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A nuclear characteristic evaluation fnethod for the HTTR has been developed
based on a nuclear design code system with data obtained by critical experiments. In
the development, improvements of reactivity evaluatioh method of burnable poison(BP),
consideration of neutron streaming effects by control rod insertion holes and
improvement of fuel cell model ha‘}e been‘ carried out. The developed calculation model
shows good agreement to the measured results within an error of 1%Ak/k. The -
calculation model is expanded for power operation calculation. In the expansion, effects
of fuel ehrichment, effects of temperature on BP burhup characteristics are evaluated.
Caleulation results by the expanded calculation model were almost the same as
experimental results. In comparison with calculated results of Monte Carlo code,

calculated power distribution in the core by the expanded calculation model shows good

\.. agreement with each other. In the comparison with gamma ray measurements from fuel

block, calculated results by the expanded model shows good agreements with measured
results. It is also become clear that the improvement of calculation model is effective in
improvement of power distribution calculation with comparison to a calculation model

for HTTR design.

Keywords : HTTR, Burnable Poison, Calculation Model, Burnup Characteristics, Power

Distribution

This report was accepted as a doctoral thesis by Kyushu University.

il



JAEA-Review 2006-038

ERIN
1}-‘%‘—5‘:% ‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘ Presavracasrtoaca i at s ;1
1.1 m%@%% ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, 1
1.2 _T%Jd?ﬂaﬂ.ﬁxiﬁsﬁ%@@& ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, 2
1.9.1 T A AF % D BE B et ae e 9
12,2 KA D TORMRE <+ oreeroonerser s 3
1.2.8 }K@——C‘@B{q%,,f.ﬂ},,‘QAu,‘vﬁv,‘oa.H“,.»,“.A..,‘.A,‘, ‘‘‘‘‘‘‘‘‘‘‘ 4
1.2.4 BV, WE, BT 7Y L COBFE o e e 5
1.3 HACORERE v cerorerrer e e 6
1.4 Kﬂ%wa%&'gﬁim*gﬁtﬂw‘“’O)HAG*”A‘}”T’! oooooooooooooooo 7
141 ATFIEDEHY » < or v e e mmr e se e oo 7
1.4.9 2&%10)*%}52 .............................. e e 8
%%j{ﬁk ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, 9
2. HTTR OEZ & BRRBRE CH ) ERRBOYE -~ SR 13
2.1 HTTR O 0o OGREHETE - covvrecrercones tresscrasacenensones 13
9.1.1 HTTR (LB 55 v« e <o 13
9.1.2 BRBHTL VBRI <« v v e v o e nerco e e ns cn e e e 14
01,8 Pl e e e e e 17
2.2 MR EH OB - - SreTetearassasessesiiiiiaiaitaes 10 o
2.2.1 &;&%o)w%.u;A.a‘«H.?»»hqa“‘,‘”‘..o)‘«h; ,,,,,,,,,,,,,,,, 19
2.2.2 BUFERRFFOMEE <+ oo vreor e - 24
2.3 ERFABROBE & GIRER TRIEDYL - rrrerrrerrrererrere e e 27
2.3.1 ﬁ%@%% ...................................... e feees 27
2.3.2 YIERA R & PGS PREEDBR ~wrororrrrrrrsrrrrsreeee e 28
9.3.3 MBEIRLISHE DIEA <+« v v e oo n e e 29
2.4 mﬁiﬁ%ﬁgﬁ&oﬁiﬁmﬁg ,,,,,,,,,,,,,,,,, e 30
9.4.1 ) BRI < - e e ceaer g
. 9.4.9 Hjj]_]:a?—?ﬁtgﬁ@iffﬁ ‘‘‘‘‘ f s ce s iener o e aan cener 31
2 30 R R T feaeaieaenas -2 89
3. #Z%’fi%ﬂz{ﬂ’ﬁi&@ﬁﬁ% ,,,,,,, A TrTeresTrsescrseser i 61
3.1 Bﬁ%ﬁ@:ﬁ‘ﬂf%%"ﬁ_’\%Iﬁﬁ ,,,,,,,,,,,,,,, , ,,,,,,,,,,, 61
3.1.1 BP S O TREZE <~ ovvreomrreonnrieansannnoans 61
3.1.2 BP R OFABEIC LD BPHEIPIROEE -+ T 65

3.1.3 HIHBERAILENLDOHFHEF AR —=I VTR oo 67

il



JAEA—Review 2006-038

32 %ﬁ%ﬁ%ﬁ%ﬁﬁﬁ%ﬁ@%?/bﬁ&ﬂ ,,,,,,,,,,,,,,,,,,,,,, serriras s s 68
3.2.124 A y*/;%?‘/lxd)ﬁﬁ%% ,,,,,,,,,,,,,,,,,,, SRR 68
3.2.9 W LT T A DEYBEREF ~vccrorrrrr e 70
3.2.324 Ay V2 ET ML DHRIR A T DEEOTFH - rvereerrrren 72
3.2.4247(yynékygg%fjvwﬁ%HH.H..M vvvvvvvvvvvvvvvvvvv 73

3.3%5%%_%5‘%%%&(){%@?&@;&?”/&E ............................ 75

331 %ﬁ%ﬁ%ﬁ%&@tb&*ﬁ%ﬁ .................................. 75
3.3.2 ARSI REZIETVOFRR - 79
3.3.8 a&E;E_?:‘./l/L:J: Z)ﬁ’#’:*)?ﬁ% ooooooo P R R I S I AR 80

FREE TR +rocc vt et e et “er 84

4. tﬂﬁ@ﬁﬁﬁ@ﬁ@f:wm%?/ymaﬁ‘e.v,‘..oa‘q«.t‘b.‘ ................. 109

4.1 %?/Vﬁﬂﬁ@%\g'ﬁ ,,,,,,,,,,,,,,,,, ses e sean s e ehieaaraoas 109

4.2 BP ORI TOREA - cwovermresrreseerenes L RREEREE 109
421BP0)E%£%0)1\HE% cessssassarasaesacacencacrnvasenercoas 11()
4.9.9 BRBEIZ L BRI - ovovnrrrar e e 112
A9 3T L BB v e v mn e 113
4.2.4 PREHBRGEE DB L DR IAAEASRAE A e 113

4.3 P DENTIC NN D KR T ORRES e 114
4.3.1 4R DARHTIE A 2 JERIR TR ORRE SEAELAE 114

| 4.3.2 (FLELICIS T B BERER F OB e 116

4.4 FELEEREFAOMER " e ro i aeata e a e 118
4.4.1 FLFEICHV B EHIR T O™E 0 T e 118
4.4.9 BP @i@%@_}ﬁ@*ﬁm ......... PR I I 118
4‘4.3 ﬁgm%iﬂ‘/vo)ﬂ;}ﬁ vvvvvvvvvvvvvv ‘A,,“H«.K..., .......... ,‘.A.121

A5, TS JLGITE oo e s 199
451 EEREROMBHERBOELE oo e 122
4.5.2 MADMORHHERKOBER o ororrrrrromrrrrrmenennees 123
4.5.3 %*]Hﬂam}g,\@ﬁz Egglz,ﬁfﬁ 00000000 he s Ao s ersvavrieavaneavasoan 127

7—’);{%3‘(@( ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, 131

e 152

Bl MHE e 152

52 %&@ﬁ%k%% ‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘ seae Ao as e P 155

BHFE ©+ oot eeeeeaee 157
e 159

iv



JAEA-Review 2006-038

Contents

R I I T I T AP A

1. Introduction

1.1 Background of research

I R T ST SR Y

1.2 History of HTGR development * "<« «-rxerorrererxereererer
1‘.2'1DawnOfHTGRdevelopmentys.'oy-y.a«°v¢»«@v.o;oyoo<.»a.

1.2.2 Development in Germany ***~ """ """

R A R I

.

.

1.2.3DevelopmentinU.S.Apy‘owoye»4.yaa<ox&a<a,o»«oy»;‘«fao
1.2.4 Development in former USSR, China and South Africa =~ **

1.8 Development in Japan

1.4 Objective of research and structure*~*-** "

1.4.1 Objectives of research

Yes o x e s xeverw o

s

P R R R I e O

>

B I

1.4-2Structureoftheses.same.r»a»eoy.s»x.»y»a«oa«o.«a»;ow¢y;.*o»¢o

References P A IR

“re v e ¥ £ T % &Y SOV EE LY SE TSV IO TS F L L F LD

2. Outline of HTTR, critical experiments ahd power-up tests "
2.1 OutlineofHTTRcoreanditsfacﬂity‘"‘“"”“”’“”““"“‘
2.1.1 Major specification of HTTR: =" -7 xrrorsrmermerer e erens
2.1.2 Fuel and fuel blogk <+« +7 <<=« sxerererasanr e inin.

213001‘6 X4 ¥ 86 % L ¥ 66 XS F L L XS FSEXSI LTS Y LO XL FEENETY SO SN LB ¥

2.2 Outline of core design """ "

2.2.1 Outline of nuclear design

M R T R R

W 0 1 3 TR W NN e

<~ 18
+-+ 13
7013
c-e 14

e st oo xe 17

R I S S A T T A A T R 19

P I T T T T A 19

2.2.2 Outline of thermo-hydraulic design ** " - c oo 24

2.3 Outline of critical experiments and improvement of first criticality

prediction procedure

e v s e

2.3.1 Outline of critical experiments

P N

2.3.2 Achievement of first criticality and imprbvement of first

s e e v e e

criticality prediction procedure

s v s v s o

2.3.3 Evaluation of excess reactivity

2.4 Outline of power-up tests and reactor operation

X e v e x e s e ¥ e v

2.4.1 Plan of power-up tests

A R

2.4.2 Results of power-up tests

P R

References PR T I T ST A

3. Development of nuclear characteristic evaluation system

» s e v e

3.1 Items to be considered at development

3.1.1 Evaluation error of BP reactivity worth

sesxexce oy oo
R I
cres e en e
veexamasesrines
sesesrsr e e e

P R Y

R

P

e-v¢b\(b’A»royo>k6a45roroé*‘ytéwoyéot.vt;vhit27

o¢¢4y427

e og
crriog

e ag
ciiee g9
gy
e 3o

B

y¢>(oy¢61
cowos«o61

>

P I

<

s %

"6l



JAEA-Review 2006-038

3.1.3 Neufron streaming effect through CR insertion holes * """ """ 67
3.2 Development of calculation model before critical éxperiments """ 68
3.2.1 Development of 24 mesh model ***= - rrrxererrerermerercers 68
3.2.2 Validation of developed model =7« orrreemonerree T 70
3.2.3 Prediction of number of first criticality column by 24 mesh
©model tr T e e 79
324 Development of 24 mesh heterogeneous model > > ccxcmr - 73
3.3 Results of critical experiments and model improvement “* """ """ 75

3.3.1 Comparison with results of critical experiments and
calculation"““‘“’“— ,,,,,,,,,,,,,,,,,,, Gecexcs s s 75

3.3.2 Rev-improvement of calculation model with results of

critical experiments et rxores i ot ey 79
3.3.3 Calculation results by improved mode]l =~ <> <= --rrommrerrere 80
References * <" <> * t< s er> s esxesesvereeversiavarcor s eranens 84
4. Model expansion for calculation of power operation *~ """ " ""*"" ©~ 109
4.1 Necessity of model expansion ">~ ** SRR AORRRAARE R 109
4.2 Introduction of BP selfshielding factor ~** " * R 109
4.2.1 Definition of BP selfshielding factor® <« «*-srrererrrreer 110
4.2.2 Effects of DUFDUp "+ "7 e 7 orworessor e oy ensorie sty 112
£.2.3 Effects of temperature ©* 7" ce et er s 113
4.2.4 Effects of fuel enrichment® =~ «*= 7 rrrrerrerioxemmrreronses 113

4.3 BP Selfsheilding factor for core calculation =~ <" e 114
4.3.1Kinds of BP selfsheilding factor for core calculation *<***"** B 114

4.3.2 Temperature effects for BP selfsheilding factor

for core caleulation < <+ < e et aeran e 116
4.4 Development of core calculation model " " == " * "~ S RRRREE ceever 118
4.4.1 Selection of BP selfsheilding factor for core calculation* e 118
4.4.2 Correction of BP selfsheilding 17:10170) S 118
4.4.3 Development of core calculation model for power operation” -~ 121
4.5 Evaluation of developed model ~* - <= xcrssrsrerxrr ey 122
4.5.1 Results of effective multiplication factor,é’nd discussion """’ 122
4.5.2 Results of power distribution in core and discussion ** """~ 123
4.5.3 Effects of power distribution in fuel temperature “*7 Tt 127
ROfOraIICes - ¢+ <" 7 r ettt e e e =+ 131

vi



JAEA-Review 2006-038

h X & 3 & 6 % S ¥ 2O X O Y LB X S ¥ S B KDL Y EDL XS Y IS Y L L XS TS S LY S E XD E SNV
5. Conclusion 152
¥ 8 Y £ L ¥ e Y L O XS ¥ L E KOSV S L XL WL B XS Y LT L YA LY L XY 152

5.1 Summary of results

5.2 Further problems and prospects® -« -=*rsrrerererersreeer 155

Acknowledgementsa(o{-o;‘o,’ou:o,e.«o,oo.oy-»w.yeo'oyo.‘ar¢««0y4.'¢,157

-A-ppendixttv&bw&vot»ebyev'1syébwI/vcbtove»woydatov@ewoyo»&ovot\:bv‘oVov159



This is a blank page. '




JAEA-Review 2006-038

1.1 WO

ﬁm HIERD A D13 63 EAZ B X, HRBRIMOBEINICH D, HEk LD NEIZE DOEFED
’%<@z*»¥—%%%brxn\ﬁﬁ\ﬁﬁox*wﬁ—%%éﬁﬁﬂﬁ%fﬁ

ﬁum%b/ui DIE>TND D,

HR DT RAF—THE DK 50%IEAAD 20%% D I —nm v/ LRTHRSH TS
D, HROAOD 55%% EHBT VT TOZRAX—HEIIEMED 30%FRE TLARY,
HAE, TESA L R ET U7 OE A THEBREMER, RERERPT R ¥ —ER
DIUBE L R>T D, G, ANADLNT DT HUIR T O R —{HE O KIE/R i
URTFRE N, HROT X — ORI RARTH D,

BEEDRT I F—EED 5 b, 9 3T%NHM. K 24%NRRBY X, K 26%03F 1 L
THRAF—EBEOK 88%BLAERENEDTNG 9, RARF A, BRIZTOE NRE
RBIRE LTHNWLN TS DITH L, BHEIZREDIED, B, A0, HZEHE7 & o
BHEEOZ XX —L LTHWLATEY ., Aﬁ@i?»%-ﬁ&bfﬁ%@ﬂ%%ﬁw
TV,

EETRAX—ZERLERTH S Z LITMEFLZRY, B2, AHOLEROY—7
FEEIRE R, 2 bRBAICEELAEDRELLS D, AHMOEERIZ OV T,
A LBEDO LR HEEND LVWIERLH I, AWETITARTHY ., WIhth
BITHIEXHELNTHD 39,

¥, AT RIAX—DOHEIZL > TKRED CO: :és%éébru\éo MR, N~NTA TOH
E%%&\ﬁ@k@@**ﬂ%bgbanwthwﬁﬁkiéﬁ%¢®Cm%ﬁwz
% Fig. 1.1IWRY, PEEHEMIET, KKP D CO B 1L 280ppmBBE TH o728, W,
KEDERE OB BREIC L > TAMAZ EAZFERBILTVWAZEBHLNE RS T
Do ‘ ,

BE. 20 COEED LREBHBBBECTEELRITL TV L LT, EERAYREY A
WTFPR TS, ZOHBKEEOImY AL LT, KEEHENIIFEETNLTHD, 05
ORIz, 1997 . FECEESNE 3 EMNELSE CRR SN ZABBEEE T &
ﬁ%@@ﬁ@téh@(Xh%@m%ﬂ%ﬁz%&i@%@@kkﬁéﬁﬁaﬁ%ﬁ%m
RTETITE-TUVAS 8,

JERICH o CABEOEFRKELHERE LEB ST TV DI IAF—RLETDH
D, SRFOLERIIBMLTOL 2 LIEMENRY. LALABS, XX —FRD
TR & HIERBRBERE D DITIE., (bERBOZ TAERSLELTHZXNX—2H/ETD
ZEICIERER TFEIN D, '
CLBREIZBNTD, Em/a/ﬁ%%i%»%~ﬁ@%ﬁk%Eﬁbfﬁ%ﬁ@%%ﬁ
ED B, SEFRICBWTREETIET XX — L LTORT), KIERFKEDOEALLED L



JAEA-Review 2006—038

nNTVWB, THLEETEI AT —OEERESEELTO LEVE, ZOTIAE
—BEOES, bAEOELOKEEELD L bREOT IR MBS FEHR D
TLIEL S TORARETH B, ’ |

IOZEMD, S BEFHTIAR—OEEEES B -L B LT EEXLRD,
BE, DRED 1RTIAF—0 5 b 13%RERFAC L > THIRENTND 1, BT
HEFINX—ZETREIANONTEY . 2REEHED VAPETHCL D b0 ThHS,
F7o, DAETR, 1RTIAF—IC LD BB OLFII 40%ThHs 0, BIEOFRT S
HEEDETHRBEICAN SR TV D0, REICHD 2T HOHEEHRT 2 L4k
@:&@ﬁB\%ﬁﬁﬁ%ﬂf@ﬁ%ﬁ@ﬂ%%ﬁﬁTé:kﬁ%%ﬁb%h%&%i%
ns, ‘ |

BRATOBRAIE I OEEN 340°CRETHY . HBE LN ﬁ«@ﬂ%i@%hfm
~ﬁ RS Z4FIX 1000°CIRE L TCOHNBEL2EL Z LRTE BT, ﬁ%#®%$ ,
WHETH BT TRE, EFTEETOMRE LTHAT S 2 LNTE, FTFATIAF
“®§E%ﬂ%%ﬁ%k?6:&ﬁf%éo:@’kmBA&\ﬁ%ﬁi*W¥~®%%
P ~OFIFRTEK % 5 7= I 1B H TR & o TRELS D4 B~ FI A2 T4
B 2 AFOFIF S RD SN B,

1.2 SN R IFBHZE DRSS

BOIRLY AU I RIS, ~U U ABHIOBP TR Ch B, BilRT R I LA IREEE % &
RTEDZ &R, BWHDOEEICL 2EWENRLRELSN DR E ~OFIF DR RN b
EIA R WS CHIEBIRE TR, W< ODOF SRR EN TS, ShE TICRERSA
TR TR O LB A Tablel1 1R Y, &I TR, MR THDNTE 2RI 2SR5
DN THEBRT B, |

1.2.1 BIRN A IFBHFE O R
DER Y R B O

BRFHINAX—BROBAIIL, B ORFFOBMENRBEINFARICEFINL
T&, RIBTRFLED—D2ThH D, WREFOEET RIFFHEIL, ¥ h TRFEREH
R OFTE T o7z Farrington Daniels DIZRIZ L 2 b OBEF TH 5 79, ZOFIXZE
6o TR TERIACTEDEN VY FEBT oy 7 ITHALTREHEL L, ~Y T A
THEILESEY A 7 VO U LAY - TREBEEZITHIFE CH oIz, TOFEIL, 1940
ERITHIE SN, 1947 FiPEShi, '

IR AFED LD REROEET TR, —RICEREOREHEEZ A5 2 L BSHET
BB, EoT, SRMOBEHEEM ZHT, BEHAZBR L, 2054 5 (Fission
products : FP) Dt & M5 2 BB 0BRSS FR A ZAFEAROBEM & 725, FKEDN—
7 = JVRFZERT T 1956 LI B SE S M- BRI T-IREH S Z ORIERRR O T L A 7 A — Lo
77 9.10) ‘



JAEA-Review 2006-038

WEBIREHI T3, FP 2B L 20 57 HICEE Imm BIFOD 5 w20 L b U 7 AR
813 %\ R L BRI OIREHE DR U & BRI & it 4 % (Si0) CHIBL T
WD, T ORI T A VN BRI A AR EHE A E CHEW B LT T 9.0,

@RI TFuv=s b

S D /N~ = VR CHD B FREY AMFORIRIL, % D% OECD THMEE Dk
AT L LTl 5= 10k ), R AFT 02 bK 1950 EIRRE LTz, “070
Uy ML, BWIRY R ERIFLRE - BR - EEL. MRV RERFEREBEL TN DL
Khotz, TOFEICESE, FFTIvFuad=r bE LT, 1960 412 20MWt 03%%1%5
DEBMNEEY 27 4 U AFRFCHIBENZ, ORI TR LHEN, 1976 &£
iﬁﬁ%énkob7:/mri%@@wﬂ@%%#ﬁbnéb&% B ARE
LR FEOREBRN T 1891112

1.2.2 FA Y TORHR :
BRI T & Al 7oA & U Tk, RBHEI 7 2 BN R TR L7z =2 2%y F B
N7 n oy ZICHEA LT uy 7B BRI & BRI R CER bem FRE DRBIERIZAY

L\;h%ﬁ#ﬁmfmu%ﬁ&¢5m7w«/bm®~@ﬁ#%é KA YT, 20

RTNR F?&O)Fﬁﬁ‘iﬁﬁ%kﬁ@ﬁﬁ%’%?ﬁ@&) BRTX7, ZOFRROETFEEL LT, ERIF

THBDH AVR & FEiEFE & LTD THTR-300 MR - Eiis Sz,

(DAVR

&7W&ykmmﬁﬁm®mﬁﬁxmu RAYDa2—Y v e F—ICERSNL
7z AVR (Arbeitsgememschaft Versuchreaktor) T& 5 710111213, AVR (3K F —E
FEMERSF (46MWt, 15MWe) ThY 1966 FOYIEEREHRE, 1988 £ TEESh
2o ZOR. RINARy FEIEET AFOLREMOFIIERR, VIV KON D AJZMMD
{bih & IR DOBRKRBROER & & HiZ, EE@E%FF&% CCRRTIZRIT 513
DEB IOV TER N A FOMES - AR E S L1, |

(2)THTR-300 ,

AVR OFEEREE - EBEERICE ST, BEMEIES L LTO THTR-300 (Thorium
. Hochtemperature Reaktor) ASEIEESiu7z 7.10.1L121415), THTR-300 O4F.LkE, AVR & A
B B 6em OBBHRE VTV S, Eio, AR OHALPREIIC, M) U ARIEE
B LTEY., —oOBREIERICIZ. K1gD I3%EMEY 7 &4 10g D MY U LA EBLIK
BLe LTEATOS, RBERIIF LA MR U, ) EERROER: L TRBI BN TE D &
ST TWD, T DI 1983 EIHIER R AR L. 1987 FICEEEELR 2B LT,
THTR-300 (XiEd=BRAT . m<ow@h§7w LREbNZ, TOFMNI, F V)T
A NWEROEE L HHH BT %m&<n&#ot;t &mmb77»@



JAEA-Review 2006-038

PRI R R0 D T D EEEREZTIEL, BHINT,

(3 Z DIFH D ERIFBRF ;

THTR-300 O #%#fksF & LT, HTR-500 %> HTR-module DN ITbhTE7= 10, =
NoOEXH/NYETHY, BREOALGT, BEMFKEEZBERL TS, TV, 4
BROWALITT A b, GRS & FIR U800 B IR S O BF I OFF R b b 7
1719, 25 OFICONTIL, REBFTLHE LARVEARHCT 2 REFEEN TN,
REMIIFER SN TS ERERZIT TVEN, BRITITE->THARN,

TOED, BEVALINMCEBANY TLAE—E VY AT AIDOWTHIERE R fThI
7= 12), :

BE. A Y CIRBEY 2B 2 ERITbRTWRVWA, 87 7 Y %0 PBMR &
ES, BE EU THE®D BTV B EIRY ZAFEHE 19~8 L TV 5,

1.2.3 KETOHF .
KETOERIAFEORBEIL. FAYLELICRBICHIN TS, KETIE, FA4Y
CIRERY ., Toy 2 BRBREHEE W BIET A IFORRESED b, ERFECREEFD
RS ThIE,

DFERAT ZAERIF (E—F Rk LIF)
—%TbApﬁammﬁ4mwvw%%mkbf@ S, 1966 FITHIREAZER L.
1967 0 b E ¥ EIRE A L, 1974 £ THEERS L7z 7891112),

E—F R R AFOBRENT 93%EHDT T E MU U LADREMTHY | RILWRECTH
o7, BREHIR I BIREIRL T2 438 L T2 B v %7 R YE R 89mm DR Y — 71T
FBASNIAROBBER Ch D, ZOFO TEMICBIT 5 FHRFMBRBRL8% LM<,
S RIF KT B FE 2 DR OB ORBANTD I,

@QBFRYAFEYF (T4 —1+ B b T A VPR

E—F R b AFESHEEEE A U LERIC, SRR O®IET R 5 EHIFEAE Ok
BAMIB I N 101L12202120) T DT F— b - EU bk TLAUIFX VAL RV
7Y — MUOEFIFEENEBZEHA LTS, BREHEIL, NERROBHRT 0 v 75T
7= FLICHEBIRBIBL T 2 0 B S W REHE R A L, AT E & 260 L7 FL & 3Bl o
HILTBIR I ALFE—NVBLIEIN AR TH D, '

IOFETIREED T INADBEL, +HRRBEBERE LTS LA TEY, 1989 FiTiE
&z, '

(3) = DIFH D EFIFEIZ
Tg—h ey b T UFEOELE, DOE DFEDE, EHEME 22— =0k



JAEA-Review 2006-038

550 AGEFEHS (GCRA) X, H/NEFC, BBV AFOREMZ KRR DI MHTGR
DEIFEE FE D29, ZOFEITe A FR—ABIBREHEZ 2 350MWE O/NEETH Y |

TV a—bTBZ etk v R M E T, BEEESTILICL Y HABEZIERT D
TeERLSTELDTH D, 1990 ERICETLTHI L EBIEL TR, RIEERSNT
VR, ZOMSEREIL, oV T LEFT GA HAVAF—EVICRORBETIEV 2T
—RERY 2 (GT-MHR) OFEbED b TS 29, | |

HfE. KETIE 2020 EEHOEACE B L 4 HROBTF & LT, SHEOBADR
FIFOFRISED HNTVBR, T ORICFRHES RIF bR L LTRY LFbhTna,
T O AEIC K AAERES B LU ORE MBSO INICED LR T
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Fig.1.1 Change in carbon dioxide concentration in air.
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~ Table 2.1 Major speciﬁéatibn of HTTR

Thermal power

Outlet coolant temperature
Inlet coolant temperature
Fuel _

Fuel element type

Direction of coolant flow
Pressure vessel

Numbef of main cooling loop
Heat removal

Primary coolant pressure

Containment type

30MW

850°C/950°C

395°C

Low enriched UO:z

Prismatic block

Downward flow

Steel

1

THX and PWC (parallel loaded)
4 MPa ’

Steel containment
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Table 2.2 Energy group structure in fast energy region

Group Lethergy Energy Group Lethergy Energy
] 2|3 (Lower) (Lower,eV) | 1) | 20 | 8 | - (Lower) (Lower, eV)
1 0.25 7.79X10¢ | 35 8.75 1.59 X103
2 0.50 6.07 X108 10 | 36 9.00 1.23 X103
1 3 0.75 4.72X108 37 9.25 961
4 1.00 3.68 X108 38 9.50 748
5 1.25 2.87X106 11 | 39 9.75 583
6 1.50 2.23 X106 40 10.00 454
2 7 1.75 1.74 X106 19 41 10.25 354»
1 8 2.00 1.35X 106 42 10.50 275
9 2.25 1.05X 108 13 -| 43 10.75 215
3 10 2.50 8.21 X105 44 11.00 167
11 2.75 6.39 X105 45 11.25 130
12 3.00 4,98 X105 14 | 46 11.50 101
13 3.25 3.88 X105 47 11.75 78.9
4 14 3.50 3.02X105 15 48 12.00 61.4
15 3.75 2.35X 105 3 49 12.25 47.9
16 4.00 1.83X10% 1 16 50 12.50 37.3
5 17 4.25 1.43X105 51 12.75 29.0
18 4.50 '1.11 X105 17 52 13.00 22.6
19 4.75 8.65 X104 53 13.25 17.6
6 20 5.00 6.74 X104 18 54 13.50 13.7
21 5.25 5.25X 104 55 13.75 10.68
22 5.50 4.09 X104 56 14.00 8.32
23 5.75 3.18 X104 19 57 14.25 6.48
24 6.00 2.48 X104 58 14.50 5.04
9 7 25 6.25 1.93 X104 59 14.75 3.93
26 6.50 1.50X 104 20 60 15.00 3.06
27 6.75 1.17X 104 61 15.25 2.38
28 7.00 9.12X103 62 15.50 1.86
. 8 29 7.25 7.10X103 63 15.75 1.44
30 7.50 5.53X 103 64 16.00 1.125
31 7.75 4.31X103 65 16.25 0.876
9 32 8.00 3.36 X103 66 16.50 0.683
33 8.25 2.61X103 67 16.75 0.532
34 | 850 2.04X103 68 17.00 0.414
*Upper energy of the first group is 107eV.
1)Condensed group
2)Few group
3)Multi group
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Table 2.3 Energy group structure in thermal energy region

Group Energy . Group Energy .
DT 2 [ 9 | WUpper, ev) Width(eV) DT 2 3 1 WUpper, eV Width(eV)
1 0.002 . 0.002 26 0.55 0.1
40 2 " 0.004 0.002 28 27 0.65 0.1
3 0.006 0.002 27 28 0.75 0.1
39 4 0.008 0.002 29 0.85 0.1
5 0.015 0.007 26 30 0.95 0.1
38 .6 0.025 - 0.01 31 0.99 0.04
6 7 0.035 0.01 32 1.01 0.02
37 8 0.045 0.01 25 | 33 1.03 0.02
9 0.055 0.01 34 1.045 - 0.015
36 10 0.065 0.01 35 1.055 0.01
11 0.075 0.01 94 36 1.065 0.01
35 12 0.085 0.01 . 37 1.08 0.015
13 0.105 0.02 38 1.10 0.02
34 14 0.135 0.03 4 39 1.16 0.06
15 0.165 0.03 923 40 1.24 0.08
33 16 0.195 0.03 41 1.35 0.11
17 0.225 0.03 42 1.45 0.1
39 18 0.255 0.03 43 1.55 0.1
5 19 0.285 0.03 29 44 1.65 0.1
31 20 0.295 0.01 45 1.75 0.1
21 0.305 0.01- 46 1.85 0.1
30 22 0.335 0.03 47 1.95 0.1
23 0.35 0.015 21 48 2.05 0.1
29 24 0.39 0.04 49 2.15 0.1
25 0.45 0.06 50 2.38 0.23
1)Condensed group
2)Few group
3)Multi group
Table 2.4 Major specifications of VHTRC and HTTR
‘ VHTRC HTTR
Core height (m) 2.4 (maximum) 2.9
Core diameter (m) 1.75(maximum) 2.3
Fuel block Prismatic Prismatic
Fuel UO: CFP UO: CFP
Fuel kernel diameter (um) 599 600
Enrichment (wt%) 2,4,6 5.9(average)
Moderator ‘Graphite Gréphite




Table 2.5 Comparisori of measured and calculated control rod wofth

~ JAEA-Review 2006-038

Number of “Control rod worth [%Ak/k] Error [%]
control rod Measured(E) Calculated(C) (C/E-1)
13.8 12.5 -9.5
2 22.0 . 214 -2.6

Table 2.6 Calculation uncertainties of nuclear design code system

Difference between the

Calculation uncertainty
considered in the HTTR

Item experimental and

: _ analytical results nuclear design
Effective multiplication factor 1%Ak 1%Ak
Control rod worth 2.6% 10%
Burnable poison worth ~0% 10%
Pf)wgr v ’and neutron flux | - 9.9% 30
distribution

Temperature coefficient 6% 10%
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Fuel handling hole

‘Fuel kernel - Plug  DOWel pin
High density PyC, °8
o Sic Fuel
low density PyC 1~ compact
Graphite
+4 sleeve

580mm

Coated vfueﬂ . b
particle

-] 34mm UL I
- 26mm - : ’ Dowel socket ﬂhﬂ

Fig.2.2 Configuration of HTTR fuel.
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Fig. 2.3 Relation between failure fraction of CFP and fuel temperature.
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Fig. 2.4 Vertical cross section of HTTR core.
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Control rod
guide column

Reserved shutdown
system \
, Fuel region

Control rod

insertion hole Replaceable

reflector

- Permanent
reflector

Reactor pressure
vessel

J” g/ -Neutron detector

Side shield insertion hole

Core restraint
mechanism

Fig. 2.5 Horizontal cross section of HTTR core.

Control rod
insertion hole

Reserved shutdown
pellet insertion hole

Dowel pin /

| Graphite block

- Dowel socket

e
Fig. 2.6 Control rod guide block.
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Fig. 2.7 Control rod of HTTR.
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235U enrichment and BP density .
- distribution
.. Layer | Fuelregion number BP
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Fig. 2.8 Fuel and BP distribution in HTTR core.

N:Fuel region number
@ : Burnable poison(BP)

Dimension and specification of fuel, control rod,
core component, core internals, etc.

v

Number density of each

components
l \ 4
Group constants Group constants for
For fuel block > control rod
DELIGHT-7 TWOTRAN-I

v v
ﬂ Group constants for core calculation |

Three dimensional core
calculation

CITATION-1000VP

v
Nuclear characteristics

Fig. 2.9 Program structure of HTTR nuclear design code system.
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Center void

Fuel compact

Grapnite sleeve

— Coolant channel

Graphite

R2 Unit(cm)
R1: Outer radius of coolant channel
R2: Outer radius of fuel cell

Fig.2.10 One-dimensional cylindrical fuel cell model for DELIGHT.

Homogenized fuel region

Burnable poison rod

Unit(cm)

~ Fig. 2.11 One-dimensional cylindrical BP cell model for DELIGHT.
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Fig.2.12 Two-dimensional control rod cell model for TWOTRAN-IL
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Fig. 2.13 Hexagonal plane of core calculation model for CITATION-1000VP.
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Fig. 2.14 Vertical plane of core calculation model for CITATION-1000VP.
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Fig. 2.15 Conceptual figure of VHTRC.
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Fig. 2.16 Cross section of VHTRC core.
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Fig. 2.18 Comparison of measured and calculated effective multiplication factor.
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Fig. 2.19 Comparison of axial flux distribution between measured and calculated
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- Fig. 2.23 Change in excess reactivity in rated power operation state where the control
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Fig.2.25 Calculation flow of core nuclear and thermo-hydraulic design.
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Fig. 2.29 Evaluated coolant flow rate in the core at 950°C operation.
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Table 3.1 Experimental results of BP reactivity in VHTRC

BP rod arrangement BP BP
Case Number o .. e .
No Inner - Outer of BP (sec) reactivity | reactivity’
’ - column column ($) (%Ak/k)
0 0 0 0 7.09+0.07 - -
1 1X 6 column 0 12 51.76*+0.16 | 9.67£0.11 7.06
2 | 2x6column | 0 24 | 89.24%0.72 | 18.32+0.37 | 13.37
3 | 83%6 column 0 36 | 115.7+1.3 |25.04+0.63 | 1828
4 1X6column | 1X6 column 24 73.16+0.27 | 14.11+0.21 10.30
5 2X 6 column | 1X6 column 36 117.4%=1.0 24.31£0.5 17.74

*Evaluated with Bes=0.0072993.

Table 3.2 Comparison of BP reactivity with Experimental results and calculated results

by HTTR design code system

BP reactivity
Case BP rod arrangement Number (%Ak/k) g’féoi
No. Inner Outer of BP Calculated | Experiment (%)
column column (C) - (E) .
1 1X 6 column 0 12 5.45 7.06 -23.4
2 2X 6 column 0 24 11.02 13.37 -17.6
3 3X 6 column 0 36 16.47 18.28 -9.91
4 1X6 column | 1X6 column 24 9.02 10.30 -12.4
5 2X6 column | 1X6 column 36 14.82 17.74 -16.5

Table 3.8 Comparison of BP reactivity with Experimental results and calculated results

by fine mesh model

BP reactivity
Case BP rod arrangement | Number (%Ak/k) ](E}}féo;
No. Inner Outer of BP Calculated | Experiment (%)
column column (C) (E)
1 1X6 column | 0 12 6.44 7.06 -8.8
2 2X 6 column 0 24 12.49 13.37 -6.6
3 3 X6 column 0 36 18.46 18.28 1.0
4 1X6 column | 1X6 column 24 9.08 10.30 -11.8
5 2X6 column | 1X6 column 36 17.66 17.74 -0.5
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Table 3.4 Comparison of BP specification

Design Measured
Natural boron content 2.0 2.24
[wt%e] 2.5 2.77

Density [g/cms] 1.724 1.8

Table 3.5 Estimation of excess reactivity by measured specifications of fuel and BP

Measured  Measured
+50cmBP +40cmBP

Amount of BP : ‘1.4 +0.9

Reactivity effect Amount of U 05 0.5
[%Ak/K] ‘ Error =23 -2.3

‘ | Sum 4.2 1.9
Excess reactivity(pfedicted) [%Ak/Kk] 9.2% 11.5*
Effective multiplication factor(predicted) [-] 1.101 1.130

*:Sum of reactivity effect is subtracted from design value of 13.4%Ak/k

Table 3.6 Measured and calculated reactivity worth of void holes in VHTRC

: Calculated worth .C [$] Error C/E-1 [%)
Core Measured " ' .
pattern worth E [$] With use of | With use of | With use of | With use of
v . DO , Daniso DO Daniso
2CV 1.563+0.03 0.8842 1.594 ~42.2 4.18
3CV 2.33+0.04 1.443 2.442 -38.1 4.81
2RV 0.43+0.01 0.2002 0.4489 -53.4 4.40
3RV 0.55+0.01 .0.3219 0.6208 -41.5 12.9
6X2RV 2.52+0.03 1.220 2775 | 516 10.1
6X3RV 3.3420.03 1.997- 3882 | -40.2 16.2
3CV+6X3RV | 5.80+0.06 3.505 6.563 - -39.6 13.2

2CV : Two void holes in the central column

3CV : Three void holes in the central column

2RV : Two void holes in the reflector column

3RV : Three void holes in the reflector column

6X2RV : Two void holes in each six reflector column

6X3RV : Three void holes in each six reflector column

3CV+6X3RYV : Three void holes in the central column and three void holes in each six
reflector column
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Table 3.7 Mesh effects between 6 mesh model and 24 mesh model

Number of Effective multiplication factor Mesh effect
fuel column | g mesh model 24 mesh model [%Ak/k]
30 1.21850 1.22270 0.28
24 1.18894 1.19719 0.58
18 1 1.10928 1.11965 0.83 -

Table 3.8 Comparison of BP reactivity

Number of BP reactivity [%Ak/k] -

fuel column 6 mesh model | 24 mesh model MVP
30 9.07 10.54 11.68
24 8.60 10.17 © 1135
18 8.69 10.16 11.63

Table3.9 Error of BP reactivity compared to results of Monte Carlo code

Number of Error C/E-1* [%]

fuel column 6 mesh model 24 mesh model
30 » - -22.35 -9.76
24 -24.21 -10.40
18 -25.23 -12.58

* C : Calculated result
E : Calculated result by Monte Carlo(MVP)

Table 3.10 Comparison of sfreaming effects at CR insertion holes

Number of Neutron streaming effect [%Ak/k]
fuel column Diffusion - MVP

30 1.03 1.3

24 1.12 | -

18 _ 1.33 -~ 23
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Table 3.11Comparison of BP reactivity in each calculation model

! . . 0
. Number BP reactivity [%Ak/k]

of fuel 24 mesh

column 6 mesh model | 24 mesh model | heterogeneous MVP*
- ’ model
30 9.07 10.54 11.22 11.68
24 - 8.60 10.17 11.18 11.35
18 8.69 10.16 11.54 11.63

*:Monte Carlo

Table 3.12 BP reactivity error to results of Monte Carlo code

Number Error C/Cum -1* [%] -
of fuel . 24 mesh 24 mesh
column | 6 mesh model model heterogeneous
, model
30 -22.35 -9.76 -3.94
24 -24.21 -10.40 -1.50
18 -25.23 -12.58 -0.77

* C : Calculated result

Cw : Calculated result by Monte Carlo(MVP)

Table 3.13 Comparison of one group microscopic absorption cross section of 1B in BP

(235U enrichment 6.3%, 33pin, BP 2.5%)

Microscopic absorption cross section [barn]
Energy group | ‘ 24 mesh
6 mesh model | 24 mesh model | heterogeneous
model
1 5.61x101 5.62x101 5.44x101
2 6.55x100 6.53x100 6.47x100
3 1.02x102 1.08x102 1.07x102
4 3.83x102 4.50x102. 4.73x102
5 6.15x102 7.02x102 . 6.03x102
6 7.88x102 9.51x102 8.57x102
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of fuel cell
Cell outer radius 2357 - 2387
P lem] [barn] [barn] ca [barn]
ot [barn Ca a

CellO1 2.2 3.678x10! 4.700x10! 2.135%100

Cell02 2.4 7 4.785%x10! 6.004x101 2.252x100

Cell03 2.6 5.924x101 7.337x101 2.320x100

Cello4 2.8 7.068x101 8.671x10! 2.356X100

Cell05 3.0 8.202x10! 9.989x10! 2.372x100

CellO6 3.2 '95315>< 101 1.128%102 2.376x100

Cell07 3.4 1.040x102 1.254x102 2.372x100

Cell08 3.6 1.145x102 1.375X1’02 2.364x100

Cell09 3.8 1.246%102 1.492x102 2.353x100

Cell09/Cell01 3.387 3.175 1.102
Table 3.15 Change in one group macroscopic cross section with change in outer radius
of fuel cell (235U enrichment5.9wt%., 31pin, No BP)
Cell outer Macroscopic cross section [cm™1] :
D radius ’ v/ Za
[em] Zs Za vt i

CellOi 2.2 4.990x104 | 1.101x10° 1.210x103 1.099
Cell02 2.4 6.467%104 1.307%103 1.567x103 1.199
Cell03 2.6 7.987%104 1.506x103 1.935x103 1.285
Cell04 2.8 9.515%104 1.699x1073 2.305%103 1.356
CellO5 3.0 1.103%x103 1.886x%103 2.671x103 1.417
Cell06 3.2 1.252x103 2.066x103 3.031x103 1.467 -
Cell07 3.4 1.397x103 2.240x103 3.381x103 1.510
Cell0O8 3.6 1.637%x103 2.407x103 3.720%10°3 1.546
Cé1109 3.8 1.672x1073 2.567%103 4.048x103 1.577
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Table 3.16 Comparison of outer radius of fuel cell in each model

Cell inner radius R1* | Cell outer radius R2*
Model [Cm] [cm] v

33pin 31pin 33 pin 31 pin
6 mesh model 2.0941 2.0970 3.4100 ' 3.56183
24 mesh model 2.0941 2.0970 3.410’0 3.5183
24 mesh heterogeneous model 2.0941 -+ 2.0970 3.1129 3.2118
24 m_esh heterogeneous model 2.0500 93417
(Revised)

*:Refer to Fig. 2.10

Table 3.17 Comparison of BP reactivity in each calculation model

BP reactivity [%Ak/k]
Number of 24 mesh 24 mesh
fuel column | heterogeneous heterogeneous MVP
“model model (Revised)
- 30 11.22 11.17 11.68
24 11.18 10.96 11.35
18 11.54 11.15 11.63
Table 3.18  BP reactivity error to results of Monte Carlo code
Error C/Cwm-1* [%]
Number of v
fuel column 24 mesh heterogeneous | 24 mesh heterogeneous
model model (Revised)
30 -3.94 -4.37
24 -1.50 -3.44
18 -0.77 -4.13

* C : Calculated result
Cu : Calculated result by Monte Carlo(MVP)

Table 3.19 Correction factor for excess reactivity evaluation

Reactivity increment _ Reacti\}ity increment | Correction
Nuinbtler of | (simulating measurement) (%Ak/k) | by change in kex factor
fuel column 7 R1 R2 |Totald| B(%AkK B/A
21 0.10 0.22 0.13 2.17 3.66 1.69
24 0.16 0.30 0.15 2.86 4.01 1.40
27 0.28 0.28 0.11 2.62 3.29 1.26
30 0.13 0.12 0.05 1.15 1.37 1.19

— 90’_
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Table 3.20 Comparison of excess reactivity in each model and measured result

Model Exce[so/s0 Zif;lgivity
24 mesh heterogeneous model 13.9
24 mgsh heterogeneous model 12.3
(Revised)
Measured result , 11.9
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Fig. 3.6 Fuel and BP arrangement in VHTRC experiment (Caseb).
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Fig.3.9 Schematics of Zebra type BP rod.



JAEA-Review 2006-038

"[ePOW UOT3B[NOTED 8103 JO UOIFI8S SSOIO [BIUOZLIOH OT°¢ "S1

X
AVAVAS

. © A o
\ \mmvwm% b i o e ;%m %c%ﬁmmﬁ\b \w&%@%&? N ommm,nmmwmmn %S AS Y AY S AR AR \m%& @mm%»mm,mw%ww 1z N

— 99



JAEA-Review 2006-038

‘[POW UOT}B[NOTBD 8400 JO JUsadURLIB YSSW [BII3I9A JO SOTJRWaYdS 11°¢ 81

Jaquinu Yysawl jBiXy I U
Joroopon " " quinu yseu [eixy
b4 . €4 ¢ I4 O
o , boe ¢ ez b9 s v , € s . . S
98 : R : ; lgg.
! 0Ls 188 i9gs  gas ¥SS €8S 19 VS | ¥PS (EYS . ZHS  1¥S OYS 095
JOYOBYBY o e i o R S R  oroeuo
e 1526 016 | g6 | 08V OGY Lo1z 081 | 06 09 10949y
t 695 R MRt TP B 655 S : 885
£ ¥25 | 608 | Y6Y - MMW 2o L MM”. :
g g2 805 gev . () 26~G16 716~806 | 0F Hin oo 206~L68 968~ 168
U 898 i e | o = ” uig
_ e , st g5 "
, Czzs 106 76y 5LV ~ ~ | SLEL 95| 20L~L69) 969~ 16
i P OeLrSH PO o | v T TR -
125 | 908 16y o R AR AR 68~G88 y8g~crg SO0 ELLL 25 218~198 998~108
o5 %05 ' goe | 288 258 | 226 2z | 2l | ol a7 e .
, 0z | 508 4 8¢ | 19€ | 126 069~589| p89~gLo[ LOL [ L | WL LELL IS 18 (7 0. g0l 999~ 199
T ol ol e | ose | ose | 026 O PO ~EL a0z | ory owt [ on o | og | S0TE9Y 9D -
07 | 60 | 6% 6Le | 6ve | 61t 08008 boapvg | G6L | 691 | 651 | 6OV BL | BY L o ~ uoiSau
uoiBad pag 1| T8 0% Maey aey vec | B8 | 878 | BIE w S8~EV8 | ooy Taol | sei | sy 6 | gy (VST $EB~IES pig’  |ong
jend , L9Y | LY LLE | LYE | LIE 099~GG9| pGg~cpol L6F | L9V | LEL | LOL| LL . Lb -
iy 818 | 09 | 887 o0y T ogy oLt | ove | oig it o6 [soL | sel | sor| or | oy | CPO~LES 9EO~1EG
(ob sov | aev | sov, | aLe|sve | Gie = g6 | g0t | Gl | g01| SL | 8% Lo oo oo
| wee LTS e ey vov | (e e | e €8~8T8 YE8~EI8 | o1 yor vel | vor | vL | vy oroLOB B0B~I08 pug
goy | sev | g0 eLc | eve | el g61 | £91 | g8l | g01] €L | ¥ !
| E9y | gey | £0V - | E1E ~ ~ LY e~ ~109} &t
o6 | 108 1 98Y [ oo ey | cov | | zue | ave | zie | zag a5z | aaz | oo o) OO~ g6 Taar [ ze | 2o | oL | L0 905~10
tov | 1ev | 10v iE | e | Lie | 18g | 16z | 12z 1L st | iek | 1oL 1L | Iy
S or ) | bog~56L p6L~ ~LLL QLL~LLL
vo |2 19% 18 Poay | aew | oov | . loce [ ove | ove [ o8z | ose | oez 76L~8L | o6\ “oa1 et | oor| oL | oy PELTELL 18]
65v | 62v | 66 698 | 65¢ | 608 | 6.2 | 6V2 | 612 681 | 6cL | 62) | 66 | 69 | 68
,,,,,, AR A SiZ] hog~ ~ | z86~ 118l 015 ~1L8
P18 | 66V | V8V "0y | szv | see g0 | see | soc | 8z | vz | 81z OO0 200 POS~E8S go T aci gy | a5 | 89 | sc © B
cic | ooy | ooy | L7 | L2v [es | e cee | vog ez | vz | Liz] I8l LSt | L2 | L6 [0 | LT |
N ssv | ooy | 968 | | 99g | 'oce | oog | orz [ ovz | 91z o2 981 | 9g) | 921 | 9 | 98 | o¢ oz
212 | Loy | zey L5 | G2y | s6e | "*° ['soc | see | cos | srz | ove | eiz o8 [est | sz | 96 | o | se
1oy0eyey 2. " vsy | vew | vee vot | vEe | 908 | vz | v92 | 712 o %8| yol | v2l | v6 | ¥9 | vE ) ‘ 1030040
") £5v | 27 | £68 £9¢ | £oe | s08 | 8Lz | £vZ | €12 | €81 | £6) | €21 | €6 | €9 | €8
v | zes | iis | ey | gy L25v | Zev [ ze8 | ot eee | 206 | 2o | wve | oz Lz 281 (261 |22 | 26 | 29 | 28 oz
: 157 | 12y | 16 198 | 198 | 108 | 112 | 12| 112 AR K
- S — | | S .
i H { |
w mmw mm; 03| :m; 603 | smm ; mmi m_u_ m_m; nal 03] eo3| | Loy | uunjon
i i | i

_ €03

_ ,
! :o'wooTook 807 SoA So_

i

100



JAEA-Review 2006-038

290

Homogenized
region
|
(o
Vo]
o
Q
(o]
o
<
(unit : mm)

Fig. 3.12 BP cell model for 24 mesh model.
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Fig. 3.13 Improvement of effective multiplication factor by 24 mesh model.
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Fig.3.17 Comparison of measured and calculated curves of averaged 1/M.
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Fig.3.18 Comparison of measured and calculated curves of 1/M for Ch.1.
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Fig. 3.19 Comparison of measured and calculated curves of 1/M for Ch.2.
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Excess reactivity [%Ak/K]

Fig.3.20 Comparison of measured, calculated and corrected excess reactivity.

Microscopic cross section [barn]

Fig. 3.21 Effect on one group microscopic cross section by fuel cell radius.
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o :

Oa .
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2t

N BP_homo -

BP B TR (B4 1) In/em2-s)
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Table 4.1 Core temperature distribution for nuclear characteristic calculation
(Rated operation mode, 30MW)

Fuel COl?l?nn Replaceable | Permanent
(C. R reflector reflector
Upper ref. 680
: T = 1050 680 680
1st layer 840
Tw= 900
Te= 1230
2nd layer 1020
Twm= 1060
740 740
T¢= 1300
3rd layer 1160
Tm= 1180
4th layer Te= 1320
1260 .
5th layer Tm= 1280 740 740
Bottom ref. © 1260

Tt Fuel temperature
Tm' Moderator temperature
Unit : K

Table 4.2 Representative fuel enrichment for selfshielding factor

Layer Fuel enrichment Riﬁ?gﬁﬁ:&ve
(Top to bottom) [wt%) [ovt9%]
1st 6.7. 7.9, 9.4, 9.9 7.9
2nd 52. 63, 72, 7.9 6.3
3rd 4.3, 52, 5.9, 6.3 5.2
4th & 5th 3.4, 3.9, 4.3, 4.8 3.9

Table 4.3 Representative fuel enrichment for selfshielding factor

Layer Fuel enrichment R?:l iizﬁrg:::: ©
(Top to bottom) [wt%] Twt%]
1st 6.7. 7.9, 9.4, 99 7.9
2nd 5.2, 6.3, 7.2, 7.9 6.3
3rd 4.3, 5.2, 5.9, 6.3 5.2
4th & 5th 3.4. 3.9, 43, 4.8 3.9

— 132 —



JAEA-Review 2006-038

Table 4.4 Selfshielding factor to effective multiplication factor

Number of sfx ket [*]
4 0.99045
16 0.99020

Akeft 0.025%Ak

Table 4.5 Effect of temperature of selfshielding factor to effective multiplication factor

ket [-]

sfx for 300K 0.99372
sfx for S0MW 0.99045
Akesr 0.3%Ak

Table 4.6 An example of correction factor for BP

Number density ratio of

BP N/Nol-] 1.0 0.8 0.6 0.4 0.2 0.1 0.01

1st group 1.000 1.000 1.000 1.000 1.000 1.000 1.000

. 2nd group 1.000 1.000 1.000 1.000 1.000 1.000 1.000
Correction ‘

factor 3rd group  0.998 0.998 0.999 0.999 1.000 1.000 1.000

[C] 4th group 0.989 0.992 0994 0.996 0.997 0.999 1.000

5th group 0.980 0.981 0.984 0.988 0.993 0.996 1.000

6th group 0.975 0974 0.978 0.983 0.989 0.994 0.999

Table 4.7 Effects of correction factor to effective multiplication factor

Kkett
Without correction 1.1325
With correction 1.1357
Aket 0.0032

30colums core, All control rod withdrawn,300K
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Fig. 4.1 Schematics of BP cell model.
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Fig. 4.2 Radial neutron flux distribution in TWOTRAN-II cell(Fast groups).
(5.9wt% fuel, 2.5% BP, T=1300K, Tu=1180K)
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Fig. 4.3 Radial neutron flux distribution in TWOTRAN-II cell(Thermal groups).
(5.9wt% fuel, 2.5% BP, T=1300K, Tm=1180K)
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Fig. 4.4 Change in radial neutron flux distribution in burnup(4th group).
(5.9wt% fuel, 2.5% BP, T=1300K, Tn=1180K)
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Fig.4.6 Change in shielding factor for fast group in burnup.

(5.9wt% fuel, 2.5% BP, T=1300K, Tm=1180K. N/No=1.0 corresponds to
beginning of burnup, N/N¢=0.0 corresponds to end of burnup)
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Fig.4.7 Change in shielding factor of thermal group in burnup.

(5.9wt% fuel, 2.5% BP, Tf=1300K, Tm=1180K. N/N0=1.0 corresponds to
beginning of burnup, N/No=0.0 corresponds to end of burnup)
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Fig. 4.8 Comparison of shielding factor for 6th group in different temperature.

(8.9wt% fuel, 2.0% BP. N/No=1.0 corresponds to beginning of burnup,
N/No=0.0 corresponds to end of burnup)
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Fig. 4.9 Relationship between shielding factor and fuel enrichment for fast group.
(2% BP, T=Tn=300K, No burnup)
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Fig. 4.10 Relationship between shielding factor and fuel enrichment.
(2% BP, T=Tw=300K, No burnup)
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Fig. 4.12 Comparison of column peaking in different kinds of sfx.
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Fig. 4.14 Comparison of column peaking in different temperature condition of sfx
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Fig. 4.15 Comparison of axial power distribution in different temperature condition of
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Fig. 4.18 Mesh division of fuel block for 24 mesh fine model.
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Fig. 4.20 Comparison of calculated and measured excess reactivity at 100% operation.
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Fig. 4.21 Comparison of column peaking between 24 mesh model and 24 mesh fine
model.
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Fig. 4.22 Comparison of axial power distribution between 24 mesh model and 24 mesh
fine model in fuel region number 1.
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Fig. 4.24 Comparison of axial power distribution between 24 mesh fine model and MVP.
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Fig. 4.25 Comparison of axial relative gamma ray intensity distribution between
measured and calculated results of diffusion calculation.
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Fig. 4.26 Comparison of thermal neutron flux distribution in BP cell with different
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Fig. 4.29 Horizontal and axial temperature distribution by revised method.

— 149 —



JAEA-Review 2006-038

Current model

AN

AANAN

AN

SANMN SAANNN

AN

2
3
i
| 4

Fine model

10

11

12

13
14

(b) Vertical mesh division in one fuel rod
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