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Optimization of Uranium Isotope Distribution and Burnable Poison of

High Temperature Engineering Test Reactor(HTTR)
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*
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Department of HTTR Project
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Japan Atomic Energy Research Institute
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The optimizatiecn of uranium iscotope distribution and burnable poison
of the High Temperature Engineering Test Reactor(HTTR) with the thermal
power of 30MW has been done to achieve the reactor outlet coolant
temperature of 950°C. The uranium isotope distribution is adjusted to
obtain the optimal power distribution with which the fuel temperature is
minimized. The burnable poison is used to reduce the excess reactivity so
that the power distribution is not disturbed through the control rod
inserted in core. The core of which the maximum fuel temperature is kept
under the limited temperature has heen constructed from this optimization.
This report presents the optimization process of uranium isotope

distribution and burnable poison and its result.

Keywords : HTGR, Nuclear Design, Nuclear Computer Code, DELIGHT,
CITATION, TWOTRAN, Burnable Poison, Fuel Loading Design, Fuel

Design, Core Design, Reactivity Control, LEU
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#5.1 B P yad
g g |BPEEW BPEG | PURBPBERLE | AWDPRESSE | BPUSHEE
(wt%) (cm) a (#B4dr) b (% 4%) c (Fdk)
0.5 — 13.5 0.0 0.
0.5 15 -~ 6.5 0.4 0.4
2.5 3.6 1.4 2.6
0.5 —12.0 0 -
1.5 1.5 1.0 2.3 —
2.5 15.4 8.3 —
- 0.5 —11.3 0.1 -
S B s i -
=59 (wt?) 0.5 ——10.6 0.2 0
SEXgMBERE - : '
25 (GWD/T 2.5 1.5 5.8 4.6 0.8
2.5 21.3 13.9 3.0
0.5 - 9.5 0.4 -
3.5 1.5 8.7 7.2 —
2.5 24.6 18.1 -
0.5 — 85 0.8
4.5 1.5 10.4 9.8 0.9
2.5 26.4 21.0 —
C.5 —13.4 0 0.2
0.5 1.5 — 5.4 0.6 1.9
2.5 5.4 2.3 7.0
0.5 —11.7 0.2 —
1.5 1.5 3.2 3.2 —
2.5 17.6 10.5 —
%450 0.5 —10.8 0.3 —
wramar) U o 52 -
= 4.6 (wt
0.5 —~10.0 0.4 0.8
=?;t?§§f) 2.5 1.5 8.0 5.8 5.1
2.5 23.5 15.6 11.3
0.5 - 9.0 0.6 -
3.5 1.5 10.8 8.4 —
2.5 26.8 19.5 —
0.5 — 7.7 1.0 0.9
4.5 1.5 12.2 10.9 5.9
2.5 28.4 23.0 -
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MBS E G E = 7.4 %AK 7.6 BAK
B RSB R E <1 4%AK 7.6 AK
KL BERERIGE = 2.5%AK 2.6 %AK
LB PARRILE = B#%AK 4.6 #FAK
B PEREREE < 5%AXK 4.5 %A K
Keff
@ BPA, CRUDEEE
' @ RN BP &, CRIMD BRI
wmBep @ IEEM BPEE, CRAGHREEK
A S
HHB P ® e
: L EREE &
R T 4 Xe, SmERE
oy N .
SFRIGE S EfTEH
V7 BRI DR TITS AR TR R
1.0
0 660 (EFPD)

B 5. 1 BTG BN SR 8 & A BE R e 0 B
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6. U7 rIRMEERD DMK

FIETHRELAELOBPE2Z 2 OBEFEICERL, 483095 VEEERSEDER
HETRKDLBAORCETEOY 5 VERERESLZHRES L LT, FEIESBHTSH
CESOUH#BERSRES TS REBEVELAEB AL ZTY S VEREERESSHET
I, U VREEESOMBELSI T, BB, VI VERERSOBREE T, B
PHEILOBFBRERATDOLA L, K6 1K, FRITT-A77 VERERSOUEAROEES
RE e T, BADKRHE Y -2 TIT > HBARORIHNER DL T FilolR~5,

Ot r—x 1

BE T -2 1 OBEE SR, EAERLOEOAAY 7 VEBFEERSLEBVEEY 5
VEMEEEL I WZ I LI D TESL, Oy - 2DEHEEAFA LT VSEEEDE
WEERIT 10804 THOBEFFEL OO EGEEEZOHRME LUK S EBE
RBAERD LT3 LTV 50, HEBOBAEEZLEL ¢24n, EMBERELTFRC
NEF BT R Lk,

@ty —2 2

Wafr—2 24, HHBELZHALOIVESEREOEYEERLZE T E5-0EHY 5~
BREZ 6 OWBIK FTHFABHENTH . #HIHBLESEREDEHBELIRIT 1.0768
LS, RFFHORED 950 C OBERIRETIE Xe, SmOKE i L RIEEEFS4E
Bdo-FHMECHAREN ] " 4BEBECHLICEPRATH, TOEZIODHNFTL3, 40
BEAME—+ 73 118TH5, BARE—F V2 L0 FTicT 22288 LT 0
30T, BEBE—+ v 2P 20846 5,

Q@ r— =23

BT —R3B, BT —R20BFRE-—F v 72 RET LD L3095 V@
MERSTEBLARHA Y -2 TH3. HIABER2SIKTSEREDOEIEERE 1.0783
THY, MBLBERARIGEITHICE L, B0 CEERETIE, BRIy — 2 2 LEHIC
HEBOBRAEN 1 4BRERICLEY, COBEOH5 L 20RFAE—F 711 107
Thbe CNUREHXELIZL T ERAD-T0EM, BESHLENOTRAEE -
FYIRBEREINTVEHDE L,

DBy —R 4, 5KRU6

BT -2 45 RUBBMAY - 23 THONALBFMY 7 v EHEES 55 L&
HiEGw 7 vVERERSLEEENI 2D THE. BEYyr — 2 4R 5T}, Py 5 v
BRMEZEZTICARCROY 7 VEFEA T 2RUIBOY 5 VEREAS L L1
T=ATHbD, LDImf, HHEBENESIEOSERECEYMEREIZL 1.0952 R
10837 &0, RIHBDWABELEZLELRE, 20T, B r— 26 TREHY 5 VB
WEEZLSWHBILT, ARUBOY S VEFEATE 2RUIBOY 5 vEBRES
MALTVE, T —RTid, EREMEERHN 10756 /20D HLEM 107934 FE- T
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D BILESEBES FlE - TV, T, UHARKGE T 9ZAKTH DML
ERENGEEOFHEH LTS, EFFROGMMERELS 0 COHEEOHEEERE
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6.1 VS CiBREERSOBEE (1.2)
% e e E R | & % o s
b2 v 5 v IREE RS i Wi CRFREEL wiE) T o B B R
# #H741 2 3 4 R jfg;iwzsaxa
1144 075 091 1085 115 1] 65|80 86j01
2| L1 2:i50(61]73|77
R 6. 1 3 41 5060|638 ©) Keti = 10804
‘ ) ‘ 50 60| 6.2 G _ P
- OB EE AET
4 4 i
f—}o.vs s26l43i52| 55
- b 5 |
4 | 71—4_..,7
4 ,‘ zr —-
AF7H1 2 3 4 R
By —
P 1165.78] 85|99
2|50 60|72' 76
‘ : Kerr= 1.0768
2 el £ 8.0 3:41i48)59 620 | @ - )
4' - EEEOBREESE
i | .
-3_5‘4_3 5‘1‘5,4'
i B
| |
7 R
CREBAE (B Kerr
—1.74 1.0568
o N 5 . . 174 10322
2—1 B o RS il )
. =l ? e 74 10172
374 1.0020
3 0.9874
CREAE | FTEYIE -
& 3 4
s 1028 1064 1.124 :1110
1/4 1018|1057 1118 ;1106
2—2 3] I =/ 6] 1= @ 34 |1.001 1.04351.110@01
BEEOH
CR=1,/48
Tew= 950C
EEATE
BARE—% ¥ 7 AT
B #5sl 2 3 4 R A5EY 2 3 4 )
} ! . o —> | Bry— >
1 079 092 1075 L114 1|68 79|93]88;
. Palaz 617175
1 — - Kpee= 1.0783
3 |3 5.0 3043 50|58]62 @ - .
~F . EEFDBLEEBE
4 i ‘ '
il ©o137.43|50(53-
5 5 '
v AN
CRIEARE (B Kerr
0 10474
- 174 "1.0340
P =] . E 3. S W———
3—1 al £ Bk El L & v e
3.4 1.0040
Ty 09893
CRIBAE | E¥-#Y7F - P
(D 1 9 3 ' g
3-2 [] s f] s [ + @ 1.4 1106|1107 11.073 . 1.065
24 1098|1100 | 1068 | 1.062
374 1089|1096 ' 1064 1031
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# 6.1 v BB OMEE (2.2)

"H sommEEsL ig%ﬁ%;t;;)'ﬁ’?yi%ﬁ’ﬁfﬁﬂ’ﬂﬁ?(wt%)!ziv;ﬁ | ®ow e R
g 7L 2 3 4 R Bl 28 4 R 14447 (2 F8)
t|1ea 079 092 107 LT | 1,68, 79[ 53|95 Tm{ 1453 (38)
2125 2] 59:69(81|886 1334°C (5B}

4 3105 6.0 1 3l50.58! 68 72 @ - e oo
N N CR= 1,48 ]
5—}0.63 S50 35, a1 42 Tow= 950 C
1 : , — Keer=1.0952 (,, CR)
g, 7741 2 3 4 R o2 3 4R 1379°C (28
11144 S~ 1]68]79 9388 T;;ax:{ 1398°C (38
2 115 : | 2155|653 7.4] 78 ; 1361°C (3 5)
5 | 3005 | B £ 3 45|52 61,65 !@ Lk g opg
at ‘ Cg ‘ i CR=1/4E§£)
5--}0.73 | ;- 33140) 4750 Tow = 950 C
g T Kot = 1.0837 (,, CR)}
% 77A1 2z 3 4 R B2 2 4R 1288°C (22D
1|14 Ak 1]66|77]20 5, ,Hsm:{ L405°C (38
2(116 R R 1357°C (5B
6 |3logs 58 13 44,5160 63 |F b g oH
Al 4T - CR=1,45 )
5—-}0.72 . 38138 45 48! Tou = 950 °C
f ' Kerf = 107568 (, CR)
Z Z
E;Lq; 2 3 4 R
157’2994 99
2|53 62|72l17] | B 380 B
7 584 | 3|44!51]60 63" | CR= 1/4&‘5)
4 : ) Tow = 950°C
. 33 384548 Kerr = 10783
2V =B — R EDIBE
{;{L‘l‘ 2 3 4 R
1) 67 79] 94 00
; Trmer= 1281°C
2122, 8872 |28 miE 3300
8 ! 5.82 3| 43|52 58 63] CR=1-4 QQ)
: ‘ 4 Tow = 950C
2L A3 48 Keir = 1.0791
g -2 s omE ‘
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7. EEBPLREE

RIETERfcEdiIL, RESY-28D00 5 VEFEESAZHTTRIEAT 2 & &L
oo BPOHFARES LY vEFEEESDPSHAHTTROBMBESAET 1 KRT.

FOBERREC S 2 BEORBENHOFELABORRBELE T 2L Fd. 288
BEIEAR:, S U Y7HBBER P INAS v 7BEUSE LY v VBN 2GRS - 28
DFEIERBIEELX 26 0 2AK K, 1L3ZAK " KERULEFAK  KThHb, R, M
IRy 7R OFZERBOBBICHSENERT. LikRd, ChEb, L iEE
RECBOVTLHAUFFLERBEREEIN TV B LD h L, [, 2825 v 7BD
FRELEABEIDPOREERALY 7 4 4BHEILE L THO 2BHFELOFEE FRBICEY T
50TH 5, .

MEEICHE S ERBE AN ERIFOM AR ASHOENERK 7. 2 RUOK 7. 310574, A&
MEORADPL220HFTOENAARTLEOTHY, BEEMIEI0LEHLSE6600F TOE
ftEFRd6DTHb, CNSORLD, MARAEASHFRIBBELZBLTEETHD, FiC
PO EMOMABRE L TETHAPELS, BRESEEALESTL2420ICE LS
MEL->TOBTEBDDL, BBICHEIEBENEEROR TR NS HOLELERT.
3IERT ., kD, BARMHAC -+ v /b BBELZBE L TEETHD, BERORAM
BLINEU N TH O+ GRRELTEOHNE -+ v FOFHEABRLEENTHWE L Enbh 5,
BBEDPHICH L AMEON30BILBCT, BEFFHOBHMEES 50C DBESOH
MESEEBELTLF » YA VOEENBESHAKT.4iCRd, CORLD, EHBE
BRSO THESEIFASh L TEHOBE 7o v 2 2RO THOBOBEESEE |
RIZF—BICHL T332 E8hd b, LAB-T, GAROY 7 YEFERLSORBEIC L
D, MAHRESFHORHAB T BEEIN TR L hbdb, $7, &5 7 L OHE
ESREEKT.5IRT. LD, &4 7 6o OBERSIEREIZ 1278 ~ 1291Cc NIC F -
TWa Tl EHbhd, Lkd-T, BAAOY 5 VEREESORBICL D EBHEERE S
MODFHABTRCEENTOE EMNbnb, /7, B LOFRHEETHEZE LR
T Ty VHHREEERH M0 CUTTH D, HWEED 1600Cc k0 EVT LHHS
&S -,

MR OMEHA P IBIEE 2 R T 4R, MBEOMII G602 ERLTED, &K
RUFEOBBEEIZN 3L, 500MWd, /'t ROHK 22, 000MWd/ 't T& 5,
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7.1 HT TR ®FEAKE LS
b5 | RRHEREEE (WL %) BUGE SR T

kMmoo 1 9 9 | 4 (BHE R#Fay | Joy, Kl
ORI 8 (no) | BEEWL)| 3 & #

1 6.7 [ 7.9 | 9.4 1 9.9 14 2.0 2

2 52 (6372|179 14 2.5 2

3 4.3 | 52|59 163 | 14 2.5 2

4 34 39 (431! 48 14 2.6 2

5 3.4 | 39|43 | 48| 14 2.0 2
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#1712

B bR (BHs —28)

=2 | CREFAE Bm3al %0 R o
# = C R: Rz Rs Ketr " &
0
C1 0 1.32955 BP{t, £CRIE
C2 1.15538 BPE, &£ CR{E
C3 5 > 0.86345 3
{ 5 3 . Rilgzasy v
C4 > > 0 0.92419 R; 23
i 6 3 . 2R Y oo
5
C5 . 0.75680 4 CRIGA
0
01 0 1.067912 2 CR¥E (850 °C)
0
H?2 . 1.07559 £ CRE#E (950 °C)
(1) wET~<SRIDE 15.0% 4k k
2 RBIRIGE 24.7 % 4k 'k
TSR S A4 —-11.3% 4k k
== 1.6 % 4k k
(2) HifEERERISE
Ry 15%t=2% o2 26.3% 4kk
R, 2%=% o2 195 % 4k "k
£ CRHEA 41.0% 4k"k
(3 4PElSwn
R, 1HAS w7 11.3% 4k "k
R, 2WA% 7 45% 4kk
2 CREA 26.0% 4k 'k
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RT3 BECHOERFEHAC—F Y THEK (P Py)
BIR H B ysz S U< Q= S §
(8 1 2 3 4
0 1.04 1.07 1.08 1.10
10 1.06 1.08. 1.09 1.10
110 1.08 1.08 1.08 1.10
220 1.09 1.08 1.09 1.10
330 1.08 1.08 1.08 1.08
440 1.10 1.08 1.08 1.09
550 1.10 1.08 1.08 1.10
860 1.09 1.08 1.09 1.10
A1 BB
FHuth
P ELYRER
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#1714 REBE R O BORHA T M B BE (MWdt)

2B ;e HEES

7709y

| B & 1 2 3 4

1 20,500 | 21,000 | 20,500 | 21,000
2 31,000 | 31,500 | 30,500 | 30,500
3 27,500 28,500 | 27,000 26,500
4 18,500 19,000 17,500 17,500
5 13,000 13,000 12,000 12,000
(#6608 )
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