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Measurement and Evaluation of Neutron Flux
and Gamma-ray Dose Rate 1in the Experimental
Cavity of NSRR (I1)

Hiroyuki HASHIKURA,* Shinzo SAITO, Yoshiaki OKA,*
Ichiro YANAGISAWA* and Shoichi OTOMO

Division of Reactor Safety, Tokai Research Establishment, JAERI

{ Received September 25, 1980)

Neutron flux, neutron spectrum and gamma-ray dose rate were measured in
the experimental cavity of the NSRR{Nuclear Safety Research Reactor) in the
conditions of installation of a experimental capsule or aluminium moderator in
it. The calculational evaluation on them were also performed by utilizing two-
dimensional transport computing code TWOTRAN.

The thermal neutron flux and gamma-ray dose rate in the cavity with the
capsule are about one tenth and a half to two thirds of those in the cavity
without the capsule, respectively, and those in the cavity with aluminium moderator
are three forths to four fifths of those in the cavity without a]uminidm moderator.

The calculational results by the two-dimensional transport code showed the
agreement within the accuracy of about 50% with the experimental ones in the
case of installation of aluminium moderator in the cavity, although there was dis-
crepancy over 100% between the calculated neutron flux and gamma-ray dose rate
and the measured ones in the case of no installation in the cavity.

Keywords: Two-dimensional Transport Code,
NSRR Reactor, Neutron Flux, Neutron Spectrum, Gamma-ray Dose Rate,
Cadmium Ratio, Foil, Thermoluminescent Dosimeter, Moderator

* Nucltear Engineering Research Laboratory, University of Tokyo
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1. ¥ E

B PR NSRR (Nactear Safety Research Reactor) (&, TRIGA—
ACPR (Annular Core Pulse Reactor ) 28 4&& LT, EXFoREL M EBICERL
L HIEOSDOUBENA LTI TS %,

NSRR Tit, BEFORIGEEHS OREHAE VBN & » THEL , BRAMA ICHF
AL h 7 AhORBBE 2 dic AL THBHESO BB L BT 2 HZRET - T %,
cﬂ%@%%iﬁwfuﬂ%ﬂ,Eﬁt?ﬂH%%ﬁwfﬁﬁﬁ®§ﬁﬁg.Eﬂ%%&ﬁt,
K5I BABRREIT - THREEBOMIAET» T 5, UL, BERRSOREOEE, K
EOMBEMEARRSIC DO THRAL A 20X AWM T L2 L E LEEOHBIETRARETH D,
OB ERC LAAHEELMBEDNTH S, COTREBOTERE T TERLDPICHH
AT EZERAEZEZTOEOTN VAR DEREFRUOAT Vv HOBRERY 50 &Y,
TREEEQBIICE VL TIRME ORBEICEREIA, BRETTRETLEND S, TDHIT,
NS RREZBANOHUFENTRY r BRESGHBLETH O, —F, (L0075 IHE
LM EBORITOA LS, %D NSRR ERYOEG, T OO FEERGE RO —RE75H%
HE, ERTETRORE, FEICLRTIOLDTH B,

FEOHMTNSRR EBILNICE T 2 TR O N v = HREB A A OAIER I EEFEI
& 2B AR AR & WA EHE U, FEERILAICE A LSV IE SR UEKE 0N BE LA
EFEALIBOOEREERET « VLA DHHRIC L AROEICET 2ERERC SO TRE TR -
ELTHIZHRE L f:ol) SEiE, sHEVCTEBLAERANCEEKS 72 v U TV =T 4
HEEAEALEA0ERER, BORBEHECLDERILALG R, FOBERLET V1=
LREEAE AN EEOGE FRIGBNTRE N Y v HBEBESHERO T ET N ERE B L
TERiIzDTIE EDI,

EEITRH LT L, BiEks 7 (1L2mE) 2EBARNCEALLEGICE, A7 LTE
WL FHICETSDHFER, FIGE, TR b, P BEREMEL L, $i, Tl
o AREBABALIESICE, REBNICEE S LR HmalliE L, BEKE, BT
B R TFRIGEIC DV TEERRDCA B, dEFR 7 Pt >0 Tid Mg, A€,
Fe, Mn, Ni , Zr, In, WEOL&WERFAu, W, Mn S0 LBESHEE, r&REBRIC
Wi TLD B0 2,

—F, B s 0T, BEROERIRENDF /B-N7 453473 ) -RUEPOPOP—4
#5475 —%M RADHEAT v 2 7 4 2 e L Dot F o2 v 4% 138, 7 8T %
WA A3 BHCER L ey BEstEIC 3 2 KoL Sn o — F TWOTRAN — 1% 280, BN
BAEA FOBAIE P, —Ss, Ps— Sy HHEET-%, EBREEOREKI ST, PHrETICH
LTH%EORIGETIT /e CHIRAR, RIGEBLEHOEPETA, HEA 7 PV THE
EITHCEREEILVBALHLH, EREENS ARSI PVICOWTHERCAET ST £
REETHST LT LD,
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2. NSRRZBOE

NSRR OEBIC-V T 1 8 D KEMICE~SN TV B O TL T CREFTICLELSIE O
AR B,

NSRR {2 TRIGA—ACPR (Annular Core Pulse Reactor) 2 &L/ VRFETH
D, BA 300 KWOEHABESTMTS 5o

Fig . 2 1 KEFFOBEK, Fig. 2 2icP0BRRERT, Fig. 2 2 IGRT L5 D00k
Wiciz, HERIEEM 23 cm DEAECERAETL, TORAZICy 5 v KR Iva=v LD
BREIAER LTV S ., BEBREH 356 dcm 38 cm DB EZRLFERTRIMNETcm @
B FFIRIBEAES 0.05cmdDSUS 27 DEBEHITND . 6D TH 5. BEKIZ 149 A
TH B, HEMIT, T2 K, BEEeADMIc, NV AHAREDIHO TV Y v HE
3EAB B, PLTRETEZHE, T VKOHRERTRET 2, Fig. 233 FLRUFER
O ERGEMEEERICORL b0 T H5, ERIUEIZIY, NSRRERTORRN 7w vk
BEds7 ) EvrEBLS 5, BREBEANTVERTIR, 07y Er 7EE EHER
BiEEL, ERILOMAMOER I, TOEBILELLOEMELTRLTS %,
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Fig. 21 General Arrangement of NSRR
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EETE, 19794 3 HUBICIT » - EBit 2\ Tk~ 5,
31 BER

EERALNICERA Y 7 0% AN BEOBEERILATRT HA % RUFERILAICANL
A ¢ BEE R TOHEFREAEORER 0. 05 mmEDEHE & Cd HAED 25D 1 mmE D Cd
A= BB ARV, A PHEBTTORHFRNZ b ARIEICE, LEVEE SR
v, FEARVE, LEWEIX, Mg, A2, Fe, Ni, Zn, InTHD, ¥VFI4y FHE
i, Au ., W, Mn T35, 2h o0 L ZYHTEH% Table 3.1 & Table 3 212, £0 i
FaticonTid, Fig. 3.1 K54, # Y <ROBERIE, B FEEYTLD UD 170L (BeO)
AHOORTOEELNCTHHIT 2mmESD LIF y—RCANL , COER I TN
HHOBEITIIUD 170N ( 'LiF ) , UD 110 S (CaS0:« ) A,

3.2 ERAANTELETILI ZOARERSOHER

AMOERTIERFLICNSRRER TEAEA VW TVARTEKRS T2V ETV =T ARERE
LHEAL, oI L2 HFREEY 7 BRBE~OEELFA N, CThoOBEOBEIEBLTO
HDTh Do ‘

1) HBA#H TV

HERF# 72 Vi3 Fig. 3 2 KRt & HIC2KE 1200 mm, WZE 120 mm, WIE (PchEd
5 TmmDSUS MTHS, AFHIKBKERALALDOT, BEDONSRRERTE, &
DHNEITRBRBE RO RO AT A, SEOERTERALSITEH AL TR, .

@ Toi=v LB

AL FEBIC DT,

1) ACRESBENRBHHICEDONS KES,

2) AehToOhMTH, ¥ yeRBOUENEETS D,

3 AfBEAHILOBMTOLINAAENC.

4) AREBOERILAFTBAICL > THEORBUCEEZMA L,

PlE# =@ U8RI LTz, CH%Fig 3310RY, A LREBRIEETE 2OWMALDUED,
L% 2 EDTA EN b TEEL, FHO7 5 7% 7 L=y TO) THTERILICEAT %,
Fig. 3. 2 0@ DH3 3, 4 EDOHXFHELOKLY, I TIOBAEA BETLE, 2REK
EEAS 10 B 282 NSRR OBHEON %HL BT 579 Thb, SHOEAHIZ, Fig. 3.3
CRT £SHNER 100mmES 30 mmOELEDY, TEFHLLOBHFO S NALENCL
ML TWB, ZOELO FICER60mmMES 15 mmOELE I DICHRY, TBHELT ¢

— 5 —
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S bt B, BANDEA FEDELTELBIC, A LBORMBN Y FEFRL, CONy ¥O
FREREOH THEAICEDAL, 2EOEBROS 5, GO I ABPUSELDOE D 53X
BEL, @OFRRIY  Ev VBB HESPRORE IR - PRE LTS

AL BEBOEBIL~OEARURIM Lz, BEBEATELD 7L Y EHOTIT -7, 300
K WiEEDEAIR, BT 57 2BALTRBHET- 74, 300kWEITOREETHE, HEik7 7
AR IRETRE L.

33 REAUESEREH

A ¢ HEBAEBRILN ANEESO&RNEBOREME% Fig. 341077, ZORDA. B.
C O3AETHELREY, ZhEELHOHS20cm, 40cm, 66 cm OAER HIRT 2o
Ald, 2 8EIOERET -1, KERICET ZATEE, B EMAE Table 3 31TRT, 435,
T—zlfmﬁmﬁwﬁ~yﬁﬁ%Tum<,mgzzmhayylyb$W%ﬁmun@ﬁ%
?ﬁ&&ﬁottbm,Clcﬁloo%&ﬁ%ﬁbrw5®m,r#1u65%,r#zmas%
DHEHEFRL, HARTRO FALE LT, 20D LEVEHDORIER, T 24 THET
Foo T—19, T 20 THHEE 7 — vid, WIHTE-THIEL,

cnb@%@ﬁnyu/m;5mﬁﬁ%®o¢amowti ﬁﬁ#%m%hfm%ﬁéﬂf
[(\f‘;[‘\o

34 HEMLERY TLD ORE

LS OBIEIc 4, EHFNSRR iE®DGe (Li) FEUKBIERE AV, TLD ORIE &,
HAFAEO TLD V-4 — (M TFERE UD 502 A) FRVI,
1) FEHMEHE (LE0iE) ORUCRORH AR

HEEBOF— 2%, XBe— 2 BB T3 HEICE T, KBE— 7 HHAELSRIGEER
Hd 2FEMILTOED Th S,

Kib#% R= [e¢¢ (E) dE TEHTH L,

N 1
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No S
HL,
C(Tw, 4T) e ATw
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5‘b1b2‘Pe I*EI.AT
. j'erl‘ip (t) . Ez(Ti-— t) e dt
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T : HOERE=
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BICL S RUEAMITE E LTRC D, 1./ v RILEEKLBEA, Achbbod, 12—k
DRIEZEITOT, FRBLZ A LF-—TONEEELBPRTEZ L LKL S, Thaed v FY
4 wF T4 VkES D, :

LT Fodg o FBORGELL, £BIFVF -TOPRFHERD LI HEERT,
AEOE O EES Router, AlOBORIGEA Rinner £ 5 &, Al Al IERDZE
4RI,

4R = Router — Rinner
N
= _‘21’75 (Ei) ¢ (Ui} - (1)
i= _

s Y FI9A4 L FROEMNILEEREOMER/
Ei :iBHOHEZALY—
N . ZET~<IEBBOHK

s OHBEHELT, HORIMt T, IHERDO I HEL 2HEOERHWSEG%ERT,
youter = 172 [1(t) +3-1(3t) —2 - 1(2¢t) ]
pinner =2 [ (2t) —1(t)

"'17 1323 (Ei) =% outer — 7 inner

3 3
=—1@ +— 1(3t) —-31{2t)
2 2

[(t) : Ext OBOENHRERST, EBATIXHMEITE -THE4DEH
7o
MRAERD L HTELT 5,

N
AR =75 (EMain) * ¢ (UMain)} + X s (Ei) ¢(Ui)
i=2
oIS RABEICLEESTHD, W2HET ¢ (u) =E"(0<n<2) tRETHE,
% { OERILBEE 1 >ORBHLEEREBIKE DD ENTES, (CN%,Uni—resonance
EELEwS) (T
7,
N

> 7s(Ei) E¢c"¥ 7s (Ey) (Eperyr"
=2

EHEUTELDT,
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AR =17s (Em) ¢ (Um) +7s (Ey) ¢(Uy)
COREFEOT, REHET R EicLD, LBz s — TORRETFHERD BBHTE 5,
3) TLD X2y HMEFOHEH
pr=R*A=*B
¢ r riEEE (R h)
R ) — & — DEAMYE
A EANMDESS LY v E~OBRREREK
B 7.—Fv/BELK
(H TLD BiTHEERO T AL F—-RINFEKIIRL 20T, HFICIR TLD TRENKRER
BRFAETEROHAC TR TLD DMERENTE O RE B REXR L AL L1, U8
W= —DOFEEEFCo TH-» T 5,

Table 3.1 Data for activation detectors

: Measured s .
Detector | Reactim type T1/2 |Y energy | by xbp a;zg;c abungance
(MeV)

Mg 24y, (n,p) 24N, |14.96h | 1.369 | 1.0 24,305 | 2'M,78.6

A1 2701 (n,a)2%N; |14.96h | 1.369 (1.0 26.982 2741100,0

Fe S4F . (n,p) Sy 303d ‘| 0.8353 [0.9997 | 55.84 S4F.91.68

My, 55M,(n,a) %M, |2.576h | 0.847 0.99 54,938 ?5Mn100.0

Ni 58Ni(n,p)58C, |71.3d | 0.810  |0.9897 | 58.7 .| S°N467.8

Zn 647,(n,p)0%Ccy |12.8h 0.511 0.38 65.38 647,48, 89

In 1150 (n,n) 1151, | 4.5h | 0.335 0.472 |114.82 1157.95,77

W 186 y(n,a)187w [23.9h 0.479 ’0.225 183.8  |18% wzé.a

0.686 | 0.269
Ay 1975 (n,a) 1984, |2.698d | 0.4118 |0.9548 1196.9665 |197A,100
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Table 3.2 Sandwich—Resonance-Foil Characteristics

Single Foil Type of Resonance
Reaction Thickness Sandwich Energy AnP (b)
(cm) (k, 1, m, m*? (eV)
1973u(n,v) 1°%Au  0.00508 (1, 3, 2, 3) oon306 8-
186 (n,y) 1t W 0.0154 ° (1, 5,3, 5  ,5e830 3-8
S5Mn (n,v) 55Mn 0.00413 - (1, 7, 4, 7) 33;'8 8'533

AThis designation of the type of sandwich shows that the difference in
the specific activity of the k'th foil, of an I-feil sandwich, and the m'th
foil of an #n-foil sandwich is recorded.

bHere, An is the constant for the sandwich foil analysis (calculated
from the resonance integrals). The value depends on the single foil
thickness and the type of sandwich.

CThe second of the pairs of values in this column is the hypothetical
higher resonance cobtained by the uniresonance approximation.

Table 3.3 Experiments and Conditions

‘ Experimental Conditions

Run No. Experiments Detectors ﬁ;;ﬁg&iﬁiﬁ? Date

7-17 | Deutron flux Au, Cd(Au) 30kwx60min 19793/14
T-1g | Samma Ray bose TLD 3kwx10min 3/14
T-19 | DeutIon tlux | Au 3kwx30min 12/12
1-z0 | Deutron f.ux cd (Au) 3kwx30min 12/12
T=-21 Neutron Spectrum threshold detectors 300kwx20min 12/18
T-22 ?ggﬁ?gg bose) TLD owxlomin oo 1/10
T-23 | Samma Ray Dose TLD 300 wx15min 1/10
T-24 Neutron Spectrum threshold detectors 300kwx30min 1/10




JAERI-M 9142

24
14.96h Na
00 41225
Y. 1.3685
- Y 0
ZhMg
5Mn 303d
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Fig. 3.1
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B+
i -
1.34__9LE% 38%

0¥
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(continued)

Decay schemes
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: 187
115m
4.5h—-mIn \L0;335 23.9h W \Q%
61014y a*\\ —TTr— 0.773
H51In 5% 7 R7% 47%  o.6860
15%
27,
0.6193
0
115gp ‘ 0.20624
0.13425
.0
187Re
198
2.698d y Au —
999% \\' _
80% 1.0875
0.025
0.41180
0

Fig. 3.1 Decay schemes
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Fig. 3.2 -Standard Water Capsule
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Detector's cells
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v e T332 ¥
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«——— 200
5
250 A
B
6 rFmo7 |303
1142
REEr
5041
< 2001 B’

604 x 15t

60
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Detector's bed

Fig. 3.3 Configuration of Al moderator and detector's bed
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Eistance Detectors
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center | Au [Cd-Au 53?3} EchTh%g??g1 TLD
Cebem; O O 0] O o)
B 40 om O ® O
A20em o1 o o) o) o)
O: Measured

Fig. 3.4 Type

%: Not measured

of detectors and measured positions
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4. E B B R

TR B IR () BN i, v SEROWIRBEOEE (B BRSO E
B L, AP RERAZEBILKBALABHEOLIVE, v Fua o FEORIGFICOD
T, Bl () BEAHAHDICBEE L,

41 RBERLESGRUPHEFRE

EBH 72V EDOREOEBRAIOEB/OMGESTE TN ERBETCOVTE 795
v, B DWW T 1163 28— T TR TR S T4 Fig 4 1 ~Fig. 4 210R
T, Chold, BEEEEAOCER 7S /A2 EO TERIEZ TRL VN b mDG% TORELR
THh b, Fig. 4313 CdlhdbEbd T Tabled 1 iTRT,

42 FEFIRT I
AfBEEAERAFEALLZBO LEVERTFY Y F74 » FHRORIGES Table 4 2 ~
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Table 4.1 Measured Reaction Rates of Ay and Cd (Ay)
(with A1 moderator) {1/sec at 1W)
position
A B C
detectors
Ay 2,52 x 10716 8.99 x 10717 1.29 x 10-17
Cd-Ay, 1.35 x 10716 4.21 x 1017 4,94 x 10718
Cd ratio 1.87 2.14 2.61
Table 4.2 Measured Reaction Rates of Threshold
Detectors (with Al moderator) (1/sec at 1W)
position
A
detectors
Mg 2.0 % 10721 1.6 x 10723
Al 9.8 x 10722 7.4 x 10724
Fe 7.8 x 10720 4.9 x 10722
Ny 1.6 x 10~19 1.0 x 10721 "
7n 4.1 x 10-20 2.6 x 10727
In 3.5 x 10719 2.2 x 10-21
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Table 4.3 Reaction Rates of Sandwitch Detectors (l/sec at 1W) and
Neutron Spectrum at Main Resonance Energy (n/cm? sec at
unit lethergy at 1W) (with A] moderator)

Detectors A C
(main resonance
energy) Reaction Reaction
Rate Spectrum Rate
outer _ outer
3.24%x10718 8.52x10718
55
Mn . ,
inner . 5 inner
— 3.1x10 -18
18 7.18x%10
(337eV) 2.89x10 X
outer ! outer
3.02x10"18 7.43x10718
outer outer
9.55x10"17 3.60x10™%8
197
Ay inner 2 7x105 inner s
—17 . L13x10~
(4.9e7) 6.35%10 2.13x
outer . outer
7.85x10"17 2.46x10718
outer : outer
4.36x10"17 1.76x10718
186w
inner 5 inner
—-17 3.7x10 10_19
(18.8eV) 2, 45%x10 8.07x
outer outer
3.76x10717 9.31x107 1%

Table 4.4 Reaction Rate of TLD
(609Co equivalence)
{(with A] moderator)

Position A B C
Reaction
Rate 29.4 6.33 0.747
(R/H at 1W)
Background
(R/H) i 96.0 13,2 1.25
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® Au (bare)
A Au (Cd)
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A
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[ ]
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| ]
'y [ ]
10721 * *
&
r 3
] | 1 1 T T
100 200 300 400 500 600
Distance from the bottom {cm)
Fig. 4.1

Measured Au and Cd{Au) reaction rate distribution (with capsule)



Neutron flux (n/cmZ«sec at 1 W)
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10% | ® Thermal flux
'
A Epithermal flux
L J
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'Y
L J
102
A o
L ]
.
A
L ]
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A L J
A
F 3
'] —
F Y
F Y
A
T T I T T H
100 200 300 400 500 600

Distance from the bottom {(cm)

Fig. 4.2 Thermal and epithermal flux distribution (with capsule)
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100 200 300 400 500 600
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Fig. 4.3 Cd ratio distribution (with capsule)

108

10°

10%

i | 1

10 102 103
Neutron energy {eV)

Fig. 4.4 Neutron spectrum in Al moderator
{at 20 cn from core center)



Gamma ray dose {R/h at 1 W)
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!
100 - ® UDI70L (LiF# 7+ A0Bel)
A UD137N {7LiF)
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[ X J
®
10714 N
2,
Y

[ ]

| ]

A

fa
1072 .‘

l:.
o
H
10—3 ;
. |
]O”q T T T T T T >
100 200 300 400 500 600

Distance from the bottom {cm)

Fig. 4.5 Measured gamma ray dose distribution {with capsule)
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%Fig. 53~5 6 md,
Fig. 53  NSRR D 2RTHEREF L
Fig. 54 S Py SHETOHBEKRREF L (FEBRILEAF)
Fig. 55 S P itETOHEERT 7~ (ERAFA¥)
Fig, 56 Se P1 SIETOHRERE 7V (EBANIC A £ HaEE)

TEI, DONLERHEE LTITY, BRNIEREE 5% TIC, BEIO Restart 7 72,
WHOHER, BERA v ¥ 20FHFROBKEBES 1 BLITFICI - 7o, IEE L, KIG
REHET BECAOE 16O L R £ 2% Table 5.5 KR » CIUIBEERED 100 B
7~ 5% ANISN—JR TE AR BV THHU L TRH-bDTH B,

Table 5.1 Energy group structure for TWOTRAN-II

*+-Neutron Group:-- +++Gamma Groups .-
GROUP ENERGY RANGE GROUP ENERGY RANGE
1.4318BE+07-3.3287E+06 1 1.4000E+07~5.0000E+06
3.3287E+06-8.2085E+05 2 5.0000E+06~1.3300E+06
8.2085E+05-1.8316E+05 3 1.3300E+06-2.0000E+04
1.8316E+05-4.0868E+04
4.0868E+04~9.1188E+03
9.1188E+03-2.6126E+03
2.6126E+03-5.8295E+02
5.8295E+02-1.3007E+02
1.3007E+02-2.9023E+01
2.9023E+01-8.3153E+00
8.3153E+00-1.8554E+00
1.8554E+00~4.1399E-01
13 4.1399E-01-~-1.0000E-03

O 0~ oy U b W N

o
NoOH o
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Table 5.7
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ENERGY RANGE

1.4918E+07
1.3499E4+07
1.2214E+07
1L1052E+07
1L0000E+07
9.0484E+06
B1873E+06
7.4082E+06
6.7032E+06
6.0653E+06
5488 1E+06
49659E+06
44933E+06
40657E+06
3.6 78 8E+0 6
3.3287E+06
3.0119E+06
27253E+06
246 60E+06
22313E+06
20190E+06
1.8268E+06
1.6530E+06
14957E+06
1.353 4E+06
1.2246E+06
1.1080E+06
10026E+06
9.0718E+05
82085E+05
7.4274E+05
6.7206E+05
6.0810E+05
55023E+05
4978TE+05
4504 9E+05
40762E+05
36883E+05
33373E+05
30197E+05
27324E+05
24724E+05
22371E+05
20242E+05
1.8316E+05
1.6573E405
1.4996E4+05
1.3569E+05
1.2277E+05
LILIOSE+0S

1.L3499E+07
1.2214E+07
1.1052E+4+07
1.LOOOOCE+07
9.0484E4+06
81873E+06
74082E+06
6.7032E+06
60653E+06
54881E+06
49659E+06
44933E+06
40657TE+06
36788E+06
33287E4+06
30119E+06
27253E+06
24660E+06
22313E4+06
20190E+06
1.8268E+06
1.6530E+06
1.L4957E4+06
1.3534E+06
1.2246E406
1.1080E+06
1.0026E+06
90718E+05
82085E+05
7.4274E+05
6.7206E+05
6.0810E+05
55023E405
49787E+05
45049E4+05
4076 2E+05
36883E+05
33373E4+05
30197E+4+05
27324E4+05
24724E+05

22371E4+05°

20242E+05
1.8316E+05
1L6573E+05
1.4986E+05
1.3569E4+05
1.2277E+405
1L1103E+05
B6617E+04

GROUP
51
52
53
54
55
56
57
58
59
60
61
62
63
6 4
65
66
67
68
69
70
71
72
73
74
75
76
77
78
79
80
81
82
83
84
85
86
87
88
89
90
91
92
93
94
95
96
97
58
99

100

Energy group structure in units of eV

NEUTRON GROUP -

ENERGY RANGE

86617E+04

6.7379E+04

524 75E+04
4086 8E+04
31828E+04
24788E+04
1.9305E+04
1.5034E+4+04
117T09E+04
9.1188E+03
72101 7E+03
55308E4+03
43074E4+03
33546E+4+03
26126E4+03
2034 7E4+03
1.5846E+03
1.2341E4+03
9.6112E+02
7.4852E+02
58295E+02
45400E+02
3.5357E+02
27536E+02
21445E4+02
1.6702E+0G 2
1.3007E+02
1.0130CE+02
78893E4+01
61442E+01
4785 1E4+01
3726 7TE4+01
29023E+01
22603E+01
1.76 03E+01
1.3710E+01
1L.OG6TT7E+01
B.3153E40C0
64760E+00
50435E+00
39279E4+00
30590E+4+040Q
2.3824E+00C
1.8 554E+00
1.4450E4+00
1.L1254E400
87642E—0Q1
6.8256E-—-01
53158E-01
41399E—-01

6.7379E+0 4
5.2475E+0 4
4086 8E+04
31828E+04
24788E+04
1.9305E+04
1.5034E+04
1.1709E+04
9.1188E+0 3
7101 7E+0 3
5.5308E+03
43075E+03
33546E+03
26126E+0 3
20347E+03
1.5846E+03
1.2341E+03

"86112E+02

7.4852E4+02
58295E+02
45400E+02
35357E+02
27536E+02
21445E+02
1.6 7T02E+02
1.3007E+02

ALO0130E+02

7.8893E+01
6.1442E+01
47851E+01
3726 7E+01
29023E+01
22603E4+01
1.7603E+01
1.3710E+01
1L0677E+01L
83153E+00
6.4T60E+00
50 435E+00
3.9 279E+900
30590E4+00
23824E+00
1.8554E+00
1.4450E+00
L1254E4+00
87642E—01
6.8256E—01
5.3158E—01
41399E-01
1LOOOOE—03
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{Continued)

GAMAMA GROUP

‘ENERGY RANGE

1400 0E+07T
L2000E+07
LOOOOE+07
BOODOE+06
6.5000E+06
50000E+06
40000E+06
30000E+06
25000E+06
20000E+06
1L6600E+06
1.3300E4+06
10000E+0 6
30020E+05
6.0000E4+05
40000E+05
30000E+05
20000E+05
1LOOOOE+0S
50000E+04

1.2000E+07
1L.OOO0OE+07
80000E+085
6.5000E+9 6
50000E+06
40000E+06
30000E+06
25000E+06
20000E+06
1.6600E+06
13300E406

"10000E+06

80000E+05
6000O0E+05
40000E+05
3000O0E+0S
20000E+0 5
1L00O0O0E+0S5
2.0000E+04
20000E+04
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Table 5.5 Detector Response
i) Detector Response  (without Al moderator)
Group | Au(bare) Au(Cd) Mg(n,p) In{n,n) Al (n,a)
1 1.82—2* 1.95-2- 1.,12-2 3.135-1 4.827-3
2 6.98-2 6.44-2 1.789~1
3 P 1.73-1 1.49-1 5.508-3
4 | 3.67-1 3.14-1
5 2.6 7.24-1
6 2.28 1.95
7 7.91 6.38
8 | 1.49+1 1.11+1
9 | 2.29+1  1.43+1
10 2,13 1.91
11 2.22+42 2.10+2
12 2.6 +1 1.22+1
13 1.33+2 2.68-5
gamma dose (R/H)
14 8.435-6
15 3.724-6
16 1.082-6

* Read as 1.82x10 2
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ii} Detector Response {(with Al moderator)

Group | Au(bare) Au{Cd) Mg(n,p) Ni{(n,p) In(n,n} 2Zn(n,p)
1 1.823-2 1.949-2 1.119-2 4.150-1 3.141-1 1.469-1
2 6.981-2 6.445-2 6.0 3.671-2 1.657-1 8.558-3
3 1.734-1 1.492-1 0.0 1.799-5 5.017-3 0.0
4 3.670-1 3.142-1 0.0 0.0 0.0 0.0
5 2.596+0 7.240-1
6 2.277+0 1.946+0
7 7.9124+0 6.364+0
8 1.489+1 1.112+1
9 2.28941 1.430+1

10 2.128+0 1.908+0
i1 2.22442 2.100+2
12 2.600+1 1.219+1
13 1.326+2 2.676-5

Group | *“Fe(n,p) Al(n,a) Group gaxrrr:/fl.ose
1 3.493-1 -4.139-3
2 | 2.001-2 0.0 14 ] 8.435-6
3 0.0 0.0 15 3.724-6
4 16 1.082-6
5
6
7
8
g

10
11
12
13
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Fuel cell

v, 0.3175 Zr+Gap
ay; 1.4605 U-ZrH
vy 0.004826 Gap(0,)
Ay, 0.05080 SUS304
ays  0.3127  Hy0
(Unit: cm)

Core cell

vy 10.785 Gap
Avog 2.525 Liner
anyy  14.422 Core
Ay, 20.00  Hy0
(Unit: cm)

Fig. 5.1 Cell structure for group constants of two
dimensional calculation
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Fig. 5.2 Flow diagram of analysis
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Gray
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8.7

19,05

H,0

reflector

\\_

Fig. 5.3 Calculational model of NSRR (unit: cm)
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Z
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Fig. 5.6 Two dimensional model for P3-S1g calculation
(A1 moderator in the experimental tube)



JAERI-M 9142

6. EFEESERFZDEBRELE X OB

SHEL EERIARA FOBEE TN I =Y aBEBEANILBAD 27 ALV TT -7
DT, [RITZTTBNS,

8.1 EBRILAHNKA FOBE
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JAERI-M 9142

Table 6.1 Experimental Results of Au(bare) and
Ratios of Calculated-to-Experimental

(C/E) Values (Without Al moderator)
Di;;g;ce Exp. (Au bare) C/E
core center (1/sec at 1W) P1s56 P3816
0.0 tem™ 3.65-16% 1.32 1.46
3.0 3.42-16 1.32 1.48
15.5 2.91-16 1.38 1.57
23.3 2.29-16 1.50 1.63
27.6 1.94-16 1.57 1.76
34.5 1.53~16 1.58 1.76
37.6 1.21-16 1.77 1.76
43,1 1.05-16 1.76 1.81
50.0 7.04-17 2.00 2.02
65.5 4.11-17 2.42 2.74
87.6 1.98-17 3.09 3.07
100.8 1.61~17 2.76 2.31
112.6 9.81-18 3.33 3.79
137.6 5.18-18 2.89 ——
150.8 4.09-18 1.79 N

* Read as 3.65x107!6
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Table 6.2 Experimental Results of Cd(Au) and
Ratios of Calculated-to-Experimental
(C/E) Values (without Al moderator)

bistance Exp. (Au-Cd) C/E
core center {1/sec ak 1W) P156 P3816
0.0 C™ 1.91-16 0.67 0.75
9.0 1.90-16 0.62 0.71
37.6 4.52-17 0.81 0.73
65.5 1.22-17 0.87 1.02
87.6 2.76-18 1.71 1.69
100.8 1.93-18 1.53 1.42
112.6 1.19-18 1.61 1.44
137.6 7.21-19 0.99 —

Table 6.3 Experimental Results of TLD (*°Co
equivalence) and Ratios of Calculated
-to-Experimental Valued

(without Al moderator)

Di;;ggce Exp. (TLD)* C/E

core o er (R/H at 1W) P1S6 P3S16
{cm)

0.0 110.0 0.22 0.24
9.0 89.0 0.24 0.28
15.5 60.0 0.30 0.35
23.3 | 40.0 0.34 0.39
34.5 17.0 0.52 0.44
43.1 10.0 0.63 0.75
50.0 7.1 0.68 0.76
65.5 | 2.9 0.95 1.03
87.6 1.0 1.42 1.29
100.8 0.66 1.44 1.19
112.6 0.43 1.52 1.16
137.6 0.21 ~1.23 m———
150.8 0.15 0.89 —_—

x* Background was subtracted,
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Table 6.4 Experimental Results of Threshold Detectors and Ratios
of Calculated-to-Experimental Values
{without Al moderator)
Core Center C 60cm from Core Center
Experimental | C/E Experimental ' C/E
Results Results
(Sec™! at 1IW) | $6-P1 | S16-P3 | (Sec”! at 1W)| S6-P1 | S16-P3
-19 i =20
In 8.71x10 0.80 | 0.83 1.80%10 1.58 1.72
Al 3,12x1072! 0.96 0.98 4.85x10~23 2.21 1.46
Mg | 6.30x10721 1.19 1.20 1,02x107%2 2.24 1.61
Table 6.5 Experimental Results of Ay and Cd(Ay) and Ratios of
Calculated-~to-Experimental Values
(with A] moderator)
Position A B c.
Experimental Expérimental Experimental
Results C/E Results C/E Results C/E
(1/Sec at 1W) {(1/Sec at 1W) (1/Sec at 1W) :
Ay 2.52x10716 1.38 | 8.99x10717 1.35 | 1,29x10717 | 1,88
Cd (Ay) 1.35x10716 0.75 | 4.21x10717 0.61 | 4.94x10718 0.67
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Table 6.6 Experimental Results of TLD (50Co equivelence)
and Ratios of Calculated-to-Experimental Values
(with A] moderator)

Experimental
Position Results C/E
(R/H/W)
A 29.4 0,50
B 6,33 0,69
C 0.75 1.24

Table 6.7 Experimental Results of Threshold Detectors and

Ratios of Calculated-to-Experimental Values
(with A1 moderator)

A C
Experimental Results C/E Experimental Results C/E
(1/sec at 1W) (1/sec at 1W)
Mg 2.0 x 10721 0.750 1.6 x 10723 0.238
AL | 9.8 x 1072% | 1.567 7.4 x 10724 0.191
Fe 7.8 x 10720 | 0.891 4.9 x 10727 0.357
Ni 1.6 x 10713 0.610 1.0 x 10721 0.244
Zn 4,1 % 10729 L 0,717 2.6 x 10722 0.285
Tn 3.5 x 1071? 0.683 2,2 x 10721 0,274
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Fig. 6.1 Neutron spectrum at core center
(without Al moderator)

— Au {bare} Cal.
~&~ Ay (bare) Exp.
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10-17 - Au(bare)

\ > Apy(Bare)
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Fig. 6.2 Comparison of calculated and measured Au and Cd(Au)
reaction rate distribution (without Al moderator)
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Fig. 6.3 Neutron spectrum at 22 cm from core center
(with A1 moderator)
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Fig. 6.4 Comparison of calculated and measured Au and Cd(Au)
reaction rate distribution (with Al moderator)
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Comparisons of Reaction Rate, Cd Ratio and Neutron

Table 7.1
flux between without Al moderator and with A] moderator
Reaction Neutron
e Rate (sec™! at 1W) flux (n/cm? sec at 1W)
Position
Ay Cd (Auw) Cd ratio bepi® Prh*
2.6 x1071¢ .2 x10718 1.2x10% | 1,8x10°
A
2,52x10716 .35x107 16 1.0x10° 1.5x106
1.2 x1071° .5 x107 17 6.5x10"% 9.5x10°
B
8.99x10717 .21x10"17 4.1x10" 6.1x10°
4.11x10717 .22x10"17 2,5x10"% 3.7x103
C
1.29x10717 .94x10"18 6.9x103 1.0x10°
upper colum : Without Al moderator
Lower colum : With Al moderator
Eipl = 1153 barn, aﬁh = 79 barn were used to calculate

pepi and ¢$th.
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Table 7.2 Comparison of threshoid detectors between without
Al moderator and with A] moderator
Position Mg Al In
C 1.02 x 10722 4.85 x 10723 1.8 x 10720
(sec™! at 1w) 1.6 x 10723 7.4 x 1072% 2.2 x 10721

upper colum :

without Al moderator

lower colum : with Aj] moderator

Table 7.3 Comparisons of Reaction Rate of TLD (50¢co
equivalence) and n/y ratios between without
Al moderator and with A] moderator
L, Reaction Rate
Position (R/H at 1W) ¢ep1/Y beh/Y
45.0 2.7 x 103 4.0 x 10"
A
29.4 3.4 x 103 5.1 x 10"
11.5 5.6 x 103 8.3 x 10%
B
6.33 6.5 x 103 9.6 x 10%
3.0 8.3 x 103 1.2 x 10°
C ‘
0.747 9.2 x 103 1.5 x 10°
upper

lower colum :

—_ 45 —

colum : without A] moderator

with A] moderator
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Fig. 7.1 Axial distributions of neutron flux and gamma-ray dose rate in

the experimental cavity with and without experimental capsule
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Fig. 7.2 n/y distribution (with capsule)
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