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Measurements of Intra-cell Thermal Neutron Flux Distributions

in Plutonium Fuel Lattices
Experiments of Multi-rod Fuel Clusters

Toshio Wakabayashi®*, Nobuo Fukunura*,
Akito Nishi**, Morio Takemura#*#*,

Katsuzi Tomura*® and Kazuhiro Kitavama*
Abstract

Intra-cell thermal neutron flux distributions have been measured in
36-rod and 54-rod plutonium fuel clusters by mean of dysprosium foil
activation method. Enrichments of PuD; in PuO,-U0, fuels used are 0.54
wt’4 for 36-rod cluster and 0.79 wt% for 54-rod cluster. In the central
region of the Deuterium Critical Assembly, nine 36-rod or 54-rod fuel
clusters were loaded and the surrounding region was occupied with 1.2
wt% UOp fuel clusters arranged in square lattice arrays of 25.0 cm pitch.
The measurements were made using alr or light water as coolant in the
pressure tube.

The measurement uncertainty in the present experiment was + 2 %
which was almost the same as that in the previous experiments on plutonium
lattices. The dependence of thermal neutron distributions on the number
of plutonium fuel rods in the cluster were made clear by the results of
present experiments. The present experimental resolts were compared
with three calculation code : the METHUSELAH-II code, the WIMS-D code and
the LAMP-DCA code system. The results relevant to averaged thermal
neutron flux in the fuel cluster of the METHUSELAH-II code agreed with

* Heavy Water Critical Experiment Section, O-arai Engineering Center, PNC.
#% Present Address : Technical Section, Fugen Nuclear Power Station, PNC.

#%% Present Address : Kawasaki Heavy Industries Ltd.
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the experimental results to within 7 %. The results calculated by the
WIMS-D agreed with the experimental results within 6 %. -On the other
hend, the calculated values by the LAMP-DCA were in good agreement with

the experimental results within 5 Z.
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Table 1 Lattice Dimensions and Compositions

36-rod 54-rod 28-rod
Cluster Cluster Cluster
No. of Fuel Pin
(Radius of Each layer)
mm
1st 6(18.25) 12(28.5) 4(13.13)
2nd 12(36.25) 18(42.55) 8(30.00)
3rd 18(53.90) 24(57.00) 16(47.58)
Cluster Inner Support Tube
i.d. (mm)
o.d. (mm)
Material
Fuel 0.54wtZPu0o-U05 | 0. 79wtZPu0,-U0s | 1.2wtZU0,
Standard Fuel
Meat Length (mm) 2000 2000 2000
Pressure i.d. {mm) 130.3 116.8
Tube o.d. (mm) - 136.3 121.0
Material Aluminum Aluminum
Calandria i.d. (mm) 146.5 132.5
Tube o.d. (mm) 153.5 136.5
Material Aluminum Aluminum
Moderator Material D,0
Purity (mol%) 99,46
i.d. {rm) 3005
Core Tank o.d. (mm) 3025
Height (mm) 3500
Material Aluminum .
Lattice Pitch (mm) 250
Upper and Lower Grid Plate Aluminum
Materizal
Temperature {°C) 20
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Table 2 Specification of Fuel

0.54wt%Pu0,-U0y | 0.79wt%Pu0,-U0, | 1.2wtZUO,
Dengsity (g/cm ) 10.17 10.511 10.36
Diameter (mm) 14.69 10.50 14.80
Enrichment  (wt%) | 1.201(2350+Pug) | 1.491(235u+Pug) |1.203(33°D)
Composition (wt%)
Fuel 235y 0.6214 0.61631 1.057
Pellet 238y 86 .782 86 .18794 86.793
238py 0.000102 0.0010493 -
233py 0,4304 0.66108 -
240py 0.04115 0.17673 -
241py 0.004359 0.030081 -
2h2py 0.000303 0.005509 -
0 12.12 12.31230 12.150
Cladding Material Zry-~2 Zry-2 Aluminum
Composition (wt?)
Zr 98,22 98.02 -
Sn 1.48 1.54 -
Fe 0.14 0.16 -
Cr 0.10 0.10 -
Cladding Ni 0.06 0.05 -
0 - 0.13 -
Al - - 96.98
Mg - - 2.60
Cladding Density(wt%) 6.523 6.523 2.674
Cladding i.d. (mm) 15.06 10.79 15.03
Cladding o.d. (mm) 16.68 12.50 16.73
Gap Material Helium Helium Helium
Remarks Analysis Date of Fuel

Composition

23 August 1971

28 February 1976
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Table 3 Experimental Condition

Pu Yoid | Number of Clusters | c,oiant | Critieal
Clustex Fuel Fraction Height Height
. o U(28-rod) Pu

Type Enrichment (%) Clusters | Clusters (cm) (em)
36-rod 0.54 wt? 0 88 9 100.0 100.3
Cluster Pu0,-U0- 100 88 0.0 104.6
54~-rod 0.7% wtZ% 0 88 9 93.0 92.0
Cluster | Pu0,-U0, 100 88 9 0.0 102.4
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Fig. 2 Cross-sectional View of 54-rod Fuel Cluster
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Table 4

Cd-Ratios of Dy Reaction Rate in
Fuel Pins and D,0 Moderator Region

Coolant Region
Void
Cluster Type Fraction
S F-1 | P-2 | F-3-1| F-3-2 | D50
(%)
36.9 43,5 | 65.0 64.8 105.3
36-rod Cluster 0 £1.5 | +1.7 | 2.6 | +2.6 4.2
(0.54wt%Pu0,-U0,)
100 24,1 | 29.6 42,2 42 .6 83.0
1.0 | *1.2 | *1.,7 1.7 +3.3
52.4 | 52.2 6.5 69.0 108.2
S4-rod Cluster 0 £2.1 | #2.1 | £2.7 | 2.8 4.3
(0.79Wt%Pu02—U02)
100 31.7 34,3 | 40.4 40.7 84.6
1.3 +1.4 +1.6 +1.6 +3.4

Table 5 Arguments of Jo Function in Correction
for Gross Neutron Flux Distribution

Coolant
Void Argument
Cluster Type Fraction

(%) (Br)
36-rod Cluster 0 0-0187
(0.54WtéPu02—U02) 100 0.0164
54-rod Cluster 0 0-019>
(0. 79wt %ZPu0,~U0,) 100 0.0168
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Table 6 Dysprosium Reaction Rate Distribution in 36-rod
Cluster Fuel Lattice

(Lattice Pitch: 25 cm,

Fuel: 0.54wt?Pu0,-U0,, Void: 0%)

Distance

fotd postston | S0%, | B | ST B anany | OOpspered | Noresbised
(em) :
F-1 1.83 | 0.290| 36.9| 0.973| 0.282 | 1.000 0.282 0,261
Fuel F-2 3.63 | 0.350 % 43.5|0.977| 0.342 | 0.999 0.342 0.316
F-3 5.39 | 0.582¢ 65.0| 0.985} 0.573 | 0.997 0.547 0.531
F-3' 5.39 | 0.582{ 64.8| 0.985] 0.573 | 0.997 0.574 0.531
s-1 0.92 | 0.319 0,310 | 1.000 0.310 0.289
5-2 2,28 | 0.326 0.973 0.317 | 1.000 0.317 0.293
s-3 3.18 | 0.331 0.97710:323 | 0.999 0.323 0.299
Coolant | 5-4 4.08 | 0.420 0.430 | 0.999 0.430 0.397
-5 4.95 | 0.481 0.474 | 0,998 0.475 0.439
S-6 5.9 0.719 0.9851 0,708 | 0.997 0.710 0.656
5-7 6.45 | 0.819 0.807 | 0.996 0.810 0.749
1 Pressure P.T inside

tube 0.985

P.T outside | 6.82 | 1.094 1.078 | 0.996 1.082 1.000
Calandrial C.T inside

tube C.T outside | 7.68 | 1,100 0-991 171 001 | 0.995 1.097 1.014
0°-1 8.7 1.151 1.141 | 0.993 1.149 1.062
-2 9.7 1.207 1.196 | 0.992 1.206 1.115
-3 10.7 1.295 0.991 | 1.283 | 0.990 1.296 1.198
-4 11.7 1.373 1.361 { 0.988 1.378 1.274
-5 12.7 1.388 1.376 | 0.986 1.396 1.290
D,0 45°-1 8.7 1.159 1.149 | 0,993 1.157 1.069
-2 9.7 1.211 1.200 | 0.992 1.210 1.118
-3 10.7 1.296 1.284 0.990 1.297 1.199
-4 11.7 1.378 1.366 | 0.988 1.383 1.278
-5 12.7 1.438 1.425 | 0.986 1.445 1.336
-6 13.7 1.505 0.991 1.491 | 0.984 1.515 1.400
-7 14.7 1.525 1.511 | 0.981 1.540 1.423
-8 15.7 1.546 1.532 | 0.979 1.565 1.446
-9 16.7 1.580 1.566 | 0.976 1.605 1.483
17.7 1.585 | 105.3 1.571 | 0.973 1.615 1.493




PNC-TN941 83-49

Cluster Fuel Lattice
(Lattice Pitch: 25 em, Fuel: 0.54wtZPu0,-U0,, Void: 100%)

Table 7 Dysprosium Reaction Rate Distribution in 36-rod

Distance

it posteion ||\ 2| G| B soqaey | Coprscied | ormatized
{cm) -
F-1 1.83 | 0.154 | 24.1| 0.959! 0.148 | 1,000 0.148 0.425
Fuel F-2 3.63 | 0.185| 29.6| 0.966[ 0.179 | 0.999 0.179 0.514
F-3 5.39 0.262 | 42,2} 0.976} 0.256 | 0.998 0.257 0.739
F-3' 5.3¢ | 0.268| 42.6} 0.977{ 0,262 | 0.998 0.263 0.756
5-1 0.92 | 0.143 0,137 | 1.000 0.137 0,394
§-2 2,28 0.150 0.959 0.144 | 1.000 0.144 0.414
5-3 3.18 | 0.154 0.966 | 0+149 | 0.999 0.149 0.428
Coolant §-4 4,08 | 0.196 0.189 | 0.999 0.189 0.543
5-5 4.95 0.209 0.204 | 0.998 0.204 0.586
8-6 6.0 0.323 0.977| 0.316 | 0.998 0.317 0,911
5-7
Pressure P.T inside
tube - 0.977
P.T outside | 6.82 | 0,355 | 0.437 | 0.997 0.348 1.000
Calandria| C.T inside
tube ; 0.988
C.T outside | 7.68 | 0,369 0.365 | 0,996 0.367 1.055
0°-1 8.7 0.423 0.418 | 0.995 0.420 1.207
-2 9.7 0.467 0.461 | 0.994 0.464 1.333
-3 10.7 0.515 0.988 | 0.509 | 0.992 0.513 1.474
-4 11.7 0.533 0.527 | 0.991 0.532 1.529
-5 12.7 0.546 0.539 | 0.989 0.545 1.566
45°-1 8.7 0.401 0.396 | 0.995 0.398 1.144
D30 -2 9.7 0.495 0.489 | 0.994 0.492 1.414
-3 10.7 0.544 0.537 | 0,992 0.541 1.555
-4 11.7 0.588 0.581 | 0.991 0.586 1.684
-5 12.7 0.632 0.988| 0.624 | 0.989 0.631 1.813
-6 13.7 0.648 0.640 | 0.987 0.648 1.862
-7 14,7 0.679 0.671 | 0.986 0.681 1.957
-8 15.7 0.686 0.678 | 0.983 0.690 1.983
-9 16.7 0.711 0.702 | 0.981 0.716 2.058
-10 17.7 0.700 | 83.0 0.692 | 0.979 0.707 2.032
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Table 8 Dysprosium Reaction Rate Distribution in 54-rod
Cluster Fuel Lattice

(Lattice Pitch: 25 em, Fuel: 0.79wt%Pu0,-U0,, Void: 0%)

Distance

C.R-1

Foil position i:i?er bzze rggio C.R SUEZCd Jo(Br) cozziﬁZEd Noz:itZZEd
(em) T '

F-1 2,86 | 0.780 | 52.4 |0.981]0.765 | 0.999 0.766 0.429

Fuel F-2 4,26 | 0.768 | 52.2 |0.981]0.753 } 0.998 0.755 0.423

F-3 5.71 | 1.112 | 66.5 |0.985|1.095 | 0.997 1.098 0.615

F-3' 5.71 | 1.133 | 69.0 |0.986 | 1.117 | 0.997 1.120 0.627

5-1 0.1 2.228 2.186 | 1.000 2.186 1.224

-2 0.3 2.162 2.121 | 1.000 2,121 1.188

5-3 0.5 2.088 2.048 | 1.000 2.048 1.147

. §=4 0.7 2.050 2,011 | 1.000 2.011 1.126

-5 0.9 1.951 0 05y | 1914 | 1.000 1.914 1.072

5-6 1.1 1.815 1.781 | 1.000 1.781 0.997

Coolant | S-7 1.3 1,751 1.718 | 1.000 1.718 0.962

5-8 1.5 1.587 1.557 | 1.000 1.557 | 0.872

5-9 1.7 1.446 1.419 | 1.000 1.419 0.795

S-10 1.9 1.273 1.249 | 1.000 1.249 0.699

s-11 2.43 | 1.002 0.983 | 0.999 0.984 0,551

s-12 3.21 | 0.865 0-981 15 849 | 0.999 0.850 0.476

5-13 3.91 | 0.839 0.9gy | 0+823 | 0.999 0.824 0,461

s-14 4.63 | 0.978 0.959 ! 0.998 0.961 0.538

5-15 5.35 | 1,131 1.115 | 0.997 1.118 0.626

5-16 6.06 | 1.553 0.986 | 1.531 | 0.997 1.536 0.860

§-17 6,45 | 1.790 1.765 | 0.996 1.772 0.992
Pressure P.T inside

tube P.T outside | 6.82 | 1.804 1.779 | 0.996 1.786 1.000
Calandria | C.T inside

M : 0.991

C.T outisde | 7.68 | 1.836 1.819 | 0.994 1.830 1.025

0°-1 8.7 1.879 1.862 | 0.993 | 1.875 1.050

-2 9.7 2.023 2.005 | 0.991 2.023 1.133

D,»0 -3 10.7 2,157 0.991 | 2.138 | 0.989 2,162 1.211

-4 1.7 2.279 2,258 | 0.987 2.288 1.281

-5 12.7 2,365 2,344 | 0,985 2.376 1.330

45°-1 8.7 1.861 1.844 | 0.993 1.857 1.040

-2 9,7 2,004 1.986 | 0.991 2,004 1,122

-3 10.7 2,172 2.152 | 0.989 2.176 1.218

-4 11.7 2.272 2.252 | 0.987 2.282 1.278

-5 12.7 2.382 0,991} 2.361 | 0.985 2.397 1.342

-6 13.7 2.501 2.478 | 0.982 2.523 1.413

-7 14.7 2.613 2.589 | 0.980 2.642 1.479

-8 15.7 2.594 2,571 | 0.977 2,632 1.474

-9 16.7 2,616 2,592 | 0.973 2.664 1.492

-10 17.7 2.625 |108.2 2.601 | 0.970 2.681 1.501
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Table 9 Dysprosium Reaction Rate Distribution in S54-rod
Cluster Fuel Lattice
(Lattice Pitch: 25 em, Fuel: 0.79wtZPu0y~U0,, Void: 100%)

Distance

Foil position £Z§:er bzze rggio C;RRl suE{Cd Jo(Br) COE:?E;Ed Noi:itZZEd
(cm) '
F-1 2.86 0.236 31,7 {0.968 |0,228 | 0,999 0.228 0.500
Fuel F-2 4.26 0.270 34,3 (0,971 |0.262 0.999 0.262 0.575
F=3 5.71 0.364 40.4 | 0.975 |0.355 0.998 0.356 0,781
P-3" 5,71 0.368 | 40.7 [0.975 [0.359 | 0.998 0.360 0.789
S=1 0.1 0.250 0.242 1.000 0.242 0.531
§-2 0.3 0,239 0.231 1.000 0.231 0.507
5-3 0.5 0.251 0.243 1.000 0.243 0.533
5=4 0.7 0,239 0.231 | 1.000 0.231 0.507
8-5 0.9 0.247 0.239 1.000 0.239 0.524
5-6 1.1 0.248 0.968 [0.240 1.000 0,240 0.526
Coolant S=7 1.3 0.239 0.231 1.000 0.231 0.507
5-8 1.5 0.241 0.233 1.000 0.233 0.511
5-9 1.7 0.231 0.224 1.000 0.224 0,491
5-10 1.9 0.226 0.219 1.000 0.219 0.480
5-11 2.43 0.226 0.968 0.219 1.000 0.219 0.480
5§12 3.21 0.240 0,232 0.999 0.232 0.509
§-13 3.91 0.245 0.238 | 0.999 0.238 0.522
§-14 4.63 | 0.297 |27 o288 [ 0.998 0.289 0.634
5=15 5.35 0.315 0.307 0.998 0.308 0.675
5-16 6.06 0.437 0.975 {0.426 0.997 0.427 0.936
§-17 6.45 0.454 0.443 | 0,997 0.431 0.945
Pressure P.T inside
tube P.T outside | 6.82 | 0.467 0-973 15 4ss | 0.997 | 0.456 1.000
gztzndria C.T inside 0.988
C.T outside 7.68 0.491 0.485 | 0,996 0.487 1,068
0°-1 8.7 0.549 0,542 0.995 0.545 1,195
-2 9.7 0.644 0.636 0.993 0.640 1.404
-3 10.7 0.7312 0.9-8 |[0.703 0.992 0.709 1.555
| Dp0 -4 11.7 0.753 0.744 | 0,990 0.752 1.649
-5 12.7 0.757 0.748 | 0,989 0.756 1.658
45°-1 8.7 0.538 0.532 1 0.995 0.535 1.173
-2 9.7 0.648 0.640 0.993 0.645 1.414
-3 10.7 0.734 0.725 0.992 0.731 1.603
~&4 11,7 0.801 0,791 | 0.990 0.799 1.732
=5 12.7 0.835 0.988 | 0,825 0.989 0.834 1.829
-6 13.7 0.856 0.846 0.987 0.857 1.879
-7 14,7 0.924 0,913 | 0.985 0.927 2.033
-8 15.7 0.923 0.912 | 0.983 0.928 2.035
-9 16.7 0.935 0.924 0.980 0.943 2.068
=10 17.7 0,945 84.6 0.933 | 0.978 0.954 2,092
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Dy Activity Normalized at Outer Surface of Pressure Tube
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Fig. Dysprosium Reaction Rate Distribution for Coolant Void Fraction

of 0% in 0.54wt%{S)Pu0,-U0, Fuel at 25.0 cm Pitch Lattice

{36-rod Cluster)
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Dy Activity Normalized at Outer Surface of Pressure Tube

1 } |
Pressure Calandria
Tube Tube
é §4S°
2.0p Cluster D,0 -
g @
¢
2
é
® 0°
F-1  F-2 F-3,3' ® 3 -
1.5}
IR :
@
é
]
[
1.0L % -
[¢
Cell ! Cell
Boundary Boundary
& (0°) (45°)

5 Q

0.5F & -
& [e.
@ Fuel
© Coolant
0.0 ] 1 3
0 0.5 1.0 1.5

Distance from Cluster Center {cm)

2.0

Fig. 9 Dysprosium Reaction Rate Distribution for Coolant Void Fraction
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Dy Activity Normalized at Outer Surface of Pressure Tube
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Fig. 10 Dysprosium Reaction Rate Distribution for Coolant Void Fraction

of 0% in 0.79wt%Pul,-U0, Fuel at 25.0 cm Pitch Lattice
(54-rod Cluster) -
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Dy Activity Normalized at Outer Surface of Pressure Tube
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Dy Reaction Rate Normalized at Preésure Tube
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Fig. 12 Dysprosium Reaction Rate Distribution for Coolant Void Fraction

of 0% in 0.54wt%(S)PuQ,-U0, Fuel at 25.0 cm Pitch Lattice

(36-rod Cluster)
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Fig. 13 Dysprosium Reaction Rate Distribution for Coclant Void Fraction
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Fig. 14 Dysprosium Reaction Rate Distribution for Coolant Void Fraction
of 0% in 0.79wt%(R)Pu0,-U0, Fuel at 25.0 cm Pitch Lattice
(54-rod Cluster)
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{41 METHUSELAH-Ta— KEART #—=v b

INITIATE

* 36-ROD CIUSTER(25.0LP,1.2U02 OVOID OBORON GAP=2MM )
POLYGON(1.00)0

DIAMET(1.00)12.63 %

TEMPER{1.00)22.0

DIAMET(1.11)1.48

DENSIT(1.11)10.33
INGRED(1.11)4,18,1.0596,20,87.0367,2,11.9037,62,0.0000 *
TEMPER(1.11)22.0

DIAMET (1.12)1.673

DENSIT(1.12)2.3725 *

INGRED(1,12)1,9,100.0

TEMPER(1.12)22.0

DENSIT(1.10)0.99777
INGRED(1.10)3,1,11.1901,2,88.8099,29,0. 000000000
TEMPER(1.10)22.0

LAYER 2=1 *

LAYER 3=1 %

POLYGON(2.00)0 % W.G
DIAMET (2.00)13.03 *

DENSIT(2.00)0.99777 *
INGRED(2.00)3,1,11.1901,2,88.8099,29,0.000000000 %
TEMPER(2.00)22.0 *
RARE REGION(2.00) *
POLYGON(3.00)0
DIEMAT(3.00)13.63 *
DENSIT(3.00)2.674 %
INGRED(3.00)1,9,100.0 *

TEMPER(3.00)22.0 &

RARE REGION(3.00) #

POLYGON(4.00)0 * AIR.G
© DIAMET(4.00)14.65 *

DIAMET(4.00)14.65 *

AIRGAP(4.00) *

POLYGON(5.00)0 * C.T
DIAMET(5.00)15.35
DENSIT(5.00)2.674
INGRED(5.090)1,9,100.0
TEMPER(5.00)22.0

RARE REGION(5.00) *
POLYGON(6.00)0 # MOD
DIAMET(6.00)28.2095 *

DENSIT(6.00)1.1045 *

INGRED(6.00)4,1,0.05036, 38, 20 0223,2,79.9283,29,0.00000000 %
TEMPER(6.00)22.0

ARRAY TYPE 4,3,1. 825,3.625,5.390,6,12,18 %

BUGKLING 0.000990203 *

RESONANCE 6,18,20,21,22,23, 34 *

FIVE GROUP

DC LAYER 1,0,2 &

%

FUEL1

PELLET

E

* ¥

SHEATH

* %

¥

COCLANT

¥

%

P.T

E
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SPECTRUM 4,2,1.00,2.00 *
SPECTRUM 5,4,3.00,4.00,5.00,6.00 *
EPSILON 0.0001 ' *

GEOMETRY 10,10,10,5,5,5,5,20 *

RECORD 36,2,20,0.58830,4,20,1.45646,5,20,0.53940,20,18,2.43,$
20,21,2.87099,20,23,2.96899,108,2,1.0004,108,3,0.98434,5
108,5,0.99258, 108 11, 2. 42680 108,12,2.88799,108,13,3.10404

FINAL OUTPUT 1,171,171

ITERATE 5 *#*

BEGIN CALCULATION %
*NOAH-2 (25.0LP 58PU OVOID) CASE-2
DIAMET(1.11)1.469 %
DENSIT(1.11)10.171 ®

INGRED(1.11)7,18,0.6214,20,86.7823,21,0.4304,22,0,04115$
: 23,0.004359,34,0. 000303 2,12.120

DIAMET(1.12)1.668

DENSIT(1.12)6.523 *

INGRED(1.12)5,3,98.22,10,1.48,6,0.14,11,0.10,7,0.06 *

DENSIT(1.10)0.99777 #

INGRED(1.10)3,1,11.1%01,2,88.8099,29, 0 0 *

DENSIT(2.00)0.99777

INGRED(2.00)3,1,11.1901,2,88. 8099 29,0. 0 %

BUCKLING 0.00129269

BEGIN CALCULATION ®

*NOAH-2 (25.0LP 5SPU 100VOID) CASE-3 *

DENSIT(1.10)0.000001 ®

DENSIT(2.00}0.000001 *

BUCKLING 0.000953089 ®

BEGIN CALCULATION &

bl
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INITIATE

* NOAH-2 54-ROD CIUSTER(25.0LP,1. 2U02 OVOID OBORON GAP=2MM )

POLYGON(1.00)0

DIAMET (1.00)12.63 *
TEMPER(1.00)22.0

DIAMET(1.11)1.05

DENSIT(1.11)10.33
INGRED(1.11)4,18,1.0596,20,87.0367,2,11,9037,62,0.0000
TEMPER(1.11)22.0

DIAMET(1.12)1.25

DENSTT(1.12)2.3725 *

INGRED(1.12)1,9,100.0

TEMPER(1.12)22.0

DENSIT(1.10)0.99777
INGRED(1.10)3,1,11.1901,2,88.8099,29,0.000000000
TEMPER(1.10)22.0

LAYER 2=1 %

LAYER 3=1 *

POLYGON(2.00)0

DIAMET (2.00)13.03 %
DENSIT(2.00)0.99777

INGRED(2.00)3,1,11.1901,2, 88.8099,29,0.0600000000
TEMPER(2.00)22.0

RARE REGION(2.00)  #

POLYGON(3.00)0

DIAMET (3.00)13.63 *
DENSIT (3.00)2.674
INGRED(3.00)1,9,100.0 *
TEMPER(3.00)22.0 %

RARE REGION(3.00) =
POLYGON(4.00)0

DIAMET (4.00)14.65 %
ATIRGAP (4.00) *
POLYGON(5.00)0
DIAMET(5.00)15.35
DENSIT(5.00)2.674
INGRED(5.00)1,9,100.0
TEMPER(5.00)22.0

RARE REGION(5.00)  *
POLYGON (6.00)0

DIAMET (6.00)28.2095 %
DENSIT(6.00)1.1045 *

oW W ¥

INGRED(6.00)4,1,0.05036,38, 20 0223,2,79.9283,29,0.00000000

TEMPER(6.00)22, O

ARRAY TYPE 4,3,2. 855,4.255,5.705,12,18,24 &
BUCKLING 0.000870088 *

RESONANCE 6,18,20,21,22,23, 34 *

FIVE GROUP

DG LAYER 1,0,2 _ *

SPECTRUM 4,2,1.00,2.00 *
SPEGTRUM 5,4,3.00,4.00,5.00,6.00 *
ESPILON 0.0001 *

GEOMETRY 10,10,10,5,5,5,5,20 *

3+ ¥ ¥ W o*

W

RECORD 36,2,20,0. 58830 4 20,1.45646,5,20,0.53940,20,18,2.43,%
20, 21 2.87099,20,23,2.96899,108,2,1.0004,108,3,0.98434,$
108,5,0.99258,108,11,2.42680,108,12,2.88799,108,13,3.10404

FUEL 1

PELLET

*

SHEATH

COOLANT

W.G

P.T

AIR.G

MOD
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FINAL OUTPUT 1,171,171 *
ITERATE 5 *
BEGIN CALCULATION *

*NOAH-2 (25.0LP 7RPU OVOID) CASE-2

DIAMET(1.11)1.05 %

DENSIT(1.11)10.51 %

INGRED(1.11)7,2,12,32236,18,0.6163,20,86. 18605,21,0.66251,22,0.17711$
23,0.03015, 34 0 00552 *

DIAMET(1.12)1. 25

DENSIT(1.12)5.6475 *

INGRED(l.lZ)S,3,98.15,10,1.54,6,0.16,11,0.1,7,0.05 *

DENSIT(1.10)0.99777 *

INGRED(1.10)3,1,11.1901,2,88.8099,29,0.0 ®

DENSIT(2.00)0.99777 #

INGRED(2.00)3,1,11.1901,2,88. 8099 29,0.0 ®

BUCKLING 0.00162341

BEGIN CALCULATION *

*NOAH-2 (25.0LP 7RPU 100VOID) CASE-3 *

DENSIT (1.10)0.000001 *

DENSIT(2.00)0.000001 *

BUCKLING 0.000973977 *

BEGIN CALCULATION %
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i85k 2 WIMS-Da— NEAHN 7 +—=w k

94 69 27 14 i3 15 35

CELL 7 1 1
SEQUENCE 4
NMESH 36
NREGION 30 3

NMATERIAL 14 3
NGROUPS 18 7

NRODS 36 =12 4510 3 2 1
NREACT 11

PREOUT

*  DCA 36P CLUSTER 0.54PU LP=25.0CM
% 0 VOID

* 0 VOID

INITIATE

ANNULUS 1 0.4000

ANNULUS 2 G.60000

ANNULUS 3 0.80000

ANNULUS 4 1.51173

ANNULUS 5 1.95241

ANNULUS 6 2.39308

ANNULUS 7 2.83376

ANNULUS 8 3.17583

ANNULUS 9 3.51780

ANNULUS 10 3.85996
ANNULUS 11 4.20203
ANNULUS 12 4.5441
ANNULUS 13 4.82565
ANNULUS 14 5.106721
ANNULUS 15 5.38877
ANNULUS 16 5.67033
ANNULUS 17 5.95188
ANNULUS 18 6.23344
ANNULUS 19 6.51500
ANNULUS 20 6.81500
ANNULUS 21 7.32500
ANNULUS 22 7.67300
ANNULUS 23 8.00000
ANNULUS 24 8.50000
ANNULUS 25 9.00000
ANNULUS 26 10.00000
ANNULUS 27 11.00000
ANNULUS 28  12.00000
ANNULUS 29 13.00000
ANNULUGS 30 - 14.10450
ARRAY 1 16 1.825 0.5235987
ARRAY 2 1 12  3.625 0.2617993
ARRAY 3 1 18 5.390 0.1745329
RODSUB 1 1 0.7345 9

COOOCOOOUJOODOGD\JG\LH--P*-?‘-P‘-P‘&-P‘-{:'LD(»UJL.\JU.)I\JI\JI\JI\JI—‘I—'I—'
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RODSUB 1
RODSUB 2
RODSUB 2
RODSUB 3
RODSUB 3
MATERIAL
MATERIAL
MATERIAL
MATERIAL
MATERIAL
MATERIAL
MATERTAL
MATERIAL
MATERIAL

MATERIAL
MATERTAL
MATERTAL
MATERTAL
MATERIAL
BELL
FEWGROUPS
NPIJAN
MESH

BUCKLING
BEGINC

1.

2
1
2
1
2

LU PRP OO0 0O

WO 00~ Gy

10

11

12
11
13
11
14
11
11

25

0

.834 12
L7345 10
.834 13
7345 11
.834 14
0.99777
0.99777
0.99777
0.99777
2.674
0.001205
2.674
1.1045 2
10.17
242 0.00
10.17
242 0.00
10.17
242 0.00
5.3728
1.077E-
5.3728
1.077E-
5.3728
1.077E~
4

295.0
295.0

3 2001 11.1901
3 2001 11.1001
295.0 3 2001 11.1901
295.0 3 2001 11.1901
295.0 3 27 97.764
295.0 4 16 23.
295.0 4 27 97.
95.0 4 2001 O.
295.0 1 235.4

764

0303 1240  0.04115 241.
295.0 1 235.4 0.6214 2238.4 86.
0303 1240 0.04115 241.
295.0 1 235.4 0.6214 2238.4 86.
0303 1240  0.04115 241.
295.0 2 91

4 207 1.54

295,02 91

4 207 1.54

295.0 2 91

4 207 1.54

16
16
16
16

5204 14 76.4796

88.8099
88.8099
88.8099
88.8099

05036 4002 20.0223 16 79.9283
0.6214 2238.4 86.

782 3239.1 0

.004359 16 12.

782 3239.1 0

.004359 16 12.

782 3239.1 O

.004359 16 12.
98.15 56 0.16 52 0.1 58 0.05

98.15 56 0.16 52 0.1 58 0.05

98,15 56 0.16 52 0.1 58 0.05

2 510 15 23 24 26 27 36 39 45 48 53 56 60 63 66 69

.000243

0.0007272

L4304 ¥
12
L4304 ¥
12
4304 ¥
12

11113111131111131111111111 1111
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94 69 27 14 13 15 35
CELL 7.1 1

SEQUENCE 4
NMESH 36
NREGION 30 3

NMATERTAL 14 3
NGROUPS 18 7

NRODS 36 -12 4510 3 2 1
NREACT 11
PREOUT

*#  DCA 36P CLUSTER 0.54PU LP=25.0CM
* 100 VOID

*# 100 VOID

INITIATE

ANNULUS 0.4000

ANNULUS 0.60000

ANNULUS 0.80000

ANNULUS 1.51173
- ANNULUS 1.95241

ANNULUS
ANNULUS
ANNULUS
ANNULUS
ANNULUS 10 3.85996
ANNULUS 11 4,20203
ANNULUS 12 4.5441
ANNULUS 13 4.82565
ANNULUS 14 5.10721
ANNULUS 15 5.38877

1
1
1
2
2
2.39308 2
2
3
3
3
3
3
4
A
4
ANNULUS 16 5.67033 4
4
4
4
5
6
7
3
8
8
8
8
8
8
8

2.83376
3.17583
3.51780

O 00~ YU B

ANNULUS 17 5.95188
ANNULUS 18 6.23344
ANNULUS 19 6.51500
ANNULUS 20 6.81500
ANNULUS 21 7.32500
ANNULUS 22 7.67500
ANNULUS 23 8.00000
ANNULUS 24 8.50000
ANNULUS 25 9.00000
ANNULUS 26 10.00000
ANNULUS 27  11.00000
ANNULUS 28  12.00000
ANNULUS 29 13.00000
ANNULUS 30 14.10450 '
16 1.825 0.5235987

ARRAY 1

ARRAY 2 1 12 3.625  0.2617993
ARRAY 3 1 18 5.390 0.1745329
RODSUB 1 1 0.7345 9

RODSUB 1 2 0.834 12

RODSUB 2 1 0.7345 10

RODSUB 2 2 0.834 13

RODSUB 3 1 0.7345 11

RODSUB 3 2 0.834 14

MATERIAL 1 0.001205 295.0 3 16 23.5204 14 76.4796
MATERIAL 2 0.001205 295.0 3 16 23.5204 14 76.4796
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MATERIAL 3 0.001205 295.0 3 16 23.5204 14 76.4796

MATERIAL 4 0.001205 295.0 3 16 23.5204 14 76.4796

MATERTAL 5 2.674 295.0 3 27 97.764

MATERTAL 6 0.001205 295.0 4 16 23.5204 14 76.4796

MATERIAL 7 2.674 295.0 4 27 97.764 '

MATERIAL 8 1.1045 295.0 4 2001 0.05036 4002 20.0223 16 79.9283
MATERIAL 9 10.17 295.0 1 235.4 0.6214 2238.4 86.782 3239.1 0.4304 ¥

242 0.000303 1240  0.04115 241. 0.004359 16 12.12
MATERIAL 10 10.17 295.0 1 235.4 0.6214 2238.4 86.782 3239.1 0.4304 ¥
242 0.000303 1240  0.04115 241. 0.004359 16 12.12
MATERIAL 11 10.17 295.0 1 235.4 0.6214 2238.4 86.782 3239.1 0.4304 ¥
242 0.000303 1240  0.04115 241. 0.004359 16 12.12

MATERIAL 12 5.3728 295.0 2 91 98.15 56 0.16 52 0.1 58 0.05 ¥
11 1.077E-4 207 1.54

MATERIAL 13 5.3728 295.0 2 91 98,15 56 0.16 52 0.1 58 0.05 ¥
11 1.077E-4 207 1.54

MATERIAL 14 5.3728 295,0 2 91 98.15> 56 0.16 52 0.1 58 0.05 ¥
11 1.077E-4 207 1.54

BELL 1.114

FEWGROUPS 2 5 10 15 23 24 26 27 36 39 45 48 53 56 60 63 66 69
NPIJAN 25

MESH 11113111131111131111111111 1111
BUCKLING 0.000243 0.0007272

BEGINC
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94 69 27 14 13 15 35
CELL 7 01
SEQUENCE 4
NMESH 40
NGROUPS g 5
NREGLON 3% 3
NMATERIAL 16
NRODS 54 ~12 4512 3 21
NREACT 15
PREOUT
INITTATE
*#  DCA 54 PIN CLUSTER 25.0 CM PITCH
ANNULUS 1 0.540 12
ANNULUS 2 0.625 i3
ANNULUS 3 0.675 14
ANNULUS 4 1.015 15
ANNULUS 5 1.355 15
ANNULUS 6 1.695 15
ANNULUS 7 1.995 16
ANNULUS 8 2.307 i
ANNULUS 9 2.619 1
ANNULUS 10  2.931 1
ANNULUS 11  3.243 1
ANNULUS 12 3.555 1
ANNULUS 13 3.840 2
ANNULUS 14 4.1250 2
ANNULUS 15  4.4100 2
ANNULUS 16  4.6950 2
ANNULUS 17 4.9800 2
ANNULUS 18 5.1993 3
ANNULUS 19  5.4186 3
ANNULUS 20  5.6379 3
ANNULUS 21 = 5.8571 3
ANNULUS 22 6.0764 3
ANNULUS 23 6.2957 3
ANNULUS 24 6.5150 3
ANNULUS 25  6.8150 4 * PT
ANNULUS 25  6.8150 4 * PT
ANNULUS 26 7.3250 5 * ATR GAP
ANNULUS 26 7.3250 5 % AIR GAP
ANNULUS 27 7.675 6 * CT
ANNULUS 27 7.675 6 * CT
ANNULUS 28  8.500 7
ANNULUS 29 9.300 7
ANNULUS 30 10.000. 7
ANNULUS 31 11.000 7
ANNULUS 32 12.000 7
ANNULUS 33 13.050 7
ANNULUS 34 14.104737 7
ARRAY 1 1 12 2.855 0.2617993
ARRAY 2 1 18 4.255 0.1745329
ARRAY 3 1 24 5,705 0.1308996

RODSUB 1 1 0.525 8
RODSUB 1 2 0.625 11
RODSUB 2 1 0.525 9
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RODSUB 2 2 (.625 11

RODSUB 3 1 0.525 10

RODSUB 3 2  0.625 11

MATERIAL 1 0.99777 295.0 3 2001 11.1901 16 88.8099
MATERIAL, 2 0.99777 295.0 3 2001 11.1901 16 88.8099
MATERIAL 3 0.99777 295.0 3 2001 11.1901 16 88.8099
MATERIAL 12 0.99777 295.0 3 2001 11.1901 16 88.8099
MATERIAL 13 0.99777 295.0 3 2001 11.1901 16 88.8099
MATERIAL 14 0.99777 295.0 3 2001 11.1901 16 88.8099
MATERIAL 15 0.99777 295.0 3 2001 11.1901 16 88.8099
MATERIAL 16 0.99777 295.0 3 2001 11.1901 16 88.8099
MATERTAL 4 2.673 295.0 3 27 96.75 55 2.70 ,
MATERIAL 5 0.001205 295 3 16 23.5204 14 76.4796
MATERIAL 6 2.673 295.0 4 27 96.75 55 2.70

MATERIAL 7 1.1045 295.0 4 2001 0.05036 4002 20.0223 16 79.9283
MATERIAL 8 10.510 295.0 1 235.4 0.61631 2238.4 86.18794 $

3239.1 0.66108 1240 0.

16 12.3223

10.510 295.0 1 235.4

3239.1 0.66108 1240 0.

16 12.3223

10.510 295.0 1 235.4

3239.1 0.66108 1240 0.

16 12,3223

MATERIATL, 11 5.6475 295.0 2 91
11 1.077E-4 207 1.54

17673 241 0.030081 242 0.005509 $§

MATERTAL 9 0.61631 2238.4 B6.18794 $
17673 241 0.030081 242 0.005509 3
MATERTAL 10 0.61631 2238.4 86.18794 $

17673 241 0.03008%L 242 0.005509 $

98.15 56 0.16 52 0.1 58 0.05 §

FEWGROUPS 5 15 45 48 53 56 60 63 69

MESH 11111 11113 11113 i1111 31111 $
11111 1111

NPIJAN 30

BUCKLING  0.000255 0.000980

BELL 1.114

BEGINC
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94 69 27 14 13 15 35

CELL 7 0 1
SEQUENCE 4
NMESH 40

NGROUPS 9 5
NREGION 34 3

NMATERTAL 16

NRODS 54 =12 4512 3 21

NREACT 15

PREOUT

INIT IATE

*#  DCA 54 PIN CLUSTER 25.0 CM PITCH 100 VOID
ANNULUS 1 0.540 12

ANNULUS 2 0,625 13

ANNULUS 3 0.675 14

ANNULUS 4 1.015 15

ANNULUS 3 1.355 15

ANNULUS 6 1.695 15

ANNULUS 7 1.995 16

ANNULUS 8  2.307 1

ANNULUS 9 2.619 1

ANNULUS 10 2.931 1

ANNULUS 11 3.243 1

ANNULUS 12 3.555 1

ANNULUS 13 3.840 2

ANNULUS 14 4.1250 2

ANNULUS 15 4,4100 2

ANNULUS 16  4.6950 2

ANNULUS 17 4.9800 2

ANNULUS 18 5.1993 3

ANNULUS 19  5.4186 3

ANNULUS 20 5.6379 3

ANNULUS 21 5.0571 3

ANNULUS 22 6.0764 3

ANNULUS 23 6.2957 3

ABNULUS 24 6.5150 3

ANNULUS 25  6.8150 4 * PT
ANNULUS 25 6.8150 4 * PT
ANNULUS 26 7.3250 5 % ATR GAP
ANNULUS 26 7.3250 5 % ATR GAP
ANNULUS 27 7.675 6 * CT
ANNULUS 27 7.675 6 * CT
ANNULUS 28  8.500 7

ANNULUS 29  9.300 7

ANNULUS 30 10.000 7

ANNULUS 31 11.000 7

ANNULUS 32 12.000 7

ANNULUS 33 13.050 7

AWNULUS 34 14.104737 7

ARRAY 1 1 12 2.855 0.2617993
ARRAY 2 1 18 4.255 0.1745329
ARRAY 3 1 24 5.705 0.1308996

RODSUB 1 1 0.525 8
RODSUB 1 2 0.625 11
RODSUB 2 1 0.525 9
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RODSUB 2 2 0.625 11

RODSUB 3 1 0.525 10

RODSUB 3 2 0.625 11

MATERTAL 1 0.001205 295.0 3 14 76.4796 16 23,5204

MATERIAL 2 0.001205 295.0 3 14 76.4796 16 23,5204

MATERIAL 3 0.001205 295.0 3 14 76.4796 16 23.5204

MATERIAL 12 0.001205 295.0 3 14 76.4796 16 23,5204

MATERTIAL. 13 0.001205 295.0 3 14 76.4796 16 23.5204

MATERIAL 14 0.001205 295.0 3 14 76.4796 16 23,5204

MATERIAL 15 0.001205 295.0 3 14 76.4796 16 23.5204

MATERIAL 16 0.001205 295.0 3 14 76.4796 16 23.5204

MATERIATL 4 2.673 295.0 3 27 96.75 55 2.70

MATERIAL 5 0.001205 295 3 16 23.5204 14 76.4796

MATERTAL 6 2.673 295.0 4 27 96.75 55 2.70

MATERIAL 7 1.1045 295.0 4 2001 0.05036 4002 20.0223 16 79.9283

MATERTAL, 8§ 10.510 295.0 1 235.4 0.61631 2238.4 86.18794 $
3239.1 0.66108 1240 0.17673 241 0.030081 242 0.005509 3
16 12.3223

MATERIAL, 9 10.510 295.0 1 235.4 0.61631 2238.4 86.18794 $
3239.1 0.66108 1240 0.17673 241 0.030081 242 0.005509 §
16 12.3223

MATERIAL 10 10.510 295.0 1 235.4 0.61631 2238.4 86.18794 $
3239.1 0.66108 1240 0.17673 241 0.030081 242 0.005509 $
16 12.3223

MATERIAL 11 5.6475 295.0 2 91 98.15 56 0.16 52 0.1 58 0.05 $

11 1.077E-4 207 1.54
FEWGROUPS 5 15 45 48 53 56 60 63 69
MESH 11111 11113 11113 11111 31111 $
11111 1111

NPIJAN 30

BUCKLING  0.000255 0.000980

BELL 1.114

BEGING
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PIXSE

33 LAMP-DCAa— FBAHRT +—=v b

DCA 36PINS 25.0LP (5S-PU)

2

50
.0
.11
.64
.612
.8581
.4053
. 8693
.9184
.66444
1 2

Ll -V I U i e R WE TN o e

1.05

1 2

1.78794

0
-4
-3
-2
-2
-1
-1
-1
-1

-3

oy = O
[N

-1 7

2.5 ~4
1.24 -2
4,276 -2
9.919 -2
2,013 -1
3.7384 -1
6.4107 -1
1.08163

1.81344

1.108 -6
8.075 -5
5.77234 -2
0.06613

Oy BN P

100VOID

-1 -

01
.619

. 959
.1398
. 3005
.09838
.9992
.17935
.97541

.67

.29

.28
.049
.692
L3011
5464
489
.6393
.28572

H o~ NN

3.458

3.962

3.962

2 112 2 11 2 3 3

1 0 0
-3 4.05
-2 2.53
-2 6.517
-1 1.474
-1 2.8114
-1 4.912
-1 8.3357
1.40148
-4 2,233
=2
-5
-5
0.03323

.32

. 061
485
.6594
.097
.371
.0936
.52743

oUW O

.64
.103

e

1.067

1.067

3 3 3 3 4 5 4 6

-3
-2
-2
-1
-1
-1
-1

FUEL
=2

SHEATH

-5

COOQLANT

-5

PT CT

AIR

D20
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0.67 0.67 0.71 0.71 0.71 0.71
0.89 0.89 0.89 1.0 1.0 1.0
1.0 1.0 1.0
LAST
CLUP
DCA 36PINS 25.0LP (55-PU) 100VOID
27 650 0 1 0 0 4 1 8 2 4 0 0 1
12 2 312 36 227 0 070
0 0 0.523599
6 12 183
2 1 1 2 2
1 2 2 1 1
16 3 4 5 41 6 63
0.0 0.6 6.4 6.515 6.815 7.325
7.675 7.882 8.297 9.127 10.371 13.01
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14.104743

0.0 0.7345

1.825 3.625

2.0943952 5-1.0471983
1.832596211-0.5235993
2.094395217-0.3490663

PIJF

0.834

5.39

DCA 36PINS 25.0LP (55-FU) 100VOID
-1 1 1

27 650 3 1 0 1
50 0 0 7 4 1 1
1

360 1 5 5 5 1 1.

0.0001

2 1 1
6 6 6
.0 -4 2.5
11 -3 1.24
.64 -2 4,276
.612 -2 9.919
.8581 -1 2,0713
L4053 -1 3.7384
.8693 -1 6.4107
.9184 -1 1.08163
66444 1.81344
1314171850

0.0001
2 2 11

HHEWOWWUWwE WWwWWwH

0

i

0.0001

EOR

05

2

-4
-2
-2
=2
-1
-1
-1

C.

DCA 36PINS 25.0LP (5S-PU)

0.06671

0.75 0.75
0.75 0.75
0.75 0.75
0.88 0.88

0.
0.
0.
0.

DCA 36PINS 25.0LP (55-PU)
DCA 36PINS 25.0LP (55-PU)

05

2 1 1 2

.01
.619
.959
.1398
.3005
.0988
.9992
.17935
.97541

-3
-2
-2
-1
-1
-1

OVOoID

75
78
78
88

OvVoID
OVOID

3
3

1.2

3 3 3 3
2.28 -3
2.049 -2
5.692 -2
1.3011 -1
2.5464 -1
4.489 -1
7.6393 -1
1.28572
0.75
0.78
0.78

1.0

Ho~cMNDEON

O OO

.517
474
.8114
.912
. 3357
40148

.75
.78
.78

-3
-2
-2
-1
-1
-1
-1

1.0

4 6 6 &
6.32 -3
3.061 -2
7.485 -2
1.6594 -1
3.097 -1
5.371 -1
9.0936 -1
1.52743
0.03335
0.75

0.78

0.78

1.0
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PIXSE
DCA 54PINS 25.0LP (7R-PU) 100VOID
2
50 0 -1 7 7 -1 -1 =24 1 0 0
1.0 -4 2.5 -4 1.01 -3 2.28 = -3 4.05 -3 6.32 -3
9.11 -3 1.24 -2 1.619 ~2 2.049 -2 2.53 -2 3.061 ~2
3.64 -2 4.276 -2 4,959 -2 5.692 -2 6.517 -2 7.485 -2
8.612 -2 9,919 -2 1.1398 -1 1.3011 ~1 1.474 -1 1.6594 -1
1.8581 -1 2.0713 -1 2.3005 -1 2.5464 -1 2,8114 -1 3.097 -1
3.4053 -1 3.7384 -1 4.0988 -1 4.489 -1 4.912 -1 5.371 ~1
5.8693 -1 6.4107 -1 6.9992 -1 7.6393 -1 8.3357 -1 9.0936 -1
9.9184 -1 1.08163 1.17935 1.28572 1.40148 1.52743
1.66444 1.81344 1.97541
1 2 FUEL
4.87434 =2
1.65970 -4 2.29136 -2 1.75421 -4
4.67004 -5 7.91665 -6 1.44342 -6
1 2 SHEATH
6.54103 =5
9.74435 -5 2.89572 -5 3.64879 -2
12 COOLANT
3.962 -5 1.067 -5
1 2 PT CT
1.78794 -3 5.77234 -2
1 2 AIR
3.962 -5 1.067 -5
1-2 . D20
3.323 ~4 0.06613 0.03323
28 1 0 1
2 11 2 2 1 1 2 2 11 2 3 3 3 3 3 3 3 45 4 6 6
6 6 6 6
0.67 0.67 0.67 0.67 0.67 0.67
0.67 0.67 0.71 0.71 0.71 0.71
0.67 0.67 0.67 0.71 0.71 0.71
0.71 0.89 0.89 0.89 1.0 1.0
1.0 1.0 1.0 1.0
LAST
CLUP

DCA S54PINS 25.0LP (7R~PU) 100VOID
28 650 0 1 0 0 4 1 8 2 4 0 0 1
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13 2 31254 228 0 070
0 0 0.523599

17
0.0

12.90
0.0
2.85

3

5

12
2
1
3

i

B RO ol e o)

0.8

14.104743
0.525
4.255

1.832595211-0.5235993
2.094395217-0.3490663
1.963495223-0.2617993

PIJF

DCA 54PINS 25.0LP (7R-PU) 100VOID
28 650 3 1 0 1-1 1 1

50 0 0 7 4 1 1
1
300 1 5 5 5 1 1.05
1.0 -4 1,0 -3 0.
21 1 2 2 1 1 2
6 6 6 b
1.0 -4 2.5 -4 1
9.11 -3 1.24 -2 1
3.64 -2 4.276 -2 4
8.612 ~2 9.919 -2 1
1.8581 -1 2.0713 -1 2
3.4053 -1 3.7384 -1 4
5.8693 -1 6.4107 -1 6
9.9184 -1 1.08163 1
1.66444 1.81344 1
011314171850
1
1.0 -4
FOR
DCA 54PINS 25.0LP (7R-PU)
0.06671
0.75 0.75 0
0.75 0175 0.
0.75 0.75 0
0.78 0.88 0.
DCA 54PINS 25.0LP (7R-PU)
DCA 54PINS 25.0LP (7R-PU)

43
1 2
2 1
5 41 6
1.6 6.4 6.515
0.625 3
5.705 3
05 1.2 100.0
2 1 1 2 3 3 3 3 3 3 3
.01 -3 2.28 -3 4.05
.619 ~2 2.049 -2 2.53
.959 -2 5.692 -2 6.517
L1398 -1 1.3011 -1 1.474
L3005 -1 2.5464 -1 2.8114
.0988 -1 4.489 -1 4,912
.9992 -1 7.6393 -1 8.3357
17935 1.28572 1.40148
.97541
0VOID
.75 0.75 0.75
78 0.78 0.78
.75 0.78 0.78
88 0.88 1.0
OvVOID
QVOID

%)

63

o OoOOO

1
2
6.815
0
5 4 6 6
.32 -3
.061 -2
. 485 -2
L6594 -1
.097 -1
.371 -1
L0936 -1
.52743
.03335
.75
.78
.78
0
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Fig. T Thermal Neutron Spectra Calculated by LAMP
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Fig. 2 Thermal Neutron Spectra Calculated by LAMP
(36-rod Cluster, 0.54wt%Pu0,-U0,, 100% Void)
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Fig. 3 Thermal Neutron Spectra Calculated by LAMP
(54-rod Cluster, 0,79wt%Pu0,-U0,, 0% Void)
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Fig. 4 Thermal Neutron Spec-ra Calculated by LAMP
(54-rod Cluster, 0,79wt%Pu0,-U0,, 100% Void)
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Fig. 5 Thermal Neutron Spectra Calculated by LAMP
(36-rod Cluster, 0.54wt%Pu0,-U0,, 0 and 100% Void, 3rd Layer)
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Fig. 6 Thermal Neutron Spectra Calculated by LAMP

(54-rod Cluster, 0,79wt%Pu02-U02, 0 and 100% Void, 3rd Layer)
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Fig. 7 Thermal Neutron Spectra Calculated by LAMP

(36-rod and 54-rod Clusters, 0% Void, 3rd Layer)
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Fig. 8 Thermal Neutron Spectra Calculated by LAMP
(36-rod and 54-rod Clusters, 100% VYoid, 3rd Layer)
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