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Each fuel plate in the fuel element is separated by a gap of 0.096 

inches in the center of the fuel element. These gap thicknesses 

change in the outer three layers to 0.108 inches, 0.118 inches.  

and 0.100 inches, respectively. See Figure 6.3.1-1. The 

aluminum beyond the 2.25-inch width and the 22.75-inch length of 

the fuel meat is represented as either water or water mist in this 

model. The numerical results of this modeling may be seen in 

Table 6.3.1-1 under Box Type 1 or Box Type 2.  

The basket is modeled as a 304 stainless steel structure that has 

walls which are 0.25 inches thick and contain ten holes that 

measure 3.18 inches square by 22.75 inches long. There are 

three holes in the upper and lower rows and four holes in the 

middle row sufficient to hold 10 fuel elements. See Figure 

6.3.1-2. The numerical results of this modeling may be seen in 

Table 6.3.1-1, and the arrangement of all the boxes showing two 

baskets separated by 21.875 inches may be seen in the same table 

in between the END GEOMETRY and END KENO cards.  

6.3.2 Package Regional Densities 

The number densities for the materials used in this model may be 

seen in Tables 6.3.1-1 and 6.4-1 through 6.4-5. The number 

density used for the fuel meat was 0.00261362 atoms/barn-cm for 

U-235. A molecular weight of 235.043933 gram/gram-mole and an 

Avogadro's number of 6.025 E23 grami-atom/ gram-mole were used 

in calculating this number density. Other materials in the fuel 

meat such as U-238, oxygen, silicone, etc., were not modeled.  

The number densities for the materials specified in Table 6.3.1-1 

that are provided by the SCALE system for the 27GROUPNDF4 

cross-section set are shown in Tables 6.4-1 through 6.4-5.

Rev. J, October 6, 1995



6.227

Document 22 

6.4 Criticality Calculations 

The SCALE* System that is running on the Control Data 
Corporation 7600 Computer at General Electric's Nuclear Energy 

Business Operations was used for the k-effective calculations.  

The 27GROUPNDF4 cross-section set and the KENO-IV criticality 

code in the SCALE system were used to perform these calculations.  

The results of these calculations may be seen in Figure 6.4-1 and 

in Tables 6.4-1 through 6.4-5.  

In Figure 6.4-1, k-effective values are plotted as a function of mist 

density. These results show the peak k-effective to be less than 

0.87 for the fully water-flooded accident condition, and less than 

0.33 for the mist densities up to 0.1 grams H2 0/cc. Thirty

thousand neutron histories were run to obtain the 0.87 k-effective 
result. However, all of the mist density calculations were stopped 

by a 15-minute time limit. The smallest number of histories run 

was 25,500. More detailed numerical results of all of these 

calculations may be seen in Tables 6.4-1 through 6.4-5.  

6.5 Critical Benchmark Experiments 

In the discussion below, the benchmark experiments are presented 

first. This is followed by tables showing models of these 

experiments prepared as input to the SCALE system. Then the 

k-effective results using these models are presented, followed by 

the determination of biases required for each of the types of fissile 

material.  

*Bucholz, J. A., "SCALE: A Modular Code System for Performing 
Standardized Computer Analyses for Licensing Evaluation", NUREG/CR-0200, 
ORNL/NUREG/CSD/2, Volume 1, Oak Ridge National Laboratory; July, 1980.
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6.5.1 Benchmark Experiments and Applicability 

Uranium with enrichments varying from 1.3 w/o to fully enriched 

and plutonium are the fissile materials that are considered in the 

validation of SCALE for this evaluation. The forms include fully 

enriched homogeneous uranium-water mixtures, low-enriched 

heterogeneous uranium dioxide-water mixtures, and homogeneous 

plutonium-water mixtures.  

In Table 6.5.1-1 below, critical experiments suitable for validation 

are identified.  

6.5.2 Details of the Benchmark Calculations 

Models of TRX-1 and TRX-2 prepared as input to the SCALE 

system are shown in Tables 6.5.2-1 and 6.5.2-2, respectively.  

Models of ORNL-1 and ORNL-2 are shown in Table 6.5.2-3.  

Models of PNL-1 and PNL-2 are shown in Table 6.5.2-4. Models 

of the B&W UO 2 rod and MO2 rod are shown in Table 6.5.2-5.  

6.5.3 K-Effective Results of the Benchmark Calculations 

K-effective results are presented for the ORNL, PNL, TRX, and 

BaW critical experiments in Table 6.5.3-1.  

It is concluded that use of the SCALE System using the 

27GROUPNDF4 cross-section set requires a negative 0.3 percent 

bias on the one sigma deviation for fully enriched uranium solutions 

and no bias for plutonium solutions; a negative bias of 2.3 percent 

on the mean value and 0.3 percent on the one sigma deviation for 

the multiplication factor must be applied for low-enriched, clumped 

uranium rods in water, 

A bias of 2.3 percent on the mean value and 0.3 percent 'on the 

one sigma deviation is applied to the k-effective results in Figure 

6.4-1 in this evaluation.
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FIGURE 6.3.1-1 
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FIGURE 6i3.1-2 
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TABLE 6.3.1-1 

,wEFF BNL FUEL SHIPPING ARRAY FWR 2 CONT SIDE-BY-SIDE 

GROUPNDF4 7 7 3 LATTICECELL 0 0 
u- 2 3 5 1 0. 2.61362-3 END 
AL 2 1. END 
H20 3 8.8-5 END 
AL 4 1. END 
H-20 5 1. END 
5S304 6 1. END 
H20 7 8.8-5 END 
SYMMSLABCELL 0.37084 0.057912 1 3 0.127 2 END 

KEFF DNL FUEL SHIPPING ARRAY FWR 2 CONT SIDE-BY-SIDE 
15.0 103 300 3 16 21 5 1 0 
BOX TYPE 1 
CUBOID 3 0. -2.857500 .121920 -. 121920 28.89250( 
CUBOID 2 0. -2.857500 .156464 -. 156464 28.89250( 
CUBOID 1 0. -2.857500 .214376 -. 214376 28.89250C 
CUBOID 2 0. -2.857500 .248920 -. 248920 28.89250( 
CUBDID 3 0. -2.857500 .492760 -. 492760 28.89250C 
CUBOID 2 0. -2.857500 .527304 -. 527304 28.89250( 
CUBOID 1 0. -2.857500 .585216 -. 585216 28.89250C 
CUBOID 2 0. -2.857500 .619760 -. 619760 28.89250( 

CUBOID 3 0. -2.857500 .863600 -. 863600 28.89250C 
CUBOID 2 0. -2.857500 .898144 -. 898144 28.89250( 
CUBOID 1 0. -2.857500 .956056 -. 956056 28.89250C 
CUBOID 2 0. -2.957500 .990600 -. 990600 28.89250( 
CUBOID 3 0. -2.957500 1.234440 -1.234440 28.89250C 

I0ID 2 0. -2.957500 1.268984 -1.268994 28.89250C 
SBOID 1 0. -2.857500 1.326896 -1.326896 28.89250C 

CUBOID 2 0. -2.857500 1.361440 -1.361440 28.89250C 

CUBOID 3 0. -2.857500 1.605280 -1.605280 28.99250C 
CUBOID 2 0. -2.857500 1.639824 -1.639824 28.89250C 
CUBOID 1 0. -2.857500 1.697736 -1.697736 28.89250C 

CUBOID 2 0. -2.857500 1.732280 -1.732280 28.89250C 
CUBOID 3 0. -2.857500 1.976120 -1.976120 28.89250C 

CUBDOID 2 0. -2.857500 2.010664 -2.010664 28.99250C 

CUBDID 1 0. -2.857500 2.068576 -2.068576 28.89250C 
CUBOID 2 0. -2.857500 2.103120 -2.103120 28.89250C 

CUBOID Z 0. -2.857500 2.346960 -2.346960 28.89250C 

CUBOID 2 0. -2.857500 2.381504 -2.381504 28.89250C 

CUBOID 1 0. -2.857500 2.439416 -2.439416 28.89250C 

CUBOID 2 0. -2.857500 2.473960 -2.473960 28.89250C 

CUBOID 3 0. -2.857500 2.748280 -2.748280 28.89250C 

CUBOID 2 0. -2.857500 2.782824 -2.782824 28.89250C 

CUBOID 1 0. -2.857500 2.840736 -2.840736 28.89250C 

CUBOID 2 0. -2.857500 2.875290 -2.875280 28.89250C 

CUBOID 3 0. -2.857500 3.175000 -3.175000 28.89250C 

CUBOID 2 0. -2.857500 3.209544 -3.209544 20.89250( 

CUBOID 1 0. -2.857500 3.267456 -3.267456 28.89250C 

CUBOID 2 0. -2.857500 3.302000 -3.302000 28.89250( 

CUBOID 3 0. -2.857500 3.556000 -3.556000 28.89250( 

CUBOID 2 0. -2.857500 3.683000 -3.683000 28.89250( 
M0ID 7 0.000 -4.039 4.039 -4.039 28.E 

.BOID 6 0.000 -4.356 4.356 -4.356 28.1

Document 22

-28.692500 -0.5 
-28.892500 -0.5 
-28.892500 -0.5 

) -28.892500 -0.5 
-28.892500 -0.5 
-28.892500 -0.5 
-29.992500 -0.5 
-28.892500 -0.5 
-28.892500 -0.5 
-28.892500 -0.5 
-28.892500 -0.5 
-28.892500 -0.5 
-28.892500 -0.5 
-28.892500 -0.5 
-28.892500 -0.5 
-28.892500 -0.5 
-28.892500 -0.5 
-28.892500 -0.5 
-28.892500 -0.5 
-28.892500 -0.5 
-28.892500 -0.5 
-28.892500 -0.5 
-28.892500 -0.5 
-28.892500 -0.5 
-28.892500 -0.5 
-28.892500 -0.5 
-28.892500 -0.5 
-28.892500 -0.5 
-28.892500 -0.5 
-28.892500 -0.5 
-28.892500 -0.5 
--28.892500 -0.5 
-28.892500 -0.5 
-28.892500 -0.5 
-28.892500 -0.5 
-28.892500 -0.5 

'"-28.892500 -0.5 
) -28.892500 -0.5 
1925 -28.8925 -0.5 
1925 -28.B925 -0.5
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h,..,BOX TYPE 
'BOID 3 

JBOID 2 
CUBDID 1 
CUBOID 2 
CUBOID 3 
CUBOID 2 
CUBOID 1 
CUBOID 2 
CUBOID 3 
CUBOID 2 
CUBOID 1 
CUBOID 2 
CUBOID 3 
CUBOID 2 
CUBOID 1 
CUBOID 2 
CUBOID 3 
CUBOID 2 
CUBOID 1 
CUBOID 2 
CUBOID 3 
CUBOID 2 
CUBOID 1 
CUBOID 2 
CUBOID 3 

BOID 2 
S BOID 1 

CUBOID 2 
CUBOID 3 
CUBOID 2 
CUBOID 1 
CUBOID 2 
CUBOID 3 
CUBOID 2 
CUBOID 1 
CUBOID 2 
CUBOID 3 
CUBOID 2 
CUBO ID 
CUBOID 
BOX TYPE 
CUBOID 
CUBOID 
BOX TYPE 
CUBOID 
CUBOID 
BOX TYPE 
CUBOID 
CUBOID 
BOX TYPE 

90ID 
9BOID

7 
6 

7 
6 

7 
6 

7 
8 

7 
6

2 
2.857500 -C 
2.957500 -C 
2.857500 -C 
2.857500 -C 
2.857500 -C 
2.857500 -C 
2.857500 -C 
2.957500 -C 
2.857500 -C 
2.857500,-( 
2.857500 -c 
2.857500 -C 
2.857500 -0 
2.857500 -C 
2.857500 -0 
2.857500 -C 
2.857500 -0 
2.857500 -C 
2.957500 -0 
2.857500 -C 
2.657500 -0 
2.857500 -C 
2.857500 -0 
2.857500 -C 
2.e57500 -0 
2.857500 -C 
2.857500 -0 
2.857500 -C 
2.857500 -0 
2.857500 -C 
2.857500 -0 
2.857500 -C 
2.857500 -0 
2.857500 -C 
2.857500 -0 
2.857500 -C 
2.857500 -0 
2.957500 -C 

4.039 
4.356

4 

5 

6

I.

. 121920 
.156464 
.214376 
.248920 
.492760 
.527304

-. 121920 28.892500 -28.892500 -0.5 
-. 156464 28.692500 -28.892500 -0.5 

-. 214376 29.892500 -28.892500 -0.5 
-. 248920 28.892500 -28.892500 -0.5 
-. 492760 28.892500 -28.892500 -0.5 
-. 527304 28.892500 -28.892500 -0.5

. .585216 -. 585216 28.892500 -28.992500 -0.5 
•. .619760 -. 619760 28.892500 -28.892500 -0.5 
. .863600 -. 863600 28.892500 -28.892500 -0.5 

). .898144 -. 898144 28.892500 -28.892500 -0.5 
). .956056 -. 956056 28.892500 -28.892500 -0.5 

). .990600 -. 990600 28.892500 -28.892500 -0.5 
. 1.234440 -1.234440 28.992500 -29.692500 -0.5 
P. 1.268984 -1.268984 28.892500 -28.892500 -0.5 

). 1.326996 -1.326896 28.892500 -28.992500 -0.5 
P. 1.361440 -1.361440 28.892500 -28.892500 -0.5 
. 1.605280 -1.605280 28.892500 -28.892500 -0.5 

P. 1.639824 -1.639824 28.892500 -28.892500 -0.5 

. 1.697736 -1.697736 28.892500 -28.892500 -0.5 
1. 1"3732280 -1. 732280 28.892500 -28.892500 -0.5 

. 1.976120 -1.976120 28.892500 -28.892500 -0.5 
P. 2.010664 -2.010664 28.892500 -28.892500 -0.5 

. 2.068576 -2.068576 28.892500 -28.892500 -0.5 
P. 2.103120 -2.103120 28.892500 -28.892500 -0.5 
. 2.346960 -2.346960 28.892500 -28.892500 -0.5 

). 2.381504 -2.381504 28.892500 -28.896500 -0.5 

. 2.439416 -2.439416 28.892500 -28.892500 -0.5 
. 2.473960 -2.473960 2e.892500 -28.892500 -0.5 
. 2.748290 -2.749280 28.892500 -28.892500 -0.5 

). 2.782824 -2.782824 28.892500 -28.892500 -0.5 
). 2.840736 -2.840736 28.892500 -28.892500 -0.5 
). 2.875280 -2.875280 28.892500 -28.892500 -0.5 
. 3.175000 -3.175000 28.892500 -28.892500 -0.5 
. 3.209544 -3.209544 28.892500 -28.892500 -0.5 
. 3.267456 -3.267456 28.892500 -28.892500 -0.5 
P. 3.302000 -3.302000 28.892500 -28.892500 -0.5 
. 3.556000 -3.556000 28.e92500 -28.892500 -0.5 

P. 3.683000 -3.683000 28.892500 -28.892500 -0.5 

-0.000 4.039 -4.039 28.8925 -28.8925 -0.5 
-0.000 4.356 -4.356 28.8925 -28.8925 -0.5

4.039 -0.000 4.356 -4.039 28.8925 -28.8925 -0.5 

4.356 -0.000 4.356 -4.356 28.8925 -28.8925 -0.5 

4.039 -0.000 4.039 -4.356 28.8925 -28.8925 -0.5 

4.356 -0.000 4.356 -4.356 28.8925 -28.8925 -0.5 

0.000 -4.039 4.039 -4.356 28.8925 -29.8925 -0.5 

0.000 -4.356 4.356 -4.356 28.8925 -28.8925 -0.5

0.000 -4.039 
0.000 -4.356

4.356 -4.039 28.8925 -28.8925 -0.5 
4.356 -4.356 28.8925 -28.8925 -0.5
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TABLE 6.3.1-1 (CONTINUED)

•BOX TYPE 
JBOID 

,OX TYPE 
CUBOID 
BOX TYPE 
CUBOID 
CUBOID 
BOX TYPE 
CUBOID 
CUBOID 
BOX TYPE 
CUBOID 
CUBOID 
BOX TYPE 
CUBOID 
CUBOID 
BOX TYPE 
CUBOID 
BOX TYPE 
CUBOID 
BOX TYPE 
CUBOID 
BOX TYPE 
CUBOID 
ARRAY BDY

7 
6 0.000 

8 
6 0.000 

9 
7 4.039 
6 4.356 

10 
7 0.000 
6 0.000 

11
7 0.000 
6 0.000 
12 

7 0.000 
6 0.000 

13 
7 0.317 

14 
7 27.78125 

15 
7 27.78125 

16 
7 27.78125

-4.356 

-0.317 

-0.000 
-0.000 

-4.039 
-4.356 

-0.317 
-0.317 

-0.317 

-0.317 

-0.000 

-27.78125 

-27.78125 

-27.78125
7 63.26=25 -6Z.2632

SUBOID 5 93.74325 -93.74325
ND GEOMETRY 

0 13 9 
11 3 

9 1 

12 4 

13N 9 
END KENO

7 7 7 7 7 
! 2 1 2 1 
2 1 2 1 2 
1 2 1 2 1 

7 7 7 7 7

7 

2 
7

0.317 -0.000 28.8925 -28.89:5 -0.5 

4.356 -4.356 28.8925 -28.8925 -0.5 

0.317 -0.000 28.8925 -28.89=5 -0.5 
0.317 -0.000 26.8925 -28.8925 -0.5 

0.317 -0.000 29.9925 -28.8925 -0.5 

0.317 -0.000 28.8925 -28.8925 -0.5 

4.356 -4.039 28.8925 -28.8925 -0.5 

4.356 -4.356 28.8925 -29.89:5 -0.5 

4.039 -4.356 28.8925 -28.8925 -0.5 

4.356 -4.356 28.8925 -28.8925 -0.5 

0.317 -0.000 28.8925 -28.8925 -0.5 

0.317 -0.000 28.8925 -29.8925 -0.5 

4.356 -4.356 26.8925 -28.8925 -0.5 

4.356 -4.356 28.8925 -28.6925 -0.5 

5 13.385 -13.385 28.8925 -28.8925 -0.5 
43.865 -43.865 59.37250 -59.37250 -0.5 

10 13 14 13 9 7 7 7 7 7 7 10 1I 
8 11 15 11 3 1 2 1 2 1 2 6 11 
2 6 16 8 1 2 1 2 1 2 1 2 9 

5 12 15 12 4 1 2 1 2 1 2 5 12 

10 13 14 13 9 7 7 7 7 7 7 10 17 0
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TABLE 6.4-1

KEFF INL FUEL SNIPP1IN ARRAY FNfi 2 CONT SIDE-BY-SIDE 
276R0U'114 7 7 3 1.ATTICECELL 0 0 

-2510. 1.61362-7 END 
AL. 2 1. END 
H20 3 6.11-! END 
AL 4 1. EN 
W20 5 1. END 
56304 6 1. ENr 
H2C 7 1.1-5 END 
*YMMSLADCELI. 0.37094 0.035712 1 3 0.127 2END 

MUTMl MJLIDE DENSITY NIXTURE NUCLIDE 
I 4=1M "&.61362E-03 I -q 22 'A 
2 13027 6.02163E-01 8 1301.7 
3 1001 5.97448E-06 I 1001 
3 3016 2.93724E-06 I 8016 
4 3 6.02:8ZE-02 

5 5 &.67555E-02 5 a 
A 24304 l.7423,9E-02 6 250155

& 243J04 5.93M2E-02, 
7 6 5.9744SE-06 

CROSS SECTiDN! READ FROM TAPE

23046 

250.53 
261404 
213~40 
M:25

6 
7

29304 
9

N 12b9 F, 100T. 7 216 6F 03'4475('2) 
N 1269 F, 1002 T 219 6P 0312474(12) 
H 1269 F, 1002 T 219 P? 0324-75(2) 
0-16 1276 219 6P 030476(7) 
0-16 1276 219 6P 030476(7) 
0-16 1276 219 P? 030476(7) 
AL-17 1193 219 6P 040375j(5)
AL-277 1193 
CA 1191 NY 
M-1. 1117 
FE 1192 MT 
111190 NY 
U-233 1261

AVERA6E -

DENS ITYV 
4.096154E':0 

1.9!E6 

3.1'.777E-02 

7.72036E-) ' 
2. q Z72 4 E -0

213 P 040375(5) 
SS-304(IIEST) P-3 293K SPa5+4142:75)' 
SIPv5.4 NEWILACS 218N6? P-3 29D~.  
SS-304(11EST) P-" 293K ?S~w+4 (42375) 
SS-304111EST) P-3 293Y. SP95+41423751) 
5S5Pa5.4 NEWILACS 21316P P-3 2531M.) 

67 PER CENT9
K-EFFECTIVE DEVIATION 

.26772 + UP - .00301 
FREM)EJICY FOR

.2 100 

.2"01,4 

.23624 

.279'.  
.3024

CONFIDENCE 
.26470 TO 

SENERATIONS

INTERVAL 
.27073 
4 TO

COW)I 
.261 

go

5PER CENT 
BENCE INTERVAL 
6q TO .2r374

"9 PER CENT 
CONFIDENCE INTERVAL 

.25369 T.0 .276%6

9

*g*940949999flfOOOO@49490 

4444000HIO*49490#994900090
4 4 * 

*,40404949**t*40400 

40 * 

HOO
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NUCLIDE a 
NCLIBEx 
NKLIDEa 
NUCLIDEa 
NECLIDE a 
NUCLIDE 
NUCLIDIE 
EJCLIDE 
NUCLIDBE 
MCLIDE x 
NUCLIDE 

MaIDEs 
NUEIDEa 

IENERATMS 
""SKPuP 

3

.136913 7 

.2100 To 

.23,11 TO 

.2U42 To 

.2793 To 
.3024 TD 
.32,111 TI

x1STV1E!
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TABLE 6.4-2

KErF Dli. FUEL SHIPPING ARRAY FiR 2 CONT SIDE-SY-SIDE 
275FO'JPDF4 7 7 3 LATTICECEL.L 0 0 
U-235 1 0. 2.61362-1 END 
AL 2 1. END 
HIM 3 1.-3 END 
AL 4 1. END 
H20 5 1. END 
SS5(4 6 1. EDr 
ICS ? I.-:' END 
SYMSL•ACELL 0."3084 0.05791M 1 (,.127 2 END 

NI1TRZ. NU.LIDE DENS!TY MITUMR NUCLIDE
1 -42135 2.613,62-C-3 
2 13027 6.02193E-02 
3 1001 6.67555E-05 
3 Sle 3.o3777E-0 
4 3 6.02"B3E-02 
5 5 6.67555E-02 
6 24104 1.742319E-02 
6 26304 5.93526E-02 
7 6 6.67055E-05 

CROSS SEC71:ON READ FROM TAPE
NUCLIDEz 
NUCLIDE a 
NUCLIDE : 
NJCLIDE a 
NUCLIDE 
NUCLIDE • 
NUCLIDE 
NUCLIDE 
NUCLIDE 2 

NUCLIDE 
NUCLIDE a 
NUCLIDE a 
NUCLIDE a 

6ENERATIOIS 
SKIPPED 

3

1001 
5 

"6 
BOl 

9 

130".7 
3 

24304 
250!! 
26304 
21M04 
922 W5I

H 1269 F, 1002 
H 1269 F, 1002 
H 1269 F, 1002

9 
9 
6 
I

5 
6 
6 

7 

T 219 
T 218 
7 218

6p 6P 
9P

-92435 
13027 

1001 
8016 

9 
25055 

293 2'04

DENSITM 
4.06154E-04 
1.12225E-02 
4.39940E-C3 
2.19470E-05 

.,3777E-02 
1.716314-0: 
7.372037E-O3 
3. 3777E-05

032475(2) 
0324753(2 
03247!(2)

0-16 1276 218 6P 030476(7) 
0-16 1276 219 6P 030476W7) 
0-16 1276 219 6P 03047607) 
AL-2? 1193 218 6P 040375(5) 
AL-27 1193 218 6P 040375(5: 
CR 1191 UT S5-30411/EST) P-3 293K SPS.4(42-75) 
M-55 1197 SIP,5+4 NEWILACS 2IBN6P P-3 2931 
FE 1192 UT SS-304ttlEST) P-3 293 50P504(42:75) 
NI 1190 VT 95-304(1IEST) P-3 293Y SP,5+4(42375," 
U-235 1261 S16Pw5.4 NEVILACS PIONSP P-3 293K(3)

AVERAKE 
K-EFFECTIVE ,EVIATION 

.27197 * OR - .00299 
FRE9UENCY FOR

67 PER 
CONFIDENCE 

.26099 TO 
GENERATIONS

CENT 
INTERVAL 
.27466 

4 TO

95 PER CENT 
CONFIDENCE INTERVAL 

.26589 TO .27786 
88

99 PEP CENT 
CONFIDENCE INTEEVAL 

.26290 TO .29025

.1679 TO 

.1910 TO 
.2141 TO 
.2'72 TO 

• .260r TO 
.2134 TO 
.306, 10 
.. 296 TS

.1910 

.2141 

.2372 

.2603 

.. 906 
.'29" 

*t q,,

,4 41.l-It 444 0 I 41'0*B*BIO 
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TABLE 6.4-3

KEFF 34L FUEL SHIFF tHE AFRAY FWR Coxi SIDE-EY-SIDE 

2760UPZF47 7 3 LATTICECELL 0 0 

U-27, 1 0. .I6!ERL 
AL 21. ElK0 
H20 i .-Z LIC 
AL 4 1. W ; 
H20D 5 1.END 
rwo4 6 1. END 
Nza 7 :.-2. END

SYMMSLACELL 0.3.7094 0-0579': 
hIXTUPE WUCLIDE OENSITY 
I -q?22'r 2.6i1162E4'3 
2 140247 6.02189-E-02 
3 tQ01 6.6755,0104 
3 Uoij 3.314777PE-04 

lu-*ý& i.74239E-02 
6 ~26,o4 5.939.06E-02 

7 & 6.675".0E-04 
CROSS SECTIONS READ FROM TAPE 

NUCLIDS a 100 H 1269 F, 1 

NUC631 5 H 126q F, 1 

NU1:LDE: 6 4 1269 F, I 

NiCLIDE So906 0-lb 127o 2 

UiKLIDE a 0-t1.6176 2 

NIJCLIDOE a 9 0-16 12,76 2 

NUCLIDE 9 130:7 ftL-7 11930 

NUCLIOE 3 AL-27 1193 

UJCLIDE a 24104 CR 1191 UT 

PJCID a 2305r pN-V. 1197 

EiCLICE a b$ FE 1192, VT 

MUCLIDE a 29304 KI 1190 OT 

MCIDE a 92235 U-21110 1261 

WICERAT IONS AVER6EE 
SKIPPED K-UEVE71IVE

.2119 

.2350 
.2501 

!C!1

NIXTURE NUCLIDE 
1 -9'-35 
B 13027 
9 1001 
1 Dolt

7

9 
25�Z 
29304 

9

DENSITY 
4.08 154E-04 
1.1=145E-02 
4.3J9940E-')& 
2. 11470E-04 

3.1337 77E-0: 
1. 73614 E-0( 
7.720v36E-05 
'3.33777E-A

002ý T219 6p 0"ON75(2) 
002 T 218 GP 031247g.t 
0021T219 6p 0132475C-7) 
:19 SP 030476 (7) 
:18 SP 030476(7) 
hIs Sp 03047617) 
219 6P 04037515i) 
213 SP 04037515) 
SS-1304(l/EST) P-1 293Y Sp5+v*442'37w5 

SIIPz5+4 NEMILACS 21914SF &- 9 

SS-,0411/ESI) P-3 213V ~s44:5 
56-304(1/EST) P-3 293Y SP85".4I42Z?5) 

S16Pz5+4 NEURLACS 2191SF P-3 "7¶3K(*) 
67 PER CENT 

DEVIATION CONWiDENCE INTERVAL CON

"9 PER CENT 
F 1ENCE INTERVJAL

.2661 OR -.00313 .26650 TO .277275 .2,6339 To .2759 

FUkEgJEcy FOR BENERAT ION 4 TO 99

0*

"9 PE; :Eh1 WJBE' OF 
COV2DENCE 1NTE,"VAL PlSTOF lEE 

.260225 TO ." 9C"I 53)

Rev. J, October 6,.1995
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TABLE 6.4-4

KEFF 33. FUEL. SNIPPIN6 ARRAY FIR 2CON! SIDE-BY-SIDE 
276ROUPNDF4 7 7 : LATTICECELL 0 0 
U-'2I5 1 0. :.61362-1 END 
AL 2 1.END 
H20 3 1.-I EXD 
AL 41i. END 
H20 5 1. CEN 
$5104 6 1. END 
M23 7 1.-1 END 
SypMi'64CEL 0..7064 (.057912 1 1 0.1:71 2 END 

WlITXVE NUCLIDE DENSITY MIJTURE NUCLIDE
1 -9=7. 2. 61362E-0 
2 13027, 6. MVE-0: 

1 001 6.67M55!-014 
3 8016 `0.33771E-07' 
4 3 h.023B!E-0': 
5 5 6.6475SE-C2 
6 24304 1.742:9E-02 
6 263014 5.935"26E-02, 
7 b 6. &79555E-03 
IONS READ FROM TAPE

1001 

101 
6 

016ý 

23055 
26304 
21'.04 
92235

.2617 

.284e 

.3079

9 
9 
I 
9 

5 
6 
6 
7

-922:15 
130227 
10(01 
6016 

9 
2 5 0 S 
283004 

9

DENSITY 

1. 122M, E- 02 
4. 3904fE-C3' 
2. 19470E-0' 

3.3377 7E-0: 
1.73634E-0Z 
7. 72036E-0~3 
3. "077,7E-0i

H 1269 F, 10022 T-19 6F 03247!(: 
H 1269 F, 1002 T 219 6? 032475Q.) 
H 1269 F, 1002 T 219 6P 03-47!(T) 
0-16 1276 2186?S 030470711 
0-16 1276 18 6P 03097071) 
0-16 1276 219 6? 030476(7) 
AL-V 1193 219 6P 040371!(S) 
AL-27 1193 2186PE 0400715(3) 
CR 1191 NT W5304W1EST) P-3 2M-. SM004(23473W 
W3-5 :197 SISP25+4 NEWILACS 241805 M- 293V 

FE 1192 VT SS-104(IIEST) P-31 293V SPsr5'4(42`fT5" 
NI11190 NT SS-304M1EST) P-3 293t: SPas+4'427'3752 
U-M3 *261 S16P*5#4 NENILACS Z1SN6F P-3 2939.(3)

AVERAGE 
K-EFFECT1VE DEVIATION 

.2163,50 + OR - .00309 
FREQUENCY FOR

. 67 PER 
CONFIDENCE 

.29326 TO 
61ENERATIONS

CENT 
INTEPYAL 
.29944 
47TO

"9 PER CEN7T 
CON1IENCE INTERVAL 

.29017 TO .30252 
91

"9 FRE CENT NUKH; L^ 
CONFIDENCE INTERIAL HISTOFIEi.  

.20708 '10 .30561 :'~

*40*,4,,,@,4**449#**99 

04*@4*4
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CROSS SEI
W6-61DEa 
NUEM!Ea 
NUCLIDE x 
MUCLIDEa 
NU:LIDEa 
NUCLIDE J 
NUCLIDE 
UUC.I IDE 2 
NUCLIDEa 
NUCLIDE 
NUCLIDEa 
NUCLICEa 
NUCLIDEs 
61EMERATIONS 

SKIPPED 
3

.23M6To 

."617 To 

.2149 To 

.3079 To 

..#J41 To
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TAKLE 6.4-5

KEFF 3ML FUEL SHIPPIN6 ARRAY FNR 
276ROUPNDF4 7 7 3 LATTICECELL 0 0 
U-235 1 0. 2.61362-" END 
AL 2 1. END 
H20 3 1. END 
AL 4 1. END 
M20 5 1. END 
05304 6 1. END 
HV 7 1. END 
SWMSLA3CELL 0.Z7064 0.0579i2 1 3 

NIITlJRE NUCLIDE DENSITY NIf 
I -r2.5 2.611162E-03 
2 13027 6.02383E-02 
3 1001 6.67555E-4Z 
3 8016 3.337r7E-02
4 3 6.02303E-02 
5 5 6.6755"E-02 
6 243*4 1.74239E-02 
6 26104 5.93526E-02 
7 4 6.6735E-C-2 
TIONS READ FROM TAPE

1001 
5 
6 

BO1 

9 

13027 
3 

24304 
25055 
26404 
2•304 
9223.5

0.127 
XTURE 

I 

3 
I 
3 

U 

& 
& 
7

N 1269 F, 1002 T 218 6F 
H 1269 F, 1002 7 219 6 
H 1269 F, 1002 T 21B 6

2 END 
NUCLIDE 
-9M235 4 

130,7 1 
1001 4 
8(16 2 

83 

25055 1 
28304 7 

9 3, 

P 032475(2) 
P 032475(2) 
P032475(2)

WENSITY 
.0154E-t' 
.1I222•E-(•2 

.L39970E-02 

.33777E-02 

.73634E-03 

.72036E-Al 

.'*3777E-42

0-16 1276 218 SP 03047617) 
0-16 1276 219 SP 030476(7) 
0-16 1276 211 6P 030476(7) 
AL-27 1193 213 UP 040175(5' 
AL-27 1193 213 6P 040375(5) 
CR 1191 NT SS-304(1IEST) P-3 293K SPS#4(42375) 
NN-M 1197 SI6Pw54 NEMILACS 218NUF P-3 293t.  
FE 1192 WT 55-304(1/EST) P-3 213K 5P,5.4(12375) 
NI 1190 UT SS-304(IIEST) P-3 293K SP25.4(42:75) 
U-235 1261 SISP,5÷4 NENILACS H1ONWP P-3 293K(3)

AVERAGE 
K-EFFECTIVEi 

.i1973

67 PER CENT 
DEVIATION ESNFIDENCE INTERVAL l 

* OR - .00475 .81502 TO .12453 
FREQUENCY FOR 6ENERATIONS 4 TO 103

" PER CENT 
WNFHUENCE INTERVAL 

.11027 TO .329

" PER CENT NJPEF OF 
CONFIDEKCE INTEW.AL HISNI rlE7I 

.80551 TO .83404L 'O0il

.6AM1 TO 

.7159 TO 

.7389 TO 

.7620 TO 

.7851 To 
S .09: .To 

.8331 TO 

.3544 TO 

.3775 TO 

.9006 TO

.7159 

.789 

.7620 

.7351 

.3092 

. r. 1 1 

.8544 
S.6775 
* •9006

HO 09.%0

*oeuoe*ooee.

4#
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CROSS SEE
NUCLDI..E a 
NUCLIDE a 
NUCLIDE a 
NUCLIDE a 
NUCLIDE a 
NUCLIDE a 
NUCLIDE s 
NUCLIDE a 
NUCLIDE a 
NUCLIDE a 
NUCLIDE a 
NUCLIDE x 
NUCLIDE" 
IIENERATIONS 

SKIPPED 
3
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Model Z. Two Casks, Each Containing 3510 Grams U-215 0f Fully Enricnea 

Uranium In Plate Fuel In Ten Fuel Elements In A 304 Stainless Steel 

Basket, Are In An Array Separated By 21.875" Edge-To-Edge Containing A 

- Mist. There Is 12" Of Water Reflection Around The Array. The 
K-Effective Results Contain A Bias Of 0.."% In The 1 Sigma Value And 
2.3% In The Mean Value.  

1.0 ----------*----------
Document 22

0.8 -------
S a 
* a 
* I 
* a 
a a 
a a 
a S 
a a 
a a 
* S 
a a 
a a 
a a 
* a 
a a 
a a 
a a 
a a

S 
a 

a

II a I ; 
a a S

1 . E-6 1.E-5 1. E-4 
MIST DENSITY, GRAMS WATER

1. E-3 1. E-2 
VAPOR/CC AIR
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a

S

a 
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E 
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a

O0
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aa 

a a a
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TABLE 6.5.1-1 

Critical Experiments for 

Computational Tool Evaluation

Experiment Name 

A. TRX-1 a TRX-2 
Low-Enriched Uranium Rods 
in Water

B. ORNL 1-4 a ORNL 10 
Fully Enriched Uranium 
Spherical Solutions

References 

A.1. J. Hardy, Jr., D. Klein and 
J. J. Volpe; "A Study of Physics 
Parameters In Several Water
Moderated Lattices of Slightly 
Enriched and Natural Uranium", 
WAPD-TM-931; March, 1970.  

A.2. J. Hardy, Jr., D. Klein and 
J. J. Volpe; Nucl. Sci. Eng.  
40, 101 (1970). J. J. Volpe, 
T. Hardy, Jr., and D. Klein, 
Nucl. Sci. Eng. 40, 116 (1970).  

A.3. J. Hardy, Jr., D. Klein and 
R. Dannels; Nucl. Sci. Eng. 26, 
462 (1966).  

A.4. J. R. Brown et al., "Kinetics and 
Buckling Measurements In Lattices 
of Slightly Enriched U or U0 2 
Rods In H 0", WAPD-176 
(January, 2195b).  

A.5. R. Sher and S. Fiarman, "Studies 
of Thermal Reactor Benchmark 
Data Interpretation: Experi
mental Corrections", EPRI NP-209; 
October, 1976.  

B.1. R. Gwin and D. W. Magnuson, 
"Eta of U-233 and U-235 for 
Critical Experiments", Nuc. Sci.  
Eng. 12, 364 (1962).  

B.2. A. Staub at al., "Analysis of 
A Set of Critical Homogeneous 
U-H2 0 Spheres". Nuc. Sci. Eng.  
34, 263 (1968).
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TABLE 6.5.1-1 
(Continued)

Experiment Name 

C. PNL 1-5 
Plutonium Spherical Solutions

D. Babcock & Wilcox 
Small Lattice Facility 
Low-Enriched UO 2 Rods 
in Water 

MO2 Rods in Water

References 

C.1. R. C. Lloyd et al., "Criticality 
Studies With Plutonium Solutions", 
Nuc. Sci. Eng. 2.5, 165 (1966).  

C.2. L. E. Hansen and E. D. Clayton, 
"Theory-Experiment Tests Using 
ENDF/B Version II Cross-Section 
Data", Trans. Amer. Nuc. Soc.  
15, 309 (June, 1972).  

C.3. F. E. Kruesi et al., "Critical Mass 
Studies of Plutonium-Nitrate 
Solution", HW-24514 (1952).  

D.1. M. N. Baldwin et al., "Physics 
Verification Program - Part III", 
BAW-3647-6, Babcock a Wilcox, 
1970.  

D.2. G. T. Fairburn et al., "Pu Lattice 
Experiments In Uniform Test 
Lattice of UO -1 5% PuO Fuel", 
BAW-1357, Bat cock & Wilcgx; 
August, 1970.
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TYALE 6.5.2-1 ItM-I 
w1 111-I 763 U ETTL. RODS 1.2Ylm/0 WD 176 JAN. 198 

IPMIU4 7 10 4 LATTIMMLL 0 0 
1-235 10. 6.253-4 DID 
1-238 10. 8.047205 END 
&. 20. 0.06025 END 
t 30. 0.06676 END 
* 30. 0.033=3 D 
a 4 so"-5 DID 
N 0. 0.06676 DID 
3 50. O, END[ 
FE 61- MN 
AL 7 0. 0.06025 DI 
=UM•I6PITCH 1.306 0.913 1 3 1.1506 2 1.0064 4 WD 
WV Thx-1 763 U VAL ' ODS 1.2910/0 UD 176 JAM. 1959 
15.0 103 300 3 6 6033 2 0 
NX TYPE 1 
ZEMCTLWX 7 0.5733 0. -15.24 -0.5 
CUMID 5 0.903 -0. 0.732 -0.72 0. -15.24 -0.5 
1M31 500 0.903 -0. 072 -0,732 0. -76.20 -0.5 
130ID 6 0.903 -. 0.732 -. 4730 SW -76.20 -0.5 
IN TY 2 

IERICT-1 7 0.5733 0, -15.24 -0.5 
130ID 5 0. -. 903 0.712 -. 732 0. -15.24 -0.5 
10MID 500 0. 4.903 0,732 -. ,732 0. -76.20 -0.5 

301 60. .0.903 0.732 .,732 5.08 -76.20 -0.5 
I3X I•E 3 

IE•MMCT+X 7 0.5M3 20.32 -0. -0.5 
CRIB 5 0.903 0.0 0.732 -0.732 20.32-0. -0.5 

0ID 500 0.903-. 0-732 .- 4.M72 11.23 -0. -0.5 
130ID 6 0.903 .- 0.732 -0.732 31.28 -1,27 -0.5 

REHIL-X 7 0.5733 20.32 -0e -0.5 
=D1ID 5 0.0,903 0,732 4.,72 20,32 -4, -0.5 
M00ID 500 O. -0.903 04732 4.,72 81.23-0. -0.5 

a131 6 0. -. 903 04732 -0.712 31.23 -1.27 -0.5 
=m TM' 5 

MWTYPE 6 
gUIl 5 0 -0. .72 ,732 0. -7620 -0.5 
13i0 6 0.903 -0. I732 -. 732 5.0.3 - -0.5 

130ThD 5 0.903 4.0 ,732 -4.732 31,234 -0,.,5 
13013 6 0.903 40. 0.732 -0.732 31.,3 -1.27 -. ,5 

WAY NY 5 27.09 -27090 25.306 25306 1,915-31.915 -0.5 
M1I 5 57.090 -7.090 3.06 -m.e06 31.915 -41.915 -4.5

Rev. J, October 6, 1995
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TAE 6.5.2-1 11T-I (CONTINED) 
WT M-1 763 U IETAL ROSS 1.291M1/0 WP• 176 JAN. 195I 

5 1601 133122106 1601 1331111022 
125392 133222 102 17432 232 2221011 
214462 3312221011547 2 31 22221021 
114402 43022210212482 5292221011 
2 9512 62322210110522 62222102 
1 9532 727222102 7532 326222101 
2 6542 925222101 7552 925222102 
1 65621024222102 45621123222101 
2 357 2 1222222101 4582 1222222102
1 3592132122 
424382 1M321 
3 1344 2 232 2 1 
413472 43021 
313492 52921 
4 3522 72721 
3 3542 32621 
4 552102421 
3 5572112321 
4 2532132121 
3 2 2 16 13 2 1 

so an~

21 
11

02 1592 
0325392

1104 
1103 
1104 
1103 
1104 
1103 
1104 1103 

119

16 1132 2 2 10 1
I 
I 
I 
1 
I 
1

13321
14 46 2 3 31 2 1 
14 432 4 30 2 1 
9512 62321 
9532 72721 
6542 92521 
656 2 1024 21 
3 57 212 "" 2 1 
3 59 2 13 21 2 1

4382 13322210 
J3442 23222210 
23472 430222 10 
3492 52922210 
1522 2722210 
3542 32622210 
555 2 1024 22 2 1 0 
557 2 11 23 22 2 1 0 
25 2 1321 2 2 2 1 0 
2 60 2 16 132 2 2 1 0

1 0 4 17 43 2 
1 03 15 47 2 
10412482 
1 0 3 1052 2 
1 04 7532 
1 03 7Z52

1104 4562 
1103 4562 
1104 1592

23221110 
3312 1110 
52921110 
632112110 
32621110 
92521110

11 23 2 11 
12 22 2 11 
16 112 1 1

10 
10 
10
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TABLE 6.5.2-4 PIL-I I PIN-2 

WT PIL-I M 25 165 (1966) 
VRW•ilI4 1 5I IWHOWCDIlMI 10 
P11-23 I O1. 9,373-5 MDI 
Pf.-240 10. 4.501-6 9I 
I 10. 6,216-4 DII 
I 0. 0,03456. MO 
I 1 0. 0.053 DID 
inll&12 It"!40 Cn7C0 Ii5a1 8M 

WVT PHII hhE.25 165 11966) 
15. 103 300 3000 0 0 
WIPE• 1 19.509 -0.5 

UMD END 
WV P1N-2 WE Z 165 (1966) 
2730uP1I1F4 1 5 1 IWNODVMIIBI 10 
P11-239 10. 4,141-4 DD 

-11240 1 0. 1.9-5 0D0 
I 10. 4.720-3 00 
1 1 0. 0377 DID 
N 1 0. 0.05416 END 

SNsl2 1111.40 101.70 MalsI DID 
WV P1L-2 IE 2 165 (1966) 
15. 103 300 300 0 0 0 
hERE 1 19.50? -0.5 
EN D•DETRY 

DKENO•
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TA3LE 6.5.2-5 INM U02 a M2 EXPEINS

KU UD2 IV CELL WCALE MMC EDW-IV LATTICE ULF3L 
273WJ14 3 73 LATTECELL 00 
I I L. 4.47275-2 DID 
U-235 1 6. 5.5702384 EDM 
U-233 1 0. 2.1061-2 ED 
A. 2 0. 6.051461-2 E0 
N 3 0. 6.-48320--2 DID 
t-10 3 0. 2.2430005 UM 
a 3 0. 1.334160-2 DM 
SUMREPTCH 1.625 1*0434 1 3 1.2060 2 ED 
MV 1102 W CELL WCALE MM EDWI-IV LATTCE SM9IJ 
15. 103 300 3 4@1 1 
MI1 
MYIJIIE 2 .1711 .3128 -.3123 -#5 

CYLINDE 2 .603 .31123 -,1128 -#5 
MIOD 3 .3123 -.313 .*$In -.313 .U812 -.312B -.5 

DID Wniy 
DID goo

MM MM CERMIM~f WALL =MOE LATTICEELL ISHU IJIN 
27UMUPW4 3 12 3 LAMTCECELL 0 0 
0 1 0. C.358350-2 ED 
V-=3 1 0. 14543510-4 EDI 
u-rn I 0. 2.131191-2 ED 
P1-239 1 0. 2.46750-4 ED 
M1-240 1 0. L.295900-5 BeD 
P11-241 1 6. 5.271000-6 EDM 
N1-202 I I. 5.320007 ED 
WI241 1 0. 1.6160006 ED 

ZIRCALL 2 2.019225 ED 
N 3 0- 6.61132-2 ED 
9-10 3 0. 2.46000-5 ED 
* 3 0L 3.3354102 ED 
URWAPIIC 13973 1.2751 1 3 1,4275 2 EDO 
KM MMO WERMII MCE NOMD LATTICE MUMSU 
10. 103 300 1 431 1 

CYLnDE I *AM'5 #M439 -.4369-.  
CYLNDE 2 .713M .94369 -. "946 5 
MINDT 3 .9439 -.9436 694U9 -.9469 .9439 -l94169 -.5 
ED KMM 
go U

Rev. J, October 6, 1995
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TABLE 6.5.3-1 

K-Effective Results 

Computational Tool Evaluation

Name of 
Critical 
Experiment 

ORNL-1 
ORNL-2 

TRX-1 
TRX-2 

PNL-1 
PNL-2 

B-W 
B&W

Feature 

Fully Enriched 
U-235 Nitrate 

Low Enriched 
U-235 Rods 

Plutonium 
Nitrate (5Pu240) 

U0 2 Rod 
M02 Rod

SCALE Results 
No. or 
Neutron 

K-eff ± 2 Sigma Histories

1.0021 ± 0.0060 
0.9977 ± 0.0068 

0.9773 ± 0.0060 
0.9820 ± 0.0060 

1.0157 ± 0.0108 
1.0105 ± 0.0114 

0.9920"± 0.0046 
0.9972"± 0.0054

30,000 
30,000 

30,000 
30,000 

30.000 
30,000 

30,000 
30,000

Ok-infinity values
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GENERAL Q ELECTRIC 

Wa. ENERGY UJSiNESS OPERATIONS 
GENERAL ELECTIJC COWAANY 0 vALLECITOS NUMEAR CENT PL••NEASAtJTON, CALIFOfNLA 94566 

August 7, 1985 

Mr. C. E. MacDonald, Chief 
Transportation Certification Branch 
Office of Nuclear Material Safety a Safeguards 
U.S. Nuclear Regulatory Commission 
Washington, D.C. 20555 

Reference: Certificate of Compliance No. 5942 
Docket No. 71-5942 

Dear Mr. MacDonald: 

Certificate of Compliance No. 5942 presently authorizes the shipment of 3,510 
grams of U-235 in the form of MTR-type fuel elements In the Model 700 

shipping container (Item 5. (b)2.(viii) of the Certificate). A stainless steel 

fuel shipping basket (GE Drawing No. 106D4150) is used.  

General Electric hereby requests that the 3.510-gram U-235 limit be increased 

to 7,020 grams. The new configuration involves the use of the Model 700 

cavity extension and two stainless steel baskets stacked one on top of the 

other. The new basket design is shown on GE Drawing No. 106D4150 

enclosed. The design is exactly the same as the present basket except for 

its shortened length.  

A criticality analysis for the requested fuel loading is attached. The format 

follows that of Regulatory Guide 7.9.  

No change is requested in the maximum permitted heat loading. As the 

elements essentially fill the fuel spaces in the basket, there is no way for an 

element to slip from a space in the upper basket into the lower one, creating 

a "hot spot". The real effect of the requested loading is to increase the 

length of the allowed fuel elements.  

A check for $150.00 is enclosed.  

Sincerely, 

0. E. Cunninghba,, 

Senior Licensing Enr.omer 

It's 

En..losures
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CRITICALITY EVALUATION 

A criticality evaluation of the General Electric 700 cask is given below. This 

cask has a cavity that is 15 inches In diameter by 54.75 inches long for 

holding material, including special nuclear material. The cask is of 

steel-encased, lead-shielded construction.  

6.1 Conclusions 

Compliance with 10CFR71.61 for Fissile Class III shipments is 

demonstrated below for one loading. This loading involves 20 MTR-type 

fuel elements in which 10 elements are inserted In each of two stainless 

steel baskets in a cask. The basket provides a fixed neutron poison 

for each fuel element. Each fuel element has 18 plates containing 19.5 

grams U-235 of fully enriched uranium per plate. Each fuel element 

also contains two aluminum support plates. This gives 351 grams U-235 

per fuel element and 7.020 grams U-235 per cask.  

The contents of the cask during shipment are dry. After the accident 

described in 10CFR71.73, the contents of the cask are assumed to be 

wet. Also, for loading and unloading activities for which hot cells are 

not available, the loading and unloading may be accomplished under 

water. After an underwatet loading is completed, for example, the lid 

is placed on the cask and the cask is removed from the water; then the 

water is drained from the cask.  

In the discus4lon below, details of the package fuel loading are 

presented first. Then a description of the models used to calculate the 

k-effective values for the fuel loading Is presented. This is followed 

by the criticality calculation discussion for each of the models. Finally, 

the criticality benchmark experiments section is presented.
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6.2 Package Fuel Loading 

The type, form, and maximum quantity of special nuclear material per 

package are: 7,020 grams U-235 provided the fuel is in the form of 

MTR-type fuel elements with each element containing no more than 351 

grams U-235 and inserted in a spaced stainless steel fuel shipping 

basket described In GE Drawing No. 106D4150, Rev. 1. A shoring 

device to limit vertical motion of the fuel elements will be included.  

The loading above qualifies as Fissile Class III under provisions of 

IOCFR71.61, and the maximum number of packages per shipment is one 

(1).  

6.3 Model Specification 

The model for normal conditions is two casks side-by-side and touching.  

A cask outside diameter of 36.875 inches is used in this evaluation.  

This diameter provides the minimum spacing between the fuel baskets in 

each cask. When the overpacks are installed on each of the casks, 

separation distance between the baskets is larger; so use of the 

36.875-inch cask OD is conservative. Each cask contains two stainless 

steel fuel baskets, and each fuel basket contains 10 plate-type fuel 

elements. The available apace inside the cask is filled with a water 

mist having a density of 8.8 E-5 grams H2 0/cc, representing a humid 

condition of saturated air at about 120OF and at atmospheric pressure.  

The 8.8 E-5 density is then changed to 0.1 and 1.0 grams H2 0/cc, and 

the k-effective values are calculated for each of these densities. This 

two-cask array is reflected on all sides by 12 inches of water.  

The model for one cask under accident conditions Involves twenty fuel 

elements loaded in two baskets in a cask that is fully flooded with water 

and reflected on all sides by 12 inches of water.
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It is not clear whether two stainless steel baskets loaded with 20 

plate-type fuel elements are more reactive outside of a cask or inside of 

a cask for the mist densities considered in this evaluation. Therefore, 

two models are prepared. Model A is prepared for two baskets loaded 

with 10 fuel elements in each basket where the baskets are located 

outside of a cask. Model B is prepared for two baskets containing 10 

fuel elements each where' the two baskets are located inside of a cask.  

Furthermore, Model A at a mist density of 6.8 E-5 grams H2 0/cc 

represents conditions such as loading of fuel elements into fuel baskets 

in a hot cell, where the baskets .are not in a cask; Model B at this 

density represents a normal condition. Model A at a mist density of 1.0 

graams H2 0/cc (full density water) represents the underwater loading of 

baskets with fuel where the baskets are outside of the cask; Model B at 

this density represents underwater loading of baskets with fuel where 

the baskets are inside the cask, and it represents the accident 

condition for this cask. More details of these models are given below.  

6.3.1 Description of Calculatlonal Models 

In the discussion below, Model A is presented first followed by 

Model B. In each of the model presentations, the fuel modeling is 

presented first followed by the basket and/or cask modeling. Each of 

these models is prepared as input to the SCALE System using the 

27GROUPNDF4 cross-section set and the KENO-IV criticality code to 

perform the k-effective calculations.  

In Model A, each fuel plate in a fuel element and each fuel element in 

a basket is described in three dimensions discretely. Each fuel 

element contains 20 plates: 18 fuel plates are in the middle of the 

fuel element, and 2 aluminum plates are at the top and bottom of each 

fuel element. respectively. Each fuel plate contains fuel meat that is 

2.25 inches wide, 0.0228 inches thick, and 22.75 inches long. Each 

fuel plate contains 19.5 graims U-235 in this fuel mat space. The 

fuel meat Is clad with 0.0136 inches of aluminum such that the fuel 

plate thickness becomes 0.05 inches.
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Each fuel plate in the fuel element is separated by a gap of 0.096 

inches except in the outer three layers of the fuel element where 

these gap thicknesses are 0.108 inches, 0.118 inches. and 0.100 

inches, respectively. See FIgure 6.3.1-1. The numerical results of 

this modeling may be seen in Table 6.3.1-1 under Box Type 1 or Box 

Type 2.  

The basket is modeled as a 304 stainless steel structure that has walls 

that are 0.25 inches thick and contain 10 holes that measure 3.18 

inches square by 22.75 inches long. There are three holes in the 

upper and lower rows and four holes in the middle row sufficient to 

hold 10 fuel elements. See Figure 6.3.1-2. The numerical results of 

this modeling may be seen in Table 6.3.1-1.  

The basket model shown in the bottom half of Figure 6.3.1-2 will not 

fit inside of a GE 700 series cask. Therefore, another technique is 

used to model a basket in the 700 series cask. This technique uses 

the fuel homogenization feature with the XSDRNPM code on the SCALE 

System. The cross-sections from XSDRNPM are captured on Tape 3 

of the SCALE System. Then triey are fed back into the SCALE 

System on Tape 4, and the generalized geometry .option of the 

KENO-IV code that is available on the SCALE System is used to model 

the stainless steel basket. This basket then becomes one box type in 

a KENO-IV m6del and is combined with other box types to construct a 

model for the fuel inside two baskets that are inside a GE 700 series 

lead cask. This technique constitutes Model B for this evaluation and 

is described in more detail below.  

Fuel homogenization Is accomplished by two actions: the use of the 

SYMMSLABCELL card coupled with the use of material 500 to describe 

the fuel. See Table 6.3.1-2. The description of the fuel materials 

for the discrete fuel in Table 6.3.1-1 and for the homogenized fuel in 

Table 6.3.1-2 between the two title cards in each of these tables Is 

identical, except for the addition of material number i, Lead, in 

Table 6.3.1-2. Furthermore, the geometrical description occurring in 

the boxes for Box Types 3-13 in each of the tables also is identical.
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For Box Type 1, however, all of the cards used to describe the fuel 

discretely in Table 6.3.1-1 are replaced by one card in Table 

6.3.1-2, and the material number for this card is 500. The same 

thing occurs for Box Type 2 in the two tables. When the SCALE 

System encounters this Input, the XSDRNPM code is then used to flux 

and volume weight the cross-sections for the 0.0228-Inch thick fuel 

meat, the 0.0136-inch aluminum clad, and the 0.096-inch thick water 

between the plates, as specified on the SYMMSLABCELL card, into a 

homogeneous fuel material represented by material 500. The 

cross-sections for all of the materials modeled in Table 6.3.1-2 

including the homogenized fuel material may be captured on magnetic 

tape (Tape No. 3 in the SCALE System) and used later in other 

calculations. Two issues about this fuel homogenization of concern in 

this evaluation are discussed below.  

A water gap of 0.096 inches is used everywhere in the homogenized 

fuel model, whereas the water gap is 0.108 inches, 0.118 inches, and 

0.100 inches in the outermost water gaps in the discrete fuel model.  

Since the fuel element is under-moderated, the reactivity of the 

homogenized fuel model may be a little bit lower than the reactivity of 

the discrete fuel model. However, in the homogenization process, 

leakage of neutrons from the ends of the fuel element is not 

accounted for due to the options used in the XSDRNPM calculation In 

this evaluation. This effect would cause the homogenized fuel model 

to be a little bit more reactive than the discrete fuel model. A 

comparison of the k-effective results from each of these fuel models is 

given later.  

The generalized geometry option in the KENO-IV code on the SCALE 

System was used to construct a model of the stainless steel basket 

containing 10 homogenized fuel elements In a GE 700 lead cask. The 

listing of the generalized geometry input may be seen In Table 

6.3.1-3. This geometry was checked with the Picture Code*. A plan 

*Irving, D. C. and Morrison. G. W., "PICTURE: An Aid In De-Bugging 
Geom Input Data". ORNL-TM-2892; May 14, 1970.
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view of a cask containing a basket and 10 fuel elements that 

represents the results from the generalized geometry description and 

the Picture Code may be seen In FIgures 6.3.1-3A and -3B. Model B 

prepared as input to the KENO-IV code using the generalized 

geometry modeling may be seen in Table 6.3.1-4 for two casks 

touching and in Table 6.3.1-5 for one cask.  

6.3.2 Package Regional Densities 

The number densities for the materials used in Models A and B may 

be seen in Tables 6.3.1-1, -2, -4. -5, and 6.4-1 through 6.4-8. The 

number density used for the fuel meat was 0.00261362 atoms/barn-cm 

for U-235. A molecular weight of 235.043933 gram/gram-mole and an 

Avogadro's number of 6.025 E23 gram-atom/gram-mole were used in 

calculating this number density. Other materials in the fuel meat 

such as U-238, oxygen, silicone, etc., were not modeled. The 

number densities for the materials specified in Tables 6.3.1-1, -2, -4.  

and -5 that are provided by the SCALE System for the 27GROUPNDF4 

cross-section set are shown in Tables 6.4-1 through 6.4-B.  

6.4 Criticality Calculations 

The results of eight k-effective calculations are presented in this 

section. The SCALE* System that is running on the Control Data 

Corporation 7600 Computer at General Electric's Nuclear Energy 

Business Operations was used for the k-effective calculations. The 

27GROUPNDF4 cross-section met and the KENO-IV criticality Code in the 

SCALE System were used. The results of these calculations may be 

seen in Tables 6.4-1 through 6.4-B and in Pigure 6.4-1. These results 

are discussed below.  

*Bucholz. J. A., *SCALE" A Modeular Code System for Performing 
Standardized Computer Analyses for Licensing Evaluation", NUREGICR-0200, 

ORNL/NUREG/CSD/2, Volume 1, Oak Ridge National Laboratory; July, 1980.
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In Table 6.4-1. a k-effective result is given for Model A in which two 

baskets, each loaded with 10 plate-type fuel elements. are touching 

outside of a cask and the mist density is 8.8 E-5 grams H 2 0/cc. This 

condition represents loading of the two baskets in a hot cell. The mist 

Is in the available spaces inside the holes in the baskets (including 

between the fuel plates). The fuel plates are described discretely.  

Twelve-inch thick water reflector is used on all six sides around the 

baskets in this model. The peak k-effective is seen to be less than 

0.32 for the result in Table 6.4-1. This peak k-effective contains a 

bias of 2.3 percent on the mean value. 0.3 percent on the one sigma 

value, and represents the peak k-effective at 2 sigma, rounded up.  

The bias Is discussed in Section 6.5. 24,900 neutron histories were 

run to obtain this k-effective result. This bias is also applied to all 

other peak k-effective results described below.  

In Tables 6.4-2 and 6.4-3, the results for two Model A k-effective 

calculations are given for a mist density of 1.0 grams H2 0/cc, or full 

water flooding. These models represent conditions for loading of two 

baskets under water. The results in Table 6.4-2 are for two baskets, 

each loaded with 10 plate-type fuel elements that are next to each other 

and touching. The results in Table 6.4-3 are for two baskets, each 

loaded with 10 plate-type fuel elements that are stacked one on top of 

the other. The fuel plates in each calculation are modeled discretely.  

A 12-inch thick- water reflector is used on all six sides around these 

models. The k-effective results show the peak k-effective to be less 

than 0.96 for the model in Table 6.4-2 and to be less than 0.88 for the 

model in Table 6.4-3.  

In Figure 6.4-1, k-effective values are plotted as a function of mist 

density for two GE 700 casks that are side by side and touching. Each 

cask contains two stainless steel baskets, and each basket is loaded 

with 10 fuel elements. The baskets are stacked one on top of the 

other. The homogenized fuel model is used to represent each fuel 

element, and a separate homogenization calculation was made for each 

mist density. The generalized geometry model was used to represent 

the fuel baskets. Underneath the bottom basket of fuel is lead that is
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10.9375 inches thick, the same thickness as the lead on the side walls 

of the cask. Lead replaces structural steel in Model B. The vertical 

space above the fuel and upper basket in a cask is filled with mist until 

the 54.75-inch height is reached; the space above this height is filled 

with 10.9375 inches of lead. Full density water is used between the 

casks, and a 12-inch thick water reflector is used on all six sides for 

the model in Figure 6.4-1. Only one cask is used for a mist density of 

1.0 grams H2 0/cc, representing the accident condition and an 

underwater loading condition. The peak k-effective is seen to be less 

than 0.93 for the fully water-flooded condition. Peak k-effectives are 

seen to be as low as 0.11 for the 8.8 E-5 grams H20/cc density and 

0.38 for the 0.1 grams H2 0/cc density. K-effective calculations for 

mist densities between 8.8 E-5 grams H20/cc and 0.1 grams H2 0/cc 

were not run for the in-cask models because no significant peaking was 

found for similar models out of the cask and because the k-effective 

values are very low.  

30.000 neutron histories were run to obtain the 0.93 k-effective result.  

However, both the mist density calculations were stopped by the 

15-minute time limit, and the smallest number of histories run was 

16,200 for the 8.8 E-5 grams H 2 0/cc mist density. More detailed 

numerical results of these calculations may be seen in Tables 6.4-5 

through 6.4-7.  

It is not clear whether Model B is more reactive when the two baskets 

are sitting right on top of one another in a cask, or whether they are 

more reactive when they are separated by some amount of water, like 1 

inch of water or 2 inches of water. Two calculations were run for 

these two models, one with 1-inch water separation and one with 2-inch 

water separation, but for only 8,100 neutron histories. One basket 

stacked immediately on top of the other basket with no separation was 

found to be the most reactive. However. it Is not clear what the 

k-effective result would be if one basket contaftzing 10 fuel elements 

were pushed against -the lead at the top of the cask while the other 

basket containing 10 fhiel elements were next to the lead at the bottom 

of the cask. This point is considered next.
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In Table 6.4-8, k-effective results are given for Model B in which one 

basket containing 10 plate-type fuel elements is next to the lead at the 

top of the cask, and the other basket containing 10 plate-type fuel 

elements is next to the lead at the bottom of the cask. Full water 

flooding is present throughout the cask, and a 12-inch thick water 

reflector is used all around the cask. The results in Table 6.4-8 are 

seen to give a peak k-effective less than 0.88, compared to the 

k-effective result of 0.93 when the baskets are stacked on top of one 

another in Table 6.4-7. The 0.88 k-effective result is also plotted in 

Figure 6.4-1 for the mist density of 1.0 grams H2 O/cc.  

K-effective results in Tables 6.4-3 and 6.4-4 may be used to compare 

Models A and B, respectively. In Model A (Table 6.4-3), two baskets 

each containing 10 plate-type fuel elements are stacked vertically 

outside a cask and the fuel elements are described discretely; in 

Model B (Table 6.4-4), two baskets each containing 10 plate-type fuel 

elements are stacked vertically inside a cask, but all of the lead is 

replaced by water. The results for Models A and B show the peak 

k-effective to be about 0.88 and to be nearly identical for both models.  

6.5.1 Benchmark Experiments and Applicability 

Uranium with enrichments varying from 1.3 w/o to fully enriched and 

plutonium are the fissile materials that are considered in the 

validation of SCALE for this evaluation. The forms include fully 

enriched homogeneous uranium-water mixtures, low-enriched 

heterogeneous uranium dioxide-water mixtures, and homogeneous 

plutonium-water mixtures.  

In Table 6.5.1-1 below, critical experiments suitable for validation are 

identified.
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6.5.2 Details of the Benchmark Calculations 

Models of TRX-I and TRX-2 prepared as input to the SCALE system 

are shown in Tables 6.5.2-1 and 6.5.2-2, respectively. Models of 

ORNL-1 and ORNL-2 are shown in Table 6.5.2-3. Models of PNL-1 

and PNL-2 are shown in Table 6.5.2-4. Models of the BaW UO2 rod 

and MO2 rod are shown in Table 6.5.2-5.  

6.5.3 K-Effective Results of the Benchmark Calculations 

K-effective results are presented for the ORNL, PNL, TRX, and B&W 

critical experiments in Table 6.5.3-1.  

It is concluded that use of the SCALE System using the 

27GROUPNDF4 cross-section set requires a negative 0.3 percent bias 

on the one sigma deviation for fully enriched uranium solutions and 

no bias for plutonium solutions; a negative bias of 2.3 percent on the 

mean value and 0.3 percent on the one sigma deviation for the 

multiplication factor must be applied for low-enriched, clumped 

uranium rods in water.  

A bias of 2.3 percent on the mean value and 0.3 percent on the one 

sigma deviation is applied to the k-effective results in Figure 6.4-1 

in this evaluation.
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FIGURE 6.3.1-1 

FUEL ELEMENT SCHEM4ATIC
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FIGURE 6.3.1-2 

FUEL BASKET SCHEMATIC 
FOR BASKET OUTSIDE OF CASK MODELS

Document 22

Rev. J, October 6, 1995



6.261

Document 22 

FISURE 6.3.1-3A 
FLAX VIEN V CASK 

PICTURE W IENEALIZO 6EDIETRY FOR KENNY 
FaFeal NOW SeStaialtss Real LwLasd Islater 

WMWnVVWVVVNKWWnWWVWWWWWNUMMLLLLLLI I I I I I I I ULLU.LLMMVVVVMVMVWVWWWWVKnVggmvwwwkiý 
MUNVKVNNVVWVVVNWVNVNUMVNNNIPLLLLLLLLLLLLLLULLLLLLI I I I I I I I Ll I I I I I I I 
IWVVVVWVWWWNWWWWVWUMV' I I I I I I I I I LLLLLLLLLLI I I I I I I t tf LLLLLLLLLLLLLLLLLLLLvmnuwwklfvwgmvwvvwk WIN 

MUNINNIVINNOMMULLMLLMLL1111.1 I I I I I I I I I I I I I I I I I I I I I I I I t t I LLLLLLLLLLLLLLLLLMVVNVwnvwggvwwgm 

NIVidw9kbwNwvwvvLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLL't'I l"I'll it[ I 11LUALL11LOWN191990119MAL 
lovivvvvvwwvLLLLLLLLLLLLLIIIIIIIIIIIIIIIIIILLLLLLU.LLI'llifill""Ittttti'LlitillilI 91MOVIVINd 
NWVWNUVirdLI'litittlitili'LLLLUI""ILLLLLLLLLLULLI'llifiILLLLLLUI-illitilitttt wwrlxffirýi 
WUNNVVVN' I I I I I I I I I I I I I I I LLLLLLULLLLLLLLLLLLLLLLI I I I I I I I I I I I I I I LULLLLLLLLLLLLLLLLU.LLLLLLWVVNKmwk 
MNWNV!ULU.LLLLLLULLLLLLLLU.LL, I I I I I I I I I I I I I LLI I I I I I I I I t I I t I t= I I I I I I I I I I I I I I LLLLLLLLLLLLVKVN$ki 
INOWN LLLLLLLLI I I I I I I I I I I I LLLLLLLLLLLLLLI I I I I I LLLLLLU.LLI I I I I I I I I I I t I t I I I I I I t I I I I I I I LLU.LLLLLWNWWL 

MN= LLLLLI I I I I I I I LLLLLLU.LLLLLLLLLLLLLLLLLfMoMM4LLLLLLLLI LLL 1 1!11111 fill I I 1LLLLLLLLkbVý 

VWLLLLLLLLLLU.UUI I I I I I I I I I I I U.I.I.LLUNKMAMMMMMMMMORMLI.LL' I I LLLLLLLLLLLLLLLLLLLLLLLLOW 
W.LLLLLL, I I I I I I t I t UU.LLLLU.LLLLUNSSSSSSSSSSSssse.ssssssssssssmLLUALLLLLLLLLI I I I I I I I LLLLLLLLLYN 

I= LLLLL N9FFFFFFMMFFF"N5RFFFFFFRWM' 111111111 It littli 111111111 LULLN 
MUl I I I I I I I I I I I I tILU.U.UIU.LLNMRMRFFFFFFLgFFFMASWITFTFRM IU I I I I -I It I I : I I I I I I I I I I I L I L LLLL-V 

I I I I I I I I I I LLUI I I I I I I I I I t I I RFMORNMRSHMILVARKSMMMM. MMMLU I t I I I I I t I I I I I [ I I I I I I I I t t I t t 

LU.LLLLLLLLLLLLL.UILLLU.LLUIXSNFFFF"93,iCFFFFFVMRFFFFFMRF"TFFNSRUILLU= LLI-t- 111 1111111 t I L 
LLLLLLL U.LLLLU III I if I fill I I NSWrMNSNFFFFFFNW.FFFMNSntt-tttpNSLULLLLLLLLLLLLLLUAILLLLLLLLL 
11111111 LLLl I I I 1111 it" ttLLLLLRSW""FWSRFFFFffflflPWFttrtt SRFFFFFFfiS'LMU 111111111 llLLLjJ=LLLLL 

KI.LLLLLLLI I I I I I I RFMFFFFFMMFMFFRSMF F F F F F FMLLLLLLLLLLLI- 11 f 111111111 t LLLLLV 

Mll I "Ll 1111 LIM11111111111 lllJMMMFM"RSMFFFFRSffFFFFF LLULLLLLLLLLLV 
WLLLl I I I I I UAILLLLLLLLUULLU.LLUWMvFFFFFRSIFF IMWFFFtttriMLUAILLUUULLLLLLLLLLLLLLLUUNk 
ULI 111111111 L11Ll I I I I I I I I I I I I I I I I I I I I I I I 1U.U.LlJJAJ.LLJAULLLVN 
W1.111 LLLl I 11111111 L tttLLLU.LLLLULLLLL.".4KRRRRflRMýHMM 
VMVLL111 III I I Itilittl Jill 111ttl LLLLLLLLU.LLLLLLULLLjLUjU.UjLLl 1111111 1111tilliff Jill "t-tLLVVWIV 

MNVV-.LLI I I I I I I I I I I I L' L I LLLLLLLLLLLLLLLLLI I I I I I I I I I I I I I I I I I LLLLLl I I I I I I I I I LL Ll LLLLLLLLLLLLLLL1rdVdV,, 

WMVNUNLLLLLLLLI I I I I I H I I III I I I I I It 111.1.1.111 It I I uU.LLLLLLLI I I I I It I I It I n I LLLLUI I I I I I It I Itt Valik 

WumnvVNNLLLLLULULLLLLLLI I I I I ILLLLLLLLLULLLLLUI I I I I I I I I I I I LU I I I I I I I I I I I I I LLMLLLULLVINNINIMMM 
WVInMNVNWMI I I I I I LLLLLULLLLLLLLLLLLLLLLLLLLLLt I I I t I I I I I I I I L I I I I I I I I I I t I t LLUIlAuggluvann I 
MNIVNVVNVNNMJ.ULU.LL= l 1411 ILUALLUA.I.LLI.I.I.I.L1.1.111111 L'Itlill I I I wl I "I'll 11 L11 WVVVjVkjMj 

I I I I I I I I I I I tUlILLLLLLLLLLLLLLLLLLLLLLLLLI I I I I I I I I I I I I I MVWVVNNVVNNVNUEvk 

MumvwwgwvvvkwvvwvmvLuILLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLUILLLLLLLLMNVMNNMNNNMVVNW 
WN111KNOWWWOVIVINVINVURIVIUMLLI I I I I I I I I I I I I I I I I I I I I I I I I I I LLLLLLLkvwvwgvwmwwiwgvvoblvmgmmvý 
MMINVINNUMMUNVIVIAMNSWUNIM10111 I I I I I ULUILLUNNNWVNWWNNMVWVWWWNVwwvvvmvvwvk

Rev. J, October 6, 1995



( I. (

at 09 Wo-~.  

3GA.M gigG ~0 

man~ le 

092 

r 

wo~ Eu~G 

ai 
i-.  CGo 

I-aa ann 
F0 

No v In Fn Gn 'M : 
91F :01 

a -Ar:
W.  

w'



6.263

:EFF B01L FUEL SHIPPING ARRAY FWR 2 BASKETS 21.875" SEP'N MIST-.B-e! eMs H 

"76ROUPNDF4 7 7 3 LATTICECELL 0 0 
-=Z 1 O 2.61=623 END Document 22 

-2 1. END 
"30 S. 8-5 END 

4L 4 1. END 
-120 5 1. END 
35304 6 1. END 
i20 7 0.8-5 END 
3YmMSLASCELL 0.37084 0.057912 1 3 0.127 2 END 

"-EFF DNL FUEL SHIPPING ARRAY FWR 2 BASK:ETS 21.875" SEP'N IIIST-B.-5 GMS H=Q.  

15.0 103 300 3 16 21 5 1 0
Box TYPE 
,UBOID 3 
:UBCID 2 
:usOID 1 
:UBDOID 2 
:UBOID 3 
:UBDID 2 
:UBOID 1 
CUPCID 2 
:USOir 3 
CUBOID 2 
C'UOID 1 
CUBDID 2 
CUPOID 3 
CUBDID 2 
rU21ID 1 

"•01D 2 
• 3- 1 D 3 
6D90ID 2 
COPOID 1 
CUBOID 2 
:UEOID 3 
CUEDID 2 
:UpolID I 
CUBDID 2 
-UBOID 3 
CUBOID 2 
-BDID 1 
CUBOID 2 
:UBDID 3 
:UBDID 2 
:UBOID 1 
CUBDID 2 
ZUBOID 3 
CUBOID 2 
CUROID 1 
CU.BOID 2 
CUBOID 3 
CUBDOID 2 
CUBOID 
CUBOID

7 
8

1 
0.  
0.  
0.  
0.  
0.  
0.  
0.  
0.  
0.  
0.  
0.  
0.  
0.  
0.  
0.  
0.  
0.  
0.  
0.  
0.  
0.  
0.  
0.  
0.  
0.  
0.  
0.  
0.  
0.  
0.  
0.  
0.  
0.  
0.  
0.  
0.  
0.  
0.

-2.857500 .121920 -. 121920 29.892500 -28092500 -0.5 

-2.B57500 .156464 -. 156464 25.892500 -28.1392500 -0.t 

-2.857500 .214376 -. 214376 29. 92500 -2%.8J2500 -0.! 

-2. 8•7500 .246920 -. 248920 2B89s2500 -289892500 -0.t 

-2. 857500 .492760 -. 492760 289.892500 -28.892500 -0.5 

-2.857500 .527304 -. 527304 28.892500 -28.892500 -0.5 

-2.857500 .585216 -. 585216 2B.e92500 -28.892500 -0.5 

-2.857500 .619760 -. 619760 29.892500 -28.892500 -0.5 

-2. 057500 .86Z600 -. 863600 28.892500 -28.M92500 -0.5 

-2.857500 .898144 -. 898144 28.892500 -28.892500 -0.5 

-2.8957500 .956056 -. 956056 28.892500 -28.892500 -0.5 

-2.80,700 .990600 -. 990600 28.892500 -25.892500 -0.5 

-2.857500 1.234440 -1.234440 28.892500 -298.92500 -0.5 

-2. 857500 1.268984 -1.268984 28,892500 -289.92500 -0.5 

-2.857500 1.326896 -1.326996 29.992500 -29.892500 -0.5 

-2.857500 1.361440 -1.361440 28.892500 -28.892500 -0.5 

-2.857500 1.605280 -1.605280 29.892500 -28.992500 -O.! 

-2. 857500 1.639824 -1.639824 29.892500 -2B.8925C0 -0.5 

-2.85750C 1.697736 -1.697736 28.892500 -28.892500 -0.5 

-2.857500 1.732280 -1.73=280 28.292500 -28.992500 -0.5 

-2.857500 1.976120 -1.976120 28.892500 -2E.992500-0.5 

-2.857500 2.010664 -2.010664 28.892500 -28.892500 -0.S 

-2.857500 2.069576 -2.068578 28.892500 -28.892500 -0.5 

-2.8Z7500 2.10120 -2.103120 28.992500 -28.892500 -0.5 

-2.857500 2.346960 -2.346960 28.892500 -29.092500 -0.5 

-2.857500 *2.381504 -2.381504 28.892500 -28.892500 -0.5 

-2.857500 2.439416 -2.439416 28.892500 -28.892500 -0.5 

-2.957500 2.473960 -2.473960 28.892500 -29.892500 -0.E 

-2.857500 2.748280 -2.748280 21.892500 -28.892500 -0.5 

-2.890#7500 2.782924 -2.782924 28.892500 -28.992500 -0.5 

-2.857500 2.840736 -2.940738 20.892500 -29.992500 -0.5 

-2.85"7500 2.875280 -2.875280 28.899500 -28.992500 -0.5 

-2.857500 3.175000 -3.175000 28.892500 -28.892500 -0.5 

-2.857500 3.209544 -3.209544 29.892500 -29.892500 -0.5 

-2.857500 3.267456 -3.267456,268.92500 -28.992500 -0.5 

-2.857500 3.302000 -3.302000 29.892500 -20.892500 -0.5 

-2. 857500 3.556000 -3.556000 28.992500 -28.892500 -0.5 

-2.857500 3.683000 -3.683000 28.892500 -28.897500 -0.5 

0.000 -4.039 4.039 -4.039 28.39925 -29.8925 -0.5 

0.000 -4.356 4.356 -4.356 28.0425 -28.8925 -0.5
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ECY TYPE 
CIJODID 3 
CUECV 1%2 

CUPOID 1 
'- "UBOID 2 

•JUDID 3 
CU8OID 2 
CUBOID 1 
CUBOID 2 
CUBDID 3 
CUIJOID 2 
CUBDID I 

CUBOID 2 
CU•OID 3 CLPOID• 2 

CUEOID 1 
CUBOID 2 
CUPOID 3.  
CU.•OID 2 
CUBDDD 1 
CUBDID 2 
CUBOID 3 
CUJO ID 2 
CUIOID 1 
CUBOID 2 
CUBDID 3 

CUBOID 2 
CUBIOID 1 
CUBOID 2 
"UBOID 3 
;., UBDID 2 
CUBDID 1 
CUBOID 2 
CUBO!D 3 
CUED D 2 
CUDDID 1 
CUE•CID 2 
CUBOID 3 
CUDD ID 2 
CUDOID 7 
CU.OID 6 
BOX TYPE 
CUBOID 7 
CUBOID 6 
BOX TYPE 
CtJDDID 7 
CUM0ID 6 
BOX TYPE 
CUBOID 7 
CUDOID & 
BOX TYPE 
CUBOID 7 
CU.D019 6

1 6.264 " (CNT1':'• 
Document 22 

2.857500 -0. .121920 -. 121920 28.892500 -25.892500 -0.Z 
2.857500 -0. .156464 -. 156464 28.892500 -25.892500 -0.5 

2.857500 -0. .214376 -. 214376 28.892500 -2e.892500 -0.5 

2.957500 -0. .248920 -. 248920 28.892500 -28.892500 -0.5 

2.857500 -0. .492760 -. 492760 28.892500 -28.89250^ -0.5 

2.857500 -0. .527304 -. 527304 28.892500 -28.892=00 -O.E 
2.857500 -0. .585216 -. 585216 28.892500 -28.89250C -0.5 

2.857500 -0. .619760 -. 619760 28.892500 -28.892500 -0.5 

2.857500 -0. .867600 -. 863600 28.892500 -28.892500 -0.5 
2.857500 -0. s898144 -. 898144 28.892500 -28.89250,) -0.5 

2.857500 -0. .956056. -. 956056 28.892500 -29.899500 -0.= 

2.8.57500 -0. .990600 -. 990600 28.e92500 -28.8925)c -0.5 

2.857500 -0. 1.234440 -1.234440 28.892500 -28.892500 -0.5 

2.8575,00 -0. 1.268984 -1.26e984 28.892500 -2B. M9500 -0.5 
2.857500 -0. 1.326896 -1.326896 28.852500 -2n.892500 -0.5 
2.857500 -0. 1.361440 -1.361440 28.892500 -28.892500 -0.5 
2.857500 -0. 1.605280 -1.605280 28.892500 -28.892500 -0.5 

2.857500 -0. 1.639824 -1.639824 28.892500 -28.892500 -0.5 

2.857500 -0. 1.697736 -1.697736 28.892500 -28.892500 -0.5 

2.857500 -0. 1.732280 -1.732280 28.892500 -28.892500 -0.5 
2.857500 -0. 1.976120 -1.976120 28.392500 -28.892500 -C.5 
2.857500 -0. 2.010664 -2.010664 28.892500 -28.8925o0 -0.5 

2.857500 -0. 2.068576 -2.068576 28.892500 -28.892500 -0.5 
2.857500 -0. 2.103120 -2.103120 28.892500 -28.892500 -0.5 
2.857500 -0. 2.346960 -2.346960 28.892500 -2S.892500 -0.5 

2.257500 -0. 2.381504 -2.381504 28.892500 -2E.892500 -0.t 

2.857500 -0. 2.439416 -2.439416 28.8925CO -29.892500 -0.5 
2.857500 -0. 2.473960 -2.473960 28.892500 -28.892500 -0.Z 

2.857500 -0. 2.748250 -2.746:8O 28.892500 -28.892500 -0.5 
2.857500 -0. 2.782824 -2.782824 28.B92500 -28.892500 -0.5 

2.85"7500 -0. 2.840736 -2.840736 28.892500 -2e.892500 -0.5 

2.85n-00 -0. 2.875250 -2.8775280 28.892500 -28.892500 -0.5 

2.857500 -0. 3.175000 -3.175000 28.892500 -28.89250C. -0.Z 
2.857500 -0. 3.209544 -3.209544 28.892500 -28.892500 -0.5 

2.857500 -0. 3.267456 -3.267456 28.892500 -28.892500 -0.5 

2.857500 -0. 3.302000 -3.302000 28.892500 -28.892500 -0.5 

2.857500 -0. 3.556000 -3.556000 28.892500 -28.892500 -0.5 

2.8057500 -0. 3.683000 -3.683000 28.892500 -28.892500 -0.5 

4.039 -0.000 4.039 -4.039 28.89= -28.8925 -0.5 

4.356 -0.000 4.=6 -4.356 28.8925 -28.8925 -0.5

4 

:5 

6

4.039 -0.000 4.356 "-4.039 
4.356 -0.000 4.356 -4.356

28.8925 -28.8925 -0.5 
28.8925 -28.8925 -0.5

4.039 -0.000 4.039 -4.356 28.8925 -2e.9925 -0.5 

4.36 -0.000 4.356 -4.356 28.9925 -28.89:5 -0.5

0.000 -4. 039 
0.000 -4.356 

0.000 -4.039 
0.000 -4.356

4.039 -4.356 28.8925 -28.8925 -0.5 
4.356 -4.356 28.8925 -28.8925 -0.5 

4.356 -4.039 28.8925 -02..8925 -0.5 
4.356 -4.356 28.8925 -28.8925 -0.5
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6.265 
TABLE 6.:.1-1 (CONTIN~uJJ

Document 22

BOX TYPE 
CUE =ID 

SEOX TYPE 
:.UBOID 
BoX TYPE 
CUBOID 
CUPDID 
BOX TYPE 
CUBOID 
CUBOID 
BOX TYPE 
CUBOID 
CUBOID 
BOX TYPE 
CUBMID 
CUBODI 
BOX TYPE 
CUBOIL 
BOX TYPE 
CUBOID 
BOX TYPE 
C1JBOID 
BOX TYPE 
CUBOID 
ARRAY BDY

6 

6 

7

7
0.000 

8 

0.000 
9 

4.039 
4.356 

10
7 0.000 
6 0.000 

11 
7 0.000 
6 0.000 
12 

7 0.000 
6 0.000 

13 
7 0.317 

14 
7 27.78125 

15 
7 27.7e125 

16 
7 27.78125

-4.356 

-0.317 

-0.000 

-0.000 

-4. 0F9 

-4.356 

-0.317 

-0."*317 

-0.317 

-0.317 

-0.000 

-27. 79122 

-27.78125 

-27. 78:25

7 63.26325 -63.26325
CUBO1D . E 90.74325 -93.74325
END GEOMETRY 

0 130 9 
S 11 3 
81 

12 4 
13 9 

END KENC

12121 
21212 121217 

777772

7 10 
2 6 
1 2 
. 5 
7 10

0.317 

4.356 

0.317 
0.317 

0.317 
0.317 

4.=.56 
4..356 

4. 039 
4.356 

0.317 

0.317 

4.356

-0.000 28.8925 -28.999= -Q.w 

-4.356 28.8925 -2E.89=2 -0.Z 

-0.000 28.8925 -2.99:!: -0.5 

-0.000 28.8925 -25.292! -!0.  

-0.000 25.8925 -28.8995 -O.! 

-0.000 28.8925 -28. E!:!- -0.5 

-4.0'39 28.99=5 -26.689: -0.t 

-4.356 28.89=5 -26.89:5 -0.5 

-4.356 28.8925 -2E. e : -0.! 

-4.356 28.E9:! -2E.85'= -0.5 

-0.000 28.8925 -25.e6=5 -0.z 

-0.000 28.892! -2E.89=: -0.! 

-4.356 28.8925 -26.B9=5 -0.:

4.356 --4.356 29.8925 -28.892t -0.! 
13.3e5 -13.38= 28.89=5 -2e.sq,= -o.: 

43. 865 -43.965 59.37250 -59.37=50 -0.'

13 14 13 9 7 

11 15 11 3 1 
18 16 8 1 2 
12 15 12 4 1 
13 14 13 9 7

7 7 7 7 7 10 17 
2 1 2 1 2 6 11 

2 1 2 1 2• 1= 
7 7 7 7 7 1 17 0
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6.266 

TAELE - Document 22 

VIEFF BNL FUEL SHIPPING ARRAY FWR HOMOGENIZED FUEL MIST - 1.0 GM- H:.'CC 

27GROUPNDF4 8 8 3 LATTICECELL 0 0 
u-2"=5 10. 2. 61362-3 ENE 
qL 2 1. END 
,42O 3 1. END 
AL 4 1. END 
l.D 5 1. END 
55304 6 1. END 
H20 7 1. END 
PB 8 1. END 
SYMMSLABCELL 0.37084 0.057912 1 3 0.127 2 END 

KEFF UNL FUEL SHIPPING ARRAY FWR HOMOGENIZED FUEL MIST - 1.0 GrS F--:C.'C 

15.0 103 300 Zo 13 10 5 1 0 
BOX TYPE 1 
CUEDID 500 0. -2. 857500 3.21564 -3.21564 28.89=-00 -26. s'-..5- -o.r 

CUSDID 7 0.000 -4.0.39 4. 09 -4.0=39 28.89:5 -2E.8•-5 -0.M 

CUBDOID 6 0.000 -4.356 4.356 -4.356 28. 8925 -26. 892Z -C. 5 

BOX TYPE 2 
CUBOID 500 2.857500 -0. 3.21564 -3.21564 28.892500 -e28.892500 -0.5 
CUPOID 7 4. 039 -0.000 4. 039 -4. 09 28.9925 -28.e995 -0.5 

CUrCID 6 4. 3T,5,,6 -0.000 4.356 -4.356 29.9925 -26.99:5 -0.z 

BOX TYPE 3 
CUBDID 7 4.039 -0.000 4.356 -4.039 28.8925 -28.89:5 -0.5 

CUEDDID 6 4.356 -0.000 4.356 -4.356 28.8925 -2E.69:= -C. 5 

BOX TYPE 4 
CUBOID 7 4.039 -0.000 4.039 -4.356 28. 9925 -28.8925 -C.5 

CUBDOID 6 4. =6 -0.000 4.356 -4.356 28.8925 -2e.!995 -0.E 

BoX TYPE 5 
"W.1.OID 7 0.000 -4.079 4.019 -4.1356 28. 8925 -2e.8925 -0.5 

ZVEDID 6 0.000 -4.356 4.356 -4.356 28. 89925 -28.8925 -0.5 

BOX TYPE 8 
CUDOID 7 0.000 -4.039 4.356 - 4 .039 2e.8925 -2e.99:-5 -0.5 

CUBDIV 6 0.000 -4.356 4.356 -4.356 26. 892: -28.699: -0.5 

BOX TYPE 7 
CU•OID 6 0.000 -4.356 0.317 -0.000 28.9925 -28.8925 -0.

BOX TYPE 8 
CUDBOID 6 0.000 -0.317 4.355 -4.356 28.8925 -29.8=:5 -0.5 

BOX TYPE 9 
cus-ir 7 4.039 -0.000 0.317 -0.000 28.89925 -2E. 89:50 -0.5 

CUDTOID 6 4.356 -0.000 0.317 -0.000 28.8925 -26.89:5 -0.5 

BOX TYPE 10 
CUPOID 7 0.000 -4.039 0.317 -0.000 28.8925 -28.8925 -0.5 

cufoir 6 0.000 -4.356 0.317 -0.000 28.8925 -2M.892= -0.5 

BOX TYPE 11 
CUBOID 7 0.000 -0.317 4.356 -4.039 20.8925 -28.8925 -0.5 

CUPOID 6 0.000 -0.317 4.356 -4.356 29. 8925 -2B.e9-5 -0.! 

BOX TYPE 12 
CUBOID 7 0.000 -0.317 4.039 -4.356 28.9925 -28.9925 -0.5 

CUBOID 6 0.000 -0.317 4..-56 -4.356 28.8925 -2.•8925 -0.-5.  

BOX TYPE 13 
CUDOID 7 0.317 -0.000 0.317 -0.000 23.8925 -28.899-5 -0.5 

ARRAY 3DY 7 17.741 -17.741 13.385 -13.385 28.8925 -28.8925 -0.5 

CUDID 5 49.221 -48.221 43.865 -43.365 59.3725 -59.3725 -0.5 

TND GEOMETRY 
0 13 977 7 7 7 71013 

11 3 1 2 1 2 1 2 6 11 
8 1 2 11 2 1 2 1 2 6 

1= 4 1 2 iý2 1 2 512 
13 9 7 7 7 7 7 7 10 13 0

END KEND
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6.267

Document 22

TABLE 6.3.1-3 
STEEL BASKET MODEL FOR 

KENO GENERALIZED GEOMETRY

ZONE1 XENDS -46.8105, 46.B3125 
ZONE1 YENDS -46. W!125, -13.38580, 

46. 831=5 
ZONE1 ZENDS -28.e=.5o, 28.89250 
ZONE 1 1 1 
BLOI1 XKEDS -46.983125, 46.83125 
BLOKI YENDS -46.83125, -13.385BO 
BLOrI ZENDS -28.89250, 28.89250 
BLOCK 1 1 1 
MEDIA 2, 4, 5 
SURFACES 1, 2 
SECTOR -1 0 
SECTOR 1 -1 
SECTOR 0 1 
ZONE 1 2 1 
BLOK1 XENDS -46.83125, -13.3B8580) 

-4.67360, -4.03980, -2.85750, 
5.35470, 11.56970, 12.75080, 

SLCKI YENDS -1340.EEO, -12.75000, 
BLOK1 ZENDS -28. 99250, 28.89:50
BLOKt 1 
MEDIA 
SURFACES 
SECTOR -1 0 
SECTOR 1 -1 
SECTOR 0 1 
BLOC-. 1 
MEDIA 
SUPFACES 
SECTOR -1 0 
SECTOR 1 -1 
SECTOR 0 1 
BLOCK-' 1 
MEDIA 
SURFACES 
SECTOR -1 0 
SECTOR 1 -1 
SECTOR 0 1 
BLOCK I 
MEDIA 
SURFACES 
SECTOR -1 0 
SECTOR 1 -1 
SECTOR 0 1 
BLOCK 15 
"MEDIA 
SURFACES 
SECTOR -1 0 
SECTOR 1 -1 
SECTOR 0 1 
BLOCK 15 
MEDIA 
SURFACES

1 
2, 
1.1

1,f.  

1, 

2 

1,

1
41 
2

1 

1

1 1 
2, 
1,

2 
2, 
1 ,

1

-4.67360, 

-12. 75080, 
.2. St750, 
13. 89- , 

-11.9:794,

4.67360, 13.3B5EO,

-11.56970, 
4.07860, 

46.93123 
-5.49656,

-4. 6 7 7, 
-4. &77!£:

5

4,l 
2 

4, 
2 

4, 
2 

4, 
2 

49 
2
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6.268 Document 22 

TABLE 6.3.1-3 
STEEL BAESKET MODEL FOR 

,- KENO GENERALIZED GEOIETRY 

SECTOR -1 0 
SECTOR 1-1 
SECTOR 0 ,1 
BLOCK 15 3 1 
MEDIA 2, 4, 
SURFACES I, 2 
SECTOR -1 0 
SECTOR I -1 
SECTOR 0 1 
BL.OCK" 1• 4 1 

MEDIA 2, 4, 
SURFACES 1, 2 
SECTOR -1 0 
SECTOR 1 -1 
SECTOR 0 1 
9LOC.K 2 1 1 
"MED IA 3 
BLOCK 2 2 1 
MED IA3 
BLOd': 2 3 1 
MEDIA 
BLOCK 2 4 1 
MEDIA3 
BLOCK 6 1 1 
MEDIA 3 
BLOC-: 6 2 1 
MEt.I A3 
SLOCK 6 3 1 
MEDIA 3 
BLOCD 6 4 1 
MEDIA3 
9LOCK 10 1 1 
MEDIA 3 
BLOC1Z 10 2 1 
MEDIA 3 
BLOCK 10 1 
"MEIA 3 
BLOCK 10 4 
MEDIA 3 
LACY, 14 1 1 

MEDIA 3 
LCK 14 2 

MEDIA 3 
M E D I 1 4 3 1 

"MEDIA 3 
3LCK 14 4 2 
MEDIA 3 

BLOCK 3 1 1 
MEDIA 3 

.LOC" 3 2 1 
MEr'IA 2 
BLOCK 3 3 1 
MEDIA 2 

Rev. J, October 6, 1995



6.269 
Document 22 

TAELE 6.3.1-3 
STEEL BASKIET MODEL FOR 

KENO GENERALIZED GEOMETRY 

BLOCK 3 4 1 
MEDIA 
DLOCK 5 1 
MIAEDIA 
BLOCK 5 2 1 
MEDIA 2 
BLOCK 5 4 1 
MEDIA 2 BLOCK 5 4" 1 

BLOCV< 7 1 1 
MEDIA 3 
BLOC1- 7 2 1 
"MEDIA 2 
PLOCK: 7 3 1 
MED IA 2 
BLO1•. 7 4 1 
MEDIA 
BLOCK 9 1 1 
MEDIA 3 
BLOCK 9 1 
MEDIA 
BLOCiK € 3 1 
MEDIA 
BLOCK 9 4 1 
MEDIA 2 
BLOCK 11 1 1 
MEDIA 3 
BLOCK 11 2 1 
MEDIA 2 
BLOCK 11 3 1 
MEDIA 2 
BLOCK 11 4 1 
MEDIA 2 
BLOCK 1U 1 1 
MEDIA 3 
BLOCK 13 2 1 
MEDIA 2 
BLOCK 13 3 1 
MEDIA 2 
BLOCK 13 4 1 
MEDIA 2 

B4 1 1 
MEDIA3 
BLOCK 4 2 1 
MEDIA 2 
BLOCK 4 3 1 
"MEDIA 1 
BLOCK, 4 4 1 
MEDIA 2 
BLOCK e 1 1 
MIEDIA 3 
BLOCK a 2 1
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6.270
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TABLE 6.3.1-3 
STEEL BASISET MODEL FOR 

KENO GENERALIZED GEOMETRY

MEDIA 
BLOCK 8 
MEDIA 
BLOCK 8 
MEDIA 
BLOCK 12 
MEDIA 
BLOCK 12 
MEPIA 

MEDIA 
BLOCIK 12 
MEDIA 
ZONE 
BLOKI XENDS 

-9!OF.1 YENDS 
3LCK1 ZENDS 
BLOCI: 1 
ME.IA 
SURFACES 
SECTOR -1 C 
SECTOR 1 -1 
SECTOR 0 1 
ZONE 1 
BLOKI XENDS 

-4.67Z60, 
5.85470, 

&LOKI YENDS 
BL0#1 ZENDS 
BLOCK 1 
MEDIA 
SURFACES 
SECTOR -1 C 
SECTOR 1 -] 
SECTOR 0 1 
BLOCIK 1 
MEDIA 
SURFACES 
SECTOR -1 0 
SECTOR 1 -1 
SECTOR 0 1 
BLOCK 1 
MEDIA 
SURFACES 
SECTOR -1 0 
SECTOR 1 -I 
SECTOR 0 1 
SLOCI" 1 
MEDIA 
SURFACES 
SECTOR -1 C 
SECTOR 1 -1 
SECTOR 0 1

2 3 1 
1 

4 1 
2 

1 I

2 
2

1

3 1 
1 

4 1 
2 

5 1 
-46.87125, 

13.•B850, 
-2e.89250, 

1 1 

1, 

4 1 
-46.83125, 

-4.03860, 
11.56970, 
4.67Z60, 

-28.89250, 
1 1
2, 
1,

2 
2, 
1, 

1, 

4 
2, 
1,

1 

1 

1

46.53125 
46.93125 
28.99250

4,o 5

-13.38SE0, 
-2.85750, 
12.75080, 
5.49656, 

28.89250

4, 
2 

4.  
2 

4, 
2 

49 
2

-12.75080, 
2.85750, 

13.38590, 
11.92784,

-11.56970, 4.0=860, 
486. 8712= 
12.7508C.,

-5. 85470, 
4.687w6,

5 

5 

5 

5
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TABLE 6.3,1-3 
STEEL BASKET MODEL FOR 

KENO GENERALIZED GEOMETRY 

BLOCK 15 1 1 
MEDIA 2, 4, 5 
"SURFACES 1, 2 
SECTOR -1 0 
SECTOR 1 -1 
SECTOR 0 1 
BLOCK 15 2 ,1 
MED IA 2, 4, 5 
"SURFACES 1, 2 
SECTOR -1 0 
SECTOR 1 -1 
SECTOR 0 1 
BLOCK 15 3 1 
MEDIA 2, 4, 5 
SURFACES 1, 2 
SEC.TOR -1 0 
SECTOR 1 -1 
SECTOR 0 1 
PLO=-' 15 4 1 
MEDIA 2, 4, 5 
SURFACES 1, 2 
SECTOR -1 0 
SECTOR 1 -1 
SECTOR 0 1 
BLOCIZ 2 1 1 
MEDIA 3 
BLOCK 2 1 
MEDIA 3 
BLOCK" 2 3 1 
MEDIA 3 
BLOCK 2 4 1 
MEDIA 3 
BLOCK 6 1 1 
MEDIA 
BLOCK 6 2 1 
MEDIA 3 
BLOCK 6 3 1 
MEDIA 3 
BLOCIZ 6 4 1 
MEDIA 3 
BLOCK 10 I 1 
MEDIA 3 
B.OCK t0 2 1 
MEDIA 3 
a.CK 10 3 1 
MEDIA 3 
BLOCK 10 4 1 
MEDIA 3 
BLOCK 14 1 1 
MEDIA 3 
BLOCr 14 2 1 
MEDIA 3 
BLOCK 14 3 1 
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TABLE 8.3.1-3 
STEEL BASKET MODEL FOR 

KENO GENERALIZED GEOMETRY 

MEDIA 3 
BLOCK 14 4 1 
MEDIA 3 
BLOCK 3 1 1 
MEDIA 2 
BLOCK 3 2 1 
MEDIA 2 
BLOCK 3 3 
MEDIA 2 
BLOCK 3 4 1 
MEDIA 3 
BLOCK 5 1 1 
MEDIA 2 
BLOCK 5 2 1 
MED IA 2 
BLOCK 5 3 1 
MEDIA 2 
BLOCK 5 4 1 
MED IA,.  
BLOCK 7 1 1 
MEDIA 2 
BLOCK 7 2 1 
IMEDIP 2 
BLOCK 7 3 1 
MEDIA 2 
BLOCK 7 4 1 
MED IA 
BLOCK 9 1 1 
MEDIA 2 
BLOCK 9 2 1 

MEDIA 2 
BLOCK 9 4 1 
MEDIA 3 
BLOCK 11 1 1 
MEDIA 2 
BLOCK 11 2 1 
MEDIA 2 

,,=,DA 2 
BLOCK 11 4 1 
MEDIA 3 
3LOCK 13 3 1 
MEDIA 2 
BLOCK 13 2 1 
MEDIA .2 
BLOCK 13 3 1 
MEDIA 2 
BLOCK 13 4 1 
MEDIA 3 

BLOCK 4 1 1 
MEDIA 2 
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TABLE 6.3.1-3 
STEEL BASV.ET MODEL FOR 

KENO GENERALIZED GEOMETRY

BLOCK 4 
MEDIA 
BLOCK 4 
MED IA 
BLOCK: 4 
MEDIA 
BLOCK 8 
MEDIA 
BLOC-K B 
MEDIA 
BLOCK B 
MEDIA 
BLOCK 
MED IA 
BLOCK 12 
MEDIA 
BLOCK 12 
MEDIA 
BLOCK 12 
MED DIA 
BLOCK 12 
MEDIA 
ZONE 1 
BLOK1 XENDS 

-9. 02970, 
1 .49860, 

17.10690, 
BLOKI YENDS 

4.67360 
BLOYi3 ZENDS 
PLOCK 1 
MEDIA 
SURFACES 
SECTOR -1 C 
SECTOR 1 -1 
SECTOR 0 1 
BLOCK 1 
MEDIA 
SURFACES 
SECTOR -1 C 
SECTOR 1 -1 
SECTOR 0 1 
NLOCK 1 
"MEDIA 
SJRFACES 
SECTOR -1 ( 
SECTOR i-: 
SECTOR 0 
"BLOCK 1 
MEDIA 
SURFACES 
SECTOR -1 4 

SECTOR 1 -

2

2 
4 

3 
2 

2 
4

I 

1 

I 

I 

1 

I

12 1 

21 1 

:31 2 

4 1 
:3 1 

-46.83125, 
-8.39470, 
7.21360, 

17.74190, 
-4.67360, 

-25.B9250, 
1 1 
2, 
is,

2 
2, 

:3 
2, 
1,

4 
2, 
1,

2 

I

-17.74190, 
-7.21360, 

8. 39470, 
46. B31Z1 
-4.03860, 

28.89250 

4, 5 
2

41 
2

-17.10690, 
-1.49860, 
9.02970, 

-p3.21564,

-15.9580, 
-0.31750, 
10.21080, 

3.21564,

-10.208)., 
O.7175C, 

15.925SC, 

4.03"-8 60 ,

z

4, 
2

4, 
2

5
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TABLE 6.-.1-3 
STEEL BAS.ET MODEL FOR 

KENO GENERALIZED GEOMETRY 

SECTOR -0 1 
BLOCK• 1 5 1 
MEDIA 2, 4, 5 
SURFACES 1, 2 
SECTOR -1 0 
SECTOR 1 -I 
SECTOR 0 1 
BLOCK 19 1 1 
MEDIA 2, 4, 5 
SURFACES 1, 2 
SECTOR -1 0 
SECTOR 1 -1 
SECTOR 0 1 
BLOCK 19 2 1 
MEDIA 2, 4, 5 

SURFACES 1, 2 
SECTOR -1 0 
SECTOR 1 -1 
SECTOR 0 1 
BLOCK 19 3 1 
MEDIA 2, 4, 5 
SURFACES 1, 2 
SECTOR -1 0 
SECTOR 1 -1 
SECTOR 0 1 
BLOCK I T 4 1 
MEDIA 2, 4, 5 
SURFACES 1, 2 
SECTOR -1 0 
SECTOR 1 -1 
SECTOR 0 1 
BLOCK 19 5 1 
MEDIA 2, 4, 5 
SURFACES 1, 2 
SECTOR -1 0 
SECTOR 1 -1 
SECTOR 0 1 
BLOCK 2 1 1 
MEDIA 3 
BLDCM 2 2 1 
MEDIA 3 
BLOCK 2 3 1 
MEDIA 3 
BLOCK 2 4 1 
MEDIA 3 
BLOCK 2 5 1 
MEDIA 3 
BLOCK 6 1 1 

MEDIA 3 
BLOCK 6 2 1 
MEDIA 
BLOCK 6 3 1 
MEDIA 3 

26
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TABLE &6.3. 1
STEEL DASrE'- MODEL FOR 

KENO GENERALIZED GEDNETFY 

BLOCI' 6 4 
MEDIA 3 
BLOCK 6 5 1 
MEDIA 3 
BLOCK 10 1 1 
MEDIA 3 
BLOCK 10 -2 1 
MEDIA 3 
BLOCK 10 3 1 
MEDIA 3 

Lcr 10 4 1 
MEDIA 3 
BLOCl- 10 z I 
MEDIA 3 
BLOCK 14 1 1 
MEDIA 3 
WL.OCK 14 2 1 
MEDIA 3 
ILOC,( 14 3 1 
MED IA 
BLOCK 14 4 1 
MEDIA 3 
BLOCK 14 5 1 
MEDIA 3 
BLOCK 1 
MED IA3 
BLOCK 18 2 1 
MEDIA 
BLOCK 1s 3 1 
MEDIA 3 
BLOCK 1s 4 1 
MEDIA 3 
BLOCK is z 
MEDIA 3 
BLOCK I 1 
"MEIA 3 
BLOCK 3 2 1 
MEDIA 2 
BLOC1K1 3 3 1 
MEDIA 2 
DLOCK 3 4 1 
MEDIA 2 
BLOCK 3 5 1 
MEDIA 3 

MEDA 3 
U=OK 5 2 1 
"MDIA 2 
SLOCK 5 3 1 
MEDIA 2 
B1LOCK% 5 4 1 
MEDIA 2 
BLOCK 5 5 1 
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TABLE 6.3.1-3 
STEEL BASKET, MODEL FOR 

KENO GENERALIZED GEOMETRY 

MEDIA 3 
BLOCK 7 1 1 
MEDIA 3 
BLOCK 7 2 1 
MEDIA 2 
BLOCK 7 3 1 
MEDIA 2 
BLOCK 7 4 1 
MEDIA 2 
BWIO: 7 5 1 
MEDIA 3 
BLOCK 9 1 1 
MEDIA 3 
BLOCK 9 2 1 
MEDIA 2 
BLOCK 9 3 1 
MEDIA 2 
BLOCK 9 4 1 
MEDIA 2 
BLOCK 9 5 1 
MEDIA 3 
BLOCK 11 1 1 
MEDIA 3 
BLO' 11 2 1 
MEDIA 2 
BL)CI' 11 3 1 
MEDIA 2 
BLOCK 11 4 1 
MEDZA 2 
BLOCK 11 5 1 
MEDIA 
BLOCK 13 1 1 
MEDIA 3 
BLOCK 13 2 1 
MEDIA 2 
BLOCW 13 3 1 
MEDIA 2 
BLOCK 13 4 1 
MEDIA 2 
BL.OC 13 5 1 
"MEDIA 3 
BLOCK 15 1 1 
MEDIA 3 
BLOCK 15 2 1 
"EDIA 2 

BLOCK 15 3 1 
"MEDIA 2 
BLOCK 15 4 1 
MEDIA 2 
BLOCK 15 5 1 
MEDIA 3 
BLOCK 17 1 1 
MEDIA 3 
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TABLE 6.3.1-3 

STEEL BASIKET MODEL FOR 
KENO GENERALIZED GEOMETRY 

BLOCK 17 2 1 
MEDIA 2 
BLOCK 17 3 1 
MEDIA 2 
BLOCK% 17 4 1 
MEDIA 2 
BLOCK 17 5 1 
MEDIA 3 
BLOIC 4 1 1 
MEDIA 3 
BLOCK 4 2 1 
MEDIA 2 
BLOC• 4 3 1 
MEDIA 1 
BLOCK 4 4 1 
MEDIA 2 
BLOC): 4 5 1 
MEDIA 3 
BLOCK e. 1 1 
MEDIA 
BLOCK 8 2 1 
MEDIA 2 
BLOC- 9 3 1 
MEDIA 1 
BLOCK 8 4 1 
MEDIA 2 
BLOCK B 5 1 
MEDIA 3 
BLOCK 12 1 1 
MEDIA 3 
BLOCK 12 2 1 
MEDIA 2 
BLOCK 12 3 1 
MEDIA 1 
BLOCK 12 4 1 
MEDIA 2 
BLOCK 12 5 1 
MEDIA 3 
BLOCK 16 1 1 
MEDIA 3 
BL=C 16 2 1 
"MEDIA 2 
BLOCK 16 3 1 
MEDIA I 
NLOCK 16 4 1 
MEDIA 2 
BLOCK 16 5 1 
MED IA 3 

2 
1.0 XSo 1.0 YSQ -- 362.9025 $ 
1.0 XSO 1.0 YSQ -2193. 16 6 
END KENO
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TABLE 6.3.1-4 
KENO GENERALIZED GEOMETRY INPUT 

EFF BNL FUEL SHIPPING ARRAY FWR HOMOGENIZED FUEL GENERAL GEOM e.e-5 -2 cs:- :E 
.. 10- 300 3 27 27 14 9 18 13 3 2 1 5 -14 0 0 200C 00 6 1 1 0 0 104 0," ., C 
-?2235 2.61•62)-3 2 170=7 6.027374-2 3 1001 5.B74440-6 3 801.5 2.97•.:4-:-1 
"3 6.02n.834-: 5 5 6.675546-" 5 E 3.r.3T7773-2 
24704 1.74:36E-2 6 25055 1.736342-3 6 26304 5.9-105Z6-_-2 6 28Z)4 7.7=C.:1.-.
6 5.874480-6 7 9 2.937240-6 e 62000 3.29Se26:-2 
-92235 4.081544-4 9 130027 1.12'!49-" 9 1001 3.86:-672-6 9 8016 

:OM TYPE 1 
"?rPEJrAL 9 6*):.0 27*0.5 
iENEFA'- 7 6".. 0 27*0.5 
:ENERAL 6 6*0.0 -27*0.5 
:EKE-AL 8 6'0.0 27*0.5 
;Er.E'A- 5 6*0.0 27*0.5 
=:u D 5 46.84000 -46.84¢00 46.84000 -46.84000 26.9000 -2. 900.C 27*0.5 

?-M. TYPE 2 
:YLINDER 8 46. e3125 27.76125 -0. 27*0.5 
XUOID 5 46.64 -46.94 46.84 -46.94 27.76125 -0. 27*0.5 
4OX TYPE 3 
":YLINDER 7 19.05 11.74 -11.74 27*0.5 
:YLINCER e 46.84 11.74 -11.74 27*0.5 
:UB!D 5 46.84 -46.84 46.64 -46.94 11.74 -11.74 27*0.5 
:MRE BDY 5 93.66 -93.66 46.84 -46.84 97.3:1:5 -97.Z2125 "7 " 
. 'ID 5 1=4.16 -124.16 77.32 -77.3"63 127.80125 -1...01-5 27,0., 

" 1 11 1 15 1 0 1 12 1 1 1 123 1 03 12 1 11 1 4 4 1 5 
3E:JERALIZEr- GEOMETRY GOES HERE 
.5 1 1.2 -6.71: -E.7122 0. 30 1 1 2 0. -8.7122 0. 45 1 1 2 8.71:--" .7wZ" 0.  

20 1 1 2 -13.06:Z C. 0. 75 1 1 2 -4.3561 0. 0. 90 1 1 2 4.,5"'1 0. 0.  
.5 z 1 2 zi13.C6s9 o. o. 12C' 1 1 2 -8.71:2 e.7122 0. 13,5 1 1 2 o. 6.71:: ,".  
5" 1 1 2 8.7122 5.7122 C.  
!!;5 2 1 2 -6.7122 -9.7122 o. 180 2 1 2 0. -9.7122 0. 19. 2 1 = 2.71:: .71-

"10 2 1 2 -17.06!2: 0. 0. 2=5 2 1 2 -4.3561 0. 0. 240 2 1 2 4.Z561 C. 0.  
5,5 2 1 2 137'.0687 0. 0. 270 2 1 2 -9. 7122 9.712-" 0. 285 2.26 1 2 0. e. 712 1 .  

;-.0X 1 2 8.7122 8.7122 0.  
:ND IE'-3J
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TABLE 6.3.1-5 
KENO GENERALIZED GEOMETRY INPUT 

FF BNL FUEL SHIPPING ARRAY FWR HOMOGENIZED FUEL GENERPL GEOMl 1. 1 CS!- :sr& 

•. 103 300 3 =7 27 20 12 24 13 3 1 1 5 -20 0 0 2000 00 6 1 1 0 0 104 CK c 0 

-922=5 2.6136:0-3 2 13027 6.027E74-2 3 1001 6.675546-2 3 8016 3.777-7-

6.023934-2 5 5 6.675546-2 5 11 3. =777:-Z 

24304 1.742379-= 6 25055 1.736342-3 6 26304 5.935=50-2 6 28304 7.7:)TI

6 5.9744eo-6 7 12 2.937240-6 9 e2000 3.29Es2Z-2 
7 6.675546-5 9 13 3.3'7773-5 10 9 6.675546-4 10 14 ,.=37773-4 

L 9 6.675.546-3 11 1! 3.3.7773-3 
2 -92!P5 4.021544-4 1. 13027 1.V2249-2 12 1001 4.39940')-= 17 sI& 

)X TYPE 1 
:,?.AL 12 6*0.0 27*0.5 
rNEF:AL 5 6*0.0 27*0.5 
rNEP'L 6 6*0.0 27*0.5 

NNEF:AL B 6*0.0 27*0.5 
=NERAL 5 6*0.0 27-0.5 
J]BOID 5 46.84000 -46.84000 46.84000 -46.8e4000 28.9000 -22.9000 27*.5.  

2X TYPE 2 
fLINDER 8 46.87125 27.76125 -0. 27*0.5 

UBOID 5 46.84 -46.94 46.84 -46.84 27.7e125 -0. 27*0.5 

3X TYFE 3 
YLINDER 5 19.05 11.74 -11.74 27*0.5 

YLINDER 8 46.84 11.74 -11.74 "n7*0.  

UBDID 5 46.84 -46.84 46.94 -46.E4 11.74 -11.74 27*0.5 

EDY 5 46.84 -46.B9 46.84 -46.E4 97.3:12 -97.3=12M 27*0.5 

1' .D 5 77."r- -77.32 77.3= -77.3:- 127.801275 -127.90125 27*C.5 2 1 1 1 1 1 1 5 1 0 1 1 1 1 1 1 1 2 -3 1 0 3 1 1 1 1 1 1 4 4 1 9 

ENERALIZED GEOMETRY GOES HERE 
-9.712: -8.7122 0. 60 1 1 2 0. -e.7122 0. 90 1 1 2 9.71:2 9.71== C'.  

20 1 1 2 -10.0 0. 0. 15C 1 1 2 -4.3561 0. 0. 120 1 1 2 4.3561 0. 0.  

10 1 1 2 13.06e- 0. 0. 240 1 1 2 -8.7122 e.7122 0. 270 1 1 20. 6.71:: Q.  

00 1 1 2 8.71:2 8.712" 0.  
ND KEN3
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TAELE 6.4-1

-. . DNL FUEL SHIPFI:G 
MIXTURE HJUCLIDE

1 

3 
4 
5 
6 
6 
7
8 

:R-SS SECTIONS 
U:LIDE 
:J L IDrE 
:.LIDE 
".'LIDE 

:UZLIDE 
'LCLIDE = 
'JCLIDE 

:U:LIDE 
IUCLIDE 
IUCLIDDE 

--IDE a 

.C. OF INITIAL 
GENERATIONS 

S!I1PPED 
31

ARRAY FWR 21 BASKETS
DENSIl

-921=.05 2. 6136: 
1.0:7 6.0O2! e 

1001 5. e7441 
SO 16 2. 93729 

3 6. 02308 
5 • 6.6755! 

24'304 1 .7423, 
26704 5. 93524 

6 5. e7441 
82000 3. 2988"A 
READ FROM TAPE

1001 
5 
6 

eC 16 

9 
130=7 

3 

25055 

26!04 

82000., 
9 2 It

TY 
2E-03 
:E-02 
SE-06 
5E-06 
EE-02 

P9E- 02.  
SE-02 
'E-06 
ZE-O-=

MIXTURE 
9 
9 
9 
9 

5 
6 
6 
7

TOUCHING 
NUCLIDE 
-92275 

13027 
1001 

25055 
2B'04 

9

MST=6.8-5 DISCRETE FUE_ 
DENSITY 

4.0B154E-04 
1. 12225E-0: 
3. e6.67E-C6 
1.93134E-06 

3.37777E-02 
1. 73674E-0! 
7.720Z6E-03 
2.9Z724E-06

H 1269 F, 1002 T 21B GP 07=475 (2) 
H 1269 F, 1002 T 218 SP 032475(2) 
H 1269 F, 1002 T 212 SP 0=2475(=) 
0-16 1276 21B SP 030476(7% 
0-1&6.A276 218 SF 030476(7) 
0-16 1276 218 SP 0"0476(7) 
AL-27 1193 218 SP 040375(5) 
AL-27 119Z 218 SP 040375(5) 
CR 1191 WT SS-304(1/EST) P-3 2971-. SF-5-4(424""70 
MN-55 1197 SIGF'-S4 NEWXLACS 21BN3F8 P-3 297t'.  
FE 1192 WT SS-304(1/EST) P-3 293K% SF,-5+4(42!75:" 
NI 1190 WT SS-304(1/EST) P-3 29=K SF,=!÷a(4=75) 
PE 128e 216NCP 04:375 P-3 293-K 
U-235 1:61 SISP'5-o4 NEWXLACS 21B8,GP P-7 293Z (.

AVERA3E 
K-EFFECTIVE DEVIATION 

.30094 + OR - .00319
FREDUENCY FOR GENERATIONS 

.1970 TO .201 
"=0:o1 TO .2 4.: *2 

.24"' TO .2663 
• 6 3 TO .2894 ***4* 
2624 TO .3125 .**9*.  
.3122 TO .3356 *3*10** 
.3'56 TO .35n7 
.3'5S7 TO .301E 1

4 TO 86

NUMBER OF 
HISTORIES 

24900

*4*94*94*9*9*9 

*4444*49*994*9*9 

*
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TABLE &.4-2 

E1F DBiL FUEL SHIFFINS ARRAY FWR 2 EASl.ETS TOUCHINS MET-1. DIS=RE,7E LjUE 
73RO'JPNDF4 s e =3 LATTICECELL 0 0 

.0 100. 2.16Iý-7 E14C 
2 1. END 

:0 3 1. END 
- 4 1. END 
=0 5 1. EKD 
S704 6 1. END 

:D7 1. END 
8 1. END 

YMr¶S..ABCELL 0. 3".0 84 0.0 57 q12' 1 d 0.1 '!7 .2 E I JD 
IXTL'RE N"CLIDE DENSITY M:XTUF.E NUCLIDE DENSITY

C-0V 

E 6 

24704 
26"d':4 

SECTIONS
*IDE 

.IDE 

*.i:ULiDE 
t'CL IDE 

UC.LIDE 
!UCL~i:

:UCLIIrE 
IUCLirE 

UCLIDE = 

EFF DNL. FUEL

2. 6 1 36ZE-0-u 
6. 0 =32 EZ4 E-0-2 
6. 675546E-0.2 
3. 3:.ý77773E-02 
6. 26z3e4E-0= 
6. 675546E-02 
8. 6755465-02 
1. 7423625eB-02 
5. 9Z52605-02 
Z. 25 a a-C 

READ FROM TAPE
10c,1 

6 

e 
9 

130 

243W04 
25=55 
267C.4 
=8704 

SHIPPINE

9 
9 
9 
9

sI 

7 

6 
6.

-91=75 
1 "r,1)=7 
1001 
ec 16 

6 
9 

2 5 0515 
.2873, 4

4.08'S1544E-04 
I1. l&"&249E-0` 
4.32940 X-02 
2. 1947005-02.C 

3. =777ZE-0.  
3. 377773E-0.2 
I . 7 3673 4ZE - 0 
7. 72036 1E-CZ

H -1269 F, I O! T =12 SP C!Z347-(-!) 
H 1=6P F, 10~:5 T '21B SP 032475('2% 
H !-26 : F, 10^. T 21E SP 0-3247EC(2) 
0-16 1276 216 SP 0.10476(7) 
0-16 1276 216 GF' 030476(7) 
0-16 1276 :18 SP 030476 (7) 
A-1-7 11930 218 S6' 040Z075Cw, 
AL-27 1193 212 Gp 040=7(5) 
CF. 1191 WT SS-Z32z'1/EET" P-3, 29"T SF -5-4(~3Z 
PIN755 1197 SISP-5+4 NEWXLACS 216?JGF P-3 297K 
FE 1192 WT SS-304(I1/EST) P-3 29'w"l, SP-5+4 (4::.-7wr 
N! 1190 WT SS-304(1/EST) P-3 29=3K SP=5*4t4277Z'5 
PB 1282,e 21eNSP 04.27175 P-3 293K 
U-Zn, 1261 SIGPm5+4 NEWXLACS 218NSP' P-30 Z92K(7 
ARRAY FWR 2 CUNT SIDE-DY-SIDE MET-1.

AVIERASE 
K-EFFECTIVE DEVIATION~ 

.91561 * OR - .00479 
GENERATIONS 4 TO 107

KJ'ISER OF 
HISTORIES 
3000'2

*4

2. OF INITIAL 
GEN ERAT IONS 

SKI PPED 

FREQUENCY FOR 
.8117 TO eU34S 
.9348 TO .S!7ý 
.8579 TO .8S1C 
.8810 TO .9C41 
.9041 TO .9'-'7: 

'72 TO .950: 
~02 TO .9771 

.97" 3f TO .956 4 
:' 9964 TO 1.0191 
.0195 TO 1.042

,w

33

.3 

6 
6 
e 

ROSS
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TABLE 6.4-3 
BNL FUEL SHIPPING ARRAY FWR 2 BASKETS DOUBLE-STACK MST.,. DISCRETE FUEL.  

"GROUPNDF4 8 9 3 LATTICECELL 0 0 
"-235 1 0. 2.61"S-62-3 END 
- 2 1. END 
:_ 3 1. END 
- 41. END 
:0 5 1. END 
:.704 6 1. END 
_0 7 1. END 
3 8 1. END 
/MMSL.AfcE.LL 0.37084 0.057912 1 3 0.127 2 END 
IXTURE NU.CLIDE DENSITY MIXTURE NUCLIDE DENSITY 

1 -92235 2.613620E-03 9 -92235 4.O81544E-04 

2 13027 6. 0'230834E-02 9 130.7 1.122249E-02 
1001 6.675546E-02 9 1001 4.399400E-02 
63 016 3.3Z7773E-0- 9 8016 2.194700E-02 

4 3 6.023834E-02 
5 5 6.675546E-02 5 e 3.,337773E-02 
6 24304 1.74239BE-02 6 25055 1. 736342E-03 

6 26304 5.935260E-02 6 28304 7.720361E-03 

7 6 6.675546E-02 7 9 3. 337773E-02
9 92000 

ROES SECTIONS 
JCL.IDE 
'-IDE 

IDE 
JCLIDE 
JCLIDE 
JCLIDE 
JCLIDE 
JCLIDE 
2-LIDE 
JCLIDE 
JCLIDE 
JCLIDE 
JCLIDE 
JCL!DE 
EFF BNL FUEL I

3.29se3E-02 
READ FROM TAPE

1001 
5 
6 

5016 
B 

9 
13027 

3 
24304 
25055 
26304 
28304 
92000 
92235 

BHIPP INS

H 1269 F, 
N 1269 F, 
H 1269 F, 
0-16 1276 
0-16 1276 
0-16 1276

1002 T 218 SP 032475(2) 
100= T 218 SP 032475(2) 
1002 T 212 SP 032475.-) 
218 GP 030476(7) 
218 GP 030476(7) 
218 GP 030476 (7"

AL-27 1193 218 6P 040375(5) 
AL-27 1193 215 SP 040375(5) 
CR 1191 WT SS-304(1/EST) P-3 293K SP=5-4(42Z75)" 
MN-55 1197 SIGP-5÷4 NEWXLACS 218N3P P-3 293:< 

FE'1192 WT SS-304(1/EST) P-3 2931, SP-5+4(427Y' 
NI 1190 WT 9S-304(1/EST) P-3 293K SP-57i4(4'•75.' 
PB 128B 218NOP 042375 P-3 293K 
U-235 1261 SIGP-5+4 NEWXLACS 218NSP P-3 29!KT(3) 
ARRAY FWR DOUBLE STACK MST=I.

3. OF INITIAL 
3ENERATIONS AVERAGE 

SKIPPED K-EFFECTIVE DEVIATION 
3 " .84505 + OR - .00499 

FREGUENCY FOR 3ENERATIONS 4 TO 103
.7411 TO 
.7642 TO 
.7873 TO 
.98104 TO 
.835 TO 
.8566 TO 
"1 97 TO 

281To 
.1=259 TO 
.9490 TO 
.9721 TO

.7642 
.7873 
.9104 

e8B566 

.8797 
.9029 
. 9259 

.9490 
.9721 
.9952

.9952 TO 1.0183

NUMBER OF 
HISTORIES 

30000

4
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TABLE 6.4-4

:EFF SrJL FUEL 
MI XTURE 

1 
2 

3 
4 
5 
6 
6 
7 
8 
9 

10 
11

WATER FOR LEAD FWR HOMOGENIZED FUEL GENERAL GEOM 1. 2 CSi -s 

NUCLIDE DENSITY MIXTJRE NUCLIDE DENSITY 

--9:25 2.861362E-03 12 -92235 4.0E154E-04 

16027 8.023863-02 12 13027 1.1_.5E-O2 

lCci 6.6755E-02 12 1001 4.32940E-02 

SC16_ 3.30-377E-02 12 8016 2.19470E-02

5 
24704 
26Z04 

6 
8=00O 

7 
a 
9

:ROSS SECTIONS READ FRO 
JUCLIDE - 1001 

JUCLIDE 6 5 
4UCLIDE 7 8 
JUCLIDE - 7 
1UCLIDE 6 

4UCLIDE - 9 
4U:aIDE - 8016 

:DE - 11 
SIDE - I2 

4UCLIDE 13 
LICIDE 14 

JUCLIDE 15 
JUCIDE =1'027 
JUCLIDE 
IUCLIDE - 24704 
SjCLIDE - 25'55 
iUCLIDE - 26804 
'UCLIDE - 28,04 
IUCLIDE - 82000 
JUCLIDE a 92235 
9O. OF INITIAL 
GENERATIONS AVER$ 

SKIPPED K:-EFFEC 
3 .84N 

FREQUENCY FOR. GENEPA~
.71E3 TO 
.7414 TO 
.7645 TO 
.7876 TO 
.8107 TO 

89338 TO 
•8"69 TO 

)0 TO 
A31 TO 

.9262 TO 
.949? TO

.7414 
.7645 
.7876 
.9107 
.83= 
.85!9 
.8800 
.90:1 
.9262 
.949Z 
.972=

6. 02-':E-0= 
6. 67555E-02 
1. 74279E-02 
5. 9=5266-02 
5. 8744EE-06 
3.29e88E-02 
6. 67555E-05 
6.67535E-04 
6.67555E-03
IM TAF .E

7 8 
8 
7

11 
25055 
28304 

12

9 

11
14 
15

3. 33777E-02 
1 77674E-07 
7.720,36E-07 
2497724S-06 

3.33777E-05 
3. 3 777E-04 
3.3 17777E-07

H 1269 F, 1002 T 21S GP 032475(2) 
H 1269 Fs 1002 T 218 GP 032475(2) 
H 1269 F, 1002 T 218 GP 032475(2" 
H 1269 Fs 1002 T 212 SF 0=247" (2) 

H 1269 F9 1002 T 218 GP 032475(2• 
H 1269 F, 1002 T 212 GF 032475(r) 
0-16 1276 216 OP 030476(7) 
0-16 1"76 218 GP 030476(7) 
0-16 1276 21e GP 030476(7) 
0-16 1276 218 GP 030476(7) 
0-16 1276 212 GF 030476(7) 
0-16 1276 218 GP 030476(7) 
AL-27 1193 218 GF 040375(5Z 
AL-27 1195 216 OF 040375 (5) 

CR 1191 WT S5-304(1/EST) P-3 293K SP-5÷!4(4::75; " 

MN-Z5 1197 SIGP-5+4 NEWXLACS 21eNGP P-3 29::.  

FE 1192 WT SS-304(1/EST) P-3 293K SP-5*4(42Z75:" 

NI 1190 WT SS-304(1/EST) P-3 29ZK SP-5+4(42=7Z 
PB 1266 218NGP 042375 P-3 293K 
U-2355 1261 SIGP-5-4 NEWXLACS 218NGF, P-3 293w (7)

3 E 
:TIVE 

r I ON

DEVIATION 
* OR - .00569 

4 TO 103

NUMBER OF 
HISTORIES 
30000

.*.* *0*4 

444000440 

44004440 
*400444 
400000 

Rev. J, October 6, 1995
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TABLE 6.4-5

:FF BNL FUEL 
MIXTURE 

1

SHIPPING 
NUCLIDE 
- 92= 5

2 17027 
3 1001 
3 8016 
4 
5 5 
6 243•24

6 
7 
a 

NOSS SECTIONS 
JCLIDE 
JCLIDE 0 
JCLIDE 
JCLIDE 
JCLIDE 
JCLIDE 
JCLIDE 
JCLIDE 
j7LIDE 
JCLIDE 

MDE 
S.._IDE 

JCLIDE 
JCLIDE 
2. OF INITIAL 
3ENERATIONS 

SL'IFPEr 
3 -

26304 
6 

82000

ARRAY FWR HOMOGENIZED FUEL GENERAL 6EOM .e-5 = csi C E5Tt
DENSITY 

2. 6136E-03 

6.02r38!E-02 
5.87448E-06 
2.93724E-06 
6. 02•M-M-02 
6. 675•5E-02 
1. 74239E-02 
5.9=526E-02 
5.8744SE-06 
3. 29828E-02

READ FROM TAPE
1001 

5 
6 

8016 
8 
9 

13027 

24304 

25055 

26304 
2-.304 
82000 
9=75

MIXTURE 
9 
9 
9 
9 

5 

6 
6 
7

NUCLIDE 
-93, 5 

1Z027 
1col 
8016 

8 
25055 
28`04 

9

DENSITY 
4.08154E-04 
1. 12225E-02 
3.86267E-06 
1.93134E-06 

3.33777E-O: 
1. 7-w64E-0; 
7.7203ý6E-07 
2.9P724E-06

H 1269 F, 1002 T 218 8F 072475(2
H 1269 F, 1002 T 218 6P 0=47M(2) 
H 1269 F, 1002 T 218 GP 072475(2= 
0-16 1276 218 GP 030476(7) 
0-16 1276 218 SP 030476(7) 
0-16 1276 218 GP 030476(7) 
AL-27 1193 219 GP 040375(5) 
AL-27 1193 218 SP 040175(5) 
CR 1191 WT SS-304(1/EST) P-3 293K SP-5.4(4::75" 
MN-55 1197 SIP-5÷4 NEWXLACS 218NGP F-= 93 
FE 1192 WT ES-704(1/EST) P-3 29.K SP.t÷4(421757' 
NI 1190 WT SS-304(1/EET) P-3 29'K SP=5÷4(=7,t- ) 
PE 1288 218NGP 042375 P-3 293K 
U-235 1261 SIGFP5+4 NEWXLACS 21dNsF P-3 :rvn:i:

AVERA3E 
K-EFFECTIVE DEVIATION 

.09697 + OR - .00173

NUMBER CF 
HISTORIES 

13900

FPEDLUENY FOR GENERATIONS 4 TO 49 
.06:: TO .0654 
.0354 TO .1CBS 
.10CS0 TO 11

Rev. J, October 6, 1995
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*TABLE 6.4-6

Err BNL 
M:XT

FUEL SHIPFING 
URE NUCLIDE 
1 -92"!5
2 
"3

4 
5 
6 
6 
7 
8 

ROSE SEETIONS
JCLIDE 
UCLIDE 

-CLIDE 
UCLIDE 
UCLIDE 
UCLIDE 
JCL IDE 
'UCLIDE 
:UCLIDE 
UCL IDE 

IDE 
IDE 

,UCLIDE 
iUCLIDE

a 
a 
a 
a 
a 
a 
a 
a 
a

0. OF INITIAL 
GENERATIONS 

SKIPFPED 
3

.2775 

.3006 

. 3237 

.346e 
.3699 
.3930 

.4160 
.4391

TO 
TO 
TO 
TO 
TO 
TO 
TO 
TO

.3006 
. 3273 7 
.3468 
.3699 
.3930 

.4160 
.4#91 
.46==

1Z0017 
1 CO1 1 
8016 

3 

5 
24304 
26304 

6 
8210-0

ARRAY FWR HOMOGENIZED FUEL GENERAL GEOM 0.1= CS, :S-f
DENSITY 

2.61362E-03 
6. 0=386E-02 
6. 67555E-03 
3.33777E-07 
8. 038ZE-02 
6.67555E-02 
1.74239E-02 
5. 9'352E-02 
6.67555E-03 
3.298E2E-02

READ FROM TAPE
1001 

6 
8218 

8 

9 
13027 

3 
24304 
-!,5055 
26304 
28i:04 
82000 
9,2:o3o

H 1269 F, 
H 1269 F, 
H 1269 F,

MIXTURE 
9 
9 
9 
9 

5 

6 

7

T 
T 
T

1002 
1002 
1002

218 
218 
215

NUCLIDE 
-92235 

13027 
1001 
8016

8 
25055 
28304 

9

SP 072475(2) 
GP 076475 (-') 
SP 032475(2)

DENSITY 
4.08154E-04 
1. 12 5E-02 
4. 38940_-0O 
2. 19470E-0` 

3. 33777E-02 
1. 7Z 6Z4E-03 
7.72036E-0: 
3. 3=777E-0

0-16 1276 218 GP 030476(7) 
0-16 1276 218 SP 030476(7) 
0-16 1276 218 SP 030476(7) 
AL-27 1193 218 SP 040775(5) 
AL-27 1193 218 ep 040375(5) 
CR 1191 WT SS-704(1/EST) P-3 2931. SPF=5-4(42:7•) 
MN-55 1197 SIGP-5+4 NEWXLACS 218NCP P-3 297;.  
FE 1192 WT SS-304(1/EST) P-3 293'K SF-5+4(4=7751 
NI 1190 WT SS-304(1/EET) P-3 291K SF-5+4(4::77" 
PE 1283 218NGP 042375 P-3 293K 
U-275 121 SIGP-5!4 NEWXLACS 218N6F F-. :9:i-c:

AVERAGE 
K-EFFECTIVE DEVIATION 

.35831 + OR - .00412 
FREOUENCY FOR

NUMBER OF 
HISTORIES 

17400 
GENERATIONS 4 T3 61

*

**** *****..*.***.* 
4# * * 4 **..* * 

*4 4* *4 *4 * ** * * 4 

*
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TABLE 6.4-7

BNL FUEL 
MIXTURE 

1 
2 
3 

4 
5 
6 
6 
7 
a 
9 

10 
11

:Rp£C SECTICN3 
%L!:LIDE = 
VUCLIDE 

JUCLIDE = 
4ULCL DE w 
'JUCLIDE 
NUCLIDE 
HUCLIDE 
"•'"L1DE 

NUCL:DE 
NUCLIDE 
NJCLIDE 
NUCLIDE 
NUCLIDE 
NUCLIDE 
NU=LIDE 
NJ2LIDE 
NUCLIDE 

- UCLID 6 

NO. OF INITIAL 
GENERATIONS 

Si :IPFED 
LW

SHIPPIN3 
NUCLIDE 

13027 
1001 
8016 

3 

"*24304 
26-04 

6 
82000 

7 
8 
9

READ FRO 
1001 

5 
6 
7 
8 
9 

G016 
11 

13 

14 
15 

13027 

24304 
25055 
26304 
28704 
B1C00 
92235

AF:RAY FWF: HOMOGEN:ZED FUEL GENERAL GCOM I * 1 CSK. 25011 
DENSITY MIXTURE NUCLIDE DENSITY 

2.61362E-03 12 -92235 4.0e154E-04 

6. O23BE-02 12 13027 1.12225E-02 

6.6755ME-0: 12 100. 4.38e40E-02 

3.33777E-02 1 8016 2.19470E-02 
6. 02387E-02 
6.67555E-02 5 11 3.33777E-02 
1-74239E-02 6 25055 1.7W634E-0O 

5.93526E-02 6 26304 7.72036E-Or 

5.87449E-06 7 12 2.9724E-0& 
3.29882E-02 
6.67555E-05 9 13 3. .-- 7.7E-•5 

6.67555E-04 10 14 3.3"777E-04 

6.67555E-03 11 15 3.33777E-07

M TAPE 
H 1269 F, 1002 T 218 SP 032475(2) 

H 1269 F, 1002 T 21e GF 002475(2) 

H 1269 F, 1002 T 21e SP 032475(2) 
H 1269 F, 1002 T 219 SP 032475%.2) 

H 1269 F, 1002 T 218 SP 032475(2) 

H 1269 F, 1002 T 219 SP 032475(2) 

0-16 1276 218 SP 030476(7) 
0-16 1276 218 SP 030476(7) 

0-16 1276 21S BP 030476(7) 
0-16 1276 218 SP 030476(7% 

0-16 1276 21e SP 070476(7) 
0-16 1276 21e 6F 03C,476(7) 
AL-27 1193 218 SP 040375(5) 
AL-27 1193 218 SP 040375(5) 

CR 1191 WT SS-304(I/ES7) P-3 293K SFP5+4(4=`751 

MN-55 1197 SISFP-54 NEWXLACS 219N3F P- 2931, 

FE.1192 WT SS-304(1/EST) P-3 293K SP-5+434=375 ": 

Ni 1190 WT SS-304(1/EST) P-3 293K SP-!+4:4=37J;" 

PE 1262 218NGF 042375 P-3 293K 

U-235 1261 SIGP-5+4 NEWXLACS 218NGP P-Z 29ZV (3)

AVERAGE 
K-EFFECTIVE DEVIATION 

.98725 + OR - 000446

FREQUENC-Y FOR GENERATIONS 
.7602 TO.783 * 

.763= TO .8064 .4*.  

.8064 TO .8295 

.8295 TO .8526 

.8526 TO .8757 
.8757 TO .8989 
.5986 TO .9219 
n219 TO .9450 

450 TO .9681 
.9681 TO .9912 .*

Rev. J, October 6, 1995

NUMBER OF 
HISTORIES 

30000

* .4 * * 

0 0 4 *4 * *0 0 * *4 * 

*4*** 
0
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TABLE 6.4-8

:FF 9N.. FUEL EHIPPINE 
,E FUEJ. STAC|K AGAINST 

MIXTURE NUCLIDE 
I -92=35 
2 130=7 
3 1001 
3 8016 
4 3 
5 5 

6 2471^4 
6 26:04 

7 6 
9 82000 
9 7 

10 8 
11 9

ROSS SECTIONS 
UCLIDE 
UCLIDE 
UCLIDE 

LUCLIDE 
UCLIDE 
U:LIVE 

IDE ... .IDE 
UCLIDE 
Ur--LIDE 
UCLIDE 
UCLIDE 
UCLIDE 
£ZLIDE JCLIDE LI: I DE' 
UC:.IDE a 
UCLIDE a 
UCLIDE 
UCLIDE 
'JCLIDt- 
UCLIDE 
0. OF INITIAL 
GENERATIONS 

SKIPPED 
3

READ FRC 
1001 

5 
6 
7 
8 
9 

9016 
11 
12 
i: 
14 
15 

13027 
3 

24304 
25055 
26304 
28:004 
8200) 
922 35

FT-B FWR HOMOGENIZED FUEL GEN 
UPPER LEAD AND ONE FUEL STACK 

DENSITY MIXTURE NUCLIDE 
2.61362E-03 12 -92235 
6.0323BE-02 12 13027 
6.67E55E-02 12 1001 
3.33777E-02 12 9016 
6.02387E-02 
6.67555E-02 5 11 
1.7423f9E-0O 6 25055 
5.9.526E-02 6 26304 
5.87448E-06 7 12 
3. 29882E-02 
6.67555E-05 9 13 
6.67555E-04 10 14 
6.67555E-03 11 15 
)M TAPE

ERAL BEOM 1. 15 C2i ZE-i 
AGAINST LOWEF LEA: 

DENSITY 
4.08154E-04 
1. 1225E-0= 
4.38940E-02 
2.19470E-0:

3.133777E-02 
1.73674E-07 
7. 72036S-07 
2.. 9724E-C6 

3.3,7777E-05 
3.3"777E-04 
3. 33777E-0-

H 1269 F, 1002 T 216 AP 032475(2) H 1269 F, 1002 T 218 SP 032475(2) 
H 1269 F, 1002 T 218 SP 032475(2) 

H 1269 F, 1002 T 21e SP 032475(2) 
H 1269 F, 1002 T 218 OP 032475(2) 
H 1269 F, 10C2 T 218 OP 032475(2) 

0-16 1276 218 CP 030476(7) 
0-16 1276 216 EP 030476(7) 
0-16 1276 216 OP 030476C7) 
0-16 1276 216 GP 030476(7) 
0-16 1276 216 SP 030476(7) 
0-16 1276 218 SP 030476(7) 

AL-27 1193 218 SP 040375(5) 
AL-27 1193 216 SP 040375(5) 

CP 1191 WT SS-304(1/EST) P-3 293v SP-5+4(4=•T75 

MNr55 1197 SIGP!5÷4 NEWXLACS 218NSP P-3 293.6 

FE 1192 WT S5-304(1/EST) P-3 293K SF-5+4C42375" 

NI 1190 WT S5-304(1/EST) P-Z 23K SP!.+4(42=75" 
PB 1268 218NSP 042375 P-3 293K 

U-235 1261 SIP-5+4 NEWXLACS 218NGP P-3 293:(P)

AVERAGE 
K-EFFECTIVE DEVIATION 

.84483 + OR .- 00429

FREQUENCY FOR GENERATIONS 
.7409 TO .7640 
.7640 TO .7871 
.7871 TO 98102 
.8102 TO .*33--= 
.8=31 TO .8564 
.8564 TO .8795 

"95 TO .9026 
J26 TO .9257 

.957 TO .9488 
: .9488 TO .9718

4 To 103

NUMBER OF 
HISTORIES 

30000

U. 9 9 *9* *9 * 9

Rev. J, October 6, 1995
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6.ZS 
.3 J °c-:: K-E-fective (±: Sigma) Vs. Wate- Mist Density For 
odel E. Two Casks Each Contain 7020 Grams U-23Z Of Fully Enriched 
ranium In Plate Fuel Form In Twenty Fuel Elements In A 304 Stainless 
teel Basket And Are Touching In An Array. The Mist Is Inside The Cask.  
here Is 1i" Of Water Reflection Between The Casks And Around The Array.  

- K-Effective Results Contain A Bias Of 0.3% In The 1 Sigma Value And 
In The Mean Value. Water Is Between The Plates Here.  
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TABLE 6.5.1-1 

Critical Experiments for 

Computational Tool Evaluation

Experiment Name 

A. TRX-I a TRX-2 
Low-Enriched Uranium Rods 
in Water

References 

A.1. J. Hardy, Jr., D. Klein and 
J. J. Volpe; "A Study of Physics 
Parameters In Several Water
Moderated Lattices of Slightly 
Enriched and Natural Uranium", 
WAPD-TM-931; March, 1970.  

A.2. J. Hardy, Jr., D. Klein and 
J. J. Volpe; Nucl. Sci. Eng.  
40, 101 (1970). J. J. Volpe, 
T. Hardy, Jr., and D. Klein, 
Nucl. Sci. Eng. 40, 116 (1970).  

A.3. J. Hardy, Jr., D. Klein and 
R. Dannels; Nucl. Sci. Eng. 26, 
462 (1966).

A.4. J. R. Brown et al., "Kinetics and 
Buckling Measurements In Lattices 
of Slightly Enriched U or UO2 
Rods In H 0", WAPD-176 
(January, N1958).  

A.5. R. Sher and S. Fiarman, "Studies 
of Thermal Reactor Benchmark 
Data Interpretation: Experi
mental Corrections". EPRI NP-209; 
October, 1976.

B. ORNL 1-4 & ORNL 10 
Fully Enriched Uranium 
Spherical Solutions

B.1. R. Gwin and D. W. Magnuson, 
"Eta of U-233 and U-235 for 
Critical Experiments", Nuc. Sci.  
Eng. 12, 364 (1962).  

B.2. A. Staub et al.. "Analysis of 
A Set of Critical Homogeneous 
U-H 2 0 Spheres", Nuc. Srd. Eng.  
34• .263 (1968).
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TABLE 6.5.1-1 
(Continued)

Experiment Name 

C. PNL 1-5 
Plutonium Spherical Solutions

D. Babcock a Wilcox 
Small Lattice Facility 
Low-Enriched UO2 Rods 
in Water 

MO 2 Rods in Water

References 

C.1. R. C. Lloyd et al.. "Criticality 
Studies With Plutonium Solutions", 
Nuc. Sal. Eng. 25, 165 (1966).  

C.2. L. E. Hansen and E. D. Clayton, 
"Theory-Experiment Tests Using 
ENDF/B Version 1I Cross-Section 
Data", Trans. Amer. Nuc. Soc.  
15, 309 (June. 1972).  

C.3. F. E. Kruesi ot al.. "Critical Mass 
Studies of Plutonium-Nitrate 
Solution", HW-24514 (1952).  

D.1. M. N. Baldwin et al., "Physics 
Verification Program - Part III".  
BAW-3647-6, Babcock a Wilcox, 
1970.  

D.2. G, T. Fairburn et al., 'Pu Lattice 
Experiments In Uniform Test 
Lattice of UO -1.5% PuO Fuel", 
BAW-1357, Bal~cock & Wilc~x; 
August, 1970.

Rev. J, October 6, 1995
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TABLE 6.5.3-1 

K-Effective Results 

Computational Tool Evaluation

Name of 
critical 
Experiment 

ORNL-1 
ORNL-2 

TRX-1 
TRX-2 

PNL-1 
PNL-2 

BaW 
BaW

Feature 

Fully Enriched 
U-235 Nitrate 

Low Enriched 
U-235 Rods 

Plutonium 
Nitrate (5Pu240) 

U02 Rod 
Mo 2 Rod

SCALE Results 
No. o0 
Neutron 

K-eff ± 2 Sigma Histories

1.0021 ± 0.0060 
0.9977 ± 0.0068 

0.9773 t 0.0060 
0.9820 t 0.0060 

1.0157 ± 0.0108 
1.0105 t 0.0114 

0.9920±+ 0.0046 
0.99720± 0.0054

30,000 
30,000 

30,000 
30,000 

30,000 
30,000 

30,000 
30,000

"Ok-infinity values
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GENERALQ ELECTRIC 

NUCLEAR ENERGY BUS.NSS OPERATIONS 
GENERAL ELECTRIC COMPANY . VALUCTO$ NUCLEAR CENTERo PLEAANtON. CALIFORNIA 94566 

September 16, 1985 

Mr. C. E. MacDonald, Chief 
Transportation certification Branch 
Office of Nuclear Material Safety and Safeguards 
U.S. Nuclear Regulatory Comnission 
Washington, D.C. 20555 

References: 1) Certificate of Crepl lance No. 5942, Docket 71-5942.  
2) Application for Anendiint; June 5, 1985.  
3) Applicatlon for Anenmnent; August 7, 1985.  
4) Letter, C. E. MacDonald to G. E. Curninghan; 

September 4, 1985.  

Dear Mr. MacDonald: 

This letter is in response to the questions contained in your letter of 

September 4, 1985 (Ref. 4).  

Separation will be provided by placing a 0.188-inch-thick 304 stainless steel 
plate between the two baskets. Moles are provided In the plate to facilitate 
draining after underwater cask loading. The plate Is shmmn on Drawing No.  

218B6061 enclosed as Attachment A.  

The difference In k-effective between the 10-element case (Ref. 2) and the 
20-elem.nt case CRef. 3) Is explained by the fact that a bias was appl led in 

the former and a nore accurate model was used in the latter. The model used 

In the 10-elwnent case was overly conrservative. A coiparlson of the two 
models and a summary of the Input/output of the SCALE calculation for the 
10-61awmnt case are Included as Attachment B. The full computer run Is 
Included as Attachtnent .C.  

Sincerely, 

41.  
6. E. CirwiI 
Senior Licensing Engineer 
(415) 862-2211, Ext. 4330 

/c& 

Attactuints

Rev. J, October 6, 1995
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Attachment A 

Drying No. 21BB6061
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Attachrent B 

Criticality Evaluation
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CRITICALITY EVALLATION 

GENRAL ELECTRIC COWPANY 

MODEL NO. 700 CASK, DOCKET NO. 71-5942 

INTRODUCTION 

In the General Electric submittal letter of June 5, 1985, k-effective results 

ere presented for a mocel that contained 10.9375 Inches of lead closely 

surrou dIng the sides and bottom of a stainless steel basket containing 10 

MTR-type fuel assetlies. The calculated k-effective value was 0.92363 1 

0.00740. The detalls of this close lead model giving this k-effective result 

are described below. A co.parlson of this result with a normnl lead model 

used In the August 7, 1985, submittal giving a calculated k-effective of 

0.88725 t 0.00446 CTable 6.4-7 for 20 MTR-type asstmblles for the August 7, 

1985, submittal) also Is provided.  

COF'WAR I SON 

The k-effective result for the close lead model presented below Is 0.90286 ± 

0.00470. The k-effective result for the normal lead model Is 0.88725 t 

0.00446. bhen a bias of 2.3% is applied to the man value and 0.3% is applied 

to the one sigme value, these k-effective results becnme 0.92363 1 0.00741 for 

the close lead mcdel and 0.90766 t 0.00712 for the norn1l lead model.  

The close lead model does not represent the placemnt of the stainless steel 

basket containing the 10 MTR-type fuel elements In a GE 700 cask very well.  
For example, the lead Is too close to the stainless steel basket along the 

topL, bottom, and sides of the basket In this model. Furthermore, at the 

corners of the cask cavity, voter appears In locations Where there should be 

lead (see Figure 3). Therefore, the normal lead -mdel better represents the 

accident condition for this shipment.

Rev. J, October 6, 1995



6.303

Document 22 

MODEL SPECIFICATION 

The close lead model was for one cask under accident conditions and involved 

ton MTR-type fuel elements loaded in a basket that was fully flooded. Each 

ITR-type fuel element contained no more than 351 grams U-235 and was Inserted 

In a spaced stainless steel fuel shipping basket described In GE Drawing No.  

106D4150. The fuel elemwnt and basket assenbly was further ncdeled to be 

Inside a General Electric 700 cask. This cask has a cavity that is 15 Inches 

In diameter by 40 Inches long for holding the asseibly. The cask Is of steel

encased, lead-shielded construction. A cask OD of 36.875 Inches and a cask ID 

of 15 Inches were used to give a lead thickness of 10.9375 Inches surrounding 

the sides of the basket. A lead thickness of 10.9375 Inches also was used 

underneath the basket. Lead was used to replace the steel encasement.  

DESCRIPTION OF CALCULATIONAL MODEL 

In this calculation, each fuel plate in a fuel element and each fuel element 

In a basket was described in three dimensions discretely. The model was 

prepared as input to the SCALE System using the 27GROUPNDF4 cross-section set 

and the KENO-IV criticality code for performing the k-effective calculations.  

The fuel element nodeling Is described first. Then the nodeling of the basket 

surrounded by load Is presented.  

Each fuel element contained 20 plates: 18 fuel plates were In the middle of 

the fuel element, and 2"alumlnum plates were at the top and botton of each 

fuel element, respectively. Each fuel plate contained fuel neat that was 2.25 

Inches wide, 0.0228 Inches thick, and 22.75 Inches long. Each fuel plate 

contained 19.5 grwns U-235 in this fuel meat space. The fuel meat was clad 

with 0.0136 Inches of alumrinum such that the fuel plate thickness became 0.05 

inches.

Rev. j, October 6, 1995



6.304 

Document 22 

Each fuel plate In the fuel element was separated by a gap of 0.096 Inches in 

the center of the fuel element. These gap thicknesses changed In the outer 

three layers to 0.108 Inches, 0.118 inches, and 0.100 Inches, respectively.  

See Figure 1. The aluminum beyond the 2.25-Inch width and the 22.75-Inch 

length of the fuel meat was represented as water in this =mdel. The numerical 

result s of this modeling may be seen in Table 1 under Box Type 1 or Box Type 

2.  

The basket was modeled as a 304 stainless steel structure that had walls which 

were 0.25 Inches thick and contained 10 holes that measured 3.18 Inches square 

by 22.75 Inches long. There were three holes In the upper and lower rows and 

four holes In the middle raw sufficient to hold the 10 fuel elements. See 

Figure 2. The numerical results of this mrdellng may be seen In Table 1 under 

Box Type 1 and Box Type 2.  

A slab of lead 10.9375 inches thick was then used to surround the basket on 

the top, bottom, sides, and underneath the basket. A i2-inch-thick layer of 

water was then used to surround the lead on the top, bottom, sides, and 

underneath portion of this assemibly and on top of the basket In this mndel.  

A plan view of this model may be seen in Figure 3. The Picture Code-: was used 

with the general Ized geomhtry option commrenS In the KENO-IV code on the SCALE 

System to construct Figure 3 for this model. Figure 3 shows that this nodel 

does not represent the plaiement of the stainless steel basket containing the 

10 MTR-type fuel elements in a GE 700 cask very wel l. For example, the lead 

Is too close to the stainless steel basket along the top, bottomn and sides of 

the basket In this model. Furthermore, at the corners of the cask cavity, 

water appears In the locations where there should be lead. However, at the 

time this model was prepared, the general ized geometry Input was not 

availa ble.  

"KIrving, D. C. and Morrison, G. W., "PICTURE: An Aid In De-Bugging Geom Input 
Data", ORNL-TM-2892; May 14, 1970.
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PACKAGE REGIONAL DENSITIES 

The num.er densities for the materials used in this model my be seen in Table 

2. The number density used for the fuel meat was 0.00261362 aton/barn-cn for 

U-235. A molecular weight of 235.043933 gran/grem-mole and Avogadro's number 

of 6.025E23 gran-aton/gran-mole were used In calculating this number density.  

Other materials In the fuel meat such as U-238, oxygen, silicon, etc., were 

not modeled. The number densities for the materials specified in Table I that 

are provided by the SCALE Systemn for the 27GROUPNDF4 cross-section set are 

shown in Table 2.  

CRITICALITY CALCULATIONS 

The SCALE: System that Is running on the Control Data Corporation 7600 

cmputer at General Electric's Nuclear Energy Business Operations was used for 

the k-effective calculations. The 27GROUPtCF4 cross-section set and the 

KEN0-IV critical ity code In the SCALE System were used to perform these 

calculations. The k-effective result shown In Table 2 is 0.90286 - 0.00470.  

A bias of 2.3% on the mean value and 0.3% on the 1 sigma deviation is applied 

here due to the camparison of k-effective results fran the SCALE System and 

the 27GROUPNDF4 cross-section set with critical benchmark experiments. The 

k-effective result then becomes 0.9236 t 0.0074. The bias Is appI led as 

-follows! 0.90286 x 1.023,: 0.92363; .003 x .90286 + .00470 .00741. The 

critical benchmark experiment discussion Is contalned In the June 5, 1985, 

letter.  

Xluctolz, J. A., "SCALE: A IModular Code System for Performing Standardized 
Caqujter Analyses for Licensing Evaluation", NIJREG/CR-0200, ORNL/NUREG/CSD/2, 
Volume 1, Oak Ridge National Laboratory; July, 1980.
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6,14-5 OWR Fuel Criticality Analysis m 

6.1. Discussion and Results 

Fissile Class I mass limits were determined for OWR fuel elements in the BMI-1 shipping 
cask. Up to 24 OWR fuel elements each containing up to 240 grams of U235 in the basket 
(BMI drawing BCL-000-500) will remain subcritical during normal and credible abnormal 
shipping conditions. An infinite array of BMI casks, each loaded with 24 OWR fuel 
elements, is subcritical (kf = 0.837), and a Transport Index (TI) = 0 may be assigned to 
each shipment.  

Subcriticality is maintained.with the use of the aforementioned basket(s). These baskets 
contain neutron poison in the form of Boral plates built into the basket. To ensure the 
presence of the Boral, the maintenance procedures as outlined in Revision H of the Safety 
Analysis Report for The Model BMI-1 Shipping Cask must be performed prior to each use.  

6.2. Package Fuel Loading 

A series of criticality evaluations were made of the BMI-l cask using the KENO V.a' 
computer code. The analyses were made for the exclusive shipment of irradiated OWR fuel 
elements.  

Up to 24 OWR fuel elements each containing up to 240 grams of Uz" in the basket (BMI 
drawing BCL-000-500) may be shipped in the BMI-1 cask.  

6.3. Calculational Model 

The fissile material was assumed to be contained in the fuel plates of each assembly.  
Figures 6.1 and 6.2 are representations of OWR fuel assemblies. The calculational model 
was based on the fueled region with average dimensions of 24.5 in. x 2.457 in. x 0.02 in.  
The average plate dimensions used were 24.625 in. x 2.797 in. x 0.05 in. The U•" modeled 
was taken to be 100% U235 [U(100)].  

The configurational model of the modified BMI-l cask used for the criticality analyses is 
shown in Figures 6.3 and 6.4 of Rev. H of the SARP.  

Calculational models are described in Table 6.1 with atom densities for the several materials 
used listed in Table 6.2.  

For calculational simplicity, it was desired to perform analyses with the fuel as homogenized 
within the cross sectional volume of the assembly: A calculation (Table 1, case 1) was 
performed to verify that this modeling assumption was valid. The results of this calculation 
were compared to a heterogeneous model (Table 1, case 2) where mass and volumes were 

1
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conserved. The results indicate that the homogenized fuel region is the more conservative 
(greater multiplication factor) of the two conditions, and, therefore, was used throughout the 
remainder of the calculations. The Boral loaded plates of the basket were modeled 
according to the BMUI-1 Poison Plate drawing (number unreadable). Only the Boral and 
stainless steel were used during the calculations in the cavity of the cask. Credit was not 
taken for absorptive characteristics of other material(s) of which the basket is constructed.  

A series of calculations (Cases 21-30) were performed to determine the sensitivity of 
multiplication factor versus percentage of boron present in the boral plates of the basket 
insert. The amount of boron present was reduced to 75% of the design level. For the 
several cases executed, it can be seen that the shipping cask will be subcritical during 
normal and hypothetical accident conditions of transport. However, as indicated in Section 
6.1, "Subcriticality is maintained with the use of the aforementioned basket(s). These 
baskets contain neutron poison in the form of Boral plates built into the basket. To ensure 
the presence of the Boral, the maintenance procedures as outlined in Revision H of the 
Safety Analysis Report for The Model BMI-I Shipping Cask must be performed prior to each 
use".
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Case kff* Description 

1 0.060 Single fuel element with homogenized fuel region, flooded but not externally 
reflected.  

2 0.053 Single fuel element with discrete fuel plates, flooded but not externally reflected..  

3 0.035 Twenty-four fuel elements were modeled as dry, i.e., without water in the channels 
of the assembly, in a single bare cask, i.e., no external reflecting material (water).  

4 0.051 Same as Case 3, except that the cask was externally reflected with 24-inches of full 
density water.  

5 0.796 Same as Case 3 except water was added to the channels in each assembly. The 
remainder of the cask cavity was filled with full density water.  

6 0.797 Same as Case 5 except that the cask was externally reflected with 24-inches of full 
density water.  

7 1.063 Same as Case 3 except that the boral poison plates were replaced with full density 
water.  

8 0.107 Same as Case 3 except 27 casks are in a 3 x 3 x 3 close-packed (touching), bare 
cubic array.  

9 0.804 Same as Case 8 except water was added to the channels in each assembly. The 
remainder of the cask cavity was filled with full density water. Interstitial spaces 
between casks were filled with full density water.  

10 0.820 Same as Case 5, except 27 casks are in a 3 x 3 x 3 bare cubic array.  

11 0.805 Same as Case 10 but interstitial spaces between casks were filled with full density 
water.  

12 0.805 Same as Case 11 but reflector material was water at 0.75 of full density.  

13 0.817 Same as Case 12 but reflector material was water at 0.001 of full density.  

14. 0.806 Same as Case 13 but reflector material was water at 0.5 of full density.  

15 0.804 Same as Case 14 but reflector material was water at 0.25 of full density.  

16 0.805 Same as Case 15 but reflector material was water at 0.1 of full density.  

17 0.287 Same as Case 3 but configured as an infinite array.  

18 0.075 Same as Case 3 but configured as an infinite array with interstitial spaces between 
casks filled with full density water.  

19 0.840 Same as Case 5 but configured as an infinite array without water in interstitial 
spaces between casks.  

20 0.807 Same as Case 5 but configured as an infinite array with interstitial spaces between 
casks filled with full density water.
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kw#r Description

21 0.035 24 OWR fuel elements in a single, dry and bre cask; 75% of boron present in boral 
plates. (Same as Case 3 except for boron content).  

22 0.801 24 OWR fuel elements in a cask with water added to the channels in each assembly; 
no external reflection; 75% of boron present in boral plates. (Same as Case 5 except 
for boron content.) 

23 0.816 Same as Case 22 except that the cask was externally reflected with 24-inches of full 
density water.  

24 0.855 Same as Case 19, except that 75% of boron present in boral plates.  

25 0.813 Same as Case 20, except that 75% of boron present in bond plates.  

26 0.303 Same as Case 17 except 75% of boron present in bond plates.  

27 0.830 Same as Case 10 except 75% of boron present in borall plates.  

28 0.875 Same as case 13 except 75% of boron present in boral plates.  

29 0.813 Same as Case 28 except interstitial and thick water reflection at full density.  

30 0.816 Same as Case 9 except 75% of boron present in boral plates.  

All statistical standard deviations (a) < 0.004

Rev. J, October 6, 1995
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Table 6.2. Material Atom Densities

Material Isotope or Element Atom Density, at/barn-cm 

Fuel Assembly (wet) UL2(100) 0.000183 

Al. 0.0178 

H 0.047 
0 0.02358 

Fuel Assembly (Dry) UM(100) 0.000183 

Al 0.0178 

Aluminum Al 0.0603 

Lead Pb 0.0332 

Boral B(nat) 0.03862 

C 0.00964 

Al 0.0367 

Stainless Steel Standard Mixture = 200 
provided by KENO V.a 

Water Standard Mixture = 502 
provided by KENO V.a

Rev. J. October A. 19qq
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6.4. Criticality Calculations 

The following subsections discuss the calculational methods and results of the 
multiplication factor analyses. These results confirm the cask loading limits provided 
in Section 6.1.  

6.4.1. Calculational Method 

KENO V.a' is a Monte Carlo criticality program used to calculate the multiplication 
factor (kff) of a three-dimensional system. The code employed the Hansen-Roach2 16
group cross sections. The calculations were completed when 50,000 neutron histories 
were completed. This number of histories was sufficient togive standard deviations of 
less than 0.005 for all cases. The first few generations (3) of each calculation were 
excluded in the computation of the mean.  

The 16-group cross sections selected for the fissile isotope UL were determined from 
the standard recipe (reproduced below from the original reference) which would 
determine the potential scattering cross section, a,. The notation specifies a scattering 
cross section per absorber atom for the mixture:' 

c = Z a. (moderator) / N (atomic density of absorber atoms) 

Moderators considered have atomic weights less than or equal to 16.  

6.4.2 Criticality Analyses Results 

For the cases described in Table 6.1, calculational results are provided in therein.  

From these results it can be seen that for all normal and credible abnormal conditions, 
up to 24-OWR fuel elements can be safely shipped in the BMI-1 shipping cask. Case 7, 
an exception to the above statement, results in a critical condition because the Boral 
poison plates were excluded from the model. This points to the need for the shipper to 
verify the presence of the Boral in the basket prior to each loading for shipment.  

Complete computer input and output for all cases are maintained on-file.  

6.5. Code Benchmarking and Validation 

Although only KENO V.a was used for the analyses, four computer codes and two 
cross section sets were employed in the validation and. benchmarking analyses in 
order to obtain results by different methods but with the same cross sections 
(three of the four). Two of the codes, MCNP 3 and KENO are Monte Carlo 
programs while the other two, ONEDANTV and TWODANT' are discrete ordinate 
transport programs based on the S. method. Most of the analyses were performed 
with the Hansen-Roach 16-group cross sections while the runs made with MCNP

Rev. j, October 6, 1995
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employed the continuous energy set, ENDF/B-V.  

Table 6.4 lists the experimental, critical benchmarks and the calculated 
multiplication factors which provide the basis for establishing the computational 
bias. Benchmark experiments represent systems where both fast and thermal 
absorptions (fissions) dominate since the modeled package conditions also span 
these two conditions.  

Complete computer input and output for all cases are maintained on file. Based 
on the fact that the differences between calculated and measured critical systems 
does not exceed 2% and is generally less than 1%, it was concluded that calculated 
multiplications factors not exceeding 0.97 were subcritical.

Rev. J, October 6, 1995
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Calculational Results of Benchmark Critical Experiments.

Case k14 Code Description 

l.a 0.996 ONEDANT Lady Godiva; bare;u(93); metal sphere (ref 8) 

L.b 0.993 KENO Lady Godiva; bare;u(93); metal sphere (ref 8) 

L.c 0.997 MCNP Lady Godiva; bare;u(93); metal sphere (ref 8) 

2.a 1.005 ONEDANT Jezebel; bare; pu(6); mcial sphere (ref 8) 

2.b. 1.001" KENO Jezebel; bare; pu(6); metal sphere (ref 8) 

2.c 1.004 MCNP Jezebel; bare; pu(6); metal sphere (ref 8) 

3 1.001 ONEDANT Flatop, U(93); metal sphere; reflected by U(.7) (ref 8) 

4 0.996 ONEDANT Flattop; U(53); metal sphere; reflected by U(.7) (ref 13) 

5 0.994 ONEDANT U(97); metal sphere in water (ref 6) 

6 0.995 ONEDANT Pu(5) metal sphere in water (ref 9) 

7.a 0.994 TWODANT Pu(3) solution at 109g/l, 9" cylinder (ref 10) 

7.b 0.992* KENO Pu(3) solution at 109g/l, 9" cylinder (ref 10) 

7.c 0.995* MCNP Pu(3) solution at 109g/l, 9" cylinder (ref 10) 

8 0.996 TWODANT Pu(3) solution at 109g/l, 12" cylinder (ref 10) 

9 0.999 TWODANT Pu(3) solution at 55g/!, 12" cylinder (ref 10) 

10 1.002 TWODANT Pu(3) solution at 49g/!, 12" cylinder (ref 10) 

11 1.006 TWODANT Pu(3) solution at 47g/I, 12" cylinder (ref 10) 

12 0.992 TWODANT Pu(3) solution at 39g/l, 12" cylinder (ref 10) 

13 1.006 TWODANT Pu(3) solution at 33g/!, 12" cylinder (ref 10) 

14 1.000 TWODANT Pu(1.5 solution) at 26g/1, 12" cylinder (ref 10) 

15 0.004 TWODANT Pu(1.5 solution) at 44.7g/l, 30cm cylinder (ref 11) 

16 0.989 TWODANT Pu(5 solution) at 38.0g/1, 13" cylinder (ref 11) 

17 1.007 TWODANT U93) solution at 54.9g/l, 33cm cylinder (ref 7) 

18 0.999 TWODANT U(93) solution at 137g/l, 33cm cylinder (ref 7) 

19 1.001 TWODANT U(93) solution at 357g/1, 33cm cylinder (ref 7) 

20.a 1.008 TWODANT U(93) solution at 144g/1, 28cm cylinder (ref 7) 

20.b 1.009* KENO U(93) solution at 144g/I, 28cm cylinder (ref 7) 

20.c 1.003* MCNP U(93) solution at 144g/!, 28cm cylinder (ref 7) 

21 1.006 , TWODANT U(93) solution at 144g/!, 33cm cylinder (ref 12) 

*All Monte Carlo runs converged to l _< 0.003.
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Figure 6.3. Elevation Cross-section 
of BMI Shipping Cask

Rev. J, October 6, 1995

rkook
FIGURE



6.322

Document 29

Stainless Steel Boral Separator 
Plates 

..... .. .  

Fuel Element (Typ)

Lead-

Drawing Not to Scale 
See Figure 6.3 for Dimensions

Section A-A

Figure 6.4. Plan Cross-section 
of BMI Shipping Cask
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6,14.6 NBSR Fuel Criticality Analysis 

The NBSR fuel criticality analysis is based upon an earlier analysis 
performed for the NBSR stainless steel divider in the GE-700 Cask 
(Certificate No. 5942, Docket No. 71-5942). A copy of the 
Certificate is included in this section. Following the certificate 
are the original criticality evaluation and a copy of comparative 
criticality calculations showing that "crushed NBSR fuel elements 
are significantly more subcritical than whole elements."
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Copy of Certificate of Compliance No. 5942



CERTIFICATE OF COMPUANCE 
FOR RADIOACTOVE MATERIALS PACKAGES ._.

I ~ - ~WAI inW *1W___ P I VWALAM

14 "- 6.3A5926 B ) I I 15

&a po bd d to tm Wy Vih 0 VW md of 1 o ONWb Wn or h lem o bAonI bem go I 

S gu 7n em o • hn~ lq n Se im in w n W y ornt xu~y t mua or h m @6w in S " p 'as " s"" "- " -- -

& mom 70 bAMMMl I FIW" Me SCGOWW• T C IMOF T MO APDMUCAm10

General Electric Company 
Vallecitos Nuclear Center 
Pleasanton, CA 94566

General Electric Company application dated 
dated May 30, 1985, as supplemented.

�L�u� T j�j 15X-3942 
j�- -N---�- - -

(a 0 (a) Packaging • ' .

(1) 

(2)

A t ve tencased.iý'- s ielodd sh~pp Agdsitenclosed S*. double-walled 
prpictive ckttz--h •h•l -irectangula seplate. The 
cat'ris a d~ijbie-4i ~d teel circ bin.4i,!37-i hdiameter by 
65qch hi ithb4V ft ; .1I-dialeer b O-inch high.  
App ximateOU found th cent cavity. The cask 

is egpped cav presses'6-4elie fIve set at 100 

gaske 3and The mgross weight of 
tstg•ed.d 1. c •ltshed '1silicone rubber 

the p e( (•o tent" re ye, _ et and base) is 35,500 •S. j ", 
The cask modif ed wi a 14-inch high. y extension with an 
additional s lone rubber gasket. The mod 1'....d cask is 79 inches high.  
The maximum gfss v•9 ht of the packaq•flcontents. modified cask assembly, 
protective Jacket *V * * 4hj80 F ds.

(3) Drawings

The packaging is constructed in 
Electric Company Drawing Nos.: 
129D4770, Rev. 6.

accordance with the following General 
129D4768, Rev. 3; 129D4769, Rev. 4; and I

Lifting and/or tie-down devices which are a structural part of the 
package must be in accordance with the above drawings.

-MeM
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hoc FORM 614A CoIQafONS (Owsowea~d) U.S. NUCLEAR REGULATORY COMMWSSiO$% 

le 2 -Certificate No. 5942 - Revision No. 14 - Docket No. 71-5942 

5. (b) Contents 

(1) Type and form of material 

(I) Byproduct, source, and special nuclear material as solid oxide or 
metal in the form of fuel rods. or plates, fuel assemblies, or 
meeting the requirements of special form radioactive material.  

(Ii) Co-60 metal contained within sealed liner and sleeve described in 
Neutron Products, In DrIL 240139, Sheets 1 through 3, 
Revision No. F IF3-.  

(2) Maximum quaint IYfX material per package 

Not to ex ' ) 700 pounds (including shoring), and 

(I) • ••m 5 provided that the maximum U- oi chment does not 
X -pe percent; or .. 04 de o 

0ii) 1q 0dmU rvide th f -terial i401m the form of 

'RRtype fu - ts ml I 'tive fuel 'Egth of 23 
<ches; or 

Q 

ther ie is in the 
Sexc C i ter•lhnde 

0 oT 'in "meter lets with a m um Mi ac or 

(v) thole.alues presnt Weigtlmits for Model 700 
ShiN C ontainer, o a on applTci51r 
to 1-ue "*=t I a in the form of rods wi i-Mnimum pellet diameter 
of 0.40 h r9 

(vi) 5 100 gm U-235? o* d e n the form of ETR-type fuel 
elements (GETR Fuel) tofactlement containing no more than 
510 gm U-235 and inserted in the spaced stainless steel fuel 
shipping basket described In GE Drawing No. 106D4150, Rev. 0.; or 

(vii) 6,200 gm U-235, provided the fuel is in the form of MURR TRTR 
type elements containing not more than 775 go U-235 per element; 
loaded and spaced in the stainless steel fuel shipping basket as 
described In MURR Drawing No. 1228 Sheets 1 thru 5, Revision 0.  
Fuel elements shall have at least 15o days cooling time since 
last reactor operation; or 

(viii) 3,510 go U-235 provided the fuel is in the form of NTR-type fuel 
elements with each element containing no more than 351 gm U-235 
and inserted In a spaced stainless steel fuel shipping basket 
described in GE Drawing No. 106D4150, Rev. 1 for GETR fuel. A 
shoring device to limit vertical motion of the fuel elements must 
be included; or
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NRC FORM 61" CiOwDOS (cOnt"I) U.S. NUCLEAR4 REGULATOPV CONMUjSS.  

je 3 - Certificate No. 5942 - Revision No. 14 - Docket No. 71-5942 

5. (b) (2) (continued) 

(ix) 7 020 gm U-235 provided the fuel is In the form of MTR-type fuel 
elements with each element containing no more than 351 gm U-235 
inserted in a spaced stainless steel fuel shipping basket described 
in GE Drawing No. 106D4150, Rev. 1, for 24-inch length fuel.  
Each shipment must contain 20 fuel elements in 2 fuel baskets 
with the spacer plate shown on GE Drawing No. 218B6061, Rev. 0, 
located between the baskets. A shipment may contain less than 20 
elements provided ea ab ,•1 qe nt is replaced by an aluminum 
or steel spacec 1 o . eo-e nded p ipe with a minimum outer dia r "2. inchs thickness of 

the aI.' - mewe1enthicknelengt 0.125 in e . The space must be of su t length to replace 
the eh se co element;or 

(x) 7,0ttinm U-235 provided the fuel is in the fQ MTR-type fuel S .. th each section containing no mor 175 gmU-235§O 

,totehe stainless steel Cas V &r j*L& shipping 
jket) s eneral Electric rawing o. 183C8253, 
ev. 1 Ah h~mn t-~. n an the mwpm nuuber 

of - 0 Sn basket ces must be 
dfovided wi min or I r in the fI of an open"hded p t~e • 

Rep ir of 2.5 in s and a 
.nimum •a1 • s of 0.12 ' Thespace st be of 
O ff •I ýe ?eni f*6t1 .secti or 

(xi) 00 gin 357pr' I is ,, '-form 14TR-type 
h g anore tha(' gms U-235 

p ho enc or sectiw is inserted into 
the 1stainless ste 1n Gen T Electric 
Comp y'rawing No. 1 3 j v. 0. Wheq*l1sh ipipent contains 
less tt e maximum nu •er of fuel el wa nd fuel sections, 
empty ful1dbasket spaces must be provide,'*tth an aluminum or steel 
spacer in the Fm o an 9pen-pndedtipe with a minimum outer 
diameter of 2.S9incsW aV•o 4•tfmi•wall thickness of 0.125 
inches. The spacer'dist""A oflSufficient length to replace the 
absent fuel assembly and sections.  

(.
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hPCC 0. MONS f=~T*4 oNthisdJ U.S. .kUCLEAF4 REGULATORY COMMIS4i~C 

je 4 - Certificate No. 5942 - Revision No. 14 - Docket No. 71-5942 

5. (b) (3) Maximum quantity of radioactive decay heat per package 

(1) 6,500 watts for dry shipments, or 

(11) 1,500 watts for wet shipments, provided that the cavity shall 
contain at least a 1,000 cu in air void (at standard temperature 
and pressure) at the time of delivery to a carrier for transport.  

(c) Fissile Class I 

Maximum number of packagtjk~ip9E 2 

6. The liner required for - metal which does not mee( 4 Aequirement for 
special form radioacti1~ terial, must be dried, leak t sJ d, and back-filled 
with an inert gsin.,f ordance with Enclosure 2, Rev. 2 to 0 tron Products, 

Icletrdtd% uary 28, 1986. 

7. Shoring must beCtjiovided ize movement of during accident conditions 
of transport.  

Q. Prior to eachoopment (ex ~ con nt mee requiremee of special 
for raloat jE~ atei 1, ! k~9.L e ak.'sted by a .thod capable 

S of determininj"Tat a -e atmcm/adrtepE1ran 
pressure is nejxcee 461 

9. Prior to each st~gmegt 9co-' tpasket(g.1." st betspected.  
This gasket(s) s&s' be~ c ~efects b. every 
12 months, whichýL occu('. r Z1hb~ust be! Gjpled with 
appropriate sealij 4a tppi to r presCDe~av 

10. The applicant must tn lypes elV lei p al 
at 100 psig. anal soeal 

11. When needed, sufficient antifo~ze in the cask mi4t~b used to prevent damage of 
any component of the package aift tlgreq~aM1 V

12. Fabrication of additional packagings is not authorized.  

13. The package authorized by this certificate is hereby approved for use under the 
general license provisions of 10 CFR 171.12.  

14 Expiration date: July 31, 1990.
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WrC- P4RIA OIM %sin (cndfuod) U.S. NUCLEAR REGULATORY COMMISSION 

le 5 - Certificate No. 5942 - Revision No. 14 - Docket No. 71-5942 

REFERENCES 

General Electric application dated May 30, 1985.  

General Electric supplements dated: June 5 and 7, August 7, and September 16, 1985; 
February 28, May 8, July 11, August 15, and November 26, 1986; and December 13, 1988 
and April 15, 1989.  

University of Missouri letter dated March 20, 1980.  

Appendix 6-A regarding University #f P~riR &G Y(urance program is not 

considered part of this appli aic 

Neutron Products, Inc. sulR nts dated: November 11, 198 5;'-& February 28, March 11 
and 31, April 1 and 10, 0 
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CRITICALITY EVALUATION 

A criticality evaluation of the General Electric 700 cask containing 40 

National Bureau of Standards (NBS) fuel sections prepared for reprocessing is 

given below. This cask has a cavity that is 15 inches in diameter by 54.75 

inches long for holding material, including special nuclear material. The 

cask is of steel-encased lead-shielded construction.  

6.1 Conclusions 

Compliance with 10CFR71.61 for Fissile Class III shipments is demonstrated 

below for one loading. This loading involves 40 MTR-type fuel sections cut 

for reprocessing and inserted in a stainless steel basket in the cask cavity.  

The basket provides a fixed neutron poison for the fuel sections. Each fuel 

section has 17 plates originally containing 10.294 grams U-235 of fully 
enriched uranium per plate. This gives 175 grams U-235 per fuel section and 

.00 grams U-235 per cask, without consideration of U-235 burnup.  

Although the actual shipment will be made dry, the contents of the cask were 

assumed to be wet, as after the accident described in lOCFR71.73 the contents 

of the cask would be wet, and the loading and unloading activities for this 

shipment were assumed to be made under water.  

Iv the discussion below, details of the package fuel loading are presented 

first. Then, a description of the models used to calculate the k-effective 

values for the fuel loading is presented. This is followed by the criticality 

calculation discussion for each of the models. Finally, the criticality 

benchmark experiments section is presented.  

6.2 Packaffe Fuel Loadine 

The type, form, and maximum quantity of special nuclear material per package 

are: 7,000 grams U-235 provided the fuel is in the form of KTR-type fuel 

,ctions with each section containing no more than 175 grams U-235 as described 

' Mn NBS Drawing No. E-04-039, Revision 3 (attached) and inserted in a spaced

Rev. J, October 6, 1995
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%,,ainless steel fuel shipping basket described in GE Drawing No. SK-86-1 

(Figure 6.3.1-2). The loading above qualifies as Fissile Class III under 

provisions of lOCFR71.61, and the maximum number of packages per shipment is 

one (1).  

6.3 Model Specification 

The model for normal conditions is two casks side by side, touching, and 

reflected on all sides by 12 inches of water. A cask outside diameter of 

36.875 inches is used in this evaluation. This diameter provides the minimum 

spacing between the casks. When overpacks are installed on each of the casks, 

the separation distance between the casks is larger; so use of the 36.875-inch 

cask OD is conservative. Each cask contains a stainless steel fuel basket, 

and each fuel basket contains 40 plate-type fuel sections. The available 

space inside the cask is filled with water.  

4.3.1 DescriRtion of Calculational Models 

In the discussion below, the fuel modeling is presented first followed by the 

basket and cask modeling. Each of these models is prepared as input to the 

SCALE System using the 27GROUPNDF4 cross-section set and the KENO-IV 

criticality code to perform the k-effective calculations.  

Each fuel section contains 19 plates: 17 plates are in the middle of the fuel 

section and an aluminum end plate is at each outer end of each fuel section, 

respectively. Each fuel plate contains fuel meat that is 2.415 inches wide, 

0.020 inches thick, and 10.90625 inches long. Each fuel plate contains 10.294 

grams U-235 in this fuel meat space. The fuel meat is clad with 0.015 inches 

of aluminum such that the fuel plate thickness becomes 0.05 inches.  

Each fuel plate is separated by a gap of 0.116 inches. Each aluminum end plate 

is 0.065 inches thick. The aluminum side plates are 0.188 inches thick, 3.265 

inches high, 10.90625 inches long, and provide an overall width to the fuel 

Bucholz. J. A., "SCALE, A Modular Code System for Performing Standardized 

Computer Analyses for Licensing Evaluation", NUREG/CR-0200, ORNL/NUREG/CSD/2, 

Volume 1, Oak Ridge National Laboratory; July, 1980.
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section of 3 Inches. This leaves a space of 0.1045 inches between each 
aluminum side plate and the fuel meat, which is assumed to be filled with 

water. There is also a space of 1.15625 inches on the top end and the bottom 

end of each fuel section that is assumed to be water. See Figure 6.3.1-1.  

The numerical results of this modeling also may be seen in Table 6.3.1-5 on 

page 72.  

The basket is modeled as a 304 stainless steel structure that has 10 locations 

to contain the fuel sections. A plan view of the basket is shown in Figure 

6.3.1-2. The 304 stainless steel plates in this basket are 0.1875 inches 

thick, except for the three plates in the center of the basket which are 0.25 

inches thick. The fuel basket extends the entire length of the cask cavity, 

and four fuel sections from Figure 6.3.1-1 (NBS Drawing No. E-04-039, Revision 

3) are stacked on top of each other in each hole, giving a cask load of 40 

fuel sections. The GE 700 cask is modeled radially as having a cavity of 15 

inches in diameter, and then a radial thickness of 0.25 inches of 304 stainless 

steel, and then a radial thickness of 10.3125 inches of lead, and then a radial 

thickness of 0.375 inches of carbon steel; this gives an outside cask diameter 

of 36.875 inches. The bottom of the cask also is modeled as having a 0.25-inch 

thick plate of 304 stainless steel, a 10.3125-inch thick lead space, and a 

0.375-inch thick carbon steel plate on the bottom. The top of the cask is 

modeled to be the same as the bottom of the cask except that the 0.375-inch 

thick plate on the top of the cask is modeled as 304 stainless steel rather 

than carbon steel.  

A model of this fuel section-basket-cask arrangement is prepared as input to 

the criticality codes on the SCALE System using a fuel homogenization feature 

with the XSDRNPM code and a generalized geometry option available on the 

KENO-IV code. This model is described below.  

Input to obtain homogenized fuel cross sections on a tape is shown in Table 

6.3.1-1. Fuel homogenization is accomplished by two actions: the'use of the 

SYM•SLABCELL card coupled with the use of material 500 to describelthe fuel in 

Box Type 1 or Box Type 2. When the SCALE System encounters this input, the 

XSDRP!PM code is then used to flux and volume weight the cross sections for the

Rev. J. October 6. 1999
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•10.020-inch thick meat, the 0.015-inch thick aluminum clad, and the 0.116-inch 

thick water between the plates, as specified on the SYMISLABCELL card (in 

centimeters), into a homogeneous fuel material represented by material 500.  

The cross sections for all of the materials modeled in Table 6.3.1-1, including 

the homogenized fuel material, are captured on a magnetic tape (Tape No. 3 in 

the SCALE System) and may be used later in other calculations.  

Input for two GE 700 casks that are side by side is shown in Table 6.3.1-2.  

This input uses the free-standing KENO-IV code on the SCALE System and the 

generalized geometry option available on that KENO-IV code. Cross section 

information reflecting the input shown in Table 6.3.1-1 was written on Tape No.  

18643, and this tape is read in on Tape No. 4 in the two-cask model as shown in 

Table 6.3.1-2. Each cask contains a NBS stainless steel basket, and each 

basket contains 40 NBS fuel sections for reprocessing. All of the voids inside 

the cask are filled with water, and the two-cask array is reflected on all 

sides by 12 inches of water. The input in Table 6.3.1-2 also contains 

information for the starting of some neutrons in each column of fuel that 

''' exists in the two-cask array.  

The fuel section-basket-cask arrangement is modeled with generalized geometry 

input, and this input may be seen in Table 6.3.1-3. This input may be checked 

with the Picture Code 

A plan view of a cask containing a basket and 40 fuel sections that represents 

the results from the generalized geometry description and the Picture Code may 

be seen in Figures 6.3.1-3A through -3F. Figures 6.3.1-3A through -3C show the 

fueled portion of the model, and each enlargement shows more details of this 

model. Figures 6.3.1-3D through -3F show the details of the nonfueled portion 

of the model immediately above or below each fueled section vertically, where 

the stainless steel basket extends through the model but the aluminum and fuel 

are replaced by water.  

*Irving, D. C. and Morrison, C. V., "PICTURE: An Aid In De-Bugging Geom Input 
Data', ORNL-TM-2892; May 14, 1970.
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In the generalized geometry model discussed thus far, the fuel sections are 

positioned in a basket such that they are as close to one another as they can 

be. It is not clear whether this case is more reactive, or one in which the 

outer fuel sections are pushed out as close as they can be to the lead in the 

cask. Therefore, some of the generalized geometry input in Table 6.3.1-3 was 

changed, and the results are shown in Figures 6.3.1-4A through -4C. The 

alterations made to the generalized geometry input are shown in Table 6.3.1-4.  

Since the calculations made to validate the criticality codes on the SCALE 

System using the 27GROUPbNDF4 cross-section set did not use homogenized fuel or 

generalized geometry, two additional models are required. In Table 6.3.1-5, a 

model for a 2x2 array of single NBS fuel sections prepared for reprocessing is 

shown in which the fuel, clad, and water gap details in the fuel section are 

modeled discretely. The space between the fuel plates and the space on the top 

and the bottom of each fuel section are filled with water, and the 2x2 array is 

reflected on all sides by 12 inches of water.  

In Table 6.3.1-6, the same model is prepared as input to the free-standing 

KENO-IV code on the SCALE System using a generalized geometry description for 

the fuel meat-clad-water gap in each fuel section and using cross sections 

prepared by the fuel homogenization process.  

6.3.2 Package Regional Densities 

The number densities for the materials used in this analysis may be seen in 

Tables 6.3.1-1 and 6.3.1-2. The number density used for the fuel meat was 

0.00305685 atom/barn-cm for U-235. This corresponds to a mass of 175 grams 

U-235 for each NBS fuel section prepared for reprocessing. A molecular 

weight of 235.043933 gram/gram-mole and an Avogadro's number of 6.025 E23 

gram-atom/gram-mole were used in calculating this number density. Other 

materials in the fuel meat, such as U-238, silicon, etc., were not modeled.  

The number densities for the materials specified in Tables 6.3.1-1 and 6.3.1-2 

that are provided by the SCALE System for the 27GROUPNDF4 cross-section set 

. are shown in Tables 6.4-1 through 6.4-4.
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"• 6.4 Criticality Calculations 

The results of four k-effective calculations are presented in this section.  

The SCALE System that is running on the Control Data Corporation 7600 Computer 

at General Electric's Nuclear Energy Business Operations was used for the 

k-effective calculations. The 27GROUPNDF4 cross-section set for the KENO-IV 

criticality code in the SCALE System was used. The results of these 

calculations may be seen in Tables 6.4-1 through 6.4-4. These results are 

discussed below.  

In Table 6.4-1, a k-effective result is given for two casks side by side, each 

loaded with 40 NBS fuel sections prepared for reprocessing with the sections 

in each basket pushed as close to each other as possible. This condition 

represents the worst condition possible for this evaluation. These results 

give a mean k-effective of 0.892 and a one sigma value of 0.00460 for 30,000 

neutron histories. However, when a bias of 2.3 percent is applied to the mean 

value and 0.3 percent is applied to the one sigma value, the peak k-effective 

at 2 sigma, rounded up. becomes 0.928 for 30,000 neutron histories. The bias 

is discussed is Section 6.5. This bias also is applied to all other 

k-effective results described below.  

In Table 6.4-2, k-effective results are given for a similar model to those in 

Table .6.4-1. but with four of the fuel sections in each basket pushed out as 

closely as possible to the lead in the cask. These results give a mean value 

of 0.834, a one sigma value of 0.00538, or a peak value of 0,069 for 30,000 

neutron histories when the biases are applied.  

In Tables 6.4-3 and 6.4-4, the k-effective results for the 2x2 array for the 

discrete fuel section modeling and for the generalized geometry homogenized 

fuel section modeling are given, respectively. These results show the peak 

k-effective to be 0.7259 for the discrete fuel section modeling and 0.7242 for 

the homogenized fuel section modeling, giving a difference of 0.0017 in 

k-effective. These results are nearly identical.

Rev. j, October 6. 1995



6.337

Document 30 

6.5.1 Benchmark ExDertments and ADRlicability 

Uranium with enrichments varying from 1.3 w/o to fully enriched and plutonium 

are the fissile materials that are considered in the validation of SCALE for 

this evaluation. The forms include fully enriched homogeneous uranium-water 

mixtures. low-enriched heterogeneous uranium dioxide-water mixtures, and 

homogeneous plutonium-water mixtures.  

In Table 6.5.1-1 below, critical experiments suitable for validation are 

identified.  

6.5.2 Details of the Benchmark Calculations 

Models of TRX-l and TRX-2 prepared as input to the SCALE System are shown in 

Tables 6.5.2-1 and 6.5.2-2, respectively. Models of ORNL-1 and ORNL-2 are 

shown in Table 6.5.2-3. Models of PNL-1 and PNTL-2 are shown in Table 6.5.2-4.  

SModels of the B&W UO2 rod and MO2 rod are shown in Table 6.5.2-5.  

6.5.3 K-Effective Results of the Benchmark Calculations 

K-effective results are presented for the ORNL, PNL, TRX, and B&W critical 

experiments in Table 6.5.3-1.  

It is concluded that use of the SCALE System using the 27GROUPNDF4 

cross-section set requires a negative 0.3 percent bias on the one, sigma 

deviation for fully enriched uranium solutions and no bias for plutonium 

solutions; a negative bias of 2.3 percent on the mean value and 0.3 percent on 

the one sigma deviation for the multiplication factor must be applied for 

low-enriched, clumped uranium rods in water.
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Document 30

TABLE 6.3.1-1 
'.-_KEFF NBS FUEL MODEL TO GET HOMOGENIZED FUEL CROSS-SECTION TAPE 

$$ASISROUT(BL) ,T(: ,816).,KEYW(WRL) 
$:IDENT:VXXX,WRL.VVV18,X4447 
$:USERID:FS9911$XXX 
$:NEED:PI 
$:SELECT:CDCJOB 
JOBNM,STMFZ,SN.T176.  
CHARGE.  
STAGE,TAPE3,PE,POST,RP-730.  
ATTACH (LLOYD, PROCLIB, ID-SCALE) 
LIBRARY(LLOYD) 
SCALE,CSAS2.  
EXIT.  
***EOS 
KEFF NBS FUEL MODEL TO GET HOMOGENIZED FUEL CROSS-SECTION TAPE 
27GROUPIDF4 9 9 3 LATTICECELL 0 0 
U-235 1 0. 0.003056845 END 
AL 2 1. END 
H20 3 1. END 
AL 4 1. END 
H20 5 8.8-5 VKD 
SS304 6 1. END 
H20 7 1. END 
PB 8 1. END 
CARBONSTEEL 9 1. END 
SYHMSLABCELL 0.42164 0.0508 1 3 0.127 2 END 
KEFF NBS FUEL MODEL TO GET HOMOGENIZED FUEL CROSS-SECTION TAPE 
5.0 5 300 3 2 2 1 4 0 
BOX TYPE 1 
CUBOID 500 3.0670 ;3.0670 3.70628 -3.70628 13.8510 -13.8510 -0.5 
CUBOID 7 3.0670 -3.0670 3.8605 -3.8605 13.8510 -13.8510 -0.5 
CUBOID 4 3.8100 -3.8100 3.9875 -3.9875 13.8510 -13.8510 -0.5 
CUBOID 7 3.8100 -3.8100 4.4082 -4.1466 16.7880 -17.0260 -0.5 
CUBOID 5 4.28625 -4.28625 4.4082 -4.7933 16.7880 -17.0260 -0.5 
CUBOID 6 4.52438 -4.52438 4.6463 -5.0314 16.7880 -17.0260 -0.5 
BOX TYPE 2 
CUBOID 500 3.0670 -3.0670 3.70628 -3.70628 13.8510 -13.8510 -0.5 
CUBOID 7 3.0670 -3.0670 3.8605 -3.8605 13.8510 -13.8510 -0.5 
CUBOID 4 3.8100 -3.8100 3.9875 -3.9875 13.8510 -13.8510 -0.5 
CUBOID 7 3.8100 -3.8100 4.4082 -4.1466 16.7880 -17.0260 -0.5 
CUBOID 5 4.28625 -4.28625 4.4082 -4.7933 16.7880 -17.0260 -0.5 
CUBOID 9 4.52438 -4.52438 4.6463 -5.0314 16.7880 -17.0260 -0.5 
ARRAY BDY 5 9.04876 -9.04876 9.6777 -0. 135.256 -0. -0.5
CUBOID 8 11.58876 -11.58876 
CUBOID 6 42.06876 -42.06876 
END GEOMETRY 
11211111410222 

END KENO 

$:ENDJOB

S12.2177 -2.54 13 7.796 -2.54 -0.5 
42.6977 -33.02 168.276 -33.02 -0.5 

11111419
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TABLE 6.3.1-2 
TWO CASK MODEL INPUT

$$ASIS,ROUT(BL).T(: ,8,16).KEYWORD(UIRL) 
$:IDENT:VXXX,WRL,VVVl8.X4447 
$:USERID:FS9911$XXX 
$:NEED:P1 
$ :SELECT:CDCJOB 
JOB•N.STMFZ,SN,T4444.  
CHARGE.  
STAGE.TAPE4 ,PE,PRE.VSN-018643.  
ATTACH(LLOYD, PROCLIB, ID-SCALE) 
LIBRARY(LLOYD) 
KENO.  
EXIT.  
***EOS 
KEFF NBS FUEL SHPNG ARRY FWR HOMO FUEL GEN GEOM 1. 2 CSK
15. 103 300 3 

1 
2 
3 
3 
4 
5 
6 
6 
7 
8 
9

27 27 
-92235 
13027 

1001 
8016 3 

5 
24304 
26304 

6 
82000 
6012

16 10 20 19 3 2 
3.05685E-03 
6.02383E-02 
6.67555E-02 
3.33777E-02 
6.02383E-02 
5.87448E-06 
1.74239E-02 
5.93526E-02 
6.67555E-02 
3.29882E-02 
3.92145E-03

1 6 -16 
10 
10 
10 
10 

5 
6 
6 
7

Document 30

b

0 0 2000 00 6 1 1 0 0 104 00 0 0
-92235 
13027 

1001 
8016 

8 
25055 
28304 

9

3.68295E-04 
1.08864E-02 
4.66484E-02 
2.33242E-02 

2.93724E-06 
1.73634E-03 
7.72036E-03 
3.33777E-02

9 26000 8.34952E-02
BOX TYPE 1 
GENERAL 10 6*0.0 27*0.5 
GENERAL 7 6*0.0 27*0.5 
GENERAL 6 6*0.0 27*0.5.  
GENERAL 7 6*0.0 27*0.5 
GENERAL 8 6*0.0 27*0.5 
GENERAL 9 6*0.0 27*0.5 
GENERAL 4 6*0.0 27*0.5 
CUBOID 7 46.84000 -46.84000 46.84000 -46.84000 16.7900 -16.7900 27*0.5 
BOX 'TYPE 2 
CYLINDER 8 45.87875 26.19375 -0. 27*0.5 
CYLINDER 9 46.83125 26.19375 -0. 27*0.5 
CYLINDER 6 46.83125 27.14625 -0.635 27*0.5 
CUBOID 7 46.84000 -46.84000 46.84000 -46.84000 27.14625 -0.635 27*0.5 
BOX TYPE 3 
CYLINDER 8 45.87875 26.19375 -0. 27*0.5 
CYLINDER 9 46.83125 26.19375 -0. 27*0.5 
CYLINDER 6 46.83125 26.82875 -0. 27*0.5 
CYLINDER 9 46.83125 26.82875 -0.9525 27*0.5 
CUBOID 7 46.84000 -46.84000 46.84000 -46.84000 26.82875 -0.9525 27*0.5 
CORE IDY 7 93.68 -93.68 46.84 -46.84 94.94125 -94.94125 27*0.5 
CUBOID 7 124.16 -124.A6 77.32 -77.32 125.42125 -125.42125 27*0.5 
1 1 2 1 1 1 1 1 6 1 0 2 1 2 1 1. 1 1 1 1 0 3 1 2 1 1 1 1.6 6 1 9 
GENERALIZED GEOMETRY GOES HERE

-8.65 -8.9 
-8.65 -8.9 
-13.33 0.  
-13.33 0.  
13.33 0.  

-8.65 8.9 
-8.65 8.9

0.  
0.  
0.  
0.  
0.  
0.  
0.

30 1 1 3 
75 2 1 3 
120 1 1 
165 2 1 
210 2 1 
240 1 1 
240 2 1

0. -9.22 0. 45 1 1 3 8.65 
0. -9.22 0. 90 2 1 3 8.65 

-4.5 0. 0. 135 1 1 3 4.5 
-4.5 0. 0. 180 2 1 3 4.5 
13.33 0. 0.  
0. 9.22 0. 255 1 1 3 8.6 
0. 9.22 0. 300 2 1 3 8.6!

-8.9 0.  
-8.9 0.  
0. 0.  
0. 0.  

5 8.9 0.  
5 8.9 0.

Rev. J, October 6, 1995

15 1 1 3 
60 2 1 3 
105 1 1 3 
150 2 1 3 
195 1 1 3 
225 1 1 3 
270 2 1 3 
END KENO 
***EOI 
$:ENDJOB

3 3 
3 
3 
3
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Document 30

TABLE 6.3.1-3 
STEEL BASKET MODEL FOR 

KENO GENERALIZED GEOMETRY

2 
ZONE1 XENDS -46.83125, -4.52438, 

ZONE1 YENDS .46.83125, -5.08000, 

ZONE1 ZENDS .16.78788, -13.85100, 

ZONE 1 1 2 

BLOKI XENDS -46.83125, -12.81749, 
-5.09081, .4.94349, .4.77839.  

BLOK1 YEN.DS .46.83125, -.12.70000, 

.5.55752. -5.08100, -5.08000 
BLOK1 ZENDS .13.85100, 13.85100.  

BLOCK 1 1 1 

MEDIA 2. 3. 5.  

SURFACES 1, 2, 3, 

SECTOR -1 0 0 0 

SECTOR 1 -1 0 0 

SECTOR 0 1 -1 0 
SECTOR 0 0 1 -1 
SECTOR 0 0 0 1 
BLOCK 2 1 1 

MEDIA 2, 3, 5.  

SURFACES 1, 2, 3, 

SECTOR -1 0 0 0 

SECTOR 1 -1 0 0 

SECTOR 0 1 -1 0 

SECTOR 0 0 1 -1 

SECTOR 0 0 0 1 
BLOCK 3 1 1 

MEDIA 2, 3, 5, 

SURFACES 1, 2, 3, 

SECTOR -1 0 0 0 

SECTOR 1 -1 0 0 
SECTOR 0 1 -1 0 
SECTOR 0 0 1 -1 

SECTOR 0 0 0 1 
BLOCK 4 1 1 

MEDIA 2. 3. 5, 

SURFACES 1, 2. 3.  

SECTOR -1 0 0 0 
SECTOR 1 -1 0 0 
SECTOR 0 1 -1 0 
SECTOR 0 0 1 -1 
SECTOR 0 0 0 1 
BLOCK 5 1 1 

MEDIA 2, 3. 5, 

SURFACES 1, 2, 3, 

SECTOR -1 0 0 0 
SECTOR 1 -1 0 0 
SECTOR 0 1 -1 0 

SECTOR 0 0 1 -1 
SECTOR 0 0 0 1 

BLOCK 6 1 1 

MEDIA 2, 3, 5, 

SURFACES 1, 2, 3, 

SECTOR -1 0 0 0 
SECTOR 1 -1 0 0 
SECTOR 0 1 -1 0 Rev. J, 0

4.52438, 46.83125 
5.08000, 46.83125 

13.85100, 16.78788 

-12.57111, .12.40601. -12.25869, 
.4.52439, -4.52438 

.12.22248, -11.95705, -5.82295,

6, 4 

6, 
4 

6, 
4 

6, 
4 

6, 
.4 

6, 
4

4 

4 

4 

4 

4 

4
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TABLE 6.3.1-3 (Cont-2/50) Document 30 

STEEL BASKET MODEL FOR 

KENO GENERALIZED GEOMETRY 

SECTOR 0 0 1 -1 
SECTOR 0 0 0 1 
BLOCK 7 1 1 
MEDIA 2, 3, 5, 6, 4 

SURFACES 1. 2, 3, 

SECTOR -1 0 0 0 

SECTOR 1 -1 0 0 
SECTOR 0 1 -1 0 
SECTOR 0 0 1 -1 
SECTOR 0 0 0 1 

BLOCK 8 1 1 

MEDIA 2, 3, 5, 6, 4 

SURFACES 1. 2. 3, 4 

SECTOR -1 0 0 0 
SECTOR 1 -1 0 0 

SECTOR 0 1 -1 0 
SECTOR 0 0 1 -1 
SECTOR 0 0 0 1 
BLOCK 9 1 1 
MEDIA 2, 3, 5, 6, 4 

SURFACES 1, 2, 3, 4 

SECTOR -1 0 0 0 
SECTOR 1 -1 0 0 
SECTOR 0 1 -1 0 
SECTOR 0 0 1 -1 
SECTOR 0 0 0 1 
BLOCK 1 2 1 
MEDIA 42, 3, 5, 6, 

SURFACES 1. 2, 3, 4 

SECTOR -1 0 0 0 

SECTOR 1 -1 0 0 
SECTOR 0 1 -1 0 

SECTOR 0 0 1 -1 

SECTOR 0 0 0 1 

BLOCK 2 2 1 

MEDIA 7 

BLOCK 3 2 1 

MEDIA 7 
BLOCK 4 2 1 
MEDIA 7 

BLOCK 5 2 1 

MEDIA 7 
BLOCK 6 2 1 

MEDIA 7 
BLOCK 7 2 1 

MEDIA 7 
BLOCK 8 2 1 

MEDIA 7 
BLOCK 9 2 1 

MEDIA 7 
BLOCK 1 3 1 
XEDIA 2, 3, 5, 6, 4 

SURFACES 1, 2, 3, 4 

SECTOR -1 0 0 0 

SECTOR 1 -1 0 0 

SECTOR 0 1 -
Rev JOtbr ,1
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TABLE 6.3.1-3 (Cont-3/5 0 ) 
STEEL BASKET MODEL FOR 

KENO GENERALIZED GEOMETRY

Document 30

SECTOR 0 0 1 -1 
SECTOR 0 0 0 1 
BLOCK 2 3 
MEDIA 2 
BLOCK 3 3 
MEDIA 7 
BLOCK 4 3 
MEDIA 2 
BLOCK 5 3 
MEDIA 2 
BLOCK 6 3 
MEDIA 2 
BLOCK 7 3 
MEDIA 7 
BLOCK 8 3 
MEDIA 2 
BLOCK 9 3 
MEDIA 2 
BLOCK 1 4 
MEDIA 2, 
SURFACES 1, 

SECTOR -1 0 0 0 
SECTOR 1 -1 0 0 
SECTOR 0 1 -1 0 
SECTOR 0 0 1 -1 
SECTOR 0 0 0 1 
BLOCK 2 4 
MEDIA 2 
BLOCK .3 4 
MEDIA 7 
BLOCK 4 4 
MEDIA 2 
BLOCK 5 4 
MEDIA 1 
BLOCK 6 4 
MEDIA 2 
-BLOCK 7 4 
MEDIA 7 
BLOCK 8 4 
MEDIA 2 
BLOCK 9 4 
MEDIA 2 
BLOCK 1 5 
MEDIA .2, 
SURFACES 1, 
SECTOR -1 0 0 0 
SECTOR 1 -1 0 0 
SECTOR 0 1 -1 0 
SECTOR 0 0 1 -1 
SECTOR 0 0 0 1 
BLOCK 2 5 
MEDIA 2 
BLOCK 3 5 
MEDIA 7 
BLOCK 4 5 
MEDIA

L 
1 

1

1 

1 

1 

1 

1

3, 
2,

51 3.
6.  4 4

1 
1 

1 

1 

1 

1 

1 

1

1
3.  2, 5.  

3,
6, 
'4

4

1 
1 

1 
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TABLE 6.3.1-3 (Cont-4/50) Document 30 
STEEL BASKET MODEL FOR 

KENO GENERALIZED GEOMETRY 

BLOCK 5 5 1.  
MEDIA 2 
BLOCK 6 5 1 
MEDIA 2 
BLOCK 7 5 1 
MEDIA 7 
BLOCK 8 5 1 
MEDIA 2 
BLOCK 9 5 1 
MEDIA 2 
BLOCK 1 6 1 
MEDIA 2, 3, 5, 6, 4 
SURFACES 1, 2. 3, 4 
SECTOR -1 0 0 0 
SECTOR 1 -1 0 0 
SECTOR 0 1 -1 0 
SECTOR 0 0 1 -1 
SECTOR 0 0 0 1 
BLOCK 2 6 1 
MEDIA 7 
BLOCK 3 6 1 
MEDIA 7 
BLOCK 4 6 1 
MEDIA 7 
BLOCK 5 6 1 
MEDIA 7 
BLOCK 6 6. 1 
MEDIA 7 
BLOCK 7 6 1 
MEDIA 7 
BLOCK 8 6 1 
MEDIA 7 
BLOCK 9 6 1 
MEDIA 7 
BLOCK 1 7 1 
MEDIA 2, 3, 5, 6, 4 
SURFACES 1. 2, 3, 4 
SECTOR -1 0 0 0 
SECTOR 1 -1 0 0 
SECTOR 0 1 -1 0 
SECTOR .0 0 1 -1 
SECTOR 0 0 -0 1 
BLOCK 2 7 1 
MEDIA 2 
BLOCK 3 7 1 
MEDIA 2 
BLOCK 4 7 1 
MEDIA 2 
BLOCK 5 7 1 
MEDIA 2 
BLOCK 6 7 1 
MEDIA 2 
BLOCK 7 7 1 
MEDIA 2 
BLOCK 8 7 1 
MEDIA 2 
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Document 30

TABLE 6.3.1-3 (Cont-5/50) 
STEEL BASKET MODEL FOR 

KENO GENERALIZED GEOMETRY

BLOCK 9 7 1 
MEDIA 2 
ZONE 3 1 2 
BLOK1 XENDS 4.52438, 4.52439, 

12.25869, 12.40601, 12.57111, 
BLOKI YENDS -46.83125, -12.70000, 

-5.55752, -5.08100, -5.08000 
BLOKI ZENDS -13.85100. 13.85100 
BLOCK 1 1 1 
MEDIA 2, 3, 5, 
SURFACES 1, 2, 3.  
SECTOR -1 0 0 0 
SECTOR 1 -1 0 0 
SECTOR 0 1 -1 0 
SECTOR 0 0 1 -1 
SECTOR 0 0 0 1 
BLOCK 2 1 1 
MEDIA 2, 3, 5, 
SURFACES 1, 2. .  
SECTOR -1 0 0 0 
SECTOR 1 -1 0 0 
SECTOR 0 1 -1 0 
"SECTOR 0 0 1 -1 
SECTOR 0 0 0 1 
BLOCK 3 1 1 
MEDIA 2, 3, 5, 
SURFACES 1, 2. 3.  
SECTOR -1 0 0 0 
SECTOR 1 -1 0 0 
SECTOR 0 1 -1 0 
SECTOR 0 0 1 -1 
SECTOR 0 0 0 1 
BLOCK 4 1 1 
MEDIA 2, 3, 5, 
SURFACES 1, 2, 3, 
SECTOR -1 0 0 0 
SECTOR 1 -1 0 0 
SECTOR 0 1.-i 0 
SECTOR 0 0 1 -1 
SECTOR 0 0 0 1 
BLOCK 5 1 1 
MEDIA 2, 3. 5, 
SURFACES 1. 2, 3, 
SECTOR -1 0 0 0 
SECTOR 1 -1 0 0 
SECTOR 0 1 -1 0 
SECTOR 0 0 1 -1 
SECTOR 0 0 0 1 
BLOCK 6 1 1 
MEDIA 2. 3. 5, 
SURFACES 1, 2. 3, 
SECTOR -1 0 0 0 
SECTOR 1 -1 0 0 
SECTOR 0 1 -1 0 
SECTOR 0 0 1 -1 
SECTOR 0 0 C °

4.77839. 4.94349, 5.09081, 
12.81749, 46.83125 

-12.22248, -11.95705, -5.82295,

6, 
4 

6, 
4 

6, 
4 

6, 
4 

6, 
4 

6, 
4

4 

4 

4 

4 

4 

4
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TABLE 6.3.1-3 (Cont-6/50) Document 30 

STEEL BASKET MODEL FOR 

KENO GENERALIZED GEOMETRY 

BLOCK 7 1 1 

MEDIA 2. 3, 5, 6, 4 

SURFACES 1. 2. 3, 4 

SECTOR -1 0 0 0 

SECTOR 1 -1 0 0 
SECTOR 0 1 -1 0 

SECTOR 0 0 1 -1 

SECTOR 0 0 0 1 
BLOCK 8 1 1 

MEDIA 2, 3, 5, 6, 4 

SURFACES 1. 2, 3, 4 

SECTOR -1 0 0 0 
SECTOR 1 -1 0 0 
SECTOR 0 1 -1 0 
SECTOR 0 0 1 -1 
SECTOR 0 0 0 1 
BLOCK 9 1 1 

MEDIA 2, 3, 5. 6, 4 

SURFACES 1, 2. 3, 4 

SECTOR -1 0 0 0 

SECTOR 1 -1 0 0 
SECTOR 0 1 -1 0 
SECTOR 0 0 1 -1 
SECTOR 0 0 0 1 

BLOCK 9 2 1 

MEDIA 2, 3. 5, 6, 4 

SURFACES 1, 2, 3, 4 

SECTOR -1 0 0 0 • 

SECTOR 1 -1 0 0 
SECTOR 0 1 -1 0 

SECTOR 0 0 1 -1 
SECTOR 0 0 0 1 
BLOCK 8 2 1 

MEDIA 7 

BLOCK 7 2 1 

MEDIA 7 

BLOCK 6 2 1 

MEDIA 7 

BLOM 5 2 1 

MEDIA 7 
BLOCK 4 2 1 

MEDIA 7 
BLOCK 3 2 1 

MEDIA -7 
BLOCK 2 2 1 

MEDIA 7 
BLOCK 1 2 1 

MEDIA 7 
BLOCK 9 3 1 

MEDIA 2, 3, 5. 6, 4 

SURFACES 1, 2, 3, 4 

SECTOR -1 0 0 0 
SECTOR 1 -1 0 0 
SECTOR 0 1 -1 0 

SECTOR 0 0 1 -1 
SECTOR 0 0 0 1 
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Document 30 

TABLE 6.3.1-3 (Cont-7/50) 
STEEL BASKET MODEL FOR 

KENO GENERALIZED GEOMETRY 

BLOCK 8 3 1 
MEDIA 2 
BLOCK 7 3 1 
MEDIA 7 
BLOCK 6 3 1 
MEDIA 2 
BLOCK 5 3 1 
MEDIA 2 
BLOCK 4 3 1 
MEDIA 2 
BLOCK 3 3 1 
MEDIA 7 
BLOCK 2 3 1 
MEDIA 2 
BLOCK 1 3 1 
MEDIA 2 
BLOCK 9 4 1 
MEDIA 2, 3. 5, 6. 4 
SURFACES 1. 2. 3, 4 
SECTOR -1 0 0 0 
SECTOR 1 -1 0 0 
SECTOR 01-1 0 
SECTOR 0 0 1 -1 
SECTOR 0 0 0 1 
BLOCK 8 4 1 
MEDIA 2 
BLOCK 7 4 1 
MEDIA 7 
BLOCK 6 4 1 
MEDIA 2 
BLOCK 5 4 1 
MEDIA 1 
BLOCK 4 4 1 
MEDIA 2 
BLOCK 3 4 1 
MEDIA 7 
BLOCK 2 4 1 
MEDIA 2 
BLOCK 1 4 1 
MEDIA 2 
BLOCK 9 5 1 
MEDIA 2, 3, 5, 6, 4 
SURFACES 1. 2, 3, 4 
SECTOR -1 0 0 0 
SECTOR 1 -1 0 0 
SECTOR 0 1 -1 0 
SECTOR 0 0 1 -1 
SECTOR 0 0 0 1 
BLOCK 8 5 1 
MEDIA 2 
BLOCK 7 5 1 
MEDIA 7 
BLOCK 6 5 1 
MEDIA 2 
BLOcK 5 5 1 
MEDIA 2 
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TABLE 6.3.1-3 (Cont-8/50) 
STEEL BASKET MODEL FOR Document 30 

KENO GENERALIZED GEOMETRY 

BLOCK 4 5 1 
MEDIA 2 
BLOCK 3 5 1 
MEDIA 7 
BLOCK 2 5 1 
MEDIA 2 
BLOCK 1 5 1 
MEDIA 2 
BLOCK 9 6 1 
MEDIA 2, 3, 5, 6, 4 

SURFACES 1, 2, 3, 4 

SECTOR -1 0 0 0 
SECTOR 1 -1 0 0 
SECTOR 0 1 -1 0 
SECTOR 0 0 1 -1 
SECTOR 0 0 0 1 
BLOCK 8 6 1 
MEDIA 7 
BLOCK 7 6 1 
MEDIA 7 
BLOCK 6 6 1 

MEDIA 7 
BLOCK 5 6 1 
MEDIA 7 
BLOCK 4 6 1 
MEDIA 7 
BLOCK 3 6 1 
MEDIA 7 
BLOCK 2 6 1 
MEDIA 7 
BLOCK 1 6 1 
MEDIA 7 
BLOCK 9 7 1 

MEDIA 2, 3, 5, 6, 4 

SURFACES 1, 2, 3, 4 

SECTOR -1 0 0 0 
SECTOR 1 -1 0 0 
SECTOR 0 1 -1 0 
SECTOR 0 0 1 -1 
SECTOR 0 0 0 1 
BLOCK 8 7 1 
MEDIA 2 
BLOCK 7 7 1 
MEDIA 2 
BLOCK 6 7 1 
MEDIA 2 
BLOCK 5 7 1 
MEDIA 2 

.BLOCK 4 7 1 
MEDIA 2 
BLOCK 3 7 1 
MEDIA 2 
BLOCK 2 7 1 
MEDIA 2 
BLOCK 1 7 1 
MEDIA 2 
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Document 30

TABLE 6.3.1-3 (Cont-9/50) 
STEEL BASKET MODEL FOR 

KENO GENERALIZED GEOMETRY

ZONE 1 3 2 
BIOK1 XENDS -46.83125, -12.81749, 

-5.09081, -4.94349, -4.77839, 
BLOKi YENDS 5.08000, 5.08100, 

12.22248, 12.70000, 46.83125 
BLOK1 ZENDS -13.85100. 13.85100 
BLOCK 1 7 1 
MEDIA 2, 3, 5, 
SURFACES 1, 2, 3, 
SECTOR -1 0 0 0 
SECTOR 1 -1 0 0 
SECTOR 0 1 -1 0 
SECTOR 0 0 1 -1 
SECTOR 0 0 0 1 
BLOCK 2 7 1 
MEDIA 2, 3, 5, 
SURFACES 1, 2, 3, 
SECTOR -1 0 0 0 
SECTOR 1 -1 0 0 
SECTOR 0 1 -1 0 
SECTOR 0 0 1 -1 
SECTOR 0 0 0 1 
BLOCK 3 7 1 
MEDIA 2, 3, 5, 
SURFACES 1, 2, 3, 
SECTOR -1 0 0 0 
SECTOR 1 -1 0 0 
SECTOR 0 1 -1 0 
SECTOR 0 0 1 -1 
SECTOR 0 0 0 1 
BLOCK 4 7 1 
MEDIA 2, 3, 5, 

.SURFACES 1, 2, 3, 
SECTOR -1 0 0 0 
SECTOR 1 -1 0 0 
SECTOR 0 1 -1 0 
SECTOR 0 0 1 -1 
SECTOR 0 0 0 1 
BLOCK 5 7 1 
MEDIA 2, 3, 5, 
SURFACES 1, 2, 3, 
SECTOR -1 0 0 0 
SECTOR 1 -1 0 0 
SECTOR 0 1 -1 0 
SECTOR 0 0 1 -1 
SECTOR 0 0 0 1 
BLOCK 6 7 1 
MEDIA 2, 3, 5, 
SURFACES 1, 2, 3, 
SECTOR -1 0 0 0 
SECTOR 1 -1 0 0 
SECTOR 0 1 -1 0 
SECTOR 0 0 1 -1 
SECTOR 0 0 0 1 
BLOCK 7 7 1 
MEDIA 2. 3, 5, 
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6.360
Document 30

TABLE 6.3.1-3 (Cont-10/50) 
STEEL BASKET MODEL FOR 

KENO GENERALIZED GEOMETRY

SURFACES 1, 
SECTOR -1 0 0 0 
SECTOR 1 -1 0 0 
SECTOR 0 1 -1 0 
SECTOR 0 0 1 -1 
SECTOR 0 0 0 1 
BLOCK 8 7 
MEDIA 2, 
SURFACES 1.  
SECTOR -1 0 0 0 
SECTOR 1 -1 0 0 
SECTOR 0 1 -1 0 
SECTOR 0 0 1 -1 
SECTOR 0 0 0 1 
BLOCK 9 7 
MEDIA 2, 
SURFACES 1, 
SECTOR -1 0 0 0 
SECTOR 1 -1 0 0 
SECTOR 0 1 -1 0 
SECTOR 0 0 1 -1 
SECTOR 0 0 0 1 
BLOCK 1 6 
MEDIA 2, 
SURFACES 1, 
SECTOR -1 0 0 0 
SECTOR 1 -1 0 Q 
SECTOR 0 1 -1 0 
SECTOR 0 0 1 -1 
SECTOR 0 0 0 1 
BLOCK 2 6 
MEDIA 7 
BLOCK 3 6 
MEDIA 7 
BLOCK 4 6 
MEDIA 7 
BLOCK 5 6 
MEDIA 7 
BLOCK 6 6 
MEDIA 7 
BLOCK 7 6 
MEDIA 7 
BLOCK 8 6 
MEDIA 7 
BLOCK 9 6 
MEDIA 7 
BLOCK 1 5 
MEDIA 2, 
SURFACES 1, 
SECTOR -1 0 0 0 
SECTOR 1 -1 0 0 
SECTOR 0 1 -1 0 
SECTOR 0 0 1 -1 
SECTOR 0 0 0 1 
BLOCK 2 5 
MEDIA 2

2, 3, 4

1 

1 

1

3, 
2.  

3, 
2, 

3, 
2,

5, 
3, 

5, 
3, 

5, 
3,

6, 
4 

6, 
4 

6, 
4

1 

1 

1 

1 

1 

1 

1 

1 

1

3, 
2,

5.  
3.

6, 
4

4 

4 

4

4

1
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TABLE 6.3.1-3 (Cont-11/50) 
STEEL BASKET MODEL FOR 

KENO GENERALIZED GEOMETRY 

BLOCK 3 5 1 
MEDIA 7 
BLOCK 4 5 1 
MEDIA 2 
BLOCK 5 5 1 
MEDIA 2 
BLOCK 6 5 1 
MEDIA 2 
BLOCK 7 5 1 
MEDIA 7 
BLOCK 8 5 1 
MEDIA 2 
BLOCK 9 5 1 
MEDIA 2 
BLOCK 1 4 1 
MEDIA 2, 3. 5. 6, 4 

SURFACES 1, 2, 3, 4 

SECTOR -1 0 0 0 
SECTOR 1 -1 0 0 
SECTOR 0 1 -1 0 
SECTOR 0 0 1 -1 
SECTOR 0 0 0 1 
BLOCK 2 4 1 
MEDIA 2 
BLOCK 3 4 1 
MEDIA 7 
BLOCK 4 4 1 
MEDIA 2' 
BLOCK 5 4 1 
MEDIA 1 
BLOCK 6 4 1 
MEDIA 2 
BLOMC 7 4 1 
MEDIA 7 
BLOCK 8 4 1 
MEDIA 2 
BLOCK 9 4 1 
MEDIA 2 
BLOCK 1 3 1 
MEDIA 2. 3, 5, 6, 4 

SURFACES 1. 2, 3, 4 

SECTOR -1 0 0 0 
SECTOR 1 -1 0 0 
SECTOR 0 1 -1 0 
SECTOR 0 0 1 -1 
SECTOR 0 0 0 1 
BLOCK 2 3 1 
MEDIA 2 
BLOCK 3 3 1 
MEDIA 7 
BLOCK 4 3 1 
MEDIA 2 
BLOCK 5 3 1 
MEDIA 2 
BLOCK 6 3 1 
MEDIA 2
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TABLE 6.3.1-3 (Cont-12/50) 
STEEL BASKET MODEL FOR 

KENO GENERALIZED GEOMETRY

BLOCK 7 
MEDIA 
BLOCK 8 
MEDIA 
BLOCK 9 
MEDIA 
BLOCK 1 
MEDIA 
SURFACES 
SECTOR -1 0 
SECTOR 1 -1 
SECTOR 0 1 
SECTOR 0 0 
SECTOR 0 0 
BLOCK 2 
MEDIA 
BLOCK 3 
MEDIA 
BLOCK 4 
MEDIA 
BLOCK 5 
MEDIA 
BLOCK 6 
MEDIA 
BLOCK 7 
MEDIA 
BLOCK 8 
MEDIA 
BLOCK 9 
MEDIA 
BLOCK 1 
MEDIA 
SURFACES 
SECTOR -1 0 
SECTOR 1 -1 
SECTOR 0 1 
SECTOR 0 0 
SECTOR 0 0 
BLOCK 2 
MEDIA 
BLOCK 3 
MEDIA 
BLOCK 4 
MEDIA 
BLOCK 5 
MEDIA 
BLOCK 6 
MEDIA 
BLOCK 7 
MEDIA 
BLOCK 8 
MEDIA 
BLOCK 9 
MEDIA 
ZONE 3 
BLOKl XENDS

3 1 
7 
3 1

2 
3 

2 
2 
2, 
1 , 

0 0 
0 0 

-1 0 
1 -1 
0 1 

2 
7

1

1 
3, 
2.

5, 
3,

6, 
4

4

1

2 1 
7 

2 1 
7 

2 1 
7 

2 1 
.7 

2 1 
7 

2 1 
7.  

2 1 
7 

1 1
2, 
1, 

0 0 
0 0 

-1 0 
1 -1 
0 1 

1 
2

1 1 
2

1 
2 

1 
2 

1 
2 

1 
2 

1 
2

3, 
2,

5, 
3.

6, 
4

4

1

1 

1 

1 

1 

1 

1

2 
3 2 

4'.52438, 4.52439. 4.77839. 4.94349, 5.09081,
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