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Analysis of Hypothetical Core Disruptive Accident
in _
Prototype Fast Breeder Reactor Monju

(1)
- Analysis of HCDA Initiating Phase by SAS3D Code -

Masayoshi ISHIDA*
Hiroshi ENDO:*
Sadanori ADI"T.. .

ABSTRACT

A study of hypothetical core disruptive accidents (HCDAs) in the prototype
fast breeder reactor Monju (714 MWt) has been conducted by using the SAS3D# accident
analysis code. A loss-of-flow {LOF) due to the loss of off-site power and a
transient overpower (TOP) due to control assembly withdrawal, both at rated power,
are considered as the HCDA initiators with a postulated total failure of the rsactor
shutdown system. The accident scenarios of each postulated anticipated transient
without scram are studied for the three burpup stages of Monju: the beginning-of-
initial cycle (BOIC); a beginning-of-equilibrium cycle (BOEC}; and -an end-of-
equitibrium cycle (EQEC). The neutronics data used in this study has been obtained
by a 3-dimensional HEX-Z diffusion code and the first order perturbation calculations.
The reactivity coefficients used in this study are the desigr nominal values without
taking into account their uncertainties. The nominal design value of the maximum
positive sodium void worth in Monju is a relatively small value of 2.5% in the
EQEC core.

In the 2 cents/sec TOP, the reactor power shows a sudden increase following
the onset of FCIs (Molten-Fuel/Coolant Interactions) in high-powered fuel assemblies
but the maximum power level reached is less than 5 times the rated power and due to
the fuel sweepout negative reactivity in the FCI fuel assemblies, the reactor is
shutdown within 0.1 sec at the latest after the first FCI onset. The extent of
damaged fuei assemblies is largest in the clean (FP-gas free) BOIC core in which the
radial power peaking is smaller than in BOEC and EOEC cores, and about 17% of the
fuel assemblies are.damaged in the central region. of the core. In the equilibrium
cycle cores the damage extents are limited to about 5% core-center assemblies and
this is smaller than in the BOIC core because of the larger radial power peaking
and the rapid fuel sweepout reactivity insertion accelerated by the FP-gas pressure
in the molten fuel-pin cavity. The TOP-HCDA scenario must be followed by the
evaluation of post-accident heat removal from the partially damaged reactor core.

* Fast Reactor Safety Laboratory, Steam Generator Division, O-arai Engineering
Center, PNC

**  Advanced Reactors Department, Mitsubishi Atomic Power Industries, Inc.
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In the LOF-HCDA, both positive and negative reactivity effects appear such as
coolant boiling, motion of molten clad, fuel slumping, FCI, and fuel dispersion
together with the Doppler and axial fuel expansion as the accident progresses.

The reactor power changes in a complex way as the net reactivity changes. Extensive
parameter studies have been conducted on these phenomena modeled in SAS3D.

The results show that under some pessimistic conditions in which either the axial
fuel expansion or FP-gas-driven fuel dispersion are disregarded, the net reactivity
exceeds 1$ due to FCIs in high void worth assemblies but the ramp rate of net
reactivity during the superprompt-critical interval is at most 10$/sec with maximum
power level less than 600 times the rated power. The reactor becomes subcritical by
a large negative reactivity due to fuel axial dispersion from the core center region
driven by either FP-gases in the fuel or fuel vapor pressure itself in voided
assemblies at the end of the initiating phase. The energy release during the power
burst is too low to switch to a mechanical disassembly calculation. The isentropic

fuel vapor expansion work (to atmospheric pressure) available from this mild power
burst is at most 60 MJ.

The molten core at the end of the LOF initiating phase is highly voided (more
-than 70% void of coolant) with a core melt fraction greater than 50%. And in the
realistic cases where the negative reactivity effect from axial fuel expansion is
considered, extensive cladding blockages are formed near both ends of the active
core as a result of separate clad motion due to a slower power transient. Majority
of the active core fuel still remains in the original region. The LOF-HCDA
evaluation must be followed by an analysis of the molten core behavior in the
transition phase. There is some possibility that the initiating phase accident
enters directly into the mechanical disassembly phase with an energetic power burst
if the uncertainties in the reactivity coefficients are taken into account.

# Received from the US Department of Energy under the Special Memorandum of
Agreement on LMFBR Safety between US DOE and PNC
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Table 1.1-1 LMFBR core design comparison

Reactor: Monju CRBRP(Homo . ) SNR-300

Item
- General -
Power(MWt) 714 975 762
Bumup, Mﬂx/AV- 10.0/8-0 15-0/10.0 8-5/5-7
(104 MWD/MTM)

Core Volume(l) 2335.0 2540.0 2404
Core Eq. Diam.(cm) 178.8 188.1 182.4
Core Height(cm) 93.0 91.4 95.0
Axial Blanket Length(cm)

Upper/Lower 30.0/35.0 35.56/35.56 40.18/40.18
Radial Blanket Eq. Diam.(cm) 240.0 244.6 217.7
Core Volume Fraction

Fuel/SS/Na/Void 33.5/24.5/40.0/2.0 32.2/23.1/42.6/2.1 29.5/19.54/49.3/1.66
Pu Enrichment

Inner/Outer-EC-Core 16.1/20.8 18.7/27.1 24.7/35.6

(Pu-fisgile/PutU) (Pu-fissile/PutU) (Pu~Total/PutU)

Power:

Av. Power Density(W/cc) 273.0 342.0 290.0

Av. LHGR(W/cm) 210.0 230.0 230.0

Peak LHGR(W/cm) 394.0 480~520 380.0
Coolant:

Inlet/Outlet Temp.( C) 397 / 529 388 / 535 377 / 546

~ Fuel Design -

No. of Fuel Assemblies 198 198 199
No. of Pins/Assembly 169 217 166
Hex Cell Pitch(mm) 115.6 121.6 114.98
Fuel Pin Pitch(mm) 7.9 7.307 7.9
Duct Outer Face~to-Face(mm) 110.6 116.2 110.2
Duct Wall Thickness(mm) 3.0 3.048 2.79
Clad Outer Diam.(mm) 6.5 5.84 5.99
Clad Thickness(mm) 0.47 0.381 0.381
Pellet Diam./{mm) 5.4 4.92 5.09
Pellet Density(Z%TD) 85 91.3 86.5

-~ Core Reactivity Coeffs. - (used in SAS3D/SAS3A for EOEC-HCDA Analysis)

Max Void Worth($) 2.52**
(EOEC)

Core Fuel Doppler(10~3Tdk/dT)***
Na-In Core -6.8
Na~-Qut Core -5.0

Axial Core Expansion ($/cm) -0.64

Beta Effective(10~3) 3.64

Prompt Neutron Life Time 0.438

(Na-in ,micr. sec)

3.5%% 4.68
—5094 -501
-3.77 -3.0
"0'7
3.35 3.04
0.425 0.462

Note

* Data partially from FBCR-19, S50, Nov. PNC
** Not including ex-wrapper sodium worth(about 27% in Monju, 16% in SNR-300, and
20.4% in CRBRP). The 4.68 $ of SNR-300 includes the ex-wrapper sodium worth.
*%* Including axial blanket Doppler contributions(about 10% contribution)
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2. FENTRERTH & i

2.1 EEWHEREHRFD
HCDAEREHERE L TR, ERBEERDICEFTEUTO 2EBREMBF LIS
1) AEmBHRELFH
@) IS TRER
VIFNOBES, 27 5 LRORMEBHEBEL: ATWSEHRK LT3, UT TR, #iF% LOF,
%#&% TOP L7533, LOFBOFFBANKBIE/ER Y 7« 0 -2 ¥y vt
->T, Fig. 2 1- 1 CRTH-TRZ>TERT 3 (14 HDLBRIBGNI-ZR Y H—-T,
ERRIFLOBBRECEIINEESAT SN ), TOPBORIGEBARIL, 2¢/sec DT ¥
THREGFAL L 5,
RRAT R AA LS,
MEEHFL OB (BOIC LBE)
SEAHR L ORI ( BOEC ) 83X UKH (EOEC)
TdH5b, Table2 1-1,- 21z, ZH5D3FLOFEHBNMERE L, BEMEA K - 7—
ZREFy 77 —FEE%ERLI, BOIC 5L BOECHEL TR, SIEESBARECSHS bNE
L, EOECTW, MABELR 2HEEIISHREZKECHZ, ThHNIFELESAS3DO =
WF +F o VENTEFL U, BELTHOEF v+ VA VBERFRABAE -+ v 7T
DEOTH 5,
b F v V2 E BARMMAOE-F 7

BOIC 16 1.19
BOEC 16 1.28
EOEC 14 1.35

BOEC & EOEC nBAmN -+ v 7oERIE, FOHFFREIEE 10 KOBAKENE
AL T 5%, Fig. 21-2, Table2 1 -3 RBIHPLDF & V2R EF + V2D ER
‘fé’&ﬁ? L7’

2.2 WITRHERITT — 2

BATIC AR E T — 5 (AT - RUSERE ) 12, 35T Hex—Z I8+ 1 (R
itk B3bNT, BERIGERBICIKRTHE, trviliz#ERT 5,

87 — 212, LOFBXU TOPDIA LS, AKX 3oMEEh 3,

(i) TROREDD LOHHRES T for — 2
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CNDr—2%, PIFTId Case BE LBBiEd 3,
(i) TCRBR® HCDAFHET, NRC (k) pifitesr — x TRV A s, 1IEF—0R
WERGERAGIZy — %]
TN —R%, LI'F T Case EXNRC LB&EEd 3,
(i) T¥5 2 —-s T E#ESr — 2| (AT Tid Case RP EBEEE ) B U/¥5 £ — 9 @RI —
A
Fig. 2.1 -3, &7 — RHOBITRHENEBELERER L1, ARICRLEEr -2,
BOIC, BOEC 8&U EOEC M 34ELT, ZFHLBICHUT LIy — 2 TH B, &7 —2ED
Bin&HOZ 2, Case RP #H%IC, RP LOERERL TV 3, MBITREO M, &4
SHNOBIHICTREH D, 1, BRTEBTERNOENECIERONER L, /¥ 2
— 9T, FCI 8XUMBMABBRICFEDL S HERGCMTE LD, LY, BECYOF
v v TRERDIRVICBAT 2 b0 X DRI TV 3, BBHENELY — R T, Fig. 2.1
—3WWRARLTIRUVANT A =5 « 5y —2DBITEERE LT,

PAF, 2 3%iic LOF f##y, 2 4Hiic TOPBITOERNEXETCL, 2 5HiicEhmsiodkL
y A

2.3 fFomkEL >SS (LOF)

231 BHy—4rv2BRE

Fig. 2.3 - 113 >D&E L4 — 2 (Case BE, EXNRC, RP ) it} 2 EHRNEFD T4
el ( BMREALREBORARET S ) &, 3 20FLy — RS>0 THELTRL, LOF &
BMTHOREBRIE, TOREIRIT, HEM BN, EREEMED, BR25 v 78e0, C
- NoNKiIT, FCI &R 7 Y EY JHREBOBRESBPHOVEIER L TEZ 5, ThonHERH SAS
3D TEFMEINTVBERT, VWTHERISEEILICED - Tl 5,

LOF B T3, ML clFEHAHR, BEERBENE T LB, ¥4 FRIGEFARLE
%, 2HICLR LD 5, BREMIE, BRREEERBOWLKICH > THEL LS, Fig.23-1T
i3, REIIOBE R 7 v ey IRE (BE<L v FEHE S0 % BRIESTRE ) o3
RKLTRLTH 5,

BEERYy — 2T, 3FLEOLEEAS L, FARMBAE -+ v 7H—FEL BOIC F.Lo
HERRBLEBMHI—F R, RV T, BOEC, EOEC &3y, BARMMAE —+ v S OEVEL
DIEICHRRERI R B ->T V3, BRELNBIX T, K4 FREPFy 77 -FEOKE &
bRAKLTV 5, HAFRNEBHMIMAUTORICENTE 3,

BOOHMEAER, ERFOUS HBLEAEC (RAMHOBESE V), £, HH/RK
BHMBEELIF+ 2 vBEITRHNNELEVF + YA VTR 3, 201D, F+r v irE
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FOEVSD (A /RBLEMKE G ) BERDICHE LD, BAOBBE 133055 16.3
BDRRELTV S, COMATHFEBADRRIEEREOW 23 ¥ TERL TV 5, HHEE
bt RN B, FOTHRL D SEAE(~10em) DT 5 vy MEBE K 3,

R OB X, NESEKICE > CARUEAB,SBE D, WHRMER -7/
—FLDSEF (~10cm) LHER B, FBHEF + 30T, HADEGF + v 2 uboHkE
MBESIEE 5. BRIBAES SBH £ TOMIZ, 2131 BLINTH 3,

ME25 v ev 7, B LI-BRic 50 % MEHARZIAEE ) — FTRZB& L, #-T,
LFLEED/ — FORBEBIHBATT 5L EMOL0, SHAF + v 2ubollicz s v E
YU E LB,

PRRHERLIS, QUM (K1 F) F o v 2 VRUKBIT + v 2L THHITL, 50 % BE&E
RMEISICELY / - FOBBENHIET 2, ¢/ — FRBDBIMAERMSES FILL TG
i, FCI A E13, E-T, FCL I, MHREEHENZERAF + v 2L TREEEV, C
NoDBEHAF + ¥V FVEAFLONAEBICE L, KA FT—2080F v V2 uhBB0, L
L, BBRICE DR 4 FRISERASEOB SR, BMEEROEL D, HANKBENSLF
* Y RUTH, WHMREBAS KA KL BRTICRRIEERC L, FCIRE LN S, FE K4 K
*I--RF 20 FCI B4, [ELCERNERBBAZL-57,

LOFEHO 5 v V- v R, FCIRBEBLURITIVE VS - F v v 2 vOEHNSR
L BB B OAIR L TEZ 3, EXA F+ 7—-2F + v2400 FCl RERIGESR &7
D, RMPBIARICEDR L2, CNOORISENROBEICELD, Filih - SRIGENE
REHRE 2, BREK 7 = — X3, RF3V/EVT - F o V2 rOBKEABICE - TLRIGED
KERLITOK B,

LTic, BEX3 - 20HERBHOBES
F—20ERER LI,

(1) Case BE

BB oML RERKEE (8) HRCXOHNERE, o245 - ick~Eh3, TOR

IGEEWE, F v 75 —BUSBEOD I 70 BRE L10- T 5, KLY — 2 (BOEC, EOEC)

TRRF VEVISRER, BEXLy MR FPARICLZDHHDNBELER U120, BRE

SHREARCEBASREL, bBLUAEROBR MO ->T, FCI ML, FPHRD

BeFAKFL (BOIC) Tid, BRESHBAKLIE, REERSEL/H T TENTY 3, BREHE

NENRENL-T, RIVEVTRIZERGEBANKE L, 2REE - FH AR K@HIT
BOIC T—&&\', ¥, BOICTIR FCI BERH 3, BRIV 9 —2Frvian
FCI &0, 2RIGE ERITIEFE LTy,

(20 Case EXNRC ,

Mt GRS L O FP A 2B BMERIBICEE LY, Hi/itARELL->THS,

ity

iR L7z, 78, Table 2.3 — 1 (T 3 4R 2 BB

2—3
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FCI iR, FAF - 9-2MENF + V2 THREEL, ZNOERIGEHROBTEHEFL, — R
DA ERBEERE L T B,

BOIC T%, FCI R4 Case BE it THML TV 34, BEA F 79—« Fp ¥
D FCI BEBBWIbic, ERIBEFSIIEV, MBI HBBNBEREL 15> f2 120,
Case BEith~N, 25 vV itk 3 EREEHRIZI/NSHEESTE->TV B,

(8) Case RP

Case EXNRCEMERIZ, Fic, HMF + V¥ A VvOBRIKEET T F 0B IC X B+
FRIGEFADEBVICER LTV 5, RPIOBKREEE T, Case EXNRC &FE—DHAZE
{bZRL T 578, BRREERNEREHIL, Case EXNRCL D &#MEL, ¥4 FRIGE
BANEBHhITER LTV 3, ZNEhicERE L T, BOEC Tid FCI E4h10,

2.32 ERTEH7 x — XOBITEEE

NRIXA -5 r—2b80, 287 —20ANT, 2RICENEERKEIX EOEC Lo
Case FCI25 T, 10168 &i~to T/ — R TR, FCI BAESMH % MEHAREIS M 25
HEEREL, Hic, FLMARMPRTHEBERESEZI DL L, 2REEIZ1$ 2HEL
T30, BARERATHLGE FRRIIEL 108 /sec L&, HAREREIL, BHNE
DHBTEZRENHLETRIEYL, BRI 7 x —XKPF THOZ 3 v F - RHBHSEK LN
St =R, FHANRR ( ERBENHIST0E) &3 -7 BOICHL.» Case BE Th 3,
LN —ZOBBT 2 ¥ 13, 15EETTORBESZz Vo - BIRAFRICLTH 60
MJ] &3,

LIF, Table2 3- 1 RLEKT —RNERABRIIEERT 5,

(1) Case BE ( &%.L/r — R )

20 — 2 & bREE A ERIC & 2 BRIGERD, T /P& FLr — 2 TEEIR, FP
72T & BRI ERLSMD - T, BREAKREZOFERA ERBETANL ENICIE > T
B, ZN1¥, MK VBHERTIC KBS OBRBESKIZ RS FEL, FCI #EREVD, X
i3, BROBNEZEBEHNF v+ 2w (KR4 F-7-2H8) TH FCI £183, ZDOlHHA
FERBEB/NES L, FP A RABEIRN I BOIC T3, REQEBUEHB L B0, MK
27 /EVIREBERIGEDNREKRE (, 2RICERKEIR 1.007§ iELTW 3, LI L,
AFRERU L THOLRRIGE ERRIIELS (<58 sec), FLiET » — X~ BITT 28D
HARETIRIE U,

LN —2ATiE, 2Ly —REOBBIBUCL2B8RICEICXD, SRGEIRRERLE
505, LM KEIOREIDE > TH D, TOROBRFODESIIEE 7 = — XD
ko ghiEa siaun,

@ Case EXNRC (&#Fiyr — % )
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R RRRRKICEDRB XU, FP F2BMMAUNRETE LD — X Tld, B
R4 FRIGERAIC L 34N LR, Case BE &0 bRHEIKNE B, ZOHKR, BAHBEX
IRHET + >~ 20 TH FCI #4455, BOICTIE, FPHRYRNEERMNFELE
A, MAEBRAKCENEEIRLD, FCIREF » 2o BIEMLTH3, L
L, AXAF+ 9-XF % Y300 FCI THY, ERGEHRIZ/NE G, F7, HHLREH
B o 7ctc®, BRMBEMBESEC BRI VE YV ERBITF + V2oL, #
BB BRIGEL Case BE EHANTHEHNE VL, Thid 3HFLICHE L B8 TH 3,

BOEC T FCI®R4i1H 505, AKX F-7—RF+ 300 FCI 8%, FClitk3
ERBEDRIZNS V., 2RISER AL, Case BE L0 &L, 09988 &7 -Tl 3,
ZOERIGERAR, A7 YEY S« F+ V2 vORBBHIGETH 5, FP I X 3R
ERE LI, BESBEAGNE CRIBASNZREBHSIGEIX Case BEDEALD S
K&,

EOEC T%, BOEC LHULERMA LN EZ, L7L, EOEC Ti}, FCIitk3ER
INESHRBRE ., K4 F - 7—-20KEBHHAF + ¥ 24 TO FCLItk 384 FRIGE,
BLUEBHANF + v 20 TO FCI ik X 2BEBBRIGEH, 2RIEEE, 1.005% FTLER
SHTV 3B,

Table 2 3-1icAH SN B8kic, Case EXNRC Tit, BOIC & EOECTL2NIGEIX 18
ZHRALTHS, LAHL, 18 UETHOLREE FRRIE, WFhoBEOr —2THIEL, B
BHIFLCHBEEZECTEOML X TRV, WThOFELy — 2 6BB 7 » —X~BiTT 3,
(8 Case RP (2404 —2)

T+ v 2vnKEE, ke F TR L7 Case EXNRCiZX LT, 2y — T
REHEFVEM T, TASOEFVENERR, BRIAREEHICEREL/-OL, &K
7 —ZDBEDHRFEA FRIGEFEASEN S, Chid, HEES 7 it & 3BOBEOER
DREHMBROEH ZMNZ 3101, KANKENBNEC LERAL TV 3, TOER, &
WFilar —2& b, &¥IO FCI #4113 Case EXNRCiRHRTENTV B, TN7-H,BOEC
Ti3, FCI #4132 <, ¥/ EOEC TR, ¥4 F - 7—2050dHAF + ¥ 2 v TOFCI
REMBT V. BREBROILKICHNT, WRMESOILIA, Case EXNRC 0B& L0 &%
{IE->T3HDTH5B, £1:, EOECTIR, 2RIGERAMIZ FCI REFICR T 3,

FA FRSERBANEN, BLU, FCI RLAZEREENROBRLOOER, RFLDEKY
- ZNLFRISE B L UHFEH AN B AMIZ Case EXNRC X0 &/h&u, Cokic, BEAR
OIEREREL, ERAF 9 -2« F oV 30TO FCl REDEBTEDLD, HMAREHRE
ERET 5, W->T, HEMEAKEO RS FRICEHBAICKZ22KIGHE FRIE, HAOREREC
R&(HBT 2, Lol tid, xREHRNITORITRER LS, 7, #4 K- v—-28k
UKo 75 — RO RS S SHARERROFED  TEELRT L E0B5CLERLT
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W5,
(4) Case FPSLP (BOEC R EOEC i) )

Case RPT, FPAHRitkZBIAMKIAIUEER LIy — 2 TH 3, BOEC TiE, #E4
BORPMLIZERL T, 25 v v /it 3 ERGESNRESED L, 2RIGE - B8kl
it Case RP XD &/N&<{MZS5Hh T3, EOEC Td, RENMARGESRIC L3 HA
LROBODI®, FCI RENEL LD, 2FUSE < FHAHZAMIE, Case RP &0 HEL
mzohcTuna,

(6) Case SDFRIC.SLP (BOIC LA —=2)

RI3VEVYT « F o Y FATHOREOES ICH L TREMESHRIE 3 BEREBE Ly —
ZTHB, ZOELNERIZ, MRORS v EV T (ET) BLUNBEHERRICT 3, &
T—2RTHR, 27 87 L 2REBHERCESROEKICIY), 2RIGEIRKEK 1.007
$iELTV 3, LAL, HIRERUETHOLRIGE “RRIZ528 sec {EL, BRHIFEL
BT = —X~BITT5EOML IR,

(6) Case FCI25 (L4 —=%)

Case RP T, FCI MBI EZRD /B &iIciBY% 35, Chicfk, BOIC XU BOEC
TR FCI BEF » 2 HRBEMLTUV S, WFhoBEbAFIF - 9—-2« F5 /%
wh FCI TH B, EROERIGEHRII/NS W, EOEC Ti}, Case RPitH~, Eic
EXAF 97— «F+ 3200 FCl BEREZ > T, FCI T3 ERIEGERHA
DY 4V IBRESHARICERA LD b8ic (Case RPITH~NVEITLTHE0, 2K
IGERAMEI 1.016 $ iCEL, 28y — 2NBTR LS. FHARKER, ERHONEH
5105 &1 > T %,

Ky —Z0$ERII, RBRUIEIHRF + 2 vORE C Y BHESH ( FCI BIBSRM)
BHARERELERET IEERTFN—DOTHBEL LERLTV B, B, £ — R TORT
FUTEELL, FLMARPRTO FCI REBLY, X7 VEVT « F+ V20 TORY
ABCBLTOHEBAMESENER S, EREERKEZ EASE3BEREE TV 3,

(7 Case BURST.FCI (2% —2)

BRAEEIR (FCIRK) %2, REC v+ + 7 (—EHKEB -2 MBB EFLT
ik L7 —-2TH B, BOEC LU EOEC Tid, FCI fthi3, FPHRitkB %+ EF
1+ —ELERITED, Case RP KD B0, 5 -» TERAEMEIA&H Case RPOBIA (50
#)ELDHEWETEZ > T %5, EOECH.Lr —2TIiE, Case FCI25 niF& LMD
HHTHAIRERBIL Case RPXD b K&, £FICKERKMIE, FCI25 LELKL, 1016
$icELTWE, UL, 2RIEELRRB(18LLETIIIR68 Sec BV 7 — 2T,
HEEWRBRRE N ZRTMNC (LOF BYOBE ), BELHF -9 THA LAY, FCI M
WO ARSI, BRTHI0H LBV, TOHE, REEYh S0 BERREHRE &7

2—6
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s, TORCEVEBEGHBEICH L TRANS B Lick®T 3, HIb, SAS/FCI
TR, COBE, BRBERHLY - 2EBKFMET 5 HRICHD, FCI RIGEHR 28
Kettid 3 hmlicsH 5,

(8) Case GAPCON (&% —2 )

Case RPTIIBB~<L v F "BFEEX + v T7REKEHEDOF v+ v 7ERZEREA V. &7
—Z2 TR, ¢h%E EE- - BEREEH—EMH 0405 W cm? °C ( 714 Btu/hr - ft?- °F) i
L, ERBOBRMRSEER, @7 —xBTl, §F+ & 1rEb+20CPAT—HL
TuW 3,

LOF SNG4, BAEROX v+ v 78ER I, WA ERPERICLE2E TR HERIET
T2(Fr v 7HREMOLD ), 200D, F+ v 7RERERE —FE L LEE Y — X TR,
Case RP ithh~T, KHIMBRBAGARE 1D, FAKAMEKEE S, Case RP it T
K&, LHL, ROIC 8LV BOEC TR, ZNHBRLEREE LRICENFSREL, B
i BOEC T, FCI ki3, BHABHBRL Lo odd, 2RIEERKEIZ Case RP kD
b/h&w, EOEC TR, FCI %44 Case RP ERLF + ¥ 2 TH B, ZTOERKE
PRI Case RP XD &KL, 2REEZEKEIR 1 $2bTHiCEBL, 10018 ITELT
W5,

(99 Case LRIP.FCI (EOEC#.L:)

FCI #4EBnREE Vi O% Case RP N6 fENKE XWHEE LI r—RXTHS, EOEC
A Case RP Tit, 2RIEERAEIR FCI RIBESROBEEZENLE %S W /28, FCI
BAtAHSRAAS Case RP EE LSV AY — 2RDLRIGE - SAHBK(#IZ Case RP EBILT
55, ®->T, Xy —2OPHEOKE S 252 3/°7 2 — 51}, HAWRERBEITIE S OEHEE
BEBESZA TV,

2.4 RICEHASH (TOP)

241 BEy-47v2ABE

2¢ /sec DEMBUSKERA (HERHA )itk 3 TOPEH Y+ YA, LOFE#HK v+ Y AiC
H~TESCHBLERBLE LS, Hb, BHUCERAI X OFEHAREHBAMNIC LR T
305, ZOERI, Fo 77 -KEE (A) 8XU, BAREZERARIGE (Case BE O
&)ickhMioh, RECBIATH S, FLRBHAREICELNS 0, BB LR
L, ©NTERMSIEE 5, BiM - SHMEBES LR 525, LOFLBA LB, Thon
- ARIIREARL D RIS,

50 % MKHAMBIAEIE L, BA 3y —2 TR, #H v vijiic k5 ECI 244, Fig.
24 - 1Rz &S e, BRER, 4PHro80MTEHI 2, FCI BRAERMIZ, &F.OMH

2—-1



PNC TN941 82-74

T, %k, BEs - A THEECRE T B, FCl REBOFHIE, TED 3 ~ 3458
EIELTV 3, ¥k, ZOBSAITR, BB L2 BHEIGER, 18 ~168 fAX
T35, Z20OKBREF Y77 -MBH LV, Case BE CREBHAREENRick38
RIGETHE Sh, FCIREHOLRIEERR Yy —2&b, 0168 BELEN-TW3E, i,

HEA3r— 2T, EOHELY — 2 THLREMBRIZIT,

FCI %413, EHFPLY — R CREBEHNTF + YRV TOIET > T3, BHAHAE—
Y70 BOIC TR, B2&HAF + 30 THY, A/ KEEOE L Ch.4 TRAD
FCI R4 4130, Ei, Ch.12, 10, 245, & — RKELTFCI F4 Y30 &1i>Th B,

FCI T X 3RIGEZR I, f4 FRICEL XU, BNBBHRIEE, G, ®REZ, MEYE
VERY €7 4 - OoBEOERTHEMRB~KHT 2T TOBEH L, FCI KX 36KHH
M TOBHICAT o5, R VvEEGMARE—-7HA, - FXOES (~8cm ) kA
LB, FLHREBOSHAF » 240 TOH FCI B, EXM4 FRIBEHREO-6L, T,
BREECYATOBRHBH O ERCENRELZ, ChoNERICEMSRICE D, 2RICERSE
K ERL, Thickkn, FHAVERT B, LIL, Fig.24-1ieRLi-&Si, FCI BE
%, 830ms DIRIC, BHMKER~HI-RED FCI V' — O & fEic g FiR~FH ( fuel
sweepout ) 2Bi5d 57-%ic, ARCERASEI Y, 2REESIUCFHEAERIMZIoN
3o

FCI BBtht, #0.1 BRI, fuel sweepout KX B3AREEIIL X - T, FiIsRERIKEIC
3, BEBBRENH ZEAEHIZL, BOICT—FHEL, 200K 17T% NDEESE (ALt
REEIR ) £753, PEPLY — 2 TR, FLPRENG L 5 BOESETREBHENET 3, F
HAOBLULRIEENRKEIR, Theh, ERENINGEL 556X, 0468 TH5,

242 EREHZ - XORIER

R A—9E T - 208, 2Ry — 20T, 2RIEER XUFEHIORXKI#EI, EOEC
HFL0) Case BET, #hTh, 0468 BIUBKRIIANOWSIELLE -1, ®H-T, A RE
g/~ <, R S IEOBIBORE SRR @i F 5,

LI, Table24—1IRLESY —RIL2WT, ZOEREMBPcidRT 3,

(1) Case BE ( £f.lF —2)

BECHARERARIGEDREER L), FHREERACLZHNERR, 2o
PEEELIfhDy —2XDLBEATH S, FCIRMKIE, 50 ¥MEBRHSTOME €
BEREIC L BN, EDTr—-2&Db, 100HS 20BN TV 3, TOP T, MREHHAR
BARRIGEERY RIS, 7 I+ RN S0 X ICHIR L7, TOP TR, i LRIZfEL, B~
vy b BB+ v 7HRAL2HEIIH Y, MBR 7 » 7 O#GHIEBERIEERE CHE S
h2affetk btk &, 2071, BFlic, 7 1+ 1ED 1/ 228HE L. TORE, C

2—8
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DRIGERIRIE, Fv 75 -HROMI0OBHREL->TV B,

EF0LOREREIS (EREMOBRMER LS )ik, BOICT24%, BOECH LU
EOEC Ti, 10%MUTTH3, ChonERIY, FIRLAFCIREEL]RBOERERAL
Btk 3,

(2) Case EXNRC BLU RP (&4l 4—2)

M4y —R&ES, FCIEIEME, FCI V' — Y TORRBMRE &BIMOBEHEK ( AR
BMOBKNALRROBE ) 2B &, BLTHB. Case EXNRC Tid, Z0BEMETLL,
BREFREGZMEEL, Case RPTI310ms &L, LA, 2RIGEBLUFEHAORKMEITIE
COREMDERIBEFCRIBADOOATLL,

FCI MREsRIZ, Case BEL D $ 10~ 20 R - T 378, RRIGE - FHANEK
i3, Br—2L6EREELU T3, -T, BEFMT = - XKYPOREARZIS &,
BRIy -2M7TiE, BERAILTS 3,

(80 Case LRIP.FCI (&4F 47 —2)

FCI EEME E Y OBIEOKRE X%, Case RPD6EILE > —2TH 5B, 2 » ik
NBEOZEEL, ZORSE, BXU, BEEOIC6IEELTY 3, TN/ 2 — #i3, A
B L — P B XU, BREE V0O ERMESRE T 2BORMBHERICESE T3, Ay
—ZNHE, WHL - PSR (KH61E) 7342, REBHIREESLUF 1 FRIGERA
RIIERT 5, Kill, BRESBEOMLE ( Z0#AEGOER, C-2HA/ - FE0 %5 E
77 ) ICHREET BHEE LS, KT — R DEVHERE SRV REICEAS i, £ORISES
Rid/h& 133,

BOIC #X& U BOEC by — XT3, &7 — 20813, Case RP iclh~xT RN,
LIPILFERCEL L UFRHNRKEZES52 T35, EOEC Fl s — 2T, #iic, C
hoonfiid,Case RP &0 bV, THONFELMZERE, SIHBEEARENE ITLDAL
Tw3, HhBIUVEREERBOBAAE -+ v 7 RY, - 7MBoFZVicZRL TV 3,
HlEEHAKREICH 5 BOIC 8L BOECH.LTIR, ZHhdn e — 7B IRFE LA Dk
KD&TFH(S5em ) &1 b, FIEEIIHKIKEICH 3 EOEC TS Hk & > T3,

(4) Case LRAD.FCI (2B —2)

FCI V' — Y TOBERMBEMN FL¥E %, Case RP D 255} E LYy —2TH B, T
DRER, BHEGEMBINENBZERSE TS 2T LD, FCI vV — YOREEEHS Case
RP itk XTIET 4 %, SERER TR, COBRBADOATH 38, SRIEES LVOFEHN &
RERCKE BV ESD L TRV IS,

(6) Case BURST. FCI ( BOEC # & ¥ EOEC ffihr — 2 )

WEEPHEE - 2 M RE TV TERALr —XTH5B, Case RPTIZ50 % MEHaR

FNETHIAL L 7o BHRMRRIGAiid, SAS3D o — FAMD HEDL B %M\ 7z ( LOF
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FHOBE L iddic, TOPTREBNBARRERE LS ). HHO FCI EF+ ¥ 312,
Case RP LREELVD, AFLOBRABICHES BEHNRAKRL L 2tfe TOF vV EN
DIABE v RBEEEMSEV 1D, BME<L .y MO FP A 2BHBHME L gassy pin TH
%0 FPARICLBIERY + €7 4 —EH/N— 2 PHBERRE L > TV 3, BREE VRO
MEHAREIS& 1, BOEC (Ch.16 8KE Y ) TIZ#10%, EOEC(Ch.11 ) TR#¥ 33X T
$H%Bo BOECH Ch.16 £ ViRBHAE v, dLBEILAE L TH L, BVARES Tl
BL T3, FCIBAAMMIE, Case RPED S, WI0MEL, ZOMEICESHAF v v
FUORBEC 360 BEMLZBMEACEL TS, BN, BN - &R/
HRLF + v 2 vOREEHLEFE TRBEMBERMSET - T 3,

FCIRER, ELABRLIBHAF +» 2LvDATRIYD, ThoDFr 2 3EKSL F -
TR F o /RNTH DI, 2REE LRICBFRAEFS LRV, 2RISERAER, fit
DTN -2 LD HEY, LhL, EARLA-EBhhSBRABEK 7 = — KPOLSFE LD R
El&13, Case RPD 25D EICEL TV 3, B, ERULAEHATF v v 2 TORBR
EE, DIBEOREEHRENL > T 5,

(6) Case GAPCON { &%/ — 2 )

SEH - BEROX ¢ » 7THRERE —EM 0405 W em?- CE L —RTH B, TOPT
i3, BEBGOREEEEE ¥+ v 7TIIAC I HRICH 3120, ¥+ v TRRERIMKT B,
ChEEELIEr— 208R TR, FCIEEF + v 2 vORNRH BOIC Tid Case RP &
RiZ-TW3, LL, 2RIEEBLITFEHANREKER, Case RP LD bHAMEVBET
RELEITIE O,

2.5 HCDAZHENH T = — XMITOFER

251 W RIED RHED &
23, 2 4HICIEALS: LOF % L0 TOP ERBHMME TR 7=, TE SR BEOME S
BERL, RIS — 2OBBEOMES Y SRR B, BIRERA
oMK Y ¢ o THEES
o RISHE 8
o T + v} L DRRYT S
o FCI 4% F + v 2 WO &M
iIcHr i cidih 4 %,
1) BEEYF v o 7HEER
WNIA—9frr—ATH5 Case GAPCON 2R 2T/ — A TiX, EEBLUBE
L bICHIIRL 5 b EREEDE v v ZIRIEMEEE LA v o 7HEER hgap £AL
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fzo AL, SAS3D Tid, hgap NBEEILIE, F+» v 7EOELRUBESOELEZELT
Ecbw;b#muRms&mmuﬁ%?wibéﬁmmént¥&ﬁﬂvﬂﬁénao#
v 7 AZOMCERIEEKROMBEECKGFELTRES He (HALR) EFPHZANE
it o, BETABGEHRREFVICLDERL, ANTF-9ELTEZLS, ThoiKD20'T
RE3FEiciddh L7z,

hgap i3, LOF & TOPTIXRIL 2 @HEILERL, £/, LOF T, FHK, K4 FK
IGERART L% TIZ, ZNHBEHHBIERT 5, Z0ID, hgap DBEXRILEEE LGS
NHH, BFEROBRSMBIICTE LIV SFLY — 2ANEEHNETF v+ ¥ F vORE
RSB, hgap C—EM0.405 W cm?: °C ( 714 Btu/hr ft? °F) ZA 1/ Case G-
APCON D& & + 20 CUINT—H L Tu 2o 1BL, GAPCON THU 72 hgap B3, B3k
TEFEEO / § + VREHEEFMECAV Sh3 1000 Btuhr ft? °F ic THEHIREE BT
DUEE L THBOWAR/NMETHD, EROKEM T/,

AT AV (fBL, Case GAPCON iRK< ) # + v 7EBMERNEEFICE T HEI,
Ross & Stout € F/v% 7z PAPAS —1SICL BEREHE T B L, hgap DEKES
X UEAEKER I, BB —-HL TV 5,

RN BEIELERST S L, Case GAPCONDAEDSHIZ, —NBEF -4 &L L THEK
Ldv, LOF 8L TOP ##li b, —EF + v 7RZERE AV 2B ERTF RO 12 13
5, EOSRIERBVC LILEET 5,

@) RISERHK

3T Hex—Z MBAZ « 8 - —IREBHEIBIC LA HE, I FvER VT, BRFHT

i1, BRICERHRO /7 ¢ Fflicid, UTORE»ESERAGSLENHSLEL TS,

RGBS KB &
Fv 75 —fFREK I+ fENE30%
KRR K A4 F R BE A JIFNEDEE0E
PR 52 1 B A /I FNEDE 20 %
5 8 M IS B il J iDL 30%

(&) * —REHHRICLIDHEY
s (HL, HFOSRBMOMSH A FEEORICEMEEE ( @85 Keff itH)
LT, £30%

INODREN S EEB LGS, HAREES, #ic, LOF BHOZAMN K& (KT
ZEEE DB T LiL, 23HiTHIN, BIE (HE)widlickdie, THALw I8
DNBREAAF7—2(7 3+l )&, CRBR®SNR — 300D & D & /ph&(,
LR Ui, S ZEMicRAtrE, CRBROBLDKRE (B, FREBTRHLIHAL ]
® LOF Energetics 75 CRBR RHARTEVHERENL X BRI, TORL F -7 -20&
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WiLH B,

LRU7-BHEH S, RISEREORE, S EZER L BITBLELL B, ZORTIZ HCDA
Rt (1) TEMET 3,
@) HHF v v 2 VORI R

(i) #ete B EmRE

LOF S Dihhig F v v 2 v OMEHEEERIRIZ, PAPAS - 1Sk 3 FRITIR, Wik
PAt®, FIA 7O PREITOM(~07H) K 3AREUMSKE L (BHAEC YD
), BHACYOBAREIEND, LrL, W TFhoEsesd, BREs#HER~Nt3
AT BLARNCBR T 2 ATREMAS K & <, BHRNEBRFLEBT /213, ZoK2TH (&
Nai5a) E105, zoiw, BREKREINS FPAHR ( 7L F 442 )1}, K4 FEE
DIEREBRICL, ®->T, K4 FRICEBAEHICEEST S, LirL, KREETOHORN
Tk, TOFPHRKA FEREBBE LI, ZOBR%ELDBT 5 SAS3IDDEF 5L
TRVWHTH B,

(i) BE=35 ey rhkgEE

BELR 5 v 7D NEE F b LT SAS3DOBEIZ 5 v v /i3, $ETHERELR
L1585, KEFEITTIE, 50 % MEAREISEER XIS, BE~xL v P RESEAICEL 8
BFILRFVEVITRAE Lz, COHMERZ TREAT (K) TOERERVSEICLE-TH
D, BEROEETTLRBENIFEDON T 5,

(il) R

SEOENHBEE LT, Case BE 1L Case FPSLP Ti3, #El~<L » NNER FP A
ZDRMICLBZEN%EEB LI TREAT TOF v ) —XDEE Zofhc, EPHFRICK
BAMBRBERASA TS,

EHBN2 o007 —ZERLLTHDHY —Z T}, ZOFPHZHREEEEL, 283, #HE
MBLUBKRNESEICL >THET 3, &L, #-T, FPO#W BOIC FLOBEER
K&, ZTNHDRTHOEEHF LT —RA TR, RELADUVRBEREL TV BT LICER
45, TN FP A RHBENEFIL, LOF FHEED K = 2 v ¥ -0 RFHUFMEZ S ek
WiebNDTH B,

R VEVT F o /2 vOBRERHELET S SLUMPY € Fv—D2NRRIE, D
DHIREL DAL | - THIBICEE LTV 28R M S B L T, ZBici2Z 3 FCI
RREELEDBTERLVR/ATH 5,

4 FCI BEF v ¥ 2 VOB RM
(i) Bele  HBEBREREYE (FCI BMIGEE)

LOF 5 & U TOP ® Case BURST. FCI ZEx{ TN 7 —2 Tid, BHEHIE 2K~

Loy P OBRSRBHMEISTHE L, 50 % BRBHAEEE L LTV 3,
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Case BURST. FCI THW/:, SAS3D D /v—X M€ F g, ﬁ%{b%a’—'w*@ﬁ
H HHYMBEHRICELVEMEFvTSH S, BL, O/ -2 CHERNHBESHEBRRIL SN
(BEWKE) T3, FTHREEBHBKE L, BIFTIE LOF 8LV TOP DEhELNIE AT,
HARET F v F— MR E L BAN T~ #HW 2, LOF 04, FCI BILLEERIII,
Case BURST.FCI & 50 % iARBHERE Sy — X TRME->T 34, FCIREF v V2w
NARIE, BIERILEIE->TV 3, UL, TOPMDFEAIR, FCI FEF + V2 uhed R
B-TED, TNHEIF Case BURST. FCI D AH, LDEEMS LW FRIZE5EZTHEY
596 W~>T, TOP » Case BE i3, ZNHT Best Estimate T3V liciEET 3,
(i) FCIHEEFA/NF A —%

NG A - r— 2T, FCIHERFRDOEANNT A -5 DHBREZO>DKRE L1,
chondT, WIBONMKAX &Xichld 5 Case LRIP.FCI THELL, EE7 -2 6%
DEENMKESRE, ERF-F7ES VLD TIINL, BItRERITZENELELLNT
Hb, H#¥r —2 (Case RP) TAHV2EE5cmM R » MRIEED ( #H 0.1 cm?) %,
30 cmRICIER LcBRiT, HED 6f5ICE /- bDTH B, TN —ZANFEBEWIT, B
EARANLH (1694 ) DB EVELLBILHNELTH A>TV B ELH B, —&KD
EvTRETHERV I, oy - TLRILTH 30, znigs, FCIHAERRST, B4
DIHBREHBEHOBEE Y OEHENR N TEH S5 LILERT 3,

(i) FCI#EIE v FP A 2%

E#fE.0 4 — 2 ( BOEC, EOEC) Ti3, Case BE 8L U Case FPSLP 2&<, 2T
D —RAT, BBV v FNEE FPAROBRV K FENH 5, B, GikLIk S,
FP ARtk 2B BNREEE L T 2KRiln, FCIRAMRKE T}, FPARitk3
BRIFrET A —FENEREERELI, BOIC( FPHREL ) O FCIRR I3, ARIMRK
KL — FASEL 72T, BOEC ® EOEC O FCl ickRTE T ATH D, ##-T, Th
S RICEBRARIINES W, -7, FClitB3 B FP 2B K&V, ERLER
SYEVS - FevinBkt, FClF v ¥ #LTOFP HRUROB L DEZH T, Bk
DEFHFMNERICTL -7 bNTH 3,

LEZEBATSEE, LOF BXU TOPRITCEMBLI- 27— 2ONT( Fig.2.1 -3 &
W), HCDAFMAE L, HicEAEZBEL & — =13, 43 4 — 2 (Case BE, EXNRC, RP)
oftiis, Case FPSLP, Case BURST.FCI &733,

2.5.2 LOF-HCDA Energetics

BIF A — A0 LOF B>+ ) A3, L&A/ Y7 2 —sBirERick 3&, B2RERY -
- X TRENBESRMULNE <, KBNS T 3 0¥ - HORIC, FORBO/NIROSH
LRI BT ENY 1, 2RUSEN 1 $ 2HABL, BNRERHNIRELLEBALH3
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B, TOEREE FRRIFANENTI108 Sec, 2RIGERANHEIX1.0168 &73 (EOEC
7 Case FCI25 ), %7, FHARKEIRERHAINKST0 D, 24 — RDPTHRRNEN
TH5 ( BOIC » Case BE ),

EREH7 = - XRKPOHHBRERBEAET, FOREHIFISE 7 — 2 DEVEBASE L
RECH20, KAE LTHEOEBIREBEL TV 3, #-T, BRARNMOBREELEHICL > T,
BEAOTRELERSO TV 5, BREK 7 = - XLIBROBRRFELOEE, #-T, B 7=
— ZOBBFHH K S IS S 5180,

Bt L7y —2ic>0 T, BREHR 7 = — XRMOBRIFLIET AR 2 vE-B%E, Z
DIFLDBHREIHPASE (1KE ) ETEx v boC—EBRLABAOHERTHE LTH5,
C ORI NI ic, SAS3D itk 2 FLMHBENERAHZEIC, Fx v o —[ERitE %
KiEL7, Fig. 25- 11, BFELOLY —20ERER L. BANH T BRI, BOIC
> Case BE T, ¥15TM] £33, $1RARAS, BRER 7 x —XKPOFLOHT R
wF—IF, BHRBAE—F v I HB—F/NE W BOIC L7 — RBOFL Y — RiCH XTE
W EBOM B, RBLI kST, BREK 7 = —XKHPADHF LB REERIREEICE - T
b, BEMBERE L THEOMBRICEEL TV 37280, ZhoOBRESEERNTERSEE TS
SEEZTOMLAVIRYD, Tx¥—iilidfid, OB AAKRBRES I TIRBBSH
Bx ¥ -5, LOF-HCDA Energetics DRKMBE 205, TOFMITBET = —XOMR
WERL BT SIS0,

7, 25 1A Lkkic, RISERBMORELN S EZER L 1BA0 Energetics Sl ic o
WTIE, KEBRFO Phase{(]])‘f‘%fiﬁ?’éo

2.5.3 TOP-HCDA Energetics

2. 4HiiciC L7ckkic, TOPEHRFH 7 - — X TR &hicz 2 v — 13, KEBHHERRE
TRMF-LELT, RFEBRHEYAICEZ SN TS, £/, TivF—RHEIZ, LOFH
HOBEICHNTIHRNS O, ERBET = — 0RO B Y + Y #5013, BHEF.L O
BrEFMmICs 1 #Ah 5,
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Table 2,1-1 Region powers of Menju Reactor

Core Burnup State®
Core Region BOIC BOEC EOEC
Y Y %
Inner Core 54.3 52.7 53.0
Quter Core 39.4 37.8 36.0
Axial Blankets 2.2 3.5 4.1
Radial Blanket 4.1 6.0 6.9

Note:* BOIC - Beginning-of-Initial Cycle
BOEC - Beginning-of-Equilibrium Cycle
EOEC - End-of-Equilibrium Cycle

Table 2,1-2 Void worth and Doppler coefficients

Core Burnup State BOIC BOEC EQEC
Max. Coolant Void 2.10 2.15 2.52
Worth(s$)

Doppler Coeff. in -6.93 -6.55 -6.82

Na-In Core
(T.dk/dT x 103)**

Note: * Nominal design values
** Including axial blanket contributions
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Table 2.1-3 Fuel-assembly channel characteristics
in BOIC, BOEC, and EOEC

SAS Fuel Asseably Chennel Avarsge Quancities
Begia-ef-Initiai-Cycle(BOIC) Core

| channat ‘7| Coolene | Subsaseablies | Subsssenbly Powar/Piov| fover® |. riow* Pover/Flov]  Suraup® | Votd Woren*®
2oae ¢ (e, — Max.) (Raluctve) {(g/cad.0ac) | (Ralactve) [(10%.100/Wm0) | (103 Ak/k)
1 & 9 1.056 — 1.088 1,058 | w778 1,065 0.0 | o.117
2 3 9 1,059 — 1.077 1.133 | s13.2 1.063 0,420
) s 18 1,033 — 1.088 0.970 | &uu.2 1.053 0.472
4 2 6 1,082 = 1,056 1.167 $37.9 |- 1.04s 0,324
s 6 12 1,027 — 1,051 1.119 518.7 1.039 -0,089
] 8 12 1.007 -- 1.058 0.846 394.7 1,032 -0, 642
7 b 15 1.027 -= 1,034 1,012 477.4 1,021 0.477
s 3 15 1.011 = 1,040 1.088 513.2 1.021 0.697
] 2 § 1.009 -~ 1.020 1.129 537.9 1,011 0.326
10 1 6 1.001 — 1.007 1.193 $74.0 1,001 0.352
1 s 12 0.978 -~ 1,003 0.911 Lhb, 2 0.989 0.216
12 1 12 0.974 == 0.992 1.163 574.0 0.980 0.749
13 [ 24 0,954 — 1,011 1.055 518.7 0.980 -0.100
4 7 18 0.939 -~ 0.989 0.878 435.9 9.970 ~1.097
13 8 18 0.782 -- 0.93%0 0.728 394.7 0.883 -1.113
15 [ § 0.873 -- 0,876 0,942 518.7 0.875 -0, 201
SAS Fuel Asseably Channel Avecage Quancicies
Besin—of-Equilibriun-Cycle(BOEC) Corse
Channel #| Caolanc | Subsssemblies | Subasseably Power/Flow| Pover® Plov® Pover/Flow Buroup T | Votd Woreh*™
Zone # (Mln. — Max.) (Ratactva) [(g/cal.sec) | (Ralactve) {(10%. mm/iTrt) | (1073 Ai/ke)
1 5 12 1.075 — 1.153 1.026 Lug, 2 1,113 0,37 0.238
2 2 3 1.113 1.242 | 537.9 1.113 2.03 0.178
3 3 12 1.069 -- 1,163 1.187 S51).2 1,211 1.45 0.532
4 &- 12 1,065 -~ 1.113 1,088 477.4 -1.098 1.82 0,410
s 1 9 1.009 — 1.111 1,284 $74.0 1.077 0.67 0.550
s 6 15 0.986 —— 1.115 1.123 518.7 1.043 0.72 -0.062
7 748 12 0.999 -- 1,079 0.889 415.3 1.031 0.8 -0.683
s & 12 0.995 — 1.038 1.003 477.4 1.012 5.7 0.517
9 5 18 0,960 — 1.072 0.927 4kh, 2 1,005 4.76 0.516
10 3 12 0.954 — 1.024 1.063 513.2 0,998 5.89 0.769
11 2 9 0.995 — 1,017 1.112 537.9 0.996 5.68 0.613
12 1 9 0.923 -- 1.009 1.15% 574.0 0,969 5.75 0,664
13 748 0 0,879 -- 0.982 9.793 411.2 0.929 h,0L -1.569
14 6 21 0.880 -~ 0.952 0.993 318.7 0.922 b.98 -0.031
13 6 6 0,785 - 0.822 0.865 518.7 0.803 .36 -0.160
" s 6 0.782 — 0.820 | 0.657 | 396.7 [ o.s01 1.77 -0.333
SAS-Fuel-A ancleies
Erd-of-Equilibrium-Cyale(EQEC) Coare
el 1| ool |sobssembten | Ssbiupibls Lontl e | it fosenEane | efetens ot b | CotS A7)
| 1 9 1.117 -~ 1,164 1,349 574.0 1.132 2,69 0.880
? ) 9 - 1.083 -— 1.161 1.20) 313.2 1.129 3.12 0.638
b] 2 3 1,126 1,238 337.9 1,127 4.0 0.280
4 ) 12 1.092 -~ 1,124 1.098 A77.4 1,106 3.57 0,693 _
y - K 18 -] 1.051 — 1.162 1.002 | 4h&,2 1.087 3.60 0.773
. 2 13 1,018 == 1.076 1.106 | 337.9 1.098 6.90 1.264
7 2 9 0.991 -- 1.069 1,137 337.9 1.037 7. 0,902
] & 12 - 1,010 -~ 1.030 1.024 477.8 1.02) 6.8u 0.771
[ 6 13 0.977 == 1,074 1.10h 318.7 1.023 2,51 0,086
10 L 9 0.981 -= 1,044 1,218 374.0 1,022 7,39 1.000
1" 748 13 - 0,960 -= 1,032 0,843 411.3 0.963 2.57 -0, 661
1 s 12 " 0.968 -~ 0.933 0.906 | uuk,2 | 0,989 6.33 0.497
1) 748 b3} 0,744 «- 0,930 0,740 409.8 0.870 4,86 -1.817
" - 6 27 0,748 -= 0.93) 0.937 318.7 0.870 6.63 0.13%
Notet * Subessendly sverage

s Qver

cece langth
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Table 2.3-1 Summary:of Monju LOF-HCDA analysis by SAS3D

FCI Model Rip Length (cm)

Rip Area (cu?)

Particle Radius (um)

Mixing Time (ms)

Accident Category: LOF Reactor Core State: BOIC
case 0 # |* 2 3 4 SDFRIC, 5 NSS,FCI25 |6 8
Ioput Condition & Result BE. EXNRC. RP. SLP. CNT, BURST.FCI GAPCON.
put Con €2100 c2108 €2107 €2112 €2110 c2113 €2109
50% F.M.F. 50% F.M.F.
Fuel Slumping Model (Slumping Criteria) | or 50% F.M.F. [ or Same to Case RP
| Surface Melt Surface Melt
Clad Rupture Criteria 25% F.M.F. | Durst 50% F.M.F.
ol _Fallure _
[)

Fuel Dispersal due to FP gas No No
§S vapor Yes Yes Yes Yes No Yes Yes
- No Na Vapor
Other Conditions Priction Midplane FCI
Doppler
Reactivity Coeffs. 'Na Void N "_";'Li_“l Values J e
Axial Core Expansion ig:fn:f ] None None None None ]- None -! None .I'
Max. Net Reactivity($) 1.007 1.004 0,991 1.007 0.990 0.987 0.992 |
& Time (sec) 22.085 19.693 20.300 20.266 20.297 20.294 19.220
Max. Relative Power (P/Py) 566.5 391.1 238.9 415.9 261.1 240.8 250.6
Core Average Void Fraction (%)% 88.0 68.9 74.5 70.8 4.7 74.9 73.0
Molten Fuel Mass (kg) & #* 5000 4320 3490 4430 3570 3930 4750
Core Melt Fraction (w/o) 75.0 64.8 52.3 66.5 53.5 58.9 71.2
Molten Fuel Average Temp. (K) & * 3560 3350 3150 3380 3170 3220 3460
Energy above Fuel Solidus (MJ) 2880 2030 1290 2150 1350 1590 2490
g::::i\s!tz{dg::ponent for Initiating Fuel Dispersals in Slumping Channels
Average Net Reactivity Ramp Rate during 4.8 2.0 5.2
Superprompt Critical Excursion ($/sec) ‘ : "
Duration of Super Prompt, Critical
state (ms) 2.5 4.4 R _— 5.7
Accident Category: 1OF Reactor Core State: BOEC
Loout Gondition & Resule s 1P # BE ! oowe, | . Yo, | el - carcon. |
npu c2214 c2215 €2204 c2216 2218 €2220 €2217
50% F.M.F. 50% F.M.F.
Fuel Slumping Model (Slumping Criteria) | or 50% F.M.F. | or Same to Case RP (Case #3)
Surface Mélt Surface Melt
Burst
Clad Rupture Criteria 50% F.M.F. _Zfz_f._u_.l_’.__ _ Failure 50% F.M.F.
Rip Length (cm) 5.0 5.0 5.0
FCI Model Rip Area (cm?) 0.1
Particle Radius (um)
Mixing Time (ms)
Fuel Dispersal due to FP gas No No Yes No No
§8 vapor Yes Yes Yes No Yes Yes
714 Btu/hr
Other Conditions Midplane FCI £t2 °F
Doppler
Reactivity Coeffs. Na Void - Nominal Valves _______________
Axial Core Expansion| ;g:inzi None None None l- None None None [_
Max, Net Reactivity ($) 0.947 0,998 0,984 0.951 0,984 0.984 0.972
& Time (sec) 18,799 18,864 18.797 18,801 16.709
Max. Relative Power (P/Po) 58.6 465.0 194,0 74,7 188.8 168.2 134,9
Core Average Void Fraction (%) * 90.8 61.8 71.4 82.9 82,2 89.4 69.9
Molten Fuel Mass (kg) & * 2923 4218 3800 2565 3850 3463 3368
Core Melt Fraction {(w/o) 34,7 62.9 56.7 38.3 57.5 51,7 50.3
Molten Fuel Average Temp. (K) & * 3290 3410 3270 3230 3280 3380 3220
Energy above Fuel Solidus (MJ) 1020 2100 1630 1050 1680 1630 1360
Reactivity Component for
Initiating Phase Shutdown Fuel Dispersals in Slumping Channels
Average Net Reactivity Ramp Rate during
Superprompt Critical Excursion ($/sec)
Duration of Super Prompt Critical
State (ms)
Accident Category: LOF . Reactor Core State: EOEC
Case 1D # S aryp— LF.RP S NSS.FCI25 ir LRIP.FCL ! LF.BURST ¥ LF.GAPC
.BE. i . -RP, . . 0 . . . . . . ON
Input Condition & Result 2300 2308 €2309 2311 ONT.C2312  |c2314 FCI.C2313 | C2310
50% F.M.F. 502 F.M,F,
Fuel Slumping Model (Slumping Criteris) | or Fuel 50% F.M.F. | or Fuel Same to Case RP (Case #3)
Surface Melt Surface Melt
Clad Ropture Criteria 50% F.M.F. (502 Fuel Area Melt Fraction)
FCI Model Rip Length (cm) 750 5.0
Rip Area (cn?) 0.1 0.1
Particle Radius (ym) 100 [ "Ti00 |
Mixing Time (ms) 10 10
Fuel Dispersal due to FP gas No Yes
SS_vapor Yes Yes Yes " Yes Yes Yes
(Cavity Area Tow Stress | 714 Btu/hr |
Other Conditions £0. 138cn?) Midplane FCI Failure fe2op
Doppler
Reactivity Coeffs. NaVoid | . Nominal Values
Axial Core Expansion Nominal ] None l— None None None T None None ]- None
Max. Net Reactivity ($) 0.9 1.005 0.983 0.959 1.016 0.983 1.016 1.001
& Ti ec - -1 r= - ——
me (sec) 19.602 17.369 17.942 17.939 17.951 17,942 17,946 17,494
Max. Relative Power (P/P,) 113.0 456,2 215.8 76.2 511.2 215.8 482.1 354,7
Core Average Void Fraction (%) * 91.6 70.0 59.6 84.1 67.7 48.5 82.4 57.9
Molten Fuel Mass (kg) & * 2330 4140 3250 2320 4070 3120 3720 4185
Core Melt Praction (w/o) 35 - 62 49 34.6 61 46.6 55.6 62.5
Molten Fuel Average Temp. (K) & * 3220 3420 3200 3310 3250 3210 3260 3350
Energy above Fuel Solidus (MJ) 940 2090 1280 1040 1710 1310 1580 ‘2800
Ch.1 Fuel Ch.1 Fuel |{Ch.1 Fuel Ch.1 Fuel Ch.1 Fuel Ch.1 Fuel Ch.1 Fuel |Ch.1 Fuel
Reactivity Component for Dispersal Dispersal |Dispersal & | Dispersal Dispersal Dispersal Dispersal |[Dispersal &
Initiating Phase Shutdown ChJL14 Fuel Ch.11,14 Fuel
Sweepouts : Sweepouts
Average Net Reactivity Ramp Rate during 8
Superprompt Critical Excursion ($/sec) o — 6 L")
Duration of Super Prompt Critical
State (mey T L7 ~2,6 e 3,1 ~0.6

Note: * Values are at initiating phase shutdown,
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Table 2.4-1 Summary of Monju TOP-HCDA analysis by SAS3D

"Accident Category: TOP Reactor Core State: BOEC
Accident Category: TOP Reactor Core State: BOIC
Case 1D # 1 2 3 5 6 7 8
BE. EXNRC. RP. LRIP.FCI LRAD.FCI. CAPCON.
Input Condition & Result, €3100 3103 3101 3106 €3107 €3104
Fuel Slumping Model (Slumping Criteria) 50% F.M.F, or Fuel Surface Melt
Clad Rupture Criteria 50% F.M.F.
FCI Model  Rip Length (cm) [
Rip Area (cm?) _C:lvity -A;e-a---
Particle Radius (um) A
Mixing Time {(ms) EET R
Other Conditions 14 ?:‘zl/:l; I
Doppler
Reactivity Coeffs. Na Void U e __._Nominal Values e e e
Axial Core Expansion 3%1 :i, None None None —[ None None I .|-
Max. Net Reactivity ($) [_0.149 ] 0,155 | 0.159 | 0.177 _ 0.155 | _0.150 o e
& Time (sec) 79.815 61.400 61.397 61,397 55,600 53.579
Max. Relative Power (P/Py) 3.45 3.42 3.44 3.52 3.44 2.65
Core Average Void Fraction (%) * 4.9 4.9 4.9 4.9 4.9 5.0
Molten Fuel Mass (kg) & * 1598 1627 1614 1506 1552 1048
Core Melt Fraction (w/o) 24.0 24,4 24,2 22,6 23.3 15.7
Molten Fuel Average Temp. (K) & * 2974 2974 2974 2974 2974 2974
Energy above Fuel Solidus (MJ) 427 434 430 402 414 280
:zz::::i:: g;‘:g:n;::tgg:n Fuel Sweepout from FCI Channels
Average Net Reactivity Ramp Rate during — —_—
Superprompt Critical Excursion ($/sec)
Duration ot Sup;r Prompt Critical —_ —_— — — ——
State (m3) .
Accident Category: TOP Reactor Core State: BOEC
case 0 # | 2 EXNRC ' w T ® womsr.rer || capcon ’
Input Condition & Result c3205 c3206° c3201 3203 c3204 caz10’ c3zo8
Fuel Slumping Mode (Slumping Criteria) 50% F.M.F. or Fuel Surface Melt
Clad Rupture Criteria . Burst
FCI Model Rip Length (cm) “Ti5.0 5.0

Rip Area (em?)

Cavity Area| 0.1

Parti-le Radius (um) 117 100 __
Mixing Time (ms) 10 [
Other Conditions £t2 op
Doppler
Reactivity Coeffs. Na Void e — e e e e e e e e e
Axial Core Expansion g%i::l None None None l None I None -I
Max. Net Ractivity ($) 0.217 0.354 0.255 0.230 0,183 0.256
§ Time (sec) 56.432 45,142 43,503 43.916 44,751 41,664
Max. Relative Power (P/Pg) 3.20 3.99 3.24 3,12 3.88 2,79
Core Average Void Fraction (¥) * 4.9 7.1 5.5 4.9 4.8 4.9
Molten Fuel Mass (kg) & * 552 694 573 529 1840 330
Core Melt Fraction (w/o) 8.3 10.4 8.6 7.9 27.6 5.0
Molten Fuel Average Temp. (K) & * 2974 2974 2974 2974 2974 2974
Energy above Fuel Solidus (MJ) 155 194 161 148 516 92
Reactivity Component for
Initiating Phase Shutdown Fuel Sweepout from FCI Channels
Average Net Reactivity Ramp Rate during
. Superpromt Critical Excursion ($/sec) - —
buration of Super Prompt Critical RO —_— —_— —_—
State (ms)
Accident Category: TOP Reactor Core State: EOEC
et P n |, || e, | mame. | ¢ ’ ¢
.BE. . . «RP. » . .LRAD. TP,.BURST. TP.GAPCON.
Input Condition & Result 3300 3308 3309 PCI.C3312 | FC1.c3313 | FCI.C3311 | c3310
50% F.M.F. 50R F.M.F,
Fuel Slumping Model (Slumping Criteria) | or 50% F.M.F. | or Same to Case RP (Case #3)
Surface Melt Surface Melt
Clad Rupture Criteria 50% F.M.F. (50% Fuel Area Melt Fraction) g:ﬁfl" 50% F.M.F.
FCI Model Rip Length (cm) 15.0 5.0 5.0 X 5.0 5,0 5.0
Rip Area (em?) : _Cavity Area c.1 0.1 0.6 0.1 0.1 ] --E.—l_— T L—_____-_
Particle Radius (ym) 117 100 100 100 250 100 q00 | ]
Mixing Time (ms) 10 ° 10 '_15_ -1_0____-- “IE____'—]B—" B
Other Conditions 2 Cents/sec (Cavity Area HEDL Burst | 714 Btu/
External Reactivity | =0.138 cm?) Failure hr ft2ep
Insertion Correlation| Gap. Com,
Doppler
Reactivity Coeffs, Na Void | _____ _ Nominal Values _ _ e i
Axial Core Expansion| g%t:ﬁl None [ None None l None T None None
Max, Net Ractivity ($) 0.455 0,381 0,386 0,294 0.359 0.153 0.367
& Time (sec) S ividatng Bt - ——— - — —————
61.179 48.523 48,767 48,732 48,754 57.412 48,751
Max. Relative Power (P/Pg) 4.92 4.33 4,40 3.81 4.19 3.89 3.79
Core Average Void Fraction (%) * 6.7 4.8 6.5 4.9 7.0 7.3 7.3
Molten Fuel Mass (kg) & * 646 675 750 704 740 1660 647
Core Melt Fraction (w/o) 9.7 10.0 11.3 10.6 11.1 25.0 9.7
Molten Fuel Average Temp. (K) & * 2974 2974 2974 2974 2974 2981 2974
Energy above Fuel Solidus (MJ) 181 190 210 197 208 472 182
Reactivity Component for Ch.1 Fuel Ch.1 Fuel Ch,1 Fuel Ch.1 Fuel Ch.1 Fuel Ch.11 Fuel | Ch,l Fuel
Initiating Phase Shutdown S St S g p P - o »
Average Net Ractivity Ramp Rate during
Superprompt Critical Excursion ($/sec) — —_— _
Duration of Super Prompt Critical —_ T
state (ms)
Note: #* Values are at initiating phase shutdown.
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Insentropic fuel vapor work to 1 atm (MJ)

90

80

70

60

50

40

30

20

10

Reactor State

@ : BOIC
B : BOEC
A : EOEC
@ BE
SDFRIC.SLP

FCI25 @

BURST. FCMP.
A

BURST.FCI

EXNRC
@ GAPCON

LRIP.FCI ~ gFCI25
A LI

GAPCON . ARp

A \'l BURST.FCI

BE
L L a ] | | L |

15 30 45 60 75 90 100
‘ Core fuel melt fraction (%)

Fig. 2.5-1 LOF-HCDA energetics in the initiating phase

2— 26



PNC TN941 82-74

éu!l



'PNC TN941 82-74

7. # ¥

AEOREL, 1980 F 8 QiIc—EHE L1, T OMEH( 6 LUHHO (NAHKICESET
i, BB {oBR - BitHE, BRS¥EEMHL, Thdick, DUToHAKEEN %,

() SAS 3DFAEANELY—RDFF TN e Va=F 4 VT

(20 VENUS %.ile FvoiE

3 VENUS SR 3R FMT IV v b« 77— DELE

4 SAS 3D /VENUS #%i2— FOEE

(5) VENUS -PMAMHEREAE V—F YOEIE
INoiITmMAT,

6) BHMHTIRD, SAS 3D /VENUS #ExszEtoR

(0 HAEESEOIRV ORBRS
%%, LOF ~-HCDA Energetics ##i® L TEELRIBE TH- 1

EiEoEBOERL 1980 FD 11 Atz 4 — L, ThoDERIKE >TE, FLEDA
& OBMHBHLBETH 10 CNSICETIHREIHBTSE LT, 91980 F8 AR ZIRY
B’Z5, 5B, [bALw] F—KRLLEHIZ, 1981 6 A KLLMD FE LB (A
Kiciz 19804 12 A 10 HICHBEHF HFABIBBET R LOZE IhTVWS) SHEE 12A K
FTIETLT 3, ThETOHCDA Ml EMEZR%, Table 7.1 I KRL 7,



PNC TN941 82-74

Table 7.1 PNCOEC it} 3 HC DA ¥l £ £58

£ | A H B
79| 6 *SAS3D - F¥#A (USDOE &£0)
11 «FACOM M-190 EA 2% — |
11 «® CDA ##7 (SAS 3D /VENUS -PM) #f#izs — b—~%K{ 18 B)
34
'80 | 5 *« VERSATEC PLOT (BBX7u v —) EAR S — > AE#EL
6 « SIMMER- 23— F#A (USNRC £9) —»M-190 ~OHAKEMH 5 — +
8 * LOF, TOP ##r (Phase ) &7
8 *CDAfra—F+ Y27 L0DEBILXY —b-fBEIHE 2 - FERICK 28
FriEE DAL
11 * SIMMER-1 ic & 24P AAEE %2 81t X ¥ — b— L OF Energetics ¥
A E D (K7
11 «SAS 3D /VENUS -PMic&£3LOF, TOP #if (Phase ) H
12 ® [bAL w] BEFARHLIHE
81| 3 *LOF , TOP f##r (Phasell) #7
4 « SAS 3D /SIMMER -1 itk 3 LOF Energetics @7z 4 —t

—>VENUS-PMEFVERYHF = » 7 R, BB 7 = — BT ~OEMR

4 «FACOM M-200#A 24—+ (M-190 &#) > ERE—-FT7 o7
6 cCOMY 27 LEMRY — +itBHNID= 1707 s vidl
6 © TbALs] F—RELEE REWMMFEOBERS— b
9 *« MSS BARY — b—>F—4 c AP UV—VRR - HRTV T
9 *PISCES -2D-ELK a—F#A (PI1# Gk, 2ERHEARN) -FE
2 RO Fe R
10 «FACOM M- 200 /M-190 5% MABALS
120 [bALw] F—RELEEAKT
‘821 3 (BKRD

1.1 72z—X—-1L&HIFBRHE
FHEBOBLCREBNICEHR SN2 TORIERIZ, 1979411 81 BH5 1980 4
8 A TD 10 AMIICER LIBRIEHES — X %2&ic, ThicHiC, BMRFEEMATE L
BrbDTHS. CHODMIE, HEES IBHEBIEML 7, ¢ CTERT LBko



PNC TNO41 82-74

i, UTFOK 4 OBHLS 1255 TH 5o

1) KkILFers—itHE :

ﬁﬁKH,SAS3D,PLOT3D,SAVE,VM“B—PMZ&Up%mmmﬁﬁﬁﬁﬂ

— FEERA L. ABEE), (Dikid, RKHICKHE5 5¥—XDSAS 3D itk 57 VRN
NHoNTWB, FHLT, SAS 3D ick 31— 2DERFHBITICIE, HEZD

FACOM M-190 T#H 90 min® CPUKM%ET 3, LD 85 r— 2 DRREERER/S 12

B, THRBNSLOEHELEEED BL, SAS3DDOF vr—Ri3AHTHE, 854

—RAD2WVWL3FELENLBIZAS, &5ic, ThEDSAS 3DF v/ —RIBLT2M
Byte® Region Size &L 7z,

SAS 3D DitEERIE, 7Y Y HABLTPLOT 3D itk EIFtH A& sz SAS3
DOERR L7 o v b F— I RETHRIT - TREEL, LELLDE 7o v ALK, [
Bic, 70 v i b8, LERB LD 145, ZhoOHMABRBEAE D L1531,
VENUS-PM28&L USAVE diihids dic, 7ouv rHATH B, ThoD T vy — ¥
b, »I2 OHITRA A, FRECPUBKRMIIZ 3min BEDOLDTHV, SAS 3D DsADTH
50a—-FDF YT, 7oy b HAKEIWEEBHGKE o7,

REIFE Y 9 —HEZ OHBORIIAEROBMEE L L-Did, ThoDEE%EHETS
tT, AHRER, MK, EREFCE OMAEBRINIEEDT T REDRE - 1TH
HITEERTIODTD %, st EMBEZEREXK LD, WOIFETHNUL, ARV—¥% —FEK
TH5B, BF, AHZOERCHEERLET, i, kH#KiKE, PLOT 3D0RK 25 /¥
Y7oy bHAZ16mm 7 4L« T =A— Y3 Y (#2000 frames ) IZERKT B BEiCHE
HERD > THEW, BBKI3iCiE, PLOT 3D CALCOMP ~— Y3 ¥ b, BREOD
VERSATEC /"= VY a YIREBUTHWLY, LRLc&Sic, BRKLET o v bHAd T hic
LDBEAY, ZOHDS bIRBL O DR, FEHILE, RAIRTH -7,

(@ #&# FBRZER

SAS 3D-PLOT 3D YR FLDRFA:i{E s, BEAEIS V-7 ) - - iCHE%E
FZLEY, Wicid, BRI RiIcBAL Tat@m LTHW 2, #0 ANL BRD SAS a—-F 5/
BASHWSaA VML, SAS3DDSVEN—FV « 7— I LEEELTHECBETDH
otzo WOBFEL - - IGERMAIET — F SPLI NTREKIGAN 7— 45 DILE %Fic
BEICLT, BILC , LAXYM b « BB - 12,

EIRIBELCEIRRS LB oBwDR, RADEALIZAKRLF+ 4 —M-190
DEEZDOEDIE S . KEOPEL Y L - EHO— N, HER, FBR FHirgr
FHAT, #HY, IR DARHEBAAONLERLZBL D7 -4 2RCBAL T -0%E
LTS, RABSEIDRFTICEL T, HERTROFREZI Fic, NELS v r—2%
ﬁﬁfét@ﬁ.ﬂmcM—mnﬁﬁm?énméfaéoﬁﬁbk%kﬂﬁﬁ%ﬂ&ﬁﬁf



PNC TN941 82-74

KL BADHE IR MIBABEDTH 71255 L, 7z, TO8HAMTRIMLTEN
M o1:155 5, TOM-190 itk 3 Benefit i34% M S higtd 3, 4

ARrE RO EBE DK TH 5 F BR ZBFETFFROMRE L UAREIEEHE BOMK
i, REEANHEOT, BIFBRICOVTHELBERL THC 7 1o, (EEERCY->TH
SEFOBTHAEE L THNW -, MEBIUBRESHABELRZLET
@) KkI*¥+tv4s—FBRER#FIS NV—-T

LMo v—7 (FSA) 0/ v—7 ) —FFHNKZRILHEL, A ¥ X—DHAIE,
R EROBROHE T — FHEOR, TSS WRkAMADO LTELDPHEEC, T 1,
SAS3DBKLUPLOT3D a— FORFBLUF R b itEAEEY Lo/t K (Z2EETF
HI¥E ) , ¥6HH8. BE, ANL ~EHHED) Kid, chooa— FERBLV-F
Y 9— JHICEBTE 3 LTRAIRD G %G1, B3, BHUKRETRIRE ( RRITKE B
BDO—ATH »7:55, HWicLBHLH1LFE TDOSAS 3D 7 X ratBHOEMIZ, LA DSAS

3D FVRERICEHNIAE BT C LUK KROET N, TTT, FSADA Y N—FRILHE
2% LT 4, /MuKicid, ANL TOFERBEZ LD OEH T T,
@ KkILFxv9—[dALw] HCDARTIA—T

B/ v—7REBL TMHA 70— 7ERTh3, DTOREIEL MHA A V85— TH-
o, £, TH3, BEEFIZUANDT L2 CHT 26 DTH B,

39, KBEE—K (BREFAHEE (B E£5WHH8) id, VEE (54 &) &,
Karlasruhe oD EfiHERD %, Zbo><{Mb7{, SAS3D-to-VENUS -PM
Switcha—FY2R574%, KRBrOIHDIKARELTHN 2o TOY 27 4L, SAS 3Da -
FO—EKEICL 5SAS 3D F— %7 7 4 (VEN-file) {ERMREEDEME LT, VEN-
file W ick 5 VENUS-PM2ANIF— S {Ea— FSAVE 5%, CDI—FY 27 4
i3, SAS 3D K & B3EREAFR 7 = — AKRPOFLREIEE - BAMREL LT LM K1 K9
HEDOKEBOFM 7 — 5 OstEBRMEBEA§EIC Lic, SAVE R K BHANTF—- S RBE 70y
PHATE, BoKBRTH-1THAHFHNERKBICHIBTSE 7o EiT, SAVEIRLD,
2RI 3KTTEFVTHBSAS 3D 7—9 %, 2RLEFVDVENUS -PM2 7— 5K
EW}TE -hHic, SAS 3D (BRFH 7 =—X) 5, VENUS -PM 2 (Rl IE7 = —2)
A, HEHIESE HC DA BBIF O G ETH » 720 VENUS -P M OFt BASRASERE
M7 = — X oDESS (B KEELTKRECEATS, LVIRROREED,
SAVE it & 2EELBERICL > TRIHTE fo AXhIZHEBLA LI, BBIFICBWT
SAVE 2 — FIEEREHER L1, CCIK, Toa—-F2ERLELABROFSOKE X
%3509 5 &EEfIC, HIcHEEERLET,

A4 (1980 4F) D4 ALE, B4 ORITEMD L T Wi BinE K JURARRK

(@R bavEa—y  ¥—ER (B LHORRE) OFRICORELELET, HE



- PNC TN941 82-74

Kicig, 7o ss=—¢ LToEBREZ4ED L, SAVE LU VENUS- PM thiéﬁfﬁfb%
D7ay bHAN—F Y EZERL THNW, TZOFay b V—F VI Dk%ﬁ%‘ﬁﬁﬂmwi
bt 5, BARKLEY, HERIREALHHAD Over Time % —#iclbt LTl s

1.2 7zx—-X-1EHT3EHE
BT . 1MEE 11 AL, BBSAE COEERcE VT, TROBRICEENEERLEIT,
(1) SAS3D bSTWYa—F4v T
ARRBREKR (EB@ANR, ELE M) ) KifhERC L 3/, Ch%ixEHEh, LASL
CR) itk i - 1O BMEIR, B LT, /MUK (485 ANL HiEED) o3 b7 Tvva —
T4 Y7 DIcHICEELHFRERN
20 VENUS -PMOHEHHBERHAE L~ 7V OEE
AHEDO BERHH%EEB1,
3 SAS 3D /PLOT 3D &U'SPLINT B, SASSEQ = — F{ERR
BHEK RE, () =Y v 7 ik8BR) 3SAS 3D /PLOT 3D HBEM%E{ERL Ico TOHR

B oMLY, 1FHKBEATRESALE, - LHERRORBMEISIEE X 0, F£RO
RFUCERL TR -7 SPLINT & SASSEQREHER (CERFALE (B) KHHED
LEABERASHBREER L. SASSEQOFRIII KIK @M itk 3 dDEH, TDa—
FiGTEEROMEBICE LT, FHHHIBICEIL -1,
KRoic, XBA2BEEL T, BLAOFEE%2I3d» > THW I, SC BERESLU/IMAER It
#MEEERLET,



PNC TN941 82-74

8. B FH WK



PNC TN941 82-74

1)

2)

3)

4)

5)

6)

7)

8)

9)

10)

11)

12)

8. BEIMW (FWEH(I),(I1)IE)

J.F. Meyer, et al., "An Analysis and Evaluation of the Clinch River
Breeder Reactor Core Disruptive Accident Energetics, NUREG-0122, 1977.
W.R. Bohl, et al., "An Analysis of the Unprotected Loss-of-Flow
Accident in the Clinch River Breeder Reactor with an End-of-Equilibrium-
Cycle Core", ANL/RAS 77-15, 1977.

Preliminary Safety Analysis Repart for the Clinch River Breeder Reactor
Plant, Project Management Corporation, Appendix F, 1978.

J.1. Mc Eiory, et al., "Clinch River Breeder Reactor Plart", CRBRP-
GEFR-00103, 1978.

S.K. Rhow, et al., "An Assessment of HCDA Energetics in the CRBRP
Heterogeneous Reactor Core", GEFR-00523 (DRAFT), 1981.

M.G. Steevenson, et al., "Report on the Analysis of the Initiatiog
Phase of a Loss-of-Flow (without Scram) Accident in the FTR", ANL/RAS
74-24, 1974,

W.R. Bohl, et al., "An Analysis of Transient Undercooling and Transient
Overpower Accident Without Scram in the Clinch River Breeder Reactor",
ANL RAS 75-29, 1975.

T.G. Theofanous, "Mﬁltiphase Transients with Coolant and Core Materials
in LMFBR Core Disruptive Accident Energetics Evaluations'", NUREG/CR~
0224, 1978.

P. Royl, et al., "Untersuchungen zu Kithlmitteldurch satzst8rfillen

im abgebrannten Mark 1lA-Kern des Kernkraftwerks Kalkar", KfK-2845,
1979.

P. Royl, et al., "Analysis of Hypothetical Loss-of-Flow Accidents
Without Scram in the SNR-300 End-of-Life Mark 1A Core Using the SAS3D
Code System", Proc. Intl. Meeting on Fast Reactor Safety Technology,
Seattle, P.624, 1979.

M.A. Perks, et al., "Comparative Analysis of Hypothetical Transient
Over Power Accident in a LMFBR Using Different Computer Models for
Clean and Irradiated Core Problems", Proc. Intl. Meeting on Fast
Reactor Safety Technology, Seattle, P.645, 1979.

S.C. Yung, et al., "Survival of Peripheral Pins During a TOP-HCDA",
Proc. Intl, Meeting on Fast Reactor Safety Technology, Seattle, P.655,
1979.



PNC TN941 82-74

13)

14)

15)

16)

17)

18)

19)
20)

21)

22)

23)

24)

25)

27)

28)

29)

F.E. Dunn, et al., "The SAS3A LMFBR Accident Analysis Computer
Code", ANL/RAS 75-17, 1975. :
F.E. Dunn, et al., "The SAS2A LMFBR Accident Analysis Computer
Code'", ANL-8138, 1974.

A Preliminary User's Guide to Version 1.0 of the SAS3D LMFBR
Accident Analysis Computer Code, unpublished.

L.L. Smith, et al., "SAS/FCI: The SAS3A Fuel-Coolant Interaction
Model", ANL/RAS 75-33, :3975.

W.R. Bohl, "SLUMPY: The SAS3A Fuel Motion Model for Loss-of-Flow",
ANL/RAS 74-18, 1974.

F.E. Dunn, et al., "The SAS2D LMFBR Accident Analysis Computer
Code", ANL/RAS 75-37, 1975.

G. Hdppner, "Sodium Film Motion Model of SAS3A", ANL/RAS 74-22, 1974.
F.E. Dunn, et al., "The PRIMAR-2 Primary Loop Module for the SAS3A
Code'", ANL/RAS 76-05, 1976.

W.R. Bohl, "CLAZS: The SAS3A Clad Motion Model", ANL/RAS 74-15,
1974,

J.E. Cahalan, "DIF3DS: A Multidimensional, Multigroup Diffusion/
Perturbation Theory Computer Code'", ANL/RAS 79-01, 1979.

E.E. Gruber, "Transient Gas Release from Oxide Fuels: Parametric
Representation of FRAS Results'", ANL/RAS 75-7, 1975.

E.E. Gruber, "Calculation of Transient Fission-Gas Release from
Oxide Fuels'", ANL-8143, 1974.

J.E. Cahalan, "The Status and Experimental Basis of the SAS4A
Accident Analysis Code System'", Proc. Intl. Meeting on Fast Reactor
Safety Technology, Seattle, p.503, 1979.

D.S. Dutt, et al., "A Correlated Fission Gas Release Model for Fast
Reactor Fuels", Trans. Am. Nucl. Soc., 15 (1972).

C.H. Bowers, et al., "Analysis of TREAT Tests L7 and L8 with SAS3D,
LEVITATE and PLUT02", Specialists' Workshop on Predictive Analysis
of Material Dynamics in LMFBR Safety Experiments, LA-7938-C, 1981,
J.F. Jackson and R.E. Nicholson, "VENUS-II: An LMFBR Disassembly
Program'", ANL-7951, 1972.

W.T. Sha, et al., "VENUS: A Two-Dimensional Coupled Neutronics
Hydrodynamics Computer Program for Fast Reactor Power Excursions",
ANL-7701, 1970.



PNC TN941 82-74

30) D.P. Weber, "The VENUS-III HMT Algorithm: A Non-linear Impiicit 1 
Eulerian Hydrodynamics Algorithm for Two-fluid Models without slip",
ANL/RAS 79-5, 1979.

31) D.H. Barker, et al., "Improvement and Verification of Fast Reactor
Safety Analysis Techniques", C00-2571-8, 1977.

32) J. Marchaterre, et al., "Work Energy Characterization for Core
Disruptive Accidents", Proc. Intl. Conf. on Fast Reactor Safety
and Related Physics, Chicago, p.1121, 1976,

33) T.F. Bott, et al., "Experimental Comparison Studies with the VENUS-
II Disassembly Code",‘Proc. Intl. Conf. on Fast Reactor Safety and
Related Physics, Chicage, p.1134, 1976.

34) C. Essig, "Note on the Determination of K-Values for P-V Relations
in an Isentropic Expansion of a Two-Phase Working Medium", PSB 642,
1978.

35) C. Essig, et al., "EinfluB Konsistenter Zustandsaten auf die
energetischen Grenzfille von Sekunddrktitikalitdten im Mark 1A kern
des SNR-300", PSB. N203, 1980.

36) D.L. Booth, "The Thermodynamics Properties of Na, Al,03, Mo, and UO2
above 2000 °K", TRG 1759, 1968.

37) A.B. Reynolds, et al., "Fuel Vapor Generation in LMFBR Core
Disruptive Accidents", Nucl. Technol., 26, 165, 1975.

38) A.B. Reynolds, et al., "Molten Material-Coolant Interaction and
Plutonium Source in LMFBR Accident Analysis", ORO-4313-11, 12, 1975.

39) D.C. Menzies, "The Equation of State of Uranium Dioxide at High
Temperature and Pressures", TRG-1119(D), 1966.

40) P. Combette, et al., "Equation of State for LMFBR Fuel (Measurement
of Fission Gas Release During Transients)", Proc. Intl. Meeting on
Fast Reactor Safety Technology, Seattle, p.1052, 1979.

41) M. Bober, et al., "Investigations of Thermodynamic Data of State of
Fast Reactor Core Materials for Hypothetical Accident Analysis",
Proc. Intl. Meeting on Fast Reactor Safety Technology, Seattle,
p.1475, 1979.

42) N.E. Buttery, et al., "Studies of the Effects of Fuel EOS Uncertainties
on FBR Disassembly Energetics', Proc. Intl. Meeting on Fast Reactor
Safety Technology, Seattle, p.1486, 1979.

43) C.H. Bowers, et al., "An Improved Two-Component Sodium Voiding Model
for the SAS4A Analysis Code", Proc. Intl. Meeting on Fast Reactor
Safety Technology, Seattle, p.99, 1979.

8—-3



PNC

44)

45)

46)

47)

48)

49)

50)

51)

52)

53)

54)

55)

56)

57)

58)

TN941 82-74

L.L. Smith, et al., "SIMMER-II: A Computer Program for LMFBR
Disrupted Core Analysis", NUREG/CR-0453, 1980. .
R.J. Henninger, et al., "Application of the SIMMER-I Code to LOF
Accidents in an LMFBR", LA-7194-MS, 1978.

R.E. Alcouffe, et al., "An Examination of Subassembly Scale Fuel
Motion Using the SIMMER-II Code", Proc. Intl. Meeting on Fast
Reactor Safety Technology, Seattle, p.2008, 1979.

A.J. Suo-Anttila, "Analysis of Postdisassembly Expansion Experiments",
Proc. Intl. Meeting on Fast Reactor Safety Technology, Seattle, p.1848,
1979. )

C.R. Bell, et al., "Impact of SIMMER-II Model Uncertainties on
Predicted Postdisassembly Dynamics", NUREG/CR-1058, 1979.

K.0. Ott, "Probabilistic Fast Reactor Accident Analysis", Nucl.
Sci. Eng., 64, 452, 1977.

R.D. Burns III and K.O. Ott, Trans. Am. Nucl. Soc., 23, 337, 1976.
P. Royl, et al., "Effect of Failure Incoherence in a LMFBR
Hypothetical Overpower Accident", Proc. Intl. Conf. on Fast Reactor
Safety and Related Physics, Chicago, p.947, 1976.

H.U. Wider, et al., "The PLUT02 Overpower Excursion Code and a
Comparison with EPIC", Proc. Intl. Meeting on Fast Reactor Safety
Technology, Seattle, p.120, 1979.

D.C. Kolesar, et al., "Molten Fuel Motion During a Fast Reactor
Overpower Transient'", Proc. Intl. Conf. on Fast Reactor Safety

and Related Physics, Chicago, p.1236, 1976.

S.J. Hakim, et al., "A Study of Fuel Freezing and Channel Plugging
During Hypothetical Overpower Transients", Proc. Intl. Conf. on
Fast Reactor Safety and Related Physics, Chicago, p.1757, 1976.

E. Bojarsky, et al., "Effect of Fuel-Sodium Interaction in TOP
tests with Electronically Heated Fuel Pins", Proc. Intl. Conf. on
Fast Reactor Safety and Related Physics, Chicago, p.1896, 1976.
D.H. Cho, et al., "Pressure Generation by Molten Fuel-Coolant
Interactions under LMFBR Accident Conditions", Proc. Conf. on New
Developments in Reactor Mathematics and Applications, Idaho, 1971.
D.H. Cho, et al., "A Rate Limited Model of Molten Fuel-Coolant
Interactions", Tramns. Am. Nucl. Soc., 13, 659, 1970.

A. Padilla, "Analysis of Mechanical Work Energy for LMFBR Maximum
Accidents", Nucl. Technol., 12, 348, 1971.



PNC TN941 82-74

59)

60)

61)

62)

63)
64)

65)

66)

67)

68)

69)

70)

71)

72)

73)

74)
75)
76)

77)

E.P. Hicks, et al., "Theoretical Studies on the Fast Reactor
Maximum Accident", Proc. Conf. Safety, Fuels, and Core Design in
Large Fast Power Reactors, ANL-7120, 1965.

0. Reil, et al., "Prompt Burst Energetics Experiments: Fast Oxide/
Sodium Series", NUREG/CR-0367, 1978.

A.J. Briggs, et al., "A REview of Progress with Assessment of MFCI
Phenomenon in Fast Reactor Following the CSNI Specialist Meeting
in Bournemouth, 1979", Proc. Intl. Mtg. on Fast Reactor Safety
Technology, Seattle, 1979.

D.A. Cantley, et al., "Axial Expansion of Mixed-Oxide Fuel Measured
In-Pile", GEAP-10403, 1971.

FHAR, M "SERFEFOHEREORTHIZE" , PNC SJ 206 76 — 25, 1976. bly
AL » BUEREMmRET— 11

ORI DORATME™ , PNC Z] 206 80—27, 1980.

J.G. Eberhart, et al., "Final Report on the L2 Loss-of-Flow
Experiment", ANL/RAS 74-10, 1974.

A.K. Fisher, et al., "Fuel Dynamics Loss-of-Flow Test Experiment",
ANL/RAS 75-2, 1975.

J.G. Eberhart, et al., "Final Report on Test L4-A Loss-of-Flow
Experiment', ANL/RAS 75-16, 1975.

Simm et al., "Loss-of-Flow Test L5 on FFTF-Type Irradiation Fuel",
ANL/RAS 75-30, 1975.

R.G. Palm, et al., "F1l Phenomenological Test on Fuel Motion", ANL/
RAS 76-11, 1976.

AKHEE—, fit "SAS 3D R1F VENUS - PM2#kt — ¥ [ SAVE | OBEI%R, HIRIEER D,

1982.
S. Ohta, et al., "Modefication to SAS3D Serial 2-Development of

VENINP Subroutine, 1981", PNC SN941 81-21, 1981.
B8 HEex, fih "z&iﬁrﬂm&m}mh PNC SJ 206 7627, 1976.
ATWS### SAS3D A A F— 2%, HIRIEERc .

ZERFHATEERASH " F.OHREERTA 3 RTBUGERES A, (", 1979.
N. Suda, et al., "SPLINT (Spline-Interpolation Routine to Produce
SAS Material Woths with Plots and Graphs) User's Manual", PNC SN
941-82-73, 1982,

Bl S, fth C iSARRE - Na E(EA (FSI) H/AELWE -1, PNC SN 942 8004, 1980.



- PNC TN941 82-74

78)

79)

80)

81)

82)

83)

84)

85)

A.M, Tenter, et al., "LEVITATE-A Mechanical Model for the Analysis
of Fuel and Cladding Dynamics Under LOF Condition for SAS4A",
Proc. Intl. Meeting on Fast Reactor Safety Technology, Seattle,
p.1998, 1979.

R.E. Hennry, et al., '"Cladding Relocation Experiments'", Proc.
Intl. Conf. on Fast Reactor Safety and Related Physics, Chicago,
p.1691, 1976.

P. Sasa, et al., "The Contribution of Metallic Fission Product
Inclusion to Axial Fuel Motion Potential", Proc. Intl. Meeting on
Fast Reactor Safety Technology, Seattle, p.130, 1979.

T.E. Mckone, "Whole Core Effect of Prefailure Axial Fuel Motion on
Transient Overpower Accidents", Proc. Intl. Meeting on Fast
Reactor Safety Technology, Seattle, p.139, 1979.

B.W. Spencer, et al., "Interim Report on TREAT Test R8, a Seven-pin
Loss-of-Flow Test with Pressurized Pins:, ANL/RAS 78-39, 1978.
E.H. Randklev, "Fission Gas Behavior in Mixed-Oxide Fuel During
Transient Overpoer", Proc. Intl. Meeting on Fast Reactor Safety
Technology, Seattle, p.1021, 1979.

P. Coddington, et al., "Internal Molten Fuel Motion and Its Effect
on TOP Accidents", Proc. Intl, Meeting on Fast Reactor Safety
Technology, Seattle, p.2030, 1979.

M. Ishida, H. Endo, and S. Aoi, "Analysis of Hypothetical Core
Disruptive Accident in Prototype Fast Breader Reactor Monju (II)",
PNC-ZN941 82-75, 1982,





