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Analysis of Fuel Temperature Coefficient of

Reactivity with Two— Region Core System

H. Kadotani *
Y . Hachiya xx
H. Sakata * 3k %k

Abstract

Fuel temperature coefficients of reactivity have been analysed for DCA
core with a central channel of raised temperature, The present model for
the analysis of the experiment is based on the following two considera—
tions (1) a large difference of nuclear characteristics between the central
channel that is made of stainless steel and the outer channels of
aluminum in the driver region, (2) a slight change in neutron temperature
of the high temperature region where there is no moderating material .

Fuel temerature coefficients of reactivity obtained by the present
analysis and the experimental results are listed in the following table .,

Table Temperature coefficient of reactivity in two—region

{central test channel and 12% UQO, driver channels) core
(%/ak,/k/Cx10%)

Fuel in the Central
Temperature Channel 0.2%0U0, 0.7 200, 1.5%0U0, SUS Cladding
(0 (hollow)
22-500 . —446 — 508 —577 +0.237
390—g400 ‘Theoreticald . 5g 421 ~478 +0249
50-500 [ |+100 £004 | —348 1015 | —636+025 +642 + 026
30 g—¢0q EXREmenral) | o 000 | —107 +0.06 | —449 --018 +642 + 026

The present analysis explains successfully the qualitative features of
the experiment, including dependencies of temperature coefficients on fuel
enrichment and temperature range, and the linear coefficient of cladding
material. The quantitative agreement, however, is not so good except for

.54 U0, {fuel .

x« Heavy Water Critical Experiment Section, {Non-regular staff, on leave
from Century Research Center Corp.).
#* Heavy Water Critical Experiment Section, Qarai Engineering Center.PN.C.
*k* Rxperimental Fast Reactor DivVision, at the above site.
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TEh, AR Fr>Ire sV 2 (ERKIZRCRAN TN S,
EEH,6GUU&T&WB&.EE%mKt%&jﬁmﬁ@ﬁk%iﬁwﬂﬁéhto
LBHERLE ARF v+ 22 280 FL2HORCEORERRE LTS O LR TED,
BT & COFS oo THDL, —HRFLOBERE (35w, Fy7 7 —RE) tw
SHICERELRETHCEXRB T LD, BOhAERBECIBTEMAT, BTG,
B L AEEROTE bRAFLE L, BNk ISERKOLBEER% » %o
B e FrOERED>TH,
1) BEFrRALOBNEENS VA S —ERO7 5 xs -t ARE(RE LT ERERT
Do
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D2 ECHCER Lko BALA2 — Fit, &%ﬁﬁﬁ%aLTNOMJH ﬁﬁ%ﬁ%&bf
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NWC—DORBANBLNALELZ bhbo
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FTdR_A2LoK, COERTEPLOABF v~ AArHFI4 ~—FRO77 25 —-¢3F
BICRE >ABHER 2 2 Tndo —HFBRERERT — F (SEORf TR, NOAH-T % &
B i, ERERTOSMBT LABD bOh LA o 0T, REBF v & » OBERE
NOAH-IT TR L 9&ETHLE, ARF+ 220 03 THEEWAEREFO—DOBEEEFK
W ABEHNHEA L, chid, FI1 A —-BO7 52 2—KHINAFGRT v >3 r OF
EHER, BREBABRB oA IO T Db, tFTRABFr> 3 E, V34 RX—BOF» 210 ¢
BMEEES B2 OILTHE O kot NOAH-T THE L THBL %o

Table 1 Comparison of Infinite Multiplicatioan Factors
Enrichment (%) Koo
Driver Channel 1.2 1193238
0.2 01825797
Central Test 0.7 0.3842105
Channel 1.5 05716595

AR FrriarTlE, RFyUvXCLARENB, Fo34—FRO7 5x2—-LE, EH
BHEHARE-Tnbdo TF A ERKDE-TH, T CORCERL %o

wic, ABFvvirid, He #ARC LY MBI TEY, 7522 -Aik, 100% 1 F
OHRELEESTWVEs LB L, BEF+ >3 22 00RINEEE LEHTEL LD, ARF v
CAMCELTWIEAIEBRRELEEoTWnE, cOCER, BRTFHTFECHTIHREROME
BERERBCT 0 PETRELVWOIZALFTHRPUET A <2 r v2BRST L E, BREHO
BEARTH, BERERTD 50 ARZ =2 —-HNTH, DENBRELESRLZ-TraE, Fik
FRED, B{ianiotELbhb, chid, 2522 —-RKE, SHHCHELT 230 5%
(o BEAE BAL BTN E WD THE(ZLONEM—OBEN G, BETHS 9, )AL 5
AL —DEBENE(, 273 22—FPTEERRZ 2 REBHTHLEELLC (o ULEDOERE
1Y, BRFv > 20 OBTHIRCHT2REAE, FROBE CBAZ(EROPETERE
TEHEL o

B0, BEEPRCIAART v+~ A 2 OERR Y, BEOLLOFEEF 2 >%o & LI,
B R o> R FRE T b 2 Do =7 AL ORMI D T, 3 ETHEN 5o

NOAH-T = — F &/ CHERZHET B b, BeREEARTO A~/ P 2 THINL
HELrBORE o ZCTRAR T+ ¥ 24 WFLOFLESHC & EFM LTRO L 9 %3
BerrkXTho BERHBRBria— FNOAH-TIR, SEEFrkloTed, ¥ 7t
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%3 2EB, ENE, ¥vv>7, #72 F) v 8, RECA b2 LD 3 CEARENERTS 50
NOAH-T TEL EOBRECN LT, BHHEBOERMM BRSNS oo (RBOFHE T

B, ¥ vy THOBBREARKT 52D, £v v 7 EENEEBAML—ERE L TEHEAL o)
BE ONOAH-II oftETE, chbLOMEREAVT, EREFO <7 A3 &R HEGEL

THiabh, BEETFERT 2EROMERSHNIShE. SEETLORE Fv v 20 CHL

T, CORGETICH LTHREEINABEREMAE T, SERNOHERER o %

Kl, FI4S5—EREDWTH, EFEEFLONTHHEMI hAWER Ao RIGED 5t

HE, —RTETHEREHACHEEIER T ke (H12K)

Core Center Core Boundary
I L/, 7/
' Fuel Region // //
Sl o
G |3 ///
| _at E: Heavy / / He avy
1st| 2nd | 3rd —é = | Water / / Water
| Ring| Ring|Ring| ; | & |(Beom ///// ///// Reflector
8132 Emp) 2// ///
| O // /
2. /)
Raised Temperature Homogenized -
Region » Driver Region

FFig,1 Conceptional GQeometry of the Present Model

ABRT v 51+ OBEBOREDRE, LOBBIC L VKOL 5ICEL ko NOAH~T 1 5B
ARTHD, 1, 2HEEENT, ERNFEHRL, FE L EROVEHROB TRz IVEE
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cnm,Amaerﬁﬁﬁ(METHUSELMJ:~rwwu==7$%%@)&,ﬁﬁ,uﬂﬁoé,
PUPof, IWRRGORSEO KEOHANBERCH T 2L 04 705 4 — 2 THHELTHED
hdo PLORART v »Ar D2 525 ~RTHTHSLOFHRI ( Re—thermalization) %
AL, FETFTREZERLC LT, ABOPETFHEMRER Yo 2+ AR L AHHOHE
EHONREE, ~FhOoBELEDARL LA TN, |

BtEkzetwde, ROL5Ca 5,

(1) BEHFEREKENOAH-T = — FEAWnb,
@ L0 BBFv FrE HERES, BERESTAHEET 5o R, FLHFr S o
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ABRZRCHEMLAHEOER. BE., 2EERMSE, 2 LD TAppendixitRFEL ko KIC
FHBRCDONT, BE, BROFERXERTo
(1) ~<Xvyt
Nuy b, TONERABBRC LV ERHTHLO L L ko | THBLOBELZEEDT
L, SREOHE p(t) i,
Polt) = py (o) (1-38,1)
EhkBo BLP0) RHEBONV » NOBE, B lE~vy  OBMERRTS 50 ZEO

HRRRAC L oko
1040 (1—-3 x 107t ) g/cm® 02% B

pp(t) = 1040 (1 —3 x 107°t) g/cm® 07% E&
1045 (1—-3 x 10°t) g/cm®  15% &4
ABELOWTHIFEBET, DJAt) 2 BEEZt TOERE, Do) 2ERTORLvy EEETH
” .
Dp(t)= Dplo) (T +A8,t)
TH Do EROFARIKRO LY b,
2475 (1+1x 10°%t)em 0.2 % B85
Dp(t)= 1480 (1+1x 10%t)cm 0.7 % BiE
1480 ( 14+ 1x 107%t)cm 1.5 % B
(2) #HEE

—fE vy b, BEEONELOBCREMA S D, SEOH BT OBH ( £+ v 7 )
RBPBBE LI ALK THDLL, BEBTONBEL v vy P EARELTWB LL, T O,
HWREOHFEETEMBLE( R o Tnb,

B 2ofkicr, (t), rp (t) r, (t) 2E&ET 50 r, (1) ERVvoONBRTHBELD L,
BBEEOWNRERLAMLT 5o REONv v VRARE T, (1) Td 5, BBETOBEHERE %R &
+TaL, a

r,(t) =r, (o) (1+8,1t)
r,(ty=r, (o) (14+8,1)
rp{t)=r,(0) (1 +8;1)

ik, h(t) 2 BESOBFAROEILThE, ALK

h(t) = h(o) (1 +85¢t)
LhBo ¥ ABEEOBE R, (1) EF5 L,
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po(t) =pglo) (1—-3R.1)
TH5q

Sheath

Gap

Pellet

Fig.2 (@eometry of Fuel Pellet and Sheath

BEEOX v v 72 BOEER Po, (1) E3 5o 4% v > 7 FOMHOHE R AT B &,
t= o (Tﬁﬁ)’c:

(0) = m(r}(o}— r${o))h{o)ps(o)
Ps a0 _n(rﬂz(o)+ rf(O))h(O)+(rf(t)+r§(t))h(°)
_ (o) — r3 (o)

r

tory [robo

o) =3 (o) P!
Lhbo BEEt TP, , (1),

P (t)= z(r} (t)— ri(t))h(t)p (1)
8, a m(rg(t) —r2(t))Yh{t) + 7 (r2(t)—ri(t))}h(t)

ry (t) — ri(t)
g (t) —r3(t)

ps(t)

COROFEDEt=0 0L, BEEBHEANTRAL, EBT S &,

1- 8t

-1+2t(r§ (O)ﬂs—ra"*(OJﬂp)

r{o) — 2 (o)

Pgolt) =pg, (o).

COFREBIENHCEHET S &,

Po o (1)=7322(1-1184x10"¢t) g/cm®

BL, BBO~=v oy rOHNER, 148 0cm £flnko

HEZ, “vy b OBEEFAFIL,
Dg{t) =Dglo) (1+ B4(t))
LR b, EBI

Dg(t) = 1665 (1+ 184 x107t) cm
Td 5o
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Pop ()= P 0 (0)e (138t ) m{rgy — i (1))
i Pl

L BBo AL, rxBa5y FUYEORRE, ry (BENEONE, rp(t) FROE
NEONETD D0

Popl0) = 798 g/cumd

B x3=525x10"/0C

r.x2 =12454 (1+1.75%x 10 %t)cm

P

rpXx2 = 1168 (1+:175 x 10t )em
rgx2 = 1335 ¢m
chid
149069 x (1 + 175 x10 "t)*(1-525x107"¢)
Pop (1)=

1782225 —1364224(1+1.75x107%¢)2

b

BE, 27y P I YERBHCERIRTED, tANAREROEKCELTWEAZD,
FROEE LL ko ,

Y oSt TR2EREL Ko
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4 @B OB R

41 NAOH-I O#EHRE

FFNOAH-T THELARBF vv # » OREEB~ND o CORRER, BEFv> # 2
OEREFOEELHE LA O TS5, NOAH-I = —POMHEFzy 20 EHK 3 Db
TR EDTE (o

(1) WERBERE

EREERFCRERTF LR IXVUFEICRL ko NOAH-I ©Amster library i3
600 KETLAERZVWAD, BRETOMBEBERHOMER, CEKRTH 5.

Table 3

For Central Channel by NOAH-II

Temperature Dependence of Infinite Multiplication Factor

Enrichment (%) | Temperature {'C) | Temperature Change | Density Change Only

220 0.1825797 0.18 25797

100° 01822350 01826305

200° 0.1818053 01826425

0.2% 300° 0.1815398 01827372
400° (01814983 )" 01829195

500° (0.1811090) 01826940

60 0° (01809069 ) 0.1826469

2 2° 03842105 03842105

10 0° 03836690 0.3844606

200° 0.38284 60 03845794

0.7 % 300° 03824983 0.3850101
400° (03824975 ) 0385501 1

500° (0.3818339) 03852017

600° (0.3816056) 03853108

290 05716595 0.571659 5

t0ge 0.5712069 0.5720825

200° 05703000 05723297

1. 5% 300° 05700634 05730347
400° (05701608 ) 05737222

500° (05695056 ) 05735031

600° (05694132) 0.5738033

% Thermal neutron cross sectons over 6DDK are not prepared in

NOAH-II

library .
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km(ﬁ.z% BEnr iched Fuel)

G120

0185

01801

0.175

-
-
o et

—wNo Thermal Library

__Density Change Only

100

300 400 500 é&00

Temperature (C)

koo (1.5% Enrriched Fuel)

0.575

0570

0565

4000

Fig,3 Infinite Multiplication Factor for Central -

Channel by NOAH-II
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CORLVPIVVCLUTTRELCOD BHBE, BEERD, —HKKHKL L, Ao Doppler
REEHoTRACLdbhbo —F, BE*SBLA LS, RYEOHROIEL LrBs
g, WEED, bFeSoMNt s b ok

(2)- IR ey

B2ETHERNALSCBRNEZHETE, 1~38E, BEOZLO S 2 NOAH-T OE
MEM, 4, SHORPEFHONERE, BELZLOR v (BAEENEOIEZ L. ) BiE
HEAvs. RIKETEIFORBNEAROBRERHEREZTRLLZ (€4 ). ZOF X YDoppler
PR IZERPE EROESHOKEIHNbH S0, (NOAH-TIOZ 475U —Tld, FPrex

-3 5 Doppler HFELIELONTENED, O#BFEK L2 Doppler PR IEWHEIN2,)

Table 4 Temperature Dependence of Resonance Absorption Cross Section
{ Z'i cm') for the 1st Ring by NOAH-II

Eurichment(%) Temperature () | Temperature Change[Density Change Only

| 22° 001378 001378

100° 0013214 0.01376

200° 001415 001376

0.2 % 300° 001430 001372
400° 001445 001370

500° 0.01461 001370

600° 001474 0.0 1368

22° 001745 001745

100° 001762 0017453

204a0° 6.017 82 001743

1.5% 300° 001797 001739
4 00° 001812 001737

500° 001827 001737

600° 001840 - 0.01734

M4tRBL, BECHLT, 3HOMERL, kHBOKREL LT, Chid,
NOAH-T € Doppler (T L % WMo %L
S (D) =a (VT -y T,)
OHTHEMENTVIRDTD bo BELILZ L OBARTEORS CHIEL T, HEHELH
TrsoBPbLTnE,

—11-
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(cm 1)(02%Enriched Fuel)
Z‘i (em?) (154 Enriched Fuel)

8
a

z

00145 - 0.0185

00140 — 0.0180

0.3135 — 00175

------ Density Change Oniy

| ] g01i7a
100 500

0013

Temperature ('C)

Fig,4 Resonance Absorption Cross Section (ZX3)
for the 1st Ring by NOAH-II
—12—
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F5(®S ) cRPHEHEFICHT A2RIER ( 5F ) 27 L %o
Table 5 Temperature Dependence oi Thermal Absorption Cross Section

(22 cm') for the 1st Ring

Enrichment (%) | Temperature(’() | Temperature Change |Density Change Only

22 004116 0.04 116

100 0.0407 1 ‘0.04109

200 0040356 004109

0.2 300 0.03989 004095
400 (003948) 004085

500 (0.03922) 0.04089

600 (0.03887) 0.04083

22 009142 009142

100 0.09 04 4 009131

200 0.08963 009109

1.5 300 008864 009097
400 (008778 009093

500 (0.08703) 0.09 080

600 (008621) 009068

* The‘rmal neutron cross sections over 600 °K are not prepared in
NOAH-I Library.

CORI VABEDROITIWERR, DISHISoBLLTWER, RELLOD 554
i, TLRAHREHESLTRDEERbEEo

4.2 —RELHEEBICKDSER
ERTHBOLNTWAIEESRK T EEEN T2ADK, B2ETHRNAEFALH-T, —K
HBHEET R oko V74— HROBKBI, 1298, 100%+x1 F, 225cme
va%%ufééotoﬁﬁmﬁ%&ﬁ,Naﬁkﬂxb*bko%ﬁeﬁﬁﬁgémﬁb
fco
(1) BR<v2zY>7
FHRLC2NVWT, Sy 27 Y 7RBER LD, kefft =1 % B9 2 V7% (BRER
T)ROAk. REREERD HEETH, TCOEFA v 2) ¥ 7 EMniko

—=13—
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X% (em™ ) ( 0.2 ¢ Enriched Fuel )

i
=]
=
T
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Table 6 (ritical Buckling at Room Temperature
Fuel Enrichment 0.2% 0.7 % 1.5% SUS
Or{"ﬁj)B“°kl‘“g 547260x10% | 3767313 x107* | 586780x10™* | 340096 x10™*
cm
Critical Height 168.58 161.86 159 74 17035
He (cm)
. (1) ok
Experimental 190.9(a) 17 1.9 (B) 1749 (A) 1887 (A)
16 6.0 (B)
187.3(C)

*HC:V E/BEC:

*% (A)(B) and (C) mean corresponding core pattern, see ref (1),

EOPROEBREOMOABCORERFEL A2 -G LTEF D, BHFE, FLo8—>
AR wEdTNIOTH I, CORBRERDE, BRAMLTHINecmFEOF AV (T

Tnbo

(2) BE/REHK

BEZ#Z{(IeAROERPDREELZRTC R L ko

Table 7 Temperature Dependence of Effective Multiplication Factor

Fuel Enrichment 0.2% 0.7 % 1.5 SUS
of Central Channel
Temperature ('C )
22 .0000688 | 1.0 1.0000034 | 1.0
100 .0000298 | 09999553 |099%9522
200 0.9999759}109998%32 09998815
300 09999449 (09998587 | 09998429 | 10000066
400 09999124 02998245 09998053
50090 099984673 09997680 09997395
600 0.9998375 |0.9997323 |099926995 | .0000142
700 09998167 |0.9997127 |0.99946800
800 0997203 09996806 09996437 | 10000185

COBETRBERBOFBC T LB ERD ISR Do

—14—
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Table 8—a Temperature Coefficient of Reactivity (02% Enriched Fuel)

Temperature {'Q) Temperature Coefficient (Bak k')
Mean Value Experimentél
22 —~ 500 x10°
100 ~539 x107® —4.46x10° +(1.00+004)x10°"
ggg ~310x10° | (220~3000)
400 ~ 525 x10"
500 — 451 x10°
600 - 298x10° —358x107° +(256+020)x10°
700 — 208 x10°" (3000~600 Q)
800 — 264x10°

Table 8b Tempera

ture Coefficient of Reactivity (0.7% Enriched Fuel)

Temperature Coefficient (% ak k. C)

Temperature ('C) Mean Value Experimental

22 — 573 x10°

100 - 5

200 - 621 x10 —-508 x10° —(3484+013)x10

- 345x10° (220 -300°C)

500 - 342 x10° :

400 - 565 x10° —4.21x107° —(1.07+006) x107°®

500 _ 357 x10° (3000~600C)

:DD - 196 x10°

00 - 319 x10°

800
Table 8—c Temperature Coefficient of Reactivity (15% Enriched Fuel)

Temperature Coefficient (% &2k /k./C)

Temperature (C) Mean Value BExperimental

1025 — 656 x 107°

— 707 x107° -577 x 107 —-(6.36+025) x107°

200 _ 386 x 107 (22'C~ 300°C)

3 -

40 0 - 376 x107°

038 — 4656 x107° —-478x%x107" —(4494018)x107°

500 — 400 x 107° (300°C~6000)

600 - 195 x107°

700 — 363 x107°

800

Table 8-d Temperature Coefficient of Reactivity (SUS Cladding Oniy)

Temperature Coefficient (% ok "k, /C)

Temperature (\C)

Mean Valﬁe

Experimental

22
300
600
800

237 x 108
2.53 x 10°®
215 x 1078

+249 x10°
(22°0~800C )

+(6.42+0.26)%x10°
(220~6000)

— 7=
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. Fig., 7 Temperature Dependence of Effective Multiplication Factor

(ak (T) = kKeff — Keif)
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P EDER2 7770 LASORET Thbo COBRE I LV LROTLBRA D

(1) ZERro—Kid, 1.5 BHOGETI L3 I, BBEFPII(RDER (L Do

(@) BEE ORL LLbe, BERBCEAECHEL PEKETIIC(RD, ERERfETHE, 0.2% %
MTHREE R Do STETH, COBEMAZLDLN B, BiEE oL bt 2 REREDC
EAOEEE, NE(TZ-Tnb,

3) FEEEES, 300CHBTERECRE RMOENLE L2, SEK d cofm i —IG

Hrrtobhib,
() BESO0L20ELE, BEGRKRELZ o d, EB, AHO—HEBIWLEEL %o

—19—



PNC TN941 75—59

51 ¥EHFETFTAILDNHT

FLORBF ¢+ »F3 4 2 EABARE SO0 ORAOEF 1+ ORLEXR DI, KO I
S REIEET R oo NOAH-T L D REHZBHEOHERERNT, 02%RU1L5BMEO
BECDOE, WHHELThoko L, AFOMERDE, BELZLOIELLIOT, TH
FTRELLTH, EERELRTVE, BRERLFET-

Table 9 Temperature Dependence of Effective Multiplication Factor

by Homogeneous Modeli

Temperature(’C) | 02% Enriched Fuel 1.5% Enriched Fuel
22 .0000800 .0000000
t00 09999614 09999493
200 0.999%060 09998771
300 0.9998773 029998406
400 09998462 099980456
560 09997988 09997353
600 099927695 09996950
700 09997513 09996785
800 09997253 0992964153

CORRE, FBHEEF A LL BHBRR (R LLIV—HKERLTVD LB L O
BOXHOHEFEO FHEBILLF LY IRHIhENEELSo

BB Fr OLEMRT, E2ETIRNAIOIC, PLF v 32005 THEILALER
BIROFP®FEIME, FI4 R THhCEhi, FLOVFv v 30 TOFETFHRE
ERDELETHH9, EVITFHRRIETFTNVWTNDE, COTFEXELD S LD, 8 TNOAH-
NEsREFHERAIMGE, FHE=T» LI PRFROABOEEEZT R oko TOFRRLY
SEEZOFNWT, MERDEIEXRZVWEC LR ok o TNOAH-T THEI A FTHETF
RERWCHEIIAHERR, F.0F vy > 22O TFBHERELTERTE 5, ¢ OFR
WHEFA LFBHEEF A TOEPEZEFROBERTEI—KLASOLEDN Do ZFH T
T, BEFALLEPUTFRERIFOLEEZT X oo

48O @Y7 T, EHEEFA NS HENTE, S FLI BB ThboiT ERRENLHN, —~RI
NOAH-I D05 %2 5 FHWERE, FHBEEORNFLBHICANTIVWE WS REBZWO
T, ERHETFAMRERILBETHHLEE DN S0

52 HRPHEFOBREHCONT
Ho2mTHRNALOC, RAOTFA TR, REOHERE b &b LRI, PHETRERF
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Heterogeneous Calculation

3 group

o NOAH-II
20 |-

Neutron Flux (in Arbitrary Unit )

1.0 |

(o]

,—_-(:m\n\
° \_//
| )

o o

Raise& Temperature / Heavy Water Driver
Region PT+Gap Calandria tube Region

Fig 8 Comparison of Neutron Fluxes between Heterogeneous Calculation
and NOAH-J for 02% Enriched ruel at 22°C. (Bach flux is

normalized at the inner surface of Kalandria tube.)
¢
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4.00—
50— e — — — T ]
3 group
Heterogeneous Model
20 / ------ Homogene ous Model
1.0
5 group
Raised Temperature PT+Gap ©Calandria Heavy Water Driver
Region Tube Region

Pig.%—a QComparison of Neutron Fluxes between Homogeneons and

Heterogeneou Model for 02% Enriched Fuel at 22°C

—292—



PNC TN941 75—59

Neutron Flux (in Arbitrary Unit)

4.0
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1.0

5|groy
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—
—
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4 group

Y

Raised Temperature
Region

BT +Gap

Heavy Water
Calandria Tube

Driver Region

Fig 9—b Comparison of Neutron Fluxes Between Homogeneous and

Heterogeneous Model for 1.5% Enriched Fuel at 22°C
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BO23TdrLELTEHE LA CORERHBHAT IO, BAFOWERHE2, BHORE &

EZLnPHFEE TROT, REREREEZFHELL. CORRERICT L %o

Table 10 Temperature Dependence of Effective Multiplication Factor,

(Thermal neutron cross section is evaluated at the physical

temperature .}

Heterogeneous Model Homogeneous Model
Enrichment 0.2% 1.5% 0.2% 1.5%
Temperature ('Q)
22 1.0000688 10000001 10000000 10000000
100 10001088 1.0000030 1.0000682 10000203
200 10001349 09999823 10001212 1.0000151
300 10001816 09999952 1.0001994 1000064 69

COERER, ARTHEEERTCIEI( 22D ELTEETEL (ES5, M5), 024E
WOoBE, BERBEIELZ Y, ERERE VEZTLTWS, LAL LSO TEAECZ T
TWwbo COCEE, PLF¥r 3+ OTHEFREE, 2LV OEXKSLLORAR IS ER I
berm, BEEORBELIDIBEC, MEOHMTHAEL LERLTNE, T TEBHED
ERZEFHEIC LY, PLF v+ > 2 ORBPEF A2 r 2 25 BT 508 2D 5,

L, BAPETFA~Z br 2 BRELLZHAEOET 2T, LOSBBEHETIVW—ELBLH
Twazéde, SATHRNZBHLELIY, FLF v+ > 2 rORFUEFRE 2FRELLIFEER
—EEHINh A DERDR S -

53 EEERHOBERERICONT

KB THONTWABERKE, 300 C23I T ZOEIFEN LTS, T 2bb, HiE
BENT, FOREORBEHAK b~ TL—oORERKAROONEBIAEEL5 L, 300
CLUTORE#HEET1 o0RHELE, 300CHLEENVWT S 1 DOFRB K AR THE, 3 H
Bh, FHOBEEREHELCONTH, EBE* - I 2RERACHE > TEBEMBE L €
REATHCLELTELDR, HERKEOBRALVRIEREFAR (2 oT({ 5. BITO/BREI,
100C X BORERPA, 2 VEBHL TS, 300CHBO EHORERKLEL T,
EKBRELFARC_OORBELT2LoHEBTLE, KRLA—OEHAZ I o TELLTWES,

chid, U oRBR KK TSRO BEZEL, NOAH-I T,

d:=a(vﬁr—qu)

EEABRTNBZ LLID, EEHCEHRBETES,
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54 HRFHrRILEFSAN—FHEO T YF/TICDONT

PLF v 2B ETEDDDOhohkkD, VI4 3 —FBREOVDIFE I 2= v 7230
HEhdo ThbD, PLF+ 32 O08REBEKTS 528, ChKETHVF I 1~ —FHRA
HHEILENA 2 I RE—-Tdbo

B OBTKERTR, BEAREEBHBEA TERLO —BEHEBVo thid, ERfEs 7 2 2
—THBHOFEFTRFATHCEC ZNEHRR IN 2 ITKBEOBFRTEFLF v ¥ 2 o
KHATH (BREOXDHE TORARTEFOFTEL NI ) HXBRFHETFE, K4c0=TF
MEIYVENEKBERRTAILNEBEREDD, x0T ribbantELbh ls, ChTR
L SEHEOBLORBIETFR, BAO 257 22— TREL XEIBFETFRIZEFELKE
{, 2 OBEHEAMEMIC I I RBo 2ThL, TOI A< v FYIrBHBENL, £&
ELTHHEORENT EhE, ERIBHE R TIFT AL L5 LAETFEIID,
k., BRAKEOF—HEODNVWTR, TZERRAI X< v FY /LD FHO—HHED 5
EFEINGH, OFRELTHE, P71 —BROBEEEHFELLND, ThEFF A4 -3
—AROX THREINAFLOBRKEAESLAFETCHR TEZ VT L b BFELL TH S0
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6 & il

DCAFLT, RLTF v+ 2rRERCIAZRICERERE T BT Lo BEBMFER2 -1 &
LTHENOAH-T., — KL=~ FVELTECITATION 2#RL 2o TOKEE,

(1) EROFERATHCEY, 22 VEMZHE T+ ORFRTRETH LT LA F sk

EFABBETERE, ol 7R EL AHEROBEC OV TERT A T ERTHEL

stE

2550
(2) BADEFAICILMTHERL, 1L5FBBWTIW—FKETRAadn, 07%, 0.2% BoK%

BU, BBEEOHOERTO~BEE R oo
(3) ELEE R O BEREECOWTR, RRE LFROHERM & FTERERL %o
EFAMERICL T, EFLCEPHWARELDWTHR
(1) NOAH-[icEamiEFHAMmE, V74 A—HERTAT TR PLTF v v 3+ OPHTH
SAFEIE, BED KEAZRILDONE oo o THEBEETE, HHEET 2 TO
RIGEGRE S X —8 Lko LA LBEDLIERBR LG HLOEZZ ST LD EA,
1 —FERETCLFOAHBEFFTHFLBLRLER DR S0
@) #AEF A2 br OFHRED, SREBHODBEE LOMIC 25 L AXRITHED L
Mo EHESIEALETHEN, 22 VBERCANLO L TFHEEINRL .
DEot:wibd, ReoeFrld, KECENTELAoRIDOEEL S,

BEOEFTTOMELAL, tTHERAKEO—BNEBENTLETDH L, thid, NOAH-TIZ AW
100G Void DPFLT—RPKEAEETH 548, SEBEH 2 #EDL AOICE, 2

N2

B g‘bs
PCLOMELHBRTHLENRDDS 5,

D g
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7 & 3

HRERFOMR S LUMEO—BLLTCOWR L EDAKDE D, ROZAXRENAE

52 LAERAREER I Lo EE0ERIKE(RE -ALE T
B, HEOEHCbhoTHEt Y F 20 17T —F &> 2 (k) OBRRKOMENZ2ZT 2L

o
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(2)
{3)
(4)

2 E X W

SN 941 7476 T ARKBREEC L5 F.LRICELILONE !

Kendall, K.C. et al ., AEER-M7546

Fowler, T.B. et al , ORNL-TM—-24%96, Rev .2 (1969, Rev, 2:1971)

R.Alpiar, AEEW ~R135, Brinkworth, M.J.

et al ,, AEEW—-R480
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APPENDIX 1

ABRF+ >3+ OPHEFH (FROE)

(1)

(2)

ABRE (BH)
BE vy b 0.2% & ## 07 % B #& 15% & i@
U/0 i 2.0 1 2.00 2.00
HE (g cm’) 10,40 10,40 1045
AE (mm) 1475 14,80 14.80
BREE (w/0) 0.199 1,500
Y3y aBFE(w 0) ' 8785 87.82
W B T
WHEsE SUS—27 (&BA~v » b THHE)
B R w./ 0
C 0.08
Si 0.7 2
Mn 1.83
0.02
8 001
N i 202
Cr 1830
Fe 70,02
HE (g/cm’) 793
MNE (mm ) 1665
W& ( mm) 1495

29—
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(3) FofmofEEH

R He # = EHE(E1Y) 7>y v (ED T K

#H R (w./0)

C 0.055 0.05

S i 0.5 6 0.575

Mn 1,695 1.705

P 00225 0.023

S 00065 0.007

Ni 1350 132.925

Cr 16425 1680

Mo 2.15 216

Fe 65536 65155

He

D 200223

H 100 005036

0 799283
HEE(g/em’) [EJ) 3~4kg/cm’ 798 798 11078
A (mm) ’ 124.54 14135
HNE (mm) 1168 1335
251 44 8 25 39
W BeEE A v s HEW Ag%H30s HNEKCrE30p

(0) BIEEREE
7 H R R E(0) B

~voy b U0, ~10x 107 R v BRI — 129)
WEH SUS-27 (AISI%304) 1.84x107° SEBHEER
EHEHs3-MvE | TP—32 (AISI £316) 1.75%x107° .

L
SEORFFTH, NOAH~I[ = — FCEERBEEE Lk, NOAH-TIO54 7% ) —Ka ikt &R L
TLETI00%ERDLOCHE Like COR, ENFCBLTUL, ABCAg AvF, 7 X FIFYHERHLT

ZAEOC T # v % 23 W T hOARK—RICER Ani, REONO AH—]I 7— FEAAL M ERITR S

BB H E B & I TR

5% (w0)
Mn .687 1705
Ni 13384 13525
Cr 16625 17460
Mo 2137 2140
Fe 65138 65150
Ag .029

30
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APPENDIX 2

BET 0> 06K
BEABOI ORFOBER, ENTONMTHEESEWELL ko WELLATET P, &+
5 &,
ps + 28 -7 (h—rd)

2
Tp

Py (t} =

T .

I bEtHETE B, L CTT,
ps 1 HBEOKE
’ Ps=7322 x (1-1184 x 107t )
(ti, 22C LtOBEE)
rs ! HREONE
re=1665 x (1+182 x 107t )/ 2
foi r BWEBEONE
fei= 148 x (1 + 1x107%¢) /2
1, 1 ENEFOARE
rp= 1168 x (1+175 x 107 ) / 2
eh b EHANnE &,
ps’ (t) = 087496 x (1-04673 x 1074+t )
kDo ERERLCTET o

BE (C) HEEOBWHEALE
HE (g/cc)
22 087496
100 087177
200 086768
300 086359
400 0085950
500 0.85542
600 085133
700 084724
800 084315

COEROMEEE, #53 > F VY BOORERITCLD, ChE LOFE T, BELTH

o
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