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Table 2.2 Energy group structure for

‘fine-group gamma-ray group constants

Group Number Energy (MeV)
1 14.0
2 12.0
3 10.0
4 8.0
i 5 7.5
6 7.0
7 6.5
8 6.0
3 5.5
10 , 5.0
11 4.5
12 4.0
13 3.5
14 3.0
15 2.5
16 j 2.0
17 1.66
18 1.50
i 19 1.33
i 20 1.0
21 0.80
22 ¢.70
, 23 0.60
: 24 0.512
: 25 6.510 :
i 26 0.45 :
! 27 0.40 {
28 0.30
: 2% 0.20
' kYol 0.15 :
f 31 0.10
i 32 0.075 ‘
; 33 0.060 !
: 34 : 0.045
35 f 0.030
36 0.020
0.010
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Table 2.3 Material compositions for shielding calculations

Atomic Atomic density
Material element (atoms/bam - cm)*) ‘
H 31188x1072
0 1.5594x107
Core ( fuel ) Al 30039x10°¢®
sy 1.4243%x10°¢
2B 57142%x107*
H © 23958x10? |
RBery!lmm reflector ~ Be 7.8319x1073
0 1L1979x107°
_ Mg | 1.4828%10"?
Aluminum alloy (A 5052 ) Cr 4.7285x107°
Al 58254%1072
D 6.6493x107?
Heavy water 0 33247%10°
Light water i | 0675 9;1 o
0 33380x107°
Steel (SM41B) Mo 5~1633X10i4
Fe 831056x107°
H 50991x107°
0O 2.3474%x107°
Fe 2.4481x107°
Si 36662x107°
Heavy comncrete Al 1.4675x1073
(density = 3. 54 g/cm’) cd 40389x107?
Mg 20624%x10*
T 26009x107°
S 20749x107*
45633x107°
Mn 37820%10°°
. Heliumgas He |  26933x10°

%) Read atoms . barn * cm as 10%¥atoms.cm’.
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Table 2. 4 Aftomic densities of materials for use of calculations
Atomic density Temperature
Name Material Nuclide
(atoms /barn»cm) (K)
o ' ' 3. 3409 x10°3
Irradiation | Irradiation |
: O 5. 3944 xX10°% 325
element element
LA 6. 7000 x10°°
'H 3. 1188 = 107¢
50 1. 5h5G4 X 1072
Fuel Fuel ZAL 3 0039 x10°? 325
=] 1. 4243 = 10°*
B 5. 7142 X107
'H 1. 3266 xX10°%
Be reflector Be +H,0 Be 9 8237 %107 325
| 50 6. 6330 X 107
| ZA] b 8254 X 10°°
Fastener of
: A 5052 Mg 1. 4828 x107° 300
Re reflector !
Cr j 4 7285 x107¢®
Helium He He 2. 6933 x107° 300
o D 6. 6102 xX10-° S
Heavy water D 5.
w ’ g 33058 X 1072
) ‘ _ 'H 6. 6280 > 1072
Water H.O 315,15
. Y0 33140 X 1072
2 *Mn 5 1633 X107
Liner SM4 1B 300
Fe 8 3105 x10°?
'H 5. 9991 x10°°
B 4. 5633 <1071
O] 2. 3474 X 1072
Mg 2. 0824 x107*
2TA _ 1. 4675 x{0-?
. I | Si 3. 6662 X 1077 300
ea cavy’
W v i ) 2. 0749 = 107"
concrete concrete
Ca 4. 0389 x10°°
Ti 2. 6009 x10°°
*Mn 37820 x107°
Fe 2 4481 x10°°

% JIS code on material in japan
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Table 2.4 { cont'd)

_ Atomic density Temperature
Narme Material Nuclide
(atoms/barnscm ) (K)
'H 5, 7167 > 103
50 4, 39291078
Mg 6. 5540 X 10°°
“Ordinary Ordinary Al 2. 2897 X 10°¢
300
concrete concrete Si 1..9040 % 102
3 3.0240%107°
Ca 2.3741%107°
Fe 6. 7911 10"
N 4, 3365 %1073
Air Alr 300
B0 - 1. 0176 x10"°
Lead Pb " Pb 32060 X 1072 300
Silicon Silicon Si 5 0174102 300
'H 4. 0650 %1072
) 2. 32501072
2. 1088 x 107
Core A 6061 Me
AL 2. 2759x 1078 300
support +H,0
Si 9 1245 x10°°
Cr 4, 9315 %1078
Cu 1

. 5123X107°



JAERI-M 86-153

Table 2.5 Atomic densities of materials for calculations
of attenuation curve
Atomic density Temperature | Density
Name Material Nuclide {atoms /barn-cm) (KD (g/cm?)
Water H:O IISH 6. 64087 10-_2 308, 15 0. 994061
O 3 322935 %10
D 6. 630334 x10°¢
Heavywater D:0 50) 3 315167 X 10-* 306. 65 1. 102529
'H 5. 7167 x107°
e 4, 3929 Xx10°®
Ordinary Ordinary i\fg 65540 X 10_:
concrete concrete Al 22891 X10 " 300 2.3
(standard) St 1. 9040 X107
) 3. 0240 x10°°
Ca 23741 x10°°®
Fe 6. 7911 ~x107*
‘H 4.971  X107®
B0 3820 X10°?
. , Mg 5.699  X10°°
choc;lcfirt); ?:Ziljfe?e 27;.“ Lol o™ 300 2.0
S1 1. 656 X168 )
| (Case 1) S 2630 X107
Ca 2. 064 X103
Fe 5. 805 x107*
'H 6. 462 x 1073
0 4. 965 X102
o _ Mg 7.408 X107
Ordinary ‘Ordmary 24 5 588 X10-*
concrete concrete s 9152 X10-2 300 2.6
(Case 2) S 3418 X107
Ca 2. 683 x 1073
Fe 7. 676 x 10"
'H 5. 9969 X107
2C 4 5621 X10°*
*0 2. 3468 x107°
Mg 2. 0619 %107
Heavy Heavy Al 1. 4671 X107®
concrete concrete S5i 3. 6653 X107¢ 300 345
(standard> S 2.0746 x107*
Ca 40382 XxX10°°
Ti 26009  X107°
Mn 3. 7817 x10°°
Fe 2. 4478  X10°°
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Table 2.5 (cont’d)
e l‘ \ateria W] lide i[ Atomic ’density llTemperature\‘ Densitz
- 1 - (atoms /barn »cm) _(i{l_ (g/cm?®)
1 I | 5215 X107
| e \ 3 961 a0 | |
l ~ 50 2ol X 1072 | [I
| \ Mg | oL793 X107 B
Heavy ! Heavy ZAl 1.276 X107% |
concrete ]l concrete \ 51 \ 3,187 X107° \ 300 \ 3.00
{Case 1) \ S 1 1. 804 x10°* '
| Ca | 3611 <107 \
\ Ti | 2282 x10°°
Mn | 2288 x10° |
9919 x10° |
k - L | |
1 "0 | 2688 X070 |
| Mg 2,331 x1i07* k l,
Heavy \Heavy | zal \ 1658 x107° | |
concrete | concrete % 51 I‘ 4,143 *107° | 300 |‘ 3. 90
(Case 2) '\ s | 2345 x10° l
% Ca [l 4 565 X107 \
\ \ Ti 290 X10°% | |
} Ma ﬂ 4,275 X10° | |‘

Neut ron BsC + ‘| 3y
absorber Epoxy | e
(Case 2 ) |‘ E0N]

l 160y

0g | 8015 xi07
Neutron ng ‘ 5 046 X107 178
absorber Epoxy | e | 2 987 X107 : B.C:
(Standard ) N \| {343 X10-° ) | 36.83 v/o
50) \ 5 204 107° |
R | 9351 X10°% |
. B | L080 107 |‘
Neutron | ng | 4376 X107 | 1, 78
absorber \ s | 2 246 X10°° | 300 B.C:
(Case 1) | \ i 50 v/o

2 965 X107%

| LOST % 107° |
4127 *107° !

4232 X107° |
2167 X107° |
l‘ & 777 X100 | | 1205
ez xwr | 800 \| B,C:
‘| 1900 X107 | 10v/o
7428 X107 | 'L
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Table 2.7 Fission spectra for neutron gamma-ray 15 group model

Normalized Weighted

spectra spectra#
1 1.428918-. 2 2.23624E- 3
2 3.75028E-.1 5.86918E- 2
3 4.60332E~ 1 7.20419E- 2
4 1.42572E- 1 2.23125E- 2
Neutron 5 8.31874E- 3 1.30188E- 3
6 8.85160E--5 © 1.38527E- 5
7 1.0378 E- 7 1.62415E- §
8 1.21662E-10 1.9C401E-11

1 .Sum .o Vo
1 2.50658E- 4 2.1143 E- &
2 3.43480E- 2 2.89725E- 2
3 1.81410E~ 1 1.53019E- 1
Gamma-ray 4 3.35370E- 1 2.82885E- 1
" 5 6.77400E- 2 5.71386E- 2
6 3. 42060F- 1 2.885288- 1
7 3.88190E- 2 3.27438E- 2
Sum 1.0 1.0

# Weighting factors are 1.565E-1 for neutron and
8.435E-1 for gamma-ray.
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Table 2.8 Flux-to-dose rate conversion factors

( rem/@/heutrons or photons/cma-s }

DLC-41C Neutron 12 gr. Neutron 8 gr.| Neutren 8 gr.
208 gr. Gamma-ray 7 gr. Gamma-ray 7 gr.! Gamma-ray 4 gr.
1 -21 1 1.48547-4 1 1.48547-4
22 - 33 2 1.47412-4 . g1
2 1. -
3 - 46 3 1.28269-4 337
47 - 60 4 1.29009-4
3 1.21673-4
61 - 71 | 5  1.10923-4
72 - 86 6 7.06444-5
i 4.91826-5
Neutren 87 -107 7 2.89445-5
108 -115 8 1.14276-%
) .6.73312-6
116 -129 Q Y. L7623-6
130 -151 10 3,95160-6 6 3.95160-6
152 -169 | 11 4, 48493-6 7 4. 48493-6
170 -171 12 3.67917-6 8 3.67917-6
1 - 4 1 7.87850-6
. > 1 5.40924-6
5 - 13 2 5.13641-6
14 - 18 3 3.17966-6
2 2.39171-6
Gamma-ray 19 - 22 4 1.83359-6
' 23 - 24 5 1.27063-6 3 1.27063-6
25 - 30 6 6.32969-7
4 5.07374-7
31 - 36 7 2.99554-7

Table 2.9 Mean free paths{m.f.p.) for each regions

Region

Irradiation element
Fuel

Beryllium reflector
Heavy water tank({inner)
Heavy water

heavy water tank{cuter)
Reactor pool water
Reactor pcol liner

Heavy concrete

# Total cross section({cm™1)

Table 2.5.

N W N e W N

!
1
i

X

X

X

MaQF?XSGCé#

1071
10-1
1071
1071
10-1

of 3rd grcup shown in
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Teble 2.10 Quadrature sets in ANISN calculations

for spherical geometryu}
Direction cosines (um) o S, Weights (W ) 6 %

1 -1.00 Ss 1 0.0

2 -0.9511897 2 0.0604938

3 -0.7867958 3 0.0907407

&4 -0.5773503 4 $.1370271

5 -0.2182179 5 0.2117284

6 +0.2182179 M4 & 0.2117284 N4

7 +0.5773503 7 0.137C371

8 +0.7867958 8 0.0907407

g +0.5513897 S C.0604538

21 -1.00 Si2 1 6.0

2 -0.9716377 2 0.0353813

3 -0.8722706 3 G.0558811

4 "=0.7600210 4 0.0624786

5 -0.6280191 5 0.0e31890

6 -0.4585476 & 0.1190886

7 -0.1672126 7 0.1639814

8 +0.1672126 M6 8 0.1639814 N6

g +0.4595476 g 0.1190886
+0.6280191 10 0.0631850
+0.7600210 11 C.0624786
+0.8722706 12 0.0558811
+0.8716377 13 0.C353813
-1.0 S,¢ 1 0.0
-0.980500% 2 0.0244836
~0.9092855 3 0.0413296
~0.8319966 4 0.0382569
~0.7667506 5 0.0400796
~0.6504264 ) 0.0643754
-0.5370966. 7 0.0442087
~0.39228¢3 g 0.1090850
-0.13895¢8 9 0.1371702
+0.1385568 M8 10 0.1371702 N8
+0.3922863 11 0.1090850 .
+0.5370966 12 0.0442097
+0.6504264 13 0.0643754
+0.7467506 14 0.0400756
+0.8319966 15 0.039256%
=0.9092855 16 0.0413296
+0.9805008 17 G.0244936
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Table 2.12 Flux-to-dose rate conversion

for gamm-ray fine groups

(rem/h/photons/cm2 g)

Gr. Upper-E(eV) Flux-to-dose
1 1.4000E+07| 1.1776E-05
2 1.2000E+07| 1.0264E-05
3 1.0000E+07] B.7716E-06
4 B.0000E+06| 7.B4LGBE-06
s 7.5000E+06] 7.478B3E-06
& 7.0000E+06] 7.1104E-06
7 6.5000E+06| 6&6.7426E-06
8 | 6.0000E+06| 6.3749E-06
9 5.5000E+06| 6.0069E-06
10 5.0000E+064{ 5.6001E-06
11 4L .5000E+06} 5.2272E-06
12 4L .Q0DDE+06] 4.BI24LE-06
13 3.S5S000E+068| 4.4117E-06
14 3.0000E+06| 3.9S96E~06&
i5 2.5000E+06] 3.46B6E-06
16 2.0000E+08|" 3.0192E-~06
17 | - 1.6600E+06| 2.7312E-06
18 1.5000E+06} 2.5301E-06
19 1.3300E+06| 2.2051E-06
20 1.0000E+06} 1.8B326E-06
21 B8.0000E+05] 1.6038E-06
22 7.0000E+05) 1.4417E-06
23 &6.0000E+05} 1.2815E-06
24 5.1200E+05] 1.2019E-06
25 5.1000E+05] 1.12B1E-06
26 4L .5000E+05] 1.0321E-06
27 4L .0OCCE+CS| B.7594E-07
28 3.0000E+05] &6.3061E-07
29 2.000CE+05| 4.3908E-07
30 1.5000E+05} 2.2767E-07
31 1.0000E+05] 2.4841TE-C7
32 7.500CE+04| 2.5932E=C7 "
23 6.C00CE+04| 2.8439E-07
34 4L _SO00E+04| 4&.1154E-07
35 3.0000E+04}. B.2668E-07
36 2.0000E+04] 2.1439E-06
1.0000E+041 \
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Table 2.13 List of assigned regions on XY-plane
for FEM-BABEL calculatiocns

Region no. '
on XY-plane Material's name
i Water; 325K
2 Dy0-outer; 325K
3 Dp0-inner;325k
4 Be reflector;325K
5 Standard fuel.el.
6 Irradiation el.
f Standard fuel el.
8 Follower fuel
9 Follower fuel
10 Irradiation hole
11 Standard fuel
12 | Standard fuel
i3 Standard fuel
-14. Standard fuel
15 Standard fuel
16 Standard fuel
17 Follower fuel
18 Fillower fuel
19 Standard fuell
20 Irradiation element
21 Standard feul
22 Standard fuel
23 Standard fuel
24 Standard fuel
25 Follower fuel
26 Follower fuel
27 Standard fuel
28 Standard {fuel
29 Irradiation element
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Table 2.16 Computational conditions of FEM-BABEL

P et T AR e ek ¢ 2 7 b s S o 5. %1 ek s ot St 8

Ttems Conditions
No. of energies 3
No. of nodes on XY-plane 2485
No. of nodes on Z-direction o ‘ 31
No. of finife elements on XY-plane } 2380
No. of regions on XY-plane g 29
No. of regions on Z-direction 7

H

i

i
Beoundary conditions:

i

i

i

Top zero flux
Bottom ? zero [lux
On X=0 plane é zero flux
On Y=0 plane % zero flux
On X=110.0 cm plane _ :reflective
On Y=220.0 cm plane zero flux
Inner iteration limit 10

Quter iteration limit 10
Convergent criterion for
© outer iteration, , : 1073

Convergent criterion for

inner iteration 1073
Qver-relaxation factor ! 1.7
Operating power level(MWw) 20
No. of Fissions per Watt.sec 3.22x1010
Finite element shape : Square
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Fig. 2.1 Flow diagram for produciion of fine-group macro-xec library
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Fig. 2.2 Isometric view of The upgraded JRR-3 research reactor
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Fig. 2.3 Computational geometry of DOT calculations
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Fig. 2.5 Computational flow for evaluating the effects of energy

group structures on dose rates
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Table 3.1 Compariscn of radial distrbutions of neutron dose rate
before(171 groups) and after(8 groups) collapsing
Lmrem/h)
i Frm centr )
No. Material (em) 171 groups 8 groups
1l FUEL 0.883 2.0729E+13 | 2.0513E+13
2l _FUEL___ | _ 2.689_ | 2.0696E+13| 2,04B2E+13
3! FUEL 4.415 2.0631E+13 | 2,0418E+413
.4 FUEL | __6.1B1. _2.0531E+13 | 2,0320E+13__
: 5| FUEL 7.947 2.,0390E+13 4 2,0181E+13
i 6| FUEL ___ | . . 9,713 | 2.0201iE+13| 1.9996E+13_
; 71 FUEL 11.479 1,9954E+13 | 1,9752E+13
8| _FUEL 13,245 | _1,9635E+13 |_1,9437E+13__
i G| FUEL 15,011 1.9226E+13 | 1,9032E+13
i 10)_FUEL _16,777_.|_1,8701E+13) 1,8513E+13_ |
11| FUEL 18.543 1.,B0Z27E+13 | 1,78B43E+13
Lw12 CFUEL ___ | .. 20,309 |_1.7161E+13|_1,69B6E+13_
I 13| FUEL . 22.075 1,6019E+13 | 1,5855E+13
-14] FUEL -1 23,841_|_ 1,4557E+13 ]| 1,4409E+13 |
- 15| FUEL 25,607 1,2236E+13 1 1,2096E+13
16! REFLCT_ | _27.075_ 9.2529E+12 | 9,1118E+12
17: REFLCT . 28,245 | _ 6,9790E+12) 6.8513E+12
C1Bj_REFLCT | 29.415 5.5948E+12 | 5,4752E+12
i 19! TANK 30.250 | 4,B975E+12| 4.7B0QE+12
| 20| _TANK | 30.750_ | 4,6433E+12| 4,5313E+12
| 21| D20 21,837 | _3,9339E+12| _3,8546E+12
i1 .22 020 ___ _. _ 33,512 2,0226E+12( 2,.9847E+12
¢ 231 b20 35.187 | __2.4415E+12| 2.4147E+12
S 247 D20 36,862 2.0250E+12 | 2,0003E+12
25| D20 38,537 | _1,7251E+12| 1,6980E+12
_26_D20 __ 40,212 1.5017E+12| 1.4714E+12
27| D20 41.8B87 | 1.,3320E+12 | 1.2986E+12 |
. 28| D20 43,562 1.1998E+12| 1.1642E+12
29] D20 45,237 | _1,0944E+12| 1.0574E+12
..30) D20 . 46,912 1.0084E+12| 9,7086E+11
31 D20 48.587 | _9,3679E+11| B.9926E+11
220 D20_ . _._|..50.262 B,7583E+11 B,3886E+11
33| D20 51.927 | _ 8,2295E+11 | 7,.8686E+11
34/ D20 53.612 7.7627E+11] 7,4132E+11
35| D20 55,287 | _7.3440E+11; 7.0075E+11.
36| D20 _ __56.962 £.9636E+11| 6,6412E+11
371 D20 58.637 | _€¢.6137E+11) 6,3057E+11
__32B|_D2Q 60.312_ t.2B8BE+11! 5.,9954E+11
39| D20 61.987 | _ 5,9B42E+11| 5,7053E+11
40( D20 63.662 5,6G70E+11| 5,4325E+11
41| D20 65.337 5,4242E+411| 5.1736E+11
421 020 1. e7.012 5.1641E+11| 4.9271E+11
43| D20 68.687 |_4,9147E+1Y | _4,6009E+11_
44 D20 __ 1. . T70.362 4,6751E+11| 4,4640E+11
45| D20 72,037 4,4438E+1)) 4,2450E+11
46| D20 _ _ __ 73.712 4,2204E+11| 4,0336E+11
47| D20 75,387 4 ,0037E+11] 3,B283E+11
4| D20 77.062 2,7935E+11| 3,6294E+11
49, D20 78.737 3,5690E+11| 3,4357E+11
.50 _D20 _.B0.412 3,2900E+11| 3,2473E+11
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Table 3.1 (cont'd)}
{mrem/h)
. Frm centr
No. Material (em) i71 groups 8 groups
51| D20 B2.087 | 3,1959FE+11 | 3,0633E+11__
52| Dp2o | B3.762. | 3,0067E+11 | 2.B842E+11
53| D20 85.437 | 2.8217E+11 | 2,7087E+11_
.54 Dp20 _ B7.112 . 2.6410E+11 | 2.5376E+11
5! D20 88.787 |_2,4641E+11_| 2,369BE+11 __
56| 020 __ . 90,462 2.2909E+11 | 2,205BE+11
57, D20 92,137 |_ 2,1212E+11 | 2,0448E+11 _
- _58|__D20 _|__%3.812_| 1.9537E+11 | 1.8B60E+11
59| D20 95,487 | __1,7913E+11 ] 1,7322E+11_
__60|_D20 97,162 | 1.6142E+11 1,5627E+11
. 61] TANK 98.499 1,4967E+11 | 1.4508E+11 |
__62|_TANK 99,499 | 1,4675E+11| 1,4228E+11
63| H20 101.249 |__1,0116E+11 | 9,7261E+10 |
__64|__H20 103,749 { 3,5832E+10| 3.2766E+10
65| H20 106,249 ' 1,1079E+10 | 9,3326E+09 |
_ 66| _H20 1. 10B.749 i 4,4344E+06 | 4,0373E+09
67, H20 111.249 | 2,4422E+09 | 2,2245E+09 |
]_ba _H20 113.749 | 9.1997E-08| B,3B40E+08
69| H20 116.249 ' 4,9609E+08_! 4,9854FE+08_
'{_70{_Hz20 {_11B8.749_ 1 2.3286E+08| 2,2707E+08
{71 H20 121.269 | 1,2447E+08! 1,1610E+08 _
72, __H20 1.123,749_ | 6.B14GE+07 | 5,0796E+07
I 73 H20 126.249 | __3_,0130E+07! 2,5214E+07__
74 _H20 | 128.749 | 1,7967E+07 | 1.5449E+07
75| H20 131.249 9.9179E+06 | 6.2701E+06
__76|__H20 | 133.749_ | 5,2537E+06|.64,3936E+006_
77| H20 126.249 2,4547E+06 | 2,2241E406
78!__H20 _138.749 | _2.0536E+06|_1,3364E+06_
79/ H20 141,249 1.2988BE+06 | 7.,4362E+05
_.80l__H20 143,749 B.9B46E+05| 4,.7550E+05
£ 81 Hzo 146,249 6.0314E+05| 2,9250E+05
! _82|__H20 _146,749. 4,1433E+05| 2.0908E+05
i 83| H20 151,246 2.9223E+05| 1.3680E+05
‘84 H20__ 1.153,749 | 2,1712E+05|_9,6356E+04_
! 85| H20 156.249 1.5408E+05] 6,7143E+04
. _B6I__H20 0 158.749__ | 1,1436E+05| 5,0297E+04
. 87, H20 161.249 E.4152E+04 | 3.5995E+04
_Bgl_H20 _163.769 | 6,2724E+064] 2.6634E+04
89| H20 166,249 4,6689E+04| 1.9657E+04
90 H20 166,749 3.5105E+04 | 1,4754E+04
61! K29 171.249 2.63B4E+04| 1,0949E+04
_92|_Hz20 173,769 1.9958E+04| 8,2197E+03
93| H20 176.249 1.5086E+04| 6.1775E+03
G4) _H20 ____ | 178.749 1,1418E+04 | 4,6425E+03
95| H20 1B81.249 B.6830E+03| 3,5135E+03
96| H20 | 183,749 ! 4£.5838E+03| 2,642BE+03
97| H20 186.249 | 5,01B0E+03| 1,9983E+03
98! H20 188.749 3,.8162E+03| 1,5071E+03
99 H20 191,249 2.9154F+03| 1,1382E+03
100/, H20 _ 193.749 2.2263E403| B8,5652E+02
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1191 H.CONC

Table 3.1 ({cont'd)
{mrem/h)
i Frm centr
No. Material ( 171 groups 8 egroups
cm)

101! HZ20 196,249 1.6987E+03 | 6,5022E+02
~102|_H20 _198.749__|__1,29B85E+03 | 4,9130E+02
103 HZ20 201,249 G,9396E+02 | 3.7164E+02
C104] H20__. | 203,749 |_7.6243E+02 | 2.8B104E+02
105 H20 206,249 5.8397E+02 | 2,1252E+02

L 106f H20 | 20B,749 _ 4 ,5015E+02 | 1,6121E+02
1107 H20 211.249 3.4514E+02 | 1,2224E+02
_l08/__HZ20 213,749 | _ 2.670BE+02 | 9,2962E+01
108 H20 216,249 2,0616E+02 | 7.,0671E+01
110; _H20_ 1.218.74G__ Lul.blllEfDZ,_5.4430E+01“
- 111 H20 221.249 1,2657E+02 | 4,2120E+01
1120 H20 | 223.749 | . 1,0660E+02 | 3,4944E+01
113 POOL.R 225,499 9.9299E+01 | 3.2047E+01
2114 _POOL.R _226,499__ _,9.1081E+01__2;9443E+01_
115 H,CONC 227.799 B.0205E+01 | Z2,5978E+401
L1116/ _H.CONC 229,399 _| 6.,90BlE+0]1 | 2.2409E+01 |
117 H.CONC 230.999 5.B8682E+01 | 1,9014E+01 |
118 _H.CONC 232.599 | 4,.,8237E+01 | 1.5592E+01
234,199 3.6511E+0)1 | 1,1729E+01

e gt - e
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Table 3.2 Comparison of radial distributions of gamma-ray dose rate

bhefore(36 groups) and after(7 groups) collapsing

{mrem/h)
Frm centr
No. Material {em) 36 groups 7 groupsa
- 1| FUEL 0.883 ?2.288BE+12 | 2.2258BE+12
2| FueL ! 2,649 |_2.2B25E+12 | 2,2198E+12
3| FUEL 4,415 | 2.2697E+12 | 2,2077E+12
4§ FUEL . __ 6,181 |_2.2506E+12 | 2,1897E+12
5| FUEL 7.947 2.2248E+12 | 2.1654E+12
6| FUEL | 9,713 |_2,1920E+12 | 2.1343E+12
7| FUEL 11,479 2.1515E+12 | 2.0960E+12
. B|_FUEL__ - |._ 13,245 | _2,1027E+12 ] 2.0498E+12 |
. 9| FUEL 15,011 2,0449E+12 | 1,9951E+12
JID|LFUEL 16,777 _ | 1.9775E+12 | 1.9313E+12
11| FUEL ‘18,543 1.8995E+12 | 1,8577E+12
12] FUEL _ ___|_20.309_|_..1,8109E+12 ] 1,7737E+12 _
13| FUEL 22.075 1,7071E+12} 1.6750E+12
_14|_FUEL___ | _23.84]1 | _1.5893E+12 | 1,55B85E+12
15| FUEL 25.607 | 1.3564E+12 | 1.3285E+12
16| REFLCT__. | . 27.075_ ! 1.0909E+12 | 1,0732E+12
_ 7| REFLCT 28,245 | _9,2321FE+11 | 9,1374E+11
18| REFLCT_ | 29.415 | B.1226E+11 | 8,0662E+11
19| TANK 30.250 7.3459E+11 | 7,3084E+11
_20|_TANK___ | _ 320,750 | 6.,7712E+11| 6,7391E+11
21| D20 31,837 6.0102E+11 | 5,9817E+11
_22| b20 33,512 5.1623E+11 | 5,1818E+11
23| D20 25,187 4.54B82E+11 | 4,5459E+11
24 D20 | 36,862 4,0154E+11 } 4,0203E+11
25 D20 38.537 |_3.5626E+11.( 3,5732E+11_
_ 26| _D20__ | _40.212_ | 32,172BE+11| 2.187BE+1l
27! D20 41,887 2.8342E+11 | 2,B524E+11
.28 _D20 _ ___ ... 43,562 2.5379E+11 | 2.5586E+11
29| D20 45,237 2.2773E+11 | 2.2998E+11
30! D20 46,912 2.0473E+11 | 2,0710E+11
21| D20 48,587 |_1.8436E+11 . 1,8681E+11_
__32|_Db20______ _i._.50.262 1.6627E+11 | 1.6876E+11
33| D20 51.937 1,5017E+11| 1.5268E+11
34/ D20 52,612 1.3583E+11 | 1,3831E+11
35| D20 55.287 | 1.2303FE+11| 1.2546E+11
J36| D20 | . 56.962 1,1159E+11 | 1.1396E+11
37| D20 56.637 |__1.0136E+11 | _1,0365E+11
38| D20 60,312 | 9.2210FE+10| S.4397E+10
39 020 61,987 B.4017E+10 ) B.60G6E+10
40| D20 63,662 7.6679E+10 | 7,8643E+10
41| D20 £5.237 | 7.010BE+10| 7.,1948E+10
42| D20 67.012 6.,6224E+10 | 6.5935E+10
43| D20 68.687 | 5,8956E+10| 6,0537E+10
44| D20 70.362 | 5,4246E+10| 5,5694E+10
45 D20 72.037 5,003BE+10| 5,1351E+10
_ 46| D20 i 73,712 4.628B7E+10 | &.,7466E+10
47| D20 75,387 §,2949E+10| 4.3993E+10
48 D20 77.062 3.9989E+10| 4,0899E+10
49| D20 78,737 3,7376E+10| 3.B156E+10
1 S0 D20 BO.412 3.50B5E+10| 3,5728BE+10
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Table 3.2 (cont'd)
(mrem/h)
Frm centr
No. Material (cm) 36 grours 7 groups
‘51| ‘20 | &2.087 | .3.3093E+10| 3,3600E+10
52| D20 B3 ,762 3.1386E+10 | 3.1756E+10
T 53] D20 17 85,437 | 2.9954E+10 | 3.01B6E+10
54| D20 | B7.112 2.8793E+10 | 2.8887E+10
55{. D20 BE,787 ~2,7908E+10| 2,7853E+10 |
56| D20 90,462 ©2,7322E+10 | 2.7114E+10
57| D20 92.137 2,7089E+10| 2.6714E+10
58] _Dp20_ 93,812 2.7292E+10| 2.6744E+10
59i D20 95, 487 | _2.8127E+410| 2.7387E+10
- 60|_D20_ | 87.162 2.9954E+10 ) 2,B898%E+10
61| TANK 968.499 | _3.,2682E+10|_3,1542E+10__
__62|__TANK °99.499_| 3,2589E+10| 3.1114E+10D
&3 HZ2D0 101.249 | _3.0179E+10| 2.8501E+10
_b64|_H20___ 103,749 _ 2.6053E+10; 2.44B7E+10
65| H20 106.249 | 2,1194E+10{ 2,0073E+10
__66|__H20 108,749 1.,7628E+10| 1,6771E+10
67| H20 c1111.249 | _1,4944E+10 | 1,4301E+10
68| _H2D 113.749 1.2837E+10| 1.2346E+10
69| H20 116,249 1.1134E+10| 1.0753E+10
_70|_H20___ 1 118,749 | S.7269E+09| 9.4261E+09
711 HZ0 121.249 B,5406E+09 | B,3005E+09
72| HPo 1 123,749 | 7.5282E+09| 7.3353E+00
73| H20 126.2649 | __6,6560E+09| 6,5009E+09
74| K20 | 128.749 5.B996E+09| 5,7749E+09
751 K20 121.249 5.2403E+09| 5,1399E+09
76 H20 133,749 4,6632E+09| 4,5826E+09
77. Hz20 136.249 4,1564F+09] 4,0919E+0¢
_78|. H20 138,749  2.,7102E+0C9 | 3,&6587E+06%
791 H2¢0 141,249 2,3163E+09 3,2754E+09
_BO|_H20 143,749 2.9679E+09 ! 2.9357E+09
81 H20 146,249 2.6592E+09 | Z2.6341E+09
_B2|_H20 | 148,749 2.3B53E+09| 2,3659E+0¢
B3| H20 151,249 2.141BE+09| 2,1270E+09
_ B4 Hz0 153,749 | __1,9251E+09] 1,9141E+09
851 HZ0 156,240 1.7319E+09; 1,7240E+06¢
- 8e] HZ20 156,749  1.5596E+09 | 1.5541E+09
87 H20 161,249 1.4057E+09 1.4C21E+09
B8 H20 163,749 1.,26B0E+09 | 1,2659E+09
89, H20 166,249 1.1648E+09 | 1.1439E+009
90| H20 168.749 | _ 1,03243E+09| 1,0344E400
91 HzD 171.249 G.2524FE+08 | 9.3597E+08
92| H20 173,749 B,4620E+08 | B,4752E+08
931 HZ20 176,249 7.6637E+08| 7.6795E+08
94 KEZ20 178,749 6,5047E+08 | 6.9627E+08
95| HZO0 181,249 6.2975E+08 | 6.3167E+08
96| K20 183.749 5,7144E+08 | 5,7342E+06
57| HZz0 186.249 5,1887E+08 ! 5.2083E+08
98| H20 1BB.749 4,7164E+08 | 4,7321E+08
9% H20 191,249 4,2859E+08 , 4,3035E+08
100/ H20 193,749 2,BYRTE+08 | 3,6147E+C8
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Table 3.2 (cont'd)
{rirem/h)
Frm centr

No. Material (em) 16 groups .7 groups
101| HZ0 196,249 3.,54B4E+08] 3.5625E+08
2102 _H20. 198,749 |._.3,23)12E+08|_3.2432E+08 .
103| HZ20 201,249 2.9437E+0B| 2,9534E+08
104 H20 203.749 . 2.06828BE+08| 2.6901E+08
105 H20 206.249 2.4457E+08| 2.4505E+08
106 HZ0 208,749 . 2.229BE+08, 2,2320E+08
107| H20 211,249 2.032BE+08B| 2.0322E+08
J108{_H20_ . _ _ 1 213,749 | __1,8525E+08|_1.8B491E+08
109 HZ20 216,249 l1.6868E+08| 1.6805E+08
1106| H20 _  _ 218,749 _1,5335E+08 | 1.5242E+08_.
111} HZO 221,249 1.3907E+08! 1,3785E+08
112| H20 223,749 1,2521E+08 . 1.2366E+08 _
113| POOL.R 225,499 1,0256E+08| 1,.0046E+08
_114| _PDOL.R____ | 226.499 | _B,0398E+07.| 7.7806E+07
115 H,CONC 227.799 6.5478E+07 | 6.3326E+07
116 H.CONC | 229,399 5.5214E+07 | 5,3368BE+07
1177 H,CONC 230.999 4,6431E+07 | 4,4755E+07
118 H.CONC 222,599 |_3,8931E+07 | 2,7319E+07
119 H,CONC 234,199 2,18B2E+07 | 32,028B3E+07




Table 3.3 Comparison of radial distributions of total dose rate

JAERT-M 86-153

before(207 groups) and (15 groups) ccllapsing

{mrem/h)
Neo Material %rTcgﬁntr Bfr collaps Aft collaps
1| FUEL 0.B83 2.3018E+13 | 2,2739E+13
2! FUEL L 2.649 | 2,2979E+13 | 2.27D1E+13 |
3| FUEL 4,415 2.2901E+13 | 2.2626E+13
4| FUEL 6,181 | . ?2,27B1E+13| 2,2509E+13
5| FUEL 7.947 2.2615E+13 | 2,2347E+13
6| FUEL 9.713 | 2.2393E+13 | 2,2130E+13
7| FUEL 11.479 2.2106E+13 | 2,1B48E+13
__B|_FUEL___ T 1 _13.245 | _2.173BE+13| 2.14B7E+13_
9/ FUEL 15,011 2,1271E+13| 2.1027E+13
10 _FUEL__ | _16.777_ | _2.0678E+13 | _2,0444E+13 |
11| FUEL 18,543 '1.9926E+13| 1.9701E+13
12| _FUEL____ | _.20.309_ 1| 1,8972E+13| . 1,/B760E+13
13| FUEL 22.075 1.7726E+13| 1.7530E+13
14| _FUEL __. 23,841 | . 1,6146E+13 | 1.596BE+13
15| FUEL 25.607 1.3590E+13 | 1,3424E+13
_16|_REFLCT___ |_27.075 1.0346E+13 | 1,0185E+13
17| REFLCT 28.245 | 7.9022E+12 | 7.7651E+12
18| REFLCT __ . I1_ 29,415 _ 6.4070E+12 | 6.,28B1BE+12
19| TANK 30,250 | .5.6321E+12|.5.,5117E+12_
__20{_TANK 130,750 5.3204E+12 | 5.2052E+12
211 D20 21.837 4,5350E+12 | 4.452BE+12
22| . peo 33,512 3,541BE+12 | 3,5029E+12
23| n2o 25,187 2.8964E+12 | 2.B6%93E+12
_ 24| D20 . _  36.8672 2.4265E+12 | 2.,4023E+12
25| D20 38.537 | 2.0814E+12 | 2.,0553E+12
26| _D20 __ 40,212 | 1.B190E+12| 1,7902E+12
27| D20 41,887 1.6154E+12 | 1.,5839E+12
28| D20_____ |..43.562 1.4535E+12 | 1,64200E+12
29| D20 45,237 1,3221E+12 | 1,2874E+12
_ 20| D20 _ _ 46,912 1.2132E+12 | 1,1780E+12
31| D20 48,587 . 1.1211E+12 | 1.0861E+12
_ 32/.D20. _50.262 1.,0421E+12 | 1,0076E+12
331 D20 51.937 G,.7312E+11 | 9.3953E+11
34| D20 53,612 G,1209E+11 | B,7963E+11
35! D20 55.28B7 R,5743F+11 | B,.2621E+11
36| D20 56,962 . 8,0795E+11 | 7.7807E+11
370 D20 58.637 7.6273E+11 | 7.3421E+11
38| D20 60,312 7.2109E+11 | 6.9394E+11
39| D20 £1.987 £.8264E+11 | 6,5663E+11
40[ D20 63.662 6. 4638E+11 | 6.21B9E+11
41] D20 65,337 6.1253F+11 ] 5,8931E+11
42 D20 67.012 5.B063E+11 | 5.5865E+11
430 D20 66.687 5.5063E+11] 5,2962E+11
44/ D20 70.362 5.2175FE+11 1 5,0210E8+11
45/ D20 72.037 4,9662E+11 1 4,75B5E+11
46| D20 73,712 4,6832E+11 1 4,50828+11
47| D20 . 75.387 4, 4332E+11 | 4,26B3E+11
48! D2ZC 77.062 &.1634E+11 | 4,0384E+11
49 D20 78.737 3.9627E+11 | 3.8172E+11
50{ D20 80,412 3,7400E+11 1 3,6046E+11
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Table 3.3 (cont'd)
(mrem/h)
Frm centr
No. Material Bfr collaps Aft collaps
{em)
51| D20 B2.087 3.5268E+11] 3.3993E+11
52| p20_ | ._B3,762 | 3.3205E+11| 3.2017E+11
53{ D20 85.437 3,1212€+11| 3.0106E+11
54 DZO 87,112 2.92B9E+11| 2.B265E+11
55| D20 8B8.787 2.7431E+117 2.6483E+11
56| D20 90.4672 2.5641E+11 ] 2,4769E+11
57| D20 92.137 2.3921E+11| 2.3119E+11
_.58{_Db20 _|..93.,812 | 2.2266E+11] 2,1534E+11
. 59 D20 95,487 2.0726E+11| 2.0060E+311
60{ D20 _ 97.162 1,9137E+11| 1.8526E+11
61| TANK 98.499 L1.8235E+11 ) 1.7663E+11 |
62| TANK 99,4009 1.7934E+11| 1.73239E+11
63| HZG 101,249 1.3133E+11 1,2576E+11
_ 64| _H20__ ] 103,749 | 6.,1BBSE+10| 5,7253E+10
65| H20 106,249 3.,2273E+10| 2,9405E+10
66| H20 | 108.749 | 2.2062E+10| 2.0808E+10
67 HZ20 111.249 | 1.72B6E+310| _1,6526E+10__
681 H20 -1 113,749 "1,3757E+410] 1.31B4E+10
69| H20 116.249 21.1630E+10¢0 1,1251E+10
70 H20 0 1.118.749 0.9598E+09| ©9,6532E+09
71, H2C 121,249 B,6651E+09| B,4166E+09
- 72| K20 123.749 7.5963E+409| 7,3861E+09
731 H20 126.249 6.,6861E+09| 6,5261E+09 __ |
L 741 H20 128.749 5.9176E+06| 5,7903E+09
75| H20 131,249 5.2503E+09| 5.1462E+09
_76] HZO 1.133.74%9 4 ,66B5E+09 & ,5870E+09
77| HZ0 136,245 4 ,1599E+09 [ 4,0941FE+09
78| H20 138.749 ‘2.7122E+09 3,6600E+00
79| H20 141,249 3,.3176E+09| 2,2762E+09
- 80] H20_ ] 143,749 Z27.968BE+09| Z2.9362E+09 _
81| HZ0 l46.249 2.659BE+09| 2,6344E+09
82| HzO l48,749 2.3857E+09| 2.3661E+09
B3} HZ20 151,249 2.1421E+09| 2,1272E+09
84| H20 | 153.749 |_1,6253E+09| 1,914ZE+09 __
.85 HZ20 156.249 1,7321e+09] 1.7241E+09
B6| HZO0 158,749 1,5597E+09| 1,5541E+4069
87| HZ20 161,249 1.4088E+009| 1,4021E+09
8B HZ2C 163,749 1.2681E+0G6! 1,26460E+09
8o _H20 166,249 1,1448E+09! 1,1439E+09
90| HZ20 168.749 1.0363E+09 ) 1.0344E+09
91l H20 171.249 G.3526E+08! 9.3598E+08
62! HZ0 172,749 B,4631E+08| B,4753E+08
g3t H20 176,249 7.6638E+08; 7,6795E+08
G4 HZ20 178,749 6.9448E+08; 6,9627E+08
95| HZ20 181.249 £.2976E+08! 6.2168E+08
S6| HZO0 1B3.749 5.7145E+08) 5.7342F+06
g7 HZ20 1B6,249 5.1BBBE+0E| 5,20G83E+C8
98] HZ20 188.749 4, 7344E+0B| 4.7331E+08
99 K20 191.249 4 ,2B60E+08| 4.3035E+08
1001 H2D0 192,749 | 2 _BOR7E+08| 3.2147E+08
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Table 3.3 (cont'd)
{mrem/h)
F'rm centr
No. Material (cm) Bfr collaps Aft collaps
101| H20 196,249 3.5484E+08| 3.5625E+08
102 K20 198,749 1_3,2312E+08|_3.2432E+08 _
103] HZO 201,249 2.9437E+408| 2.9534E+D8B
104| H20 | 203,749 _|.2.6828BE+08 2.6901E+08 .
105 H20 206.249 Z.4457E+0B| Z2.4505E+408
106| H20 | 208,749 |.2.2298E+08| 2.2320E+08
107| HZ20 211.249 2.0328E+08| 2,.0322E+08
108V _H20 1 213,749 1.8526E+08| 1.B491E+0B
109 HZ20 216.249 1.6868E+08| 1.6B05E+08
_110(_H20 218,749 |_.1.5335E+08|_1.5242E+08 _
111 HZ20 221,24%¢ 1,3907E+08]! 1,37B5E+08
_11Z2|__H20 __ _ __ 223.749 1.2521E+08|_1.2366E+08 __
113] PDOL.LR 225,499 1.0256E+08| 1.0046E+08
_114|_POOL.R__ | 226,499 |.B.0398E+07  7.7806E+07
115| H.CONC 227.7969 6.5478E+07| 6.3326E+07
_116| H.CONC___ 1 229,299 | 5.5214E+07| _5.3368E+07___
117 H.CONC 230.999 4,6431E+07| 4,6755E+07
118|_ H,CONC | 232,599 | 3.8931E+07| 3,7319E+07 _
119, H,CONC 234.199 3.1BB2Z2E+07) 3.,02B8E+07

Table 3.4 Comparison of dose rates at three locations before and

after collapsing(ratio of after-collaps to before-collaps)

. Distance from Neutron +
Locations Neutron Gamma-ray
center({cm) _ gamma-ray
Core center 0.883 0,990 0.972 0.988
D0 tnk cntr £3.662 0.954 1.026 0.962
Innr pl wall] 225.5 0.323 0.980 0.980
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Table 3.5 Shielding thickness for one-tenth attenuation

of neutrcn and gamma-ray dose rates

o Thickness(cm)
Shielding material Neutron Gamma-ray
Wétér 0}99466 g/cm3_ | 26 63 .

" Heavy water 1.102529.g/cm3 o 42 43
‘Qrdinéry concrete 2.3 g/cm3 ' 39 33.
Ordiriary concrete 2.0 g/emd | 37 37

. '-Ordinarj concrete 2.6 g /cm3 : 34 29
.Héayy concrete 3;45 g/cm3 35 22
Heavy' concrete 3.00 g/cm3 39 25
Heavy concrete SJQO g/cm3 31 19
Lead(fb) 11.304 g/cm3 72 5
Steel(Fe) 7.86 g/cm3 45 10
Neutron shield ByC: 36.83 v/c 23 49
Neutron shield BjC: 50.0 v/o 22.5 45
Neutron shield ByC: 10.0 v/o 24 59




JAERI-M 86-153

WOLXOIPZ | vOEX86ET | v01XS887 | n01x100T | 0L 288 | wOIXZSEZ | o0l x 86E 7 X0{J 01 IN5U [B30,
HOLXVOLT | iOX00LL | 01X 960 | s01x8LEY | wOIXEE0'] | w0TXZS0°T | 401 001 T S [
WOLXBZ8E | WOLXIG8 | L OLXBL0T | w01XGI06 | 01X 9888 | LOLXCERS |01 LG8 6 | i vomau pumtoyydy | 5
GOUX00TE | c0IXEB0E | wOTXO0BOE | o0IX0507 | wOIX060C | wOTXBOTE | o0l x 860 € XI[] UOTIOU 584
LTX 898G | DIx9E8G | O1xG069 | OIxGB8Y | LHIXEIBG | OTXBEBG | (01x 968 G 211 950(]
WOTX 066 | w0LX6862 | wOIXVEIE | w0IX86L7 | mOIXGL6T | mOIX6L67 | +01x 686 2 XN[F UOIITOU (840
GOLXTBED | 01X 188G | «OIX LIPSO | w0IXOL0D | wOTX 0229 | oOIX 120 | o0TX 869 |  XO[JUOINAU [eulIoyy,
wOTXEVET | 01X LY T | wOTX228T | wOIXEOPL | wOTx 15T | wOIXTIVT | ,0Tx 2y 1 | ¥ Uoineu [emieyiidg o
G01X 9828 | 01X88LS | wOTX22VE | wOLXEL8L | wOIXBI8S | 07X 8088 | «01x 88L 8 sy vonnou aseg| O
GOLX 80P T | oOLX 0V | mOTXU6FT | 0002921 | oOTXPOPT | wOTXEOPT | o0l 10V T 3181 080
VOTX 2887 | wOTXELET | pOIXOLET | WOLXO9ET | 01X LET | mOIXOLET | 10T x 626 T X1} UOITNAU BYQT, o
WOTXTG0T | wOTX 990 | 01X 090 | wOIXS16T | »0IX V0T | wOLX AP0l |, 0Tx0F0°] |  Xnyj uosjnou [ewisyf, Jusware
WOTX €461 | vOTX 2927 | wOIx 1287 | wOTXSHZZ | w0l X927 | OTXE927 | 01X 292 2 | ¥0|J uorinau [pwreyiidg | uoyjerpess
WOTX 0907 | mOTXS90T | w01XCPO'T | wOTXSOT'T | #01X990T | 01X 990 | 40fx 690 | XU[F UOINSU 18e,{ | apLs 19900
dOULXZOLT | wOlx Y8LT | wOIX T9LT | oOTXZE81 | 001X O8LT | o0LXSRLT | 001X 8L ] a3eI 350(]
VOLX BTV | o DUX LOFT | WOLXBOPD | w01 XBOFF | OLXLOFT | 01X 80FT | 10l L0V T XI{J UIpmau [BI0],
WOUXETTT | 01X 80T | w01 SO T | wOlXPITL | wOIX9OLT | 40T x 2011 | #0080 T XN|J UoxjnaU [EWLIA],
WOIXZI0T | wOUX 1827 | wOIX682C | »0Ix6827 | »O1x 8827 | w0TX 8827 | wOIX 1827 | X|j uoxnou [euioyidg|  30jue0 210D
WOLX200T | wOUXZI0T | w0I1X0T0T | »01x2007 | »wOTXETOT | w01XET0T | n0Lx 210 T YN[} uoIjnau 35
WOLX LBGT | 01X 0ZLT | o0TX8ILT | oOTXL0LT | 001X 22L'T | 01X TZLT | 001X 02L '] o1es 980(]
Lpeugl | Lpeug 9 P22 g ug (4118 0FT S | uoneoo
ainiontys dnoid Adisuy soysaw [erjedg . NG piepuels St uojen[eAy
(84 ,WID/SUOIINDU ; XN ¢ /WAL ; 9JBT 9S0(] )
NSTNV Aq peiemo[es suonneu uo siejoweled Suippeiys psjen|eas syl jo Aleumung g ¢ o]qel




JAERI-M 86-153

OUK8I8T | L0IX868T | 01x6P18 | 01xL52F | ,01x802G | L01xGL0G | 401 x82p % X[J UGLIABU [R10,

OUXIELT | OUXELT | 08859 | OIS | 08167 | OIXG067 | 01x008% | Xniyuosymou fewssyr) oo

OU<60V8 | D188 | OIXOTL | 01X 9898 | O1X620T | OVXUSLE | 0Vx LgETR | iy vonmou psouyda| | C

OIKEIIT | 0TX 080T | OIx886%8 | ,01x8I0T | 01x0927T | 00611 | L00x0801 X011} UOIIMAU Sk

LOTXE8LL | 0TXSTOT | »OTXLIST | cOIX668T | ,0IX0M6T | 20IX9L8T | ,01x979T aes s

201 828°T | n0TX II87T | oOTXLIST | s0IX6POZ | o01xS88T | 01X T1C8 1 | w0ixTI8T| XT{} UOIINA [BIO],

a01X 1281 | 01X OI8'T | cOIXLIST | o01x8V07 | 0TXS88T | wOIXTE8] | w0Ix0I8T|  XN|J UoIymou [RuiIsyl, e 0t

01X 806G | 01X925G | OIXB0SC | 0Ix28LS | OIlxSPIC | 0IxZI0C | ,01xLzGG | XNy uorineu rewsypds oprs 19110

O1XG86C | 01XC0E | (O1xLP0E | 0Ix2167 | 01xS92€ | OIxTIZE | 400x90¢ XM[J UOIINOU }5BY

OTX08LG | OTX1999 | OIxL8ES | 010646 | ,01x2ZV69 | ,0IxOI89 | ,01x£99 a1l 3so(]

GOIXTITZ | c01x2607 | 01X 2891 | eI 8LTE | s01X6817 | c0IXOVIZ | w0lXZ607 | 0]} Uoimou [e0], ]

G0TXOTTZ | 01X T60Z | OIXT89T | aOIXLLIE | w01X8817 | c0IXCPTZ | w0IX 1607 | XO[J UOJINOU [RUNIDYY, ot aenn

OUXSILE | QUXEI08 | 01X P0ZL | 01826 | 01X LIS | O TETS | ol PI0g | sniguonmen pusgdy) S

OIXKGI8T | (OTXE60C | 01X 188 | OTXBYET | 01X LI8E | OIx288C | 401 x69°¢ XIl[§ UOIIOU 5B

OTXVLLL | 0IXE0LL | 0Ix8619 | OIx0LIT | ,01x6308 | 00x806% | ,01xbOLL 211 asoq

WOLX VEEZ | wOLXZIET | 01X 65T | (0Ix 6961 | ,01XGE27T | wOlX 8927 | mOIXZIET XI1[] U0IINaU (0]

WODXBOZL | 01X 062 | 01X BEST | wOIX 968 | wOIXEIZT | vOIX9EZT | OLx 06T | XNy vommau jewsaqr) -

G0TXO5FL | 20IX0ST8 | w0IX6IE8 | o0l 6908 | «0IXEHI'S | (OIXFITR | &0l ISI'Q| XO[J uorineu [ewioyidyg o1 30w

G0IX 2807 | 01X 6907 | «OIX6EZT | wOIXE86'T | wOIXBLOZ | 01X EL0T | &0lx 69072 XN1} UOIFNOU §5B,]

OTXEOET | OIXOLZT | OTXZE9T | OIxIE0T | 0Ex092F | 0Ix192F | «01x9LZF a1l 350(]

Lyeuzt | dveug | o6 122 g g (418 'pT*55) wamw_,H wtjmoo] |
a1njont)s dnoid Ad1auy solsall [B1jedg Ng piepuelq uorjenjeay

S WD/ SUCIINGU ; XN ¢ /Wl : 3}BI 350(])
{8+ 03/ /

(P.uod) 9 ¢ ajqeL



JAERI-M 86-~153

eI 0479 929 9089 9L0°8 0£9° 0Ly 9 X0} U01IN3U [B1QF,
L 0IX996°C | 1 0TXE0SE | -0IX890C | , 0Tx2L9°C | OTXCHEY | OTX2ZITT | OIXEOSE X[ UOIINAU [BuLIay], 0131000
6¥7 € £99°¢ €61 ¢ LV e CIR? LOS T £09°¢ | x|} uoInau [euLtay}idy %;»Mwwo
0297 LSYZ 1217 26577 180°€ 21677 187 XI{J UOIINOU 1SByY
pOTX 26T | 50T X E86'C | 401X 60V | v OIX LPTF | wOIXBE6T | 01X BIOF | ,.01 x EE6C a1l asog]
DTG50 | OTX0IFZ | 01x291F | 01xT1817 | 0I1X800C | OIxLS8Z | 0lx2lhz XI[J UO1IMAU (B30
01>122°9 | 01x6E8G | 01x91S7 | 0Ix2108 | OIxL0vL | OIxEPIL | 0Ixee8% X0]}) UOJINOU [BULISY],
01x¥9Z8 | 01x8F6'8 | 01x206 | 0IxVEFE | O1xS01'T | 01xC50T | 0lx8p68 | X[y uornou [pwiayydy QEMUMH:O
DIXBTOT | 0TXPIE6 | 01x8558 | OIxE986 | 01x29TT | L0IxL60T | 0TxVIEE XT|J UOIINBU 1By
2 OTXFRET | ;01X 82VT | ;0T X LLET | 01X ZEFT | 01X 08LT | o 0Tx289T | .01 82T a1e1 9so(]
fy-ugl | Ly-ug 96 e "G ag LL-UgO] ) cwor; uotjeo0]
amjonils dnoid AS1ouyg soysaw  [erjedg NG pIepuRl S uorjen|eay

( S#, W3/ suoainau ! U/ Wl 9181 350(])

(P,JU0d) 9 ¢ S[qEL




JAERI-M 86-153

OIXZ62T | 01%98TT | OIXSETT | 0L 005T | IX6EFT | 01xE6ET | 0Lx 821 - 519 10100 ArToy
OTXTLEE | OUXL0ZE | OIXZZIE | LOIXELT | OIXTPE6E | 01x968C | L00x PG s1e1 9500 ap1s 1enQ
d0TXBLET | 01288 T | o0TXTB8T | 501X 8627 | oOTXEPET | w0l X TZET | 001 X 692 1T X1 T reuy |
OTX 1897 | 401X 097 | W0TX013E | 010587 | 0IXP287 | »01xCLlZ | ,01x 2997 2181 aso(] apis 12InQ
| 01X 9ZLT | 0L 8687 | oDIXLEVTZ | oI X EV8T | nOIXEG87 | o 0IX 0182 | o0l x FOL 7 xard 1o1em [ood
OIXBLOT | WOIXTIIZT | OTX6V9E | 01 LST | L01X802F | ,01x202% | H01x Lb0Y aer aso(| apis 1a1nQ)
[ 01X 6288 | ,01x2998 | 0TX8LFS | q0lxCTOT | A0IX 9106 | -OLXLI88 | n0lx 6898 xa g ey 0 |
OTx628T | L0TX008T | ,07x6921 | O1x¥86T | L00X080°T | 01x8IGT | L01x GG 2121 8s0(] apts 1070y
G01% 2001 | w01 EZLS | 201X 8L88 | wOIXEITT | w0IX2Z007T | 01X 6066 | 201xCI8 % xalg J07EM AaBaY
OTX8TPT | 01%262T | L0TxE28T | 01%0991 | LOIXOEFT | 01x126T | ,01x 8051 aje1 aso(] opts 1910
| LOTXSI8T | wOLXEPET | WOIXO0BLY | +OLX 166 | wOLXLIZT | wOIXOLZT | 30T X 1627 X0 " 1oem Aawey |
OTXBI8G | OTXLLPS | (OTXVEZS | 01x6I06 | 0IX9T6G | 01x028G | 401x8287C 231 aso(] 5pIS Jouu]
WOTXOLES | yOTXLVES | yOIX6POS | w0Ix ISLT | W01X912G | nOLx 912G | w0l x 622°C g - 101091301 o4
OTXEBIEL | 0IX6069 | 501X 0ZLL | 01xCEIG | (DIXBI6Y | OLx1689 | o01x LE6 o181 0S0(] Spis 12100
WOLX 06V 6 | 50T X LGTB | vOTX L8 | wOIXBLI L | vOLXIE1S | WOLxLE18 | mOIx2vis | mig 9100
OTX 18T | OUxPIPT | 0TXB9ST | o01%1287T | OLXO0ZFT | 01x8Z9 T | 0T xv2h] a1e1 B50(] apIS IO
GOLX TPV T | a0Tx 66177 | 01X 81T | e01%E02T | «01X2127 | «0lx 1121 | o0lx 1121 s 78 UoljETPELTL
OTXCGPLT | OTX8LST | 0TX995T | 019007 | 01X800°1 | O1xL09T | H0Tx 409 aje1 as0(] ops 12310
GOTX L9V T | w0TX €221 | «OIX IVET | 01X 0621 | 01X GEZT | 01X 58271 | 0% SE] oy 5,‘3% oy
OUXTLOT | OTXEIST | 01XS26T | 401% G081 | OIXO0PST | (0lx06GT | o01% 485" 9181 950(]
tpeuzt | dy-us 9% | v EEEEEE o uorED0]
ainjonis dnoad A31suq soysewW [B1jedg NG plepue;s U0 TIBN[BAT

(8w /suotoyld; X0 U/ Wo ; 8181 29S0T )

NSINV Aq pojeiampen sdel..punued uo siajowered Buip[arys pajenieas aiy) jo Llpwwmg ) ¢ a[qel,




JAERI-M 86-153

w Heutron Enargy Spectrum in p5 t Shoushstou | D" Gonm® Aoy Spsctrum in p8 { Sheushotow )
I 1
T T T i T T T 7 T T T
L -
ﬂrw}ﬁ
Y " 10" .
o 4 :
’ \ 10" M
‘ ,
L \ T 12" V \ﬁ 7
TH.- 2 yrooz B
o1 .
" 10" -
1w !
. "
re -
12— I
16" o
“ ]
o' ] 1 : : L ] ) v . , |
e 16" 18 o' et ' e’ Ty 1o’ et e T wt 0 Vo'
Neutron Energy [ ev ! Comma Rey Energy [ ev ¥

Irradiation element

.« Neutron Ensrgy Spacterum In p3 [ Foel ) w Gommo  Rey Spectrom In p5 ( Fue! !
e I T T T T T T A"_\ T “ T T T
q_p’"J
- N
o e ————

s
B B P
t

=

T

In.. 1o
& |

1% 10
a1

% ?:
I
i |
O S T
"l._‘,ﬂl
i
1 1 1

to 1
[T T T A T S Y A VAT 1t 1w’ ' w' '
Neutron Energy ! ev | Bammqp Roy Erergy | ev )
Fuel region
o™ Neutran Energy Spectorum In p5 ( Be-reflecior !

;s Bomma  Roy Spectrum in p§ § Berreflecter !

T T Mo
] T T T T ki T T T

| 7

—d

= 3 El t 2
16 10 10 T 1o 10 i it o 10 . s v ! !

Neutren Enmergy [ ev ) Gommg Rey Energy (| ev |

Beryllium reflector

a ) Neutron spectra(flux/lethargy) { b} Gamma-ray spectralflux/lethargy)

Fig. 3.1 Neutron and gamma-ray spectra for each region




4 Gommd Ror Sswelrur in pS D20 Tonc !
T g ; T T T T e T & T T ]
| 1
15 :_____’__"ﬁ____’__,ﬂrl\g’u_mf{*""\_ - 10 Jf_il\\'
H \ Hi
Y . “
‘Ul,__ \ — |Ou"- ‘w__‘v
. 1H.. 26 | ul M., 20
1o al 11 - 10" .l .
|l |
it H 4 TS o
i |
et . e jl i
is ! . I ! Ll 1! | | 11W
1] 10° 1z 10’ 100 i 10 1o* Iy et ™ et ot o
Neutron Ermergy  ev ) Gomma, Koy Energy { ev )
Heavy water tank(inner)}
et Neutrsn Epergy Spsctarum (n pd € 020 1 .. Gommo Roy Spactrum In ob ¢ 020 I
T T T T T T i T 10 : . T .
" i . - i
‘e~ 10 P i = !
s
) ) L
10" ™ e RN 'L T
i
f 1n-. 38 e |
' - Py = 16" . ‘ -
n'e = T ; : i
, | ]
10 - Wl ] _
i
| | L
[ ! . 1 ! L . | | Wi | ,
10 i I |
Y Y P A P U T T ST M T T U ”"D‘ e o o oo
Neutron Energy { ev ! Comna Roy Enmergy { ev |
Heavy water reflector
! Neutror Emergy Spectorum in p5 t D2o Tonc © . Gommd Hay Spectrum |n p3 { D20 Tame ]
T T T T T T T T } 10 T T 1
7 i 10" -
f| F
T r"ﬁ,liw . \ N
I L:ﬂ”‘n’ '\ o' -
|D“’—‘ -
.l In. . st
1o = &l -
)
10" -
1" - -t
w0 - I -
! t\ o' - =
io® - 'a L ! : I ' | . 1o! ,
1% T woooet et ! AT TS 1o’ 10
Neutron Energy [ evw 1

» Nautrern Ermargy Spectorum in p5 { 02¢ Tonc
o . T

JAERI-M 86-153

Heavy water tank(outer)
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