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Neutron Response Analysis of Wide Range Detector in High Temperature Engineering
Test Reactor{HTTR)

Isao MURATA, Kivonobu YAMASHITA, Ryuichi SHINDO
Shusaku SHIOZAWA and Morio TAKEMURA *

Department of HTTR Projects
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(Received June 1, 1995)

In the HTTR, a wide range and a power range neutron detectors will be installed
in the permanent reflector region and outside of reactor pressure vessel,
respectively. The wide range detector covers the measurement of output up to
30% power. Since the detector is not drawn out even in a full power operation,
it is required to confirm the integrity of the detector during a full power
operation. Moreover, this detector is also used for checking suberiticality

of the core.
In this study, the reaction rate calculation of the wide range detector was

done for both a full power operation and a subcriticality state with a forward-
adjoint folding technique and a 3-dimensional Monte Carlo code. From the results,
it was confirmed that the integrity of the detector during both full power
operation and subcriticality states would be retained by using a proper neutron
absorber considering practical conditions such as insertion depth of control
rods and detector working power range. The adequate natural boron concentration

in the absorber is 1.7~1.9 wt%.

Keywords . HTTR, Nuclear Instrumentation System, Neutron Detector, Wide Range

Detector, Power Range Detector, Forward-adjoint Folding Technique,

Monte (arlo, Neutron Response
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v ARSI OFSTH T RAEY 2.43(1/Tission)
P mB1 Ty M DOMARE 3 12X 10" (fission/(K+s))
P F-FEs 30000
N(E.): BRETHTFOLRNLE—-Z22 FlL(Hattdh)
= (. 4845inh(2E )% *+exp(-E.) (0. 075<E .<1THeV)

EAE T O FEIIC A Lo i 2 2 K4. L eicrnd,

24K 7R A 65 Wy

HTTRTIZ. YWEanBMERICL P TFHEOME 4 *°2Cf, 300nCi & ko
ST, ZITH. ThEmiEREE UTAHREBEEER L.

EREEFBFCRSLTIE. BEE0 BI0KFIEE2BARBT, PEFEREZANILELZC
ITATIONSH®EHECLSPOAMEIAITENA L. EHEEREEKIZLT
ik TR A AR, RERERFOHND I ERL L.TICR T, A6, ERKE AR
R4 1. TOBEHMERD Y S Vit SR PHETOM, RIFIBEBENDS LIIKE E
N SHMOPHTEISORERE T HEER L, BIFEREE. 1.290x 10 neutrons/s
ec(0. 1Cix SRz TH 0. B ] BEHBERARIIZAN L,

C2ORB{FE P E T H B AR R

TERLSHORFITHS 2RITHEPEFRIE TOMESEICE. 2 URSRRICH
A Uk, WARZ, BHARN7 MObETHEAHLTERS N, Bz R4
LOCFEd, CONTRIEZEREFOREINTOAVLEAICHETSLOTHD . FHEL
BRI EI @ ARy PLOELICRRTAMEEOLIR 5, 6. LAHTIE. D
HWIEIZDWT bz,
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4.2 3WILE VT AHINOEREERNE

4.2.1 BERBMBRUHHE MK

MORSED— FTHAULABREHIZ, BRI 2KRTHLEHREO OO LFKXBETH S,
HIEEEIZ DN TOA. UTFTOFETHAZICREREFENER U, 2 RITREFRICH
R E MR T EOE L HERBEICEA 1L 208 - TIER L2228 ER A EHO A D 8
BAME, ZLLIOHMKO T THFOHERAOFEICIDMERLLBEIBOTWOTR
ANBHP.. P E#HELBEEMA, BaMAICELTE. HEBERTOBRBEROR
PWHEEPERATHEIENE. BBHOP ., PRa@mA L1

. 20OEROMEEKIT 2RAMSHBE LA LSO EMR O,

4.2.2 3R ET IV

4.2 it SRR O I HOHEEF N EFT, EFVELE. BHEIR2VLTE. M
R TiT-T0, MAME, BUEREALZETEETVE L, T F
HIBREEZIIFRELTEFTIMTE R, REAFHMBE TR, 2RTHEFEIZL ST
HIRONBEHRIE SR FREBNFETAPHTOREBBHZRELEEL T,
MAEMRTHIHREAFEO LB SEERHOFR o v EVERTHAYETEZET L
fMHE Ui,

FEOMBREZE. EAFICHOTRMERS. 2en, BX58end 6 AET oy 7 &L TE
FAE U, Ty Z7HIEZAIT Lk, fid, EEHEREIIRNL 220X ICTE SR
Fir 2T L. FED 15en% SIRTHRICHARAAN, £/, PHEFRIEGLIEDC T
FAEEAL L FETE IR 2RtERELEFHELAUE Ui,

FEHEoER, TrFAloa— Fick 3 3@ ) ORFHNLE
THEIERDh-totcth, FHETIE. ROFERLOI D SE O HEOEREHD
otk FEadE s e L

(D€ 7L

M., TOHEFERICERTE2H, SRTERETE BT EECET UL
Li-. 227, Bkl AOMEIRRL 2 IR L3 —HEAERo 7L
E Ut MAREER. RICERHENMETFHNEL DI IITKROE IITHEE LI,

EREGREE GEEFICEZ AR LIS HPNIRE)
C/R:/Rs: &5 &#ka. T LETHRMEDO LE
R: TR Em X D0 TIE S & &

RBRERE (RFFEA7J LK)
C/R\/R:/R:: FiABRBFERTIWAE . EimIBHERE L& 020cn b

AE. BBREREICOLTR., 2ARREREOEEEOERERO Y., Hl#HES
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TFAL LA — 2220 T b 3IRItEHE S ER L/,

(DAT Vw74 v THER

MORSEIZE % 3RTEHBEI2WITHl~c L0, FHREER NS 78 Bound
ary splittingEZ A LT B, AT Y v 74 V7 ARIIEIHEAIIDOTIR, EF
Bt S FOHEEEOBRE U, AERMKN TRF I~ FORREZEROD MULE
RE T SMESFAUNIT SEPLELABOMN EICEREREZL, BAEHOT
s35tiE. FOLPSNT SHRIZESCRFE-TEHLASE 2T

2T T4 TERBUS 7S AR4 2. 42 LT,
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#4.1. 1 S:AESERUHEA

No. 2 bl Yeight

1 -0. 30861 -0. 95119 0.0

2 -0.21822 -0.95119 0.030247

3 0.21822 -0.95119 0. 030247

4 -0.81721 -0. 78680 0.0

9 -0. 57735 -(. 78680 0. 022685
6 -0. 21822 -0. 78680 0. 022685
7 0.21822 -0. 78680 0. 022685

8 0.57735 -0. 786848 0. 022685
9 -0. 81650 -0.57735 0.0

10 -(0. 78680 -0.57735 0. 022685
11 -0. 57733 -0.57735 0.023148
12 -0. 21822 -0.57735 0.022685
13 0.21822 -0.57735 0. 022685
14 0.57735 -0.57735 0. 023148
I5 0. 78680 -0.57735 0. 022685
{3 -0.97590 -0.21822 0.0

17 ~0.95119 -0. 21822 0. 030247
18 -0. 78680 -0.21822 0. 022685
19 -0. 57735 -0.21822 0. 022685
20 -0. 21822 -0.21822 0. 030247
21 0.21822 -0. 21822 0.030247
22 0.57735 -0.21822 0.022685
23 0. 78680 -0.21822 0.022685
24 0.95119 -0.21822 0. 030247
25 -0. 30861 0.95119 0.0
28 -0. 21822 0.95119 0. 030247
27 0.21822 0.95119 0.030247
28 -0. 61721 0. 78680 0.0
29 -0.57735 0. 78680 0. 022685
30 -0.21822 . 78680 0.022685
31 0.21822 0. 78680 0. 022685
32 0.57735 0. 78680 0.022685
33 -0. 81650 0.57735 0.0
34 -0. 78680 0.57735 0.022685
35 -0. 57735 0.57735 0.023148
36 -0.21822 0.57735 0. 022685
37 0.21822 0.57735 0. 022685
38 0.57735 . 57735 0. 023148
39 0. 78680 0.57735 0. 022685
40 -0. 97590 0.21822 0.0
41 -0.9511% 0.21822 0.030247
42 -(0. 78680 0.21822 0. 022685
43 -0. 57735 0.21822 0. 022685
44 -0.21822 0.21822 0. 030247
45 0.21822 0.21822 0.030247
46 0.57735 0.21822 0.022685
47 0. T8680 0.21822 0. 022685
48 0.95119 0.21822 0.030247
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#4.1.2 2&AS EIEHEHE
2 TFTRIZL¥ - JSD-100 DELIGHT
(eV) TR B THRE
1 5.4881 x 10°® 10 WmEPE 3
2 3.3287 15 5*
3 2.0190 20 7*
4 1.2246 25 g9*
5 7.4275 x 10° 30 11
b 4.5049 35 13*
7 2.7324 40 15*
8 1.6573 45 17*
9 6.7379 x 10* 51 20
10 2.4788 55 24
11 9.1188 x 10° 59 28
12 3.3546 63 32
13 1.2341 67 36
14 4.54 x 10? 71 40
15 1.67 75 44
16 4.7851 x 10! 80 49
17 1.371 85 54
18 3.9279 x 10° 90 59
19 2.3824 93 61
20 6.5 X 107! 98* ¥ 28
21 1.05 x 107! g9+ 14
22 1.0 x 10°°® 100* 1

* TIRIFAAL ¥ - ESEFA—H
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ENERGY

1.4318E+07
13499E4+07
12214E+07
1.L1052E+97
1L00OO0E+07
90484E+06
B1B73E+06
74082E+06
6.7032E+06
6.0653E+06
5488 1E+4+06
49659E4+06
44933E406
4065 7E+06
367BBE4O6
3.3287E+06
30119E+4+06
27253E+06
2Z4660E+06
22313E+06
20190E+06
1.826 BE+06
16530E+06
1.L4957TE+06
1.353 4E4+06
1.2246E+06
1.L108B0E+0686
1.0026E+06
9071BE+05
82085E+05
74274E+05
6.7206E+05
6.0B10E+05
55023E+05
49787E+05
45049E405
4076 2E+05
36883E+05
33373E+05
30197E+05
27324E+05
24724E+05
22371E+05
20242E+05
1.8316E+05
1.L6573E+05D
1.4996E+05
I.3569E+05
1.2277E+05
1.1109E+05

JAERI-Tech 95-(36

#4.1.3 JSDI00T 4 77 ) #HHEE

~~~~~ NEUTRON

RANGE

1.3499E407
1.2214E+07
1.1052E+07
1LOO0DO0E4+07
-3048B4E+06
B1873E+06
7408B2E4+06
67032E+06
6.0653E+0 6
5.4881E4+06
49659E+06
4.4933E+06
40657E4+06
36788E+06
3328B7E+06
3.0119E406
27253E+06
2466 0E+06
22313E+4+06
20190E+06
1.826BE4+06
1.6530E+06
1.4957E4+06
1.3534E+4+06
1.2246E+06
1.L10BOE+HDG6
1.0O026E+06
90718BE+05
82085E+4+05
7.4274E405
6.7206E4+05
60B10E+05
55023E4+05
46787E4+05
4.5049E+05
40762E+05
368BB3E+4+05
33373E4+05
30197E4+05
27T324E405
24724E+05
22371E4+05
20242E+05
1.8316E+05
1.6573E4+05
1L4896E+05
1.3569E+05
1.2277E+05
LI1109E+(05
86617E4+04

IR ¥ BT eV

ENERGY RANGE,

GQROUP .-

GrROUP

51 B661TE+D4
52 6.7379E+04
53 524 75E+04
54 4086 8E+0 4
55 31828E+04
56 24788BE+04
b7 1.9305E+04
58 1.5034E+04
59 1.1 709E+0 4
60 91188E+03
61 71017E4+03
62 5530BE+03
63 43074E+03
64 33546E4+03
65 26126E+03
66 20347E+03
67 1.5846E+03
68 1.2341E4+03
69 96112E+02
70 7.4852E+0 2
71 5.8295E+02
72 45400E+4+02
73 35357E+02
74 27536E+4+02
75 21445E+02
76 1.6 70 2E+0 2
77 1.L3007E+02
78 1.0130E+02
79 7.8893E+01
80 61442E4+01
31 47851E+01
82 3726 7TE+01
B3 29023E+01
B4 22603E+01
B5 1.7603E+01
86 1L.3710E+01
87 106 7TTE+O1
88 B3153E+00
89 6.4760E4+00
90 50435E4+00
91 39279E+4+00
92 30590E+00
93 23824E4+00
94 1.8554E4+00
95 1.4450E4+00
96 11254E+00
97 8B7642E—-01
98 6.8256E—01
99 5.3158E~-01
100 41399E—-01

6.7T379E+404
5.2475E+04
4086BE+4+04
31828E+04
2478BE4+04
19305E+04
1.5034E4+04
L1709E+04
9.1188BE+03
7101 7E4+03
55308E+03
43075E+03
33546E+03
26126E+03
20347E4+03
1.5846E+03
1.2341E+03
96112E+02
7.4852E+02
58295E+02
45400E+02
35357E4+02
27536E+02
21445E+02
1.6702E+02
L3007E+02
1L0130E+02
7.8893E+01
6.1442E+01
47851E+01
3726 7TE+01
29023E+4+01
22603E+01
L7603E401
1L3710E+01
106 7T7E+01
B3153E4+00
64760E+00
50435E+4+00
39279E+00
30590E+400
23824E+00
1.85354E+00
1.4450E+00
1.L1254E+4+00
B7T642E—-01
68256E—01
53158E-01
41399E-01
10000E—03
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#4.1.4 DELIGHTEHRGE (1./2)

Bt Lo IR )NF— it LY — IR F—
D2 (T (FHE. eV [ DI | (FiR) (FIR,eV)
1 0. 25 7.79 % 10° 35 8. 75 1.50%x10°
2 0. 50 6. 07x10° 10 | 36 9.00 1.23% 10°
13 0. 75 4.72x10° 37 §. 925 961
4 1. 00 3.68%10° 38 9. 50 748
5 1. 25 9.87x10° 11139 9.75 583
6 1.50 2.93%10° 40 16. 00 454
2| 17 1.75 L 74%10° | 4 10. 25 354
1 8 2. 00 1.35% 1§° 42 10.50 275 B
9 2.25 1.05%10° 3] 8 10.75 215
5 |10 2.50 8.21x10° 44 11. 00 167
| 2. 75 6.39 % 10° 45 11.25 130
12 3.00 4,98 10° 141 46 11.50 101
T 3.25 3.88x10° | | 47| 1L75 7.9
1 3.50 3.02x10° | | |48 12. 00 61.4
15 3.75 9,35 % 10° 49 12.25 47.9
16 4.00 1.83x10° 6 | 50 12.50 37.3
17 4. 25 1.43%10° 51 12. 75 29. 0
T 4. 50 1 11%10° 7182 13. 00 22. 6
19 4.75 8.65x 10" 53 13.25 17.6
;| 20 5. 80 8. T4 % 10° g 5 13.50 13.7
21 5. 25 5. 25 % 10 55 13.75 10. 68
29 5. 55 4. 09 % 10 56 | 14.00 8.32
93 5. 75 3. 18x 10 g |57 14.25 6. 43
24 6. 00 9. 48 x 10" 58 14.50 5. 04
2| 7175 6. 25 1.93% 104 59 14.75 3.93
2% 6. 50 1.50% 10 20 1 60 15. 00 3. 06
27 6. 75 1. 17% 10 61 15.25 2.38
28 7. 00 9.12%10° 62 15.50 1. 86
8 |29 7.25 7.10% 10° 63 15.75 144
30 7.50 5.53x 10° 64 16. 00 1.125
I 7.75 4.31%10° 65 16. 25 0. 876
32 8. 00 3.36x 10° 66 16.50 0. 683
9133 8.25 2. 61 x10° 67 16.75 0. 532
34 8.50 9,04 % 10° 68 17.00 0. 414

E) 1HO LRz ANVF-FH0eVTH S,

Did#smE. D@ PHEM. DEE/HETT.
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#£4.1.4 DELIGHTE#EE (2. 2)

3 TR F— i1 o OIE
IE (eV) b CeV)
DI (EE,eD DD CER, eV
1 0. 002 0. 002 2% 0. 55 0.1
o, 0. 004 0. 002 28| o7 0. 65 0.1
3 0. 008 0. 002 oy | 28 0.75 0.1
39 | 4 0. 008 0. 002 29 0. 85 0.
5 0. 015 0. 007 26 | 30 0.95 0.1
B 0. 025 0.01 31 0.99 0.04
6 |3 7 0. 035 0. 0 32 1.01 8. 02
37| 8 0. 045 0.0l - 25 | 33 1.03 0. 02
9 9. 055 0. 01 34 1. 045 0. 015
5 | 10 0. 065 0. 01 35 1.055 C0.01
11 0. 075 0. 01 0 | 38 1. 065 0.01
12 0. 085 0. 01 37 1.08 0.015
¥ g 0. 105 0. 02 38 1.10 0. 02
5 | 10 0. 135 0. 03 4 39| 116 0. 06
RS 0. 165 0. 03 0 | 40 1. 24 0.08
16 0. 195 0. 03 41 .35 0.1l
B 0. 225 0.03 42 1. 45 0.1
4 18 0. 255 0.03 3] T 1.55 0.1
5 19 0. 285 0. 03 0 | 44 1.85 0. 1
3 | 20 0. 295 0. 01 | 45 1.75 0.1
21 0. 305 0. 01 6] 1.8 0.1
_;b 22 0.335 0. 03 47 1.95 0.1
23 0. 35 0. 015 o | 48 2. 05 0.1
24 0. 39 0. 04 49 2.15 0.1
2 95 0. 45 0. 06 50 2. 38 0.23

B DI, DRVER., DREUEFRT,
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F£4.1.5 HBEROER (E.<2.38eV)

Position (ANISN EIR ) PoRY 5> P~Psf 7
O a (BRI )
o (v XEoRMER)
o+ (£¥rmE k) 0.0
O gogsz DELIGHT
0;,;41
O« s (BRHILYWER)
O 5 g-1 JSp1og X
(DELIGHT )
Jspioo Po
ofpn(wﬁwemﬂﬁ)
Jspioo JSD100
T g1
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#4.1.6 PHHEEK

5 M| o & BER WHEFEARE fi £
0 A K - &5 1.0 M., BESOEN
{23 0SB E L
| g TR
i~16 | BREME 800~1200 | #&%HE : 1.0 x4, 1. THH
17 LEREENE AE (33 L) 700 1G-110 : 0. 8624
18 TR Eh R AR BB (330 1300 16-110 ; 0. 8624 | B8 1 %EE AL
oAtk (CIE )R S et
HML&d 3
19 TER T R AR T B (33 ) 1300 1G-110:0.7843 | 31 & b H
20 FEpuTEhE AR (BLE L) 700 1G-110 : 0. 8693
21 TFERa @ stk LB (B1E ) 1300 1G-110: 0.8693 | M50 1 BRRE LT
- ER T B R A 1A &
FL&ETH
992~24 | IR T EY AT 4E _ T00~1100 | IG-110 : 0.9833
25 mEnayEr s At ik (R FERRRER) 1100 16-110: 1. 0
26 W Ey R SR O FBr. H88/He) 1160 1G-110: 0.9349
27~29 | BERLIE 700~800 PGX : 0. 9791 B
30~34 | HIHBENT Oy 7 T00~1200 | 1G-110: 0.9748 | C/RFLI2. 3emep X 2
RSSHLIZ. Scmep x 1
35 BHBERN T oy 7 1260 16-110: 0.9813 | C/RFL14. Qcmgp x 2
RSSFLIZ. 3cmep X 1
36 FIGREN T oy 7 1300 TG-110 : 0.9830 | C/RFL14. Demep X 2
37 HIREERN T 0y 7 1300 16-110: 1.0
38 HEEEN Ty 7 1300 16-110: 0.9173
_39 R~ (CRATASUSHRD 700 SUS316 : 0. 7432
40 L~ (CRAFAR 0VER) 700 B.CH+C: 1.0 B 3wt%
4] REEA R (R FAIIER) 700 SUS316 : 0. 7578
42 LA R (BRER T ASUSTRER 1) 700 SUS316 ¢ 0. 8456
43 EELEAK (BREHITAR OvEN) 700 B.C+C: 0.5712 | B 3wt
SUS316 : 0. 2060 i
44 bR (O 4R 7ASUSERD 700 SUS316 : 0. 7465
45 EEREA~ R (AT RN 0V ER) 700 B,C+C: 1.0 B 3wt%
44 BERSE G ovt” ) 700 B.C+C: 0.4076 | B 3wt%
PGX : 0. 5489
47,48 | TERAIBIR A (Fave’ vew) 1100, 1300 | B4CiC: 0.1672 | B 1wt%
IGI10 : 0.7724
49 REREA~ER o g 700 BsCiC: L G B 3wt%
50 {ER A~ O RT R 700 B.CiC: 1.0
51 BIFELE S 700 SCHv4 : 1.9
52 FEREA A (CREM. RKAHEITL) TH SUS316: 1.0
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F4.1.9 25U RMGHM

o B{J : barn

Gr. v o¢ : 700K . : 300 K
1 3.2719 1.2194 1.2194
2 2.8847 1.1787 1.1787

3 2.6876 1.2715 1.2715

4 2.5898 1.2539 1.2539

5 2.5256 1.1637 1.1637

6 2.4827 1.1768 1.1768

7 2.4573 1.2651 1.2651

8 2.4422 1.3843 1.3843

g 2.4318 1.6020 1.6020

10 2.4239 1.9399 1.9399

11 2.4207 2.5574 2.5574

12 2.4195 3.9000 3.9000

13 2.4190 6.2413 6.2413

14 2.4190 1.1262 (+1) 1.1262 (+1)
15 2.4188 1.7658 (+1) 1.7658 (+1)
16 2.4187 2.9827 (+1) 2.9827 (+1)
17 2.4188 4.7986 (+1) 4.7986 (+1)
18 2.4188 4.0834 (+1) 4.0834 (+1)
19 2.4188 2.3158 (+1) 2.3159 (+1)
20 2.4190 4.3063 (+1) 4.1434 (+1)
21 2.4190 1.9534 (+2) 2.0343 (+2)
22 2.4190 4.1624 (+2) 5.1823 (+2)
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#4.2.1 HEEOWEER

VAVE: By ¥ 85 4731048000 MR MY 44 R AR AU
o B 8.7837x 1077 6. 2861 107° [.0681x 107"
‘1B 2.5462% 10°°

C 2.9895x 10" 6. 6683 % 10°¢ 3.6352% 10°°
Si 8.5231x 107" 1.0364x 10
Al 6. 6540 x 1074 8.0913x107°
Fe 3. 7743 % 1072 4.5895x% 107°
Cr 1.9336% 10" 2.3513% 107°
Mn 6.5359 % 107 7.9477% 10°°
N i 2.6502x 1077 3.2226x [0°°
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1
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/SUS :0.7432 /SUS: 0.7578
T SUS with coolant
5 SuUs 135 fiow channel
1.0 SUS : 0.8456
3, He
He B4C +C
13. )
BsC+C: 0.5712
2 B,C+C .
10 L SuUs :0.2060
—33.632% —
3% - 382"

30,508 —

— 38 P

(a) Controlrod (b) Fuel column
quide column
*1: Axis of the coolant channel in the mode!

*Z:

is placed at the actua! location

Across the flats

/SUSI 0.7465

® SUS: 1.0

12 84C+C 1.0

- 333"

38,2

{c) Replaceable reflector
column

Unit : cm

4.2.2 FHOEFENEDIXTTETL
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K4.2.4 XSV o574 v rEBRET 26T BBE1BRMR (1.3)
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Rd4.2.4 ATV 974V FHRES Y 2T BREk2 /3B (2./3)
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M4.2.4 ZAFY w54 ryrERET 20T (BEk4/SBFE) (3.3)
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5. ¥ETR A OB EE
FABRTHTFRESORIEONER. 2ETHANLEHEHICE IO THEN
Uiz, BHEE. BERBECLIERITODOAT LA BORFHTEIIELELT
BN, BERETHEIBIHT A LT, HTTREREXBESENENLS, &
BAWRESA S LATRESOATED ., HERHFR COART PIVOEOLE
BLTHRELX,

B, RIHE 7N A D0 THZERTHLENH LS. 71 Z0OH
RIZSOWTI. RIGCETE R PHFROBEMETHE L TR OICH 2EIITL
teEEh, 4 x10' (n/en®)XTH B,

(1) A% B b

JILEBRNI SELTHAT A TRBSEORHMICT 3 EIRIZ. HTTRE
BRI TRENRE L. THRETFRTRUCHEERTELALZLE)NH S, L
REEHEIZ, 23FLD

BAHEECrn..<10'"cps
EWD, DITHRIBBE .
n.=0.leps. (n/cn?/sec)

ERAEEREOFH T AR ME, HTTRFPLTON I SHEAME TO P
FARY PILEDENEZEL, ILERNI STO UDESBERICEELTOD
FHRER .F. ROIDITHRETLHIENTE S,

HTTREFLTONI] SHANMETOHHECETHRHFHIEOMIZIE. &
DEFEXSIRTIT 5.

Cu=KuJ J T ®udRdV=nu [ OudE (5. D

T Ku PPUDBARKICEN GHHEADOERBER

LU s o RN R
nn HTTRAXNZ P/ OriZHBIT ST B
ZOF, ZREMKEIROLHIIKEZINS I LTS,
Ki=nu/VZi s (5.2)

ZIT. VI BHBERITER

Lew: HTTRANRZ MIZHET B UDER < 7 o8 45 20
(FREFHIRE : TO0K)

#->T,. HTTRFEFLTOBANMEBEO " U SBELGED FIRERKRDO L iz

T35,
Rusx=Canx/ Ku
=CraxVeE v nu ' (5.3
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o EERESATTROZSEHAEEORCAERT S L. HT TREG
AN B T PR R O B R 5 LT, BUPHE T O R L F — A
AL FEIT R TNB I &S, RERE 7 s EERERPRT NI LED
<D,
nu<n.=0.1

LA,

SE D, RalF BT,
Rusx=10"+VZ 1 1< Crar* VL1 2/ 0n

b7 5, HTTRIEMT B UL/ OTHE  nd U TOX I ICHE
mEhkHLHIENTE S,

HTTROBHZ~Y FNVORFAEHNSMERLEZ UOEARMEEZ. &
41,0177 Uine 2B OB E RS I IL U7cE R, £ 3 7 oMEHE £, LIis
4k 3517206 x 10%(barm) &L B, Fio. MEBSOARBAERRT  UOTFHER
0122 EETHE. NV=307T42x 107" (I/barn} &% 5, BLEL D,

S a= 0w NV=0 1x10""
THEMG,

Ruax=9.1x10°
£ D,

(24 3 A i F0F
RN S, ERERMICENT, FHFEOFEICLD. 3cpsll LD
SMEE TSI ENDETH D, Ty P UOBAHERIEE THRIER« IR
LA B,
Rnin=Cnin/ Ke
—Caia*VeE: /7N (5.4
ST, Cmin IR RE RER/NLEHEE (= 3cps)
T . EMEEE AR P LIZEY S UDER < 7 o AR
(FFRRERSEE T - 300K)
e o IEMEREE AR S FIVICBIF AMHIRE
HTTRFELRERTHEIENS. NI SHAMEOTHFARS PIVIZE
ﬁ%ﬁx&yrwbgm&%bw&%iraﬁwo%of\&M@Em\
ne=n,=01
LB,
SRR, CCUOEY T/ oM TR, AHBI XD RDON B,
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5 ACTFTHERERACIBOEY I 7 oW EIZ4. 22X 10%(barm) £ Do -
T.

Y. .=0q *N-V=13xi0"
THBEMD,

Rnin=3.89
LB,

Plozéms, HTTREERN I SO UOBARRICERO ETFRIE.
WO EHIREL,

3. 89 IR R EE AEF) < R <9. 1 x 10° CEABE i FF) (5.5
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%£5.1 HEARS FATO?UL BLEmHE (700K)

o« BA{ : barn

Gr ¢ (nv) o+ (barn) gr @
1 2.7535 (-4) 1.2194 3.3576 (-4)
2 6.7579 (-4) 1.1787 7.9655 (-4)
3 1.6445 (-3) 1.2715 2.0910 (-3}
4 2.1683 (-3) 1.2539 2.7188 (-3)
5 2.0998 (-3) 1.1637 2.4435 (-3)
6 1.9124 (-3) 1.1768 2.2505 (-3}
7 1.7414 (-3) 1.2651 2.2030 (-3)
8 1.6061 1.3843 2.2233 (-3)
4 2.2852 1.6020 3.6609 (-3)
10 2.7717 1.9399 5.3768 (-3)
11 2.7059 2.5574 §.9201 (-3)
12 2.6821 3.9000 1.0460 (-2)
13 2.6737 6.2413 1.6687 (-2)
14 2.6703 1.1262 (+1) 3.0073 (-2}
15 2.6687 1.7658 (+1) 4.7124 {-2}
16 3.3348 2.9827 {+1) 9.9467 (-2}
17 3.3341 4.7986 (+1) 1.5999 (-1)
18 3.3331 4.0834 (+1) 1.3610 (-1)
18 1.3328 2.3158 (+1) 3.0865 (-2)
20 4.3298 4.3063 (+1) 1.8645 (-1)
21 4.6125 1.9534 (+2) 9.0101 ({(+1}
22 4.9251 4.1624 (+2) 2.0500 {+2}
2 .0 . 9585 {+2)

22 22

:":=1 ot "’/-f’::,“’ 2.9585 X

) BHEKIZEL 1L.8BOPGXET S,
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#5.2 HEA~» FPATO2U] BLHEM (300K)

o+ B{I : barn

Gr ¢ (nv) o (barn) Ot ¢
1 7.8709 {(-4) 1.2194 9.5978 (-4)
2 1.9370 (-3) 1.1787 2.2831 (-3)
3 4.6916 (-3) 1.2715 5.9654 (-3)
4 6,1688 (-3) 1.2539 7.7351 (-3)
5 5.9643 (~3) 1.1637 6.9407 (-3)
6 5.4237 (-3} 1.1768 6.3826 (-3)
7 4.9318 (-3} 1.2651 6.2392 (-3)
8 4.5438 (-3) 1.3843 6.2900 (-3)
9 6.4590 (-3) 1.6020 1.0347 (-2)
10 7.8299 (-3) 1.9399 1.5189 (-2)
11 7.6422 (-3) 2.5574 1.9544 (-2)
12 7.5744 (-3) 3.9000 2.9540 (-2}
13 7.5504 (-3) 6.2413 4.7124 (-2)
14 7.5407 (-3) 1.1262 (+1) 8.4923 (-2)
15 7.5356 (-3) 1.7658 (+1) 1.3306 (-1)
16 9.4159 (-3} 2.9827 (+1) 2.8085 (-1}
17 9.4121 (-3) 4.7986 (+1) 4.5165 (-1)
18 9.4063 (-3} 4.0834 (+1) 3.8401 (-1)
19 3.7599 (-3) 2.315% (+1) §.7076 (-2
20 1.1306 (-2) 4.1434 (+1) 4.6845 (-1)
21 9.8833 (-2) 2.0343 (+2) 2.0106 (+1)
22 7.7129 {-1) 5.1823 (+2) 3.9971 (+2)
1.0 4.2187 (+2)

—~ zz2 2z
o = Z a s ¢/_Z_!¢=4.2187X 102

i=1

) Bkii#E4L1.8OPGX ET 5,
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6. FEEHRE
R R T A AT . AR R R S A R T ORO ERE R L.
Fb R E R RS R TR FECL Y KEREEETE AU 2R T 570 DITHE
Utre 2DFHIc. 2T 2RTERSOYEICL D ZOREME RO RIAIETE D
A LRI AR L. BB OFRIEAEERH Ui, 35IT. 3KTE
UrE AL DBk BRI A EM L, BEARIRAOECERI L. FET 2R
SEERLDBEEDERER LI, 2 I TR ZheDRERITODTHRUT 5,

6.1 2WmaEagbyikicdLd/374 M) v IV IEERYT

QMTEEBRGDEIEICL BS54 MY v 7 BB HERITIEU FOr— 200 TEM
Lizs

OEAEFIV GERHELD

@OEEEF N+ 0en-tBCHC{RKIF I RRE 1wt%)

@A EF )+ 1. Ocn-tB.CICCRRIE H FRIE 3wik)

@%ﬁ%?ﬂ%L0m¢ﬂ7:¢A

GEEETFN+H05en-tT =T A

HE. EAKELTR. |DRBFLAFERULTIEIRERBIRU L, 720 LW
RTHEEMOhE A7 L b%ME LTHERLL,
6.1.1 EEFEHERER

S PCE RIS T BT BT FRR O S A RO R AR 1L I~H6. 1.6 L
roo E o IRBERERIFICHY S P FRRGHE P THO IR ERE. 1. 7T~H6.
L12iemR LT, BE, $ERNOBHERUTOEDITH S,

EETE HE1¥~%8E  (14.918MeV~165. 73keV¥)
R B9 BE~198F  (165. T3keV~2. 3824eV)
R H20IE~H228F  (2.3824eVELF)

5.1.2 BEORTEAOHKHHEL ORI

KABHEEOTHEFRATAR TS TRESCECBOTRROHT TREH K B
AEOHE (68 RUEAWEE (2188 LHE L7, HRAFES 1 IRUKG 1. 131
7d,

EALRHI B RANRHBERIEPERS T 7 7 /4 BER A>T S, F
HE TR, EERTEFREBEORELRFIICTHMET 2720, EHRICRE- CRED
FLHEASEOLE TP LAERRELAFEEERLTCNEIE, Eio, FXFHETH
BRI NOFIEEBEENT Oy 2 EFIVIIEATHS (HEHEREFVEENTHAED
eh. A FTOEHLEMPAS (B -TS) JEENMREREEA NS, & EH
Ao uss. LIBTHRSGLLES VPO STHIEMRICL S EABRELNROFEAD
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BEINH I EEFRTHRENLS,

7., MUEHDTORLHEELETEE, PEBL T 7y 75 —2BEECA-T
NBA, WICEBEETY 7y - 2REG(AE-TS, Zhid. RTPEFTOEHODE
vv (JSD-100&DELIGHT) MWEE EEA S h 3, BEPE L > TS ERE U THIEH
BREHETHREFMMEEA TR IEEELZ LN S,

REEHIS ., RARPHFRESOLEERFRITTAD0HEL LTET2RTHE
LOE-TED, o, BEAVCETFORTREEOLENS, +RRYURERES
ATHBEHMTE S,

8.1.3 P URICHEHE
(DELREGHLEHOAE

F3k, EhgbkoERcLss, HhgbYMZREHRL (Fovard L AdjointdD il
ey ol EnE, RIGEIPHETFRRUHETE THOEREDOEHRMEICL S
T—E LS,

ZCTiE. BaCIC (B:3wt%) M~ kZFI D B, EREOEWMOME & KITHE DM
A INE Ui, 6. 1. 2R TA%6. 1. 33t E Yn by K OHE IR KREE REFIZ B0 5L M
ik PR HBOP URGRHEERTH L, THOoDRIGHED . LRARPH RS X
N19cniE N7z B BERADBHEAE » TRDLY., ZOFATS5aiRTERGDLE
BAZZATRIGEXRHTHI, TORRFEERG 1. LTI

HicH T B5emif 3 TRIGEDEMICEMARE L TO S A, ERGOEmY T
FHEHEEFIL (K4 1.2) KB THERFARNSAMICNETEIL L IcHEE
ZoNb, THbE, MEPHTREZEERHEPTEBINTLS50IIH L. ERa
bEH EOEEEPE T RNS®RTOPFHFRIRS FEHEO O T, BEVEERA
HENNELH-TOERH. ¢ ¢ REERFRIEOCTUARESLIRCE-TH 5,
COEMSNELDITELY TORBEOEICER T3 & 1FIF20emli 5 TRISEN
BT BELIIBDEIENGD D, 25enk D RMTTER TOO T MUK SR LT,
FhabBHLOE A v V2 SNBTOHEPHFREERGDELINSIPHFHE 2
WICE B RO SHBERCAKICDVTHAARLTRD 2100, £OROEEEEHAE
DERETECTNEEREZNSE, JNoOEEMSERGHLEEOFEE s L,
(PP URISE

%6, 1. A EHIEIEIFIC B A EER P FREBO PP URIEEHEHERTH D
WrRMBEOWAABACEETE TRESEFRE TR BB RO LB E TR
DERIHBEETH B, £6. L2056, VTFNOBE~ACHERICEL TS, UKD
HII2I RN, BT, 0.65eVUL FOBPH FICL>Thio a3 THD. 2IHER
LEEMAE ., 2PILBLT7 779 - 2BERSVIEXGDI S,

£6. 1. 3R KRR B A EEE PRS0 URNEIEHER TS 5,
EPS. DTROENCHEREIIENTH, P URBEEPRO2IRV22BO T T
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EACEHEIZEIN T > 755 S 28BE, 2IBED RSN -TE, ZOEHRE
BIFLOFEDREOE, PR TOT v 7 AT 2 VAN DBREREFRIZLIZ LD TH B,
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NISN TRAVERSE 100 GR.

II'IT'[|IIIFII|II[I'|'I{IITII

LSRR A

ll][

LI Illilli

1 IIII]

T T

lA T ITTYTT

T T rrrT

______

_____________________

IlLIltllJ.\IlIll!I | IllL[ lllll II]IJ]I

L I ry111

£ 1t 1 a4

i1 1 I!llll

1.1 lll!lll

1 llllllll

[}
1
|
t Il!llLlL

l & ll!llll

e
Iluui

104 |

AXIAL POSITICN (CM]

HA. 3 1wICESHEPETFRS A (KERER, WhH@) (1./2)

A
100. 200. 300. 400 . 500.

600 .



JAERI-Tech 95-036

"00€

(¢./2)

"05¢

(W3]

“00¢

(RIYH ENRI) GO LH 1200

£ VR

NOILISOd glaby
"0S1

"001 " 08

T 1T 17 _-u__lﬂ__ _._q 1T 1T 17T 1T 17T 71T 1 — L2 | T T u_—__.———‘—l— T —Jw_ﬁ_ T T ___ —__
: JQHQHI*IM
e L AR LT R S ittt WS AH L —e— B
: JILINT —=—1:
T D ] I 1SHd—e—|;
gl |
: \ .
5 ;
— — Ay = o o e e e - e |_ lllllllllllllllllllll b fe 4 - ==} 4 v_ llllllllllllllllll |
| —o————g—— .
: VR E
= SR JO 0 R SR J N A SRR SRR S A =
I ]
W ................... IJV. T~ \QI&
, Vi e s S
m I,a.;xlx.w...lura‘..rl.. " ¥ M ~ VQ.IIM
W_ P &) | | —m__ i 1 _w____ | N Y I N _ 1 11 1 i I __——-1_ 1l _.\J p\a— 1 _\A_ [l “-4 1

MO 001

254 dA8d 1L NSINYG

14

£

Z

—

01
01

o1,

h= T = T = S SR o o
(&**3/733S/N) XNT4 NO¥L3N

[Ep)
o
—




JAERI-Tech 953-036

fHgr B LEMPHETHRESFARIOHNR

AP TR EOMAT I LT, THTFREBOBEORERER DL
S ELE S BEITIRE SN TS A COEIOEAICLBBREITOVLTHEHNI.

SRAEITOVLTER, PETRESFREOBAR IZEELRO L O0 5 +20cn#H
K BB L B0 EDNELE, BaC+C (B1%) E~ERIZDWTHRELL,
SR, 2HOCHERERO PR FHEMEPHFREERIEZRATERED YR,
DEER . BEAVERD T AT, PHFRIBBMUEZ20enE (FAT S SRIGHE, 46
G HA L. 20cm3] &3k < E3T%MA Lic, ¥ FRIBREMELHO T AT b
Wi, BRRHREEDOLDERE > TWEEEZONE I ENS, PHFHEFEFAR
XERIGREOHBI, BB 10X YIRS,



( fission /sec)

Reaction rate of fission

10‘12

1011

1 010

10"

100

JAERI-Tech 95-036

/F;;:er

il

Without shield

B (3wt %)

Hafnium

J

—2bcm

Nominal

Without shield
B{1wi%)

+2b cm

B (3wt%)

Hafnium

I

L

I

Zero power
I

.}

XB. 1

Vertical height of the detector

BMPSORBERE EEAFERIEEE DHEK



JAERI-Tech 95-036

e C BEANCERBB/I LA VCUREHER~NDARY PR

ThebHic B3 2 BTkt TREME TOMEREIZE. T URSRRICHE
MrEH LTS, JOMEREE. BEAXRS PG ETHBERLUIE (F4.1.9)
AHEME LTS, LU, CONERRE~NNCEROBBEINTORVEAIIHET S
DTHD . EANCRBEHOFMEBERFTICE, JOENVEKBBED AT b
LAEROTHHER LT URICKHERE A SLENH D,

LFie. CONRREOBETHINE. BROEHIRBMAEOFE L (3wtd) B.C+
CHE~NMEDIBEIT DN THE L7, EANNEERE LICRBOREEZBHPOICR
B L7 w VRN EAEN L. PHTFREEADARY MLEROT UBS R RIS
A L. DBO AR L, BohMEREEC IR U, T OWERtZE R
o FREIEOREE LBe. BENICBoNE T UBARKIGEEZEC 2IKA UG
E RO N BEORICHERE (#£4.1.9) SHETEE 20~21BF0LTFITET L
TH 0. 2PHITO0K CEMSEER) TT6%. 300Kk CEEKEEREF) TOHOBIETF LT
Z, T O, EASEENRGE KR REIICB.CIC (3vtd6) ENOERERFOAA
bR LA UMM RC E Leboid, B ARY ML I DR L UK
AV b0, AU RIEENETTHI ENRGM o, BB PR UREEROHE
(6. 1.15) 124t CORBEFMELCERESHE TR LI,



JAERI-Tech 95-036

#C. 1 BEAWKER AT b K B2 URL S RIS 1

[0 2 %ﬁz + barn

Gr. o : 700 K ce : 300 K
1 1.6342 1.6342

2 1.6619 1.6619

3 1.6617 1.6617

4 1.4941 1.4941

5 1.3228 1.3228

6 1.2853 1.2853

7 1.3361 1.3361

8 1.4289 1.4289

8 1.6254 1.6254

10 1.9488 1.9488
11 2.5576 2.5576
12 3.8880 3.8880
13 6.2104 6.2104
14 1.1117 {(+1) 1.1117 (+1)
15 1.7388 {+1) 1.7388 (+1)
16 2.7901 (+1) 2.7901 (+1)
17 4.7230 (+1) 4.7230 (+1)
18 5.2534 (+1) 5.2534 (+1)
19 2.5808 {(+1) 2.5808 (+1)
20 2.0341 (+1) 2.0192 (+1)
21 9.0074 (+1) 8.9082 (+1)
22 3.1443 (+2) 3.1248 (+2)
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