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Analysis of space-time core dynamics

on reactor accident at Chernobyl

Makoto TAKANO, Ryuichi SHINDO, Kiyonobu YAMASHITA
and Kazuhiro SAWA
Department of Power Reactor Projects

Japan Atomic Energy Research Institute

(Received March 18, 1987)

Regarding reactor accident at Chernobyl in USSR, core dynamics has
been analyzed by COMIC code which solves space-time dependent diffusion
equation in three-dimension taking spatial thermohydraulic effect into
account. The code was originally developed for high temperature gas-cooled
reactors (HTIGR), however, has been modified to include light water as
coclant, instead of helium, for analysis of the accident.

In the analysis, emphasis is placed on spatial effects on core
dynamics. The analyses are performed for the cases of modeling the core
fully and paftially where 6 fuel channels surround one control rod channel.

The result shows that the speed of applying void reactivity averaged
over the core depends on the power and coelant flow distributions.
Therefore, these distributions have potential to influence on the value

and the time of peak power estimated by calculation.

KEYWORDS: Reactor Accident, Cherndbyl, RBMK, Core Dynamics, Space-time,

COMIC, Simulation, Void Reactivity, Power Distributiom.
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3.1.4 FHNBHERICE S EREREE
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@ BEHHMh DR FEBINT 5,
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D BMEEEsEE  103GWd t

BEDBHEEEI2~15GWd,t CHBEETH 3,

i) HEECKRE DB L5hERETH 2,

V) SHMKEEREBD VI3EEETHY, BECHMEE, OHEBREOARVIRETS

3,
T, WABK EROERBRE LTR, EEEBORFC L3ANHARIEFTS S EME
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DRIGEABRATEY, R/ 7 6£8 v A2HLTLEDLAOREENRAIN L THEH
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et i HESW EREE v M Fig. 3.1 KARSHABMEF » 2L EFLAEBHLSRACT— F
L OENT 5, Foic, BEFEKEORNAKESER THEE 2RY 30, THEIEE
ZRELTSRACIKKI DB AT 5, RiC, SMBEERICE T 2FHERBITRE < » b
RAVVEERPELTBHEEZ Y A -4 L LTHERT %,

{1) #ptstE

BRI OFLEE R FEBES AV, THEEL, SOHEER 1300K, EMNEH
MEREE 900K, K, ENE, BREBESL U2 <-4+ S ORE % 550K & L THEEHEET
Do MHUIBEEF - — VIENDF/B-IDOF -4 iCE DL Garrison €70V Th b, dit T8
HIIEEGH, RBBEOFMIHTHD, SEERLLTE, 0, 0.1, 07, 1, 3, 5, 7, 9,

10.3, 11, 12, 13, 14, 15GWdt et 148 TH %, BMEBEKTFEETREE -2, 0, 07,
7.9, 103, 11, 12, 13, 14, 15GWd/t O 10 W LCHEST 3. BE~L » DU
BEXUPu™ OFTEEREOBEKECE 3% Fig. 3.9 10RT,
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(2} FHETRAEEE o b
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c. MABEEA (GWdt) 0, 0.7, 7, 8, 103, 11, 12, 13, 14, 15
TR B 108, RSB OB TEY, EL4 O LMHETEINAERELER (k)
% Table 3.21RY, DT M NTELFA FEHE Fig 310 KT d, ch kO, HELE
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FEBOTCOLLIAIPOBATELIHEODET S, S/, BEABETEI LTINS 3204 — %
DOUmETDRE AFETEX 5,
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T PRI, Fig 320 RLAGDEEBETHEY, AE70 v /OERELUESE T
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AT, MAEHEER—-ORBIETHEEL TS, SFELEE A 200MWE LoD,
AHCIOBONTBERTRNE COERTEMAAA % Fig. 3.12iKRd, BEDiciE,
LR ETE SN AT TR G OEAL LD - R4 FRIGEGK AR LTED, SRAC
TRONK e ES A FRIGEGR (21510 "Ap /Y, ) kD b H~16BRIENSHDIE &
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MoTnde WHPEH L EPLBEED SH L FERABE L7284 (H1.98~200x107%)
KOOI ONS, PRFRIHIRBKEL T B EWBhh B, _
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HAEHO 1036Wdt OBMBEEOREAFEALZSBRAFELLELZBL LM TE, Case 3 (3
LB O RBMKJFLC 1) 3 Radial Peaking factor = 1.1 #HB LA bDEEL B0 AT 3
o _

(2) MR 10.3GWa t H—BEHE.O 0BT

AT DO ICRE LI ETIRE % Table 330K 7, S EL&E L TIE, BHMERLEE 1% sec
DEESTERRBEO 1I3BHRBLSHEDLERH TV L, ThHEREF— YyOEHKBE FHA
0.4% /sec DRSNS, HWAC -/ RECT FEUMNARICRAEIAHERITOCLED %A
o SN

I AZEALE Fig. 3130 F g, BRSO FH I I3R258%Ic & — 7 i@ LE#E B ( 3200M
W) oR6fEE THEHARERT S, SOKBHTBRUBSTOERAREA v & 2 B TOH
HEAL, WAM BSR4 FREMAB L BB FEEBEE 4 Fig. 3.14~3.16 KR T, A » ¥ 2 @0
HAELE X UBEEEEER, - 7B TLNBENSH L BEREOSHIR N
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BRIV FEL TV 200, FLBREIIRETEoNATE 4 FRIGEEHK (1.99x107°
Ap/ V)it kD, #18~15X10 "ApBEDHA FREENFPLARMSN: 0L EL S
n, FHAOLERBHET VAU LEDEEZ LN S,

Bf%lt = 0 OHERIRAE L t = 25(sec) DN E— 7 B DT IS % % Fig. 317 (@b L% 1
ENART, 2hdhn, ONRELY -/ REBTRBERBEONIRERL TV 28, 24N
BE-—7REBOEHFENEEDO/NSOAFRTAHORD EUHFROND, FLohigE
FHRECLTHHREL SORHOEABEAXZBRMNCIC R T, CHh oAFENITR, 7
HMREN»SDBED EOBERELBL-TOWEORDLME, COBHRIEIF4 FRIGE S, Fh i
LT Fy 77 -8R EOBE» SPMBPECTE 5,

%.ﬁ@ﬁ@%%ﬁﬁ@f4FﬁEﬁ%A%,waﬁ—ﬁmﬁ%a%,mﬁ%E%P&u
Fo 77 -3 BB miclh#i4 3 & KE T,

Apr =0 AQ (31)
EEGFD, CCTARFRYE, AQRBEERNITHEZ, —H, AQRF V75 HESBE LK
SURITR, BRIV TFEZEELANERELICOBEHARERS S, & 5HHT,

AQ=a,Ap,P (32)
EET B, LT
Ap,=a,Ap,P (33)

*1)RBMEFDHRHETHS LI )7/ 7HFOENICE, FLOBEHEEE KRS ¢ 26E LTS vk
WH L. Lo, FLORTSOHERE S5 hisaRs, POARTRR TS, RIERAOHAKE - T
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HOBERE T 2BEPSHERShLT0 5,
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LB EALIDRDOILEHBEAS, 2D, Ap, HW—ETHNE, Ao, BPREIFTHAS A
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S AEHEES B EE L % Fig. 3.19~3.21 iTtint,

LT, D2ome (1HEFELD) £ &5 LS E B AR FERSHIOBERE
NS> T B hhbSd, C— 7 FRABBBEREOIREI(A LA 20THRE T
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TIHFISE THEBERES LIBED 25 -2 LTiTote COFBAMWMIIF » v 7 LHE
T THLRBMKFETHBETHN TV EHEIETH 5,

2 BH—HREOBA

et D 120 I ERIE L 72 W IAKEE & Table 34 icmd, AL & LT, BHMKELSH 0.7%
sec DESGTERDI3BHELSHDSHTWS, TTT, FIEKEL L UDAIDLEESLS
TLHEOSFLET OB ST HIEL i,

H AL % Fig. 3.25 1R, FERPIC ZERE &L SR®OERL A (3200MW) 2B & L
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EBREEAEAMS LTV S, RS G, HAY -7 30328 BIcEL, EBBEHAOINEEET
TERT L, BAY —F VI BBRRKTCHLIFBERERTF v v 2 Mil20T, MBAEA » &= M
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bERNERD-TEBY, TOFREIA v V2 ATEEBBABOTIGL T2 » v He gL
TIBBIBED A EN > TV D, T O A 42 ST I3 MK T EEA 3000°CRET TELTL
LZDHEHMA, TOEMG, M—oWbhe - 7dAfCHLTCERRE A IR -5 v 7 iC
WEL, BAE - F v/ L LAE TRBY RS LHD R ES 2 R S 5,

TR E DI T U T/ TEONE LN, FHEF A LTEF e R — & v
THREPLIBELLLEEEBRINTED, QY -+ v/ BGEHPLITHL 0 i &
BELERFBENE—Fy VERIZ I 8L, LB TL2PHATRAEBAY -2 08 2
EEEOHAFEHMIC TS RELEBACEITHE, 7L, COr—+ v/ G iTaEEiE
O HDTHY, BHBFIKRSOICEY 2 v 7 BHEIASHEDOTHh Lt b ELLND,

HAE -2 8L 0N E -/ BEBAZL2ELEBEROESGELETLL, BAE-7#E
Fs0% ML, RAHHOGWIONBEE L >TW S, BEKRIOT LT IWHE KT HEH
NEL (1% sec—>0T7% sec) o7 CERRAT I b0 EEL oD, £ FFEHECLY
RIKET L8, EHLODEGLBLTHErNNFEER LS IETHAOEY -7 8FE L CL
Bo FHEHNE - EHPREL L oo BIKD 0TI}, Fig. 330 0K A4 FREA & 5 ENFdE
(R EEE D 1L5mOME) TRLAZY S 7 ThblEo ik dike, BEKFETRAFEAS FK
CEOHAMEMPICERE - -THbIHhEELSND, ZHLEL2FELDOIES O Fig.
322 LI NEH S TH S, Cofhic, UVROBE TR HP5RFBEEEOHED, iHHE
EFWOARBERMEASEHE LZAUENBETF ON S,

8 FrvanmtHAC —F v icabhe THREHEL B4

HRLULZMERESLIUREAILBAOQOESGEEETHZY, SHEF » 2 L OKE
Bl % Fig. 3.240)D M A — + v FEKICEDITH,

BT OERE N B B4 Fig. 331 KFRT, ROHU—REBOBESICHE~N, EHE -7
BEsEBLELDD, C- 0 RAEBANLPOIMEREIA -TWE, Thid, RENELT -
cEicdky, BEKETRLRA FORENERN IS SICE K- itH EEL 5N 5,
COFRE, ¥4 FROFEAHEETORME(AERS Fig. 3.32 S5O Fig, 330 % g+l
Ao Tdh b, Fig. 3.33~336 iz id e+ » 2 v O WAL, BESEHER, BmEMDEA
MAEBE LS L PRI vy s v e Elbs T hThrd,

324 WAHY -7 LEREKEH
CNFETRIT- 2 3REBATICED, FA FRIGBICEDS S SN S A EFICE LL
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ELHD, C-IRERRHOELL B,
ING 2/, FL~MbdFRA FRICEORMEECEG T, BENCELIKEL LN S
£H A FRIEERNT T >Th, £NERNT SEEHE 5N 5B A 1y
T -RBICLOHNE - I ENEREDEN T, LW - TEF v+ 2 MEX TR
BWHICEAZA S FEMEENRE CTH-Th, ﬁﬁmmf4F%$Hmmfnﬁ5ﬂf DA
éWTiEmHL+4b&ﬁﬁ%Mﬁﬁmgmttw&ﬂ% CHEA RTINS,

DED, FLEEMbHE A A FIIGEORMEAESELORISHORBDI L ICkE T 5
RTH B, FLAOKBETF »+ 2V TRABEEZA RS FEMBEALE TS LOBITRES S K
CHRA FRIGBERFENS AT LB A5, &84 FRIEERE X URAM P A K R560%
DR DOZEMANIC B /R MZE (Fig. 3.22, 3.30, 3.328M) &2 — 7 BE@EHA% Table 35 BLU
Fig.3.37TICR 3, FA&kd SEMNLTHRA FREORKEICHIIHE I -7 BOEKE®ESRS
N5, 22T, MEOHEAR RO ROAIKEZ DT LTHOL, HHE — 7 @D
HE -7 REFHNARERBECT 2881, FLNOEBHMESE (WHSHk, REZST.
WMEDSM) 2EETILENHDLELEA L9,

ChEREBEDOZREY, BMAROBHAFEL CRANMOHEN LR ICD -7 F4 VR4
LTHHFELETHAEITTH D, 120, BHCIEMEKERABRL -~ SE0USEEFERXE
HHLTWTS, BEAHERT » A VETVIIEIARICH LZERANBEELERTH S, L
>, KA FRARINOMAHMUBERERAZEIATVWAEEEZ SN, —HEHUHO K
A FKIBE 2R T IBEOEARKABUICENTAEEBBLRAOLEVLEELZON S,

RIT, E323HOBICEDETFTOILBEL S

@ FA FHEEOKF (EEEE) %&Z»’VCMT%’L%'CH}’JE—ﬁfbwiﬁ&t;%.ﬂf R

L, BULAHAY—F I BESBROF A0 THAGEREL S,
L7/ -, RBMK#W T, FIliBF + A VOB ARPRBCRIBAEC—F vV BW2BE &
H-THD, WHNBRLABIZH I OB THEBESRELPTV LD EHEL R 5,

Table 3.1 Initial condition
( Preliminary analysis )

Reactor power 224 MWt
(7% of full power)
Coolant inlet temperature 270 °C

Neutron energy 2—group, cut off 2.38 eV
Delayed neutron 1—pgroup, fraction 0.0068
Control rod position mserted up to 2/3 active core height
Specific heat Density Thermal conductivity
( cal7g °C) (g/cm®) (cal/cmes °C)
Fuel pellet 0052 1096 0005
Cladding 0.11 7.9 0005
Coolant 1.25 0.751 : 6.0611
Heat transfer coefficient of coolant 1.72~00432
( flow rate dependent ) (cal /em®ss °C)
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Table 3.2 Cell multiplication factor (k_, )
Burnup .0 GWd 't 11 GWdt
Fuel(K)

Void‘%emp 50_0 1300 2400 4500 500 1300 [ 2400 4500
0 1.30758(1.29191(1.27971(1.26314N.07622(1.06336{1.05349[1.04012
50 1.32021)11.30400(1.29113(1.27379(1.08878[1.0752011.06479(1.05082
75 1.3243111.30798(1.29501{1.27766(1.09482{1.08107{1.07055{1.05652

100 1.3277811.31174]1.29910{1.28234|1.10262|1.08899(1.07861|1.06491
0.7 GWdt 12 GWd, 't
0 1.24997]1.23574(1.22408(|1.20824(1.05836[1.04572{1.03603[102291
50 126283(1.24821{1.23589(1.21930(1.07139{1.05803(1.04781{1.03409
75 1.2678111.25335|1.2409411.224311.07786(1.06436[(1.05402 1.0-4023
100 127332(1.2594171.24728(1.23119{1.08632(1.07298(1.06277{1.04928
7 GWd 't 13 GWd 't |
0 1.14657]1.13339(1.12280§1.10844(1.04084[1.02848{1.01897(1.006089
50 1.15680111.14416{1.13300(1.118001.0543711.04132(|1.03128({1.01780
75 1.16284(1.1487811.13752(1.1224911.06129{1.04813({1.03796[1.02441
100 1.16858(1.15462(1.14357(1.12896(1.07042{1.05744(|1.04738({1.03411
9 GWd /'t 14 GWd, 't
0 1.11154(1.09828(1.08806(1.07420{1.02334{1.01131|1.00199(0.9898
50 112336 1.10943.1.098651.084171.03742 1.02474(1.014901(1.0070
75 1.12866(1.11462|1.1037311.08921t.04484(1.03207|1.02210(1.0082
100 11353071.12132{1.11062(1.09646{1.05471|1.04216{1.0322%|1.0127
10.3 GWd. "t 15 GWd 't
0 1.088481.075491.065371.051831.0.0605 0.99441(098526!097288
50 1.10075 1.087031.076501.062351.020701.00844 0.99877(098581
75 1.10651(1.09262[1.08197(1.067771.02863|1.01628(1.00648(0.99543
100 1.11388(1.10008|1.08959(1.075731.03918(1.02710(1.01738|1.00457
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Initial condition

{ Whole core model )

Table 34

Initial

condition

( Super cell model )

Reactor power

Reactor power 200 MWt 200 Mwt
Coolant ( at reactor Coolant { at reactor
inlet ) inlet )
* enthalpy 300 cal’g “enthalpy 3054 cal /g
*pressure 70.6 kg/cm2 *pressure 76 kg/cm?
flow rate 1.1907x 10" kg/s flow rate 1.1907 x10* kg 4

Delayed neutron
fraction (8_ )
precursor decay

constant ()

0.0053

0.457 { /s)

Delayed neutron
fraction (4 )
precursor decay

constant (1)

0.0053

0.457 ( s )

+ constant during excursion

Table 3.5 Spatial

» constant during excursion

void formation effect

Void Time width Peak
reactivity at 60 Y7 Void power
(x107%Ap ) ( sec ) (% 3200MW )
199 2.3 6
2.3 6"
1.81 1.0 6.7
0.8 7.5
1.78 0.4 11
1.7 8 0.1 12.5

*Results of Section

4.3
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Total power of 6 fuel channels (MW)
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Table 4.1 Effect of inmitial Void distribution on Void

reactivity
Void volume (V./0) Effective Void reactivity
U L c multiplication c _
pper ower ore f keff -2 omparison
half half average actor (keff) | Ap (x10™) %)
0 0 0 1. 09311 1. 53 100
5 0 2.5 - 1. 09371 1. 48 86, 7
10 0 5 1. 09431 1. 43 93. 5
20 0 10 i. 09555 1. 32 86, 3
100 100 100 1, 111865 — —
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fuel pellet

SRAC model for multi region fuel rod { Graphite moderatur part is not shown)
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" Fig. 4.6 Effect of negative void coefficient
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