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Evaluation of Shielding Design Methods for Gamma-Ray
Problems Applicable to Nuclear Radwaste Facility

Yasuji Kanat and Kohtaro Uk

Abstract

This paper presents a summary of the results for “gamma ray benchmark’’, proposed by the
standard committee 6.2.1 of the American Nuclear Society. The benchmark problems consist of
either a cylindrical or a rectangular radwaste source tank surrounded with concrete facility. The
each analysis is required to calculate the dose rates at several penetrating positions inside and out-
side the concrete wall and at a streaming position along the door way.

Eleven different organizations participated in the excercise and the codes used involve a variety
of the techniques for. the solution of radiation transport problems: point kernel integration, single
scattering, albedo, discrete ordinates and Monte Carlo method.

Intercomparison between calculations are made on the gamma ray dose rates at the prescribed
positions. Fairly good agreement is obtained on the whole, but large discrepancies appear in the

limited cases.
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Fig. 1.1 Schematic of G-III-1 problem
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Fig. 1.2 Schematic of G-TII-2 problem

Table 1.1 Geometric dimensions for
G-III-1 (unit is in cm)

X1 = -311
X2 = -220
X3 = 150
X4 = 173
X5 = 220
X6 = 264
X7 = 311
RL = 154
R2 = 156

Yl = -311

Y2 = -220

Y3 = 220

Y4 = 311

Y5 = 402

Y6 = 493
.54

Z1
zZ2
z3
zZ4
Z5
6
27
28

{1 (I T [

-61

0
192.46
195
303.3
305.84
487.7
533.4

Table 1.2 Geometric dimensions for
G-III-2 (unit is in cm)

X1 = ~-320.
X2 = -228.
X3 = -139.
X4 = -136.
X5 = 136.
X6 = 137.
X7 = 139.
X8 = 228.
X9 = 320.

0 Yl = -289
6 Y2 = -198
04 Y3 = -139
5 Y4 = -136.
S ¥5 = 136.
13 Y6 = 139.
04 Y7 = 198.
6 Y8 = 298.
0 Y9 = 381.
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Table 1.3 Detector location for G-III-1
and G-III-2 problems

G-III-1
Location (cm)
Detector X Y Z
DL 312 357 122
D2 219 0 249
D3 312 0 249
G-III-2
Detector X Y Z
D4 312 335.38 249
D5 228 0 249
D6 321 0 249

Table 1.4 Material composition

Element Atomic density
(atoms/barn-cm)
Water H 0.0668
] 0.0334
density = 1.0 g/cc
Iron Fe 0.084614
density = 7.85 g/cc
Concrete H 0.007826
o 0.043833
Na 0.001047
Mg 0.000149
al 0.002444
Si 0.015795
K 0.000693
Ca 0.002914
Fe 0.000313
density = 2.35 g/cc
Table 1.5 Gamma ray source spectrum
Energy (MeV) Source spectrum
MeV/cc~sec Photons/cc-sec
0.4 1.6 + 06 4.0 + 06
0.8 5.6 + 06 7.0 + 06
1.3 3.6 + 06 2.8 + 06
1.7 1.4 + 06 8.2 + 05
2.2 8.8 + 04 4.0 + 04
2.5 7.4 + 04 3.0 + 04
3.5 4.5 + 01 1.2 + 01

* Read as 1.6 x 10°
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Table 1.6 Energy structure and source intensity
for ANISN and MORSE calculations

Group Upper edge source intensity

No. (eV) (photons/cc-sec)
1 4.0 + 6 1.2 +1

2 3.0 + 6 1.5 + 4

3 2.5 + 6 5.5 + 4

4 2.0 + 6 0.0

5 1.8 + 6 8.2 + 5

6 1.6 + 6 0.0

7 1.4 + 6 2.8 + 6

8 1.2 + 6 0.0

9 1.0 + 6 3.5 + 6
10 8.0 + 5 3.5 + 6

11 6.0 + 5 2.0 + 6
12 4.0 + 5 2.0 +6

13 3.0 + 5 0.0

14 2.0 +5 0.0

15 1.0 +5 0.0

16 7.0 + 4 0.0

17 5.0 + 4 0.0

18 3.0 + 4 0.0

T T T

SOURCE SPECTRUM

—_ — —_
o = o
= > =
¥
]

—
Lol
=

source intensity (photons + sec! « ce')

0 1 2 3
photon energy (MeV)

Fig. 1.3 Source spectrum of G-III-1 and G-
I1-2 for ANISN and MORSE calcu-
lation
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Table 2.1 The Features of Various Point-Kernel Codes

Program Integration form Buildup factor Source geometry Shielding geometry
name of eqg. (2.3)
SpC Rockwell's table look-up cylinder single slab
approximation
SPAN finite difference Taylor formula cylinder cylinder or
slab
QAD-P5 dito Capo formula cylindrical, two-dimensional
QAD-PS5A cartesian or quadratic
spherical surfaces
QAD-CG dito dito dito combinatiorial
QAD-CGF geometry
B.439 dito table look~up complex blook-wise
geometries multilayered slab

STRAGE dito
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Capo or modified

cylinder or
rectangular

single slab

* Including cylindrical and rectangular gedmetries
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Table 2.2 The linear attenuation coefficients for
water and ordinary concrete used with
1) SDC, SPAN or B.439, 2) QAD
series, or 3) STRAGE codes

Linear attenuation coefficients (cm_l)

Energy water ordinary concrete
(Hev) w (2) &) w @ &)
0.1066 0.1057 0.1060 0.2248 0.2236 0.2251
0.0788 0.0785 0.0786 0.1658 0.1656 0.1666
0.0616 0.0618 0.0619 0.1300 0.1303 0.1307
0.0536 0.0538 0.0537 0.1133 0.1137 0.1142
0.0468 0.0468 0.0468 0.0997 0.0996 0.1003
0.0437 0.0437 0.0436 0.0935 0.0934 0.0942
0.0364 0.0364 0.0363 0.0793 0.0792 0.,0804
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BHTENTDD,

HER DX, BEERELL AW SDC a—F
DHFET, Ty ) — FEROFMA D & Ds T
EHROR/NREESY, 102 ) — MEBBBOFTMA
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Table 2.3 Results of G-III-1 and G-III-2 Cal-
culations with Point Kernel Codes

Computer Dose rate (mrem/hr)
code D3 Ds Ds Ds

spc 344442 6.81-1  5.0544 9.45-1
PIPEND?)  4.3244  4.40-1  g.2544 8.58-1
SPAN 4.61+44  £.61-1  6.54+4 7.24-1
SPAN 4.63+4  5.34-1  §.55+4 7.28-1
B.439 3.3244  5.96-1  6.82+4 9.32-1
STRAGE 4.1244  4.28-1  8.42+44 6.39-1
QAD-P5 3.94+4  5.05-1  §.47+4 8.34-1
QaD-PSA 4.26+4  4.53-1  g.28+4 6.63-1
QAD-CG 4.29+4  5.23-1  8.5544 8.10-1
QAD-CGF 4.23%4  5.68-1  g.gl+d 8.63-1
oaomop®)  4.5444  4.90-1  g.8244 7.60-1

1) Read as 3.44x10°
2) Taken from reference 26)
3) Taken from reference 27)

Ds X0 Ds TRRBABERLBELCNBILETH
5,

FloAER T~ FET, 2 BB RICE 72D
1, UTFErnF3EBICEELTWS L0 EBbh
%,

Q) BED D ITERREROTRELL

@ FEREOSHTE

(8) WERBOKIE

(@) BERBOBIBVE

Yk, HEICHE YL 5,

2.3.1 BRELUC X BRE

FPRERINT X A EEORIEE, SPAN a— Fic k5
G-II-1 O & G-II-2 OREICH T 555584 QA
DDEN=C s VILEDHEREMETH L THET
&5,

G-II-1 DORYFETHE, QAD D& /N—U 3 v &AL
{, SPAN 2 — T #IES L OEREORAZHNE
RICARESTCAHBTE S, BE, FER D &
SO Dy OgERE, a-—- FRTERLEZSR bR
[N

Lo L7ehi s G-II-2 O TlE, SPAN a— §
TIEARE Y AAREOHEELE LT3, BIED
BPELI T 55 s Ds Tix SPAN o— Ri
X BRERN QAD DEN— U 2 VI K ABERLE
BL, #24% DBDPEEERLTV S,

LZANRImEEDa vy Y — MELRER UM



Ds DEEL, QAD DEN—-v 3 VILLBRERS
25 30% DIXLOERDH B, BIRFECIC X 58
EHREICII R 2 7o\ %, SPAN HEDH D LB /NEE
HLTWDERATELZZENWERS,

2.3.2 WEDESEC L D53

QAD-CGF = — Fu#ER LT G-II-1 DA D:
& G-M-2 DFHEAR Ds DBERY, AEBRD BN
REROREREERON RO L2 B b X CEE
LT3,

A D2 wBALC, Fig. 2.3 ® X 5 i HREHE
(7,2,0) % (30,40,30) & H#| L=8a L (40,80,40)
ERBEEHCENE L BEORERDER 0.07%,
EoRHEA Ds (BT, Fig. 2.4 O X 5 TIESIE
(X,2,Y) % (30,40,25) :H&E L& &, (60,80,
50) EABILEE L ORERDED 3% T, HOEE
RTE, DERDEZWFMHEE, EROBATIIHT,
DERDEZWFBMEDDEEE 7L > T B,

2.3.3 BEREOMICLAEE

BEBBOMEIT, BEWilikiEoE BRECI3H 25
BErRbrEENNT » 78— L5,

BEEROERIZ, TTFRETKEF— 208V
EFLbDRELBRS,

Grodstein D5 — 2 (@t 24) % - 7= QAD-CGF
DEFE E Hubbel o5 —4% (@ 25)) %fE-7 ST
RAGE ot &> kB4 5 L, G-MI-1 ®ar sy
— MEERIBEDFEMEA D2 & Ds T 2.7% b 21.8%
DE, Fi G-M-2 ORECIIRBEICTEMmE Ds &
Ds T 1.5% 75 21.3% DELIL-TWD, fHid—
FICE B EEOEVE ImBDoa L2y — N &BEE
L7z#lis Ds & Ds CHEILR - T 5B, FHRIZE
—, WREODEFEC X D= — 2 v b, BER
BOMOFLNCEBEL 59—k > FUREHEIR
B, —HRELEIE Table 2.2 KR Lo L 510K T &
N F LT 0.3% 235 1.5% & STRAGE &3
TERLCEDED, FINiRkELk-Tw3, &
DBEFRBBEEDE, b INikbDO TR DM,
BRI I THEIERERMCEBE IR D, flx
X 0.4MeV iZHf45a 2 ) — FOFERKIL 0.67
%DENDHY, 1m OFBEFKETT LT 13.9% D=
ELTHRERICEEBY 525, #-C, FEA D &
Ds i231h %5 QAD-CG F& STRAGE $&ic k% 20
% BOER, XL BFERBOBCERTHLIOLB
b,

ERR D REREOF— 2 RA LTI Y
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— MRS HBABOBE, BRLTWAKEORS
HOE, HDWIEERT A VF N LTF—F
VOB THRERNE L bhBe, BEAT 2 UF
— T A WMELEH A RD DB OBEEDOE L LT
LoTh, GHDLS HBECGBEECIIEE L
-oThHhbbhaZ LR8BI,

2.3.4 BAERBICE DS HEE
RBEGRSE T, BARBIGHEBRELEDS
BERRF L -T05, SEAORET, HERICE
BLCw 2 FEBEROHE 25 /Hic, QAD-CGF
FETHOH »ica v s ) — MEERTEOFEMA D &
Ds (RoOBEGHAHEA) &, BEDOFMA Ds & De
(222 )~ VOBAREY ER) O =20 ¥—8
WIS B RIS E AL (Mean Buildup Factor) o {#
% Tabel 2.4 {T7R9, ZORICLNITE, SFHLIEE
T2 AV F—MEL e BICRE » CTEEBF AT A X
7Y, Elea » 27 )~ ME DT A D 33X 0 Ds
TR2HB U4 ET, ars ) — MEEOFES Ds B
L0 D TIZN 755 430 DIER B 2T D, Tods,
QOAD-CGF a— FaE»THREMBI LTV 3 5R
BEBES - FTIE, BERROAS x—2ThHB T
AV F—FREEEHCN LT, AMERENC X 2B
RIEREME, I EADEERBROER I ER TS
e¥, 5 bh-BERBOHIBEYEL 252
i, BLEVWEREYHVSOREECTH B,
SEOMETIE, =X VEF—TR 0.5MeV :Hk
FERERE 20mfp & L7 Goldstein-Wilkins DFA{%
BT B HB A S B L TWh B,

Table 2.4 Mean buildup factor obtain-
ed by QAD-CGF code

Energy Mean buildup factor
(MeV)
D2 D3 D5 D6

-3.5 2.10+0 7.03+0 2.06+0 7.15+0
2.5 2.48+0 1.07+1 2.46+0 1.09+1
2.2 2.66+0 1.28+1  2.66+0 1.30+1
1.7 3.11+0 1.87+1 3.13+0 1.92+1
1.3 3.73+0 2.94+1 3.7940 3.02+1
0.8 5.54+0 8.29+1 5.74+0 *8.57+1
0.4 1.39+1 4.26+2 1.47+1 4.39+2

Bk, BFCHBTORET D RS Vo HIEDS
ZEL, IDICAH T A vF—#EHL 15KeV kb 15
MeV %-C, BHEHEHED Omip £ GRS hi-BE
BREBAR IR T W 552, Fig. 2.5 —fl& LT
Chilton BT X - THBAY o IS % IRV v <
EE LTER LIKOBEERKE TS,
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DOSE BUILDUP FACTOR
o
N

-
o

109 1
0,01 0.1 © 1.0
ENERGY (MeV)
Fig. 2.5 Chilton’s dose buildup factor for water

10

Table 2.5 Dose rates obtained by different build-

up factors
Material buildup factor dose rate (mrem/hr)
D2 D5
water Goldstein 4.121+4% 8.419+4
Chilton 3.986+4 8.159+4
Shimizu 2.59644
iron Goldstein 2.954+4 6.000+4
Chilton 2.906+4 5.898+4
Shimizu 2.414+4
Water-iron Shimizu 2.443+4
D3 D6
concrete Eisenhauer 4.281-1 6.389-1
Walker 4.566-1 6.795-1

* Read as 4.121 x lo?

Z DR TIEBEBIEREY 5 # — 2 L LTH 2 HENT
AFRT A NF - W o72b DT 0.1MeV HETHAE
BEOC—2E2RLTWAZ L2355, Table 2.5 1T
IhDH LWBERREESROBAERKE L R
STRAGE o — FIC & 2BHTER LT 5,

ZDERNDLA VT b VHERG BB LICEROE
L, K GBI r o) — bOLTITHEL
Ty, ZRNVF-DEWETEB/NEME, =20 F—DF
WETHBEKFEBEL TV, ZORDBRERADOHE
a2z — bOBFEREE BV CHE Ui F A Ds
& De CHIT 6% ZHRKRBREL L, KDHDHWILFEOE
HEfREOA AV C L L8Rl D2 & Ds 1%, ThT
7 3% BN L 2% BRILEEE-TWS,
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% J- Capo El & Modified G-P #: & DREAR DB
LB EBE LG ERE L% STRAGE o— FTH
B L7, HEEEIRSEASEN L, HERBR
Capo BN 5 Modified G-P 12 & HRT 2 EEE,
MBEETHIERT -7,

HIZ, ZEBCHT A BERBOR Y TN T
4 STRAGE o— FCRE IRhI.

ZEBICHT AEARBERHOCHEIRTHS
DI, BEDEZABEKPK—FLZEFIT DN T
Invariant Imbedding EECRd7- F— 27513 Th 5,
ZDF— 2 XBEAHTER (B) FRE LTHES
Hicdb 0T, SGHEOMECEATHCIIHAR DS
B, ZEBEREOMECK LEARREZ VATERDY
WotebXWhDBEITS, EHEIE G-TI-1 DFF
i D 28 & EDTe, ZOHR, WBEEIBHYE
ITREE LTOKERRE LTOHDHATEBRELHE
HETITI 2 Y — VEOHEIIEBR S hin, BAE
BB E LCOKDOE—B, ghoM—Ek XL OK—&%D
CEROZEEOHEY T Too “EBOHARK
REESDNERE LCRRAC L - TR LT 5,
HREREELBECER LSS, BEMYE T
LA DL 50% Hein>Tnh, HERAD
B, KeREWEL LcEE, ZEROMMmCHE
B 6.3% BAFE, $k& LicEs 1.2% Of/NGE
ey, SEREYEE L CHEERREYREE LS
NEDVBREEWEBbh %, MERICEESTHRIE
BOSTEE, BEANESLHER CRERA STV
LTATHB, ZDDHKEGDOFEHERTRIL, &
BELTOABLOS 14 »FDOHBOBFHLIDAE
7V ZEBOBEAREM B OBARBICE VR
THDHEMEEh D,

WA E L LT, BAFEES 25 E 7Tl
L DBRFMEES 2 DEFMEDFNREIDIFELY,
Iry ) — MEORE DA D 3LV Ds DFHE
i, BEEROREVE L L UKYEEREL L TR
AR ERBENE > TWAILBEE LTHATESLR
A5,

3. —E¥EELELVTIA FEICKDET

3.1 FHEI-—FOHE

—EELES BT 7 R FEEE, BIETONREE
ik (line-of-sight) O FHBEKBOBEORKAELH S @
SEELT, »2BARICET 5 FHEVEER ST
BLC, BREESHLEZThBE COREMRIC LS



FROTHBREVWD, HEVIIERTERVWELLD
BEEBM DTS DITHEL T B,

INOOFHEOEELE > TWBEEE, Ky~
L OEEFBERASBRK (8.1) DL 5 ITHEHRRD /4
< 3% (Neumann series) TEETEX A2 LICIUH
LTW5,

HE 7 D=5 p(EFD (3.1

ZIT i BHELOEBE S B L, o IFFEEFELRE
DET, SBEOHE 2.1) REAERLDOTH S,
$7z ¢ ((>0) Ik

oi(E, 7, Q)=S exp (~S:, u(E, i”)dr”)

x S E'—~E, Q’—>§)]d?’ (3.2)

(3.2) RCEE 7, 7 HLO w(E,7) i2F1E (2.1)

NEARTERCH, RE, BURDOMAERIUEER
BETHD, Eo ZRELLTVS 22 V¥ —DRE
&, 2s (THENEET, BERIO= 2 V¥ — E BX
Ok @ P, BEBCZ A F— E B IUNTHE
1 QBT HIERRLT NS,

X (8.1) RNTERMTE, 3HDEAER LTI
i do & —EEELE 61 D 2IECH LI ¢ B
DBEFEN—EEEED D WL T VR METH B,

—HEHEECTRZEREOYRE LT, fiIETHX
AR E (3.2) ROFLITHIMTHZ &k ->T
T B, —F, 7N FEE (3.2) ROWENERK
DRV, HEMALE LTOYWERRDOZEHE Y ZR
L, BELE 7 CORHABLELTFZ VR NE o, E,
E2,0) %BAFTH, 7URE a 3ENR, EAER
E KR, BRPYBEERRICLEET S,

—EEEIEC L BEERE LT RENR S DI G-
33 NpHh, TOWRKE LT G 2 GGG
biFbhd, ThbIBCH I BORIA Ve 4 v
HECLISFAREIh TS, $£1, 7N FETXRE
BEO Y v < B fbh, SEOME G-II-10
D HE LU G-TI-2 D Dy HOXF <R bY — 32
Y DFHEE LT, —E#EED G-33 - F Lt
W, BT Uo7 Y L CHE S hi- BACKS® L
HECTEF I B-616% DFrX Fa— ku
AL, BEDLIA, ZOWa— FIZIEABTHS
N, A% a— F& UTKETHI IR SCAP®
FABI— FELTHBR TS,
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ZTT R BCET 57— 413, EBbDWITEE
MEEEDE v F AR I~ RRF 4 RZ Y — |k o F
—F 424 A= P> TROORTNS, Thb
DF— 2 TEE, REEROWEICN L, FAHTS
HATE-LRBEE WS FEDLDOBEZ N,

Dy, RHOFHEDLELELBRITVARF
BExHERTH5E, BREOESN 3~4mip BELL
EREC, BEN53 L5 LEREKOEITEREL
T, PERERE LTE2bR7 R FEL DX
VMBI D, SEOMBECHREE/ Do)~
BEM 9lem HBDTF AN FEEICIIZEN LV,

B:616 a— FIZABI AT VR E « F— 2%, K
MHIZOND 0 EETE8ENL, BHMNAY Fig.
31DE5EHEL, 14KE% 56 D7 & —THiF
TWh, AR R2VE—IL 0.2 25 6.13MeV % 5 5
BRUASAR 22 EOER TS5 &, KA LERED
56 Dty 44—, WHEIIK- a2 —b B IO
BOAFEEDOT—-TAMELTEZBR TS,

-~ 3 4 0
\\\ 5 S i 9 16 -
\\\ 1 7 t 8 //
~ f 12 ! 15 -
A ’ 18 13 1] 14 23 X32
25 /19 ' 22
26 20 110 2) \ 222731
3 ' T30 3
27
5 435 28 29 “ 42 3
46 > 36 {37 38 |30 |20 5
53
8 149 [0 |51 | 92

Fig. 3.1 56 sectors of 1/4 sphere for photon
albedo calculations by B.616 code

—7%, BACKS a— RFTHWB 7V KL, U7
An i EOHETHE 7 — 2% Chilton and
Huddleston®®{Z L » CTIRE I NIz 22D /8F 42— 4 C
RO C EFTERERROBTHET %, T7bb,

. . 26 7
c1 i{(cf)ss) 01’(-)se-cl-6c CRY

T O FARGMNA, 0 IRHESMAERH D
L, 0s 3EEAT K IZr7514 v - CROMS 2
F—WiEAHT,

m@:mwxm%{

a(E, 0", 0¢)=

1 3
14 a(l—cos 05)}

14-cos? fs
X( 2 >

2(1— 2
« {1-!- a?(1—cos fs) }

(14-cos? 05)(1 + a(1—cos bs))
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pBo_
0.511
ThHb,

Table 3.1 \c4HEOMEIC LT HEHIhiz—E#
ELEEE 7 U FED I — FOBMAIMNF B, Z0%
© B-616 39— F231[E BB\ 2 EIEELRE &\ 5 0
2 EECORMMBIOFZD E VS BEKRTH D,

(3.2)

Table 3.1 The features of single scattering
and albedo reflection codes

. source scattering formula
program method
name geometry
G-33 single scattering point Klein-Nishina
BACKS single albedo point Chilton and Huddleston
B.616 single or second volume table look-up
albedo source

3.2 MAHEREHEEE

ZZTRDESELTWE G-TI-1 & G-T-2 i
MEOHERSRE, RCARBRBEELLTELbRTY
%, Table 3.1 T/RL7z& 5iC G-33 F kvt BACKS

2 FCHEEXBITT 52854, £ THRBREY A%
B Ligl hidis Biev, 20 SR L0 HEIC:
RDE5Ic 2BENREZ Bh B,

(1) BOMLUDEDIHELED 5B, # o< iEN
BRETCHDHBEREHEE L, FECHER LI mR
BEEEAE D - FCX W REREHETY v~
Ha R, HBEHECELRLY U BRERA
— Wi XS EREREY 52 5,

(@) #EE (HRELCPER) 2RBEpL, %0
REFZESHL, MSHL-ABROREZSTD
A< R E ARERE SR T — FCHRRRER
Bk » TR, BBAORERRLEA—ITRS
LS RREREYS 2%,

EEE 2 0 ERBERCICHEV T, RERED SRER
BB CTH v BERERD 5, FEHERERDO A DT
i, BAEGEAZRLEEIMIE-TE, KD
FRFREOENE ST %, G-33 a— FILL %M@
Wi, FEBEBOZENEE L, @) OFETHAR
ERELRD TS, —F, BACKS a— Fic L5
ey, BERBAERL, (1) OFETEARERE
wZRDI,

Table 3.2 WEHE S FRERE OEE 12T B,
F&RTa— k5 GGG ORENIIHEL 27) L VER Lic
LDT, BARMEER L QADMOD #HEIC LS
BRRBREORREZEC LTS,
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Table 3.2 Approximations of the point source
intensity for G-33, GGG and BACKS

calculations
Energy source intensity (photons/sec)
(MeV) G-33 GGG? BACKS.
G s 1.3+12  2.73+12%)
0.8 6.05+411  2.9+412  5.13+12
1.3 4.41411  1.3+12  2.24+129
1.7 1.77+11 4.2411 6.95+11%)
2.2 1.13+410  2.2+410  3.88+10
2.5 9.49409  1.8+10  3.03+10
3.5 4.94+06  7.9406  1.35+07
G-III-2
0.4 1.45+11 8.29+12%
0.8 1.09+12 1.60+13
1.3 1.05+12 7.14+12%
1.7 4.77+11 2.26+12%)
2.2 3.35+10 1.27+11
2.5 2.91+10 9.96+10
3.5 1.67+07 4.56+07

a) Taken from reference 27)
b) Read as 1.35x1.0

c} Value for 0.5MeV energy
d) Value for 1.25MeV energy
e) Value for 1.75MeV energy

ZhbiextL B:616 a— raFIETIHEEE, &
EMIEEDOEEOBTOEZLS TEMNTESD, Lol
e, EBEECOBA IS ERE A RELE OB
BATHDOTH L, WEGECIREERMS HEL
ROEH) X FROSHEE) &85,

B-616 FHETHW - RBEBRED SEAE, G-TI-1
DHEFRFIRETIE (7,2, 0) BET 8x5x12 (B4
HIRH 480 ) CHREE EESE, G-II-2 OER
PRIR T (2,2, ) BT 6X12x6 (R EIAB 432
) OEHEIT, HICRERIDEAOHNTENT
HELTNS,

REEGEOEIC XS D 5k Di OFFBAIC
LT, B-439 a— K@y, MEERRBEL 12
X15X 15 (AHEIEEK 2,700 &), HERIREER 14x
23x14 (A EIER 4,508 ) LPEILCEHERES
feote, MBRERESHE a0— F B-439 1 —REI#EELE
2 — ' B-616 CHIRED FHISER A B X DOILEER
e 5RETH S,

BELROEOF I —EEEE T — Fo G-33 L7
N Fgha— ko BACKS = B-616 LixRik 5,

—EHEE T~ FCREELAEEROEHRCERE
TEDD, BEAOKIIHESHCEERELYE L
BOT, avy Y — MECH LCEEMD 2, 3, 5, 10
B 15em DERIZSE, 35cm OB XETEER



L, ZOREULOWE A LOEFESIZI o) — b
DOBBHRICHELCLEVWER CEZBE LTRIE
otce ERBIEFEMA D1 HB WL Ds HICEEEM A
4 FELTN B,

Fig. 3.2 T G-II-1 Ot/ D1 % G-33 CHF
L7cR OBEBEEZRRT 5,

HEEDORFI,

(1) BWESTH - 7cBEE (Ys) T 1,400 &

@) PR EHET HEEE (X2) T 300 A

(6) RHIwHY TS8R (Z) T 300 &

(7 RIS 58E (Z:) T 300 &
THEIEBEE 2,300 25,

727777

%//

.Z/Z/(z/(/ét

N\

it

LA IY7LIY 2

Fig. 8.2 Scattering regions of G-33 calcu-
lation for G-III-1 problem

ZRIZK L, 7R FO— FOIREELAIR SRR

EEICRLIhS,
BACKS o~ FCII#ELE & RIE R & FRIR & DA

BEARD D, HELAAO AL b RATRE b ik 2 Z
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BB ENRN LS ITEE R, Fig. 3.3 1T G-I
-1 OFfER D1 © BACKS FHEICHV b - EELE
AT, BEER VTR 20 EHHILCHE L,

DEIRBEL 80 TH 5B,

I LLLLLL LS L 2L

L

Fig. 3.3 Reflecting regions of BACKS calcula-
tion for G-III-1 problem

—7J5 B-616 2— FCiE, AK2EHEETROEK
Z5H, FHEBENEREBERMCEAT SO T—HE
He LTEF L,

BEE L, BACKS o — F&BWEHILE~D AL S
HBWVIETEHRD, MOBHRELEBTHI LMD
THEEN, LrL, A D OBRERICHS
T 5—MEEERRE, EEBEORM, D RoFEET
BEMBKIS BN DDT, HEES ZRITD -
THHECREL, SRR >k, Fig.

|
DR ANKIER S
e

L

Fig. 8.4 Reflectin regions of B.616 calculation
for G-III-1 problem
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3.4 12 G-II-1 A D » B-616 FEICHWS
NCBELE 2R T,

SEEDOPIERIE,

(V) BRI - cBEE (Ys) T 110 8 -

@) FERENETHER (X)) T 50 §

(8) R YT 2EEE (Z0) T 43 &

(@) PR3 BB (Z:) C 43 &
THESHREIT 246 1270 B,

B G-II-2Zd LChHa—F&d, ERLES
FIREM T & 5 WCHELEBR D 5 VIS HELE 2 M08 L
TW3,

3.3 FIEHRLEO®RE

MEG-I-1K8LOG-MI-2D4 <R by — 2
v ERRE LIcEHEA D & Do ST 5 BTG S
% Table 3.3 (27”7,

HRCTa— ;% GGGIIIXH: 27) LVERLLLD
ThbH, G-33 02— FIZ X BRI EEIC sk
LCRBESTY D, BAFMHER TV B,

Table 3.4 iTi%, SEEMERY M AOHERTIC
HET2E VA B0D, BHE T — FEICEELS
BIoH G LIciRBRRA 2 000 %, kI DET,
BB Y5 Xo, Zr 8L Z i Fig. 1.1 k0t Fig.
L2 WRENLEEEMG LT, HEERLRETS
Iy — PEDONBEERL, FhER, BECH-
foBE, FEMR & IE T HEE K, KEEKT 5,

SMBEITN T HEHEEE» b OFSE, G-II-
2 OFHER D B2 G-T-1 OFEA D L0 3=
D0 - FORTALERZRLTNS, 2D &
i, G-II-2 OHEFRS G-T-1 OB L 0 A
MEBEA LTV W5 -> T\ 5,

Table 3.3 Results of G-III-1 and G-III-2 cal-
culations with single scattering and
albedo codes

Computer code Dose rate (mrem/hr)

DL D3
G-33 2.28+1% 5.02+1
GGG 8.67+1
BACKS 1.10+2 3.03+2
B.616 1.66+2 2.38+2

* Read as 2.28x10%

 THRBIRIE O RAREL LI X B A RE LT
K%, —HEBEED G-33 55k GGG L Lvir v
~N Rk BACKS o— FClt, B Lick SicgEs
LCRBRBTR ST LB S Z ERTERN, &
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Table 3.4 Partial dose rates obtained by
contributions from each of
scattering regions

D1 point
G-33 BACKS B616
*

¥5 wall 1.33+1 6.28+1
X2 wall 2.93+0  *36*1  57gg4)
%27 ceiling 2.18+0 2.42+1 7.88+0
22 flour 4.44+0  1.04+1  6.69+1
D4 point

¥5 wall 3.75+1 1.61+2
X2 wall 2.80+0 2-16%2 57534
27 ceiling 5.12+40  4.29+1  2.62+1
72 flour 4.82+0  4.38+1  2.56+1

* Read as 1.33X101

Dicd, Hlik, EERBEICLDH L~ BREHETS
WEDRDH Y, TOWMRE b &I ABREICN T 5 HER
ErEHT5, Z0BE, BNEEE Iz s —
RERETH I ELIITRETH B, HELAY EREE
EA—CT B LIXRARETH B, FiT, HMEHERD
B 286, REHFREELCEAL 5 —Hb
BETE 5,

Licdi->C, HERED BRI & 53,
RELR BRI G 3 % MR ERE O RE S L OHEES
TORMBEEN DDA AHDENC L > CTHHT 2, |
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Fig. 3.5 Differential Klein-Nishina scattering
cross section
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Table 4.1 The features of various discrete or-
dinates codes

program name dimension geometry reference

Sn_type

ANISN one plane,spherical or 39,40
cylindrical

DOT3.5 two planar,cylindrical 41

TWOTRAN or cylindrical planar 45,46

THREETRAN three rectangular or 47

ENSEMBLE cylindrical 48

Direct integration

PALLAS~1DPL,SP one plane or spherical 42

PALLAS-2DCY two cylindrical 43,44

PALLAS-3DXYZ three rectanqgular 49

PALLAS-3DRTZ three cylindrical 50

DEA, ZRTUTORRE Fovbic X 58T
13, ERBELHE LWL S RME (M E8sy
RO MY =2 U7 EE) KREEIRTWSDAHEIR
THY, HEBEOM ICHET 5 HIEMR L ED D
LT, HERBEOEETOINBEIERREL 71 X
Y —=b A —=F 4 A4 PEORBICHEE DN EE
B EE X L5,

SEOZ->DME G-M-1 & G-II-2 ¢l 3 KT
TERDOBE R R MY — T > FEB) S FHONRICL -
TW5, L Lalbl I THRETSLDIE, REEX
b= U IHRRE T AT AR E, BRESNER
& ABEECERELT, —&E Sn a— F ANISN-
W L —onEEE Ao — ¢ PALLAS-PL, SP-
Bri® IO TRITEERSE 0 — F PALLAS-2DC
Y-FC 12 X » BB RTH B,

T XY R (B2 DOT 3-540), Z&IT
XYZ 4% (Flx1¥ ENSEMBLE®, PALLAS-3DX
YZ9) 2 kB4 <R bY — % v YFROFEMIT
SHBOFEE LCEEN,

EIBTC, ThABLDF4 27 Y—b - F—=54 %4
b A= MK VBRI ERTT S B, HATIETE
H o =5 20T & B HINEER, HHEREOHER
b, &5 x— 2 DBEAOES LHIBYRT B, #
2T, FARAIY— b e F—F 424+ = FEF
T B, EAEOEFMEERII, 10Ty b F
—2 L LTCEXHHEBLDONS v 2 ERHSER LT
M7 B7evs,

4.2 BWRFELHESME

4E, FHERRITK - TV 5 BEER, BEs VY
(AEEDH 5 WIXER) 2ai B REDER R
BLAbDT, G-T-1 OFEA Dt LU G-TM-2
DOFMA Di FBRERD BEL BT Sl H X b
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NHDI— N CEEKDBEEET D LIIFHEBETH

ANISN HEICHWbR Iz = 2 v ¥F— B X O
BECHIGT A BEREE, oo UDEMETERIC
RS hioo 2 v ¥ -8 18 Bicde, BERLC
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% PALLAS a0 — KO T RF— X vy & 2 HOBEESE
Hepat, TOMBEERE -7,
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fo AEP 3 3 v ¥ — B i3ied 5 ANISN Ho
TR IVE -,
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B G-1I-1 ofgticid, —wmHERLo ANISN
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AS Z“WRIEHEOAES AL, Bo— FRED 28 4
BEfot,

Fic G-M-2 DT I —IRTTERRER & L,
ANISN & PALLAS 0>—&E T — F% FIF L.
ANISN ToOFEEME, EikERASC, HoaEs
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REMI ST TCH D, 5, —kin PALLAS &
HTII BB (bremsstrahlung) HELYD Kz B2,
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Fig. 4.1 Geometrical models of ANISN and PALLAS calculations for G-III-2 problem
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Fig. 4.2 PALLAS-calculated angular flux on
the iron surface as a function of polar
angle
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BRCRBAEICHRES D & LCEEBESE L STRA
GE 00— FCHEE D: & Ds BT AHERLRD
7o

7ok G-II-2 DIERBEORIE T, ANISN &
& - CRBBORBEREL S L OCHERREL O
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4.3 FHERRLZOBH

I G-TI-1 OFEMEA D 3 L0 D i d %%
SR T, G-I-2 DA Ds 35 L0 De icxtisd
BEEFER Y Table 4.2 (0RT, ChbDEDO T S
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R Il b DL, XE27) LVEH LT,
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Vo HIZ G-TI-1 OFERRCIISER A NE k-
7o ANISN B8 & BN LENTT D, & DER
T ROVF —BEE - RRREDSTH D WIEEROE
WIZEB b0 LHERIEh D,

Table 4.2 Results of G-III-1 and G-III-2 cal-
culations with discrete ordinates codes

Computer code dose rate (mrem/hr)

D2 D3 D5 D6
ANISN-W 5.26+4* 5.20-1 7.88+4 8.42-1
ANISN (ORNL) 5.35+4 7.68-1
PALLAS~-1D 8.22+4 5.83-1
PALLAS-2D 6.21+4 3.82-1
DOT (ORNL) 7.32+4 6.88~-1

UTF, GHERA DT - 13 EBRICOW-CEE B
CHE L TR %,
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Fig. 4.3 Comparison of dose rate distributions
calculated with ANISN and PALLAS
codes for G-III-2 problem
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S EEBE & BKE LT AREEES S — F STR

E (4.2)

93

DOSE RATE (mrem!hr)

1 2 3
DISTANCE FROM CENTER (m)
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Fig. 4.5 Comparison of dose rate distributions
calculated with ANISN, PALLAS and
STRAGE codes for G-III-1 problem
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BRIIFSTHEENE Y, BRI —BNEITh
HRERIIDTHIL (W10 5D 1), 7THUTCH
Lo HECIRBEThLAD B, ZDied, TELE
DATFCHR LISITHEICHB SR, T LAE A LF
— B LORMIEIR X2 5 L5101 7 2h 0, £
BROMEEEN LD L S5IC Lz, T OREERD N
A 7 2TDWCEE Table 5.1 /R Uie, FioReARER
DEFC & 7S BER, FORMTICT A bhbi
B ETRELTWS,

Table 5.1 Source energy biasing for G-III-1

and G-III-2
UPPER | soURCE INORMALIZED| NORMALIZED
GROUP | EDGE BIASED
EV) DATA | FRACTION | rraCTiON
1 40+6 | 1.2+1 | 0000001 | 0.000017
2 30+6 | 15+4 | 0001021 | 0.216135
3 25+6 | 55+4 | 0003744 | 0.237748
4 2046 | 00 0.0 0.0
5 1846 | 82+5 | 0.055820 | 0.236307
6 1646 | 00 0.0 0.0
7 T.4+6 | 28+6 | 0.190606 | 0.201726
8 12+6 | 00 0.0 0.0
9 1.046 | 385+6 | 0.288257 | 0.025216
10 8.0+5 | 35+6 | 0238257 | 0.025216
1 60+5 | 20+6 | 0136147 | 0028818
12 40+5 | 2.0+6 | 0.136147 | 0028818
13 30+5 | 00
14 20+5 | 0.0
15 1.0+5 | 0.0
16 70+4 | 00
17 50+4 | 0.0
18 30+4 | 00
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BTRIGC L > T, FERCOBRBRICIHE VES
L7g\w, DI, HFERFEBRORER { TORFIH_E
BEEXEZL, NI TORERRL DI TENL 7
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Table 5.2 Results of G-III-1 and G-III-2 cal-
culations with Monte Carlo MORSE-

CG code
CPU time
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Da4
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