path;
- surface contamination from secondary wind lifting;
- use of contaminated vegetation by agriculture animals;
- use of contaminated foods by people.
The structural scheme of code 1is presented on Figure
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The picture shows, that code uses two data types :
- constants;
- initial input data.
. The constants are:
- characteristics of radionuclides;
- coordinates of settlements;
- data of region relief;
- radionuclides source ( coordinates, geometric dimensions, temperature of
released air, etc. ). .
The input data are:

- value and duration-of discharge;

- wind direction;

- type of precipitation;

- precipitation intensicy;

- weather category;

- dosimetric characteristic of emergency reactor.

The integration users code environment allows:

- to input quicly data in dialog mode;

- to view and correct all input data;

- to obtain a short information about emergence reactor, accident danger
degree and etc.;

- to carry out the calculation of radiation consequences;

-to view the results of calculations in graphic ( maps, scheme ) and
textual ( tables ) forms;

- to output the results of calculations in form of specific certificate.

A prognosis of radiological consequences, based on real activity
measurements of radioactive discharge and surface contamination, does
allow to short the spade-work period and increase the effectiveness of
activities. :
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Cogemanue cnennanuctoB MATATS “[IporpaMMHO-TeXHIYIECKHE CPEACTBA KOHTPON M
yTpaBneH A NOcNeaBapHiHEIMY CUTYauUAMH Ha ADC”
r.Jmvmurposrpan, Poccuiickas @enepauna 12-15 centabpa 1995 roga

KommbrorepHast mporpaMmMa noANepKKd onepaTropa Jjis ONepaTHB-
HOTO NPOTrHO3HPOBAHMA PANHANMOHHBLIX NOCJIEACTEHII aBapuUll HA
AC c BriOpocoM n}ioaykTOB Aelienuss B armocdepy.

Axmuu E.K., Edapos C.A., Kusun B.JL., Illkokos E.H., THII HI/II/IAP
r.JJumurposrpan, Poccuiickas Pexepanns

Ha tepputopun 'HIl HUUAP pacnosnaraiorca u paboralor ceMb
MICCIIEIOBATEIIBCKMX ¥ ONBITHO-IIPOMBIIUICHHBIX PEaKTOPHBIX YCTaHOBOK.
ITlpoBomutcst = cucreMarumyeckast pabora 1o  COBEpPIIEHCTBOBAaHHIO
0e30TIaCHOCTY MX 3KCIUTyaTallii W YTOYHEHWIO AeHCTBUIH NIpH pagHalloH-
HBIX aBapHiIX.

Hacrosummii  Koxknan TOCBSAWIEH  uaeonoruv  ( TpUHLIMIIEM )
KOMIILIOTEPHOM TIPOrpaMMmbi, TIJaBHOM 1IeNibl0 KOTOpO  SIBJIfIETCSI
MIpOrHo3upoBaHHe ( INpencKka3aHue ) paXUAllMOHHBIX - MOCIAEACTBUII B
cinydae BBIXOHA NMPOXYKTOB JeneHMs1 B arMocdepy. IIpyHLIMNOBI NporpaMMbl
HE 3aBMCST OT THIIA PeaKTOPHON ycTaHOBKH. [To3ToMy HeT HE0OXOXMMOCTH
TOBOPUTE O (PUBMYECKMX XapaKTepUCTUKAX U CLIEHApUSIX TIPERTIOJiaraeMbIX
aBapuii. HyxxHO Uitk UMeTh MIpeACTaRIIEHUE 00 MHTEpBAIAX TeX BEJIMUMH,
KOTOpBIE MMEIOT 3HayeHMe UL MOCAEACTBUM.

B Hacrostiuee BpeMsl BHIIOHEH TOJBKO TiepBBIi 3Tan paboThl,
KOTOpBII  COOTBETCTBYET  CYILUECTBYIOIUMM  BO3MOXHOCTAM. MOXHO
MPENCTABUTL cebe GoJiee CNIOXHYI0 ”KOMIUIEKCHYIO” INpOrpaMMy, KOTopast
JOJDKHA KOHTPONMpPOBATh BECh MpPOLIECC Pa3sBUTHSI aBapUM OT Havyajla HO
KoHLa ( OT HayaJbHOIO OTKJIOHCHMSI TEXHOJOrMYeCKHX MNapaMeTpoB IO
pagnaitmoHHoro viepba ). CocraBneHWe TakKoil NporpaMMbl  WIM
KOMTUIEKCA IIpOoTpaMM - Iesio Oymyuiero.

ABTOpBl JOKJIaZa CYMTAIOT, YTO OYEHb IOJIE3HO, KaK MMUHUMYM
MMeTb aBTOMAaTH3MPOBaHHYIO IIporpaMMy /I ofieparopa, KoTopasl B Ka-
YecTBE MCXOFHBIX [NaHHBIX MMeEET HEeIpPEPBIBHO MW3MeEpsSieMble XapakKTe-
PUMCTHKHM TNOrombl ¥ BBIOPOCOB TIPOXYKTOB HejieHUsT B aTMocepy. Takas
fiporpaMMa M OOKJIaJbIBaeTcsl.

PeaxTopHble ycraHoBkM MHcTHTYTa ( KpoMe BOP-60 ) oxnmaxnmaiorcst
BOJOM, KOTOpasi LHUPKY/JIUPYET MO 3aMKHYTOMY KOHTYpYy. CyllecTBeHHO To,
4qro0 B Cjy4yae aBpMH paJUALMOHHBIA yiep® OydeT onpenensarcs
razoobpasdemMM  nmpomykramu  gemenmst (ITIH) w neryaumu
COCMMHEHUSIMHU HoMla, eCJiM aKTUBHasl 30Ha He paspyiueHa. M Toibko npu
apapuy Ha BOP-60 BOo3MOXHO BBIZENEHHe OOJLUIOrO KOJIMYECTBA
aspo3osieil Hatpus. OXHaKo, KakK MOKa3biBaeT pacyer, BIMSIHUE a3po3oiiei
HaTPUSI TaK Xe He SIBIICTCS OMpefe/IIONMM. BToT KJfacc aBapuit ydreH
TIpH TIPOEKTHPOBAHUH M IPEAYCMOTPEHBI MEPHI 3alIfUTHL.
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Komryectso BHIOpONIEHHOH aKTMBHOCTH 3aBUCUT OT pacxolia

TIPOTCYCK, KOHHCHTPAUMMN AaKTHUBHOCTH, 4YHCIIa HCrepMETHUYHBIX TB3JIOB,

TUTOTHOCTU TNoMenieHUH. CoOTBETCTBYIOIME CBEACHWSI IO PEaKTOPHBIM
YCTAaHOBKAM NIpHBeNeHBI B Tabn.1.

. . Taomana 1.
XapakTepucTHKH peakTopHex ycranosoxk FHII HUHAP

[lapaMeTphi PeakTopHble YCTaHOBKM

BK-50 | BOP-60 | MUP-IM | CM-2 | PBET-10
MotwHocTh 170 60 100 100 10
TervtoBasi, MBT
TerutoHOCUTENTH H>0 Na H,»0 H>0 H-,0
Ob61eM TEIDIOHOCH- 50 25 76 45 67
TeNA, M°
Hapnenue, MIla 7 <0.5 5 0.18
Temmepatypa, °C 274 320-520 83 86 60
O6beM TrepMeTHd- 4500 800 2000 22520 480
Hoif 30HBI, M3
Konuentpauusa PB| 6.29-107 | 5.5-1010 | 7.03-107 | 7.4-10% | 6.66-10°
B aBapHilHOM TIIO-
Memennu, bx/m3

Ilpn pas3pylleHun aKTHBHOMN 30HBI TepBOHAaYaIbHbIMH
DaNMalMOHHbINH  yiepd Takke onpeae/sieTcs YHIOMSIHYTBIMM  BBIIe
NpOXyKTaMu jejieHusi. Ha HonroepeMeHHble IOCIeNCTBUSI OyoyT BIMSATHL
pamnonykinael Cs, Sr, Ru, Ce, Ba, Pu u nmp. JIpyre KOMIIOHEHTHI
aKTHBHOM 30HBI HE JadyT 3aMeTHOro BKjIala B paldalMOHHOeE
3arps3HeHye. Bce aBapMM Takoro poma OTHeceHbI K 3anpoeKTHIM. Mephl
YTIpaBJIeHWSI pEKOMEHIOBaHbl B MHCTPYKIIMIX TIO YINpaBiICHHIO aBapHsIMH.
OHM aKTHUBU3WDYIOTCS TIPM YTPO3c Tepexoda TIPOEKTHOH aBapUM B
3anpoeKTHYIO. [N 3afpOeKTHHIX aBapuii ¢ MIOBPEXICHNEM aKTUBHOW 30HLI
caMbIM CYLUECTBEHbIM (akTOpOM SIBISIETCSI MOIUIHOCTL  pPeaKkTopa,
JUINTEILHOCTD ero paboThl, TeMIIepaTypa KopuyMa.

JInsi  uccienoBaTeNbCKMX  PEeakTOpoB  HET  JIMLEH3MPOBaHHBIX
KOMIIBIOTEPHBIX KOAOB pacyeTa FIOCJIeACTBUIM TSOKEJIBIX aBapuii, CONpOBOX-
JaeMbIX B3pPBIBOM aKTHBHOM 30HbI, IPOIUIABICHUSIMA KOPITyca, B3aMMO-
OeiicTBMEM pacruiaBa ¢ OetoHoM. Ilpemnaraemas rnporpaMMa TI03TOMY
Takcke HE YUMTHIBAeT [1OCJIEACTBUSI BBIXOAA TPOAYKTOB HEJEHMSI B
atMocdepy NpH TaKHX aBpHSIX.

PaccMmaTtpuBaeMas KOMIBIOTEpHas NporpaMMa pemiaeT 3afgaqyy, He
3aBUCSIILUYI0O OT MHOXECTBa OCOOCHHOCTEH pa3HBIX PeakTOPHBIX YCTaHOBOK
W clieHapHeB aBapuil. OHa OCHOBaHa Ha MNPSAMBIX U3MEPEHMSIX QHU3NYECKUX
BEJIMYMH, 4YTO OMNpelessieT €€ MOOCTOBEPHOCTb. 3aJloKeHHBII B Hee
AITOPUTM  pElUeHMSI TPaKTUYEeCKM MTHOBEHHO, a BpeMs Mpoueayphl
3aBHCHUT TOJIBKO OT BPEMEHN BBOAA MCXOAHBIX MaHHBIX. B pesyabrare
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BbICBODOXKIaeTcsl AparolieHHOe BpeMsi U1 MNPUHSATHA Mep  3aliUTHL
‘HacelneHMs. OJTO M eCThb INlaBHag 3ajada IporpaMMbl M Olieparopa
LIEHTPaIbHOI OUCTIETYEPCKOM MHCTUTYTa NMpH NMEepBHIX NPU3HAKaX aBapHM.

. YTeuka pailMOaKTUBHEBIX ITPOAYKTOB M3 aBapMMHBIX 30aHMH MOXKET
NPOMCXOIUTH CITYCTSI HECKOJIBKO CEeKYHH IOCMe Hayajla aBapuu, U 4Yepes
1-2 MMHYTHI - B BRICOTHYIO TpYOy. JJINTENHHOCTE BBIOpOca TIPXA aBapUsiX [0
10 yacos. Jlo HaceJeHHBIX ITYHKTOB pAaIUOaKTHBHBII uUieiid Moxer
asuratbes oT 0.15 mo 1.5 4acor ( B 3aBMCHMMOCTH OT INOTOOHBIX YCIOBUIA ).
3TO0 BpeMS SIBJIIETCSI BpEMEHEM UL TIPUHSTHSI PELICHMI 110 BLIIOJHEHHIO
Mep MO 3alIUTe HaceJIeHMs.

AJICOPUTM IIPOrPaMMbl YYUTHIBAET:

- coctas I'TI B BRIOpOCE;

- COCTaB JIETYYMX COeQWHEHHIA iiofa B BbIOpOCE;

- COCTaB HEJIETYYMX IPOLYKIOB OeJIEHHUS! - a3po30Jieii B BEIOpoce;
- MICTeYeHME PagHOaKTUBHOIO BO3NyXa B BHICOTHYIO TPYOY;

- MCTeYeHHWE PAIMOAaKTUBHOIO BO3IyXa U3 30aHMI;

— TIOFOJHBIE YCITIOBHSI;

- penbed MECTHOCTH,

- UHOPACTPYKTYPY MECTHOI'O XO35IHCTBA,

- 3arpsi3HeHHe N NoTpebJIeHNe NMUILEBLIX IIPOAYKTOB;

- BTOPMYHBIA BETPOBOM MEPEHOC.

PesynsTaToM pacyeTa KOMIBIOTEPHOMN TIPOrpaMMbl SIBISTIOTCA:

e Ha paHHeM CTaguU aBapUM:

- BHelIHee 06IyyeHMe OT pagyvoakTHBHOro obinaka;

- BHyTpeHHee 00/IydeHUe OT MHIaJsIIUK pagqtoOHyKITHIOB;

- 032 o0JyyeHHs1 B HaCENCHHBIX NMyHKTaXx;

- mo3a obJIyueHus1 Ha OCM cjiena BhiOpoca B 3alaHHBIX TOYKaX;

- n3obpaxeHue ciena BrIOpoca Ha KapTe MECTHOCTH;

- n306paxeHye 30H C PasIMdHbIMHM YPOBHSIMM 3arpsA3HCHNS;

- peKOMEHJauy 10 3alliTe HaceJeHWsI U HNeHCTBUSIM B 30HE

PalXoaKTUBHOIO 3arpsi3HEeHUs;

e Ha CpeOHeW cTaqyuM aBapum:

- YPOBHH 3arpsISHEHUST MECTHOCTH Ha ITYTH ABIDKEHUs 0HJ1aKa;

- 3arpsisHeHHe MECTHOCTH OT BTOPHYHOIO BETPOBOI'O IEPEHOCA;

- NoTpebrieHMe 3arpsI3HEHHOM pacTUTENIbHOCTH C/X XMBOTHBIMM;

- TIOTpeOieHNe 3arpsSI3HEHHBIX MUUICBBIX TIPOAYKTOR YeJIOBEKOM.
CtpykTypHasi cxemMa  TIporpaMMbl  TipeAcTaBjleHa Ha  puc.].
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IIPOI'PAMMA

JlaHHbIe-KOHCTAHTBI

N

BromuMeie JaHHBIE

[OroHbIe YC/AOBHL;
11apaMeTppl BBIOpOCa;
THII OCaIKOB;

Ap.

Oneparop
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Tabmua 1

c3BBEHBIEY

Puc.1
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- Kax BuZtH0 M3 pHCcyHKa nNporpamMma OnpepupyeT C ABYMS THIaMU JaHHBIX:
3 - - KOHCTaAHTHI;
- BBOIUMBIE JAHHRIE.
JaHHBIMM-KOHCTAaHTAMH TIPOTPaMMBI SIBJISTFOTCA:
— XapaxKTepHUCTHKH DaTHOHYKIINIOB,;
~ KOOpAWHATH HaceJIEHHBIX TYHKTOB;
- JaHHBIE O pelibede MECTHOCTH;
- MapaMeTphl MCTOYHMKA BbIOpoca ( KOOpDAMHATBI, TIe€OMeTPHYECKHE
pa3Mepsl, TeMreparypa pabouyeil cpensl 1 T.I. ).
BBRomUMBIMM XaHHBIMM NPOTPaMMBbl SIBJUTIOTCS:

- BENMWYMHA U NPOJOCKUTEIIFHOCT BHIOpOCa;

- HallpaBJICHHE BBIOpOCaA;

- CKOpOCTPh BETPa;

- THI1 OCaIKOB;

-~ MHTeHCUBHOCTBH OCAaIIKOB;

— KaTeropHisi NOro/bl;

- JO3UMeETPHYECKHE XapaKTepUCTUKM aBapUIHOrO peakKropa.

CepBucHas 060/i04Ka IPOorpaMMbl TO3BOJISIET:

- BBOANTL UHGOPMAlLMI0O B IUAJIOrOBOM peXMMe B TEUYEHHUE KOPOTKOTO
IPOMEXYTKA BPEMEHH;

- IpocMaTPUBaTh U KOPPEKTHUPOBATh BCE BBENEHHBIE JaHHBIE;

- IoJlydaTh KpaTKyl0 CIIpaBo4yHyl0 MHOOpMauMio OO0 aBapHMHOM
peaKkTope, O CTENEHH ONacHOCTH aBapyH M T.4.;

~ NPOMU3BOOUTH pacueT padlallMOHHBIX ITOCNIEACTBUM;

-~ IPocMaTpHUBaTh PE3yJIbTaThl pacyeToB B rpadmueckoM ( KapTsl, cxembl )
1 TeKCTOBOM ( TaOJIMILI ) BHIE;

- BbLIABaTh PE3yJIbTAThl pacyeToB B BUAEC POPManuU30BaHHON CIipaBKH.

TakuMm o06pa3soM HCHONB30BaHWE NPOrpaMMbl  TO3BOJISIET B
KpaTyaluMit CpOK OLIEHMTb CTelleHb ONAacHOCTM BO3HUKIIEH aBapud
TIPpMESITE MeEphl 110 3aliUTe HacelNeHWS OT BO3NEHCTRMS DPalVOaKTHBHBIX
BELECTR.



