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Analysis of Shielding Benchmark Preblems Using
the Monte Carlo Code MORCE-CG

1 4
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Many Monte Carlo codes have been developed and available now, among
which the MORSE-CG code is one of the most experienced one. We selected
the MORSE code to analyze several benchmark problems. The pertinent Monte
Carlo parameters and estimations are proposed for obtaining a good result
by the MORSE. Also, an extented directions for use of the MORSE is
obtained and described by citing examples of application.

The following six shielding experiments were employed as benchmark
problems.

I. Neutron streaming through a slit in the JRR-4 reactor.
II. Neutron streaming through a duct in the JRR—-4 reactor.
ITI. Neutron streaming through a two—bend duct in the ETNA facility.
IV. Neutron spectra penetrated a thich iron slab at the WINFRITH.
V. 14-MeV-neutron streaming and deep penetration at the ORNL.
VI. Dose rate distributions around a spent fuel shipping cask at the

CRIEPI (Central Research Institute of Electric Power Industry).
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TENT, COEREED SEOSFMBEOARICAE s ni, SAOMNRICHT 2ERTDL 7
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ORIEELNTEY, 20K, 270V T VY ARERPRE (LI O>NTREICH P LTS, L
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__,77



JAERI-M 83—-142
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S RELCOL ###AAEN T3, RELCOLRGBDRRLAN > TCONZFRET 20T, 190
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LT,
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svfﬁ%@m,Dnmm:+w,wg,zuwb®¢QMﬁﬁ,H%ﬁﬁbzbumiyf%%f
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ADK%%@mﬁFiﬁﬂ—@%ﬁ@&%wxvvh@ﬁﬁﬁm?%akonmlwﬁE%~@®
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Kiaf,ﬁvaVVﬁ%ﬁ%ﬁ%ﬁi@FSD%~E@%§$D%%#K@ﬂTw%C&%%D
%(f%t@?@%oCCTﬁ&é%V%ﬁwfuyfﬂﬁfm,%m®ﬁ%®ﬁﬁ@ﬁﬁmﬁw5
FSDRBERNLENFSDICHMEEBLAVEDERELTDH, T3, iterative for ward—
adjoint Monte Carlo Methociiig, recursive Monte Carlo Methodu’)C“%, FSD®D
E%%%ELTmec&K&Ut%@T&%DLﬁt,%@@ﬁﬁ@FSDﬁfnv@mm@,%
4\ ED{EIE (error propagation) #3& 5, W CEROBRRIBET TEASNTHE LS,
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Fig. 1 Calculational model for the JRR-4 slit-streaming experiment.
Detector locations shown by solid circles. Dimensions

are in centimetres.
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Table 1 Comparison of Reaction Rates Between Measured, Single

MORSE, and MORSE-to-MORSE Coupling Calculations in the

S1lit Problem.

(Rates are expressed in reaction/W-s.Slit width is 1 cm except as noted.}

Distance from MCRSE-to-MORSE
the Slit Entrance | Measured Single MORSE Coupling
{cm) {5000 Histories) (8000 Histories)

Cadmium-Covered Gold Detector

0 1.25%-207 | "1.442-22  0.653° | 2.354-20 0.551°
20 8.50%-21 | 2.565-22  0.820 2.491-20 0.658
40 1.55-21 1.143-23  0.646 2.002-21 0.467
60 1.80-22 1.853-24  0.663 1.540-22 0.333
80 1.60-23 6.204-25  0.790 3.154-23 0.323

Sulfur Detector

0. 5.30=-25 4.861-25 0.707 1.027-24 0.333
24 1.15-25 1.427-25 0.679 1.797-25 0.355
40 2.60-26 1.588-26 0.560 | 1.874-26 0.350
60 7.20-27 2.905-27 0.651 4.570-27 0.331
80 2.70-27 2.147=-27 0.758 1.830-27 0Q.322 _J

Indium Detector
B 0 1.15-24 1.501-23 0.811 3.793~-24 0.189
20 3.05-25 4.569-24 0.583 4.851-25 (0,227
40 o+ 5.40-26 2.754-25 0.634 7.254-26 0.334
60 1.10-26 6.210-26 0.597 2.910-26 0.417
80 3.20-27 £.333-26 0.841 1.623-26 0.444

Magnesium Detector

0 1.35-26 1.459-28 0.229 1.372-26 0.579
20 4.00-27 2.264-27 ¢.984 1.087-26 0.367
40 8.50-28 3.664-28 0.972 2.104-27 0.623
60 2.50-28 4,452-29 0.353 4.781-28 0.634
80 1.30-28 6.988-30 0.300 1.475-28 0.600

351it with zero.
Pread as 1.25x10°
“Fractional standard deviation.

20
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Table 2 Comparison of Reaction Rates Between Measured and MORSE-
to-MORSE Coupling Calculations in the Two-Legged

Cylindrical-Annular-Duct Problem.

Detector Location? Nickel Detector Reaction Rate
(cm) (reaction/W-s)
MORSE-t0o—-MORSE
Line A Coupling
{in water) X z . Measured (10000 Histories)
A- 1 3 0 2.47-22 | 1.939-22 0.179°
2 20 == 2.59-23 2.782-23 0.209
3 40 -—- 4.53-24 5.737-24 0.240
4 60 - 1.36-24 1.295-24 0.199
5 80 -—— 5.88-25
6 100 ——— 3.39-25 4.,221-25 0.430
7 120 - 2.12-25
3 140 - 1.46-25 3.836-26 (G.457
9 160 -——- 1.18-25 9.639-26 0.508
10 180 - 1.,25-25 9.030-26 0.643
11 -—= 15 3.78-25
12 -—= 20 3.76-25 4.227-25 0.270
13 -—- 40 8.93=-27 1.624-26 0.276
14 —-——= 60 1.13-27 1.498-27 0.454

a1l detector locations were in the plane of Fig.2.

Fractional standard deviztion.
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Table 3 Comparison of Reaction Rates Between Measured and MORSE-
to-MORSE Coupling Calculations in the Two-Legged

Cylindrical-Annular-Duct Problem.

. a .
Detector Locatlion Reactlion Rate

{cm) ' (reaction/W-.s)

MORSE~to—-MORSE
Line B Coupling

{in air) |' X z " Measured (10000 Histories)

Cadmium-Covered (old Detector

B- 1 1 15 4.05-20 1.382-19 0.183°
40 -— 8.07-21 2.333-20 0.254
BO - 1.95-21 4.794-21 0.275
7 120 - 6.25-22 1.994-21 0.275
160 ——— 2.55-22 6.163-22 D.324
10 165 20 1.36-22 3.226-22 0.572
11 -— 40 2.62-23 4.469-23 0.650
12 —_— 60 9.50-24 1.786-23 0.546
13 -— 80 4.23-24 2.449-24 0.529

Nickel Detector

B- 1 1 15 1.74-22 1.648-22 g.112

40 - 2.,75-23 4.407-23 0.095

5 80 - 9.06-24 1.400-~23 0.146

7 120 ——— 4,21-24 5.992-24 0.091

9 160 ——- 2.03-24 3.50%-24 0.123

10 165 20 1.69-24 3.621-24 0.167
(zZ=15cm)}

11 -—— 40 1.98-2¢6 2.243-2¢6 0.403

12 -—— 60 4.17-27 1.188-26 0.513

13 ——— 80 2.07-27 1.934-27 0.546

3all detector locations were in the plane of Fig.2.

bFractional standard deviation.
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Table 3 (Continued)

Detector Location?

Reaction Rate

{cm) (reaction/W-s)}
MORSE-to—-MORSE
Line B Coupling
{in air) X z Measured (10000 Histories)
Indium Detecto
EB- 1 15 2.46-22 2.328-22 0.099b
40 - 3.54-23 5.153-23 0.083
5 80 —-— 1.10-23 1.566-23 g.122
7 120 ——- 4.49-24 6.805-24 G.079
160 - 2.24-24 4.,233-24 0.107
10 165 20 1.93-24 4,.451-24 0.166
(Z=15cm)
11 —-——— 40 5.46-26 3.269-=26 0.402
12 —— 60 1.92-26 1.183-26 0.574
13 -— B0 2.050-27 0.541
Aluminum Detector
B- 1 1 15 2.30-24 2.631-24 0.208
40 -—— 3.72-25 3.416-25 0.160
5 80 - 1.31-25 2.859=-25% 0.209
7 120 - 6.77-26 1.189-25 0.159
160 —— 3.52-26 6.020-25 0.162
10 165 20 2.81-26 7.790-25 0.294
{(Z=15cm}
11 —-——= 40 2.03-28 8.314-28 0.821
i2 - 60 3.51-29 2.061-28 0.794
13 -—— 80 8.90-30 3.158-28 0.719
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Table 4 Comparison of Reaction Rates Between Measured and MORSE-

to-MORSE Coupling Calculations in the Two-Legged

Cylindrical-Annular-Duct Problem.

Detector Location® Reacticon Rate
{cm) (reaction/wW-s)
MORSE -to-MORSE
Line C Coupling
(in air) x z Measured {10000 Histories)
Cadmium-Covered Gold Detector
C- 1 1 =15 6.83-20 4.246-19 0.576
3 40 - 1.02-20 1.755-20 0.260
5 30 - 2.26-21 1.245-20 0.407
7 120 - 7.35-22 3.463-21 0.45¢6
9 160 ——- 3.09-22 1.241-21 0.4470
10 180 - 2.40-22 2.782-22 0.611
11 196 —— 2.30-22 1.810-22 0.466
12 - 0 1.09-22 2.144-22 0.590
13 -— 20 5.92-23 $.630-23 0.666
14 —— 4Q 2.28-23 2.244-23 0.759
15 ——- 60 9.12-24 2.076-23 0.526
16 ——— 80 4.21-24 1.700-23 0.608
17 - 100 2.33-24
18 - 120 1.38-24 1.547-24 0.659
Nickel Detector

c- 1 1 =15 3.25-22 2.491-22 0.149
3 40 - 5.18-23 5.564-23 0.100
5 80 - 1.56-23 1.310~23 0.097
7 120 - 6.68=24 5.307-24 0.083
9 160 - 3.50-24 3.082-24 0.145
10 180 - 2.37-24 2.813-24 0.109
11 195 -—- 1.90-24 1.883-24 0.138
12 ——— G 1.17-25 1.982-25 ¢.492
13 —-——— 20 1.46-25 5.937-25 0.414
14 - 40 1.84-2¢6 6.212-26 0.361
15 -—— a0 2.2%0-27 0.671L

2311 detector locations were in the plane of Fig.2.

Fractional standard deviation.
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Table 4 (Continued)

Detector Locationa

Reaction Rate

{em) (reaction/W-s)
MORSE~to—MORSE
Line C Coupling
{in air) X z Measured {10000 Histories)
Indium Detector

c- 1 1 -15 4.64-22 3.534-22 0.164

3 40 -—= 6.07-23 6.078-23 0.106

5 80 - 1.75-23 1.549-23 0.09C

7 120 ——— 7.08-24 6.035-24 0.070

9 164G - 3.66-24 3.612-24 0.134

10 180 - 2.68-24 3.196-24 0.103

11 195 - 2.26-24 2.889—2@ 0.152

12 ——- 0 2.19-25 2.906-25 0.391

13 -— 20 2.05-25 4.245-25 .326

14 ——— 40 3.86-26 9.835-26 0.427

15 -— 60 1.48-26 2.323-28 0.401

16 - 80 7.63-27 7.016-27 0.444
17 -—= 100 4,42-27

18 ——— 120 2.86-27 3.236=-27 0.320

Aluminum Deteétor

c- 1 1 -15 3,74-24 3.672-24 0.259

3 40 —_——— 7.31-25 1.2313-24 0.140

5 80 —— 2.46-25 3.206-25 0.226

7 120 -— 1.14-25 1.207-25 0.207

9 160 -— 6.31-26 6.506-26 0.217

10 18C —— 4.66-26 6.311-26 0.167

11 195 —-—— 3.78-2¢6 2.080-26 0.326

12 ——— 0 1.01-27 2.286-27 0.653

13 - 20 3.06-27 1.760-27 0.529

14 -—— 40 31.834-28 0.694
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111, 54 FOBEEN 28T GHETIE3 0.0m) ., BEIFAMS 46520 TET L,

A LAREBRAEREBICE -~ TR, AERTRUTIORIHEERZE, LEORME
B LOHARBRESAL SR, | |

1Dy (n, ¥ )" Dy, TAu(n, YA, 5Tn(n, n’ )" In, **S{n, p)¥P,
AL(n, @)®Na, *'P(n, p)¥S, ®Pul(n, {), ®Np(n, £), ®**U{n, )

Dy (n, r) RibdabidEFo i LRESE LI(REL, BATEFLomEhiEfiod LTRE
Mgl ¥ 0 THbE BUES, |

Kk vavs—y (Ex2m, BE9 (a) OREHREIXRORICELONS,

ng =27x107 (fissionse+cn™®+sec™’ b

Ft, Tig v AT ARHRT 27 b VEBSRART b oD LENASHITIE T
45
%o

2.3.2 7V RLEELE

ARy F 2 -7 RBEG, Sdf TNt 2 L& oRIBFEORIGE IR YEHERP TR TSI
5, BT LTTFRHTELR DT, B FoiBice v T A vk TE 50
EAMhERHNDE L LCEAEBE O, £, Dy(n, r) KIERRS 7 toAO»S=HHOHEO %
TEMOAELESH B, chicad L, LEORHBICHT EHRT -5 REZWTE>T 5,

WHRSE (binocular ) iR TS S Y Xamd Hic, [HElpEH Licsy s MITAS LIchF
A5 HOE THZTAFEESHNE, TrvFAoEcXsy s b)) -1V IR SLIT
BERLEDIZHETHAD .

MORSE=Z —F T DIRECE 0 H M AEM OV, HTOMREAR SEELIZOATRAZRD T HD
=, Z®exponential transform FEAEALT, AFRFETEZRUENIBOE THE
TE L LS ARHEAERE L, COHER Y 7Y XatiFE £ (prism scattering technique)
EHdBHLitd B,

FYVRXLHEEL, 3, FHMCAH LCHTRE_HOADORK TESZSRpsd, _HED
AORHETEZE L CHEDAD, Py (X2, e, z) 2FMCER 1, OHROH) RTFHTE S
FoE=ZHOAINES Lo, ZHEoAOMETEZE LL EHEOAD, Pi (xs, ¥4, 23)
AHLCHERE ry, OO KTETEX 3708 =HobaicE - T#fT3 5L 51T, DIRECER
Boo

8 —H

DIREC=(u(x,—x)+vi{y,—yr+w(z,—2)) R (33)
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T,
u, v, w =R FOHFRRI
x, v, ¢ ~HTOERLE
Xz, ¥z, z,=F—FoOH OO EER 1
R= [ (xs— %) (ys—y)i+(z,—2)%)°

WM (r <o, TEELLRTFZL)
DIREC=[(u(x;—x)+v(y;—y)+w(z;—z) ]/ R (34

T,
X3, ¥s3. Zazﬁiﬁﬂ@ﬁlﬂ@@éﬁ% %
R= ((XE—X)2+(ys—y)2+(Z3_z>2]
ETH (rSor, TEE LTI L)
DIREC=(u(x,-x)+v(y,—y)+w{z,—z))/ R (35

T
Xe, Vi, 2. =B=oHOER
1

R [ (x4—-x)7+(yamy)i+ (z2,—2)23°

$7 z>z, CHELINTT, rSr, XU, CASHVETFILD>0THE, DIREC=+w
e Lz,

2.3.3 HEHRIBXR
ARy Fo—ySEIRELY 7 FOADKOHEESE <, Lbbd, BLAEZERTHDIIH, B

BFERHEVEELLCTY 7 POAOCANT S, V7 A vokEBE e 5iC3IFRFETHO,
EHE-EloFH B TR Lt

Table5idA v U9 sME, Tablebid 74 70 VI LRBBORCEAREBLIEE LD
OTH B, MORSEFTEF10,000~25000k2 MY —BEL,

A vy nEHEDRIERE S 7 F ORI > TAIPS 23 0o, BB, BTHMEZHEIO
BEAHETUAREED LV, AIEEIRY 7 POAOOEMS 1IKESELIKEBILINTVLDT,
S LRI A LT, BB EREOMERFFIKEL, 7775~ LILATHEE—HLT
VB, BoHTHEA—H LTS, FSDA2T0.0 9/ hS0DT, FHEEOFEVIIRER
THBEEAD FoMICABEEREOMGEOD UEBLLEEN, TNTHT7 774 - 1LILRNT—
KLTsh, FSDHL23UTTHADOT, EHkossBRBB o T LHHTE S,

WITF 4 VT 8 vy R HHBORIGRIT DOV THNS, ERER S 7 POHLEICH >TAD®S
300mETHY, BIE(TTUEISNTV S, FHEMLAEME LOMITRAT 775 — 4D
BHHED, FSDEH02~05THY, BPEFICHTHF SD &L TRERLEADEORESH
Tz, LrL, 4y o9 siBiclb<hidd - 2B, +HAmEd 885U F SDIREE-TY

v,
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FiEEo LS IEMDIRECA#5 4, exponential transform ZfTH&ILE-T, 7 bD
HOZTRETAPHFRELCHEMLAL. Z0HE, AOPLRGEVIE (z=300m) TH
7708 =28 L, LipL, L0 XLAMEEERVBILICX-T, #7 POHOARIIC
BT &, HICAOAFMICS E5hHET EOMORITNEAICKEEESLEL, FERELER
+ B BPEF T Table 6D EIHFSDILH B EELONE, TOME, B HWTLF SDAH0.4
BECcik), EREE? 775 —3 bBAFET BB BT 5,

IHETOBNRCERDY, T ryTHoEERETETOEHCEE L TH D A EEEo™mOE
BHEETE%, Lirl, subETicd LTRPPRT S TH S, BPHETOXRNLERTE, #
Y v EHEAERMEDELT, 2, RMTOBRHICEAEDRN I TREZLAEY, &0D7
EHBNTHSHS, S0IC, ATV v T4 v VOTRGEZBLENRH 5,
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Table 5 Comparison of Normalized Reaction Rates Between Measured

and MORSE Calculations in the Three-Legged Cylindrical-

Duct.
7 Measured MORSE A Measured MORSE
F(2=0) Prism Scattering F(2=0} Prism Scattering
(cm) In{n,n') (cm) In{n,n')
IE FSD ' FSD
0 1 1 ' 0.086 | 190 f
10 7.45-1% 7.68-1 ; 0.088 | 200
20 ' 210 1.10-4 8.85-5 ' 0.153
30 i 230 2.80-5 2.84-5 ' 0.230
40 : 232
50 1.04-1 1.02-1 E 0.070 | 250
60 7 260
70 5.40-2 5.32-2 ' 0.075 | 270
80 ' 280
90 : 290 ,
100 i 300 '
110 2.00-2 2.42-2 : 0.073 310
120 | 1.85-2 1.88-2 ' 0.079 | 320
130 : :
140 ] ;
150 1.05-3 8.10-4 ' 0.151 !
160 b.50-4 h.31-4 ‘ 0.103 ‘
170 :
180 1.90-4 1.52-4 L 0.142 E

a Read as 7.45X10f1
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Table 6 Comparison of Normalized Reaction Rates Between Measured

and MORSE Calculations in the Three-Legged Cylindrical-

Duct.
7 Measured MORSE Z Measured MORSE
Fi=0) Prism Scattering F(Z=0) Prism Scattering
(em) Dy (n,¥) {cm) Dy (1, ¥)
| ¥sD. . FSD
0 ] 1 L 0.194 | 190 1.95-2 7.19-2 | 0.522
10 1 1.12 . 0.182 | 200
20 : 210 1.21-2 3.99-2 1 0.410
30 E 230 8.30-3 2.79-2 ' 0.453
40 : 232
50 4.79-1% 4.32-1 1 0.255 | 250 4.30-3 2.35-3 1 0.368
60 2.90-1 3.42-1 E 0.257 | 260
70 ; 270 2.30-3 1.12-3 0.383
80 ' 280
90 E 290 .
100 1.60-1 3.79-1 l 0.304 | 300 1.00-3 4.75-4 | 0.481
110 1.39-1 4.21-1 | 0.376 | 310
120 1.20-1 3.52-1 @ 0.428 | 320
130 '
140 | :
150 : i
160 4.00-2 8.71-2 I 0.370
170 :
180 2.50-2 5.04-2 . 0.437

& Read as &.79x10_1.
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2.4 WINFRITH [C&IT2B%ERBEPHEFIARI FIL

2.4.1 FHREE, RHEBIURE
WINFRITH K8 A8 EBEEIHFTEROE Yy FANVOHEEFUAFig 5ilmd, iR
BOKRY I vavi—FTHb,
PRFEEAAIL 1 83X 191 X500 8enDEREHN 2 A THRENT S, MOERIZ0.6 3 5cn
THb, T YT AMOFETRIMR SBEPOER LI LBERZER LTER L7,
B SRR HE, LEOREELIUARY oA s 2EAL, BRIV F -
27 MVISHBE 237z,
TAu(n, v )'PAu
L:Rh (n, n’ )!°*Rh
#S (n, p ) *7°P
"5Tn(n, n' )" Mn
Bk BT EE (7 keV ~2 MeV)
NE—-213 ¥ vF L —% (0.8MeVEL L)
TRAE RS PLIRBD2 254, 568 3cm, 8546m, 1140mDEIDHET
ME L, RADAKZ — FTunfolding LTR® T 5,
D5y avAN—FOFHERROESNEDTHE S,
WA B CRK#&wsv, 318m!'
% | ¥ B :593m
LGP USZE £ 3.345%x10°% fissionseam “esec’

iR D ©23345%x10%%cos{mr . ~1429) fissions*em ?*sec™’
2 H ya 1227%x107 fissions = sec” !

2.4.2 FEBRABMAAICHT SHETE

Ty F AN ETEBSEMELHETS L X0FEME, £, RUSHABON TOHEREE %
KECFBCE, WK, BULHEELEETALETHE, RUBPREFELOCRCHHATH HD
T, ABRREEEEEE 0S & 2 LA TRRALSEFESEL, THAERRT LTHILMN SP0
ThATALENS L, Linl, HEFEEFMHE (collision density estimation) , RE
EsiMiik (track length estimation ) #EHTHE, SRIBFO LS CHEIE AL,
fof?, BEEEHAECREEFEEIHSAMV ML LB EHE T 50T, RHIBOXL
METHORE (VI TEARSHEVESRNE S, ZAABRKEOHTRVEZPSLLEERIE W,
EVHTLLELHEESTANEBDH S,

EEEETMEIC L AR TOTI V- Y ARROGEHSRLTRD 5N 5,

1=2W,;./V, (collisions  ai) {36)
1

LT,
W, =BRF DR TOES
V=ttBorHE,
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Tu—T VARG, (=¢+ 2 ORENHLOT, ROEIHIKHETEL,
¢=x/2’tﬂ§wi'\f”1'2?, (en™ %) (372

CLTELNL TN - Y ARER VO TN -2 VRATH B,

MORSE — FTIXBANKR(5) L BRSBEFNMS 7 v—F v AFATIHET S, £, ¥
FNSIGTA%{E->T 2, 2KH B,

TRENHEIC LA TFO I T Y AZIRO LD T LTEHET 5,

EEEE N LR LS KA VAESRET 5. VREAEN Y — D1 2L LTPRESATE
CpBERHD, V- YOBAANTHALES LD THBANKR(DSIFENL DT, 9, BANKR
(TICLBBREERA S,

REVCERAAHTHELED, VOMTR-EEESTRAMCHINTFESLS. T77 5L,
BAHW, £ - TORERROLITEDSN D,

—_

£.=W,( (x—x )i+ (y—y )i+ (z—2)%)" (38)

T,
(x/ y',z') =HEAOHENUES S VEIREREUE
(x, y, z) =@FEBVEECAHDBNTFORERCENE

1

WKW?ﬁ%%V¢T@%?%C&%%i%DEI%,ﬁ?ﬁﬁﬁ%&%qtﬁ@%%%i%ﬁi
T@ﬂ%&,ﬂz%,VW@%%@@%%%%@H&?&%T@%EE&ﬁéoBMWRU)T@C
DA5E L, FHENETECERAD, £, ARDDHITIIBANKR(E)EZ S, SHBEXIGALE
DEEFEHTE S,

(G U HEHIZJSD-100 #RADHEAT-V3a - F¥ A F L AATHAANISND — K
SR L, RC &5 OBICHEE LTHEA LR, £ YFALolET 0ROHREAZREIALLY
5, FEOEHMSDETORARY P VILHEOT, B 24MeVAHEDERKBRRT LS AT b
WDELERHETE EHIETE B XS BHATE B0 5 -1 |

2.4.3 FTEERLFER
ﬂm®%é2254m,5683m,8546m,z;§1140mmzwéﬂﬁtMﬁx&ab

O HEE £ AEH Fig.6, Fig. 7, Fig 8, $&0Fig, IFT, Carter bdE®&, DOT -
Miz k5T E&ER LTS,

BAHEN2 25 dadHBETE, SAKERIVAEEILE -TV0E, 0.1~ 1MeVTRBLT3
FEBASHE LT B, Carter 51t &5 DOTOHEFROHHBAE AT b ER—BLTN S,
56.83lc7ad, TVFANOHELERTEONILANRY PVEBRC LTS, 24keV
R OB R LB & 32k A< FVELS, EVvFAVOETRIRATE TS, FSD
& IMeVULETiRDOAE VA, HEEOAEC IMeVIIT TR0 1~0.3THYD, FHEOHLA
s MBI b D LMW TE S, 85.4 6T Carter 5@DOTOFHER 0.5MeV LA ET
mm@ﬂﬁ@%?@ofwéﬁ,%ﬂﬂ??@§<”ﬁbfwéo~ﬁ,%yfﬁ»mﬁ%uas
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MeVEL ETRTSDE®FHELHON, MEBLIRBO—HERLTVWS, 0.5MeVEF TRER
BEDEKTT 77— SEERE(HL-TVEDY, 2K LLTRISGEV—HITNL TS, C L
T 24 ke VIR OEREBRINOEBIFNETRCERETETCN S, BbHEVW1 14 0adMET
2. DOTOHEIZ 0.IMeVELTTHDFHE L TH D, IMeVii< Tid IHTRENEB LD /NS
s TWh, TYFANOHETRAFEICLIEVES HKLTEY, 24keVNIOERIERK DHE
W ECEBETEX TS, LL, 1mUEOEBBBLEOT, FSDIE05MeVETIH0.2~0.4
BETHANENUETH 0.5 4MASLCAbH B, $7, IMeVELEOTHTOHRRAF TS
TR,

s oroEl | mEl FOSKERERIEICH L, BREEMEES B VI THER T E
4o sind »T, MOESHERRT PAEBLNLTENT »/c, UL, TELALAEHRDR
~7 P AcHE LT, 0075, 0.135, B8LU003MeVHETE v Fh 0ot ERREIER LD »
HOKRELI>T0D, COFERELT, £9, JSD-100 OBEHSBEFON LY, LOfis
T TR TORLY, RIBBOAEEZEE L Tunfolding LTONEHRETE S 1/
ESUOE—21d (E3hs (0T, IEEROMEELER L TERILETALEN DA D,

cpFHETIZ, DIREC=+w, PATH=0.6, Th-7,
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Neutron Flux/Unit Lethargy/Source Neutrons

JAERI-MB83—147%

10
[ |

10

10l I 22.54-cm-depth in the iron slab.
® Measured (M.D. CARTER, et al.)
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—J—}L MORSE-CG {(Present Monte Carlo
Calculation, 75,000 Histories,
Collision Density Estimation)
100 —
O DOT-III (M.D. CARTER, et al.}
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5 1077 5 1ot 5 10Y 10

Neutron Energy (MeV)

6 Comparison of energy spectra between measured and MORSE

calculations at 22.54-cm-depth.




Fig.

Neutron Flux/Unit Lethargy/ Scurce Neutrons,

7

JAERI-M 83—142

4
10
i 1 i 1 I
Sk— —
I03___ —
5k i
0% — —
5— ]
10— —
5t— i
56.83~-cm-depth in the iron slab.
0% — e Measured (M.D. CARTER! ef al) o —
T
51— ‘&LMORSE-CG (Present Monte Carlo -
caleulation, 50,000 Histories, P
Track Length Estimation)
o DOT-I (M.D. CARTER. et alJ
o H— .
5 —
10'2 l | | l |
10”3 5 0% 5 107 5 0° ol
Neutren Energy (MeV)
and MORSE

calculations at 56.83-cm-depth.

Comparison of energy spectra between measured
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Fig. 8 Comparison of energy spectra between measured and MORSE

calculations at 85.46-cm-depth.
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Comparison of energy spectra between measured and MORSE
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2.5 ORNLIICHITS 14MeVHREFORA MY — 2 THEIUEBHEBARY ML

2.5.1 FEREE, RHEBIORIE

BRAFICETA T 7 vy b EEROBETE, Fo-RRIEEPERI R PLKEUERE
BoTwd, #0hl, 7 -/ OEBRICL 2R ERBETIERITOMETBEFEZEDL CENLE
THb., ORNLTRIDHBIDIDICBBELT - 273 5ERPETON TV 5,
EERISUS—304, FuovAbEJxzF Ly, BLUERE (¥ YR 7 54%) DOFERD» G
ZAED bOMSHERIT, W1 4MeVorhiETAEAS L, Bl Lo P IO TRT v =iRkox
ANE—RART P AEBELTOS, A7 FVIBRESOSEREEZER L Tumiolding LT3,
BIBEIINE -2 1 3 Chotc, ERERZFig 1 0IRTH, FMIC >0 TR (5 Z2SHEN
AL '

14MeV OH#ETFIED —THRIGICE » CTHE Lic DT, ERFHIE250keV TTHE L,

D+T— n+*He+ 1 7.6MeV

ﬂ

2.5.2 EFEOFEM

1 AMeV i T OB S ELI IE LS DT, TOMOEEMNAEE TS5 EEICEDbT
hwic, NGCPO-T0&0D 547310 —Z2ERLIce K74 77V EvY e v FLORRBERE
P, S TEE LICKENUERET, L5 08, Fr=g208#on - r#a7177Y - Thb,
Hig 7 — 4 3ENDF/B-INT&Y0, AMPX 2 —FYRAFLTRELTED, BREAHFUL TS
S TWh, TableTNGCPO—T7 0 T x 20 ¥ -85, Table8it Wy <z fovd —F
Wik Tableg A EICHOIHHEDETEEE TR T,

MORSE = — F Tl A EHENIC &N A0, BAJVY » v FVOERBEOFEAIRE P, I
KET 5, 15, HOB3BECHn ZROIHLEOINS,

n= (&L +1)/2 (40)

FlzE, P;Tidn=27Tha, P,KE5L5HADBRABENSILICTE S,

2.5.3 HEERIEZEER

YE(6)DEE 1 &5 DO TMORSEFEHREE Figl 1iiRd,

RZ 113 1AMe VI S RIBSAESEE LICRMEHX 2B VRRTHD, KR 5 dREMND S,
SUS—304733 0.4 8em, SUS 304435 08cn, Fo VAKX ZTFLYH508m, mbiEH
TENIZSUS —30405.0 8 AWMFITHS, MELHRMBRIPLCELIZHD, T OMEEE
1545amTH5,

MORSEFEIINE—2130 T d v — k% ZE L TR LTH L. SlldasfaEer v,
OB TRD 2RI FATH B, KB 1, 2&6EEEARMERE K LTVA,FSD
LRZE 1 TIRO.20LA, F%5TH03LNTHY, HiZ, 14MeVHE TR, %% 113005, &
HE5THOINUATHD, FECEMEEORCITEERTHEEFA S,

COEBRBRGHEFOR ) -3 v /BETHY, ERBERHEVE AL, EVFAvaEE
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Table 7 Group Structures for Neutrons of the NGCP9-70.
Group Upper Energy Lower Energy Average Energy Lethargy, au
eV eV eV
1 1.7333+7* 1.5683+7 1.6508+7 0.1
2 1.5683+7 1.4918+7 1.530147 0.05
3 1.4918+7 1.4550+7 1.4550+7 0.025
4 1.4550+7 1.4191+7 1.4371+7 G.025
5 1.4191+7 1.3840+7 1.4016+7 0.025
6 1.3840+7 1.3439+7 1.3970+7 0.025
7 1.3499+7 1.2840+7 1.3170+7 0.05
8 1.234047 1.221447 1.252747 0.45
9 1.2214+47 1.1052+7 1.1633+7 0.1
i0 1.1052+7 1.0000+7 1.0526+7 0.1
11 1.0000+7 9.0484+6 9.5242+6 0.1
12 9.0684+6 8.1873+6 8.6179+6 ¢.1
13 8.1873+6 7.4082+6 7.797845 0.1
14 7.40824+6 6.0653+6 6.7368+6 0.2
15 6.06353+6 4.9659+6 5.5156+6 0.2
16 4.96594+6 4.0657+6 4.5158+6 0.2
17 4.0657+6 3.5788+6 3.8723+6 0.1
18 3.6788+6 2.7253+6 3.2021+46 0.3
19 2.7253+6 2.2313+6 2.478346 0.2
20 2.2313+6 1.6530+6 1.9422+6 0.3
21 1.56530+6 1.3534+6 1.5032+46 0.2
.22 1.353446 8.6294+3 1.1102+46 0.45
23 3.6294+5 8.2085+5 8.4190+5 0.05
24 B.2085+5 7427445 7.8180+5 0.1
25 7.4274+5 6.0810+5 6.7542+5 0.2
* Read as 1.7333x10ev.
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Table 7 (Continued)

Group Upper Energy Lower Energy Average Energy Lethatgy, au
eV eV eV

26 5.0810+5 4978745 5.5299+5 0.2
Z7 4.9787+5 . 3.6883+5 4.3335+5 .3
28 3.6883+5 2.972045 3.3302+5 0.216
29 2.972045 1.831645 2.4018+5 0.484
30 1.8316+5 1.1109+45 1.4713+5 0.5
31 1.1109+45 6.7379+4 8.9235+4 0.5
32 6.7379+4 £.0868+4 5.4124+4 0.5
33 4.0868+4 2.4788+4 3.2828+4 0.5
34 2.4788+4 2.3579+4 2.4184+4 0.05
35 2.3579+4 1.5034+4 1.9307+4 0.45
36 1.5034+4 9.1188+3 1.2076+4 0.5
37 9.1188+3 5.5308+3 7.3248+3 0.5
18 5.5308+3 3.3546+3 b 442743 0.5
39 3.3546+3 2.0347+3 2.6947+3 9.5
40 2.0347+3 1.234143 1.634443 ¢.5
41 1.2341+3 7.4852+2 9.9131+2 0.3
42 7.4852+2 4.5400+2 6.0126+2 0.5
43 4. 540042 2.7536+2 3.6468+2 3.3
44 2.7536+2 1.6702+42 2.2119+2 0.5
45 1.6702+2 1.0130+2 1.3416+42 0.5
46 1.0130+2 6.1442+1 8.1371+1 0.3
47 6.1442+1 3.7267+1 4.9355+1 0.5
48 3.7267+1 1.0677+1 2.3972+: 1.25
49 1.06877+1 4.1399-1 5.53455+0 3.25
50 4.1399-1 1.00C0-3 2.0750-1 65.026
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Table 8 Group Structures for Gamma-Rays of the NGCP9-70.

Group Upper Energy Lower Energy Average Energy
eV eV eV
1 1.4E+7% 1.2E+7 1.3E+7
2 1.2E+7 1.0E+7 1.1E+7
3 1.0E+7 8.0E+6 9.0E+6
4 8.0E+6 7.5E+6 7.75E+6
3 7.5E+6 ; 7.0E+6 7.25E+6
6 7.0E+6 6.5E+6 6.75E+6
7 6.5E+6 6.0E+6 6.25E+6
3 6.0E+6 5.5E+6 5.75E+6
9 5.3E+6 5.0E+6 5.25E+6
10 5.DE+6 4, 5E4+6 4.75E+6
11 4.3E+6 4. 0E+6 4.25E+6
12 4. 0E+6 3.5E+6 3.75E+6
13 J.5E+6 3.0E+6 3.25E+6
14 3.0E+6 2.5E+6 2.75E+6
15 2.5E+6 2.0E+6 2.25E+6
16 2.0E+6 1.5E+6 1.75E+6
17 1.5E+6 1.0E+6 1.25E+6
18 1.0E+6 5.0E+3 7.3E+5
19 5.0E+5 1.0E+5 3.0E+5
20 1.0E+5 1.0E+4 5.5E+4

a Read as 1.&x107.
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Table 9 Composition of Materials Used in the Calculation.
Composition {at.fcm-b)
Element Concrete Air Iron Can Type 304 Stainless Steel BP Hevimet
Hydrogen 7.86 X 107 7.13 X 107
;! 4.87x10*
Iy 1.97X 107
Carbon 3.41X 107
Nitrogen 3.64 % 107
Oxygen 439X 107 9.74 X 10°8 3.64% 1072
Sodium 1.05X 107
Magnesium 1.40% 10
Aluminum 239X 1073
Silicon 1.58 X 107
Potassium 690X 10
Calcium 2.92x107
Chromium 1.77 X 107
Manganese 1.77% 1073
Iron 3.10x% 10 848X 107 6.02x 107
Nickel 7.83% 1077 1.05X 107
Coppér 6.45X 103
182y 1.32%107
vy 7.21 X107
1By 1.54x 107
185y 1.43X 107
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Table 10 Group Structures for Neutrons of the CASK-LIB-50.

Group Upper Energy fower Energy Average Energy Lethargy, Au
lev} (ev) (ev)
1 1492E+7" 1.221E£+7 1.366E+7 0.2
2 1.221E+7 1.000E+7 1.111E+7 0.2
3 1.000E+7 B.187E+6 9.094E+6 0.2
4 8.187E+6 6. 703E+6 7.445E+6 0.2
5 6.703E+6 4.493E+6 5.598E+6 04
6 4 493E+6 3.679E+6 4.086E+6 0.2
7 3.679E+6 3.012E+6 3.34B6E+6 0.2
8 3.012E+6 2.46BE+6 2.739E+6 0.2
9 2. A66E+6 2.019E+6 2.243E+6 0.2
10 2.019E+6 1.6563E+6 1.8B36E+6 0.2
11 1.663E+6 1.363E+6 1.500E +6 0.2
12 1.353E+6 1.108E+6 1.235E+G 0.2
13 1.10BE+6 9.072E45 1.008E+6 0.2
14 9.072E+5 7.427E+5 8.260E+5 0.2
15 7.427E+5 6.081E+5 6.754E+5 G.2
16 6.081E+5 4.979E+5 5 503E+L 0.2
17 4 979E+H 4.076E+5 4 527E+5 0.2
18 4.076E+5 2.732E+5 3.404E45 0.4
19 2.732E+5 1.832E+b 2,282E+5 04
20 1.832E+b6 1.228E+b 1.530E+5 04
21 1.228E+5 8.652E+4 1.047E+5 0.35
22 8.652E+4 5.248E+4 6.950E+4 0.5
23 5.248E+4 3.183E+4 4 216E+4 0.5
24 3.183E+4 1.503E+4 2.343E+4 0.75
25 1.603E+4- 7.102E+3 1.107E+4 0.75
26 7.102E+3 2B13E+3 4 867E+3 1.0
27 2B613E+3 9.611E+2 1.787E+3 1.0
28 9611E+2 2.144E+2 5.87BE+2 1.5
29 2.144E+2 4.785E+1 131E42 1.5
30 4.785E+1 5.043E+0 2.645EH 2.25
31 5.043E+0 4.140E-1 2.278E+0 25
32 4.140E-1 2.500E-2 2.200E-1 2.8

* Read as 1.49 x 107
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Table 11 Group Structures for Gamma-Rays of the CASK-LIB-30.

Group Upper Energy Lower Energy Average Energy
(ev} (ev) {ev)

1 1.00E+7" 8.00E+6 8.00E+6

2 8.00E+6 6.60E+6 7.25E+6
3 6.60E+6 5.00E+6 5.75E+6

4 5.00E+6 4 00E+6 4.60E+6

5 4 00E+6 3.00E+6 3.50E+6

6 3.00E+6 2.60E+6 2.75E+6

7 2.50E+6 2.00E+6 2.25E+6

B 2.00E+6 1.66E+6 1.B3E+6

9 1.66E+6 1.33E+6 1.60E+6
10 1.33E+6 1.00E+6 1.17E+6
11 1.00E+6 8.00E+5 9.00E+5
12 8.00E+5E 6.00E+B 7.00E+5
13 6.00E+H 4.00E+5 5.00E+5
14 4 00E+5 . 3.00E45 3.50E+5
15 3.00E+5 2.00E+45 2.B0E+5
16 2.00E+5 1.00E+5 1.60E+5
17 1.00E+6 5.00E+4 7.60E+4
18 5.00E+4 1.00E+4 3.00E+4

* Read as 1.00 x 107

Table 12 Composition of Materials Used in the Calculation.

Material Stainless ‘ . . , Ordinary
\ Water Steet Lead Resin Fin-Region Air Concrete
Element {SLUS-304)

Hydrogen 6.676x107 5.809x107% 1.195x1072
Carbon 3.181x10™ 3.435x10°% | 5.817x107
Nitrogen : 2.703x107% | 3.811x10° | 3.964x10°°

Oxgen 3.338x10? 1.330x107% | 1.026x10°° | 1.067x107° | 4.201x107
Magnesium 1.412x107
Aturmninum 3.716x107 1.898x10™
Gilicon 1.700x107 7.340%107?
Sulphur 1.316x10™*
Potassium 6.162x10°%
Calcium 8.7456x107
Chromium 1.837x107?

Manganese 1.739x707

iron 5.722x107 2.804x10™*
Nicke! 8.134x107

Copper 3.758x107

Lead 3.296x10*

( 1C0%atoms o)
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