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Evaluation of Energy Depositions in the NSRR Irradiated Fuel Tests
(Tests with Fuel Rods Pre-irradiated in the JMTR)

Takehiko NAKAMURA, Hideo SASAJIMA, Toyoshi FUKETA,Toshio SUZUKI“,
Masato TAKAHASHI °, Ryuji HOSOYAMADA " and Kiyomi ISHIJIMA

Department of Reactor Safety Research
Nuclear Safety Research Center
Tokai Research Establishment
Japan Atomic Energy Research Institute
Tokai-mura, Naka-gun, Ibaraki-ken

(Received August 19, 1998)

Pulse irradiation tests of irradiated fuel are performed in the Nuclear Safety Research
Reactor(NSRR) to investigate the fuel behavior under Reactivity Accident Conditions (RIAS). The
severity of the RIA is represented by energy deposition or peak fuel enthalpy during the power
excursion. In case of the irradiated fuel tests, the energy deposition varies depending on the amounts
of residual fissile and neutron absorbing fission products generated dureing the pre-irradiation. In
addition, evaluation of the energy deposition by quantifying the fission products is difficult, because
the amounts of fission products generated by the pulse irradiation are orders of magnitude smaller
than those during the pre-irradiation.

In order to evaluate the most important experimental parameter, energy deposition, an experimental
method by measuring short life fission product Ba-140 after chemical separation process has been
developed. In addition, neutronic calculations were made for the NSRR core containing the test fuel
in an experimental capsule to obtain coupling factors of the test fuels to the reactor power. This
report present the evaluation methods and results for the tests with high enriched fuel pre-irradiated
in the Japan Material Testing Reactor (JMTR). Comparison of the measurements and the calculations

resulted in a reliable correlation of the energy deposition to the residual fissile.
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1. %

T

1.1 HR

FFAHRBOREMOR ERUERFRE ORI EZ B L T, BAKFRED
BRI, EXROBELRFEL LTRAZAOHASTETED LN DD
b5, BREOEATITREITIX, HWEBTIIRE - R - AFRPUC L DMk 4£
U, BENRLVy MIBARTZAOERZI D BEERFOER (Eh) BPRELR
5o ZDTHRBEEOEIMZION T, BREOBE LS WEMET D Z &8,
O R 4P 22 MERFZEXE (Nuclear Safety Research Reactor: NSRR) THES H T
WA BREEREE AW SV ARREREIZIVAONITRoTERTWS,

B BE B (Reactivity Initiated Accident: RIA)YD K & XIS 2RO EF-
W2k o TREHNIM 5 SN ARBEH D WVIX, BREEZER LIZRABNET R LX
DEKRE (C—7BREI= L Y) TREND, ZORBARIT SNV ABHFTO
BN TOESZENORD B Z L 3K, NSRR EROBEE—ERERT
A—BREHE R L= BAORFIFEFESE N L RBEOBKR (Wy 7PV 7R
B) 3L 5, LaLeds, BEERBOEHE. 2 RE LI DREE
12 & D ARR L 7oAy A AR (Fission Products: FP)EIX, 7SIV AEBREFDAERE
IZHERTHIEWIZ KR E W2, FP DARED GBS FEE ROBRE 2 T3
5 LI TIIARY, £, BEEREORE. TOREEICL U TEREM
SEINMEMEOR L THFRINE L LTEL FP OEBET D, RI—iRE
OBREITH->TH Y v 7Y W TRBUTREEEIC L > TR B,

NSRR TiXZDHE L EERERNRTA—F THLIRABYRERSFHHT S
eIz, 2V ABREIZE D RBRREIP AR IR E¥EREI FP THL NI Y
ABa-140) B LESME TR TIFEEARE L, Zhi iz, ERI TNV
B X UOERBREIZ ST NSRR FLOPHFRT L ERB L., EBRREEFOHEA
DAy 7Y o TREERD T, ABREETIX, RBFOMERERIF (Japan Materials
Testing Reactor: JMTR) CHHRH 21T o 2 EBRBRIZ W= ERE MR, T
NoORE - MITFEBLIUERL X L, ERARROREEE L RBEDOB&K
PR LM LI, EllEBITOLBRFTOBR. EREOCHVRRAER LREK
SSBIME DBEA B O, BREEED 10~20%REDREE THho THhE,
ERETSRBE TRABZIMECELZ LALLM LR,

1.2 NSRR EROHE
NSRR TIIBREEDEA FBRAFERE O S E B OXEEHERALIER L L
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T %8 BWR BL U PWR THRHE ENREZERIEL TV ZRE$ 5 BWR
PRELEBR[1]. PWR BBIERRINEZERL TWD, LALRBL, FAFORE
I RBHZ B IE T A B E 23 72 < NSRR 7SV A RERFORFAERD
B 150cal/g- fuel BEICHKEN D, ZORDINLOERIIMZ, BROR
EAEEREE (10%. 20%8E4E) % T IMTR THRHE L TAVWIRRAEER (M
EER[4]. IMH EB) 2FEHL TW5,

SN ZBEER T, WETERE. AR, BERNE, BERY v 7 HBE
B, B TFEARE, BETFERA%ERA L TA o TRESND, REOREE
¥ (ER. B, ind0), FPHRHEH, REBEPELFIRFNEART
BEIND, RAETMEO D OSFIE, ERREHED BFTHRIFIRRE K
T L%, MEREOEDICERREO—HE+WMB THERLITY. ZOBRYE
{E2245BE L . S0 FP O Ba-140 CERH © 12.75d) 2 vy SRRIEIC LY, U, Pu
BLUEE FP @ Nd-148 B2 EEMITICEVERET S, T XV EHRHE (X
AZABEIZLE D) BXORSHE (X FERHICLD) OBSEEB LR
hOBREIE R R, UL ARSI L D REE LRBEELZTEL TV 5, BIER
VCEHMOSEMIL 3 TITRT,

LA X B EHIZIMN 2. NSRR 2SNV 2 BHEFOFELE X CERY O P15
A X{TV, NSRR TORBREBLHEICIVFMLE, ZOBK, ZREBHO
IMTR TOBRIEDOZHRIZHOWTIE, RN X BEREHERR L FHRIC X MR ZE A
V., PuFP DEBERER LI, ZOFERBIURRIIOWVWTII4EITTY,

2. JMTR F1is 5

IMTR R EAFRFESECHERT IR E PHEFRA L. £h 600
IERLBEERRRT A - DORBIF T, 1968 & 3 AIHIEMAEZER L, A
S50MW T 1A 27A%24 B, 547 NVOEEEITo>TWVWD[5], Fig. 11iZ
JMTR ELOREE R 7T, BEHT USi, -Al OB EGE&ETT LI =T AANE
SHBORKTI9KIZ LY Fig. 2 1R T 158249 77.2mm OREIERIHR S
TW5, fFLE Fig. 3 1R T X 5 ICREL 7 + v U & Kl S K2 5T 27 D
BEER THRINTWS, FLRBERIL. XY U U ABe)dHDWiT Al K5
KEZTHRYVEATNTWS, ZhoDORENEERIZ, ZRENOPLICEERD
40mm OBREH TV EFAHKRLIEEL 2> TWVD,

NSRR FRITHREIERIZA WV DEHE, Fig. 4 IR THEEOER 14x14PWR
RURENCH D, EBREHT, AR 10.72mm, 2K 228mm T, 10%& 5V M 20%
BHESLy M I0OERZ v 7R 100mm)E2F LTS, BRELRA S v 7 ¥R,
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FREN 5% KAV b 1| 52528 L, BB TOHAEY—F L 72MZ
TW5b, ZOEBRREY 3 A5 Fig. 5 1077 IMIR BHE I 72 VIZEHAL,
¥y L 2 VDOBREFT- TS, I EANIE He ZEXRTHY . ERBHE
11 Al 28O L OEMIZ XV HEHENRD, B 72 LREHBO
SIS 3 BH AW 4 BEAEITE 6 EE TOMMNAKEIRIZEESZ L, 300W/em
LT O HEMIEVRE /T &K 36GWAtU BEZ CRHF L, gl LTHT
)L 82F-74A ORBHBEES Fig. 6 (TRT[6]l. ZDOH TN TR L IMN-1
FEERELD 10%BRER L v MEROMREEE 134 20GWd/tU IZE L T,

B & 51z IMTR BHEIZREW TR, ERAREORBALIEI M S72DIT
1 DREHEIR D S BN - IB CTRHEZIT-o TV A RD, FHEF AT PAVILE
#D PWR HBVME BWR TR0 LN RoTWD, I bHIT, ERR
BIOBESEEIT. BE O 3%REICHETHR Y EWVZH, 20GWdAU O EERIRE
(10%E) D3 7= Bl T 7 /L R334 2 X 10° n/em? TH Y, A CREEE D
BWR ZREH3 X 10" n/em*)W T 1 HTRE/NEW, 25 LIZEAICL Y, IMTR
TP RE L7 NSRR EBRREI DR BT U235 OBFHFIZ X DEHSHBER
BN %< . ARSI NI TN Pu-239, Pu-241 R° U-238 OFEFHFIZ LD
SEDBREIIFHRLEHRTEXS, 295 LEFEEEBENICFMT 572D, IMTR
B LOBETE T VERRERAEE TH 5 KFMBERO FHEF AT b &K
B, ThEAWBREFEZIT o7z, HFREOFMIIBIR[INCE & D, Fig. 7 1
REMNRBIIETHDE 4 FIHBIVEHE 6 FIDOHHTF A7 FAERERR
BWR B L WPWR Db D LB L TR,

3. NSRR 7L A R EER

3.1 ER

NSRR 137 T v —AkFEL VN a =7 h(U-ZH, ) & FLRBHZ AWV 2 TRIGA
D EBR A HF L ZFETH B (Fig. 8) U-ZrH BRBHIBEFIZREM & 72
BAEEZZBIIEHA LTSN, HAERICLZ2RRHEE ERIZEIEMICS
HF AT CAOELE BT L, BT RAROETICL D2 RERADH
HT4— Ry ZREL, FHAMETT 5, NSRR BEHFREIER T, =
BARSEOKAEZEHALEY FEAFE LT, X1 BEC X1 BRKEKRD 7
¥/ % Fig. 91277, WERDOERREEZHAL, fF1:(Figs. 8, 10)FREDE
BRILTVARKT 2 Z LI LY RISESSREEET S, RFFO NV AEE
T, Fig. 10 .TRT 3AD kT v P¥= v ML ESHIEEL ERZER TRIE
Blxth< = LIT LV | REEE~E T+ ms O, UL ZIRIZ NSRR 13 EF L (Fig.
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11), ERRENIZEIZMBAEIND, ZORORRREHEDORERIL, BHKT
%, BREO—HEHBRICEREL, R T 5658 %IC FP 2 EBTHHETE
BAIZRDTVA,

NSRR D/ 3V A @K Fig. ISR T X O ICRABRISEIKTF L TR 2V KR
D$4.7 T 44msCEAEIR) & 72 5, 7V A DR (prompt)lZ RKENC FET 2 HED
KEH 80% AL 5, Fig. 12IR-"TXHIZ, £OEIEIXS1.5 TiIH 60%% T
INEL725[8], ZHiX, Fig. BIZRTLICNVARORTHEZ T FHH
HTOBRHEHPBEAEZ 570 THY . BRI 2EL5REITHoRRI A
BB L7-%(180s LIBEDBIMZEEMNICEBR TE ) TOESEL RS, LML
RBG, TUTU MEOERREIHNIBD T/HEL, BBEERNKREW-HE
B LV 2 DO (prompt) TORBRENEE TH5H, NSRR EE TII UL RN
FERIHN-D, = HAM TORBEITERHKI DL LT, ¥—2R
Bt 2 Z )Lt (Peak Fuel Enthalpy)iX/ /L R O] TDRAELFEEE (Prompt Energy
Deposition: E)&FELWHD & LTRRRITKRD TN D, ZOR, EBRREANOD
B oRBRRIZ. NSRR HAHOBREBRIZ ST DL LTS,

BRI XNVX—IX, FP OEBT XX, FP OREICLEB8HD Wiy #
DTRNFEIZHEIN, TOAFHIE. 1 BHEYZYH 200MeV & EhTW
%, ZOWN, MEOEW FP R B RITRE LIZREN TR XL FIZED B,
y BRI ITBE L TR B RE D SR T, LAL. NSRR B4R
BITELCT y BB ICEBRBREN TR RV RIIEDLIHELH D, KAEL[S]
RINODOZXAFUKZEZFFME L 2RER. ERBENTO | BEHFC X ER
BREFCORIZE 2 REEIT 1753MeV/fission TH Y, BRESOERIZ L v E
FRAFEIE TTIX 186.4MeV/fission &725 & DREREB, LIz -T, EIR
K E CORBRRBINBENEE Y- Y ONEE F.(we: fue) ZHETHIE,
I D DfER XL Figs. 12, B IR EINDFEHABRE (ERBREIHA L Zhick
Bl42) ZHWT, FEORRETORMEE XM T2ENTEE, 20,

E,=F_ xq,=nxNVT_xq,
F

=—= 1
NVT. (1)

E, =F,xq, =nxNVT, xq,

on

B, TIZT, pIIHAESFHAYE Y OERRBRENESZEE (v 7Y
v TR fissions/g/MWs) . NVT I3RS IFHHAI(MWs), IRxF oo, p I3 ZhEh
HRKKR, BIE(prompt)Z2 &K T, ¢ 13 | RN ZRRBINITME SRS
BIRXLVETHY,
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q. =186.4MeV =2987x107"'J =7.133x10™"cal

, 2
q, =1753MeV =2.809x107""J = 6.708x 10" cal @

.C“&) 60
Z T, NVT, NVT.MWs=M)BEARISEDOREKTHY . FHHEARL LT
EUREKA-2 I2&£ % 1 sUFELIOBRFHHEREND, ELEN Fig. 13 DX )
Wi TRy, KATEUEND[15]
NVT, =25.1946—-128311R+189.178R* —122.552R" +45.239R’

—-9.53715R® +1.06916R® —0.0493818R’
NVT, =-67.8989+165.876R—172.017R* +117.553R’ — 46.665R*
+10.7311R° —1.32201R® +0.067446 1R’

ZIT ROBBARKIGETH D, BT, NSRR ERTER S DDiIT v

2% 1s T TORBOHEA NVT, THY, BARIGEOREH L L TRATEE S,
NVT, =-15.3881+2.86929R +23.5509R* —9.42769R’ +0.853029R* @

+0.447556R° —0.126032R® + 0.00958921R’

3

32 {5 HER X UCRIEFE

FRR O EBRBREN T L ZABEICE VA LSRR EEZRD D T-DIZ, FP D
BRI Lo TRATE yBRE2AE LERT D2 HFENR—KRBTITOh TW5([14),
TOE., BRCEETAIREORZRBEL. BEANOECRROHEE /NS
TEEMT, BREO—HME2EMRE - HFRLUTRET D, O, 4ETRTLD
2. ERREBORBBEIINELTHELS . ROTERVWSHEF LD, FEHM
FEHORMBEEYTELBETH DI, RIELOENT 4 27 ROFEE
BT HIVEND D, BRHEBBHIBOW TRV y MZERMBEL REL T
B0, BRABORELZESTODBIETCTFOEL LRI NODT 4 RS
DEBEIT . BB 2R CHEMTABICIE. ZOBBO—HbEMT 5720,
RE P OBREBEZERTAHDHIE, UBLT Pu OEELMLELRD, Th
5 DTEEITHARIC L DRENREE R -0, (LFESBEOEEMTICLIVER
+5, 7L ARNEEOBSZEOFMIZ AV D Ba-140 1%, B ,:1275 H
TIRLXE 53727keV D v % 1 BN Y 0244 BHUINT 5, IMTR TOF
R PIZARENT- Ba-140 iIXER TEX 2 BIZHE L TV H D Cs-137, Cs-134,
Zr-95 H0E c MR FP ICL ANy 7 VI 0 FREWED, RIEIZSE -
TIRHIND 2 {EFESHC X VBRETILERD D,

Z DAEFESBER X OCHIEFEIL. Fig. 14, 15 IR T X524 7 THRE
InEBENT, (LESBEIIEARMICA AV RBIEIZE > TEY .. Ba DBEDO(L
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U (Chemical Yield)Z R 5720 DFFEHE L LT Ba-133 (R t,, : 10.74 4F,
By B RV (B ) @ 81keV(0.335), 276.4keV(0.0709), 302.85keV(0.184),
356keV(0.621), 383.85keV(0.0891) & =R L, {LFE0BERIT D Ba-133 MEDE/L
D5 Ba DILFENEERD T, o, HESWTII U Pz, XAYITVA
NADRIEZEFTV IMTR FlERBEFIZ L DREEE 2 5HM Lz, EEOITITERN
IR D RIE 2 DT, BEAMBEORIAIER, U-233, Pu-242, Nd-150 % #(spike)
LB EBIZAE L(Sample B), R{iELOELN L BROILEEFEEL
7z (FLEEFHIRE:  Isotope Dilution Method: IDM), Z Z T, HMLARWY 7
v A DI A DRI 4, OTFTERE £ RFE%E n. RNLE 4, %2 NEMLE
YU TNBOBITBRNIE A, OFELRE L ET5HE,
ni

ﬁzZm
\ n, + N,
ZIZTEf =1, f, =1 ThHDH, ZIZTT, RMEIXiBADO n,TH5H, ThEEHR
T5E,

@

L.FJV"_ f_+_i\_,i_‘ .
f,-'=zni %ni:' Z;,- "-Zn,.=—N"_.f"ZN" 5)
1+§ d 1+§ d fi =1,
ni n,.

BELN, 23S 7B N ERNIEENENDOFEELRDOE £, £ 0> bSO RF
BOETIn BHFOoNAD, O)RACBVT, {LESBEROEESITICEVRIET
LD S, fThHBHDOT, {LFIFE(Chemical Yield: Y )IZLE T2,

58T Z TOLEE - PIEIX. FESRESL L READ DR & ICKIGER S
REIIBE SN, Fig. 14, 1518 LT LFESBETIZ, Ba X DBEDFA & Rk B
BTHOLND, ZOBEFIHEN, EHEEEO Ba-140 2R D 72T ORI
I OBET 2 BT, BB C 2B LILBIEIZ X % Ba OBERITHRRIC
FIEEEE L7z, Fig. 16 (ZIEBEIZ X 5 Ba SEEFIEOBE LT, = Z T,
BRE OB EIRICIBAL T e = ANHCBERB LT Vv e=T7 KEMEL TV
I UMIZL T, La, Fe, Eu. U BEXVOT7 7 F= FAELZILBR L LTHRYKRE,
BRI > 7 Ba IZREBZ M2 AiEE N Y o A(BaSO,) & L CHE BT 5,
BaSO, ® Cs I X B7E%%2 /&L 35780, LB % EMERH,SO,) THEM L.
BB EETWD, 72, Ba DILZFEUE ¥, 13, Ba-133 ZIML. SBEERIHZO
y ROTBELEMHOFHA L7z, Eb,
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Y :ﬁﬁﬁww—wwﬁﬁﬁﬁ ©
B T S EEBIDBa 133y REHEE
Lird, o, HIERE (RIERMBOFEA tm) 2B 58], C FO Ba-140 R
FH Ny ot )iE. Ba-140 @ 537.27keV y BROBHE 1, (0.244), BRHZIE k. &t
K o(1/s). FABEER A (In2/1,,=6.292 X 107, 1/s), FRATRETREE RBIZ X V.
— RBa—l40 (tm) _ C

Norao(t,) = 1 M

4

LREDB, T, SV ABFEH»LREMAE CORME (. KT ETORMZ 1,
ruaz i (RNy 2 750y FERIKHIOE—2 F ¥ RO % C,.
Fy b (Ro 2 7700 FEBIWREROE—I F % RXAEOFE) %
C,. EZRIEEE (live time)% £, & T3 &, 7V ZABETEFD Ba-140 JEFE Ny,.0(0)
X,

/q'(tf ~ tS ) Na-l40 (Im )

N,40(0) = TS Ny rao(tn) = —e_,u—m‘ (8)

-A
e ‘—e

LB, 2T, BRRNREN., RHHE, HHREORENBETEIILO
ETBE. vy BRRHOBMIBRE X DRE S(%)FIXLTORERIISH D,

S:ExlOO

n

bty ;
mT ©
G,
c=
tl

Ba-140 DB FHTFIZ & B RN HE (fission yield: V)%, BORMWHEICL -
TEFRARY ., U235, Pu-239, Pu241 TENEN, 62, 54 BLXW 57%Th
3, BIEHFEREBOHE—RIZ, HORME Pu OFENER TERVIZDEDH
RSN EEANVELENR DD, BTEE nuss Meae Bpesns EORIER
Z Yyss Yeuro Yewzs BhHETIC L OEARETEREZ 0 v235 O pr2spn O proar
&Y D LEBULR VX,

Y, = Yy 235My-2350u_235 + Y pu_230Mpu 2390 pu—239 + Yru_241Mpu—2410 pu—sar (10)
=
Ny 2350y 235 T Ppy 2300 py_239 + Ppy_2410 pu_241
Lid, NAABHOEEIT. BETORHEROEIIEBRTEX 5D TLRE
%’;)Jﬂl'jga)ﬁﬁﬁ{mig‘l@ L2< TRW, TZT, O pom O py-23n O pyzqp 1.
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FHEN 577,741,950 (barns=10cm?) & L7e, 7272 L ABE ORISR L 725 IMTR
FlieREREIOBA. PuAREIXZ U ED 171000 BETH Y, EZHUEIX U-
235 DL D LFREENZ,

NR— 2 R P ORBEE OFMITIX, BEED Nd-148 W=, IR ¥ O
BRIZLAZINEVDOT, U235 BAPHFIZ X 2BESFINE 1.671%% AVT
BREERE Bu( fissions per initial metal atom: FIMA%)% LA T O CaHil L 72,

N

Nd-148 X 1 00
Y

Bu = (1)
ny.,
T T T, Ny STEHA O Nd-148 JRFEK. Ny, 13 U RTEORF IO FEME
T, BHEEDO U B n, 12, U238 OFHFRINTER SN Pu B n, LR
¥EMzTHLNDbDE LT,

N
_ Nd-148
nUim' = hy +nPu +

(12)
¥, BREEE R FIMA%D 5 B < AWV b5 BAL GHd/tU Ic#BE$5121% 9.61 %
ETFhX 0,

7T DBRBGTEITo-EH B (IDM AERE U, Pu, Nd BMEAY I NV)
& Ba-140 DREZEITo-BEEC ODEREZZNThm, m &35 &, #HU0,1g Y
72 0 DB F.(n/g- fuel)id,

NBa—140 (O)
F — Yf mB
w MUnUW_ + 2MOnU,,,, mc (13)
N 4y N e

THOND, T T, MIZ0E U OFHE B M) 3BREROE &% (15.999) . A,
X7 ARH Fa$6.022X10%mol ™) TH B, U-235 O#FMFFEEEL (12IF8R
E® D 1/10012Z% L) ELT5L,

M, =235.044E +238.051(1 - E) (14)
LB, T TRLAE FEROTOBLITQRNE. RABPIETS -
LK,

33 RR
AR FEEZ AW TEHMAL 72 IMTR FERHNEZERREOREE, X218, &
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AFGEE. 1s £TO NSRR o1, ERARREE CORERTHN, o7
Y v SEEE Table 1 1I2F & H72[9-13], /2. TN HOREIO V2 RETRFD
PREEREE L U, Pu. Nd O RINIAHERR % Table 2 (2% & %7z, Fig. 17 {2 IMTR F{i
FRETBRELOBRIERE L % 0 U235 BTE (RTEEE) OBRE =T, B
BE DI HE > T U235 BRFEEBEN, RITHRBIIBD LTS, ZOR»PDL,
EENRE Y IMTR REHEEIRO X 5 REOHORART ML OFHTFH TR
L7854, PuDAERL FOBSFIC LB IV U238 OREBRFHFICLD
EAFOREIIFE PEL . EPHHTITLT U235 OBFHFICIZBEFEER
BREBZENGND,

Fig. 1812 U235 DRTFEEE L W v 7V 7483 (NSRR BAIEDFHAH
72 ) OEBRREP OBSEE) OBMEE. IMTR THERHRE & RBIREHT
SNWTE LT, REHBRBERTIX, IS HHWIEINED 1 BEORKEKY
TN BRIZESRALC ERRLTRY) ZRWT, BREE 20%, 10%8 LT 5%
DEBRRELEZ OV ABE L, £ ORBES Ba-140, La-140, Cs-137, Ce-144, Zr-95
2 FP O v MBIEIC & » T L TV 5[14), REBHAKERTIZ. BRIEFR
K EER L EV— R BE O FP BREELRWED, X1V EL D FP 2 RAEFF
WA Z &R, {EFEOBEELRETH S, Table 3 ITHRMITIRBIER
TOERBREG BN TV V@K 2T LR, T2, Dy 7T I Tk
L EREEES OIHE L U235 BEFEEEOBRERT Fig. 18 KALIh B X
T, FNENZHLDZXRHBLOD, o7V 7R E U235 RFEREE
OHERRZ 5, 2055, RBHRMERIZAWEY FELOHEIX IMTR
TR ERA LIIEFRARZY (Fig. 19 2 IS BLX T IN XKEAD 7k
NOWBERTRT)., Bk e LB KOBIRIZERCEITHL S, P+
DOWRIETH D AT v VASBLO N A NVIRER, —ETOLHY, —HigE
O X1 BIXO X BRKEARY AT, MBEROKTRESI N FH
TN, NEY T ENVRELZERTH D, ATV VAR X HRIRDOBEIR K
X\, 0D, RKBHEBBERTON v 7 ) VU 7EREIT R EREERICH
RTRRPFEMEARAEZRLTVS, I T EADBENZ L D2HRIIREOCKIHREIC
XEELT,

4. NSRR P LG EHR

IRETRTERZL I, ERBEOREAEIT NSRR F.0 & RSO O
BOHADRTHE v 7Y I REE LTERTED, Wy 7 ) 7 HEER
B FROSTEET DR THH DT, ERREL, BRIV 7L 28T
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NSRR fFLOFHFEEFREZITV AL Lz, SHRICIIREFR TS 2
HeRrEt 2 — F 27 A SRAC[16, 17]8 L TF JENDL-3. 2[18]Z AV, Filv% 2k
JLD R-Z EFRIZHEI L TWOTRAN-II[19]\Z &V PHFB IO A0 2 58486 L
770

4.1 HEKR

NSRR %5.0:(Figs. 8, 10)% R-Z2 KITIZET VLT B2, Fig. 20 IZ7"T X 5
LB X CEDERD ZEESG T Lz, PRI E REREE Azt
FAECLY . TOMOEEIT, BARART b E IE HFB LU Maxwell 57
1 (300+50K) & 4 A5 o 7= SRAC WA XZ hAAZ XV, 107 BEOMEET A
77V % 61 HMOERMWERAICHEN L, BiZ, FLO¥EFME L UEH
FHZ2WT 1 IRITTD ANISNROJFHRZ1TV, BiEELEGER 5 8, SFER 4
BT L7z, ML= RV XHEE % Table 412, $ERNOFIE% Fig. 2112F
& BT, ENAFREBIIAW RO R FEEE, ~TESIZ OV TIEBE#R[21, 22]
2BRENT, TWOTRAN-II #HEKO Sn 7 ai% 8 & L, POERIE AW,

4.2 RAFHEREER

Fig. 912" L72 IMTR FRBHBREIERAD X1 B XV Xl BRREAS 7
/L% Table 5 2R3 KR T—¥IT ANISN SHEIZ L 2 ERAMER ORI LT
o 7-%. Table 6 33X U Table 7 {Z7~"9 2 k7t R-Z BRICET VL L=, I 7 &
X 2 ETC, EBRRRORBFM EEE X, AR 2mm, BWE 4.5mm O
AT v VAGBINE S e A OSMUIZ, AR 130mm, BE 4mm DRT LA
BN BEBNERRE LR BATWS, FAEFNOBRBRITIIRIEOK’TE
7= &4, NSRR JFLd» 6 AT 2 OB & L TE<, EBRREHI NSRR
KRIFAED 14X 14PWR B (Fig. ) THY | BB EB LEERRBRFZ v/ R
HOMPBMEEIL 10%B LT 20%TH D, U-235 RAEEEIIREEICSELTT
BETLTRY, HBICREALEZRMNELELOEONZREZ DR FBEE
(Table 2)%Z AWz, HEICXVEONE, o7V UV REEERAE L R L
T Table 8 3 X W' Fig. 22ICF L7z, FHEAERIT, EBRMEIZHTEKR 19%0
BEVWEHLIBE EREREBHRL TV,

NSRR T VA RS LIzBROYRFROBERSAIL, BREEH 2 AT 2 L
THERBRO—DOTHDIN, ThEEATRODZ LIIE LY, Table 9 IZH
HRICK VML ARG METRT, RETED ./ —F 20 BEIEAHOMER
HABEEZRLTEY, U—F U JHRECHY TS, 918 10%EMERE O —
XUOEEIT 12 B CREEEDOEMI >N TETF/NEL RABAHEMERLTWY
5 (REHOBE, REIRTLEEY 126), 20%BMERETIX 14 Big T, =
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NHERBHREOK 1.5 HORELILITET LTV, Z ORI, VBN
BE DRV K IFIREL D & — % o FREDVREEE 30GWdtU LA ETIX, 28AED
RERBEERY ., REPELEITEMT 0L RESER->TVS[23], ZORKR
X, IMTR FHEBEBREIDBEFRLPWVHHF AR MV TRE SN2,

REI R T U238 OFMFRIUCEVAEREND Pu OBV RNVE, JTL
BEHETHDID, ERENTE Pu BRACFETHIEEGH/NSVEIZERL
TWaHLDEEZLND,

INETIORLEZHERERIZ. ZAILE UMAREAOVTHER, EEORE
FiZiX. Pu 08B Y T L Jt#E (Transuranium; TRUYSCEDRHERB(FP)B
T3, INHOTLENRERARIIRIETHEREZFET 572D, IMN-1 ER
2B IMTR 12817 2 PRBIIC X 2BRBEEE 21TV, TRU BX U FP DARL
BE2IME Lz, BRFEHREIZLA AVHisd ORIGEN2 =2— R[24]iZik. JMTR D
BHBORHF ARSI PICELTZTA T 7V E2F LTV RWZH, SRAC =
— RCHAf L 72 IMTR O H#EF 227 b L% SWAT[25]=2—} T ORIGEN2 7 A
75 U BRICER L TR R 21T - 72[7). 85N 7z TRU & FP OFEFEEE
ZFUBLCOAREHT Table 10 I2F Lz, TMHDOFRFEEELHAVTY
) TR EHE L, BRE%E Table 11 I2F &7, ERAORTFEEEY
AW BHEEERLTDHE, Pu-239 #EET H(Case 3)T2ITLY 1.5%EFT
%, FOMD TRU Z& 5 & (Case 4)(n, v )FINZ X B FHEF ORI O X
VAo 7Y U TREOBEMERR 14%I285, ZORKREML, TRU OBFEOKR
ER53HS Pu-239 THDHZ LApn5H, MRTERIZTTEIIZ, SWAT IZX% Pu
ARBIIETERELY BRKEV, ZOBVOMEEZRL7-® TRU D3 H Pu
PEAMEICBEEBRZ D L (Case 5). Iy 7)Y U IEEIIEED 1.1%E L EHE T/
&L B, Tk Pu-239 DEDK 27%R L7e iR E Bbh 5, i, Sm-149,
151 R° Cd-113 72 £ FP O—&Ri%, FHFREEEES KE W OREEREL
BHLEED, UDHEZR LIZBEHERIZ FP 2MZ2 % & (Case 6). Wy TV~
TIEEUT 1.7% BT 5, R E LT, TRUGEZ PuNZ L B88MME FPIZ X 5W
HORIZED, TNOHEEZEELHE(Case 7)., UDHEZBRLIZHEITHA
TH 7Y v IREOEIT-03%E NEL IFEA Y EBRTELZ LRG0 5,
TORERDL, BEEEZ AT A ITITRBEEIIRIG LT U RALE DR 575
S>TWhiX, ZRERERWZ ERHLNITRo T,

4.3 REFREER

Fig. 19 |28 L7 RIBARBIERA O IN BAKKEKD 7L % Table 12 BL T
Table 13 DERIZET /ML L. ANISN 8L TWOTRAN-II OFHEEITo7, &
i1 BT, EBRREIORBGME FEERRTIX. A 120mm, A/E 7mm
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DAF Vv VARTHD, EBRRENT, IMTR PHEEBHEEILR L 14X 14PWR
(NSRR EREE®) R[13]TH Y. BREEILS, 10, 20%TH S, mREEAEL
L LC Table 8 12, ¥/, BAFRHEROBRELED T U235 RFREE
LoV RS OBGY Fig. 23 1IcE L 5, IPORANIIRBRHER (KRR
NERBISEMECOFEHME) . Ak IHEEREL T, HERRIERD
SEBIE & 3% L FERICEIV—EERLTWS,

F7-. 2 B S ENMT L DRBEBEORAIX Table 8 @ 10D/10S %5 HH 23%
LRELLND,

FMEHRE D R F R H 145545 % Table 14 IZF & T, EBRFRAEL—F 7
(R, 5%BMET 1.13. 10%T 1.26. 20%T 1.53 L BMEE O LRICENEMNS
3, BEHD TV L BE WP EIN,

5. Zg

AWFFECrE. EHB LI OEAEICL Y IMTR THERS L7288k NSRR E&R
ERITARBELTAE L, “hoDOBRIZIY, RRAREL U235 RPEEE
DEMERE LN, EREIH RIS THI%D M2 ZREERS &, +8
~INEREDIESL & X LT-, Fig. 23 R TERIE. IMTR T RBEREE
BICHT AN YT Y v IREOHBEEEBATE GO THSLE, RNKICRLOND
Eoiiz, Eo oW EREICH L, SEEIXFINREELZ LTS, U235
DETFEBEL ny, (X107 atoms/eom’)& L7zke, SREBRIZESI YT
Z R34 n (X 10" fissions/g/MWs)id,

1 = 0.00015426 + 4.9639n,,_,; —3.0194n7_,.. +1.2877n} .
~0.33351n_,, +0.046362n_,,; —0.0026372nf .,

ERED,

Ba-140 O EBCEAEBEOEEN O FREINDFHEREIL. 1~4%RBET
HY. ZOIEFLHOEXDOREEEFHATEARY, FHEICY - TIX, BREOBH,
IR, DU, A FRBEICE D oBE. vy RAIE. HESWEOE OLE -
S EIT-TVWD, TNHOBREDOH T, (LELSEEFNOBROR Y BVWRET
iX. Ba BX U U o—WMEATOIIE, DINESLHREBOAEIL, HB
BOIEL-X0ERLIIRLRN, i, BRBREOSFL125 Ba-140 LR
Y723 U B2 ICERYHEIBRTIE, SHENEELEEARREICLIRDT
W5, ZhSOINEDKEEIL Ba-140 2250 vy BRAIEORE (1~4%RE) XY
birLABRWEEZ LN, 2RO KRERITILHSERIFATE 2V,

(15)
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fhti. By 7V IEEE LTRARLZERT LL5AI0E. MOoFHARR
EOERE 2 VED, EBRARKME TORSFHN NVILZEFTRE ST,
BARGEOBKE LTI ian 5, Z0OBO, BARIGEOFHREIZIX 3 B
DD, 1203, ERENS | BHETOESFHD NVT, 22 55Hli$ 5 5EQ1).
Mo 2o1F., FOREMERRITHE FT oV MEQB I UFREEQ)OALE
PRIGEOBER (SH—7) HoRARIGEEZENENTMT 2 HETH D,
ThoDOIBEOFETIHMLAEZRARIGE & NVT,, Iy 7Y 7 HRE%
Table 15 12F & 72, MARISE XFHIEIZ L > T2 BRERRDIHELH YV |
FORER. NVT., o7V U TREOFMHEIX. 10%RERLLIGEHH D,
Bon-FhEFnoh v 7Y v 755 E U235 B FBEEDORMRE Fig. 24 (2
LT, FHEAERICXS Fig. 23 O (X15) XTI, AEE
OALE (BANK) & G EMED & 3 L 72Q)BRAGEEZ AW TER L HE
NEGH/NELRD (RZE 74%). NVT, OFERANEIZIX. HAOESBAARR DX
E, HHO VAL OREZCERTIRENAIRMWBHLFLERT DL,
RRAEERTARG & LTI b < BUSEME A —7 &R T 2 REBIZ L DFF
fi3)BANK Z WS DNZY LHlranDd, £z, RARKGER LT NVT,D
EBREIIRICEN NS VWVERELS RS, LUK, RBBLEICLDIR
ISEZ AW IEREEREICRBVTY IM2 ERIZBIT A KE2EWIZOWTIEL,
KEIRAONARV, IM2 BRICBITAKEEWVT, BRAEFMEDO L DDOFE
MHECERTS D EE XN, REEOAEBANK) & RIS EMED &7
MLEQBRARIGCEZRAWTER LAY vy 7Y 7R 51X, 20 IM2 E§R%E
Bl LEBRBREFFEFICERLS KL, EREOHERBRIIATIRED 42%E
EL/NELS B,

ULEORBERENS, ZRIOL o7V U IFEOIES S OREIZARKE TIZRW
N, BARIGE L LT, ABEBICL53HG)BANK AV EIZLVIELHE
ITET/NEL B EPHALNE RO, U EORFTORER1G. IMTR Tl
BEBRBIERICBIT DN v 7Y 7RE0E, (B)RSRTHERRE ETORME
L RARALT, MERNEBEZLND,

VIHIEFEE 10%E OREIOBE | U235 FFHUR B ITREERE OB & L T, Fig.
17 \ZRT L&D IR TR 5 Z LK D, BEEE 2%FIMA &5
W 3%FIMA 55 10%REEENEE L, 1.8%FIMA B X T 2.7%FIMA &725 &
U-235 7 EUEE L. FRF. 1.81E+21 75 1.86E+21 atoms/cm® ~, 1.54E+21
35 1.62E+21 atoms/cm® ~& 3~5%ELT D, ZORRI v 7Y o FHREUT.
3.95E+11 A% 4.00E+11cal/g/MWs ~, 3.68E+11 72> 3.77E+11cal/g/MWs ~& |
FREN 12% BXO 23%E LT 5, REkIC, REEED 2%FIMA H 5\ i
3%FIMA 25 20%EBLIZBEDN » 7 )V IREOERIX. EhER 2.5%
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BLP46%THY, FRMEDIZL-E LHRTHRELITIRY, Zhid, 91
BREENRRKE WD, BE U235 BENBRIEEICHT ARREN/MEL, EHIZ
oY TREO U2 BECETIRELBEEFRKTIEN LITX D,
F v 7V v TR ORI IZXTT A BRE DR ZIIEIRBMEE 20%0RETIL S
LIZBAZETH Y. 3%FIMA TOBREEED 20%DE VT, B v 7Y v FREucxt
LT LI%DOELORIFERY, U LORFEENSHET5 &, IHIBRGEE
DEVY IMTR FRBHBREHZR - TE XX, v 7Y » FREIREEE DB
PLTCEHMETX %, Z0, AVIREEORERXST VMLERLS, BERL
10%RBE LHEIND IMTR TORBEEFTMEEZ AV THEM LRBEDORWE
ET. NSRR EBREORBMEL LIV — 7R U ZAEIIFMTEL DL
HPrEn3,

6. Kiinm

RAFREERIZB I IRERBELRERSTHMET 20, SV RE
W& D EBRBREIPICAR SN EERY FP TH BN 7 A(Ba-140) 2 {bFES5y
Bt - ERTDOFHELHERE L, NSRR ERTROLEBERERNRFA—FTHD
BB HANIY—IBRET AR, IMTR FREBHREIZHRE LT
COFHECEIVFM Lz, BONERRE LFELBADOL v 7Y o 7REUL.
WRIEREITHRIET D78 U235 IR TEEE L MUWEBEE R Lz, Lo LR sh,
RS BRI, BTN ELBERBEICES LEZONIREICKVER%EE
DIXo-&%RLT,

LV EEHEOBVWRARITMELIT S 12D, I 7R NMIEASh - ZRRE
4te NSRR FLOTHFHMAREEITV. B 7Y o FREE BIRTFME L,
HERRIZ, BxOBREORE B LERBRHANEREZZFDO TR ER
HBERABFHR L, ZOEREIL, EEMEOBVWRAER L BRERSREMEERD
BB E N,

IMTR FREHRENT, BIBNE OBRE 2 BOEA B F 7= BUR (RS T g
EiTollodh, PHEFARXT PARBRE LI Pu OAEREIIBOTHTH D,
DD, Pu ORI L ARBED LR H1.5%)% FP OWRIIZ X 3ET(-
1.7%)# ) BECRET, BRREOFHEZIZIZNLOMREER L THEAL
RS2V, o, EEMOTIIESHEWEIL U235 DR EEZTRL,
FORBIIOYBGE L REE»SBHEICED Z L3RS, ERZAGEETM
Wik, U7 o ORMEHBRORENRLETH D, BREETMBEENRAEI
B2 2RBIIHT Y KRE L 20, Bl FIHIBREE 10%2R6 TREEE 3%FIMA
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DORE. BREED 10%DE VT, Iy 7V IR 2%DENER AT B
x5, RAORBMBORXOL-EIT, BRBEIHS L TE%HDZ LE2EZD L,
IMTR BHEBTOBPHFRIC X ZRBETEEREAVWHBETH, EFAL
FIEDRVEE CRAEZFMEHKI bDLEZX NS,

HEE
A4 D NSRR A FREIERIZ, NSRR BH=E, KA - #RRBRIFE,
WHEHE « Ry FIRBLOBACIVERINTZHOTHY, K&, REEF
ik, ot Z0ERICIVERSWELE, ZIRELTEH#LET, F
o, KMECEENIERT —FOEE, DITFEORER - EEHIZOEEL
Tit, EXEMK, HIUEZ, BHEER. SWRE—., xHBt, FROHH%E
BELE, BLTEHFLET,
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Table 1 Burnup and number of fissions by NSRR pulse irradiation in JM tests

Burnup, Number of NVT,, | NVT. Coupling
Test %FIMA fissions, STD | Reactivity, | MWs | MWs factor; n
No. (GWd/tU) Fissions/g % $ (=MJ) | =MJ) | fissions/g/MWs
JM-2 | 2.789 (26.8) | 1.67E+13 2.0 2.54 4491 53.2 3.14E+11
JM-3 1.500 (14.4) | 2.68E+13 2.0 2.71 49.61 58.4 4.59E+11
JM-4 | 2.357 (22.6) | 3.25E+13 3.4 3.58 74.29 85.3 3.81E+11
JM-5 | 2.653(25.4) | 3.14E+13 1.7 3.37 68.26 78.7 3.99E+11
JM-6 1.648 (15.8) | 2.94E+13 1.6 3.10 60.47 70.2 4.19E+11
IM-7 1.290 (12.4) | 2.83E+13 1.1 2.89 54.39 63.6 4.45E+11
JM-8 1.997 (19.2) | 2.94E+13 2.3 3.07 59.58 69.2 4 25E+11
JMN-1 | 1.957 (18.7) | 2.74E+13 | 4.14 3.09 63.5 74.3 3.69E+11
JMH-4 | 3.03 (29.0) - - 2.86 53.6 -
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Table 2 Isotope composition of uranium, plutonium and neodymium of JM test fuels

measured by mass spectrometry

|sotopes Test No.
Atoms/cm®| JM-2 -3 JM-4 JM-5 JM-6 JM-7 JM-8 JMN-1 | JMH-4
%
234 |1.396E+19 1.446E+19(1.432E+19{1.904E+19{1.466E+19(1.882E+19{1.516E+19|3.179E+19
0.062 0.064 0.063 0.083 0.064 0.083 0.067 0.140
235 |1.599E+21 1.706E+21|1.634E+21 [ 1.900E+21 | 1.993E+21|1.809E+21 | 1 823E+21 |3.898E+21
U 7077 7518 7.219 8.310 8.685 7.940 8.008 17170
236 |1.295E+20 1.105E+2011.229E+20|7.773E+19 (6.425E+19|9.226E+19 [9.536E+19|1.499E+20
0573 0.487 0.543 0.340 0.280 0.405 0.419 0.660
238 {2.085E+22 2.087E+22)|2.086E+22|2.086E+22|2.087E+22|2.086E+22|2.083E+22 (1.863E+22
92.288 91.931 92.175 91.266 90.972 91572 91.506 82.030
SUM {2.260E+22 2.270E+222.263E+22 | 2.286E+22 | 2.294E+22 |2.278E+22 {2 276E+22 [2.271E+22
100.000 100.000 100.000 99.999 100.001 100.000 100.000 100.000
238 }1.085E+17 8.612E+16(1.208E+17}2.951E+16|1.281E+16|4.682E+16|5.669E+16 -
0.204 0.167 0.209 0.082 0.053 0.112 0.137 -
239 |4.604E+19 4573E+19|5.040E+19{3.309E+19{2.278E+19|3.771E+19|3.726E+19 -
86.599 88.687 87.205 91.956 94.270 90.215 90.049 -
Pu| 240 |5.838E+18 4769E+18|5.897E+18|2511E+18|1.250E+183.477E+18|3.474E+18 -
10.980 9.248 10.204 6.979 5211 8317 8.395 -
241 |1.097E+18 9.225E+17|1.289E+18{3.397E+17|1.085E+17 |5.384E+17 {5.574E+17 -
2.063 1.789 2231 0.944 0.449 1.288 1.347 -
242 (8.188E+16 5569E+168.727E+16 | 1.403E+16|3.866E+15|2.843E+16|3.021E+16 -
0.154 0.108 0.151 0.039 0.016 0.068 0.073 -
SUM {5.317E+19 5157E+19|5.779E+19|3.598E+19|2.416E+19 |4.180E+19 |4.138E+19 -
100.000 99.999 100.000 100.000 99.999 100.000 100.001 -
142 |1.609E+17 1.077E+17(1.344E+17(7.041E+16|3.743E+16 |8.168E+16 |8.302E+16 -
0.122 0.096 0.106 0.090 0.061 0.086 0.084 -
143 [3.432E+19 2.968E+1913.318E+19|2.132E+19[1.696E+19|2.551E+19|2.668E+19 -
26.029 26.450 26.180 27.258 27644 26.858 26.996 -
144 |3.782E+19 3.199E+19|3.654E+19(2.162E+19|1.676E+19|2.670E+19{2.743E+19 -
28.679 28508 28.832 27.632 27316 28.114 27.754 -
Nd| 145 |2.467E+19 2.095E+19]2.359E+19|1.473E+19|1.159E+191.778E+19 | 1.862E+19 -
18.711 18.669 18.608 18.831 18.891 18.725 18.836 -
146 {1.970E+19 1.665E+19|1.884E+19|1.152E+19|9.003E+18(1.402E+19|1.467E+19 -
14.936 14.837 14.863 14.725 14671 14.760 14.839 -
148 |1.088E+19 9.196E+18|1.036E+1916.424E+18|5.025E+18|7.788E+18 |8.130E+18 -
8.252 8.194 8.170 8.211 8.189 8.200 8.226 -
150 |(4.315E+18 3.644E+18|4.108E+18|2.545E+18}1.981E+18|3.092E+18 |3.226E+18 -
3.272 3.247 3.241 3.253 3.228 3.256 3.264 -
. SUM [1.319E+20 1.122E+20|1.267E+20{7.823E+19{6.136E+19|9.498E+19|9.883E+19 -
100.001 100.001 100.000 100.000 100.000 99.999 99.999 -
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Table 3 Test conditions and evaluated coupling factors in fresh fuel tests with various

enrichments in the standard capsule

Test No. |Enrichment| Number of Reactivity NVT, NVT. Coupling factor
fissions Insertion 7
% fissions/ g fuel $ MWs MWs fissions/g/MWs

220-1% 5 8.79E+12 1.58 18.7 24 31 3.62E+11
220-2 5 1.81E+13 2.33 39.3 47.02 3.86E+11
2211 5 3.64E+13 3.76 79.7 91.17 3.99E+11
221-2 5 3.79E+13 3.70 779 89.20 4 25E+11
221-3 5 3.82E+13 3.65 76.5 87.68 436E+11
222-1 5 4 00E+13 3.91 84.2 96.08 4 17E+11
222-3 5 4 30E+13 405 88.6 100.86 4 27E+11
Average 4149E+11

Standard Deviation (%) 457
111-3 10 2.74E+13 245 423 50.34 5.45E+11
111-4 10 3.60E+13 297 56.6 65.99 5.45E+11
111-5 10 416E+13 3.16 62.1 71.98 5.77E+11
111-6 10 5.09E+13 3.58 745 85.49 5.95E+11
220-5% 10 950E+12 1.39 13.5 18.67 5.09E+11
201-2 10 2.08E+13 2.07 321 39.03 5.34E+11
111-13 10 211E+13 212 336 40.69 5.20E+11
111-14 10 2.48E+13 232 389 4657 5.32E+11
111-12 10 2.78E+13 2.39 408 48.68 571E+11
111-16 10 3.28E+13 275 50.5 59.34 552E+11
111-17 10 3.26E+13 2.86 53.7 62.83 5.19E+11
113-1 10 3.66E+13 2.95 56.1 65.45 559E+11
2021 10 3.76E+13 3.02 58.2 67.73 5.55E+11
202-4 10 3.69E+13 3.00 576 67.08 5.49E+11
202-3 10 3.79E+13 299 57.2 66.65 5.69E+11
202-4B 10 3.84E+13 294 55.9 65.23 5.88E+11
202-1 10 3.81E+13 298 571 66.54 5.72E+11
113-2 10 3.84E+13 3.10 60.3 70.02 5.48E+11
Average 5.548E+11

Standard Deviation (%) 3.96
220-3* 20 8.02E+12 1.31 11.2 16.15 497E+11
220-4 20 1.87E+13 1.80 247 30.85 6.07E+11
221-5 20 3.20E+13 219 355 42.80 7.48E+11
221-6 20 3.63E+13 2.60 465 5496 6.60E+11
222-5 20 3.99E+13 2.60 465 54.96 7.26E+11
222-6 20 4.20E+13 2.64 475 56.06 7.49E+11
Average 6.979E+11

Standard Deviation (%) 8.95

Tests with * are excludeded for averages, because of their smaller reactivity insertions which
cause larger uncertainties on NVTs.
Fission energy, . = 186.4 MeV = 7.133E-12 is used to evaluate number of fissions.
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Table 4 Neutron energy configuration of 107 group SRAC public libraries for cell
calculations, 61 groups for ANISN intermediate collapsing calculations, and 9 groups

for TWOTRAN:-II core calculation

107 group Library 9 group 107 group Library 9 group
Group | Upper Energy Group | Upper Energy
1 1.0000 x 10’ 56 1.0677 x 10°
2 7.7880 x 10° 57 |8.3153x10°
3 6.0653 58 6.4760
4 47237 59 50435
5 3.6788 60 3.9279
6 2.8650 61 3.0590
7 22313 62 | 23824 4
8 1.7377 1 63 1.8554
9 1.3534 64 1.6374
10 1.0540 65 1.4450
1" 8.2085x 10° 66 1.2752
12 6.3928 67 1.1254
13 4.9787 68 9.9312x10™
14 3.8774 69 8.7642
15 3.0197 70 | 7.7344
16 2.3518 71 6.8256
:; z.ggg 72 6.0236
. 73 5.3158
19 1.1109 74 46912 5
20 8.6517x10* 75 4.1399
21 6.7379 76 3.8926
x 5.2475 77 36528
23 4.0868 78 3.4206
24 31828 79 3.1961
25 2.4788 2 80 29792
26 1.9305 81 27699
27 1.5034 82 25683 6
28 1.1709 83 2.3742
29 9.1188 x 10° 84 | 2.1878
g? ;;&g 85 | 20090
. 86 1.8378
32 43074 87 1.6743
33 3.3546 88 1.5183
34 26126 89 1.3700
35 2.0347 90 1.2293 7
36 1.5846 91 1.0963
37 1.2341 92 9.7080 x 102
38 9.6112x 10 93 | 85397
39 7.4852 94 7.4276
40 | 5.8295 95 | 6.4017
41 4.5400 96 5.4520
42 | 35358 97 | 45785 8
43 | 2753% 98 | 37813
44 21445 3 99 3.0602
4 ] 1.6702 100 | 2.4154
:_‘; } -g?gz 101 | 1.8467
@ | 7880310 103 | 33808 10°
49 6.1442 )
104 | 5.9804 9
51 | 37267 106 | 1.4663
52 2.9023 ’ -«
107 | 35238x 10
53 2.2603
54 1.7603
55 1.3710
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Table 5 ANISN 1-D calculation geometry for collapsing 61 neutron energy cross

sections into 9 groups in JM pre-irradiated test calculation

Distance | No. of
No| from core | meshes| Mesh Item Macro ID Remarks
center to | inthe | width
zone limit| zone
cm
1 0.4645 20/0.023225 UO, pellet JA06X01X |Pre-irradiated JM-test
fuel
2 0.4740 1/{0.009500 Gap gas He
3 0.5360 2/0.031000 Cladding JA06X02X |Zry-4
4 2.0000 6/0.244000| Capsule water-1 |[JA06X03X |H,0O
5 3.6000 80.200000| Capsule water-2 [JA06X04X |H,O
6 4.0500 210.225000| Inner capsule |JA06X05X |Type 304 stainless
) wall steel (SUS)
7 6.5000 12/0.204167| Capsule water-3 |JA06X06X |H,O
8 6.9000 1/0.400000/ Outer capsule [JA06X07X |Type 304 stainless
_ . wall steel (SUS)
9 10.7950 2/1.947500 Air JA0GX08X |Air
10| 13.4135 211.309250{ Experimental |JA06X09X |Air+Al+SUS+H,0
tube
11| 23.9541 4/2.635150,  Driver fuel | JA06X0AX |U-ZrH,,+SUS+H,0
12! 24.5556 2/0.300750{ Driver fuel  |[JA06X0BX |U-ZrH, ,+SUS+H,0
13| 24.8509 2(0.147650| Air follower | JA06X0CX |Air follower of
) transient rods
14| 30.9509 2/3.050000| Driver fuel  [JA06X0DX U-ZrH,+SUS+H,0
15| 40.9509 2!5.000000/ Pool water-1 |JAO6X0EX H,0
16; 60.9509 4/5.000000| Pool water-2 |JA06X0FX H,O
Total No. of 72
mesh
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Table 6 Geometry of NSRR core 2-D(R-Z) calculation with X-I type irradiation capsule

and JM test fuel rod by TWOTRAN-II(for Tests JM-2, 4, 5, 6, 7, 8, JMN-1,JMH-4, and 5)

z —t bk NN (NN (B[O
6 o LN WA PO DDN OO WWwW A0 OO
Zone ID | FESIB SR Ac8T8SZErFerRL LS
(see Table 7) 2 HBSS 88888883 KISIRISS33
No. | Z-distance | No. of|20/ 1| 6/ 8 2[ 2| 1 6/ 1] 1/ 2/ 1/ 2/ 6/ 2/ 1/ 1| 4/ 2 4
From bottom| Meshes
cm
1 18.47 92111011
2/ 33.52 9121/10/11
3 34.07 19192020
4| 35.87 1 4 4 4 19(19(2020
5 43.72 2 44 4 ¢ 19/19/20/20
6 46.97 44/ 45 9181011
7 49.47 : | 4/ 4] 4 9/18/10[11
8 52.42 23 4 4 4 9/18/10/11
-9l 53.77 23 4 4 4 8 9. 81011
10,  62.47 23 4 4 4 8 9| 810/11
11 63.97 123 4 4 4 8 9 81011
12 64.47 213 4 4 4 & 9 81011
13]  65.47 23 4 4 4 9 810/11
14| 66.47 213 4 4 4 9 810[11
15 76.47 1 1 23 4 4 4 19 81011
16, 77.47 1 23 4 4/ 4 9. 810/11
17]  78.47 1231 23 4 4 4 9. 81011
18]  79.47 1 23 4 4 4 9 810[11
19] 81.27 1 23 4 445 9 810[11
20|  81.47 1 23 4 4 4 5 9; 81011
21 83.57 1 213 4 4 45 9. 8110/11
22|  84.47 1 23 4 4 4 9 810/11
23| 86.67 1 213 4 445 9 810/11
24|  89.47 2 213 3 4 4 5 9 81011
25| 90.52 1 6 4 4 9 810/11
26/  99.22 4 6] 4 4 9/16/10/11
271 104.47 2/ 6 4 4 14/14/15/15
28] 106.47, 2 6 | 4 14/14/15/15
29| 106. 82 1 4 9/12110[11
30| 110.47 2 4 9121011
311 112.97 2 3| 4 9/12[10/11
320 119.47 2 4 9(12/10[11
33 125.97 2 6 9112110/11
34| 128.47 2 9121011
35 160.22 4 9/12/10[11
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Table 7 Zone identification chart for 2-D(R-Z) TWOTRAN-II calculation (Table 6)

ID

2

Macro ID
A06X0

Zone Description

JA06X03X

Capsule water-1

. Remarks
cladding of test fuel rod

4|JA06X06X |Capsule water-3
| 6JA06X08X |Air
: ex?im”éﬁtél tube
)
9/ JA06X0CX |Air follower Air follower of transient rods
10 JAO6XOEX |Pool water-1 H.,O
11|JA06X0FX [Pool water-2 H,O
12|ZMACX01X |[Pool water above NSRR H,0
core
[ 13/ RMACXO08X |Control rods Poison part of control rods above
L ~ INSRR core, B,C
14|ZMACX02X {Upper fuel plug + upper Aluminum grid plate with SUS fuel
v grid plate end plugs
15/GRUPX00X |Upper grid plate without/Aluminum grid plate with holes,
plugs which are filled with water
16 ZMACX03X |Upper graphite refrector |GRAPHITE REFLECTOR (UPPER)
17 RMCRX04X {Regulating rods Poison part of control rods inside
» NSRR core (1.02% dense)
18/ZMACX05X |Lower graphite refrector |GRAPHITE REFLECTOR (LOWER)
19/ZMACX06X |Lower fuel plugs + lower/Aluminum grid plate with SUS fuel
B grid plate end plugs
20 GRLOX00X |Lower grid plate without/Aluminum grid plate with holes,
7 fuel plugs which are filled with water
21/ZMACX07X |Pool water below NSRRH,O
core
22/FA01X01X |Disk+Spacer Type 304 stainless steel
‘23 FA02X01X |Natural end pellets Natural UO,
| 24|FA03X01X |Alumina spacer Al, O,
25/FA04X01X [Iron magnetic core Fe
26 FA05X01X |Spring holder Type 304 stainless steel
27/ FA06X01X |Plenum space with spring [INCONEL spring + He gap gas
JA01X01X |5% enriched UO,end pellet |Initially 5% enriched UO,

30

JA06X04X

Capsule water-2
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Table 8 Comparison of coupling factors measured and calculated in JM and fresh fuel

tests
U-235 Coupling Coupling
Test No. Burnup Atomic factor; factor; n C/E | Capsule
[Test ID %FIMA density Measured Calculated Type
(GWd/tU) | Atoms/cm® | fissions/MWs | fissions/MWs
(Std. Dev. %)
JM-2 2.789 (26.8) | 1.599E+21 3.14E+11 (2.0) 3.743E+11 1.19 D
JM-3 | 1500 (14.4) - 459E+11 (2.0) - - D
JM-4 2.357 (22.6) | 1.706E+21 3.81E+11 (3.4) 3.856E+11 1.01 D
JM-5 2653 (25.4) | 1.634E+21 | 399E+11 (1.7) 3.780E+11 0.95 D
JM-6 1648 (15.8) | 1.900E+21 | 4.19E+11 (1.6) 4.041E+11 0.96 D
JM-7 1.290 (12.4) | 1.993E+21 4.45E+11 (1.1) 4.124E+11 0.93 D
JM-8 1.997 (19.2) | 1.809E+21 4.25E+11 (2.3) 3.956E+11 093 D
JMN-1 1.957 (18.7) | 1.825E+21 3.69E+11 (4.1) 3.973E+11 1.08 D
JMH-4V | 3.03 (29.0) 3.898E+21 - 5211E+11 - D
JMH-5Y | 351 (336) | 3.412E+21? - 5.016E+11 - D
5D 0 (0) 1.162E+21 - 3.192E+11 0.76% D
10D 0 (0) 2.324E+21 - 4.390E+11 0.77% D
20D 0 (0 4.649E+21 - 5.471E+11 0777 D
58 0 (0) 1.162E+21 | 4.149E+11(4.57) 4188E+11 1.01 S
10S 0 (0) 2.324E+21 | 5.548E+11(3.96) 5.716E+11 1.03 S
20S 0 (0) 4 649E+21 | 6.979E+11(8.95) 7.060E+11 1.01 S

1) Tests with initially 19.49 weight % enriched fuel in U-235.
2) Estimated U-235 atomic density with RODBURN code at a burnup of 33.6GWd/tU.

3) Capsule effect on the coupling factor, Coupling factor in double capsule configuration/

coupling factor in single capsule configuration.

D in capsule type columns denotes double capsule, which is type X-I or X-III. S denotes

single irradiation capsule, which is type I-N or I-S.

_26_
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Table 9 Radial power profiles of JM test fuel rods estimated by TWOTRAN-II code

Test No. JM-2 [ JM-4 | JM-5 | JM-6 | JM-7 | JM-8 [JMN-1] JMH-4 | JMH-5
Ini. Enrichment % | 10.00 | 10.00 | 10.00 | 10.00 | 10.00 | 10.00 | 10.00 | 19.49 | 19.49
Burnup, %FIMA | 279 | 236 | 265 | 165 | 1.29 | 200 | 196 | 303 | 351
GWatU) | (268) | (226) | (25.4) | (15.8) | (12.4) | (19.2) | (18.7) | (29.0) | (33.6)
No| Radius, mm Relative power of radial meshes number 1 through 20
1 0.116 0844 0835 0841 0820] 0812] 0827] 0826 0679 0712
2 0348 0.848| 0.839] 0845 0824 0817 0831, 0830 0685 0717
3| 0581 0853 0845/ 0850/ 0830 0823 0837 0835 0692 0.724
4| 0813 0859 0.850] 0856/ 0.836] 0829 0843 0841 0.701| 0.732
5 1.045 0.865 0.857] 0862 0843 0.836 0.850 0.848| 0.712| 0.743
6 1277 0872 0.865] 0870 0851 0845 0857 0856 0.725 0.755
7 1510 0880/ 0873] 0878 0860/ 0854 0866/ 0865 0739 0.768
8 1742 0.889| 0883 0.887 0871 0865 0876 0875 0.757 0.784]
9 1974 0900/ 0.894| 0898 0883 0877 0888 0887 0776 0.802
100 2206 0911] 0906/ 0910 0.896/ 0891/ 0901] 0900 0799 0822
11 2.439 0924 0919] 0923 0911] 0907| 0915 0914, 0825 0.846
12 2671 0939 0935 0938 0928 0924] 0931 0930 0854 0872
13 2903 0955 0952] 0954 0947 0944] 0949 0949 0889 0.903
14/ 3135 0974] 0972] 0973 0969 0967/ 0970 0970 0928 0939
15/  3.368 0995 0995 0995/ 0993 0993 0994 0994 0975 0980
'16]  3.600 1.020] 1.021] 1020 1.022] 1023 1.021] 1.021] 1029 1.029
17 3832 | 1048/ 1.051| 1.049] 1055 1057 1053] 1053 1095/ 1086
18] 4.064 1.081| 1086 1083 1.095 1099 1.091] 1091 1.176/ 1.157
19) 4297 1.122] 1.130] 1.125 1.144] 1.150 1.137] 1.138 1.281] 1.48
20/ 4529 1.178) 1190 1.182] 1212] 1222] 1202 1203 1438 1.381

Radially averaged power is normalized to 1.00 for each test rod.

Radius indicates mean radius of the mesh which has the indicated relative power.
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Table 10 Atomic densities of fission products and actinides of the JMN-1 test fuel rod
after pre-irradiation in the JMTR estimated by SWAT calculation

Actinide| ID (SRAC |Atomic density, FP ID (SRAC | Atomic density,
Nuclide | Library) atoms/cm® Nuclide |Library) atoms/cm®
U-234 |[XU040001 6. 749E+15 Kr-83 [XKR30001 2. 345E+18
U-235 (XU050001 1. 823E+21 Tc-99 [XTC90001 2. 184E+19
U-236 [XU060001 8. 486E+19 Ru-101 |XRU10001 2. 332E+19
U-238 [XU080001 2. 086E+22 Ru-103 [XRU30001 5. 379E+12
Np—237 [XNP70001 1.347E+18 Rh-103 |XRH30001 1. 346E+19
Pu-238 [XPU800O1 5.953E+16 Rh-105 [XRH50001 6. 262E+10
Pu-239 |XPU90001 4. 720E+19 Pd-105 [XPD50001 4. 887E+18
Pu-240 [XPUOOOO1 4. 472E+18 Pd-107 |XPD70001 1.030E+18
Pu-241 |XPU10001 8. 890E+17 Pd-108 [XPD80001 5.57T1E+17
Pu-242 |XPU20001 4. 538E+16 Ag-109 |XAG90001 3. 544E+17
Am-241 |XAM10001 1. 634E+17 Cd-113 [XCD30001 5. 168E+15
Am-242m {XAMMOO0O1 4, 530E+14 In-115 |XIN50001 4. 479E+16
Am-243 [XAM30001 9. 797E+14 Cs-133 [XCS30001 3. 034E+19
Cm-242 |XCM20001 8. 259E+13 Cs-134 [XCS40001 1. 792E+17
SUM (Act) 2. 282E+22 Cs-135 [XCS50001 1. 944E+19
SUM (TRU) 5. 426E+19 Nd-143 |XND30001 2. 555E+19
Nd-145 [XND50001 1. 760E+19
0-16 |X0060001 4. 564E+22 Nd-147 [XND70001 8. 785E+11
Pm-147 [XPM70001 2.611E+18
Pm-148m {XPMM00O1 1. 025E+11
Pm-148g (XPMG0O0O1 1. 839E+10
Pm-149 |XPM90001 8. 459E+10
Sm-147 |XSM70001 6. 910E+18
Sm-148 |XSM80001 7. 402E+17
Sm-149 |XSM90001 1.526E+17
Sm-150 |XSM000O01 4. T12E+18
Sm=151 |XSM10001 4. 888E+17
SUM (FP) 1. 826E+20
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Table 11 Effects of fission products and TRUs on coupling factor in Test JMN-1

Coupling
Case | Isotope composition factor: n n Deviation,
ID for calculation fissions/g/Mis | n (Case 1) %
1 (U (Measured) 3.972E+11 1. 000 -
2 (U (SWAT) 3. 973E+11 1.000 +0%
3 |{U+Pu-239 (SWAT) 4. 031E+11 1.015 1. 50%
4 |U+TRUs (SWAT) 4. 027E+11 1.014 1. 40%
5  [U+Pu (M) +TRUs (SWAT) 4. 015E+11 1.011 1.10%
6 |U+FP (SWAT) 3. 905E+11 0.983 -1. 70%
7 {U+TRUs (SWAT) +FP (SWAT) 3.961E+11 0.997 -0. 30%
Measured atomic| Calculated
Isotope density, atomic C/M
density,
atoms/cm® atoms/cm®
U-234 1. 518E+19 6. 749E+15 4. A5E-04
U-235 1. 825E+21 1. 823E+21 0.999
U-236 9. 549E+19 8. 486E+19 0.889
U-238 2. 085E+22 2. 086E+22 1. 000
Pu-238 5. 669E+16 5.953E+16 1. 050
Pu-239 3. 726E+19 4. 720E+19 1. 267
Pu-240 3. 474E+18 4. 472E+18 1. 287
Pu-241 5.574E+17 8. 890E+17 1.595
Pu-242 3.021E+16 4. 538E+16 1.502
SUM (TRU) - 5. 426E+19 -
SUM(FP) - 1. 826E-04 -

Measured or M indicate isotope densities measured by mass spectrometry.

SWAT indicates isotope densities estimated by SWAT calculation.
TRUs indicate transuranium isotopes other than specifically shown in the columns,

such as Pu.
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Table 12 ANISN 1-D calculation geometry for collapsing 61 neutron energy cross

sections into 9 groups in fresh fuel test calculation

Distance from | No. of
No| core center to | meshes| Mesh Item Macro ID Remarks
zone limit in the width
cm zone
1 0.4645 20| 0.023225  UOQO, pellet |JA06X01X |Pre-irradiated JM-
test fuel
2 0.4740 1/ 0.009500 Gap gas He
3 ~0.5360 2/ 0.031000 Cladding JA06X02X (Zry-4
4 2.0000 6| 0.244000| Capsule water-1|JA06X03X |H,O
5 4.0000 10| 0.200000|Capsule water-2|JA06X04X |H,O
6 6.0000 10| 0.200000|Capsule water-3|JA06X05X |H,O
7 6.7000 2| 0.350000| Outer capsule |JA0O6X06X |Type 304 stainless
wall steel
8 10.7950| 2| 2.047500 Air JA06X07X |Air
9 13.4135 2| 1.309250, Experimental |JA06X08X |Air+Al+SUS+H,0
tube
10 23.9541 4/ 2.635150| Driver fuel |JA06X09X |U-ZrH, ;+SUS+H,0
11 24.5556 2| 0.300750; Driver fuel |JA06X0AX U-ZrH, (+SUS+H,0
12 24.8509 2! 0.147650| Air follower |JAOG6XO0BX |Air follower of
transient rods
13 30.9509 2| 3.050000] Driver fuel [JA06X0CX|U-ZrH,;+SUS+H,0
14 40.9509 2/ 5.000000| Pool water-1 |JA06X0DX|H,O
15 - 60.9509 4 5.000000] Pool water-2 |JAO6XOEX H,O
Total number of] 71

meshes
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Table 13 Geometry of NSRR core with I-N type single capsule and fresh fuel test fuel
rod for TWOTRAN-II 2-D(R-Z) calculation

Zone ID | =7 | | ol &l o o B 2| B B 2 % 8 & 8
seeTable | & | & @ g8/ 8/ 8 = 2 = a2 2l g 2 g8 8 8
below)éas§§§§sasagssss
No [Z-Dis. (cm) [Mesh | 20/ 1| 6! 10[ 10] 2| 4] 2| 6| 2 1| 1| 4 2 4
From BottomNo.

1 21.47 19 3 3 315 4 o
2| 33.52 3| 3| 3/15 4| 5
3 43.72 13 13] 13] 13| 14] 14
4 45.37 3 3 312 4 5
5| 52.42 3l 3] 3[12] 4| 5
6/ 59.67] 2 3 4 5
7 6417 2% 3 4 5
8 6472 1 3 4 5
9 78.22 14 2 3 4 5
10 81.27, 2 3 4 5
11 81.47 1 3 4 5
12 85.22] 2 3 4 5
13 86.22 2| 3 4 5|
14 90.52] 4 3 4 5
15/ 99.22[ 8 7 7 310 4 5
16| 104.07 5 8 8 8 8 9 9
17]  106.82] 2 8| 8 8 8 9 9
18] 123.27] 4 7 7] 3] 6 4 5
19  144.37 70 7 3 6 4/ 5
20| 160.22] 2 7 7] 3] 6 4 5

| ID| Macro ID Zone Description

15|ZMACX07X | Pool water below NSRR
core

JA06X03X

Capsule water-1

4| JAO6X0DX Pool water-1
5| JAOGXO0EX Pool water-2
6/ ZMACX01X| Pool water above NSRR core
7 RMACX08X Control rods 21| REG2X01X SUS-304 Spacer
| 8/ZMACX02X| Upper fuel plug + grid plate | 22| REG3X01X| Iron magnetic core
9| GRUPXO00X | Upper grid plate without fuel | 23) REG4X01X | SUS-304 Spring holder
plugs
'10|ZMACX03X| Upper graphite refrector REG5X01X |Gas plenum(spring+He)

11|RMCRX04X| Regulating rods inside NSRR
core (1.02% dense)

12|ZMACX05X| Lower graphite refrector 26/ JA0O6X04X Capsule water-2
13| ZMACX06X| Lower fuel plugs + grid plate | 27| JA06X05X Capsule water-3
14| GRLOX00X | Lower grid plate without plugs
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Table 14 Radial power profiles of fresh fuel rods in the NSRR pulse irradiation tests

estimated by TWOTRAN-II
Test ID 5S 10S 20S 3D 5D 10D 13D 20D
Enrichment % 5.0 10.0 20.0 3.0 5.0 10.0 13.0 20.0
Coupling factor | 4.19 5.72 7.06 2.36 3.19 4.39 4.82 5.47
fissions/g/MWs | E+11 | E+11 | E+11 | E+11 | E+11 | E+11 | E+11 | E+11

No.| Radius,mm
1 0.116 0.882 | 0.782 | 0.616 | 0.920 | 0.880 | 0.787 | 0.736 | 0.644
2 0.348 0.885 | 0.787 | 0.627 | 0.923 | 0.883 | 0.792 | 0.742 | 0.641 |

3 0.581 0.889 | 0.794 | 0.636 | 0.926 | 0.887 | 0.798 | 0.749 | 0.647
4 0.813 0.894 | 0.801 | 0.646 | 0.929 | 0.892 | 0.805 | 0.757 | 0.657
5 1.045 0.899 | 0.810 | 0.659 | 0.932 | 0.897 | 0.813 | 0.766 | 0.668
6 1.277 0.904 | 0.819 | 0.674 | 0.936 | 0.903 | 0.823 | 0.778 | 0.682
7 1.510 0.911 | 0.831 | 0.692 | 0.941 | 0.909 | 0.833 | 0.790 | 0.698
8 1.742 0.918 | 0.843 | 0.711 | 0.946 | 0.916 | 0.845 | 0.805 | 0.717
9 1.974 0.926 | 0.857 | 0.734 | 0.951 | 0.924 | 0.859 | 0.821 | 0.739
10 2.206 0.934 | 0.873 | 0.760 | 0.957 | 0.933 | 0.874 | 0.840 | 0.764
11 2.439 0.944 | 0.891 | 0.790 | 0.964 | 0.943 | 0.892 | 0.862 | 0.793
12 2.671 0.955 | 0.911 | 0.824 | 0.972 | 0.955 | 0.912 | 0.886 | 0.827
13 2.903 0.968 | 0.934 | 0.864 | 0.980 | 0.967 | 0.935 | 0.914 | 0.866
14 3.135 0.982 | 0.959 | 0.910 | 0.989 | 0.982 | 0.960 | 0.947 | 0.912
15 3.368 0.998 | 0.990 | 0.964 | 1.000 | 0.998 | 0.990 | 0.984 | 0.965
16 3.600 1.016 | 1.025 | 1.030 | 1.011 | 1.016 | 1.025 | 1.028 | 1.029
17 3.832 1.036 | 1.066 | 1.110 | 1.025 | 1.037 | 1.065 | 1.079 | 1.107
18 4.064 1.060 | 1.115 | 1.209 | 1.040 | 1.062 | 1.113 | 1.142 | 1.203
19 4,297 1.090 | 1.176 | 1.337 | 1.058 | 1.092 | 1.174 | 1.222 | 1.330
20 4.529 1.130 | 1.262 | 1.535 | 1.082 | 1.132 | 1.259 | 1.338 | 1.525

S and D in the test IDs indicate single and double capsule geometry, respectively.

Radius in the table indicates mid-radius of each radial mesh.



JAERI-Research 98-052

Table 15 Variation of reactivity and NVT,, with different evaluation method and its

effect on coupling factors

Coupling factor; n
Test {Burnup| U-235 Reactivity, NVT. (Measured/ Calculated)
No. |%FIMA| atomic $ MWs fissions/g/MWs
(GWd/ | density | (1) | (2 | @) | (1) | (@ 3) (1) (2) 3)
tU) [atom/em®| NVT, [TRAN| BANK |NVT, | TRAN | BANK | NVT, TRAN BANK
JM-2 | 2.789 | 1.6E+21 | 254 | 270 | 255 | 532 | 580 | 535 |3.14E+11|2.88E+11|3.12E+11
(26.8) (0.84) 0.77) (0.84)
JM-3 | 1.500 - 271|282 | 273 [ 584} 616 | 589 |459E+11|4.35E+11|4.55E+11
(14.4) (-) (=) (-)
JM-4 | 2357 |1.71E+21| 358 { 3.72 | 358 | 853 | 899 | 853 (3.81E+11|3.61E+11|3.81E+11
(22.6) (0.99) (0.94) (0.99)
JM-5 | 2.653 [1.63E+21| 3.37 | 361 | 349 [ 787 | 863 | 824 |3.99E+11|3.64E+11|3.81E+11
(25.4) (1.06) (0.96) (1.01)
JM-6 | 1.648 {1.90E+21| 310 | 340 | 322 | 702 | 795 | 739 [4.19E+11|3.70E+11{3.98E+11
(15.8) (1.04) (0.91) (0.99)
JM-7 1 1290 |1.99E+21| 289 | 3.04 | 289 | 636 | 683 | 63.7 {445E+11|4.15E+11[4.44E+11
(12.4) (1.08) | (1.01) | (1.08)
JM-8 | 1.997 |1.81E+21| 3.07 | 327 | 3.09 [ 692 | 754 | 698 |425E+11| 3.9E+11 [4.21E+11
(19.2) 1.07) (0.99) (1.06)
JMN- 1| 1.957 [1.82E+21| 309 | 328 | 3.09 | 743 | 75.7 | 69.8 |3.69E+11}3.62E+11{3.92E+11
1 (18.7) (093) | (0.91) | (0.99)
Standard deviation from the calculated coupling factors 8.2% 10.3% 71.4%

(1) NVT, indicates reactivity, infinite reactor power integral (NVT,), and coupling factor,
estimated from measured reactor power integral for 1s (NVT)) and equations (3) and (4).
(2) TRAN indicates reactivity, NVT. and coupling factor, estimated from transient rod
position and rod worth curve (S-curve) of them.

(3) BANK indicates reactivity, NVT,, and coupling factor, estimated from regulating rod

bank position and corresponding worth curve.
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