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Abstract

Sodium void worths in plate and pin environments and fuel
slumping reactivity worths measured in the FCA assembly have
been analysed to investigate calculational methods, especially
to ckeck methods to estimate the neutron streaming effect.

Comparison of sodium void worths in platé and pin environ-
ments has been done experimentally in the FCA VI-2 assembly.
In this report we investigate the effect of cell modeling on
calculated void worths and clarify problems in calculational
methods.

The fuel slumping reactivity worths were measured in the
FCA VIII-2 assembly. Though some analyses have been performed,
there is a case where the calculated slumping reactivity worths
differ remarkably. Then we recalculated the worths taking into
account the neutron.streaming effect, and compared the results

with the previous ones.

* Study performed under contract between Power Reactor and Nuclear
Fuel Development Corporation and Osaka Uﬁiversity

*% Ogsaka University, Faculty of Engineering
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All the analyses have been carried out on the basis of
ﬁfansport calculations with the JENDL-2B-70 group cross section
set. The neutron streaming_effect was considered by means
of Benoist’s diffusion coefficient or the unified diffusion
coefficient which includes the neutron streaming‘interference

effect between different drawers.
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Table 2.1.2 Atomic Composition of Test Region Plate Cell Loaded with 92% Fiasile Table 2.1.¢ Atomic Composition of Test Region Volded Plate Cell Loaded with

Pu Plate * 75% Fissile Pu Plate
{onie;10* atoma/em?) (Unit;20? atoma/em?)

Nuclide | CIWeX &  ma can Na meat puo, 7% fissile ., ucltda | DI2WEE B Void can Void space Do, o' [19531€ av,
Pu-239 1.81666 Pu-239 1.65734
Pu-240 0.16017 Pu-240 0.58775
Pu-241 0.01515 Pu-241 0.17903
U235 0.00413 ’ u-21% 0.004113
U-238 2,00322 u-238 . 2.00322

o ;‘-01470 5.86815 o 4.01470 5.86815
Ha 2.03580 va

Al ' 0.26073  3.91210 AL 0.31940  3.91210
cr 1.36670  1.43808  0.12675  0.08223  0.56771  0,08223 cr 1.76670  1.55368  0.17975  0.08223  0.59899  0.08223
Fe 4.975B4  5.33149  0.46462  ,0.29937  2.10128  0.29937 Fe 4.97584  5.79291  0.66347  0.29937  2.22049  0.29937
Wi 0.59577  0.6827%  D0.05709  0.03584  0.26748  0.03584 - 6.59577  1.04005  8.10240  ©0.03584  0.20287  ©0.03584
'f(’é:‘jth 0.22 0.058 0.519 0.635 0.15875  0.15875 }(Ii::;;h T 004 0.555 0.635 0.15875  0.15875

Table 2.1.d Atomic C ‘At
Table 2.1.B  Atomic Composition of Test Region Plate Cell Loaded with 75% Figgile ¢ Composition of AT Fattern Axial Blankes

Pu Plate
(Unit; 10" *atems/em?) Y — (Unit;10**atoms/cn’)
Huelide D;::iixﬁ Ma can Na meat DUO, 75% g‘j;ggi]_e AL:0s Huclide matrix Na can Ma meat DUG, Hatural U Al;0,
Pu-239 . 1.65734 Pu-239
Pu-240 0.58775 Pu-240
Pu-241 0.17902 . Pu-241
U-235 0.00413 U-235 0.00413 0.03142
u-238 2.00322 U-238 2,00322 4.33437
o 4.01470 5.86815 o 4.01470 §.86815
Ha 2,03580 Ha 2,03580
Rl 0.31940 3,91310 Al 3.91210
cr 1.36670  1.43808  0.12675  0.08223 0.59999 0.08223 € 1.36670  1.43808  0.12675  0.08223  0.08221  0.08223
Fe 4.87584 5.33149 0.46462 0.20937  2.22098 0.29937 Fe 4.97589 5.3314% 0.46462 0.29937 0.29937  0.29937
W 0.59577  0.68273  0.05708  0.03584  0.28287  0.03584 Nt 0.59577  0.68273  0,05709  0.03584  0.03584  0.03584
Mo 0.22 0.058 6.518 0.635 0.13875  0.15875 o n.22 0.058 0.519 0.635 0.15875  0.15875
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Table 2.l.e Atomic Composition of Voided 'A' Pattern Axial Blanket
{Unit;10%*atoms/em?)
Huclide D;::iix& Vvold can Vold space  DUD: Natural U Al:0,
Pu-239
Pu-~-240
Pu-241
=235 0.00413 0.03142
U-238 2.00322 4,33437
4] 4.02470 5.86815
Ha
Al 3.91210
Cr 1.36670 1.55368 0.17975% 0.08223 0.08223 0.08223
Fe 4.97584 5.79291 0.66347 0.29937 0.29937 0.29937
Ni 0.59577 1.04005 06.10240 0.023584 0.035B4 0.03584
?é:;b 0.22 0.04 0.535 0.635 0.15875  0.15875
Table 2.1.f Atomic Composition of Driver Fuel
{Unit;10**atoms/cm?)
wiie | IR T D0 IRl 1oy ameat  ALOs eaciched u 0 (16
Pu-239
Pu-240
Pu=241
U-235 0.85191 3.92895  0.85191
U238 3.3820 0.23709  3.3820
o 5.86815
Ha 2.03580
AL 3.91210
cr 1.3667 0.08223 1.43808 0.12675 0.08223 0.08223 0.08223
Fe 4.97584 0.29937 5,.3314%9 0.46462 0.29937 0.29937 0,29%237
Ni 0.59577 4.03584 0.68273 0.05709 0.01584 0.03584 0.03584
?idgh 0.22 0.3175 0.058 0.519 0.635 0.15875 0.15875
cm i

Tahle 2,1l.9

Atomic Composition of DO, /Ha Blanket

[Unit;10%*atoms/em?)
Huelide D:::ifx° Ma can Na meat DUO,
Fu~-239
Pu-240
Pu=-241
u-235 0.00413
Cy=238 2.00322
0 4.01470
Ha 2.01580
Al
Cr 1.36670 1.43808 0.1267% 0.082213
Fe 4,97584 5.33149 0.46462 0.29937
131 0.59577 0.68272 9.05709 0.03584
width 0.22 0.058 0.519 0.635
{cm}
Table 2.1.h Cell-averaged Densityes of Radial
Blanket,Axial blanket & Empty Matrix
{Unit:10%2atoms/em?)
Nuclide |  piatree |  bianget | mateix
Pu~2239
Pu-240
Pu-241
U~235 0.02891 0.00840
U-2318 3.99887 4.01746
o
Na
Al
cr 0.18481 0.18461 0.11626
Fe 0.67213 0.67213 0.42329
Hi 0.08048 9.08048 0.05068
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-Table 2.2.a

Atom Densitles of Materials of
Individual Regions in 3 Annuli
Model Corresponding to 1/16 of

Core Pin Cell {Unit;10%fatoms/cm’}

Neclide | BuQz/U0: (tuhg?glad) Na+5US
Pu-239 0.28573
Pu-240 0.10734
Pu-241 0.03005
v-236 0.00375
u-238 1.84937

o 4,55038

Na 1.41389
AL

cr 1.25127  0.50557
Fe 4,43880  1.82696
nd 0.61478  0,22852

Table 2.2.b

Atom Densities of Materials of
Individual Regilons in 3 Annuli
Model Corresponding to 1/16 of

Blanket Pin Cell (Unit;10?%atoms/cm?)

tiuclide DUD: (tubg?glad) Ma+SUS

Pu-239

Pu-240

Pu-241

u-235 0.00469

u-238 2,31197
0 4.63479

Na 1.45983
n

cr 1.23792  0,48471
Fe 4,39143 1{15295
ni 0.60822  0.21827

Table 2.2.¢

Atom Densities of Matexials of Individual Regions
in 4 Annuli Model Corresponding to 1/16 of Core

Pin Cell
{Unit;10%2atoms/em®)
Woclide P“°"”°’(eub§?21ad) Na+SUS ”ﬁtgifsgﬁzfgr
Pu~239 0.28573
Pu=240 0.10734
Pu-241 0.03005
U=2235 0,00375
y=-238 1.84937
s} 4.55038
Na . 2.26449
Al
Cr 1.25127% 0.02384 1.30631
Fe 4.431880 0.08458 4.72319
MNi 0,61478 0.01171 0.58889
Table 2.2.d  Atom Pensities of Materials of Yndividual Resions
in 4 Annuli Model Corresponding to 1/16 of Rlanket
Pin Cell .
(Unit;10**atoms/em?)
Buclide | DU pyuaciayy Mavsus MGRCLTITERS
Pu=-239
Pu=-240
Pu~241
u-235 0.00469
U=-238 2.31197
0 4.63479
Na 2,33807
Al
Cr 1.23792 0.01022 1,27341
Fe 4,13914) 0.03625 4.60650
ni 0.60822 0.00502 0.57273




Tahle 2.2.e

Atom Densities of Individual Regions in
6 Annuli Model of Core Pin Cell

{Unit;1022atoms/cm?®)
Nuclide f;;fff Pu02/U0? T;gfgf sus
Pu-239 0.28572
Pu=-240 0.10734
Pu-241 0,03005
U=23% 0.00375
u-~238 1,83937
o 4,55038
Ha 1.47563 1.60683
AL
Cr 0.42589 0.36340 1.34594
Fe 1.54631 1.28913 4.86378
mi 0,21416 0,1785%5 0,60836

Table 2.2.f

Atom Densities of Individual Regions in
& Annuli Model of Blanket Pin Cell

{Unit;10?2atoms/em®)

Nuclide T;:fgf puG: ?g;fgf sUS
pu-219
Pu-240
Pu-241
U-235 0.00469
u-238 2.31197
0 4,63479
Na 1.52358 1.65904
AL
er 0.43124 0.35952  1,29040
Fe 1.52980 1.27538  4.66675
wi 6.21188 0.L7664  0,58107

Table 2.2.9

Atom bensities of Materials of Individual Reglons in Slab
Model of Core Pin Cell

{Unit;10? *atoms/em’)
nuclide |"aTEANIATST Theoty {tube o1agy PuO2/U02 o2
Pu~238 0.28573
Pu-240 0.10734
Pu-241 0.03005
U-235 0.00375
t-238 1.84037
c
Ha 1.79910 1.74789
Al )
er 1.46685  0.24890  1.25127 0.27634
Fe 5.30507  0.89845  4.43880 0.99750
Ni 0.66042  0.11310  0,61478 0,12557
?égfh 0,281 0.329 0.1045 0.461 0,540

Table 2.2.h

Atom Dansities of Materials of Individual Regions in Slab
Model of Blanket Pin Cell

{Unit;10**atoms/cm’)
el N
Pu-239
Pu-240
Pu~241
u-235 0.00459
u~218 2.31197
0 4.63479
Na 1.85765 _ 1,80469
Al
cr 1.41297  0.23711  1.23792 ¢.26325
Fe 5.11394  0.85662  4.39143 0,95108
m 0.63195  0,10730  0,60822 0.11912
width 0.282 0.329 0.1045 0.461 b.540
fem) :
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Table 2.3 .Sodium Void Reactivity Worth and C/E Value of Each Calculation for Plate Cell Axial
Voiding in FCA VI-2-B
' (Unit;10 ®Ak/k/kg-Na)
Al | e | Measurement | BercietisD | Unifisg | Bencistie | Traseron:
Position {kg) _
N (173) z 1.222 | 151.9 %2 151.1 0.99 | 153.4 1,01 | 154.7 1.02 | 161.1 1.06
§g (4v6) Z 1,222 46.9 *2 44.4 0.95 | 56.9 1.21 | 50.3 1.07 | 76.8 1.64
%g 0 (7%9) 2 1.222 | -92.8 %2 ~93.4 1.01 | -66.4 0.72 | -84.0 0.91 | -32.7 0.35
'5> % (10v16)Z | 2.850 | =37.0 +0.7 | -34.4 0.93 | -26.6 0.72 | -32.7 0.88 | ~15.2 0.41
H
21 ez 6.515 1.50 £0.3 | 4.09 2.72 | 15.4 10.2 | 6.13 4.08 | 31.8 21.1°
o 51 (an16)z 5.293 | -32.6 0.4 | -29.9 0.92 | -16.6 0.51 | -27.9 0.86 | 1.99 -0.06
:ﬁ; (7%v16) 2 2.072 | -54.1 %0.5 | -52.1 0.96 | -38.5 0.71 | -49.7 0.92 | -20.5 0.38
E S| @z 0.1357 | 142.1 %7 156.7 1.10 | 161.1 1.13 | 157.8 1.11 | 166.6 1.17
:'_,?: % (4v16)Z . | 0.5881 | -33.6 +2 -29.2 0.87 | 0.26 -0.008| -28.7 0,85 | 3.01 -0.09
2 E (7016) 2 0.4524 | -51.7 *2 -52.3 1,01 | =22.2 0,43 | -51.5 1.00 | -20,2 0.39
| (10v16)Z | 0,3167 | ~38.0 £3 -34,9 0,92 | ~-16.3 0.43 | -34.2 0.90 | -15.3 0.40




Table 2.4 Sodium Void Reactivity Worth and C/E Value of Each Caleulation for Pin Cell Axial Voiding in Assembly VI-2P . .
(Unit:10~%ak/k/kg-Na)

Vaidnd Removad 3 Annuli Model 11/16 Cell) 6 Annull M3del of Pin Call Slab Hadel of Pin Coll dannulill/)ecell)
Axial Ha Heasurement 0 v ise* d ‘
Benglit's D Unified D pencist's D Benoisk's D Unified D Transport benolsc'a D unified D Benolat's b
position tkal (FOP) c;a -;FSP,' .cn: (Fop)  C/E {E.#} C/E (FOP)} C/L {FOP} C/E (FOF)  C/E (FOP) C/E {FOP)  C/E
o
[ [R5 134 1.162 1.3 1 16,7 1,25 170.1 1,37 163.1 1.21 \66.5 1,24 165.4 1.2) 198.2 .25 160,77 1.20 163.1 1.22 159.9 1.19
=
8;; (LR35 1161 44.0 12 75.5 1.72 87,9 2.00 75.7 L.72 9.5 1,81 87.8  2.00 81.5 1,85 56.4 1.28 69.1 1.5 4.8 0.97
En bl N
ig E L9z 1.161 -85.4 2 44,1 0.52 -17,7 0,21 =36,0 0,42 -31.3 0.37 -9,56 0.11 =31.0 0.36 ~78.) 0.52 =50.7 0.5 -110.4 1.29
< 3
g 0~16)2 2.796 =31.7 20,1 -20.5 0.65 -12.5 0.3% -18.4 0.58 -17.5 0,58 =10.4 0.33 -15.7 0.50 -31.7 1.00 =132 0.7) ~M.2 2.1
n (n16)2 6.278 =04y 20.3 27,7 =56,0 38.9 ~78.7 29.3 -59.3 31.1 -6).0 40,4 =81.3 3.4 -67.7 11,5 ~23.6 23.3 ~47.4 =14.1 25.0
w |m
5 {4162 5.117 =3.1 10.4 -1,08 0,13 $.11 -0.29 -1.05 0.03 0.38 =0,9) 12,1 ~0.39 2.86 =0.09 -22.1 0,71 -6,47 0,27 -53.7 1.7]
E (M16)2 3.987 =50,1 20.5 -27.4 0.5% ~14.0 0.20 =23.6 0,47 ~22.2 0.44 -10.1 0.20 =20,2 0,40 -45.4 0,91 »31.1 D0.62 ~82.0 1.64
o
w
. ] (132 0.1290 123.3 1 172.4 1.40 176.7 1.43 167,80 1.36 168.9 1.37 172.2 1.40 172.9 1.40 165.5 1.34 170.8 1,39 165.4 1.3
LR ES
':' g [US T T 0.5686 =34.0 12 -3.28 0,10 25.4 -0.73 -0.25 0.007 814 =0,004 28.6 -0.82 3.5%8 -0,10 «21.B  0.63 8.48 -0.34 =55,1 1.82
- {7162 0.4396 -57.3 12 -27T.4 0.48 2,02 =0,04 =234 0.4l -23.0 0.40 6.00 =0,11 ~20.1 .35 ~45.5 0.79 =14.6 0.6 -92.5 1.4
[ionl16)z 0.3107 ~45.4 3 =20.6 0.46 -2,87 0.06 «18.5 0.4} =1B.2 0.3% -0.68 0.22 [ =15.9 0,11 =32,0 0.7 -13.2 0.2% ~70.9 1.56




Table 2.5

Calculated Reactivity Worth Component for Axial Group Void Traverse for
Plate and Pin Cell

{Unit;10~%ak/k)

X?c;:id - Leakage Leakage Absorption Moderation Fission
Position (Benoist's D) {(Unified D) P :
- {1~3) 2 -16.26 -13.48 59.26 178.55 -37.00
]
o {4n6)2 -92.54 “77.19 43,15 130.24 -26.64
L]
® (7v9)2 . -191.60 ~158.65 20.70 68.39 ~11.59
> {10~16)2 -138.81 -116.41 §.10 35.17 -0.524
- (13} 2 ~11.70 -8.94 48.45 159.18 ~1,32
-
EE {46)z -§3.25 -48.84 35.45 116,32 -0.945
:29 {7n9)32 ~130.46 ~99.79 17.62 62.08 ~0.398
{10~16)2 -98.60 ~76.18 5.59 35.72, -n,0156
(1~3) % -11.00 -8.24 51.99 161.62 -13.37
el
'ég {416} 2 -58.60 ~44.56 38.02 118.11 -9.65
5§ {7+9) 2 -119.21 -88.55 18.77 62.94 -4.25
=B -]
2 {10~16) 2 -92.77 ~70,28 5.74 35,98 -0.458
Q
= {123)z -14.73 -11.94 51.44 160.29 ~10.49
Qs 4z ~81.82 -66.80 37.62 117.18 -7.57
&
a2 (79)z -166.67 ~136.60 18.59 §2.55 -3.34
(10~16) Z ~129.92 -106.32 5.74 35.90 . ~0.304
" (1~3)2 ~18.47 51.85 158.14 . =5.99
- g
EE {4~6) z -99.48 37.94 115.54 -4.37
=2 (vyz ~206.58 18.88 61.73 -2.15
-
(10~16) 2 ~238.15 5.69 36,28 ~0,0756




Table 2.6

Sodium Void Reactivity Worth and C/E Value with Correction

of Streaming Effect and Exact Perturbation,for Plate Cell

Axial Voiding

(Unit;10 ®Ak/k/kg-Na)

Voided Transport | Streaming |E.P-FOP Coégizﬁed
Ax;a@ (FOP) C/E Correction|Correction
Position C/E
(1~3) 2 161.1 1.06 -7.8 3.6 156.9 1.03
Q,
§g~ (4~6) 2 76.8 1.64 -21.9 5.9 60.8 1.30
& -
ﬁ% g (7~9) 2 -32.7 0.35 -40.4 9,4 -63.7 0.69
'5> 5 (10~16) 2 ~15.2 0.41 -13.4 1.7 ~26.9 0.73
a
o (1~16)2 31.8 21.1 -19.0 2.0 14.8 9.85
(o]
g (4~16) % 1.99 -0.06 -21.7 2.0 -17.7 0.54
o _
5 (7~16)Z -20.5 0.38 -21.5 2.4 -39.6  0.73
q) '
- ‘ ‘
& . (1~3) 2 166.6 1.17 -7.7 1.1 160.0 1.13
=l aQ )
S|z (4~16) 2 3.01 -0.09 -21.8 0.5 -18.3 0.54
M ' . _
418 (7~16)2 -20.2 0.39 ~21.8 0.8 -41.2 0.80
-
. (10~16) 7% -15.3 0.40 -13.7 0.7 -28.3. 0.74




Table 2.7 Sodium Void Reactivity Worth and C/E Value with Correction of Streaming Effect and Exact Perturbation,
for Pin Cell Axial Voiding in Assembly VI-2P (Onit; 1048 k/k/kg-Na)
el B F O (R e TR | EPFOP oot o Corresteq yoEkA i Aanvii model
Position (1/16 cell) {1/16 Cell)| Correction (L716 cell) |® Annuli Modei} Slab Model (1/16 Cell)
%‘m {1n3)z 168.2 1,25 1.2 ~3.4 ~5,8 -6.6 3,4 172.8 1.29 168.2 .25 165,68 1.24 165.0 1,23
R {4612 81.5  1.85 4.4 4.6 -14.7 -20,3 3.8 89.7 2.04 85.3 2.04 70.6 1.61 57,0 1,30
:“’:;‘4’ E {19)2 -31.0 0,36 7.7 15.8 -26.5 -58.6 4.7 -1B.6 0.22 -10,5 0.12 -52,8 0,62 -B4.% .0.99
k: g (Lovi6)z | -15.7  0.50 1.8 3.9 -9.4 -47.9 8.9 -13,0 0.41 -10.9 0,34 -24.2 0,76 -62.7 1.9%
:% {1vig) 2 ) 33.4 -67.7 3.3 4.9 =-12.9% -3B.6 1.8 38.5 ~78.6 40.1 =-81.8 22.3 ~45.5 |- =3,40 6,94
- (4v161 32 2,86 =0,09 3,74 6.77 -14.5 -45.9 1,43 8.03 -0.26 11.6 =0.37 -10.2 0.33 -41.6 1,3
”E (rv6)z | -20.2 0.40 3.6 7.4 -14.4 ~51.0 1.4 -15.2 0.30 |- -1}.4 0,23 | -33.2 O0.66 | ~69.8 L.39
§ o e 172.9  i.40 1.2 =3.4 -5,7 =5.8 1.1 175.2 1.42 170.6 1.38 168.3 1.37 168.2 1.36
R~ % {4016} 2 3,58 ~0,10 3,77 6.90 -14.65 ~47.35 0.39 7.74 -0,22 10,9 -0.31 -10.7 0.31 -44.0 1.27
3 E (7+16)2 -20.1  0.35 3.5 7.5 -14.6 ~51.6 0.4 -16,2 0.280 ~12,2 0.21 -34.3 0.60 -71.3 1.24
{l1ovlg)z | -15.9  0.11 1.9 4.0 -9.5 -48.4 0.3 -13.7 0.30 ~11.6 0.26 -25,1 0.55 -64.0 1.41
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Table 2.8

Sodium Void Reactivity Worth and C/E Value of Calculation Using

Unified Diffusion Coefficient,Corrected by Exact Perturbation Effect
(Unit;10 %Ak/k/kg-Na)

Volded Pin
Axial Plate 3 Annuli Model |6 Annuli Model | Slab Model
Position C/B (1/16Cell) C/E C/E C/E
e (103) 2 157.0 1.03 173.5 1.29 168.8 1.26 166.5 1.24
Ho (4%6) 7 62.8 1.34 91.7 .2.08 91.6 2,08 73.1 1.66
E’g . (779) 2 ~57.0 0.62 -13.0 0.15 -4.86 0.06 ~46.0 0.54
& g (1016) 2 ~24.9 0.67 ~11.6 0.37 -9.50 0.30 ~22.3 0.71
0
ol (1n16)z 17.1 11.4 40.7 ~83.1 42.2 -86.1 25,1 -51,1
g ) (4716) 2 ~14.5 0.44 8.90 -0.29 11.9 -0.38 -8.68 0.28
§ (7716) 2 ~36.1 0.67 -12.6 0.25 ~8.7 0.17 ~29.9 0.60
9
a |, (1n3) 2 162.2 1.14 177.8 1.44 173.3 1.41 171.9 1.39
g % (4016) 2 0.761 -0.023 25.8 -0.74 29,0 -0.38 8.87 -0.26
1 (e ~21.4 0.41 2.42 -0.04 6.4 -0.11 -14.2 0.25
 (10n16) 2 -15.6 0.41 -2.57 0.06 -0.38 0.008 -12.9 0.28




Table 2.9 Sodium Void Reactivity Worth for Channel Void Traverse for

Plate and Pin Cell
(Unit;10 5Ak/k/kg-Na)

Voided Plate Pin
Channél Measurement Calculation Measurement Calculation
Bencist's D Unified D Benoist's D Unified D

0 R 4,3%1 5.19 31.4 7.5%1 30.1 60.0

1 R 1.1+1 4.11 30.4 3.3%1 28.2 54.0

2 R -2,3%1 0.25 26.4 -4,3%1 23.3 49,2

3R -11.2%1 -7.00 18.9 ~-8.5¢1 14.7 40.5

4 R -26.5%1 ~18.6 6.79 ~20.2%1 l.46 27.0

Removed Na:0.72384kg for Plate Cell
0.69751kg for Pin Cell

Table 2.10 Calculated Reactivity Worth Component for Channel Void Traverse

for Plate and Pin Cell

{(Unit;10 %Ak/k)

gﬁigigl (Benﬁizt?geD) (Uﬁii?ggen) Bbsorption Moderation Fission
0 R ~49.76 ~30.76 12.10 48.61 -7.20
1R ~49,72 ~30.72 12.01 47.92 -7.22
'g 2 R -49,23 -30.29 11.56 44,97 -7.13
o 3R -48.18 -29.43 10.78 39.27 -6.94
4 R ~46.40 -28.,04 9.67 29,28 -6.71
0 R -36.03 -17.98 12.90 14.47 -0.330
1R -35.98 -17.95 12.73 43.24 -0.334
E 2 R -35.86 -17.84 12.18 40.27 -0.330
3 R -35,59 -17.62 11.26 34,92 -0.323
4 R -35.09 -17.25 9.98 26.44 -0.314
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BEBTHEDT, A— - wAHBETE - THBRFAPEFREEEL AV LD TH S,
Table 3.3 LBV T, Test Region OWEENALELE, BINRFERBFERI2VWT, 1
#T, 1.9%, 29%, 5BC, L.2%, 1.7%, 8BT, 0.1%, 1 08T, 0.3%, 0.0
BLENFNLNEEBTA-—A—wA B I2WERLHERAL T,

7R1z Table 3.4,3.5i21, Fuel Compacted Drawer & Test Region(Na in) 252
BA-R—wAHEYANHEELEEFOAFEIC L ZHEE L % Fuel Compacted
Drawer M4, Test Region OHET, HEL THD.



Table 3. 41 H T, Test RegioniZB#EL /- Fuel Compacted Drawer OMEHED
i, BEKERCOLT, 18T, 0.2%, 5BT, 0.1 ¥0HKA, ARBFEREIC VT
b, 1BT, 003%, 5HT, 0.2%0BPENE->TWW3,. £/ Test Region b RN 7Fu
—el Compacted Drawer iz Tid, BE#L T3 Fuel Compacted Drawer & th~TH
{EiE /NS v, Table 3. 5CBWT, A—S—wAEEICL5 L Test Region DRINKTF 4 K
HEBEOTILE, 18T, 1%, 1.4%, 5ET0LT%, 09%FhFhBEILL THBA, 8
Bhoik, AL, U002 ¥BEFCBAL TS, LArLAENRD Spacer KBEL TW3BTe
st Region MBA L HEL T, TILB/NE V. ZhiX Spacer & H# L T, Fuel Compac
—ted Drawer D4, FHEFAL Y -3 VIZ/OTFEHEHREINEVWEEZRL T35,

Ric, BEZS vE Y Ik AHEBOEIC D TiR<E, & FHEYIC, Test Region
(Na out) »iSpacer ¥ 7%, Fuel Compacted Drawer ik B#tdn 3 it L AWIN « 4
WEEOE{LE, 2henTable3. 6, 3. 7ICR¥. Tabled. 6, 3. 7o, BHOEAFH
BOBEESLE, A-A-wAHEOBASLN, 1 BUNTUMELL THIEL,.

‘iz, Table3. 8, 3.9icid, #H¥h, Spacer F 7-id Fuel Compacted Draweriz BEEL T
"% Test Region(Na in) QUEEOENREINT IS, MELS, avSp A, H FE
MEL D, A—F DR -0 T, BEDSpacer ®# Fuel Compacted Drawer @

WX « £RBEEOELE~NT, FEL{ K& LD 3.

3. 3 BMERFrEVIRIEERFTETL
wiﬁ?ﬁ&r%ﬁ:ﬁbmﬁﬁﬁmﬁwﬁmﬁdmf,%ﬂxavEVVﬁMEiﬁmﬁ
Ha1T15 » fro

9, FLHECEBLT, BXHE=2— ¥ ITWOTRAN-I] ZH, SsPy T 1 8#
BENEE . T, EHREELHELL. 2APOERL THHRTH 5 A0, SOBMERIK
DNTHEFLFTEEL 2o

Wi, HEGEERZEFAT ABICE, BHFAIKDHVTFig. 3 LIKRL8FH % -
VORESOGBARET AL O EREED L. HEABoRBICE, ABFEHEOANC, 8
EDEEECHELEEL7 12 9m0HBE &I . Fig. 3 103 R tETHROoN
hﬁﬁﬁ%ﬁ&f@ﬁﬁmﬁmtA%&i@@%ﬁ@%%,Fm.311mm,x—ﬂ—ﬁ»
?f%:*c‘-?%%nf:ﬁiﬁz&}ﬁwtﬁ.0~sifo;—rﬁ{$%@i<@;mg. 3. 12IRET X HHL3 X 3

Fe?-—Br0FhBELTOAEFTORB IR 7 —DAA - -2 THLALBEER



ARG, ZOMOEEE, WReLHETES N BEis A .

3. 4 B H & B

FTFBRAC, 3 2HTHENABBUOLHO7 OBRZEHFTEDOER% Table 3. 101C
Fd, LD, BEBHOERBKERELONT, EBHELOTFNBKELL-THED
Bibh b, BICREBHOERHSRLAEOER (A3 KB T, EBETE, Worthid
BmMOBE/mICE - TV A0RHLT, SFETH, BiBLOBAHE LT3, COR—KIE,
FHTFHREDBRICLIODIEEEI LN S,

Wi Table 3. 11icid, EEEAFETHEOALEEELE -1 SEBXHEZKREST
INTVB. B, HEFARCRONAZAIKRTONISEDELAALBIECLRD, P
Wic W BB L - SEREBNT, C/ERIEIF0T78E—FILH»T 3,

Fig.3.13~3.16 T, FhLOZHAO flux %% 18, 58, 9%, 15HL <
n%n%bf£éo1ﬁ,15ﬁﬁ,¢%ﬁuﬂﬁﬁk%<ﬁmbfb5ﬁ,ﬁﬂxaygy
FREEMECE, 58, IBTOIlux 2HOFBIENTHLHOT, 58, IHTORE
B0 flux SHELBF 5. Al, A2, ABL, MEOBHESIEAS (ABEN0T,
ftlux - 73R@FERTZ V7 » P FIMICBEL ., Spacer FHEHTO flux DFEEHFKEL
Z-TWB0ORDRS. SERTRFPFLEMTIFETHS S, Spacer & Fuel Compac
—~ted Drawer L QERETO flux D AWOLELIZEL {KEV,

*MMe31L3Jjum]MAPL;MERI%Lfﬁﬁfﬁ&bﬂt%ﬁﬁﬁ%%t%&

fBL BHEBL THRLTHH. MAPLORERETE, BEBHOFEBREREASc>0T (A2
—A3), Worthix—BieB3 0L T, lK, JAERI 0ERIXERECBET SHT,
Worth M AEL A - TB, $hfRAkL JAERI k& HET 3L, BEOBHBMEIVNER
(A1, A2)RY, BESUFCBBHT 346RTIZ, RAOHEMEZ, JAERI DFREMEL
BT, EREED TR LBMEML T3, LL, REBBHORLKEVERZ(A3)
Tk, T0XHREMEROhZV,

Ric, BBAZ VEVIEBRVEARBET LY 1L, A-S—wAflHTROoNL
BERAEAL ZEEHMTable 3. I3 RENTW 3. FAFvEV /BRIl TiHEMER
HELTRIEPERBEES&C/ E—ErROHFMSR NI,



Table 3. 14, 3. 15T i3 BHH DO A O FROBEFPHETHL, BHEROZER (AL, A2,
A3ESHOBRETHRABVT, KEHZEHHEL LY, ThETh, EF0LHFOBE
LA A AREOBAEOVT, RISEORAETR L. ThH0RLIBEHRAFZ LA
PHU THB. Zhik, R -A—wAFEETR - THHAKERAG LA EEMLEVED
Thd. IRICERIN, BHARBEIPRIELL Td, THIZAX-9% Fuel Compacted
Drawer I+ 57 A MEHO K e 7 — ( Test Region) THa 3a, avifds, RELE

k420 TH5.
DEDCIrtzldsl, 2 —A—wlHETHEOWEHEREAVSI LI DFRE,

BEEEBRNT, KELT 5, UL, BNEL ZARNEE, HERRCELT 5L
LU T, RBHERSOTROBEIKRE LAV, |

3. 5 # &

PlEOBHRRL D, ROE ST &b 1o |
1) SPo, 1 2B THEHELITH - - EHOERL, SePo, 1 SHTRMAEFELTL

SR ADREREEG, BERCERE2LED, EBEREEBLTHWAEC LD -
72a

2) EReAFBCLAFEEEAOEREA -A- e HIC L3 HEREERV R
BEAHET 2L RVER JUBSRIER 10~4 03 BEERLH, 2OFEH#ET
HEDTEROMSOEILI DT LT~ o



Table 3.1

Comparison of Absorption Cross Sections of Spacer Collapsed

by Spectrums of Each Geometry

Group

Al

A2

A3

3

—
OWwW oW N

H e
0 ~O U N

1.51516E-03
7T+26898E-04
3e34445E~04
14274 49E=04
Deb583FE~05
1428309%€E=~04
1422174E~04
1430544E~04
160881F=04
2+26814E=-04
3459238E-04
6e251516-04
35FHE9E~04
1-20302E"’03
3e43349E~04
SaSH7OSE~V4
Rae77660E-04
1¢40096E-03

1+51565%E~03
T+26745€E=-04
3364274E~04
1.27260E=-04
Geb5834E-05
126229804
1.22245E-04
1+4306G2E~04
160964E-04
2e203¥5E-04
34593856E~04
6+253220-04
3.5%20CE-04
1:20454E-03
3+43734E-04
S«57FITE-C4
5«80014E-04
1+42387E~03

ta51540E-03
Te2¢765E-04
Ze35027E-04
1.27272E=-d4
F+£382CE-05
1.2€1%7E=G4
1.22247E-04
1+30626E=04
1+609G7E-C4
£+26283E-C6
Ja8GZ2T74E=D4
&+ 202559E-04
3.55012E-0a
H -205{;1 E-03
3e43555E-04
5.54519E~04
BaB81270E-D4
124523GE-03

1451551E=03
Felb773E~040
2.34293E-04
* W 27307E~04
Fe465340F-03
1L, ZE24L2E-04
Tez2241E-04
Y4 30535E-U4
1+59962E-04
Ze26477E=34
3.59727E~=04
te25045E-04
2.5%304E-04
1 «20263E-03
1.430650=G0
S.57635E-04
3.79534E-36
1¢42331E-03

Table 3,2 Comparison of Cross Sections of Spacer from Infinite-

Cell Calculation with those from Super-Cell Calculation

Consisting of Spacer and Test Region (Na in)

Infinite-Cell

Super-Cell

Adjacent to
Test Region

Apart from
Test Region

Group

AT
8

AE
a

Az
a

Pt et el ot fd et
00~ U B L B D

AD O = O R Gk B

fl

1.51516E-03
7.26598E-04
3.344455-04
1.27449E~04
$.55339E-G5
1.23309€-04
1.221745-04
1.30544£-04
1.5G3612-04
2.26814E-04%
3.59220E-C4
6.25151E~04
3.55685E-04
1.20302E-03
3.433495~C4
5.5587055-04
5.77660E~C4
1.40096E-03

1+451516E=03
7e26493E-U4
3.34445E~04
1e27449E-04
9«65339E-05
1+26309E-G4
1422174LE-04
1:30544E-04
1-00h51E-04
Z+2GB14F-004
3.5923FE-04
6+251518~3¢
3.5F35GE-04
1.203C2E-G3
3.4334GE-00
5.56705E~0¢
Be7TLeCE-G4
1.400%%E-03

1=51516E-03
F+20593E~04
3434445E-04
1274498~k
Fe65539E-uUS
1+2830%E-04
1222174E-04
1+305644E-04
1.608:21E-04
2e20B14E=-04
3.59232€~04
f1«25151E-04
Te59339E-04
1.20302g-03
3e43349E-00
5.56705E-04
3e77i:69E-0%
1+ 40096E=03




—C F—

Table 3.3 Comparison of Cross Sections of Test Region (Na 1n) from Infinite-Cell
Calculation with those from Super-Cell Calculatlon
Infinite-Cell Super-Cell
Group Za vZf Ea vZf
1 1.,30882E-02 2.43234E~C2 133348E-02 356308E~02
9 4.24443E-03 2.05826E-C2 8:43597E=-03 2s126R4LE=-02
3 6.62825E-0C3 1.85EE8E~02 He7uYL4E=03 Ta¥1325E=02
4 6.11535E-0C2 1.61700E-C2 He2Z319E=-03 Tetd0Z21L-02
5 3.34313c-C3 T.22656E=-032 3-55517L-03 T=35047E~03
6 2.65T741E-03 5.436%6E-02 CebuhplE~U3 540087003
7 2.80925E-C2 4 ,E73C2E=03 el 1Ea34LE=-03 4«??5265~o3
8 3.17602E~03 4.808Gezg~-C2 3&1%}0?E*UB 4acl20CE-03
4,13842E6-03 5.018%4E~0Z Loel1b4354E~03 52C1804E~33
2 5.61944E~C3 5.109586E~C3 SS9 Z2LE-03 511215E~C3
10 6.81701LE-03 E.2154GE=-03 Gwb5017E=03 S5ec354GE=03
13 8.98460E-03 61709 CE-C2 Eo¥0O75E-03 6e17159E-03
12 1.192G1E-02 £.$3415E~02 Te17505€=02 8270137803
1 L.426026-02 1.086TE-02 1044359E=G2 1009349E~G2
1.98867c-02 1.8529%E-0¢2 2a01025E=02 te0bS6b4E=02
15 2.,61496E-C2 2 19415E-02 2:63185E-02 2.785061E-02
1 336775E-02 | 3.77413E-0Z | 3.752426-02 3.74695E-L2
18 5.99138E-C2 Bo.4THZL1E-CZ 5.00704E-02 Bab1b4pL=02

* guper-Cell consists of Spacer and Test Region (Na in)



Table 3.4 Comparison of Cross Sections of Fuel Compacted Drawer from Infinite-Cell Calculation
*
with those from Super~Cell Calculation
Infinite~Cell Super-Cell
Adjacent to Test Region Apart from Test Region
Group Za \)Zf Za \)Ef Za \)Zf

1 2.,31118E-02 6.72303E-02 2¢31612E-02 6074295E-02 2031338E~02 6073199E=02
5 1.51863E-02 3.9687CE~-C2 15522555»9§ 1698307E-0C2 1052046E=02 3a97572E=02
3 1.25798E~02 3.61462E~02 1026128€~02 3:62594E=02 125943€~02 3062026E~-02
2 1.15624E-02 3,19381E-02 1.19799E-02 3019954E= 1.19732E-02 3019733€~02
5 5.50491E-03 1.42166E-02 6251697E=03 1242518E=02 6a51227E=03 1042352602
p 5.5646TE~-03 1.08189E-02 5256464E=03 1008314E=02 5.56871E=03 1-08300C=-C2
5 5.47213E-03 9.71372E-03 5e4735GE-03 9e71786E=03 5447303€-03 9071622E-03
8 6.20497E~03 9.62592E~03 &o2U433E=03 Q062476E~-03 6+20519E=03 9062649003
9 8.11287E-03 1.00510E-C2 5011393E-03 100523E~C2 11392603 | 1.00515€-02
10 1.09419E-02 1.02465E-02 1009439E~02 1:02445E=02 JelaeE-02 lcabst-oe
11 1.31121E-02 1.04405E-02 1231172E-02 1.04398E=02 1°‘?1%;§:02 1e2325cE-02
iz 1.67119E~02 1.23250E~02 1067267E-02 1023284E-02 2“$2001E_02 e BetteEoor
13 2.11877E-02 1.85987E-C2 2:12966E~02 1:86404E-02 S e 5 oe

13 2.64646E=02 2.21672E-02 2.66232E=02 2:20547E=02 2064152£-02 *21054E~0¢
15 3.79256E~02 3.,69562E-02 3079362E=02 300833CE-02 3078439E~02 3e68571€-C2
16 4,99138E-02 5.56308E-02 4099004E-02 5:55093E=02 £»98209E£-02 5955054E-02
17 7.19365E-02 7.62224E-02 7-18635E=02 7059296E-02 7217519€=-02 7260135E-02
18 1.15548E~01 1.72491E-01 1915166E=01 1071547E=01 T.15208€-01 1e71926E6-C1

* Super-Cell consists of Fuel Compacted Drawer and Test Region (Na in)



Comparison of Cross Sections of Test Region (Na in) from Infinite-Cell

Takle 3.5
*
Calculation with those from Super~Cell Calculation
Infinite-Cell Super~Cell
Group za vzf Ea ' .vzf
1 1.30856E~02 3.481&2E=-C2 1¢27637E~02 34347 4E=L2
> 8.24439E-03 2.05828E=-02 Ge15208E~C3 2.02577E~C2
3 6.62852E-03 1.859GCE-02 6eS5b66E-U3 1aE360EE~C2
2 6.11860E~03 1.51815E=-02 6a0T9I0E~U3 1.6C614E-C2
5 3.34312E-C3 T.22652E-03 343215CE=03 7216590E~13
p ' 2.85791E-03 5,43830E-032 2e8L956E-03 S-41561E=312
7 2.80571E~C3 4.87268E~p3 2.20769E=03 LeBGSTTE-LE
8 3.17556E-03 4.80810E~D2 3.1L049E=03 4e30913E=-C3
9 4214345E-03 5,619 75E-G2 Le14735E-03 5«01755E~03
10 5.6175TE~C3 5.1076CE-G3 Sel2049E=G3 5¢10816E-L3
11 6.61422E-03 5.217955-02 6eB1036E~03 5¢22Q077E-LC3
12 8.87385E"03 Gelblb4E-(3 8!66295E-03 6.15?8“]E"l13
13 1.15066E-02 E.52524E-C3 1216222E~02 Ee55277£~03
12 1.42489E~-02 1.Ub760E-0Z 1643253E=C2 140967CE~L2
is 1.9E557E=J2 1.84771E=C2 1e94897E=02 1+85603E-0C2
1e 2.60541E-02 2.76241E-02 2+61123£-02 2e79519E=-02
17 3.75561E-02 3.77092E-02 3e70342E-02 30755678 =02
18 5.97065E-02 8.55%210E-C2 6e0G227E-02 Ge6136LE-02

* Super-Cell consists of Fuel Compacted Drawer and Test Region (Na in)



Table 3.6 Comparison of AEa and szf

%

Calculation with those from Super-Cell Calculation

between Spacer and Test Region (Na out)

from Infinite-Cell

Infinite-Cell

Super=Cell

Adjacent to

Test Region

Apart from

Test Region

Group AZa Avif AZa szf AZa szf
1 ~15C5552E-02 | =3043942E=02| =§o10034E=02 | =3064421E-02| «1609957E~C2| ~3a44131E~02
2 ~7037163E-03 | =2.03197E=02| ~7,38024E~03 | =2203568£~02 | =7¢37372€-03 | ~2003353E-02
“6022482E-03| ~10B84015E=02) wg,232616~03 | =184304E-02 | =0e22797€=03| =1.84153E~02
“5.95310Em03 | =1s60783E=02] =5.957616-03 | =1+6C946E=02 [ =595593E~03 | =1060884E=02

o e
O~ SWNFHOW-IU D W

=3,21510E=03
=2.71835E=-03
“296?612E“03
«3.03573E=C3
=3.96624E=03
=5,38151E-03
=6hohb200E=03
wdoe22b14E=03
“1.0¢493E=02
=1a3C127E=02
-109#350E"02
“2.54702€6=02
“3065398E'02
—5031C?1E-02

=701464FE=03
=5.41336E~03
=408624PE=03
=4281161E=0C3
=5.01970E=03

=5:10929€~03

‘5922809E“U3
~6:18129E=03
=9e27710E-03
=1 1UQSRE=~02
=1:854676E=02
“2.73958E=02
-3.73028E=02
“8.5730FE~02

-3922126E‘03
~2e721290E=03
“2.67750E=03
~3,03510E=03
“Segb?ZSE“OS
=5637904E=03
—6el44174E=03
~302290EE=03
-1e07348E=02
“1029099E-02
~1e94277E=02
'2@561105“02
-2.,6534%9E=02
-5.51053F=0¢

=-7-16455E-03
=5042184E-03
-4eB8HS571E-03
=4a31059E=03
=50¢02132E~03
=5,10676E=03
=5:22633E~03
=6« 18348E=-03
=3a31874E=0C3
=1e10384E~-02
=1e85470E=02
=2 78842E=-02
w3, 77797E~0C2
=~8e574F4E-32

302189 4LE=D]
~2ef2122C~03
~2:hATO7SE~CT
“JnCSS?OF“O3
~3e58071E-03
=5.37962E-03
~5eb3GG7E=-03
~2e22107E=03
=1.060650E-02
.-19290n45-02
=193%21€6=02
=2.53796E-02
“3e64895E=02
~5.3C378E£-02

-7015823E=03
=5542133E~03
~4036413E=03
-4 B1177E=03
=56020643E=03
=5010809E-03
=522709E=03
=6218153E=03
=9.30040E=03
«1010567E=~02
=1085371E=~02
=2078810E=02
=3, 77890E~02
=80957908E=02

* In Super-Cell Test Region (Na in) is always adjacent to Spacer



Table 3.7

Comparison of AZa and szf between Fuel Compacted Drawer and Test Region (Na out)} from

Infinite-Cell Calculation with those from Super~Cell Calculation¥

Infinite-Cell Super-Cell
Adjacent to Test Region Apart from Test Region
Group AZa szf Aza szf AEa szf
1 105G77E-02 | 3.28267E-C2 1e06339E-02 | 302978CE-02 1000192€~02 | 3228975E-02
2 7008750603 | 1.93693E~02 | 7.11817E~03 | 16964754€-02 | 7=10381E=03 | 1.94239E~02
3 6032089E=03 | 1e77446E=02 | £.0461C€-03 | 1e7629CE=02 | 62034T4E=03 | 1.778728~02
4 Se38G622E=03 | 1498754E=02 | 5.84901g~03] 1e5G1656-02 | 5¢39419E-03 | 15Y005E-02
5 3015203E~03 | 7e00911E=03 | 3,95403¢-03 | 7.0856256-03 | 3e1%90655E=03 | 7.07897E-03
6 2e?V1EP7E~GS | 5040734E-C3 | 5,720038-03 | Se41134€E-U3 | 2.71995E-03 | 5.41057€E-03
7 2:57400E-03 | 4e85101E=03 | 2.474305-03 ] 4e85194E=03 | 2.674270~03 | 48518¢E-03
8 3,C3577E-03 | 6281427€~03 | 3.035766-03 | 4e816413E-03 | 3aC39C18-03 | 4eB1468E=03
9 3e5EQ7TE=U3 5:0319¢€£-03 3o95GKCE=03 | 500320HE~03 | 3.92%44F=03 5.03157£-03
10 5.33240F=03 | S5¢13601E=-03 | 5e33707E-03 | S5e13714E=0% [ 5.33566E~03 | 5.13821€~03
11 6o 0AG2E=03 | 5219131E-u3 | 6.31333-33 | 5021237€-03 | £3Cn73E=03 | 5.21101€=03
12 70 8S247E=~03 | 6013571E=03 | 7e80433E=03 | 6013702E=03 | 7,85554E=03 | 6e13547E-C3
13 1eG1009E=02 | 9e3177CE=03 | 1.01348E=-02 | 9e31896E=03 | 1e01576€~0¢ | 9231040E~03
14 1.22183€=02 1aJ0265E-02 1422196F-902 109816E~02 1a22194E~02 | "110143£=-32
15 4021142E-02 | 1.483367E=02 | 1.813316=~02 | 182841E-02 | 1.8C7,4E-02 | 1.82682E~02
16 2438513E~-02 | 2.76305E-02 | 2.38474E=02 2075211E~02 | 2.37992E~02 2:75202E=02
17 30443308E~02 | 3.83943E=02 | 3.43606E-02 | 3°81231E~02 | 3,43297F-C2 [ 3+481994E-02
18 5058766E~02 | B.67892E=02 | S5054984E~02 | Be38776E-02 | 5§ 50,0,9E-02 | 8.62152E=G2
*

In Super-Cell Test Region (Na in) is always adjacent to Fuel Compacted Drawer



*
Table 3.8 Comparison of.AZa and AvEf between Test Regions from Infinite-Cell

Calculation with those from Super-Cell Calculation

Infinite-Cell Super—-Cell
Group
Aza szf Aza szf
1 22107106E-00 ba30271E=06 2:93199E€-04 1+17050E=-03
5 4LeQ97820-08 =9401520E=07 2:23618E-04 7e87999E=04
3 =3.79980E~07 “1»60187E~00 1.64838E~04 617199E=04
4 ~3.03954E-V0 =1+06990E=05 1016151E=04 3461502E~04
5 1«8999CE~-07 9.9d378E-07 5s35098FE~05 1a56291E-04
6 ~Ge29926E-07 ~2:42389E~06 127500E-05 3.63998E~05
v =3a59958E=07 be28408E=07 3.63984E-06 1s07065E~05
8 ~4o69852E~07 =7.07HQSE-08 be39817C~07 2e25008E~06
=57404,7€E~06 =92 7597E=07 ~4e57093E-06 1019209E=07
13 3e37HKAE=00 2410851E~006 1+43088E-05 1016974E=06
3.06219E~06 1e70991E~06 3.062482€-05 137500E=05
%l 1206096E~05 7.8G781E-06 3.48017E-0S 1212094E-05
1% 2:44007E~05 7:89016E=006 ~3e17022E-05 -6.18696E-05
12 3415979E-05 3:11024€£-05 122949GE-04 3.3U061E-00
15 5613010E=~05 BeSHBEQ77E~0US 2e240909FE=04 4¢82015E~-05
16 Tab6139&E~04 1e97999E=04 2+83100E=04 7+%000§E=0Q5
17 235301E~04 634L007E~0S 3.00001E=-04 =3,23702E=4
18 3¢11601E-04 -2:38162E-03 1.68397E-04 “3e27450E=03

* Both of Test Regions

(Na in) are

always adjacent

to Spacer



Table 3.9

*
Comparison of AEa and AvZf between Test Regions from Infinite-Cell

Calculation with those from Super—Cell Calculation

Group

Infinite—-Cell

Super—-Cell

AX
a

szf

AL
a

szf

Yo~ U N

el
o

=
O ~JH N & W IV

=3s20002E=06
“LoB4Z2E8E=04
~1.11759E=07
2-71946E=-006
1-001‘1?E-08
1 77978E=UT
5098726E=08
1« C0117E~0Y
1.79922E~-06
44097H2E=CY
=0.938378E=-07
=534052E=04d
~1.09002E=05
'1&@3011E"05
=] G799PE=-05
-4e33906E~-05
=3e460050-05
-2 RS022E~05

“0:29G47E=00
1e40071E=06
‘3&98606E“0?
9« 7006HE=00
1.00583¢=07
Lo67387E~UY
“5n21541E“08
1a11759E=-0b
2642144E=07

"5.69969E=07

=5e77420E=07
=3.93018E-006
=L GEBITPE=Q0O
“1e67973E=05
“3.11024E-05
'5«15021E“05
«1aQ3004E=05
=be23193E=00

-806004E~05
~5e03124E~05
-4:63203E=05
~2.32056E-05
=0s25002€E-00
-2:46989E~006
“6Lo10016E=-07
=1¢89900E=07
1¢79932E=06
~5.2712%9E=06
-4 0073E-06
~1.20774E=05
2:02999E-05
=2¢15024E=05
=22 8699HE=05
”30229335“05
9.60007E=00
8e51974E=05

«3.18300E~04

- =2:11600E~04

=1e54402E~04
=7e01994E~DS
=2291988E=05
=7a32020E=06
=159245E-06
=~5232717E=07
3+39001E~Q7
=3.17022E=06
~1e65775E=06
-4:97326E-06
2:53506E=05
“2:49067E~06
=4 00096E~0Q6
$00192E=006
1222800E~U4k
2:¢80499E-04

* Both of -Test Regions (Na in) are always adjacent to Fuel Compacted Drawer



Table3,10 Reactivity Worth Obtained by Diffusion Calculation Using

70-groups Cross Sectioans

Worth*(x10_4Ak/kk') *k
Pattern keff C/E C - E
Calculation Experiment

AQ 1.004832
Al 1.005185 3.49 5.3 + 0.2 0.66 -1.81
A2 1.005383 5.45 12.6 + 0.3 0.43 -7.15
A3 1.005255 4.19 .15.2 £+ 0.3 0.28 -11.00
s 1.004240 -5.87 -4.1 + 0.2 1.43 =1.77

* Relative to AQ

** Unit :

%10 %Ak /KK *

Table 3.11 Reactivity Worth Obtained by Transport Calculation Using the

Cross Sections from Infinite-Cell-Calculation

* -
worth” (x10™4AKk/kk ") -
Pattern keff C/E C - E
Calculation Experiment

A0 1.008173

Al 1.008574 3.94 5.3 + 0.2 0.74 -1.36
a2 1.009173 9.83 12.6 + 0.3 0.78 -2.77
A3 1.009395 12.01 15.2 + 0.3 0.79 -3.19
S 1.007685 -4.80 -4.1 + 0.2 1.17 -0.70

* Relative to AC

% Unit :

x10™ 48K /KK



Table 3.12 Reactivity Worth Obtained by Transport Calculations

at Various Research Laboratories

(Unit: x10” tak/kx')
Calculation®
Pattern Experiment
HANDAI JAERI MAPI
AQ - Al 3.89 4.5 3.42 5.3 + 0.2
AD - AZ 9.75 10.5 7.94 12.6 + 0.3
AD0 - A3 11.95 11.9 8.11 15.2 + 0.3
AD - 5 ~-4.81 -3.9 -5.36 -4,1 + 0.2
HANDAI : 18 groups 8sPa
JAERE : 12 groups SuPe
MAPI : SuPy

16 groups

*# Calculational Methods Used at Various Research Laboratories

Computer Code Calculational
Library Set {energy group)
Transport Piffusicn Conditions
5¢Py
HANDATX JENDL-2B (70 groups) TWOTRAN-II CITATION
70,18 groups
JAERI PHOTRAN-IT S.P,
JAERI CITATION
Fast Set Version II (25 groups) TWOTRAN-GG 25,12 groups
S.Py
MAPT MICS 5.2 {26 groups}
16 groups
Table 3.13 Reactivity Worth Obtained by Transport Calculation Using the
Cross Sections from Super-Cell-Calculation
* -4
Worth (x10 “Ak/kk'} 'L
Pattern keff C/E ¢c-E
Calculation Experiment
AQ 1.008088
Al 1.008548 4.52 5.3 % 0.2 0.85 | -0.78
A2 1.009172 10.66 12.6 + 0.3 0.85 ~1.94
A3 1.009411 13.00 15.2 + 0.3 0.86 -2.2
S 1.007732 -3.50 -4.1 + 0.2 0.85 0.6

* Relative toc AQ

*%* Unit

x10 dak/KkK!



Table 3.14 Components of Fuel Slumping Reactivity Worths for Each Pattern Obtained by Using

Cross Sections from Infinite-~Cell Calculation (x10_4Ak/kk‘)‘
Calculation (Exact Perturbation)
Pattern Experiment Calculation
{(Direct) Net Leakage Absorption | Moderation Fission

A0 - Al 5.3 + 0.2 3.94 3.89 -0.22 -0.24 -1.35 5.70
A0 - A2 12.6 + 0.3 9.83 9.75 -1.72 ~-4.,40 -3.93 19.80
AQ - A3 15.2 + 0.3 12.01 11.95 -5.59 -9.78 -6.15 33.47
A0 - 8 -4.,1 + 0.2 -4,80 -4.81 4.36 33.42 2.07 -44.66

Table 3.15 Components of Fuel Slumping Reactivity Worths for Each Pattern Obtained by Using

Cross Sections from Super-Cell Calculation (x10_4Ak/kk')

Calculation (Exact Perturbation)
Pattern Experiment Calculation
‘ (Direct) Net Leakage Absorption | Moderation Fisson
A0 - Al 5.3 + 0.2 4.52 4,47 -0,21 -0.89 ~1.37 6.94
A0 - A2 12.6 + 0.3 10.66 10.59 -1.74 -5.51 -3.93 21.77
A0 - A3 15.2 + 0.3 13,00 12.95 -5.60 -11.28 -6.16 35.99
A0 - 8 -4.1 + 0.2 ~3.50 -3.51 4.40 31.89 2.01 ~41.81
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Fig., 3.2 Loading Pattern of Test Region, Axial Blanket, Driver Region and Control/Safety Rod
of FCA VIII-2

Cited from Reference 7)
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Fig. 3.3 R% Configuration of FCA VIII-2
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Fig.3.4 Configurations of the central 3x3 drawers
used in the slumping experiment.

Cited from Reference 8)
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Composition and
Configuration of

FCA VIII-2
1 Infinite-Cell

2 Super-Cell

JENDL-2B
70-group
Library

70 groups Cell-Averaged Cross
Sections and Benoist’s and Unified

Diffusion Coefficients

Collapsed 18 groups Cell-
Averaged Cross Sections from

Super-Cell Calculations

.

2-D RZ Diffusion
Calculations in 70 groups

/

70 groups Spectrum
{Region-wise)

4

Collapsed 18 groups Cell-
Averaged Cross Sections from
Infinite-Cell Calculations

Analysis of Slumping Reactivity Worth

Fig. 3.6

Reactivity Worth in FCA VIII-2

Calculational Flow Diagram for Analysis of Slumping
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Fig. 3.17 Change of Reactivity Worth due to Fuel Slumping Performed

by Various Research Laboratories
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Table B.1 Atomic Number Density of Test Region (Na-in}

(x10%2atoms/cm?)

Nuclide Matrix Na-plate DUO, Al,0, Pu-plate Na-can
Pu-239 '1.81773
Pu-240 0.16022
Pu-241 0.01043
U-235 0.000404
U-238 1.99038
o] 3.98884 5.86815
Na 2.0358
Al 3.%121 0.26073
Cr 1.353 0.12593 0.0814 0.0814 0.54711 1.43726
Fe 4.92596 0.46162 0.29637 0.29637 2.11555 5.32849
Ni 0.5898 0.05673 0.03549 0.03549 0.26822 0.68238
fadeh 0.22 0.519 0.635 0.15875 0.15875  0.058
Table B.2 Atomic Number Density of Test Region (Na-out) (x10%?atoms/cm?)
Ruclide Matrix Na-plate DUQ 4 Al,0,4 Pu—pla;e Na-can
Pu-239 1.81773
Pu-240 0.16022
Pu-241 0.01043
U-235 0.003404
U-238 1.99038
[¢] 3.58884 5.86815
Na
nl 3.9121 0.26073
Cr 1.353 0.12788 0.0814 0.0814 0.54711 1.49662
Fe 4.92596 0.46283 0.29637 0.29637 2.11555 5.36547
Ni 0.58%98 0.05457 0.03549 0.03549 0.26822 0.61662
?ii?h 0.22 0.519 0.635 0.15875 0.15875 0.058




Table B.3 Atomic Number Density of Axial Blanket (Na-in) (x10%%atoms/em?})

Nuclide Matrix Na-plate DUO; Matural U Al,0, Na-can
Pu-239 '
Pu-240
Pu-241
U-235 0.000404 0.03073
g-238 1.99038 4.23914
o] 3.98884 5.86815
Na 2.0358 )
Al 3.9121
Cr 1.353 0.12593 0.0814 0.0814 0.0814 1.43726
Fe 4.92596 0.46162 0.29637 0.29637 0.29637 5.32849
Ni 0.5898 0.05673 3.03549 0.03549 0.03549 9.68238
“(’i-g’)ch 0:22 0.519 0.635 '0.15875  0.15875  0.058
‘Table B.4 Atomic Number Density of Axial Blanket (Na-out) {x10%%atoms/cm?)
Nuclide Matrix Na-plate DUO, Natural U. Ala0, Ka-can
Pu-239
Pu-240
Pu-241
U-235 0.000404 0.03073
U-238 ’ 1.99038 4,23914
o ' 3.98884 5.86815
Na
Al © o 3.9121
Cr 1.353 0.12788 0.0814 0.0814 0.0814 1.49662
Fe 4.92596 0.46283 - 0.29637 0.29637 0.29637 5.36547
Bi 0.5898 0.05457 0.03549 0.03549 0.03549 0.61662
fadeh 0.22 0.519 0.635 0.15875 0.15875  0.058




Table B,5 Atomic Number Density of Driver Region

(x10*%atomns/cm?)

Nuclide Matrix l/B"EU* Na-plate 93% EC 1/16"EU Al,0; Ma-can
Pu-239 '
Pu-2490
Pu-241
U=235 0.85196 3.93023 ¢.85158
v=-238 3.3814¢0 0.259712 3.38012
o} 5.92189
Na 2.03580
Al 3.94793
Cr 1.353 0.0814 0.1253% 0.0814 0.0814 06.0814 1.43726
Fe 4.925986 0.29637 0.46162 0.29637 0.29637 0.29637 5.32849
Ni 0.5898 0.03549 0.05673 0.03549 06.03549 0.0354% 0.68238
Tég?h 0.22 0.3175 0.519 0.15875 0.15875 0.635 0.058
* Read as 1/B inches enriched U
Table B.6 Atomic Number Density of Control/Safety Rod Region (x10%%atoms/cm?)
Nuclide | Matrix Al Voided 93% EU EU SUS Steel
Pu-239
Pu~240
Pu-241
U-235 3.93023 0.85219
U-238 0.29?12 3.38231
(o]
Na
Al 2.45591
Cr 1.47956 0.0814 0.0814 0.0814 1.63999 1.63999
Fe 5.37260 0.29637 0.29637 0.29637 5.97082 5.97082
Ni 0.63716 0.03549 0.03549 0.03549 0.7149 0.7149
Hoaxn 0.32875  0.3175 0.15875  0.3175  0.15875  0.100
* Read as 93% enriched U



Table B.7 Atomic Number Density of Fuel Compact ({x10%%atoms/cm®)

Muclide Matrix DUO, Pu-plate Al,0;
Pu-239 1.81773
Pu-240 0.16022
Pu-241 : 0.01043
U-235 0.000404
U-238 1.99038
o 3.98884 5.86815
Na
al 0.26073 3.9121
cr 1.353 0.0814 0.54711 0.0814
Fe 4.92596  0.29637 2.11555  0.29637
i 0.5898 0.03549 0.26822 0.03549
Tiifh 0.22 0.635 0.15875  0.15875

Table B.8 Atomic Number Density of Radial Blanket, Natural U Blanket, Empty Matrix

and Spacer {x10%%atoms/cm)
Nuclide Radial Blanket Natural U Blanket Empty Matrix Spacer
Pu-239
Pu-240
Pu-241
U-235 0.00084 0.02891
y-238 4.01746 3.98887
o
Na
Al ‘
Cr 0.18276 0.18276 0.12589 0.45564
Fe 0.66539 0.66539 0.44742 1.6428
Ni 0.07967 0.07967 0.05357 0.19172




