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i ABSTRACT
,

:
!

This report is designed as a guide for performing criticality benchmark calculations for light-water-reactor (LWR) fuel
applications. The guide provides documentation of I80 criticality experiments with geometries, materials, and
neutron interaction characteristics representative of transportation packages containing LWR fuel or uranium oxide

,

'

pellets or powder. These expenments should benefit the U.S. Nuclear Regulatory Commission (NRC) staff and
licensees in validation of computational methods used in LWR fuel storage and transportation conceres. The
experiments are classified by key parameters such as enrichment, water / fuel volume, hydrogen-to-fissile ratio (H/X),

,

'

and lattice pitch. Groups of expenments with common features such as separator plates, shielding walls, and soluble
boron are also identified. In addition, a sample validation using these experiments and a statistical analysis of the,

| results are provided. Recommendations for selecting suitable experiments and determination ofcalculational bias and
uncertainty are presented as part of this benchmark guide.

!

|
!
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,

i

!

|
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1 Introduction
!

This report is designed as a guide for performing criticality benchmark calculations for light water-reactor (LWR) fuel
applications. The guide provides documentation of 180 criticality experiments with geometries, materials, and
neutron interaction characteristics representative of transportation packages containing LWR fuel or uranium oxide
pellets or powder. These experiments should benefit the U.S. Nuclear Regulatory Commission (NRC) stafrand
licensees in validation of computational methods used in LWR fuel storage and transportation concerns. The
experiments are classified by key parameters such as enrichment, water-to-fuel volume ratio, hydrogen-to-fissile ratio
(H/X), and lattice pitch. Groups of experiments with common features such as separator plates, reflecting walls, and
soluble boron are also identified. In addition, a sample validation using these experiments and a statistical analysis of

| the results are provided. Reconunendations for selecting suitable experiments and determination of calculational bias
and uncertainty are presented as part of this benchmark guide.

!

A literature surTey was performed oflow-enriched, LWR-type fuel critical experiment reports to select the
| experiments documented here. Table 1.1 presents a brief summary of the reports surveyed and the types and number |

,

| of available experiments found. The table also indicates the number of experiments selected for inclusion in this
report. This information may be useful to an analyst who wishes to perform a more extensive validation for a

j particular category of LWR fuel experiments.
|

Descriptions of the selected critical experiments are presented in Sect. 2 in sufficient detail for independent analysis j
by any computational tool that is appropriate for performing critice.!ity safety analyses.

|

| Section 3 documents benchmark calculations of these experiments performed with the SCALE code system' using the 1

44-group ENDF/B-V cross-section library.: Results include neutron multiplication factors (k.a). Presented indi-
vidually and combined by experiment type. The SCALE input files used to generate the results of Sect. 3 are listed in 1

Appendix A. Individual re'sults based on the 238-group ENDF/B-V library' are also presented for comparison in
Appendix B.

| Determinations of calculational biases and subcritical limits are discussed in Sect. 4. Statistical analyses of the
| SCALE calculational results are performed to parameterize trends. The purpose of these analyses is to determine the
| correlation of bias in calculated k,, values to key parameters. The statistical results are then applied in the

demonstration of two methods for establishing an upper suberitical limit (USL): (1) a 95% confidence band for a
single future calculation with an administrative subcritical margin and (2) a lower tolerance band based on a 95%

confidence band on 99.5% of all future calculations using the usistats program documented in Appendix C.

Section 5 discusses the issue of areas of applicability in the validation of computational methods and presents
guidance on how to select criticality experiments that are applicable to validate the computational method for the
system ofconcern. Parameters that should be studied to demonstrate areas of applicability are discussed.

A summary of this benchmark guide is presented in Sect. 6.

!

;
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Table 1,1 Summary of available LWR critical experiments

No. of No. of
available selected

Report sw.. r.;s ew,...cr.ts Description of ctiticality expenments

ANS Transactions, Vol. 25 9 4.74 wt % "U Uo, fuel rods in square lattices of 135-cm pitch; fuel2

33, p.362 clusters separated by air, polystyrene, polyethylene, or water; fuel

(Ref. 5)
clusters submersed in aqueous NANO solution

BAW 1484 (Ref. 6) 37 10 2.46 wt % "U Uo, fuel rods in squase lattices of 1.636 crn pitch; the2

spacing between 3 = 3 array ofLWR-type fuel assemblics is filled with
water and B.C pins, stainless steel sheets, or borated stainless steel
sheets; lattices with borated moderator

EPRI-NP-l% (Ref. 7) 6 6 235 wt % "U Uo fuel rods in square lattices of 1.562 ,1.905 , and2

2.210 cm pitch; lattices with borated moderator

NS&E, Vol. 71, 26 6 4.74 wt % "U Uo, fuel rods in square lattices of 1.26 ,1.60 ,2.10 ,2

p.154 (Ref. 8) and 2.52-cm pitch; triangular and triangular with pseudo-cylindrical
shape lattices of 135 ,1,72 , and 2.24-cm pitch; irregular hexagonal
lattices of 135 cm pitch; lattices with water hoics

PS2438 (Ref. 9) 48 6 235 wt % "U UO fuel rods in square lattices of 2.032-cm pitch; Cd,2

Al, Cu, stainless steel, borated stainless steel, Boral, and Zircaloy
separator plates between assemblies

8

PE2827 (Ref.10) 23 9 235 and 431 wt % "U Uo, fuel rods in square lattices of 2.032- and
2.540 cm pitch; reflecting walls of Pb or depleted uranium

235 and 43I wt % "U Uoi uel rods in square lattices of1.684- and2 fPE3314 (Ref. II) 142 27
1.892 cm pitch; etainless steel, borated stainless steel, Cd, Al,Cu,
Boral, Boroflex, and Zircaloy separator plates between assemblies;
lattices with water holes and voids

PE3926 (Ref.12) 22 14 235 and 431 wt % "U Uo, fuel rods in square lattices of 1.684- and2

1.892-cm pitch; reflecting walls of Pb or depleted uranium

8

PNL-4267 (Ref.13) 9 7 431 wt % "U Uo, fuel rods in square lattices of 1.890- and 1.7154:m
pitch; lattices with borated moderator

PNL-4976 (Ref. I4) 17 1 431 wt % (235 wt %) 2"U Uo, fuel rods in hexagonal lattices of
2398 ,1.801, and 1.598-cm pitch; moderator contains Gadolinium

WCAP-3269 (Ref.15) 157 9 2.7,3.7, and 5.7 wt % "U Uo, fuel rods in square lattices of 1.029 ,2

1.105 , and 1.422 cm pitch; lattices with Ag-In-Cd absorber rods, water
holes, void tubes

2
WCAP-3385 (Ref.16) 3 2 5.74 wt % "U UO fuel rods in square lattices of 1321,1 A22 , and

2.012-cm pitch

NUREG/CR-6361 2
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|

| Table 1.1 (continued)

No. of No. of
availt.ble selected

Report experiments experiments Description of criticality experiments

BAW-1645 (Ref.17) 21 8 2.46 wt % 2"U UO, fuel rods in close-packed triangular lattices of
| 1.209-cm pitch, close-packed square lattices of 1.209<m pitch, and

square lattices of1.410-cm pitch

DSN 399/80 (Ref.18) 4 4 4.74 wt % "U UO fuel rods in square lattices of 1.6-cm pitch; hafnium8

separator plates between assemblies

PE2615 (Ref.19) 32 7 4.31 wt % "U UO fuel rods in square lattices of 2.540-cm pitch;2

stainless steel, borated stainless steel, Cd, Al, Cu, Boral, and Zircaloy
separator plates between assemblies

8PW6205 (Ref. 20) 19 1 4.31 wt % "U UO fuel rods in square lattices of 1.891-cm pitch;3

Boral flux traps

PE7167 (Ref. 21) 9 4 4.31 wt % 2"U UO fuel rods in square lattices of 1.891-cm pitch; Boral3

flux traps containing voids filled with Al plates, Al rods,or UO fuel
rods

PE3602 (Ref. 22) 49 26 235 and 4.31 wt % "U UO fuel rods in square lattices of 2.032- and2
3

2.540-cm pitch; reflecting walls of stainless steel; separator plates of
stainless steel, borated stainless steel, Boral, Cu, Cd, and Boroflex
between assemblics

Haon et al..PATRAM '80 12 4 4.74 wt % "UOa fuel rods in square lattices of 1.6-cm pitch; Boral8

(Ref. 23) separator plates; lead, steel, or water reflecting walls

BAW-1810 (Ref. 24) 23 10 2.46,4.02, and 2.46 and 4.02 wt % '"U UO fuel rods in square lattices
8of 1636-cm pitch; lattices with 1.94 wt % "U UO -Gd 0 fuel rods.2 3 3

Ag-In-Cd and B C absorber rods, void rods

BAW-123) (Ref. 25) 10 2 4.02 wt % "U UO fuel rods in square lattices of1.511-cm pitch;2

lattice with borated moderator

8BAW-1273 (Ref. 26) 10 1 2.46 and 4.02 wt % "U UO fuel rods in square lattices of 1.702,3

1.511, and 1.450-cm pitch; lattice with borated moderator

Y-DR 14 (Ref. 27) 32 4 Parallin reflected or unreflected rectangular parallelepipeds of paraflin
and homogeneous U(2)F.or U(3)F.

NUREG/CR 0674 (Ref.28) 20 3 Pl.istic reflected or concrete reflected fuel cans with 4.46 % enriched

NUREG/CR 1071 (Ref.29) U,0,
NUREG/CR-1653 (Ref. 30)
NUREG/CR-2500 (Ref. 3l)

Total 756 180
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i 2 Physical Description of Selected Low-Enriched Critical Experiments

!

| This section provides descriptions of the materials and physical layouts of I 80 low-enriched critical experiments *5

| suitable for benchmarking LWR fuel analyses. The experiments were selected based on structural, material, poison,
| geometry, and spectral similarities to NRC-certified radioactive materials packages? The 180 experiments can be

]| categsized as 173 LWR-type fuel pin lattice experiments and 7 homogeneous uranium experiments. Brief descrip. -

tions of the 180 experiments are presented in Table 2.1. More detailed descriptions and modeling assumptions are
found in Sects. 2.1 and 2.2. All experimental data reported are nominal values. The reader may refer to the referencesi

I for these experiments to obtain data regarding experimental uncertainties. Items that are noted as "not modeled" or
| " ignored" were generally located near the top or bottom of the experiment where neutron leakage was high. The
i volume occupied by these items in the experiment were modeled as the surrounding medium, either water or void.
! General modeling and calculational techniques used in the SCALE-4.3 calculations are discussed in Sect. 3.

2.1 LWR-Type Fuel Pin Lattice Experiments

The following sections present descriptions of experiments utilizing UO: LWR type fuel in square and hexagonal
| lattices moderated by light water. The experiments are categorized as simple lattices (2.1.1), separator plates (2.1.2),
| reflecting walls (2.1.3), reflecting walls and separator plates (2.1.4), bumable absorber fuel rods (2.1.5), water holes
! (2.1.6), poison rods (2.1.7), and borated moderator (2.1.8).

2.1.1 Simple Lattice Experiments !

;
'

This set of experiments consists oflarge single lattices (cores) and arrays of assemblies void of poisons, significant
reflecting materials, water holes, etc. The experiments represent simple transportation packages with primary criticality|

| control by means of controlling assembly interaction. Modeling of the experiments demonstrates the ability of the
| calculational techniques to predict the neutron multiplication factor of essentially infinite arrays of rods (cores) or

;

neutronically interacting separated assemblies. The experiments provide baselines for comparisons to more complex ;
problems. '

!

| 2.1.1.1 Simple Lattice Experiments from ANS Transactions, Vol. 33 (Ref. 5)

ANS33SLG consies of a 2 x 2 array of fuel assemblies separated by 5.0 cm of water. The 4.742 wt % UO fuel rod
2

| specifications are given in Table 2.2 and Fig. 2.1. The planar and end views of the experiment are shown in Fig. 2.2;
I the 0.3-cm-thick aluminum wall box was replaced by water in this experiment. Critical data for the experiment are j

located in Table 2.3.

Assumptions: The holes in the lower lattice grid plate for accommodating the fuel rods were taken to be 1.0 cm in |
j diameter from Ref. 23. The aluminum box density,2.651 g/cm', was assumed from Ref. 23.

| Model-experiment comnarison: The spring of the fuel rods was modeled as void. The end plugs were modeled as 0.94-
cm-diam aluminum cylinders. The fuel rods above the moderator were modeled by the method explained in Sect. 3.2.1,

2.1.1.2 Simple Lattice Experiments from BAW-1484 (Ref. 6)

; BW1484SL consists of a 3 x 3 array of fuel assemblics separated by 6.544 cm of water. Details of the 2.459 wt %
i UO fuel rod design are outlined in Table 2.4 and Fig. 2.3. The vertical dimensions for the experiment are found in2

Fig. 2.4. Absent from Fig. 2.4: the 1 in. (2.54 cm) between the base plate and core tank is mostly water and the core
tank is 0.5 in. (1.27 cm) thick. Difficult to distinguish in Fig. 2.4 is that the fuel rod end plugs are located in 0.125 in.

5 NUREG/CR 6361
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(0.3175 cm) of water between the bottom grid plate and the br.se plate. The critical data for this experiment are located
in Table 2.5.

Assumptions: The aluminum corner rods are believed to be of fuel rod length. The separation distance between
assemblies is believed to have been measured from the cell boundaries of the assemblies. To accommodate fuel rods, !

1

square holes with 0.615-cm sides were assumed in the bottom grid plate.

Model-exceriment comparison: The 22.9-cm x 22.9-cm x 2.54-cm aluminum top grid plate was not modeled. The
fuel rods and separator plate above the moderator region were not modeled.

2.1.1.3 Simple Lattice Experiments from EPRI NP-196 (Ref. 7)

These experiments consist oflarge singular arrays of fuel rods. Specifications for the 2.35 wt % UO fuel rods are2

presented in Fig. 2.5. Figure 2.6 is the axial arrangement of experiments EPRU65 and EPRU87. Figure 2.7 is the
axial arrangement of experiment EPRU75. The grid plate holes for EPRU75 are 0.586 in. (1.488 cm) in diameter.
The specifications for the aluminum "eggerate" grids seen in Fig. 2.6 are given in Fig. 2.8. The core layouts are shown
in Figs. 2.9-2.11. The critical data are located in Table 2.6.

Model-experiment comparison; The soluble boron in the moderator was not modeled because of the low concentration.
A 182.88-cm-diam,274.32-cm-tall tank constitutes full-water reflection of the cores. The experiments were modeled
with 6 in. (15.24 cm) of water above the lead shield and 30 cm of water below the aluminum solid plate.

!

2.1.1.4 Simple Lattice Experiments from NS&E, Vol. 71 (Ref. 8) )

These experiments consist oflarge singular arrays of fuel rods in square or hexagonal lattices. Specifications for the
4.742 wt % UO fuel rods are given in Table 2.2 and Fig. 2.1. The principal dimensions of the experiments are also 12

given in Fig. 2.1. The layouts of the three hexagonal lattice cores are presented in Fig. 2.12. The critical data for the |

experiments are located in Table 2.7.

Assumntions: The holes in the lower grid plate to accommodate the fuel rods were taken to be 1.0 cm in diameter from
Ref. 23.

Model-exceriment comoarison: The reported upper grid, missing from Fig 2.1, was ignored in the model due to j

insufficient data. The two grid plates were reportedly attached to the support plate by four fuel rods distanced more
than 20 cm from the fuel. These rods were not modeled. The fuel rods above the moderator were modeled by the

method explained in Sect. 3.2.1. The stainless steel support plate was modeled as 71.40 wt % Fe,19.16 wt % Cr, and
9.44 wt % Ni. For NSE71111, NSE71112, and NSE71113,0.25 cm of the bottom end plug was homogenized with the
surrounding lower grid plate and water. The remaining 1.55 cm of the bottom end plug was homogenized with the
surrounding water.

2.1.1.5 Simple Lattice Experiments from PNL-2438 (Ref. 9)

P2438SLG consists of a 3 x 1 a:Tay of fuel assemblies separated by 8.39 cm of water. Details of the 2.35 wt % UO2

fuel rods are outlined in Fig. 2.5. Planar and axial views of the experiment can be found in Fig. 2.13; the experiment
was minus the poison plates and biological shielding walls shown in Fig 2.13. Critical data for the experiments are i

located in Table 2.8.

1
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Physical Description

has about the same density and neutron moderating characteristics as water. The carbon steel core tank was notModel-exneriment comoarison; The 1.27-cm-thick acrylic grid plates were modeled as water because acrylic plastic
modeled because the amount of water on the boundary of the array ensures a maximum increase in k ,

(,.

2.1.1.6 Simple Lattice Experiments from PNL-2827 (Ref.10)"

P2827SLG consists of a 3 x 1 array of fuel assemblies separated by 8.31 cm of water. Details of the 2 35 wt % UO!

fuel rods are outlined in Fig. 2.5. Planar and axial views of the experiment can be found in Fig. 2.13; the experimentj
.

2

was minus the poison plates and biological shielding walls shown in Fig. 2.13. Critical data for the experiments are(
located in Table 2.9 '

has about the same density and neutron moderating characteristics as water. The carbon steel core tank was notModel-exneriment comoarison; The 1.27-cm thick acrylic grid plates were modeled as water because acrylic plastic
modeled because the amount of water on the boundary of the array ensures a maximum increase in k,,.

2.1.1.7 Simple Lattice Experiments from PNL-3314 (Ref.11) l

|

P3314SLG consists of a 2 x 2 array offuel assemblies separated by 2.83 cm and 10.86 cm of water. Descriptions of
the 4.31 wt % UO fuel rods are provided in Fig. 2.14. Planar and axial views of the experiment are shown in2

Fig. 2.15. Figure 2.16a (c) illustrates the 2 x 2 assembly configuration. Critical data on the experiment are given in!

Table 2.10. |

Model-exneriment comnarison: The minimum fuel rod pellet column length,91.44 cm, was modeled. The two
polypropylene (neutronic properties similar to water) grid plates were modeled as water. The carbon steel tank was not
modeled because the amount of water on the boundary of the array ensures a maximum increase in k,,.

2.1.1.8 Simple Lattice Experiments from PNL-3926 (Ref.12)
|

The experiments consist of 3 x 1 arrays of fuel assemblies separated by 6.59 and 12.79 cm of weer. Details of the
2.35 and 4.31 wt % UO fuel rods are outlined in Figs. 2.5 and 2.14. Planar and axial views of the experiment can be2

found in Fig. 2.15. Absent in the experiments are the poison plates and biological shielding w alls of Fig. 2.15. Critical
data for the experiments are located in Table 2.11.

Model-experiment comparison: The minimum fuel rod pellet column length,91.44 cm, was modeled for the 4.31 wt %
UO fuel rods. The 1.27-cm-thick polypropylene (0.904 g/cm') grid plates were modeled as water because2

polypropylene has about the same density and neutron moderating characteristics as water. The carbon steel core tank
was not modeled because the amount of water on the boundary of the array ensures a maximum increase in k,,.

2.1.1.9 PNL-4267 Simple Lattice Experiments from PNL-4267 (Ref.13)

The experiments consist of single arrays of fuel rods. Specifications for the 4.3 I wt % fuel rod are located in Fig. 2.14.
The planar and elevation views of the experiments are illustrated in Fig. 2.17. The Plexiglas box is fully reflected on
all four sides by unborated water Critical data for the experiments are given in Table 2.12.

Model-experiment comparison: The minimum fuel rod pellet column length,91.44 cm, was modeled.

The PNL-4267 experiments are suberitical configurations. The number of rods required to achieve critical are
predicted by the approach-to-critical method. For P4267SL1 and P4267SL2. the nearest whole number ofrods
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required for criticality was modeled. The partial rod can be modeled if using CSAS2X. P4267SLI was modeled withi
9 columns of 40 fuel rods, and I far left column of 37 fuel rods arbitrarily placed against the lower Plexiglas box side
of Fig. 2.17 (planar view). The array was positioned along its length against the right side of the Plexiglas box with the

,

array boundary next to the Plexiglas box surface. The array was centered along its width in the Plexiglas box.j
P4267SL2 was modeled with 11 columns of 44 fuel rods, and I far left column of 25 fuel rods arbitrarily placed
against the lower Plexiglas box side of Fig. 2.17 (planar view). The array was positioned along its length against the
right side of the Plexiglas box with the array boundary next to the Plexiglas box surface. The array was centered along

,

L

its width in the Plexiglas box.

A discrepancy in Fig. 2.17 was noticed. As displayed in the figure, the cell boundaries along the array width are 75.88
cm apart. Forty and 44 fuel rods placed in lattices of 1.890- and 1.715-cm pitch give rise to cell boundaries 75.6 and
75.46 cm apart, not 75.88 cm.

2.1.1.10 Simple Lattice Experiments from PNIe4976 (Ref.14)

The experiment P49-194 used a large singular array of fuel rods in a hexagonal lattice. Specifications for the 4.31 wt
% UO, fuel rods are located in Fig. L 14. The core assembly and experimental assembly elevations are illustrated in
Figs 2.18 and 2.19. Missing from Fig. 2.19: The acrylic (1.185 g/cm') is composed of 60 wt % C,32 wt % O, and 8
wt % H; the polypropylene (0.905 g/cm') lattice plates are 91.44 cm in diameter . The criti:a! data for P49-194 are
given in Table 2.13.

Assumotions: With a core tank diameter of 152 cm, the core can be considered fully reflected by water laterally. The
acrylic base plate is believed to have the same diameter as the polypropylenc lattice plates. )

Model-experiment comparisom The minimum fuel pellet column length,91.44 cm, was used. The aluminum spacers,
fiberglass tank bottom, carbon steel tank, and concrete floor were excluded from the model. The polypropylene lattice
plates were modeled as polyethylene using hydrogen in a water thermal kernel.

2.1.1.11 Simple Lattice Experiments from WCAP-3269 (Ref.15)

W3269SL1 and W3269SL2 use large singular arrays of fuel rods. Descriptions of the '2.72 and 5.7 wt % UO fuel2

rods are located in Table 2.14. The vertical dimensions of experiments W3269SLI and W3269SL2 are shown in Figs.
2.20 and 2.21; the guide plates are aluminum. The absorber section of Fig. 2.20 was not part of experiment
W3269SLI. Critical data for the experiments are located in Table 2.15.

Assumption 1 The moderator height was believed to have been measured from the bottom of the fuel. The guide plate
holes to accommodate fuel rods were assumed to be of fuel rod diameter. In Fig. 2.21, all plates were taken to be of

, assembly width and depth; full-water reflection was assumed on the sides of the experimental assembly; the 2.54-cm-
thick plate below the bottom guide plate was assumed to be of aluminum. In Fig. 2.20, full water reflector was
assumed at the boundary of the assembly defined by the 60.96-cm-square guide plates.

Model-experiment comparison: The fuel rods above the moderator were modeled by the method explained in Sect.

3.2.1. In Fig. 2.21 (W32695L2) the 6.35 cm above the aluminum base plate was modeled as water only. In Fig. 2.20
(W3269SL1) the top and center guide plates, in air for this experiment, were not modeled; the bottom end plugs in the
bottom guide plate were modeled as aluminum; the bottom end plugs in the 0.188 in. (0.428-cm)-thick water slot and
the top end plugs were not modeled.

1

NUREG/CR-6361 8

. _ ___- - ________ _



. _ _. . - . . - - - _ . _ _ _ . . _ _

|

|

Physical Description

2.1.1.12 Simple Lattice Experiments from WCAP-3385 (Ref.16)

W3385SLI and W3385SL2 consist oflarge singular arrays of fuel rods. The 5.74 wt % UO rods are described in
2

Table 2.16. Vertical dimensions of the experiments are given in Fig. 2.22. Missing from, or hard to distinguish in,
Fig. 2.22 is that: (1) all structures are made of aluminum, (2) the bottom grid plate rests on a 1-in. (2.54-cm)-thick
ahiminum slab above 2.5 in. (6.35 cm) of water and a 2 in. (5.08-cm)-thick aluminum slab, (3) the fuel pellet column
ends are 0.5 in. (1.27 cm) above the bottom grid plate and 0.4 in. (1.016 cm) below the top grid plate, and (4) the

| stainless steel support rods are 0.4375 in. (1.1113 cm) in diameter with 0.625-in. (0.476-cm)-thick aluminum
, cladding. Figure 2.23 shows the location and size of the fuel rod holes and circulation holes of the grid plates of
| Fig. 2.22. Critical data for the experiments are located in Table 2.17.

i

Assumotions: The core tank is 121.92 cm in diameter constituting full-water reflection. The end plugs are believed to
be of cladding material (i.e.,304 stainless steel).

;

1
Model-experiment comparison: The support rods were ignored. Homogenized water and aluminum were used to i

represent the center grid plate and circulation holes. The fuel rods above the moderator were modeled by the method
explained in Sect. 3.2.1.

2.1.2 Separator Plate Experiments

These experiments have been selected to demonstrate the ability of the calculational techniques to predict the neutron
multiplication factor of experiments with neutron absorbing or scattering materials (i.e., separator plates) between fuel
assemblies. Separator plates are commonly used in transportation packages to limit neutron interaction and increased
reactivity associated with the bringing into close proximity of fuel assemblies.

2.1.2.1 Separator Plate Experiments from ANS Transactions, Vol. 33 (Ref. 5)

|
The experiments consist of 2 x 2 arrays of fuel assemblies separated by aluminum boxes (four sides and a bottom) i

filled with water, polyethylene powder and balls, and expanded polystyrene. These experiments further test the ability
of the calculation method to predict k,, for assemblies with various hydrogenous compound moderators. Specifications
of the 4.742 wt % fuct rods are given in Table 2.2 and Fig. 2.1. The planar and end views of the experiment are shown

|
in Fig. 2.2. Critical data for the experiments are located in Table 2.18.

|

Assumptions: Holes to accommodate the fuel rods in the lower grid plate were taken to be 1.0 cm in diameter from
Ref. 23. The aluminum box density,2.651 g/cm', was assumed from Ref. 23.

Model-exneriment comparison: The spring of the fuel rods was modeled as void. The end plugs were modeled as 0.94-
cm-diam aluminum cylinders. The fuel rods above the moderator were modeled by the method explained in Sect. 3.2.1.

2.1.2.2 Separator Plate Experiments from BAW-1484 (Ref. 6)

The experiments consist of 3 x 3 arrays of fuel assemblics separated by borated aluminum plates and water or 304-L
stainless steel plates and water. Details of tl.e 2.459 wt % UO fuel rods are outlined in Table 2.4 and Fig. 2.3. The2

elev:.tions of the experiments can be found in Fig. 2.24. The top grid was not used in the experiments. Missing from.
| or difficult to distinguish in, Fig. 2.24 is that (1) the fuel pellet column and fuel rod bottom end plugs extend 0.635 and
| 0.9525 cm into the aluminum bottom grid, respectively, (2) the aluminum bottom grid and aluminum bottom grid plate
| are 2.54 cm thick,(3) and 0.3175 cm of water exists between the aluminum bottom grid plate and the 5.08-cm-thick

aluminum base plate. Critical data for the experiments are located in Table 2.19.
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Assumotions: The aluminum comer rods are assumed to be of fuel rod length. The separation distance between
assemblies is believed to have been measured from the cell boundaries of the assemblies. Holes,0.615 cm on a side,

were assumed in the bottom grid plate to accommodate the fuel rods.
1

Model-experiment comoarison: The 22.9-cm x 22.9-cm x 0.3175-cm aluminum center grid plate was not modeled.
The fuel rods and separator plate above the moderator region were not modeled. In the model, the separator plates rest 1

in a channel cut 0.635-cm deep into the bottom grid with the channel thickness equaling the separation distance of I
I

assemblies and channel length running the length of the assembly.

2.1.2.3 Separator Plate Experiments from BAW-164S (Ref.17)

The experiments consist of 5 x 5 arrays of fuel assemblies separated by (presumed) aluminum plates. Details of the
2.459 wt % UO fuel rods are outlined in Table 2.4 and Fig. 2.3. Figure 2.25 is a planar view of the experiments

2

showing the assemblies with mounted aluminum side sheets, or separator plates. Vertical dimensions of the
experiments can be found in Fig. 2.26. Missing from, or difficult to distinguish in, Fig. 2.26 is that (1) the end plugs of
the fuel rods extend 0.3175 cm into the 3.2-cm-thick aluminum bottom grid plate, (2) the aluminum base plate has
dimensions of 122 cm x 122 cm x 8.9 cm,(3) the aluminum base plate is separated from the core tank by 2.86 cm of
water, and (4) the separator plates extend vertically from the base of the bottom grid plate to the top of the top grid
plate. Critical data for the experiments are located in Table 2.20.

Assumptions: The aluminum corner rods are assumed to be of fuel rod length. The separation distance between I

assemblics is believed to have been measured from the cell boundaries of the assemblies. The core tank is assumed to |

be 1.0-cm thick and constmeted from carbon steel. With a 274-cm inside core tank diameter, the core is assumed to be j
fully reflected laterally by water.

Model-experiment comnarison: The aluminum top and center grid plates were of unknown thickness and were not
modeled. The fuel rods and separator plates above the moderator region and the core tank sides were ignored in the

4

model. For experiments BW1645T1, BW1645T1, BW1645T3, BW1645T4, BW1645S1, and BW1645S2, the 3.2-
cm-thick aluminum bottom grid plate ha grooves for coolant flow. The top 0.3175 cm of the bottom grid plate
around the end plugs was modeled as water only, the middle 1.067 cm of the plate was modeled as a mixture of 25%
aluminum and 75% water by volume, and the bottom 1.815 cm was modeled as 100% aluminum by volume. For
B1645SO! and B1645SO2, the 3.2-cm-thick aluminum bottom grid plate was modeled as water around the 0.3175-

cm-long bottom end plugs and 2.882 cm of aluminum below the bottom end plugs.

2.1.2.4 Separator Plate Experiments from DSN No. 399/80 (Ref.18)

The experiments consist of 2 x 2 arrays of fuel assemblies separated by water and hafnium plates, or single assemblies
surrounded by hafnium plates. Specifications for the 4.742 wt % UO fuel rods are outlined in Table 2.2 and Fig. 2.1.2

The elevations of the experiments are also given in Fig. 2.1. For DSN399-1 and DSN399-2, a 0.4-cm-thick stainless
steel assembly support plate (not shown in Fig. 2.1) is situated between the bottom plugs of the fuel rods and the 0.8-
cm-thick stainless steel support plate. Cross-sectional views of the experiments are provided in Fig. 2.28. Critical data
on the experiments are given in Table 2.21.

Assumptions: The assembly separation distances and plate-to-assembly distances are believed to have been measured
from the cell boundaries of the assemblics. The holes in the lower lattice grid plate for accommodating the fuel rods

were taken to be 1.0 cm in diameter from Ref. 23.

Model-exceriment comnarison: The fuel rods above the moderator were modeled by the method explained in Sect. I
l

3.2.1. The separator plates were modeled as resting on top of the assembly support plate (DSN399-1 and DSN399-2)
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or support plate (DSN399-3 and DSN399-4). The spring of the fuel rods was modeled as void. The upper grid plate of
stainless steel, leR out of Fig. 2.1, was reported as having an insignificant influence on k,,; therefore, it was not
modeled. The stainless steel support plates were modeled as 71.40 wt % Fe,19.16 wt % Cr, and 9.44 wt % Ni. The
steel angle irons, shown in Fig. 2.29 (comer A is positioned at the center of the setup of Fig 2.28a), of DSN399-1 and
DSN399-2 were not modeled.

2.1.2.5 Separator Plate Experiments from PNL-2438 (Ref. 9)

The experiments consist of 3 x 1 arrays of fuel assemblics separated by aluminum, Boral A, copper, stainless steel, or
Zircaloy-4 plates and water. Table 2.22 describes the separator plates. Details of the 2.35 wt % UO fuel rods are
outlined in Fig. 2.5. Planar and axial views of the experiment can be found in Fig. 2.13; the experiments were minus
the biological shielding walls shown in Fig. 2.13. Critical data for the experiments are located in Table 2.23.

Model-exoeriment comparison: The top and middle 1.27-cm-thick acrylic grid plates were modeled as water because
acrylic plastic has about the same density and neutron moderating characteristics as water. The carbon steel core tank
was not modeled. The separator plates were modeled as resting on top of the bottom 2.54-cm-thick acrylic grid plate.

2.1.2.6 Separator Plate Experiments from PNI 2615 (Ref.19)

The experiments consist of 3 x 1 arrays of fuel assemblics separated by aluminum, Boral-B, cadmium, copper,
stainless steel, and Zircaloy-4 plates and water. Table 2.22 describes the separator plates. Details of the 4.31 wt %
UO fuel rods are outlined in Fig. 2.14. Planar and axial views of the experiment can be found in Fig. 2.13; the2

experiments were minus the biological shielding walls shown in Figs. 2.30 and 2.15. Critical data for the experiments
are located in Table 2.24.

Model-exocriment comparison: The minimum fuel rod pellet column length,91.44 cm, was modeled. The top and
middle 1.27-cm-thick acrylic grid plates were modeled as water because acrylic plastic has about the same density and
neutron moderating characteristics as water. The carbon steel core tank was not modeled because the amount of water
on the boundary of the array ensures a maximum increase in k,,. The separator plates were modeled as resting on top
of the bottom 2.54-cm-thick acrylic grid plate.

2.1.2.7 Separator Plate Experiments from PNI 3314 (Ref.11)

The experiments consist of 2 x 2 or 3 x 1 arrays of fuel assemblies separated by aluminum, Boral A, Boral-C,
Borollex, cidmium, copper, coppe:-cadmium, borated stainicas stec!, stainless steel, and Zircaloy 4 plates and water.
Descriptions of the 2.35 and 4.31 wt % UO fuel rods are provided in Figs. 2.5 and 2.14. Planar and axial views of the2

3 x 1 and 2 x 2 assembly experiments are shown in Figs. 2.30 (G = 0) and 2.15; the experiments were minus the

| biological shielding walls shown in Figs. 2.30 and 2.15. Figures 2.16(a) and 2.16(b) illustrate the assembly and fuel
'

rod array configurations of the experiments. Separator plate data are given in Table 2.22. Critical data on the
experiments are given in Table 2.25.

( Model-experiment comparison: Ti.e minimum fuel rod pellet column length,91.44 cm, was modeled for the 4.31 ut %
UO fael rods. The two polypropylene (neutronic properties similar to water) grid plates were modeled as water. The2

carbon steel tank was not modeled because the amount of water on the boundary of the array ensures a maximum
increase in k,,. The separator plates were modeled as resting on top of the acrylic plate.

|
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2.1.2.8 Separator Plate Experiments from PNIe6205 (Ref. 20) and PNIe7176 (Ref. 21)

The experiments consist of 2 x 2 arrays of fuel assemblies separated by Boral plates and water. The Boral plates,
detailed in Table 2.26, create a flux trap where epithermal neutrons passing through the Boral become thermalized in
the water between the Boral plates. Aluminum plates, aluminum rods, and fuel rods were added to the water region of
the flux trap in order to investigate the reactivity effect of voiding. The modeling of these experiments tests the ability
of the calculation method to predict k , for assemblies with separator plates acting as flux traps and voiding materials.
The 4.31 wt % UO fuel rods are detailed in Fig. 2.14; the experimental elevations are provided in Fig. 2.31; and the |2

critical data are located in Table 2.27. The assemblics for experiments P62FT231, P71 F14F3, P71 F14V3, i

P71F14VS, and P71F214R are displayed in Figs. 2.32-2.36.
:

Assumotions: The aluminum rods are assumed to be of fuel rod length. The aluminum voiding plates are assumed to )
be of Boralplate width and height. i

i

Model-expe_rimtnt comparison: The minimum fuel rod pellet column length,91.44 cm, was modeled. The !

polypropylene lattice plates (0.90 g/cm') were modeled as water because of their neutron moderating similarities to
water. The separator plates were modeled as resting on top of the base plate. |

The PNL-6205 and PNL-7167 experiments are suberitical configurations. The number of rods required to achieve
delayed critical is predicted by the approach- to-critical method. Table 2.28 shows the number of rods of the
experiment (column 2), shown in Figs. 2.32-2.36, the predicted number of rods needed for delayed. critical (column 3),
and the number of rods modeled with CSAS25 (column 4). Note the partial rod of column 3 can be modeled if using
CSAS2X instead of CSAS25. The extra rods modeled were arbitrary placed in one of the four assemblies. The

modeled assembly sizes are listed in Table 2.28.

2.1.3 Reflecting Wall Experiments

j Large transportation packages have reflectors in the form of biological shielding materials that are part of the j
packaging. The materials facilitate the return of neutrons leaking from the outer fissile material boundary. Modeling of|

,

these experiments demonstrates the ability of the calculational techniques to predict the neutron multiplication factor
<

of water and lead , steel , or uranium-reflected assemblies.

2.1.3.1 Reflecting Wall Experiments from PNIe2827 (Ref.10)
|

The experiments consist of 3 x 1 arrays of fuel assemblies separated by water and reflected by water and two lead or
depleted pranium reflecting walls. Details of the 2.35 and 4.31 wt % UO fuel rods are outlined in Figs. 2.5 and 2.14.2

Planar and axial views of the experiments can be found in Fig. 2.13. Absent in the experiments are the poison plates of

Fig. 2.13. Details of the lead and uranium reflecting walls are provided in Figs. 2.37 and 2.38. Critical data for the
'

iexperiments are located in Table 2.29.

Model-exoeriment comnarison: The minimum fuel rod pellet column length,91.44 cm, was modeled for the 4.31 wt %
UO fuel rods. The 1.27-cm-thick acrylic grid plates were modeled as water because acrylic plastic has about the same

2

density and neutron moderating characteristics as water. The carbon steel core tank was not modeled because the
amount of water on the boundary of the array ensures a maximum increase in k,g.

i
'

i

:
'
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Physical Description

2.1.3.2 Reflecting Wall Experiments from PNIe3602 (Ref. 22)

The experiments consist of 3 x 1 arrays of fuel assemblies separated by water and reflected by water and two steel
reflecting walls. Details of the 2.35 and 4.31 wt % UO fuel rods are outlined in Figs. 2.5 and 2.14. Planar and axial2

views of the experiments can be found in Fig. 2.30. Absent in the experiments are the poison plates of Fig. 2.30.
Details of the steel reflecting walls are provided in Fig. 2.39. Critical data for the experiments are located in Table
2.30.

Model-experiment comnarison: The minimum fuel rod pellet column length,91.44 cm, was modeled for the 4.31 wt %
UO fuel rods. The 1.27-cm-thick acrylic and polypropylene grid plates were modeled as water because these materials2

have similar densities and neutron moderating characteristics as water. The carbon steel core tank was not modeled
because the amount of water on the boundary of the array ensures a maximum increase in k,,.

2.1.3.3 Reflecting Wall Experiments from PNIe3926 (Ref.12)<

i

The experiments consist of 3 x 1 arrays of fuel assemblies separated by water and reflected by water and two lead or
depleted uranium reflecting walls. Details of the 2.35% and 4.31 ut % UO fuel rods are outlined in Figs. 2.5 and2

2.14. Planar and axial views of the experiments can be found in Fig. 2.15. However, these experiments do not contain
poison plates as shown in the figure. Details of the lead and uranium reflecting walls are provided in Figs. 2.37 and
2.38. Critical data for the experiments are located in Table 2.31.

Model-exneriment comnarison: The minimum fuel rod pellet column length,91.44 cm, was modeled for the 4.31 wt %
UO fuel rods. The 1.27-cm-thick polypropylene (0.904 g/cm') grid plates were modeled as water because2

polypropylene has about the same density and neutron moderating characteristics as water. The carbon steel core tank
was not modeled because the amount of water on the boundary of the array is equivalent to an infinite water reflector.

2.L4 Reflecting Wall-Separator Plate Experiments

These experiments have been selected to demonstrate the ability of the calculational techniques to predict the neutron
multiplication factor of experiments with neutron absorbing or scattering materials (i.e., separator plates) between fuel
assemblies reflected by water and steel. Separator plates are commonly used in transportation packages to limit
neutron interaction and increased reactivity associated with the bringing into close proximity of fuel assemblies. In
addition, large transportation packages may also have reflectors in the form of biological shielding materials that
facilitates the return of neutrons leaking from the outer fissile material boundary.

2.1.4.1 Reflecting Wall-Separator Plate Experiments from PNIr3602 (Ref. 22)

The experiments consist of 3 x 1 arrays of fuel assemblies separated by water and Boral, cadmium, copper, borated
and unborated stainless steel separator plates and reflected by water and two steel reflecting walls. Details of the 2.35
and 4.31 wt % UO fuel rods are outlined in Figs. 2.5 and 2.14. Planar and axial views of the experiments can be2

found in Fig 2.30 (G = 0). Descriptions of the separator plates are provided in Table 2.22. Details of the steel
reflecting walls are provided in Fig 2.39. Critical data for the experiments are located in Table 2.32.

Model-exppriment comnarisprn The minimum fuel rod pellet column length,91.44 cm, was modeled for the 4.31 wt %
UO fuel rods. The polypropylene grid plates were modeled as water because polypropylene has similar densitics and2

neutron moderating characteristics as water. The carbon steel core tank was not modeled because the amount of water

on the boundary of the array ensures a maximum increase in k,y. The separator plates were modeled resting on top of
the bottom 2.54-cm-thick acrylic plate.
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2.1.4.2 Reflecting Wall-Separator Plate Experiments from PATRAM'80 (Ref. 23)

The experiments consist of 2 x 2 arrays of fuel assemblies separated by water and Boral plates and reflected by water
and lead or steel reflecting walls. Details of the 4.742 wt % fuel rods are outlined in Figs. 2.1 and Table 2.2. The

principal dimensions for the experiments are found in Fig. 2.1. A 0.4-cm-thick steel (composition specified on Fig.
2.1) assembly support plate, not shown in Fig. 2.1, is situated between the bottom plugs of the fuel rods and the 0.8-
cm-thick support plate. The lower grid plate holes for acconunodating the fuel rods are 1.0 cm in diameter. The
planarview of a quarter of an experimental assembly is displayed in Fig. 2.40. Critical data for the experiments are

,

located in Table 2.33.

Assumotions; The four stainless steel corner rods were assumed to be of fuel rod length.

Model-exceriment comoarison: The upper grid plate was ignored due to lack ofinformation. The spring of the fuel
rods was modeled as void. The lower grid plate around the corner rods was ignored. The fuel rods above the moderator

were modeled by the method explained in Sect. 3.2.1.

2.1.5 Burnable Absorber Fuel Rod Experiments"
,

Modeling these experiments demonstrates the ability of the calculational techniques to predict the neutron
multiplication factors of experiments that have UO fuel rods fabricated with gadolinia for extended burnup purposes.2

A set of five experiments were performed with various 2.459 or 2.459 and 4.020 wt % UO and 1.944 wt % UO -2 2
:

Gd 0 fuel rod configurations. The 2.459 ut % UO rods are detailed in Table 2.4 and Fig. 2.3, the 4.020 wt % UO2
2 3 2

rods are detailed in Table 2.34, and the 1.944 wt % UO -Gd 0 rods are detailed in Table 2.35. The vertical2 2 3

dimensions are believed to be those presented in Fig. 2.4. In Fig. 2.4 the aluminum core tank is 1.27 cm thick and J

152.4 cm in diameter. The core configurations for the experiments are located in Figs. 2.41-2.45. Critical data are
located in Table 2.36. Note, these experiments contained borated water and water holes.

Assumotions: The vertical dimensions are believed to be those of Fig. 2.4. The 152.4-cm-diam core tank filled with

water constitutes full-water reflection of the cores.

Model-experiment comoarison: The fuel rods above the moderator were not modeled. The top and bottom grid plates

were ignored.

2.1.6 Water Hole Experiments

LWR fuel elements have lattice positions, usually in a 5 x 5 matrix, filled by control rod and instrumentation clusters.
The clusters are sometimes removed when the LWR fuel assemblies are shipped, leaving behind water holes that are
richer in thermalized neutrons than the surrounding cells. The modeling of the experiments in this section tests the

ability of the calculation techniques to handle cells with different degrees of moderation.

2.1.6.1 Water llole Experiments from BAW-1810 (Ref. 24)

The experiments consist of 2.459 or 2.459 and 4.020 wt % UO fuel rod configurations with water holes. The 2.4592

wt % UO rods are detailed in Table 2.4 and Fig. 2.3 and the 4.020 wt % UO rods are detailed in Table 2.34. The
2 2

vertical dimensions are believed to be those presented in Fig. 2.4. In Fig. 2.4 the aluminum core tank is 1.27 cm thick
and 152.4 cm in diameter. The core configurations for the experiments are located in Figs. 2.46-2.48. Critical data are
located in Table 2.37. Note, these experiments contained borated water.
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Assumptions; The vertical dimensions are believed to be those of Fig. 2.4. The 152 4 cm-diam core tank fdl d
water constitutes full-water reflection of the cores. . e with

!

Model-experiment comparison; The fuel rods above the moderator were not modeled. The top and bottom grid plateswere ignored.

2.L6.2 Water Hole Experiments from NS&E, Vol. 71 (Ref. 8)

holes. Fuel rod specifications are given in Table 2.2 and Fig. 2.1. The principal dimensions of the experiments areThe experiments consist oflarge singular arrays of 4.742 wt % UO fuel rods with 5 x 5 and 8 x 8 matrices of water2

also given in Fig. 2.1. The critical data for the experiments are located in Table 2.38.

Assumotions:
The holes in the lower grid plate to accommodate the fuel rods were taken to be 1.0 cm in diameter fromRef. 23.

Model experiment comoarison; The rc .orted upper grid, missing from Fig. 2.1, was ignored in the model due to
insufficient data. The two grid plates v re reportedly attached to the support plate by four fuel rods distanced more
than 20 cm from the fuel. These rods v re not modeled. The stainless steel support plate was modeled as 7140 wt %

,

| Fe,19.16 wt % Cr, and 9.44 wt % Ni. Figure 2.49 represents the cross-sectional view of the modeled assemblies.
.

2.1.6,3 Water Hole Experiments from PNL-3314 (Ref. I1)
L

The experiments consist of single lattices with 5 x 5 matrices of water holes. Descriptions of the 2.35 wt % and 4.31
wt % UO fuel rods are provided in Figs. 2.5 and 2.14. Planar and axial views of the experiment setup are shown in2 )

Fig. 2.15. The cross-sectional view of the experimental setup showing water hole positions is presented in Fig. 2.50.;

Critical data on the experiment are given in Table 2.39t

!

Model-experiment comoarison: P3314W1 and P3314W2 are suberitical configurations. The number of predicted
rods to achieve criticality were obtained by the approach-to-critical method. The number of fuel rods modeled was
rounded from the predicted number to the nearest whole number. Note: The paitial pdicted rod can be modeled if

i

l
using CSAS2X. The geometric models for P3314W1 and P3314W2 are seen in Fig. 2.51. The partial row of fuel
rods was arbitrarily located against the assembly left cell boundary. The two polypropylene (neutronic properties
similar to water) grid plates were modeled as water. The carbon steel tank was not modeled because the amount of
water on the boundary of the array ensures a maximum increas in k.a.

'

2.1.6.4 Water Hole Experiments from WCAP-3269 (Ref.15)

| The experiments consist oflarge single arrays of fuel rods and water holes. Descriptions of the 2.72 and 5.7 wi %
UO fuel rods can be found in Table 2.14. The vertical dimensions of experiments W3269W1 and W3269W2 are2

shown in Figs. 2.20 and 2.21; the guide plates are aluminum. The absorber section of Fig. 2.20 was not part of the
expenments. Core layouts showing water hole locations are given in Fig. 2.52. Critical data for the experiments are
located in Table 2.40.

Assumotions: The moderator height was believed to have been measured from the bottom of the fuel. The guide plate
| holes to accommodate fuel rods were assumed to be of fuel rod diameter, in Fig. 2.21, all plates were taken to be of
1

assembly width and depth; full-water reflection was assumed on the sides of the experimental assembly; the 2.54-cm.
thick plate below the bottom guide plate was assumed to be of aluminum. In Fig. 2.20, full water reflector was
assumed at the boundary of the assembly defined by the 60.96-cm-square guide plates.

t
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Model-exoeriment comparison The fuel rods above the moderator were modeled by the method explained in Sect.
3.2.1. For W3269W2 the 6.35-cm gap above the aluminum base plate was modeled as water only. For W3269WI,

in air for this experiment, were not modeled; the bottom end plugs in the bottom guide
d id ltthe top an center gu e p a es,

phae were modeled as aluminum; the bottom end plugs in the 0.188-in. (0.478-cm)-thick water slot and the top end
plugs were not modeled.

2.1.7 Absorber Rod Experiments

Modeling of these experiments tests the ability of the calculational techniques to predict neutron multiplication factors
of expenments simulating shipping packages of LWR assemblics with control rod clusters intact.

2.1.7.1 Absorber Rod Experiments from BAW-1484 (Ref. 6)

The experiments consist of a 3 x 3 array of fuel assemblies separated by a water gap containing B C absorber rods.4

Details of the 2.459 wt % UO fuel rod design are outlined in Table 2.4 and Fig. 2.3. Details of the B C rods are4
2

outlined in Table 2.41. The veitical dimensions for the experiment are found in Fig. 2.4. Absent from Fig. 2.4: the
1 in. (2.54 cm) between the base plate and core tank is mostly water and the core tank is 0.5 in. (1.27 cm) thick.
Difficult to distinguish in Fig. 2.4 is that the fuel rod end plags are located in 0.125 in. (0.3175 cm) of water between
the bottom grid plate and the base plate. Cross-sectional views of experiments BW1484Cl and BW1484C2 are
located in Fegs. 2.53 and 2.54. The critical data are located in Table 2.42.

Assumptions: The aluminum comer rods are taken to be of fuel rod length. The separation distance between

assemblies is believed to have been measured from the cell boundaries of the assemblies. To accommodate the fuel
rods, square holes with 0.615-cm sides were assumed in the bottom grid plate.

Model-experiment comparison: The 22.9-cm-wide x 22.9-cm-long x 2.54-cm-thick aluminum top grid plate was not
modeled. The fuel rods and separator plate above the moderator region were not modeled.

2.1.7.2 Absorber Rod Experiments from BAW-1810 (Ref. 24)

The experiments consist of 2.459 or 2.459 and 4.020 wt % UO fuel rod configurations with Ag-In-Cd and B C4
2

absorber rods. The 2.459 wt % UO rods are detailed in Table 2.4 and Fig. 2.3. The 4.020 wt % UO rods are detailed2
2

in Table 2.34. Properties of the Ag In-Cd and B C rods are given in Tables 2.43 and 2.41. The vertical dimensions are4

believed to be those presented in Fig. 2.4. In Fig. 2.4 the aluminum core tank is 1.27 cm thick and 152.4 cm in
diameter. The core configurations for the experiments are located in Figs. 2.55 and 2.56. Critical data are located in
Table 2.44. Note, these experiments have borated water and water holes.

Assumptions: The vertical dimensions are those of Fig. 2.4. T1.e 152.4-cm-diam core tank filled with water constitutes

full-water reflection of the cores.

Model-experiment comnarison: The fuel and absorber rods abo ce the moderator were not modeled. The top and

bottom grid plates were ignored.

2.1.7.3 Absorber Rod Experiments from WCM-3269 (Ref.15)

Experimer.ts W3269A and W3269C used large single arrays of 5.7 and 2.72 wt % UO fuel rods and Ag In-Cd2

absorber rods. W3269BI, W3269B2, and W3269B3 used large single arrays of 3.7 wt % UO fuel rods and Ag-In-Cd2

absorber rods. D:scriptions of the 2.72,3.7, and 5.7 wt % UO fuel rods can be found in Table 2.14. The vertical2
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dimensions of experiments W3269A and W3269C are shown in Figs. 2.21 and 2.20. Figure 2.57 displays the vertical
dimensions for W3269B1, W3269B2, and W3269B3. All experiments used aluminum guide plates. The core layouts
of W3269A and W3269C, with water holes replaced by Ag In-Cd rods, are given in Fig. 2.52. The core layouts of
W3269B1, W3269B2, and W3269B3 are given in Figs. 2.58-2.60. The cruciform in Figs. 2.58-2.60 are control rod
fuel followers. Each cruciform has a center fuel rod and four vanes with nine fuel rods on a 0.418-in. (1.062-cm) pitch.
Critical data for the experiments are located in Table 2.45.

Assumntiont The Ag-In-Cd rods are assumed to be of fuel rod length. The moderator height was believed to have
been measured from the bottom of the fuel. The guide plate holes to accommodate fuel reds were assumed to be of fuel

rod diameter. For W3269A, W3269B1, W3269B2, and W3269B3 full water reflection was assumed laterally beyond
the assembly boundary. For W3269C, full water reflecon was assumed outside the assembly boundary defined by the
60.96-cm square guide plates. In Fig. 2.21, the 2.54-cm-thick plate below the bottom guide plate was assumed to be
ofaluminum.

Model-experiment comnarison: The fuel rods above the moderator were modeled by the method explained in Sect.
3.2.1. For W3269A, the 6.35 cm above the base plate was modeled as water only. For W3269BI, W3269B2, and
W3269B3, no data were available on the fuel rod end plugs so the plugs were modeled as water; the center guide plate,
70.17 cm above the bottom of the fuel, was not modeled because it was above the moderator level; the eccentricity of
the fuel follower was treated as described in Sect. 3.2.1. For W3269C, the top and center guide plates, in air for this
experiment, were not modeled; the bottom end plugs in the bottom guide plate were modeled as aluminum; the bottom
end plugs in the 0.188-in. (0.478-cm)-thick water slot and top end plugs were not modeled.

2.1.8 Soluble Boron Experiments

Boric acid is often used in shipping casks as an additional measure for preventing accidental criticality; boric acid is a
strong absorber that can significantly affect the neutronics of a system. The experiments described in this section are

used to test the ability of the calculational techniques to predict the neutron multiplication factors of systems with a
borated water moderator.

2.1.8.1 Solul'le Boron Experiments from BAW-1231 (Ref. 25)

The experiments consist oflarge arrays of fuel rods moderated by borated water. Properties of the 4.020 wt % fuel
rods are given in Table 2.34. The core layouts and vertical dimensions of the experiments are given in Figs. 2.61 and
2.62. The top and bottom grid plates ofFig. 2.62 are aluminum. Critical data for the experiments are in Table 2.46.

Assumntions: Holes of fuel rod diameter were assumed in the grid plates. The core tank is 274.32 cm in diameter
constituting full-water reflection. The end plugs are believed to be made of aluminum.

Model-experiment comparisor.r The fuel rods above the moderator were modeled by the metnud explained in
Sect. 3.2.1. The top grid plate, top end plugs, and top end plugs above the top grid plate were modeled as a solid
aluminum slab.

2.1.8.2 Soluble Boron Experiments from BAW-1273 (Ref. 26)

'

BW1273M consists of a large cylindrical array of fuel rods moderated by borated water. Properties of the 2.459 wt %
UO fuel rods are given in Table 2.4 and Fig. 2.3. The vertical dimensions of the experiment are given in Fig. 2.63.2

Missing from Fig. 2.63 are two 0.0625-in. (0.1588-cm)-thick aluminum midplane grid plates with bases 49 and 82 cm
above the reference plane. Critical data for the experiments are in Table 2.47.

17 NUREG/CR-6361
!
\

. _ _ . . . _ _ . . _ _ _ _ - - _ _ _ _ _ _ _ _ _ _ _



Assumptions: The 274.32-cm-diam core tank filled with water constitutes full-water reflection of the core. Square
holes,1.27 cm on a side, were assumed in each grid plate to accommodate the fuel rods.

Model-exceriment comoarison: The fuel rod: above the moderator were modeled by the method explained in Sect

3.2.1. The top grid plate was not modeled. Figure 2.64 shows a cross-sectional view of the modeled core for reference.

2.1.8.3 Soluble Boron Experiments from BAW-1484 (Ref. 6)

The experiments consisted of 3 x 3 arrays of fuel assemblies separated by water gaps and moderated with borated
water. Details of the 2.459 wt % UO fuel rods are outlined in Table 2.4 and Fig. 2.3. The elevations of experiments

2

BW1484B1 and BW1484B2 can be found in Fig. 2.4. Absent from Fig 2.4: the 1 in. (2.54 cm) below the base plate is

mostly water and the core tank is 0.5 in. (1.27 cm) thick. DifTicult to distinguish in Fig. 2.4 is that the fuel rod end
plugs are located in 0.125 in. (0.3175 cm) of water between the bottom grid plate and the base plate. The elevations of
experiment BW1484B3 are given in Fig. 2.24. The top grid of Fig. 2.24 was not used in the experiments. Missing
from, or diflicult to distinguish in, Fig. 2.24 is that: (1) the fuel pellet column and fuel rod bottom end plugs extend
0.635 and 0.9525 cm into the aluminum bottom grid, respectively, (2) the aluminum bottom grid and aluminum

bottom grid plate are 2.54 cm thick, (3) and 0.3175 cm of water exists between the aluminum bottom grid plate and
the 5.08-cm-thick aluminum base plate. Critical data for the experiments are located in Table 2.48.

Assumotion ; The aluminum corner rods are taken to be of fuel rods length. The separation distance between
assemblies is believed to have been measured from the cell boundaries of the assemblies. Holes,0.615 cm on a side,

were assumed in the bottom grid plate to accommodate the fuel rods.

Model-exocriment comparison: The fuel rods above the moderator region were not modeled. The 22.9-cm-wide x l

22.9-cm-long x 2.54-cm-thick aluminum top grid plate were not modeled.

2.1.8.4 Soluble Boron Experiments from EPRI NP-196 (Ref. 7)

These experiments consist oflarge singular arrays of fuel rods moderated by borated water. Specifications of the 2.35
wt % UO fuel rods are presented in Fig. 2.5. Figure 2.6 shows the axial dimensions of experiments EPRU65B and

2

EPRU87B. Figure 2.7 shows the axial dimensions of experiment EPRU75B. The grid plate holes for EPRU75B are
0.586 in. (1.488 cm) in diameter. The specifications for the aluminum "eggerate" grids seen in Fig. 2.6 are given in
Fig. 2.8. The core layouts are shown in Figs. 2.65-2.67. The critical data are located in Table 2.49.

Model-experiment comnarison: A 182.88-cm-diam,274.32-cm-tall tank contributes full-water reflection of the cores.
The experiments were modeled with 6 in. (15.24 cm) of water above the lead shield and 30 cm of water below the
aluminum solid plate.

2.1.8.5 Soluble Boron Experiments from PNI 4267 (Ref.13)

The experiments consist of a single array of fuel rods moderated by borated water. Specifications of the 4.31 wt %
VO fuel rods are located in Fig. 2.14. The experimental setup is illustrated in Fig. 2.17. The box is full-water reficcted

2

on all four sides with unborated water. Critical data for the experiments are given in Table 2.50. The reader should

be aware of the large uncertainty associated with some measured boron concentration values.

Mmiel-experiment comoarison: The minimum fuel rod pellet column length,91.44 cm, was modeled.

The PNL-4267 experiments are suberitical configurations. The number of rods required to achieve critical are
predicted by the approach-to-critical method. For P4267SLI and P4267SL2, the nearest whole number of rods
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required for criticality were modeled. The partial rod can be modeled if using CSAS2X. P4267B1 was modeled withi

23 columns of 40 fuel rods, and I far lea column of 3 fuel rods. P4267B2 was modeled with 30 colunms of 40 fuelt

!
rods and I far-len column of 37 fuel rods. P426783 was modeled with 16 columns of 44 fuel rods and I far-lea!

column of 33 fuel rods. P4267B4 was modeled with 20 columns of 44 fuel rods and I far-lea column of 37 fuel rods.
P4267B5 was modeled with 27 columns of 44 fuel rods and I far-len column of 4 fuel rods. The far-lefi columns of
the arrays were arbitrarily placed against the lower Plexiglas box sid6 of Fig. 2.17 (planar view). The arrays were j
positioned along their length against the right side of the Plexiglas box with the boundary next to the Plexiglas box,

!
! surface. The arrays were centered along their width in the Plexiglas box. !.

.

A discrepancy in Fig. 2.17 was noticed. As marked, the cell boundaries along the array width are 75.88 cm apart. Forty !
and 44 fuel rods placed in lattices of 1.890- and 1.715-cm pitch give rise to cell boundaries 75.6 and 75.46 cm apart,
not 75.88 cm. l

i

2.2 Homogeneous Uranium
>

I

| Modeling this set of experiments t sts the ability of the ca'~ aal techniques to predict the neutron multiplication
factors of homogeneous uranium systems such as shippir . tainers with low enriched uranium oxide pellets or
powder.

2.2.1 Homogenized Uranium in Paraffin

These experunents consisted ofparafTm-reflected or unreflected parallelepipeds ofhomogeneous U(2)F or U(3)F and I

paraffm. The fuel atom densities for each experiment are listed in Table 2.51. Critical data of the experiments are|

! located in Table 2.52.
4

f

( 2.2.2 Damp Uranium Oxide Experiments2ni !

The expenments CR1071 AS, CR1653AS, and CR2500S consist of 42,38, and 30 cans ofdamp uranium oxide j
,

moderated and reflected by Plexiglas. The fuel cans and damp uranium oxide for the three experiments are detailed in j

'Iable 2.53. Material compositions of the cans, moderator, and reflector are given in Table 2.54. Isometric drawings of - '

the fuel can configurations are found in Fig. 2.68. Table 2.55 . ontains CR1071 AS core, reflector, faceplate, frame
extender, and filler dimensions corresponding to Fig. 2.69. Table 2.56 contains CR1653AS core, reflector, and filler '

dimensions corresponding to Fig. 2.70. The reflector end panel and frame dimensions of Fig 2.70 are shown in Fig
. 2.71 for clarification. For CR2500S, Table 2.57 lists the cuboid dimensions corresponding to the three nested cuboids ;

,

of Fig. 2.72. '
,

>

Assumptions: All voids were assumed to be filled with nonfire-retardant Plexiglas in CR2500S except the void to the
east cf the north and south table cores. For all experiments, nearly 80% of the reflector is reported to be fire-retardant +

| Plexiglas. The experimenter suggests that the north frame, south frame, and south end panel be modeled as fire- ;'

retardant Plexiglas and the north end panel, frame extensions, and filler blocks be modeled as nonfire-retardant
|Plexiglas.
!
>

Model.exneriment comoarison: The fuel can contents (i.e., U 08, H 0, and polyethylene) were homogenized over the; 3 2

| can cavity. The fuel can, vinyl tape, and mylar tape were homogenized over the fuel can shell volume.
I !

| \

!
|

|

|
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{
Table 2.1 Case descriptions of LWR-tme UO, fuel pin lattice critical benchmark experiments y

@ Case Case Enrich. Pitch H 0/ fuel Reference N-

Q No. designation (wt %) (cm) volume Description No. E-2

k
O I ANS33ALI 4.74 135 2302 H O filled Al crucifonn boxes 5

2

hh 2 ANS33AL2 4.74 135 2302 H O filled Al enaciform boxes 5
2

g':-

C 3 ANS33AL3 4.74 135 2302 H O filled Al cruciform boxes 5
2

4 ANS33EB1 4.74 135 2302 Polyethylene balls in Al crucironn boxes 5

5 ANS33EB2 4.74 135 2302 Polyethylene balls in Al cruciform boxes 5

6 ANS33EPl 4.74 135 2 302 Polyethylene powder in Al crucifonn boxes 5

7 ANS33EP2 4.74 135 2302 Polyethylene powder in Al cruciform boxes 5

8 ANS33SLG 4.74 135 2302 Simple square lattice 5

9 ANS33 STY 4.74 1.35 2302 Expanded polystyrene in Al cruciform box 5

10 B1645SOI 2.46 1.410 1.015 Al separator plates, borated H O 17
2

11 B1645SO2 2.46 1.410 1.015 Al separator plates, borated H O 17
2

12 BW1231B1 4 02 1.511 1.139 Borated H O 25
2

13 BW1231B2 4.02 1.511 1.139 Borated H O 25
2

14 BW1273M 2.46 1.511 1376 Boratedil O 26
2

15 BW1484A1 2.46 1.636 1.841 Borated Al absorber plates, borated II 0 6
2

y

16 BW1484A2 2.46 1.636 1.841 Borated Al absorber plates, borated H O 6
2

17 BW1484BI 2.46 1.636 1.84I Borated H O 6
2

18 BWI484B2 2.46 1.636 1.84i Borated H O 6
2

19 BWl484B3 2.46 1.636 1.841 Borated H O 6
2

20 BW1484Cl 2.46 1.636 1.841 B.C rods 6

21 BW1484C2 2.46 1.636 1.841 B.C rods 6

22 BW1484St 2.46 1.636 1.841 Stainless steel absorber plates, borated H O 6
2

23 BW1484S2 2.46 1.636 1.841 Stainless steel absorber plates, borated H O 6
2

24 BW1484SL 2.46 1.636 1.841 Simple squarelattice 6

25 BW1645SI 2.46 1.209 0.383 Al separator plates, borated H O 17
2

26 BW1645S2 2.46 1.209 0383 Al separator plates, borated H O 17
2

27 BW1645Tl 2.46 1.209 0.148 Hexagonal lattice, Al separator plates, borated H O 17
2

28 BW1645T2 2.46 1.209 0.148 Hexagonallattice, Al separator plates, borated H O 17
2

29 BW1645T3 2.46 1.209 0.148 Hexagonal lattice, Al separator plates, borated H O 17
2

30 BW1645T4 2.46 1.209 0.148 Hexagonal lattice, Al separator pictes, borated H O 17
2

31 BWl810A 2.46 1.636 1.841 UO -Od 0 rods, water holes, borated H O 24
2 2 3 2

32 BWl81PB 2.46 1.636 1.84I UO %O rods,waterholes,boratedH O 24
2 3 2

33 BW1810C 2.46 & 4.02 1.636 1.841 & l.532 UO -Od 0 rods, water holes, borated H O 24
2 2 3 2

.._-___..-.___u.__ _____.m-__ _- . _ _ ____- _ e __ v- - _ _ . - - _. ______ ______A -

__ _ _ _ _ _ . _ - _.i._m.-.m.
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i

Table 2.1 (continued)

f: Case Case Enrich. Pitch H,0/ fuel Reference
; No. designation (wt %) (cm) volume - Description No. ;

34 BWI810D 2.46 & 4.02 1.636 1.841 & l.532 UO -Gd 0 rods, water holes, barated H O 24
'

2 3 2,

'
35 BWl810E 2.46 & 4.02 1.636 1.841 & l.532 UO,-Gd 0 rods, water holes, borated H 0 24 [2 3 3

36 BWl810F 2.46 1.636 1.841 Water holes, borated H O 24
'

4
2

37 BWI8100 2.46 & 4.02 1.636 1.841 & l.532 Water holes, borated H O 242

; 38 BW1810H 2.46 & 4.02 1.636 1.841 & l.532 Waterholes, borated H O 24 t2

f39 BW18101 2.46 1.636 1.841 ' Water holes, Ag-in-Cd rods, barated H O 242

| 40 BW1810J 2.46 & 4.02 1.636 1.841 & l.532 Water holes, B.C rods, borated H O 24
|2

41 CR1071AS 4.46 2.43 0.77 U 0, fuel cans 28 !3

42 CR1653AS 4.48 2.43 1.25 U 0,fuelcans 28 [,

3

43 CR2500S 4.48 2.43 2.03 U 0, fuel cans 28 [3

44 DSN399-1 4.74 1.6 3.807 Hafnium separator plates 18 !

|45 DSN399-2 4.74 1.6 3.807 Hafnium separator plates 18
j 46 DSN399-3 4.74 1.6 3.807 Hafnium separator plates 18 !O 47 DSN399-4 4.74 1.6 3.807 Hafnium separator plates 18 I

i 48 EPRU65 2.35 1.562 1.1 % Simple square lettice 7
I

49 EPRU65B 2.35 1.562 1.1 % Borated H O 72
'

50 EPRU75 2.35 1.905 2.408 Simple square lattice 7

51 EPRU75B 2.35 1.905 2.408 Borated H O 7 )2

i 52 EPRU87 2.35 2.210 3.687 Simple square lattice 7 !

{
53 EPRU87B 2.35 2.210 3.687 Borated H 0 73

54 NSE71H1 4.74 1.35 2.302 Simpic hexagonallattice 8 :

f
55 NSE71H2 4.74 1.72 4.619 Simple hexagonallattice 8

56 NSE7iH3 4.74 2.26 9.004 Simple hexagonallattice 8
[

57 NSE7iSQ 4.74 1.26 1.823 Simple square lattice 8 i
58 NSE71WI 4.74 1.26 1.823 Water holes 8 m

{59 NSE71W2 4.74 1.26 1.823 Water holes 8

.
60 P2438AL 2.35 2.032 2.918 Aluminum separatorplates 9 { }

c) 61 P2438BA 2.35 2.032 2.918 Boral-A separatorplates 9 g {
} F5 62 P2438CU 2.35 2.032 2.918 Copper separator plates 9 Q !

F'

m. r

S 3. 1
S 8 i

h

t

_ _ - - . _ _ _ _ _ - - _ - . _ . - - - . - . . - - - - _ _ _ _ . . - . . - . . - . . - . - . - - -
- . - . . _ . . - . . _ . . . . - . . . .. . , - - - . _ . . . - - . '

.



Table 2.1 (continued)

Case Case Ennch Pitch H 0/ fuel Reference --

b2

Q No. designation (wt %) (cm) volume Description No.

h 63 P2438SLG 235 2.032 2.918 Simple square lattice 9

O 64 P2438SS 235 2.032 2.918 Stainless steel separator plates 9 g.
S 65 P24382R 235 2.032 2.918 Zircaloy-4 separator plates 9 E- t

66 P2615AL 431 2.540 3.883 Aluminum separator plates 19

67 P261SBA 431 2.540 3.883 Boral-A separator plates 19

68 P2615CD1 431 2.540 3.883 Cadmium separator plates 19

69 P2615CD2 431 2.540 3.883 Cadmium separator plates 19

70 P2615CU 431 2.540 3.883 Copper separator plates 19

71 P2615SS 431 2.540 3.883 Stainless steel separator plates 19

72 P2615ZR 431 2.540 3.883 Zircaloy-4 separator plates 19

73 P2827LI 235 2.032 2.918 Lead reflecting walls 10

74 P2827L2 235 2.032 2.918 Lead reflecting walls 10

75 P2827L3 431 2.540 3.883 Lead reflecting walls 10

76 P2827L4 431 2.540 3.883 Lead reflecting walls 10

77 P2827SLG 235 2.032 2.918 Simple square lattice 10

78 P2827UI 235 2.032 2.918 Uranium reflecting walls 10"

79 P2827U2 2.35 2.032 2.918 Uranium reflecting walls 10

80 P282703 4.31 2.540 3.883 Uranium reflecting walls 10

81 P2827U4 431 2.540 3.883 Uranium reflecting walls 10

82 P3314AL 43 !. 1.892 1.60 Aluminum separator plates 1I
~

83 P3314BA 4.31 1.892 1.60 Boral-A separator plates iI
*

84 P3314BC 431 1.892 1.60 Boral-C separator plates 1I

85 P3314BFI 431 1.892 1.60 Boroflex separator plates 11

86 P3314BF2 431 1.892 1.60 Bomflex separator plates 1I

87 P3314BSI 2.35 1.684 1.60 Borated steel separator plates !I

88 P3314BS2 235 1.684 1.60 Borated steel separator plates 11

89 P3314BS3 431 1.892 1.60 Borated steel separator plates 11

90 P3314BS4 431 1.892 1.60 Borated steel separator plates 11

91 P3314CD1 431 1.892 1.60 Cadmium separator plates 11

92 P3314CD2 235 1.684 1.60 Cadmium separator plates 11

93 P3314CUI 431 1.892 1.60 Copper separator plates 11

94 P3314CU2 431 1.892 1.60 Copper separator plates 11

_ _ _ _ _ _ _ _ _ - - . - - . . __- ._- _ - - , - . . ___ _ _ - . . -__
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Table 2.1 (continued)
Case Case Enrich. Pitch H 0/ fuel Reference2

No. designation (wt %) (cm) volume Description number
95 P3314CU3 4.31 1.892 1.60 Copper separator plates 11

96 P3314CU4 4.31 1.892 1.60 Copper-cadmium separator plates 11

97 P3314CUS 2.35 1.684 1.60 Copper separator plates 11

98 P3314CU6 2.35 1.684 1.60 Copper-cadmium separator plates 11

99 P3314SLG 4.31 1.892 1.60 Simple squarelattice 11

100 P3314SSI 4.31 1.892 1.60 Steelseparator plates 11

101 P3314SS2 4.31 1.892 1.60 Steel separator plates 11

102 P3314SS3 4.31 1.892 1.60 Steel separator plates 11

103 P3314SS4 4.31 1.892 1.60 Stect separator plates 1I
104 P3314SS5 2.35 1.684 1.60 Steelseparator plates 11

105 P3314SS6 4.31 1.892 1.60 Steel separator plates 11

106 P3314WI 4.31 1.892 1.60 Water holes 1I
107 P3314W2 2.35 1.684 1.60 Water holes 11

g 108 P3314ZR 4.31 1.892 1.60 Zircaloy-4 separator plates 11

109 P3602BA 4.31 1.892 1.60 Boral-B separator plates, steel reflecting walls 22
110 P3602BS1 2.35 1.684 1.60 Borated steel separator plates, steel reflecting walls 22
111 P3602BS2 4.31 1.892 1.60 Borated steel separator plates, steel reflecting walls 22
112 P3602CD1 2.35 1.684 1.60 Cadmium separator plates, steel reflecting w211s 22
113 P3602CD2 4.31 1.892 1.60 Cadmium separator plates, steel reficcting walls 22
114 P3602CU1 2.35 1.684 1.60 Copper separator plates, steel reflecting walls 22
115 P3602CU2 2.35 1.684 1.60 Copper-cadmium separator plates, steel reflecting walls 22-
116 P3602CU3 4.31 1.892 1.60 Copper separator plates, steel reflecting walls 22
117 P3602CU4 4.31 1.892 1.60 Copper-cadmium separator plates, steel reflecting w211s 22
118 P3602NII 2.35 1.684 1.60 Steel reflecting walls 22
119 P3602N12 2.35 1.684 1.60 Steel reflecting walls 22 @

f.120 P3602N13 2.35 1.684 1.60 Stect reflecting walls 22
b 121 P3602N14 2.35 1.684 1.60 Steelreflecting walls 22 E

h h122 P3602N21 2.35 2.032 2.918 Steelreflecting walls 22

{ 123 P3602N22 2.35 2.032 2.918 Steel reflecting walls 22 S.
g 124 P3602N31 4.31 1.892 1.60 Steelreflecting walls 22 g-

j a-
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$ Table 2.1 (continued) [
$ Case Case Enrich. Pitch H O/ fuel Reference E

2

No. designation (wt %) (cm) volume Description number
Q
{ 125 P3602N32 431 1.892 1.60 Steelreflectingwalls 22 g

M 126 P3602N33 431 1:892 1.60 Steelreflectmg walls 22 y
127 P3602N34 431 1.892 1.60 Steel reflecting walls 22 8~

128 P3602N35 431 1.892 1.60 Steel reflecting wills 22

129 P3602N36 431 1.892 1.60 Steel reflecting walls 22

130 P3602N41 431 2.540 3.883 Steel reflecting walls 22

131 P3602N42 431 2.540 3.883 Steelreflecting walls 22

132 P3602N43 431 2.540 3.883 Stect reflecting walls 22 i

133 P3602SSI 235 1.684 1.60 Steel separator plates, steel refketmg walls 22
!

134 P3602SS2 431 1.892 1.60 Steel separator plates, steel reflecting walls 22

135 P3926L1 235 1.684 1.60 Lead reflecting walls 12 3

136 P3926L2 235 1.684 1.60 Lead reflecting walls 12
|

137 P3926L3 235 1.684 1.60 Lead reflecting walls 12

g 138 P3926L4 431 1.892 1.60 lead reflecting walls 12 i

139 P3926L5 431 1.892 1.60 Lead reflecting walls 12

140 P3926L6 431 1.892 1.60 Lead reflecting walls 12

141 P3926SLI 235 1.684 1.60 Simple lattice 12 '

142 P3926SL2 431 1.892 1.60 Simplelattice 12

143 P3926UI 235 1.684 1.60 Uranium reflecting walls 12

144 P3926U2 235 1.684 1.60 Uranium reflecting walls 12
'

145 P3926U3 235 1.684 1.60 Uranium reflecting walls 12
'

146 P3926U4 431 1.892 1.60 Uranium reflecting walls 12

147 P3926US 431 1.892 1.60 Uranium reflecting walls 12 -

148 P3926U6 431 1.892 1.60 Uraninm reflecting walls 13 !

149 P4267BI 431 1.8901 1.59 Borated H O 13
2 ,

150 P4267B2 431 .890 1.59 Borated H O 13
|2

151 P4267B3 431 1.715 1.090 Borated H O 13
2

152 P426784 431 1.715 1.090 Borated H O 13
2

153 P4267B5 431 1.715 1.090 Borated H O 13
2

;

!

. - - - . _ _ . . . . _ _ , . . - - - - - - . _ - . - - . -- - - _ . _ . . . , _ . _ _ _ _- _ _ . _ _ _ . _ _ _ _ _ _ - ._. .__ __- -. - - - . . _ _ _ _ _ _ _ _ _ _ _ _ _ .
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Tchle 2.1 (continued)
Case Case Enrich. Pitch H 0/ fuel Reference2

No. designation (wt %) (cm) volume Description number
154 P4267SLI 4.31 1.890 1.59 Borated H O 132

155 P4267SL2 4.31 1.715 1.090 Borated H O 132

156 P49-194 4.31 1.598 0.509 Simple hexagonallattice 14
157 P62FT231 4.31 1.891 1.60 Boral flux traps,no void material 20
158 P71F14F3 4.31 1.891 1.60 Boral flux traps, void material fuel rods 21
159 P71F14V3 4.31 1.891 1.60 Boral flux traps, void material Al plates 21
160 P7IF14V5 4.31 1.891 1.60 Boral flux traps, void material Al rods 21
16I P71F214R 4.31 1.891 1.60 Boral flux traps, no void material 21
162 PAT 80L1 4.74 1.6 3.807 Boral separator plates, lead reflecting walls 23
163 PAT 80L2 4.74 1.6 3.807 Boral separator plates, lead reflecting walls 23
164 PAT 80SS1 4.74 1.6 3.807 Boral separator plates, steel reflecting walls 23
165 PAT 80SS2 4.74 1.6 3.807 Boral separator plates, steel reflecting walls 23
166 W3269A 5.7 1.422 1,93 Ag-In-Cd rods IS

IN 167 W3269B1 3.7 1.105 1.432 Ag-In-Cd rods 15
168 W3269B2 3.7 1.105 1.432 Ag-In-Cd rods 15
169 W326983 3.7 1.105 1.432 Ag-In-Cd rods 15
170 W3269C 2.72 1.524 1.494 Ag-In-Cd rods 15
171 W3269SL1 2.72 1.524 1.494 Simple square lattice 15
172 W3269SL2 5.7 1.422 1. 93 Simple square lattice 15
173 W3269Wl 2.72 1.524 1.494 Water holes 15
174 W3269W2 5.7 1.422 1.93 Water holes 15
175 W3385SLI 5.74 1.422 1.932 Simple square lattice 16
176 W3385SL2 5.74 2.012 5.067 Simple squarelattice 16
177 YDR14PL2 2.00 - 8.23 Homogenized U(2)F. in paraffin 27 y
178 YDR14PL3 3.00 4.05 Homogenized U(3)F. in paraffin 27 {

-

179 YDR14UN2 2.00 - 5.95 Homogenized U(2)F. in paraflin 27 [
o 180 YDR14UN3 3.00 - 4.05 Homogenized U(3)F. in parallin 27 @N 3? 8.S ?.Ch

O
:3

-
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Physical Description

Table 2.2 Properties of UO, fuel rods from ANS Transactions, Vol. 33'

Parameter Value

Outside diameter,em 0.94

Wall thickness,cm 0.06

Wall material aluminum *

Pellet diameter,cm 0.790

Total fuellength, em 100.0'

Active fuellength, em 90.0

Enrichment,2"U/U wt % 4.742

Fuel density, g/cm' 10.38

' See Ref. 5.
6 98.85 ut % Al,0.47 wt % Mg,0.43 wt % Si,0.22 wt % Fe,0.03

ut % Zn.
' Includes 1.8-cm-long bottom end plug,1.3-cm-long top end plug,

and 6.9-cm-long spring above the pellet stack.

Table 2.3 Critical data for simple lattice experiment ANS33SLG*

No. of
assemblies- Moderator

Enrichment Pitch Separation of assembly size height,' H,
Experiment (wt %) (cm) assemblies' (No. of rods) (cm)

ANS33SLG 4.742 1.35 5.0cm 4-18x18 31.47

' See Ref. 5.
* Perpendicular distance between cell boundaries of assemblies.
* Measured from lower end of fuel rod pellet colunm.

NUREG/CR-6361 26
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Physical Description

Table 2.4 Properties of UO, fuel rods from BAW-1484'

Parameter Value

Outside diameter,em 1.206
Wall thickness, cm 0.081
Wall material aluminum
Pellet diameter, em 1.030
Totallength, em 156.44'
Active fuellength, cc. 153.34
Enrichment,2"U/U wt % 2.459
Fuel density, g/cr/ 10.22

* See Ref. 6.
* Includes 0.3175-cm-long aluminum top and bottom

end plugs and 2.464 cm of Kaowool above the pellet
stack.

Table 2.5 Critical data for simple lattice experiment BW1484SL from BAW-1484*

No. of
assemblies- Moderator,

'

Enrichment Pitch Separation of assembly size height,' H,
Experiment (wt %) (cm) assemblies * (No. of rods) (cm)

BW1484SL 2.459 1.636 6.544 cm 9-14x14d 129.65

* See Ref. 6.

* Believed to be the perpendicular distance between cell boundaries of assemblies.

| ' Meaaed from the top of the aluminum base plate.

| d Four corner rods of assemblics are 0.635-cm-radius aluminum rods.
)

.

|

27 NUREG/CR-6361

_ _ _ _ _ _ _ _ - _ - _ _ _ _ .



_ ~ _ . _ _ _ _ _ .. ____.___ _ __._ ___ _ - _ ..._.- _.. _ _ _ . . . _

Physical Description

<

|

Table 2.6 Critical data for simple lattico experiments from EPRI NP-196* !

Moderator. Boron i

Enrichment Pitch No. of height * concentration )
l Expenment (wt %) (cm) rods (cm) (ppm)

EPRU65 2.35 1.562 708 111.76 0.9
EPRU75 2.35 1.905 383 112.08 0.5

EPRU87 2.35 2.210 342 111.76 0.9 ,

* See Ref. 7. ,

* Measured from the top of the aluminum solid plate.

!

i .

| '

|

Table 2.7 Critical data for simple lattice experiments from NS&E, Vol. 71*

No. of
assemblies- Moderatos

Enrichment Pitch assembly size height,' H.
Experiment (wt %) (cm) (No. of rods) (cm)

NSE71HI 4.742 1.35' l-14 per side 60.93

(547)
NSE71H2 4.742 1.72' l-10 per side 68.06 !

(271)
NSE71H3 4.742 2.26' l-9 per side 79.50

(217)
NSE71SQ 4.742 1.26 1-22x22 90.69

* See Ref. 8.i
'

* Measured from lower end of fuel rod pellet cohunn.
' Hexagonallattice.

i

)

'
;

! !
t

1
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Physical Description -'

i i

|

|
|

Table 2.8 Critical data for simple lattice experiment P2438SLG from PNL-2438'

Separation of No. of assemblies-
Enrichment Pitch assemblies,' X, assembly size ;Experiment (wt %) (cm) (cm) (No. of rods)

j P2438SLG 2.35 2.032 8.39 3-20x16

| * See Ref. 9.

j * Perpendicular distance between cell boundaries of assemblies.
!

|

|

Table 2.9 Critical data for simple lattice experiment P2827SLG from PNL-2827'

Separation of No. of assemblies-
Enrichment Pitch assemblies,' X, assembly size

Experiment (wt %) (cm) (cm) (No. ofrods) i

P2827SLG 2.35 2.032 8.31 3-19x16

* See Ref.10.
' Perpendicular distance between cell boundaries of assemblies.

i

Table 2.10 Critical data for simple lattice experiment P3314SLG from PNL-3314'

Separation of No. of assemblies-
Enrichment Pitch assemblies,' X,; Y, assembly size

Experiment (wt %) (cm) (cm) (No. of rods)

P3314SLG 4.31 1.892 2.83;10.86 2-9x 12; 2-9xl

* See Ref.11.
* Perpendicular distance between cell boundaries of assemblies.

|
|

.
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Physical Description!

Table 2.11 Critical data for simple lattice experiments from PN1 3926'

Separation of No.of assemblies-
Enrichment Pitch assemblics,* X, assembly size

Experiment (wt %) (cm) (cm) (No. of rods)

P3926SL1 2.35 1.684 6.59 2-20x 18; l-23 x18'
| P3926SL2 4.31 1.892 12.79 3-12x16

* See Ref.12.
* Perpendicular distance from outer rod surface to outer rod surface.
* Center assembly.

Table 2.12 Critical data for simple lattice experiments from PNL-4267'

Total No. of rods

Enrichment Pitch Array width
Experiment (wt %) (cm) (No. of rods) Predicted * Modeled

_

P4267SL1 4.31 1.890 40 356.8 357

P4267SL2 4.31 1.715 44 509.08 509

* See Ref.13.
* Obtained by approach-to critical method.

Table 2.13 Critical data for simple lattice experiment P49-194 from PNL-4976*

No. of assemblies-
Enrichment Pitch * assembly size

Experiment (wt %) (cm) (No. of rods)

P49-194 4.31 1.598 1-1185

* See Ref.14.

| * llexagonal lattice.
|

!
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Physical Description

Table 2.14 Properties ofUO fuel rods from WCAP-3269" |
2.72 3.7- 5.7

fOuter diameter, em 1.1895 0.8600 0.9931
Wall thickness, em 0.0799 0.0406 0.0762
Wall material Zircaloy-4' 304-stainless steel' 304-stainless steel'
Pellet diameter, cm 1.0160 0.7544 0.9068 !

Total fuel length, cm . 139.65' -' 97.155/ i

Active fuellength, em 121.92 121.92 92.964
'

Enrichment,235U/U, wt % 2.72 3.7 5.7
Fuel density, g/cm' 10.412 10.4120 10.1928 i

* See Ref.15.

|I* 98.20 wt % Zr,1.4 wt % Sn,0.21 wt % Fe,0.10 wt % Cr.
'l8.54 wt % Cr,9.44 wt % Ni,1.76 wt % Mn,69.46 wt % Fe.
d. Includes 3.81 cm long bottom and at least 13.92-cm-long top 304-stainless steel end plugs.
* No data available on end plug lengths.
/ Includes 1.905-cm-long bottom and at least 2.286-cm-long top Zircaloy-4 end plugs. |

:

!
!

!
|
i

Table 2.15 Critical data for simple lattice experiments from WCAP-3269" i

No. of assemblies- Moderator i
'inrichment Pitch assembly size height * i

E m s ent (wt %) (cm) (No. ofrods) (cm) i

W3269SLI 2.72 1.524 1-31x31 38.58 '

W3269SL2 5.7 1.422 1-27x17 52.97 !
\

* See Ref.15.
* Believed to have been measured from the bottom of fuel, see Figs. 20 and 21. i

I
,

b

i
i

:
i

i

;
;

[

!

|

f
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PhysicalDescription

!

: ;
4

.

! Table 2.16 Properties of UO, fuel rods from WCAP-3385'

Parameter Value,

i

Outside diameter,em 0.993
Wall thickness,cm 0.038 .

Wallmaterial 304-stainless steel4
'

i Pellet diameter,cm 0.907

j Total fuellength,em 97.155' !

; Active fuellength,em 92.96
i Enrichment,2"U/U wt % 5.74

Fuel density, g/cm' 10.19 !

: -

* See Ref.16.
' Includes 1.905-cm-long bottom and 2.286-cm-long top end plugs

~

'

believed to be of 304-stainless steel.

|
t,

a

1
s

Table 2.17 Critical data for simple lattice experiments from WCAP-3385'

No. of assemblies- Moderator
Enrichment Pitch assembly size' height'

Exr:iiiucat (wt %) (cm) (No. of rods) (cm)

W3385SLI 5.74 1.42 1-19x19 83.71

W3385SL2 5.74 2.012 1-13x14 90.60

* See Ref.16.
* Obtained by approach-to-critical method.
* Reference from bottom of fuel rod pellet column.
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Table 2.18 Critical data for separator plate experiments from ANS Transactions, Vol. 33'

No. of Interstitial
Plate Separation of assemblied Moderstor Compound

Enrichment Pitch Plate thickness assemblies * assembly size height,' ll, Interstitial density
Expenment (wt %) (cm) material (cm) (cm) (No. of rods) (cm) . compound (g/cm')

ANS33ALI 4.742 135 aluminum 03 2.5 4-18x l8 25.66 HO 1.02

ANS33AL2 4.742 135 aluminum 0.3 5.0 4-18x18 32.78 HO 1.02

ANS33AL3 4.742 135 aluminum 03 10.0 4-18x18 64.12 11 0 1.02

w ANS33EBI 4.742 135 aluminum 03 2.5 4-18x18 25.54 (Cly, 0.5540
" ANS33EB2 4.742 135 aluminum 0.3 5.0 4-18x 18 30.73 (CH ), 0.57 %3

ANS33EPl 4.742 135 aluminum 03 2.5 4-18x18 26.98 (CH ), 0.28792

ANS33EP2 4.742 135 aluminum 03 5.0 4-18x 18 30.16 (C,H,), 03335
ANS33STG 4.742 135 aluminum 03 2.5 4-18x18 28.61 (C,1Q, 0.0323

*See Ref. 5.
' Perpendicular distance between cell boundaries of assemblies.
%1easured from lower end of fuel rod pellet column.
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ITatte 2.19 Critical data for separator plate experiments from BAW-1484*

Separation No. of
3

Plate of Plate-to-center assemblies- Moderator - Baron !

Enrichment Pitch Plate dimensions assemblies * assembly - assembly size # height,* H concentration ['

Expo m. cat (wt %) (cm) material (cm) (cm) distance'(cm) (No. ofrods) (cm) (ppm) !
,

BW1484A1 2.459 1.636 1.614 wt % B ' 91.6x155.6x0.645 1.636 0.3725 9-14x14 150.27 15

aluminun/
, t

f|BW1484A2 2.459 1.636 0.100 wt % B 91.6x 155.6x0.645 4.908 0.3725 9-14 x14 151.69 72"

aluminun/ .
i

$ BW1484St 2.459 1.636 304-L 91.6x155.6x0.462 1.636 0.4525 9-14x14 149.90 '514 f
stainless steel i

9-14x14 100.89 432 !

BW1484S2 2.459 1.636 304-L 91.6x 155.6=0.462 1.636 0.4525

stainless steel ;

*See Ref. 6. !,
' Believed to be the perpendicular distance between cell boundaries of assemblies.'

' Perpendicular distance between cell boundary of assembly and near surface of plate.
Tour corner rods of assemblies are 0.635-cm-radius aluminum rods. i

' Measured from the top of the aluminum base plate.
!

Oensity of 2.7 g/cm'.

!4

!

i
-

I

!

L |
t

!
,
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Table 2.20 Critical data for separator plate experiments from BAW-1645"

Plate-to- No. of

Plate Separation of assembly assemblies- Moderator Boron

Enrichment Pitch Plate * dimensions assemblies distance assemby size height,*ll, concentration

Experiment (wt %) (cm) matenal (cm) (cm) (cm) (No ofrods) (cm) (ppm)

BW1645St 2 459 12090 aluminum 1524 = 15932' = 0.0762 1.778 = 1.778f 00 9-15 = 15 100.24 746

BW1645S2 2.459 12090 aluminum 15.24 = 15932' = 0.0762 1.778 = 1.778f 0.0 9-15=15 145.00 886

B1645SOI 2.459 1.4097 aluminum 15.24 = 15932* = 0.0762 1.792 = 1.792f 0.0 9-15=15 101.81 1068

f 0.0 9-15=15 144.85 1156
j B1645SO2 2.459 1.4097 aluminum 15.24 = 15932' = 0.0762 1.792 = 1.792

BW1645TI 2.459 12093 aluminum 15.24 = 15932' = 0.0762 1.778 = 1.9458 0.0 25-247 104.82 335d

BW1645T2 2A59 1.2093 aluminum 15.24 = 15932' = 0.0762 1.778 = 1.9458 0.0 25-24f 143.96 435d

BW1645T3 2.459 1.2093 aluminum 1524 = 15932' = 0.0762 2.539 = 2.7098 0.0 25-24f 142.54 361d

BW1645T4 2A59 12093 aluminum 15.24 = 15932' = 0.0762 3.807 = 3.9768 0.0 25-24f 145.64 121d

'See Ref.17.
' Assumed to be aluminum.
' Measured from lower end of pellet column of fuel rods.

dilexagonallattice.
' Minimum height.
43elieved to be the perpendicular distance between outermost fuel rods of assemblics.
' Perpendicular distance between outermost fuel rods of assemblics, see Fig. 2.27.
*Nine rows of 15,8 rows of I 4,4 corner rods are aluminum, see Fig. 2.27.
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Table 2.21 Critical data for separator plate experiments from DSN No. 399/80'

Separation Plate-to- No. of
Plate of assembly assemblies- Moderator

Enrichment Pitch Plate dimensions assemblies' distarce assembly size height 'H,
Experiment (wt %) (cm) material * (cm) (cm) (cm) (No. ofrods) (cm)

DSN399-1 4.742 1.35 hafnium 100x 100x0.1046 1.8 0.9" 4-18x18 37.66

g DSN399-2 4.742 1.35 hafnium 100x 100x0.1046 5.8 2.9' 4-18x18 53.40

DSN399-3 4.742 1.60 hafnium 50x 100 x0.1046 - 0.8 I-21 x21 49.99f

DSN399-4 4.742 1.60 hafnium 50x 100x0.1046 - 2.4' l-20x20 52.83

*See Ref. I8.
* Density of 13.29 g/cm'.
' Believed to be the perpendicular distance between cell boundaries of assemblics.
" Measured from lower end of fuel rod pellet column.
' Believed to be the perpendicular distance between cell boundaries of assemblies and center of plate.
4'erpendicular distance between cell boundary of assembly and near surface of plate.

. - , - - - - - _ - - _ - - - - - - - . _ _ --_---_------__--____----_-u-_._----- _ . _ _ _--._---_v - _ . - - - - - - , - - - - - n - ---------__--_.__--__.--___--_-_m J
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Table 2.22 Description of separator plates from PNI 2438*

Element Separator plate, wt %

Boral-A, Boral-B, Cu-Cd, Cu Al Zr-4 Steel: 0.0 wt % B, Cd Boroflex
,

Boral-C 1.1 ut % B,1.6 wt % B'

At 62.39,61.21,59.26, 97.15

B 28.70,30.36,31.88 0.005,0.0 0.0,1.05,1.62 32.74

C 7.97,8.43,8.86 0.002,0.340 21.13
H 2.65
Cd 0.989,0.0 99.7
Cr 0.05,0.0,0.0 0.21 0.13 18.56,I9.03,19.60 0.03

Cu 0.09,0.0,0.0 98.685,99.60 0.12 0.27,0.28,0.26

Fe 0.33,0.02,0.05 0.020,0.004 0.82 0.21 68.24,68.04,66.40 0.05

Mg 0.05,0.01,0.01 0.0,0.002
Mn 0.05,0.0,0.0 0.009,0.0 0.21 1.58,1.58,1.69m

w Mo 0.26,0.49,0.31
Na 0.02,0.02,0.02 0.0,0.002
Ni 0.02,0.0,0.0 0.01,0.0 11.09,9.53,10.12

0 0.019,0.03 21.01
Si 0.2,0.0,0.06 0.004,0.02 0.82 22.39
Sn 0.25,0.0 1.5

S 0.03,0.0,0.0 0.0,0.002 0.06
Ti 0.61
Zn 0.10,0.0,0.0 0.007,0.0 0.3
Zr 98.16
Density, g/cm 2.49,2.50,2.47 8.910,8.913 2.692 6.32 7.930,7.900,7.770 8.650 1.731
Thickness, cm 0.713*,0.2928, 0.357,0.646 or 0.625 0.652 0.485 or 0.302, 0.061 0.546,80.7728

0.23l' O.337' O.298,0.298

z *See Ref. 9. df
% ' Separator plates are 91.5 cm long by 35.6 cm wide. E-
en * Includes 0.102-cm-thick aluminum on sides of Boral-A. P--

9 ' Includes 0.038<m-thick aluminum on sides of Boral-B. $
h * Includes 0.025-cm-thick aluminum on sides of Boral-C. g
g ' Separator plate is 30.6 cm wide. g
g ' Includes 0.160-cm-thick Plexiglas on sides of Bomflex. g

_ - _ ._ - _ - _ - - . -. .- - .
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Table 2.23 Critical data for separator plate experiments from PNL-2438' ;

1

Plate-to-assembly No. of'

Plate Separation of distance," G assemblies-

Enriclunent Pitch Plate thickness assemblics,' X, (cm) assembly size |
Experiment (wt %) (cm) material (cm) (cm) (No. ofrods) :

P2438AL 2.35 2.032 aluminum 0.625 8.67 0.645 3-20x16 -

P2438BA 2.35 2.032 Boral-A 0.713 5.05 0.645 2-22x 16;1-20 x 16' [
$ P2438CU 2.35 2.032 copper 0.646 6.62 0.645 3-20x16 [

P2438SS 2.35 2.032 stainless steel 0.485 6.88 0.645 3-20x16 !

P2438ZR 2.35 2.032 Zircaloy-4 0.652 8.79 0.645 3 20x16
|

"See Ref. 9.
-

* Perpendicular distance between cell boundaries of assemblics.
' Perpendicular distance between cell boundary ofcenter assembly and near surface of plate.
' Center assembly.

I
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Table 2.24 Critical data for separator plate experiments from PNL-2615'

No. of
Plate Separation of Plate-to-assembly assemblies-

Enrichment Pitch Plate thickness assemblies,' X, distance,' G assembly size
Experiment (wt %) (cm) material (cm) (cm) (cm) (No. of rods)

P2615AL 4.31 2.540 aluminum 0.625 10.72 0.105 3-15 x8

P2615BA 4.31 2.540 Boral-A 0.713 6.72 3.277 3-15 x8

P2615CD1 4.31 2.540 cadmium 0.2006 7.28 3.277 3-15x8
U P2615CD2 4.31 2.540 cadmium 0.2006 5.68 0.529 3-15 x8

P2615CU 4 31 2.540 copper 0.646 S.15 0.084 3-15x8
P2615SS 4.31 2.540 stainless steel 0.485 8.58 0.245 3-15 x8

P2615ZR 4.31 2.540 Zircaloy-4 0.652 10.92 0.078 3-15 x8

"See Ref.19.
' Perpendicular distance between cell boundaries of assemblics.
' Perpendicular distance between cell boundary of center assembly and near surface of plate.
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$ Table 2.25 Criticality data for separator plate expo-, sits from PNL-3314* ! .

y No. of assemblies- I :

Ennchment Pitch Plate tinckness Separaten of assemblies assembly siae 86
,

*

Experiment (wt %) (cm) Plate material (cm) X,; Y,(cm) (no. ofrods) .
'

! P3314CUS 2.35 1.684 Copper 0.337 5.24 2-20x 18;l-25 x18'

||P3314CU6. 2.35 1.684 Copper-Cd 0.357 2.60 2-20x18;1-25 x18''

f
P3314CD2 2.35 1.684 Cadmium 0.061 3.04 2-17x20;1-25x20*

P3314SS5 2.35 1.684 Steel,0.0 wt % B 0.302 7.80 2-17x20;l-25x20' ,
,

| P3314BSI ' 2.35 1.684 Steel,1.1 wt % B 0.298 3.86 2-17x20;l-25x20' |

P3314BS2 2.35 1.684 Steel,1.6 wt % B 0.298 3.46 2-17x20;l-25 x20" ;I

i P3314CU3 4.31 1.892 Copper 0.337 10.36 3-12x16 |
P3314CU4 '4.31 'l.892 Copper-Cd 0.357 7.61 3-12x16 [

P3314SS6 4.31 1.892 Steel,0.0 wt% B 0.302 10.52 3-12x16 i
'

P3314BS3 4.31 1.892 Steel,1.1 wt % B 0.298 7.23 312x16

P3314BS4 4.31 1.892 Steel,1.6 wt % B 0.298 6.63 ' 3-12x 16

8 P3314CUI- 4.31 1.892 Copper 0.337 2.83,5.94 2-9x12; 2-9x7 ,

P3314CU2 4.31 1.h92 Copper 0.646 2.83,2.67 2-9x12; 2-9x5

P3314CD1 4.31 1.892 Cadmium 0.061 2.83,5.30 2-11 x14; 2-11 x13 i

P3315SSI 4.31 1.892 Steel,0.0 wt % B 0.302 2.83,3.38 2-9x12; 2-9x2 !

P3314SS2 4.31 1.892 Steel,0.0 wt % B 0.302 2.83,11.55 2-9x12; 2-9x13 i

j P3314SS3 4.31 1.892 Steel,0.0 wt % B 0.485 2.83,4.47 - 2-9x 12; 2-9x5 [

! P3314SS4 4.31 1.892 Steel,0.0 wt % B 0.485 2.83,8.36 2-9x12; 2-9x12 !

P3314AL 4.31 1.892- Aluminum 0.625 2.83,9.04 2-9x12; 2-9xl' [!

( P3314ZR 4.31 1.892 Zircaloy-4 0.652 2.83,11.04 2-9x12; 2-9x1 [
t P3314BFI 4.31 1.892 Boroflex 0.546 2.83,3.60 2-11 x14; 2-11x14 i

P3314BF2 4.31 1.892 . Boroflex 0.772 2.83,4.94 2-11x14; 2-l1x16 il

P3314BC 4.31 1.892 Boral-C 0.231 2.83,3.53 2-11 x14; 2-11x14 |

P3314BA 4.31 1.892 Boral-A 0.713 2.83,4.80 2-lix14;2xilx16

'See Ref. I1. :

6 Perpendicular distance between cell boundanes of assemblics. !

' Center assembly. {
!

i
'

l
i
k
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Physical Description

Table 2.26 Description of Boral separator plates in experiments from PNL-6205 and PN1 7167'

Separator plate,wt %

Element PNL-6205 PNL-7167

At 54.33 62.54
B 35.63 29.22
C 9.95 8.16
0 0.07 0.06
Fe 0.02 0.02
Core density, g/cm' 2.64 2.64
Core thickness, cm 0.6838 0.6738
I m gth,e m . 96 96
Width, cm 45 45

'See Refs. 21 and 22.
' Includes two 0.1015-cm-thick aluminum side plates.

i-
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Table 2.27 Critical data for separator plate experiments from PNL-6205 and PNL-7167*
.

Plate Separation of Plate-to-assembly No. of assemblies-
Enrichment Pitch Plate thickness * assemblies' distance' assembly size Void material !

Experiment (wt %) (cm) material (cm) (cm) (cm) (No, ofrods) in flux trap

P621T231 4.31 1.891 Boral 0.683 5.19 0.057 4-16x 15 None I

| P71F14F3 4.31 1.891 Boral 0.673 5.19 0.057 3-14.x 15; l-15x15 14 fuel rods on 1.891-cm pitch . ;

P71F14V3 4.31 1.891 Boral 0.673 5.19 0.057 3-14=15; I-15x 15 3-0.63-cm-thick cqually spaced ,

aluminum plates '

iS P71F14V5 4.31 1.891 Boral 0.673 5.19 0.057 3-15x I5; l-15x16 ' 14-1.27-cm-diam aluminum rods ;

on 1.891-cm pitch
;

P71F214R 4.31 1.891 Boral 0.673 5.19 0.057 3-16x15; 1-15x 15 None ,

f

"See Refs. 20 and 21 '

' Includes two 0.1015-cm-thick aluminum side plates.
' Perpendicular distance between cell boundaries of assemblies. f

dPerpendicular distance between cell boundaries of assemblies and near surface of plate. |
'

i
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Table 2.28 Modeled assemblies of PNL-6205 and PNL-7167 separator plate experiments

Modeled assemblies (No. rows x fuel rods per row)
'

No. of rods, No. of rods, delayed No. ofrods
Experiment experunent critical (predicted) modeled Toplen Top right Bottom len Bottom right ;

8 P62FT231 960 963 963 15x16 15x16 15x16 12x16,3x17* [
'

P71F14F3 855 858.5 858 12x14,3x15* 15x14 15x15 15x14
'

P71F14V3 855 862.1 862- 15x14 ISx15 ISx14 8x14,7x15"
P71F14V5 915 924.9 925 lx106,15x15* 16x15 15x15 15x15
P71F214R 945 952 952 15x16 15x16 15x16 7x16,8x15" ,

" Bottom rows. i

* Aligned against right assembly boundary. |
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Tabk ? 29 Critical data for reflecting wall experiments from PNI 2827*
,

Separation of No. of assemblies-
Enrichment Pitch Reficctor assemblies,' Wall-to-assembly assembly size

Experiment (wt %) (cm) material X,(cm) distance * Y (cm) (No. ofrods)

P2827LI 235 2.032 lead 13.27 0.66 3-19x16
P2827L2 235 2.032 lead 11.25 2.616 3-19x16

i P2827L3 431 2.540 lead 20.78 0.66 3-13x8
P2827L4 431 2.540 lead 19.04 1321 3-13x8
P2827UI 235 2.032 depleted uranium 11.83 0.0 3-19x16
P2827U2 235 2.032 depleted uranium 14.11 1.956 3-19x16
P2827U3 431 2.540 depleted uranium 15.38 0.0 3-13x8
P2827U4 431 2.540 depleted uranium 1532 1.956 3-13x8

* See Ref.10. |
* Perpendicular distance from outer rod surface to outer rod surface of assemblics. I

' Perpendicular distance beturen cell boundaries of assemblics and near surface ofreflecting walls. I

i
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Table 2.30 Critical data for reflecting wall experiments from PNL-3602*

Separator of Wall-to- No. of assemblies- Grid
Enrichment Pitch Reflector assemblies,' assembly assembly size plates

Experiment (wt %) (cm) material X,(cm) distance,' (No. ofrods) material

Y(cm)

dP3602NII 2.35 1.684 stcel 8.98 0.0 2-20x18; l-25x18 polypropyicne
P3602N12 2.35 1.684 stcel 9.58 0.66 2-20x18; l-25 x18d polypropylene
P3602N13 2.35 1.684 steci 9.66 1.684 2-20x18; l-25 x18d polypropylene
P3602N14 2.35 1.684 steel 8.54 3.912 2-20x18; l-25x18d polypropylene
P3602N21 2.35 2.032 steel 11.20 0.66 2-20 x 18; l-25x 18d polypropylene
P3602n22 2.35 2.032 steel 10.36 2.616 3-19x16 acryiic

,
ta P3602N31 4.31 1.892 steel 14.87 0.0 3-19x16 acrylic

P3602N32 4.31 1.892 steel 15.74 0.66 3-12x16 acrylic
P36C2N33 4.31 1.892 steel 15.87 1.321 ) 3-12x16 polypropylene
P3602N34 4.31 1.892 steel 15.84 1.956 3-12x16 polypropylene
P3602N35 4.31 1.892 steel 15.15 2.616 3-12x16 polypropylene
P3602N36 4.31 1.892 steci 13.82 5.405 3-13x8 polypropylene
P3602N41 4.31 2.540 steel 12.89 0.0 3-13x8 acrylic
P3602N42 4.31 2.540 steel 14.12 1.321 3-13x8 acrylic
P3602N43 4.31 2.540 stect 12.44 2.616 3-13x8 acrylic

* See Ref. 22.
* Perpendicular distance from outer rod surface to outer rod surface of assemblies.
' Perpendicular distance between cell boundary of assembly and near surface of reficcting wall.
# Center assembly. ;p
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Table 2.31 Critical data for reflecting wall experiments from PNI 3926'

Separation of . Wall-to- No. of assemblies-

Enrichment Pitch Reflector assemblics,' assembly assembly size

Experiment (wt %) (cm) material X,(em) distance,'Y(cm) (No. ofrods)

P3926L1 2.35 1.684 lead 10.06 0.0 2-20 x 18; l-23 x 18'
d

P3926L2 2.35 1.684 lead 10.11 0.66 2-20x18; l-23x18
d

P3926L3 2.35 1.684 lead 8.50 3.276 2-20x18; l-23x18
P3926L4 4.31 1.892 lead 17.74 0.0 3-12x16
P3926L5 4.31 1.892 lead 18.18 0.66 3-12x16

A P3926L6 4.31 1.892 lead 17.43 1.956 3-12x16
* 8

P3926UI 2.35 1.684 depicted uranium 8.06 0.0 2-20x18; l-23x18 i
i "

d
P3926U2 2.35 1.684 depleted uranium 9.50 1.321 2-20x18; l-23x18'

d
P3926U3 2.35 1.684 depleted uranium 9.19 3.912 2-20x18; l-23 x18 !

!

P3926U4 4.31 1.892 depleted uranium 15.33 0.0 3-12x16
P3926US 4.31 1.892 depicted uranium 19.24 1.956 3-12x16
P3926U6 4.31 1.892 depleted uranium 18.78 3.276 3-12x16 (

|

* See Ref.12. f

* Perpendicular distance from outer rod surface to outer rod surface of assemblics. f
' Perpendicular distance between cell boundary of rosemblies and near surface of reflecting walls.

-

# Center assembly.

I4

i !

!

I

l
!

|
!

!
t

'
?

.

- .



_ _ - _ _ _ . - _ _ _ __

.*-

Table 2.32 Critical data for reflecting wall-separator plate experiments from PNL-3602*

Plate Reflecting Separation of Wall-to-assembly No. of assemblies-

Enrichment Pitch tHckness wall assemblies * distancelY assembly size

Experiment (wt %) (em) Plate matenal (cm) material X,(cm) (cm) (No. of rods)

P3602BB 431 1.892 Boral-B 0.292 steel 830 1.956 3-12-16

P3602 BSI 235 1.684 1.1 wt % B steel 0.298 steel 4 80 1321 2-20 = 18; I-25 18'

P3602BS2 431 1.892 1.1 wt % B steel 0.298 s* eel 9.83 1.956 3-12 16
d

P3602CDI 235 1.684 cadmium 0.061 steel 3.86 1321 2-20 18;l-25 18

P3602CD2 431 1.892 cadmium 0.061 steci 8.94 1.956 3-12 16
4 P3602CUI 235 1484 corper 0 337 steel 7.79 1321 2-20 18;l-25 18'3

P3602CU2 235 1.684 99 wt * 4 copper- 0357 steel SA3 1321 2-20 18;l-25 18*
I wt ?. cadmium

|
P3602CU3 431 1.892 copper 0337 steel 13.47 1.956 3-12=16

P3602CU4 431 1.892 99 wt ? h copper- 0357 steel 10.57 1.956 3-12=16 i

|i wt % cadmium '

P3602SSI 235 1.684 steel 0302 steel 8.28 1321 2-20 18;1-25 18'

P3602SS2 431 1.892 steel 0302 steel 13.75 1.956 3-12=16

* See Ref 22.
* Perpendicular distance from outer rod surface to outer rod surface of assemblies.
* Perpendicular distance between cell boundary of assemblies and near surface of reflecting walls.
' Center assembly.

@
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Table 2.33 Critical data for reflecting wall-separator plate experiments *

Separation Plate-to- Wall-to- No. of
Plate Reflector of assembly assembly assemblies- Moderator

Enrichment Pitch Plate thicknes/ Reflector thickness, assemblies distand distancef assembly size * height ' H,d

Experiment (wt %) (cm) materiaf (cm) material E (cm) (cm) (cm) (cm) (No.ofrods) (cm)

PAT 80L1 4.742 1.6 Boral 0.65 lead 10.0 4.9 0.8 1.68 4-18x18 53.98

PAT 80L2 4.742 1.6 Boral 0.65 len# 10.0 4.9 0.8 3.95 4-18x18 63.85

PAT 80SSI 4.742 1.6 Boral 0.65 steep 15.0 4.9 0.8 1.68 4-18x18 51.55

PAT 80SS2 4.742 1.6 Boral 0.65 steef 15.0 4.9 0.8 3.95 4-18xl8 61.84

* See Ref. 23.
* Boral (2.6189 g'em'): 71.63 wt % Al.2220 wt % B, and 6.17 wt % C.
* Includes 0.11-cm-thick aluminum (2.651 g/cm') sides.

Perpendicular distance between the center ofouter rods of assemblics.#

* Perpendicular distance between the center ofouter rods of assemblies r ed near surface of plates.
IPerpendicular distance between the center of outer rods of assemblies . rid near surface of reflecting walls.
8 Includes four 1.0<m-diam stainless steel comer rods.
* Measured from lower end of fuel rod pellet column.
' Lead (11.34 g/cm').
/ Steel (7.8 g'em'): 99.66 wt % Fe,0.20 wt % Si,and 0.14 wt % C.

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ . _ . ____ . _ _ _ _ _ _ _ _ __. _ ..____. _ _ . _ . _ _ . .
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Physical Description

Table 2.34 Physical properties of UO, fuel rods from BAW-1810'

Parameter Value

Outside diameter, em 1.2078
Wall thickness,cm 0.0406
Wall material 304 stainless steel
Fuel diameter, em 1.128
Totallength, em 181.66

Active fuellength, em 169.4

| Enrichment,2"U/U, wt % 4.020
Fuel density, g/cm' 9.46

'See Ref. 24.
61ncludes approximately 5.967-cm-long stainless steel end plugs.

Table 2.35 Physical properties of UO,-Gd,0, fuel rods from BAW-1810'

Parameter Value

Outside diameter, cm 1.207
Wall thickness, em 0.08I
Wall material aluminum
Fuel pellet diameter, em 1.030
Totallength,em 160.026

Active fuellength, cm 153.42
Enrichment,2"U/U, wt % 1.944
Gadolinia,wt % 4.00

2UO density,g/cm 10.242

Gd 0 density,g/cm' O.4102 3
3Gd density, g/cm 0.356

O density, g/cm' O.054

'See Ref. 24.
61ncludes 0.3175-cm-long aluminum end plugs and 5.97 cm of void above

the 153.42-cm-long pellet stack (active fuel).
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Table 2.36 Critical data for UO,-Gd,0, rod experiments from BAW-1810'

No. of No. of No. of No. of Moderator Boron
Enrichment Pitch 2.459 wt % 4.020 wt % UO -Gd,0 water height * concentration2 3

Expenment (wt %) (cm) 2"U rods 2"U rods rods holes H (cm) (ppm)

BW1810A 2.459 1.636 4788 0 20 153 145.0 1239.3
BW18108 2.459 1.636 4772 0 36 153 145.0 1170.7

o BW1810C 2.459 and 4.020 1.636 3676 912' 32 180 145.0 1499.0
BW1810D 2.459 and 4.020 1.636 3920 860* 28 153 145.0 1653.8
BW1810E 2.459 and 4.020 1.636 3920 852' 36 153 145.0 1579.4

'See Ref. 24.
* Measured from the top of the 5.08-cm-thick aluminum base plat 2.
' Inner 32 = 32 lattice positions including 80 water holes and 32 Gd 0, rods.2

* Inner 31 x 31 lattice positions including 73 water holes and 28 Gd 0 rods.2 3
' Inner 31 = 3I lattice positions including 73 water holes and 36 Gd O rods.2 3

_ - - - -
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Table 2.37 Critical data for water hole experiments from BAW-1810= r

!
No. of No. of No. of Moderator Baron !

Enrichment Pitch 2.459 wt % 4.020 wt % water height * concentration !
Expenment (wt %) (cm) r"U rods 2"U rods holes H (cm) (ppm)

|
BW1810F 2.459 1.636 4808 0- 153 145.0 1337.9 iU BW1810G 2.459 and 4.020 1.636 3676 944'. I80 145.0 1776.8 |BW1810H 2.459 and 4.020 1.636 3920 888* 153 145.0 1899.3 r

!
" See Ref. 24.

' Measured from the top of the 5.08-cm-thick ahnmnum base plate. I
' Inner 32 x 32 lattice positions including 80 water holes.
' Inner 31 x 31 lattice positions including 73 water holes. I

;
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Tabic 2.38 Critical data for NSE71W1 and NSE71W2 water hole experiments *

No. of assemblies- No. of

Enrichment Pitch assembly size No. of water Frequency of Moderator

Experiment (wt %) (cm) (No. of positions) fuel rods holes water holes height * H.

U NSE71W1 4.742 1.26 1-22x22 459 25 1 in 5 positions 81.36

NSE71W2' 4.742 1.26 1-22x22 420 64 I in 3 positions 73.05

'Sce Ref. 8.
' Measured from lower end of fuel rod pellet column.

'Given as an exampic in Ref. 8.
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Physical Description

i

Table 2.39 Critice.1 data fer water hole experiments from PNL-3314'

| No. of assemblies- No. of fuel rods
Enriclunent Pitch assembly size No. of

Experiment (wt%) (cm) (No.ofpositic j Predicted 6 Modeled water holes

| P3314W1 4.31 1.892 1-14x14 167.6 168 25
i P3314W2 2.35 1.684 1-23x23 485.8 486 25 |

| 'See Ref. I1.
)

| 6Obtained by approach-to-critical method. I

| 1

| Table 2.40 Critical data for water hole experiments from WCAP-3269'

No. of assemblies- No. of !Enrichment Pitch assembly size No. of water Moderator ]
Experiment (wt %) (cm) (No. of positions) fuel rods holes height,6H, !
W3269WI 2.72 1.524 1-31x31 945 16 37.21
W3269W2 5.7 1.422 1-27x17 453 6 51.93

~

'See Ref.15.

5 Believed to have been measured from the bottom of fuel, see Figs. 2.20 and 2.21.

|
|

Table 2.41 Properties of B,C absorber rods from BAW 1484'

Parameter Value

Outside diameter, cm 1.113
Wall thickness, em 0.089
Wall material aluminum
Totallength, em 177.56
Active length, cm 177.18
B,C powder density, g/cm' l.28

|

'See Ref. 6.

' Includes 0.3175-cm-long aluminum bottom end plug. )

:
i
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Table 2.42 Critical data for B C absorber rod experiments from BAW-1484*

Separation of No. of assemblies- No. of Moderator

Enrichment Pitch assemblies assembly size * absorber height,d H6

Experiment (wt %) (cm) (cm) (No. of rods) rods (cm)

BW1484C1 2.459 1.636 1.636 9-14x14 84 145.68

BWI484C2 2.459 1.636 4.908 9-14x14 34 111.49

v.
"

'See Ref. 6.
*Belicved to be the perpendicular distance between cell boundaries of assemblics.

'Four comer rods of assemblics are 0.635-cm-radius aluminum rods. *

' Measured from the top of the aluminum base plate.

,

_ _ _ _ _ _ _ _ _ - -. - __
-

_m.. . a- ___ - r - -- - 3 , - - - -- -



. .=. .- -

Physical Description

l
Table 2.43 Properties of Ag-In-Cd absorber rods frem BAW-1810'

Parameter Value
1

Outside diameter, cm 1.207
Wall thickness, em 0.081
Wall material aluminum
Length, cm 157.566
Wt % Ag 79.68
Wt %In 15.09
Wt % Cd 5.2
Wt % Cu 0.05
Wt % Zr 0.02
Density, g/cm' 10.15

._

'See Ref. 25.
6
Minus the 0.3175 cm.long aluminum bottom end plug.

|
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Table 2.44 Critical data for absorber rod experiments from BAW-1810' ;

No. of - No. of No. of No. of Moderator Baron |

Enrichment Pitch 2.459 wt % 4.020 wt % Absorber absorber water height,' cermsdion

Ewmeat (wt %) (cm) 2"U rods 2"U rods rod rods holes H(cm) (ppm)

0 Ag-In-Cd 16 137 145.0 1250.0 |y BW18101 2.459 1.636 4808
_ 888* B,C 16 I37 145.0 1635.4

-

BW1810J 2.459 and 4.020 1.636 3920

* See Ref. 24.
' Measured from the top of the 5.08-cm-thick aluminum base plate.
' Inner 31 x 31 positions include 57 water holes and 16 B,C rods.
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Table 2.45 Critical data for Ag-in-Cd absorber rod experiments from WCAP-3269' t

No. of assemblies- No. of Ag-In-Cd - Moderator
Enrichment Pitch assembly size No. of Ag-In-Cd . rod diameter height * !Experiment (wt %) (cm) (No. ofrods) fuel rods rods' (cm) (cm)! ,

rW3269A 5.7 1.422 1-27x17 453 6 1.024 88.27 |W3269BI 3.7 1.105 1--47x47d 2221 12 0.838 55.41 ;
W3269B2 3.7 1.105 1-47x47d 2209 24 0.838 64.56 '

W3269B3 3.7 1.105 1-47x47d 2185 48 0.838 57.00
3 W3269C 2.72 1.524 1-31x31 945 16 1.024 89.75 -

"Sce Ref.15.
,

" Rods taken to be 79.6 wt % Ag,15.17 ut % In,5.08 wt % Cd with a density of 9.91 g/cm'.' I,

* Believed to have been measured from the bottom of the fuel, see Figs. 2.20 and 2.21. !
' Includes 24 fuel follower rods positioned outside the array (see Figs. 2.58,2.59, and 2.60). !

; '
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Physical Description

Table 2.46 Critical data for soluble boron experiments from BAW-1231'

Moderator Boron

Enrichment Pitch No. of height concentration6

Experiment (wt %) (cm) fuel rods (cm) (ppm)

BW1231B1 4.020 1.511 936 167.5 1152

BW1231B2 4.020 1.511 4904 146.65 3389

'See Ref. 25.
6 Measured from the bottom of the active fuel or reference plane of Fig. 2.62.

Table 2.47 Critical data for soluble boron experiment .BW1273M'

Moderator Boron

Enrichment Pitch No. of height,6 H concentration

Experiment (wt %) (cm) fuel rods (cm) (ppm)

BWI273M 2.459 1.511 5137 93.2 1675

'See Ref. 26.
6 Measured from the bottom of the active fuel or reference plane in Fig. 2.63.

Table 2.48 Critical data for soluble boron experiments from BAW-1484*

No. of
Separation of assemblies- Moderator Boron

Enrichment Pitch assemblies assembly size * height concentration )
6 d

Experiment (wt %) (cm) (cm) (No. of rods) (cm) (ppm)
'

BW1484BI 2.459 1.636 0.0 9-14x14 144.29 1037

BW1484B2 2.459 1.636 1.636 9-14x14 100.32 702

BW1484B3 2.459 1.636 4.908 9-14x14 149.12 143

"See Ref. 6.
6 Believed to be the perpendicular distance between cell boundaries of assemblies.

'Four corner rods of assemblics are 0.635-cm-radius aluminum rods.
dMeasured from the top of the aluminum base plate.

Table 2.49 Critical data for soluble boron experiments from EPRI NP-196 *

Moderator Boron
6

Enrichment Pitch No. of height concentration

Experiment (wt %) (cm) rods (cm) (ppm)

L.'RU65B 2.35 1.562 1201 111.76 463.8

EPRU75B 2.35 1.905 1201 112.08 568 ,

EPRU87B 2.35 2.210 885 111.76 285.8 i

*See Ref. 7.
'

!

6 Measured from the base of the aluminum solid plate.
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PhysicalDescription

Table 2.50 Critical data for soloble boron experiments PNL-4267'

Total No. of rods Boron

Enrichment Pitch Array width concentration

Experiment (wt %) (cm) (No. of rods) Predicted' Modeled (g/l)

P4267B1 4.31 1.890 40 922.8 923 2.15i0.35

P4267B2 4.31 1.890 40 1236.8 1237 2.55*0.07

P4267B3 4.31 1.715 44 737.0 737 1.03i0.05

P4267B4 4.31 1.715 44 916.96 917 1.82*0.30

P4267BS 4.31 1.715 44 1191.96 1192 2.55i0.21

'See Ref.13.
6Obtained by approach-to-crit. al method.

Table 2.51 Atom densities (atoms /b-cm) of fuel in critical experiments from Y-DR-14'

Experiment 2"U 2"U H C F

YDR14UN2 1.330E-4 6.437E-3 3.910E-2 1.880E-2 2.628E-2

YDR14PL2 1.119E-4 5.415E 3 4.547E-2 2.186E-2 2.211E-2

YDR14PL3 2.349E-4 7.500E-3 3.134E-2 1.507E-2 3.094E-2

YDR14UN3 2.349E-4 7.500E-3 3.134E.2 1.507E-2 3.094E-2

'See Ref. 27.

Table 2.52 Criticality data for homogenized uranium experiments from Y-DR-14'

Enrichment Fuel Fuel dimensions

Experiments (wt %) form (cm) Reflector

YDR14PL2 2.00 U(2)F. 53.67x53.67x54.29 15.2-cm paralTm on top and sides
615.2-cm Plexiglas on bottom

YDR14PL3 3.00 U(3)F. 43.47 x43.47 x 86.39 15.2-cm parafrm on top and sides
615.2-cm Plexiglas on bottom

YDR14UN2 2.00 U(2)F. 56.22 x56.22x 122.47 none

YDR14UN3 3.00 U(3)F. 56.47 x56.47 x 86.64 none

'See Ref. 27.
6 Volume fraction: 0.918 Plexiglas,0.062 aluminum,0.01 void.

l,
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5% Table 2.53 Cuboid fuel can descriptions for CR1071 AS, CR1653AS, CR2500S' Y
8Parameter CR1071AS CR1653AS CR2500S

Can
Material * aluminum aluminum aluminum
Can volume, cm' (15.28)' (15.24)' (15.24)5
Wall thickness,' em 0.15 0.16 0.16
Cavity volume, cm' (14.98)' (14.92)' (14.92)'
Vinyl tape mass,g 3 3.0 3.4
Mylar tape mass, g 4 4.0 5.9

Cavity contents
U 0, mass, g 15088 15084 150813

H O mass, g 314- 533.4 905.32,
C % mass,g 53 53.0 53.0o

2

U 0, enrichment3

23*U, wt % 0.03 0.030 0.03
2''U, wt % 4.46 4.481 4.48
2'6U, wt % 0.08 0.089 0.09
23eU, wt % 95.43 95.399 95.40

*See Refs. 28-31.
* Density 0f 2.713 g/cm'.
* Walls have water injection holes (56 total) of 0.64 cm diameter.
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Table 2.54 Materials for damp uranium oxide experiments *
'

Fire- Nonfire-
Elemen:, retardant Vinyl Mylar retardant

wt % Plexiglas Glue 6 tape tape Plexiglas Paper * Polyethylene

Al 0.5
Br 7.10,

C 52.03 86.29 45.91 55.50 59.52 42.17 84.90
Ca 6.9
Cl 1.81 25.73
H 7.16 11.67 5.92 6.83 7.84 6.48 14.01
N 0.16 0.16
O 29.82 1.20 10.82 27.02 32.23 49.50 1.200 P 1.02
Pb 1.1
Si 0.6
Ti 1.6,

Zn 0.1
Density, 1.284 0.728 1.310' l.1I 1.185 0.766 0.824

2g/cm

"See Ref. 29.

6 Plates of both Plexiglas types covered with paper (0.49 wt %) and glue (0.16 wt %).
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Table 2.55 Cuboid dimensions * (cm) of Fig. 2.69 for CR1071 AS6

Frame
Faceplate extender

Core Reflector interior Reflector exterior thickness thickness Gap Filler thickness

A B C D E F G H I J K L M N O P QR S T U V W X Y

68.0 34.4 34.4 50.6 68.0 34.7 34.7 50.6 128.4 65.3 74.5 133.6 1.23 1.23 7.4 - -- 8.58.54.912.27.37.326.1
o
"

Talculated from photograph.
'See Ref. 29.
T)imensions for plastic reflector of shape seen in Figure 2.72.
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Physical Description

1

Table 2.57 Cuboid dimensions for CR2500S'
,

I

| Cuboid Dimension (cm)

Nonh table East / west 50.8
North / south 33.3
Venical 51.1

6
| Care

South table East / west $1.1
Nonh/ south 33.4
Venical 51.1

North table East / west 77.6
North / south 33.5
Vertical 51.1

Reficctor interior *
South table East / west 77.4

i Nonh/ south 33.9
Vertical 51.1

North table East / west 128.3

North / south 59.7''
Venical 132.5

Reflector exterion'
South table East / west 128.4

North / south 74.4d

Vertical 134.6 l
1

North table West 25.3 I

Bottom 55.1

Core location'
South table West 25.8

Bottom 55.4

'See Ref. 31. |

6 Planar and elevation views of core seen in Fig. 2.70.
' Dimensions for plastic reflector of shape seen in Fig. 2.72.
dIncludes 1.215-cm-thick faceplate.
' Includes thickness of plastic inserted between frame and end panel.

,

beates the lower west corner of the core relative to the reflector exterior.
'

!
!

r

a

NUREG/CR-6361 64



. - - _ . - _ - - -_ _ _ . _ _ . _ _ . . _ _ . _ . . ._.

Physical Description |

|
'

Measurement needle

*[- m : ::::: : : : : : : : : Sf pring
13 zone-

- Top plug-*j~
(aluminum)* , ,:. , , , , , , , , , , , , ,,

..ID .
. e

. . n, .;- - . . . - . -

4'fi - Spring69
%:
wf
i:i'5 '

:c.:-

)Mj

Tf He
Water i

|

|

""!900
Fuel

'

z.g
I

*
q

e

| \
| \
i ---

,

/

,

4

| |i
. . . . . ......--...

, , . , . , , , , .
, , ,

| .;... r

|

W: Water

,

_. _. _

i 10 Bottom,
-d-- plug

i -}--- (aluminurni"~ , j
'

|

~

1

> 200 > 200, ,, ,
e .
8 | t

Detail

|
'

| J
; Water
.

* ' " " **' 8 * *T ' '25 ih-= - e - c::: - g 18.00 wt % Cr, and 10.00 wt % Ni) lower
15.5 F SP " '' grid arx! support plate

V V V-. t. . .
. /

- .7 .-8'

Figure 2.1 Principal dimensions (in centimeters) of 4.742 wt % UO fuel rods for ANS Transactions, Vol. 33,2

and NS&E, Vol. 71, and assembly for NS&E, Vol. 71. Source: Refs. 5 and 8 (Reprinted with permission by author)

i
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i

i

! ,

I

|

235
DESCRIPT10N OF 2.35 wt% U ENRICHED UO RODS

2

1

FUEL:lLl76mm DIA CLAD: 12.70 mm x 0.762 mm WALL !

1
. v v,,

12.7 m m DIA0[8[ .
-[!!.hi[[.N.IIk!.l[[:b.Yii/[.M;Ih$.E.Ni.i :.

''a n

50.80 mm e 914.4 mm :

|

977.9 mm ::

1

'

CLADDING: 6061 ALUMINUM TUBING SEAL WELDED W11H.A LOWER END PLUG
0F 5052-H32 ALUMINUM AND A TOP PLUG OF 1100 ALUMINUM

TOTAL WEIGHT OF LOADED FUEL RODS: 917 gm (AVERAGE)
,

| LOADING-
,

l825 gm 0F 00 POWDER / ROD, 726 gm 0F U/ ROD,17.08 gm 0F U-235/ ROD2

| ' ENRICHMENT - 2.35 * 0.05 WIo U-235
FUEL DENSITY - 9.20 mg/mm3 (84% THE0RETICAL DENSITY)

!

!

Figure 2.5 Description of 2.35 wt % UO fuel rods used in experiments from EPRI NP 196. Source: Ref. 7.2

(Copyright C 1976. Electric Power Research Institute. EPRI NP-196 Clean Critical Experiment Benchmarksfor
J

Plutonium Recycl in LWRs. Reprinted with Permission.)
;
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Figure 2,13 Planar and end views of experiments from PNL-2438. Source: Ref. 9 (Reprinted with
! permission from authors)
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FUEL: 1.265t0.003 cm DlA. CLAD:

1.41520.003 cm OD
x 0.066 cm WALLRUBBER END CAP:

1.278 cm OD x 2.54 cm LONG
U

_r _u >

w.j .[UOg PELLETS.iiss N RUBBER END CAP:
' ' ' '

1.278 cm ODx 2.54 cm LONG
_ 91.44 cm (mini
'

92.71 cm (max)
'

: 96.522 0.3 cm ;

CLADDING: 6061 ALUMINUM TUBING

LOADING

ENRICHMENT 4.30620.01'1% 23su
OXIDE DENSITY 10.40 2 0.06 g/cm3
UO2 1203.38 $4.12 g/ ROD
U 1059.6414.80 g/ ROD

URANIUM COMPOSITION:

2340- 0.022t 0.002
235U- 4.306 0.013
234U- 0.022 20.002
23s0 95.650 20.017

END CAP:

C 58 2 1 WT% S-1.720.2 WT%
H 6.5 0.3 WT% 0 22.1 WT% (BALANCE)
Ca-11.4 g 1.8 WT% SI-0.3 2 0.1 WT%

NOTES:

1. ERROR LIMITS ARE ONE STANDARD DEVIATIC,al

2. END CAP DENSITY 151321 g/cm3

Figure 2.14 Description of 4.31 wt % UO fuel rods used in experiments from PNL-3314. Source: Refs. I12

and 14 (Reprinted with permission from authors)
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Figure 2.15 Planar and end view of experiments with four-assembly geometry from PNL-3314. Source:
Ref.1I (Reprinted with permission from author)
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Figure 2.16a Fuel assemblies and absorber plate configurations for experiments with 4.31 wt % UO fuel2

} rods from PNL-3314. Source: Ref. I1 (Reprinted with permission from author)
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Figure 2.16b Fuel assemblics and absorber plate configurations for experiments with 2.35 wt % UO fuel
2

rods from PNL-3314. Source: Ref. I1 (Reprinted with permission from author)
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Figure 2.17 Experimental setup for experiments from PNL-4267. Source: Ref.13 (Reprinted with
permission from author)
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Figure 2.18 Core assembly for P49-194. Source: Ref.14 (Reprinted with permission from author)
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(2) Fire-retardent Plexiglas + paper (0.49 wt %) + glue (0.16 wt %)

Figure 2.70 Planar and elevation view of core boundary (dashed lines) and reflector boundaries (solid lines)
for CR1653AS and CR2500AS. Source: Ref. 30.
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Figure 2.72 Three nested cuboids of CR1071 AS and CR2500S: core, reflector interior, reflector exterior. Source:
Ref. 29

137 NUREG/CR 6361

i

__
-. ._



,
_ = - - . - .

t

l
'

3 Validation of the SCALE 44-Group ENDF/B-V Library
with the LWR Critical Experiments

In order to demonstrate the applicability of the SCALE 44-group ENDF/B-V cross section library (created on
5/16/96) for the range of conditions spanned by the fresh fuel experiments described in the previous section,
computational mcTels have been developed based on each experimental configuration. Structural components such as

j control and safety bd guides, support angles and channels, and tanks were neglected because they had no significant
impact on the system k,. Specific modeling assumptions were noted in detail in Sect. 2. Chemical elements that
appeared in materials in trace amounts were also considered negligible in the models. For reference, the SCALE-4.3
input files for these experiments are included in Appendix A.

The f;11owing subsection describes the sequences and modules of the SCALE-4.3 system used in the analysis of these
computational models. This description is followed by a discussion of the results of calculations performed with
SCALE-4.3 using these models, in terms of the classes of experiments described in Sect. 2.

3.1 Description of the SCALE Code System

SCALE is a computational system consisting of a set of well-established codes and data libraries suitable for analyses

| cf nuclear fuel facility and package designs in the areas of criticality safety, radiation shielding, source term
i characterization, and heat transfer. The codes are compiled in a modular fashion and called by control modules that
j provide automated sequences for standard system analyses in each area.

| The CSAS control module contains automated sequences that perform problem-dependent cross-section processing
and three-dimensional (3 D) Monte Carlo calculations of neutron multiplication. Three CSAS control sequences,|

CSASN, CSAS25, and CSAS2X, were used to perform resonance processing and/or calculate effective neutron

| multiplication factors for the critical benchmark experiments supplied in this document. All neutronic control
! sequences use the SCALE Material Information Processor (MIP) to calculate material number densities and prepare

geometry data for resonance self-shielding and optional flux-weighting cell calculations and to create data input files
! for the cross-section processing codes. The BONAM132 and NITAWL-II" codes are then used to perform problem-
I specific (resonance- and temperature-corrected) cross section processing. BONAMI applies the Bondarenko method

of resonance self-shielding for nuclides that have Bondarenko data included in the cross-section library. NITAWL-Il
uses the Nordheim integral treatment to perform resonance self-shielding corrections for nuclides that have resonance
parameters included with their cross-section data. The CSASN sequence terminates at this point; the cross-section

| library produced from this calculation can be used as is or combined with other cross-section libraries and used in a
subsequent criticality calculation.'

The CSAS25 sequence then invokes KENO V.a," a three-dimensional (3-D) multigroup Monte Carlo criticality code
to determine the effective multiplication factor (ka) from the problem-dependent cross-section data and the user-
specified geometry data. Other calculated KENO V.a quantities include average neutron lifetime and generation time,

I energy-dependent leakages, energy- and region-dependent absorptions, fissions, fluxes, and fission densities. The

CSAS2X sequence invokes the one-dimensional (1 D) discrete-ordinates code XSDRNPM" to prepare cell-weighted
cross sections prior to the execution of KENO V.e

'

SCALE-4.3 includes the 238-group Aht ster format neutron cross-section library $ which contains data for all the
nuclides available in ENDF/B-V and a broad structure 44-group neutron cross-section library collapsed from the 238-2

group library. The group structure specification for each library was based on knowledge gained from the definition
and use of the 218-group and 27-group libraries developed for the SCALE code system using ENDF/B-IV data.,

|
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The 238-group library has Bondarenko shielding factors included for nuclides with unresolved resonances, nuclides i

with Adler-Adler resonance data (2"U and **Pu), and the nonresonance nuclides 'Li, "F,2'Al, and ''Si. Bondarenko 1

factors are used for the latter nuclides because they exhibit resonance stmeture in the point data. This library includes
s , p , and d-wave resonance data in the resonance parameters that are passed to NITAWL II. The calculational effect
ofincluding these higher-order resonance data is addressed in Appendix B. {

4

i

The broad-structure 44-group derivative of the fine-structure 238 group library was collapsed using a fuel cell spec-
trum based on a 17 x 17 Westinghouse pressurized-water-reactor (PWR) fuel assembly. The broad-group structure
was designed to EE=- -Ate two wmdows in the oxygen cross section spectrum, a window in the iron cross-section

,

spectrum, the Maxwellian peak in the thermal range, and the 0.3-eV resonance in "Pu (which, due to low energy and2
,

lack of resonance data, cannot be modeled by the Nordheim Integral Treatment in NITAWL-II). The 44-group library ,

has a group structums similar to the 27-group library, as shown in Table 3.1. All boundaries in the 27-group ENDF/ B- ;

IV library correspond to those in the 44-group ENDF/B V library except for the upper bound of group 23. Based on i

an analysis of a set of 93 thermal and fast critical experiments, the ENDF/B-V 44-group library demonstrated
markedly improved performance over similar analyses performed with the ENDF/B.IV 27-group library.2 ,

3.2 Modeling and Calculational Techniques )
I

Several techniques for modeling the fuel region of particular experiments are addressed in Sect. 3.2.1. KENO V.a
input parameters are discussed in Sect. 3.2.2.

l

3.2.1 Fuel Region Modeling

The expenments listed in Table 3.2 were explicitly modeled by considering the fuel rod regions submerged in and
protruding from the moderator region. To accomplish this in CSAS, the DancolTfactors and resonance data had to be :

calculated for the fuel in the region void of moderator using a CSASN "PARM= CHECK" case and then explicitly
,'

'

specified in the CSAS25 calculation using the "MORE DATA" option. In all other experiments with fuel rods above
the moderator, the contribution of the fuel in the region void of moderator was considered negligible and was not !
modeled. |

i
In some instances more than one fissile mixture was present per experiment. Since only one CSAS unit cell specifica- !

. tion is allowed per problem, the Dancoff factors and resonance data had to be calculated for the other unit cell descrip- |

tions using a CSASN "PARM= CHECK" case and then explicitly specified in the CS AS25 calculation using the i

"MORE DATA" option. The experiments with two or three fissile mixtures modeled using this method are listed m :
Table 3.3.

;

The experiments in Table 3.4 were modeled with CSAS2X in order to account for eccentricities of the control rod
cruciform followers (the nine fuel rods of the follower veins were on a slightly different pitch than the core lattice). The
followers were represented as nine core lattice positions containing mixture 500 that uses the XSDRNPM cell-
weighted cross sections for the fuel and rooderator. For the fuel rods of the core, the Dancoff factors and resonance !
data had to be calculated for the regions submerged in and protruding from the moderator region using CSASN and '

then explicitly specified in the CSAS25 calculation as in the other experiments above.
]

3.2.2 KENO V.a Parameter Data

All criticality calculations were run with 405 generations and 600 neutrons per generation for a total of 245,000
histories. The first five generations were omitted when calculating the average eigenvalue of the system. Default values,

| |
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were used for all other parameters including the start option of flat neutron distribution over the entire system. No,

1 albedo boundary conditions were applied; the default for each face is vacuum and is applied to the outermost region of
every problem. No biasing was used to track neutrons in the water reflector region of each problem.

The calculated k , values throughout this report are estimates of the eigenvalues of systems and have associated
uncertainties due to the statistical nature of the Monte Carlo codes.

3.3 Calculational Results Overview

The calculational results for the 173 LWR fuel pin lattice critical experiments described in Sect. 2.1 are presented andi

I
discussed in Sect. 3.4. The results for the seven homogeneous uranium systems described in Sect. 2.2 are presented
and discussed in Sect. 3.5.

Two important calculated parameters in the presentation of results are the average energy group causing fission (AEG),

| and the energy of the average lethargy causing fission (AEF). AEG is a pseudo-neutron-spectra parameter calculated
! by KENO V.a that has been used historically as a single global parameter for correlating experiments to safety
|

cvaluation applications.'' AEF has been added to the RENO V.a output in version 4.3 of SCALE and offers a single
parameter in physical unituaV). Due to group structure and the techniques used to determine the average values, the
energy that corresponds to AEG and the value of AEF may not be equivalent. AEG is a spectral index that is usefulin
validation but is not valid when comparing different cross-section libraries. On the other hand, AEF is more useful in

interlibrary comparisons since it is a physically real parameter and not as dependent on the group structure of a library.
For this reason, the remainder of this report will focus on AEF rather than AEG. Table 3.1 gives the group structure
for the 44-group library used in this validation and is useful in locating an energy range corresponding to an AEG
value. The table provides the upper energy bound of each broad group and the number of fine groups collapsed into it
from the 238-group cross-section library.

| In the following sections of this report, the validation results have been analyzed by grouping the experiments in terms
cf physical or neutronic characteristics as set forth in Sect. 2. For each group, the mean k,, (k,) and the range of!

calculated k,, and AEF (eV) values are reported. The reported mean is the average of the nominal values of k,,
computed for each group of experiments. The standard deviation (o,) characterizes the distribution of the nominal
values around this mean; this statistic does not include uncertainties associated with each individual Monte Carlo
calculation.

In the discussions that follow, the term " positive bias" denotes a calculated k,,value greater than the measured critical
condition (k,,- 1) and " negative bias" conversely denotes a calculated k,, value less than 1. The remainder of this
section presents the results of these analyses by group. A comparison of these results to those obtained with the 238-
group library is provided in Appendix B.

3.4 Results for LWR Fuel Pin Lattices

This section reports the calculational results for 173 critical experiments classified as containing LWR fuel pin lattices.6

Table 3.5 contains nominal computed values of the effective neutron multiplication factor, k,,, with associated
standard deviation (o), average energy group of neutrons causing fission (AEG), and energy of the average lethargy
causing fission (AEF) for the LWR critical experiments. Figures 3.1 and 3.2 are histograms showing the frequency of
k,, and AEF for all 173 experiments in Table 3.5. Note the clustering of calculated k,,near k,,= 1 and the narrow
range of AEF values that this validation encompasses. This distribuiton is remarkably normal, indicating no systematic
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biases on a global level. The nominal calculated k,, values range from 0.9909 to 1.0129, with an average k ,value of
0.9994 * 0.0035 and an average bias of--0.06%. Sixty-eight percent of all k,, values fall within 0.0035 of 0.9994
while 95% of all k,, values fall within 0.0070 of 0.9994. AEF values ranged from 3.4451 to 0.0702 eV with more than
75% of the values within the range of 0.1 to 0.562 eV.

3.4.1 Simple Lattices

Descriptive statistics of the 21 simple (i.e., no absorbers, poisons, reflecting walls, etc.) square or hexagonal lattice
calculations are given in Table 3.6. As can be seen from the table, the 17 square lattice calculations exhibited an
average bias of-0.20% and spanned a relatively large range of AEF values, attesting to the variety of square lattice
experiments used in the validation. The limited set of four hexagonal lattice calculations has a positive bias of 0.27%.
Note that the hexagonal lattice experiments tend to have harder spectra than the square lattices ar.d span a much larger
energy range.

3.4.2 Lattices and Separator Plates Only

The calculated k,,results for the 45 lattice with separator plate calculations are given in Table 3.7. The results of
calculations of simple lattices with separator plates and borated moderator are given in Table 3.8, while Table 3.9
gives statistics of the calculational results of experiments with separator plates and voiding materials (i.e., flux traps).
From Tables 3.7,3.8, and 3.9, one can see that calculations involving aluminum separator plates have larger standard
deviations associated with the average k,, values, indicating a larger variation in results for these experiments. In all
three tables, the highest k,, values are recorded for calculations involving aluminum separator plates.

|

3.4.3 Lattices and Reflecting Walls Only

The calculational results of 35 lattice experiments with reflecting walls are summarized in Table 3.10. The largest
].

; positive bias in the validation of LWR type fuel pin lattices for a group of more than four experiments is seen in the
.

lead reflecting wall experiment calculations. For this group of experiments, the calculational bias is 40.37%. Only |

very small positive biases are observed for the calculations of the steel reflecting wall and the uranium reflecting walle

experiments. The overall bias for all reflecting wall experiment calculations is +0.13%. !
,

1

3.4.4 Lattices with Separator Plates and Reflecting Walls |

The calculational results of 15 lattice experiments with separator plates and reflecting walls are presented in Table !
3.11. The calculated k,, values were scattered over a broad range from 0.9920 to 1.0040. As a group, the average j
calculational bias was -0.08%, and a narrow range of AEF values was observed (0.144-0.305 eV) . ;

3.4.5 Lattices with Urania Gadolinia Rods |

Table 3.12 gives descriptive statistics of the five lattices containing interspersed fuel rods with gadolinium in the form
of UO -Gd 0,. This set of five calculations yielded nominal k , values over a small range from 0.9971 to 1.0005 with !2 2

an average k,,value of 0.9986 (Table 3.12). All of these experiments contained water holes and soluble boron. These ;
cases give very consistent results but provide a very limited validation for urania gadolinia because the set consisted of 1

only five critical experiments from one report with a small range in AEF values. |

!

NUREG/CR-6361 142

_ _ _ _ _ _ - _ .. _ - _ - .-- - , . . - . . __ _ ___-



. . - _ _ _ - . - - - _ . - . - .- _-. .- .-

Validation

3.4.6 Lattices with Water Holes

! A negative calculational bias of 0.15% is observed in the results in Table 3.13 for the six water-hole experiments with !
| no soluble boron. For the three water-hole calculations where soluble boron was used in the moderator, a small bias of

-0.08% and an increased average AEF (i.e., harder spectrum) were obsen ed.

3.4.7 Lattices with B C or Ag-In-Cd Absorber Rods4

Calculations of experiments with B C or Ag-In-Cd rods had average biases of-0.49% and -0.30%, respectively. One
experiment in each group contained soluble boron and water holes. The total bias for the set of nine absorber rod
celculations was -0.37%, given in Table 3.14 with other descriptive statistics of these calculations.t

3.4,8 Simple Lattices with Soluble Boron
I '

; Fourteen simple lattice expenments contained soluble boron in the moderator. This set of calculations yielded
cilculated k., values ranging from 0.9947 to 1.0035 with an average k,g value of 0.9992 (Table 3.15). AEF values
spanned from 0.92 to 1.189 eV, a significant span of thermalized systems.

3.5 Results for Homogeneous Uranium Systems

This section reports the calculational results for seven low-enriched homogeneous uranium critical experiments. These
experiments are included because some transportation packages may contain low-enriched fuel in geometric
configurations other than the typical LWR fuel pin lattice geometry. Individual results are tabulated in Table 3.16.

! Group statistics are presented in Table 3.17.

The nominal calculated k., values ranged from 1.0011 to 1.0207 with an average bias of +1.29 %. This bias is
attributed to the manner in which the library was generated. The 44-group library was collapsed to encompass the key!

spectral aspects of a different type of system, that of a typical LWR spent fuel package. Results obtained for these
cases with the 238-group library show a much smaller bias, as can be seen in Table B.3. Only a small number of
homogeneous systems have been considered in this validation. These few results for homogeneous systems indicate a
larger bias tnan demonstrated for lattice systems. If the 44-group library is to be used for low-enriched fuel in other;

1

| geometric configurations, care should be taken to ensure that adequate validation is performed for the particular
j application.

3.5.1 Homogeneous UF in Paraffin4

:

This set of calculations consisted of four experiments. Note that the 2.00 wt % 3"U cases agree well with the LWR
fuel results (i.e., +0.29% bias). However, the 3.00 wt % cases exhibit a bias of approximately +1.4%. Although the
reasons for this discrepancy are unknown, it is consistent with previous results for these cases.5'

i

3.5.2 Damp Oxide

This set of calculations consisted of three experiments. The average calculated k,g value is 1.9% high. This bias is
'

consistent with previous results for these cases.5'

i
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Table 3.1 Broad-group structure of the 44GROUPNDFS library

Fast groups Thermal groups

No. fmc Upper energy No. fme Upper energy
Group groups (eV) Group groups (eV)

l

1. (7) 2.0000 x 10'' 23 (14) 3.0000 x 10"
2 (1) 8.1873 x 108 24 (27) 1.7700 x 10" |

3 (1) 6.4340 x 10* 25 (10) 1.0000 x 10" ;

4 (2) 4.8000 x 10' 26 (5) 6.2500 x 10-5 !

5 (1) 3.0000 x 10" 27 (1) 4.0000 x 10-'' '

6 (1) 2.4790 x 10' 28 (1) 3.7500 x 10-' i

7 (1) 2.3540 x 108 29 (1) 3.5000 x 10-8 i

8 (2) 1.8500 x 10" 30 (2) 3.2500 x 10-'' i

9 (8) 1.4000 x 10" 31 (1) 2.7500 x 10-' {
10 (14) 9.0000 x 10" 32 (1) 2.5000 x 10-' (
l1 (6) 4.0000 x 105" 33 (1) 2.2500 x 10-'' i

12 (10) 1.0000 x 10" 34 (2) 2.0000 x 10-' i

13 (1) 2.5000 x 10* 35 (2) 1.5000 x 10-' |
'

14 (7) 1.7000 x 10** 36 (3) 1.0000 x 10 ''
15 (11) 3.0000 x 10'' 37 (2) 7.0000 x 10-2 {
16 (12) 5.5000 x 102' 38 (1) 5.0000 x 10-2. ;

17 (30) 1.0000 x 102* 39 (1) 4.0000 x 10 2 l

18 (16) 3.0000 x 10'' 40 (1) 3.0000 x 10 2. ,

19 (2) 1.0000 x 10'' 41 (1) 2.5300 x 10 2 ;

20 (6) 8.1000 x 10' 42 (1) 1.0000 x 10 2. ;

21 (3) 6.0000 x 10' 43 (3) 7.5000 x IO' |

22 (6) 4.7500 x 10' 44 (9) 3.0000 x 10-8 [

44 Lnwer Energy 1.0000 u 10^*

* 27 group boundaries. ,

* Adjusted 27-group boundary.

!

Table 3.2 Explicit fuel rod models for fuel above the moderator ,

ANS33AL1 ANS33 STY NSE71HI W3269C

ANS33AL2 BW1231B1 NSE71H2 W3269SL1 {

ANS33AL3 BW1231B2 NSE71H3 W3269SL2

ANS33EB1 BW1273M PAT 80L1 W3269W1

ANS33EB2 DSN399-1 PAT 80L2 W3269W2

ANS33EP1 DSN399-2 PAT 80SS1 W3385SL1
f

ANS33EP2 DSN399-3 PAT 80SS2 W3385SL2

ANS33SLG DSN399-4 W3269A
.

r

f
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Table 3.3 Experiments with multiple fissile mixtures

Two fissile mixtures Three fissile mixtures

BW1810A BW1810J

BW1810B BW1810C

BWl810G BW1810D
BWl810H BW1810E

Table 3.4 Experiments modeled with CSAS2X

W3269BI
W3269B2
W3269B3
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v <5 Table 3.5 Calculational results using SCALE 44-group cross-section library g.
N $C Soren Plate well No. of Baron Assembly o" *

*

Case Case Enrich. Pitch H 0/ fuel Plate concen. thick. Well seper. holes Sol. cancen. seper. Dancoff *|3
No. name k to twt U Ref. AEG AEFleV) tem) vol. H/K met 1.* f* * H (cal met 1.* fen) pins boren* (pp) Clod * Other* Lattice' (ca) factory

e

$ 1 AN333AL1 1.0027 0.0017 4.74 5 33.98 0.234478 1.35 2.302 138.4 AL - .30 - - - N - AL - S 5.0 .20096
m 2 ANS33AL2 1.0129 0.0018 4.74 5 34.39 0.196837 1.35 2.302 138.4 E - .30 - - - N - AL - S 2.5 .20096" 3 ANS33E3 1. 0035 0.0018 4.74 5 34.63 0.174878 1.35 2.302 138.4 AL - .30 - - - N - AL - S 10.0 .20096

4 ANS33EB1 0.9979 0.0018 4.74 5 33.88 0.243861 1.35 2.302 138.4 AL - .30 - - - N - AL F3 S 2.5 .20096
5 ANS33EB2 1.0096 0.0017 4.74 5 34.29 0.205591 1.35 2.302 138.4 AL - .30 - - - N - AL F3 S 5.0 .20096
6 ANS33EP1 0.9964 0.0018 4.74 5 33.80 0.250214 1.35 2.302 138.4 AL - .30 - - - N - E F3 S 2.5 .20096
7 ANS33EP2 1.0020 0.0018 4.74 5 34.09 0.221917 1.35 2.302 138.4 AL - .30 - - - N AL F3 S 5.0 .20096-

8 ANS33S W 0.9964 0.0018 4.74 5 34.41 0.195652 1.35 2.302 138.4 - - - - - - N - E - S 5.0 .20096
9 ANS33 STY 0.9909 0.0019 4.74 5 33.65 0.266292 1.35 2.302 138.4 AL - .30 - - - N - AL F3 S 2.5 .20096
10 B1645SO1 0.9976 0.0013 2.46 17 32.82 0.401634 1.410 1.015 119.4 AL - - - - - Y 1068 AL - S 1.78 .34784
11 B1645S02 1.0007 0.0014 2.46 17 32.76 0.411180 1.410 1.015 119.4 AL - - - - - Y 1156 AL - S 1.78 .34784
12 BW1231B1 0.9969 0.0014 4.02 25 31.13 0.727147 1.511 1.139 88.6 - - - - - - Y 1152 SS - S - .25722
13 BW1231B2 0.9985 0.0012 4.02 25 29.91 1.18903 1.511 1.139 88.6 - - - - - - Y 3389 SS - S - .25699
14 BW1273M 0.9947 0.0014 2.46 26 32.21 0.525212 1.511 1.376 161.5 - - - - - - Y 1675 AL - S - .26414
15 BW1484A1 0.9965 0.0015 2.46 6 34.55 0.193780 1.636 1.841 216.1 AL 1.6 .645 - - - Y 15 AL - S 1.64 .19071
16 BW1484A2 0.9954 0.0016 2.46 6 35.16 0.152035 1.636 1.841 216.1 AL 1.1 .645 - - - Y 72 AL - S 4.92 .19071
17 BW1484B1 0.9973 0.0014 2.46 6 33.95 0.247151 1.636 1.841 216.1 - - - - - - Y 1037 AL - S .19062-

18 BW1484B2 0.9973 0.0012 2.46 6 34.55 0.193879 1.636 1.841 216.1 - - - - - - Y 769 AL - S 1.64 .19065
19 BW1484B3 0.9992 0.0014 2.46 6 35.25 0.146615 1.636 1.841 216.1 - - - - - - Y 143 AL - S 4.92 .19070
20 BW1484C1 0.9937 0.0014 2.46 6 34.64 0.188354 1.636 1.841 216.1 - - - - - - N - AL B S 1.64 .19072
21 BW1484C2 0.9936 0.0016 2.46 6 35.23 0.148105 1.636 1.841 216.1 - - - - - - N - AL B S 1.64 .19072

E 22 BW1484S1 0.9981 0.0015 2.46 6 34.52 0.194990 1.636 1.841 216.1 SS - .462 - - - Y 432 AL - S 1.64 .19069
* 23 BW1484S2 0.9989 0.0016 2.46 6 34.54 0.193171 1.636 1.841 216.1 SS - .462 - - - Y 514 AL - S 1.64 .19068

24 BW1484SL 0.9966 0.0016 2.46 6 35.42 0.137530 1.636 1.841 216.1 - - - - - - N - AL - S 6.54 .19072
25 BW1645S1 1.0010 0.0016 2.46 17 30.11 1.32817 1.209 0.383 45.0 AL - - - - - Y 746 AL - S 1.78 .61533
26 BW1645S2 1.0035 0.0014 2.46 17 29.99 1.39167 1.209 0.383 45.0 AL - - - - - Y 886 AL - S 1.78 .61532
27 BW1645T1 1.0062 0.0016 2.46 17 29.10 2.15929 1.209 0.148 17.4 AL - .076 - - - Y 335 AL - H 1.78 76438
28 BW1645T2 1.0068 0.0015 2.46 17 29.04 2.28077 1.209 0.148 17.4 AL - .076 - - - Y 435 AL - H 1.78 76437
29 BW1645T3 1.0007 0.0016 2.46 17 30.05 1.50993 1.209 0.148 17.4 AL - .076 - - - Y 361 AL - H 2.54 76438
30 BW1645T4 0.9986 0.0016 2.46 17 31.11 0.968191 1.209 0.148 17.4 AL - .076 - - - Y 121 AL - H 3.81 .76439
31 BW1810A 0.9971 0.0013 2.46 24 33.96 0.244783 1.636 1.841 216.1 - - - - - .032 Y 1239 AL G S - .19043
32 BW1810B 0.9980 0.0013 2.46 24 33.98 0.243472 1.636 1.841 216.1 - - - - - .032 Y 1170 AL G S - .19043 -

33 BN1810C 1.0005 0.0012 2.46 24 33.14 0.331369 1.636 1.041 216.1 - - - - - .039 Y 1499 AL G S - .18973
4.02 1.532 119.2 SS .18527

34 BW1810D 0.9999 0.0012 2.46 24 33.10 0.33694e 1.636 1.841 216.1 - - - - - .032 Y 1654 AL G S - .28973
4.02 1.532 119.2 SS .18527

35 BW1810E 0.9976 0.0015 2.46 24 33.16 0.328183 1.636 1.841 216.1 - - - - - .032 Y 1579 AL G S - .18973
4.02 1.532 119.2 SS .18527

36 BW1810F 1.0032 0.0010 2.46 24 33.96 0.244782 1.636 1.841 216.1 - - - - - .032 Y 1337 AL - S - .18973
37 BW1810G 0.9971 0.0012 2.46 24 32.91 0.360952 1.636 1.841 216.1 - - - - - .039 Y 1776 AL - S - .18973

4.02 1.532 119.2 SS .18527
38 BW1810H 0.9973 0.0013 2.46 24 32.95 0.354969 1.636 1.841 216.1 - - - - - .032 Y 1899 AL - S - .18973

4.02 1.532 119.2 SS .18527
39 BW1810I 1.0022 0.0014 2.46 24 33.96 0.245038 1.636 1.841 216.1 - - - - - .028 Y 1250 AL A S - .18973

40 BW1810J 0.9980 0.0013 2.46 24 33.13 0.332394 1.636 1.532 216.1 - - - - - .028 Y 1635 AL B S - .18973
4.02 1.532 119.2 SS .18527

41 DSN399-1 1.0056 0.0019 4.74 10 33.94 0.232338 1.35 2.302 138.2 HF - .105 - - - N - AL - S 1.8 .20101
42 DSN399-2 1.0010 0.0015 4.74 18 34.41 0.190708 1.35 2.302 138.2 HF - .105 - - - N - AL - S 5.8 .20101
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Table 3.5 (continued)
Boron Plate well No. of Bocen Assembly

Case Case Enrich. Pitch H.0/ fuel Plate .encen. thick. Well seper. holes / Sol. concen. seper. Danceff
No. name k to twt U Bef. AEG AEF(eV) tem) vol. M/X set 1.* twt U (cal met 1.* (cm) pin boren (pre) Cled* Other* 1,ettice' (cal factor

43 DSN399-3 1.0024 0.0011 4.74 18 35.32 0.130849 1.6 3.807 228.6 HF - .105 - - - N - AL - S - .10503
44 DSN399-4 0.9965 0.0017 4.74 18 35.36 0.128298 1.6 3.807 228.6 HF - .105 - - - N - AL - S - .10503
45 EPRU65 0.9977 0.0018 2.35 7 33.90 0.258691 1.562 3.196 163.6 - - - - - - N - AL - S - .27720
46 EPRU65B 0.9985 0.0018 2.35 7 33.41 0.315549 1.562 1.196 163.6 - - - - - - Y 463 AL - S - .27715
47 EPRU75 0.9974 0.0016 2.35 7 35.86 0.113352 1.905 2.408 329.4 - - - - - - N - AL - S - .11669
48 EPRU75B 1.0023 0.0011 2.35 7 35.28 0.143515 1.905 2.408 329.4 - - - - - - Y 568 AL - S - .11665
49 EPRU87 0.9986 0.0014 2.35 7 36.61 0.082692 2.210 3.687 504.2 - - - - - - N - AL - S - .05727
50 EPRU878 0.9985 0.0014 2.35 7 36.33 0.092090 2.210 3.687 504.2 - - - - - - Y 286 AL - S - .05726
51 NSE71H1 0.9982 0.0019 4.74 8 33.52 0.272528 1.35 1.804 108.3 - - - - - - N - AL - H - .25747
52 NSE71H2 1.0009 0.0017 4.74 8 35.74 0.110404 1.72 3.311 228.8 - - - - - - N - AL - H - .10167
53 NSE71H3 1.0036 0.0021 4.74 8 36.88 0.070193 2.26 7.608 456.8 - - - - - - N - AL - H - .02984
54 NSE71SQ 1.0014 0.0017 4.74 8 33.79 0.243524 1.26 1.823 110.0 - - - - - - N - AL - S - .25719
55 NSE71W1 0.9993 0.0020 4.74 8 33.99 0.224204 1.26 1.823 110.0 - - - - - .054 N - AL - S - .25719
56 NSE71W2 0.9976 0.0016 4.74 8 34.37 0.192011 1.26 1.823 110.0 - - - - - .152 N - AL - S - .25719
57 P2438AL 0.9951 0.0016 2.35 9 36.30 0.094226 2.032 2.918 398.7 AL - .625 - - - N - AL - S 8.67 .08629
58 P2438BA 0.9972 0.0015 2.35 9 36.22 0.097404 2.032 2.918 398.7 B 28.7 .713 - - - N - AL - S 5.05 .08629
59 P2438CU 0.9957 0.0015 2.35 9 36.25 0.095990 2.032 2.918 398.7 CU - .646 - - - N - AL - S 6.62 .08629
60 P2438SLG 0.9997 0.0012 2.35 9 36.29 0.094440 2.032 2.918 398.7 - - - - - - N - AL - S 8.39 .08629
61 P2438SS 0.9978 0.0014 2.35 9 36.26 0.095690 2.032 2.918 398.7 SS - .485 - - - N - AL - S 6.88 .06C19
62 P2438ZR 0.9956 0.0014 2.35 9 36.28 0.095115 2.032 2.918 398.7 ZR - .652 - - - h - AL - S 8.79 .08629

A 63 P2615AL 1.0004 0.0016 4.31 19 35.74 0.114069 2.540 3.883 256.1 AL - .625 - - - N - AL - S 10.72 .03889
64 P2615BA 0.9970 0.0017 4.31 19 35.72 0.115080 2.540 3.883 256.1 B 28.7 .713 - - - N - AL - S 6.72 .03889
65 P2615CD1 0.9985 0.0017 4.31 19 35.74 0.114253 2.540 3.883 256.1 CD - .201 - - - N - AL - S 7.82 .03889
66 P2615CD2 0.9990 0.0018 4.31 19 35.12 0.115015 2.540 3.883 256.1 CD - .201 - - - N - AL - S 5.68 .03889
67 P2615CU 1.0003 0.0016 4.31 19 35.73 0.114411 2.540 3.883 256.1 CU - .646 - - - N - AL - S 8.15 .03889
68 P2615SS 0.9998 0.0017 4.31 19 35.74 0.113821 2.540 3.883 256.1 SS - .485 - - - N - AL - S 8.50 .03889
69 P2615ZR 0.9980 0.0018 4.31 19 35.75 0.113465 2.540 3.883 256.1 ZR - .652 - - - N - AL - S 10.92 .03889
70 P2827L1 1.0023 0.0014 2.35 10 36.24 0.096202 2.032 2.918 398.7 - - - L 0.66 - N - AL - S 13.72 .08629
71 P2827L2 0.9997 0.0016 2.35 10 36.28 0.095061 2.032 2.918 398.7 - - - L 2.62 - N - AL - S 11.25 .08629
72 P2827L3 1.0001 0.0020 4.31 10 35.66 0.116654 2.540 3.883 256.1 - - - L 0.66 - N - AL - S 20.78 .03889
73 P2027L4 1.0073 0.0019 4.31 10 35.72 0.114400 2.540 3.883 256.1 - - - L 1.32 - N - AL - S 19.04 .03889
74 P2827SLG 0.9948 0.0015 2.35 10 36.29 0.094400 2.032 2.918 398.7 - - - - - - N - AL - S 8.31 .08629
75 P2827U1 1.0004 0.0015 2.35 10 34.74 0.212926 2.032 2.918 398.7 - - - U - - N - AL - S 11.83 .08629
16 P2827U2 0.9998 0.0014 2.35 10 35.15 0.173574 2.032 2.918 398.7 - - - U 1.96 - N - AL - S 14.11 .08629
77 P2927U3 1.0018 0.0018 4.31 10 33.43 0.385311 2.540 3.883 256.1 - - - U - - N - AL - S 15.38 .03889 |
78 P2827U4 1.0042 0.0017 4.31 10 34.09 0.200030 2.540 3.883 256.1 - - - U 1.96 - N - AL - S 15.32 .03889 i

79 P3314AL 0.9973 0.0020 4.31 11 33.96 0.237442 1.892 1.60 105.4 AL - .625 - - - N - AL - S 9.04' .17284
80 P3314BA 1.0002 0.0017 4.31 11 33.17 0.324124 1.892 1.60 105.4 e 28.7 713 - - - N - AL - S 4.80' .17284
81 P3314BC 1.0008 0.0019 4.31 11 33.23 0.316489 1.892 1.60 105.4 B 31.9 .231 - - - N - AL - S 3.53' .17284
82 P3314BF1 1.0022 0.0017 4.31 11 33.22 0.317435 1.892 1.60 105.4 Br - .546 - - - N - AL - S 3.60' .17284y
83 P3314BF2 0.9981 0.0019 4.31 11 33.21 0.318470 1.892 1.60 105.4 Br - .772 - - - N - AL - S 4.94' .17204 .

84 P3314BS1 0.9970 0.0016 2.35 11 34.84 0.174267 1.684 1.50 218.6 SS 1.1 .298 - - - N - AL - S 3.06 .20179 |
85 P3314BS2 0.9959 0.0016 2.35 11 34.84 0.173578 1.684 1.60 218.6 SS 1.6 .298 - - - N - AL - S 3.46 .20179

Cl 86 P3314BS3 0.9972 0.0016 4.31 11 33.41 0.294518 1.892 1.60 105.4 SS 1.1 .298 - - - N - AL - S 7.23 .17284
b 87 P3314BS4 1.0005 0.0016 4.31 11 33.41 0.294168 1.892 1.60 105.4 SS 1.6 .298 - - - N - AL - .S 6.63 .17284 <
? 88 P3314CD1 1.0001 0.0016 4.31 11 33.30 0.305451 1.892 1.60 105.4 CD - .061 - - - N - AL - S 5.30' .17284 $
Ch 89 P3314CD2 0.9929 0.0018 2.35 11 34.80 0.176886 1.684 1.60 218.6 CD - .061 - - - N - AL - S 3.04 .20179 Q-

90 P3314CU1 0.9941 0.0017 4.31 11 33.88 0.244311 1.892 1.60 105.4 CU - .337 - - - N - AL - S 5.94' .17284 $
8

C ____
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Table 3.5 (contmuod) !
z .<<

>

Beren Piste ten 11 too. ep Bor<m assemWy g >

Cas Case Enrich. Pitch H,0/ font Piete concen. thick. Hall eeper. holes / Sol. cancen. - seper. Deacoff .

h;po.e name k to . tut. 4: nef.. nas - martev) tems vol. nn met 1.* tut 43 test met 1.* tems pin boren tyim) cleda other* Lettlee' tems factec
.

k 91 P3314CU2 1.0005 0.0017 4.31 11 33.70 0.260474 1.892 1.60 105.4 CU - .646 - - - N - AL - S 2.67' .17284
"

[O 92 P3314CU3 0.9972 0.0016 4.31 11 33.50 0.283800 1.892 1.60 105.4 CU - .337 - -- - N - AL - S 10.36 .17284
' Y 93 P3314CU4 0.9992 0.0018 4.31 11 33.43 0.292385 1.892 1.60 105.4 UD - .357 - - - N - AL - S 7.61 .11284'

$ 94 P3314CUS 0.9938 0.0017 2.35 11 34.98 0.164629 1.684 1.60 218.6 CU - .337 - - ' - N - AL - 8 5.24 .20179
i ch 95 P3314CU6 0.9958 0.0016 2.35 11 34.86 0.172536 1.684 1.60 218.6 UD - .357 - - - N - AL - S 2.60 .20179 i

" 96 P3314SLG 0.9982 0.0017 4.31 11 33.97 0.235686 1.892 1.60- 105.4 - - -- - - - N - AL S 10.868 .17284' I-

97 P3314SS1 0.9969 0.0015 4.31 ,11 33.95 0.235781 1.892 1.60 105.4 SS - .302 - - - N - AL - S 3.38' .17284 f
98 P3314SS2 1.0011 0.0016 4.31 11 33.77 0.255004 1.892 1.60 105.4 SS .302 - - - N - AL - S 11.55' .17284 t-

'

99 P3314SS3 0.9990 0.0018 4.31 11 33.88 0.243407 1.892 1.60 105.4 SS - .485 - - - N - AL - S 4.47' .17204
100 P3314SS4 0.9957 0.0018 4.31 11 33.74 0.257511 1.892 1.60 105.4 SS - .485 - - - N - AL - S 8.36' .17284 [
101 P3314SS5 0.9944 0.0018 2.35 11 34.95 0.166761 1.684 1.60 218.6 SS - .302 - - - N - AL - S 7.80 .20179 .[
102 P3314SS6 1.0003 0.0018 4.31 11 33.52 0.282203 1.892 1.60 105.4 SS - .302 - - - N - AL - S 10.52 .17284 !

103 P3314N1 1.0015 0.0017.4.31 11 34.38 0.199212 1.892 1.60 105.4 - - - - - .149 N - AL - S - #17284 (
104 P3314N2 0.9958 0.0015 2.35 11 35.22 0.148243 1.684 1.60 218.6 - - - - - .051 N - AL - S - .20179
105 P3314ZR 0.9978 0.0016 4.31 11 33.97 0.235701 1.892'1.60 105.4 ZR - .652 - -- - N - AL - S 11.04' .20179
106 P3602BB 0.9988 0.0015 4.31 22 33.31 0.304578 1.892 1.60 105.4 8 30.4 .292 SS 1.96 - N - AL - S 8.30 .17284 }107 P3602BS1 1.0000 0.0017 2.35 22 34.76 0.177973 1.684 1.60 218.6 SS 1.1 .298 SS 1.32 - N - AL - S 4.00 .20179 {
108 P3602BS2 1.0001 0.0018 4.31 22 33.36 0.298546 1.892 1.60 105.4 SS 1.1 .298 SS 1.96 - N - AL - S 9.83 .17284 f
109 P3602CD1 0.9988 0.0016 2.35 22 34.72 0.181191 1.684 1.60 218.6 CD - .061 SS 1.32 - N - AL - S 3.86 .20179 "

110 P3602CD2 1.0002 0.0017 4.31 22 33.33 0.301071 1.892 1.60 105.4 CD - .061 SS 1.96 - N - AL - S 8.94 .17284 J
111 P3602CU1 0.9964 0.0014 2.35 22 34.84 0.172511 1.684 1.60 218.6 CU - .337 SS 1.32 - N - AL - S 7.79 .20179 f
112 P3602CU2 0.9980 0.0014 2.35 22 34.78 0.176071 1.684 1.60 218.6 UD - .357 SS 1.32 - N - AL - S 5.43 .20179 j
113 P3602CU3 1.0039 0.0016 4.31 22 33.38 0.296714 1.892 1.60 105.4 CU - .337 SS 1.96 - N - AL - S 13.47 .17284 e

114 P3602CU4 1.0040 0.0016 4.31 22 33.37 0.297224 1.892 1.60 105.4 UD - .357 SS 1.96 - N - AL - S 10.57 .17284 [_
46 115 P3602N11 1.0003 0.0018 2.35 22 34.73 0.180388 1.684 1.60 218.6 - - - SS -

- N - AL - S 8.98 .20179 i
00 116 P3602N12 0.9963 0.0017 2.35 22 34.80 0.175283 1.684 1.60 218.6 - - - SS 0.66 - N - AL - S 9.58 .20179 t

117 P3602N13 0.9957 0.0016 2.35 22 34.92 0.167197 1.684 l'60 218.6 - - - SS 1.68 - N - AL - S 9.66 .20179 [.

118 P3602N14 0.9984 0.0015 2.35 22'35.03 0.160446 1.684 1.60 218.6 - - - SS 3.91 - N - AL - S 8.54 .20179
119 P3602N21 0.9995 0.0015 2.35 22 36.27 0.094794 2.032 2.91R 398.7 - - - SS 2.62 - N - AL - S 10.36 .08290 |
120 P3602N22 0.9967 0.0015 2.35 22 36.18 0.098047 2.032 2.918 398.7 - - - SS 0.66 - N AL - S 11.20 .08290 !-

121 P3602N31 1.0010 0.0018 4.31 22 33.19 0.317009 1.892 1.60 105.4 - - - SS 0.00 - N - AL S 14.87 .17284 i-

122 P3602N32 1.0015 0.0019 4.31 22 33.29 0.304586 1.892 1.60 105.4 - - - SS 0.66 - ,N - AL - S 15.74 .17284 [
; 123 P3602N33 1.0045 0.0019 4.31 22 33.3,7 0.295430 1.892 1.60 105.4 - - - SS 1.32 - N - AL - S 15.07 .17284 i'

|' 125 P3602N35 1.0036 0.0018 4.31 22 33.48 0.284370 1.892 1.60 105.4 - - - SS 2.62 - N - AL - S 15.45 .17284
124 P3602N34 1.0027 0.0016 4.31 22 33.43 0.289835 1.892 1.60 105.4 - - - SS 1.96 -- .N AL - S 15.84 .17284 [-

126 P3602N36 1.0009 0.0017 4.31 22 33.58 0.275421.1.892 1.60 105.4 - - - SS 5.41 - N - AL - S 13.82 .17284 i
127 P3602N41 1.0002 0.0016 4.31 22 35.50 0.123377 2.540 3.883 256.1 - - - SS - - N - AL - S 12.89 .03885 {

i

I 128 P3602N42 1.0019 0.0017 4.31 22 35.63 0.117741 2.540 3.883 256.1 - - - SS 1.32 N - AL - S 14.12 .03885-

129 P3602N43 0.9994 0.0017 4.31 22 35.74 0.113378 2.540 3.883 256.1 - - - SS 2.62 - N - AL - S 12.44 .03885
130 P3602SS1 0.9978 0.0016 2.35 22 34.87 0.170525 1.684 1.60 218.6 SS - .302 SS 1.32 - N - AL - S 8.28 .20179 t,

131 P3602SS2 1.0012 0.0018 4.31 22 33.40 0.292861 1.892 1.60 105.4 SS - .302 SS 1.96 - N - AL - S 13.75 .17284 I
'

132 P3926L1 0.9996 0.0014 2.35 12 34.85 0.172514 1.684 1.60 21846 - - - L - - N - AL - S 10.06 .20179 !
133 P3926L2 1.0028 0.0016 2.35 12 34.92 0.167446 1.684 1.60 218.6 - - - L 0.66 - N - AL ~- S 10.11 .20179 1

134 P3926L3 1.0017 0.0015 2.35 12 35.06 0.158275 1.684 1.60 218.6 - - - L 3.28 - N - AL - S 8.50 .20179 E

135 P3926L4 1.0055 0.0019 4.31 12 33.31 0.304464 1.892 1.60 105.4 - - - L - - N - AL - S 17.74 .17284 I
136 P3926L5 1.0070 0.0017 4.31 12 33.37 0.296797 1.892 1.60 105.4 - - - L 0.66 - N - AL - S 18.18 ' .17284'

>

- - - L 1.96 - N - AL - S 17.43 .17284 Ii 137 P3926L6 1.0026 0.0016 4.31 12 33.51 0.281008 1.892 1.60 105.4
| 138 P3926SL1 0.9942 0.0015 2.35 12 35.07 0.159108 1.684 1.60 218.6 - - - N - - N - AL- - S 6.59 .20179 (

i
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| Table 3.5 (continued)

Doren Plate wall Boren AssemblyCave Case Enrich. Pitch N,o/ Plate concen. thick. Wall seper. Mole / Sol. ccecen.
. seper. DanceffNo. meme k to twt 4) Ilef. AEG AEFleV) (cal fuel /vol. M/1 met 1.* (wt ll (cal met 1.* (cm) pin boran tyym) Clad' Other* 1ettice' (cal factor

139 P3926SL2 0.9990 0.0019 4.31 12 33.55 .279386 1.892 1.60 105.4 - - - - - - N - AL - S 12.97 .17284 !

-

!

140 P3926U1 0.9979 0.0017 2.35 12 33.28 .403558 1.684 1.60 218.6 - - - U - - N - AL - S 8.06 .20119141 P3926U2 0.9980 0.0017 2.35 12 33.62 .341429 1.684 1.60 218.6 - - - U 1.32 - N - AL - S 9.50 .20179 [142 P3926U3 1.0001 0.0015 2.35 12 34.15 .263699 1.684 1.60 218.6 - - - U 3.91 - N - AL - S 9.19 .20179 !143 P3926U4 1.0026 0.0017 4.31 12 31.93 .655172 1.892 1.60 105.4 - - - U - - N - AL - S .15.33 .17284 r144 P3926US 0.9999 0.0017 4.31 12 32.45 .511391 1.892 1.60 105.4 - - - U 1.96 - N - AL - S 19.24 .17284145 P392606 1.0024 0.0016 4.31 12 32.74 .444529 1.892 1.60 105.4 - - - U 3.28 - N - AL - 5 18.78 .17284
7
'

146 P4267B1 0.9969 0.0015 4.31 13 31.80 .548827 1.890 1.59 105.1 - - - - - - Y 2150 AL - S - .17349147 P4267B2 1.0035 0.0013 4.31 13 31.54 .608525 1.890 1.59 105.1 - - - - - - Y 2550 AL - S - .17346148 P4267B3 1.0025 0.0015 4.31 13 30.97 794676 1.715 1.090 71.9 - - - - - - Y 1030 AL - S .27021-

149 P4267B4 0.9993 0.0016 4.31 13 30.51 .955273 1.115 1.090 71.9 - - - - - - Y 1820 AL - S .27012-
; 150 P4267BS 1.0031 0.0014 4.31 13 30.08 1.12803 1.715 1.090 11.9 - - - - - -' Y 2550 AL - S .27C00 i
| 151 P4267SL1 0.9974 0.0018 4.31 13 33.44 .291929 1.890 1.59 105.1 - - - - - - N - AL - S

-

.17369 |-4 152 P4267SL2 0.9993 0.0017 4.31 13 31.95 .543594 1.715 1.090 11.9 - - - - - - N - AL - S .21032 !-

153 P49-194 1.0081 0.0016 4.31 14 27.62 3.44514 1.598 0.509 33.6 - - - - - - N - AL - - .47372154 F62ET231 1.0005 0.0018 4.31 20 32.92 .359262 1.891 1.60 105.0 B 35.6 .683 - - - N - AL - S 5.67 .27338155 P71r14r3 1.0029 0.0t.18 4.31 21 32.81 .376130 1.891 1.60 105.0 B 29.2 .673 - - - N - AL F1 S 5.19 .17388156 P71r14V3 0.9973 0.0017 4.31 21 32.88 .364695 1.891 1.60 105.0 B 29.2 .673 - - - N - AL F2 S 5.19 .17388 !157 P71r14VS 0.9977 0.0016 4.31 21 32.86 .367506 1.891 1.60 105.0 B 29.2 .673 - - - N - AL F2 S 5.19 .17388 ;158 P710214R 1.0010 0.0020 4.31 21 32.88 .365203 1.891 1.60 105.0 B 29.2 .673 - - - N - AL - S 5.19 .11388E 159 PAT 80L1 1.0031 0.0018 4.74 23 35.03 .148022 1.6 3.807 228.6 B 39.3 .11 L 0.23 - N - AL - S 2.0 .10503
'

ND 160 PAT 80L2 0.9920 0.0018 4.74 23 35.08 .143839 1.6 3.807 228.6 B 39.3 .11 L 2.50 - N - AL - S 2.0 .10503
*

'

161 PAT 80SSI 1.0004 0.0017 4.74 23 35.00 .149442 1.6 3.807 228.6 B 39.3 11 SS 0.23 - N - AL - S 2.0 .10503 '

162 PAT 80SS2 0.9926 0.0021 4.74 23 35.09 .143903 1.6 3.807 228.6 B 39.3 .11 SS 2.50 - -N - AL - S 2.0 .10503 '
' 163 W3269A O.9934 0.0016 5.70 15 33.11 .311261 1.422 1.932 9A.3 - - - - - * N - SS - S - .18534 .164 W3269B1 0.9963 0.0015 3.70 15 32.36 .452602 1.105 1.447 111.0 - - - - - - N - SS - S - .04346~ l165 W326982 0.9964 0.0014 3.70 15 32.39 .447071 1.105 1.447 111.0 - - - - - - N - SS A S - .18534166 W326983 0.9948 0.0016 3.70 15 32.26 .471281 1.105 1.447 111.0 - - - - - - N - SS A S - .37720167 W3269C 0.9986 0.0015 2.72 15 33.75 .269691 1.524 1.495 156.1 - - - - - - N - SS A S - .37720 -

,

168 W3269SL1 0.9952 0.0017 2.72 15 33.35 .329668 1.524 1.495 156.1 - - - - - - N - SS A S - .37720' !169 W3269SL2 1.0040 0.0020 5.70 15 33.08 .319337 1.422 1.932 98.3 - - - - - - N - ER A S - .23385- i170 W3269W1 0.9957 0.0018 5.70 15 33.50 .310025 1.524 1.495 156.1 - - - - - - N - ZR - S - .23388 !171 W3269W2 1.0009 0.0017 5.70 15 33.18 .305719 1.422 1.932 98.3 - - - - - - N - SS - S - .18534 i172 W3385S11 0.9964 0.0017 5.74 16 33.21 .299510 1.422 1.933 97.6 - - - - - .017 N - ZR - S - .23388 6'
173 W3385S12 1.0005 0.0020 5.74 16 35.86 .104227 2.011 5.067 255.9 - - - - - .013 N - SS - S - .18534 ;

*AL - aluminum; B - boral; Br - boroflex; CD - cadmium: CU - copper; HF - hafnium; SS - stainless steel; UD - copper-cadmium; jZR - Zircaloy.
*L - lead; SS - stainless steel; U - depleted uranium.>

*Y - yes; N - no.i

'AL - aluminum; SS - stainless steel; ZR - Zircaloy.'

{*A - Ag-In-Cd rods B - B.C rods; F1 - flux trap containing fuel rods; F2 - flux trap containing aluminum plates or rods;r3 - flux trap jh containing polyethylene or polystyrene; G - UOa-Gd,0, rods.
Q 'H - hexagonal; S - square. ;

g eOther separation distance is 2.83 cm. 1

Y $<.
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Table 3.6 Descriptive statistics of simple lattice calculations

Description No. of exp. k, range E, *o, AEFrange (eV)

Square 17 0.9942-1.0004 0.9980 0.0025 0.083-0.544

Hexagonal '4 0.9982-1.0081. 1.0027 0.0042 ' O.070-3.445 i

TOTAL 21 0.9942-1.0081 0.9989 0.0033 0.070-3.445
1

i

Table 3.7. Descriptive statistics of separator plate only calculations

Description No.of exp. k,, range k, io. AEF range ;

(eW !

Aluminum 6 0.9951-1.0129 1.0020 0.0062 0.094-0.237 i

Boral 6 0.9970-1.0010 - 0.9995 0.0018 0.097-0.365 {
Boroflex 2 0.9981-1.0022 1.0002 0.0029 0.317-0.318

Cadmium 4 0.9929-1.0001 0.9976 0.0032 0.1I4-0.305 i

I
Copper 6 0.9938-1.0005 0.9%9 0.0029 0.096-0.283

"

Cu-Cd 2 0.9938-0.9992 0.9%5 0.0038 0.173-0.292 ,

Hafnium 4 0.9 % 5-1.0056 1.0014 0.0038 0.128-0.232

Borsted steel 4 0.9959-1.0005 0.9977 0.0020 0.174-0.295 ;
'

Steel 8 0.9944-1.0011 0.9981 0.0023 0.097Ad2 ,

'

Zircaloy 3 0.9956-0.9980 0.9971 0.0013 0.095-0.236

TOTAL 45 0.9929-1.0129 0.9989 0.0035 0.094-0.365

:

*

Table 3.8 Descriptive statistics of separator plate-soluble boron calculations
'

Plate lattice No. of exp. k,, range k, io, AEF range

(eV) ,

Hexagonal
Aluminum 4 0.9986-1.0068 1.0031 0.0041 0. % 8-2.281 !

,

Square
Borated aluminum 2 0.9954-0.9 % 5 0.9960 0.0008 0.152-0.194 [

'

Aluminum 4 0.9976-1.0035 1.0007 0.0024 0.402-1.392

Steel 2 0.9981-0.9989 0.9985 0.0006 0.193-0.195 ,

i

TOTAL 12 0.9954-1.0068 1.0003 0.0036 0.152-2.281 !
|

~

r

I
i

.

!

?
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Table 3.9 vescriptive statistics of separator plate void material (flux trap) calculations
Description No. Mexp. k,, range k,, *o, AEF range (cV)

Al-polyethylene 4 0.9964-1.00 % l.0015 0.0059 0.206-0.250
Al-polystyrene 1 0.9909 0.9909 0.0000 0.266
Boral-Al 2 0.9973-0.9977 0.9975 0.0003 0.365-0.368
Boral-fuel rods 1 1.0029 1.0029 0.0000 0.376

i TOTAL 8 0.9909-1.0096 0.9993 0.0055 0.206-0.368
|

|'
!

Table 3.k0 Descriptive statistics ofreflecting wall calculations
! Description No. of exp. k,, range k, io. AEFrange(eV)

Lead 10 0.9996-1.0081 1.0037 0.0031 0.095-0.304
Steel 15 0.9957-1.0045 1.0002 0.0026 0.095-0.317
Uranium 10 0.9979-1.0042 1.0007 0.0020 0.173-0.655
TOTAL 35 0.9957-1.0081 1.0013 0.0030 0.095-0.655

|

|
[

! Table 3.11 Der.criplive statistics of reflecting wall separator plate calculations
Wall / plate

_k, *o, (eV)
AEF range

material No. of exp. k,, range

Lead-Boral 2 0.9920-1.0031 0.9976 0.0078 0.144-0.148
Steel-Boral 3 0.9926-1.0004 0.9973 0.0041- 0.144-0.305
Steel-Cadmium 2 0.9988-1.0002 0.9995 0.0010 0.181-0.301

- Steel-Copper 2 0.9964-1.0039 1.0002 0.0033 0.173-0.297
Steel-Cu-Cd 2 0.9980-1.0040' l.0010 0 0042 0.176-0.297
Steel-Borsted steel 2 1.0000-1.0001 1.0001 0.0001 0.178-0.299

- Steel-Steel 2 0.9978-1.0012 0.9995 0.0024 0.171-0.293
TOTAL 15 0.9920-1.0040 0.9992 0.0035 0.144-0.305

Tab!c 3.12 Descriptive statistics of urania gadolinia rod calculations

No. of
Description exp. k,, range k,g to. AEFrange(eV)

;

: Urania-gadolinia rods 5 0.9971-1.0005 0.9986 0.0015 0.243-0.337 i
1

.

i

e

l ;

|
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Table 3.13 Descriptive statistics of water hole calculations
'

No. of :
!

Description exp. k,, range k,, *o, AEF range (eV)
,

Water holes 6 0.9957-1.0015 0.9985 0.0025 0.148-0.310 ;
.

Water holes. 3 0.9971-1.0032 0.9992 0.0035 0.245-0.355 |
soluble boron.

I TOTAL 9 0.9957-1.0032 0.9987 00027 0.148-0.355
|

i !

i

Table 3.14 Descriptive statistics of absorber rod calculations :

No. of .

;
o AEF range (cV) {Description exp. k,, range kg u

!

B,C 3 0.9936-0.9980 0.9951 0.0025 0.148-0.332

Ag-In-Cd 6 0.9934-1.0022 0.9970 0.0031 0.245-0.471 [

TOTAL 9 0.9936-1.0022 0.9963 0.0029 0.148-0.471 ;

,

;

,

!

Table 3.15 Descriptive statistics of soluble boron calculations |
:

No. of _

.

Description exp. k,, range k, * o, AEF range (eV)

Borated water .14 0.9947-1.0035 0.9992 0.0027 0.92-1.189 !
:

[
i

-

I

!
!

!
,

i

$

i
i
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Table 3.16 Calculational results and experimental parameters of homogenized uranium experiments

Case Case Fuel Moderator
No. desig. k, *o Enrichment Ref. AEG AEF H/X form Moderator thickness Reflector

174 CR1071 AS 1.0207 0.0016 4.46 28,29,31 32.45 0.45405 17.12 U 0, Plexiglas 2.43 Plexiglas3

175 CR1653AS 1.0169 0.0018 4.48 28,30,31 32.78 0.38852 27.33 U 0, Plexiglas 2.43 Plexiglas3

176 CR2500S 1.0194 0.0018 4.48 28,31 33.20 0.31665 44.27 U 0, Plexiglas 2.43 Plexiglas3

177 YDR14PL2 1.0011 0.0015 2.00 27 36.49 0.08319 406.3 UF, Paraffm 0.0 Paraffm

178 YDR14PL3 1.0115 0.0017 3.00 27 33.86 0.23625 133.4 UF, Paraffm 0.0 Paraffm

179 YDRl4UN2 1.0047 0.0015 2.00 27 35.39 0.13273 293.9 UF, Paraffm 0.0 None

180 YDR14UN3 1.0163 0.0017 3.00 27 33.10 0.32152 133.4 UF, Paraffm 0.0 None

Z
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Table 3.17 Descriptive statistics of homogenized uranium calculations

No. of
*o AEF range (eV)

Description exp. ' k,, range k, u
,

UF inparafrm 4 1.0011-1.0163 1.0084 0.0068 0.083-0.322
4 :

Damp oxide (U 0,) 3 1.0169-1.0207 1.0190 0.0019 0.317-0.454
3

TOTAL 7 1.0011-1.0207 1.0129 0.0075 0.083-0.454 |

|

!

!
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4 Determination of Bias and Suberitical Limits

Essential elements in the validation of a calculational method for criticality safety applications include the
determination of calculational biases and the incorporation of these biases into suberitical limits. This section presents
two methods for performing this task and then applies the methods to the validation of the SCALE 44 group library
for the LWR lattice results in Sect. 3.

4,1 Establishment of an Upper Suberitical Limit

For a suberitical configuration, it is desirable to possess a confidence that the calculation of k,,for a system guarantees
sufficient suberiticality. This assurance of suberiticality requires the determination of an acceptable margin based on
known biases and uncertainties associated with the codes and data used to calculate k,,. This subsection describes two
methods for 11 e determination of an Upper Suberitical Limit (USL) from the bias and uncertainty terms associated
with the cak Mon of criticality. These approaches are used to help define uncertainty and bias terms as they relate to
criticality experiments and calculations.

The recommended approach for establishing suberiticality based on the numerical calculation of the neutron

multiplication factor is prescribed in Sect. 5.1 of ANSI /ANS-8.17 (Ref. 38). The following paragraphs describe the
|

recommended approach as set fonh in the Standard.

The criteria to establish suberiticality requires that for a system to be considered suberitical the calculated

multiplication factor for the system, k,, must be less than or equal to an established maximum allowable multiplication
factor based on benchmark calculations and uncertainty terms, that is,

k, s k, - Ak,- Ak, - Ak, , (4.1)

where

k, = mean value of k,, resulting from the calculation of benchmark criticality experiments using a specific
calculational method and data,

Ak,= uncertaintyin the value of k,,
Ak,= uncertainty in the value of k,,
Ak,= additional margin to ensure suberiticality.

Oflen Ak,is arbitrarily assigned an administrative limit of 0.05; however, a value for this margin can also be
estimated statistically.

,

If the calculational bias p is defined as p = k,- 1, then the uncertainty in the bias is identical to the uncertainty in k,
(i.e., Ak, = Ap). According to this definition of bias, the bias is negative if k, < 1 and positive if k, > 1. Thus the
subcriticality condition may be rewritten as

k, + Ak, + Ak,- p + Ap s 1. (4.2)

The value k, and thus the bias p are not necessarily constant over the range of a parameter ofinterest. If trends exist
which cause the benchmark values of k,, to vary with one or more parameters (e.g., enrichment, AEF, etc.), then p can
be determined from a best fit for the calculated k,, values as a function of each of the parameters upon which it is
dependent. Trends must be taken into account if extrapolation outside the range of validation is to be performed.

The set of critical experiments used as benchmarks in the computation of should be representative of the
composition, configuration, and nuclear characteristics of the system for which k, is to be determined. However,
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Determination of Limits

ANSUANS-8.1 (Ref. 39) allows that the range of applicability may be extended beyond the range of conditions
represented by the benchmark experiments by extrapolating the trends established for the bias. When the
extrapolation is large relative to the range of data ("large"is not defined by the ANSI standard), the calculational

,

method applied should be supplemented by other methods in order to better estimate the extrapolated bias. j

in addition to the bias p determined based on a given computational method, data, and a suite of benchmarks, there is
an uncertainty in the bias A . This uncertainty may include uncensinties in the critical experiments, statistical and/or
convergence uncertainties in the benchmark calculations, uncertainties due to extrapolation beyond the range of
experimental data, and uncertainties due to limitations or weaknesses in the geometrical or nuclear modeling of thag

critical experiments. Similarly, for a given suberitical system, there is an uncenainty, Ak,, associated with the
calculated k,,value for the system, k,. This uncenainty may include statistical / convergence and modeling
uncenainties, as well as uncertainties in the materials and fabrication.

Based on the criteria for subcriticality set fonh in ANSI /ANS 8.17 and described above, a USL may be determined
based on the analysis of a number of critical systems. The USL is determined such that there is a high degree of
confidence that a calculated result is subcritical; a system is considered acceptably suberitical if a calculated k,, plus
calculational uncenainties lies at or below this limit (i.e., k, + Ak, s USL). Thus the USL is the magnitude of the sum
of the biases, uncenainties, and administrative and/or statistical margins applied to a set of critical benchmarks, such
that with a high degree of confidence

USL = 1 - Ak,,, + p - Ap . (4.3)

|
Based on a given set of critical experiments, USLs are determined as a function of key system parameters, such as
AEF, fuel enrichment, or fuel / moderator ratio. Because both Ap and can vary with a given parameter, the USL is
typically expressed as a function of the parameter, within an appropriate range of applicability derived from the !

parameter bounds.

In the two methods presented in the following sections, a minimum of 25 data points (i.e., calculated k,, values) are
required to verify normality, which is assumed in these methods. The software discussed below which implements
these methods perfonns a crude test for whether or not the k,, values as a group are normal around the mean value of
k,,. The test is commonly known as the " goodness of fit." The distribution of k,, values around the mean are pooled
into five equally probable bins. The test may not be reliable if there are fewer than 5 observations in each bin. Thus the
test will always be flagged as not being reliable for cases where there are fewer than 25 observations and may be
flagged for more observations if there are fewer than 5 observations in any bin. If there is an insufficient number of
observations to ensure normality with this test, other statistical methods should be employed to detennine normality or
additional uncertainties to account for the paucity of data should be considered. Note in the example applications in
Sect. 4.1.3 that contain less than 25 points, no additional uncertainty has been applied. These examples are only for
illustration of the methods presented in Sects. 4.1.1 and 4.1.2.

4.1.1 USL Method 1: Confidence Band with Administrative Margin

The first method applies a statistical calculation of the bias and its uncertainty plus an administrative margin to a linear
fit of critical experiment benchmark data. This approach is illustrated in Fig. 4.1. In this figure, the upper line (solid)
represents a linear regression fit to a set of calculations based on critical experiments, k,(x). As indicated in the figure,
p(x) is given as k,(x)- 1. The middle line (long dashes) represents the lower confidence band for a single additional
calculation. The width of this band is determined statistically based on the existing data and a specified level of

,

confidence; the greater the standard deviation in the data or the larger the confidence desired, the larger the band width )
will be. This confidence band, W, accounts for uncenainties in the experiments, the calculational approach, and in i
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I calculational data (e.g., cross sections), and is therefore a statistical basis for Ap, the uncenainty in the value of S. W
is defined for a confidence level of(1-yi) using the relationship

W = max w(x)| (4.4),

'

where

i

w(x)=t.y,s, 1 + 1 + (X 2
i (4.5)[ (x,-x)2n

i i.n

-and

= the number of critical calculations used in establishing k,(x),n

_ t, . 7, - the Student t distribution statistic for 1 - y, and n-2 degrees of freedom (obtained

from t tables")

= the mean value of parameter x in the set of calculations,x

s, = the pooled standard deviation for the set of criticality calculations.

The function w(x)is a curvilinear function. For simplicity,it is desirable to obtain a constant width margin. Hence,
for conseivatism, the confidence band width W is defined as the maximum of(w(x ), w(xJ), where x,. and x.
are the minimum and maximum values of the independent parameter x, respectively. Typically, W is deterir.ined at a,

| 95% confidence level.

The pooled standard deviation is obtained from the pooled variance ( s = h ), where s' is given asp p

2 2
= s (x) + s,2 (4.6)

s g ,p

|

where sg'(,) is the variance (or mean-square error) of the regression fit, and is given by:

.

fi ieE (x;-x)(k -k)f,*iI
s'(,3 = (n-2)E (k;-k)2 _| i (4,7),

| [ (x;-x)2i 1.n
; i 1.n

,

1

and s,* is the within-variance of the data:

! s'= 1 [of,
(4.8)j n 3i.n

| where o,is the standard deviation associated with k, for a Monte Carlo calculation. For best results, it is recommended
that the individual standard deviations for the Monte Carlo calculations be roughly uniform in value. For deterministic

4

f
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codes that do not have a standard deviation associated with a computed value of k, the standard deviation is zero.

Ilowever, this term could be used as a mechanism to include known uncenainties in experimental data.

The bottom line (short dashes) in Fig. 4.1 represents the USL, based on an additional margin of suberiticality. Note in
Fig. 4.2 that a " positive bias adjustmeni" line has been added to the line k,(x)- W at the point where k,(x) - 1. This
adjustment has been made to prevent taking credit for a positive bias [p(x) > 0] by assuming k,(x) = 1 everywhere that
k,(x) > 1. Likewise, the USL has been adjusted so that the margin of subcriticality is constant with respect to the
positive-bias-adjusted form of k,(x)- W. This additional margin provides further assurance of suberiticality, and
represents the quantity Ak, dermed earlier. In USL Method I, Ak,is given an arbitrary administrative value; a
minimum of 0.05 is recommended for application to transportation and storaEe packages. Using these formulations,

the USL Method 1 is dermed as

USL (x) = 1 - Ak,- W + p(x). (4.9)i

In application to transportation and storage packages, the USL(x) value should not be greater than 0.95.

4.1.2 USL Method 2: Single-Sided Uniform Width Closed Interval Approach

la this method, sometimes referred to as a lower tolerance band (LTB) approach, statistical techniques with a
rigorous basis" are applied in order to determine a combined lower confidence band plus suberitical margin. In
other words,in the administrative margin approach Ak, and Ap are determined independently, while in the LTB
method, a combined statistical lower bound is determined. The following discussion of Method 2 is taken from
Ref. 45 and is based on equations and/or definitions from Refs. 43 and 44.

The purpose of this method is to determine a uniform tolerance band over a specified closed interval for a linear
least-squares model. The level of confidence in the limit being calculated is a and is typically in the range from
0.90 to 0.999.

The USL Method 2 is defined as

USI,(x) = 1.0 -(C ,, s ) + p(x), (4.10)p

where s,is the pooled variance of k, described earlier. The term C.,, s, provides a band for which there is a
probability P with a confidence a that an additional calculation of k.,r for a critical system will lie within the band.
For example, a Cummultiplier produces a USL for which there is a 95% confidence that 995 out of 1000 future
calculations of critical systems will yield a value of k,,, above the USL.

The analysis is over the closed interval from x = a to x = b. C ,,is calculated according to the following equations: <

1 (a - x)2,

(4.11)n a

{ (x;- x)2
S m
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,

| h= 1+ ~ )'
n a

(4.12)
E (x -i)23\ i1

+ (a -i)(b -i)p= .

[ (x; -i)2
i.,

A=I (4.14)
h

It should be noted that there is an inconsistency in the notation used in Refs. 43 and 44. In Ref. 44, the notation for
2the summation of x actually means the summation of the quantity (x - x)2

A, p, and (n - 2) are used to determine the value of D from Table 3 in Ref. 43, which covers values of 0.5 s A s 1.5.i

| The procedure to follow when A is in this range is

C* = D g . (4.15)
|

When A is outside the above range, A is replaced by 1/A for the determination of D, and C* is given by

C* = D . h . (4.16)

Next,
,

n-2C, = C * + z, - (4,37),

h X
2

where

I z,is the Student t statistic depending on n and P, and

x' is the chi square distribution, a function of n - 2 and a.
1

*this approach provides a more statistically based suberitical margin, Ak,, which can be determined as the
difTerence (C ,,. s,)- W. In criticality safety applications, such a statistically determined approach generally, but,

not necessanly, yields a margin ofless than 0.05, which serves to illustrate the adequacy of the administrative
margin. The recommended purpose of Method 2 is to apply it in tandem with Method I to verify that the

,

i

| administrative margin is conservative relative to a purely statistical basis. This concurrent application of Method
2 is especially important when a limited number of data points are used in determination of k,(x), or when the i
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calculated values have a large standard deviation. In these casts, the statistically based suberitical margin
may Indicate the need for a larger administrative margin.

Appendix C documents a computer program called USLSTATS that has been developed to perform the required '
;

statistical analysis and calculate USLs based on Methods I and 2.

4.1.3 Application of Upper Suberitical Limit Methods

Either of these two methods is generally considered applicable over the range of a given parameter in the set of
calculations used to determine the USL llowever, as discussed earlier, ANSI /ANS-8.1 allows the range of

applicability to be extended beyond this range by extrapolating the trends established for the bias. No precise
guidelines are specified for the limits of extrapolation. Thus engineering judgment and additional uncertainty
should be applied when extrapolating beyond the range of the parameter bounds. Note that w(x) should be used
rather than W in performing any extrapolation because k,(x)- W is a straight line based on w(x) and is only assured
of being conservative within the range of the parameter bounds (Fig. 4.1).

Based on the critical experiments described earlier in this report, it is possible to determine a set of USLs based on
any of the various parameters studied (e.g., AEF, pitch,II/X, water-to-fuel volume ratio, etc.). The remainder of
this section will demonstrate the calculation of the USL as a function of these parameters using the two methods
lescribed above. 'Ihese examples will demonstrate the approach oicach method and may be used for guidance in
applying each of the methods for any appropriate set of benchmarks, any given criticality code or code system, or
for a different cross-section library.

l

Of primary importance in this analysis is the determination of parameters responsible for variations in k,,. To

determine each parameter's effectiveness in explaining variations in calculated k,, values, linear regression analyses are
employed. Of the 173 LWR cases,167 cases contain data for k,,, H/X, AEF, pitch, water-to-fuel volume ratio,
enrichment, and Dancoff factor. The other six cases contain multiple enrichments and were therefore excluded from

this parametric analysis.

The first step is to determine the correlation coeflicients for different subsets of the 173 LWR critical experiments
used in the validation. These values provide a measure of the statistical correlation between each independent variable
and variations in the calculated k,, values. The variable with the strongest correlation to the calculated k,, values is
then used in a linear regression equation to describe the variation in k,y, k,(x), for determination of the USL.

The subsets of LWR critical experiments analyzed are tabulated in Table 4.1 versus the classes of experiments as
presented in Sect. 3. The table shows how many experiments from each class were included in each subset. Other
subsets could be constructed by selecting or combining different classes from the table. The results presented here are
not intended to be exhaustive, but instmetive in demonstrating the application of the USL methods discussed earlier.

A statistical summary of the variables included in this analysis is given in Table 4.2. For each variable, the number of
experiments where that variable is applicable is listed, together with the mean, median, minimum, and maximum
values of the variable. A breakdown of the independent variables applicable to each subset of experiments analyzed is

shon in Table 4.3.

The results of these analyses are displayed in Table 4.4. For each subset, several independent variables exist, as listed
in Table 4.3. A linear regression analysis was performed for each independent variable and the corresponding
correlation coefficient, r, was calculated. An exact mrrelatie between the dependent variable (i.e., k,n) and an

independent variable would be indicated by lrl = 1. No correlation whatsoever would be indicated by r = 0. The three
variables with the greatest correlation are listed for each subset, along with their corresponding correlation coeflicients.
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The most strongly correlated variable is used to form the regression equation for k,(x). The standard error in the last
column is the average error in the estimate of k.,using the regression equation for k,(x).

Tables 4.5 and 4.6 summarize intermediate calculations and the final USL equations using the correlation of k,y to

key parameters for each of the subsets as listed in Table 4.3. He resulting USL equations are illustrated in Figs.
4.2-4.9. The calculated k,y values are plotted against the lines representing the linear regression fit [k,(x)], the 95%
confidence band for a single calculation [k,(x).W], the USL based on Method 1 [USL =k,(x)-W-0.05], and the USLi

based on Method 2 [USI,=k,(x)-Cmu s ]. As can be seen from the table and the figures, the statistically basedp

suberitical margin is less than the assumed administrative margin of 0.05 used in Method I for all subsets of
experiments considered. He correlations of results for all LWR experiments to AEF and enrichment are very weak
as can be seen by the lack of any trends in Figs. 4.2 and 4.3. The plot of k.n vs AEF in Fig. 4.2 was separated into
two plots because the wide range of AEF values compressed the large number of low energy data points when all
data were plotted together. The limited number of enrichments in the selected experiments also makes fuel
enrichment a poor choice for an independent variable. No statistically significant correlation to any independent
variable was found for the water hole experiment subset. The subsets of experiments with the strongest correlation
of the calculated k.n values to an independent variable were the separator plates and soluble boron experiments (r =
0.908 vs AEF) and the borated separator plates and reflecting walls experiments (r = -0.815 vs reflector separation).
We correlation of the linear regession fits to the actual data for these subsets can be seen in Figs. 4.8 and 4.9,
respectively.

In order to apply these USL methods to an application,it is necessary for the expected parameter value (design or
calculational) to lie within the range of applicability of that parameter. To achieve this, one should first determine
the values of the parameters from Table 4.2 that chara.;terize the desired application. Next, the classea of
experiments in Table 4.1 should be checked to determine which class (es) share similar geometry features to the
application of concern. The parameter with the strongest correlation to the k.n values should be used to generate
the USL. The range of values of this key parameter defines the range of applicability for the USL. The value of the
key parameter for the application of concern must lie within this range in order to apply the USL.
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Table 4.1 Subsets of LWR-type fuel experiments

Number ofexpenments in subsets

Plates Plates BorstedTable All Separator Reflecting Soluble and and Water plates !No. Class expts. plates walls boron walls baron holes and walls i
_

!3.6 Simplelattice 21
!3.7 Separator plate 45 45
;3.8 Plates w/ soluble boron 12 12 12 12
|3.9 Flux trap 8 8
)3.10 Reflecting wall 35 35
)3.11 Plates w/ walls 15 15 15 15 7 13.12' Urania gadolinia* 2 2 2 )3.13 Water holes" 7 1 7 i3.14 Absorber rods" 8 1 1 [3.15 Simplelattice w/ boron 14 14
1,

| TOTAL-- 167 80~ 50 30 12 10 7
'

'One or more experiments were not included because they consisted of two types offuel rods with diferent enrichments.

f

i
Table 4.2 Statistical summary of LWR-type fuel experiments

No. of
Variable experiments Mean Median Minimum Maximum |

tk, 173 0.9994 0.9992 0.9909 1.0129
AEG 173 33.94 33.95 27.62 36.88
AEF 173 0.3267 0.2443 0.0702 3.4451 |Pitch 173 1.771 1.684 1.105 2.540

'

Enrichment 167 3.62 4.31 2.35 5.74
Water / fuel 167 2.100 1.6 0.148 9.004
Dancofffactor 167 0.1916 0.1739 0.0298 0.7644 i
H/X 167 183.5 155.9 17.2 541.1 L

Assembly separation 110 8.11 7.81 1.64 20.78 fPlate thickness 76 0.371 0.302 0.061 0.772 !Wall separation 50 1.51 1.32 0.00 5.41
Soluble boron conc. 36 1132 1110 15 3389 *

Plate boron conc. 22 21.3 29.0 1.1 39.3
Water hole / fuel pin 16 0.048 0.032 0.013 0.152 !

,

l

! I
I !
; *

3
.

: i
| |
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Table 4.3 Independent variables by subset

Plates Plates Borsted
All Separator Reflecting Soluble and Water and plates

Variable expts. plates walls boron walls holes boron and walls,

!

! . Enrmhment X X X X X X X~ X
' AEF X X X X X X X X

Pitch X X X X X X X X
%O/Aa 4 X X X X X X X X

| H/X X X X X X X X X
I Danoodf X X X X X X X X
| Assembly separation X X X X

distance
A=amhly to-wail X X X

separation rhdanae
Soluble baron X X I

concentratace
'

Plate iluckness X X X X I
Plate baron X

concentration
Waterholes/fuelpin X

|
,

!

l

!
|

1

1

i

|

|

1

|

|

|
1

|

!

|
t

i
k

1

h

165 NUREG/CR-6361

I

l_ ., . _ . . . . _ . - - - .. .,



7
t

J ;

i
, o
5

.

.L
7

n

%

O t

P5 .

so E- -

& ,. 5- ,

w o sm %
t- .L-

S Sh '[
1 E

,

r.

L

v

Table 4.4 Regression analyses resuhs for subsets of LWR-type fuel expenments ;

No. of ' W' key Canelseen Stamdud
subese observ. paramesers coefEenman, e Reyemman aquessen ever .

. [All egereneses 167 AEF. enr. H/X 0307.0'289 -0.183 k,(x) = 0.9985 + 2.7174L3*AEF 0.0037

seperseer planes 80 H/X, AEF D==r=sr -0370, UJ69. 0.295 k,(x) = 1.0019 - 1.6680E-5*H/X 0.0039
Reflecesag walls 50 seg pitch,enr 0.688,0A62,0372 k,(x) = 0.9953 + 4.6483E-4Sep 0.0029 [
soluble boren 30 AEF, Dunceir,wT 0.632,0.el86,4.402 k,(x) = 0.9976 + 3.2428E-3*AEF 0.0028 .

separator plsess and rufleceing IS AEF.pisch, H/X 0.553.0345,-4.537 k,(x) = 0.9931 + 2.7925E-2*AEF 0.0035 f
walls

g seperseer pieces and soluble I2 AEF, Dancedr. H/X 0.908,0."237,-4.735 k(x) = 0.9964 + 4.1672E-3*AEF 0.0022
.m . boren

7

Weser holes 10 none N/A ] N/A N/A f
Berated sepenser piness and 7 ss -0.815 1, k,(x) = 1.0035 -3.5202E-3*ss 0.0032 !
renamms mens ', !

-
y

,
s

* ear - eerscennen; sep - assembly separation; w/f- weserfiset volume; as venector well reparassen ensance. L
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;

Table 4.5 Summary of USL calculations of Figs. 4.4-4.13
Men condidence b-si sommarwm

No. of Conelation nesative Ak, Parameter with admaustrWive width closed innerval,
Figure exp. kJx) coef5cient.t Inas (p ) W (USI.) lumnuis margin of0.05,USI. USI.

4.2.Lvs AEF(all 167 0.9985 + 2.717403*AEF 0307 -0.0091 7.2146 6 3 0.015 0.070-3.445 0.9415-0.9428 0.9770 4.9782

ew . c.:)
43,4 vs enrichment 167 0.9959 + 9.669tE-4*enr 0.289 -0.0091 6.2707L3 0.012 2.35-5.74 0.9419-0.9437 0.9796-0.9814
(all experunents)

4.4 Lvs H/X 80 1.0019 - 1.6680L5'H!X -0370 -O 0091 6.6660L3 0.010 17.2-398.5 0.9433 4.9386 0.9836-0.9789
(separator plates)

4.5,L vs assembly 50 0.9953 + 4.6483E-4'sep 0.688 -4 0080 5.1381L3 0 008 2.00-20.78 0.9411-0.9449 0.9829-0.9867
separation (reflecting

walls)
4.6,4vs AEF(soluble 30 0.9976 + 3.242803*AEF 0.632 -0.0053 5.4354 L3 0.009 0.092-2.281 0.9425-0.9446 0.983I-0.9851

Ch buon)
4

4.7. Lvs AEF(separator 15 0.9931 + 2.7925L2*AEF 0.553 -0.0080 6.7130L3 0.014 0.1444.305 0.9403-0.9433 0.9761-0.9791

plates and reflectmg walls)

4.8,Lvs AEF(separator 12 0.9964 + 4.1672L3*AEF 0.908 --0.0046 4.6206L3 0.010 0.152-2.281 0.9425-0.9454 0.9822-0.9851

plates and soluble baron)

4.9 Lvsreflectingwall 7 1.0035 - 3.5202L3*ss -0.8I5 -0 0080 7.7476L3 0.023 0.23-2.50 0.9423-0.9370 0.9696-0.9644

separation (borsted
separator plates and
reflecting walls)

h
w

s-
as

EO s~
O o

m
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)
Table 4.6 USL equations for Figs. 4.4-4.12 -|

Figure Confidence band with administrative Single sided uniform width closed inten al, )
No. margin of 0.05, USL, USL,

;

4.2 0.9413 + 2.7174E-3*AEF (AEF < 0.535) 0.9768 + 2.7174E-3*AEF (AEF < 0.535) ;

0.9428 (AEF = 0.535) 0.9782 (AEF 2 0.535) ,

4.3 0.9397 + 9.6691E-4*enr (enr < 4.209) 0.9773 + 9.6691E-4*enr (enr < 4.209)
'

O.9437 (enr. a 4.209) 0.9814 (enr a 4.209)

4.4 0.9433 (H/X s 116.8) 0.9836 (H/X s 116.8)
0.9453 - 1.6680E-5*ll/X (H/X > 116.8) 0.9856 - 1.6680E-5*H/X (H/X > 116.8)

;

4.5 0.9402 + 4.6483E-4*sep (sep < 10.073) 0.9820 + 4.6483E-4 *sep (sep< 10.073) i

0.9449(sep a 10.073) 0.9867 (sep a 10.073) y

4.6 0.9422 + 3.2428E-3*AEF (AEF < 0.731) 0.9828 + 3.2428E 3*AEF (AEF < 0.731)
0.9446 (AEF a 0.731) 0.9851 (AEF = 0.731)

4.7 0.9364 + 2.7925E-2*AEF (AEF < 0.247) 0.9722 + 2.7925E-2*AEF (AEF < 0.247) ,

0.9433 (AEF 2 0.247) 0.9791 (AEF 2 0.247);

|
4.8 0 9418 + 4.1672E-3 *AEF (AEF < 0.852) 0.9816 + 4.1672E-3*AEF (AEF < 0.852)

0.9454 (AEF = 0.852) 0.9851 (AEF 2 0.852) {
!

4.9 0.9423 (ss s 1.00l) 0.9696 (ss s 1.001)
0.9458 - 3.5202E-3*ss (ss > 1.001) 0.9732 - 3.5202E-3 *ss (ss > 1.001)

t

I i

1
!
'

.

| |

t

,
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5 Guidelines for Experiment Selection and Areas of Applicability

l
!

The calculation method used to establish the criticality safety of transportation and storage packages needs to be
j

validated against measured data that have been shown to be applicable to the package under consideration. This j
section provides guidance in determining the applicable range for a validation study. Section 5.1 provides guidelines
for selecting suitable experiments to use in the evaluation of transportation and storage package designs. The
experiments used in the validation are parameterized in Sect. 5.2 for easy comparison to package designs under l
consideration. I

|

5,1 Guidelines for Selecting Suitable Experiments

Historically, nuclear criticality experiments were performed to address specific fissionable material, reactor,
fabrication / process, storage or transport design concerns. The experiments generally consisted of the same, or very
nearly the same, configurations and materials requiring safety evaluation for the designs ofinterest. Aside from
performing diagnostic measurements (e.g., flux wire traverses, threshold detector measurements, reaction rate ratios,
replacement measurements, etc.), little efTort was expended or needed to characterize the experiment for its intended
application because the experiment itself was a " mockup" of the configuration of materials needing a safety evaluation.
Many of the experiments were subsequently characterized according to elemental constituents, densities, and various
parametric ratios. The use of uranium metal-to-water mass , atom- and volume-ratios; uranium metal-txarbon atom-

ratios {c.g., [C/(Pu + U)], [H/(Pu + U)], C/X, H/X, where X refers to the fissile isotope}; fuel lattice pitches; solid
angles; surface densities; and others came into broad usage with fair success. With the advent of more sophisticated
computational techniques, parameters such as neutron leakage fraction and neutron absorption fraction became useful

characterization parameters. Subsequently, a pseudo-neutron-spectra parameter, the computed average neutron energy
group causing fission (AEG), was used as a single global parameter for correlating experiments to safety evaluation
applications ** for systems of similar fissile species, enrichments, degree of heterogeneity or homogeneity, and chemical
form. Additionally, various neutron energy weighted parameters, such as thermal neutron absorptions versus total
neutron absorption, total neutron fissions versus fast neutron fissions, thermal neutron fissions versus thermal neutron

absorptions, and the average neutron energy group weighted by fissions, were used for the characterization of systems
and their concomitant computa'.ional biases." A two-group difTusion theory parameter" for characterizing the neutron
slowing down, resonance absorption characteristics, and thermal absorption characteristics has also been applied.

Most neutronics computer codes provide integral and energy dependent parameters that can be used for characterizing
the spectra of a calculated system. Computer codes that have been historically used for nuclear criticality safety
benchmarking and evaluations provide simplistic integral values such as average neutron energy group causing fission
(AEG),5* and more complex parametric categories" such as nonfuel absorption, leakage fraction, resonance absorption
probability, fast fission probability, energy distribution of neutron absorption, and geometry effects as measured by the
energy weighted ratios of neutron collisions in all materials divided by neutron collisions in fissile and fissionable
materials.

There are three fundamental parameters that should be considered in the selection of suitable experiments" for use in
the evaluation of transportation and storage package designs. They are the materials of construction (including
fissionable material), the geometry of construction, and the inherent neutron energy spectrum affecting the fissionable
material (s). There are substantial variances within each of these three categories that require further considerations.

Regarding materials of construction (including fissionable material):
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The fissionable species (e.g.,2"U,2"U,2"U,2"Pu,2"Pu,2*Pu,2*Pu, etc.) used in the benchmark |.

| - upska.ts should be as similar as possible, including enrichment and relative masses and volumes, as |
; those materials in the packman de:ign under normal and hypothetical accident conditions. !

1he nonfissionable species (e.g., lead, stainless steel, boron, cadmium, phenolic foam, depleted uranium,.

; water, etc.) used in the benchmark experiments should be as similar as possible, including mlative masses |
and volumes, as those materials in the package design under normal and hypothetical accident conditions. ,

,

Reflector and moderator materials in expenments should be as similar as possible to those in the package.

design under normal and hypothetical accident conditions.
.

Physical form (e.g., metal, solution, compound) and temperature of materials should be as similar as |.

possible. |

1
-

Ratio of nonfissionable materials to fissionable material should be similar as well. !.

Important items to consider regarding geometry of construction (including fissionable material): $

The relative geometric position and size of the construction materials - |.

Homogeneity or heterogeneity of system |.

t

Shape ofunits and system ).

Lattice pattem, spacing, and interstitial materials in arrays*

Reflection.
,

'
Regarding the neutron energy spectrum, the neutron density versus energy should be considered by comparison of the
following items from the benchmark experiments and the package design: e

!

Leakage.

i
Absorption |.

i
. . Production

:

Flux |
.

The specific quantization of the above three categories of parameters is difficult at best and generally requires the use
of alternative approaches by using benchmark experiments that are characterized by a limited set of physical and i

'
computed neutronic parameters that are then compared with the safety design computed neutronic parameters.

!
5.2 Parameterization of Validation Experiments ,

Several principal parameters have been identified for controlling the criticality of transportation packages:" (1) type, !

mass, and form of fissile material; (2) degree of moderation; (3) amount and distribution of absorber materials; (4)
internal and external package geometry; and (5) reflec+3r cfTectiveness. The fissile material, degree of moderation, and

i
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Guidelines

package geometry controls the neutron flux energy and spatial distributions. The degree ofmoderation, absorber
materials, and package geometry are used to control the neutron loss rate through capture and leakage (in conjunction
with reflector effectiveness).

These five parameters were used as guidelines in grouping the critical experiments considered by classes in the

validation. Table 3.5 presents a parameterization of the 173 LWR-type fuel experiments documented in this report.
The expenments are listed by case names, reference numbers, and case numbers. Case numbers are alphabetically
assigned. The computed effective neutron multiplication factor (k.a) and associated standard deviation are given for
each case. The number of experiments associated with each characterization used in Table 3.5 is tabulated in Table
5.1.

The fissile material type,2"U, and chemical form of the uranium compound, UO , were the same for all experiments2

and were therefore omitted from the table; however, the "U isotopic enrichment which afrects neutron production
2

rates was included since it varied from 2.35 wt % to 5.74 wt % across the experiments.

Fissile systems are often characterized by their degree of moderation. A direct characterization can be defined by the
effective ratio of hydrogen (H)-to-fissile (X) material atom densities, or H/X of the system. Other parameters such as
water-to-fuel volume ratio for a unit cell, average energy group for fission (AEG), and energy of average lethargy
causing fission (AEF) can also give an indication of the degree of thermalization of a fissile system. These para-
meters usually correlate to the pitch and the Dancoff factoi, which is a function of the pitch. Both of these parameters,

| may be useful in the investigation of system moderation. The thermalization oflattice configurations can also be
influenced by the presence of water holes. A parameter giving the ratio of the number of water holes to fuel pin
positions is included in Table 3.5 for examination, along with H/X, AEG, AEF, pitch, and Dancofrfactor.

Absorber materials are an effective means of criticality control for thermal systems such as those involving LWR-type
fuel. Their effectiveness is dependent on the absorber material, distribution, and surface area. Three columns of Table

3.5 give this information in the form of separator plate material, boron weight percent per plate, and plate thickness.
Experiments having homogeneous absorbers in the form of soluble boron in water have been singled out with their
boron concentration specified. A final column labeled "Other" gives information about other absorbers in the system
(e.g., Ag-In-Cd rods, B C rods, UO -Gd 0 fuel rods). This column also specifies if the separator plates are part of a2 2 3
flux trap with voiding materials.

The geometry of heterogeneous fissile materials, the design and placement of absorber materials (previously
discussed), and the separation between fissile materials affect the neutron flux energy and spatial distribution. The

| fissile material is in the form of fuel rods consisting of UO2 Pellets or powder encased in either aluminum, stainless
'

steel, or Zircaloy cladding. Fuel rods are bundled in hexagonal or square lattices of 1.105 cm to 2.540-cm pitch.
Table 3.5 lists the lattice type, pitch, cladding material, and separation distance of assemblies for each experiment.
Most experiments have water reflection of at least 15 to 20 cm (20 cm of water reflection typically ensures a maximum
increase in k,,due to reflection) on the x, y, and z faces of the system. Notable exceptions are those systems that had

! fuel rods above the moderator surface. In addition to water reflectors, several experiments contained reflectors in the
form of shielding materials (e.g., lead, steel, depleted uranium) that minimize neutron leakage. Such experiments were
parameterized in Table 3.5 by reflecting wall material and separation distance from fuel assemblies.

The seven homogeneous uranium experiments were also parameterized. Experimental parameters and calculational
results for these experiments are compiled in Table 3.16.

1
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Table 5.1 Characterization variables of LWR-type fuel experiments

Variable Values Number of
experiments I

Other A: Ag In-Cd rods 6

fB: B,C rods 3

F: Flux trap with void 8 ;

materials
G:UO Gd rods 52 3 ,

Total 22
.

t

Soluble boron Y:yes 36
,

N:no 137 |
Total 173

Clad AL: aluminum 154

SS: stainless steel 10

ZR: zircaloy 3

Total 167

i
'

Pitch type - S: squarc 165

H: hexagonal 8

Total 173

Plate material A1: aluminum 21

B: Boral 14

BF: Boroflex 2

CD: cadmium 6 '

CU: copper 8

HF: hafnium 4 !
SS: stainless steel 18

,

UD: copper-cadmium 4

ZR: zircaloy 3

Total 76

Reflecting wall L: lead 12

material U: uranium 10

SS: stainless steel 28

Total 50
,

t
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6 Summary1

|

The detailed eyd.i.w.t descriptions in this report provide a useful compendium of criticality benchmark data for -1

validation of LWR fuel transportation and storage applications. Experiments are categorized by common features
such as separator plates, reflecting walls, and soluble baron and parameterized by key variables such as enrichment,
water-to-fuel volume ratio, H/X, AEF, and pitch. These data enable the analyst to readily identify appropriate
expenments for a panicular application

!

Benchmark calculations have been performed for all of these cases using SCALE 4.3 and the 44-group ENDF/B-V
cross-section library to provide a sample validation. In addition, the calculations were repeated with the 238-group

,

:
i library to determine the adequacy of the 44 group energy structure as shown in Appendix B. On average, the 238-
| group results were approximately 0.35% 1ess. The 238 group results were more accurate for the homogeneous

_ uranium critical expenments.i

i
Two ehmI= for statistical determination ofcalculational biases and USLs were presented: (1) a 95% confidence
band for a single future calculation with an admmistrative subcritical margin and (2) a lower tolerance band (LTB)

j
i

based on a 95% confidence band on 99.5% of all future calculations. The wh=4 were demonstrated using several Isubsets of the 44-group validation results.
|

! Finally, guidance was provided on the selection of appropriate criticality experiments that are applicable to validate a
j ' computational method for the system of concern Important parameters that should be examined to demonstrate areas

- cf applicability were discussed. The parameterization of the included experiments was described to assist the analyst
in this process.

Hopefully, the large amount ofexpenmental and calculational data compiled within this report along with the
technical guidance provided will prove to be valuable assets for criticality safety analysts and reviewers of LWR fuel

;
applications. Additional LWR-related experiments are available, however, as shown in Table 1.1. A user who may ;

need experiment characterizations not identified in this report should investigate these experiments.
]

|

|
|

|

|

|
| 1

I

.

4
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APPENDIX A ;

|

SCALE Input File Listings !

This appendix contains input files for all cases discussed in Sect. 3. These files are also available in '

electronic form from the SCALE home page on the World Wide Web (WWW) A pointer fo- the SCALE
home page may be found at http /www. cad.ornl. gov./

f.
INDEX OF CASES

P

ans33 al l . . . . . . . . . . . . . . . . . . . . . . . . . . . . 192 bwl810g ...... .................... 228

ans3 3 al2 . . . . . . . . . . . . . . . . . . . . . . . . . . . . 193 bw l 810h . . . . . . . . . . . . . . . . . . . . . . . . . . . 228
'

ans3 3 al3 . . . . . . . . . . . . . . . . . . . . . . . . . . . 194 bwl 810i . . . . . . . . . . . . . . . . . . . . . . . . . . . 229
ans33cbl . .... ........ .. ....... 195 bw l 810j . . . . . . . . . . . . . . . . . . . . . . . . . . . 230
ans33eb2 ........... ............. . 196 cr 1071 as . . . . . . . . . . . . . . . . . . . . . . . . . . . . 231 ,

ans33epl .............. .... ...... 198 cr1653as...... ................. . . 233
ans3 3ep2 . . . . . . . . .. . . . . . . . . . . . . . . . . . 199 cr25 00s . . . . . . . . . . . . . . . . . . . . . . . . . . . . 235 ,

ans3 3 sig . . . . . . . . . . . . . . . . . . . . . . . . . . . 200 dsn3 99- 1 . . . . . . . . . . . . . . . . . . . . . . . . . . 23 6 {ans3 3 sty . . . . . . . . . . . . . . . . . . . . . . . . . . . 201 dsn3 99-2 . . . . . . . . . . . . . . . . . . . . . . . . . . . 23 8
b l 64 5 so l . . . . . . . . . . . . . . . . . . . . . . . . . . 202 dsr.3 99-3 . . . . . . . . . . . . . . . . . . . . . . . . . . . 23 9 i

bl645so2 ........................... 203 dsn399-4 . . . . . . .... 240 i. ..........

bw l 231 b l . . . . . . . . . . . . . . . . . . . . . . . . . 203 epru65 . . . . ..... . 241.. . .....

bwl 231b2 . . . . . . . . . . . ......... .. 205 epru65b . .............. 241 i..... ...

bw l 2 73 m . . . . . . . . . . . . . . . . . . . . . . . . . 2 06 epru75 . .......... ......... . ... 242 !
bwl 4 84 a l . . . . . . . . . . . . . . . . . . . . . . 207 epru75b . . . . . . . . . . . . . . . . . . . . . . . . . 243
bwl 4 84 a2 . . . . . . . . . . . . . . . . . . . . . . . . 208 epru B 7 . . . . . . . . . . . . . . . . . . . . . . . . . . . 244
bw l 4 84b l . . . . . . . . . . . . . . . . . . . . . . . . 209 epru S7b . . . . . . . . . . . . . . . . . . . . . . . . . . . . 245 |
bwl4 84b2 . . . . . . . . . . . . . . . . . ....... 210 nse7 t h ! . . . . . . . . . . . . . . . . . . . . . . . . . . 245

'

bwl 4 84b3 . . . . . . . . . . . . . . . . . . . . . . . . . 210 nse7 t h2 . . . . . . . . . . . . . . . . . . . . . . . . . 24 7
bw l 4 84c l . . . . . . . . . . . . . . . . . . . . . . . . . . 21 1 nse7 t h3 . . . . . . . . . . . . . . . . . . . . . . . . . . . . 249 |
bwl 4 84 c2 . . . . . . . . . . . . . . . . . . . . . . . . . . 212 nse71sq ................ .......... 251 *

bwl484sl . . . . . . . . . ................ 213 nse71 w l . . . . . . . . . . . . . . . . . . . . . . . . . 251
bwl484s2 . . . . . . . . . . . . ... 214 nsc71 w2 . . . . . . . . . . . . . . . . . . . . . . . . . 25 2 !..

bw l 4 84sl . . . . . . . . . . . . . ........... 215 p4 9- 194 . . . . . . . . . . . . . . . . . . . . . . . . . . 25 2 *

bw l 64 5 s l . . . . . . . . . . . . . . . . . . . . . . . . . 215 p2438al ............ 264.. ........

bw l 64 5 s2 . . . . . . .. . . . . . 216 p2438ba... . . . ... . ...... ..... 265.. ........

bw l 64 5 t l . . . . . . . . . . . . . . . . . . . . . . . . . 217 p243 8cu . . . . . . . . . . . . . . . . . . . . . . . . 265
bwl 64 5 t2 . . . . . . . . . . . . . . . . . . . . . . . . . . 218 p24 3 8sig . . . . . . . . . . . . . . .. . . . . . . . . . . . . 266
bw l 645 t3 . . . . . . . . . . . . . . . . . . . . . . . . . . . 219 p24 3 8 ss . . . . . . . . . . . . . . . . . . . . . . . . . . 266 !

bw l 64 5 t4 . . . . . . . . . . . . . . . . . . . . . . . . 220 p2 4 3 8 zr . . . . . . . . . . . . . . . . . . . . . . . . . . 266 j
bw l 810a . . . . . . . . . . . . . . . . . . . . . . . . . . 222 p2615al . . ........... ..... ...... 267

:

bw l 810b . . . . . . . . . . . . . . . . . . . . . . . . . . 223 p2615ba. ... ............. . . ... 267
|

bw l 810c . . . . . . . . . . . . . . . . . . . . . . . . . . . 224 p2615cdl .......... .... . . ... . 268 .

bwl810d ........ ....... .. ...... 225 p2615cd2 .... .... ...... .. ....... 268 )

bwl810e. ............ 226 p2615cu . .. . . ... . ............ 269 j. . . ....

bw l 810f . . . . . . . . . . . . . . . . . . . . . 227 p2615ss ...... 269 |. .. .. ...
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p2615u .............. .............. 270 p3602cu4 ........................... 294

p2 82711 . . . . . . . . . . . . . . . . . . . . . . . . . . . 270 p3602nli............................ 295
p2 82 712 . . . . . . . . . . . . . . . . . . . . . . . . . . 271 p3602n12....... .. ................ 295 i

p28 2713 . . . . . . . . . . . . . . . . . . . . . . . . . . . . 271 p3602n13........................... 296 !

p2 8 2714 . . . . . . . . . . . . . . . . . . . . . . . . . . . . 271 p3602n l 4 . . . . . . . . . . . . . . . . . . . . . . . . . . . 2% |
p2 8 27sig . . . . . . . . . . . . . . . . . . . . . . . . . . 272 p3602n21........................... 297 *

p2827ul............................ 272 p3602n22........................... 297 ;

p2827u2..... ...................... 273 p3602n31........................... 298 j
'

p2827u3...... ................ .... 273 p3602n32........................... 298
p2827u4............................ 274 p3602n33.... ...................... 299

p3314al ..................... ...... 274 p3602n34..... ... .. ............ . 299 .

p3314ba. ........... ...... . ... . 275 p3602n35......... .......... ...... 300 ;

p3314bc................... .. ... 276 p3602n36. .. .. ................... 300 -

p3314bfl ... . . ... 276 p3602n41.. ...... ................. 300..... .. .. .

p3 314 bf2 . . . . . . . . . . . . . . . . . . . . . . . . 277 p3602n42.... ... .. ............... 301

p3314bst.. ....... .. ....... .. 278 p3602n43.. .. . . .. ............. 301

p3314bs2 . . .................... .. 278 p3602ss! . ...... ....... . 302... ..

p3314bs3 ............ . ............ 279 p3602ss2 .... ............. ....... 302

p3314bs4 ............... .......... 279 p3 92611 . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3 03 i
p3314cdl .......... .... ............ 280 p392612 ..... .................... 303

p3314cd2 ... ............. 281 p3 92 613 . . . . . . . . . . . . . . . . . . . . . . . . . 3 04
'

... ...

p3314cul.. 281 p3 92 614 . . . . . . . . . . . . . . . . . . . . . . . . . . . 3 04.................. ....

p3314cu2 ..... ... . 282 p392615 . . 305.. . . . .. ..... .. ..

p3314cu3 . .. .................... 282 p3 92 616 . . . . . . . . . . . . . . . . . . . . . . . . . 3 05 .

p3314cu4 .. .... ... .... 283 p3926stl .... 306... .... ..... ....... . ....

p3314cuS . .. 283 p3 926s12 . . . . . . . . . . . . . . . . . . . . . . . . . . 3 06 ;............... ....

p3314cu6 ............ ......... .... 284 p3926ul. ... ...... ............... 306 i

p3314sig . . 284 p3926u2.... .... .. ..... ......... 307 |.... ... . ... .....

p3314ss ! . . . . . . . . . . . . . . . . ... .. 285 p3926u3..... ..... . .... .... .... 307
,

p3314ss2 .. ...... . 286 p3926u4... ............... ......... 308 !.............

p3314ss3 . . . . . . . . ... ... ... .... 286 p3926u5 .......... .... ........... 308 |
p3314ss4 ........ .... . ... .. . . 287 p3926u6...... .......... ..... .... 309

.

p3314ss5 . . . ... . 288 p4267bl .... ......... 309 |... ...... .. .. .... .

. 288 p4267b2... . ............... 310 |p3314ss6 .. . . . . . .. ...

p3314wl . . . . . . ...... ..... . .... 289 p4267b3.. . .. 310. ........ .. ...

p3314 w2 . . . . . . . . . . . . ............ 289 p4267b4...... 311.. . ...... . .

p3314u ......... ... . ...... .... 290 p4267b5... ..... ............ . . . . 312
p3602bb. .... ......... .... .. .. 290 p4267sil .. ..... .... .. .... 312..

p3602bst......... . ......... ... 291 p4 2 67s12 . . . . . . . . . . . . . . . . . . . . . . . . 313
p3602bs2 ............... .... ...... 291 p628231 ..... 314.... .............

p3602cdl ........ . ... . ...... ... 292 p71f14 3 . 314 j. ..... .. .. . . ...

p3602cd2 ... ....................... 292 p71 f14 v3 . . . . . . . . . . . . . . . . . . . . . . . . . . 315
p3602cul.... ....... ..... ... 293 p71f14v5 . . . . . ... 316 !. .. .. .... . .

p3602cu2 . 293 p71f214r . . ..... ........ . . 317 I........... ....... . .. ..

p3602cu3 ..... .. . 294 pat 80ll . . . . . . .. 318 ;. ...... ... ...... . ... . .

NUREG/CR-6361 190

i
!

!
-

. _ _ --. ._. -



.-. -. .- . _ - - . - - . - . .. - . . _ . - . - .- - - - . - . . _.

,

i

Appendix A

pats 012 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 319 w3 269s12 . . . . . . . . . . . . . . . . . . . . . . . . . . . 3 29
pat 80ss ! . . . . . . . . . . . . . . . . . . . . . . . . . . . . 320 w3 2 69w l . . . . . . . . . . . . . . . . . . . . . . . . . . . 3 3 0
pats 0ss2 . . . . . . . . . . . . . . . . . . . . . . . . . . . . 321 w3269w2 ........................... 331
w3 269a . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3 22 w3385sil ........................... 331 ;

w3269bl ........................... 323 w3 3 8 5 s12 . . . . . . . . . . . . . . . . . . . . . . . . . . 3 3 2 .

w3269b2 ........................... 324 y&l 4p12 . . . . . . . . . . . . . . . . . . . . . . . . . . . . 333 ;

w3269b3 ........................... 326 y& l 4pl3 . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3 3 3 ;

w3 269c . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3 2 8 y& l 4 un2 . . . . . . . . . . . . . . . . . . . . . . . . . . 3 3 3 i

w3269sl 1 . . . . . . . . . . . . . . . . . . . . . . . . . . . 3 29 y& l 4un3 . . . . . . . . . . . . . . . . . . . . . . . . . . . 3 34

t.

7

5

:

h

!
:

?

u

h

|
!

! P

i

!

s

!

I

>
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|

,

ana33att ethold 31 2po.95 2p12.30 27.56 0.0 >
9

reflector 5 1 2r0.0 0 0.3 0 0.3 1 .)
!..

sessa25 unit 9
o ans33ati cthold 31 2p12.30 2p0.95 27.56 0.0 5_ ., ,

3 44 group latticecett reflector 5 1 0 0.3 2r0.0 0 0.3 1 M [

po uo2 1 den =10.38 1.0 293 92235 4.742 92238 95.258 end unit 10 >
& artmagS 2.70 4 0 0 1 13027 98.85 12000 0.50 14000 0.43 cthold 31 2po.95 2po.95 27.56 0.0

y 26000 0.22 2 1 293 end reflector 5 1 5ro.0 0.3 1

h2o 3 1.0 end smit 11 ';-

artmstl 7.90 3 0 0 1 26000 72.0 24000 18.0 28000 10.0 4 1 end ethold 31 2p12.30 2po.95 27.56 0.0

at 5 den =2.651 1.0 end reflector 5 1 0.3 0 2r0.0 0 0.3 1

uo2 6 den =10.38 1.0 293 92235 4.742 92238 95.258 end toit 12

at 7 1.0 end ethold 31 2p0.95 2p12.30 27.56 0.0

end coup reflector 5 1 2r0.0 0.3 0 0 0.3 1

quarepitch 1.35 0.79 1 3 0.94 2 0.82 0 end unit 13s
more data res=6 cyl 0.395 dan (6)=0.989755 end cylinder 61 .395 90.00 25.66
4-1818 assen6 ties separated by 0.3-cm-thick altmirua plates and 1.9 cylinder 01 410 06.9 25.66
'em of unter, 25.66 cm unter height cylinder 21 .470 98.2 25.66
read para run=yes gen =405 npg=600 nsk=5 nub =yes end para cuboid 01 4p.675 98.2 25.66

unit 14
read geen array 2 3*0.0
unit 1 reflector 0 1 0.0 0.3 0.0 0.3 2r0 1
cylinder 71 .470 0.0 -1.55 reflector 5 1 0.3 0.0 0.3 0.0 2r0 1
eshoid 31 4p.675 0.0 -1.55 unit 15 ,

t

reflector 4 1 Sr0 0.4 1 array 2 3*0.0
G unit 2 reflector 0 1 0.3 0.0 0.0 0.3 2r0 1
N cylinder 71 .470 0.0 -0.25 reflector 5 1 0.0 0.3 .3 0.0 2r0 1

cylinder 31 .500 0.0 -0.25 unit 16
ctboid 41 4p.675 0.0 -0.25 array 2 3*0.0
unit 3 reflector 0 1 0.0 0.3 .3 0.0 2r0 1 i

cylinder 11 .395 25.66 0.0 reflector 5 1 0.3 0.0 0.0 0.3 2r0 1 I

cylinder 01 410 25.66 0.0 unit 17
cytinder 21 .470 25.66 0.0 array 2 3*0.0 |
cubold 31 4p.675 25.66 0.0 reflector 0 1 0.3 0.0 0.3 0.0 2r0 1 |

unit 4 reflector 5 1 0.0 0.3 0.0 0.3 2r0 1
tarray 1 3*0.0 unit 18
f

reflector 3 1 0.0 0.3 0.0 0.3 2r0 1 cteoid 01 2p0.95 2p12.30 98.2 25.66

reflector 5 1 0.3 0.0 0.3 0.0 2r0 1 reflector 5 1 2r0.0 0 0.3 2r0 1 -

,

unit 5 unit 19
array 1 3*0.0 cthold 01 2p12.30 2p0.95 98.2 25.66- !

reflector 3 1 0.3 0.0 0.0 0.3 2r0 1 reflectoe 5 1 0 0.3 2ro.0 2r0 1 i

!reflector 5 1 0.0 0.3 .3 0.0 2r0 1 unit 20 '

unit 6 cuboid 01 2p0.95 2p0.95 98.2 25.66
array 1 3*0.0 reflector 5 1 4r0.0 2r0 - 1

reflector 3 1 0.0 0.3 0.3 0.0 2r0 1 unit 21
reflector 5 1 0.3 0.0 0.0 0.3 2r0 1 cuboid 01 2p12.30 2p0.95 98.2 25.66

unit 7 reflector 5 1 0.3 0 2ro.0 2r0 1 [
array 1 3*0.0 unit 22
reflector 3 1 0.3 0.0 0.3 0.0 2r0 1 cteoid 01 2po.95 2p12.30 98.2 25.66 |

reflector 51 0.0 0.3 0.0 0.3 2r0 1 reflector 5 1 2r0.0 0.3 0 2r0 1 e

unit 8 unit 23
1

i

F
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_____ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ . _ _ _ _ _ _ _ -

array 3 3*0.0 cylinder 11 .395 32.78 000
reflector 3 1 4r20 2r01 cylinder 01 .410 32.78 0.0
reflector 4 1 5r0 .81 cylinder 21 .470 32.78 0.0
reflector 3 1 5r0 20 1 ' c4oid 31 4p.675 32.78 0.0
unit 24 mit 4
array 4 3*0.0 array 1 3*0.0 |

reflector 0 1 4r20 2r0 1 reflector 3 1 0.0 0.3 0.0 0.3 2r0 1
stobal smit 25 reflector 5 1 0.3 0.0 0.3 0.0 2r0 1
array 5 3*0.0 unit 5
end geen array 1 3*0.0

reflector 3 1 0.3 0.0 0.0 0.3 2r0 1
read array reflector 5 1 0.0 0.3 .3 0.0 2r0 1
ara =1 fam=18 nuy=18 nuz=3 FILL 324r1 324r2 324r3 end FILL tmlt 6
era =2 rum =18 nur=18 nuz=1 fiLt 324r13 end fILt array 1 3*0.0
ara =3 rum =3 nuy=3 nuz=1 fitt 4 8 5 9 10 11 6 12 7 end fitt reflector 3 1 0.0 0.3 .3 0.0 2r0 1
ara =4 num=3 nuy=3 nuz=1 fitt 14 18 15 19 20 21 16 22 17 end fitt reflector 5 1 0.3 0.0 0.0 0.3 2r0 1
era =5 nux=1 nuy=1 nuz=2 fILt 23 24 end FILL unit 7
end array array 1 3*0.0
end data reflector 3 1 0.3 0.0 0.3 0.0 2r0 1
end reflector 5 1 0.0 0.3 0.0 0.3 2r0 1

unit 8

ans33at2 csboid 31 2p2.2 2p12.30 34.68 0.0
reflector 5 1 2r0.0 0 0.3 0 0.3 1

#csas25 unit 9

ans33at2 cuboid 31 2p12.30 2p2.2 34.68 0.0
G 44 group latticecett reflector 5 1 0 0.3 2r0.0 0 0.3 1

*** uo2 1 den =10.38 1.0 293 92235 4.742 92238 95.258 end toit 10

arbmag5 2.70 4 0 0 1 13027 98.85 12000 0.50 14000 0.43 26000 estoid 31 2p2.2 2p2.2 34.68 0.0
0.22 2 1 293 end reflector 5 1 5ro.0 0.3 1

h2o 3 1.0 end init 11

arbmstl 7.90 3 0 0 1 26000 72.0 24000 18.0 28000 10.0 4 1 end ctbold 31 2p12.30 2p2.2 34.68 0.0

at 5 den =2.651 1.0 erd reflector 5 1 0.3 0 2ro.0 0 0.3 1

uo2 6 den =10.38 1.0 293 92235 4.742 92238 95.258 end unit 12
- at 7 1.0 end cthold 31 2p2.2 2p12.30 34.68 0.0

end conp reflector 5 1 2r0.0 0.3 0 0 0.3 1

squarepitch 1.35 0.79 1 3 0.94 2 0.82 0 end mit 13
more data res=6 cyl 0.395 dan (6)=0.989755 end cyt trder 61 .395 90.00 32.78 i

4-18x18 assenbtles separated by 0.3-ca-thick attninum plates and 4.4 cytInder 01 .410 %.9 32.78 l

'em of water, 32.78 cm water height cylinder 21 .470 98.2 32.78 1

read para rin=yes gen =405 rpg=600 nsk=5 ruh=yes end perm ethold 01 4p.675 98.2 32.78 i
'

unit 14
read geen array 2 3*0.0
unit 1 reflector 0 1 0.0 0.3 0.0 0.3 2r0 1
cylinder 71 .470 0.0 -1.55 reflector 5 1 0.3 0.0 0.3 0.0 2r0 1
ctbold 31 Ap.675 0.0 -1.55 unit 15

g reflector 4 1 Sro.0 0.4 1 array 2 3*0.0 *>-

g tait 2 reflector 0 1 0.3 0.0 0.0 0.3 2r0 1 *@

p cylinder 71 .470 0.0 -0.25 reflector 5 1 0.0 0.3 .3 0.0 2r0 1 o

cylinder 31 .500 0.0 -0.25 unit 16 E. )
e

@ cubold 41 4p.675 0.0 -0.25 array 2 3*0.0 Si"
'

unit 3 reflector 0 1 0.0 0.3 .3 0.0 2r0 1 y

I

i
|
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4

reflector 5 1. 0.3 0.0 0.0 0.3 2r0 1 arbeett 7.90 3 0 0126000 72.00 2400018.00 2800010.0 41 eruf .>
{ unit 17 - et 5 den =2.651 1.0 erut $|' errey 2 3*0.0' uo2 6 den =10.38 1.0 293 92235 4.742 92238 95.258 end I

_Q reflector 0 1 0.3 0.0 0.3 0.0 2r0 1 'al 7 1.0 end h
8 reflector 5 1 0.0 0.3 0.0 0.3 2r0 1 and camp M
;c unit 18 so mrepitch 1.35 0.79 '1 3 0.94 2 0.82 -0' end >
& cubold 01 2p2.2 2p12.30 98.2 32.78 acre data res=6 cyt 0.395 den (6)=0.999755 end
y reflector 5 1 2r0.0 -0 0.3 2r0 1 4-18x18 asseshtles separated by 0.3-en-thick al miram plates and 9.4

unit 19 'em of unter, 64.12 cm unter height-

ethold 01 2p12.30 2p2.2 98.2 32.78 reed perm rm=yes gen =405 npg=600 nok=5 rudryes end para
reflector 5 1 0 0.3 2r0.0 2r0 1

' unit 20 reed geen
cubold 0 1 -2p2.2 2p2.2 98.2 32.78 unit 1

reflector 5 1 4ro.0 _ 2r0 1 cylinder 71 .470 0.0 r1.55
unit 21

_ cebold 31 4p.675 0.0 -1.55
cthold 01 2p12.30 2p2.2 98.2 32.78 reflector 4 1 5r0 0.4 1

reflector 5 1 0.3 0 2ro.0 2r0 1 unit 2
. unit 22 cylinder 71 .470 0.0 -0.25
' ~ cubold 01 2p2.2 2p12.30 98.2 32.78 cylinder 31 .500 0.0 -0.25

reflector 5 1 2ro.0 0.3 0 2r0 1 cubold 41 4p.675 0.0 -0.25
unit 23 imit 3
array 3 3*0.0 cylinder 11 .395 - 64.12 0.0
reflector 3 1 4r20 2r01 cylinder 01 410 64.12 0.0
refIector 4 1 5r0 .81 cyL f rider 21 470 64.12 0.0
reflector 3 1 Sr0 20 1 ct&old' 31 4p.675 64.12 0.0

G unit 24 mit 4
A errey 4 3*0.0 errey 1 3*0.0

reflector 0 1 4r20 2r0 1 reflector 3 1 0.0 0.3 0.0 0.3 2r0 1
globet unit 25 reflector 5 1 0.3 0.0 0.3 0.0 2r0 1
errey 5 3*0.0 amit 5
end seem errey 1 3*0.0

reflector 3 1 0.3 0.0 0.0 0.3 2r0 1
reed errey reflector 5 1 0.0 0.3 .3 0.0 2r0 1
are=1 num=18 nuy=18 ruz=3 fitt 324r1324r2 324r3 end fitt imit 6

ere=2 rum =18 nur=18 :wr=1 fitt 324r13 end filt errey 1 3*0.0
are=3 raat =3 rwy=3 nur=1 fitt 4 8 5 9 10 11 6 12 7 end fitt reflector 3 1 0.0 0.3 .3 0.0 2r0 1
are=4 rum *3 nuy=3 rwa =1 fitt 14181519 20 21 16 2217 end fitt reflector 5 1 0.3 0.0 0.0 0.3 2r0 1

d are=5 ram =1 nuy=1 nuz=2 FILL 23 24 end fILt tait 7
and errey array 1 3*0.0
and data reflector 3 1 0.3 0.0 0.3 0.0 2r0 1
end' reflector 5 1 0.0 0.3 0.0 0.3 2r0 1

telt 8
ene33al3 ethold 31 2p4.7 2p12.30 46.02 0.0

reflector 5 1 2r0.0 0 0.3 0 0.3 1

sesse25 imit 9
ene33el3 cteoid - 31 2p12.30 2p4.7 66.02 0.0
44 scot, letticecett reflector 5 1 0 0.3 2re.0 0 0.3 1*

uo2 1 den =10.38 1.0 293 92235 4.742 92238 95.258 end unit 10
ertumes5 2.70 4 0 0 1 13027 98.85 12000 0.50 14000 0.43 26000 cubold 31 2p4.7 2p6.7 66.02 'O.04

0.22 2 1 293 end reflector 5 1 5r0.0 0.3 1

h2o 3 1.0 end unit 11

!

i
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ctbold 31 2p12.30 2p4.7 66.02 0.0 errey 5 3*0.0

reflector 5 1 0.3 0 2ro.0 0 0.3 1 end geen

mit 12
cubold 31 2p4.7 2p12.30 66.02 0.0 reed errey

reftector 5 1 2re.0 0.3 0 0 0.3 1
are=1 rum =18 nuy=1C na=3 fitt 324r1324r2 324r3 and fitt

are=2 rum =18 nuy=18 ==1 fILt 324r13 and fItt
untt 13
cylinder 61 .395 90.00 64.12 are=3 num=3 nur=3 tiur=1 filt 4 8 5 9 10 11 6 12 7 end flLt

cylinder 01 410 96.9 64.12 are=4 rum =3 rusy=3 nur=1 fitt 14 18 15 19 20 21 16 22 17 and fitt

cylinder 21 470 98.2 64.12 ere=5 rum =1 rusy=1 nur=2 fit 1 23 24 end fItL

ctbold 01 4p.675 98.2 64.12 end errey
end datamit 14
endarrey 2 3*0.0

reflector 0 1 0.0 0.3 0.0 0.3 2r0 1
reflector 5 1 0.3 0.0 0.3 0.0 2r0 1 anm33ebt

unit 15
#csas25array 2 3*0.0

reflector 0 1 0.3 0.0 0.0 0.3 2r0 1 ans33ebt

reflector 5 1 0.0 0.3 .3 0.0 2r0 1 44 gros , tatticecell
uo2 1 den =10.38 1.0 293 92235 4.742 92238 95.258 end

unit 16
-array 2 3*0.0 artmeg5 2.70 4 0 0 1 13027 98.85 12000 0.50 14000 0.43 26000

reflector 0 1 0.0 0.3 .3 0.0 2r0 1 0.22 2 1 293 end

reflector 5 1 0.3 0.0 0.0 0.3 2r0 1 h2o 3 1.0 end

arbustl 7.90 3 0 0 1 26000 72.0 24000 18.0 28000 10.0 4 1 endunit 17
array 2 3*0.0 polyethytene 5 den =0.55401.0 end

reflector 0 1 0.3 0.0 0.3 0.0 2r0 1 uo2 6 den =10.38 1.0 293 92235 4.742 92238 95.258 end t

G reflector 5 1 0.0 0.3 0.0 0.3 2r0 1 at 7 den =2.651 1.0 end

at 8 1.0 end* unit 18
ctbold 01 2p4.7 2p12.30 98.2 64.12 end cono
reflector 5 1 2ro.0 0 0.3 2r0 1 squarepitch 1.35 0.79 1 3 0.94 2 0.82 0 end

,]more data res=6 cyl 0.395 den (6)=0.989755 end
unit 19
ctbold 01 2p12.30 2p4.7 98.2 64.12 4-18x18 assemblies seperated by 0.3-ca-thick attairum plates and 1.9

reflector 5 1 0 0.3 2ro 0 2r0 1 'cm of polyethytene belts, 25.54 cm ueter height t

t
unit 20 read perm run=yes gen =405 npg=600 nsk=5 rub =yes end pers

cuboid 01 2p4.7 2p4.7 98.2 64.12
i

reflector 5 1 4ro.0 2r0 1 read geom
i

unit 1unit 21
cuboid 01 2p12.30 2p4.7 98.2 64.12 cylinder 81 470 0.0 -1.55 i

reflector 5 1 0.3 0 2r0.0 2r0 1 ctbold 31 4p.675 0.0 -1.55 -

unit 22 reflector 4 1 Sr0 0.4 1 i

cuboid 01 2p4.7 2p12.30 98.2' 64.12 unit 2
reflector 5 1 2ro.0 0.3 0 2r0 1 cytinder 81 470 0.0 -0.25
mit 23 cylinder 31 .500 0.0 -0.25 ,

y cuboid 41 4p.675 0.0 -0.25 ig array 3 3*0.0
reflector 3 1 4r20 2r0 1 unit 3

h reflector 4 1 Sr0 .8 1 cylinder 11 .395 25.54 0.0

C) reflector 3 1 Sr0 20 1 cylinder 01 410 25.54 0.0 > |

3 unit 24 cylinder 21 470 25.54 0.0 y '

i

y arrey 4 3*0.0 ciboid 31 4p.675 25.54 0.0 e

reflector 0 1 4r20 2r0 1 . unit 4 &g arrey 1 3*0.0 y ;

w global unit 25
S >

.

I
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*2' ' reflector 3 1 0.0 0.3 0.0 0.3 2r0 1 cieoid 01 2p0.95 2p12.30 98.2 25.54 >d reflector 7 1 0.3 0.0 0.3 0.0 2r0 1 reflector 7 1 2r0.0 0 0.3 2r0 1$ unit 5 mit 19
o array 1 3*0.0 ciAoid 01 2p12.30 2po.95 98.2 25.543 reflector 3 1 0.3 0.0 0.0 0.3 2r0 1 reflector 7 1 0 0.3 2ro.0 2r0 1 M

.

;c reflector 7 1 0.0 0.3 .3 0.0 2r0 1 unit 20 >*& unit 6 esbold 01 2po.95 2p0.95 98.2 25.54y array 1 . 3*0.0 reflector 7 1 4ro.0 2r0 1reflector 3 1 0.0 0.3 .3 0.0 2r0 1 unit 21-

reflector 7 1 0.3 0.0 0.0 0.3 2r0 1 ethold 01 2p12.30 2p0.95 98.2 25.54
unit 7 reflector 7 1 0.3 0 2ro.0 2r0 1
array 1 3*0.0 unit 22
rettector 3 1 0.3 0.0 0.3 0.0 2r0 1 cibold 01 2p0.95 2p12.30 98.2 25.54
reflector 7 1 0.0 0.3 0.0 0.3 2r0 1 reflector 7 1 2r0.0 0.3 0 2r0 1
unit 8 unit 23
cubold 51 2po.95 2p12.30 27.44 0.0 array 3 3*0.0

+

reflectee 71 2r0.0 0 0.3 0 0.3 1 reflector 3 1 4r20 2r0 1
unit 9 reflector 4 1 5r0 .8 1cibold 51 2p12.30 2po.95 27.44 0.0 reflector 3 1 Sr0 20 1
reflector 7 1 0 0.3 2ro.0 0 0.3 1 mit 24
unit 10 array 4 3*0.0
esbold 51 2p0.95 2p0.95 27.44 0.0 reflector 0 1 4r20 2r0 1
reflector 7 1 5ro.0 0.3 1 globat unit 25
unit 11 array 5 3*0.0
ctbold 51 2p12.30 2p0.95 27.44 0.0 end geen

G reflector.7 1 0.3 0 2r0.0 0 0.3 1m unit 12 read array
ctbold 51 2p0.95 2p12.30 27.44 0.0 ara =1 rux=18 nuy=18 nuz=3 fitt 324r1324r2 324r3 end fittreflector 7 1 2r0.0 0.3 0 0 0.3 1 era =2 nux=18 nuy=18 nuz=1 fill 324r13 end fillunit 13 era =3 num=3 nuy=3 ruz=1 fitt 4 8 5 9 to 11 6 12 7 end fittcylinder 61 .395 90.00 25.54 era =4 nux=3 nuy=3 nuz=1 fitt 14 18 15 19 20 21 16 22 17 end fill '

cylinder 01 410 %.9 25.54 ara =5 nux=1 nuy=1 nuzs2 filt 23 24 end fitt icylinder 21 .470 98.2 25.54 end array
cuboid 01 4p.675 98.2 25.54 end data
unit 14 end
array 2 3*0.0
reflector 0 1 0.0 0.3 0.0 0.3 2r0 1 ann 33eb2
reflector 7 1 0.3 0.0 0.3 0.0 2r0 1
unit 15 #csas25
array 2 3*0.0 ans33eb2
reflector 0 1 0.3 0.0 0.0 0.3 2r0 1 44 group latticecett
reftector 7 1 0.0 0.3 .3 0.0 2r0 1 uo2 1 den =10.381.0 293 92235 4.742 92238 95.258 endunit 16 arbeag5 2.70 4 0 0 1 13027 98.85 12000 0.50 14000 0.43array 2 3*0.0 26000 0.22 2 1 293 endreflector 0 1 0.0 0.3 .3 0.0 2r0 1 h2o 3 1.0 endreflector 7 1 0.3 0.0 0.0 0.3 2r0 1 artantt 7.90 3 0 0 1 26000 72.0 24000 18.0 28000 10.0 4 1 endteilt 17 polyethytene 5 den =0.5796 1.0 endarray 2 3*0.0 uo2 6 den =10.38 1.0 293 92235 4.742 92238 95.258 - endceflector 0 1 0.3 0.0 0.3 0.0 2r0 1 al 7 den =2.651 1.0 endre' lector 7 1 0.0 0.3 0.0 0.3 2r0 1 at 8 1.0 andteilt 18 end camp

I
i
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squerspitch 1.35 0.79 1 3 0.94 2 0.82 0 end unit 13
more deta res=6 cy1 0.395 den (6)=0.989755 end cytInder' 6 1 .395 90.00 30.73 ;|

4-18x18 assem6tles seperated try 0.3-co-thick aluminum plates and 4.4 cylinder 01 410 %.9 30.73 t

*cm of polyethylene belts, 30.73 cm water height cylinder 21 470 98.2 30.73 i

read para rmryes gen =405 npg=600 nsk=5 rubryes end para ctbold 01 4p.675 98.2 30.73
mit 14

read geen array 2 3*0.0
mit 1 reflector 0 1 0.0 0.3 0.0 0.3 2r0 1
cylinder 81 .470 0.0 -1.55 reflector 7 1 0.3 0.0 0.3 0.0 2r0 1
cubold 31 4p.675 0.0 -1.55 unit 15
reflector 4 1 Sr0 0.4 1 array 2 3*0.0
imit 2 reflector 0 1 0.3 0.0 0.0 0.3 2r0 1

,
cylinder 81 470 0.0 -0.25 reflector 7 1 0.0 0.3 .3 0.0 2r0 1

| cylinder 31 .500 0.0 -0.25 tmit 16 ,

cuboid 41 4p.675 0.0 -0.25 array 2 3*0.0 t

unit 3 reflector 0 1 0.0 0.3 .3 0.0 2r0 1 I

cylinder 11 .2 30.73 0.0 reflector 7 1 0.3 S.O 0.0 0.3 2r0 1 ;

i cytinder 01 410 30.73 0.0 tmlt 17 |

cylinder 21 .470 30.73 0.0 array 2 3*0.0 i

cubold 31 4p.675 30.73 0.0 reflector 0 1 0.3 0.0 0.3 0.0 2r0 1 '

'

unit 4 reflector 7 1 0.0 0.3 0.0 0.3 2r0 1
array 1 3*0.0 unit 18

reflector 3 1 0.0 0.3 0.0 0.3 2r0 1 ciboid 01 2p2.2 2p12.30 98.2 30.73'

reflector 7 1 0.3 0.0 0.3 0.0 2r0 1 reflector 7 1 2ro.0 0 0.3 2r0 1

unit 5 unit 19 <

G array 1 3*0.0 cuboid 01 2p12.30 2p2.2 98.2 30.73
4 reflector 3 1 0.3 0.0 0.0 0.3 2r0 1 reflector 7 1 0 0.3 2ro.0 2r0 1

reflector 7 1 0.0 0.3 .3 0.0 2r0 1 unit 20

unit 6 ctboid 01 2p2.2 2p2.2 98.2 30.73
array 1 3*0.0 reflector 7 1 4r0.0 2r0 1

reflector 3 1 0.0 0.3 .3 0.0 2r0 1 unit 21
reflector 7 1 0.3 0.0 0.0 0.3 2r0 1 cuboid 01 2p12.30 2p2.2 98.2 30.73
unit 7 reflector 7 1 0.3 0 2r0.0 2r0 1 !

-

array 1 3*0.0 unit 22
reflector 3 1 0.3 0.0 0.3 0.0 2r0 1 cuboid 01 2p2.2 2p12.30 98.2 30.73

reflector 7 1 0.0 0.3 0.0 0.3 2r0 1 reflector 7 1 2ro.0 0.3 0 2r0 1

unit 8 unit 23
ctboid 51 2p2.2 2p12.30 32.63 0.0 array 3 3*0.0

reflector 7 1 2r0.0 0 0.3 0 0.3 1 reflector 3 1 4r20 2r0 1

unit 9 reflector 4 1 Sr0 .8 1 i

cuboid 51 2p12.30 2p2.2 32.63 0.0 reflector 3 1 Sr0 20 1
reflector 7 1 0 0.3 2ro.0 0 0.3 1 unit 24 i

unit 10 array 4 3*0.0

ctboid 51 2p2.2 2p2.2 32.63 0.0 reflector 0 1 4r20 2r0 1 i

h reflector 7 1 Sr0.0 0.3 1 global unit 25 |

C) unit 11 array 5 3*0.0 >
g cuboid 51 2p12.30 2p2.2 32.63 0.0 end geen y

reflector 7 1 0.3 0 2r0.0 0 0.3 1 o !y
unit 12 reed array Eg
cubold 51 2p2.2 2p12.30 32.63 0.0 ara =1 nux=18 nuy=18 nuz=3 fitt 324r1 324r2 324r3 end fitt Eta

$ ref1octor 7 1 2r0.0 0.3 0 0 0.3 1 ars=2 nux=18 nuy=18 nuz=1 fit 1 324r13 end ffLL y

i

'
_ _ _ . - _ _ . . _ . _ . _ _ . . . . _ _ _ _ _ . - . _ _ , -



__ _ - - -____ __ - _ _. ._ ._ - ______ __ _ _ - - - _ _ _ - - _ _ _ - - - - _ _ _ _ - - _ _ _ - _ - _ _ _ _

.. i
;

1

,

;

are=3 ensi=3 nur=3 mar =1 filt 4 8 5 9 to 11612 7 end fill errey 1 3*0.0. >- [,
ere=4 rum =3 nur=3 nur=1 fitt 14 18 15 19 20 21 16 22 17 end fitt reflector 3 1 0.0 0.3'.3 0.0 2r0 1 ?

m

ere=5 rust =1 nur=1 nur=2 fitt 23 24 end fill reflector 6 1 0.3 0.0 0.0 0.3 2r0 1
o end errey mit 7

n end date errey 1 3*0.0 M..

pa and reflector 3 1 0.3 0.0 0.3 0.0 2r0 1 >
& reflector 6 1 0.0 0.3 0.0 0.3 2r0 1 :
*** ensIIent mit 8 |3 cuboid 41 2p.95 2p12.30 28.88 0.0 ;

seses25 reflector 6 1 2ro.0 0 0.3 0 0.3 1 i
ens 33ept unit 9 i
44 group tetticecell cubold - 41 2p12.30 2p.95 28.88 0.0 !

* uo2 1 den =10.38 1.0 293 92235 4.742 92238 95.258 end reflector 6 1 0 0.3 2r0.0 0 0.3 1

erbmag5 2.70 4 0 0 1 13027 98.85 12000 0.50 14000 0.43 26000 mit 10
0.22 2 1 293 end ethold 4 1. 2p.95 2p.95 28.88 0.0 ;

h2o 3 1.0 end reflector 6 1 5r0.0 0.3 1
'

. poly (h2o) 4 den =.2879 1.0 end unit 11
arbastl 7.90 3 0 0 1 26000 72.0 24000 18.0 28000 10.0 5 1 end eseoid 41 2p12.30 2p.95 28.88 0.0
el 6 den =2.651 1.0 end reflector 6 1 0.3 0 2r0.0 0 0.3 1

uo2 7 den =10.38 1.0 293 92235 4.742 92238 95.258 end unit 12 '

et 8 1.0 end ethold 41 2p.95 2p12.30 28.88 0.0i

' end camp reflector 6 1 2r0.0 0.3 0 0 0.3 1
,

squarepitch 1.35 0.79 1 3 0.94 2 0.82 0 end mit 13
more date res=7 cyl 0.395 den (7)=0.989755 end cylinder- 7 1 .395 90.00 26.98
4-18x18 essemblies separated ty 0.3-co-thick etteilrman plates and 1.9 cylinder 01 .410- M.9 26.98

G 'em of polyethylene pouder, 26.98 cm unter height- cylinder 21 .470 98.2- 26.98 ;
i ** reed para r m =yes gen =405 npe=600 nok=5 nub =yes end perm cthold 01 4p.675 98.2 26.98 !

tatit 14 [
'

read seem array 2 3*0.0
mit 1 reflector 0 1. 0.0 0.3 0.0 0.3 2r0 1 ;

cylinder 81 .470 0.0 -0.75 reflector 6 1 0.3 0.0 0.3 0.0 2r0 1 !

cibold 31 4p.675 0.0 -1.55 unit 15 i
reflector 4 1 5ro.0 0.4 1 errey 2 3*0.0 i

i mit 2 reflector 0 1 0.3 0.0 0.0 0.3 2r4 1
cylinder 81 .470 0.0 -0.25 reflector 6 1 0.0 0.3 .3 0.0 2r0 1 ,

cytinder 31 .500 0.0 -0.25 mit 16 |
cimold 51 4p.675 0.0 -0.25 errey 2 3*0.0 '

unit 3 reflector 0 1 0.0 0.3 .3 0.0 2r0 1 :

cylinder 11 .395 26.98 0.0 reflector 6 1 0.3 0.0 0.0 0.3 2r0 1 I
cytinder 01 .410 26.98 0.0 unit 17 ;
cylinder 21 .470 26.98 0.0 errey 2 3*0.0 !
cteoid 31 4p.675 26.98 0.0 reflector 0 1 0.3 0.0 0.3 0.0 2r0 1 !

; unit 4 reflector 6 1 0.0 0.3 0.0 0.3 2r0 1 I
! errey 1 3*0.0 mit 18

reflector 3 1 0.0 0.3 0.0 0.3 2r0 1 ctheid - 01 2p.95 2p12.30 98.2 26.98
reflector 6 1 0.3 0.0 0.3 0.0 2r0 1 reflector 6 1 2re.0 0 0.3 2r0 1 1unit 5 mit 19 -*

i

; array 1 3*0.0 cohold 01 2p12.30 2p.95 98.2 26.98 2

reflector 3 1 0.3 0.0 0.0 0.3 2r0 1 reflector 6 1 0 0.3 2re.0 2r0 1 ireflector 6 1 0.0 0.3 .3 0.0 2r0 1 unit 20 i
unit 6 ctheid 01 2p.95 2p.95 98.2 26.98 !

i

[
;

*
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reflector 6 1 4ro.0 2r0 1 read geen
mit 21 unit 1

ctbold 01 2p12.30 2p.95 98.2 26.98 cylinder 81 .470 0.0 -0.75
reflector 6 1 0.3 0 2ro.0 2r0 1 ctbold 31 4p.675 0.0 -1.55
mit 22 reflector 4 1 5r0.0 0.4 1

ctbold 01 2p.95 2p12.30 98.2 26.98 mit 2
reflector 6 1 2r0.0 0.3 0 2r0 1 cylinder 81 .470 0.0 -0.25
unit 23 cylinder 31 .500 0.0 -0.25
erray 3 3*0.0 ctbold 51 4p.675 0.0 -0.25
reflector 3 1 4r20 2r0 1 mit 3
reflector 5 1 Sr0 .8 1 cylinder 11 .395 30.16 0.0
reflector 3 1 Sr 20 1 cylinder 01 .410 30.16 0.0
unit 24 cylinder 21 .470 30.16 0.0
arrey 4 3*0.0 ctbold 31 4p.675 30.16 0.0
reflector 0 1 4r20 2r0 1 unit 4

globat unit 25 array 1 3*0.0
array 5 3*0.0 reflector 3 1 0.0 0.3 0.0 0.3 2r0 1
end geon reflector 6 1 0.3 0.0 0.3 0.0 2r0 1

unit 5
read array array 1 3*0.0
ara =1 nux=18 nuy=18 nuz=3 filt 324r1 324r2 324r3 end fill reflector 3 1 0.3 0.0 0.0 0.3 2r0 1

ara =2 nux=18 nuy=18 nuz=1 fill 324r13 end fill reflector 6 1 0.0 0.3 .3 0.0 2r0 1
are=3 nux=3 nuy=3 nuz=1 filt 4 8 5 9 10 11 6 12 7 end fitt unit 6

ara =4 nux=3 nuy=3 nuz=1 fitt 14 18 15 19 20 21 16 22 17 end fill array 1 3*0.0
era =5 nux=1 nuy=1 nuz=2 fILt 23 24 end FILL refIector 3 1 0.0 0.3 .3 0.0 2r0 1

G end array reflector 6 1 0.3 0.0 0.0 0.3 2r0 1
C end data unit 7

end array 1 3*0.0
reflector 3 1 0.3 0.0 0.3 0.0 2r0 1

ans33eo2 reflector 6 1 0.0 0.3 0.0 0.3 2r0 1
unit 8

#csas25 cuboid 41 2p2.2 2p12.30 32.06 0.0
ans33ep2 reflector 6 1 2ro.0 0 0.3 0 0.3 1

44grotp latticecett unit 9

uo2 1 den =10.38 1.0 293 92235 4.742 92238 95.258 end cuboid 41 2p12.30 2p2.2 32.% 0.0
arbmag5 2.70 4 0 0 1 13027 98.85 12000 0.50 14000 0.43 26000 reflector 6 1 0 0.3 2r0.0 0 0.3 1

0.22 2 1 293 end unit 10

h2o 3 1.0 end ctbold 41 2p2.2 2p2.2 32.06 0.0
poly (h2o) 4 den =.3335 1.0 end reflector 6 1 5r0.0 0.3 1

arbmstl 7.90 3 0 0 1 26000 72.0 24000 18.0 28000 10.0 5 1 end unit 11
al 6 den =2.651 1.0 end cuboid 41 2p12.30 2p2.2 32.06 0.0
uo2 7 den =10.38 1.0 293 92235 4.742 92238 95.258 end reflector 6 1 0.3 0 2r0.0 0 0.3 1

at 8 1.0 end unit 12
end coup cubold 41 2p2.2 2p12.30 32.06 0.0

m squarepitch 1.35 0.79 1 3 0.94 2 0.82 0 end reflector 6 1 2ro.0 0.3 0 0 0.3 1

o more data res=7 cyl 0.395 den (7)=0.989755 end unit 13 .>
g 4-18x18 assenbtles separeted by 0.3-cm-thick alumintan plates and 4.4 cylinder 71 .395 90.00 30.16 @
p 'em of polyethylene powder, 30.16 cm water beight cylinder 01 .410 96.9 30.16 g

read para run=yes gen =405 opg=600 nsk=5 nub =yes end perm cylinder 21 .470 98.2 30.16 o.i

$ esboid 01 4p.675 98.2 30.16 W
E >
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% unit 14 end data >
"G array 2 3*0.0 end

h reflector 0 1 0.0 0.3 0.0 0.3 2r0 1,

| c reflector 6 1 0.3 0.0 0.3 0.0 2r0 1 ans33sta 9:
| 3 unit 15 x

;c array 2 3*0.0 #csas25 >>

' & reflector 0 1 0.3 0.0 0.0 0.3 2r0 1 ans33ste
y reflector 6 1 0.0 0.3 .3 0.0 2r0 1 44grote latticecell

unit 16 uo2 1 den =10.38 1.0 293 92235 4.742 92233 95.258 end-

| array 2 3*0.0 artmag5 2.70 4 0 0 1 13027 98.85 12000 0.50 14000 0.43 26000
' reflector 0 1 0.0 0.3 .3 0.0 2r0 1 0.22 2 1 293 end

reflector 6 1 0.3 0.0 0.0 0.3 2r0 1 h2o 3 1.0 end
| mit 17 artnstl 7.90 3 0 0 1 26000 72.00 24000 18.00 28000 10.0 4 1 end
! array 2 3*0.0 uo2 5 den =10.38 1.0 293 92235 4.742 92238 95.258 end
! reflector 0 1 0.3 0.0 0.3 0.0 2r0 1 at 6 den =2.651 1.0 end

reflector 6 1 0.0 0.3 0.0 0.3 2r0 1 at 7 1.0 end
unit 18 end conp
ctbold 01 2p2.2 2p12.30 98.2 30.16 sqaarepitch 1.35 0.79 1 3 0.94 2 0.82 0 end
reflector 6 1 2r0.0 0 0.3 2r0 1 more data res=5 cyl 0.395 dan (5)=0.989755 end
unit 19 4-18x18 asseebtles separated by 5.0 cm of water, 28.61 cm water height
cuboid 01 2p12.30 2p2.2 98.2 30.16 read para run=yes gen =405 rpg=600 nsk=5 nub =yes end para

| reflector 6 1 0 0.3 2ro.0 2r0 1

unit 20 read geom
cuboid 01 2p2.2 2p2.2 98.2 30.16 unit I
reflector 6 1 4ro.0 2r0 1 cylinder 71 .470 0.0 -0.75

$ unit 21 etbold 31 4p.675 0.0 -1.55
C ctbold 01 2p12.30 2p2.2 98.2 30.16 reflector 4 1 Sro.O 0.4 1

reflector 6 1 0.3 0 2ro.0 2r0 1 unit 2
unit 22 cylinder 71 470 0.0 -0.25
ctbold 01 2p2.2 2p12.30 98.2 30.16 cylinder 31 .500 0.0 -0.25
reflector 6 1 2ro.0 0.3 0 2r0 1 ctbold 41 4p.675 0.0 -0.25
unit 23 trilt 3
array 3 3*0.0 cylinder 11 .395 31.47 0.0
reflector 3 1 4r20 2r0 1 cylinder 01 .410 31.47 0.0
reflector 5 1 Sr0 .81 cylinder 21 .470 31.47 0.0
reflector 31 Sr0 20 1 ctbold 31 4p.675 31.47 0.0
mit 24 unit 4
array 4 3*0.0 array 1 3*0.0
reflector 0 1 4r20 2r0 1 reflector 3 1 4r.3 2r0 1
globat unit 25 unit 5
array 5 3*0.0 array 1 3*0.0
end geos reflector 3 1 4r.3 2r0 1

unit 6
| read array array 1 3*0.0
i ara =1 nux=18 nuy=18 nuz=3 fill 324r1 324r2 324r3 end filt reflector 3 1 4r.3 2r0 1

ara =2 nux=1B nuy=18 nuz=1 fill 324r13 end fitt mit 7,

| ars=3 nux=3 nuy=3 nuz=1 fill 4 8 5 9 10 11 6 12 7 end fill array 1 3*0.0
' ara =4 nux=3 nuy=3 nuz=1 fill 14 18 15 19 20 21 16 22 17 end fitt reflector 3 1 4r.3 2r0 1

ara =5 nux=1 nuy=1 nuz=2 FILL 23 24 end fItL mit 8
end array ctboid 31 2p2.2 2p12.30 33.37 0.0
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reflector 3 1 2re.0 0 0.3 0 0.3 1 reflector 0 1 4r20 2r0 1
mit 9 global mit 25

cibold 31 2p12.30 2p2.2 33.37 0.0 array 5 3*0.0

reflector 3 1 0 0.3 2r0.0 0 0.3 1 end geen

mit to
c e oid 31 2p2.2 2p2.2 33.37 0.0 reed array

reflector 3 1 5r0.0 0.3 1 ara =1 num=18 nuy=18 mr=3 fitt 324r1324r2 324r3 end fitt

unit 11 era =2 nux=18 my=18 mr=1 FILL 324r13 end fILt
ethold 31 2p12.30 2p2.2 33.37 0.0 ara =3 num=3 my=3 mr=1 fitt 4 8 5 9 10 11 6 12 7 end fitt

reflector 3 1 0.3 0 2ro.0 0 0.3 1 ara =4 nux=3 nuy=3 mr=1 fl L L 14 18 15 19 20 21 16 22 17 end fitt
unit 12 era =5 nux=1 nuy=1 mz=2 fILt 23 24 end fItL
cuboid 31 2p2.2 2p12.30 33.37 0.0 end array

reflector 3 1 2r0.0 0.3 0 0 0.3 1 end data
unit 13 end
cylinder 51 .395 90.00 31.47
cylinder 01 .410 %.9 31.47 ann 33 sty

cylinder 21 .470 98.2 31.47
cshold 01 4p.675 98.2 31.47 #csas25
unit 14 ans33 sty
array 2 3*0.0 44 group tatticecett
reflector 0 1 4r.3 2r0 1 us2 1 den =10.38 1.0 293 92235 4.742 92238 95.258 end

unit 15 arbmag5 2.70 4 0 0'1 13027 98.85 12000 0.50 14000 0.43 26000
array 2 3*0.0 0.22 2 1 293 end

reflector 0 1 4r.3 2r0 1 h2o 3 1.0 end

unit 16 arbapoly 0.0323 2 0 1 0 6312 8 1901 8 4 1 end
g arbustl 7.90 3 0 0 1 26000 72.0 24000 18.0 28000 10.0 5 1 endo array 2 3*0.0

reflector 0 1 4r.3 2r0 1 at 6 den =2.651 1.0 end~

unit 17 uo2 7 den =10.38 1.0 293 92235 4.742 92238 95.258 end

array 2 3*0.0 at 8 1.0 end

reflector 0 1 4 r.3 2r0 1 end coup
unit 18 squarepitch 1.35 0.79 1 3 0.94 2 0.82 0 end

cuboid 01 2p2.2 2p12.30 98.2 31.47 more data res=7 cyt 0.395 dan (7)=0.989755 end

reflector 0 1 2r0.0 0 0.3 2r0 1 4-18x18 assesbtles separated by 0.3-cm-thick altaninun plates and 1.9
unit 19 'em of expanded polystyrene, 28.61 cm unter height
cuboid 01 2p12.30 2p2.2 98.2 31.47 read para rm=yes gen =405 opg=600 nsk=5 nub =yes end para
reflector 0 1 0 0.3 2r0.0 2r0 1

mit 20 read gece
cuboid 01 2p2.2 2p2.2 98.2 31.47 unit 1
unit 21 cylinder 81 .470 0.0 .75

cubold 01 2p12.30 2p2.2 98.2 31.47 cthold 31 4p.675 0.0 -1.55
reflector 0 1 0.3 0 2r0.0 2r0 1 reflector 5 1 Sr0.0 0.4 1

unit 22 unit 2
cuboid 01 2p2.2 2p12.30 98.2 31.47 cyttnder 81 .470 0.0 -0.25
reflector 0 1 2ro.0 0.3 0 2r0 1 cylinder 31 .500 0.0 -0.25

h imit 23 cthold 51 4p.675 0.0 '-0.25

o array .5 3*0.0 unit 3 >
3 reflector 3 1 4r20 2r0 1 cylinder 11 .395 28.61 0.0 y

;reflector 4 1 5ro .81 cylinder' O 1 .410 28.61 0.0 gp
reflector 3 1 5ro 20 1 cylinder 21 .470 28.61 0.0 o,g '

ta mit 24 cthold 31 4p.675 28.61 0.0 p-

$ array 4 3*0.0 unit 4 y
i

;
'
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array 1 3*0.0 unit 18reflector 3 1 0.0 0.3 0.0 0.3 2r0 1 3$ reflector 6 1 0.3 0.0 0.3 0.0 2r0 1 ctbold 01 2p 95 2p12.30 98.2 28.61 "U

O unit 5 reflector 6 1 2r3.0 0 0.3 2r0 1
unit 19n array 1 3*0.0 9cibold 01 2p)'.30 2p.95 98.2 28.61 i;c reflector 3 1 0.3 0.0 0.0 0.3 2r0 1 reflector 6 1 0 0..' 2ro.0 2r0 1 >& reflector 6 1 0.0 0.3 .3 0.0 2r0 1y unit 6 mit 20
ctbold 01 2p.95 2p.95 98.2 28.61array 1 3*0.0-

reflector 6 1 4r0.0 2r0 1reflector 3 1 0.0 0.3 .3 0.0 2r0 1 mit 21reflector 6 1 0.3 0.0 0.0 0.3 2r0 1 cubold 01 2p12.30 2p.95 98.2 28.61unit 7
reflector 6 1 0.3 0 2ro.0 2r0 1array 1 3*0.0
mit 22reflector 3 1 0.3 0.0 0.3 0.0 2r0 1 cubold 01 2p.95 2p12.30 98.2 28.61reflector 6 1 0.0 0.3 0.0 0.3 2r0 1 reflector 6 1 2ro.0 0.3 0 2r0 1unit 8
mit 23cuboid 41 2p.95 2p12.30 30.51 0.0
array 3 3*0.0reflector 6 1 2r0.0 0 0.3 0 0.3 1

unit 9 reflector 3 1 4r20 2r0 1
reflector 5 1 Sr0 .81ctbold 41 2p12.30 2p.95 30.51 0.0 reflector 3 1 Sr0 20 1reflector 6 1 0 0.3 2ro.O O 0.3 1 mit 24tmit 10
array 4 3*0.0cuboid 41 2p.95 2p.95 30.51 0.0 reflector 0 1 4r20 2r0 1reflector 6 1 Sro.0 0.3 1 global tnit 25unit 11
array 5 3*0.0$ cuboid 41 2p12.30 2p.95 30.51 0.0 end geomN reflector 6 1 0.3 0 2r0.0 0 0.3 1

unit 12 read arraycuboid 41 2p.95 2p12.30 30.51 0.0 ara =1 nux=18 my=18 mz=3 fitt 324r1324r2 324r3 end fittreflector 6 1 2ro.0 0.3 0 0 0.3 1

unit 13 ara =2 nux=18 my=18 nuz=1 fitt 324r13 end fitt
ara =3 nux=3 nuy=3 nuz=1 fitt 4 8 5 9 to 11 6 12 7 end fittcylinder 71 .395 90.00 28.61 ara =4 nux=3 nuy=3 nuz=1 fitt 14 18 15 19 20 21 16 22 17 end fillcytinder 01 .410 M.9 28.61 era =5 nux=1 nuy=1 nuz=2 FILL 23 24 end fILtcylinder 21 .470 98.2 28.61 end arraycuboid 01 4p.675 98.2 28.61 end data

unit 14 end
array 2 3*0.0
reflector 0 1 0.0 0.3 0.0 0.3 2r0 1 bl645 solreflector 6 1 0.3 0.0 0.3 0.0 2r0 1
unit 15 sesas25
array 2 3*0.0 bt645 sol
reflector 0 1 0.3 0.0 0.0 0.3 2r0 1 44grote tatticecettreflector 6 1 0.0 0.3 .3 0.0 2r0 1 uo2 1 0.9325 293 92235 2.459 92238 97.541 endunit 16 al 2 1.0 293 endarray 2 3*0.0 S2o 3 1.0 293 endreflector 0 1 0.0 0.3 .3 0.0 2r0 1 boron 3 den =1068.0-6 endreflector 6 1 0.3 0.0 0.0 0.3 2r0 1 caroonsteet 4 1.0 293 endunit 17 ep.:8 cosp
array 2 3*0.0 squarepitch 1.4097 1.0300 1 3 1.2060 2 1.0440 0 endreflector 0 1 0.3 0.0 0.3 0.0 2r0 1 9-15x15 assenbtles separated by 0.0762-ca-thick attaltue plates andreflector 6 1 0.0 0.3 0.0 0.3 2r0 1
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,

i
;

i

!' ' '1.6396 cm af unter,' 101.81 en unter height with 1068 ppe boren '1.6396 cm cf water,144.85 cm unter height with 1156 ppe boron f
reed para gen =405 rys=600 nak=5 nub =yes run=yes end para reed para gen =405 mpg =600 nak=5 ruds=yes rm=yes and para

i read seem reed gaan
mit 1 mit 1 t
cylinder 2 1 .6030 101.81 .318 cylinder 2 1 .6030 144.85 .318
ctbold 31 4po.70685 101.81 .318 cuboid 31 4po.70685 - 144.85 .318

,

unit 2 unit 2 i.

; cylinder 1 1 .5150 101.81 0.0 cylinder. 1 1 .5150 144.85 0.0 r
; cylinder 0 1 .5220 101.81 0.0 cylinder 0 1 .5220 144.85 0.0 :

; cylinder 2 1 .6030 101.81 .318 cylinder 2 1 .6030 144.85 .318 - i
;' cibold 31 4po.70485 101.81 .318 cubold 31 4po.70685 144.85 .318

unit 3- mit 3 |4

; ' array 1 -9.1631 -9.1631 -0.318 array 1 -9.1631 -9.1631 -0.318 !
' csboid 3 1 2p9.95725 2p9.1631 101.81 .318 cuboid 312p9.95725 2p9.1631.144.85 .318

unit 4 mit 4
d cuboid 3 1 2p9.95725 2po.79615 101.81 .318 ctbold 312p9.95725 2po.79415144.85 .318
.

unit 5 unit 5 ,

| cuboid 3 1 2p7.62 2p0.71795 101.81 .318 ctbold 3 1 2p7.62 2po.71795 144.85 .318
cubold 2 1 2p7.62 2po.79615 101.81 .318 cuboid 2 1 2p7.62 2p0.79615 144.85 .318
cthold 3 1 2p9.95725 2p0.79415 101.81 .318 cthold 3 1 2p9.95725 2po.79415 144.85 .318
global mit 6 globat unit 6

;

I array 2 -49.78625 -48.9921 .318 array 2 -49.78625 -48.9921 .318-
reflector 2 1 Sr0 2.882 1 reflector 2 1 Sr0 2.882 1

reflector 3 1 10 10 10 10 0 0 1 reflector 31101010100 0 1

$ reflector 2 1 4r0 0 8.9 1 reflector 2 1 4r0 0 8.9 1 6

(d reflector 3 1 4r0 0 2.86 1 reflector 3 1 Cr0 0 2.86 1

reflector 4 1 4r0 0 1.0 1 reflector 4 1 4r0 0 1.0 1 !
'

reflector 3 1 4r20 0 0 1 reflector 3 1 4r20 0 0 1
,

end peon and geen
>

read array read array
. L

ara =1 rux=13 nuy=13 nur=1 fitt 1 11r21 13r210q131 11r21' end filt are=1 nux=13 nuy=13 nuz=1 fitt 1 11r2 1 13r2 10q13 1 11r2 1 end fill i
ara =2 nux=5 nuy=9 nuz=1 fitt Sr3 4 3r5 4 3q10 Sr3 end fILt ara =2 num=5 nuy=9 nuz=1 fILt Sr3 4 3r5 4 3q10 5r3 end FILL ~

end array end array
end data and data (
end end '

tt1645so2 tas1231b1 I

!
gesas25 =csas25
b1645so2 bu1231b1 i

, 44 group Latticecelt 44 group latticecett
'

' uo2 1 0.9325 293 92235 2.459 92238 97.541 end uo2 1 0.863 285 92235 4.02 92238 95.98 and
al 2 1.0 293 end ss304 2 1.0 285 end

Q h2o 3 1.0 293 end h2o - 3 1.0 285 end >g boron 3 den =1156.0-6 end boron 3 den =.001152 1.0 285 end y' j
carbonsteet 4 1.0 293 end at 4 1.0 285 end a

.
p
g end coup

. ptexistas 5 1.0 285 end- E, !'
ta squarepitch 1.4097 1.0300 1 3 1.2060 2 1.0640 0 end

.
uo2 6 0.863 285 92235 . 4.02 92238 95.98 end Si-$ 9-15x15 assent >lles separated by 0.0762-co-thick aluminua plates and y ,

'

| - i
: 6

| .

I l
i

,f
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Z end camp unit 80 *>j squarepitch 1.511 1.128 1 3 1.208 2 end array 3 3*0.0 - @
,

,

'

| more dets res=6 cyl 0.564 den (6)=0.901122 end reflector 414r30 6.57 01 g.
, c) Core of 936 fuel rods, 167.5 cm unter height with 1152 ppm boron globet & .;I $ read perm rm=yes gen =405 rys=600 nsk=5 mh=yes end para unit 90 M
{ pu array 4 3*0.0 >'

'

'

& read gece end geenc

y mit 1
cylinder 41 564 2.365 0 read array- 1.

'

cylinder. 2 1 604 2.365 0 era =1 num=34 nuy=34 nuz=4.

cubold 3 1 4p.7555 2.365 0 fill iunit 2 12r2 Sr1 n17 9r2 8r1 n17 8r2 9rt n17
i cuboid 3 1 4p.7555 2.365 0 6r2 11r1 n17 Sr2 12r1 n17 4r2 13r1 n17 *

unit to 3r214r1 n17 3r214r1 n17 2r215rt n17 tr216rt n17cylinder 11 564 86.0 0 tr216rt n171r216r1 n17170r1
,

.
3

|cylinder 21 604 86.0 0 n578.

icuboid 3 1 4p.7555 86.0 0 12r11 Sr10 n17 9r11 8r10 n17 8r11 9r10 n17 lmit 11 6r11 11r10 n17 Sr11 12r10 n17 4r11 13r10 n17.cubold 3 1 4p.7555 86.0 0
3r11 14r10 n17 3r11 14r10 n17 2r11 15r10 n171rtl 16r10 n17 '

unit 20 1r11 16r10 n171r11 16r10 n1717Dr10cylinder 11 564 0.63 0 n578.

cytinder 21 604 0.63 0 12r21 Sr20 n17 9r21 8r20 n17 Br21 9r20 n17.

cuboid 5 1 4p.7555 0.63 0 6r21 11r20 n17 Sr21 12r20 n17 4r21 13r20 n17
mit 21 3r21 14r20 n17 3r21 14r20 n17 2r21 15r20 n171r21 16r20 n17cuboid 5 1 4p.7555 0.63 0 tr21 16r20 n17 tr21 16r20 n17 170r20$ unit 30 n578

|A cylinder 11 564 80.87 0 12r31 5r30 n17 9r31 8r30 n17 8r31 9r30 n17 !
.

cylinder 21 .604 80.87 0 6r31 11r30 n17 Sr31 12r30 n17 4r31 13r30 n17 :
;ctbold 3 1 Ap.7555 80.87 0

3r31 14r30 n17 3r31 14r30 n17 2r31 15r30 n17 tr31 16r30 n17 '

unit 31 tr31 16r30 n171r31 16r30 n17170r30 '

cuboid 3 1 4p.7555 80.87 0 n578 end fILt
unit 40 era =2 nux=34 nuy=34 nuz=1

i

,

cylinder 61 .564 1.4 0 fill I
cylinder 21 604 1.4 0 12r41 Sr40 n17 9r41 8r40 n17 8r41 9r40 n17.

*

cubold 0 1 4p.7555 1.4 0 6r41 11r40 n17 5r41 12r40 n17 4r41 13r40 n17 |unit 41 3r41 14r40 n17 3r41 14r40 n17 2r41 15r40 n17 1r41 16r40 n17 :cuboid 0 1 4p.7555 1.4 0 tr41 16r40 n17 1r41 16r40 n17 170r40
unit 50 n578 end fitt
cylinder 11 564 0.7 0 ara =3 rux=34 nuy=34 nuz=1.

cytinder 21 604 0.7 0 FILL.

;cuboid 4 1 4p.7555 0.7 0 12r51 Sr50 n17 9r51 8r50 n17 Br51 9r50 n17unit 51 6r51 11r50 n17 5r51 12r50 n17 4r51 13r50 n17cuboid 4 1 4p.7555 0.7 0 3r51 14r50 n17 3r51 14r50 n17 2r51 15r50 n17 1r51 16r50 n17 .

,

unit 60 ' 1r51 16r50 n171r51 16r50 n17170r50
'

Iarray 1 3*0.0 n578 end fillreflector 3 1 4r30 2r0 1 |are=4 num=1 nuy=1 nuz=3 fitt 60 70 80 end fittreflector 4 1 Sr0 11.47 1 end array
unit 70 end data
array 2 3*0.0 end
reflector 0 1 4r30 2r0 1 i

>

>
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bw123th2 cy(f rder 21 .604 1.3 0
cuboid 4 1 4p.7555 1.3 0

=csas25 unit 51
bw1231b2 ctbold 4 1 4p.7555 1.3 0

44 group latticecell unit 60

uo2 1 0.863 287 92235 4.02 922h 95.98 end array 1 3*0.0
ss304 2 1.0 287 end reflector 3 1 4r30.0 2r0 1
h2o 3 1.0 287 erd reflector 4 1 Sr0 12.74 1
boron 3 den = 003389 1.0 287 erd unit 70
at 4 1.0 287 end array 2 3*0.0
ptemistas 5 1.0 287 end reflector 0 1 4r30 2r0 1
uo2 6 0.863 287 92235 4.02 92238 95.98 end unit 80
end comp array 3 3*0.0
squarepitch 1.511 1.128 1 3 1.208 2 end reflector 4 1 4r30 7.24 0 1
more data res=6 cyl 0.564 dan (6)=0.901122 end global

Core of 4904 fuel rods, 146.65 cm water height with 3389 ppm boron unit 90
read para run=yes gen =405 npg=600 nsk=5 nub =yes end para array 4 3*0.0

end geom
read geom
unit 1 read array
cylinder 41 .564 3.46 0 ara =1 nux=80 nuy=80 nuz-4
cylinder 21 .604 3.46 0 fill

cuboid 3 1 4p.7555 3.46 0 37r2 3r1 n40 31r2 9rt n40 27r2 13r1 n40
unit 2 25r2 15rt n40 23r2 17rt n40 21r2 19r1 n40
cuboid 3 1 4p.7555 3.46 0 19r2 21r1 n40 18r2 22r1 n40 16r2 24r1 n40

$ unit to 15r2 25r1 n40 14r2 26rt n40 13r2 27r1 n40
u cyt irder 11 .564 65.0 0 12r2 28r1 n40 11r2 29rt n40 10r2 30rt n40

cylinder 21 .604 65.0 0 9r2 31r1 n40 Br2 32r1 n40 Br2 32r1 n40
cubold 3 1 4p.7555 65.0 0 Tr2 33r1 n40 6r2 34r1 n40 6r2 34r1 n40
unit 11 Sr2 35rt n40 5r2 35r1 n40 4r2 36r1 n40
cubold 3 1 4p.7555 65.0. 0 4r2 36r1 n40 3r2 37rt n40 3r2 37rt n40
unit 20 2r2 38r1 n40 2r2 38rt n40 2r2 38rt n40
cylinder 11 .564 0.63 0 2r2 38rt n40 tr2 39r1 n40 1r2 39r1 n40
cylinder 21 .604 0.63 0 tr2 39rt n40 1r2 39rt n40 1r2 39rt n40
cuboid 5 1 4p.7555 0.63 0 tr2 39rt n40 40rt n40 40rt n40 40r1 n40
unit 21 n3200
cubold 5 1 4p.7555 0.63 0 37r11 3r10 n40 31r11 9r10 n40 27r11 13r10 n40
unit 30 25r11 15r10 n40 23r11 17r10 n40 21r11 19r10 n40
cylinder 11 .564 81.02 0 19r11 21r10 n40 18r11 22r10 n40 16r11 24r10 n40
cyt ir+r 21 .604 81.02 0 15r11 25r10 n40 14r11 26r10 n40 13r11 27r10 n40
cuboid 3 1 Ap.7555 81.02 0 12r11 28r10 n40 11r11 29r10 n40 10r11 30r10 n40
unit 31 9r11 31r10 n40 Brit 32r10 n40 Bril 32r10 n40
cuboid 3 1 4p.7555 81.02 0 7r11 33r10 n40 6r11 34r10 n40 6r11 34r10 n40
unit 40 Sr11 35r10 n40 Sr11 35r10 n40 4r11 36r10 n40
cylinder 61 .564 21.65 0 4r11 36r10 n40 3r11 37r10 n40 3r11 37r10 n40

g cylinder 21 .604 21.65 0 2r11 38r10 n40 2r11 38r10 n40 2r11 38r10 n40 >
g ethold 0 1 4p.7555 21.65 0 2r11 38r10 n40 1r11 39r10 n40 trit 39r10 n40 y

unit 41 tr11 39r10 n40 1r11 39r10 n40 trit 39r10 n40 oy
cuboid 0 1 4p.7555 21.65 0 tr11 39r10 n40 40r10 n40 40r10 n40 40r10 n40 E,g

w unit 50 n3200 W
$ cylinder 11 .564 1.3 0 37r21 3r20 n40 31r21 9r20 n40 27r21 13r20 n40 y

I
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25r21 15r20 n60 23r21 17r20 n40 21r21 19r20 n60 12r51 28r50 n60 11r51 29r50 n40 10r51 30r50 n60 >
19r21 21r20 n60 18r21 22r20 n60 16r21 24r20 n60 9r51 31r50 n60 Br51 32r50 n60 8r51 32r50 n40- ?

l15r21 25r20 n60 14r21 26r20 n60 13r21 27r20 n60 7r51 33r50 n60 6r51 34r50 n60 6r51 34r50 n40
c} 12r21 28r20 n60 11r21 29r20 n60 3r21 30r20 n60 5r51 35r50 n60 5r51 35r50 n60 4r51 36r50 n60 ,5, .,

3 9r21 31r20 n40 8r21 32r20 n40 8r21 32r20 n60 4r51 36r50 n60 3r51 37r50 n60 3r51 37r50 n60 M
;c Tr21 33r20 n60 6r21 34r20 n60 6r21 34r20 n40 2r51 38r50 n60 2r51 38r50 n60 2r51 38r50 n60 >
ds 5r21 35r20 n60 5r21 35r20 n60 4r21 36r20 n40 2r51 38r50 n40 1r51 39r$0 n40 1r51 39r50 n60
y 4r21 36r20 n60 3r2137r20 n60 3r21 37r20 n40 1r51 39r50 n40 tr51 39r50 n40 1r51 39r50 n60

2r21 38r20 n60 2r21 38r20 n60 2r21 38r20 n40 tr51 39r50 n60 40r50 n60 40r50 n60 40r50 n60-

2r21 38r20 n60 1r21 39r20 n60 1r21 39r20 n60 n3200
1r21 39r20 n60 1r21 39r20 n60 tr21 39r20 n40 end fit 1
1r21 39r20 n40 40r20 n60 40r20 n60 40r20 n60 ers=4 num=1 nuy=1 nuz=3 fitt 60 70 80 end fitt

n3200 end arrey
37r313r30 n60 31r31 9r30 n60 27r31 13r30 n40 end data
25 31 15r30 n40 23r31 17r30 n60 21r31 19r30 n40 end

'

19r31 21r30 n60 18c31 22r30 n60 16r31 24r30 n40
15r31 25r30 n60 14r31 26r30 n60 13r31 27r30 n40 tes1273m
12r31 28r30 n60 11r31 29r30 n40 10r31 30r30 n60
9r31 31r30 n40 8r31 32r30 n40 8r31 32r30 n40 seses25
7r31 33r30 n40 6r31 34r30 n40 6r31 34r30 n60 bw1273m
Sr31 35r30 n40 5r31 35r30 n40 4r31 36r30 n60 44 gros, tatticecet1
Ar31 36r30 n40 3r31 37r30 n40 3r3137r30 n40 uo2 1 den =10.24 1.0 293 92235 2.459 92238 97.541 end
2r31 38r30 n40 2r31 38r30 n60 2r31 38r30 n40 at 2 1.0 end
2r31 38r30 n40 1r31 39r30 n40 1r31 39r30 n40 h2o 3 1.0 end
Ir31 39r30 n60 1r31 39r30 n40 tr31 39r30 n40 boron 3 den =1.675e-3 end$ 1r31 39r30 n60 40r30 n40 40r30 n60 40r30 n60 uo2 4 den =10.241.0 293 92235 2.459 92238 97.541 endO n3200 plexistes 5 1.0 end

end fIL1 end coup
are=2 nux=80 nuy=80 nuz=1 squarepitch 1.511 1.030 1 3 1.206 2 1.064 0 end
fitt more data res=4 cyl 0.515 den (4)=0.982883 end
37r41 3r40 n40 31r41 9r40 n40 27r41 13r40 n40 Core of 5137 fuel rods, 93.2 cm water height with 1675 ppa boron
25r41 15r40 n60 23r41 17r40 n40 21r41 19r40 n60 read perm run=yes gen =405 rys=600 nsk=5 nub =yes end para
19r41 21r40 n40 18r41 22r40 n60 16r41 24r40 n40
15r41 25r40 n40 14r41 26r40 n60 13r41 27r40 n60 read geen
12r41 28r40 n60 11r41 29r40 n40 10r41 30r40 n60 unit 1
o 41 31r40 n60 8r41 32r40 n60 ar41 32r40 n40 cylinder 21 .603 .3175 0.0r
7r41 33r40 n40 6r41 34r40 n40 6r41 34r40 n60 cuboid 31 4p.7555 .3175 0.0
Sr4135r40 n40 Sr41 35r40 n40 4r41 36r40 n40 unit 2
4r41 36r40 n40 3r41 37r40 n60 3r4137r40 n60 cylinder 11 .515 2.54 0.0
2r41 38r40 n40 2r41 38r40 n60 2r41 38r40 n60 cylinder 01 .522 2.54 0.0
2r41 38r40 n40 1r41 39r40 n40 1r41 39r40 n40 cylinder 21 .603 2.54 0.0
1r41 39r40 n40 1r41 39r40 n40 1r41 39r40 n40 ctbold 31 4p.615 2.54 0.0
tr4139r40 n40 40r40 n40 40r40 n40 40r40 rf.0 cuboid 21 4p.7555 2.54 0.0

n3200 unit 3
end fIL1 cy1inder 11 .515 M.4 0.0
ere=3 nux=80 nuy=80 nuz=1 cylinder 01 .522 M.4 0.0
fitt cylinder 21 .603 4.46 0.0
37r51 3r50 n40 31r51 9r50 n40 27r51 13r50 n40 cuboid 31 4p.7555 46.46 0.0

;

;25r51 15r50 n40 23r51 17r50 n60 21r51 19r50 n40 unit 4
19r51 21r50 n40 18r51 22r50 n60 16r51 24r50 n60 cylinder 11 .515 .1588 0.0

,

15r51 25r50 n60 14r51 26r50 n60 13r51 27r50 n60 cylinder 01 .522 .1588 0.0 |
t

i
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cylinder 21 .603 .1588 0.0 reflector 3 1 4r30 2r0 1
c4old 31 4p.615 .1588 0.0 end geen
cd old 51 4p.7555 .1588 0.0
unit 5 read array

cylinder 11 .515 32.8412 0.0 are=1 nux=1 nur=1 nuz=8 fitt 1 2 3 4 5 6 7 8 end fitt

cylinder 01 .522 32.8412 0.0 ara =2 num=1 nuy=1 nuz=8 fitt 1011 121314151617 end fill

cylinder 21 .603 32.8412 0.0 era =3 nux=82 nuy=82 nuz=1 fitt

c4old 31 4p.7555 32.8412 0.0 38r21 6r20 38r21 32r21 18r20 32r21 28r21 26r20 28r21 26r21 30r20
unit 6 26r21
cylinder 11 .515 .1588 0.0 24r21 34r20 24r21 22r21 38r20 22r21 20r21 42r20 20r21 18r21 46r20
cylinder 01 .522 .1588 0.0 18r21
cylinder 21 .603 .1588 0.0. 17r21 48r20 17r21 16r21 50r20 16r21 15r21 52r20 15r21 14r21 54r20
c4old 31 4p.615 .1588 0.0 14r21
cubold 51 4p.7555 .1588 0.0 13r21 56r20 13r21 12r21 $8r20 12r21 11r21 60r20 11r21 10r21 62r20
unit 7 10r21
cylinder 11 .515 11.0412 0.0 9r21 64r20 9r21 8r21 66r20 8r21 7r21 68r20 Tr21 q82
cylinder 01 .522 11.0412 0.0 6r21 70r20 6r21 qs2 5r21 72r20 5r21 q82
cylinder 21 .603 11.0412 0.0 4r21 74r20 4r21 q82
c4oid 31 4p.7555 11.0412 0.0 3r21 76r20 3r21 q82 2r21 78r20 2r21 3q82
unit 8 1r21 80r20 tr21 Sq82 82r20 2q82

cylinder 41 .515 60.2 0.0 n3280
cylinder 01 .522 60.2 0.0 38r21 Tr20 37r21 end fiLt
cylinder 21 .603 60.2 0.0 end array

c4old 01 4p.7555 60.2 0.0 end data
mit 10 end

$ cylinder 21 .603 .3175 0.0
4 cuboid 31 4p.7555 .3175 0.0 t=1484a1

mit 11
csboid 31 4p.615 2.54 0.0 #csas25
cuboid 21 4p.7555 2.54 0.0 bw1484a1

unit 12 44grote tatticecelt

esbold 31 4p.7555 46.46 0.0 uo2 1 den =10.221.0 293 92235 2.459 92238 97.541 end
unit 13 at 2 1.0 end

cubold 31 4p.615 .1588 0.0 h2o 3 1.0 end

c4oid 51 4p.7555 .1588 0.0 boron 3 den =15e-6 end

mit 14 at 4 den =2.7 .98386 end

c*old 31 4p.7555 32.8412 0.0 boron 4 den =2.7 .01614 end

unit 15 end coup
cubold 31 4p.615 .1588 0.0 squarepitch 1.636 1.030 1 3 1.206 2 1.044 0 end

cubold 51 4p.7555 .1588 0.0 9-14x14 assemblies seperated by 0.645-cm-thick borated aluminua plates
mit 16 *and 0.991 cm of water, plates-to-center assenbty distance of 0.3725
cuboid 31 4p.7555 11.0412 0.0 'em, 150.27 cm water height with 15 ppe boron

Z mit 17 read para run=yes gen =405 ryg=600 nak=5 nub =yes end para
c4oid 01 4p.7555 60.2 0.0
unit 20 read geen

Q array 1 3*0.0 unit 1 >
3 unit 21 cylinder 1 1 0.515 0.635 0.0 y
y array 2 3*0.0 cylinder 0 1 0.522 0.635 0.0 o

g global unit 22 c4oid 2 1 4po.818 0.635 0.0 5,
w array 3 3*0.0 R-

$ reflector 2 1 3r0 5.08 1 y

__-
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mit 2 array 4 2*-45.808 0.0 >
*cylinder 1 1 0.515 147.4125 0.0 reflector 2 1 5r0.0 1.905 1 )cylinder 0 1 0.522 147.4125 0.0 reflector 2 1 Sr0 2.54 1

o cylinder 2 1 0.603 147.4125 0.0 reflector 3 1 5ro 0.3175 1 &
8 ct6cid 3 1 4p0.818 147.4125 0.0 reflector 2 1 Sr0 5.06 1 M

;c unit 3 reflector 3 1 4r20 2r0 1 >
6 cuboid 2 1 4p0.818 0.635 0.0 end geos
y mit 4

cylinder 2 1 0.635 147.4125 0.0 read array-

etdbold 3 1 4p0.818 147.4125 0.0 ara =1 nux=1 nuy=1 nuz=2 filt 1 2 end fill

unit 5 are=2 nux=1 nuy=1' nuz=2 fitt 3 4 end filt ,

!array 1 3*0.0 ara =3 nux=14 nuy=14 nuz=1 filt 6 12r5 6 14r5 11q14 6 12r5 6 end filt
unit 6 ara =4 nux=3 nuy=3 nuz=1 fitt 7 8 9 10 11 12 13 14 15 end fitt

array 2 3*0.0 end array
unit 7 end data
array 3 2r-22.904 0.0 end
reflector 3 1 .6185 9.808 .6185 9.808 2r0 1
reflector 4 1 .3225 0.0 .3225 3r0 1 bu1484a2
unit 8
array 3 2r-27.904 0.0 #csas25
reflector 3 1 2r.3725 .6185 9.808 2r0 1 bw1484a2
reflector 4 1 3r.3225 3r0 1 44 group latticecett

mit 9 uo2 1 den =10.221.0 293 92235 2.459 92238 97.541 end
array 3 2r-22.904 0.0 at 2 1.0 end
reflector 3 1 9.808 .6185 .6185 9.808 2eo 1 h2o 3 1.0 end

$ reflector 4 1 0.0 2r.3225 3r0 1 boron 3 den =72e-6 end
80 unit to at 4 den =2.7 .99899 end

array 3 2r-22.904 0.0 boron 4 den =2.7 .00101 end
reflector 3 1 .6185 9.808 2r.3725 2r0 1 end coup
reflector 4 1 .3225 0.0 2r.3225 2r0 1 squarepitch 1.636 1.030 1 3 1.206 2 1.044 0 end
unit 11 9-14x14 assenbtles seperated by 0.645-cm-thick borated alumintan plates
array 3 2r-22.904 0.0 'and 4.263 cm of water, plates-to-center essenbty distance of 0.3725
reflector 3 1 4r.3725 2r0 1 'ca,151.69 cm water height with 72 ppe boron

'reflector 4 1 4r.3225 2r0 1 read para rm=yes gen =405 rpg=600 nsk=5 nub =yes end para
'

unit 12
array 3 2r-22.904 0.0 read geen
reflector 3 1 9.808 .6185 2r.3725 2r0 1 unit 1
reflector 4 1 0.0 3r.3225 2r0 1 cylinder 1 1 0.515 0.635 0.0
unit 13 cyttnder 0 1 0.522 0.635 0.0
array 3 2r-22.904 0.0 cuboid 2 1 4po.818 0.635 0.0
reflector 3 1 .6185 9.808 9.808 .6185 2r0 1 unit 2
refteetor 4 1 .3225 2r0 .3225 2r0 1 cy1inder 1 1 0.515 148.8325 0.0
unit 14 cylinder 0 1 0.522 148.8325 0.0
array 3 2r-22.904 0.0 cylinder 2 1 0.603 148.8325 0.0
reflector 3 1 2r.3725 9.808 .6185 2r0 1 cuboid 3 1 4p0.818 148.8325 0.0
refIector 4 1 2r.3225 0 .3225 2r0 1 unit 3 !

unit 15 cubold 2 1 Ap0.818 0.635 0.0
array 3 2r 22.904 0.0 unit 4
reflector 3 1 9.808 .6185 9.808 .6185 2r0 1 cylinder 2 1 0.635 148.8325 0.0 *

reflector 4 1 0 .3225 0 .3225 2r0 1 cuboid 3 1 4po.818 148.8325 0.0 |
globat unit 16 unit 5
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array 1 3*0.0 era =3 nux=14 nur=14 nur=1 fitt 6 12r5 6 14r5 11q14 6 12r5 6 end fitt
mit 6 are=4 nux=3 nuy=3 nur=1 fitt 7 8 9 to 11 12 13 14 15 end fitt
array 2 3*0.0 end array
mit 7 end data
array 3 2r-22.904 0.0 end
reflector 3 1 3.8905 6.536 3.8905 6.5 % 2r0 1
reflector 4 1 .3225 0.0 .3225 3r0 1 ins 1484b1
unit 8
array 3 2r-22.904 0.0 sesas25
reflector 3 1 2r.3725 3.8905 6.536 2r0 1 tne1484b1
reflector 413r.3225 3r0 1 44srote latticecett
unit 9 uo2 1 den =10.221.0 293 92235 2.459 92238 97.541 end
array 3 2r-22. 4 M at 2 1.0 end
reflector 3 1 6.535 3.cy3 3.8905 6.536 2r0 1 h2e 3 1.0 end
reflector 4 1 0.0 ".r.322S 3r0 1 boron 3 den =1037e-6 end,

unit 10 end coup
array 3 2r-12.904 0.6 squarepitch 1.636 1.030 1 3 1.206 2 1.044 0 end'
reflector 3 1 3.8905 6.536 2r.3725 2r0 1 9-14x14 assenbtles separated by 0.0 cm of water, 144.29 cm water
reflector 4 1 .3225 0.0 2r.3225 2r0 1 ' height with 1037 ppe boron
mit 11 read perm run-yes gen =405 opg=600 nsk=5 rub =yes end para
array 3 2r-22.904 0.0
reflector 3 1 Ar.3725 2r0 1 read geen
reflector 4 1 4r.3225 2r0 1 unit 1
unit 12 cylinder 21 0.603 .3175 0.0
array 3 2r-22.904 0.0 ctbold 3 1 4p.818 .3175 0.0

$ reflector 3 1 6.536 3.8905 2r.3725 2r0 1 unit 2
C reflector 4 1 0.0 3r.3225 2r0 1 cylinder i1 0.515 2.54 0.0

unit 13 cylinder 01 0.522 2.54 0.0
array 3 2r-22.904 0.0 cylinder 21 0.603 2.54 0.0
reflector 3 1 3.8905 6.536 6.536 3.8905 2r0 1 cuboid 3 1 4p.615 2.54 0.0
reflector 4 1 .3225 2r0 .3225 2r0 1 cubold 2 1 4p.818 2.54 0.0
unit 14 mit 3
array 3 2r-22.904 0.0 cylinder 11 0.515 141.4325 0.0
reflector 312r.3725 6.536 3.8905 2r0 1 cylinder 01 0.522 141.4325 0.0
reflector 4 1 2r.3225 0 .3225 2r0 1 cylinder 21 0.603 141.4325 0.0
unit 15 cuboid 3 1 4p.818 141.4325 0.0
array 3 2r-22.904 0.0 unit 4
reflector 3 1 6.536 3.8905 6.536 3.8905 2r0 1 array 1 3*0.0
reflector 4 1 0.0 .3225 0.0 .3225 2r0 1 globet unit 5
globet unit 16 array 2 3*0.0
array 4 2*-45.808 0.0 reflector 2 1 5r0.0 5.08 1
reflector 2 1 Sr0 1.905 1 reflector 3 1 Sro.0 2.54 1
reflector 2 1 Sr0 2.54 1 reflector 21 Sro.O 1.271
reflector 3 1 5ro 0.3175 1 reflector 314r24 2r0 1
reflector 2 1 5ro 5.08 1 end geen

Q reflector 3 1 4r20 2r0 1 .>-
g end geon read array y
y era =1 nux=14 nuy=14 nur=3 fitt 1%r1 1%r21%r3 end fill o
g read array are=2 nux=3 nuy=3 nuzz1 fitt f4 end fitt d
sa era =1 nux=1 nuy=1 nur=2 fILt 1 2 end fiti end array gi-
9 era =2 num=1 nuy=1 nuz=2 fILt 3 4 end fitt y
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I

and data tas1484h3 g
,'gend

| sesas25

c) las1484h2 tne1484b3 sh
44 group latticeceLL M

3
M sesas25 uo2 1 den =10.22 1.0 293 92235 2.459 92238 97.541 and >
& Ins 1484b2 al 2 1.0 end

,

y 4&gro w latticecett h2o 3 1.0 end

uo2 1 den =10.221.0 293 92235 2.459 92238 97.541 end boron 3 den =11.se-6 end
-

at 2 1.0 end end camp

h2o 3 1.0 end sgarepitch 1.636 1.030 1 3 1.206 2 1.044 0 end

boron 3 den =702e-6 end 9-14x14 assemblies seperated by 4.908 cm of water,149.12 cm water
end camp ' height with 143 ppm boren
agarepitch 1.636 1.030 1 3 1.206 2 1.044 0 end read para run=yes gen =405 ryg=600 nsk=5 ruh-yes and pere
9-14x14 assemblies seperated by 1.636 cm of water,100.32 cm water
' height with 702 ppm boren read geen !

read pers run=yes gen =405 reg =600 nsk=5 nubsyes end perm unit 1
cylinder 1 1 0.515 0.635 0.0 ,

reed geen cyiInder 0 1 0.522 0.635 0.0 F

unit 1 cuboid 2 1 4p0.818 0.635 0.0
cylinder 21 0.603 .3175 0.0 unit 2
ct&old 3 1 4p.818 .3175 0.0 cylinder 1 1 0.515 148.8325 0.0
unit 2 cylinder 0 1 0.522 148.8325 0.0 ;

cylinder 11 0.515 2.54 0.0 cylinder 2 1 0.603 148.8325 0.0 t

cylinder 01 0.522 2.54 0.0 cubold 3 1 4po.818 148.8325 0.0 '

" cylinder 21 0.603 2.54 0.0 unit 3 ;

o cubold 3 1 4p.615 2.54 0.0 cuboid 2 1 4p0.818 0.635 0.0
cuboid 2 1 4p.818 2.54 0.0 unit 4
unit 3 cylinder 2 1 0.635 148.8325 0.0
cylinder 11 0.515 97.4625 0.0 cuboid 3 1 4po.818 148.8325 0.0
cylinder 01 0.522 97.4625 0.0 unit 5
cylinder 21 0.603 97.4625 0.0 array 1 3*0.0

ctbold 3 1 4p.818 97.4625 0.0 unit 6

unit 4 array 2 3*0.0

array 1 3*0.0 unit 7
reflector 3 1 4r.818 2r0 1 array 3 2r-22.904 0.0
global unit 5 reflector 3 1 2.454 9.808 2.454 9.808 2r0 1
array 2 3*0.0 unit 8
reflector 2 1 Sr0.0 5.06 1 array 3 2r-22.904 0.0
reflector 3 1 5r0.0 2.54 1 reflector 3 1 2r2.454 2.454 9.808 2r0 1
reflector 21 Sro.01.271 mit 9
reflector 3 1 4r24 2r0 1 array 3 2r-22.904 0.0
end geen reflector 3 1 9.808 2.454 2.454 9.808 2r0 1

unit 10
"

reed array arrey 3 2r-22.904 0.0
are=1 nux=14 nuy=14 nuz=3 fitt 1 %r1 1M r2 1 %r3 end fill reflector 3 1 2.454 9.808 2r2.454 2r0 1 ,

are=2 nux=3 nuy=3 nuz=1 fILt f4 end fi11 unit 11
end array array 3 2r-22.904 0.0
end data reflector 3 1 4r2.454 2r0 1
end
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tmlt 12 cylinder 21 0.5565- .3175 0.0
array 3 2r-22.904 0.0 ct&old 3 1 4po.818 .3175 0.0,

! reflector 3 1 9.808 2.454 2r2.454 2r0 1 unit 3
imit 13 cubold 3 1 4p0.818 .3175 0.0
array 3 2r-22.904 0.0 mit 4
reflector 3 1 2.454 9.808 9.808 2.454 2r0 1 cylinder 11 0.515 2.54 0.0 [
unit 14 cylinder 01 0.522 2.54 0.0
array 3 2r-22.904 0.0 cyttnder 21 0.603 2.54 0.0
reflector 3 1 2r2.454 9.808 2.454 2r0 1 cthold 3 1 4po.615 2.54 0.0

! tmit 15 cubold 2 1 4p0.818 2.54 0.0
array 3 2r-22.904 0.0 unit 5
reflector 3 1 9.808 2.454 9.808 2.454 2r0 1 cy1inder 21 0.4675 0.6345 0.0
g1obat imit 16 cy1inder 41 0.4675 2.54 0.0
array 4 2*-45.808 0.0 cylinder 21 0.5565 2.54 0.0
reflector 2 1 Sr0 1.905 1 ct&old 3 1 Ap0.615 2.54 0.0 ,

reflector 2 1 Sr0 2.54 1 ethold 2 1 4po.818 2.54 0.0 i

reflector 3 1 5r0 0.3175 1 unit 6
reflector 2 1 5ro 5.08 1 cteoid 3 1 4p0.615 2.54 0.0 ;
reflector 3 1 4r20 2r0 1 cubold 2 1 4po.818 2.54 0.0 i

end geen unit 7
cylinder 11 0.515 142.8225 0.0

read array cylinder 01 0.522 142.8225 0.0
era =1 nux=1 nur=1 nur=2 fIl1 12 end fItI cy(inder 21 0.603 142.8225 0.0 t
ara =2 nux=1 nuy=1 nuz=2 fItt 34 end FILL cibold 3 1 4p0.818 142.8225 0.0 ;
are=3 nux=14 nuy=14 nuz=1 fill 6 12r5 6 14r5 11q14 6 12r5 6 end fill unit 8 !g
era =4 nux=3 nuy=3 nuz=1 fILt 7 8 9 to 11 12 13 14 15 end fILt cyiInder 41 0.4675 142.8225 0.0

,

-

end array cylinder 21 0.5565 142.8225 0.0 [
-

end data cuboid 3 1 4po.818 142.8225 0.0 |
end unit 9

cteoid 3 1 4p0.818 142.8225 0.0
,

tm1484c1 unit 11 '

array 1 3*0.0
=csas25 unit 12
bu1484c1 array 2 3*0.0 L

44 group latticecett unit 13 !-

uo2 1 den =10.22 1.0 293 92235 2.459 92238 97.541 end array 3 3*0.0
at 2 1.0 end mit 14
h2o 3 1.0 end array 4 3*0.0
b4c 4 den =1.28 0.986 end unit 15
artab2o31.28 21 10 5000 2 8016 3 4 0.001 end array 5 3*0.0
end coup smit 16
squarepitch 1.636 1.030 1 3 1.206 2 1.044 0 end array 6 3*0.0
9-14x14 assemblies separated by 1.636 cm of unter containtne 84 8.C unit 17
' rods, 145.68 cm water height array 7 3*0.0

h read para rm=yes gen =405 ryg=600 nsk=5 nub =yes end para unit 18 +

C} array 8 3*0.0 *>.
g read gece unit 19 9

n

unit I array 9 3*0.0 3 "y
g cylinder 21 0.603 .3175 0.0 nmit 20 E, y

w cuboid 31 4po.818 .3175 0.0 array to 3*0.0 Si'
'

$ smit 2 smit 21 y
!

L
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' *Z errey 11 3*0.0 cuboid 3 1 Ap0.818 .31 5 0.0 >
globet mit 22 unit 2 *
array 12 3*0.0 cylinder 21 0.5565 .3175 0.0

o ethold 2 1 71.984 0.0 71.984 0.0 145.68 -5.08 cibold - 3 1 2p2.454 2p.818- 0.3175 0.0. ,'

n ethold 3 1 71.984 0.0 71.984 0.0 145.68 -7.62 ' unit 3 .

>
M

;c cthold 2 1 71.984 0.0 71.984 0.0 145.68 -8.89 ethold ' 3 1 2p2.454 2p.818 0.3175 0.0

& reflector 3 1 4r3 2r0 8 mit 4
y end geen cylinder 11 0.515 2.$5 0.0 ~

cylinder 01 0.522 2.54 0.0.-

! ere=1 num=1 rwy=1
.

. cylinder 21 0.603 2.54 0.03 reed errey'
~ nur=3 fItL 1 4 7 end fILt ethoid 3 1 4p0.615: 2.54 0.0

are=2 num=1 nur=1 nuz=3 fi1L 2 5 8 end fILt esboid 2 1 4po.818 2.54 0.0
i ere=3 'nux=1 nuy=1 nuz=3 fILt 3 6 9 end fILt unit 5

are=4 num=14 nuy=14 nur=1 fILt f11 end fiLt cytinder 21 0.4675 0.6345 0.0
are=5 num=1 ruy=14 nut =1 fILt 12 13 6q2 end fILt cytinder 41 0.4675 2.54 0.0
are=6 num=1 nuy=14 nuz=1 cylinder 21 0.5565 2.54 0.0
fi11 13 12 2q2 13 13 12 13 2q2 end fILt esbold 3 1 4p0.615 2.54 0.0
are=7 nux=1 nuy=14 nur=1 fitt 13 12 6q2 end fitt ctbold 2 1 2p2.454 2p.818 2.54 0.0
are=8 num=5 nuy=1 nur=1 unit 6'

filt 14 15 14 15 14 end fitt ethold 3 1 Ap0.615 2.54 0.0,

i ere=9 nux=5 nuy=1 nur=1 cthold 2 1 2p2.454 - 2p.818 2.54 0.0
fitt 14 16 14 16 14 end fitt unit 7
are=10 num=5 nuy=1 nuz=1 cylinder 11 0.515 108.6325 0.0
fILt 1417141714 end fiit cyiInder 01 0.522 108.6325 0.0
are=11 nux=44 nuy=1 nur=1 cylinder 2 1 0.603 108.6325 0.0 *

M fitt 13 13 12 13q2 12 12 13 6q2 _end fitt ethold 3 1 4p0.818 106.6325 0.0 i
'

N are=12 nux=1 nuy=5 nuz=1 unit 8 |
fill 18 21 19 21 20 end fItL cylinder 41 0.4675 108.6325 0.0 [end errey cylinder 21 0.5565 108.6325 0.0 |

end data cuboid 3 1 2p2.454 2p.818 106.6325 0.0 i
i end unit 9 I

cubold 3 1 2p2.454 2p.818 108.6325 0.0 i
ins 1484c2 tmit 10 ~

'
cylinder 21 0.5565 .3175 0.0 ,

=cses25 csbold 3 1 2po.818 2p2.454 0.3175 0.0 [
bu1484c2 unit 11
44 group letticecett cylinder 21 0.4675 0.6345 0.0
uo2 1 den =10.221.0 293 92235 2.459 92238 97.541 end cylinder 41 0.4675 2.54 0.0
a1 2 1.0 end cytinder 21 0.5565 2.54 0.0 *<

h2o 3 1.0 end cuboid 3 1 4po.615 2.54 0.0 !
b4c 4 den =1.28 0.986 end cuboid 2 1 2po.818 '2p2.454 2.54 0.0a

,

arbsb2o3 1.28 2 1 1 0 5000 2 8016 3 4 0.001 end smit 12 I
end camp cylinder 41 0.4675 108.6325 0.0
squarepitch 1.636 1.030 1 3 1.206 2 1.044 0 end cylindee 21 0.5565 108.6325 0.0 !

9-14x14 assemblies seperated by 4.908 cm of unter containing 34 8.C cthold 3 1 2p0.818 2p2.454 108.6325 0.0 !
' rods, 111.49 cm water height unit 13 t

f.
' read para rtewyes gen =405 npg=600 nsk=5 rub =yes end perm cuboid 3 1 2po.818. 2p2.454 0.3175 0.0

unit 14
reed geen ethold 3 1 4po.615 2.54 0.0 {
unit I ctbold 2 1 2p0.818 2p2.454 2.54 0.0 ;

cylinder 21 0.603 .3175- 0.0 smit 15 i

E

.h
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i ctbold 3 1 2p0.818 2p2.454 108.6325 0.0 end data
unit 16 end
array 1 3*0.0
unit 17 tw1484s1
array 2 3*0.0
unit 18 #csas25
array 3 3*0.0 tne1484s1
unit 19 44gro w tatticeceit

array 4 3*0.0 uo2 1 den =10.221.0 293 92235 2.459 92238 97.541 end
,

mit 20 at 2 1.0 end'

array 5 3*0.0 h2o 3 1.0 end
unit 21 boren 3 den =514e-6 end
array 6 3*0.0 e 4 0 2.012-4 end
unit 22 mn 4 0 1.470-3 end
array 7 3*0.0 si 4 0 1.004-3 end
unit 23 cr 401.677-2 end
array 8 3*0.0 ni 4 0 6.600-3 end
mit 24 fe 4 0 6.184-2 end
array 9 3*0.0 end conp
mit 25 squarepitch 1.636 1.030 1 3 1.206 2 1.044 0 end
array to 3*0.0 9-14x14 assenblies separated by 0.645-cm-thick 304-L stainless steet
unit 26 ' plates and 0.991 cm of water, plates-to-center assenbly distance of
array 11 3*0.0 '0.4525 cm, 149.90 cm water height with 514 ppm boron
global unit 27 read para run=yes gen =405 rpg=600 risk =5 nub =yes end para
array 12 3*0.0

d cuboid 2 1 78.528 0.0 78.528 0.0 111.49 -5.08 read geom
(** ciboid 3 1 78.528 0.0 78.528 0.0 111.49 -7.62 unit 1

ctbold 2 1 78.528 0.0 78.528 0.0 111.49 -8.89 cylinder 1 1 0.515 0.635 0.0
reflector 3 1 4r3 2r0 8 cylinder 0 1 0.522 0.635 0.0
end geom esbold 2 1 4p0.818 0.635 0.0

unit 2

read array cylinder 1 1 0.515 147.0425 0.0
era =1 nux=1 nuy=1 nur=3 fI1L 1 4 7 end fitt cytinder 0 1 0.522 147.0425 0.0
ara =2 nux=1 nuy=1 nuz=3 fill 2 5 8 end fi11 cylinder 2 1 0.603 147.0425 0.0
ara =3 nux=1 nuy=1 nuz=3 fiit 3 6 9 end fitt cuboid 3 1 4p0.818 147.0425 0.0
ara =4 nux=1 nuy=1 mz=3 fitt to 11 12 end fill unit 3
ara =5 nux=1 nuy=1 mz=3 fili 13 14 15 end fitI ctbold 2 1 4p0.818 0.635 0.0
ers-6 mx=14 nuy=14 nuz=1 fill f16 end fill unit 4
ara =7 nux=1 nuy=14 nuz=1 cylinder 2 1 0.635 147.0425 0.0
fitt 2r1817 4r1817 3r1817 2r18 end fitt cuboid 3 1 4po.818 147.0425 0.0
era =8 nux=5 nuy=1 nuz=1 unit 5

filt 21 22 21 22 21 end fill array 1 3*0.0
ara =9 nux=14 my=1 mz=1 unit 6

filt 2r2019 3r2019 3r2019 3r20 end fitt array 2 3*0.0
ara =10 nux=20 nuy=1 nuz=1 unit 7

O filt Sr20 19 8r20 19 5r20 end fill array 3 2r-22.904 0.0 >
g ara =11 nux=3 nuy=1 nuz=1 filt 24 25 24 end fill reflector 3 1 0.7215 9.808 .7215 9.808 2r0 1 y

ara =12 nux=1 nuy=5 nuz=1 reflector 4 1 0.231 0. 0.231 3r0 1 oy
g fit 1 23 26 23 26 23 end fill unit 8 S,
w end array array 3 2r-22.904 0.0 R*
S >
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reflector 3 1 2r0.4525 0.7215 9.808 2r0 1 bw1484s2 >
"reflector 4 1 3r0.231 3r0 1y unit 9 #csas25

o array 3 2r-22.904 0.0 t=1484s2 D..

3 reflector 3 1 9.80* 0.7215 0.7215 9.808 2r0 1 44grote latticecett
..

*X
;c reflector 4 1 0. 2ro.231 3r0 1 uo2 1 den =10.221.0 293 92235 2.459 92238 97.541 end >
& unit 10 al 2 1.0 end
y array 3 2r-22.904 0.0 h2o 3 1.0 end

reflector 3 1 0.7215 9.808 2ro.4525 2r0 1 boren 3 den =432e-6 end[
-

! reflector 4 1 0.231 0. 2r0.231 2r0 1 c 4 0 2.012-4 end
! unit 11 en 4 0 1.470-3 end
! array 3 2r-22.904 0.0 si 4 0 1.004-3 end

reflector 3 1 4ro.4525 2r0 1 cr 4 0 1.677-2 end
reflector 4 1 4r0.231 2r0 1 ni 4 0 6.600-3 end
unit 12 fe 4 0 6.184-2 end
array 3 2r-22.904 0.0 end coup
reflector 319.808 0.7215 2ro.4525 2r0 1 squarepitch 1.636 1.030 1 3 1.206 2 1.044 0 end
reflector 4 1 0. 3ro.231 2r0 1 9-14x14 assemblies separated by 0.645-cm-thick 304-L stainless steet
unit 13 'ptates and 0.991 cm of water, plates-to-center essenbty distance of
array 3 2r-22.904 0.0 'O.4525 cm, 100.89 cm water height with 432 ppm boron
reftector 3 1 0.7215 9.808 9.808 0.7215 2r0 1 read perm run-yes gen =405 199=600 nsk=5 nub =yes end para
refiector 4 1 0.231 2ro. 0.231 2r0 1
unit 14 read geom
array 3 2r-22.904 0.0 mit 1
reflector 3 1 2ro.4525 9.808 0.7215 2r0 i cylinder 1 1 0.515 0.635 0.0

d reflector 4 1 2r0.231 0. 0.231 2r0 1 cylinder 0 1 0.522 0.635 0.0
** unit 15 cuboid 2 1 4p0.818 0.635 0.0

array 3 2r-22.904 0.0 unit 2
reflector 3 1 9.808 0.7215 9.808 0.7215 2r0 1 cylinder 1 1 0.515 98.0325 0.0
reflector 4 1 0. 0.231 0. 0.231 2r0 1 cylirder 01 0.522 98.0325 0.0
giobat unit 16 cyIinder 2 1 0.603 98.0325 0.0
array 4 2*-45.808 0.0 ctbold 3 1 6p0.818 98.0325 0.0
reflector 2 1 Sr0 1.905 1 unit 3
reflector 2 1 5ro 2.54 1 ctbold 2 1 4po.818 0.635 0.0
reflector 3 1 Sr0 0.3175 1 unit 4
reflector 2 1 Sr0 5.08 1 cytinder 2 1 0.635 98.0325 0.0
reflector 3 1 4r20 2r0 1 ctboid 3 1 4p0.818 98.0325 0.0
end geom unit 5

array 1 3*0.0
read array unit 6
ara =1 nux=1 nuy=1 nur=2 fiti 1 2 end fILt array 2 3*0.0
ara =2 nux=1 nuy=1 nuz=2 fILt 3 4 end fitt init 7
ara =3 nux=14 nuy=14 nuz=1 fitt 6 12r5 6 14r5 11q14 6 12r5 6 end fitt arrey 3 2r-22.904 0.0
ara =4 nux=3 nuy=3 nuz=1 fitt 7 8 9 10 11 12 13 14 15 end fitt reflector 3 1 0.7215 9.808 0.7215 9.808 2r0 1
end errey reflector 4 1 0.231 0. 0.231 3r0 1
end data unit 8
end array 3 2r-22.904 0.0

reflector 312ro.4525 0.7215 9.808 2r0 1
eflector 4 1 3r0.231 3r0 1

t
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unit 9- uo2 1 den =10.221.0 293 92235 2.459 92238 97.541 andceroy 3 2r-22.904 49 ct 2 1.0 end s

reflector 319.8C4 3.ien 0.7215 9.808 2r0 1 h2o 3 1.0 end' '

reflector 4 1 0. 2ro.231 3r0 1 end camp,

'
unit to squarepitch 1.636 1.030 1 3 1.206 2 1.064 0 enderrey 3 2r-22.904 0.0 9-14x14 essee6 ties seperated by 6.544 cm of water,129.65 cm water' reflector 3 1 0.7215 9.808 2r0.4525 2r0 1 . ' height

;reflector 4 1 0.231 0. 2ro.231 2r0 1 reed perm run=yes gen =405 ryg=600 nok=5 nth =yes and pers
unit 11
errey 3 2r-22.904 0.0 reed seem
reflector 3 1 4ro.4525 2r0 1 imit 1
refIector 4 1 4r0.231 2r0 1 cy1inder 21 0.603 .3175 0.0
unit 12 cthold 3 1 4po.818 .3175 0.0
errey 3 2r-22.904 0.0 unit 2
reflector 3 1 9.808 0.7215 2ro.4525 2r0 1 cylinder 11 0.515 2.54 0.0
refIector 410. 3r0.231 2r0 1 cyiInder 01 0.522 2.54 0.0
unit 13 cytinder 21 0.603 2.54 0.0
errey 3 2r-22.904 0.0 ethold 3 1 4po.615 2.54 0.0
reflector 3 1 0.7215 9.808 9.808 0.7215 2r0 1 ethold 2 1 4po.818 2.54 0.0
reflector 4 1 0.231 2ro. 0.231 2r0 1 imit 3

. .iunit 14 cytinder 11 0.515 126.7925 0.0 i
arrey 3 2r-22.904 0.0 cylinder 01 0.522 126.7925 0.0 t

reflector 3 1 2ro.4525 9.808 0.7215 2r0 1 cylinder 21 0.603 126.7925 0.0
reflector 4 1 2ro.231 0. 0.231 2r0 1 ci&old 3 1 4po.818 126.7925 0.0
unit 15 unit 4 iU errey 3 2r-22.904 0.0 errey 1 3*0.0m reflecter 3 1 9.808 ?.7215 9.808 0.7215 2r0 1 reflector 314r3.272 2r01
reflector 4 1 0. f' L1 0. 0.231 2r0 1 glebet unit 5
giobet unit 16 errey. 2 3*0.0 *

errey 4 2*- /Af 0.0 reflector 2 1 5r0.0 5.06 1
reflector 2 1 9 L 905 1 reflector 3 1 Sro.0 2.54 1

| reflector 2 * 4 t.54 1 . reflector 2 1 Sr0.0 1.27 1
reflector 3 ere 0.3175 1 reflector 3 1 4r24, 2r0. 1 t

i reflector 2 's J 5.08 1 end seen !

reflector 3 i ~r20 2r0 1
end gece reed errey !

ere=1 num=14 nuy=14 nuz=3 fili 196rt 196r2 196r3 end fill i

read errey are=2 num=3 nur=3 nur=1 fill f4 end fitt
are=1 num=1 nuy=1 nur=2 fi1L 1 2 end FILL and errey'

are=2 nux=1 nuy=1 nur=2 fitt 3 4 end filt end d:ta ;
are=3 num=14 nuy=14 nur=1 fitt 6 12r5 6 14r5 11q14 6 12r5 6 end fitt and '

are=4 nun =3 nuy=3 nur=1 fill 7 8 9 10 11 12 13 14 15 end fitt
end errey les1645s1 !

end date ,

end ecsos25
o bw1645s1 >
g tes148&al 44gret, letticecett @ ;

y uo2 1 0.9325 293 92235 2.459 92238 97.541 end a
g seses25 el 2 1.0 293 end E,:
sa bw1484st h2o 3 1.0 293 end R'
$ 44 group tetticecett boren 3 den =746.0-6 end y

!

!

|

i
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*Z at 4 .25 293 end 44greq> tatticecett >
C h2o 4 .75 293 end uo2 1 0.9325 293 92235 2.459 92238 97.541 erd @

boron 4 den =746.0-6 .75 end at 2 1.0 293 end 1,]h
o carbonsteet 5 1.0 293 end h2o 3 1.0 293 end &
$ erd conp boren 3 den =886.0-6 end M

;c squarepitch 1.2090 1.0300 1 3 1.2060 2 1.0440 0 end at 4 .25 293 end >
& 9-15x15 assen6 ties separated by 0.0762-cm-thick aluminum plates and h2o 4 .75 293 end

y *1.6256 cm of water, 100.24 cm water height with 746 ppm boron tx>ron 4 den =886.0-6 .75 end

read psrm per405 npg=600 nsk=5 rab=yes run=yes end para carbonsteet 5 1.0 293 end
-

end coup
read gean squarepitch 1.2090 1.0300 1 3 1.2060 2 1.0440 0 end

unit 1 9-15x15 assen6 ties separated by 0.0762-en-thick aluminun plates and
cylinder 21 0.6030 100.24 .318 '1.6256 cm of water,145.00 cm water height with 886 gre boron
cuboid 3 1 4p.6045 100.24 .318 read para gen =405 npg=600 nsk=5 nub =yes run=yes
unit 2 end perm
cy1inder 11 0.5150 100.24 0.0
cylinder 01 0.5220 100.2& 0.0 read geom
cylinder 21 0.6030 100.24 .318 unit 1

ctbold 3 1 4p.6045 100.24 .318 cylinder 21 0.6030 145.0 .318
unit 3 ctbold 3 1 4p.6045 145.0 .318
array 1 -9.0675 -9.0675 -0.318 unit 2

ctboid 3 1 2p9.955 2p9.0675 100.24 .318 cylinder 11 0.5150 145.0 0.0
tnit 4 cytinder 01 0.5220 145.0 0.0
ctbold 3 1 2p9.955 2p0.887! 100.24 .318 cylinder 21 0.6030 145.0 .318
unit 5 ctbold 3 1 Ap.6045 145.0 .318

d ctbold 31 2p7.62 2po.8113 100.24 .318 unit 3
o cuboid 21 2p7.62 2p0.8875 100.24 .318 array 1 -9.0675 -9.0675 -0.318

ctbold 3 1 2p9.955 2po.8875 100.24 .318 ctboid 3 1 2p9.955 2p9.0675 145.0 .318
globat unit 6 unit 4
array 2 -49.775 -48.8875 .318 cubold 3 1 2p9.955 2p0.8875 145.0 .318
reflector 4 1 Sr0 1.067 1 tnit 5

reflector 2 1 Sr0 1.815 1 cuboid 31 2p7.62 2p0.8113 145.0 .318
reflector 31 to 101010 0 0 1 cuboid 21 2p7.62 2po.8875 145.0 .318
reflector 214r0 0 8.9 1 cuboid 3 1 2p9.955 2po.8875 145.0 .318
reflector 3 1 4ro 0 2.86 1 globat unit 6

reflector 5 1 4r0 0 1.0 1 array 2 -49.775 -48.8875 .318
reflector 3 1 4r20 0 0 1 reflector 4 1 Sr0 1.067 1
end geom reflector 2 1 Sr0 1.815 1

reflector 31 to 101010 0 0 1
read errey reflector 2 1 4r0 0 8.9 1
are=1 nux=15 nuy=15 nuz=1 reflector 3 1 4r0 0 2.86 1

fitt 1 13r2 1 15r2 12q15 1 13r2 1 end fitt reflector 5 1 4r0 0 1.0 1
era =2 nux=5 nuy=9 nuz=1 fitt 5r3 4 3r5 4 3q10 Sr3 end fitt reflector 3 1 4r20 0 0 1
end array end geem

end data
end read array

ara =1 nux=15 nuy=15 nuz=1
bw16f.5s2 fILt 1 13r2 1 15r2 12q15 1 13r2 1 end FILL

ara =2 nux=5 nuy=9 nuz=1
#csas25 fiLt Sr3 4 3r5 4 3q10 Sr3 end fI1i

1645s2
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and array hots 3 +0.6047 -1.0473 0
end dets hole 4 -0.6047 -1.0473 0
end imit 12

zhemicyl-y 1 1 0.515 104.82 0.0
Ins 1645t1 zhemicyl y 0 1 0.522 104.82 0.0

zhemicyl-y 2 1 0.603 104.82 -0.318
8csas25 cteoid 3 1 2po.6047 0 -2.0946 104.82 -0.318
Ine1645t1 hole 2 0 -2.0946 0
44grote latticecett hole 3 +0.6047 -1.0473 0
uo2 1 den =10.22 1.0 293 92235 2.459 52238 97.541 end unit 13
at 2 1.0 293 end rhemicyl-y 1 1 0.515 104.82 0.0
h2o 3 1.0 293 end zhemicyt-y 0 1 0.522 104.82 0.0
boren 3 den =335.0-6 end zhemicyl y 2 1 0.603 104.82 -0.318
at 4 .25 293 end cuboid 3 1 2po.6047 0 -2.0946 104.82 -0.318
h2o 4 .75 293 end hole 2 0 -2.0946 0
boron 4 den =335.0-6 .75 end hole 4 -0.6047 -1.0473 0
carbonsteet 5 1.0 293 end unit 14
end con , zhemicyl-y 1 1 0.515 104.82 0.0
triangpitch 1.2093 1.030 1 3 1.206 2 1.044 0 end zhemicyt-y 0 1 0.522 104.82 0.0
5x5 array of hexagonet tattice assenbtles separated by 0.0762-cm-thick zhemicyt-y 2 1 0.603 104.82 -0.318
'attantrue plates and 1.6256- and 1.7926-cm of water,104.82 cm water ciboid 3 1 2p0.6047 0 -2.0946 104.82 -0.318
' height with 335 ppe boren hote 6 0 -2.0946 0
read penn gen =405 npg=600 nsk=5 nub =yes run=yes ena perm hole 3 +0.6047 -1.0473 0

unit 15
read geon zhemicyl y 1 1 0.515 104.82 0.03 unit 1 zhemicyl-y 0 1 0.522 104.82 0.04 zhemicyl-y 1 1 0.515 104.82 0.0 zhemicyl-y 2 1 0.603 104.82 -0.318
zhemicyt-y 0 1 0.522 104.82 0.0 cuboid 3 1 2po.6047 0 -2.0946 104.82 -0.318zhemicyl-y 2 1 0.603 104.82 -0.318 hole 6 0 -2.0946 0
mit 2 hole 4 -0.6047 -1.0473 0
zhemicyt+y 1 1 0.515 104.82 0.0 unit 16
zhemicyt+y 0 1 0.522 104.82 0.0 zhemicyl y 2 1 0.603 104.82 -0.318zhemicyt+y 2 1 0.603 104.32 -0.318 cibold 312p0.6047 0 -2.0946 104.82 -0.318mit 3 hote 2 0 -2.0946 0
zhemicyt-x 1 1 0.515 104.82 0.0 hole 3 +0.6047 -1.0473 0
zhemicyl-x 0 1 0.522 104.82 0.0 unit 17
zhemicyl-x 2 1 0.603 104.82 -0.318 zhemicyt-y 2 1 0.603 104.82 -0.318 )unit 4 cuboid 3 1 2po.6047 0 -2.0946 104.82 -0.318 lthemicyt+x 1 1 0.515 104.82 0.0 hole 2 0 -2.0946 0 '

zhemicyt+x 0 1 0.522 104.82 0.0 hole 4 -0.6047 -1.0473 0
tzhemicyt+x 2 1 0.603 104.82 -0.318 mit 18 !

unit 5 zhemicyl-y 1 1 0.515 104.82 0.0zhemicyl-y 2 1 0.603 104.82 -0.318 zhemicyl-y 0 1 0.522 104.82 0.0 .mit 6 themicyt y 2 1 0.603 104.82 a.318zhemicyt+y 2 1 0.603 104.82 -0.31t cuboid 3 1 2#1.6047 0 .6047 104.82 -0.318 ;

Q mit 11 unit 19 > I

3 zhemicyl-y 1 1 0.515 104.82 0.0 zhemicyt+y 1 1 0.515 104.82 0.0 yy themicyl-y 0 1 0.522 104.82 0.0 zhemicyt+y 0 1 0.522 104.82 0.0 o
4 zhanicyt-y 2 1 0.603 104.82 -0.318 zhemicyt+y 2 1 0.603 104.82 -0.318 E,
ta esbold 3 1 2p0.6047 0 -2.0946 104.82 -0.318 cuboid 3 1 2p0.6047 .6047 0' 104.82 -0.318 R- i$ hole 2 0 -2.0946 0

y

r
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t

t

i.

imit 20 ' height with 435 pgue boren > i

themicyt y 2 1 0.603 104.82 -0.318 reed para sen=405 res=e00 nak=5 m6=yes rim =yes end paru .? [
cthold 3 1 2po.6047 0 .6067 104.82 -0.318 t

o unit 21 read geen .
f

M rhenicyt+y 2 1 . . 0.603 106.82 -0.318 unit- 1 M !
pc ctbold 3 1 2p0.6067 .6067 0 104.82 -0.318 zhemicyl-y 1 1 .515 143.96 0.0 > T

6 imit 31 rhemicyl-y 0 1 .522 143.96 0.0 i

y arrey 1 -9.0705 -8.9831 -0.318 themicyl-y 2 1 .603 143.96 -0.318 i
eshold 3 1 2p9.9578 2p8.9831 104.82 -0.318 unit 2-

imit 32 zhemicyt+y 1 1 .515 143.96 0.0 L

cteoid 3 1 2p9.9578 2po.9708 104.82 -0.318 themicyt+y 0 1 .522 143.96 0.0 y

imit 33 zhemicyt+y 2 1 .603 143.96 -0.318 ,

esbold 31 2p7.62 2po.8966 104.82 -0.318 toit 3 >

csbold 21 2p7.62 2po.9708 104.82 -0.318 rhemicyl-x 1 1 .515 143.96 0.0
cubold 3 1 2p9.9578 2p0.9708 104.82 -0.318 zhemicyt-x 0 1 .522 143.96 0.0

,

globet smit 34 zhemicyt-x 2 1 .603 143. % -0.318 4
errey 2 -49.789 -48.7987 -0.318 tmit 4 i
reflector 4 1 Sr0 1.067 1 rhemicyt+x 1 1 .515 143.% 0.0 [

reflector 2 1 5r0 1.815 1 zhemicyt+m 0 1 .522 143.96 0.0 !

] reflector 3 1 2r11.2025 2r12.5285 2r0 1- rhemicyt+x 2 1 .603 143. % . -0.318 !
; reflector 2 1 4r0 0 8.9 1 smit 5 |

reflector 3 1 4r0 0 2.86 1 zhemicyl-y 2 1 .603 143.96 -0.318 i

reflector 5 1 4r0 0 1.0 1 tait 6 j
reflector 312r18.7975 2r17.4715 2r0 1 rhemicyt+y 2 1 .603 143.96 -0.318
end seem unit 11

M rhemicyl-y 1 1 .515 143.M 0.0
,

** read array- rhemicyt-y 0 1 .522 143.96 0.0
are=i num=15 nuy=10 nur=1 fitt 20 13r18 20 14 13r11 15 12 13r11 13 zhemicyt-y 2 1 .603 143. % -0.318 [
Sq151613r11 17 21 13r19 21 end fitt eteoid 31 2p.6047 0 -2.0966 143.96 -0.318 i

era =2 num=5 nuy=9 nuz=1 fItL Sr31 32 3r33 32 3q10 Sr31 end fitt hote 2 0 -2.0966 -0.0 t

end array hole 3 +0.6067 -1.0673 -0.0 |

end data hole 4 -0.6067 -1.0473 -0.0 I

Iend smit 12
themicyt-y 1 1 .515 143.% 0.0 !

tm1645t2 themicyt-y 0 1 .522 143.96 0.0 i

zhemicyt-y 2 1 .603 143.96 -0.318 !
'

#csas25 . cuboid 31 2p.6067 0 -2.0966 143.96 -0.318'

tm1645t2 hole 2 0 -2.0966 -0.0 j

44 group letticecett hole 3 +0.6067 -1.0673 -0.0 i
uo2 1 den =10.221.0 293 92235 2.459 92238 97.541 end unit 13 i

!et 2 1.0 293 end themicyt-y 1 1 .515 143.96 0.0
h2o 3 1.0 293 end themicyl-y 0 1 .522 143.96 0.0

,

boren 3 den =435.0-6 end rhemicyl-y 2 1 .603 143. % -0.318
et 4 .25 293 end ethold 31 2p.6067 0 -2.0966 143.96 -0.318 i

h2o 4 .75 293 end ' ote 2 0 -2.0966 -0.0 ;

boron 4 den =435.0-6 .75 end hote 4 -0.6067' -1.0673 -0.0
carbonsteet 5 1.0 293 end unit 14 |
end coup zhemicyl-y 1 1 .515 143.96 0.0 t

triangpitch 1.2093 1.030 1 3 1.206 2 1.064 0 end rhamicyt-y 01.522 143.96 0.0 !

143.96 -0.318 s5x5 array of hexagonet lattice essenbiles seperated by 0.0762-cu-thick rhemicyl-y 2 1 .603
. 0 -2.0966 143.96 -0.318 f'stianimse ptetes and 1.6256- and 1.7926-es of unter,143.% cm unter ettold 31 2p.6047

i

l'
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hole 6 0 -2.0946 -0.0 reflector 5 1 Ar0 0 1.0 1

hole 3 -0.6047 -1.0473 -0.0 reflector 312r18.7975 2r17.4715 2r01
mit 15 end geom
themicyl-y 1 1 .515 143.% 0.0
zhemicyl-y 0 1 .522 143.96 0.0 read array
rhemicyl-y 2 1 .603 143.M -0.318 era =1 nux=15 ruy=10 ruz=1 fitt 2013r18 201413r11 151213r11 13
ctbold 31 2p.6047 0 -2.0946 143. % -0.318 Sq15 16 13r11 17 21 13r19 21 end fitt

hote 6 0 -2.0946 -0.0 are=2 rux=5 nuy=9 ruz-' fIL1 5r31 32 3r33 32 3q10 5r31 end fIL1
hole 4 -0.6047 -1.0473 -0.0 end array
unit 16 end data
themicyl-y 2 1 .603 143. % -0.318 end
cuboid 31 2p.6047 0 -2.0946 143.M -0.318
hole 2 0 -2.0946 -0.0 bw1645t3
hole 3 +0.6047 -1.0473 -0.0
tr,i t 17 #csas25
zhemicyl-y 2 1 .603 143.M -0.318 bw1645t3
ctbold 31 2p.6047 0 -2.0946 143. % -0.318 44groi, tatticecett

hole 2 0 -2.0946 -0.0 uo2 1 den =10.221.0 293 92235 2.459 92238 97.541 end
hole 4 -0.6047 -1.0473 -0.0 at 2 1.0 293 end
unit 18 h2o 3 1.0 293 end
zhemicyl-y 1 1 .515 143.M 0.0 boron 3 den =361.0-6 end
zhemicyl-y 0 1 .522 143. % 0.0 at 4 .25 293 end
zhemicyl-y 2 1 .603 143. % -0.318 h2o 4 .75 293 end
cibold 31 2p.6047 0 .6047 143.% -0.318 boron 4 den =361.0-6 .75 end
unit 19 carbonsteet 5 1.0 293 end

M zhemicyt+y 1 1 .515 143. % 0.0 end cono
C zhenicyt+y 01.522 143. % 0.0 triangpitch 1.2093 1.030 1 3 1.205 2 1.044 0 end

zhemicyt+y 2 1 .603 143.% -0.318 5x5 array of hexagonal tattice assentat:- -- -:.rted by O. 762-ce-thick
esbold 31 2p.6047 .6047 0 143. % -0.318 'attairam plates and 2.3866- and 2.5566-cm of water,142.64 cm water
unit 20 ' height with 361 ppm boron
zhemicyl-y 2 1 .603 143. % -0.318 read para gen =405 rpg=600 nsk=5 nub =yes run=yes end para
cuboid 31 2p.6047 0 .6047 143.% -0.318
unit 21 read &
zhemicyt+y 2 1 .603 143. % -0.318 unit 1
cuboid 31 2p.6047 .6047 0 143.96 -0.318 zhemicyt-y 1 1 M 142.54 0.0
mit 31 zhemicyl-y 0 : 522 142.54 0.0
array 1 -9.0705 -8.9831 -0.318 zhemicyl-y 2 1 .603 142.54 -0.318
cuboid 3 1 2p9.9578 2ps.9831 143.% -0.318 unit 2
unit 32 zhemicyt+y 1 1 .515 142.54 0.0
cuboid 312p9.9578 2p0.9708 143.% -0.318 zhemicyt+y 0 1 .522 142.54 0.0
unit 33 zhemicyt+y 2 1 .603 142.54 -0.318
ctbold 3 1 2p7.62 2p0.894^ 143. % -0.318 mit 3Z cubold 2 1 2p7.62 2po.9 W8 143.96 -0.318 zhemicyl-x 1 1 .515 142.54 0.0
cuboid 312p9.9578 2p0.9708 143. % -0.318 zhemicyl-x 0 1 .522 142.54 0.0
globat unit 34 zhemicyl-x 2 1 .603 142.54 -0.318

Q array 2 -49.789 -48.7987 -0.318 unit 4 >
3 reflector 4 1 Sr0 1.067 1 zhemicyt+x 1 1 .515 142.54 0.0 @

reflector 2 1 Sr0 1.815 1 zhemicyt+x 0 1 .522 142.54 0.0 op
g reflector 3 1 2r11.2025 2r12.5285 2r0 1 zhemicyt+x 2 1 .603 142.54 -0.318 E,
sa reflector 2 1 4r0 0 8.9 1 unit 5 E
$ reflector 3 1 4r0 0 2.86 1 zhemicyl y 2 1 .603 142.54 -0.318 y

_
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.

*C mit 6 zhemicyt-y 2 1 .603 142.% -0.318 >
C zhemicyt +y 2 1 .603 142.54 -0.318 edeld 31 2p.6067 0 .6047' 142. % -0.318
% mit. 11 mit 19

o zhemicyt-y 1 1 .515 142.54 0.0 zhemicyt+y 1 1 .515 142.54 0.0 ,

M3 'zhemicy1-y 0 1 .522 142.54 0.0 zhemicyt+y 0 1 .522 142.54 0.0
. >pc zhemicyL-y 2 1 .603 142.54 -0.318 zhemicyt+y 2 1 .603 142.% -0.318

6 c4old 31 2p.6047 0 -2.0966 142.54 -0.318 c4oid 31 2p.6067 .6067 0 142.54 -0.318

- y hole 2 0 -2.0966 -0.0 mit 20
hole 3 +0.6067 -1.0473 -0.0 zhemicyl-y 2 1 .603 142.54 -0.318-

hole 4 -0.6047 -1.0673 -0.0 c4eid 3; 2p.6047 0 .6067 142.54 -0.318
mit 12 unit 21

j zhemicyl-y 1 1 .515 142.54 0.0 zhemicyt+y 2 1 .603 142.54 -0.318
zhemicyt-y 0 1 .522 142.54 0.0 c4ald 31 2p.6047 .6047 0 142. % -0.318 .
zheeley1-y 2 1 .603 142.54 -0.318 mit 31

; c4eid 31 2p.6047 0 -2.0966 142.54 -0.318 errey 1 -9.0705 -8.9831 -0.318
hole 2 0 -2.0946 -0.0 c4eid : 3 1 2p10.4233 2p8.9831 142.54 -0.318
hole 3 +0.6047 -1.0473 -0.0 mit 32
unit 13 c4oid 3 1 2p10.4233 2p1.3528 142.% -0.318

,

zhemicyt-y 1 1 .515 142.54 0.0 mit 33
zhemicyl-y 0 1 .522 142.54 0.0 c4old 3 1 2p7.62 2p1.2766 142.54 -0.318
zhemicyl-y 2 1 .603 142.54 -0.318 c4old 2 1 2p7.62 2p1.3528 142.% .-0.318

c 4oid 31 2p.6067 0 -2.0946 142.54 -0.318 cuboid 3 1 2p10.4233 2p1.3528 142. % -0.318
hole 2 0 -2.0966 -0.0 globet mit 34
hole 4 -0.6067 -1.0473 -0.0 errey 2 -52.1165 -50.267 -0.318
unit 14 reflector 4 1 Sr0 1.067 1

U zhemicyl-y 1 1 .515 142.54 0.0 reflector 2 1 Sr0 1.815 1

0 zhemicyl-y 0 1 .522 142.54 0.0 reflector 3 1 2r9.3 2r11.0065 2r0 1
zhemicyl-y 2 1 .603 142.54 -0.318 reflector 2 1 4r0 0 8.9 1

cubold 31 2p.6047 0 -2.0946 142.54 -0.318 reflector 3 1 4r0 0 2.86 1

hole 6 0 -2.0946 -0.0 reflector 5 1 4r0 0 1.0 1

hole 3 +0.6047 -1.0673 -0.0 reflector 3 1 2r20.7 2r18.9935 2r0 1
unit 15 end geen
zhemicyl-y 1 1 .515 142.54 0.0
zhemicyl-y 01.522 142.54 0.0 read errey

themicyl-y 2 1 .603 142.54 -0.318 ere=1 rum =15 rwy=10 nuz=1 fitt 2013r18 201413r11 151213r11 13
c4oid 31 2p.6067 0 -2.0946 142.54 -0.318 - Sq151613r11 17 21 13r19 21 end fitt

hole 6 0 -2.0946 -0.0 ere=2 rum =5 nuy=9 nuz=1 fitt 5r31 32 3r33 32 3q10 Sr31 end fitt

hole 4 -0.6067 -1.0473 -0.0 end errey
unit 16 end date

,

themicyl-y 2 1 .603 142.54 -0.318 end-
cuboid 31 2p.6047 0 -2.0966 142.54 -0.318
hole 2 0 -2.0966 -0.0 tes1645t4
hote 3 +0.6047 -1.0673 -0.0.

i mit 17 seses25
zhemicyl y 2 1 .603 142.54 -0.318 tm1645t4
cecid 31 2p.6047 0 -2.0946 142.54 -0.318 44 grog letticecett
hole 2 0 -2.0546 -0.0 wo2 1 derw10.221.0 293 92235 2.459 92238 97.541 end
hole 4 -0.6047 -1.0473 -0.0 et 2 1.0 293 end i

unit 18 h2o 3 1.0 293 end !

rhemicyl-y 1 1 .515 142.54 0.0 boren 3 den =121.0-6 end,

zhemicyL-y 0 1 .522 142.54 0.0 et 4 .25 293 end k
4

!<

;
,

i
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h2o 4 .75 293 end hole 2 0 -2.0966 -0.0
boren 4 -den =121.0-6 .75 and- hole 4 -0.6067 -1.0673 -0.0carbonsteel- 5 1.0 293 end mit 14
end coup zhemicyt-y 1 1 .515 145.64 0.0

.

! trlenspitch 1.2093 1.030 1 3 1.206 2 1.064 0 end zhemicy1-y 01.522 145.64 0.0
5x5 arrey of hemasonet lettice assemblies seperated by 0.0762-ce-thick themicyt y 2 1 .603 145.64 -0.318
'etisminism plates and 3.6546- and 3.8236-cm of water,145.64 cm water ce oid 3 1' 2p.6047 0 -2.0966 145.64 -0.318
' height with 121 ppe boren hole 6 0- -2.0946 -0.0
reed perm gen =405 mpg =600 nsk=5 nub =yes run=yes end para hole 3 +0.6067 -1.0673 -0.0

unit 15
reed geen zhemicyl-y 1 1 .515 145.64 0.0
mit 1 zhemicy1-y 0 1 .522 - 145.64 0.0zhemicyt-y 1 1 .515 145.64 0.0 zhemicyl-y 2 1 .603 145.64 -0.318'

zhemicyl-y 0 1 .522 145.64 0.0 cuboid 31 2p.6047 0 -2.0966 145.64 -0.318
zhemicyl-y 2 1 .603 145.64 -0.318 hole 6 0 -2.0966 -0.0;

mit 2 hole 4 -0.6047 -1.0473- -0.0' zhemicyl+y 1 1 .515 145.64 0.0 unit 16
zhemicyt+y 0 1 .522 145.64 0.0 zhmmicyl-y 2 1 .603 145.64 -0.318zhemicyt+y 2 1 .603 145.64 -0.318 ceoid 31 2p.6047 0 -2.0946 145.64 -0.318
unit 3 hole 2 0 -2.0966 -0.0zhemicyt-x 1 1 .515 145.64 0.0 hole 3 +0.6047 -1.0673 -0.0zhemicyl-x 0 1 .522 145.64 0.0 unit 17
zhemicyl-x 2 1 .603 145.64 -0.318 zhemicyl-y 2 1 .603 145.64 -0.318
unit 4 ceoid 31 2p.6047 0 -2.0966 145.64 -0.318
zhemicyt+x 1 1 .515 145.64 0.0 hole 2 0 -2.0966 -0.0g

w zhemicyt+x 0 1 .522 145.64 0.0 hole 4 -0.6047 -1.0673 -0.0rhemicyl+x 2 1 .603 145.64 -0.318 unit 18
~

unit 5 zhemicyl-y 1 1 .515 145.64 0.0zhemicyl-y 2 1 .603 145.64 -0.318 zhemicyl-y 0 1 .522 145.64 0.0
unit 6 zhemicyl-y 2 1 .603 145.64 -0.318zhemicyt+y 2 1 .603 145.64 -0.318 ceoid 31 2p.6067 0 .6047 145.64 -0.318
unit 11 unit 19
zhemicyl-y 1 1 .515 145.64 0.0 zhemicyt+y 1 1 .515 145.64 0.0
zhemicyl-y 0 1 .522 145.64 0.0 zhemicyt+y 01.522 145.64 0.0zhemicyl-y 2 1 .603 145.64 -0.318 zhemicyt+y 2 1 .603 145.64 -0.318
cuboid 31 2p.6047 0 -2.0946 145.64 -0.318 cuboid 31 2p.6047 .6047 0 145.64 -0.318
hole 2 0 -2.0946 -0.0 nmit 20
hole 3 +0.6047 -1.04 73 -0.0 zhemicyl-y 2 1 .603 145.64 -0.318
hole 4 -0.6067 -1.0673 -0.0 cuboid 31 2p.6067 0 .6067 145.64 -0.318
unit 12 unit 21
zhemicyl-y 1 1 .515 145.64 0.0 zhemicyl+y 2 1 .603 145.64 -0.318zhemicyl-y 0 1 .522 145.64 0.0 cuboid 31 2p.6047 .6067 0 145.64 -0.318
zhemicyt-y 2 1 .603 145.64 -0.318 unit 31
cuboid 31 2p.6047 0 -2.0946 145.64 -0.318 errey 1 -9.0705 -8.9831 -0.318
hole 2 0 -2.0946 -0.0 cuboid 3 1 2p11.0568 2ps.9851 145.64 0.318() hole 3 +0.6067 -1.0473 -0.0 unit 32 >g unit 13 ct&old 3 1 2p11.0568 2p1.963 145.64 -0.318 'O

y zhemicyl-y 1 1 .515 145.64 0.0 unit 33
g zhemicyl-y 0 1 .522 145.64 0.0 c e oid '3 1 2p7.62 2p1.9101 145.64 -0.318 asa zhemicyl-y 2 1 .603 145.64 -0.318 cteoid 2 1 2p7.62 2pt.963 145.64 -0.318 E$ cubold 31 2p.6047 0 -2.0946 145.64 -0.318 ethold 3 1 2p11.0568 2pt.963 145.64 -0.318 y

,
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t

Z globet mit 34 c@old 2 1 .818 .818 .818 .818 145 0 >
'O

G array 2 -55.284 -52.8607 -0.318 unit 4 3
.$- ref1ector 4 1 5r0 1.067 1 -array 2 -49.898 -6.544 0.

o reflector 2 1 $ro 1.815 1 unit 5 9.,

3 reflector 3 1 2r6.125 2r8.4705 2r0 1 array 3 -33.538 -8.180 0 M
>

;c reflector 2 1 4r0 0 8.9 1 unit 6

6 reflector 3 1 4r0 0 2.86 1 arrey 4 -33.538 -8.180 0

y reflector 5 1 4r0 0 1.0 1 globet unit 7

reflector 3 1 2r23.875 2r21.5295 2r0 1 array 1 -66.258 -36.81 0
-

end seem cylinder 2 1 76.2 145 0.0
hole 4 0 -43.3542 0
hole 4 0 43.3542 0read array

sra=1 nux=15 nuy=10 ruz=1 fitt 2013r18 201413r11 151213r11 13 hote 5 0 -58.0784 0

Sq151613r1117 2113r19 21 end fitt hole 6 0 58.0784 0

ara =2 nux=5 nur=9 nuz=1 fitt 5r31 32 3r33 32 3q10 $r31 end fitt cylinder 3 1 76.2 145 -5.08
end errey cylinder 2 1 76.2 145 -7.62
end data cylinder 3 1 77.47 145 -8.890
end cuboid 0 1 6pT7.47145 -8.890

unit 8

bw1810s cylinder 4 1 .51499 145 0.3175
cylinder 0 1 .52197 145 0.3175

=csas25 cylinder 3 1 .60325 145 0

bw1810a ceoid 2 1 .818 .818 .818 .818 145 0
44grotp Latticeceti end geem

uo2 1 den =10.24 1.0 293 92235 2.459 92238 97.541 end

U h2o 2 den =1.0 0.998761 end reed array
N boron 2 den =1.0 0.001239 end era =1 nux=81 nuy=45 fill

at 3 1.0 end 10r3 61r2 10r3
uo2 4 den =10.24 0. % 293 92235 1.944 92238 98.056 end 1q81

gd-152 4 den =0.3555 0.002 end Se? 15r2 3r2 31q410r2 3 3r2 3b39
gd-154 4 den =0.3555 0.0218 end 9 '6r2 3 7r2 3 6r2 3 Tr2 7b37
gd-155 4 den =0.3555 0.148 end Sr3 7'r2 Sr3
gd-156 4 den =0.3555 0.2047 end W 3 15re 3 2r2 2 ~,r2 3 2r2 3 4r2 3 2r2 3 3r2 3b39

gd-157 4 den =0.3555 0.1565 end Sr3 71r2 S C
gd-158 4 den =0.3555 0.2484 end Sr3 20r2 3 3r2 8 10r2 3 1b40
gd-160 4 den =0.3555 0.2186 end Sr3 71r2 5r3
o 4 den =0.0541 1 end Sr3 15r2 3 2r2 3 3r2 3 2r2 3 4r2 3 2r2 3 3r2 3b39
end coup 5r3 71r2 Sr3
squarepitch 1.636 1.0297 1 2 1.2060 3 1.0434 0 end 5r316r2 3 3r2 8 3r2 3 6r2 3 Tr2 7b37
more data res=4 cylinder .51499 dan (4)=.189958 end more date 23r2 3 3r2 3 2r2 8 7r2 3 3r2 3h39
Core of 4788 2.459 wtX '"U UO, fuel rods, 20 UOn-Gd 0, fuel rods,153 324r22

' water holes,145.0 cm water height with 1239.3 ppm boren 20r2 3r2 3 Iq4 Tr2 8 2r2 3 3r2 3h39
read perm gen =405 npg=600 nsk=5 nub =yes run=yes end perm 21r2 3 Tr2 3 6r2 3 3r2 8 lb40

81r2
read geon 20r2 3 2r2 3 3r2 3 2r2 3 4r2 3 2r2 3 3r2 3b39
unit 2 81r2*

cylinder 1 1 .5149 145 .3175 25r2 3 10r2 8 3r2 3 1b40
cyiInder 0 1 .522 145 .3175 81b1782 end fItL
cyiInder 3 1 .603 145 0 ora =2 num=61 nuy=8 fill f2 end fi1L
c4oid 2 1 .818 .818 .818 .818 145 0 ers=3 num=41 nuy=10 toop
unit 3 2 1 41 1 1 to 1 111

|
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3 1 to 1 1 5 1 111 cylinder 2 1 76.2 145 0.03 32 41 1 1 5 1 111 end loop hoto 4 0 -43.3542 0ara =4 nux=41 nuy=10 tcop hole 4 0 43.3542 0
2 1 41 1 1 10 1 111 hele 5 0 -58.0784 03 1 10 1 6 10 1 111 hole 6 0 58.0784 0
3 32 41 1 6 to 1 111 end loop cylinder 3 1 76.2 145 -5.08end array cylinder 2 1 76.2 145 -7.62end data cylinder 3177.47 145 -8.890end esbold 0 1 4p77.47 145 -8.890

unit 8
bw1810b cytinder 4 1 .51499 145 0.3175

cylinder 0 1 .52197 145 0.3175=csas25 cylinder 3 1 .60325 145 0bw1810b cuboid 2 1 .818 .818 .818 .818 145 044 group latticecelL end geon
vo2 1 den =10.24 1.0 293 92235 2.459 92238 97.541 end
h2o 2 den =1.0 0.998829 end read array-

boron 2 den =1.0 0.001171 end ara =1 nux=81 nuy=45 fitt
at 3 1.0 end 10r3 61r2 10r3
uo2 4 den =10.24 0.96 293 92235 1.944 92238 98.056 end 1981gd-152 4 den =0.3555 0.002 end Sr3 15r2 3r2 3 1q4 10r2 3 3r2 3b39
gd-154 4 den =0.3555 0.0218 end Sr3 16r2 3 7r2 3 6r2 3 7r2 7b37
gd-155 4 den =0.3555 0.148 end Sr3 71r2 Sr3
gd-156 4 den =0.3555 0.2047 end Sr3 15r2 3 2r2 3 3r2 3 2r2 3 4r2 3 2r2 3 3r2 3b39
gd-157 4 den =0.3555 0.1565 end Sr3 71r2 Sr3g

t,2 gd-158 4 den =0.3555 0.2484 end Sr3 20r2 3 3r2 8 10r2 3 1b40id gd-160 4 den =0.3555 0.2186 end Sr3 71r2 Sr3
o 4 den =0.0541 1 end Sr315r2 3 2r2 3 3r2 3 2r2 3 8 3r2 3 2r2 3 3r2 3b39
end coep Sr3 20r2 8 29r2 8 20r2 Sr3
squarepitch 1.636 1.0297 1 2 1.2060 3 1.0434 0 end Sr3 16r2 3 7r2 3 6r2 3 7r2 7b37
more data res=4 cylinder .51499 dan (4)=.189958 end more data 23r2 3 3r2 3 2r2 8 7r2 3 3r2 3h39
Core of 4772 2.459 wt% '"U in fuel rods, 36 00,-GdA fuel rods,153 27r2 8 25r2 8 27r2
' water holes,145.0 cm water height with 1170.7 ppo boren 162r2
read perm gen =405 rpg=600 nsk=5 nub =yes run=yes end parm 38r2 8 3r2 8 38r2

20r2 3r2 3 1q4 Tr2 8 2r2 3 3r2 3b39
read geom 21r2 3 Tr2 3 6r2 3 Tr2 7b37
unit 2 40r2 8 40r2
cy!inder 1 1 .5149 145 0.3175 20r2 3 2r2 3 3r2 3 2r2 3 3r2 8 3 2r2 3 3r2 3b39
cytinder 0 1 .522 145 0.3175 81r2
cylinder 3 1 .603 145 0 25r2 3 1Gr2 8 3r2 3 tb40
ctbold 2 1 .818 .818 .818 .818 145 0 81b1782
mit 3 end fillZ ctboid 2 1 .818 .818 .818 .818 145 0 era =2 nux=61 nuy=8 fitt f2 end fittC mit 4 ara =3 nux=41 nuy=10 loop

h array 2 -49.898 -6.544 0 2 1 41 1 1 10 1 111
O unit 5 3 1 10 1 1 5 1 111 >g array 3 -33.538 -8.180 0 3 32 41 1 1 5 1 111 end toop y

unit 6 era =4 nux=41 nuy=10 toop gy
i array 4 -33.538 -8.180 0 2 1 41 1 1 10 1 111e

c2.C global mit 7 3 1 to 1 6 to 1 111 E
'

._Ch
array 1 -66.258 -36.81 0 3 32 41 1 6 10 1 111 end loop p



e . .

_. - _ _ _ . '- ' - --
__

_ __

>globat unit 7 @*Z erd array array 1 -66.258 -36.81 0
C end data cytirder 3 1 76.2 145 0.0 g
$ erd hole 4 0 -43.3542 0 9

xo hole 4 0 43.3542 0 >B tn#1810c hole 5 0 -58.0784 0
;c hole 6 0 58.0784 0
6 =csas25 cylirder 5 1 76.2 145 -5.08
y buis10c cylinder 3 1 76.2 145 -7.62

44 group tatticecett
uo2 1 den =9.46 1.0 293 92235 4.02 92238 95.98 end cylinder 5 1 77.47 145 -8.890-

end cuboid 01 apt 7.47145 -8.890
ss304 2 1.0

end mit 8
h2o 3 den =1.0 0.998501

end cylinder 6 1 .51499 145 .3175
boren 3 den =1.0 0.001499
uo2 4 den =10.24 1.0 293 92235 2.459 92238 97.541 end cytinder 0 1 .52197 145 .3175

end cyttrder 5 1 .60325 145 0
at 5 1.0
uo2 6 den =10.24 0.96 293 92235 1.944 92238 98.056 end ctbold 31 .818 .818 .818 .818 145 0

,

end end geom '

gd-152 6 den =0.3555 0.002 endgd-154 6 den =0.3555 0.0218
end read array

gd-155 6 den =0.3555 0.148
end ara =1 nux=81 nuy=45 fitt

gd-156 6 den =0.3555 0.2047 end 10r3 61r2 10r3
gd-157 6 den =0.3555 0.1565 erd 10r3 3r2 6r2 2r3 2q8 7r2 7b37

|gd-158 6 den =0.3555 0.2484 end Sr3 Sr2 3r2 6r2 2r3 298 7r2 7b37 '

od-160 6 den =0.3555 0.2186 end Sr3 71r2 Sr3
o 6 den =0.0541 1 1q81

U squarepitch 1.636 1.128 1 3 1.208 2 end Sr3 18r2 2r3 14r2 3r3 3b39end corrp

Sr3 18r2 2r3 14r1 3r3 3b39
A more data res=4 cylinder .51486 dan (4)=.189732 5r3 19r2 33r1 19r2 Sr3res=6 cylinder .51499 dan (6)=.189958 end more data

Core of 3676 2.459 wt% tJO fuel rods, 912 4.020 wtX UO fuel rods, 32 Sr3 19r2 2r1 8 3r1 8 19r1 19b31
Sr3 14r2 2r3 3r2 3r1 2r3 6rt 2r3 7rt 7b372

'UOcGdzo, fuel rods, 180 water holes, 145.0 cm water height with 1q81
'1499.0 ppm boren Sr3 19r2 33r1 19r2 5r3
read para gen =405 rpg=600 nsk=5 nub =yes run=yes end parm 24r2 2r1 8 3r1 8 19rt 19b31

24r2 33r1 24r2
read geom

1981
unit 1 24r2 9rt 8 3r1 8 Sr1 5b38cylinder 1 1 .5639 145 5.969 24r2 33r1 24r2cylinder 2 1 .6039 145 0 19r2 2r3 3r2 3r1 2r3 6r1 2r3 Tr1 7b37
cuboid 3 1 .818 .818 .818 .818 145 0

1981
unit 2 24r2 9rt 8 3r18 Sr1 Sb38cylinder 4 1 .5149 145 .3175 24r2 33r1 24r2cylinder 0 1 .5217 145 .3175 23r2 2r3 14r1 3r3 3b39cylinder 5 1 .603 145 0

1981
ctbold 3 1 .818 .818 .818 .818 145 0 81b1782
mit 3 end fitt
cuboid 3 1 .818 .818 .818 .818 145 0 ara =2 nux=61 nuy=8 fitt f2 end fitt
mit 4 era =3 nux=41 nuy=10 toop
array 2 -49.898 -6.544 0 2 1 41 1 1 10 1 111
unit 5 3 1 10 1 1 5 1 111
array 3 -33.538 -8.180 0 3 32 41 1 1 5 1 111 end loop
unit 6 ara =4 nux=41 nuy=10 toop
array 4 -33.538 -8.180 0

_-
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2 1 41 1 1 to 1 111 errey 3 -33.538 -8.180 0 t

i 3 1 10 1 6 10 1 111 unit 6
l 3 32 41 1 6 10 1 1 1 1 hand loop errey 4 -33.538 -8.180 0 t

'' end errey globet unit 7
end data ~ arrey ' 1 -66.258 -36.81 0 i

and cylinder 3 1 76.2 145 0.0
hole 4 0 -43.3542 0

*

tes1810d hole 4 0 43.3542 0
hole 5 0 -58.0784 0

=csas25 hole 6 0 58.0784 0
bw1810d cylinder 5 1 76.2 145 -5.08
44 grasp tatticecett cylinder 3 1 76.2 145 -7.62
uo2 1 den =9.46 1.0 293 92235 4.02 92238 95.98 end cylinder 5177.47 145 -8.890
ss304 2 1.0 end cuboid 01 Ap77.47 145 -8.890

*
h2o 3 den =1.0 0.998346 end unit 8
boron 3 den =1.0 0.001654 end cylinder ~6 1 .51499 145 0.3175
uo2 4 den =10.24 1.0 293 92235 2.459 92238 97.541 end cylinder 0 1 .52197 145 0.3175 ,

at 5 1.0 end cylinder 5 1 .60325 145 0
uo2 6 den =10.24 0. % 293 92235 1.944 92238 98.056 end cuboid 3 1 .818 .818 .818 .818 145 0
ed-152 6 den =0.3555 0.002 end end geen
gd-154 6 den =0.3555 0.0218 end
gd-155 6 den =0.3555 0.148 end reed array ,

gd-156 6 den =0.3555 0.2047 end ara =1 nux=81 nuy=45 toop
gd-157 6 den =0.3555 0.1565 end 2 1 81 1 1 45 1 111

i od-158 6 den =0.3555 0.2484 end 1 26 56 1 8 38 1 111g
w gd-160 6 den =0.3555 0.2186 end 3 24 54 15 3 33 15 111
* o 6 den =0.0541 1 end 3 28 58 15 33315 1.1 1

end cons) 3 24 54 15 13 43 15 111,

squarepitch 1.636 1.128 1 3 1.208 2 end 3 28 58 15 13 43 15 111 ,

more data res=4 cylinder .51486 den (4)=.189732 3 22 52 15 4 34 15 111 '

res=6 cylinder .51499 den (6)=.189958 end more data 3 30 60 15 4 34 15 1 1 1
Core of 3920 2.459 wtX '"U UD, fuel rods, 860 4.020 wtX ""U 00, fuet 3 22 52 15 -12 42 15 111

'
>

' rods, 28 00,-Gd,0, fuel rods,153 water holes,145.0 cm water height 3 30 60 15 12 42 15 111
'with 1653.8 ppe boron 3 21 51 15 63615 111
read para gen =405 npg-600 nsk=5 nub =yes run=yes end para 3 24 54 15 6 36 15 111

3 28 58 15 6 36 15 111
read geen 3 31 61 15 6 36 15 111
unit 1 3 21 51 15 10 40 15 111

'
cy1inder 1 1 .5639 145 5.%9 3 24 54 15 10 40 15 111 ;
cylinder 2 1 .6039 145 0 3 28 58 15 10 40 15 111
ctbold 3 1 .818 .818 .818 .818 145 0 3 31 61 15 10 40 15 111;

unit 2 3 26 56 15 83815 111 ,

cylinder 4 1 .5149 145 .3175 3 1 10 1 1 2 1 111 t

! cy1Inder 0 1 .5217 145 .3175 3 72 81 1 1 2 1 111
cytinder 5 1 .603 145 0 3 1 5 1 3 12 1 111 .

() esbold 3 1 .818 .818 .818 .818 145 0 3 77 81 1 3 12 1 1.1 1 > ;

3 mit 3 3 1 10 1 44 45 1 111 @
p cubold 3 1 .818 .818 .818 .818 145 0 3 72 81

1- 44 45 1 ~111 &
111 o

4 mit 4 3 1 5 1 34 43 1
sa array 2 -49.898 -6.544 0 3 77 81 1 3443 1 111 E F

$ mit 5 8 29 53 24 83830 111 iy
i
,
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8 26 % 30 11 35 24 111 mit 1 >
8 29 53 24 11 35 24 111 cytinder 1 1 .5639 145 5.969
8 31 51 20 13 33 20 -1 1 1 - cytinder 2 1 .6039 145 0 ;

o 8 36 46 to 18 28 10 j1 1 1 c4eid 31 .818 .818 .818 .818 145 0 ,

.

M 8 38 44 6 20 26 6 111 mit 2 M t

pc 8 3844 6 23 23' 1 111 cylinder 4 1 .5149 145 .3175 > ,

& 8 41 41 1 20 26 6 111 cylinder: 0 1 .5217 145 .3175 i
'

.y end loop cylinder 5 1 .603 145 0 .

are=2 num=61 nuy=8 fiti f2 end fitt c * oid 3 1 .818 .818 .818 .818 145 0 .-

are=3 num=41 nuy=10 toop unit 3 j
2 1 41 1 1 10 1 111 ceoid 3 1 .818 .818 .818 .818 145 0 t

3 1 10 1 1 5 1 111 mit 4
3 32 41 1 1 5 1 111 end Ioop arrey 2 -49.898 -6.544 0 ,

ere=4 num=41 nuy=10 toop mit 5' .

2 1 41 1 1 to 1 111 error 3 -33.538 -8.180 0 I

3 1 10 1 6 10 1 111 unit 6 |

3 32 41 1 6 to 1 111 end loop errer 4 -33.538 '-8.180 0
end errey globet unit 7 i

end date . array 1 -66.258 -36.81 0 t

end cylinder 3 1 76.2 145 0.0 ;

hole 4 0 -43.3542 0 !

Ites1810e hole 4 0 43.3542 0
hole 5 0 -58.0784 0 !

'

=csos25 hole 6 0 58.0784 0
tar 1810e cylinder 5 1 76.2 145 -5.08

U 44eroi, letticecett cylinder 3 1 76.2 145 -7.62
* uo2 1 den =9.46 1.0 293 92235 4.02 92238 95.98 - end cylinder 5177.47 145 -8.890

ss304 2 1.0 end c4old 0 1 4pTT.47 145 -8.890 <

h2o 3 den =1.0 0.998421 end mit 8 ;

boren 3 den =1.0 0.001579 end cylinder 6 1 .51499 145 0.3175 L

uo2 4 den =10.24 1.0 293 92235 2.459 92238 97.541 end cylinder 0 1 .52197 145 0.3175 i

e1 5 1.0 end cy1inder 5 1 .60325 145 0
.

uo2 6 den =10.24 0.96 293 92235 1.944 92238 98.056 end ceoid 3 1 .818 .818 .818 .818 145 0 ?

sd-152 6 den =0.3555 0.002 end end geen
ed-154 6 den =0.3555 0.0218 end .

gd-155 6 den =0.3555 0.148 end reed errey [

ed-1% 6 den =0.3555 0.2047 end are=1 num=81 nur=45 toop ;

ed-157 6 den =0.3555 0.1%5 end 2 . 1 81 1 1 45 1 111 !

sd-158 6 den =0.3555 0.2484 end 1 26 % 1 8 38 1 111 ;

ed-160 6 den =0.3555 0.2186 end 3 24 54 15 33315 111 i

o 6 den =0.0541 1 end 3 28 58 15 3 33 15 111 !

end camp 3 24 54 15 13 &3 15 111
squerspitch 1.636 1.128 1 3 1.208 2 end 3 28 58 15 13 43 15 111 |
more data res=4 cylinder .51486 den (4)=.189732 3 22 52 15 4 34 15 111
res=6 cylinder .51499 den (6)=.189958 end more date 3 30 60 15 4 34 15 111
core of 3676 2.459 utt '"U uo, fuel rods, 852 4.020 utt '"U uo, fuet 3 22 52 15 12 42 15 111 i.

'fuel rods, 153 meter holes, 145.0 cm unter height 3' 30 60 15 12 42 15 111' rods, 36 US -ed 03

'ulth 1579.4 ppe boren 3 21 51 15 6 36 15 111
reed para gen =405 mpg =600 nok=5 nd=yes rww=yes and para 3 24 54 15 6 36 15 111

3 28 58 15 63615 111 ,
'

reed geen 3 31 61 15 6 36 15 111

!

,
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3 21 51 15 10 40 15 111 read seen

3 24 54 15- to 40 15 111 mit 2

3 28 58 15 10 40 15 111 cylinder 1 1 .5149 145 .3175
3 31 61 15 10 40 15 111 cylinder 0 1 .5217 145 .3175
3 26 56 15 8 38 15 111 cylinder - 2 1 .603 145 0
3 1 10 1 1 2 1 111 c e oid 3 1 .818 .818 .818 .818 145 0
3 72 81 1 1 2 1 111 mit 3

3 1 5 1 3 12 1 111 ceoid 3 1 .818 .818 .818 .818 145 0
3 TT 81 1 3 12 1 111 mit &

3 1 10 1 44 45 -1 111 arrey 2 -49.898 -6.544 0

3 72 81 1 44 45 1 111 unit 5
3 1 5 1 34 43 1 111 - arrey 3 -33.538 -8.180 .0

3 77 81 1 34 43 1 111 mit 6

8 29 53 24 8 38 30 111 array 4 -33.538 -8.180 0

8 26 56 30 11 35 24 111 globet mit 7

8 28 54 26 14 32 18 111 arrey 1 -66.258 -36.81 0

8 32 50 18 to 36 26 111 cylinder 3 1 76.2 145 0.0

8 31 51 20 13 33 20 111 hole 4 0 -43.3542 0

8 36 46 10 18 28 10 111 hole 4 0 43.3542 0

8 35 47 12 21 25 4 111 hote 5 0 -58.0784 0

8 39 43 4 17 29 12 111 hole 6 0 58.0784 0

8 38 44 6 23 23 1 111 cylinder 2 1 76.2 145 -5.G8

8 41 41 1 20 26 6 111 cylinder 3 1 76.2 145 -7.62
end toop cylinder 2 1 77.47 145 -8.890

ara =2 nux=61 nuy=8 fitt f2 end fitL ceoid - 0 1 4p77.47 145 -8.890

w ara =3 nux=41 nuy=10 toop end geeng

4 2 1 41 1 1 10 1 111
3 1 to 1 1 5 1 111 reed array

3 32 41 1 1 5 1 111 end toop are=1 num=81 nuy=45 fitt

ara =4 nux=41 nuy=10 Loop 10r3 61r2 10r3
2 1 41 1 1 10 1 111 1q81

3 1 10 1 6 10 1 111 Sr3 15r2 3r2 3 1q6 10r2 3 3r2 3h39
3 32 41 1 6 to 1 111 end Icop Sr3 16r2 3 Tr2 3 6r2 3 Tr2 7b37

Sr3 71r2 Sr3end array
Sr3 15r2 3 2r2 3 3r2 3 2r2 3 4r2 3 2r2 3 3r2 3h39end data
Sr3 71r2 Sr3end
Sr3 20r2 3 3r2 2 10r2 3 lb40

bw181Gf Sr3 71'2 Sr3
Sr3 15:2 3 2r2 3 3r2 3 2r2 3 4r2 3 2r2 3 3r2 3b39

=csas25 Sr3 71r2 Sr3 '

Sr3 16r2 3 3r2 2 3r2 3 or2 3 7r2 7b37bw1810f
44 grog tatticecett 23r2 3 3r2 3 2r2 2 Tr2 3 3r2 3b39
uo2 1 den =10.24 1.0 293 92235 2.459 92238 97.541 end 324r2
at 2 1.0 end 20r2 3r2 3 Iq4 7r2 2 2r2 3 3r2 3b39

tr1 h2o 3 den =1.0 0.998663 end 21r2 3 7r2 3 6r2 3 3r2 2 1b40

Q boron 3 den =1.0 0.001337 end 81r2 >
'O20r2 3 2r2 3 3r2 3 2r2 3 4r2 3 2r2 3 3r2 3b393 end coup 3

y squarepitch 1.636 1.125 1 3 1.206 2 end 81r2
core of 4808 2.459 wt1 '"U UD, fuel rods,153 water holes,145.0 cm 25r2 3 10r2 2 3r2 3 1b60 5,

g
' water height with 1337.9 ppu boron 81b1782 p-

5.a

$ read perm gen =405 npg=600 nsk=5 nubeyes rm=yes end para and fitt y

.. - __ .. . - . - . --. -- , _ - . _ _ _ - - _ _ _ - _ - _ _ - _ _ _ _ _ - _ _ -



Z are=2 rust =61 nup8 fii1 f2 end fIi1 cylinder 3 1 76.2 -145 0.0 >
ere=3 rust =41 nur=10 toop hole 4 0 -43.3542 0 ?
2 1 41 1 1 10 1 111 hole 4 0 43.3542 0 3

$o 3 1 10 1 1 5 1 111 hele 5 0 -Se 9784 0
n 3 32 41 1 1 5 1 111 end toop hole 6 0 58.s1784 0 M
;o are=4 ram =41 nur=10 toop cylinder 5 1 76.2 145 -5.08 - >
h 2 1 41 1 1 10 1 111 cylinder 3 1 76.2 145 -7.62
y 3 1 10 1 6 to 1 111 cylinder 5177.47- 145 -8.890

3 32 41 1 6 to 1 111 end toop cthold 0 1 4pTT.47 145 -8.890-

end array end geen
end data
end read errey

ara =1 ran=81 nur=45 fit 1
tes1810s 10r3 61r2 10r3

10r3 3r2 6r2 2r3 2q8 7r2 7h37
=csas25 . Sr3 Sr2 3r2 6r2 2r3 2qs Tr2 7h37
bw1810g Sr3 71r2 Sr3
44 group iatticeceti 1q81
vo2 1 den =9.46 1.0 293 92235 4.02 92238 95.98 end Sr3 18r2 2r3 14r2 3r3 3h39
ss304 2 1.0 end Sr318r2 2r314r13r3 3h39
h2o 3 den =1.0 ~ 0.998224 end Sr3 19r2 33r1 19r2 Sr3
boron 3 den =1.0 0.001776 end 1qs1
uo2 4 den =10.24 1.0 293 92235 2.459 92238 97.541 end Sr314r2 2r3 3r2 3r12r3 6rt 2r3 Tr17b37
at 5 1.0 end Iqs 1
end camp 24r2 33r1 24r2

U squarepitch 1.636 1.128 1 3 1.208 2 end 5a81
00 more data res=4 cylinder .51486 den (4)=.189732 end more data 19r2 2r3 3r2 3r1 2r3 6rt 2r3 Tr1 7b37

core of 3676 2.459 wtX "U U3 fuel rods, 944 4.020 ""U wtX UD, fuel 1q812

' reds,180 water holes,145.0 cm water height with 1776.8 ppe boron 24r2 33r1 24r2
read para gen =405 rpg=600 nsk=5 nub =yes run=yes end para 1 819

23r2 2r3 14r1 3r3 3639
read geen Iq81
unit 1 81b1782
cyIinder 1 1 .5639 145 5.969 end fIL1
cyIinder 2 1 .6039 145 0 era =2 num=61 nuy=8 fItt f2 end fIIL
cuboid 31 .818 .818 .818 .818 145 0 ara =3 ram =41 nuy=10 toop
unit 2 2 1 41 1 1 10 1 111
cylinder 4 1 .5149 145 .3175 3 1 to 1 1 5 1 111
cylinder 0 1 .5217 145 .3175 3 32 41 1 1 5 1 111 end loop
cylinder 5 1 .603 145 0 are=4 nux=41 nuy=10 toop

,cubold 31 .818 .818 .818 .818 145 0 2 1 41 1 1 10 1 111 '

unit 3 3 1 to 1 6 10 1 111 I
cuboid 31 .818 .818 .818 .818 145 0 3 32 41 1 6 10 1 111 end toop j
mit 4 end array '

array 2 -49.898 -6.544 0 end data
i

mit 5 end I

array 3 -33.538 -8.180 0 |

mit 6 las181th
errey 4 -33.538 -8.180 0
globet mit 7 =csos25
errey 1 -66.258 -36.81 0 hvi810h

___
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44 grows tctticecott 3 24 54 15 13 43 15 111
uo2 1 den =9.46 1.0 293 92235 4.02 92238 95.98 end 3 28 58 15 13 43 15 111
ss304 2 1.0 293 end 3 22 52 15 4 34 15 111
h2o 3 den =1.0 0.998101 end 3 30 60 15 4 34 15 111
boren 3 den =1.0 0.001899 end 3 22 52 15 12 42 15 111
uo2 4 den =10.24 1.0 293 92235 2.459 92238 97.541 end 3 30 60 15 12 42 15 111
at 5 1.0 293 end 3 21 51 15 6 36 15 111
end comp 3 24 54 15 63615 111

| squarepitch 1.636 1.128 1 3 1.208 2 end 3 28 58 15 63615 111
more data res=4 cylinder .51486 dan (4)=.189732 end more data 3 31 61 15 6 36 15 111
Core of 3920 2.459 wt% '"U U0 fuel rods, 888 4.020 wt% 8"U U0, fuel 3 21 51 15 to to 15 1112

-rods, 153 water holes, 145.0 cm water height with 1899.3 pun boron 3 24 54 15 10 40 15 111
read pann gen =405 npg=600 nsk=5 nub =yes run=yes erd para 3 28 58 15 to 4015 111

3 31 61 15 10 40 15 111
read geom 3 26 56 15 8 38 15 111
unit 1 3 1 10 1 2 1 111*

cylinder 1 1 .5639 145 5. % 9 3 72 81 1 1 2 1 111
cylinder 2 1 .6039 145 0 3 1 5 1 3 12 1 111
cuboid 3 1 .818 .818 .818 .818 145 0 3 77 81 1 3 12 1 111
unit 2 3 1 10 1 44 45 1 111
cylinder 4 1 .5149 145 .3175 3 72 81 1 44 45 1 111 >

|cylinder 0 1 .5217 145 .3175 3 1 5 1 34 43 1 111
'

cylinder 5 1 .603 145 0 3 77 81 1 34 43 1 111
cubold 3 1 .818 .818 .818 .818 145 0 end loop
unit 3 ara =2 nux=61 nuy=8 fitt f2 end fitt

g
p cuboid 3 1 .818 .818 .818 .818 145 0 ara =3 nux=41 ruy=10 toop
C unit 4 2 1 41 1 1to1 111

array 2 -49.898 -6.544 0 3 1 to 1 1 5 1 111 I

unit 5 3 32 41 1 1 5 1 i11 end loop
array 3 -33.538 -8.180 0 ara =4 nux=41 nuy=10 toop
unit 6 2 1 41 1 1 10 1 111
array 4 -33.538 -8.180 0 3 1 to 1 6 to 1 111
stebat snit 7 3 32 41 1 6 10 1 111 end loop
array 1 -66.258 -36.81 0 end array

cylinder 3 1 76.2 145 0.0 end data
hole 4 0 -43.3542 0 end
hole 4 0 43.3542 0
hole 5 0 -58.0784 0 tw1810i
hole 6 0 58.0784 0
cylinder 5 1 76.2 145 -5.08 =csas25
cylinder 3 1 76.2 145 -7.62 tu18101
cytinder 5177.47 145 -8.890 44 group latticecett

cuboid 0 1 4pT7.47 145 -8.890 uo2 1 den =10.24 1.0 293 92235 2.459 92238 97.541 end
- end geom at 2 1.0 end

h2o 3 den =1.0 0.99875 end

Q read array boron 3 den =1.0 0.00125 end >
3 era =1 nux=81 nuy=45 toop ag 4 den =10.15 0.797 end @
p 2 1 81 1 1 45 1 111 in 4 den =10.15 0.151 end a

1 26 56 1 8 38 1 111 ed 4 den =10.15 0.052 erd Eg
w 3 24 54 15 33315 111 end conp E
$ 3 28 58 15 3 33 15 111 squarepitch 1.636 1.125 1 3 1.206 2 end y

_ _ - _ _ _ .



*Z core of 4808 2.459 wtX 8"U UD, fuel rods,16 Ag-In-cd rods,137 water 324r2 >
C ' holes,145.0 cm water height with 1250.0 ppa boron 20r2 3r2 3 194 Tr2 2 2r2 1 3r2 3b39 @
h read perm gen =405 npg=600 nsk=5 nub =yes run=yes end parm 21r2 3 Tr2 3 6r2 1 3r2 2 tb40 g
c) 81r2 9
8 read geom 20r2 3 2r2 3 3r2 3 2r2 3 4r2 1 2r2 1 3r2 3b39 x
p2 mit 1 81r2 >
& cylinder 4 1 .508 145 .3175 25r2 3 10r2 2 3r2 3 lb40
g cylinder 0 1 .5219 145 .3175 81b1782

cylinder 2 1 .6033 145 0 end fitt-

cuboid 31 .818 .818 .818 .818 145 0 ara =2 nux=61 nuy=8 fill f2 end fill
tr'' 2 ara =3 rux=41 nuy=10 toop
c,".nder 1 1 .5149 145 .3175 2 1 41 1 1 to 1 111
cylinder 0 1 .5217 145 .3175 3 1 10 1 1 5 1 111
cylinder 2 1 .603 145 0 3 32 41 1 1 5 1 111 end loop
cibold 31 .818 .818 .818 .818 145 0 ara =4 nux=41 nuy=10 toop
unit 3 2 1 41 1 1 10 1 111
cibold 31 .818 .818 .818 .818 145 0 3 1 10 1 6 10 1 111
unit 4 3 32 41 1 6 to 1 111 end loop
array 2 -49.898 -6.544 0 end array
unit 5 end data
arrny 3 -33.538 -8.180 0 end
unit 6
array 4 -33.538 -8.180 0 bw18101
globat unit 7
array 1 -66.258 -36.81 0 =csas25

I$ cylinder 3 1 76.2 145 0.0 bw1810]
C hole 4 0 -43.3542 0 44grote tatticecell

hole 4 0 43.3542 0 uo2 1 den =9.46 1.0 293 92235 4.02 92238 95.98 end
hote 5 0 -58.0784 0 ss304 2 1.0 293 end
hole 6 0 58.0784 0 h2o 3 den =1.0 0.998365 end
cylinder 2 1 76.2 145 -5.08 boron 3 den =1.0 0.001635 end
cylinder 3 1 76.2 145 -7.62 vo2 4 den =10.24 1.0 293 92235 2.459 92238 97.541 end
cylinder 2 1 77.47 145 -8.890 at 5 1.0 293 end
cibold 0 1 4p77.47 145 -8.890 b4c 6 den =1.28 0.986 end
end geom end comp

squarepitch 1.636 1.128 1 3 1.208 2 end
reed array more data res=4 cylinder .51486 dan (4)=.189732 end more data
ara =1 nux=81 nuy=45 fill core of 3920 2.459 wtX '"U 00r fuel rods, 888 4.020 wtX ""U 00, fuet
10r3 61r2 10r3 ' rods,16 B.c rods,137 water holes,145.0 cm water height with 1635.4
1981 ' ppm boron
Sr3 i5r2 3r2 3 1 4 10r2 3 3r2 3b39 read para gen =405 rpg-600 nsk=5 nth =yes run=yes end para9
Sr3 16r2 3 Tr2 3 6r2 3 Tr2 7b37
Sr3 71r2 5r3 read geom
Sr3 15r2 3 2r2 3 3r2 3 2r2 3 4r2 3 2r2 3 3r2 3b39 mit 1
Sr3 71r2 Sr3 cylinder 1 1 .5639 145 5.969
Sr3 20r2 3 3r2 2 10r2 3 lb40 cylinder 2 1 .6039 145 0
5r3 71r2 Sr3 ctboid 3 1 .818 .818 .818 .818 145 0
Sr315r2 3 2r2 3 3r2 3 2r2 3 4r2 3 2r2 3 3r2 3b39 unit 2
Sr3 71r2 Sr3 cylinder 4 1 .5149 145 .3175
Sr316r2 3 3r2 2 3r2 3 6r2 3 Tr2 7b37 cytInder 0 1 .5217 145 .3175
23r2 3 3r2 3 2r2 2 Tr2 3 3r2 3b39 cylinder 5 1 .603 145 0

_ _ _ _ _ _ _ _ _ _ _ - - -- . _ _
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cuboid 3 1 .818 .818 .518 .818 145 0 ara =2 nux=61 nuy=8 fitt f2 end fitt
id 3 1 .818 .818 .818 .818 145 0

i jj
unit 4

3 1 10 1 1 5 1 111array 2 -49.898 -6.544 0 3 32 41 1 1 5 1 111 end loopmit 5
ara =4 nux=41 nuy=10 tooparray 3 -33.538 -8.180 0 2 1 41 1 1 10 1 111mit 6 3 1 10 1 6 10 1 111array 4 -33.538 8.180 0 3 32 41 1 6 10 1 111 end loopglobat unit 7 end array

array 1 -66.258 -36.81 0 end data
cy1Inder 3 1 76.2 145 0.0 end
hole 4 0 -43.3542 0
hole 4 0 43.3542 0 cr1071as
hole 5 0 -58.0784 0
hole 6 0 58.0784 0 =csas25
cylinder 5 1 76.2 145 -5.08 cr1071as
cylinder 3 1 76.2 145 -7.62 44 grow tatticecell
cytinder 5177.47 145 -8.890 u3o8 1 den =4.54 1 293.0 92234 0.03 92235 4.48 92236cubold 0 1 4p77.47 145 -8.890 0.09 92238 95.4 endunit 8 h2o 1 den =.09316 endcylinder 6 1 .46736 145 0.3175 arbm-beggie 1.596-2 3 0 0 0 6012 84.9 1001 14.01 8016 1.20 1 endcylinder 5 1 .55626 145 0.0 arbm-st1100 2.713 4 0 0 1 13027 99.33 26000 0.42 29000 0.12cubcid 3 1 4p.818 145 0.0 14000 0.1 2 endend geomy artra-tape (vinyt } 1.374-2 7 0 0 0 6012 45.91 1001 5.92 8016 10.82

ta 17000 25.73 20000 6.9 22000 1.6 82000 1.1 2 eM~ read array artze-tape (mylar) 1.832-2 3 0 0 0 6012 65.50 1001 6.83 8016 27.02 2 end
ara =1 nux=81 nuy=45 fill artun-moderator 1.185 3 0 0 0 6012 59.4910017.83 8016 32.48 3 end
10r3 61r2 10r3 artra ptextres) 1.185 3 0 0 0 6012 59.59 1001 7.84 8016 32.23 4
1 81 9935 end9
Sr3 15r2 3r2 3 1q4 10r2 3 3r2 3b39 artsn-plex (paper) 0.766 3 0 0 0 6012 42.17 1001 6.48 8016 49.5 4
Sr3 16r2 3 7r2 3 6r2 3 7r2 7b37 .0049 end
Sr3 71r2 5r3 artsn-plex (gt ue) 0.728 3 0 0 0 6012 86.29 1001 11.67 8016 1.20 4
Sr315r2 3 2r2 3 3r2 3 2r2 3 4r2 3 2r2 3 3r2 3b39 .0016 end
Sr3 71r2 Sr3 artra ptex(tris) 1.284 8001 6012 52.03 1001 7.16 7014 0 .16
Sr3 20r2 3 14r1 3 1b40 8016 29.82 15031 1.02 17000 1.81 35079 3.55 35081
Sr3 20r2 31r1 20r2 Sr3 3.55 5 .9935 end
Sr315r2 3 2r2 3 2 2r131q3 Art 3 2r13 3r13b39 artze ptex(paper) 0.766 3000 6012 42.17 1001 6.48 8016 49.5
Sr3 20r2 31r1 20r2 5r3 5 .0049 end
Sr3 16r2 3 3r2 Art 3 6rt 3 7r1 7b37 artze-plex (glue) 0.728 3000 6012 86.29 1001 11.67 8016 1.20
23r2 3 2 2r1310r13 3r13b39 5 .0016 end
25r2 31r1 25r2 arbm-fitter 1.185 3000 6012 59.49 1001 7.83 8016 32.48
3q31 6 1.0 end
23r2 3 2 2r1 3 10rt 8 3r1 3b39 end conp
21r2 3 3r2 4r1 3 6rt 8 Tr1 7b37 symmslabcett 17.67 14.92 1 3 15.24 2 end

h 25r2 31r1 25r2 38 cans of danp uranium oxide,UA, separated by 2.43 cm of Ptexistas, >
20r2 3 2r2 3 2 2r1 3 Iq3 Art 8 2r1 8 3r1 3b39 ' Plexiglas reflectedN

h
y

25r2 31r1 25r2 read para run=yes npg=600 gen =405 nsk=5 nub =yes eM para g
25r2 3 14r1 3 1b40e c.

C 81b1782 read geom E
$ end fitt unit 51 >



com=' fuel box with moderator +x,+y,+z' c4old 1 1 6p7.46 *>.

ctbold 1 1 6pT.46 c4old 2 1 6p7.62 'O
c4oid 2 1 6p7.62 reflector. 3 1 1.215 0.0 0.0 1.215 2rt.215 1

c) reflector 3 1 1.215 0.0 1.215 0.0 1.215 0.0 1 tritt 62

3 mit 52 com=' fuel box with moderator -x, y,+z,-z' M
,,y

;x conn' fuel box with moderator -a,+y,+z' cubold 1 1 6p7.4 >& ctbold 1 1 6p7.46 c4oid 2 1 6p7.62
y ctbold 2 1 6p7.62 reflector 3 1 0.0 1.215 0.0 1.215 2rt.215 1

reflector 3 1 0.0 1.215 1.215 0.0 1.215 0.0 1 unit 63-

unit 53 com=' fuel box with moderator -a,+y,-z'
com=' fuel box with moderator +x,+y,-y,+ze ctbold 1 1 6p7.4
ctbold 1 1 6p7.46 ctbold 2 1 6p7.62
ctbold 2 1 6p7.62 reflector 3 1 0.0 1.215 1.215 0.0 0.0 1.215 1

| reflector 3 1 1.215 0.0 2rt.215 1.215 0.0 1 unit 64
! unit 54 com=' fuel box with moderator +x,+y,-y,-z'

com=' fuel box with moderator -a,+y,-y,+z' csboid 1 1 6p7.4
ctbold 1 1 6p7.46 cubold 2 1 6p7.62

|
cuboid 2 1 6p7.62 reflector 3 1 1.215 0.0 2rt.215 0.0 1.215 1
reflector 3 1 0.0 1.215 2rt.215 1.215 0.0 1 unit 65

| mit 55 com=' fuel box with moderator -a,+y, y,-z'
com=' fuel box with moderator +x,-y,+r* cuboid 1 1 6p7.46
ctbold 1 1 6p7.46 ctbold 2 1 6p7.62
esboid 2 1 6p7.62 reflector 3 1 0.0 1.215 2rt.215 0.0 1.215 1
reflector 3 1 1.215 0.0 0.0 1.215 1.215 0.0 1 unit 66,

'

unit 56 cosa=' fuel box with moderator -x,-y,-z'd com=' fuel box with moderator -x,-y,+z' cubold 1 1 6p7.46
! N cuboid 1 1 6p7.46 cuoofd 2 1 6p7.62

ctbold 2 1 6p7.62 reflector 3 1 0.0 1.215 0.0 1.215 0.0 1.215 1
reflector 3 1 0.0 1.215 0.0 1.215 1.215 0.0 1 unit 67
unit 57 comp' fuel box with moderator +x,+y,-z'
com=' fuel box with moderator +x,+y,+z,-z' cuboid 1 1 6p7.46

| cuboid 1 1 6p7.46 ctbold 2 1 6p7.62
i cuboid 2 1 6p7.62 reflector 3 1 1.215 0.0 1.215 0.0 0.0 1.215 1
, reflector 3 1 1.215 0.0 1.215 0.0 2r1.215 1 unit 68
1 unit 58 com=' fuel box with moderator +x,-y,-z'

cen'=' fuel box with moderator -a,+y,+z,-z' cuboid 1 1 6p7.46
'

cubold 1 1 6p7.46 cuboid 2 1 6p7.62
. ctbold 2 1 6p7.62 reflector 311.2150.00.01.2",0.01.215 1
l reflector 3 1 0.0 1.215 1.215 0.0 2r1.215 1 mit 69

unit 59 com='espty fuel location edge'
com=' fuel box with moderator +x,+y,-y,+z,-z' ctbold 0 1 6p8.2275
cuboid 1 1 6p7.46 mit 70
ctbold 2 1 6p7.62 com=' empty fuel tocation middle'
reflector 3 1 1.215 0.0 4r1.215 1 cubold 0 1 2p8.2275 2ps.835 2p8.2275
unit 60 unit 11
com=' fuel box with moderator -x,+y,-y,+z,-z' comm' north split table core'
ciboid 1 1 6p7.46 array 1 3*0.0
cubold 2 1 6p7.62 cuboid 0 1 32.91 .59 68.25 0.0 50.58 0.0retlector 3 1 0.0 3r1.215 1 reflector 6 1 0 4.9 8.5 0.0 7.3 26.1 1
tritt 61 reflector 0 1 0 0.6 .75 3*0 1
com='fuet box with moderator +x,-y,+z,-z' unit 12

l
.
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coup' south split table core' read array
are=1 num=2 nuy=4 esa=3array 2 3*0.0

c4old 0 1 33.5 0.0 68.25 0.0 50.58 0.0 camp' north split table core'
reflector 6 1 12.2 0 8.5 0.0 7.3 26.1 1 fitt 51 52 53 54 1 2 55 56 57 58 59 601q2 61 62 69 63 649

reflector 0 1 1.3 0 .75 3*0 1 65 1q2 69 66 end fitt

ara =2 num=2 nuy=4 nuz=3mit 21
camp' north bottom reflector 8 coup' south split table core'
ceoid 3 1 7.4 0.0 2p64.05 2p12.60 fill 51 52 53 54 1q2 55 56 57 58 59 601q2 61 62 67 69 64
c4oid 5 1 39.0 0.0 2p64.05 2p12.60 70 1q2 68 69 end fitt

era =3 num=1 nuy=3 mz=1mit 22
coup' north core with side wall'comp' north top reflector *

end fill
c4old 3 1 7.4 0.0 2p64.05 2p12.00 fitt 23 11 23

c4oid 5 1 39.0 0.0 2p64.05 2p12.00 ara =4 nux=1 nuy=3 nuz=1
can'=' south core with side wall'unit 23

coup' north side reflector ' fitt 26 12 26 end fitt

c4cid 3 1 7.4 0.0 2p12.65 57.88 -26.1 ara =5 nux=1 nuy=1 nuz=3

cuboid 5 1 39.0 0.0 2p12.65 57.88 -26.1 ' com=' north assesbty'
fitt 21 31 22 end fitt

unit 24
conp' south bottom reflector with tris' ara-6 nux=1 nuy=1 nuz=3
c4old 0 1 10.2 0.0 2p2.55 2p12.60 com=' south assembly'
c4old 5 1 47.0 0.0 2p64.05 2p12.60 fitt 24 32 25 end fitt

ara =7 num=2 nuy=1 nuz=1mit 25
com=' total'coup' south top reflector with tris'

end fitt
c4oid 0 1 10.2 0.0 2p2.55 2p12.00 fItt 33 34
cubold 5 1 47.0 0.0 2p64.05 2p12.00 end array

g end datew unit 26
endW com=' south side reflector with tris'

eshold 5 1 47.0 0.0 2p12.65 57.88 -26.1
mit 31 cr1653as
camp' north array core + side'

=csas25array 3 3*0.0
unit 32 cr1653as
com=' south array core + side' 44 group latticecell

u3os 1 den =4.54 1 293.0 92234 0.03 92235 4.48 92236array 4 3*0.0
0.09 92238 95.4 end

unit 33
h2o 1 den =.16060 end

com=' north array *
array 5 3*0.0 arbe-baggie 1.596-2 3 0 0 0 6012 84.9 1001 14.01 8016 1.20 1 end
reflector 4 1 0 25.2 4ro.0 1 arbe-al1100 2.713 4 0 0 1 13027 99.33 26000 0.42 29000 0.12
reflector 3 1 1.23 0 4r0.0 1 14000 0.1 2 end

unit 34 arbm-tape (vinyl) 1.374-2 7 0 0 0 6012 45.91 1001 5.92 8016 10.82
17000 25.73 20000 6.9 22000 1.6 82000 1.1 2 endcamp' south array'

array 6 3*0.0 artse-tape (mytar) 1.832-2 3 0 0 0 6012 65.50 1001 6.83 8016 27.02 2 end

. reflector 5 1 26.5 Sro.0 1 arbe-moderator 1.185 3 0 0 0 6012 59.49 1001 7.83 8016 32.48 3 end
reflector 3 1 0 1.23 4ro.0 1 arbe-plex (reg) 1.185 3 0 0 0 6012 59.59 1001 7.84 8016'

refIector 0 1 0 .31 4ro.0 1 32.23 4 .9935 end

, O globat arbe-plex (paper) 0.766 3 0 0 0 6012 42.17 1001 6.48 8016 >
j g mit 35 49.5 4 .0049 end (O

come'totat* arbe-plex (glue) 0.728 3 0 0 0 6012 86.29 1001 11.67 8016 a
p 1.20 4 .0016 end 5,:

! g array 7 3*0.0
I w end geometry artus plex (tris) 1.284 0,0 0 1 6012 52.03 1001 7.16 7014 0.16 8016 Si-

29.82 15031 1.02 17000 1.81 35079 3.55 35081 y$

!
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|

[
-f

5

3.55 5 .9935
. end errey'I 3*0.0

. -> harbe plen(paper) 0.766 3 0 0 0' 6012 42.17 1001 6.48 .8016 .49.5
cuboid 0.1 32.91 .59 69.0 0.0 50.58 0.0

4

5 .0049 end reflector 6 1 0 4.9 8.5 0.0 7.3 26.1 1 )' O )reflector 0 1 0 0.6 4*0 1-8 erbe plen(gtue) 0.728 3 0 0 0 6012 86.29 1001 11.67 8016 1.20 . mit 12 i
.'

;

Jo 5 .0016- end ' comp' south split table core' - >& artmi-fi t t er 1.185 3 0 0 0 6012 59.49 1001 7.83 8016 32.48 .errey 2 3*0.0y 6 1.0 iend cdsold 0 1 33.6 0.0 69.0 0.0 50.58 0.0 tend coup-

reflector 6 1 12.2 0 8.5 0.0 7.3 26.1 1 -syimustabcet t 17.67 14.92 1 3 15.24 2
, end reflector 0 1 1.3 0 4*01- LI38 cans of deep uranium oxide,UA, seperated by 2.43 cm of Plexistes, mit 21'Plexistas reflected

. con =' north bottom reflector * !
reed perm run=yes npg=600 gen =405 nsk=5 nub =yes end perm cuboid 3 1 7.4 0.0 2p64.05 2p12.60

i

.!
i

edioid 5 1 39.0 0.0 2p64.05 2p12.60j reed seem mit 22 !'

mit 1 . ;
coup' north top reflector *comp' fuel box 15.24 cm on a side with .16 cm wetis ' '

cdsold 3 1 7.4 0.0 2p64.05 2p12.00cdsold 1 1 6p7.46
ediold 5 1 39.0 0.0 2p64.05 2p12.00cuboid 2 1 6p7.62 unit. 23 -

mit 2 !com=' north side reflector *'

cdsold 3 1 7.4 0.0 2p12.65 57.88 -26.1 '!camp'a-face interstitial moderator'

cdsold 3 1 2p1.215 4p7.62 cdzoid 5 1 39.0 0.0 2p12.65 57.88 -26.1unit 3
unit 24 -coup'y-face interstitiet moderator *

cdsold 3 1 2p7.62 2p1.215 2p7.62 cosp' south bottom reflector with tris' ,

'

cubold 0 1 10.2 0.0 2p2.55 2p12.60d unit 4
cuboid 5147.1 0.0 2p64.05 2p12.60* com='z-face interstitiet moderator' mit 25cuboid 3 1 4p7.62 2pt.215

mit 5 coup' south top reflector with tris'

cdsoid 0 1 10.2 0.0 2p2.55 2p12.00com='more x-face moderator' cdsoid 5 1 47.1,0.0 2p64.05 2p12.00 ,

cuboid 3 1 Ap1.215 2p7.62 unit 26
'

L

mit 6 ;
come' south side reflector with tris' !conm'more y-face moderator' cdsoid 5147.1 0.0 2p12.65 57.88 -26.1edsold 3 1 2p7.62 4p1.215,

unit 31
,

mit 7 !
coup' north errey core + side' !camp'more z-face moderator'

. errey 3 3*0.0
cubold 3 1 2p1.215 2p7.62 2p1.215 unit 32mit 8

. coup' south errey core + side'
coup'tast of interstitiet moderator *

errey 4 3*0.0
i cuboid 3 1 6pt.215 mit 33mit 51 comp' north errey'
| coup' empty fuel tocation

,

e
errey 5 3*0.0

edioid 016p7.620 reflector 4 1 0 25.2 4r0.0 1 ;
- mit 52 t
! reflector 3 1 1.23 0 4r0.0 1com='x-face moderator void' mit 34 s

cuboid 0 1 2pt.215 apt.62 com=' south errey'mit 53
errey 6 3*0.0 ,

com='y-face moderator void' !reflector 0 1 0.5 5re.0 1 !cenoid 0 1 2pT.62 2pt.215 2p7.62 reflector 5 1 26.5 5re.0 1unit 11 !reflector 3 1 0 1.23 4re.0 1
[com=' north split table core' reflector 0 1 0 1.26 4re.0 1
1

i
'

.
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,

globat 17000 25.73 20000 0.9 22000 1.6 82000 1.1 2 end
unit 35 arbe-tape (mytar) 2.748-2 3 0 0 0 6012 65.50 1001 6.83 8016 27.02
cose=' tote t ' 2 end i

acha-soderator 1.185 3 0 0 0 6012 59.49 1001 7.83 8016 32.48 3 end
array 7 3*0.0 arhe-plex (reg) 1.185 3 0 0 0 6012 59.59 v001 7.84 8016 32.23 4
end geometry .9935 end

arbe plex (paper) 0.766 3 0 0 0 6012 42.17 1001 6.48 8016 49.5 4
read array .0049 end
ara =1 mx=3 nuy=7 mz=5 arte plex (stue) 0.728 3 0 0 0 6012 86.29 1001 11.67 8016 1.20 4
com=' north split table core' .0016 _end
fitt 1213 5 3 2q6121 arte-plex (tris) 1.284 8 0 0 1 6012 52.03 1001 7.16 7014 0.16

4 7 4 6 8 6 2q6 4 7 4 8016 29.82 15031 1.02 17000 1.81 35079 3.55 35081
1 62 3.55 5 .9935 end9 ,

51 2 1 53 5 3 2q6 51 52 51 end fit 1 arbe-ptex(paper) 0.766 3 0 0 0 6012 42.17 1001 6.48 8016 49.5
ara =2 mx=3 nuy=7 nuz=5 5 .0049 end.
com=' south split table core' arbe-plex (stue) 0.728 3 0 0 0 6012 86.29 1001 11.67 8016 1.20 5
fiti 1213 5 3 2q6121 .0016 end

4 7 4 6 8 6 2q6 4 7 4 arbe-fiL ter 1.185 3 0 0 0 6012 59.49 1001 7.83 8016 32.48 6 <

I1 42 1.0 end9
1 2 51 3 5 53 2q6 51 52 51 end fttt end camp .

are=3 nux=1 nuy=3 nuz=1 synsestabcet t 17.67 14.92 1 3 15.24 2 end
cos=' north core with side watt' 30 cans of danp uranlun oxide,U,0,, separated by 2.43 cm of Plexiglas,
fitt 23 11 23 end fitt 'Ptetigtes reflected j
ara =4 nux=1 nur=3 nuz=1 read para run=yes rps-600 gen =405 nsk=5 nub =yes end perm '

com=' south core with side watt' ,

"w fiL1 26 12 26 end fiit read geom i

u are=5 nux=1 nuy=1 mz=3 mit 1
com=' north assen6ty' con =' fuel box 15.24 cm on a side with .16 cm watts '
fitt 21 31 22 end fitI cuboid 1 1 6p7.46
ara =6 num=1 nuy=1 nuz=3 ctboid 2 1 6p7.62
com=' south assen6ty' unit 2 i
fitt 24 32 25 end f*tt comm'a-face interstitial moderator'
ara =7 nux=2 nuy=1 nuz=1 ctbold 3 1 2p1.215 4p7.62 ;
com='totat' mit 3

,

fitt 33 34 end fitt cons ='y-face interstitial moderator' |
end array cuboid 3 1 2p7.62 2pt.215 2p7.62
end data unit 4
end com='z-f ace interstitial moderator'

cuboid 3 1 4p7.62 2p1.215
cr2500s unit 5

comp''more x-f ace moderator'

=csas25 cubold 3 1 Ap1.215 2p7.62
cr2500s mit 6
44 group latticecett com='more y-face moderator * i

u3os 1 den =4.54 1 293.0 92234 0.03 92235 4.48 92236 ctbold 3 1 2pT.62 4p1.215
g 0.09 92238 95.4 end unit 7 *>

3 h2o 1 den =.27248 end comp''more z-f ace moderator' y
y arbn-baggie 1.596-2 3 0 0 0 6012 84.9 1001 14.01 8016 1.20 1 end cuboid 3 1 2p1.215 2pT.62 2p1.215 o

arbe-at1100 2.713 4 0 0 1 13027 99.33 26000 0.42 29000 0.12 unit 8 E.4 end com='tast of interstitial moderator' R*w 14000 0.1 2
. 10.82 esbold 3 1 6p1.215 y$ arbe-tape (vinyl) 1.374-2 7 0 0 0 6012 45.91 1001 5.92 8016
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global 17000 25.73 20000 6.0 22000 1.6 82000 1.1 2 end
unit 35 arta-tapetsytar) 2.748-2 3 0 0 0 6012 65.50 1001 6.33 8016 27.02
com=' total' 2 end

artze-soderator 1.185 3 0 0 0 6012 59.49 1001 7.83 8016 32.48 3 end
array 7 3*0.0 artze-plextres) 1.185 3 0 0 0 6012 59.59 1001 7.84 8016 32.23 4
end geometry .9935 end

arte ptex(paper) 0.766 3 0 0 0 6012 42.17 1001 6.48 8016 49.5 4
read array .0049 end
ara =1 nux=3 nuy=7 nuz=5 arte-plex (stue) 0.728 3 0 0 0 6012 86.29 1001 11.67 8016 1.20 4
com=' north split table core' .0016 end
fiti 1 2 1 3 5 3 2q6 1 2 1 artze-ptex(tris) 1.284 8 0 0 1 6012 52.03 1001 7.16 7014 0.16

4 7 4 6 8 6 2q6 4 7 4 8016 29.82 15031 1.02 17000 1.81 35079 3.55 35081
19 2 3.55 5 .9935 end4

51 2 1 53 5 3 2q6 51 52 51 end fitt artn-plex (paper) 0.766 3 0 0 0 6012 42.17 1001 6.48 8016 49.5
ara =2 nux=3 nuy=7 nur=5 5 .0049 end
com=' south split table core' artn-plex (glue) 0.7283000 6012 86.29 1001 11.67 8016 1.20 5
fIi1 1213532q6121 .0016 end

4 7 4 6 8 6 2q6 4 7 4 artn-fi t ter 1.185 3 0 0 0 6012 59.49 1001 7.83 8016 32.48 6
1 42 1.0 end9
1 251 35532q651 5251 end fltt end cono

era =3 nux=1 nuy=3 nuz=1 symslabcell 17.67 14.92 1 3 15.24 2 end
com=' north core with side watt' 30 cans of danp uranium oxide,UA. separated by 2.43 cm of Plexiglas,
fitt 23 11 23 end fill * Plexiglas reflected

ara =4 nux=1 nuy=3 nuz=1 read para run=yes npg=600 gen =405 nsk=5 nibryes end para
com=' south core with side wall'

d fitt 26 12 26 end fitt read geom
* ara =5 nux=1 nuy=1 nuz=3 unit 1

com=' north assent >ty' com=' fuel box 15.24 cm on a side with .16 cm watts '
filt 21 31 22 end fitt cuboid 1 1 6p7.46
ara =6 nux=1 nuy=1 nuz=3 etbold 2 1 6p7.62
com=' south assembly' unit 2
fitt 24 32 25 end fitt com='n-f ace interstitial anderator'
ara =7 nux=2 nuy=1 nuz=1 cuboid 3 1 2p1.215 4p7.62
com=' total' unit 3
fitt 33 34 end fitt com 'y-face interstitial moderator'
end array ctbold 3 1 2p7.62 2p1.215 2p7.62
end data unit 4
end com='z-face interstitial moderator *

cubold 3 1 4p7.62 2p1.215
cr2500s unit 5

com='more x-face moderator'
=csas25 cuboid 3 1 4p1.215 2p7.62Z cr2500s unit 6
44 group latticecell com='more y-face moderator a

u3o8 1 den =4.54 1 293.0 92234 0.03 92235 4.48 92236 ctbold 3 1 2p7.62 Ap1.215
C} 0.09 92238 95.4 end unit 7 >
3 h2o 1 den =.27248 end com='more z-face moderator' y
y arta-baggie 1.596-2 3 0 0 0 6012 84.9 1001 14.01 8016 1.20 1 end cuboid 3 1 2p1.215 2p7.62 2p1.215 o
g arta-a t1100 2.713 & 0 0 1 13027 99.33 26000 0.42 29000 0.12 unit 8 @,
ta 14000 0.1 2 end com='last of interstitial moderator' W
$ arbe-tape (vinyl) 1.374-2 7 0 0 0 6012 45.91 1001 5.92 8016 10.82 cuboid 3 1 6p1.215 y
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unit 51 reflector 3 1 1.23 0 4rt.0 1 >
comp *espty fuel location' tnit 34 9

cuboid 0 1 6p7.620 coup' south array' )
o unit 53 array 6 3*0.0 5_.,

h com='y-face moderator void' reflector 5 1 26.5 Sro.O 1 x
pc cuboid 0 1 2p7.62 2p1.215 2p7.62 reflector 3 1 0 1.23 4ro.0 1 > '

6 unit 11 reflector 010 .57 4ro.0 1
y com=' north split table core' global

array 1 3*0.0 unit 35-

ctboid 0 1 32.91 .59 77.50 0.0 50.58 0.0 com=' totat * -

reflector 6 1 4*0 2.42 30.0 1 array 7 3*0.0
reflector 0100000.301 end geometry
snit 12
conp' south split table core' read array
array 2 3*0.3 ara =1 nux=3 nuy=5 mz=5
csbold 0 1 33.5 0.0 77.50 0.0 50.55 0.0 com=' north split table core'

reflector 6 1 13.5 3*0 2.42 30.0 1 fill 1213 5 31q6121
reflector 0100000.301 4 7 4 6 8 61q6 4 7 4
unit- 21 1 309
com=' north bottom reflector * 512153 5 31q6 5121 end fill
esbold 3 1 1.90 0.0 2p64.05 2p12.60 ara =2 mx=3 nuy=5 mz=5
cuboid 5 1 33.50 0.0 2p64.05 2p12.60 com=' south split table core' i
unit 22 fitt 1213 5 3 Iq6121
com=' north top reflector ' 474686 1q6474
cuboid 3 1 1.90 0.0 2p64.05 2p12.00 1q30

d cuboid 5 133.50 0.0 2p64.05 2p12.00 1 2 51 3 5 53 196 1 2 51 end fittm unit 23 ara =3 mx=1 my=3 mz=1
com=' north side reflector * com=' north core with side watt'
ctboid 3 1 1.90 0.0 2p12.65 53.3 -30.0 fitt 23 11 23 end fill

'.

ctboid 5 1 33.50 0.0 2p12.65 53.3 -30.0 era =4 nux=1 nuy=3 mz=1
unit 24 com=' south core with side well'
com=' south bottom reflector with tris' fitt 26 12 26 end fitt
cuboid 0 1 10.2 0.0 2p2.55 2p12.60 ara =5 nux=1 nuy=1 nuz=3
cuboid 5 1 47.0 0.0 2p64.05 2p12.60 com=' north assenbty'
unit 25 filt 21 31 22 end fitt
com=' south top reflector with tris' ara-6 nux=1 nuy=1 nuz=3
cuboid 0 1 10.2 0.0 2p2.55 2p12.00 com=' south assenbty'
cuboid 5 1 47.0 0.0 2p64.05 2p12.00 fItL 24 32 25 end fILt ,

tnit 26 era =7 num=2 nuy=1 nuz=1
con =' south side reflector with tris' com=' total'
cuboid 5 1 47.0 0.0 2p12.65 53.3 -30.0 fiIL 33 34 end fILt '

tnit 31 end array
conp' north array core + side * end data
array 3 3*0.0 end
snit 32
com=' south array core + side' dan 399-1
array 4 3*0.0
unit 33 =csas25 ;
coup' north array' don 399-1
array 5 3*0.0 44grote tatticecelL !

reflector 4 1 0 25.2 4r0.0 1 uo2 1 0.947 293 92235 4.742 92238 95.258 end
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'
,

st 2 1.0 end cteoid 3 1 49.9477 0 0.8477 0 40.66 0.8
h22 3 1.0 end ciecid 5 1 50.0523 0 0.8477 0 40.66 0.8
artens 7.90 3 0 0 1 24304 19.17 26304 71.40 28304 9.37 4 end ethold 3 1 100 0 0.8477 0 40.66 0.8 i

hf 5 den =13.29 end cuboid 4 1 100 0 0.8477 0 40.66 0.0 :uo2 6 0.947 293 92235 4.742 92238 95.258 and imit 11
end camp array 3 3*0.0
squarepitch 1.35 0.79 1 3 0.94 2 0.82 0 end reflector 3 1 4r20.0 0.0 20.0 1
more data res=6 cylinder .395 den (6)=.999923 end more imit 12
4-18x18 assen6 ties seperated by 0.1046-cm-thick hafnitse plates and cylinder 6 1 0.395 90.00 37.66 i

*1.6954 cm of water, plate-to-assen6ty distance of 0.9 cm, 37.66 cm cylinder 0 1 0.410 90.00 37.66 1

'weter height cylinder 2 1 0.470 90.00 37.66 ,

read para run=yes gen =405 npg=600 nsk=5 nub =yes end para esbold 0 1 4po.675 90.00 37.66 '

unit 13
read gece array 4 3*0.0
unit 1 reflector 0 1 0 24.8 2r0 7.8 0.0 1
cylinder 1 1 0.395 37.66 0.0 telt 14
cylinder 0 1 0.410 37.66 0.0 ethold 5 12p.0523 24.3 0 97.80 37.66

,

cylinder 2 1 0.470 37.66 0.0 cuboid 0 1 2p.9 24.3 0 97.80 37.66
cuboid 3 1 4p0.675 37.66 0.0 smit 15
unit 2 array 4 3*0.0
cylinder 2 1 0.470 0.25 0.0 reflector 6'1 24.8 0 2r0 7.8 0.0 1
cylinder 3 1 0.500 0.25 0.0 tmit 16
ctbold 4 1 4p0.675 0.25 0.0 array 5 3*0.0,

unit 3 unit 17i
'

cylinder 2 1 0.470 2.75 1.75 cuboid 0 1 49.9477 0 24.8 0 97.80 37.66d ctbold 3 1 Ap0.675 2.75 1.2 ctbold 5 1 50.0523 0 24.8 0 97.80 37.66
4 ctbold 4 1 4p0.675 2.75 0.0 cuboid 0 1 100 0 24.8 0 97.80 37.66

unit 4 unit 18
array 1 3*0.0 ctbold 0 1 49.9477 0 0.8477 0 97.80 37.66 !

reflector 3 1 0 24.8 4r0 1 ctboid 5 1 50.0523 0 0.8477 0 97.80 37.66
unit 5 cebold 0 1 100 0 0.8477 0 97.80 37.66 !

cshold 5 1 2p.0523 24.3 0 40.66 0.8 cteoid 5 1 100 0 0.9523 0 97.80 37.66 !cuboid 3 1 2p.9 24.3 0 40.66 0.8 tmit 19
cthold 4 1 2p.9 24.3 0 40.66 0.0 ctbold 0 1 49.9477 0 0.8477 0 97.80 37.66
unit 6 ctbold 5 1 50.0523 0 0.8477 0 97.80 37.66 i
array 1 3*0.0 ciboid 0 1 100 0 0.8477 0 97.80 37.66 !

reflector 3 1 24.8 0 4r0 1 unit 20
unit 7 array 6 3*0.0 +

array 2 3*0.0 reflector 0 1 4r20.0 2r0.0 1
unit 8 globet
cuboid 3149.9477024.80 40.66 0.8 unit 21
ctbold 5 1 50.0523 0 24.8 0 40.66 0.8 array 7 3*0.0
etboid 3 1 100. 0 24.8 0 40.66 0.8 end seem ,

cubold 4 1 100. 0 24.8 0 40.66 0.0
ih unit 9 read array i

o cubold 3 1 49.9477 0 0.8477 0 40.66 0.8 ara =1 nux=18 nuy=18 nuz=3 fitt 324r3 324r2 324r1 end fitt > .

3 cuboid 5 1 50.0523 0 0.8477 0 40.66 0.8 ars=2 num=3 nuy=1 nuz=1 fitt 4 5 6 and fitt y !ctbold 3 1 100 0 0.8477 0 40.66 0.8 are=3 num=1 nuy=6 nuz=1 fitt 8 7 9 10 7 8 end fitt eny
i4 cibold 5 1 100 0 0.9523 0 40.66 0.8 are=4 num=18 nuy=18 nuz=1 fitt 324r12 end fitt 1 -

ta cuboid 4 1 100 0 0.9523 0 40.66 0.0 ara =5 num=3 nuy=1 nuz=1 fitt 13 14 15 end fitt R-3 unit 10 ora =6 nux=1 nuy=6 nuz=1 fIL1 171618191617 end FILL y
i

!

v- ,- ----.n.. , ,-,...---v,- ~ -r e ++n--- ,--, ---w-- - ,- -- . _____--_.--_-_---,--,,--n----.m- - , , _ _ - - - - - - - - - - - - . _ . - - - - - _ - - _ _ . _ . - - .



u 4

4

!

|

*Z ara =7 num=1 nuy=1 nut =2 FILL 11 20 end fItt cubold 3 1 49.9477 0 22.8 0 56.40 0.8~ >- '

G end array ethold 5 1 50.0523 0 22.8 0 56.40 0.8 . i

Q end data cshold 3 1 100. 0 22.8' O 56.40 0.8
c} end ethold 4 1 100. 0 22.8 0 56.40 0.0 .

3 mit 9 M
.

;c den 399-2 cthold 3 1 49.9477 0 2.8477 0 56.40 .8 > 1

& cthold 5 1 50.0523 0 2.8477 0 56.40 .8 i

y =csas25 cthold 3 1 100 0 2.8477 0 56.40 .8 i

dsn399-2 cthold 5 1 100 0 2.9523 0 56.40 .8 i-

44 group latticecett ethold 4 1 100 0 2.9523 0 56.40 .0 |
*

uo2 1 0.947 293 92235 4.742 92238 95.258 end unit 10
at 2 1.0 end ethold 3 1 49.9477 0 2.8477 0 56.40 .8

. h2o . 3 1.0 end ethold ' 5 1 50.0523 0 2.8477 0 56.40 .8
arboss 7.90 3 0 0 1 24304 19.17 26304 71.40 28304 9.37 4 end ethold 3 1 100 0 2.8477 0 56.40 .8 ,,

!hf 5 den =13.29 end cuboid 4 1 100 0 2.8477 0 56.40 .0
uo2 6 0.947 293 92235 4.742 92238 95.258 end smit 11
end coup array 3 3*0.0

*

squarepitch 1.35 0.79 1 3 0.94 2 0.82 0 end reflector 3 1 4r20.0 0.0 20.0 1

more date res=6 cylinder .395 den (6)=.989923 end more . unit 12
4-18x18 assenbiles seperated ty 0.1046-cm-thick hafnism plates and cylinder 6 1 0.395 90.00 53.40
'5.6954 cm of unter, plate-to-assen6ty distance of 2.9 cm, 53.40 cm cylinder 0 1 0.410 90.00 53.40 !

' water height
.

cylinder 2 1 0.470 90.00 53.40
read perm rm=yes gen =405 npg=600 nsk=5 nub =yes end perm cthold 'O 1 Ap0.675 90.00 53.40

unit 13
read geen arrey 4 3*0.0

"a unit 1 reflector 0 1 0 22.8 2r0 7.8 0.0 1t
'00 cy1inder 1 1 0.395 53.40 0.0 . telt 14

cylinder 0 1 0.410 53.40 0.0 cuboid 5 1 2p.0523 24.3 0 97.80 53.40
cylinder 2 1 0.470 53.40 0.0 cthold 0 1 2p2.9 24.3 0 97.80 53.40
cuboid 3 1 4p0.675 53.40 0.0 unit 15
unit 2 array 4 3*0.0 ,

cyttnder 2 1 0.470 0.25 0.0 reftector 0 1 22.8 0 2r0 7.8 0.0 1 r

ey1inder 3 1 0.500 0.25 0.0 unit 16 -

cuboid 4 1 4po.675 0.25 0.0 array 5 3*0.0
*

smit 3 tmit 17
cylinder 2 1 0.470 2.75 1.75 cibold 0 1 49.9477 0 22.8 0 97.80 53.40
cuboid 3 1 4p0.675 2.75 1.2 ethold 5 1 50.0523 0 22.8 0 97.80 53.40 .

cuboid 4 1 4p0.675 2.75 0.0 ctboid 0 1 100 0 22.8 0 97.80 53.40 ;

unit 4 unit 18
array 1 3*0.0 ethold 0 1 49.9477 0 2.8477 0 97.80 53.40.

reflector 3 1 0 22.8 4r0 1 cthold 5 1 50.0523 0 2.8477 0 97.80 53.40 -

i unit 5 cuboid 0 1 100 0 2.8477 0 97.80 53.40 I
'

cuboid 5 1 2p.0523 24.3 0 56.40 0.8 ctboid 5 1 100 0 2.9523 0 97.80 53.40
cubold 3 1 2p2.9 24.3 0 56.40 0.8 unit 19
cibold 4 1 2p2.9 24.3 0 56.40 0.0 ethold 0 1 49.9477 0 2.8477 0 97.80 53.40 [
unit 6 ciboid 5 1 50.0523 0 2.8477 0 97.80 53.40 e

array 1 3*0.0 cuboid 0 1 100 0 2.8477 0 97.80 53.40 i

reflector 3 1 22.8 0 4r0 1 unit 20 l
unit 7 array 6 3*0.0
array 2 3*0.0 reflector 0 1 4r20.0 2r0.0 1 1

,
tait 8 globet {

!

|
2
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unit 21 cubold 5 1 10.4 0 16.2954 0 52.59 0.8
array 7 3*0.0 ctbold 3 1 66.4 0 16.2954 0 52.59 0.8
end geon cuboid 4 1 66.4 0 16.2954 0 52.59 0.0

smit 5
read array ctbold 5 1 16.2954 0 0.0 -0.1046 52.59 0.8
ara =1 nux=18 nuy=18 nuz=3 fitt 324r3 324r2 324r1 end fitt esbold 3 1 16.2954 0 33.7046 -0.1046 52.59 0.8
ara =2 mx=3 nuy=1 nuz=1 fitt 4 5 6 end fill cibold 4 1 16.2954 0 33.7046 -0.1046 52.59 0.0
era =3 mx=1 nuy=6 nuz=1 fitt 8 7 9 10 7 8 end fill unit 6
ara =4 nux=18 nuy=18 mz=1 fitt 324r12 end fitt array 1 3*0.0
ara =5 nux=3 nuy=1 nuz=1 fILt 13 to 15 end FILL reftector 5 1 4ro.1046 2ro.0 1
ara =6 nux=1 nuy=6 nuz=1 fI L t 17 16 18 19 16 17 end fILt unit 7
ara =7 nux=1 nuy=1 nuz=2 fitt 11 20 end fill ctheid 3 1 16.2954 0 33.7046 0.0 52.59 0.8 '

erv3 array ctbold 5 1 16.2954 0 33.7046 .1046 52.59 0.8
end data esboid 4 1 16.2954 0 33.7046 .1046 52.59 0.0 t

end unit 8
array 2 3*0.0

dan 399-3 unit 9
ctbold 3 1 50. 0 16.2954 0 52.59 0.8

=csas25 cuboid 5 1 50.1046 0 16.2954 0 52.59 0.8 i
' dsn399-3 cuboid 3 1 66.4 0 16.2954 0 52.59 0.8

44 group tatticecell ctbold 4 1 66.4 0 16.2954 0 52.59 0.0
uo2 1 0.947 293 92235 4.742 92238 95.258 end smit 10
al 2 1.0 end array 3 3*0.0

h2o 3 1.0 end reflector 3 1 4r20.0 0.0 20.0 1
arbmss 7.90 3 0 0 1 24304 19.17 26304 71.40 28304 9.37 4 end unit 11g

w hf 5 den =13.29 end cylinder 6 1 0.395 90.00 49.99 :
C uo2 6 0.947 293 92235 4.742 92238 95.258 end cylinder 0 1 0.410 90.00 49.99 '!

end co m cylinder 2 1 0.470 90.00 49.99 [
squarepitch 1.60 0.79 1 3 0.94 2 0.82 0 end esbold 0 1 4p0.8 90.00 49.99

'

,

more data res=6 cylinder .395 dan (6)=.991569 end more unit 12 i

1-21x21 assenbty surrotmded by 0.1046-cm-thick hafnita plates and 0.8 esbold 0 1 16.2954 0 16.2954 0 98.20 49.99 |
'em of water, plate-to-assen6ty distance of 0.8 cm, 49.99 cm water cuboid 5 1 16.4 0 16.2954 0 98.20 49.99 !

' height cuboid 0 1 66.4 0 16.2954 0 98.20 49.99
read para run=yes 9en=405 npg=600 nsk=5 rub =yes end para tmit 13 ;

cibold 5 1 16.2954 0 0.0 -0.1046 98.20 49.99 j

read geen esbold 0 1 16.2954 0 33.7046 -0.1046 98.20 49.99
toit 1 unit 14
cylinder 1 1 0.395 49.99 0.0 array 4 3*0.0 t

cylinder 0 1 0.410 49.99 0.0 reflector 5 1 4ro.1046 2r0.0 1 ,

cylinder 2 1 0.470 49.99 0.0 reflector 0 1 4r0.0 8.2 0 1
ctbold 3 1 4p0.8 49.99 0.0 tmit 15
unit 2 cibold 0 1 16.2954 0 33.7046 0.0 98.20 49.99
cylinder 2 1 0.470 0.25 0.0 cubold 5 1 16.2954 0 33.7046 .1046 98.20 49.99

l
cyiInder 3 1 0.500 0.25 0.0 tmlt 16
esboid 4 1 Ap0.8 0.25 0.0 array 5 3*0.0 [

Q unit 3 unit 17 >
3 cylinder 2 1 0.470 2.35 1.35 ctbold 0 1 50. 0 16.2954 0 98.20 49.99 y

.

etbold 3 1 4p0.8 2.35 0.8 cuboid 5 1 50.1046 0 16.2954 0 98.20 49.99 o 1y
cuboid 4 1 4p0.8 2.35 0.0 cuboid 0 1 66.4 0 16.2954 0 98.20 49.99 5 ;g

w un;t 4 telt 18 7 ,

i$ cuboid 3 1 16.2954 0 16.2954 0 52.59 0.8 array 6 3*0.0 y

!

t
c
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Z reflector 0 1 4r20.0 2ro.0 1 cuboid 3 1 16.2954 0 16.2954 0 55.43 0.8 >C global cubold 5 1 16.4 0 16.2954 0 55.43 0.8 'O

I$ toit 19 ethold 3 1 66.4 0 16.2954 0 55.43 0.8
c) array 7 3*0.0 mit 5 h
3 end geon cuboid 5 1 16.2954 0 0.1046 0 55.43 0.8 M
;c cubold 3 1 16.2954 0 33.8092 0 55.43 0.8 >
& read array unit 6
y are=1 rum =21 nuy=21 ruu=3 fitt 441r3 441r2 441r1 end fitt array 1 3*0.0

ara =2 rum =3 nuy=1 mz=1 fill 5 6 7 end fitt reflector 3 1 1.6 0 1.6 0 2ro.0 1-

ara =3 rum =1 ruy=3 mz=1 fill 9 8 4 end fitt reflector 5 1 4r0.1046 2r0.0 1
era =4 rum =21 nuy=21 mz=1 fit 1441r11 end fitt mit 7
era =5 rum =3 nur=1 nuz=1 fitt 13 14 15 end fill ethold 3 1 16.2954 0 33.7046 0 55.43 0.8
era =6 rum =1 nuy=3 nuz=1 fIL L 17 16 12 end fitI cuboid 5 1 16.2954 0 33.8092 0 55.43 0.8
era =7 num=1 nuy=1 nur=2 fItL 10 18 end fitt unit 8
end array array 2 3*0.0
end data mit 9
end ethold 3 1 50. 0 16.2954 0 55.43 0.8

cthold 5 1 50.1046 0 16.2954 0 55.43 0.8
dsn399-4 cuboid 3 1 66.4 0 16.2954 0 55.43 0.8

tmit 10
=csas25 array 3 3*0.0
dsn399-4 reflector 4 1 Sr0.0 0.8 1
44 gross > tatticecell reflector 3 1 4r20.0 0.0 20.0 1
uo2 1 0.947 293 92235 4.742 92238 95.258 end unit 11
at 2 1.0 end cytinder 6 1 0.395 90.00 52.83% h2o 3 1.0 end cylinder 0 1 0.410 90.00 52.83

C) arbmss 7.90 3 0 0 1 24304 19.17 26304 71.40 28304 9.37 4 end cylinder 2 1 0.470 90.00 52.83
hf 5 den =13.29 end ethold 0 1 4po.8 90.00 52.83
uc2 6 0.947 293 92235 4.742 92238 95.258 end unit 12
end coup ctbold 0 1 16.2954 0 16.2954 0 98.20 52.83
squarepitch 1.60 0.79 1 3 0.94 2 0.82 0 end cuboid 5 1 16.4 0 16.2954 0 98.20 52.83
more data res=6 cylinder .395 den (6)=.991569 end more ctbold 0 1 66.4 0 '6.2954 0 98.20 52.83
1-20x20 asseedsty surromded by 0.1046-cm-thick hafnita plates and 2.4 unit 13 ;
'em of water, plate-to-assenbty distance of 2.4 cm, 52.83 cm water ethold 5 1 16.2954 0 0.1046 0 98.20 52.83
' height cuboid 0 1 16.2954 0 33.8092 0 98.20 52.83 '

read perm run=yes gen =405 npg=600 nsk=5 rub =yes end pann unit 14 :
array 4 3*0.0

read geem reflector 0 1 1.6 0 1.6 0 8.2 0 1
unit 1 reflector 5 1 4ro.1046 2r0.0 1
cy1inder 1 1 0.395 52.83 0.0 unit 15
cylinder 0 1 0.410 52.83 0.0 cubold 0 1 16.2954 0 33.7046 0 98.20 52.83
cylinder 2 1 0.470 52.83 0.0 cuboid 5 1 16.2954 0 33.8092 0 98.20 52.83
cuboid 3 1 4p0.8 52.83 0.0 unit 16 I
mit 2 array 5 3*0.0
cylinder 2 1 0.470 0.25 0.0 smit 17
cylinder 3 1 0.500 0.25 0.0 ctbold 0 1 50. 0 16.2954 0 98.20 52.83
cthold 4 1 4p0.8 0.25 0.0 ethold 5 1 50.1046 0 16.2954 0 98.20 52.83
tmit 3 cuboid 0 1 66.4 0 16.2954 0 98.20 52.83
cy1inder 2 1 0.470 2.35 1.35 unit 18
ctboid 3 1 4p0.8 2.35 0.8 array 6 3*0.0
unit 4 reflector 0 1 4r20.0 2r0.0 1
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globat mit 5
mit 19 cylinder 1 1 .5588 98.7425 98.4250
array 7 3*0.0 cylinder 3 1 .635 100.0125 98.4250
end geen c@old 4 1 .78105 .78105 .78105 .78105 100.0125 98.4250

c eoid 5 1 .78105 .78105 .78105 .78105 100. % 5 98.4250
read array mit 6
are=1 mx=20 my=20 nuz=3 fitt 400r3 400r2 400r1 en Itt esold 4 1 .78105 .78105 .78105 .78105 2.540 2.2225
ara =2 mx=3 nuy=1 nuz=1 fitt 5 6 7 en; ,tl c4oid 3 1 .78105 .78105 .78105 .78105 2.540 0
era =3 nux=1 nuy=3 mz=1 fILt 9 8 4 end FILL mit 7
ara =4 num=20 nuy=20 nuz=1 fitt 400r11 end fitt c*old 4 1 .66675 .66675 .66675 .66675 5.000 2.540
era =5 num=3 nuy=1 nuz=1 fitt 13 14 15 end fitt cuboid 3 1 .78105 .78105 .78105 .78105 5.080 2.540
era =6 nux=1 nuy 3 nuz=1 fI t L 17 16 12 end fitt mit 8
ara =7 nux=1 my=1 nuz=2 fitt 10 18 end fitt c4oid 4 1 .78105 .78105 .78105 .78105 95.885 5.000
end array mit 9
end data cuboid 4 1 .74041 .74041 .74041 .74041 98.4250 95.885
end c*old 3 1 .78105 .78105 .78105 .78105 98.4250 95.885

mit 10
enru65 c4oid 4 1 .78105 .78105 .78105 .78105 100.0125 98.4250

cuboid 5 1 .78105 .78105 .78105 .78105 100.%5 98.4250
#csas25 globat unit 11

epru65 array 1 000
44 group latticecett reflector 4 1 30 30 30 30 15.24 30 *

uo2 1 den =9.20 1.0 293 92234 0.0137 92235 2.35 92236 end geen
0.0171 92238 97.62 end

at 3 1.0 293 end read array
$ h2o 4 1.0 293 end are=1 nux=31 nuy=31 nuz=5

pb 5 1.0 293 end FILL--

end coup 13r6 Sr1 23r6 11r1'18r6 15rt 15r6 17rt 13r6 19rt 11r6 21r1 9r6
1 31 1r6 29r1 1r6 2431squarepitch 1.5621 1.1176 1 4 1.2700 3 end 23r1 7r6 25rt Sr6 27rt 2r6 9

Core of 708 fuel rods,111.76 cm water height with 0.9 ppe boron 154r1 1r6 155b403
read para gen =405 opg=600 nsk=5 rub =yes run=yes end para 13r7 Sr2 23r7 11r2 18r7 15r2 15r7 17r2 13r7 19r2 11r7 21r2 9r7

1 31 fr7 29r2 tr7 2q3123r2 7r7 25r2 Sr7 27r2 2r7 9
read geom 154r2 1r7 155b403
unit 1 13r8 5r3 23r8 11r3 18r8 15r3 15r8 17r3 13r8 19r3 tire 21r3 9r8
cylinder 3 1 .635 2.540 2.2225 23r3 Tr8 25r3 5r8 27r3 2r8 1q31 1r8 29r3 1r8 2q31
cuboid 41 .78105 .78105 .78105 .78105 2.540 2.2225 154r3 1r8 155b403
cibold 31 .78105 .78105 .78105 .78105 2.540 0 13r9 Sr4 23r9 11r4 18r9 15r4 15r9 17r4 13r9 19r4 11r9 21r4 9r9
mit 2 23r4 7r9 25r4 Sr9 27r4 2r9 Iq31 tr9 29r4 1r9 29 13
cylinder 3 1 .635 5.080 2.540 154r4 1r9 155b403
cuboid 41 .66675 .66675 .66675 .66675 5.080 2.540 13r10 Sr5 23r10 11r5 18r10 15r5 15r10 17r5 13r10 19r5 11r10 21r5 9r10
csold 31 .78105 .78105 .78105 .78105 5.080 2.540 23r5 Tr10 25r5 Sr10 27r5 2r10 1q31 1r10 29r5 1r10 2931
unit 3 154r5 1r10 155b403
cytInder 3 1 .5588 7.3025 5.080 end fiIt
cylinder 1 1 .5588 95.885 5.080 end array
cylinder 3 1 .635 95.885 5.080 end data

c) c@old 41 .78105 .78105 .78105 .78105 95.885 5.080 end >
N mit 4 't3

cylinder 1 1 .5588 98.4250 95.885 anrim5b 3h
.g cylinder 3 1 .635 98.4250 95.885 E

cuboid 4 1 .74041 .74041 .74041 .74041 98.4250 95.885 =csas25 p-ga

3 cuboid 3 1 .78105 .78105 .78105 .78105 98.4250 95.885 apru65 y

. _ _ _ _ . _ _ _ _
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44erog letticecett reed errey >
uo2 1 den =9.20 1.0 293 92234 0.0137 92235 2.35 92236 are=1 rust =39 rusy=39 rum =5 ?

0.0171 92238 97.62 and fILt
4

o et 3 1.0 293 end 15r6 9rt 27r6 15rt 22r6 19r1 18r6 23r1 15r6 25rt 13r6 ..

M

d h2o 4 1.0 293 ond 27rt 11r6

9e boren 4 den =463.8-6 end 29r1 9r6 31r1 7r6 33r1 3r6 1q39 2r6 '35r1 2r4 Iq39 >
tr6 37rt tr6 2q39 351r1 351t685& end camp

y espaerepitch 1.5621 1.1176 1 4 1.2700 3 end 15r7 9r2 27r7 15r2 22r7 19r2 18r7 23r2 15r7 25r2 13r7
Core of 1201 fuel rods,111.76 cm water height with 463.8 ppe boron 27r2 11rF,

-

read perm gen =405 ryg=600 nsk=5 ruh yes run=yes end perm 29r2 9r7 31r2 TrT 33r2 3r7 1q39 2r7 35r2 2r7 1q39
1r7 37r2 tr7 2q39 351r2 351t685

15r8 9r3 27r8 15r3 22r8 19r3 18c8 23r3 15r8 25r3 13r8 27r3 tirereed geen
unit 1

29r3 9r8 31r3 7tB 33r3 3r8 1q39 2r8 35r3 2r8 1g39

cylinder 3 1 .635 2.540 2.2225 tr8 37r3 tr8 2q39 351r3 351t685
cthold 41 .76.J5 .78105 .78105 .78105 2.540 2.2225 15r9 9r4 27r9 15r4 22r9 19r4 18r9 23r4 15r9 25r4 13r9 27r4 11r9
cubold 31 .78105 .78105 .78105 .78105 2.540 0 29r4 9r9 31r4 Tr9 33r4 3r9 1g39 2r9 35r4 2r9 1g39

unit 2 tr9 37r4 tr9 2q39 351r4 351t685
cylinder 3 1 .635 5.080 2.540 15r10 9r5 27r10 15r5 22r10 19r5 18r10 23r5 15r10 25r5 13r10 27r5 1r10
cthold 41 .66675 .66675 .66675 .66675 5.000 2.540 29r5 9r10 31r5 Tr10 33r5 3r10 1q39 2r10 35r5 2r10 1939
cibold 31 .78105 .78105 .78105 .78105 5.000 2.540 1r10 37r5 1r10 2q39 351r5 351t685
unit 3 end fitt

cylinder 3 1 .5588 7.3025 5.000 end errey
c, tinder 1 1 .5588 95.885 5.000 end data
cy1inder 3 1 .635 95.885 5.080 end

eshold 41 .78105 .78105 .78105 .78105 95.885 5.000
$ unit 4 geudi
M cylinder 1 1 .5588 98.4250 95.885

4 cyiInder 3 1 .635 98.4250 95.885 seses25

cubold 41 .74041 .74041 .74041 .74041 98.4250 95.885 apru?5

cuboid 31 .78105 .78105 .78105 .78105 98.4250 95.885 44 grow letticecelt
unit 5 uo2 1 den =9.20 1.0 293 92234 0.0137 92235 2.35 92236
cy1Inder 1 1 .5588 98.7425 98.4250 0.0171 92238 97.62 end

cylinder 3 1 .635 100.0125 98.4250 at 3 1.0 293 end

cubold 41 .78105 .78105 .78105 .78105 100.0125 98.4250 h2e 4 1.0 293 end

unit 6 and coup
cuboid 41 .78105 .78105 .78105 .78105 2.540 2.2225 sgaerepitch 1.905 1.1176 1 4 1.2700 3 end

cuboid 31 .78105 .78105 .78105 .78105 2.540 0 core of 383 fuel rods,112.08 cm water height with 0.5 ppm boron
unit 7 reed para gen =405 npg=600 nsk=5 rub =yes nan =yes end perm

esbold 41 .66675 .66675 .66675 .66675 5.000 2.540
cuboid 31 .78105 .78105 .78105 .78105 5.000 2.540 reed gece
unit 8 mit 1
cuboid 41 .78105 .78105 .78105 .78105 95.885 5.080 cylinder 3 1 .635 5.080 3.175
unit 9 cthold 41 0.9525 -0.9525 0.9525 -0.9525 5.080 3.175

i

cuboid 41 .74041 .74041 .74041 .74041 98.4250 95.885 cthold 31 0.9525 0.9525 0.9525 -0.9525 5.000 0
cuboid 31 .78105 .78105 .78105 .78105 98.4250 95.885 mit 2
unit 10 cyiInder 3 1 .635 6.985 5.000
cuboid 41 .78105 .78105 .78105 .78105 100 25 98.4250 cylinder 4 1 .74422 6.985 5.080
stobet smit 11 cibold 31 0.9525 -0.9525 0.9525 -0.9525 6.985 5.000
errey 1 000 unit 3

reflector 4 1 30 30 30 30 15.24 30 1 cylinder 1 1 .5588 93.98 6.985
and geen cylinder 3 1 .635 93.98 6.985

,
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!

cteoid 41 0.9525 -0.9525 0.9525 -0.9525 93.98 6.985 end com
unit 4 squarepttch 1.905 1.1176 1 4 1.2700 3 end

cylinder 1 1 .5588 95.8850 93.98 Core of 1201 fuel rods,112.08 cm water height with 568 ppe boren
cylinder 3 1 .635 95.8850 93.98 reed para gen =405 rpg=600 nak=5 me=yes rm=yes end para
cylinder 4 1 .74422 95.8850 93.98
ethold 31 0.9525 -0.9525 0.9525 -0.9525 95.8850 93.98 read seem ,

unit 5 unit 1
cylinder 1 1 .5588 98.425 95.8850 cylinder 3 1 .635 5.000 3.175
cylinder 3 1 .635 99.695 95.8850 ctbold 41 0.9525 -0.9525 0.9525 -0.9525 5.080 3.175
cubold 41 0.9525 -0.9525 0.9525 -0.9525 99.695 95.8850 cthold 31 0.9525 -0.9525 0.9525 -0.9525 5.080 0 i

unit 6 unit 2

cubold 41 0.9525 -0.9525 0.9525 -0.9525 5.080 3.175 cylinder 3 1 .635 6.985 5.000
cuboid 31 0.9525 -0.9525 0.9525 -0.9525 5.080 0 cylinder 4 1 .74422 6.985 5.080
trit t 7 ctbold 31 0.9525 -0.9525 0.9525 -0.9525 6.985 5.080
cyttnder 4 1 .74422 6.985 5.000 unit 3

"

ctboid 31 0.9525 -0.9525 0.9525 -0.9525 6.985 5.080 cylinder 1 1 .5588 93.98 6.985
unit 8 cylinder 3 1 .635 93.98 6.985 5

cuboid 41 0.9525 -0.9525 0.9525 -0.9525 93.98 6.985 cuboid 41 0.9525 -0.9525 0.9525 -0.9525 93.98 6.985
unit 9 tmit 4 !

I cylinder 4 1 .74422 95.8850 93.98 cylinder 1 1 .5588 95.8850 93.98 ';

cuboid 31 0.9525 -0.9525 0.9525 -0.9525 95.8850 93.98 cylinder 3 1 .635 95.8850 93.98
unit to cytinder 4 1 .74422 95.8850 93.98
ctbold 41 0.9525 -0.9525 0.9525 -0.9525 99.695 95.8850 cuboid 31 0.9525 -0.9525 0.9525 -0.9525 95.8850 93.98
globat unit 11 unit 5
array 1 000 cylinder 1 1 .5588 98.425 95.8850

g
a reflector 4 1 30 30 30 30 15.24 30 1 cylinder 3 1 .635 99.695 95.8850
W sM geen esboid 41 0.9525 -0.9525 0.9525 -0.9525 99.695 95.8850

unit 6
react array ctbold 41 0.9525 -0.9525 0.9525 -0.9525 5.000 3.175
arret nux=21 nuy=21 nuz=5 ctbold 31 0.9525 -0.9525 0.9525 -0.9525 5.080 0
iltt unit 7
Br6 5rt 9r6 19rt tr6 Sq21 1r6 145r1 tr6 147b147 cylinder 4 1 .74422 6.985 5.000

'

Br7 Sr2 9r7 19r2 1r7 Sq21 1r7 145r2 tr7 147bl47 cubold 31 0.9525 -0.9525 0.9525 -0.9525 6.985 5.000 ,

Br8 Sr3 9r8 19r3 1r8 5q21 Ir8 145r3 1r8 147bt47 unit 8 ;

Br9 5r4 9r9 19r4 Ir9 5q21 1r9 145r4 1r9 147bt47 ctbold 41 0.9525 -0.9525 0.9525 -0.9525 93.98 6.985 ,

Br10 Sr5 9r10 19r5 1r10 Sq21 1r10 145r5 1r10 147bl47 unit 9 >

end fitI cytinder 4 1 .74422 95.8850 93.98
end array ctbold 31 0.9525 -0.9525 0.9525 -0.9525 95.8850 93.98
end data unit 10
end cuboid 41 0.9525 -0.9525 0.9525 -0.9525 99.695 95.8850 !

globet unit 11 ;

enruT5b array 1 000

f reflector 4 1 30 30 30 30 15.24 30 1 ;

#csas25 end geen i

h epru?5b |

Q 44sro w ndf5 tatticecett read array *>

3 uo2 1 den =9.20 1.0 293 92234 0.0137 92235 2.35 92236 are=1 nux=39 nuy=39 nuz=5 y
0.0171 92238 97.62 end fIL1 ce iy

g at 3 1.0 293 end 15r6 9rt 27r6 15r1 22r6 19rt 18r6 23r1 15r6 25r1 13r6 27r1 11r6 E r

1 39 2r6 35rt 2r6 Iq39 R- iw h2o 4 1.0 293 end 29r1 9r6 31r1 Tr6 33r1 3r6 9
boron 4 den =568.1-6 end Ir6 37r1 1r6 2q39 351r1 351b585 y ,

,

1

1
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15r7 9r2 27r7 15r2 22r7 19r2 18r7 23r2 15r7 25r2 13r7 27r2 11r7 unit 5 >'

'

29r2 9r7 31r2 7r7 33r2 3r7 1939 2r7 35r2 2r7 1q39 cylinder 1 1 .5588 98.7425 98.4250 @
h tr7 37r2 1r7 2q39 351r2 351b585 cylinder 3 1 .635 100.0125 98.4250 g
a 15r8 9r3 27r8 15r3 22r8 19r3 18r8 23r3 15r8 25r3 13r8 27r3 11r8 ctbold 41 .78105 .78105 .78105 .78105 100.0125 98.4250 Sh
n 29r3 9r8 31r3 Tr8 33r3 3r8 1 39 cuboid 51 .78105 .78105 .78105 .78105 100. % 5 98.4250 M1 39 2r8 35r3 2r89 9
;c 1r8 37r3 1r8 2q39 351r3 351b585 unit 6 >
-6 15r9 9r4 27r9 15r4 22r9 19r4 18r9 23r4 15r9 25r4 13r9 27r4 11r9 cubold 41 .78105 .78105 .78105 .78105 2.540 2.225
y 29r4 9r9 31r4 Tr9 33r4 3r9 1q39 2r9 35r4 2r9 1939 cuboid 31 .78105 .78105 .78105 .78105 2.540 0

tr9 37r4 tr9 2q39 351r4 351b585 mit 7.-.

15r10 9r5 27r10 15r5 22r10 19r5 18r10 23r5 15r10 25r5 13r10 27r5 1r10 cubold 41 .66675 .66675 .66675 .66675 5.080 2.540
29r5 9r10 31r5 Trio 33r5 3r10 1q39 2r10 35r5 2r10 1q39 cubold 31 .78105 .78105 .78105 .78105 5.080 2.540
tr10 37r5 1r10 2q39 351r5 351b585 unit 8

end fitt etbold 41 .78105 .78105 .78105 .78105 95.885 5.080
end array unit 9
end data cuboid 41 .74041 .74041 .74041 .74041 98.4250 95.885
end ctbold 31 .78105 .78105 .78105 .78105 98.4250 95.885

mit 10
coruB7 cuboid 41 .78105 .78105 .78105 .78105 100.0125 98.4250

cubold 51 .78105 .78105 .78105 .78105 100.%5 98.4250
#csas25 globat unit 11
epruB7 array 1 000
44 group latticecett reflector 4 1 30 30 30 30 15.24 30 1
uo2 1 den =9.20 1.0 293 92234 0.0137 92235 2.35 92236 end geom

0.0171 92238 97.62 end
at 3 1.0 293 end read array

% h2o 4 1.0 293 end ara =1 rux=29 nuy=29 ruz=5
A pb 5 1.0 293 end fILt

end camp 10r6 1 6 4q2 9r6 9r6 1 6 6q2 6r6 6r6 1 6 8q2 5r6 Sr6 1 6 9q2 4r6
squarepitch 2.2098 1.1176 1 4 1.2700 3 end 4r6 1 6 10q2 3r6 3r6 1 6 11q2 2r6 2r6 1 6 12q2 6 1q58
core of 342 fuel rods, 111.76 cm water height with 0.9 ppm boron 6 1 13q2 6 1 6 13q2 1 4q58 261b232
read parm gen =405 npg=600 nsk=5 nub =yes run=yes end parm 9r6 1 6 592 Br6 10r6 1 6 4q2 9r6

10r7 2 7 4q2 9r7 9r7 2 7 6q2 6r7 6r7 2 7 Bq2 Sr7 Sr7 2 7 9q2 4r7
read geom Ar7 2 7 10q2 3r7 3r7 2 7 11 2 2r7 2r7 2 7 12q2 7 Iq589
unit 1 7 2 13q2 7 2 7 13q2 2 4q58 261b232
cylinder 3 1 .635 2.540 2.225 9r? 2 7 Sq2 Br7 10r7 2 7 4q2 9r7
ctbold 41 .78105 .78105 .78105 .78105 2.540 2.225 10r8 3 8 4q2 9r8 9r8 3 8 6q2 or8 6r8 3 8 8q2 Sr8 Sr8 3 8 9q2 4r8
cubeid 31 .78105 .78105 .78105 .78105 2.540 0 4r8 3 8 10q2 3r8 3r8 3 8 11q2 2r8 2r8 3 8 12q2 8 1 589
unit 2 8 3 13q2 8 3 8 13q2 3 4q58 261b232
cylinder 3 1 .635 5.080 2.540 9r8 3 8 Sq2 Br8 10r8 3 8 4a2 9r8
cuboid 41 .66675 .66675 .66675 .66675 5.080 2.540 10r9 4 9 4q2 9r9 9r9 4 9 6q2 6r9 6r9 4 9 8q2 Sr9 5r9 4 9 9q2 4r9
cuboid 31 .78105 .78105 .78105 .78105 5.080 2.540 Ar9 4 9 10 2 3r9 3r9 4 9 11q2 2r9 2r9 4 9 12q2 9 1q589
unit 3 941329 4 9 13q2 4 4q58 261b2329
cylinder 3 1 .5588 7.3025 5.080 9r9 4 9 Sq2 Br9 10r9 4 9 4q2 9r9
cylinder 1 1 .5588 95.885 5.080 10r10 5 10 4q2 9r10 9r10 5 10 6q2 6r10 6r10 5 to 892 5r10 Sr10 5 10
cytinder 3 1 .635 95.885 5.080 9q2 4r10
cuboid 41 .78105 .78105 .78105 .78105 95.885 5.080 4r10 5 10 10 2 3r10 3r10 5 to 1192 2r10 2r10 5 10 1292 10 1q589
unit 4 10 5 1392 10 5 to 13q2 5 4q58 261b232
cylinder 1 1 .5588 98.4250 95.885 9r10 5 10 Sq2 Br10 10r10 5 10 4q2 9r10
cyiInder 3 1 .635 98.4250 95.885 end fIL1
cuboid 41 .74041 .74041 .74041 .74041 98.4250 95.885 end array
cuboid 31 .78105 .78105 .78105 .78105 98.4250 95.885

!
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end dets cuboid 31 1.1049 -1.1049 1.1049 -1.1049 98.4250 95.885end unit 10
cubold 41 1.1049 -1.1049 1.1049 -1.1049 100.0125 98.4250,

i eartm7b globet unit 11
array 1 000'

seses25 reflector 4 1 30 30 30 30 15.24 30 1epruB7b end geom
44gro@ .etticecell

uo2 1 den =9.20 1.0 293 92234 0.0137 92235 2.35 92236 0.0171 read array
92238 97.62 end ere=1 nux=33 nuy=33 nur=5

at 3 1.0 293 end fitt
h2o 4 1.0 293 end 11r6 11r1 20r6 15r1 16r6 19r1 13r6 21r1 11r6 23r1 9r6 25rt Tr6i boron 4 den =285.8-6 end 27r1 $r6 29r1 2r6 1q33 tr6 31r1 tr6 Iq33 363r1 363b363
end coup 11r7 11r2 20r7 15r2 16r7 19r2 13r7 21r2 11r7 23r2 9r7 25r2 7r7

, squarepitch 2.2098 1.1176 1 4 1.2700 3 end 27r2 Sr7 29r2 2r7 1q33 1r7 31r2 1r7 1q33 363r2 363h363
'| Core of 885 fuel rods,111.76 cm water height with 285.8 ppe boron 11r8 11r3 20r8 15r3 16r8 19r3 13r8 21r3 11r8 23r3 9r8 25r3 Tr8

. reed perm gen =405 npg=600 nsk=5 nub =yes run-yes end perm 27r3 Sr8 29r3 2r8 1q33 1r8 31r3 1r8 1933 363r3 363b363-

11r9 11r4 20r9 15r4 16r9 19r4 13r9 21r4 11r9 23r4 9r9 25r4 7r9read geen 27r4 Sr9 29r4 - 2r9 1q33 tr9 31r4 1r9 Iq33 363r4 363h363
! unit 1 11r10 11r5 20r10 15r5 16r10 19r5 13r10 21r5 11r10 23r5 9r10 25r5 7r10

cylinder 3 1 .635 2.540 2.2225 27r5 Sr10 29r5 2r10 1q33 1r10 31r5 Ir10 1q33 363r5 363b363
cthold 41 1.1049 -1.1049 1.1049 -1.1049 2.540 2.2225 end fitt
cuboid 31 1.1049 -1.1049 1.1049 -1.1049 2.540 0 end array
unit 2 end data
cylinder 3 1 .635 5.080 2.540 end$ cubold 41 .99060 .99060 .99060 .99060 5.000 2.540m cuboid 31 1.1049 -1.1049 1.1049 -1.1049 5.080 2.540 nee 71h1
unit 3
cyIinder 3 1 .5588 7.3025 5.080 sesas25
cylinder 1 1 .5588 95.885 5.000 nse71h1

, cylinder 3 1 .635 95.885 5.080 44gro w tatticecett
cuboid 41 1.1049 -1.1049 1.1049 -1.1049 95.885 5.080 uo2 1 den =10.38 1.0 293 92235 4.742 92238 95.258 end
unit 4 arbmag5 2.70 4 0 0 1 13027 98.85 12000 0.47 14000 0.43i

cylinder 1 1 .5588 98.4250 95.885 26000 0.22 2 1 293 end
cytinder 3 1 .635 98.4250 95.885 h2o 3 1.0 end
cuboid 41 1.06426 -1.06426 1.06426 -1.06426 98.4250 95.885 arbustt 7.90 3 0 0 1 26304 71.40 24304 19.16 28304 9.44 4 1 end
cuboid 31 1.1049 -1.1049 1.1049 -1.1049 98.4250 95.885 al 5 0.437 end
unit 5 arbastl 7.90 3 0 0 1 26304 71.40 24304 19.16 28304 9.44 5 .505 end
cylinder 1 1 .5588 98.7425 98.4250 h2o 5 0.058 end

*

cylinder 3 1 .635 100.0125 98.4250 al 6 0.62 end
cuboid 41 1.1049 -1.1049 1.1049 -1.1049 100.0125 98.4250 h2o 6 0.038 end

,| unit 6 uo2 7 0.946 293 92235 4.742 92238 95.258 endZ cuboid 41 1.1049 -1.1049 1.1049 -1.1049 2.540 2.2225 end comp
csbold 31 1.1049 -1.1049 1.1049 -1.1049 2.540 0 triangpitch 1.35 0.79 1 3 0.94 2 0.82 0 end
unit 7 more date res=7 cyl 0.395 den (7)=.98636 end

o cuboid 41 .99060 .99060 .99060 .99060 5.080 2.540 Core of 547 fuel rods in a hexagonal tattice, 60.93 cm water height >
3 cuboid 31 1.1049 -1.1049 1.1049 -1.1049 5.080 2.540 read perm rtwyes gen =405 npg=600 nsk=5 rue =yes end perm @

i y unit 8
Q| e cubold 41 1.1049 -1.1049 1.1049 -1.1049 95.885 5.080 reed gece o,

| C unit 9 unit 2 W
$ cuboid 41 1.06426 -1.06426 1.06426 -1.06426 98.4250 95.885 zhemicyt+y 1 1 .395 60.93 0.0 y
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ctbold 31 2p1.1692 1.35 0 60.93 0.0 'b-zhemicyt+y 0 1 .410 60.93 0.0 =

zhemicyt+y 2 1 .470 60.93 0.0 unit 12 5

)$ unit 3 cuboid 31 2p1.1692 1.35 0 60.93 0.0
O zhemicyl-x 1 1 .395 60.93 0.0 hole 3 +1.1692 +0.675 0.0 9
3 zhemicy1-x 0 1 .410 60.93 0.0 unit 13 X
po themicyl-x 2 1 .470 60.93 0.0 ctbold 31 2p1.1692 1.35 0 60.93 0.0 >
& unit 4 hole 4 -1.1692 +0.675 0.0
**8 zhemicyt+x 1 1 .395 60.93 0.0 unit 14,

zbemicyt+x 0 1 .410 60.93 0.0 cuboid 31 2p1.1692 1.35 0 60.93 0.0a-

zhemicyt+x 2 1 .470 60.93 0.0 unit 15
unit 5 themicyt+y 7 1 .395 29.07 0.0
zhemicyl-y 1 1 .395 60.93 0.0 zhemicyt+y 0 1 .410 29.07 0.0
zhemicyl-y 0 1 .410 60.93 0.0 zhemicyt+y 2 1 .470 29.07 0.0
zhemicyt-y 2 1 .470 60.93 0.0 unit 16
cuboid 31 2p1.1692 0 -1.35 60.93 0.0 zhemicyl-x 7 1 .395 29.07 0.0
hole 2 0 -1.35 0.0 zhemicyl-x 0 1 .410 29.07 0.0
hole 3 +1.1692 -0.675 0.0 themicyt-x 2 1 .470 29.07 0.0
hote 4 -1.1692 -0.675 0.0 unit 17
unit 6 zhemicyt+x 7 1 .395 29.07 0.0
zhemicyl*y 1 1 .395 60.93 0.0 themicyt+x 0 1 .410 29.07 0.0
zhemicyt+y 0 t .410 60.93 0.0 zhemicyl+x 2 1 .470 29.07 0.0
zhemicyi+y 2 1 .470 60.93 0.0 unit 18
cuboid 31 2pt.1692 1.35 0 60.93 0.0 zhemicyt-y 7 1 .395 29.07 0.0
hole 3 +1.1692 +0.675 0.0 zhemicyt-y 0 1 .410 29.07 0.0
unit 7 zhemicyl y 2 1 .470 29.07 0.0

S zhemicyt+y 1 1 . W5 60.93 0.0 cuboid 01 2p1.1692 0 -1.35 29.07 0.0
m zhemicyt+y 0 1 .410 60.93 0.0 hole 15 0 -1.35 0.0

zhemicyt+y 21.470 60.93 0.0 hole 16 +1.1692 -0.675 0.0
cuboid 31 2p1.1692 1.35 0 60.93 0.0 hole 17 -1.1692 -0.675 0.0
hole 4 -1.1692 +0.675 0.0 unit 19
unit 8 zhemicyt+y 7 1 .395 29.07 0.0
zhemicyl-y 1 1 .395 60.93 0.0 zhemicyt+y 0 1 .410 29.07 0.0
zhemicyl-y 0 1 .410 60.93 0.0 zhemicyt+y 2 1 .470 29.07 0.0
zhemicyl-y 2 1 .470 60.93 0.0 cibold 01 2p1.1692 1.35 0 29.07 0.0
cuboid 31 2p1.1692 0 -1.35 60.93 0.0 hole 16 +1.1692 +0.675 0.0
hole 3 +1.1692 -0.675 0.0 unit 20
unit 9 zhemicyt+y 7 1 .395 29.07 0.0
zhemicyl-y 1 1.395 60.93 0.0 themicyt+y 0 1 .410 29.07 0.0
zhemicyl-y 0 1 .410 60.93 0.0 zhemicyt+y k 1.470 29.07 0.0
zhemicyt-y 2 1 .470 60.93 0.0 cuboid 01 2p1.1692 1.35 0 29.07 0.0
cuboid 31 2p1.1692 0 -1.35 60.93 0.0 hole 17 -1.1692 +0.675 0.0
hole 4 -1.1692 -0.675 0.0 unit 21
unit 10 zhemicyl-y 7 1 .395 29.07 0.0
zhemicyl-y 1 1 .395 60.93 0.0 zhemicyt-y 0 1 .410 29.07 0.0
zhemicyl-y 0 1 .410 60.93 0.0 zhemicyl-y 2 1 .470 29.07 0.0
zhemicyl y 2 1 .470 60.93 0.0 ciboid 01 2p1.1692 0 -1.35 29.07 0.0
csboid 31 2p1.1692 0 -1.35 60.93 0.0 hole 16 +1.1692 -0.675 0.0
unit 11 tmlt 22
zhemicyt+y 1 1 .395 60.93 0.0 zhemicyt-y 7 1 .395 29.07 0.0
zhemicyt+y 0 1 .410 60.93 0.0 themicyt-y 01.410 29.07 0.0
zhemicyt+y 2 1 .470 60.93 0.0 zhemicyl-y 2 1 .470 29.07 0.0
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cubold 01 2p1.1692 0 -1.35 29.07 0.0 end datahota 17 -1.1692 -0.675 0.0
unit 23 end
zhemicyl-y 7 1 .395 29.07 0.0 71h2zhemicyl-y 0 1 .410 29.07 0.0zhemicyl-y 2 1 .470 29.07 0.0 #csas25cuboid 01 2pt.1692 0 -1.35 29.07 0.0 nse7th2

icy +y 7 1 .395 29.07 0.0 "
zhemicyt+y 0 1 .410 29.07 0.0 . 42 92238 M.258 end
rhemicyl+y 2 1 .470 29.07 0.0 60 0 0 2 2 293cuboid 01 2p1.1692 1.35 0 29.07 0.0 h2o 3 1.0unit 25 end

'cuboid 01 2p1.1692 1.35 0 29.07 0.0 ' '''4 '"d5 47h 16 +1.1692 +0.675 0.0 arbmstl 7.90 3 0 01 26304 71.40 2430419.16 28304 9.44 5 .505 end
cuboid 01 2p1.1692 1.35 0 29.07 0.0

'

a 60.hole 17 -1.1692 +0.675 0.0 h2o 6 0.038
id 01 2p1.1692 1.35 0 29.07 0.0 end camp

unit 28
triangpitch 1.72 0.79 1 3 0.94 2 0.82 0 endarray 1 3*0.0
more data res=7 cyl 0.395 dan (7)=.98899 endreflector 5 1 3r0 0.25 1
core of 271 fuet rods in a hexagonal tattice, 68.06 cm water height

*' "* *' P*'"e or 31 0 2r 1g
a riflector 4 1 5ro .8 1 read geom4 reflector 3 1 Sr0 20 1 unit 2

unit 29 zhemicyl+y 1 1 .395 68.06 0.0array 2 3+0.0 zhemicyt+y 0 1 .410 68.06 0.0reflector 0 1 4r20 2r0 1 zhemicyt+y 2 1 .470 68.06 0.0globat unit 30 unit 3
array 3 3*0.0 zhemicyl-x 1 1 .395 68.06 0.0end geom rhemicyl-x 0 1 .410 68.06 0.0

zhemicyl-x 2 1 .470 (8.06 0.0
read array unit 4
ara =1 nux*15 nuy=28 nuz=1 zhemicyt+x 1 1 .395 68.06 0.0
FILL Tr14 10 7r14 6r14 8 5 9 6r14 Sr14 8 3r5 9 3r14 zhemicyt+x 0 1 .410 68.06 0.0

4r14 8 Sr5 9 4r14 3r14 8 7r5 9 3r14 2r14 8 9r5 9 2r14 zhemicyt+x 2 1 .470 68.06 0.0
14 8 11r5 9 14 12 13r5 13 13q15 unit 5
14 6 11r3 7 14 2r14 6 9r5 7 2r14 3r14 6 Tr5 7 3r14 zhemicyl y 1 1 .395 68.06 0.0
4r14 6 Sr5 7 4r14 Sr14 6 3r5 7 Sr14 6r14 6 5 7 6r14 zhemicyl-y 0 1 .410 68.06 0.0
7r14 11 7r14 end fitt themicyl-y 2 1 .470 68.06 0.0Z ara =2 nux=15 nuy=28 nur=1 cuboid 31 2p1.4896 0 -1.72 68.06 0.0

fitt 7r27 23 7r27 6r27 21 18 22 6r27 Sr27 21 3r18 22 5r27 hole 2 0 -1.72 0.0
4r27 215r18 22 4r27 3r27 21 7r18 22 3r27 2r27 21 9r18 22 2r27 hole 3 +1.4896 -0.860 0.0

Q 27 21 11r18 22 27 25 13r18 26 13q15 hole 4 -1.4896 -0.860 0.0 *>
N 271911r18 20 27 2r27 19 9r18 20 2r27 3r2719 7r18 20 3r27 trit t 6 @O 4r2719 5r18 20 4r27 Sr27 19 3r18 20 5r27 6r27 19 18 20 6r27 zhemicyt+y 1 1 .395 68.06 0.0 oF 7r27 24 7r27 end fitt themicyl+y 0 1 .410 68.06 0.0 E.O ara =3 nux=1 nuy=1 nuz=2 fitt 28 29 end fitt z5emicyl+y 2 1 .470 68.06 0.0 E ,

9 end array cuboid 31 2p1.4896 1.72 0 68.06 0.0 'y

!

:



__

hole 3 +1.4896 +0.860 0.0 zhemicyl-y 0 1 .410 90.00 68.06 *>.

zhemicyl-y 2 1 .470 90.00 68.06 @
unit 7
zhemicyl+y 1 1 .395 68.06 0.0 ctboid 01 2p1.48% 0 -1.72 90.00 68.06 g

o zhemicyt+y 0 1 .410 68.06 0.0 hole 15 0 -1.72 0.0 !3
M

B zhemicyt+y 21.470 68.06 0.0 hole 16 +1.48% -0.860 0.0

;c eskoid 31 2p1.4896 1.72 0 68.06 0.0 hole 17 -1.48% -0.860 0.0 >

6 hole 4 -1.4896 +0.860 0.0 unit 19
zhemicyt+y 7 1 .395 90.00 68.06

y unit 8
zhemicyt-y 1 1 .395 68.06 0.0 zhemicyt+y 0 1 .410 90.00 68.06

zhemicyl y 0 1 .410 68.06 0.0 zhemicyt+y 2 1 .470 90.00 68.06-

zhemicyl-y 2 1 .470 68.06 0.0 cuboid 01 2pt.4896 1.72 0 90.00 68.06

cuboid 31 2p1.48% 0 -1.72 68.06 0.0 hole 16 +1.48% +0.860 0.0

hole 3 +1.48% -0.860 0.0 unit 20
zhemicyt+y 7 1 .395 90.00 68.06

unit 9
zhemicyt y 1 1 .395 68.06 0.0 zhemicyt+y 0 1 .410 90.00 68.06

zhemicyl-y 0 1 .410 68.06 0.0 zhemicyl+y 2 1 .470 90.00 68.06

zhemicyt-y 21.470 68.06 0.0 cuboid 01 2p1.4896 1.72 0 90.00 68.06

cubold 31 2p1.48% 0 -1.72 68.06 0.0 hole 17 -1.4896 +0.860 0.0

hole 4 -1.4896 -0.860 0.0 unit 21
zhemicyl y 7 1 .395 90.00 68.06

unit 10
zhemicyl-y 1 1 .395 68.06 0.0 zhemicyl y 0 1 .410 90.00 68.06

zhemicyl y 0 1 .410 68.06 0.0 zhemicyt-y 2 1 .470 90.00 68.06

zhemicyl-y 2 1 .470 68.06 0.0 cuboid 01 2pt.4896 0 -1.72 90.00 68.06

cuboid 31 2p1.4896 0 -1.72 68.06 0.0 hole 16 +1.4896 -0.860 0.0
unit 22

unit 11
$ zhemicyt+y 1 1 .395 68.06 0.0 zhemicyl-y 7 1 .395 90.00 68.06

DO zhemicyl+y 0 1 .410 68.06 0.0 zhemicyl-y 0 1 .410 90.00 68.06

themicyt+y 2 1 .470 68.06 0.0 zhemicyt-y 2 1 .470 90.00 68.06

cutzid 31 2p1.4896 1.72 0 68.06 0.0 ctbold 01 2p1.4896 0 -1.72 90.00 68.06
hote 17 -1.4896 -0.860 0.0

unit 12
cuboid 31 2p1.4896 1.72 0 68.06 0.0 unit 23

hole 3 +1.4896 +0.860 0.0 zhemicyl-y 7 1 .395 90.00 68.M
zhemicyl-y 0 1 .410 90.00 68.06

unit 13
cubold 31 2pt.4896 1.72 0 68.06 0.0 zhemicyl-y 2 1 .470 90.00 68.06

hole 4 -1.4896 +0.860 0.0 cuboid 01 2pt.4896 0 -1.72 90.00 68.06
unit 24unit 14

esboid 31 2p1.4806 1.72 0 68.06 0.0 zhemicyt+y 7 1 .395 90.00 68.06
zhemicyt+y 0 1 .410 90.00 68.06

unit 15
zhemicyt+y 7 1 .395 90.00 68.06 zhemicyl+y 2 1 .470 90.00 68.06

zhemicyt+y 0 1 .410 90.00 68.06 cuboid 01 2p1.4896 1.72 0 90.00 68.06

themicyt+y 2 1 .470 90.00 68.06 unit 25
ctbold 01 2pt.48% 1.72 0 90.00 68.06-

unit 16
themicyl-x 7 1 .395 90.00 68.06 hole 16 +1.4896 +0.860 0.0

themicyl-x 0 1 .410 90.00 68.06 unit 26

zhemicyt-x 2 1 .470 90.00 68.06 ctbold 01 2p1.48% 1.72 0 90.00 68.06

unit 17 hole 17 -1.4896 +0.860 0.0

zhemicyt+x 7 1 .395 90.00 68.06 unit 27

zhemicyt+x 0 1 .410 90.00 68.06 csbold 01 2p1.4896 1.72 0 90.00 68.06

zhemicyl+x 2 1 .470 90.00 68.06 unit 28
unit 18

array 1 3*0.0
zhemicyl-y 7 1 .395 90.00 68.06 reflector 5 1 Sr0 0.25 1

i
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reflector 6 1 Sr0 1.55 1 read geen
reflector 3 1 4r20 2r0 1 mit 2
reflector 4 1 Sr0 .8 1 zhemicyl+y 1 1 .395 79.50 0.0reflector 3 1 Sr0 20 1 zhemicyt+y 0 1 .410 79.50 0.0unit 29 zhemicyt+y 2 1 .470 79.50 0.0array 2 3*0.0 unit 3
ref1ector 0 1 4r20 2r0 1 zhemicy1-x 1 1 .395 79.50 0.0global mit 30 zhemicyl-a 0 1 .410 79.50 0.0array 3 3*0.0 zhemicyl-x 2 1 .470 79.50 0.0end geom mit 4

zhemicyt+x 1 1 .395 79.50 0.0read array rhemicyt+x 0 1 .410 79.50 0.0ara =1 nux=11 nuy=20 nuz=1 zhemicyt+x 2 1 .470 79.50 0.0fitt Sr14 10 Sr14 4r14 8 5 9 4r14 3r14 8 3r5 9 3r14 unit 5
2r14 8 Sr5 9 2r14 14 8 Tr5 9 14 12 9r5 13 zhemicyl-y 1 1 .395 79.50 0.09q11 zhemicyt-y 0 1 .410 79.50 0.014 6 7r5 7 14 2r14 6 Sr5 7 2r14 3r14 6 3r5 7 3r14 zhemicyt-y 2 1 .470 79.50 0.0- Ar14 6 5 7 Ar14 Sr14 11 Sr14 end fitt cuboid 31 2pt.9572 0 -2.26 79.50 0.0| ara =2 nux=11 nuy=20 nuz=1 hole 2 0 -2.26 0.0

| filt Sr27 23 5r27 4r27 21 18 22 4r27 3r27 213r18 22 3r27 hate 3 +1.9572 -1.130 0.0
| 2r27 21 Sr18 22 2r27 27 217r18 22 27 25 9r18 26 hole 4 -1.9572 -1.130 0.0
| 9q11 mit 6
i 2719 7r18 20 27 2r2719 Sr18 20 2r27 3r2719 3r18 20 3r27 zhemicyt+y 1 1 .395 79.50 0.04r271918 20 4r27 5r27 24 Sr27 end fitt zhemicyt+y 0 1 .410 79.50 0.0ara =3 nux=1 nuy=1 nuz=2 fitt 28 29 end fill zhemicyt+y 2 1 .470 79.50 0.0g

A end array cuboid 31 2p1.9572 2.26 0 79.50 0.0C end data hole 3 +1.9572 +1.130 0.0end unit 7
zhemicyt+y 1 1.395 79.50 0.0nse71h3 zhemicyt+y 0 1 .410 79.50 0.0
zhemicyt+y 2 1 .470 79.50 0.0#csas25 cuboid 31 2p1.9572 2.26 0 79.50 0.0nse7th3 hole 4 -1.9572 +1.130 0.044grotp latticecell
unit 8uo2 1 den =10.381.0 293 92235 4.742 92238 95.258 end zhemicyl-y 1 1 .395 79.50 0.0arbmag5 2.70 4 0 0 1 13027 98.85 12000 0.47 14000 0.43 zhemicyt y 0 1 .410 79.50 0.026000 0.22 2 1 293 end zhemicyl y 2 1 .470 79.50 0.0h2o 3 1.0 end cuboid 31 2p1.9572 0 -2.26 79.50 0.0arbmstl 7.90 3 0 0 1 26304 71.40 24304 19.16 28304 9.44 4 1 end hole 3 +1.9572 -1.130 0.0at 5 0.437 end unit 9arbmstl 7.90 3 0 0 1 26304 71.40 24304 19.16 28304 9.44 5 .505 end zhemicyl-y 1 1 .395 79.50 0.0h2o 5 0.058 end themicyl y 0 1 .410 79.50 0.0at 6 0.62 end themicyt-y 2 1 .470 79.50 0.0h2o 6 0.038 end etbold 31 2p1.9572 0 -2.26 79.50 0.0uo2 7 0.946 293 92235 4.742 92238 95.258 end hole 4 -1.9572 -1.130 0.0g end conp
unit 10 '>g triangpitch 2.26 0.79 1 3 0.94 2 0.82 L end themicyt y 1 1 .395 79.50 0.0 yy more data res=7 cyl 0.395 den (7)=.991675 end zhemicyt-y 0 1 .410 79.50 0.0g Core of 217 fuel rods in a hexagonal lattice, 79.50 cm water height themicyl-y 21.470 79.50 0.0 S,

o
i.a read parm run=yes gen =405 npg=600 nsk=5 nub =yes erd para cuboid 31 2p1.9572 0 -2.26 79.50 0.0 R-9 unit 11 y
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Z zhearicyt+y 1 1.395 79.50 0.0 hole 17 -1.9572 +1.130 0.0 >zhemicyt+y 0 1 .410 79.50 0.0 unit 21 ythemicyt+y 2 1 .470 79.50 0.0 zhemicyl y 7 1 .395 90.00 79.50 gO cuboid 31 2p1.9572 2.26 0 79.50 0.0 zhemicyl y 0 1 .410 90.00 79.50 c.M unit 12 zhemicyl-y 2 1 .470 90.00 79.50 E
pc zhemicyl-y 1 1 .395 79.50 0.0 cuboid 01 2p1.9572 0 -2.26 90.00 79.50 >& zhemicyl-y 0 1 .410 79.50 0.0 hole 16 +1.9572 -1.130 0.0y zhemicyl y 2 1 .470 79.50 0.0 mit 22

ctboid 31 2p1.9572 0 -2.26 79.50 0.0 zhemicyl-y 7 1 .395 90.00 79.50
-

hole 2 0 -2.26 0.0 zhemicyl-y 0 1 .410 90.00 79.50hole 3 +1.9572 -1.130 0.0 zhemicyl-y 21.470 90.00 79.50
unit 13 cuboid 01 2p1.9572 0 -2.26 90.00 79.50
zhemicyl y 1 1 .395 79.50 0.0 hole 17 -1.9572 -1.130 0.0
zhemicyl y 0 1 .410 79.50 0.0 unit 23
zhemicyt-y 2 1 .470 79.50 0.0 zhemicyl-y 7 1 .395 90.00 79.50
cuboid 31 2p1.9572 0 -2.26 79.50 0.0 zhemicyt-y 01.410 90.00 79.50
hote 2 0 -2.26 0.0 zhemicyt-y 2 1 .470 90.00 79.50
hole 4 -1.9572 -1.130 0.0 etboid 01 2p1.9572 0 -2.26 90.00 79.50
unit 14 unit 24
ctboid 31 2p1.9572 2.26 0 79.50 0.0 zhemicyt+y 7 1 .395 90.00 79.50
unit 15 zhemicyl+y 0 1 .410 90.00 79.50
themicyt+y 7 1 .395 90.00 79.50 zhemicyt+y 2 1 .470 90.00 79.50
zhemicyl+y 0 1 .410 90.00 79.50 cubold 01 2p1.9572 2.26 0 90.00 79.50
zhemicyl+y 2 1 . 9 90.00 79.50 unit 25
unit M themicyl-y 7 1 .395 90.00 79.50U zhem eyt-x 7 1 .395 90.00 7".50 zhemicyl-y 0 1 .410 90.00 79.50

0 zhemicyl-x 0 1 .410 90.00 79.50 zhemicyt-y 2 1 .470 90.00 79.50
zhemicyt-x 2 1 .470 90.00 79.50 cuboid 01 2p1.9572 0 -2.26 90.00 79.50
unit 17 hole 15 0 -2.26 0.0
zhemicyt+x 7 1 .395 90.00 79.50 hole 16 +1.9572 -1.130 0.0
zhemicyt+x 0 1 .410 90.00 79.50 (nit 26
zhemicyt+x 2 1 .470 90.00 79.50 zhmnicyl y 7 1 .395 90.00 79.50
unit 18 |themicyl-y 0 1 .410 90.00 79.50
zhemicyl-y 7 1 .395 90.00 79.50 zhemicyl-y 2 1 .470 90.00 79.50
zhemicyl-y 0 1 .410 90.00 79.50 ctbold 01 2p1.9572 0 -2.26 90.00 79.50
zhemicyl-y 2 1 .470 90.00 79.50 hole 15 0 -2.26 0.0
cuboid 01 2p1.9572 0 -2.26 90.00 79.50 hole 17 -1.9572 -1.130 0.0
hole 15 0 -2.26 0.0 unit 27
hole 16 +1.9572 -1.130 0.0 esbold 01 2p1.9572 2.26 0 90.00 79.50
hole 17 -1.9572 -1.130 0.0 unit 28
unit 19 array 1 3*0.0
zhemicyt+y 7 1 .395 90.00 79.50 reflector 5 1 Sr0 0.25 1
zhemicyl+y 0 1 .410 90.00 79.50 reflector 6 1 Sr0 1.55 1
zhemicyt+y 2 1 .470 90.00 79.50 reflector 3 1 4r20 2r0 1

cuboid 01 2p1.9572 2.26 0 90.00 79.50 reflector 4 1 Sr0 .8 1

hole 16 +1.9572 +1.130 0.0 reflector 3 1 Sr0 20 1

unit 20 untt 29
zhemicyl+y 7 1 .395 90.00 79.50 array 2 3*0.0
zhemicyt+y 0 1 .410 90.00 79.50 reflector 0 1 4r20 2r0 1

zhemicyt+y 2 1 .470 90.00 79.50 globat unit 30

ctboid 01 2p1.9572 2.26 0 90.00 79.50

. _ - _ _ _ . . _ _ _ -



_ . _ _ _ _ _ _ _ . -

errey 3 3*0.0 amit 4
.end seen errey 1 3*0.0

glebet
reed errey imit 5
are=1 ram =9 nuy=18 mz=1 errey 2 3*0.0

fitt 4r14 10 4r14 3r14 8 5 9 3r14 2r14 8 3r5 9 2r14 reflector 3 1 4r20.0 0.0 20.0 1

14 8 Sr5 9 14 8 Tr5 9 12 Tr5 13 end seen
749
6 Tr5 7 14 6 Sr5 7 14 2r14 6 3r5 7 2r14 read arrey
3r14 6 5 7 3r14 4r14 11 4r14 end fitt ere=1 raat =1 rary=1 nuz=3 fitt 3 2 1 end fitt

are=2 rum =9 nuy=18 nuz=1 are=? rum =22 nuy=22 nuz=1 fitt f4 end fitt

fitt 4r27 23 4r27 3r27 21 18 22 3r27 2r27 213r18 22 2r27 end array
27 21 Sr18 22 27 21 7r18 22 25 Tr18 26 end data
7q9 end
19 7r18 20 2719 Sr18 20 27 2r2719 3r18 20 2r27
3r271918 20 3r27 4r27 24 4r27 end fitt nee 71w1

are=3 rum =1 nuy=1 nuz=2 fILt 28 29 end fILt
end array =csas25
end data nse71wl
end 44 group latticecett

uo2 1 0.947 293 92235 4.742 92238 95.258 end
nse71sa arbmag5 2.70 4 0 01 13027 98.8512000 0.4714000 0.43

26000 0.22 2 1 293 end
=cses25 h2o 3 1.0 end
nse71sq erbess 7.90 3 0 0 1 24000 19.17 26000 71.40 28000 9.37 4 endg

u 44 group latticecett at 5 1.0 end
uo2 1 0.947 293 92235 4.742 92238 95.258 end end coup-

arbungS 2.70 4 0 0 1 13027 98.85 12000 0.47 14000 0.43 squarepitch 1.26 0.79 1 3 0.94 2 0.82 0 end
26000 0.22 2 1 293 end Core of 22x22 positions: 459 fuel rods, 25 water holes, 81.36 cm water

h2o 3 1.0 end ' height
arbuss 7.90 3 0 0 1 24304 19.17 26304 71.40 28304 9.37 4 end read para run=yes gen =405 npg=600 nsk=5 nubryes end para

,
" at 5 1.0 end

end conp read geen
squarepitch 1.26 0.79 1 3 0.94 2 0.82 0 end unit 1
core of 22x22 fuel rods, 90.69 cm water height cytinder 1 1 0.395 81.36 0.0
read perm run=yn gen =405 nps-600 nsk=5 nub =yes end para cylinder 0 1 0.410 81.36 0.0

cylinder 2 1 0.470 81.36 0.0
read geen ethold 3 1 4po.63 81.36 0.0
unit 1 unit 2
cylinder 1 1 0.395 90.00 0.0 cylinder 5 1 0.470 0.25 0.0
cylinder 0 1 0.410 90.00 0.0 cylinder 3 1 0.500 0.25 0.0
cylinder 2 1 0.470 90.00 0.0 ctbold 4 1 4p0.63 0.25 0.0
ctbold 3 1 Ap0.63 90.69 0.0 unit 3
unit 2 cylinder 5 1 0.470 2.35 0.8

g.n cylinder 5 1 0.470 0.25 0.0 cuboid 3 1 4p0.63 2.35 0.8

Q cylinder 3 1 0.500 0.25 0.0 cuboid 4 1 4po.63 2.35 0.0 >
g ctbold 4 1 4po.63 0.25 0.0 unit 4 y'
pg unit 3 array 1 3*0.0 o
g cylinder 5 1 0.470 2.35 0.8 unit 5 &
ta cuboid 3 1 Ap0.63 2.35 0.8 cylinder 3 1 0.500 0.00 -0.25 p-
9 cuboid 4 1 4po.63 2.35 0.0 cthold 4 1 4p0.63 0.00 -0.25 y

i
!

5
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cubold 3 1 4p0.63 0.00 -1.80 cylinder 3 1 0.500 0.00 -0.25 >
9cubold 4 1 Ap0.63 0.00 -2.60 ethold 4 1 4po.63 0.00 -0.25

ct&old 3 1 4p0.63 81.36 -2.60 cibold 3 1 4po.63 0.00 -1.80
Q giabe1 ethotd 4 1 4p0.63 0.00 -2.60 ,

M unit 6 cihold 3 1 4po.63 73.05 -2.60 M

pc errey 2 3*0.0 global >-
& reflector 3 1 4r20.0 0.0 20.0 1 unit 6

y end seen array 2 3*0.0
reflector 3 1 4r20.0 0.0 20.0 1-

reed array end gece
are=1 mx=1 nuy=1 mz=3 fItL 3 2 1 end FILL
are=2 num=22 nuy=22 mz=1 fitt 5 4r4 3q5 5 4 88r4 3q110 5 4r4 reed errey

345 5 4 22r4 end ftLL are=1 num=1 nuy=1 mz=3 fill 3 2 1 end fill
end array are=2 num=22 nuy=22 nuzal fill 5 2r4 6q3 5 44r4 6466 5 2r4
end dets 6q3 5 end filt

end end array
end dets

nee 71u2 end

=csas25 p49-196
nse71w2
44 gros ,tatticecett =csas25 perapsize=300000
uo2 1 0.947 293 92235 4.742 92238 95.258 end p49-194
arbmsg5 2.70 4 0 01 13027 98.85 12000 0.4714000 0.43 44 group tatticecett

26000 0.22 2 1 293 end uo2 1 den =10.40 1.0 293 92234 .022 92235 4.306 92236
U h2o 3 1.0 end .022 92238 95.65 end
N arbmss 7.90 3 0 01 2400019.17 26000 71.40 28000 9.37 4 end at 2 1.0 293 end

at 5 1.0 end h 3 den =1.321 .065 293 end
end coup c 3 den =1.321 .58 293 end
squarepitch 1.26 0.79 1 3 0.94 2 0.82 0 end o 3 den =1.321 .221 293 end
core of 22x22 positions: 420 fuel rods, 64 water holes, 73.05 cm water s 3 den =1.321 .017 293 end
' height ca 3 den =1.321 .114 293 end
read para rm=yes gen =405 npg=600 nsk=5 rub =yes end para si 3 den =1.321 .003 293 end

h2o 4 1.0 293 end
read geen h 5 den =1.185 .08 293 end
unit 1 e 5 den =1.185 .60 293 end
cylinder 1 1 0.395 73.05 0.0 o 5 den =1.185 .32 293 end
cylinder 0 1 0.410 73.05 0.0 poly (h2o) 6 den =0.905 1.0 293 enri .

cylinder 2 1 0.470 73.05 0.0 end coup !

cuboid 3 1 4po.63 73.05 0.0 triangpitch 1.598 1.265 1 4 1.415 2 1.283 0 end 6

unit 2 core of 1185 fuel rods in a hexagonal tattice
,

'
cylinder 5 1 0.470 0.25 0.0 reed para run=yes gen =405 ryg=600 nsk=5 ruh=yes end perm
cylinder 3 1 0.500 0.25 0.0 i

'
cuboid 4 1 4po.63 0.25 0.0 reed geen
unit 3 tssit 1

cylinder 5 1 0.470 2.35 0.8 com=1 0.0 to 2.54 cm 01 i j
cthold 3 1 4p0.63 2.35 0.8 zhemicyt+x 3 1 .6415 2.54 0.0 1

cuboid 4 1 4po.63 2.35 0.0 zhemicyt+x 2 1 .7075 2.54 0.0 i

unit 4 zhemicyt+x 4 1 .714 2.54 0.0 1

errey 1 3*0.0 asilt 2 |

unit 5 commi 0.0 to 2.54 ca 01 I J
;

I
,

i
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zhemicyt-y 3 1 .6415 2.54 0.0 unit 12
themicyl y 2 1 .7075 2.54 0.0 com=t 0.0 to 1.35 cm 03 1
zhemicy1-y 4 1 .714 2.54 0.0 zhemicyL+y 1 1 .6325 1.35 0.0
unit 3 zhemicyt+y 0 1 .6415 1.35 0.0
com=t 0.0 to 2.54 ca 01 1 zhemicyt+y 2 1 .7075 1.35 0.0
themicyt-x 3 1 .6415 2.54 0.0 zhemicyt+y 4 1 .714 1.35 0.0
zhemicy1-x 2 1 .7075 2.54 0.0 unit 13
zhemicyt-x 4 1 .714 2.54 0.0 com=t 0.0 to 47.291 cm 04 I
unit 4 zhemicyl+x 1 1 .6325 47.291 0.0
con =t 0.0 to 2.54 cm 01 1 zhemicyt+x 0 1 .6415 47.291 0.0
zhemicyt+y 3 1 .6415 2.54 0.0 zhemicyt+x 2 1 .7075 47.291 0.0
zhemicyt+y 2 1 .7075 2.54 0.0 unit 14
zhemicyt+y 4 1 .714 2.54 0.0 com=t 0.0 to 47.291 cm 04 I
unit 5 zhemicyl-y 1 1 .6325 47.291 0.0
com=1 0.0 to 35.48 ca 02 I zhemicyl-y 0 1 .6415 47.291 0.0
zhemicyt+x 1 1 .6325 35.48 0.0 zhemicyt-y 2 1 .7075 47.291 0.0
zhemicyt+x 0 1 .6415 35.48 0.0 mit 15
zhemicyt+x 2 1 .7075 35.48 0.0 com=t 0.0 to 47.291 ca 04 I
unit 6 zhemicyt-x 1 1 .6325 47.291 0.0
com=1 0.0 to 35.48 cm 02 I zhemicyl-x 0 1 .6415 47.291 0.0
zhemicyl-y 1 1 .6325 35.48 0.0 zhemicy!-x 2 1 .7075 47.291 0.0
zhemicyl-y 0 1 .6415 35.48 0.0 unit 16
zhemicyl-y 2 1 .7075 35.48 0.0 com=1 0.0 to 47.291 ca 04 I
unit 7 zhemicyl+y 1 1 .6325 47.291 0.0
com=t 0.0 to 35.48 ca 02 1 zhemicyt+y 0 1 .6415 47.291 0.0

g
m zhemicyl-x 1 1 .6325 35.48 0.0 zhemicyt+y 2 1 .7075 47.291 0.0
W zhemicyl-x 0 1 .6415 35.48 0.0 unit 17

zhemicy1-x 2 1 .7075 35.48 0.0 com=1 0.0 to 5.%9 cm 06 I
mit 8 zhemicyt+x 1 1 .6325 5.969 0.0
com= t 0.0 to 35.48 ca 02 1 zhemicyt+x 0 1 .6415 5.%9 0.0
zhemicyt+y 1 1 .6325 35.48 0.0 zhemicyl+x 2 1 .7075 5.969 0.0
zhemicyt+y 0 1 .6415 35.48 0.0 unit 18

zhemicyt+y 2 1 .7075 35.48 0.0 com=t 0.0 to 5.969 ca 06 I
unit 9 zhemicyl-y 1 1 .6325 5.969 0.0
com=1 0.0 to 1.35 cm 03 t zhemicyl-y 0 1 .6415 5.% 9 0.0
zhemicyt+x 1 1 .6325 1.35 0.0 zhemicyl-y 2 1 .7075 5.969 0.0
zhemicyt+x 0 1 .6415 1.35 0.0 unit 19
zhemicyl+x 2 1 .7075 1.35 0.0 cost 0.0 to 5.969 ca 06 i
zhemicyt+x 4 1 .714 1.35 0.0 zhemicyl-x 1 1 .6325 5.969 0.0
unit 10 zhemicyl-x 0 1 .6415 5.969 0.0
com=! 0.0 to 1.35 cm 03 I zhemicyl-x 2 1 .7075 5.%9 0.0
zhemicyt-y 1 1 .6325 1.35 0.0 unit 20
zhemicyl-y 0 1 .6415 1.35 0.0 cowl 0.0 to 5.969 cm 06 i
zhemicyt-y 2 1 .7075 1.35 0.0 zhemicyt+y 1 1 .6325 5.969 0.0
zhemicyl-y 4 1 .714 1.35 0.0 zhemicyt+y 0 1 .6415 5.969 0.0

Q unit 11 zhemicyt+y 2 1 .7075 5.969 0.0 >
3 com=1 0.0 to 1.35 ca 03 I unit 21 y
p zhemicyl-x 1 1 .6325 1.35 0.0 com=1 0.0 to .809 cm 01 I o

g zhemicyt-x 0 1 .6415 1.35 0.0 zhemicyt+x 3 1 .6415 .809 0.0 E,
v.a rhemicyt-x 2 1 .7075 1.35 0.0 zhemicyl+x 2 1 .7075 .809 0.0 j;i*

$ zhemicyt-x 4 1 .714 1.35 0.0 mit 22 y
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Z cce=1 0.0 to .809 cm 01 I unit 101 >- !'

'8
C themicy1-y 3 1 .6415 .809 0.0 com=1 0.0 to - 1.35 ca 01 1

h zhemicyt-y 2 1 .7075 .809 0.0 zhemicyt+x 3 1 .6415 1.35 0.0
:

o unit 23 zhemicyt+x 2 1 .7075 1.35 0.0 .

& comet 0.0 to .809 ca 01 I themicyl+x 4 1 .7140 1.35 0.0' M
[

pa themicyl-x 3 1 .6415 .809 0.0 etbold 6 1 1.598 0 2p1.384 1.35 0.0 >-
& zhemicyl-a 2 1 .7075 .809 0.0 hole 26 .799 1.384 0.0 ?

fy' smit 24 hole 27 1.598 0 0.0
comal 0.0 to .309 ca 01 I' hole 28 .799 -1.384 0.0 ,-

themicyt+y 3 1 .6415 .809 0.0 unit 102 |
zhemicyt+y 2 1 .7075 .809 0.0 com=1 0.0 to 1.35 cm 02 1~ ;

unit 25 , rhemicyt+x 3 1 .6415 1.35 0.0 !
,

com=t 0.0 to 1.35 ca 01 ! zhemicyl+x 2 1 .7075 1.35 0.0 t

zhemicyt+x 3 1 .6415 1.35 0.0 zhemicyt+x 4 1 .7140 1.35 0.0 ;

themicyt+x 2 1 .7075 1.35 0.0 cuboid 6 1 1.598 0 2p1.384 1.35 0.0 i
zhemicyt+x 4 1 .714 1.35 0.0 hole ' 26 .799 '1.384 0.0

unit 26 hole 27 1.598 0 0.0
com=t 0.0 to' 1.35 cm 01 t unit 103 -

zhemicyl-y 3 1 .6415 1.35 0.0 . com= t 0.0 to 1 35 cm 03 1 !

zhemicyl-y 2 1 .7075 1.35 0.0 zhemicyt+x 3 1 .6415 1.35 0.0 |

zhemicyl-y 4 1 .714 1.35 0.0 zhemicyl+x 2 1 .7075 1.35 0.0 ?

unit 27 zhemicyl+x 4 1 .7140 1.35 0.0- i

com=1 0.0 to 1.35 cm 01 I ctbold 6 1 1.598 0 2pt.384 1.35 0.0 ;
zhemicyl-x 3 1 .6415 1.35 0.0 hole 26 .799 1.384 0.0 ;

zhemicyl-x 2 1 .7075 1.35 0.0 bote 28 .799 -1.384 0.0
| d themicyt-x 4 1 .714 1.35 0.0 unit 104
' A unit 28 com=I 0.0 to 1.35 ca 04 I i

com=1 0.0 to 1.35 cm 01 I zhemicyl+x 3 1 .6415 1.35 0

j zhemicyt+y 3 1 .6415 1.35 0.0 zhemicyl+x 2 1 .7075 1.35 0 [
' themicyt+y 2 1 .7075 1.35 0.0 zhemicyl+x 4 1 .7140 1.35 0 i

zhemicyt+y 4 1 .714 1.35 0.0 cuboid 6 1 1.598 0.0 2p1.384 1.35 0.0 L

unit 31 hole 27 1.598 0.0 0
'6

com=1 0.0 to 0.381 cm 01 1- hote 28 .799 -1.384 0
zhemicyt+x 3 1 .6415 0.381 0.0 unit 905 i

zhemicyt+x 2 1 .7075 0.381 0.0 com=I 0.0 to 1.35 cm 05 1
zhemicyl+x 4 1 .714 0.381 0.0 zhemicyl+x 3 1 .6415 1.35 0 '

unit 32 zhemicyt+x 2 1 .7075 1.35 0
com=1 0.0 to 0.381 cm 01 t themicyt+x 4 1 .7140 1.35 0
zhemicyt-y 3 1 .6415 0.381 0.0 ctho M 6'1 1.598 0.0 2p1.384 1.35 0.0i

zhemicyl-y 2 1 .7075 0.381 0.0 hotr 26 .799 1.384 0
,

themicyl-y 4 1 .714 0.381 0.0 unit 106 ,

unit 33 commt 0.0 to 1.35 cm 06 I I

com=1 0.0 to 0.381 cm 01 1 zhemicyt+x 3 1 .6415 1.35 0 !
zhemicyl-x 3 1 .6415 0.381 0.0 zhemicyt+x 2 1 .7075 1.35 - 0
themicyl-x 2 1 .7075 0.381 0.0 zhemicyt+x 4 1 .7140 1.35 0 ,

zhemicyl-x 4 1 .714 0.381 0.0 ct&old 6 1 1.598 0.0 2p1.384 1.35 0.0 |

unit 34 hole 27 1.598 ' O.0 0- ;

com=1 0.0 to 0.381 cm 01 I unit 107 '

themicyt+y 3 1 .6415 0.381 0.0 :omet 0.0 to 1.35 cm 07 t ,

thenicyt+y 2 1 .7075 0.381 0.0 zr.a fwl+x 3 1 .6415 1.35 0 !

zhtalcyt+y 41.714 0.381 0.0 zhem'cyt+x 2 1 .7075 1.35 0
,!
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themicyl+x 4 1 .7140 1.35 0
com=I 0.0 ' ts 1.35 cm 15 Icuboid 6 1 1.598 0.0 2p1.384 1.35 0.0 zhemicyt+y 3 1 .6415 1.35 0hole 28 799 -1.384 0

mit 108 zhemicyl+y 2 1 .7075 1.35 0
| com=1 0.0 to 1.35 cm 08 I zhemicyl+y 6 1 .7140 1.35 0

cubold 6 1 2p0.799 2.768 0 1.35 0.0zhemicyt+x 3 1 .6415 1.35 0 unit 116zhemicyt+x 2 1 .7075 1.35 0
com=1 0.0 to 1.35 cm 16 1zhemicyt+x 4 1 .7140 1.35 0 cuboid 6 1 2po.799 2p1.384 1.35 0.0j cobold 6 1 1.598 0.0 2p1.384 1.35 0.0

; unit 109 unit 201
com.g 0.0 to 35.48 cm 01 1; com=t 0.0 to 1.35 cm 09 I zhemicyl+x 1 1 .6325 35.48 0.0| zhemicyt-y 3 1 .6415 1.35 0 zhemicyl+x 0 1 .6415 35.48 0.0zhemicyl-y 2 1 .7075 1.35 0 zhemicyl+x 2 1 .7075 35.48 0.0zhemicyt-y 4 1 .7140 1.35 0 cubold 4 1 1.598 0 2p1.384 35.48 0.0cuboid 6 1 2p0.799 0.0 -2.768 1.35 0.0 hole 6 .799 1.384 0.0hole 27 0.799 -1.384 0 hole 7 1.598 0 0.0hole 28 0.0 -2.768 0 hole 8 .799 -1.384 0.0unit 110 unit 202com=t 0.0 to 1.35 cm 10 t com=! 0.0 to 35.48 cm 02 izhemicyl-y 3 1 .6415 1.35 0 zhemicyl+x 1 1 .6325 35.48 0.0themicyl-y 2 1 .7075 1.35 0 zhemicyl+x 0 1 .6415 35.48 0.0zhemicyl-y 4 1 .7140 1.35 0 zhemicyl+x 2 1 .7075 35.48 0.0cuboid 6 1 2p0.799 0.0 -2.768 1.35 0.0 cuboid 411.598 0 2p1.384 35.48 0.0hole 27 0.799 -1.384 0 hole 6 .799 1.384 0.0unit 111 hole 7 1.598 0 0.0$ com=t 0.0 to 1.35 cm 11 I unit 203m zhemicyl-y 3 1 .6415 1.35 0 com=1 0.0 to 35.48 cm 03 1zhemicyl-y 2 1 .7075 1.35 0 zhemicyt+x 1 1 .6325 35.48 0.0zhemicyl y 4 1 .7140 1.35 0 zhemicyl+x 0 1 .6415 35.48 0.0

cuboid 4 1 2p0.799 0.0 -2.768 1.35 0.0 zhemicyl+x 2 1 .7075 35.48 0.0hole 28 0.0 -2.768 0 cubold 4 1 1.598 0 2p1.384 35.48 0.0unit 112 hole 6 .799 1.384 0.0
com=1 0.0 to 1.35 cm 12 I hole 8 .799 -1.384 0.0zhemicyl-y 3 1 .6415 1.35 0 unit 204
zhemicyl-y 2 1 .7075 1.35 0 com=1 0.0 to 35.48 cm 04 Izhemicyl-y 4 1 .7140 1.35 0 zhemicyl+x 1 1 .6325 35.48 0cuboid 6 1 2p0.799 0 -2.768 1.35 0.0 zhemicyt+x 0 1 .6415 35.48 0
unit 113 zhemicyt+x 2 1 .7075 35.48 0
com=t 0.0 to 1.35 cm 13 t cuboid 4 1 1.598 0.0 2p1.384 35.48 0.0
zhemicyl-x 3 1 .6415 1.35 0 hole 7 1.598 0.0 0
zhemicyl-x 2 1 .7075 1.35 0 hole 8 .799 -1.384 0
zhemicyl-x 4 1 .7140 1.35 0 unit 205Z cuboid 6 1 0 -1.598 2p1.384 8.35 0.0 com=l 0.0 to 35.48 cm 05 I
hote 28 -0.799 -1.384 0 zhemicyl+x 1 1 .6325 35.48 0
mit 114 zhemicyl+x 0 1 .6415 35.48 0$ com=l 0.0 to 1.35 cm 14 g themicyl+x 2 1 .7075 35.48 0 gzhemicyt-x 3 1 .6415 1.35 0 cuboid 4 1 1.598 0.0 2p1.384 35.43 0.0N

0 yzhemicyt-x 2 1 .7075 1.35 0 hole 6 .799 1.384 0h gzhemicyt-x 4 1 .7140 1.35 0 unit 206 &8 cuboid 6 1 0 -1.598 2p1.384 1.35 0.0 com=I 0.0 to 35.48 cm 06 i x
3 unit 115 zhemicyt+x 1 1 .6325 35.48 0 ;>

- _ _ - _ _ _ _ _ _ - _ _ - _ _ _ _ _ _ _ _ - _ _ - _ _ _ - _ _ - - - _ _ _ _ _ _ _ _ .
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hole 8 -0.799 -1.384 0

'@zhemicyt+x 0 1 .6415 35.48 0 mit 214 g
zhemicyt+x 2 1 .7075 35.48 0 com=1 0.0 to 35.48 cm 14 I e.
etbold 4 1 1.598 0.0 2p1.384 35.48 0.0 zhemicyt-x 1 1 .6325 35.48 0 M

O hole 7 1.598 0.0 0 zhemicyl-x 0 1 .6415 35.48 0 >
8 unit 207 zhemicyL-x 2 1 .7075 35.48 0
;c com=1 0.0 to 35.48 cm 07 I cuboid 4 1 0 -1.598 2pt.384 35.48 0.0

& themicyt+x 1 1 .6325 35.48 0 mit 215
y themicyt+x 0 1 .6415 35.48 0 com=1 0.0 to 35.48 cm 15 I

zhemicyt+x 2 1 .7075 35.48 0 zhemicyt+y 1 1 .6325 35.48 0-

cuboid 4 1 1.598 0.0 2p1.384 35.48 0.0 zhemicyt+y 0 1 .6415 35.48 0
hole 8 .799 -1.384 0 zhemicyl+y 2 1 .7075 35.48 0
unit 208 cubold 4 1 2p0.799 2.768 0. 35.48 0.0
com=t 0.0 to 35.48 cm 08 1 mit 216
zhemicyt+x 1 1 .6325 35.48 0 com=1 0.0 to 35.48 cm 16 1
zhemicyt+x 0 1 .6415 35.48 0 cuboid 4 1 2p0.799 2pt.384 35.48 0.0
zhemicyt+x 2 1 .7075 35.48 0 tnit 301
cuboid 4 1 1.598 0.0 2p1.384 35.48 0.0 com=1 0.0 to 1.35 cm 01 I
unit 209 zhemicyt+x 1 1 .6325 1.35 0.0
com=f 0.0 to 35.48 cm 09 I zhemicyl+x 0 1 .6415 1.35 0.0
zhemicyt-y 1 1 .6325 35.48 0 zhemicyt+x 2 1 .7075 1.35 0.0
zhemicyl-y 0 1 .6415 35.48 0 zhemicyl+x 4 1 .7140 1.35 0.0
zhemicyl-y 2 1 .7075 35.48 0 cuboid 6 1 1.598 0 2p1.384 1.35 0.0
ctboid 412po.799 0.0 -2.768 35.48 0.0 hole 10 .799 1.384 0.0

hole 11 1.598 0 0.0hote 7 0.799 -1.384 0
hole 12 799 -1.384 0.0hole 8 0.0 -2.768 0

I$ unit 210 unit 302
* com=1 0.0 to 35.48 cm 10 t com=t 0.0 to 1.35 cm C2 i

zhemicyt-y 1 1 .6325 35.48 0 zhemicyt+x 1 1 .6325 1.35 0.0
zhemicyl-y 0 1 .6415 35.48 0 themicyt+x 0 1 .6415 1.35 0.0
zhemicyl-y 2 1 .7075 35.48 0 zhemicyl+x 2 1 .7075 1.35 0.0
cuboid 4 1 2p0.799 0.0 -2.768 35.48 0.0 zhemicyt+x 4 1 .7140 1.35 0.0

cuboid 6 1 1.598 0 2p1.384 1.35 0.0hole 7 0.799 -1.384 0
unit 211 hote 10 .799 1.384 0.0
com=1 0.0 to 35.48 cm 11 t hole 11 1.598 0 0.0
zhemicyt-y 1 1 .6325 35.48 0 unit 303
zhersicyl-y 0 1 .6415 35.48 0 com=1 0.0 to 1.35 cm 03 I '

zhemicyl-y 2 1 .7075 35.48 0 zhemicyl+x 1 1 .6325 1.35 0.0 I
cubold 4 1 2po.799 0.0 -2.768 35.48 0.0 zhemicyl+x 0 1 .6415 1.35 0.0

zhemicyt+x 2 1 .7075 1.35 0.0hole 8 0.0 -2.768 0
unit 212 zhemicyt+x 4 1 .7140 1.35 0.0
com=1 0.0 to 35.48 cm 12 1 etbold 6 1 1.598 0 2p1.384 1.35 0.0
zhemicyl-y 1 1 .6325 35.48 0 hole 10 .799 1.384 0.0
zhemicyl-y 0 1 .6415 35.48 0 hole 12 .799 -1.384 0.0
zhemicyt-y 2 1 .7075 35.48 0 unit 304
cubold 4 1 2po.799 0.0 -2.768 35.48 0.0 com=t 0.0 to 1.35 cm 04 I
unit 213 themicyt+x 1 1 .6325 1.35 0

com=! 0.0 to 35.48 cm 13 I zhemicyt+x 0 1 .6415 1.35 0

zhemicyt-x 1 1 .6325 35.48 0 zhemicyt+x 2 1 .7075 1.35 0
)

zhemicyl-x 0 1 .6415 35.48 0 themicyt+x 4 1 .7140 1.35 0
1

zhemicyl-x 2 1 .7075 35.48 0 cuboid 6 1 1.598 0.0 2p1.384 1.35 0.0 (
etbold 410 -1.598 2p1.384 35.48 0.0

l
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hots 11 1.598 0.0 0 zhemicyl y 1 1 .6325 1.35 0
<

hole 12 .799 -1.384 0 zhemicyt-y 0 1 .6415 1.35 0
unit 305 zhemicyt-y 2 1 .7075 1.35 0

.com: 0.0 to 1.35 cm 05 t zhenicyl-y 4 1 .7140 1.35 0 !

zhemicyt+x 1 1 .6325 1.35 0 ceoid 6 1 2po.799 0.0 -2.768 1.35 0.0
zhemicyl+x 0 1 .6415 1.35 0 hote 12 0.0 -2.768 0

' zhemicyt+x 2 1 .7075 1.35 0 unit 312
zhemicyt+x 4 1 .7140 1.35 0 com=1- 0.0 to 1.35 cm 12 I
c4oid 6 1 1.598 0.0 2p1.384 1.35 0.0 zhemicyl-y 1 1 .6325 1.35 0
hole 10 .799 1.384 0 zhemicyl-y 0 1 .6415 1.35 0
mit 306 themicyl-y 2 1 .7075 1.35 0
com=1 0.0 to 1.35 cm 06 i zhemicyt y 4 1 .7140 1.35 0
zhemicyt+x 1 1 .6325 1.35 0 c4oid 6 1 2po.799 0.0 -2.768 1.35 0.0
zhemicyt+x 0 1 .6415 1.35 0 unit 313
zhemicyl+x 2 1 .7075 1.35 0 cowl 0.0 to 1.35 cm 13 i
zhemicyt+x 4 1 .7140 1.35 0 zhemicyl-x 1 1 .6325 1.35 0 *

c* old 6 1 1.598 0.0 2p1.384 1.35 0.0 zhemicyt-x 0 1 .6415 1.35 0
ho1e 11 1.598 0.0 0 zhemicy1 x 2 1 .7075 1.35 04

unit 307 zhemicyl-x 4 1 .7140 1.35 0
com=t 0.0 to 1.35 cm 07 I c2oid 6 1 0 -1.598 2p1.384 1.35 0.0
zhemicyt+x 1 1 .6325 1.35 0 hole 12 -0.799 -1.384 0
zhemicyt+x 0 1 .6415 1.35 0 unit 314
themicyt+x 2 1 .7075 1.35 0 com=I 0.0 to 1.35 cm 14 I |zhemicyl+x 4 1 .7140 1.35 0 zhemicyl-x 1 1 .6325 1.35 0 ;
cuboid 6 1 1.598 0.0 2p1.384 1.35 0.0 zhemicyl-x 0 1 .6415 1.35 0 ig

u hole 12 .799 -1.384 0 zhemicyl-x 2 1 .7075 1.35 0 ;
4 unit 308 khemicyl-x 4 1 .7140 1.35 0 *

com=t 0.0 to 1.35 cm 08 I ceoid 6 1 0 -1.598 2p1.384 1.35 0.0 f
zhemicyl+x 1 1 .6325 1.35 0 unit 315
zhemicyt+x 0 1 .6415 1.35 0 com=1 0.0 to 1.35 cm 15 i !

zhemicyl+x 2 1 .7075 1.35 0 zhemicyt+y 1 1 .6325 1.35 0 5

zhemicyt+x 4 1 .7140 1.35 0 zhemicyl+y 0 1 .6415 1.35 0 i

c* oid 6 1 1.598 0.0 2p1.384 1.35 0.0 zhmicyt+y 2 1 .7075 1.35 0 I
unit 309 zhemicyt+y 4 1 .7140 1.35 0 [
com=t 0.0 to 1.35 ca 09 ! c 4 old 6 1 2p0.799 2.768 0 1.35 0.0

'

zhemicyl-y 3 1 .6415 1.35 0 unit 316 :zhemicyl-y 2 1 .7075 1.35 0 com=1 0.0 to 1.35 cm 16 I tzhemicyl-y 4 1 .7140 1.35 0 cuboid 6 1 2p0.799 2p1.384 1.35 0.0
cuboid 6 1 2p0.799 0.0 -2.768 1.35 0.0 unit 401
hole 11 0.799 -1.384 0 com=t 0.0 to 47.291 ca 01 1
hote 12 0.0 -2.768 0 zhemicyt+x 1 1 .6325 47.291 0.0

Z zhemicyt+x 0 1 .6415 47.291 0.0 ?,unit 310
com=t 0.0 to 1.35 cm 10 i zhemicyt+x 2 1 .7075 47.291 0.0 (zhemicyl-y 1 1 .6325 1.35 0 c4 oid 4 1 1.598 0 2pt.384 47.291 0.0
zhemicyl-y 0 1 .6415 1.35 0 hote 14 .799 1.384 0.0

Q zhemicyl-y 2 1 .7075 1.35 0 hole 15 1.598 0 0.0 > r

3 zhemicyl-y 4 1 .7140 1.35 0 hole 16 .799 -1.384 0.0 @ |
p cuboid 6 1 2po.799 0.0 -2.768 1.35 0.0 unit 402 o -

g hole 11 0.799 -1.384 0 comet 0.0 to 47.291 ca 02 1 E .

w unit 311 zhemicyt+x 1 1 .C325 47.291 0.0 E F

$ com=t 0.0 to 1.35 cm 11 1 zhemicyl+x 0 1 .6415 47.291 0.0 '

y

r
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zhemicyt+x 2 1 .7075 47.291 0.0 zhemicyt-y 2 1 .7075 47.291 0 >
"cubold 4 1 1.598 0 2pt.384 47.291 0.0 esbold 4 1 2p0.799 0.0 -2.768 47.291 0.0

hole 14 .799 1.384 0.0 hote 15 0.799 -1.384 0
o hole 15 1.598 0 0.0 hole 16 0.0 -2.768 0 ,

8 unit 403 mit 410 x
pc comet 0.0 to 47.291 cm 03 I compt 0.0 to 47.291 cm to I >
& zhemicyt+x 1 1 .6325 47.291 0.0 zhemicyt-y 1 1 .6325 47.291 0 :

y zhemicyt+x 0 1 .6415 47.291 0.0 zhemicyt-y 0 1 .6415 47.291 0 !

rhemicyt+x 2 1 .7075 47.291 0.0 zhemicyl-y 2 1 .7075 47.291 0-

cuboid 4 1 1.598 0 2pt.384 47.291 0.0 ctboid 412p0.799 0.0 -2.768 47.291 0.0
hole 14 .799 1.384 0.0 hole 15 0.799 -1.384 0
hote 16 .799 -1.384 0.0 unit 411
mit 404 compt 0.0 to 47.291 cm 11 I
coupi 0.0 to 47.291 cm 04 1 zhemicyl-y 1 1 .6325 47.291 0
zhemicyt+x 1 1 .6325 47.291 0 zhemicyt-y 0 1 .6415 47.291 0
zhemicyt+x 0 1 .6415 47.291 0 zhemicyt-y 2 1 .7075 47.291 0
zhemicyt+x 2 1 .7075 47.291 0 esbold 4 1 2p0.799 0.0 -2.768 47.291 0.0
cuboid 4 1 1.598 0.0 2p1.384 47.291 0.0 hole 16 0.0 -2.768 0
hele 15 1.598 0.0 0 unit 412
hole 16 .799 -1.384 0 compt 0.0 to 47.291 cm 12 i
unit 405 zhemicyl-y 1 1 .6325 47.291 0
const 0.0 to 47.291 cm 05 I zhemicyl-y 0 1 .6415 47.291 0 a

zhemicyt+x 1 1 .6325 47.291 0 zhemicyl-y 2 1 .7075 47.291 0
themicyt+x 0 1 .6415 47.291 0 cuboid 4 1 2po.799 0.0 -2.768 47.291 0.0 ,

'zhemicyt+x 2 1 .7075 47.291 0 unit 413
d cuboid 4 1 1.598 0.0 2p1.384 47.291 0.0 cowl 0.0 to 47.291 cm 13 1
0" hole 14 .799 1.384 0 zhemicyl-x 1 1 .6325 47.291 0

'unit 406 zhemicy1-x 0 1 .6&15 47.291 0
compt 0.0 to 47.291 cm 06 I themicyl-x 2 1 .7075 47.291 0 ;

zhemicyt+x 1 1 .6325 47.291 0 cuboid 4 1 0 -1.598 2p1.384 47.291 0.0 '

zhemicyt+x 0 1 .6415 47.291 0 hole 16 -0.799 -1.384 0
zhemicy!+x 2 1 .7075 47.291 0 unit 414

,

cuboid 4 1 1.598 0.0 2p1.384 47.291 0.0 comp t 0.0 to 47.291 cm 14 I
hole 15 1.598 0.0 0 zhemicyl-x 1 1 .6325 47.291 0
unit 407 zhemicyl-x 0 1 .6415 47.291 0
compt 0.0 to 47.291 cm 07 I zhemicyt-x 2 1 .7075 47.291 0
zhemicyt+x 1 1 .6325 47.291 0 cuboid 4 1 0 -1.598 2p1.384 47.291 0.0
zhemicyl+x 0 1 .6415 47.291 0 unit 415 t
themicyt+x 2 1 .7075 47.291 0 compt . 0.0 to 47.291 cm 15 I
cuboid 4 1 1.598 0.0 2p1.384 47.291 0.0 zhemicyt+y 1 1 .6325 47.291 0
hcte 16 .799 -1.384 0 zhemicyt+y 0 1 .6415 47.291 0
mit 408 zhemicyi+y 2 1 .7075 47.291 0
compt 0.0 to 47.291 cm 08 I ctbold 412p0.799 2.768 0 47.291 0.0
zhemicyt+x 1 1 .6325 47.291 0 mit 416 ;
zhemicyt+x 0 1 .6415 47.291 0 coupl 0.0 to 47.291 cm 161 *

zhemicyt+x 2 1 .7075 47.291 0 cibold 412p0.799 2p1.384 47.291 0.0
esbold 4 1 1.598 0.0 2p1.384 47.291 0.0 mit 501
unit 409 compt 0.0 to 5.969 ca 01 1 ;
compt 0.0 to 47.291 cm 091 zhemicyt+x 1 1 .6325 5.969 0.0
zhemicyl y 1 1 .6325 47.291 0 zhemicyt+x 0 1 .6415 5.969 0.0
zhemicyl-y 0 1 .6415 47.291 0 zhemicyt+x 2 1 .7075 5.969 0.0 !

- , .- ., . . - . - - . _ , . _ _ _ _ _ _ - _- . _ _-.
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c 4 old 4 1 1.598 0 2p1.384 5.969 0.0 themicyt+x 1 1 .6325 5.969 8
shemicyt+m 0 1 .6415 5.969 8

hole 18 .799 1.384~ 0.0 shemicyt+x 2 1 .7075 5.969 0
hole 19 1.598 0 0.0 c 4 old 4 1 1.598 0.0 2pt.384 5.969 0.0
hote 20 799 -1.384 0.0 unit 509 -

-unit 502 compt 0.0 to 5.969 ca 09 I
compt 0.0 to 5.969 ca 02 I zhemicyt-y 1 1 .6325 5.969 0
themicyt+x 1 1 .6325 5.969 0.0 themicyt-y 0 1 .6415 5.969 0

,

zhemicyt+x 0 1 .6415 5.969 0.0 themicyt-y 2 1 .7075 5.969 0
themicyt+x 2 1 .7075 5.969 0.0
cuboid 4 1 1.598 0 2p1.384 5.969 0.0 c 4old 4 1 2p0.799 0.0 -2.768- 5.969 0.0 *

hole 19 0.799 -1.384 0
hole 18 .799 1.384 0.0 hole 20 0.0 -2.768 0
hote 19 - 1.598 0 0.0 i

unit 510 _

unit 5J3 compt 0.0 to 5.969 cm 10 t
cospi 0.0 to 5.969 cm 03 I themicyt-y 1 1 .6325 5.969 0
themicyt+x 1 1 .6325 5.969 0.0 themicyl-y 0 1 .6415 5.969 0
themicyt+x 0 1 .6415 5.969 0.0 zhemicyl-y 2 1 .7075 5.969 0
zhemicyt+x 2 1 .7075 5.969 0.0 *

c4oid 4 1 1.598 0 2pt.384 5.%9 0.0 c4 old 4 1 2po.799 0.0 -2.768 5.969 0.0
-

hote 19 0.799 -1.384 0 '

hole 18 .799 1.384 0.0 unit 511 '

hoIe 20 .799 -1.384 0.0
commi 0.0 to 5.969 cm 11 i

unit 504 themicyl-y 1 1 .6325 5.969 0
compt 0.0 to 5.969 cm 04 t ithemicyt-y 0 1 .6415 5.969 0
themicyt+x 1 1 .6325 5.969 0 zhemicyl-y 2 1'.7075 5.969 0
zhemicyl+x 0 1 .6415 5.969 0 c4oid 4 1 2p0.799 0.0 -2.768 5.969 0.0
zhemicyt+x 2 1 .7075 5.%90

". cubold 4 1 1.598 0.0 2pt.384 5.M9 0.0 hole 20 0.0 -2.768 0
,v unit 512, C hate 19 1.598 0.0 0 '

cosel 0.0 to 5.%9 cm 12 I
hole 20 .799 -1,384 0

themicyl-y 1 1 .6325 5.969 0
?unit 505

compt 0.0 to 5.969 cm 05 i themicyl-y 0 1 .6415 5.969 0
|

rhemicyt+x 1 1 .6325 5.%90 zhemicyl-y 2 1 .7075 5.969 0 '

rhemicyt+x 0 1 .6415 5.%90 c 4 oid 4 1 2p0.799 0.0 -2.768 5.969 0.0

cuboid 4 1 1.598 0.0 2p1.384 5.%9 0.0 com=f 0.0 to 5.% 9 cm 13 i '!.
imit 513themicyt+x 2 1 .7075 5.%90

hole 18 .799 1.384 0 themicyl-x 1 1 .6325 5.969 0
themicyl-x 0 1 .6415 5.969 0

unit 506
conef 0.0 to 5.969 cm 06 I themicyl-x 2 1 .7075 5.969 0

cuboid 4 1 0 -1.598 2p1.384 5.969 0.0 i
themicyt+x 1 1 .6325 5.969 0 |
zhemicyt+x 0 1 .6415 5.%90 hole 20 -0.799 -1.384 0

e

rhemicyt+x 2 1 .7075 5.969 0 unit 514
cuboid 4 1 1.598 0.0 2p1.384 5.969 0.0 compt 0.0 to 5.%9 ca 14 i ;'

hole 19 1.598 0.0 0 themicyl-x 1 1 .6325 5.969 0 ;

themicyl-x 0 1 .6415 -5.969 0 ;
'unit 507

compt 0.0 to 5.969 cm 07 I themicyt-x 2 1 .7075 5.969 0
'

themicyt+x 1 1 .6325 5.969 0 c4oid 4 1 0 -1.598 2pt.384 5.969 0.0

Q themicyt+x 0 1 .6415 5.969 0 smit 515 ;> ',

"t3

3 zhemicyt+x 2 1 .7075 5.969 0 compt 0.0 to 5.969 cm 15 I 3 |
cuboid 4 1 1.598 0.0 2pt.384 5.969 0.0 themicyt+y 1 1 .6325 5.969 0

hole 20 .799 -1.384 0 themicyt+y 0 1 .6415 5.969 0 E
'

y
'

4
ta imit 508 themicyt+y 2 1 .7075 5.969 0 g-
m cospi 0.0 to 5.969 ca 08 I c 4 old 4 1 2po.799 2.768 0 5.969 0.0 y f
-

D

s

t
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Z unit 516 com=1 0.0 to ~ 2.54 ca 08 i >C com=1 0.0 to 5.969 cm 16 I themicyl+x 3 1 .6415 2.54 0 "
$ cohold 4 1 2p0.799 2p1.384 5.969 0.0 zhemicyt+x 2 1 .7075 2.54 0 -

o unit 601 cibold 4 1 1.598 0.0 2p1.384 2.54 0.0
.8 com=t 0.0 to 2.54 ca 01 I unit 609 M

pc rhemicyt+x 3 1 .6415 2.54 0.0 com t 0.0 to 2.54 ca 09 I >
& zhemicyt+x 2 1 .7075 2.54 0.0 zhemicyl-y 3 1 .6415 2.54 0,

y cuboid 4 1 1.598 0 2p1.384 2.54 0.0 zhemicyt-y 2 1 .7075 2.54 0
'

hole 2 .799 1.384 0.0 cuboid 4 1 2p0.799 0.0 -2.768 2.54 0.0-

hole 3 1.598 0 0.0 hote 3 0.799 -1.384 0
hole 4 .799 -1.384 0.0 hole 4 0.0 - 2. 768 0
unit 602 unit 610
com=1 0.0 to 2.54 cm 02 i canal 0.0 to 2.54 cm 10 1
zhemicyt+x 3 1 .6415 2.54 0.0 zhemicyl-y 3 1 .6415 2.54 0
zhemicyl+x 2 1 .7075 2.54 0.0 zhemicyl-y 2 1 .7075 2.54 0
cuboid 4 1 1.598 0 2pt.384 2.54 0.0 ciboid 4 1 2p0.799 0.0 -2.768 2.54 0.0
hole 2 .799 1.384 0.0 hole 3 0.799 -1.384 0
hole 3 1.598 0 0.0 mit 611
unit 603 com=t 0.0 to 2.54 cm 11 I
comet 0.0 to 2.54 ca 03 i zhemicy1-y 31.f415 2.54 0
zhemicyt+x 3 1 .6415 2.54 0.0 themicyl-y 2 1 .7075 2.54 0
zhemicyl+x 2 1 .7075 2.54 0.0 ethold 4 1 2p0.799 0.0 -2.768 2.54 0.0
cuboid 4 1 1.598 0 2p1.384 2.54 0.0 hole 4 0.0 -2.768 0
hole 2 .799 1.384 0.0 mit 612
hote 4 .799 -1.384 0.0 comet 0.0 to 2.54 cm 12 i$ unit 604 zhemicyl-y 3 1 .6415 2.54 0C com=I 0.0 to 2.54 ca 04 I themicyt-y 2 1 .7075 2.54 0
zhemicyt+x 3 1 .6415 2.54 0 ethold 412o0.799 0.0 2.768 2.54 0.0
zhemicyt+x 2 1 .7075 2.54 0 unit 613
cuboid 4 1 1.598 0.0 2p1.384 2.54 0.0 com=1 0.0 to 2.54 cm 13 i
hote 3 1.598 0.0 0 zhemicyl-x 3 1 .6415- 2.54 0
hole 4 .799 -1.384 0 zhemicyl-x 2 1 .7075 2.54 0
unit 605 cthold 4 1 0 -1.598 2p1.384 2.54 0.0
com=f 0.0 to 2.54 ca 05 I hole 4 -0.799 -1.384 0
zhemicyl+x 3 1 .6415 2.54 0 mit 614
zhemicyt+x 2 1 .7075 2.54 0 com=t 0.0 to 2.54 cm 14 I
cthold 4 1 1.598 0.0 2pt.384 2.54 0.0 zhemicyl-x 3 1 .6415 2.54 0
hole 2 .799 1.384 0 zhemicyt x 2 1 .7075 2.54 0
unit 606 cuboid 4 1 0 -1.598 2p1.384 2.54 0.0
com=t 0.0 to 2.54 ca 06 1 mit 615
zhemicyt+x 3 1 .6415 2.54 0 compt 0.0 to 2.54 cm 15 1
zhemicyt+x 2 1 .7075 2.54 0 zhemicyt+y 3 1 .6415 2.54 0
cuboid 4 1 1.598 0.0 2p1.384 2.54 0.0 zhemicyt+y 2 1 .7075 2.54 0
hole 3 1.598 0.0 0 cubold 4 1 2p0.799 2.768 0 2.54 0.0unit 607 mit 616
com=I 0.0 to 2.54 ca 07 I com=1 0.0 to 2.54 ca 16 Ithemicyt+x 3 1 .6415 2.54 0 cubold 4 1 2po.799 2pt.384 2.54 0.0zhemicyL+x 2 1 .7075 2.54 0 nmit 701
cubold 4 1 1.598 0.0 2p1.384- 2.54 0.0 con =t 0.0 to 0.809 ca 01 I
hote 4 .799 -1.384 0 zhemicyt+x 3 1 .6415 0.809 0.0unit 608 zhemicyt+x 2 1 .7075 0.809 0.0
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ctbold 4 1 1.598 0 2p1.384 0.809 0.0 zhemicyl-y 2 1 .7075 0.809 0

hole 22 .799 1.384 0.0 cuboid 4 1 2po.799 0.0 -2.768 0.809 0.0

hole 23 1.598 0 0.0 hole 23 0.799 -1.384 0
hole 24 .799 -1.384 0.0 hole 24 0.0 -2.768 0

tmlt 702 unit 710
covet 0.0 to 0.809 cm 02 I corel 0.0 to 0.809 cm 10 I
zhemicyt+x 3 1 .6415 0.809 0.0 zhemicyl-y 3 1 .6415 0.809 0

zhemicyt+x 2 1 .7075 0.809 0.0 zhemicyl-y 2 1 .7075 0.809 0

cuboid 4 1 1.598 0 2p1.384 0.809 0.0 cuboid 4 1 2p0.799 0.0 -2.768 0.809 0.0

hole 22 .799 1.334 0.0 hote 23 0.799 -1.384 0
hote 23 1.598 0 0.0 unit 711
unit 703 core! 0.0 to 0.809 cm 11 I
core! 0.0 to 0.809 cm 03 I zhemicyl-y 3 1 .6415 0.809 0
zhemicyl+x 3 1 .6415 0.809 0.0 zhemicyt-y 2 1 .7075 0.809 0

zhemicyl+x 2 1 .7075 0.809 0.0 cuboid 4 1 2p0.799 0.0 -2.768 0.809 0.0

esboid 4 1 1.598 0 2pt.384 0.809 0.0 hole 24 0.0 -2.768 0
hole 22 .799 1.384 0.0 unit 712
hole 24 .799 -1.384 0.0 corpi 0.0 to 0.809 cm 12 I
unit 704 zhemicyl-y 3 1 .6415 0.809 0

com=l 0.0 to 0.809 cm 04 i zhemicyl-y 2 1 .7075 0.809 0

zhemicyt+x 3 1 .6415 0.809 0 cuboid 4 1 2po.799 0.0 -2.768 0.809 0.0

zhemityt+x 2 1 .7075 0.809 0 unit 713
cuboid & T 1.598 0.0 2p1.384 0.809 0.0 corpl 0.0 to 0.809 cm 13 I
hole 23 1.598 0.0 0 zhemicyl-x 3 1 .6415 0.809 0

hole 24 .799 -1.384 0 zhemicyl-x 2 1 .7075 0.809 0
g cuboid 4 1 0 -1.598 2p1.384 0.809 0.0m unit 705

com=l 0.0 to 0.809 cm 05 I hole 24 -0.799 -1.384 0-

zhemicyl+x 3 1 .6415 0.809 0 unit 714
zhemicyt+x 2 1 .7075 0.809 0 com=1 0.0 to 0.809 cm 14 I
cuboid 4 1 1.598 0.0 2p1.384 0.809 0.0 zhemicyl-x 3 1 .6415 0.809 0
hole 22 .799 1.384 0 zhemicyl-x 2 1 .7075 0.809 0

unit 706 cuboid 4 1 0 -1.598 2p1.384 0.809 0.0

com=! 9.0 to 0.809 cm 06 I unit 715
zhemicyl+x 3 1 .6415 0.809 0 com=t 0.0 to 0.809 cm 15 1
zhemicyt+x 2 1 .7075 0.809 0 zhemicyt+y 3 1 .6415 0.809 0

cuboid 4 1 1.598 0.0 2p1.384 0.809 0.0 zhemicyl+y 2 1 .7075 0.809 0

hole 23 1.598 0.0 0 cuboid 4 1 2p0.799 2.768 0 0.809 0.0
unit 707 unit 716
com=t 0.0 to 0.809 cm 07 I com=1 0.0 to 0.809 cm 16 i
zhemicyt+x 3 1 .6415 0.809 0 cuboid 4 1 2p0.799 2pt.384 0.809 0.0

zhemicyl+x 2 1 .7075 0.809 0 toit 801
cuboid 4 1 1.598 0.0 2p1.384 0.809 0.0 corpi 0.0 to 0.381 cm 01 1
hole 24 .799 -1.384 0 zhemicyl+x 3 1 .6415 0.381 0.0 ,

unit 708 zhemicyt+x 2 1 .7075 0.381 0.0
com=I 0.0 to 0.809 cm 08 I cubold 4 1 1.598 0 2p1.384 0.381 0.0

O zhemicyl+x 3 1 .6415 0.809 0 hole 32 .799 1.384 0.0 >
g zhemicyl+x 2 1 .7075 0.809 0 hole 33 1.598 0 0.0 y

cubold 4 1 1.598 0.0 2p1.384 0.809 0.0 hole 34 .799 -1.384 0.0 o
y unit 802 Eunit 709g
t,3 com=I 0.0 to 0.809 ca 09 I com=I 0.0 to 0.381 cm 02 I E
$ zhemicyl-y 3 1 .6415 0.809 0 zhemicyl+x 3 1 .6415 0.381 0.0 y
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zhemicyt+x 2 1 .7075 0.381 0.0 zhemicyl-y 2 1 .7075 0.381 0 >
cubold 4 1 1.598 0 2p1.384 0.381 0.0 cubold 4 1 2p0.799 0.0 -2.768 0.381' O.0 N

3hole 32 .799 1.384 0.0 hole 33 0.799 -1.384 0
- C} hole 33 1.598 0 0.0 unit 811 5_.
h unit 803 con =1 0.0 to 0.381 cm 11 1 x
;c com=1 0.0 to 0.381 ca 03 1 zhemicyt-y 3 1 .6415 0.381 0 >
6 zhemicyt+x 3 1 .6415 0.381 0.0 zhemicyl-y 2 1 .7075 0.381 0
y- zhemicyt+x 2 1 .7075 0.381 0.0 cuboid 4 1 2p0.799 .0.0 2.768 0.381 0.0

csboid 4 1 1.598 0 2p1.384 0.381 0.0 hote 34 0.0 -2.768 0-

hole 32 .799 1.384 0.0 unit 812
hole 34 .799 -1.384 0.0 comet . 0.0 to 0.381 cm 12 I
unit 804 zhemicyl-y 3 1 .6415 0.381 0
con = t 0.0 to 0.381 ca 04 1 zhemicyt-y 2 1 .7075 0.381 0
zhemicyt+x 3 1 .6415 0.381 0 cuboid 4 1 2po.799 0.0 -2.768 0.381. 0.0
zhemicyt+x 2 1 .7075 0.381 0 unit 813
cuboid 4 1 1.598 0.0 2p1.384 0.381 0.0 com=1 ' O.0 to 0.381 cm 13 I
hole 33 1.598 0.0 0 zhemicyl-x 3 1 .6415 0.381 0
hole 34 .799 -1.384 0 zhemicyl-x 2 1 .7075 0.381 0
unit 805 cuboid 4.1 0 -1.598 2p1.384 0.381 0.0
com=1 0.0 to 0.381 cm 05 I hole 34 -0.799 -1.384 0
zhemicyt+x 3 1 .6415 0.381 0 unit 814
zhemicyt+x 2 1 .7075 0.381 0 com=1 0.0 to 0.381 cm 14 I

'

cuboid 4 1 1.598 0.0 2p1.384 0.381 0.0 zhemicyl-x 3 1 .6415 0.381 0
hole 32 .799 1.384 0 zhemicyl-x 2 1 .7075 0.381 0
unit 806 cubold 4 1 0 -1.598 2pt.384 0.381 0.0$ com=1 0.0 to -0.381 cm 06 I unit 815

N zhemicyt+x 3 1 .6415 0.381 0 com=1 0.0 to 0.381 ca 15 t
themicyt+x 2 1 .7075 0.381 0 zhemicyt+y 3 1 .6415 0.381 0
cuboid 4 1 1.598 0.0 2p1.384 0.381 0.0 zhemicyt+y 2 1 .7075 0.381 0
hole 33 1.598 0.0 0 cuboid 4 1 2p0.799 2.768 0 0.381 0.0
unit 807 unit 816
com=I 0.0 to 0.381 cm 07 I com=1 0.0 to 0.381 cm 16 i
zhemicyt+x 3 1 .6415 0.381 0 cuboid 4 1 2p0.799 2p1.384 0.381. 0.0
zhemicyt+x 2 1 .7075 0.381 0 global unit 900
cuboid 4 1 1.598 0.0 2p1.384 0.381 0.0 com=t reflector regiont
hole 34 .799 -1.384 0 array 1 -30.362 -29.064 0.0
unit 808 reflector 5 1 0 0 0 0 0 2.54 1

com=t 0.0 to 0.381 cm 08 i zcylinder 4 1 76.0 109.14 -22.86
zhemicyt+x 3 1 .6415 0.381 0 end geem
zhemicyt+x 2 1 .7075 0.381 0
cuboid 4 1 1.598 0.0 2p1.384 0.381 0.0 read array
unit 809 are=1 nux=38 nuy=21 nuz=9
com=t 0.0 to . 0.381 cm 09 I comalfutt array of fuel pinst
zhemicyl-y 3 1 .6415 0.381 0 fitt
zhemicyl-y 2 1 .7075 0.381 0 11r716 3r712 710 9r702 705 2r712 11r716
cuboid 4 1 2p0.799 0.0 -2.768 0.381 0.0 8r716 712 710 702 16r701 702 705 712 8r716
hole 33 0.799 -1.384 0 6r716 712 710 22r701 705 Tr716
hole 34 0.0 -2.768 0 5r716 710 25r701 702 705 Sr716
unit 810 4r716 710 -28r701 705 4r716
com=1 0.0 to 0.381 cm 10 t 3r716 710 30r701 705 3r716
zhemicyl-y 3 1 .6415 0.381 0 2r716 710 32r701 705 2r716

,

t

_ _ . . . _ . . . _ _ .._._..__.___.m. . _ . . _ . _ _ _ _ _ _ . _ _ _ ._~ r m _ ..r ~me n~~<~. m,..c ---r,,--m, . , - - - - -.,,-mm,- . - - - - . , , , . . . . - - - - - , .,- - ,. . . . . . - _ _ . . ~ ~ ,



_ _ - - _ . . - - - - - - - - - - - - _ _ - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - _ _ - - - - - - - - - - - - - - - - - - - - - - -

[*

>

;

716 714 34r701 705 716 8r216 212 210 202 16r201 201 205 212 Br216 i
"

716 710 34r701 703 716 6r216 212 210 22r201 205 Tr216
| 714 36r701 708 2q38 Sr216 210 25r201 202 205 5r216 1

716 709 34r701 707 716 4r216 210 28r201 205 4r216 !

716 713 34r701 708 716 3r216 210 30r201 205 3r216 [

2r716 713 32r701 707 2r716 2r216 210 32r201 205 2r216 j

2r716 714 704 30r701 703 3r716 216 214 34r201 205 216 -

i

$ 4r716 713 28r701 707 715 3r716 216 210- 34r201 203 216

Sr716 713 704 25r701 707 5r716 214 36r201 208 2q38 |
7r716 713 22r701 707 715 6r716 216 209 34r201- 207 216 t

8r716 715 713 704 16r701 704 707 715 8r716 216 213 34r201 208 216 t

11r716 2r715 713 9r704 707 3r715 11r716 2r216 213 32r201 207 2r216
I

11r116 3r112 110 9r102 105 2r112 11r116 2r216 214 204 30r201 203 3r216
Brt16 112 110 102 16r101 102 105 112 8r116 4r216 213' 28r201 207 215 3r216 -

6r116 112 110 22r101 105 Tr116 Sr216 213 204 25r201 207 5r216 f

, 5r116 110 25r101 102 105 Sr116 7r216 213 22r201 207 215 6r216 !

! 4r116 110 28r101 105 4r116 8r216 215 213 204 16r201 204 207 215 8r216
3r116 110 30r101 105 3r116 11r216 2r215 213 9r204 207 3r215 11r216

?

2r116 110 32r101 105 2r116 11r316 3r312 310 9r302 305 2r312 11r316-,

116 114 34r101 105 116 Br316 312 310 302 16r301 302 305 312 Br316 |

116 110 34r101 103 116 6r316 312 310 22r301 305 Tr316 i

114 36r101 108 2q38 Sr316 310 25r301 302 305 Sr316 i

116 109 34r101 107 116 4r316 310 28r301 305 4r316 :

116 113 34r101 108 116 3r316 310 30r301 305 3r316 ,

2r116 113 32r101 107 2r116 2r316 310 32r301 305 2r316 .

'

$ 2r116 114 104 30r101 103 3r116 316 314 34r301 305 316 !

W 4r116 113 28r101 107 115 3r116 316 310 34r301 303 316 !i

Sr116 113 104 25r101 107 Sr116 314 36r301 308 2q38 ,

'

7r116 113 22r101 107 115 6r116 316 309 34r301 307 316 *

8r116 115 113 104 16r101 104 107 115 Br116 316 313 34r301 308 316

11r116 2r115 113 9r104 107 3r115 11r116 2r316 313 32r301 307 2r316 |

11r816 3r812 810 9r802 805 2r812 11r816 2r316 314 304 30r301 303 3r316 f
*

8r816 812 810 802 16r801 802 805 812 8r816 4r316 313 28r301 307 315 3r316

6r816 312 810 22r801 805 7r816 Sr316 313 304 25r301 307 Sr316 ,

Sr816 Sto 25r801 802 805 Sr816 7r316 313 22r301 307 315 6r316 i

4r816 810 28r801 805 4r816 8r316 315 313 304 16t301 304 307 315 8r316
'

3r816 810 30r801 805 3r816 11r316 2r315 313 9r304 307. 3r315 11r316
2r816 810 32r801 805 2r816 11r416 3r412 410 9r402 405 2r412 11r416 i'

816 814 34r801 805 816 Br416 412 410 402 16r401 402 405 412 Br416 !

816 810 34r801 803 816 6r416 412 410 22r401 405 Tr416 [

814 36r801 808 2q38 Sr416 410 25r401 402 405 Sr416 :

816 809 34r801 807 816 4r416 410 28r401 405 4r416 !
'

! 816 813 34 W 1 808 816 3r416 410 30r401 405 3r416
i 2r816 813 32r801 807 2r816 2r416 410 32r401 405 2r416 i

'

2r816 814 804 30r801 803 3r816 416 414 34r401 405 416

Q 4r816 813 28r801 807 815 3r816 416 410 34r401 403 416 > .

3 Sr816 813 804 25r801 807 Sr816 414 36r401 408 2q38 @ |
Tr816 813 22r801 807 815 6r816 416 409 34r401 407 416 o ;

Br816 815 813 804 16r801 804 807 815 8r816 416 413 34r401 408 416 Ep
;

4w 11r816 2r815 813 9r804 807 3r815 11r816 2r416 413 32r401 407 2r416 E ,

'

11r216 3r212 210 9r202 205 2r212 11r216 2r416 414 404 30r401 403 3r416 y

!

!
:

|
'
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Z 4r416 413 28r401 407 415 3r416 616 610 34r601 603 616 >C Sr416 413 404 25r401 407 5r416 614 36r601 608 2q38 3$ Tr416 413 22r401 407 415 6r416 616 609< 34r601 607 616 g
c) ar416 415 413 404 16r401 404 407 415 8r416 616 613 34r601 608 616 &M 11r416 2r415 413 9r404 407 3r415 11r416 2r616 613 32r601 607 2r616 M

| ;c 11r316 3r312 310 9r302 305 2r312 11r316 2r616 614 604 30r601 603 3r616 >
6 8r316 312 310 302 16r301 302 305 312 Br316 4r616 613 28r601 607 615 3r616W 6r316 312 310 22r301 305 Tr316 Sr616 613 604 25r601 607 5r616C Sr316 310 25r301 302 305 5r316 7r616 613 22r601 607 615 6r616

Ar316 310 28r301 305 4r316 Br616 615 613 604 16r601 604 607 615 Br616
3r316 310 30r301 SM 3r316 11r616 2r615 613 9r604 607 3r615 11r616
2r316 310 32r301 305 2r316 enf fI L t

316 314 34r301 305 316 end array ,

r

316 310 34r301 303 316 end data
314 36r301 308 2q38 end

316 309 34r301 307 316
316 313 34r301 308 316 p2438at

2r316 313 32r301 307 2r316
2r316 314 304 30r301 303 3r316 =csas25
4r316 313 28r301 307 315 3r316 p2438al
Sr316 313 304 25r301 307 Sr316 44 group latticecet t
7r316 313 22r301 307 315 6r316 uo2 1 0.84 293 92235 2.35 92238 97.65 end
Br316 315 313 304 16r301 304 307 315 8r316 at 2 1.0 end11r316 2r315 313 9r304 307 3r315 11r316 h2o 3 1.0 end11r516 3r512 510 9r502 505 2r512 11r516 plexiglas 4 1.0 end$ Br516 512 510 502 16r501 502 505 512 Br516 artsnel 2.692 8 0 0 1 13027 97.15 24000 .21 29000 .126 6r516 512 510 22r501 505 7r516 26000 .82 25055 .21 14000 .82 16000 .06 220005r516 510 25r501 502 505 5r516 .61 5 end4r516 510 28r$01 505 4r516 end camp
3r516 510 30r501 505 3r516 squarepitch 2.032 1.1176 1 3 1.27 2 end2r516 510 32r501 505 2r516 3-20x16 assenbtles separated by 0.625-cm-thick alunfrun plates and

516 514 34r501 505 516 '8.045 cm of water, plate-to-assembly distance of 0.645 cm
516 510 34r501 503 516 read perm run-yes gen =405 opg=600 nsk=5 ntb=yes end para-

514 36r501 508 2q38
516 509 34r501 507 516 read geom
516 513 34r$01 508 516 unit 1

2r516 513 32r501 507 2r516 cy1inder 1 1 0.5588 91.44 0.02r516 514 504 30r501 503 3r516 cytinder 2 1 0.635 %.52 -1.274r516 513 28r501 507 515 3r516 cuboid 3 1 4p1.016 %.52 -1.275r516 513 504 25r501 507 Sr516 (nit 2
7r516 513 22r$01 507 515 6r516 array 1 3*0.0
8r516 515 513 504 16r501 504 507 515 Br516 reflector 3 1 2ro.0 2rt.544 2r0.0 111r516 2r515 513 9r504 507 3r515 11r516 unit 3

11r616 3r612 610 9r602 605 2r612 11r616 ctbold 317.400 0.0 35.6 0.0 91.5 0.08r616 612 610 602 16r601 602 605 612 Br616 ctbold 5 1 8.025 0.0 35.6 0.0 91.5 0.06r616 612 610 22r601 605 7r616 cuboid 3 1 8.67 0.0 35.6 0.0 96.52 -1.27Sr616 610 25r601 602 605 5r616 unit 4
4r616 610 28r601 605 4r616 cubold 3 1 0.645 0.0 35.6 0.0 91.5 0.03r616 610 30r601 605 3r616 cubold 5 1 1.27 0.0 35.6 0.0 91.5 0.02r616 610 32r601 605 2r616 ctbold 3 1 8.67 0.0 35.6 0.0 %.52 -1.27616 614 34r601 605 616 globat unit 5

- _ _ _ - - _ - - _ _ - - - - _ _ - _. _ _ . .. ..
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i tesit 6'

array 2 3*0.0 array 3 3*0.0 ,

reflector 4 1 5ro 2.54 1 i
reflector 4 1 5r0 2.54 1 *

reflector 3 1 2r30.5 2r28.% 2r15.3 1 reflector 3 1 2r30.5 2r26.51 2r15.3 1end geometry end geometry

read array
ara =1 mx=20 my=16 mz=1 fill f1 end fill read array

ora =2 num=5 nuy=1 mz=1 fIL12 3 2 4 2 end fILt era =1 nux=22 nur=16 mz=1 fILt f1 end FILL
are=2 nux=20 nuy=16 nuz=1 FILL f1 end fILt

end arrmy ara =3 mx=5 nuy=1 nuz=1 ff11 2 3 5 4 2 end FILL ,

end data end array
end end data

end

n2438be n2438cu

=csas25 mesas 25 $p2438be p2438cu44 group latticecell
uo2 1 0.84 293 92235 2.35 92238 97.65 end 44 group latticecett

at 2 1.0 end uo2 1 0.84 293 92235 2.35 92238 97.65 end ,

h2o 3 1.0 end al 2 1.0 end ;

ptexiglas 4 1.0 end h2o 3 1.0 end

arbaborat 2.49 5 1 0 1 5000 28.7 13027 62.8 plexiglas 4 1.0 end

6012 7.97 26000 .33 14000 .2 5 1 293 end cu 5 den =8.913 end
)end coupend coep

m squarepitch 2.032 1.1176 1 3 1.27 2 end squarepitch 2.032 1.1176 1 3 1.27 2 endy

2-22x16 and 1-20x16 (center) assemblies separated by 0.713-cm-thick 3-20x16 assemblies separated by 0.646-cm-thick copper plates and
*

'Borat-A plates and 4.337 cm of water, plate-to-assenbty distance of '5.974 cm of water, plate-to-assembly distance of 0.645 cm ,

"

read para run=yes gen =405 npg=600 nsk=5 nub =yes end para
'O.645 cm
read para run=yes gen =405 npg=600 nsk=5 nub =yes end para read geon

unit 1read geom cylinder 1 1 0.5588 91.44 0.0
unit 1
cylinder 1 1 0.5588 91.44 0.0 cylinder 2 1 0.635 %.52 -1.27

cylinder 2 1 0.635 %.52 -1.27 cuboid 3 1 4p1.016 %.52 -1.27

ctbold 3 1 4pt.016 %.52 -1.27 unit 2 ;
,

array 1 3*0.0
unit 2 reflector 3 1 2r0.0 2r1.544 2r0.0 1array 1 3*0.0
reflector 3 1 2r0.0 2r1.994 2r0.0 1 unit 3

cuboid 3 1 5.329 0.0 35.6 0.0 91.5 0.0
unit 3
ctbold 5 1 4.303 3.794 36.5 0.0 91.5 0.0 ctbold 5 1 5.975 0.0 35.6 0.0 91.5 0.0

cuboid 2 1 4.405 3.692 36.5 0.0 91.5 0.0 cuboid 3 1 6.62 0.0 35.6 0.0 97.79 0.0
,

cuboid 3 1 5.05 0.0 36.5 0.0 %.52 -1.27 unit 4 '

cubold 3 1 0.645 0.0 35.6 0.0 91.5 0.0
unit 4
cuboid 5 1 1.256 0.747 36.5 0.0 91.5 0.0 cuboid 5 1 1.291 0.0 35.6 0.0 91.5 0.0 ;

o cuboid 2 1 1.358 0.645 36.5 0.0 91.5 0.0 esbold 3 1 6.62 0.0 35.6 0.0 97.79 0.0 #-

g cuboid 3 1 5.05 0.0 36.5 0.0 %.52 -1.27 stobot unit 5 y
o

unit 5 array 2 3*0.0
y reflector 4 1 Sr0 2.54 1 8, '

g array 2 3*0.0
reflector 3 1 2r0.0 2r1.994 2r0.0 1 reflector 3 1 2r30.5 2r28.96 2r15.3 1 R'

ta end geometry ym global
>

r
.

L
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read array plenistas 4 1.0 end >
are=1 nux=20 nuy=16 nuz=1 filt f1 end fitt artzuss 7.93 6 0 0 1 24304 18.56 29000 0.27 26304 *C

)$ are=2 nux=5 nuy=1 nuz=1 fitt 2 3 2 4 2 end fitt 68.24 25000 1.58 42000 0.26 28304 11.09 5 end
,

o end array end coup CL i

3 end data squarepitch 2.032 1.1176 1 3 1.27 2 end E
;c end 3-20x16 assenbiles separated by 0.485-cm-thick 304L stainless steel >
& ' plates and 6.395 cm of water, plate-to-assembly distance of 0.645 cm

n2438ste read para run=yes gen =405 npg=600 nsk=5 rub =yes end pars

=csas25 read geon
p2435stg unit 1
44 group latticecett cylinder 1 1 0.5588 92.72 1.27
uo2 1 0.84 293 92235 2.35 92238 97.65 end cytinder 2 1 0.635 97.79 0.00
at 2 1.0 end cuboid 3 1 4p1.016 97.79 0.00
h2o 3 1.0 end unit 2
plexiglas 4 1.0 end array 1 3*0.0
end coup cut:oid 3 1 40.64 0.0 34.056 -1.544 97.79 0.0
squarepitch 2.032 1.1176 1 3 1.27 2 end unit 3
3-20x16 assenbtles separated by 8.39 cm of water esbold 3 1 5.750 0.0 35.6 0.0 91.5 0.0
read para run=yes gere405 npg=600 nsk=5 nub =yes end para cuboid 5 1 6.235 0.0 35.6 0.0 91.5 0.0

cuboid 3 1 6.88 0.0 35.6 0.0 97.79 0.0 t
read geom unit 4
unit 1 ctbold 3 1 0.645 0.0 35.6 0.0 91.5 0.0
cylinder 1 1 0.5588 91.44 0.0 cuboid 5 1 1.130 0.0 35.6 0.0 91.5 0.0
cylinder 2 1 0.635 96.52 -1.27 cuboid 3 1 6.88 0.0 35.6 0.0 97.79 0.0

$ cuboid 31 Ap1.016 96.52 -1.27 global unit 5
m unit 2 array 2 3*0.0

array 1 3*0.0 reflector 4 1 Sr0 2.54 1
unit 3 reflector 3 1 4r30.5 15.2 15.3 1 i
cuboid 3 1 8.39 0.0 32.512 0.0 96.52 -1.27 end geometry t

globat unit 4 I

array 2 3*0.0 read array [
reflector 4 1 Sr0 2.54 1 ara =1 nux=20 nuy=16 nuz=1 fitt f1 end fILt
reflector 3 1 4r30.5 2r15.3 1 ara =2 nux=5 nuy=1 nuz=1 fitt 2 3 2 4 2 end fitt

;end geometry end array i

end data
read array end !
ara =1 nux=20 nuy=16 nuz=1 fItL fI end fitt
era =2 nux=5 nuy=1 nuz=1 fitt 2 3 2 3 2 end fi11 n2438zr
end array
end data =csas25 L
end p2438zr |44 group latticecell t
n2438ss uo2 1 0.84 293 92235 2.35 92238 97.65 end

'

at 2 1.0 end
=csas25 h2o 3 1.0 end
p2438ss plexistas 4 1.0 end [44 group tatticecell artsarr4 6.32 4 0 0 1 40000 98.16 50000 1.5 t
uo2 1 0.84 293 92235 2.35 92238 97.65 end 24000 .13 26000 .21 5 end t
at 2 1.0 end end coup +

h2o 3 1.0 end squarepitch 2.032 1.1176 1 3 1.27 2 end
,t

t

6
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3-20x16 assembtles separated by 0.652-cm-thick Zircatay-4 plates and '10.095 cm of water, plate-to-assembly Cittance of 0.105 cm
'8.138 cm of water, plate-to-assembly distance of 0.645 ce reed para run=yes gen =405 npg=600 nok=5 rudnyes and pers
reed para run=yes gen =405 gg=600 nok=5 radwyes end para

reed seem
unit 1read geen

unit 1 cylinder 1 1 0.63245 91.44 0.0,

: cylinder 1 1 0.5588 91.44 0.0 cylinder 0 1 0.64135 91.44 0.0

cy|Inder 2 1 0.635 %.52 -1.27 cy1inder 6 1 0.64135 93.98 -2.54'

csbold 3 1 4p1.016 %.52 -1.27 cylinder 2 1 0.70735 93.98 -2.54
ctboid 3 1 4p1.270 - 93.98 -2.54.

| unit 2 unit 2array 1 3*0.0
reflector 3 1 2r0.0 2r1.544 2r0.0 1 array 1 3*0.0

reflector 3 1 2r0 2r7.64 2r0 1unit 3
esboid 3 1 7.493 0.0 35.6 0.0 91.5 0.0 unit 3

cuboid- 5 1 8.145 0.0 35.6 0.0 91.5 0.0 c h id 51 0.0 -0.625 2p17.8 88.% -2.54
etbold 3 1 8.79 0.0 35.6 0.0 97.79 0.0 ctbold 31 .105 -10.615 2p17.8 93.98 -2.54

unit 4
| unit 4

ctbold 3 1 0.645 0.0 35.6 0.0 91.5 0.0 ctbold 51 0.625 0.0 2p17.8 88.96 -2.54
I cuboid 5 1 1.297 0.0 35.6 0.0 91.5 0.0 cuboid 31 10.615 .105 2p17.8 93.98 -2.54

| cubeid 3 1 8.79 0.0 35.6 0.0 97.79 0.0 globet unit 5

| globet unit 5 array 2 -67.87 -17.8 0.

! array 2 3*0.0 reflector 4 1 Sr0.0 2.54 1
! reflector 4 1 Sr0 2.54 1 reflector 3 1 2r30.5 2r22.86 2r15.3 1

reflector 3 1 2r30.5 2r28.% 2r15.3 1 end geometry

end geometry
9 read array

, cn era =1 nux=15 nuy=8 nuz=1 fitt f1 end fItL
| 4 read array
| ara =1 nux=20 nuy=16 nuz=1 fitt f1 end FILL are=2 rwx=5 nuy=1 nuz=1 FILL 2 3 2 4 2 end fItt |

ara =2 nux=5 nuy=1 nuz=1 fitt 2 3 2 4 2 enu fitt end array
-

I
end dataend array
endend data

end
[p2615be

p2615at
=csas25

i
=csas25 p2615be

p2615at 44 grow latticecett
44 group latticecett uo2 1 0.949 293 92235 4.31 92238 95.69 end

uo2 1 0.949 293 92235 4.31 92238 95.69 end at 2 1.0 end

at 2 1.0 end h2o 3 1.0 end

h2o 3 1.0 end plexistas 4 1.0 end ;

plexiglas 4 1.0 end artsborat 2.49 4 1 0 1 5000 28.7 13027 63.0 '

,
arbmeL 2.692 8 0 0 1 13027 97.15 24000 .21 29000 .12 6012 7.97 26000 0.33 5 1 293 end

l 26000 .82 25055 .21 14000 .82 16000 .06 22000 arberubber 1.321 6 0 0 0 6012 58. 1001 6.5 20000 11.4 .

.61 5 end 16000 1.7 8016 22.1 14000 0.3 6 end |
'

Q arberthber 1.321 6 0 0 0 6012 58. 1001 6.5 20000 11.4 end coup > |

g 16000 1.7 8016 22.1 14000 0.3 6 end squarepitch 2.540 1.2649 1 3 1.4147 2 1.2827 0 end y t

3-15x8 assembtles separated by 0.713-ca-thick Borst-A plates and a
y end camp

g squarepitch 2.540 1.2649 1 3 1.4147 2 1.2827 0 end '6.007 cm of water, plate-to-assembly distance of 3.277 cm 5.
315x8 assenbtles seperated by 0.625-cm-thick aluminum plates and read pers rtm=yes gen =405 npg=600 nsk=5 radwyes and para R* t

S > i
ta

i :

;
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[
read geen
unit 1 cylinder 1 1 0.63245. 91.44 0.0 .>.

$ cylinder 1 1 0.63245 91.44 0.0 cylinder 6 1 0.64135 93.98 -2.54
cylinder 0 1 0.64135 91.44 0.0 'O

)o cylinder 0 1 0.64135 91.44 0.0 cylinder 2 1 0.70735 93.98 -2.54 ca.M cylinder 6 1 0.64135 93.98 -2.54 cthold 3 1 4p1.270- 93.98 -2.54 E;c eytinder 2 1 0.70735 93.98 -2.54 unit 26 c h id 3 1 4p1.270 93.98 -2.54 >
y unit 't array 1 3*0.0

reflector 3 1 2r0 2r7.64 2r0 1array 1 3*0.0-

unit 3reflector 3 1 2r0 2r8.09 2r0 1 ethold 5 1 0.0 -0.2006 2p17.8 88.% -2.54unit 3 cuboid 3 1 3.277 -4.003 2p17.8 93.98 -2.54cuboid 5 1 -0.102 -0.611 2p18.25 88.96 -2.54 unit 4cuboid 21 0.0 0.713 2p18.25 88.% -2.54 ethold 5 1 0.2006 0.0 2p17.8 88.M -2.54cuboid 313.277 -3.443 2p18.25 93.98 2.54 ethold 3 1 4.003 -3.277 2p17.8 93.98 -2.54unit 4 globet unit 5cubold 51 0.611 0.102 2p18.25 88.96 -2.54 array 2 -64.43 -17.8 0cuboid 21 0.713 0.0 2p18.25 88.% -2.54 reflector 4 1 Sr0.0 2.54 1cuboid 31 3.443 -3.277 2p18.25 93.98 -2.54 reflector 3 1 2r30.5 2r22.86 2r15.3 1globet unit 5
end geometry

array 2 -63.87 -18.25 0. read arrayrefiector 4 1 Sro.O 2.54 1 era =1 nux=15 nuy=8 nuz=1 fILt f1 end fILtreflector 3 1 2r30.5 2r22.41 2r15.3 1 era =2 nux=5 nuy=1 nuz=1 fitt 2 3 2 4 2 end fittend geometry end array
4

end data
read array end$ ara =1 nux=15 nuy=8 nuz=1 fIl1 fI end fit 1

00 ara =2 nux=5 nuy=1 nuz=1 fitt 2 3 2 4 2 end fitt n2615cd2end array,

end data =csas25
end p2615cd2

;
44 group latticecell

o2615cd1 uo2 1 0.949 293 92235 4.31 92238 95.69 end
at 2 1.0 end=csas25 h2o 3 1.0p2615cd1 end
plexiglas 4 1.0 end44 group latticecett ed 5 0.997 enduo2 1 0.949 293 92235 4.31 92238 95.69 end arberubber 1.321 6 0 0 0 6012 58. 1001 6.5 20000 11.4at 2 1.0 end 16000 1.7 8016 22.1 14000 0.3 6 endh2o 3 1.0 end end coup

plexigias 4 1.0 end squarepttch 2.540 1.2649 1 3 1.4147 2 1.2827 0 endcd 5 0.997 end 3-15x8 asses 6 ties separated by 0.2006-ca-thick cadelta plates and
arberubber 1.321 6 0 0 0 6012 58. 1001 6.5 20000 11.4 '3.674 cm of water, plate-to-assembly distance of 0.529 cm

16000 1.7 8016 22.1 14000 0.3 6 end read pers run=yes gen =405 rpg=600 nsk=5 nub =yes end paraend coup
squarepitch 2.540 1.2649 1 3 1.4147 2 1.2827 0 end read geom
3-15x8 assemblies separated by 0.2006-cm-thick cadmita plates and unit 1
'T.0794 cm of water, plate-to-assen6ty distance of 3.277 cm cylinder 1 1 0.63245 91.44 0.0
read perm run=yes gen =405 npg=600 nsk=5 nuty end perm cylinder 0 1 0.64135 91.44 0.0 ,

cylinder 6 1 0.64135 93.98 -2.54
read seem cylinder 2 1 0.70735 93.98 -2.54unit 1 cubold 3 1 4p1.270 93.98 -2.54 ,

,
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$

unit 2 ctbold 5 1 0.0 0.646 2p17.8 88.% -2.54
array 1 3*0.0 cuboid 31 0.084 -8.066 2p17.8 93.98 -2.54
reflector 3 1 2r0 2r7.64 2r0 1 unit &

unit 3 cthold 51 0.646 0.0 2p17.8 88.% -2.54
cthold 51 0.0 -0.2006 2p17.8 88.% -2.54 cuboid 31 8.066 -0.084 2p17.8- 93.98 -2.54
cthold 31 0.529 -5.151 2p17.8 93.98 -2.54 globat unit 5

unit 4 array 2 -65.3 -17.8 0.
cteoid 51 0.2006 0.0 2p17.8 88.% -2.54 reflector 4 1 Sro.O 2.54 1
ctbold 31 5.151 -0.529 2p17.8 93.98 -2.54 reflector 3 1 2r30.5 2r22.86 2r15.3 1
global unit 5 end geometry
array 2 -62.83 -17.8 0.
reflector 4 1 Sro.0 2.54 1 read array
reflector 3 1 2r30.5 2r22.86 2r15.3 1 ara =1 ran=15 nuy=8 mz=1 fitt f1 end filt

end geometry ara =2 nux=5 nuy=1 nuz=1 fitt 2 3 2 4 2 end fitt
end array

read array end data
ara =1 nux=15 nuy=8 mz=1 fit t f1 end fiti end
ara =2 num=5 nuy=1 nur=1 fill 2 3 2 4 2 end fitt
end array p2615ss
end data
end =csas25

,

p2615ss
n2615cu 44 grow latticecell

uo2 1 0.949 293 92235 4.31 92238 95.69 end

=csas25 at 2 1.0 end

$ p2615cu h2o 3 1.0 end
C 44gro w latticecett plexiglas 4 1.0 end

uo2 1 0.949 293 92235 4.31 92238 95.69 end ss304 5 1.0 .

end

at 2 1.0 end arberubber 1.321 6 0 0 0 6012 58, 1001 6.5 20000 11.4
h2o 3 1.0 end 16000 1.7 8016 22.1 14000 0.3 6 end

plexiglas 4 1.0 end end comp
cu 5 den =8.913 end squarepitch 2.540 1.2649 1 3 1.4147 2 1.2827 0 end

arberubber 1.321 6 0 0 0 6012 58. 1001 6.5 20000 11.4 3-15x8 assenblies separated by 0.485-cm-thick 304L stainless steet
16000 1.7 8016 22.1 14000 0.3 6 end ' plates and 8.095 cm of water, plate-to-asses 6ty distance of 0.245 cm

end coup read para run=yes gen =405 npg=600 nsk=5 nub =yes end para
squarepitch 2.540 1.2649 1 3 1.4147 2 1.2827 0 end
3-15x8 assenblies separated by 0.646-cm-thick copper plates and 7.504 read geom
'em of water, plate-to-assenbty distance of 0.084 cm unit I

read perm run=yes gen =405 npg-600 nsk=5 rub =yes end perm cylinder 1 1 0.63245 91.44 0.0
cylinder 0 1 0.64135 91.44 0.0

read geon cylinder 6 1 0.64135 93.98 -2.54
unit 1 cylinder 2 1 0.70735 93.98 -2.54
cylinder 1 1 0.63245 91.44 0.0 cuboid 3 1 4p1.270 93.98 -2.54
cylinder . 0 1 0.64135 91.44 0.0 mit 2
cylinder 6 1 0.64135 93.98 -2.54 array 1 3*0.0

Q cylinder 2 1 0.70735 93.98 -2.54 reflector 3 1 2r0 2r7.64 2r0 1 A

3 cuboid 3 1 4,1.270 93.98 -2.54 unit 3 @
taitt 2 cibold 51 0.0 -0.485 2p17.8 88.% -2.54 oy

4 array 1 3*0.0 cuboid 31 0.245 -8.335 2p17.8 93.98 -2.54 5,
sa reflector 3 1 2r0 2r7.64 2r0 1 unit 4 j;&'

$ triit 3 cthold 51 0.485 0.0 2p17.8 88.M -2.54 y
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,

*Z cthold 31 8.335 -0.245 2p17.8 93.98 -2.54 reflector 4 1 5ro.0 2.54 1 > .

" '
global unit 5 reflector 3 1 2r30.5 2r22.86 2r15.3 1
array 2 -65.73 -17.8 0. end geometry

'

'

o reflector 4 1 Sr0.0 2.54 1 _.

M reflector 3 1 2r30.5 2r22.85 2r15.3 1 reed array M-

;xs end geenetry era =1 nux=15 nuy=8 mr=1 FILL f1 and fIL1 > ,

L3 are=2 nux=5 mr=1 mt=1 fitt 2 3 2 4 2 end fitt [y read array end array 1

era =1 nux=15 nuy=8 mz=1 fItt f1 end fill end deta ;-

era =2 nux=5 nur=1 mz=1 fill 2 3 2 4 2 end fitt end -

end array [
end data p282711 i

end
=csas25 ,

p26152r p282711 [
44gro w latticecett ;

=csas25 uo2 1 0.84 293 92235 2.35 92238 97.65 end ,.

p2615tr at 2 1.0 end
44gro w latticecett h2o 3 1.0 end ;

uo2 1 0.949 295 92235 4.31 92238 95.69 end plexistas 4 1.0 ond .E

at 2 1.0 end h2o 5 1.0 end
h2o 3 1.0 end pb 6 .9758 end :

plexiglas 4 1.0 end end coop !
artsnar4 6.32 4 0 0 1 40000 .9816 50000 .015 squarepitch 2.032 1.1176 1 3 1.27 2 end

24000 .0013 26000 .0021 5 end 3-19x16 assenbtles seprated by 13.27 cm of water, assenbtles
M artsarthber 1.321 6 0 0 0 6012 58. 1001 6.5 20000 11.4 'seperated from lead reflecting wells by 0.66 cm of water
C 16000 1.7 8016 22.1 14000 0.3 6 end reed para run-yes gen =405 ryg=600 nsk=5 nub =yes end pers 3

end coup '-

'squarepitch 2.540 1.2649 1 3 1.4147 2 1.2827 0 end read geon
3-15x8 assemblies seperated by 0.652-cm-thick Zircatoy-4 plates and unit 1 i
*10.268 cm of water, plate-to-assembly distance of 0.078 cm cylinder 1 1 0.5588 91.44 0.0 |
read perm run=yes gen =405 reg =600 nsk=5 nub =yes end perm cylinder 2 1 0.635 %.52 -1.27 ;

cuboid 3 1 4p1.016 %.52 -1.27 i
read geom unit 2 i
unit 1 array 1 3*0.0

'

cylinder 1 1 0.63245 91.44 0.0 unit 3 j
cylinder 0 1 0.64135 91.44 0.0 ctboid 5 1 12.958 0.0 32.512 0.0 %.52 -1.27 [
cylinder 6 1 0.64135 93.98 -2.54 globet unit 4

['cylinder 2 1 0.70735 93.98 -2.54 array 2 -70.87 -16.256 0.
ctbold 31 Ap1.270 93.98 -2.54 reflector 41 Sro.0 2.54 1 -

unit 2 cubold 51 2pB2.0 2p16.916 104.29 -19.11' i
array 1 3*0.0 reflector 61 2ro.0 2r10.2 2r0.0 1 !
reflector 3 1 2r0 2r7.64 2r0 1 reflector 51 2r30.5 2r19.64 7.43 0 1 |
unit 3 end geometry I
cuboid 51 0.0 -0.652 2p17.8 88.% -2.54 !

cuboid 31 0.078 -10.842 2p17.8 93.98 -2.54 read array !

tnit 4 ere=1 nux=19 nuy=16 nuzal fill f1 end fill !

cuboid 51 0.652 0.0 2p17.8 88.% -2.54 are=2 nux=5 nuy=1 nuz=1 fill 2 3 2 3 2 end fill [
cuboid 31 10.842 -0.078 2p17.8 93.98 -2.54 end array
globet unit 5 end data [
array 2 -68.07 -17.8 0. end ;

L

f
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p282712 orterstber 1.321 6 0 0 0 6012 58. 1001 6.5 20000 11.4
16000 1.7 8016 22.1 14000 0.3 7 end

=csas25 end conp
p282712 squarepitch 2.540 1.2649 1 3 1.4147 2 1.2827 0 end
44grotp latticecell 3-13x8 asse e tles separated by 20.78L cm of water, asse e tles separated
uo2 1 0.84 293 92235 2.35 92238 97.65 end 'from lead reflecting watts by 0.66 cm of water
at 2 1.0 end read perm run=yes gen =405 opg=600 nsk=5 nub =yes end para
h2o 3 1.0 end
plexiglas 4 1.0 end read geom
h2o 5 1.0 end unit 1
pb 6 .9758 end cylinder 1 1 0.63245 91.44 0.0
end conp cylinder 0 1 0.64135 91.44 0.0
squarepitch 2.032 1.1176 1 3 1.27 2 end cylinder 7 1 0.64135 93.98 -2.54
3-19x16 assee tles separated by 11.25 cm of water, assembtles cylinder 2 1 0.70735 93.98 -2.54
' separated from Lead reflecting watts by 2.616 cm of water cuboid 3 1 4p1.270 93.98 -2.54
read para run=yes gen =405 npg=600 nsk=5 nub =yes end para unit 2

array 1 3*0.0
read geom unit 3
unit I cuboid 3 1 19.6547 0.0 20.32 0.0 93.98 -2.54
cy1inder 1 1 0.5588 91.44 0.0 giobst unit 4
cylinder 2 1 0.635 %.52 -1.27 array 2 -69.1847 -10.16 0.
cuboid 3 1 Ap1.016 %.52 -1.27 reflector 4 1 Sr0.0 2.54 1

unit 2 cuboid 3 1 2pB2.0 2p10.82 103.02 -20.38
array 1 3*0.0 reflector 5 1 2ro.0 2r10.2 2r0.0 1
unit 3 reflector 3 1 2r30.5 2r19.64 6.16 0 1

U ctboid 5 1 10.488 0.0 32.512 0.0 96.52 -1.27 end geometry
globat unit 4-

array 2 -68.4 -16.256 0. read array
reflector 41 Sr0.0 2.54 1 ara =1 nux=13 nuy=8 nuz=1 fitt f1 end fitt
etbold 51 2pB2.0 2p18.872 104.29 -19.11 ara =2 nux=5 nuy=1 nuz=1 fiLt 2 3 2 3 2 end fitt
reflector 61 2r0.0 2r10.2 2r0.0 1 end array
reflector 51 2r30.5 2r17.684 7.43 0 1 end data
end geometry end

read array p2827t4
ara =1 nux=19 roy=16 nuz=1 fiti f1 end fiti
ara =2 nux=5 nuy=1 nuz=1 fitt 2 3 2 3 2 end fitt =csas25
end array p282714
end date 44 group latticecett
end uo2 1 0.949 293 92235 4.31 92238 95.69 end

at 2 1.0 end
p2827L3 h2o 3 1.0 end

plexiglas 4 1.0 end
=csas25 h2o 5 1.0 end
p2827L3 pb 6 .9758 end

o 44grotp latticecett arberubber 1.321 6 0 0 0 6012 58. 1001 6.5 20000 11.4 >
3 uo2 1 0.949 293 92235 4.31 92238 95.69 end 16000 1.7 8016 22.1 14000 0.3 7 end @g at 2 1.0 end end comp o
e h2o 3 1.0 end squarepitch 2.540 1.2649 1 3 1.4147 2 1.2827 0 end E,
8 plexiglas 4 1.0 end 3-13x8 assenbtles separated by 19.04 cm of water, assettles separated R'
$ pb 5 .9758 end 'from tead reflecting watts by 1.321 cm of water y



_ _ _ - _ _ _ _ _ _ _ _ .

i

read para run=yes gen =405 @g=600 nsk=5 rub =yes end para esbold 5 1 7.548 0.0 32.512 0.0 %.52 -1.27 >
globet imit 4 @

read geen array 2 -65.460 -16.256 0. Q
C) init 1 reflector 4 1 5ro.0 2.54 1 e.
3 cyt trder 1 1 0.63245 91.44 0.0 reflector 5 1 4r30.5 15.2 15.3 1 x
;c cylinder 0 1 0.64135 91.44 0.0 end geometry >
6 cy1inder 7 1 0.64135 93.98 -2.54
y cylinder 2 1 0.70735 93.08 -2.54 read array

l ctbold 3 1 4p1.270 93.98 -2.54 era =1 nux=19 nuy=16 nur=1 fiit fI end fILt-

| unit 2 ara =2 nux=5 nuy=1 nuz=1 fltt 2 3 2 3 2 end FILL
'

array 1 3*0.0 end array
unit 3 end data
cuboid 5 1 17.9147 0.0 20.32 0.0 93.98 -2.54 end
globet unit 4
array 2 -67.4447 -10.16 0. p2827ut
reflector 4 1 5r0.0 2.54 1

ctbold 5 1 2p62.0 2p11.481 103.02 -20.38 =csas25
reflector 6 1 2ro.3 2r10.2 2r0.0 1 p2827ul
reflector 5 1 2r30.5 2r18.979 2r6.16 1 44 group tatticecett
end geometry uo2 1 0.84 293 92235 2.35 92238 97.65 end

at 2 1.0 end
read array h2o 3 1.0 end
ara =1 nux=13 nuy=8 nuz=1 fILt f1 end fitt ptexigIas 4 1.0 end
era =2 nux=5 nuy=1 nuz=1 FILL 2 3 2 3 2 end fitI h2o 5 1.0 end
end array uranita 6 .98163 293 92235 .199 92238 99.801 end

U end data end coup
N end squarepitch 2.032 1.1176 1 3 1.27 2 end

3-19x16 assemblies separated by 11.83 cm of water, asseabiles
n2827ste separated from depleted uranitse reflecting watts by 0.0 cm of water

read perm run=yes gen =405 ryg-600 nsk=5 nub =yes end perm
=csas25
p2827stg read geom
44grotp latticecett tmit 1
uo2 1 0.84 293 92235 2.35 92238 97.65 end cylinder 1 1 0.5588 91.44 0.0
at 2 1.0 end cylinder 2 1 0.635 %.52 -1.27
h2o 3 1.0 end esboid 3 1 4p1.016 %.52 -1.27
plexiglas 4 1.0 end toit 2
h2o 5 1.0 end array 1 3*0.0
end cong unit 3
squarepitch 2.032 1.1176 1 3 1.27 2 end ctbold 5 1 11.068 0.0 32.512 0.0 %.52 -1.27
3-19x16 assenbtles separated by 8.31 cm of water globat toit 4
read perm run=yes gen =405 npg=600 nsk=5 nub =yes end perm array 2 -68.98 -16.256 0.

i

reflector 41 Sr0.0 2.54 1

read geom esbold 51 2p76.15 2p16.256 102.79 -19.11
unit 1 reflector 61 2r0.0 2r7.65 2r0.0 1

cylinder 1 1 0.5588 91.44 0.0 reflector 51 2r30.5 2r22.85 8.93 0 1

cylinder 2 1 0.635 %.52 -1.27 end geometry
|
. esbold 3 1 Ap1.016 %.52 -1.27

toit 2
array 1 3*0.0 read array
unit 3 ara =1 rux=19 nuy=16 nur=1 fILt f1 end fItL

!
,
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ere=2 rust =5 mr=1 mz=1 fitt 2 3 2 3 2 end fill vo2 1 0.949 293 92235 4.31 92238 95.69 and

et 2 1.0 .endand errey
h2o 3 1.0 .and

end date
and plexistes 4 1.0 end

h2o 5 1.0 and

uranism 6 .98163 293 92235 .199 92238 99.801 end
p2827u2

arbershber 1.321 6 0 0 0 6012 58. 1001 6.5 20000 11.4
16000 1.7 8016 22.1 14000 0.3 7 end

=csos25
p2827u2 and coup
44 group tettIceceti scpropitch 2.540 1.2649 1 3 1.4147 2 1.2827 0 and

uo2 1 0.84 293 92235 2.35 92238 97.65 end 3-13x8 essemblies separated by 15.38 cm of water, ensembtles serereted

at 2 1.0 end *from depleted uranism reflecting units by 0.0 cm of water
h2o 3 1.0 end reed para run=yes gen =405 ryg=600 nsk=5 nth =yes end perm
plexiglas 4 1.0 end
h2o 5 1.0 end reed geen

uranium 6 .98163 293 92235 .199 92238 99.801 end mit 1
and coup cylinder 1 1 0.63245. 91.44 0.0
squarepitch 2.032 1.1176 1 3 1.27 2 end cylinder 0 1 0.64135 91.44 0.0
3-19x16 asseebtles separated by 14.11 cm of water, essenbtles cylinder 7 1 0.64135 93.98 -2.54
' separated from depteted uranium reflecting wells by 1.956 cm of water cylinder 2 1 0.70735 93.98 -2.54
reed para run=yes gen =405 ryg=600 nok=5 rub =yes end perm cuboid 3 1 4p1.270 93.98 -2.54

unit 2
reed seem errey 1 3*0.0

mit 1 unit 3
cylinder 1 1 0.5588 91.44 0.0 csboid 5 1 14.2547 0.0 20.32 0.0 93.98 -2.54

g
w cylinder 2 1 0.635 %.52 -1.27 globet unit 4

W cibold 3 1 4p1.016 M.52 -1.27 errey 2 -63.7867 -10.16 0.
unit 2 reflector 4 1 Sr0.0 2.54 1

errey 1 3*0.0 csbold 5 1 2p76.15 2p10.16 101.52 -20.38
unit 3 reflector 6 1 2r0.0 2r7.65 2r0.0 1

ctbold 5 1 13.348 0.0 32.512 0.0 %.52 -1.27 reflector 5 1 2r30.5 2r22.85 7.66 0 1

globet unit 4 end geometry
errey 2 -71.26 -16.256 0.

,

' reflector 41 Sro.O 2.54 1 reed errey
esbold 51 2p76.15 2p18.212 102.79 -19.11 ere=1 nux=13 nur=8 mz=1 filt f1 end fill

reftector 61 2r0.0 2r7.65 2r0.0 1 ere=2 nux=5 nuy=1 nuz=1 filt 2 3 2 3 2 and filt
reflector 51 2r30.5 2r20.894 8.93 0 1 end errey
and geometry end date

end
read errey
are=1 nux=19 nuy=16 mz=1 fILt f1 end fItL
are=2 nux=5 my=1 mz=1 fiIL 2 3 2 3 2 end f1tt p2827u4
end errey
end date =csos25
end p2827u4

Q 44 group tetticacett >
3 n282763 uo2 1 0.949 293 92235 4.31 92238 95.69 and y

el 2 1.0 end ay
=csos25 h2o . 3 1.0 and E4w p2827u3 plexistes 4 1.0 and R'

$ 4& group ietticecelt h2o 5 1.0 and y
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*2| urentun 6 .981A3 293 92235 .199 92238 99.801 end si 6 den =2.692 .0082 end >
'Oertsarteber 1.321 6 0 0 0 6012 58. 1001 6.5 20000 11.4 s 6 den =2.692 .0006 and )16000 1.7 8016 22.1 14000 0.3 7 eruf tl 6 den =2.692 .0061 end

O end coup end co m o,_.,

n aquerspitch 2.540 1.2649 1 3 1.4147 2 1.2827 0 end squarepitch 1.892 1.2649 1 3 1.4147 2 1.2827 0 end M

;c 3-19x16 assemblies seperated by 15.32 cm of water, assenbtles 2-9x12 and 2-9x1 assembtles separated by 0.625-curthick aluminun >
6 'seperated frcun ckpteted urenlue reflecting wetts by 1.956 cm of water plates and 2.205- and 8.415-cm of water

read perm r m=yes gen =405 npg=600 nsk=5 nub =yes .wl perm reed penn run=yes gen =405 npg=600 nsk=5 ruh=yes and perm

read geen read geem
unit 1 mit I
cyiInder 1 1 0.63245 91.44 0.0 cyiInder 1 1 0.63245 91.44 0.0
cylinder 0 1 0.64135 91.44 0.0 cylinder 0 1 0.64135 91.44 0.0
cylinder 7 1 0.64135 93.98 -2.54 cylinder 5 1 0.64135 93.98 -2.54
cylinder 2 1 0.70735 93.98 -2.54 cyllnaer 2 1 0.70735 93.98 -2.54
cteoid 3 1 4p1.270 93.98 -2.54 ctbold 3 1 4p.9460 93.98 -2.54
tssit 2 unit 2
arrey 1 3*0.0 cthold 3 1 17.157 0.0 22.704 0.0 93.98 -2.54
unit 3 unit 3
ctbold 5 1 14.1947 0.0 20.3? 0.0 93.98 -2.54 arrey 1 3*0.0

clobet unit 4 tsilt 4

errey 2 -59.9147 -10.16 0. ethold 6 1 2.83 2.205 22.704 0.0 88.96 -2.54
reflector 4 1 Sro.0 2.54 1 cihold 3 1 2.83 0.0 22.704 0.0 93.98 -2.54
cthold 5 1 2p76.15 2p12.116 101.52 -20.38 unit 5
reflector 6 1 2r0.0 2r7.65 2ro.0 1 ciboid 6 1 71.2 0.0 0.625 0.0 88.% -2.54

D$ reflector 5 1 2r30.5 2r20.894 7.66 0 1 ctbold 3 1 71.2 0.0 0.625 0.0 93.98 -2.54
h end geometry unit 6

ciboid 3 1 36.39 0.0 8.415 0.0 88.96 -2.54
read errey ctbold 6 1 37.015 0.0 8.415 0.0 88.% -2.54
ara =1 nux=12 nuy=8 nuz=1 FILL f1 end fILt cuboid 3 1 71.2 0.0 8.415 0.0 93.98 -2.54
are=2 nux=5 nuy=1 nuz=1 fitt 2 3 2 3 2 end fitt unit 7
end errey ctbold 3 1 17.157 0.0 1.892 0.0 93.98 -2.54
end data unit 8
end eteoid 6 1 2.83 2.205 1.892 0.0 88 % -2.54

ciboid 3 1 2.83 0.0 1.892 0.0 93.98 -2.54
n3314at unit 9

array 2 3*0.0
=csas25 unit 10
p3314at cuboid 3 1 36.39 0.0 37.564 0.0 88.% -2.54
44 group latticecett ethold 6 1 37.015 0.0 37.564 0.0 88.% -2.54
uo2 1 0.949 293 92235 4.31 92238 95.69 end ethold 3 1 71.2 0.0 37.564 0.0 93.98 -2.54
at 2 1.0 end unit 11
h2o 3 1.0 end arrey 3 3*0.0
plexistas 4 1.0 end unit 12
arberubber 1.321 6 0 0 0 6012 58. 1001 6.5 20000 11.4 array 4 3*0.0

16000 1.7 8016 22.1 14000 0.3 5 eraf globat unit 13

at 6 den =2.692 .9715 end arrey 5 3*0.0
cr 6 den =2.692 .0021 end reflector 4 1 Sr0.0 2.54 1

cu 6 den =2.692 .0012 end reflector 3 1 4r30.0 2r15.0 1
fe 6 den =2.692 .0082 end end geometry
un 6 den =2.692 .0021 end
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i

read array mit 4
era =1 nux=9 my=12 mz=1 fitt f1 end fitt cuboid 6 1 2.728 2.219 26.488 0.0 88.96 -2.54 i

ara =2 num=9 nuy=1 mz=1 FILL f1 end fi1L cibold 2 1 2.83 2.117 26.488 0.0 88.% -2.54 i

ars=3 nux=5 nuy=1 mz=1 fitt 2 3 4 3 2 end fitt ethold 3 1 2.83 0.0 26.488 0.0 93.98 -2.54
era =4 nux=5 nuy=1 mz=1 fill 7 9 8 9 7 end fitt mit 5 !

are=5 num=1 nuy=5 nuz=1 fitt 11 5 6 12 to end fitt cuboid 2 1 71.2 0.0 0.102 0.0 88.% -2.54
end array cubold 6 1 71.2 0.0 0.611 0.0 88.% -2.54
end data ethold 2 1 71.2 0.0 0.713 0.0 88.96 -2.54
end cibold 3 1 71.2 0.0 0.713 0.0 93.98 -2.54

unit 6

n3314be cubold 3 1 36.302 0.0 4.087 0.0 88.% -2.54
cuboid 2 1 36.404 0.0 4.087 0.0 88.M -2.54

=csas25 ctbold 6 1 36.913 0.0 4.087 0.0 88.% -2.54
p3314be cuboid 2137.0150.0 4.087 0.0 88.% -2.54
(4grote latticecetl cuboid 3 1 71.2 0.0 4.087 0.0 93.98 -2.54 !

uo2 1 0.949 293 92235 4.31 92238 95.69 end mit 7
at 2 1.0 end cubold 3113.3730.0 30.272 0.0 93.98 -2.54
h2o 3 1.0 end unit 8
plexiglas 4 1.0 end cuboid 6 1 2.728 2.219 30.272 0.0 88.% -2.54 !

',arberthber 1.321 6 0 0 0 6012 58, 1001 6.5 20000 11.4 ctbold 2 1 2.83 2.117 30.272 0.0 88.% -2.54
16000 1.7 8016 22.1 14000 0.3 5 end cuboid 3 1 2.83 0.0 30.272 0.0 93.98 -2.54

b 6 den =2.49 .287 end unit 9
'

c 6 den =2.49 .0797 end array 2 3*0.0

at 6 den =2.49 .6249 end unit 10 !

cr 6 den =2.49 .0005 end cuboid 3 1 36.302 0.0 9.64 0.0 88.M -2.54
U cu 6 den =2.49 .0009 end cuboid 2 1 36.404 0.0 9.64 0.0 88.% -2.54
* fe 6 den =2.49 .0033 end cuboid 6 1 36.913 0.0 9.64 0.0 88.% -2.54

mg 6 den =2.49 .0005 end cubold 2 1 37.015 0.0 9.64 0.0 88.% -2.54
m 6 den =2.49 .0005 end ethold 3 1 71.2 0.0 9.64 0.0 93.98 -2.54

[
na 6 den =2.49 .0002 end unit 11 i

nl 6 den =2.49 .0002 end array 3 3*0.0 i

si 6 den =2.49 .0020 end unit 12 ,

s 6 den =2.49 .0003 end array 4 3*0.0 t
'end coup etobat unit 13

squarepitch 1.892 1.2649 1 3 1.4147 2 1.2827 0 end array 5 3*0.0
2-11x14 and 2-11x16 asseabiles seperated by 0.713-cm-thick Boral-A reflector 4 1 Sro.0 2.54 1

' plates and 2.117- and 4.087-cm of water reflector 3 1 4r30.0 2r15.0 1 (
read para rin=yes gen =405 npg=600 nsk=5 ntbryes end para end geometry '

b
read geom read array |

unit 1 era =1 mx=11 nuy=14 mz=1 fILt f1 end fIL;
,

cy1inder 1 1 0.63245 91.44 0.0 era =2 nux=11 nuy=16 nuz=1 fi1L f1 end fILt k

cy1inder 0 1 0.64135 91.44 0.0 era =3 nux=5 nuy=1 mz=1 fILt 2 3 4 3 2 end fILt I

cy1inder 5 1 0.64135 93.98 -2.54 era =4 nux=5 nuy=1 mz=1 fI L L 7 9 8 9 7 end fItt
cylinder 2 1 0.70735 93.98 -2.54 ers=5 nux=1 nuy=5 nuz=1 fitt 11 5 6 12 10 end fitt

Q cuboid 3 1 4p.9460 93.98 -2.54 end array > ;

3 unit 2 end data y
cuboid 3 1 13.373 0.0 26.488 0.0 93.98 -2.54 and ay
unit 3 E

'p
g
ta array 1 3*0.0 p- ;

E >
t

,

b

I
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p5314bc unit 8 >
ctbold 3 1 36.784 0.0 14.694 0.0 88.96 -2.54 9

=csas25 cubold 2 1 36.809 0.0 14.694 0.0 88.96 -2.54
o p3314be ethold 6 1 36.99 0.0 14.694 0.0 88.96 -2.54

,

M 44 group latticecet1 . cthold 2137.0150.0 14.694 0.0 88.96 -2.54 M,
;c uo2 1 0.949 293 92235 4.31 92238 95.69 end cubold 3 1 71.2 0.0 14.694 0.0 93.98 -2.54 >
6 at 2 1.0 end globet unit 9

l y h2o 3 1.0 end array 3 3*0.0
ptexistas 4 1.0 end reflector 4 1 5ro.0 2.54 1--

arbershber 1.321 6 0 0 0 6012 58. 1001 6.5 20000 11.4 reflector 3 1 4r30.0 2r15.0 1
16000 1.7 8016 22.1 14000 0.3 5 end end geometry

b 6 den =2.47 .3188 end
c 6 den =2.47 .0886 eid reed array
at 6 den =2.47 .5926 end ern=1 num=11 nur=14 rsz=1 fi11 f1 end f5tt
fe 6 den =2.47 .0005 end are=2 num=5 nur=1 nur=1 fitt 2 3 4 3 2 end fitt
og 6 den =2.47 .0001 end are=3 nux=1 nur=5 nuz=1 fitt 7 5 6 7 8 and fitt
na 6 den =2.47 .0002 end end array
si 6 den =2.47 .0006 end end data
end coup end
squarepitch 1.892 1.2649 1 3 1.4147 2 1.2827 0 end
2-11x14 and 2-11x14 assenbtles separated by 0.231-co-thick Boral-C p5314bf1
"pletes and 2.599- and 3.299-cm of water
read para rm=yes gen =405 npg=600 nsk=5 mb=yes end perm =csas25

p3314bf1
read geom 44 group latticecett.

U unit 1 uo2 1 0.949 293 92235 4.31 92238 95.69 end
o cylinder 1 1 0.63245 91.44 0.0 al 2 1.0 end

cylinder 0 1 0.64135 91.44 0.0 h2o '3 1.0 end
cylinder 5 1 0.64135 93.98 -2.54 plexistas 4 1.0 end
cylinder 2 1 0.70735 93.98 -2.54 arberubber 1.321 6 0 0 0 6012 58. 1001 6.5 20000 11.4
cuboid 3 1 4p.9460 93.98 -2.54 16000 1.7 8016 22.1 14000 0.3 5 end
unit 2 boron 6 den =1.731 .3274 . end
ciboid 3113.3730.0 26.488 0.0 93.98 -2.54 c 6 den =1.731 .2113 end
unit 3 h 6 den =1.731 .0265 end
array 1 3*0.0 . cr . 6 den =1.731 .0003 end

;
mit 4 fe 6 den =1.731 .0005 end
etbold 6 1 2.805 2.624 26.488 0.0 'l8.% -2.54 o 6 den =1.731 .2101 end
ethold 2 1 2.83 2.599 26.488 0.0 88.% -2.54 si 6 den =1.731 .2239 end
etboid 3 1 2.83 0.0 26.488 0.0 93.98 -2.54 end camp
unit 5 squarepitch 1.892 1.2649 1 3 1.4147 2 1.2827 0 end
ethold 6 1 71.2 0.0 0.206 0.025 88.% -2.54 2-11x14 and 2-11x14 assemblies sererated by 0.546-ca-thick Boroflex
cuboid 2 1 71.2 0.0 0.231 0.0 88.% -2.54 ' plates and 2.284- and 3.054-cm of water
ethold 3 1 71.2 0.0 0.231 0.0 93.98 -2.54 read para rm=yes gen =405 opg=600 nsk=5 nub =yes end pers
unit 6
ctbold 3 1 36.784 0.0 3.299 0.0 88.M -2.54 read geem
cuboid 2 1 '6.809 0.0 3.299 0.0 88.% -2.54 tmit 1
cuboid 6 1 23.99 0.0 3.299 0.0 88.% -2.54 cylinder 1 1 0.63245 91.44 0.0
ethoid 2 1 37.015 0.0 3.299 0.0 88.% -2.54 cylinder 0 1 0.64135 91.44 0.0
ethold 3 1 71.2 0.0 3.299 0.0 93.98 -2.54 cylinder 5 1 0.64135 93.98 -2.54
unit 7 cylinder 2 1 0.70735 93.98 -2.54
array 2 3*0.0 cuboid 3 1 4p.9460 93.98 -2.54

_ _ - _ _ _ _ _ - _ _ - _ - _ - _-__ - - .
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l

mit 2 fe 6 den =1.731 .0005 end

[
array 1 3*0.0 o 6 den =1.731 .2101 end

| unit 3 si 6 den =1.731 .2239 and

cubold 3 1 26.488 0.0 13.373 0.0 93.98 -2.54 end coep'

unit 4 squarepitch 1.892 1.2649 1 3 1.4147 2 1.2827 0 end
cuboid 6 1 26.488 0.0 2.67 2.444 22.% -2.54 2-11x14 and 2-11x16 assembtles separated by 0.772-co-thick soroftex f

cubold 4 1 26.488 0.0 2.83 2.284 88.% -2.54 ' plates and 2.058- and 4.168-cm of unter
cuboid 3 1 26.488 0.0 2.83 0.0 93.98 -2.54 read para rm=yes gen =405 ryg=600 nsk=5 ruh=yes end pare -

unit 5
ctbold 6 1 0.386 0.16 2p35.6 88.% -2.54 read geen
ctbold 4 1 0.546 0.0 2p35.6 88.% -2.54 unit 1

cthold 3 1 0.546 0.0 2p35.6 93.98 -2.54 cylinder 1 1 0.63245 91.44 0.0
mit 6 cytInder 0 1 0.64135 91.44 0.0
cuboid 6 1 3.054 0.0 0.386 0.16 88.M -2.54 cylinder 5 1 0.64135 93.98 -2.54
cthold 4 1 3.054 0.0 0.546 0.0 88.% -2.54 cylinder 2 1 0.70735 93.98 -2.54
cJoofd 3 1 3.054 0.0 34.731 -36.469 93.98 -2.54 cibold 3 1 4p.9460 93.98 -2.54 :

unit 7 unit 2 t

cuboid 6 1 14.624 0.0 0.386 0.16 88.% -2.54 array 1 3*0.0 :

cuboid 4 1 14.624 0.0 0.546 0.0 88.% -2.54 tmit 3 f

ethold 3 1 14.624 0.0 34.731 -36.469 93.98 -2.54 cuboid 3 1 26.488 0.0 13.373 0.0 93.98 -2.54
toit 8 mit 4 i
array 2 3*0.0 cibold 6 1 26.488 0.0 2.67 2.218 88.M -2.54

~

'

global unit 9 cuboid 4 1 26.488 0.0 2.83 2.058 88.% -2.54
array 3 3*0.0 cubold 3 1 26.488 0.0 2.83 0.0 93.98 -2.54 !

reflector 4 1 Sr0.0 2.54 1 unit 5

U reflector 3 1 4r30.0 2r15.0 1 array 2 3*0.0 -

!4 end geometry unit 6
cthold 3 1 30.272 0.0 13.373 0.0 93.98 -2.54 [

read array imit 7 ,.

ara =1 nux=14 nuy=11 nuz=1 fi1i f1 end fit 1 cthold 6 1 30.272 0.0 2.67 2.218 88.M -2.54 j
ara =2 nux=1 nuy=5 nur=1 fItt 3 2 4 2 3 end fILt ethold 4 1 30.272 0.0 2.83 2.058 88.% -2.54 r

era =3 nux=5 nuy=1 nuz=1 fitt 8 5 6 8 7 end fitt cthold 3 1 30.272 0.0 2.83 0.0 93.98 -2.54 j

end array unit 8 [

end data ctbold 6 1 0.612 0.16 2p35.6 88.M -2.54 i

eruf cibold 4 1 0.772 0.0 2p35.6 88.% -2.54 ;

cthold 3 1 0.772 0.0 2p35.6 93.98 -2.54 [
n3314bf2 unit 9 !

ctbold 6 1 4.168 0.0 0.612 0.16 88.% -2.54 6

a

=csas25 cuboid 4 1 4.168 0.0 0.772 0.0 88.% -2.54 [
p3314bf2 ctbold 3 1 4.168 0.0 34.957 -36.243 T3.98 -2.54
44groi.p latticecett mit 10 (,

uo2 1 0.949 293 92235 4.31 92238 95.69 end ethold 6 1 9.500 0.0 0.612 0.16 83.% -2.54 t

Z al 2 1.0 end cuboid 4 1 9.500 0.0 0.772 0.0 88.M -2.54 ,

h2o 3 1.0 end ethold 3 1 9.500 0.0 34.957 -36.243 93.98 -2.54 i

I
plexiglas 4 1.0 end unit 11

Q arberubber 1.321 6 0 0 0 6012 58. 1001 6.5 20000 11.4 array 3 3*0.0 #- ;

3 -16000 1.7 8016 22.1 14000 0.3 5 end unit 12 y
boron 6 den =1.731 .3274 auf array 4 3*0.0 oy
c 6 den =1.731 .2113 end globat unit 13 E ig

sa h 6 den =1.731.0265 end array 5 3*0.0 R-
'

cr 6 den =1.731.0003 end reflector 4 1 Sro.0 2.54 1 y ,9 '

!

i
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reflector 3 1 4r30.0 2r15.0 1 cuboid' 31- 3.86 0.0 'l5.6 0.0 %.52 -1.27 >
*

end geometry globat unit 9 )array 3 -53.538 -17.8 0.
o read array reflector 4 1 Sr0.0 2.54 1 e.
-3 are=1 rum =14 my=11 nur=1 fill f1 end filt reflector 3 1 4r30.0 2r15.0 1 M

pc ars=2 nux=16 nuy=11 mz=1 fitt f1 end flLL end geometry >
& ara =3 rum =1 m y=5 mz=1 fitt 3 2 4 2 3 end fitt

y ara =4 rum =1 m y=5 mz=1 fitt 6 5 7 5 6 end fitt read array
era =5 num=5 nuy=1 nuz=1 fI1L 11 8 9 12 to end fiti era =1 rum =25 nuy=20 nuz=1 fi1i f1 end FILL-

end arrey era =2 ram =17 nuy=20 nuz=1 fiIL f1 end fIIL
end deta are=3 nux=5 nuy=1 nuz=1 fi11 3 4 2 5 3 end FILL
end end array

end data
n3314bs1 end

=csas25 n3314hs2
p3314bs1
44groi ,tatticecelL =csas25
uo2 1 0.84 293 92235 2.35 92238 97.65 end p3314bs2
at 2 1.0 end 44 group latticecett
h2o 3 1.0 end uo2 1 0.84 293 92235 2.35 92238 97.65 end
plexiglas 4 1.0 end at 2 1.0 end
er 5 den =7.90 .1903 end h2o 3 1.0 end
b $ den =7.90 .0105 end plexiglas 4 1.0 end
fe 5 den =7.90 .6804 end cr 5 den =7.77 .1960 erd

U ni 5 den =7.90 .0953 end b 5 den =7.77 .0162 end
m 5 den =7.90 .0158 end fe 5 den =7.77 .6640 endoc

cu 5 den =7.90 .0028 end ni 5 den =7.77 .1012 erd
mo 5 den =7.90 .0049 end an 5 den =7.77 .0169 end
end com cu 5 den =7 E .0026 end
squarepitch 1.684 1.1176 1 3 1.27 2 end geometry mo 5 den =7.77 .0031 end
2-1rx20 and 1-25x20 (center) assenblies separated by 0.298-cm-thick end co m
^1.1 wt% B stainless steel plates and 3.562 cm of water squarepitch 1.684 1.1176 1 3 1.27 2 end geometry
read para run=yes gen =405 npg=600 nsk=5 nub =yes end perm 2-17x20 and 1-25x20 (center) assenbtles separated by 0.298-cm-thick

*1.1 wt% 8 stainless steel plates and 3.162 cm of water
read geom read para rts1=yes gen =405 rpg=600 nsk=5 nub =yes end perm
unit 1
cylinder 1 1 0.5588 91.44 0.0 read geom
cylinder 2 1 0.635 %.52 -1.27 unit 1
cuboid 3 1 4p0.842 %.52 -1.27 cylinder 1 1 0.5588 91.44 0.0
unit 2 cylinder 2 1 0.635 %.52 -1.27
array 1 3*0.0 ctbold 3 1 4p0.842 %.52 -1.27
refiector 3 1 2r0 1.92 0.0 2r0 1 tailt 2
unit 3 array 1 3*0.0
array 2 3*0.0 reflector 3 1 2r0 1.92 0.0 2r0 1
reflector 3 1 2r0 1.92 0.0 2r0 1 untt 3
unit 4 erray 2 3*0.0
cuboid 51 0.0 -0.298 35.6 0.0 90.23 -1.27 reflector 3 1 2r0 1.92 0.0 2r0 1
cuboid 31 0.0 -3.86 35.6 0.0 %.52 -1.27 unit 4
unit 5 esboid 51 0.0 -0.298 35.6 0.0 90.23 -1.27
cuboid 51 0.298 0.0 35.6 0.0 90.23 -1.27 ciboid 31 0.0 -3.46 35.6 0.0 %.52 -1.27

_____ _ ____ - ___ _ _ _ _ _ _ _ _ _ _ _ . ..-. - --
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I mit 5 unit 3
! cuboid 51 0.298 0.0 35.6 0.0 90.23 -1.27 cibold 51 0.0 -0.298 2p17.8 88.% -2.54

cuboid 31 3.46 0.0 35.6 0.0 %.52 -1.27 cuboid 31 0.0 -07.23 2p17.8 93.98 -2.54
globat uni: 9 unit 4
array 3 -53.138 -17.8 0. cuboid 51 0.298 0.0 2p17.8 88.% -2.54
reflector 4 1 5r0.0 2.54 1 cuboid 31 07.23 0.0 2p17.8 93.98 -0.54
reflector 3 1 4r30.0 2r15.0 1 globat mit 5
end geometry array 2 -41.286 -17.8 0.

reflector 4 1 Sra.0 2.54 1

read array reflector 3 1 4 r30.0 2r15.0 1
ara =1 nux=25 nuy=20 nuz=1 fiLt f1 end fIL! end geometry
ara =2 nux=17 nuy=20 nuz=1 filt f1 end fi|I
ara =3 nux=5 nuy=1 nuz=1 fILt 3 4 2 5 3 end fi1l read array
end array ara =1 nux=12 nvy=16 nuz=1 fitt f1 end fitt
end data ara =2 nux=5 nuy=1 nuz=1 filt 2 3 2 4 2 end fitt
end end array

end data
p3314bs3 end

=csas25 03314bs4
p3314bs3
44 roup latticecell =csas253
uo2 1 0.949 293 92235 4.31 92238 95.69 end p3314bs4
al 2 1.0 end 44 group tatticecell

d p exiglas 41b 2
C cr 5 den =7.90 .1903 end h2o 3 1.0 end

b 5 den =7.90 .0105 end plexiglas 4 1.0 end
fe 5 den =7.90 .6804 end er 5 den =7.77 .1960 end
ni 5 den =7.90 .0953 end b 5 den =7.77 .0162 end
m 5 den =7.90 .0158 end fe 5 den =7.77 .6640 end
cu 5 den =7.90 .0028 end ni 5 den =7.77 .1012 end
mo 5 den =7.90 .0049 end en 5 den =7.77 .0169 end
arbmrubber 1.321 6 0 0 0 6012 58. 1001 6.5 20000 11.4 cu 5 den =7.77 .0026 end

16000 1.7 8016 22.1 14000 0.3 6 end mo 5 den =7.77 .0031 end
end co p arberuther 1.321 6 0 0 0 6012 58. 1001 6.5 20000 11.4
squarepitch 1.892 1.2649 1 3 1.4147 2 1.2827 0 end 16000 1.7 8016 22.1 14000 0.3 6 end
3-12x16 assenbtles separated by 0.298-cm-thick 1.1 wtX B stainless end conp
'steet plates and 6.932 cm of water squarepitch 1.892 1.2649 1 3 1.4147 2 1.2827 0 erd
read para run=yes gen =405 rpg=600 nsk=5 nub =yes end parm 3-12x16 assenbtles separated by 0.298-cm-thick 1.6 wtX 8 stainless

' steel plates and 6.332 cm of water
read gean read perm run=yes gen =405 npg=600 nsk=5 nub =yes end permE unit 1
cylinder 1 1 0.63245 91.44 0.0 read geom
cylinder 0 1 0.64135 91.44 0.0 unit 1

C) cylinder 6 1 0.64135 93.95 -2.54 cylinder 1 1 0.63245 91.44 0.0 >
3 cylinder 2 1 0.70735 93.98 -2.54 cylinder 0 1 0.64135 91.44 0.0 @cuboid 3 1 4p0.946 93.98 -2.54 cylinder 6 1 0.64135 93.98 -2.54 op
g mit 2 cy1Inder 2 1 0.70735 93.98 -2.54 E
w array 1 3*0.0 ctbold 3 1 Ap0.946 93.98 -2.54 E
$ reflector 3 1 2r0 2r2.664 2r0 1 unit 2 y
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*2| array 1 3*0.0 cubold 6 1 2.83 2.769 26.488 0.0 88.% -2.54 >
reflector 3 1 2r0 2r2.664 2r0 1 c hoid 3 1 2.83 0.0 26.488 0.0 93.98 -2.54 @
unit 3 unit 5 g

c) cuboid 51 0.0 -0.298 2p17.8 88.% -2.54 cuboid 6 1 71.2 0.0 0.061 0.0 88.% -2.54 9.,

3 cuboid 31 0.0 -06.63 2p17.8 93.98 -2.54 cubold 3 1 71.2 0.0 0.061 0.0 93.98 -2.54 M

;c unit 4 unit 6 >
& ctbold 51 0.298 0.0 2p17.8 88.96 -2.54 etbold 3 1 36.954 0.0 5.2939 0.0 88.% -2.54

y etbold 31 06.63 0.0 2p17.8 93.98 -2.54 ctboid 6137.1050.0 5.2939 0.0 88.% -2.54
globat unit 5 ciboid 3 1 71.2 0.0 5.2939 0.0 93.98 -2.54-

array 2 -40.686 -17.8 0. unit 7
reflector 4 1 Sro.0 2.54 1 cuboid 3113.3730.0 24.5 % 0.0 93.98 -2.54
reflector 3 1 4r30.0 2r15.0 1 unit 8
end geometry ctbold 6 1 2.83 2.769 24.596 0.0 88.% -2.54

ctbold 3 1 2.83 0.0 24.5 % 0.0 93.98 -2.54
read array unit 9

ara =1 nux=12 nuy=16 nuz=1 fill f1 end filt array 2 3*0.0
ara =2 nux=5 nuy=1 nuz=1 fitt 2 3 2 4 2 end fitt unit 10

end array ctbold 3 1 36.954 0.0 14.843 0.0 88.96 -2.54

end data cuboid 6137.0150.0 14.843 0.0 88.96 -2.54
end etbold 3 1 71.2 0.0 14.843 0.0 93.98 -2.54

unit 11
p3314cd1 array 3 3*0.0

unit 12
=csas25 array 4 3*0.0
p3314cd1 globat unit 13

M 44 group latticecell array 5 3*0.0
C uo2 1 0.949 293 92235 4.31 92238 95.69 end reflector 4 1 Src.0 2.54 1

al 2 1.0 end reflector 3 1 4r30.0 2r15.0 1
h2o 3 1.0 end end geometry
plexiglas 4 1.0 end
artnrthber 1.321 6 0 0 0 6012 58. 1001 6.5 27.,000 11.4 read array

16000 1.7 8016 22.1 14000 0.3 5 end ara =1 nux=11 nuy=14 nuz=1 fitt f1 end fill
cd 6 den =8.65 end ara =2 nux=11 nuy=13 nuz=1 FILL f1 end FILL
end conp ara =3 nux=5 nuy=1 nuz=1 fItL 2 3 4 3 2 end fiLt
squarepitch 1.892 1.2649 1 3 1.4147 2 1.2827 0 end ars=4 nux=5 nur=1 nuz=1 fitt 7 9 8 9 7 end fill

2-11x14 and 2-11x13 asseeblies separated by 0.061546-cm-thick cadmium ara =5 nux=1 nuy=5 nuz=1 fitt 11 5 6 12 to end fitt
" plates and 2.769- and 5.239-cm of water end array
read parm run=yes gen =405 npg=600 nsk=5 nub =yes end parm end data

end
read geom
unit 1 c3314cd2
cy1inder 1 1 0.63245 91.44 0.0
cylinder 0 1 0.64135 91.44 0.0 =csas25
cylinder 5 1 0.64135 93.98 -2.54 p3314cd2
cylinder 2 1 0.70735 93.98 -2.54 44 group latticecett
ctboid 3 1 4p.9460 93.98 -2.54 uo2 1 0.84 293 92235 2.35 92238 97.65 erd
mit 2 at 2 1.0 end
cuboid 3 1 13.373 0.0 26.488 0.0 93.98 -2.54 h2o 3 1.0 end
unit 3 plexiglas 4 1.0 end
array 1 3*0.0 ed 5 den =8.65 end
tnit 4 end coup
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squarepitch 1.684 1.1176 1 3 1.27 2 end seametry 'ptr,tes and 2.493- and 5.403 cm af water
'

2-17x20 and 1-25x20 (center) asses 6 ties separated by 0.061-cm-thick reed para - rim =yes gen =405 rys=600 nok=5 ruh=yes and perm
'cednitsa plates and 2.979 cm of water
read para run=yes gen =405 ryg=600 nsk=5 nub =yes end para reed geen

imit 1
read seem cylinder 1 1 0.63245 91.44 0.0
unit 1 cy1Inder 0 1 0.64135 - 91.44 0.0
cyliruser 1 1 0.5588 91.*6 0.0 cylinder 5 1 0.64135 93.98 -2.54
cylinder 2 1 0.635 %.52 -1.27 cylinder 2 1 0.70735. 93.98 -2.54
etbold 3 1 4p0.842 96.52 -1.27 cibold 3 1 4p.9460 93.98 -2.54
imit 2 unit 2
array 1 3*0.0 cuboid 3 1 12.157 0.0 22.704 0.0 93.98 -2.54
reflector 3 1 2r0 1.92 0.0 2r0 1 unit 3
telt 3 array 1 3*0.3
array 2 3*0.0 unit 4
reflector 3 1 2r0 1.92 0.0 2r0 1 ethold 61 2.83 2.493 22.704 0.0 88.M -2.54
unit 4 ctbold 31 2.83 0.0 22.704 0.0 93.98 -2.54
cuboid 51 0.0 -0.061 35.6 0.0 90.23 -1.27 . unit 5
cuboid 31 0.0 -3.04 35.6 0.0 96.52 -1.27 cthold 6 1 61.2 0.0 0.337 0.0 88.M -2.54
unit 5 cuboid 3 1 61.2 0.0 0.337 0.0 93.98 -2.54
cthold 51 0.061 0.0 35.6 0.0 90.23 -1.27 telt 6
cuboid 31 3.04 0.0 35.6 0.0 %.52 -1.27 cuboid 3 1 31.6T^ "0 5.603 0.0 88.% -2.54
gIobet amit 9 cubold 6 1 32.G' ~1 5.603 0.0 88.% -2.54
errey 3 -52.718 -17.8 0. cubold 3 1 61.2 0.0 5.603 0.0 93.98 -2.54
reflector 4 1 Sr0.0 2.54 1 unit 7$ reflector 3 1 4r30.0 2r15.0 1 cubold '3 1 12.157 0.0 13.244 0.0 93.98 -2.54
end geometry unit 8

-

cthold 61 2.83 2.493 13.244 0.0 88.% -2.54
read array cuboid 31 2.83 0.0 13.244 0.0 93.98 -2.54
era =1 nux=25 nuy=20 nuz=1 fitL fI end fiLt unit 9
era =2 nux=17 nuy=20 nuz=1 fiL1 f1 end FILL erray 2 3*0.0
ara =3 nux=5 rwy=1 nur=1 fill 3 4 2 5 3 end fill unit 10
end array cibold 3 1 31.678 0.0 19.312 0.0 88.% -2.54
end data ethold 6 1 32.015 0.0 19.312 0.0 88.% -2.54
end ethold 3 1 61.2 0.0 19.312 0.0 93.98 -2.54

unit 11
p3314cul errey 3 3*0.0

unit 12
=csas25 array 4 3*0.0
p3314cu1 gIobet unit 13
44grote tatticecett array 5 3*0.0
uo2 1 0.949 293 92235 4.31 92238 95.69 end reflector 4 1 Sro.0 2.54 1
at 2 1.0 end reflector 3 1 4r30.0 2r15.0 1
h2o 3 1.0 end end geometry
plenistas 4 1.0 end

c) arberseher 1.321 6 0 0 0 6012 58. 1001 6.5 20000 11.4 read errey ,>-
,

3 16000 1.7 8016 22.1 14000 0.3 5 end ara =1 num=9 nuy=12 nuz=1 fitt f1 end fitt y |cu 6 den =8.913 end are=2 nux=9 nuy=7 nuz=1 fItL f1 end fIL1 o >p
g end coup ara =3 num=5 nuy=1 nuz=1 fitt 2 3 4 3 2 end fitt [
ta squarepitch 1.892 1.2649 1 3 1.4147 2 1.2827 0 end are=4 num=5 nuy=1 nuz=1 fitt 7 9 8 9 7 end fill W
_Di 2-9x12 and 2-9x7 assemblies separated by 0.337-en-thick copper are=5 num=1 nuy=5 nuz=1 fitt 11 5 6 12 10 end fitt y

i

'
_ _ - - _ _ _ _ _ _ _ _ _ _ --__ - . _ _ _ _ __. _.
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end array cubold 3 1 36.369 0.0 36.366 0.0 88.96 -2.54 >
end data cibold 6 1 37.015 0.0 36.366 0.0 88.% -2.54 "

3$ end esbold 3 1 71.2 0.0 36.366 0.0 93.98 -2.54
o unit 11 h-
n n3314cu2 array 3 3*0.0 X
;c mit 12 >
& =csas25 array 4 3*0.0
g p331&cu2 giobaL tmlt 13

44 group latticecett array 5 3*0.0-

uo2 1 0.949 293 92235 4.31 92238 95.69 end ' reflector 4 1 5r0.0 2.54 1

at 2 1.0 end reflector 3 1 4r30.0 2r15.0 1
h2o 3 1.0 end end geometry
plexiglas 4 1.0 end
arberthber 1.321 6 0 0 0 6012 58. 1001 6.5 20000 11.4 read array

16000 1.7 8016 22.1 14000 0.3 5 end ara =1 nux=9 nuy=12 nuz=1 fitt f1 end fill
cu 6 den =8.913 end era =2 nux=9 nuy=5 nuz=1 fit 1 fI and FILL
erd coup ara =3 nux=5 nuy=1 nuz=1 fitt 2 3 4 3 2 end fitt
squarepitch 1.892 1.2649 1 3 1.4147 2 1.2827 0 end ara =4 nux=5 nuy=1 nuz=1 fitt 7 9 8 9 7 end fitt '

2-9x12 and 2-9x5 assenbtles separated by G.646-cm-thick copper era =5 nux=1 nuy=5 nur=1 fitt 11 5 6 12 to end fitt
'ptates and 2.184- and 2.024-cm of water end array
read perm run=yes gen =405 npg=600 r.sk=5 nub =yes end para and data i

end
read geom
unit 1 zi3314cu3 5

cylinder 1 1 0.63245 91.44 0.0
o$ cyiInder 0 1 0.64135 91.44 0.0 =csas25
N cylinder 5 1 0.64135 93.98 -2.54 p3314cu3

cylinder 2 1 0.70735 93.98 -2.54 44 group latticecett
cuboid 3 1 4p.9460 c3.98 -2.54 uo2 1 0.949 293 92235 4.31 92238 95.69 end
unit 2 at 2 1.0 end [
cuboid 3 1 17.157 0.0 22.704 0.0 93.98 -2.54 h2o 3 1.0 end >

unit 3 plexiglas 4 1.0 end
array 1 3*0.0 cu 5 den =8.913 end '

unit 4 arburthber 1.321 6 0 0 0 6012 58. 1001 6.5 20000 11.4
cubold 6 1 2.83 2.184 22.704 0.0 88.% -2.54 16000 1.7 8016 22.1 14000 0.3 6 end I

ctbold 3 1 2.83 0.0 22.704 0.0 93.98 -2.54 end coup
unit 5 squarepitch - 1.892 1.2649 1 3 1.4147 2 1.2827 0 end
cuboid 6 1 71.2 0.0 0.646 0.0 88.% -2.54 3-12x16 assenelles separated by 0.337-cm-thick copper plates and
cuboid 3 1 71.2 0.0 0.646 0.0 93.98 -2.54 '10.023 cm of water [
unit 6 read para rm=yes gerw405 ryg=600 nsk=5 nub =yes end para
cuboid 3 1 36.369 0.0 2.024 0.0 88.% -2.54 read geen
cuboid 6 1 37.015 0.0 2.024 0.0 88.% -2.54 mit 1
esbold 3 1 71.2 0.0 2.024 0.0 93.98 -2.54 cylinder 1 1 0.63245 91.44 0.0 t

unit 7 cylinder 0 1 0.64135 91.44 0.0 ;cubofd 3 1 17.157 0.0 9.46 0.0 93.98 -2.54 cylinder 6 1 0.64135 93.98 -2.54 (
unit 8 cylinder 2 1 0.70735 93.98 -2.54 '

esboid 6 1 2.83 2.184 9.46 0.0 88.96 -2.54 cahoid 3 1 4p.946 93.98 -2.54
ctbold 3 1 2.83 0.0 9.46 r:. 0 93.98 -2.54 mit 2
init 9 array 1 3*0.0
array 2 3*0.0 reflector 3 1 2r0 2ro.164 2r0 1
mit 10 unit 3

i

i
'
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f

i

ethold 51 0.0 -0.337 2p15.3 88.% -2.54- cubolc0 51 0.357 0.0 2p17.8 88.96 -2.54
cibold 31 0.0 -10.36 2p15.3 93.98 -2.54 cubold 31 07.61 0.0 2p17.8 93.98 -2.54
mit 4 globet unit 5
cuboid 5 1. 0.337 0.0 2p15.3 88.% -2.54 errey 2 -41.666 -17.8 0.

i ethold 31 10.36 0.0 2p15.3 93.98 -2.54 reflector 4 1 5ro.0 2.54 1

| globet mit 5 reflector 3 1 4r30.0 2r15.0 1 '

i array 2 -44.416 -15.3 0. end geometry
'

reflector 4 1 5r0.0 2.54 1

| reflector 3 1 4r30.0 2r15.0 1 read array

1. end geonetry era =1 nux=12 nuy=16 nuz=1 FILL f1 end fi1t
i era =2 nux=5 nuy=1 nuz=1 fill 2 3 2 4 2 end fILt

read array end array +

j ara =1 nux=12 nuy=16 nuz=1 fiLt fI end fi11 end deta
; era =2 num=5 nuy=1 nuz=1 filt 2 3 2 4 2 end fi1t end

,

end array"

1 end data n3314ct5
) end . !
I =csas25 ;

i p3314cu4 p3314cu5 -

; 44grote tatticecell ,

=csas25 uo2 1 0.84 293 92235 2.35 92238 97.65 end
p3314cu4 at 2 1.0 end
44groip latticecett h2o 3 1.0 end !

uo2 1 0.949 293 92235 4.31 92238 95.69 end ptexigias 4 1.0 end
at 2 1.0 end cu 5 den =8.913 end

$ h2o 3 1.0 end end cosp i
W plexiglas 4 1.0 end squarepitch 1.684 1.1176 1 3 1.27 2 end geometry i

cu 5 den =8.913 .99 end 2-20x18 and 1-25x18 (center) asses 6 ties separated by 4 .S37-cm-thick |
cd 5 den =8.913 .01 end ' copper plates and 4.903 cm of water ;

arberthber 1.321 6 0 0 0 6012 58. 1001 6.5 20000 11.4 read para run=yes gen =405 npg=600 nsk=5 nth =yes end perm r
!16000 1.7 8016 22.1 14000 0.3 6 end
'

eruf coup read geom
'squarepitch 1.892 1.2649 1 3 1.4147 2 1.2827 0 end unit 1

3-12x16 assemblies separated by 0.357-cs-thick copper plates and cylinder 1 1 0.5588 91.44 0.0
'7.253 cm of water cylinder 2 1 0.635 %.52 -1.27
read perm rtn-yes gen =405 npg=600 nsk=5 nub =yes end parm cuboid 3 1 4p0.842 %.52 -1.27 i

unit 2 ,

read geom array 1 3*0.0 -

mit 1 reflector 3 1 2r0 0.288 0.0 2r0 1 ,

'
cylinder 1 1 0.63245 91.44 0.0 unit 3

*
cylinder 0 1 0.64135 91.44 0.0 array 2 3*0.0
cylinder 6 1 0.64135 93.98 -2.54 reflector 3 1 2r0 0.288 0.0 2r0 1

f cylinder 2 1 0.70735 93.98 -2.54 unit 4 i

ctbold 3 1 4p0.946 93.98 -2.54 cuboid 51 0.0 -0.337 30.6 0.0 90.23 -1.27 jy
h1 unit cuboid 31 0.0 -5.24 30.6 0.0 %.52 -1.27
() array 1 3*0.0 unit 5 *> !

3 reflector 3 1 2r0 2r2.664 2r0 1 cuboid 51 0.337 0.0 30.6 0.0 90.23 -1.27 y
unit 3 cuboid 31 5.24 0.0 30.6 0.0 M.52 -1.27 o ;y

g cubcid 51 0.0 -0.357 2p17.8 88.% -2.54 globet unit 9 E
w cthold 31 0.0 -07.61 2p17.8 93.98 -2.54 array 3 -59.97 -15.3 0. p- ;

$ unit 4 reflector 4 1 5r0.0 2.54 1
'

y
l

1

.
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reflector 3 1 4r30.0 2r15.0 1 reed errey >end geometry are=1 rum =25 rusr=18 nut =1 fit L f1 and filt

%:.|read errey are=2 ram =20 nur=18 rum =1 fILt f1 end fItto ere=1 rum =25 rusr=18 nuz=1 fIL L f1 end fItt are=3 rust =5 nur=1 rua=1 fIL13 4 2 5 3 end fItt 18n ere=2 rum =20 nuy=18 rua=1 FILL f1 end fILt end errey M
;c are=3 rum =5 nuy=1 nur=1 fitt 3 4 2 5 3 end fitt and date >-& end errey endy end date

end m3314ste-

n3314cid =csas25
p3314sts

=csas25 44sroup tatticecell
p331&cu6 uo2 1 0.949 293 92235 4.31 92238 95.69 end44 group letticecelt at 2 1.0 end
uo2 1 0.84 293 92235 2.35 92238 97.65 end h2o - 3 1.c endat 2 1.0 end plexistas 4 1.0 end
h2o 3 1.0 end arturubber 1.321 6 0 0 0 6012 58. 1001 6.5 20000 11.4
ptemiglas 4 1.0 end 16000 1.7 8016 22.1 14000 0.3 5 end
cu 5 den =8.91 .99 end end coup
cd 5 den =8.91 .01 end squarepitch 1.892 1.2649 1 3 1.4147 2 1.2827 0 end
end coup 2-9x12 and 2-9x1 esseeblies seperated by 2.83- and 10.86-cm of water
squarepitch 1.684 1.1176 1 3 1.27 2 end geometry read para run=yes gen =405 ryg=600 nsk=5 nub =yes end pers
2-2018 and 1-25x18 (center) asseeblies seperated by 0.357-cm-thick
'I utX cadmita copper ptetes and 2.243 cm of water read geem

$$ read perm rtm=yes gen =405 npg=600 nsk=5 nub =yes end perm unit 1
A

cy1inder 1 1 0.63245 91.44 0.0
read geon cylinder 0 1 0.64135 91.44 0.0
unit 1 cylinder 5 1 0.64135 93.98 -2.54
cylinder 1 1 0.5588 91.44 0.0 cylinder. 2 1 0.70735 93.98 -2.54
cylinder 2 1 0.635 %.52 -1.27 ct&old 3 1 4p.9460 93.98 -2.54
cubold 3 1 4p0.842 %.52 -1.27 unit 2
unit 2 cuboid 3117.1570.0 22.704 0.0 93.98 -2.54
array 1 3*0.0 unit 3
reflector 3 1 2r0 5.288 0.0 2r0 1 errey 1 3*0.0
tmit 3 unit 4
array 2 3*0.0 ethoid 3 1 2.83 0.0 22.704 0.0 93.98 -2.54
reftes: tor 3 1 2r0 5.288 0.0 2r0 1 tmit 5
unit 4 caboid 3 1 71.2' O.0 10.86 0.0 93.98 -2.54
cuboid 51 0.0 -0.357 35.6 0.0 90.23 -1.27 mit 6
ct&old 31 0.0 -2.60 35.6 0.0 %.52 -1.27 cteoid 3117.1570.0 1.892 0.0 93.98 -2.54
unit 5 unit 7
cutnid 51 0.357 0.0 35.6 0.0 90.23 -1.27 cuboid 3 1 2.83 0.0 1.892 0.0 93.98 2.54
cuboid 31 2.60 0.0 35.6 0.0 %.52 -1.27 unit 8
globet smit 9 errey 2 3*0.0
array 3 -57.33 -17.8 0. tmit 9
reflector 4 1 5r0.0 2.54 1 cuboid 3 1 71.2 0.0 25.744 9.0 93.98 -2.54
reflector 3 1 4r30.0 2r15.0 1 tait to
end geometry array 3 3*0.0 '

amit 11
arrey 4 3*0.0

. . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. .
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|

gLabat tailt 12 csbold 6 1 2.83 2.528 22.704 0.0 88.% .54 ;

array 5 3*0.0 cuboid 3 1 2.83 0.0 22.704 0.0 93.98 .54
reflector 4 1 5ro.0 2.54 1 unit 5
reflector 3 1 4r30.0 2r15.0 1 ethold 6 1 71.2 0.0 0.302 0.0 88.96 -2.54
end geometry etbold 3 1 71.2 0.0 0.302 0.0 93.96 -2.54

unit 6
read array ethold 3 1 36.713 0.0 3.078 0.0 88.M -2.54
are=1 nux=9 nuy=12 mz=1 fItI f1 end fItL ctheid 6 1 37.015 0.0 3.078 0.0 88.% -2.54 ,

era =2 mx=9 nuy=1 nuz=1 FILL f1 end fILt cuboid 3 1 71.2 0.0 3.078 0.0 93.98 -2.54
era =3 nux=5 nuy=1 nuz=1 fILt 2 3 4 3 2 end fi1L unit 7

,

era =4 nux=5 nuy=1 nuz=1 fitt 6 8 7 8 6 emi fitt cuboid 3 1 17.157 0.0 3.784 0.0 93.98 -2.54
era =5 nux=1 nuy-4 nuz=1 fiti 10 5 11 9 end fitt tailt 8

end array ethoid 6 1 2.83 2.528 3.784 0.0 88.M -2.54
end data cuboid 3 1 2.83 0.0 3.784 0.0 93.98 -2.54
end unit 9

array 2 3*0.0
n3314ss1 unit 10

cubold 3 1 36.713 0.0 41.332 0.0 88.M -2.54 '
*

=csas25 ctbold 6 1 37.015 0.0 41.332 0.0 88.% -2.54
p3314ssi etbold 3 1 71.2 0.0 41.332 0.0 93.98 -2.54
44 group latticecett unit 11
uo2 1 0.949 293 92235 4.31 92238 95.69 end array 3 3*0.0
at 2 1.0 end ta11t 12
h2o 3 1.0 end array 4 3*0.0
plexiglas 4 1.0 end globat unit 13 ig

oo arberubber 1.321 6 0 0 0 6012 58. 1001 6.5 20000 11.4 array 5 3*0.0
m 16000 1.7 8016 22.1 14000 0.3 5 end reflector 4 1 Sr0.0 2.54 1

cr 6 den =7.93 .1856 end reflector 3 1 4r30.0 2r15.0 1
cu 6 den =7.93 .0027 end end geometry
fe 6 cen=7.93 .6824 end
ori 6 den =7.93 .0158 end read array
no 6 den =7.93 .0026 end ara =1 nux=9 nuy=12 nuz=1 fiIL f1 end fiL1
n1 6 derv=7.93 .1109 end era =2 num=9 nuy=2 nuz=1 FILL f1 end fIti
end camp ara =3 nux=5 nuy=1 nuz=1 fill 2 3 4 3 2 end fitt .

squarepitch 1.892 1.2649 1 3 1.4147 2 1.2827 0 end ara =4 nux=5 nuy=1 nuz=1 fitt 7 9 8 9 7 end fill !

2-9x12 and 2-9x2 assemblies separated by 0.302-cm-thick 0.0 wtX s ara =5 nux=1 nuy=5 nuz=1 fitt 11 5 6 12 10 end fitt
' stainless steet plates and 2.528- and 3.078-cm of water end array
read parm run=yes gen =405 npg=600 nsk=5 nub =yes end perm end data

end
read geom
unit 1
cylinder 1 1 0.63245 91.44 0.0 p3314ss2
cylinder 0 1 0.64135 91.44 0.0
cylinder 5 1 0.64135 93.98 -2.54 =csas25
cylinder 2 1 0.70735 93.98 -2.54 p3314ss2

() cuboid 3 1 4p.9460 93.98 -2.54 44grote tatticecelt >
g unit 2 uo2 1 0.949 293 92235 4.31 92238 95.69 end @

ctbold 31171570.0 22.704 0.0 93.98 -2.54 at 2 1.0 end ap
g unit 3 h2o 3 1.0 end E
ta array 1 3*0.0 plexistas 4 1.0 end R-
9 unit 4 arburteber 1.321 6 0 0 0 6012 58. 1001 6.5 20000 11.4 y

_ _ _ _ _ _ _ _ _ _ _ _ _ _ ____ _ _ _ . _ _ _ _ _ _ _ _ _ _ __ _ _ _ _ _ _ _ _ _ _ _ _ _ . _ _ _ _ _ _ _ _ _ . _ _ _ _ _ . -- - - - ._. _ _ .--
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Z 16000 1.7 8016 22.1 14000 0.3 5 end reflector 4 1 Sr0.0 2.54 1 >
"

cr 6 den =7.93 .1856 end reflector 3 1 4r30.0 2r15.0 1
cu 6 den =7.93 .0027 end end geometry

a fe 6 den =7.93 .6824 end O.
Man 6 den =7.93 .0158 end read array$

;c mo 6 den =7.93 .0026 end era =1 nux=9 nuy=12 nur=1 FILL f1 end FILL >
6 ni 6 den =7.93 .1109 end ara =2 nux=9 nuy=13 nuz=1 fitI f1 end fILt
y end coup ara =3 nux=5 nuy=1 nuz=1 FILL 2 3 4 3 2 end fILt

squarepttch 1.892 1.2649 1 3 1.4147 2 1.2827 0 end are=4 nux=5 nuy=1 nuz=1 fILt 7 9 8 9 7 end fI11-

2-9x12 and 2-9x13 assenbtles separated by 0.302-cm-thict 0.0 wt% 8 ara =5 nux=1 nuy=5 nuz=1 fitt 11 5 6 12 to end fitt
' stainless steet plates and 2.528- and 11.248-cm of water end array
read perm run=yes gen =405 npg-600 nsk=5 nub =yes end perm end data

end
read geom
unit 1 n3314ss3
cylinder 1 1 0.63245 91.44 0.0
cylinder 0 1 0.64135 91.44 0.0 =csas25
cylinder 5 1 0.64135 93.98 -2.54 p3314ss3
cytinder 2 1 0.7G735 93.98 -2.54 44grote tatticecelL
cuboid 3 1 4p.9460 93.98 -2.54 uo2 1 0.949 293 92235 4.31 92238 95.69 end

unit 2 at 2 1.0 end

etboid 3 1 U.157 0.0 22.704 0.0 93.98 -2.54 h2o 3 1.0 end

unit 3
_

plenigtas 4 1.0 end

array 1 3*0.0 arberubber 1.321 6 0 0 0 6012 58. 1001 6.5 20000 11.4
mit 4 16000 1.7 8016 22.1 14000 0.3 5 end

U cuboid 6 1 2.83 2.528 22.704 0.0 88.% -2.54 cr 6 den =7.93 .1856 end
m etbold 3 1 2.83 0.0 22.704 0.0 93.98 -2.54 cu 6 den =7.93 .0027 end

unit 5 fe 6 den =7.93 .6824 end

cuboid 6 1 71.2 0.0 0.302 0.0 88.% -2.54 en 6 den =7.93 .0158 end

cuboid 3 1 71.2 0.0 0.302 0.0 93.98 -2.54 mo 6 den =7.93 .0026 end

tnit 6 nl 6 den =7.93 .1109 end

cuboid 3 1 36.713 0.0 11.248 0.0 88.% -2.54 end coup
ctboid 6 1 37.015 0.0 11.248 0.0 88.% -2.54 squarepitch 1.892 1.2649 1 3 1.4147 2 1.2827 0 end

esbold 3 1 71.2 0.0 11.248 0.0 93.98 -2.54 2-9x12 and 2-9x5 asseattles separated by 0.485-co-thick 0.0 wtX 8
unit 7 ' stainless steet plates and 2.83- and 4.47-cm of water
ctbold 3 1 17.157 0.0 24.5 % 0.0 93.98 -2.54 read para run-yes gen =405 rpg=600 nsk=5 nub =yes end para
unit 8
csboid 6 1 2.83 2.528 24.5 % 0.0 88.% -2.54 read geon
cubold 3 1 2.83 0.0 24.5 % 0.0 93.98 -2.54 unit 1

unit 9 cytinder 1 1 0.63245 91.44 0.0
array 2 3*0.0 cylindce 0 1 0.64135 91.44 0.0
unit to cylinder 5 1 0.64135 93.98 -2.54
ctboid 3 1 36.713 0.0 12.35 0.0 88.% -2.54 cylinder 2 1 0.70735 93.98 -2.54
cuboid 6 1 37.015 0.0 12.35 0.0 88.% -2.54 cuboid 3 1 4p.9460 93.98 -2.54
cuboio 3 1 71.2 0.0 12.35 0.0 93.98 -2.54 mit 2
unit 11 cuboid 3 1 17.157 0.0 22.704 0.0 93.98 -2.54

! array 3 3*0.0 mit 3
unit 12 array 1 3*0.0

array 4 3*0.0 unit 4

globat unit 13 cubold 6 1 2.83 2.345 22.704 0.0 88.% -2.54
array 5 3*0.0 esbold 3 1 2,83 0.0 22.704 0.0 93.98 -2.54

i

|
1
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,

unit 5 cu 6 den =7.93 .0027 end
cubold 6 1 71.2 0.0 0.485 0.0 88.% -2.54 fe 6 den =7.93 .6824 end
cubold 3 1 71.2 0.0 0.485 0.0 93.98 -2.54 ari 6 den =7.93 .0158 end
unit 6 mo 6 den =7.93 .0026 end
ethold 3 1 36.53 0.0 3.985 0.0 88.% -2.54 ni 6 den =7.93 .1109 end
ethold 6 1 37.015 0.0 3.985 0.0 88.% -2.54 end coap .

cuboid 3 1 71.2 0.0 3.985 0.0 93.98 -2.54 squarepitch 1.892 1.2649 1 3 1.4147 2 1.2827 0 end !

unit 7 2-9x12 and 2-9x12 asses 6 ties separated by 0.485-ca-thick 0.0 wtX 5 ;

cuboid 3 1 17.157 0.0 9.46 0.0 93.98 -2.54 ' stainless steet plates and 2.83- and 8.36-ce cf water
ur,it 8 read para run=yes gen =405 npg=600 nsk=5 nub =yes end parm ,

esbold 6 1 2.83 2.528 9.46 0.0 88.% -2.54
cuboid 3 1 2.83 0.0 9.46 0.0 93.98 -2.54 read geom

,

unit 9 unit 1
array 2 3*0.0 cylinder 1 1 0.63245 91.44 0.0
mit 10 cylinder 0 1 0.64135 91.44 0.0
cuboid 3 1 36.53 0.0 34.566 0.0 88.% -2.54 cytinder 5 1 0.64135 93.98 -2.54,

cuboid 6 1 37.015 0.0 34.566 0.0 88.% -2.54 cylinder 2 1 0.70735 93.98 -2.54 |
cuboid 3 1 71.2 0.0 34.566 0.0 93.98 -2.54 cuboid 3 1 4p.9460 93.98 -2.54 L

unit 11 unit 2
array 3 3*0.0 cuboid 3 1 17.157 0.0 22.704 0.0 93.98 -2.54

7
mit 12 unit 3 t

array 4 3*0.0 array 1 3*0.0 r

global mit 13 unit 4
array 5 3*0.0 ctbold 6 1 2.83 2.345 22.704 0.0 88.% -2.54
reflector 4 1 Sr0.0 2.54 1 cuboid 3 1 2.83 0.0 22.704 0.0 93.98 -2.54

$ reflector 3 1 4r30.0 2r15.0 1 unit 5
4 end geometry cubold 6 1 71.2 0.0 0.485 0.0 88.M -2.54

cuboid 3 1 71.2 0.0 0.485 0.0 93.98 -2.54
read array mit 6

*

era =1 nux=9 nuy=12 nuz=1 fill f1 end fill cuboid 3 1 36.53 0.0 7.875 0.0 88.96 -2.54
era =2 nux=9 nuy=5 nuz=1 fitt f1 end fitt cuboid 6 1 37.015 0.0 7.875 0.0 88.% -2.54 I

ara =3 nux=5 nuy=1 nuz=1 fill 2 3 4 3 2 end fitt cuboid 3 1 71.2 0.0 7.875 0.0 93.98 -2.54 *

ara-4 nux=5 nuy=1 nuz=1 filt 7 9 8 9 7 end fill unit 7
ara =5 nux=1 nuy=5 nuz=1 fitt 11 5 6 12 10 end fitt ctbold 3117.1570.0 22.704 0.0 93.98 -2.54 i
end array unit 8 |

end data ethold 6 1 2.83 2.345 22.704 0.0 88.% -2.54 !

end cuboid 3 1 2.83 0.0 22.704 0.0 93.98 -2.54
unit 9
array 2 3*0.0 3

n3314ss4 unit 10 i

cuboid 3 1 36.53 0.0 17.432 0.0 88.% -2.54
=csas25 cuboid 6 1 37.015 0.0 17.432 0.0 88.% -2.54Z p3314ss4 ctbold 3 1 71.2 0.0 17.432 0.0 93.98 -2.54 I-C 44grote tatticecett unit 11 i

h vo2 1 0.949 293 92235 4.31 92238 95.69 end array 3 3*0.0 |

Q at 2 1.0 end unit 12 >
3 h2o 3 1.0 end array 4 3*0.0 *C

y plexiglas 4 1.0 end global smit 13 3
arberubber 1.321 6 0 0 0 6012 58. 1001 6.5 20000 11.4 array 5 3*0.0 Eg

ta 16000 1.7 8016 22.1 14000 0.3 5 end reflector 4 1 5r0.0 2.54 1 j;i-
$ cr 6 den =7.93 .1856 end y

i
,

! )
1

t

I
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reflector 3 1 4r30.0 2r15.0 1 array 3 -57.478 -17.8 O. gend geometry reflector 4 1 5r0.0 2.54 1

rt",tector 3 1 4r30.0 2r15.0 1 g
read array end geometry 5

9:.,

O ara =1 nux=9 nuy=12 mz=1 fitt f1 end filt *
Ei era =2 rux=9 nuy=12 mz=1 fILt fI erut FILL read arrey >
? ara =3 num=5 nur=1 mz=1 fiIL 2 3 4 3 2 end FILL ara =1 nux=25+wr=20 mz=1 FILL f1 end fi1L
ch era =4 num=5 nuy=1 mz=1 f fil 7 9 8 9 7 end fi11 ara =2 num=17 nuy=20 mz=1 fIL1 f1 end fIi1
$ ara =5 nux=1 nuy=5 nuz=1 fItt 11 5 6 12 10 end fIti ara =3 num=5. nuy=1 nuz=1 fiIt 3 4 2 5 3 end fILt

end serray end array"

end data end data
end end

D3314ss5 p3314ss6

=csas25 =csas25
p3314ss5 p3314ss6
44 group letticecell 44groep Latticecett
uo2 1 0.84 293 92235 2.35 92238 97.65 end uo2 1 0.949 293 92235 4.31 92238 95.69 end

at 2 1.0 end at 2 1.0 end

h2o 3 1.0 end h2o 3 1.0 end

plexiglas 4 1.0 end plexiglas 4 1.0 end

er 5 den =7.93 .1856 end er 5 den =7.93 .1856 end

cu 5 den =7.93 .0027 end cu 5 den =7.93 .0027 end

fe 5 den =7.93 .6824 end fe 5 den =7.93 .6824 end

ari 5 den =7.93 .0153 end an 5 den =7.93 .0158 end
y
oo no 5 den =7.93 .0026 end no 5 den =7.93 .0026 end

ni 5 den =7.93 .1109 end ni 5 den =7.93 .1109 end*

end comp artmirthber 1.321 6 0 0 0 6012 58. 1001 6.5 20000 11.4
squarepitch 1.684 1.1176 1 3 1.27 2 end geometry 16000 1.7 8016 22.1 14000 0.3 6 end
2-17x10 and 1-25x20 (center) assen6 ties separated by 0.302-cm-thick end coup
'0.0 wt % B stainless steet plates and 7.80 cm of water squarepitch 1.892 1.2649 1 3 1.4147 2 1.2827 0 end

read perm run=yes gen =405 opg=600 nsk=5 r * yes end perm 3-12x16 asseabtles separated by 0.302-cm-thick 0.0 wt18 staintess
' steel plates and 10.218 cm of water

read geom read perm run=yes gen =405 opg=600 nsk=5 reh=yes end perm
unit 1
cylinder 1 1 0.5588 91.44 0.0 read geem
cyiInder 2 1 0.635 %.52 -1.27 unit 1
cubold 3 1 4p0.842 %.52 -1.27 cylinder 1 1 0.63245 91.44 0.0
unit 2 cylitzler 0 1 0.64135 91.44 0.0
array 1 3*0.0 cylinder 6 1 0.64135 93.96 -2.54 .

reflector 3 1 2r0 1.92 0.0 2r0 1 cylinder 2 1 0.70735 93.96 -2.54
unit 3 cuboid 3 1 4p0.946 93.96 -2.54
array 2 3*0.0 uriit 2
reflector 3 1 2r0 1.92 0.0 2r0 1 array 1 3*0.0

unit 4 reflector 3 1 2r0 2r2.664 2r0 1
cuboid 51 0.0 -0.302 35.6 0.0 90.23 -1.27 unit 3
esboid 31 0.0 -7.80 35.6 0.0 %.52 -1.27 cuboid 51 0.0 -0.302 2p17.8 88.% -2.54

unit 5 cuboid 31 0.0 -10.52 2p17.8 93.96 -2.54
ctboid 51 0.302 0.0 35.6 0.0 90.23 -1.27 unit 4

cuboid 31 7.80 0.0 35.6 0.0 %.52 1.27 esboid 51 0.302 0.0 2p17.8 88.% -2.54
gtobet unit 9 cuboid 31 10.52 0.0 2p17.8 93.96 -2.54
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I

globet unit 5 reed errey
array 2 -44.576 -17.8 0. are=1 rust =14 my=1 mz=1 fitt f1 end fitt

refIector 4 1 Sr0.0 2.54 1 are=2 rust =14 my=1 nur=1 fiIL 2r1 1 2 4q2 2r1 end fILt
reflector 3 1 4r30.0 2r15.0 1 are=3 mx=14 my=1 mz=1 fitt 11r13r2 end fitt

end geometry ere=4 rasi=1 nuy=14 nuz=1 fitt 2r3 4 3 4q2 3 5 end fitt
end errey

| read array end data
| ara =1 nux=12 nuy=16 mz=1 FILL f1 end fI1L end
I are=2 nux=5 nuy=1 mz=1 fiLt 2 3 2 4 2 end FILL
l end errey p3314m2

end data
end =cses25

p3314w2
p3314w1 44gro w tatticecett

uo2 1 0.840 293 92235 2.35 92238 97.65 end
=csas25 at 2 1.0 end
p3314w1 h2o 3 1.0 end

, '
44gro w tatticecett plexiglas 4 1.0 end
uo2 1 0.949 293 92235 4.31 92238 95.69 end end camp *

at 2 1.0 end squarepitch 1.684 1.1176 1 3 1.27 2 end geometry,

h2o 3 1.0 end Core of 23x23 positions: 486 fuel rods and 25 water holes'

plexiglas 4 1.0 end read perm run=yes gen =405 reg =600 nsk=5 rub =yes end perm
artarubber 1.321 6 0 0 0 6012 58. 1001 6.5 20000 11.4

16000 1.7 8016 22.1 14000 0.3 5 end read seem ,

end cony unit 1 t

g
oo squarepitch 1.892 1.2649 1 3 1.4147 2 1.2827 0 end geometry cylinder 1 1 0.5588 91.44 0.0
C Core of 14x14 positions: 168 fuel rods and 25 water holes cylinder 2 1 0.635 M.52 -1.27

read para rm=yes gen =405 npg=600 nsk=5 nub =yes end perm ctboid 3 1 4po.842 M.52 -1.27
'

unit 2
read geom cuboid 3 1 4p.842 %.52 -1.27 ,

unit 1 unit 3 t

cyiInder 1 1 0.63245 91.44 0.0 array 1 3*0.0
cylinder 0 1 0.64135 91.44 0.0 unit 4 f
cylinder 5 1 0.64135 93.98 -2.54 errey 2 3*0.0
cylinder 2 1 0.70735 93.98 -2.54 mit 5
cuboid 3 1 4p.9460 93.98 -2.54 errey 3 3*0.0 :

unit 2 globet unit 6 i
cuboid 3 1 4p.9460 93.98 -2.54 arrey 4 3*0.0 i

mit 3 reflector 4 1 5r0.0 2.54 1
array 1 3*0.0 reflector 3 1 4r30. 15.2 15.3 1 ;

unit 4 end geometry [
array 2 3*0.0 t

f unit 5 read array
*

arrey 3 3*0.0 are=1 num=23 nuy=1 nur=1 fiIL f1 end fItt t
giobet unit 6 ara =2 nux=23 rury=1 nuz=1 fILt Sr1 1 2 4q2 Br1 end FILL *

Q array 4 3*0.0 era =3 nux=23 nuy=1 nuz=1 fitt Sr1 18r2 end fiti >
3 reflector 4 1 Sro.0 2.54 1 era =4 num=1 nuy=23 nuz=1 fitt 7r3 4 3 4q2 Sr3 5 end fitt y ;

reflector 3 1 4r30. 15.2 15.3 1 end errey a wy 'g end geometry end data E
w end p-
0% >~

!

!

!

Y
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*2| p3314zr snit 11 .>
C array 3 3*3.0 @
h ecsas25 unit 12 g
a p3314zr array 4 3*0.0 9
M 44 group latticecell globat unit 13 M

;c uo2 1 0.949 293 92235 4.31 92238 95.69 end array 5 3*0.0 >
& at 2 1.0 end reflector 4 1 5ro.0 2.54 1

tg' h2o 3 1.0 end reflector 5 1 4r30.0 2r15.0 1

plexiglas 4 1.0 end end geometry-

h2o 5 end
artraruther 1.321 6 0 0 0 6012 58. 1001 6.5 20000 11.4 read array

16000 1.7 8016 22.1 14000 0.3 6 W ara =1 nux=9 nuy=12 nuz=1 fitt f1 end fitt

artnzr4 6.32 4 0 0 1 40000 .9816 50000 .015 ara =2 nux=9 nuy=2 nuz=1 fitt f1 end fitt

24000 .0013 26000 .0021 7 end ara =3 nux=5 nuy=1 nuz=1 fitt 2 3 4 3 2 end fitt

end com ara =4 num=5 nuy=1 nuz=1 fiLt 7 9 8 9 7 end fItL
squarepitch 1.892 1.2649 1 3 1.4147 2 1.2827 0 end are=5 nux=1 nuy=5 nuz=1 fitt 11 5 6 12 to end fitt
2-9x12 and 2-9x1 assenbtles separated by 0.652-cm-thick Zircaloy-4 end array
' plates and 2.178- and 10.388-cm of water end data
read para run=yes gen =405 npg=600 nsk=5 nub =yes end para end

read geom D3602bb
unit 1
cylinder 1 1 0.63245 91.44 0.0 =csas25
cytinder 0 1 0.64135 91. 0.0 p3602th
cylinder 6 1 0.64135 93.98 -2.54 44 group tatticecetl

@ cyt i!*r 2 1 0.70735 93.98 -2.54 uo2 1 0.949 293 92235 4.31 92238 95.69 end
o ctboid 3 1 4p.9460 93.98 -2.54 at 2 1.0 end

unit 2 h2o 3 1.0 end
esboid 5 1 17.157 0.0 22.704 0.0 93.98 -2.54 plexistas 4 1.0 end
unit 3 arbasteet 7.84 8 0 0 1 26304 %.78 6012 0.19 25055
array 1 3*0.0 1.28 14000 .22 28304 .79 42000 .49 24304 .12
unit 4 29000 .13 5 end
esboid 7 1 2.83 2.178 22.704 0.0 88.96 -2.54 arterthber 1.321 6 0 0 0 6012 58. 1001 6.5 20000 11.4
cuboid 5 1 2.83 0.0 22.704 0.0 93.98 -2.54 16000 1.7 8016 22.1 14000 0.3 6 end
unit 5 at 7 den =2.50 .6121 end
cuboid 7 1 71.2 0.0 0.652 0.0 93.98 -2.54 boren 7 den =2.50 .3036 end
unit 6 c 7 den =2.50 .0843 end
cubold 5 1 36.363 0.0 10.388 0.0 88.96 -2.54 end co m
ctbold 7 1 37.015 0.0 10.388 0.0 C.% -2.54 squarepitch 1.892 1.2649 1 3 1.4147 2 1.2827 0 end
ctboid 5 1 71.2 0.0 10.388 0.0 93.98 -2.54 3-12x16 essenblies separated by 0.292-cm-thick Boral-B platec and
unit 7 '8.008 cm of water, assenbiles separated from stainless steel
cuboid 5 1 17.157 0.0 3.784 0.0 93.98 -2.54 ' reflecting watts by 1.956 cm of water

unit 8 read para run=yes gen =405 opg=600 nsk=5 nub =yes end para
esbold 7 1 2.83 2.178 3.784 0.0 88.% -2.54
cuboid 5 1 2.83 0.0 3.784 0.0 93.98 -2.54 read geem
unit 9 unit 1

array 2 3*0.0 cylinder 1 1 0.63245 91.44 0.0
unit 10 cylinder 0 1 0.64135 91.44 0.0
cuboid 5 1 36.363 0.0 33.672 0.0 88.% -2.54 cylinder 6 1 0.64135 93.98 -2.54
esboid 7 1 37.015 0.0 33.672 0.0 88.% -2.54 cylinder 2 1 0.70735 93.98 -2.54
cubold 5 1 71.2 0.0 33.672 0.0 93.98 -2.54 ctbold 3 1 4p.9460 93.98 -2.54
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unit 2 cylinder 2 1 0.635 %.52 -1.27
array 1 3*0.0 cubold 3 1 4p0.842 96.52 -1.27
unit 3 unit 2

ctboid 31 7.5307 0.0 30.272 0.0 93.98 -2.54 array 1 3*0.0

smit 4 unit 3

ctbold 71 0.292 0.0 2p15.1 88.M -2.54 esbold 31 4.088 0.0 30.312 0.0 96.52 -1.27 [

ctbold 31 0.292 0.0 2p15.136 93.98 -2.54 unit 4
ctbold 61 0.298 0.0 2p15.1 90.23 -1.27globat unit 5

array 2 -41.8787 -15.136 0. esbold 31 0.298 0.0 2p15.156 %.52 -1.27
reflector 4 1 Sr0.0 2.54 1 unit 5

ctbold 3 1 2p73.65 2p17.0924 101.52 -20.38 array 2 3*0.0

reflector 5 1 2r0.0 2r17.85 2r0.0 1 globat unit 6

reflector 3 1 2r30.5 2r10.694 7.54 0 1 array 3 -59.116 -15.156 0. !

reflector 4 1 Sr0.0 2.54 1 |end geometry
cuboid 3 1 2pT3.65 2p16.477 102.79 -19.11
reflector 5 1 2r0.0 2r17.85 2r0.0 1

read array
ara =1 nux=12 nuy=16 nuz=1 fitt f1 end fitt reflector 3 1 2r30.5 2r11.329 8.93 0 1
ars=2 nux=7 nuy=1 nuz=1 fitt 2342432 end fitt end geometry

i.
end array '

end data read array
era =1 nux=20 nuy=18 nur=1 fitt f1 end fill

end ara =2 nux=25 nuy=18 nuz=1 fit 1 f1 end FILL 1'
are=3 nux=7 nuy=1 nur=1 fitt 2 3 4 5 4 3 2 end fittp3602bs1
end array

iend data=csas25
$ p3602bs1 end

44 group tatticecell-

uo2 1 0.84 293 92235 2.35 92238 97.65 end n3602ba2

at 2 1.0 end

h2o 3 1.0 end =csas25

ptexiglas 4 1.0 end p3602bs2

arbmsteel 7.84 8 0 0 1 26304 %.78 6012 0.19 25055 1.28 44 group tatticecett ,

14000 .22 28304 .79 42000 .49 24304 .12 29000 .13 5 end uo2 1 0.949 293 92235 4.31 92238 95.69 end

boren 6 den =7.9 .0105 end at 2 1.0 end

crss 6 den =7.9 .1903 end h2o 3 1.0 end

eu 6 den =7.9 .0028 end piexigias 4 1.0 end
'

fess 6 den =7.9 .6804 end arbusteet 7.84 8 0 0 1 26304 % .78 6012 0.19 25055 1.28
mn 6 den =7.9 .0158 end 14000 .22 28304 .79 42000 .49 24304 .12 29000 .13 5 end
no 6 den =7.9 .0049 end arterthber 1.321 6 0 0 0 6012 58. 1001 6.5 20000 11.4
niss 6 den =7.9 .0953 end 16000 1.7 8016 22.1 14000 0.3 6 end

boron 7 den =T.9 .0105 end
end coup
squarepitch 1.684 1.1176 1 3 1.27 2 end crss 7 den =7.9 .1903 end

2-18x20 and 1-25x15 (center) asseabiles separated by 0.298-cm-thick cu 7 den =7.9 .0028 end

'1.1 wt% 8 304L stainless steet plates and 4.502 cm of water, fess 7 den =7.9 .6804 end
'

en 7 den =7.9 .0158 end
h 'assenblies separated from stainless steel reflecting watts by 1.321

no 7 den =7.9 .0049 end *>
o 'em of water
g red para run=yes gen =405 npg=600 nsk=5 nubryes end perm niss 7 den =7.9 .0953 end y

aend coup
y squarepitch 1.892 1.2649 1 3 1.4147 2 1.2827 0 end Eg read geom 2-20x18 and 1-25x18 (center) asseabiles separated by 0.061-co-thick Eunit 1i,3

g cylinder 1 1 0.5588 91.44 0.0 'cadaism plates and 3.799 cm of water, asseabiles separated from p

i

- _ - _ _ - - - - _ _ _ _ _ - _ _ -



' stainless steel reflecting wells by 1.321 cm of water reed geen >
read pers run=yes gen =405 npg=600 nsk=5 nub =yes end para unit 1 g"

cyttnder 1 1 0.5588 91.44 0.0 g,

c) read geem cylinder 2 1 0.635 96.52 -1.27 93 unit I csbold 3 1 4po.842 M.52 -1.2T M
;c cylinder 1 1 0.63245 91.44 0.0 unit 2 >& cylinder 0 1 0.64135 91.44 0.0 erray 1 3*C.0
y cylinder 6 1 0.64135 93.98 -2.54 tmit 3

cylinder 2 1 0.70735 93.98 -2.54 cuboid 31 3.385 0.0 30.312 0.0 96.52 =1.27-

csbold 3 1 4p.9460 93.98 -2.54 toit 4
tmit 2 esbold 61 0.061 0.0 2p15.1 90.23 -1.27
array 1 3*0.0 cubold 31 0.061 0.0 2p15.156 %.52 -1.27
unit 3 unit 5
etbold 3i 9.0547 0.0 30.272 0.0 93.98 -2.54 array 2 3*0 3
unit 4 globet unit 6
ctbold 71 0.298 0.0 2p15.1 88.% -2.54 array 3 -58.115 -15.156 0.
cuboid 31 0.298 0.0 2p15.136 93.98 -2.54 reflector 4 1 Sr0.0 2.54 1
globet unit 5 cuboid 312p73.65 2p16.4TT 102.79 -19.11
array 2 -43.4087 -15.136 0. reflector 5 1 2r0.0 2r17.85 2r0.0 1
reflector 4 1 Src.0 2.54 1 reflector 3 1 2r30.5 2r11.329 8.93 0 1
ctboid 3 1 2pT3.65 2p17.092 101.52 -20.38 end geometry
reflector 5 1 2r0.0 2r17.85 2r0.0 1
reflector 3 1 2r30.5 2r10.694 7.54 0 1 read array
end geometry ara =1 nux=20 nuy=18 nuz=1 FILL f1 end fItt

ara =2 nux=25 nur=18 nuz=1 fILt f1 end fILtU read array era =3 nux=7 nuy=1 nuz=1 fitt 2 3 4 5 4 3 2 end fitt
N ara =1 nux=12 nuy=16 nuz=1 fitt f1 end fitt end array

ara =2 num=7 nuy=1 nuz=1 fill 2 3 4 2 4 3 2 end fitt end data
end array end

| end data
end c3602cd2

c3602cd1 =csas25
p3602cd2

=csas25 44 group latticecell
p3602cd1 uo2 1 C.949 293 92235 4.31 92238 95.69 end44gro @ tatticecett at 2 1.0 end
uo2 1 0.84 293 92235 2.35 92238 97.65 end h2o 3 1.0 endat 2 1.0 end plexiglas 4 1.0 endh2o 3 1.0 end arbusteel 7.84 8 0 0 1 26304 96.78 6012 0.19 25055
plexistas 4 1.0 end 1.28 14000 .22 28304 .79 42000 .49 24304 .12arbmsteet 7.84 8 0 0 1 26304 % .78 6012 0.19 25055 1.28 29000 .13 5 end

14000 .22 28304 .79 42000 .49 24304 .12 29000 .13 5 end arburthber 1.321 6 0 0 0 6012 58. 1001 6.5 20000 11.4ed 6 den =8.65 end 16000 1.7 8016 22.1 14000 0.3 6 endend coup cd 7 den =8.65 endsquarepitch 1.684 1.1176 1 3 1.27 2 end end coup
2-20x18 and 1-25x18(centerlassemblies seperated by 0.061-cm-thick squarepitch 1.892 1.2649 1 3 1.4147 2 1.2827 0 end'cachite plates and 3.799 cm of water, asses 6 ties seperated from 3-12x16 assea6 ties seperated by 0.061-co-thick ca hium plates and' stainless steel reflecting wells by 1.321 cm of water '8.799 cm of water, assemblies separated from steintess steel
read perm run=yes gen =405 npg=600 nsk=5 mb=yes end perm ' reflecting watts by 1.956 cm of water

read para run=yes gen =405 npg=600 nsk=5 me=yes end perm

_ - _ - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - _ . -- - . . _ -.. - - . - . _ _ _ - , . _ _ - - _ - _ - _ .
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!
| !

! k

1

cylinder 2 1 0.635 %.52 -1.27read geen
caboid 3 1 4p0.842 96.52 -1.27

mit 1 |
cylinder 1 1 0.63245 91.44 0.0 amit 2
cylinder 0 1 0.64135 91.44 0.0 array 1 3*0.0

cylinder 6 1 0.64135 93.98 -2.54 unit 3
cylinder 2 1 0.70735 93.98 -2.54 c@ old 31 7.039 0.0 30.312 0.0 %.52 -1.27
ctbold 3 1 4p.9460 93.98 -2.54 unit 4

esbold 61 0.337 0.0 2p19.1 90.23 -1.27unit 2 ctbold 31 0.537 0.0 2p15.156 %.52 -1.27
array 1 3*0.0

unit 5mit 3
cuboid 31 8.4017 0.0 30.272 0.0 93.98 -2.54 array 2 3*0.0

unit 4
globat unit 6 j

cuboid 71 0.061 0.0' 2p15.1 88.% -2.54 array 3 -62.106 -15.156 0.
ctbold 31 0.061 0.0 2p15.136 93.98 -2.54 reflector 4 1 5r0.0 2.54 1

cuboid 3 1 2p73.65 2p16.477 102.79 -19.11stobat unit 5
array 2 -42.5187 -15.136 0. reflector 5 1 2ro.0 2r17.85 2r0.0 1
reflector 4 1 Sro.0 2.54 1 reflector 3 1 2r30.5 2r11.329 8.93 0 1
ctbold 312p73.65 2p17.092 101.52 -20.38 end geometry

reflector 5 1 2ro.0 2r17.85 2r0.0 1
reflector 3 1 2r30.5 2r10.694 7.54 0 1 read array

ara =1 rux=20 nuy= M nuz=1 fILt f1 end FILLend geonetry
ara =2 nux=25 nuy=18 nuz=1 fi11 f1 end fItL
ara =3 nux=7 nuy=1 nuz=1 fitt 2 3 4 5 4 3 2 end fittread array

are=1 nux=12 nuy=16 nuz=1 fiLt f1 end fitt end array

ara =2 nux=7 nuy=1 nuz=1 fitt 2 3 4 2 4 3 2 end fill end data ,

'

@ end array end
w end data

end p3602cu2

=csas25o3602 cut
p3602cu2 |

=csas25 44 group latticecett'

uo2 1 0.84 293 92235 2.35 92238 97.65 end
p3602 cut
44grote tatticecett at 2 1.0 end

uo2 1 0.84 293 92235 2.35 92238 97.65 end h2o 3 1.0 end

at 2 1.0 end ptexiglas 4 1.0 end i

h2o 3 1.0 end arbusteet 7.84 8 0 0 1 26304 M .78 6012 0.19 25055 1.28
plexiglas 4 1.0 end 14000 .22 28304 .79 42000 .49 24304 .12 29000 .13 5 end
artmsteet 7.84 8 0 0 1 26304 % .78 6012 0.19 25055 1.28 cu 6 den =8.910 .99 end

14000 .22 28304 .79 42000 .49 24304 .12 29000 .13 5 end ed 6 den =8.910 .01 end

cu 6 den =8.913 end end com !

end co m squarepitch 1.684 1.1176 1 3 1.27 2 end

squarepitch 1.684 1.1176 1 3 1.27 2 end 2-20x18 and 1-25x18 (center) assenbtles separated by 0.357-cm-thick 1 ;

2-20x18 and 1-25x18 (center) asseelies separated by 0.337-en-thick 'ut% cadmita copper plates and 5.073 cm of water, asseeties separated i

'cosper plates and 7.453 cm of water, assemblies separated from 'from stainless steet reflecting watts by 1.321 cm of water I

() ' stainless steel reflecting watts by 1.321 cm of water read para run=yes gen =405 m g-600 nsk=5 ntb=yes end perm
* > i

3 read para rtm=yes gen =405 npg=600 nsk=5 nub =yes end pare y
p

telt 1 S '|
read geen a

g read geen
w unit 1 cylinder 1 1 0.5588 91.44 0.0 W ;

$ c;1inder 1 1 0.5588 91.44 0.0 cyiInder 2 1 0.635 %.52 -1.27 y

,
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1

ctbold 3 1 4po.842 %.52 -1.27 cylinder 6 1 0.64135 93.98 2.54 > 6

unit 2 cylinder 2 1 0.70735 93.98 -2.54 'O

.'array- 1 3*0.0 cuboid 3 1 4p.9460 93.98 -2.54~
O unit 3 . unit 2 . [
$ cuboid 31 4.659 0.0 30.312 0.0 %.52 -1.27 array 1 3*0.0

,
'

;c toit 4 unit 3 > .
& cuboid 61 0.357 0.0 2p15.1 90.23 -1.27 cuboid 3 1. 12.6557 0.0 30.272 0.0 93.98 -2.54 !y ctbold 31 0.3*7 0.0 2p15.156 %.52 -1.27 mit 44

unit 5 cubold 71 0.337 0.0 2p15.1 88.96 -2.54 i
-

' array 2 3*0.0 cuboid 31 0.337 0.0. 2p15.136- 93.98 -2.54 !
globet unit 6 globet unit 5 '

array 3 -59.746 -15.156 0. array 2 -47.0487 -15.136 0. i

reflector 4 1 Sr0.0 2.54 1 reflector 4 1 Sr0.0 2.54 1
'

cuboid 3 1 2pT3.65 2p16.477 102.79 -19.11 cuboid 312pT3.65 2p17.092 101.52 -20.38
reflector 5 1 2r0.0 2r17.85 2r0.0 1 reflector 5 1 2r0.0 2r17.85 2r0.0 1
reflector 3 1 2r30.5 2r11.329 8.93 0 1 reflector 3 1 2r30.5 2r10.694 7.54 0 1 i
end geometry end geometry

read array read array
J.ara =1 nux=20 nuy=18 nuz=1 fitt f1 end fiti era =1 nux=12 nuy=16 nuz=1 fItL f1 end fILt
'

ara =2 nux=25 nuy=18 nur=1 fitt f1 end fitt ara =2 nux=7 nuy=1 nuz=1 fill 2 3 4 2 4 3 2 end fitt
ara =3 nux=7 nuy=1-nur=1 fitt 2 3 4 5 4 3 2 end fill end array I

end array end data
end data end
end y

f($ p3602cu4 i* o3602cu3 '

=csas25
=csas25 p3602cu4 ip3602cu3 44 group latticecett t44 group latticecell uo2 1 0.949 293 92235 4.31 92238 95.69 end
uo2 1 0.949 293 92235 4.31 92238 95.69 end al. 2 1.0 end jat 2 1.0 end h2o 3 1.0 end ih2o 3 1.0 end plexiglas 4 1.0 end iplexiglas 4 1.0 end arbusteet 7.84 8 0 0 1 26304 % .78 6012 0.19 25055 1.28 |arbmsteet 7.84 8 0 0 1 26304 % .78 6012 0.19 25055 1.28 14000 .22 28304 .79 42000 .49 24304 .12 29000 .13 5 end i14000 .22 28304 .79 42000 .49 24304 .12 29000 .13 5 end arberubber 1.321 6 0 0 0 6012 58. 1001 6.5 20000 11.4 '

artsnrubber 1.321 6 0 0 0 6012 58. 1001 6.5 20000 11.4 16000 1.7 8016 22.1 14000 0.3 6 end '
16000 1.7 8016 22.1 14000 0.3 6 end cu 7 den =8.910 .99 end- I

cu 7 den =8.913 end ed 7 den =8.910 .01 end [end conp end coup isquarepitch 1.892 1.2649 1 3 1.4147 2 1.2827 0 end squarepitch 1.892 1.2649 1 3 1.4147 2 1.2827 0 end '

3-12x16 assenblies separated by 0.337-cm-thick copper plates and 3-12x16 assemblies separated by 0.357-ca-thick I wt1 cadmitsu copper j'13.133 cm of water, assenbtles seperated from stainless steet ' plates and 10.213 cm of unter, assemblies seperated from stainless
' reflecting watts by 1.956 cm of water ' steel reflecting wetts by 1.956 cm of unter ;
read perm rtm=yes gen =405 npg=600 nsk=5 nub =yes end perm reed perm run=yes gen =405 rpg=600 nsk=5 rub =yes end para i

read geom read geen Iunit 1 unit 1 !
cylinder 1 1 0.63245 91.44 0.0 cylinder 1 1 0.63245 91.44 0.0 tcylinder 0 1 0.64135 91.44 0.0 cylinder 0 1 0.64135 _91.44 0.0 t

!

l '

[
.
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cyt ..mx r 6 1 0.64135 93.98 -2.54 arrey 1 3*0.0cylirder 2 1 0.70735 93.98 -2.54 unit 3cuboid 3 1 4p.9460 93.98 -2.54 ;

unit 2 array 2 3*0.0

array 1 3*0.0 mit 4
unit 3 cuboid 5 1 8.566 0.0 30.312 0.0 %.52 -1.27 j

etobal mit 5 1cuboid 31 9 7357 0.0 30.272 0.0 93.98 -2.54
unit 4 array 3 -63.296 -15.156 0.

reflector 4 1 5r0.0 2.54 1
cuboid 71 0.357 0.0 2p15.1 88.96 -2.54 ctbold 51 2pT3.65 2p15.156 102.79 -19.11cuboid 31 0.357 0.0 2p15.136 93.98 -2.54global unit 5 reflector 6 1 2r0.0 2r17.85 2r0.0 1
array 2 -44.1487 -15.136 0. reflector 5 1 Sr9.0 0 1reflector 5 1 2r21.0 4r0 1reflector 4 1 5r0.0 2.54 1
cuboid 3 1 2p73.65 2p17.092 101.52 -20.38 end geometry
reflector 5 1 2r0.0 2r17.85 2r0.0 1
reflector 3 1 2r30.5 2r10.694 7.54 0 1 read array
end geometry era =1 nux=25 nuy=18 nuz=1 fill f1

end fill
ara =2 nux=20 nuy=18 nuz=1 fill f1 end fill

read array aras3 nux=5 nuy=1 nuz=1 fill 3 4 2 4 3 end fill
era =1 nux=12 nuy=16 nur=1 fill f1 end array

end fill end dataara =2 nux=7 nuy=1 nuz=1 fill 2 3 4 2 4 3 2 end fill
end array end
end data
end p3602n12

$ 03602n11 =csas25
u p3602n12

=csas25 44 group latticecell
p3602n11 uo2 1 0.84 293 92235 2.35 92238 97.65 end44 group latticecell at 2 1.0

endh2o 3 1.0uo2 1 0.84 293 92235 2.35 92238 97.65 endmi plexiglas 4 1.0at 2 1.0 endcad h2o 5 1.0h2o 3 1.0 endend arbmsteet 7.84 8 0 0 1 26304 96.78 6012 0.19 25055 1.28plexiglas 4 1.0
endh2o 5 1.0 14000 .22 28304 .79 42000 .49 24304 .12 29000 .13 6 endend end cony

arbmsteet 7.84 8 0 0 1 26304 96.78 6012 0.19 25055 1.28 squarepitch 1.684 1.1176 1 3 1.27 2
14000 .22 28304 .79 42000 .49 24304 .12 29000 .13 6 end endend coep 2-20x18 and 1-25x18 (center) assenttles separated by ' 'of water,squarepitch 1.684 1.1176 1 3 1.27 2 'assenblies separated from stainless steet reflectir

end 'of water .. 6 by 0.66 cm
2-20x18 and 1-25x18 (center) assemblies separated by 8.98 cm of water,
'assesblies separated from stainless steet reflecting watts by 0.0 cm read perm run=yes gen =405 npg=600 nsk=5 ntb=yes end parm
'of water
read parm read geom

h run=yes gen =405 npg=600 nsk=5 nub =yes end parm unit 1
Q read geom cylinder 1 1 0.5588 91.44 0.0g unit 1 cylinder 2 1 0.635 %.52 -1.27 >cuboid 3 1 4p.842 %.52 -1.27p cylinder 1 1 0.5588 91.44 0.0 unit 2 @cylinder 2 1 0.635 96.52 -1.27

e

8 cuboid 3 1 4p.842 96.52 -1.27
array 1 3*0.0 o

_Ch unit 2 unit 3 S.
array 2 3*0.0 E

y

-



_

reflector 4 1 Sr0.0 2.54 1 >

cuboid 5 1 9.166 0.0 30.312 0.0 %.52 -1.27 cuboid 51 2p73.65 2p16.84 102.79 -19.11 @7 unit 4
reflector 6 1 2r0.0 2r17.85 2ro.0 1 g

global smit 5 reflector 5 1 Sr9.0 0 1 a.
E.c) array 3 -63.896 -15.156 0.

B reflector 4 1 Sr0.0 2.54 1 reflector 5 1 2r21.0 4r0 1 >
;c ctbold 51 2p73.65 2p15.816 102.79 -19.11 end geometry

& reflector 6 1 2r3.0 2r17.85 2r0.0 1

y reflector 5 1 Sr9.0 0 1
read array
era =1 nux=25 nuy=18 rut =1 fILt f1 end fiti

reflector 5 1 2r21.0 4r0 1 era =2 rux=20 nuy=18 run=1 FILL f1 end fIL1-

end geometry era =3 nux=5 nuy=1 nuz=1 FILL 3 4 2 4 3 end fILt
end array

read array end dataera =1 nux=25 nuy=18 nut =1 fitt f1 end fILt
era =2 nux=20 nuy=18 nuz=1 fiti f1 end FILL erd

ara =3 nux=5 ruy=1 nut =1 fitt 3 4 2 4 3 end fitt
p3602n14

end array

end data =csas25
end p3602n14

44grotp tatticecett
c3602n13 uo2 1 0.84 293 92235 2.35 92238 97.65 end

endal 2 1.0
end=csas25 h2o 3 1.0
endp3602n13 plexiglas 4 1.0
end44 group latticecett end h2o 5 1.0

uo2 1 0.84 293 92235 2.35 92238 97.65 end arbesteet 7.84 8 0 0 1 26304 %.78 6012 0.19 25055 1.28 14000 .22
@ at 2 1.0 28304 .79 42000 .49 24304 .12 29000 .13 6 endend* h2o 3 1.0

end end coup
end squarepitch 1.684 1.1176 1 3 1.27 2 endplexiglas 4 1.0

h2o 5 1.0 2-20x18 and 1-25x18 (center) assenblies separated by 8.54 cm of water,
arbmsteet 7.84 8 0 0 1 26304 % .78 6012 0.19 25055 1.28 'assenbtles separated f rom stainless steet reflecting watts by 3.912

14000 .22 28304 .79 42000 .49 24304 .12 29000 .13 6 end 'em of water
end read para run=yes gen =405 npg=600 nsk=5 r e end paraend cong

scpaarepitch 1.684 1.1176 1 3 1.27 2
2-20x18 and 1-25x18 (center) assentties separated by 9.66 cm of water, read geon'assenbtles separated from stainless steel reflecting watts by 1.684

unit I

read perm run=yes gen =405 rpg=600 nsk=5 nub =yes end para
cylinder 1 1 0.5588 91.44 0.0'em of water
cytirder 2 1 0.635 %.52 -1.27
cuboid 3 1 4p.842 %.52 -1.27

read geom unit 2
tnit 1
cylinder 1 1 0.5588 91.44 0.0 array 1 3*0.0

cylinder 2 1 0.635 %.52 -1.27 unit 3

ctbold 3 1 Ap.842 %.52 -1.27 array 2 3*0.0
unit 4

unit 2 ctbold 5 1 8.126 0.0 30.312 0.0 %.52 -1.27
array 1 3*0.0 globat unit 5
unit 3 array 3 -62.856 -15.156 0.
array 2 3*0.0 reflector 4 1 5r0.0 2.54 1

unit 4 ctbold 51 2p73.65 2p19.068 102.79 -19.11
ctbold 5 1 9.246 0.0 30.312 0.0 96.52 -1.27 reflector 6 1 2ro.0 2r17.85 2ro.0 1

globat unit 5 reflector 5 1 5r9.0 0 1

array 3 -63.976 -15.156 0.

l
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reflector 5 1 2r21.0 4r0 1 end dets
end geometry end

read array a3602n22
era =1 rum =25 my=18 nuz=1 fI|| f1 end fi1L
are=2 nux=20 nuy=18 nuz=1 fIL1 f1 end fIi1 =csas25
ora =3 nux=5 nuy=1 nuz=1 fi(l 3 4 2 4 3 end fILt p3602n22
end array 44 group latticecett
end data uo2 1 0.84 293 92235 2.35 92238 97.65 end

end at 2 1.0 and
h2o 3 1.0 end

p5602n21 plexiglas 4 1.0 end

i
h2o 5 1.0 end

=csas25 artmateet 7.84 8 0 0 1 26304 % .78 6012 0.19 25055 1.28
14000 .22 28304 .79 42000 .49 24304 .12 29000 .13 6 endp3602n21

44gro w latticecett end coup
uo2 1 0.84 293 92235 2.35 92238 97.65 end sqJerepitch 2.032 1.1176 1 3 1.27 2 end

al 2 1.0 end 3-19x16 assenbtles separated by 10.36 cm of water, asseabtles
h2o 3 1.0 end ' separated from stainless steet reflecting wells by 2.616 cm of water
plexiglas 4 1.0 end read para rirwyes gen =405 ryg=600 nsk=5 rub =yes end para
h2o 5 1.0 end

arbusteet 7.84 8 0 0 1 26304 % .78 6012 0.19 25055 1.28 read geen
14000 .22 28304 .79 42000 .49 24304 .12 29000 .13 6 end unit 1

end conp cylinder 1 1 0.5588 91.44 0.0
l squarepitch 2.032 1.1176 1 3 1.27 2 end cylinder 2 1 0.635 %.52 -1.27,

| c 3-19x16 assemblies seperated by 11.20 cm of water, assenbtles esboid 3 1 4p1.016 %.52 -1.27g

' separated from stsinless steel reflecting watts by 0.66 cm of water unit 24

read para run=yes gen =405 npg=600 nsk=5 nub =yes end perm array 1 3*0.0
unit 3

read geom cubold 5 1 10.438 0.0 32.512 0.0 %.52 -1.27

unit 1 globet unit 4

cylinder 1 1 0.5588 91.44 0.0 array 2 -68.35 -16.256 0.
cylinder 2 1 0.635 %.52 -1.27 reflector 4 1 SrG.0 2.54 1

cuboid 3 1 Ap1.016 %.52 -1.27 ctbold 51 2p73.65 2p16.916 102.79 -19.11
unit 2 reflectr.,r 6 1 2r0.0 2r17.85 2r0.0 1

array 1 3*0.0 reflector 5 1 5r9.0 0 1

unit 3 reflector 5 1 2r21.0 4r0 1

cuboid 5 1 9.598 0.0 32.512 0.0 %.52 -1.27 end geometry
globet unit 4-
array 2 -67.51 -16.256 0. read array

refiector 4 1 Sr0.0 2.54 1 are=1 nux=19 nuy=16 nuz=1 fIl1 f1 end fill

cuboid 51 2p73.65 2p18.872 102.71 -19.11 ara =2 nux=5 nuy=1 nuz=1 fill 2 3 2 3 2 end fill
reflector 6 1 2r0.0 2r17.85 2r0.0 1 end array
reflector 5 1 Sr9.0 0 1 end data
reflector 5 1 2r21.0 4r0 1 end >

Q end geometry
a3602n51 yg gp read array

g era =1 num=19 nuy=16 nuz=1 fILt f1 end fiLt =csos25 o.

w ara =2 nux=5 nuy=1 nuz=1 FILL 2 3 2 3 2 end fILt p3602n31 F
$ end array 44 group latticecell y

. - - _ _ _ _ _ _ _ _ _ - _ _ - .. -- - - . _ _ - - - ---_- . _ _ - _ _ _ - _ _ - _ _ - _ _ _ _ _ - _ - _ _ _ - - - _.
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uo2 1 0.949 293 92235 4.31 92238 95.69 end plexiglas 4 1.0 end >
al 2 1.0 end h2o 5 1.0 end @'

h2o 3 1.0 end arbmsteet 7.84 8 0 0 1 26304 96.78 6012 0.19 25055 1.28 y
Q plexiglas 4 1.0 end 14000 .22 28304 .79 42000 .49 24304 .12 29000 .13 6 end c3

X h2o 5 1.0 end artenrubber 1.321 6 0 0 0 6012 58. 1001 6.5 20000 11.4 X

;c artrnsteet 7.84 8 0 0 1 26304 % .78 6012 0.19 25055 1.28 16000 1.7 8016 22.1 14000 0.3 7 end >
& 14000 .22 28304 .79 42000 .49 24304 .12 29000 .13 6 end end cony
y artnrubber 1.321 6 0 0 0 6012 58. 1001 6.5 20000 11.4 squarepitch 1.892 1.2649 1 3 1.4147 2 1.2827 0 end

16000 1.7 8016 22.1 10000 0.3 7 ern1 3-12x16 assemblies separated by 15.74 cm of water, assen6 Lies-

end coup ' separated from stainless steet reflecting watts by 0.66 cm of water
squarepitch 1.892 1.2649 1 3 1.4147 2 1.2827 0 end read perm run=yes gen =405 npg=600 nsk=5 nub =yes end para
3-12x16 assen6 ties separated by 14.87 cm of water, assen6 ties
' separated from stainless steel reflecting walls by 0.0 cm of water read geom
rend para run=yes gen =405 npg=600 nsk=5 nub =yes end parm unit 1

cylinder 1 1 0.63245 91.44 0.0
read gece cylinder 0 1 0.64135 91.44 0.0
unit 1 cylinder 7 1 0.64135 93.98 -2.54
cylinder 1 1 0.63245 91.44 0.0 cylinder 2 1 0.70735 93.98 -2.54
cylinder 0 1 0.64135 91.44 0.0 cuboid 3 1 4p.9460 #1.98 -2.54
cylinder 7 1 0.64135 93.98 -2.54 unit 2
cylinder 2 1 0.70735 93.98 -2.54 array 1 3*0.0
cuboid 3 1 4p.9460 93.98 -2.54 unit 3
unit 2 cuboid 5 1 15.2627 0.0 30.272 0.0 93.98 -2.54
erray 1 3*0.0 globat unit 5
unit 3 array 2 -49.3187 -15.136 0.

@ cuboid 5 1 14.3927 0.0 30.272 0.0 93.98 -2.54 reflector 4 1 5r0.0 2.54 1
o* globat unit 5 cuboid 5 1 2p73.45 2p15.796 101.52 '20.38

array 2 -46.4487 -15.136 0. reflector 6 1 2r0.0 2r17.85 2r0.0 1
reflector 4 1 5ro.0 2.54 1 reflector 5 1 Sr8.0 0 1
cuboid 5 1 2pT3.65 2p15.136 101.52 -20.38 reflector 5 1 4r3.0 2r0 1
reflector 6 1 2r0.0 2r17.85 2ro.0 1 reflector 5 1 2r20.0 4r0 1
reflector 5 1 Sr8.0 0 1 end geometry
reflector 5 1 4r3.0 2r0 1
reflector 5 1 2r20.0 4r0 1 read array
end geometry ara =1 nux=12 nuy=16 nuz=1 fILt fI end fi1l

ara =2 nux=5 nuy=1 nuz=1 FILL 2 3 2 3 2 end fitI
read array end array
era =1 nux=12 nuy=16 nuz=1 fitt i1 end fiti end data
ara =2 nux=5 nuy=1 nuz=1 fill 2 3 2 3 2 end fitt end
end array
end data p3602n33
end

=csas25
DEt02n32 p3602n33

44 group latticecell
=csas25 uo2 1 0.949 293 92235 4.31 92238 95.69 endp3602n32 at 2 1.0 end
44 group tatticecett h2o 3 1.0 end
uo2 1 0.949 293 92235 4.31 92238 95.69 end plexiglas 4 1.0 endat 2 1.0 end h2o 5 1.0 endh2o 3 1.0 end

i

l

_ _ _ _ _ - _ - _ _ _ _
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crtesteet 7.e4 8 0 0 1 26304 % .78 (012 0.19 25055 1.28 end conp
14000 .22 28304 .79 42000 .49 24304 .12 29000 .13 6 erd squarepitch 1.892 1.2649 1 3 1.4147 2 1.2827 0 md

arbarubber 1.321 6 0 0 0 6012 58. 1001 6.5 20000 11.4 3-12x16 asse etles separated by 15.84 cm of water, asse d lies
16000 1.7 8016 22.1 14000 0.3 7 end ' separated from staintess steel reflecting watts by 1.956 cm of water

end coup read para run=yes gen =405 npg=600 nsk=5 rub =yes end para

squecepitch 1.892 1.2649 1 3 1.4147 2 1.2827 0 end
3-12xis assenblies separated by 15.87 cm of water, assenblies read geom

' separated fr.,r. stiintess steel reflecting watts by 1.321 cm of water unit 1
read para run= yea gen =405 opg-600 nsk=5 nub =yes end parm cytinder 1 1 0.63245 91.44 0.0

cylinder 0 1 0.64135 91.44 0.0
cylinder 7 1 0.64135 93.98 -2.54

read veom
mit 1 cylinder 2 1 0.70735 93.98 -2.54
cylinder 1 1 0.63245 91.44 0.0 cubold 3 1 4p.9460 93.98 -2.54
cyiInder 0 1 0.64135 91.44 0.0 mit 2

cylinder 7 1 0.64135 93.98 -2.54 array 1 3*0.0

cylirWr 2 1 0.70735 93.98 -2.54 unit 3
cuboid 3 1 4p.9A2 93.98 -2.54 cuboid 5 1 15.3627 0.0 30.272 0.0 93.98 -2.54
unit 2 global unit 5

array 1 3*0.0 array 2 -49.4187 -15.136 0.

unit 3 reflector 4 1 Sr0.0 2.54 1
cuboid 5 1 15.3927 0.0 30.272 0.0 93.98 -2.54 cuboid 5 1 2pT3.65 2p17.092 101.52 -20.38

reflector 6 1 2r0.0 2r17.85 2r0.0 1global unit 5
array 2 -'9.4487 -15.136 0. reflector 5 * 5r8.0 0 1

reflector 4 1 Sr0.0 2.54 1 reflector 5 1 4r3.0 2r0 1

cubold 5 1 2p73.65 2p16.457 101.52 -20.38 reflector 5 1 2r20.0 4r0 1
e reflector 61 2r0.0 2r17.85 2r0.0 1 end geometryg

C reflector 5 1 2r30.5 2r11.329 7.76 0 1
end geometry read array

ara =1 nux=12 nuy=16 nuz=1 fill f1 end fitt

ara =2 nux=5 nuy=1 nut =1 fitt 2 3 2 3 2 end fittread array
era =1 nux=12 nuy=16 nuz=1 fitt f1 end fILt end array

ara =2 nux=5 nuy=1 nuz=1 fitt 2 3 2 3 2 end fill end data
endend array

end data
end p3602n35

n3602n34 =csas25
p3602n35

=csas25 44 group latticecett
uo2 1 0.949 293 92235 4.31 92236 95.69 end

p3602n34
44 grog) latticecell al 2 1.0 end

uo2 1 0.949 293 92235 4.31 92238 95.69 end h2o 3 1.0 end

at 2 1.0 end plexiglas 4 1.0 end

h2o 3 1.0 end h2o 5 1.0 end

plexiglas 4 1.0 end arbmsteel 7.84 8 0 0 1 26304 % .78 6012 0.19 25055 1.28 14000 .22

O h2o 5 1.0 end 28304 .79 42000 .49 24304 .12 29000 .13 6 end >
3 arbmsteel 7.84 8 0 0 1 26304 %.78 6012 0.19 25055 1.28 arbmrtbber 1.321 6 0 0 0 6012 58. 1001 6.5 20000 11.4 y

14000 .22 28304 .79 42000 .49 24304 .12 29000 .13 6 end 16000 1.7 8016 22.1 14000 0.3 7 end a

arberubber 1.321 6 0 0 0 6012 58. 1001 6.5 20000 11.4 end conp E.y
g

16000 1.7 8016 22.1 14000 0.3 7 end squarepitch 1.852 1.2649 1 3 1.4147 2 1.2827 0 end Si-w 3-12x16 asseelies separated by 15.45 cm of water, asse d lies y$

_ _ _ _ _ . _ _ _ _ _ _ _ _ _ - - - _ - - _ _ _ _ _ _ _ _ _ _ _ _ - _ . _ _ _ _ _ . _ _ _ _ _ - _ _ _ _ _ _ _ _ . _ _ _ _ _ _ _ _ _ _ - - _ _ _ _ _ _ _ _ _ - _ - _ _ _ _ - _ _ - - . _ _ - . _ _ _ _ -



| Z seperated from stainless steet reflecting watts by 2.616 cm of water read geom >
| C read perm rm=yes gen =405 rpg=600 nsk=5 nub =yes end perat unit 1 }@ cytinder 1 1 0.63245 91.44 0.0|

3' o read geen cylinder 0 1 0.64135 91.44 0.0 9.,
| 8 unit 1 cylinder 7 1 0.64135 93.98 -2.54 M

pc cylinder 1 1 0.63245 91.44 0.0 cylinder 2 1 0.70735 93.98 -2.54 >
& cylinder 0 1 0.64135 91.44 0.0 cuboid 3 1 4p.9460 93.98 -2.54
y cylinder 7 1 0.64135 93.98 -2.54 mit 2

cylinder 2 1 0.70735 93.98 -2.54 array 1 3*0.0-

cuboid 3 1 4p.9460 93.98 -2.54 unit 3
unit 2 cubold 5 1 13.3427 0.0 30.272 0.0 93.98 -2.54
array 1 3+0.0 global unit 5
unit 3 array 2 -47.3987 -15.136 0.
cubold 5 1 14.9727 0.0 30.272 0.0 93.98 -2.54 reflector 4 1 5r0.0 2.54 1 '

globat unit 5 cuboid 512pT3.65 2p20.541 101.52 -20.38
array 2 -49.0287 -15.136 0. reflector 6 1 2ro.0 2r17.85 2r0.0 1
reflector 4 1 5r0.0 2.54 1 reflector 5 1 Sr8.0 0 1
cuboid 5 1 2p73.65 2p17.752 101.52 -20.38 reflector 5 1 4r3.0 2r0 1
reflector 6 1 2r0.0 2r17.85 2r0.0 1 reflector 5 1 2r20.0 Ar0 1
reflector 5 1 Sr8.0 0 1 end geometry
reflector 5 1 4r3.0 2r0 1
reflector 5 1 2r20.0 4r0 1 read array
end geometry ara =1 nux=12 nuy=16 nur=1 fIti f1 end fILt

ara =2 nux=5 nuy=1 nuz=1 fitt 2 3 2 3 2 end filt
read array end array$ ara =1 nux=12 nuy=16 nuz=1 filt f1 end fitt end datao era =2 nux=5 nuy=1 nur=1 fitt 2 3 2 3 2 end fitt end ,

end array
end data n3602n41
end

=csas25 )
c3602n36 p3602n41

44groi.p latticecett
=csas25 uo2 1 0.949 293 92235 4.31 92238 95.69 end
p3602n36 at 2 1.0 end

.

44gro w Latticecett h2o 3 1.0 end
uo2 1 0.949 293 92235 4.31 92238 95.69 end plexistas 4 1.0 endat 2 1.0 end h2o 5 1.0 end f

,

h2o 3 1.0 end arbmsteet T.84 8 0 0 1 26304 %.78 6012 0.19 25055 1.28
plexiglas 4 1.0 end 14000 .22 28304 .79 42000 .49 24304 .12 29000 .13 6 end

s

h2o 5 1.0 end arberubber 1.321 6 0 0 0 6012 58. 1001 6.5 20000 11.4arbusteet 7.84 8 0 0 1 26304 % .78 6012 0.19 25055 1.28 16000 1.7 8016 22.1 14000 0.3 7 end
14000 .22 28304 .79 42000 .49 24304 .12 29000 .13 6 end end cony

arterteber 1.321 6 0 0 0 6012 58. 1001 6.5 20000 11.4 squarepitch 2.540 1.2649 1 3 1.4147 2 1.2827 0 end
16000 1.7 8016 22.1 ?4000 0.3 7 end 3-13x8 asseabiles separated by 12.89 cm of water, assemblies

end coup 'seperated from stainless steet reflecting watts by 0.0 cm of water
squarepitch 1.892 1.2649 1 3 1.4147 2 1.2827 0 end read perm run=yes gen =405 rpg=600 nak=5 rub =yes end pena
3-12x16 assemblies seperated by 13.82 cm of water, assembtles
' separated from stainless steel reflecting watts by 5.405 cm of water read geen
read para run=yes gen =405 npg=600 nsk=5 nub =yes end perm unit 1

cylinder 1 1 0.63245 91.44 0.0 ,

_ _ _ _ . _ - . _ _ _- _ _ _ , __ . _ _ _ . .
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cylinder 0 1 0.64135 91.44 0.0 cuboid 3 1 4p1.270 93.96 -2.54
cylinder 7 1 0.64135 93.98 -2.54 mit 2

. cyttrr3er 2 1 0.70735 93.98 -2.54 array 1 3*0.0
cuboid 3 1 4p1.270 93.98 -2.54 unit 3

ctbold 5 1 12.9947 0.0 20.32 0.0 93.98 -2.54unit 2
array 1 3*0.0 stobat tsdt 5
mit 3 array 2 -62.5247 -10.16 0.

cuboid 5 1 11.7647 0.0 20.32 0.0 93.98 -2.54 reflector 4 1 5r0.0 2.54 1
ctbold 5 1 2p73.65 2p11.481 101.52 -20.38

globet mit 5
array 2 -61.2947 -10.16 0. reflector 6 1 2r0.0 2r17.85 2r0.0 1
reflector 4 1 5r0.0 2.54 1 reflector 5 1 5r8.0 0 1

csboid 5 1 2p73.65 2p10.16 101.52 -20.38 reflector 5 1 4r3.0 2r0 1

reflector 6 1 2r0.0 2r17.85 2r0.0 1 reflector 5 1 2r20.0 4r0 1
reflector 5 1 5r8.0 0 1 end geometry

reflector 5 1 4r3.0 2r0 1
reflector 5 1 2r20.0 4r0 1 read array

era =1 nux=13 nuy=8 nuz=1 FILL f1 end fILtend geonetry ara =2 nux=5 nuy=1 nuz=1 fitt 2 3 2 3 2 end fitt
end arrayread array

era =1 nux=13 nuy=8 nuz=1 fitt f1 end FILL end data
era =2 nux=5 nuy=1 nuz=1 fitt 2 3 2 3 2 end fitt end

end array
end data p3602n43

end
=csas25

$ o3602n42 p3602n43
44 group tatticecelt-

uo2 1 0.949 293 92235 4.31 92238 95.69 end
=csas25

at 2 1.0 end
p3602n42
44 group latticecett h2o 3 1.0 end

uo2 1 0.949 293 92235 4.31 92238 95.69 end plexistas 4 1.0 end

at 2 1.0 end h2o 5 1.0 end

h2o 3 1.0 end arbmsteet 7.84 8 0 0 1 26304 96.78 6012 0.19 25055 1.28
ptexiglas 4 1.0 end 14000 .22 28304 .79 42000 .49 24304 .12 29000 .13 6 end
h2o 5 1.0 end artarubber 1.321 6 0 0 0 6012 58. 1001 6.5 20000 11.4
arbmsteet 7.84 8 0 0 1 26304 % .78 6012 0.19 25055 1.28 14000 16000 1.7 8016 22.1 14000 0.3 7 end

.22 28304 .79 42000 .49 24304 .12 29000 .13 6 end end comp

arterteber 1.321 6 0 0 0 6012 58. 1001 6.5 20000 11.4 squarepitch 2.540 1.2649 1 3 1.4147 2 1.2827 0 end

16000 1.7 8016 22.1 14000 0.3 7 end 3-13x8 assenttles separated by 12.44 cm of water, assenbtles
' separated from stainless steel reflecting watts by 2.616 cm of waterend cong

squarepitch 2.540 1.2649 1 3 1.4147 2 1.2827 0 end read perm run=yes gen =405 rpg=600 nsk=5 nubryes end perm
3-13x8 assenblies separated by 14.12 cm of water, assecblies
' separated from stainless steel reflecting watts by 1.321 cm of water read geom

read oarm run=yes gen =405 rpg=600 nsk=5 nub =yes end para unit 1
cytinder 1 1 0.63245 91.44 0.0

m cylinder 0 1 0.64135 91.44 0.0 >
g read geom

3 unit I
cylinder 7 1 0.64135 93.98 -2.54 @

p cylinder 1 1 0.63245 91.44 0.0 cylinder 2 1 0.70735 93.98 2.54 o

g cylinder 0 1 0.64135 91.44 0.0 etbold 3 1 4p1.270 93.98 -2.54 E
ta cylinder 7 1 0.64135 93.98 -2.54 unit 2 E
$ cylinder 2 1 0.70735 93.98 -2.54 array 1 3*0.0 y

_
._ _ _ _ _ _ _ - _ _ _ _ - . _ -_____- - -__ - ___ . _ _ - _ _ _ _ - _ _ - _ - _ _ _ _ _ _ _ . _ - _ - - _ _ - - _ _ _ _ _ _ _ _ _ - _ _ - _ _ _ - _ - - _ _ _ _ _ _ _ _ _ _ _ _ _ _ - _ _ _ _ . _ _ - _ _ - - .



- - - . _ _ _ - - . . _ _ _ _ _ . . _ . _ _ - _ _ . - - _ _ _ . _ . - _ _ _ - - _ _ _ _ - _ _ _ _ _ _ - - - _ - _ _ _ _ _

| unit 3 cibold 31 7.564 0.0 30.312 0.4 96.52 -1.27 gcihoid 5 1 11.3147 0.0 20.32 0.0 93.98 -2.54 unit 4
globet unit 5 cibold 61 0.302 0.0 2p15.1 90.23 -1.27

o array 2 -60.8447 -10.16 0, ethold 31 0.302 0.0 2p15.156 96.52 -1.27-
.n reflector 4 1 Sro.0 2.54 1 unit 5 M

,

;c cuboid 5 1 2p73.65 2p12.776 101.52 -20.38 array 2 3*0.0 >
6 reflector 6 1 2ro.0 2r17.85 2r0.0 1 globet unit 6 i*** reflector 5 1 5r8.0 0 1 array 3 -62.5 % -15.156 0. '

O reflector 5 1 4r3.0 2r0 1 reflector 4 1 Sro.O 2.54 1
.

'

reflector 5 1 2r20.0 4r0 1 ethold 3 1 2pT3.65 2p16.477 102.79 -19.11
end geometry reflector 5 1 2r0.0 2r17.85 2r0.0 1

| reflector 3 1 2r30.5 2r11.329 8.93 0 1
read array end geometry

:ara =1 num=13 nuy=8 nuz=1 fill f1 end fitt
i

ara =2 nux=5 nuy=1 nuz=1 fitt 2 3 2 3 2 end fill remi array +

end array a v 1 nux=20 nuy=18 nuz=1 FILL f1 end fILt
end data era =2 nux=25 nuy=18 nuz=1 fill f1 end filt
end ars=3 nux=7 nuy=1 nuz=1 fitt 2345432 end fill

,

end array
g]gER81 end data

.

end '

=csas25
p3602sst m3602ss2
44 group tatticecett

>

uo2 1 0.84 293 92235 2.35 02238 97.65 end =csas25 '

$ at 2 1.0 end p3602ss2 :N h2o 3 1.0 end 44 group tatticecell !
plexiglas 4 1.0 end uo2 1 0.949 293 92235 4.31 92238 95.69 endarbusteet 7.84 8 0 0 1 26304 % .78 6012 0.19 25055 1.28 at 2 1.0 end

'

14000 .22 28304 .79 42000 .49 24304 .12 29000 .13 5 end h2o 3 1.0 enderss 6 den =7.93 .1856 end plexiglas 4 1.0 endcu 6 den =7.93 .0027 end arbusteet 7.84 8 0 0 1 26304 % .78 6012 0.19 25055 1.28fess 6 den =7.93 .6824 end 14000 .22 28304 .79 42000 .49 24304 .12 29000 .13 5 end
,

an 6 den =7.93 .0158 end arbarubber 1.321 6 0 0 0 6012 58. 1001 6.5 20000 11.4 '

mo 6 den =7.93 .0026 end 16000 1.7 8016 22.1 14000 0.3 6 end :niss 6 den =7.93 .1109 end erss 7 den =7.93 .1856 end
'

'
end coup cu 7 den =7.93 .0027 endsquarepitch 1.684 1.1176 1 3 1.27 2 end fess 7 den =7.93 .6824 end !.
2-20x18 and 1-25x18 (center) assemblies separated by 0.302-cm-thick ori 7 den =7.93 .0158 end'304L-stainless steel plates and 7.978 cm of water, assenbtles no 7 den =7.93 .0026 end' separated from staintess steel reflecting watts by 1.321 cm of water niss 7 der 77.93 .1109 endread para run=yes gen =405 rpg=600 nsk=5 nub =yes end para end camp

,

squarepitch 1.892 1.2649 1 3 1.4147 2 1.2827 0 endread geom 3 12x16 assemblies separated by 0.302-cm-thick 304L stainless steet
unit 1 ' plates and 13.448 cm of water, assen6 ties seperated from stainless ;cylinder 1 1 0.5588 91.44 0.0 ' steel reflecting watts by 1.956 cm of water i
cylinder 2 1 0.635 %.52 -1.27 read para run=yes gen =405 rpg=600 nsk=5 ruhryes end permcuboid 3 1 0.842 -0.842 0.842 -0.842 % .52 -1.27
unit 2 read geom

; array 1 3*0.0 unit 1 |
'

unit 3 cylinder 1 1 0.63245 91.44 0.0
'

i

, , , - , -. . - - - - - - - . - . ~ . < . ~ . - < . - - - - - . , . - - ~ -- -- - - .- - - - - - - - - - - - - - - - - - - - - -



_ _ _ _ _ _ _ _ - _ . . ___ ,- ____ _ _ _ . _ _ . - _ -_ _ _ _ _ - ._ - - - - ___ - _ _ - _ _ _ _ - - - _ _ . - - _ _ - - _ . - _ _ _ _

cylinder 0 1 0.64135 91.44 0.0 array 1 3*0.0
cylinder 6 1 0.64135 93.98 -2.54 unit 3 '

cylinder 2 1 0,70735 93.98 -2.54 cuboid .5 1 9.646 0.0 30.312 0.0 %.52 -1.27
cuboid 3 1 4p.9460 93.98 -2.54 unit 4
unit 2 array 2 3*0.0
array 1 3*0.0 globet unit 5

unit 3 array 3 -62.692 -15.156 0.
ctecid 3 1 12.9707 0.0 30.271 G.0 93.98 -2.54 reflector 41 Sr0.0 2.54 1

imit 4 ctbold 51 2pB2.0 2p15.156 104.29 -19.11*

ctbold 71 0.302 0.0 2p15.1 88.96 -2.54 reflector 61 2r0.0 2r10.2 2ro.0 1

ethold 31 0.302 0.0 2p15.136 93.98 -2.54 reflector 51 2r30.5 2r20.3 7.43 0 1

globet unit 5 end geometry
array 2 -47.3287 -15.136 0.
reflector 4 1 5r0.0 2.54 1 read array

cuboid 3 1 2p73.65 2p17.092 101.52 -20.38 ara =1 nux=23 nuy=18 nuz=1 fitt f1 end fill

reftector 5 1 2r0.0 2r17.85 2r0.0 1 ara =2 nux=20 nuy=18 nuz=1 fit 1 f1 end fItL
reflector 3 1 2r30.5 2r10.694 7.54 0 1 era =3 nux=5 nuy=1 nuz=1 filt 4 3 2 3 4 end filt
end geometry end array ,

end data4

read array end
_

ara =1 nux=12 nuy=16 nuz=1 fili f1 end fIL1
era =2 nux=7 nuy=1 nuz=1 filt 2342432 end filt n392612 ;

end array i

end data =csas25 ;

end p3926l2 !
y 44 group latticecell !o
W p392611 uo2 1 0.84 293 92235 2.35 92238 97.65 end .

*al 2 1.0 end

=csas25 h2o 3 1.0 end

p3926|1 plexiglas 4 1.0 end
44 group tatticecell h2o 5 1.0 end

uo2 1 0.84 293 92235 2.35 92238 97.65 end pb 6 .9758 end ,

iend coup
'

al 2 1.0 end squarepitch 1.684 1.1176 1 3 1.27 2 end

h2o 3 1.0 end 2-20x18 and 1-23x18 (center) assemblies seperated by 10.11 cm of
plexiglas 4 1.0 end ' water, assenblies separated from Lead reflecting watts by 0.66 cm of ,

h2o 5 1.0 end ' water
pb 6 .9758 end read perm run=yes gen =405 rpg=600 nsk=5 nub =yes end perr.
end coup
squarepitch 1.684 1.1176 1 3 1.27 2 end read seem ,

2-20x18 and 1-23x18 (center) assemblies separated by 10.06 cm of unit 1

' water, assemblies separated f rom Lead reflecting wells by 0.0 cm of cylinder 1 1 0.5588 91.44 0.0
' water cylinder 2 1 0.635 %.52 -1.27 i

read perm run=yes gen =405 npg=600 nsk=5 nub =yes end perm cuboid 3 1 4p0.842 %.52 -1.27 3

imit 2 '

C) reed geen array 1 3*0.0 >
3 unit 1 unit 3 y
y cylinder 1 1 0.5588 91.44 0.0 cuboid 519.6% 0.0 30.312 0.0 %.52 -1.27 o

g cylinder 2 1 0.635 96.52 -1.27 unit 4 E.
w cuboid 3 1 4p0.842 %.52 -1.27 array 2 3*0.0 W
$ unit 2 globet unit 5 y ;

!

,- , . _ _ _ _ _ _ _ _ . - _ - - - . . - - . . . - . _ . _ _ - . , _. __



.

array 3 -62.742 -15.156 0. read array >-
reflector 41 Sro.O 2.54' 1 ara =1 rust =23 my=18 mz=1 fill f1 ' end fitt 9
cteoid 51 2pB2.0 2p15.816 104.29 -19.11 are=2 rust =20 my=18 nuz=1 fitt f1 end fitt

C) reflector 61 2r0.0 2r10.2 2r0.0 1 ara =3 rum =5 my=1 nur=1 fitt 4 3 2 3 4 end fitt
; h reflector 51 2r30.5 2r19.64 7.43 0 1 end array M,

;c end geometry end data >
& end
y read array

era =1 rum =23 nuy=18 nur=1 FILL f1 end fILt n5926l4-

era =2 num=20 nuy=18 nuz=1 FILL f1 end fILt
ara =3 num=5 nuy=1 nuz=t fill 4 3 2 3 4 end fILt =csas25
end array p392614
end date 44gro w latticecelt
end uo2 1 0.949 293 92235 4.31 92238 95.69 and

at 2 1.0 eed
p592613 h2o 3 1.0 end

plexistas 4 1.0 end
=cses25 h2o 5 1.0 end
p392613 pb 6 .9758 end
44gro g tatticecett arburteber 1.321 6 0 0 0 6012 58. 1001 6.5 20000 11.4
uo2 1 0.84 293 92235 2.35 92238 97.65 end 16000 1.7 8016 22.1 14000 0.3 7 end
at 2 1.0 end end camp
h2o 3 1.0 end squarepitch 1.892 1.2649 1 3 1.4147 2 1.2827 0 end
plexiglas 4 1.0 end 3-12x16 assembtles seperated by 17.74 cm of water, assembtles
h2o 5 1.0 end ' separated from teed reflecting walls by 0.0 cm of water$ pb 6 .9758 end read para run=yes gen =405 npg=600 nsk=5 ruh=yes end pormA end comp
squarepitch 1.684 1.1176 1 3 1.27 2 end read geen
2-20x18 and 1-23x18 (center) asse e lies separated by 8.50 cm of unit 1
' water, asseabiles separated from lead reflecting watts by 3.276 cm of cylinder 1 1 0.63245 91.44 0.0
' water cylinder 0 1 0.64135 91.44 0.0
read perm run=yes gen =405 npg=600 nsk=5 ruh=yes end para cylinder 7 1 0.64135 93.98 -2.54

cylinder 2 1 0.70735 93.98 -2.54
read geen cthoid 3 1 4po.946 93.98 -2.54
unit 1 tesit 2
cylinder 1 1 0.5588 91.44 0.0 array 1 3*0.0
cytinder 2 1 0.635 %.52 -1.27 unit 3
cuboid 3 1 4po.842 %.52 -1.27 cshold 5 1 17.2627 0.0 30.272 0.0 93.98 -2.54
unit 2 globet insit 4
array 1 3*0.0 array 2 -51.3187 -15.136 0.
unit 3 reflector 4 1 5r0.0 2.54 1
cubold 5 1 8.086 0.0 30.312 0.0 M.52 -1.27 cuboid 5 1 2p62.0 2p15.136 103.02 -20.38
unit 4 reflector 6 1 2r0.0 2r10.2 2ro.0 1
array 2 3*0.0 reflector 5 1 2r30.5 2r20.3 6.16 0 1
globet unit 5 end geometry
array 3 -61.132 -15.156 0.
reflector 41 5r0.0 2.54 1 read array
cuboid 5 1 .2p62.0 2p18.432 104.29 -19.11 era =1 nux=12 nuy=16 nur=1 fitt f1 end filt
reflector 61 2r0.0 2r10.2 2r0.0 1 ara =2 nux=5 nuy=1 nur=1 fitt 2 3 2 3 2 end fitt
reflector 51 2r30.5 2r17.024 7.43 0 1 end array
end geometry

!
t

!

:

f
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end date D31P2616

end
=csas25

p3926t5 p392616
44 group Latticecett

=csas25 uo2 1 0.949 293 92235 4.31 92238 95.69 end
at 2 1.0 end

p392615
44 group latticecett h2o 3 1.0 end

vo2 1 0.949 293 92235 4.31 92238 95.69 end plexiglas 4 1.0 end

at 2 1.0 end h20 5 1.0 end

h2o 3 1.0 end pb 6 .9758 end

plexigtes 4 1.0 end arberthber 1.321 6 0 0 0 6012 58. 1001 6.5 20000 11.4
h2o 5 1.0 end 16000 1.7 8016 22.1 14000 0.3 7 end

pb 6 .9758 end end coup
arberubber 1.321 6 0 0 0 6012 58. 1001 6.5 20000 11.4 squarepitch 1.892 1.2649 1 3 1.4147 2 1.2827 0 end

16000 1.7 8016 22.1 14000 0.3 7 end 3-12x16 assenbtles separated by 17.43 cm of water, assenbtles
end coup ' separated from lead reflecting watts by 1.956 cm of water
squarepitch 1.892 1.2649 1 3 1.4147 2 1.2827 0 end read pann run=yes gen =405 npg=600 nsk=5 nub =yes end para
3-12x16 asseabiles separated by 18.18 cm of water, assenblies
' separated from lead reflecting walls by 0.66 cm of water read geos
read para run=yes gen =405 npg=600 nsk=5 nub =yes end parm unit 1

cy1inder 1 1 0.63245 91.44 0.0
read geom cylinder 0 1 0.64135 91.44 0.0
init 1 cylinder 7 1 0.64135 93.98 -2.54
eytinder 1 1 0.63245 91.44 0.0 cylinder 2 1 0.70735 93.98 -2.54

o cytinder 0 1 0.64135 91.44 0.0 ctbold 3 1 4po.946 93.98 -2.54m

* cylinder 7 1 0.64135 93.98 -2.54 unit 2

cytinder 2 1 0.70735 93.98 -2.54 array 1 3*0.0

cuboid 3 1 4p0.946 93.98 -2.54 unit 3
unit 2 cuboid 5 1 16.9527 0.0 30.272 0.0 93.98 -2.54
array 1 3*0.0 globat unit 4

unit 3 array 2 -51.0087 -15.136 0.
cubold 5 1 17.7027 0.0 30.272 0.0 93.98 -2.54 reflector 4 1 5r0.0 2.54 1

globat unit 4 cuboid 5 1 2pB2.0 2p17.092 103.02 -20.38
array 2 -51.7587 -15.136 0. reflector 6 1 2r0.0 2r10.2 2r0.0 1

reflector 4 1 5ro.0 2.54 1 reflector 5 1 2r30.5 2r18.344 6.16 0 1
cuboid 5 1 2pB2.0 2p15.796 103.02 -20.38 end geometry
reflector 6 1 2r0.0 2r10.2 2r0.0 1
reflector 5 1 2r30.5 2r19.64 6.16 0 1 read array

end geometry ara =1 nux=12 nuy=16 nuz=1 fill f1 end fitt
ara =2 num=5 nuy=1 nuz=1 fILt 2 3 2 3 2 and fiL1

read array end array

ara =1 nux=12 nuy=16 nuz=1 FILL f1 end fILt end deta
ara =2 nux=5 nuy=1 nuz=1 fitt 2 3 2 3 2 end fitt end

h
i

end array

Q end deta p3926st1 .>.

| P5
'"d E

=csas25 ap
p3926st1 E

' 4, 44 group tatticecett Ew
uo2 1 0.84 293 92235 2.35 92238 97.65 end y$
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!

al 2 1.0 end read geen >
h2o 3 1.0 ecd mit 1
plexiglas 4 1.0 end cylinder 1 1 0.63245 91.44 0.0

o h20 5 1.0 end cylinder 0 1 0.64135 91.44 0.0
.n end c.on , cyttnder 6 1 0.64135 93.98 -2.54 x

po squarepitch 1.684 1.1176 1 3 1.27 2 end cylinder 2 1 0.70735 93.98 -2.54 > !
& 2-20x18 and 1-23x18 (center) assenbtles separated by 6.59 of water cuboid 3 1 4p.9460 93.98 -2.54
y read para rim =yes gen =405 ryg=600 nak=5 rub =yes end pena mit 2

array 13*0.0-

read gece unit 3
unit 1 ctbold 5 1 12.4927 0.0 30.272 0.0 93.98 -2.54
cylinder 1 1 0.5588 91.44 0.0 global mit 5
cylinder 2 1 0.635 M.52 -1.27 array 2 -46.5487 -15.136 0.
cuboid 3 1 4p0.842 M.52 -1.27 reflector 4 1 5r0.0 2.54 1
unit 2 reflector 5 1 4r30.4 15.2 15.3 1
array 1 3*0.0 end geometry !

unit 3
ctbold 5 1 6.176 0.0 30.312 0.0 %.52 -1.27 read array
unit 4 era =1 rum =12 nuy=16 nuz=1 fill f1 end fill
array 2 3*0.0 ara =2 rum =5 nuy=1 nuz=1 fitt 2 3 2 3 2 end fitt
globat unit 5 end array
array 3 -59.222 -15.156 0. end data
reflector 4 1 Sr0 2.54 1 end
reflector 5 1 4r30.5 15.2 15.3 1
end geometry n3926ut

o i

* read array =csas25
era =1 nux=23 nuy=13 nuz=1 fiLt f1 end FILL p3926ut

,

era =2 nux=20 nuy=18 nuz=1 fILt f1 end fi(l 44groi ,latticecetL
ara =3 nux=5 nuy=1 nuz=1 fitt 4 3 2 3 4 end fitt uo2 1 0.84 293 92235 2.35 92238 97.65 end
end array at 2 1.0 end
end data h2o 3 1.0 end i
end ptexiglas 4 1.0 end L

h2o 5 1.0 end
n3926st2 urantim 6 .98163 293 92235 .199 92238 99.801 end

end coup
=csas25 squar mitch 1.684 1.1176 1 3 1.27 2 end -

pT926st2 2-20x18 and 1-23x18 (center) asseabiles separated by 8.06 cm of water,
44 group latticecell ' assemblies separated from depleted uranita reflecting walls by 0.0 cm

.uo2 1 0.949 293 92235 4.31 92238 95.69 end 'of water i
at 2 1.0 end read para run w gen =405 npg=600 nsk=5 nubryes end perm *

h2o 3 1.0 end
plexiglas 4 1.0 end read ge m
h2o 5 1.0 end mit 1
arberubber 1.321 6 0 0 0 6012 58. 1001 6.5 20000 11.4 cylinder 1 1 0.5588- 9i .% 0.0

16000 1.7 8016 22.1 14000 0.3 6 end cylinder 2 1 0.635 %.52 -1.27
end coup cuboid 3 1 4p0.842 96.52 -1.27
squarepitch 1.892 1.2649 1 3 1.4147 2 1.2827 0 end unit 2
3-12x16 assenblies separated by 12.79 cm of water array 1 3*0.c.
read para run=yes gen =405 npg=600 nsk=5 nub =yes end para unit 3

>
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c4old 5 1 7.646 0.0 30.312 0.0 96.52 -1.27 c4old 5 1 2p76.15 2p13.477 102.79 -19.11
unit 4 reflector- 6 1 2r0.0 2r7.65 2r0.0 - 1

array 2 3*0.0 reflector 5 1 2r30.5 2r21.529 8.93 0 1 ,

stabel unit 5 end geometry
I array 3 -50.692 -15.136 0. ,

I reflector 41 5r0.0 2.54 1 read array
- c4 oid 51 2p76.15 2p15.156 102.79 -19.11 are=1 rast=23 rary=18 mz=1 fitt f1 end fitt .

I reftector 61 2ro.0 2r7.65 2r0.0 1 are=2 nux=20 my=18 mz=1 FILL f1 end fILt !

' reflector 51 2r30.5 2r22.85 8.93 0 1 ara =3 rust =5 nuy=1 mz=1 fill 4 3 2 3 4 and fitt

end geometry and array
end data

read array end
are=1 rust =23 nuy=18 nuz=1 fiti f1 and fILt

era =2 num=20 my=18 mz=1 fiti f1 end fitt p3926u3
ere=3 num=5 nuy=1 nuz=1 FILL 4 3 2 3 4 end fIti
end array =csas25
end data p3926u5
end 44ero g tatticecell ,

;
uo2 1 0.84 293 92235 2.35 92238 97.65 end .c

n3926u2 al 2 1.0 end ;

h2o 3 1.0 end i

=csas25 plexiglas 4 1.0 end

i p3926u2 h2o 5 1.0 end
*

44gro w latticecett uranium 6 .98163 293 92235 .199 92238 99.801 end

uo2 1 0.84 293 92235 2.35 92238 97.65 end end cesp ,

g
o at 2 1.0 end squarepitch 1.684 1.1176 1 3 1.27 2 end
4 h2o 3 1.0 end 2-20x18 and 1-23x18 (center) asseabiles separated by 9.19 cm of unter,

'

plexiglas 4 1.0 end 'assembtles separated from depleted uraniue reflecting uetts by 3.912
h20 5 1.0 end 'em of unter
urente 6 .98163 293 92235 .199 92238 99.801 end read perin rim =yes gen =405 npg=600 nsk=5 ruh=yes end para
and co m |

squarepiti. 1.684 1.1176 1 3 1.27 2 end reed seen .i*

2-20x18 and * 23x18 (center) assemblies separated by 9.50 cm of unter, unit 1 [

'assembtles sep.eated from depleted uranium reflecting untts by 1.321 cylinder 1 1 0.5588 91.44 0.0 ;

'en of unter cylinder 2 1 0.635 %.52 -1.27
read para run=yes gen =405 npg=600 nsk=5 nub =yes and perm c@old 3 1 4p0.842 96.52 -1.27 s

unit 2
read gece array 1 3*0.0

unit 1 unit 3 !

,'cylinder 1 1 0.5588 91.44 0.0 cubold 518.776 0.0 30.312 0.0 %.52 -1.27
cylinder 2 1 0.635 %.52 -1.27 unit 4

*

c4oid 3 1 4po.842 %.52 -1.27 array 2 3*0.0

unit 2 globet unit 5 i
array 1 3*0.0 . array 3 -61.822 -15.156 0.
unit 3 reflector 4 1 5r0.0 2.54 1 !

O cuboid 5 1 9.086 0.0 30.312 0.0 96.52 -1.27 c4old 5 1 2p76.15 2p19.068 102.79 -19.11 >
g unit 4 . reflector 6 1 2r0.0 2r7.65 2r0.0 1 y i

p array 2 3*0.0 reflector 5 1 2r30.5 2r18.938 8.93 0 1 o

4 globet unit 5 end geometry E t

w array 3 -62.132 -15.156 0. g* i

$ reflector 4 1 5r0.0 2.54 1 y j
i
,

t
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I

i

read array end data >
5

ara =1 num=23 nuy=18 mr=1 FILL f1 end fI(L end 1
'

are=2 num=20 nuy=18 mz=1 fill f1 end fi1L
o era =3 mx=5 nuy=1 mz=1 fI1L 4 3 2 3 4 end FILL p392nd ,

M
8 end array
M end data =csas25 >
& end p3926uS

y 44 group tatticecett
p3926u4 uo2 1 0.949 293 92235 4.31 92238 95.69 end

| -

=csas25 h2o
~ 2 1.0 endat
3 1.0 end

p3926ut ptexiglas 4 1.0 end -
44 group latticecett h2o 5 1.0 .

end

uo2 1 0.949 293 92235 4.31 92238 95.69 end uranlun 6 .98163 293 92235 .199 92238 99.801 end !

at 2 1.0 end arbarubber 1.321 6 0 0 0 6012 58. 1001 6.5 20000 11.4
h2o 3 1.0 end 16000 1.7 8016 22.1 14000 0.3 7 end
plexiglas 4 1.0 end end coup r

i h2o 5 1.0 end squarepitch 1.892 1.2649 1 3 1.4147 2 1.2827 0 end
uranium 6 .98163 293 92235 .199 92238 99.801 end 3-12x16 assentties separated by 19.24 cm of water, assemblies
arberubber 1.321 6 0 0 0 6012 58. 1001 6.5 20000 11.4 ' separated from depleted uranium reflecting watts by 1.956 cm of water v

16000 1.7 8016 22.1 14000 0.3 7 end read para run=yes gen =405 rpg=600 nak=5 rub =yes end para

sgsarepitch 1.892 1.2649 1 3 1.4147 2 1.2827 0 end read geen
3-12x16 assemblies separated by 15.33 cm of water, assemblies unit 1
' separated from depleted uraniun reflecting watts by 0.0 cm of water cylinder 1 1 0,63245 91.44 0.0 .

$ read para run=yes gen =405 npg=600 nsk=5 nub =yes end parin cylinder 0 1 0.64135 91.44 0.0 t
o cytinder 7 1 0.64135 93.98 -2.54

'

read geem cylinder 2 1 0.70735 93.98 -2.54
unit 1 cuboid 3 1 4po.946 93.98 -2.54
cytinder 1 1 0.63245 91.44 0.0 mit 2
cylinder 0 1 0.64135 91.44 0.0 array 1 3*0.0
cylinder 7 1 0.64135 93.98 -2.54 unit 3
cylinder 2 1 0.7G735 93.98 -2.54 ctbold 5 1 18.7627 0.0 30.272 0.0 93.98 -2.54
cubold 3 1 4p0.946 93.98 -2.54 globat unit 4

'unit 2 array 2 -52.8187 -15.136 0.
array 1 3*0.0 reflector 4 1 Sro.O 2.54 1 !

unit 3 cuboid 5 1 2p76.15 2p17.092 101.57 -20.38
ctboid 5 1 14.8527 0.0 30.272 0.0 93.98 -2.54 reflector . 6 1 2ro.0 Zr7.65 2ro.0 1 i

globat unit 4 reflector 5 1 2r30.5 2r20.894 7.66 0 1 ,

array 2 -48.9087 -15.136 0. end geometry [
reflector 4 1 5r0.0 2.54 1 ;

cuboid 5 1 2p76.15 2p15.136 101.57 -20.38 read array i
reflector 6 1 2r0.0 2r7.65 2r0.0 1 ara =1 nux=12 nuy=16 mz=1 fitt f1 end filt i
reflector 5 1 2r30.5 2r22.85 7.66 0 1 ara =2 nux=5 nuy=1 nuz=1 fill 2 3 2 3 2 end filt !

eal geometry end array !

end data t

read array end [t

ara =1 mx=12 nuy=16 nuz=1 fILt f1 end FILL
era =2 nux=5 nuy=1 mz=1 fILt 2 3 2 3 2 end FILL p392n d
end array

|

!
l
!

f
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p3926u6 h2o 3 1.0 end

44sroup latticecelt artarubber 1.321 6 0 0 0 6012 58. 1001 6.5 20000 11.4
uo2 1 0.949 293 92235 4.31 92238 95.69 end 16000 1.7 8016 22.1 14000 0.3 4 end

at 2 1.0 end artsprop 0.904 2 0 1 0 6312 6 1901 3 5 1 end

h2o 3 1.0 eruf plexiglas 6 1.0 end

plexistas 4 1.0 end h2o 7 1.0 end

h2o 5 1.0 end end comp
uranita 6 .98163 293 92235 .199 92238 99.801 end squarepitch 1.800 1.2649 1 3 1.4147 2 1.2827 0 end

artarthber 1.321 6 0 0 0 6012 58. 1001 6.5 20000 11.4 core of 923 ftra rods, 111.7 water height with 2150 spa boron
16000 1.7 8016 22.1 14000 0.3 7 end read para rurm gen =405 npg=600 nsk=5 rub =yes end para

end comp
squarepitch 1.892 1.2649 1 3 1.4147 2 1.2827 0 end read geom
3-12x16 assen6 ties separated by 18.78 cm of water, assenblies unit 1
'separsted f rom depleted uranium reflecting watis by 3.276 cm of water cyttnder 4 1 0.63880 2.54 0.0
read para run=yes gen =405 npg=600 nsk=5 nub =yes end pann cylinder 2 1 0.70735 2.54 0.0

esbold 5 1 4p0.945 2.54 0.0
read geom unit 2

unit 1 cytInder 1 1 0.63245 67.31 0.0
cy1inder 1 1 0.63245 91-4 0.0 cy1inder 0 1 0.64135 67.31 0.0
cylinder 0 1 0.64135 91.44 0.0 rytinder 2 1 0.70735 67.31 0.0
cylinder 7 1 0.64135 93.98 -2.54 ctboid 3 1 4po.945 67.31 0.0
cy1inder 2 1 0.70735 93.98 -2.54 unit 3

cubold 3 1 4po.946 93.98 -2.54 cylinder 1 1 0.63245 1.27 0.0
unit 2 cylinder 0 1 0.64135 1.27 0.0
array 1 3*0.0 cylinder 2 1 0.70735 1.27 0.0

g
o unit 3 cuboid 5 1 4po.945 1.27 0.0
C cuboid 5 1 18.3027 0.0 30.272 0.0 93.98 -2.54 unit 4

globat unit 4 cylinder 1 1 0.63245 22.86 0.0
array 2 -52.3587 -15.136 0. cylinder 0 1 0.64135 22.86 0.0
reflector 4 1 5r0.0 2.54 1 cylinder 2 1 0.70735 22.86 0.0
cuboid 5 1 2p76.15 2p18.412 101.57 -20.38 cuboid 3 1 4p0.945 22.86 0.0
reftector 6 1 2r0.0 2r7.65 2r0.0 1 mit 5
refiector 5 1 2r30.5 2r19.574 7.66 0 1 cyiInder 4 1 0.63880 2.54 0.0
end geometry cylinder 2 1 0.70735 2.54 0.0

caboid 3 1 4po.945 2.54 0.0
read array unit 6

ara =1 nux=12 nuy=16 nuz=1 fILt f1 end filt array 1 3*0.0
era =2 nux=5 nuy=1 nuz=1 fIL1 2 3 2 3 2 end fIlt mit 7
end array cuboid 6 1 4p0.945 2.54 0.0
end data cuboid 3 1 4po.945 69.85 0.0
end ctbold 6 1 4po.945 71.12 0.0

et.' aid 3 1 4p0.945 %.52 0.0
p4267b1 globat

unit 8

=csas25 array 2 -22.68 -37.80 0.0

Q p4267b1 cubold 3 1 22.68 -56.92 2p37.8 111.7 0.0 >
3 44 group latticecell etbold 6124.585 -58.825 2p39.W5 111.7 -17.105 y

uo2 1 den =10.40 1.0 293 92234 .022 92235 4.306 92236 reflector 7 1 4r30 2r0 1 oy
g .022 92238 95.65 end end geometry E
i.a al 2 1.0 end p*

$ boron 3 den =.00215 1.0 end y

_ _ _ _ _ _ _ _ _ _ _ _ _ - _ _ . _ _ _ _ _ _ _ _ _ _ _ _ _ _ - _ _ _ _ _ _ _ _ - _ _ - . _ _ _ _ _ _ . _ _ _ _ - _



i

Z read array unit 6 >
j C era =1 nux=1 nuy=1 mz=5 fit t 1 2 3 4 5 end fItt arrey 1 3*0.0 '@

$ ara =2 nux=24 nuy=40 nuz=1 fi1L 72r6 7 23r6 36q24 end fill unit 7 y
Q end array cuboid 6 1 4p0.945 2.54 0.0 9
3 end data etbold 3 1 4p0.945 69.85 0.0 X

;c end cuboid 6 1 Ap0.945 71.12 0.0 >
& cuboid 3 1 4p0.945 %.52 0.0
y p426752 global

unit 8-

=csas25 array 2 -29.295 -37.80 0.0

p4267b2 cuboid 3 1 29.295 -50.305 2p37.8 111.7 0.0
44 group latticecett cubold 6 1 31.2 -52.21 2p39.705 111.7 -17.105
uo2 1 den =10.40 1.0 293 92234 .02e 02235 4.306 92236 reflector 7 1 4r30 2r0 1

.022 92238 95.65 end end geometry
al 11.0 end
boron 3 den =.00255 1.0 end read array
h2o 3 1.0 end ara =1 nux=1 nuy=1 nuz=5 fi11 1 2 3 4 5 erd fi L L
arbmrubber 1.321 6 0 0 0 6012 58. 1001 6.5 20000 11.4 ara =2 nux=31 nuy=40 nuz=1 fitt 1147r6 7 30r6 2q31 end fitt

16000 1.7 8016 22.1 14000 0.3 4 end end array
artnprop 0.904 2 0 1 0 6312 6 1901 3 5 1 end end data
plexiglas 6 1.0 end end
h2o 7 1.0 end
end camp 04267b3
squarepitch 1.890 1.2649 1 3 1.4147 2 1.2827 0 end
Core of 1237 fuet rods,111.7 water height with 2550 ppm boron =csas25

" read parm run=yes gen =405 npg=600 nsk=5 rab=yes end parm p4267b3
0 44grote tatticecett

read geom oo2 1 den =10.40 1.0 293 92234 .022 92235 4.306 92236
unit 1 .022 92238 95.65 end

cy1inder 4 1 0.63880 2.54 0.0 al 2 1.0 end

cylinder 2 1 0.70735 2.54 0.0 boron 3 den =.00103 1.0 end

ctboid 5 1 4p0.945 2.54 0.0 h2o 3 1.0 end

unit 2 arbmrthber 1.321 6 0 C 0 6012 58. 1001 6.5 20000 11.4
cy1inder 1 1 0.63245 67.31 0.0 16000 1.7 EM S 22.1 14000 0.3 4 end

cylinder 0 1 0.64135 67.31 0.0 arbmprop 0.904 2 0 1 0 6312 6 1901 3 5 1 end

cylinder 2 1 0.70735 67.31 0.0 plexistas 6 1.0 end

cuboid 3 1 4p0.945 67.31 0.0 h2o 7 1.0 end

unit 3 end conp
cylinder 1 1 0.63245 1.27 0.0 squarepitch 1.715 1.2649 1 3 1.4147 2 1.2827 0 end

cylinder 0 1 0.64135 1.27 0.0 Core of 737 fuel rods, 111.7 water height with 1030 ppm boron
cylinder 2 1 0.70735 1.27 0.0 read parm run=yes gen =405 npg=600 nsk=5 nub =yes end parm
cuboid 5 1 4p0.945 1.27 0.0
unit 4 read geom
cy1inder 1 1 0.63245 22.86 0.0 unit 1
cylinder 0 1 0.64135 22.86 0.0 cylinder 4 1 0.63880 2.54 0.0
cylinder 2 1 0.70735 22.86 0.0 cylinder 2 1 0.70735 2.54 0.0
cuboid 3 1 Ap0.945 22.86 0.0 cuboid 5 1 4p0.8575 2.54 0.0
unit 5 unit 2
cy1inder 4 1 0.63880 2.54 0.0 cytinder 1 1 0.63245 67.31 0.0
cylinder 2 1 0.70735 2.54 0.0 cylirder 0 1 0.64135 67.31 0.0
ctboid 3 1 4p0.945 2.54 0.0 cylinder 2 1 0.70735 67.31 0.0
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cuboid 3 1 4p0.8575 67.:t1 0.0 h2o 7 9.0 and
unit 3 end coup
cylinder 1 1 0.63245 1.27 0.0 sworepitch 1.715 1.2649 1 3 1.4147 2 1.2827 0 end|

, cylinder 0 1 0.64135 1.27 0.0 Core of 917 fuel rods,111.7 unter height uith 1820 ppe boren
cylinder 2 1 0.70735 - 1.27 0.0 read para run=yes gen =405 rpg=600 nsk=5 nub =yes end para
esbold 5 1 4p0.8575 1.27 0.0
unit 4 read geem
cylinder 1 1 0.6324? 22.86 0.0 unit 1,

: cylinder 0 1 0.64135 22.86 0.0 cylinder 4 1 0.63880 2.54 0.0
cyttnder 2 1 0.70735 22.86 0.0 cylinder 2 1 0.70735- 2.54 0.0
ciboid. 3 1 4po.8575 22.86 0.0 esboid 5 1 4po.8575 2.54 0.0'unit 5 mit 2

i cy1Inder 4 1 0.63880 -2.54 0.0 cyiInder 1 1 0.63245 67.31 0.0
cylinder 2 1 0.70735 2.54 0.0 cylinder 0 1 0.64135' 67.31 0.0
cuboid 3 1 4p0.8575 2.54 0.0 cylinder 2 1 0.70735 67.31 0.0
tmit 6 cteoid 3 1 4po.8575 67.31 0.0
array 1 3*0.0 smit 3
unit 7 cy1inder 1 1 0.63245 1.27 0.0
ctbold 6 1 4p0.8575 2.54 0.0 cp . der 0 1 0.64135 1.27 0.0
ctbold 3 1 4p0.8575 69.85 0.0 cylinder- 2 1 0.70735 1.27 0.0
ctbold ' 6 1 4p0.8575 71.12 0.0 cibold 5 1 4p0.8575 1.27 0.0
cubold . 3 1 4po.8575 %.52 0.0 unit 4
global cylinder 1 1 0.63245 22.86 0.0
tmit 8 cyttnder 0 1 0.64135' 22.86 0.0
errey 2 -14.5775 -3 7. 73 0.0 cylinder 2 1 0.70735 22.86 0.0d cuboid 3 1 14.5775 -65.0225 2p37.75 111.7 0.0 cibold 3 1 4p0.8575 22.86 0.0i

cuboid 6 1 16.4825 -66.9275 2p39.635 111.7 -17.105 unit 5-.

reflector 7 1 4r30 2ro.1 cylinder 4 1 0.63880 2.54 0.0,

end geometry cylinder 2 1 0.70735 2.54 0.0.

ctbold 3 1 4po.8575 2.54 0.0
read array unit 6
areal nux=1 nuy=1 nuz=5 fill 1 2 3 4 5 end filt errey 1 3*0.0
era =2 nux=17 nuy=44 nuz=1 fill 561r6 716r610q17 end fill unit 7

, end errey cuboid 6 1 4po.8575 2.54 0.0'
end data cuboid 3 1 4po.8575 69.85 0.0
end cuboid 6 1 4p0.8575 71.12 0.0

cuboid 3 1 4p0.8575 M.52 0.0
c4267b4 stobet

unit 8
! =csas25 arrr 2 -18.0075 -37.73 0.0

p4267b4 cab ' 31 18.0075 -61.5925 2p37.73 111.7 0.0
44 group latticecell cteo 6 1 19.9125 -63.4975 2p39.635 111.7 -17.105E uo2 1 den =10.40 1.0 293 92234 .022 92235 4.306 92236 refit 9 7 1 4r30 2r0 1C .022 92238 95.65 end end e etry

h al 2 1.0 end

c boron 3 den =.00182 1.0 end read array A
% h2o 3 1.0 end ere=1 nux=1 nuy=1 nuz=5 fill 1 2 3 4 5 end fill @
h. arbarubber 1.321 6 0 0 0 6012 58. 1001 6.5 20000 11.4 era =2 nux=21 nuy=44 nuz=1 fitt 777r6 7 20r6 6q21 end fitt g

16000 1.7 8016 22.1 14000 0.3 4 end end array o.@ arbsprop 0.904 2 0 1 0 6312 6 1901 3 5 1 end end data E
Ch plexistas 6 1.0 end end p,

i-
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|

p4267h5 g1oba1 >
"unit 8 )$ =csos25 array 2 -24.01 -37.73 0.0

o p4267b5 c4oid 3 1 24.01 -55.59 2p37.73 111.7 0.0 9
8 44 group latticecett ciboid 61 25.915 -57.495 2p39.635 111.7 -17.105 M

;c uo2 1 den =10.40 1.0 293 92234 .022 92235 4.306 92236 reflector 7 1 4r30 2r0 1 >
6 .022 92238 95.65 end end geometry
y at 2 1.0 end

boron 3 den =.00255 1.0 end read array-

h2o 3 1.0 end ara =1 nux=1 nuy=1 nuz=5 fill 1 2 3 4 5 erut fitt
|

; arberubber 1.321 6 0 0 0 6012 58. 1001 6.5 20000 11.4 era =2 nux=28 nuy=44 nuz=1 fitt 112r6 7 27r6 39q28 end fitt
16000 1.7 8016 22.1 14000 0.3 4 end end array

artsprop 0.904 2 0 1 0 6312 6 1901 3 5 1 end end data,

| plexiglas 6 1.0 end end
h2o 7 1.0 end
end camp p4267st1
squarepitch 1.715 1.2649 1 3 1.4147 2 1.2827 0 end
core of 1192 fuel rods. 111.7 water height with 2550 ppe boron =csas25
read perm run=yes gen =405 npg=600 nsk=5 nub =yes end para p4267sti

44 group tatticecett
read geom uo2 1 den =10.401.0 293 92234 .022 92235 4.3% 92236
tnit 1 .022 92238 95.65 end
cylinder 4 1 0.63880 2.54 0.0 at 2 1.0 end
cylinder 2 1 0.70735 2.54 0.0 h2o 3 1.0 end
cuboid 5 1 4p0.8575 2.54 0.0 arbnrubber 1.321 6 0 0 0 6012 58. 1001 6.5 20000 11.4

3 unit 2 16000 1.7 8016 22.1 14000 0.3 4 end
M cylinder 1 1 0.63245 67.31 0.0 artsprop 0.904 2 0 1 0 6312 6 1901 3 5 1 end

cylinder 0 1 0.64135 67.31 0.0 plenistas 6 1.0 end a

cylinder 2 1 0.70735 67.31 0.0 eM camp
ctbold 3 1 4po.8575 67.31 0.0 squarepitch 1.890 1.2649 1 3 1.4147 2 1.2827 0 end
unit 3 Core of 357 fuet rods, 111.7 cm of water
cylinder 1 1 0.65245 1.27 0.0 read para rtn=yes gen =405 rpg=600 nsk=5 ntb=yes end para
cyttnder G 1 0.64135 1.27 0.0
cylinder 2 1 0.70735 1.27 0.0 read geom i

etbold 5 1 4p0.8575 1.27 0.0 unit 1
unit C cylinder 4 1 0.63880 2.54 0.0
cylinder 1 1 0.63245 22.86 0.0 cytinder 2 1 0.70735 2.54 0.0

t
cylinder 0 1 0.64135 22.86 0.0 cuboid 5 1 4p0.945 2.54 0.0 :
cy1inder 2 1 0.70735 22.86 0.0 unit 2 '

cuboid 3 1 4p0.8575 22.86 0.0 cylinder 1 1 0.63245 67.31 0.0
intt 5 cylinder 0 1 0.64135 67.31 0.0
cy1inder 4 1 0.63880 2.54 0.0 cy1Inder 2 1 0.70735 67.31 0.0
cylinder 2 1 0.70735 2.54 0.0 ethold 3 1 4p0.945 67.31 0.0
etbold 3 1 4po.8575 2.54 0.0 unit 3
unit 6 cytinder 1 1 0.63245 1.27 0.0
array 1 3*0.0 cylinder 0 1 0.64135 1.27 0.0

t
unit 7 cylinder 2 1 0.70735 1.27 0.0 ',

| cthold 6 1 4p0.8575 2.54 0.0 ctbold 5 1 4po.945 1.27 0.0
[ethold 3 1 4po.8575 69.85 0.0 unit 4 :

,

ctbold 6 1 4p0.8575 71.12 0.0 cylinder 1 1 0.63c45 22.86 0.0 !
cuboid 3 1 4p0.8575 E 52 0.0 cylinder 0 1 0.64135 22.86 0.0 !

[

I
'
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cylinder 2 1 0.70735 22.86 0.0 unit 2
cuboid 3 1 4p0.945 22.86 0.0 cylinder 1 1 0.63245 67.31 0.0
unit 5 cy1inder 0 1 0.64135 67.31 0.0
cy1inder 4 1 0.63880 2.54 0.0 cyiInder 2 1 0.70735 67.31 0.0
cylinder 2 1 0.70735 2.54 0.0 cuboid 3 1 Ap0.8575 67.31 0.0
cibold 3 1 4p0.945 2.54 0.0 unit 3
mit 6 cy1inder 1 1 0.63245 1.27 0.0
array 1 3*0.0 cylinder 0 1 0.64135 1.27 0.0
unit 7 cylinder 2 1 0.70735 1.27 0.0
cuboid 6 1 Ap0.945 2.54 0.0 cuboid 5 1 4p0.8575 1.27 0.0
cuboid 3 1 4p0.045 69.85 0.0 unit 4
cuboid 6 1 4po.945 71.12 0.0 cylinder 1 1 0.63245 22.86 0.0
cuboid 3 1 Ap0.945 %.52 0.0 cylinder 0 1 0.64135 22.86 0.0
global cyttnder 2 1 0.70735 22.86 0.0
unit 8 cuboid 3 1 4p0.8575 22.86 0.0
arrey 2 -8.505 -37.80 0.0 unit 5
cuboid 3 1 8.505 -71.095 2p37.8 111.7 0.0 cylinder 4 1 0.63880 2.54 0.0
ctbold 6 1 10.41 -73.000 2p39.705 111.7 -17.105 cylinder 2 1 0.70735 2.54 0.0
reflector 3 1 4r30 2r0 1 cuboid 3 1 4p0.8575 2.54 0.0
end geometry unit 6

array 1 3*0.0
read array unit 7
era =1 nux=1 nuy=1 nuz=5 filt 1 2 3 4 5 end filt cuboid 6 1 4p0.8575 2.54 0.0
ara =2 nux=9 nuy=40 nuz=1 fitt 333r6 7 Br6 2q9 end till cuboid 3 1 4p0.8575 69.85 0.0
end array cuboid 6 1 4p0.8575 71.12 0.0g
end data cuboid 3 1 4p0.8575 96.52 0.0-

W end global

unit 8
p4267st2 array 2 -10.29 -37.73 0.0

cuboid 3 1 10.29 -69.31 2p37.73 111.7 0.0
=csas25 cuboid 6 1 12.195 -71.215 2p39.635 111.7 -17.105
p4267st2 reflector 3 1 4r30 2r0 1
44 group latticecett end geometry
uo2 1 den =10.40 1.0 293 92234 .022 92235 4.306 92236

.022 92238 95.65 end read array
al 2 1.0 end ara =1 nux=1 nuy=1 nuz=5 filt 1 2 3 4 5 end fitt
h2o 3 1.0 end ara =2 nux=12 nuy=44 nuz=1 fill 300r6 7 11r6 18q12 end filt
arbmrubber 1.321 6 0 0 0 6012 58. 1001 6.5 20000 11.4 end array

16000 1.7 8016 22.1 14000 0.3 4 end end data
arbaprop 0.904 2 0 1 0 6312 6 1901 3 5 1 end end
plexiglas 6 1.0 end
end camp p62ft231
squarepitch 1.715 1.2649 1 3 1.4147 2 1.2827 0 end
core of 509 fuel rods, 111.7 cm water height =csas25

h read parm run=yes gen =405 npg=600 nsk=5 nth =yes end parm p62ft231
C) 44 group latticecelt >
3 read gece uo2 1 0.9489 293 92234 0.022 92235 4.306 92236 0.022 @

unit 1 92238 95.65 end op
g cytindar 4 1 0.63880 2.54 0.0 al 2 1.0 end E
w cylinder 2 1 0.70735 2.54 0.0 h2o 3 1.0 end R'y cuboid 5 1 4p0.8575 2.54 0.0 y

_ _ _ . .
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Z artuboral 2.64 5 1 0 1 5000 35.63 6012 9.95 13027 54.33 array 4 3*0.0 > [5C 8016 0.07 26000 0.02 4 end reflector 6 1 5ro 5.08 1 )h artarubber 1.321 6 0 0 0 6012 58. 1001 6.5 20000 11.4 reflector 3 1 4r15 15. 15.88 1
o 16000 1.7 8016 22.1 14000 0.3 5 end end geen e.. ,

3 plexiglas 6 1.0 end M
;

;c end cong read array >
6 squarepitch 1.891 1.265 1 3 1.415 2 1.283 0 end ara =1 nux=17 nuy=15 fitt 16rt 9 14q17 end fitt

y 3-15x16 and 1-12x16 plus 3x17 assen6 ties separated by 0.683-ca-thick ara =2 nux=17 nuy=15 fist 9 16rt 14q17 end fitt
'soral plates and 3.824 cm of water ara =3 nux=17 nuy=15 fitt 51r1 16rt 911q17 end fitt-

read perm run=yes gen =405 npg=600 nsk=5 nub =yes end para ara =4 nux=3 nuy=3 fitt 4 6 5 7 8 7 2 6 3 end fitt
end array

read geometry end data
unit 1 end |
cylinder 1 1 .6325 93.98 2.54
cy1inder 0 1 .6415 93.98 2.54 o71f14f3
cylinder 5 1 .6415 %.00 0.0
cylinder 2 1 .7075 %.00 0.0 =csas25 i
cuboid 3 1 (p.9455 %.00 0.0 pT1f14f3 |

unit 2 44 group tatticecell
array 23*00 uo2 1 0.9489 c93 92234 0.022 92235 4.306 92236 0.022 3

cuboid 3 1 37.*220 -11.8750 44.0220 -0.2950 %.00 0.0 92238 95.650 end !

cthold 2 1 32.5435 -11.8730 44.0220 -0.3 % 5 %.00 0.0 al 2 1.0 end [
cuboid 4 1 33.0235 -11.8750 44.0220 -0.8765 %.00 0.0 h2o 3 1.0 end
cuboid 2 1 33.1250 -11.8750 44.0220 -0.9780 %.00 0.0 artsborat 2.64 5 1 0 1 5000 29.22 6012 8.16 13027 62.54
untt 3 8016 0.06 26000 0.02 4 end i

If array 1 3*0.0 artarubber 1.321 6 0 0 0 6012 58. 1001 6.5 20000 11.4 i

A cuboid 3 1 44.0220 -0.2950 44.0220 -0.2950 %.00 0.0 16000 1.7 8016 22.1 14000 0.3 5 end
cuboid 2 1 44.0220 -0.3 % S 44.0220 -0.3 % 5 %.00 0.0 plexiglas 6 1.0 end
cthold 4 1 44.0220 -0.8765 44.0220 -0.8765 %.00 0.0 end cong
cuboid 2 1 44.0220 -0.9780 44.0220 -0.9780 %.00 0.0 squarepitch 1.891 1.265 1 3 1.415 2 1.283 0 end [

'

unit 4 2-15x14 and 1-15x15 and 1-12x14 plus 3x15 asseabiles separated by
array 2 3*0.0 '0.673-cm thick Boral plates, 14 fuel rods, and 3.844 cm of water
cubold 3 1 32.4220 -11.8750 28.6600 -15.6570 %.00 0.0 read para run=yes gen =405 rpg=600 nsk=5 nub =yes end para
cuboid 2 1 32.5435 -11.8750 28.7615 -15.6570 %.00 0.0
cibold 4 1 33.0235 -11.8750 29.2415 -15.6570 %.00 0.0 read geometry

,

eshoid 2 1 33.1250 -11.8750 29.3430 -15.6570 %.00 0.0 tmit I

unit 5 cylinder 1 1 .6325 93.98 2.54
array 3 3*0.0 cylinder 0 1 .6415 93.98 2.54
cuboid 31 44.0220 -0.2955 28.6600 -15.657 %.00 0.0 cylinder 5 1 .6415 %.00 0.0 i
cuboid 21 44.0220 -0.3 % 5 28.7615 -15.657 %.00 0.0 cylinder 2 1 .7075 % .00 0.0

'

cuboid 41 44.0220 -0.8765 29.2415 -15.657 %.00 0.0 ethold 3 1 4p.9455 %.00 0.0
cupoid 21 44.0220 -0.9780 29.3430 -15.657 %.00 0.0 toit 2
unit 6 array 1 3*0.0
cuboid 31 3.71 0.0 45.0 0.0 %.00 0.0 cubold 3 1 28.4220 15.9050 44.2700 .0570 %.00 0.0 ;-

unit 7 cuboid 2 1 28.5235 -15.9050 44.2700 .1585- %.00 0.0
cuboid 3 1 45.0 0.0 3.71 0.0 %.00 0.0 cuboid 4 1 28.9935 15.90M 44.2700 .6285 %.00 0.0-

unit 8 ctboid 2 1 29.0950 -15.9050 44.2700 .7300 %.00 0.0 -
cuboid 31 3.71 0.0 3.71 0.0 %.00 0.0 unit 3 |

'

unit 9 array 3 3*0.0
ethold 3 1 4p.9455 %.00 0.0 ctbold . 3 1 44.2700 -0.0570 44.2700 -0.0570 %.00 0.0 i
globat unit to cubold 2 1 44.2700 -0.1585 44.2700 -0.1585 %.00 0.0

i
.
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cuboid 4 1 44.2700 -0.6285 44.2700 -0.6285 %.00 0.0 p71f14v3
cuboid 2 1 44.2700 -0.7300 44.2700 -0.7300 %.00 0.0
unit 4 *csas25
array 2 3*0.0 p71f14v3
cubold 3 1 28.5220 -15.9050 28.4220 -15.9050 % .00 0.0 44gro w latticecell

cuboid 2 1 28.5235 -15.9050 28.5235 -15.9050 % .00 0.0 uo2 1 0.9489 293 92234 0.022 92235 4.306 92236 0.022
cuboid 4 1 28.9935 -15.9050 28.9935 -15.9050 96.00 0.0 92238 95.650 end
cuboid 2 1 29.0950 -15.9050 29.0950 -15.9050 % .00 0.0 at 21.0 end
unit 5 h2o 3 1.0 end
array 3 3*0.0 arbmboral 2.64 5 1 0 1 5000 29.22 6012 8.16 13027 62.54
cuboid 3 1 44.2700 -0.0570 28.4220 -15.9050 % .00 0.0 8016 0.06 26000 0.02 4 end
cut sid 2 1 44.2700 -0.1585 28.5235 -15.9050 96.00 0.0 arbmrubber 1.321 6 0 0 0 6012 58. 1001 6.5 20000 11.4
uboid 4 1 44.2700 -0.6285 28.9935 -15.9050 % .00 0.0 16000 1.7 8016 22.1 14000 0.3 5 end

+ cuboid 2 1 44.2700 -0.7300 29.0950 -15.9050 96.00 0.0 plexiglas 6 1.0 end
unit 6 end cony
array 4 .9455 .968 0.0 squarepitch 1.891 1.265 1 3 1.415 2 1.283 0 end
cuboid 3 1 1.865 -1.865 45.00 0.0 96.00 0.0 2-15x14 and 1-15x15 and 1-8x14 plus 7x15 assemblies separated by
unit 7 'O.673-cm thick Boral plates, 0.62-cm-thick stuminum plates, and 3.844
array 5 .968 .9455 0.0 'em of water
cuboid 3 1 45.00 0.0 1.865 -1.865 96 00 0.0 read parm rtn=yes gen =405 npg=600 nsk=5 nub =yes end pann
unit 8
cuboid 3 1 4p1.865 %.00 0.0 read geometry
unit 9 unit 1
cuboid 3 1 4p.9455 96.00 0.0 cylinder 1 1 .6325 93.98 2.54
unit 10 cylinder 0 1 .6415 93.98 2.54g
array 6 .9455 15.9050 0.0 cylinder 5 1 .6415 %.00 0.0

m cuboid 3 1 1.865 -1.865 45.00 0.0 96.00 0.0 cylinder 2 1 .7075 %.00 0.0
unit 11 cuboid 3 1 4p.9455 %.00 0.0
array 7 15.9050 .9455 0.0 unit 2
cuboid 3 1 45.00 0.0 1.865 -1.865 96 00 0.0 array 1 3*0.0
globat unit 12 cuboid 3 1 26.5310 -17.7960 44.2700 .C 70 %.00 0.0
array 8 3*0.0 cuboid 2 1 26.6325 -17.7960 44.2700 .1585 %.00 0.0
reflector 6 1 Sr0 5.08 1 cuboid 4 1 27.1025 -17.7960 44.2700 .6285 %.00 0.0
reflector 3 1 5r15. 15.88 1 cuboid 2 1 27.2040 -17.7960 44.2700 .7300 %.00 0.0
end geom unit 3

array 2 3*0.0
read array cuboid 3 1 44.2700 -0.0570 44.2700 .0570 96.00 0.0
era =1 nux=15 nuy=15 ftti 45rt 9 14r1 11q15 end fitt cuboid 2 1 44.2700 -0.1585 44.2700 .1585 %.00 0.0
ara =2 nux=15 nuy=15 fitt f1 end fill cuboid 4 1 44.2700 -0.6285 44.2700 .6285 %.00 0.0
ara =3 nux=15 nuy=15 fill 14r1 9 14q15 end filt cuboid 2 1 44.2700 -0.7300 44.2700 .7300 96.00 0.0
era =4 nux=1 nuy=15 fill 1&rt 9 end filt unit 4
era =5 nux=15 ruy=1 fitt 14r1 9 end fill array 1 3*0.0
ara =6 nux=1 nuy=15 fitt 9 14r1 end fill cuboid 3 1 26.5310 17.7960 28.4220 -15.9050 %.00 0.0
ara =7 nux=15 nuy=1 fill 9 14r1 end fill cuboid 2 1 26.6325 -17.7960 28.5235 -15.9050 %.00 0.0

h ara =8 nux=3 nuy=3 fill 4 10 5 11 8 7 2 6 3 end filt cuboid 4 1 27.1025 -17.7960 28.9935 -15.9050 %.00 0.0
Q end array cuboid 2 1 27.2040 -17.7960 29.0950 -15.9050 %.00 0.0 .>
g end data unit 5 y

endy array 3 3*0.0 o
gg ctboid 3 1 44.2700 -0.0570 28.4220 -15.9050 %.00 0.0 i

ta x
S >
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ctbold 2 1 44.2700 -0.1585 28.5235 -15.9050 9 .00 0.0 arterthber 1.321 6 0 0 0 6012 58. 1001 6.5 20000 11.4 >
cubold 4 1 44.2700 -0.6285 28.9935 -15.9050 96.00 0.0 16000 1.7 8016 22.1 14000 0.3 5 end @

h cuboid 2 1 44.2700 -0.7300 29.0950 -15.9050 96.00 0.0 plexiglas 6 1.0 end g
Q unit 6 end cono e..

3 cubold 31 0.46 0.0 45.0 0.0 %.00 0.0 squarepitch 1.891 1.265 1 3 1.415 2 1.283 0 end M

;c cuboid 21 1.09 0.0 45.0 0.0 %.00 0.0 2-15x15 and 1-16x15 and 1-15x15 plus talo asseu6ttes separated by >
& cubold 31 1.55 0.0 45.0 0.0 %.00 0.0 'O.673-cm thick Boral plates,14 altalrun rods, and 3.844 cm of water
y cuboid 21 2.18 0.0 45.0 0.0 96.00 0.0 read para run=yes gen =405 npg=600 nsk=5 rab=yes end pars

cuboid 31 2.64 0.P 45.0 0.0 96.00 0.0-

cubold 21 3.27 P.0 45.0 0.0 %.00 0.0 read geometry
cubold 31 3.73 4.0 45.0 0.0 96.00 0.0 unit 1
unit 7 cylinder 1 1 .6325 93.98 2.54
cuboid 31 45.0 0.0 0.46 0.0 96.00 0.0 cylinder 0 1 .6415 93.98 2.54

cuboid 21 45.0 0.0 1.09 0.0 96.00 0.0 cylinder 5 1 .6415 %.00 0.0
cuboid 31 45.0 0.0 1.55 0.0 96.00 0.0 cylinder 2 1 .7075 %.00 0.0
cuboid 21 45.0 0.0 2.18 0.0 %.00 0.0 cubold 3 1 4p.9455 %.00 0.0
cuboid 31 45.0 0.0 2.64 0.0 96.00 0.0 unit 2
cuboid 21 45.0 0.0 3.27 0.0 96.00 0.0 array 3 3*0.0
cuboid 31 45.0 0.0 3.73 0.0 96.00 0.0 ctbold 3 1 28.4220 -15.9050 44.2700 .0570 96.00 0.0
unit 8 cuboid 2 1 28.5235 -15.9050 44.2700 .1585 96.00 0.0
cuboid 3 1 4p1.865 96.00 0.0 cuboid 4 1 28.9935 -15.9050 44.2700 .6285 %.00 0.0
unit 9 cuboid 2 1 29.0950 -15.9050 44.2700 .7300 96.00 0.0
cubold 3 1 4p.9455 96.00 0.0 unit 3

global array 2 3*0.0
unit to cuboid 3 1 44.2700 .0570 44.2700 .0570 %.00 0.0

$ array 4 3*0.0 cuboid 2 1 44.2700 .1585 44.2700 .1585 96.00 0.0
o reflector 6 1 5r0 5.08 1 cuboid 4 1 44.2700 .6285 44.2700 .6285 96.00 0.0

reflector 3 1 Sr15. 15.88 1 cuboid 2 1 44.2700 .7300 44.2700 .7300 %.00 0.0
end geom unit 4

array 1 3*0.0
read array cuboid 3 1 28.4220 -15.9050 28.4220 -15.9050 %.00 0.0
era =1 nux=14 nuy=15 fitt f1 end fitt cuboid 2 1 28.5235 -15.9050 28.5235 -15.9050 %.00 0.0
era =2 nux=15 nuy=15 fitt f1 end fitt cuboid 4 1 28.9935 -15.9050 28.9935 -15.9050 %.00 0.0
ara =3 nux=15 nuy=15 fitt 105rt 14r1 9 7q15 end fitt cuboid 2 1 29.0950 -15.9050 29.0950 -15.9050 %.00 0.0
ara =4 nux=3 nuy=3 fitt 4 6 5 7 8 7 2 6 3 end fill unit 5
end array array 1 3*0.0
end data ctboid 3 1 44.2700 .0570 28.4220 -15.9050 %.00 0.0
end etbold 2 1 44.2700 .1585 28.5235 -15.9050 %.00 0.0

cuboid 4 1 44.2700 .6285 28.9935 -15.9050 %.00 0.0
071f14v5 cuboid 2 1 44.2700 .7300 29.0950 -15.9050 %.00 0.0

unit 6
=csas25 array 4 -0.9455 2r0.0
p71f14v5 cuboid 31 1.865 -1.865 44.2700 -0.7300 %.00 0.0
44 group latticecelt unit 7
uo2 1 0.9489 293 92234 0.022 92235 4.306 92236 0.022 array 5 0.0 -0.9455 0.0

92238 95.650 end etbold 3 1 44.27 -0.73 1.865 -1.865 %.00 0.0
at 2 1.0 end unit 8
h2o 3 1.0 end cuboid 3 1 4p1.865 96.00 0.0
artzborat 2.64 5 1 0 1 5000 29.22 6012 8.16 13027 62.54 unit 9

8016 0.06 26000 0.02 4 end esboid 3 1 4p.9455 %.00 0.0
unit 10

. _ - . - . - - - . _ . _ _ _ _ _ .
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rrray 6 -0.9455 2ro.0 cylinder 1 1 .6325 93.98 2.54
cuboid 31 1.865 -1.865 29.0950 -15.9050 %.00 0.0 cylinder 0 1 .6415 93.98 2.54

| unit 11 cylinder 5 1 .6415 %.00 0.0
! array 7 0.0 -0.9455 0.0 cylinder 2 1 .7075 %.00 0.0! ctbold 3 1 29.0950 -15.9050 1.865 -1.865 %.00 0.0 ctbold 3 1 4p.9455 %.00 0.0
| unit 12 unit 2

cylinder 2 1 .635 96.00 0.0 array 1 3*0.0
cuboid 3 1 4p.9455 %.00 0.0 ctboid 3 1 30.313 -14.0140 44.270 .0570 %.00 0.0
stobal unit 13 ctbold 2 1 30.4145 -14.0140 44.270 .1585 %.00 0.0
array 8 3*0.0 cuboid 4 1 30.8845 -14.0140 44.270 .6285 %.00 0.0reflector 6 1 Sr0 5.08 1 ctbold 2 1 30.9860 -14.0140 44.270 .7300 %.00 0.0reflector 3 1 Sr15. 15.88 1 unit 3
end geom array 1 3*0.0

cuboid 3 1 44.270 -0.0570 44.270 -0.0570 %.00 0.0
read array cuboid 2 1 44.270 -0.1585 44.270 -0.1585 %.00 0.0ara =1 nux=15 nuy=15 fill f1 end fill etbold 4 1 44.270 -0.6285 44.270 -0.6285 %.00 0.0ara =2 nux=15 nuy=16 fill f1 end fill cuboid 2 1 44.270 -0.7300 44.270 -0.7300 %.00 0.0ara =3 nux=15 nuy=16 fill 225r1 Sr9 10r1 end fill unit 4
era =4 nux=1 nuy=16 fill 14r12 2r9 end fitt array 1 3*0.0
ara =5 nux=15 nuy=1 filt 14r12 9 end fill cuboid 3 1 30.3130 -14.0140 28.4220 -15.9050 96.00 0.0
ara =6 nux=1 nuy=15 fill 9 14r12 end fill ctbold 2 1 30.4145 -14.0140 28.5235 -15.9050 %.00 0.0ara =7 nux=15 nuy=1 fill 9 14r12 end fitt cuboid 4 1 30.8845 -14.0140 28.9935 -15.9050 %.00 0.0
ara =8 nux=3 nuy=3 fill 4 10 5 11 8 7 2 6 3 end fill cuboid 2 1 30.9860 -14.0140 29.0950 -15.9050 %.00 0.0
end array unit 5
end data ~

g array 2 3*0.0
end ctbold 3 1 44.270 -0.0570 28.4220 -15.9050 96.00 0.0-

4 cuboid 2 1 44.270 -0.1585 28.5235 -15.9050 96.00 0.0
071f214r cuboid 4 1 44.270 -0.6285 28.9935 -15.9050 %.00 0.0

cuboid 2 1 44.270 -0.7300 29.0950 -15.9050 %.00 0.0
=csas25 unit 6
p71f214r cuboid 3 1 2p1.865 45.0 0.0 %.00 0.044 group latticecell unit 7
uo2 10.9489 D3 92234 0.022 92235 4.306 92236 0.022 ctbold 3 1 45.0 0.0 2p1.865 %.00 0.0

92238 95.650 end unit 8
al 2 1.0 end etboid 3 1 4p1.865 96.00 0.0
h2o 3 1.0 end unit 9

cuboid 3 1 4p.9455 %.00 0.0artsborat 2.64 5 1 0 1 5000 29.22 6012 8.16 13027 62.54 global unit 10
8016 0. % 26000 0.02 4 end array 3 3*0.0

arbmrubber 1.321 6 0 0 0 6012 58. 1001 6.5 20000 11.4 reflector 6 1 Sra. 5.08 1
16000 1.7 8016 22.1 14000 0.3 5 end reflector 3 1 Sr15. 15.88 1

plexiglas 6 1.0 end end geom
end conp
squarepitch 1.891 1.265 1 3 1.415 2 1.283 0 end read arrayh 3-15x16 and 1-8x15 and plus 7x16 assemblies separated by 0.673-cm ara =1 nux=16 nuy=15 fill f1 end fitt

C) ' thick Borat plates and 3.844 cm of uater ara =2 nux=16 nuy=15 fill 15rt 9 7q16 112r1 end fill >g read perm run=yes gen =405 npg=600 nsk=5 nub =yes end para ara =3 rux=3 nuy=3 fill 4 6 5 7 8 7 2 6 3 end fitt yy end array ag read geometry end data $ta unit 1 endm Si-
- >

_ _ - _ _ _ _ _ - _ _ _ _ _ - _-- - - ______--_________-_____ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - _ - - - - _ - . . _ _ - - _ _ _ _ - -
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cetB0l1 reflector 6 1 4ro.43 2r0 1 *>
reflector 8 1 4ro.11 2r0 1 @

h =csas25 unit 8 y
c) pat 8011 ctbold 3 1 2.0 0.0 30.1 0.0 56.18 0.4 c3

3 44 group latticecett cuboid 5 1 2.0 0.0 30.1 0.0 56.18 0.0 x

;c uo2 1 den =10.38 1.0 293 92235 4.742 92238 95.258 end unit 9 >
& arbmag5 2.70 4 0 0 1 13027 98.85 12000 0.47 14000 0.43 26000 array 3 3*0.0
y 0.22 2 1 293 end u11t 10

h2o 3 1.0 end ctbold 3 1 62.2 0.0 2.0 0.0 56.18 0.4-

pb 4 den =11.34 end ctbold 5 1 62.2 0.0 2.0 0.0 56.18 0.0
artrnss 7.90 3 0 0126000 72.30 2400018.00 2800010.0 5 end unit 11
artmborat 2.6189 3 1 0 0 5000 22.20 13027 71.64 6012 6.17 6 end array 4 3*0.0
uo2 7 den =10.38 1.0 293 92235 4.742 92238 95.258 end reflector 3 1 4r0.23 2r0.0 1

at 8 den =2.651 end reflector 4 1 4r10.0 2r0.0 1

at 9 1.0 end reflector 3 1 4r18.7 2ro.0 1

end coup reflector 5 1 Sr0.0 0.8 1

squarepitch 1.6 0.79 1 3 0.94 2 0.82 0 end reflector 3 1 5r0.0 20.0 1

more data res=7 cylinder 0.395 dan (7)=0.991436 end more unit 12
4-18x15 assenbtles separated by 0.65-cm-thick Boral plates and 3.6 cm cylinder 5 1 0.500 36.02 0.0
'of water, plate-to-assently distance of 0.8 cm, assenbtles separated cuboid 0 1 4p0.800 36.02 0.0
'from lead reflecting watts by 1.68 cm of water, 53.98 cm water height unit 13
read para run=yes gen =405 opg=600 nsk=5 nub =yes end parm array 5 3*0.0

reflector 8 1 4ro.11 2r0 1
read geom reflector 614r0.43 2r01
unit 1 reflector 8 1 4r0.11 2r0 1

M cy1Inder 7 1 0.395 36.02 0.0 unit 14
CC cylinder 0 1 0.410 36.02 0.0 cuboid 0 1 2.0 0.0 30.1 0.0 36.02 0.0

cylinder 2 1 0.470 36.02 0.0 unit 15
cuboid 0 1 4p0.800 36.02 0.0 array 6 3*0.0

unit 2 unit 16
cylinder 1 1 0.395 53.98 0.0 cuboid 0 1 62.2 0.0 2.0 0.0 36.02 0.0
cylinder 0 1 0.410 53.98 0.0 unit 17
cylinder 2 1 0.470 53.98 0.0 array 7 3*0.0
cuboid 3 1 4p0.800 53.98 0.0 reflector 0 1 4ro.23 2r0.0 1

unit 3 reflector 4 1 4r10.0 2r0.0 1

cylinder 9 1 0.470 0.25 0.0 reflector 0 1 4r18.7 2ro.0 1

cylinder 3 1 0.500 0.25 0.0 globat unit 18

cuboid 5 1 4p0.800 0.25 0.0 array 8 3*0.0
unit 4 end geom
cylinder 9 1 0.470 1.95 0.4

cuboid 314%).800 1.95 0.4 read array

cuboid 5 1 4p0.800 1.95 0.0 ara =1 nux=1 nuy=1 nuz=3 fitt 4 3 2 end

unit 5 fitt

array 1 3*0.0 ara =2 nux=18 nuy=18 nuz=1 filt 6 16r5 6 18r5 15q18 6 16r5 6 end

unit 6 fill

cylinder 5 1 0.500 56.18 0.4 ara =3 nux=3 nuy=1 nuz=1 fill 7 8 7 end

etbold 3 1 4p0.800 56.18 0.4 fitt

ctboid 5 1 4p0.800 56.18 0.0 ara =4 nux=1 nuy=3 nuz=1 fill 9 10 9 end

unit 7 fitt

array 2 3*0.0 ara =5 nux=18 nuy=18 nuz=1 fitt 12 16rt 12 18r1 15q18 12 16rt 12 end ,

reflector 8 1 4ro.11 2r0 1 fitt |

|
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are=6 mx=3 my=1 mz=1 fIti 13 14 13 erd unit 5
fill array 1 3*0.0
era =7 nux=1 nuy=3 nuz=1 filt 15 16 15 end unit 6
fill cylinder 5 1 0.500 66.05 0.4
era =8 nux=1 nuy=1 mz=2 fitt 11 17 end etbold 3 1 4p0.800 66.05 0.4
fill cubold 5 1 4p0.800 66.05 0.0
end array unit 7
end data array 2 3*0.0
end ref tector 814ro.112r01

reflector 614r0.43 2r01
patB012 reflector 8 1 4r0.11 2r0 1

unit 8
=csas25 esbold 3 1 2.0 0.0 30.1 0.0 66.05 0.4
pat 80l2 cuboid 5 1 2.0 0.0 30.1 0.0 66.05 0.0
44 group latticecell unit 9
uo2 1 den =10.38 1.0 293 92235 4.742 92238 95.258 end array 3 3*0.0
arbmagS 2.70 4 0 0 1 13027 98.85 12000 0.47 14000 0.43 26000 unit 10

0.22 2 1 293 end etbold 3 1 62.2 0.0 2.0 0.0 66.05 0.4
h2o 3 1.0 end esboid 5 1 62.2 0.0 2.0 0.0 66.05 0.0
pb 4 den =11.34 end unit 11
arbmss 7.90 3 0 0 1 26000 72.00 24000 18.00 28000 10.0 5 end array 4 3*0.0
arbmborat 2.6189 3 1 0 0 5000 22.20 13027 71.64 6012 6.17 6 end reflector 3 1 4r2.50 2r0.0 1

uo2 7 den =10.38 1.0 293 92235 4.742 92238 95.258 end reflector 4 1 4r10.0 2r0.0 1

al 8 den =2.6',1 end reflector 3 1 4r18.7 2r0.0 1

al 9 1.0 end reflector 5 1 5r0.0 0.8 1U end comp reflector 3 1 5r0.0 20.0 1
C squarepitch 1.6 0.79 1 3 0.94 2 0.82 0 end unit 12|

more data res=7 cylinder 0.395 dan (7)=0.991436 end more cylinder 5 1 0.500 26.15 0.0
4-18x18 assembtles separated by 0.65-cm-thick Borat plates and 3.6 cm ctboid 0 1 4p0.800 26.15 0.0
'of water, plate-to-assernbly distance of 0.8 cm, assemblies separated unit 13
'from lead reflecting walls by 3.95 cm of water, 63.85 cm water height array 5 3*0.0
read para run=yes gen =405 npg=600 nsk=5 nth =yes end parm reflector 8 1 4r0.11 2r0 1
read geom reflector 6 1 4r0.43 2r0 1
unit 1 reflector 8 1 4r0.11 2r0 1
cylinder 7 1 0.395 26.15 0.0 unit 14
cylinder 0 1 0.410 26.15 0.0 cuboid 0 1 2.0 0.0 30.1 0.0 26.15 0.0 j
cylinder 2 1 0.470 26.15 0.0 unit 15
cuboid 0 1 4p0.800 26.15 0.0 arrey 6 3*0.0
unit 2 unit 16
cylinder 1 1 0.395 63.85 0.0 cuboid 0 1 62.2 0.0 2.0 0.0 26.15 0.0
cylinder 0 1 0.410 63.85 0.0 unit 17
cylinder 2 1 0.470 63.85 0.0 array 7 3*0.0Z cuboid 3 1 4p0.800 63.85 0.0 reflector 01 4r2.50 2r0.0 1C unit 3 reflector 4 1 4r10.0 2r0.0 1

h cylinder 9 1 0.470 0.25 0.0 reflector 0 1 4r18.7 2r0.0 1

Q cylinder 3 1 0.500 0.25 0.0 global unit 18 >
g cuboid 5 1 4p0.830 0.25 0.0 array 8 3*0.0 y

unit 4 end geom g ,
y
g cylinder 9 1 0.470 1.95 0.4 a l
w cuboid 3 1 4p0.800 1.95 0.4 read array E
$ cuboid 5 1 4p0.800 1.95 0.0 ara =1 nux=1 nuy=1 nuz=3 filt 4 3 2 end y

3 - e
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fill cylinder 0 1 0.410 51.55 0.0 >
ara =2 mx=18 nuy=18 nuz=1 fill 616r5 618r515q18 616r5 6 end cylinder 2 1 0.470 51.55 0.0 @

$ fILt cubold 3 1 4p0.800 51.55 0.0 g
o ara =3 nux=3 nuy=1 nuz=1 fi11 7 8 7 end unit 3 Eh

.

3 fi1L cyIf rder 910.470 0.25 0.0 X

;c are=4 nux=1 nuy=3 nuz=1 fitt 9 10 9 end cylinder 3 1 0.500 0.25 0.0 >
& fill esbold 5 1 Ap0.800 0.25 0.0

y ara =5 nux=18 nuy=18 nuz=1 fitt 12 16r1 12 18r1 15q18 12 16rt 12 end unit 4

filt cylinder 9 1 0.470 1.95 0.4
era =6 nux=3 nuy=1 nuz=1 fitt 13 14 13 end cuboid 3 1 4po.800 1.95 0.4

fitt ethold 5 1 4p0.800 1.95 0.0
ara =7 nux=1 nuy=3 nuz=1 FILL 15 16 15 end unit 5
fitt array 1 3*0.0
are=8 nux=1 nuy=1 nuz=2 fitt 11 17 end mit 6
fILt cylinder 5 1 0.500 53.75 0.4
end array etbold 3 1 Ap0.800 53.75 0.4
end data cuboid 5 1 4p0.800 53.75 0.0
end unit 7

array 2 3*0.0

oatsossi reflector 8 1 4ro.11 2r0 1
reflector 6 1 4r0.43 2r0 1

=csas25 reflector 8 1 4r0.11 2r0 1
pats 0sst unit 8

44 group latticecell cuboid 3 1 2.0 0.0 30.1 0.0 53.75 0.4
uo2 1 den =10.38 1.0 293 92235 4.742 92238 95.258 end esbold 5 1 2.0 0.0 30.1 0.0 53.75 0.0

d arbneg5 2.70 4 0 0 1 13027 98.85 12000 0.47 14000 0.43 26000 unit 9
0 0.22 2 1 293 end array 3 3*0.0

h2o 3 1.0 end unit 10

arbmst 7.80 3 0 0 1 26000 99.66 6012 0.14 14000 .20 4 end cuboid 3 1 62.2 0.0 2.0 0.0 53.75 0.4
arbmss 7.90 3 0 0 1 26000 72.00 24000 18.00 28000 10.0 5 end esbold 5 1 62.2 0.0 2.0 0.0 51.75 0.0 l

arbmborat 2.6189 3 1 0 0 5000 22.20 13027 71.64 6012 6.17 6 end unit 11 |

uo2 7 den =10.38 1.0 293 92235 4.742 92238 95.258 end array 4 3*0.0 I

at 8 den =2.651 end reflector 3 1 4r0.23 2r0.0 1 |
'

al 9 1.0 end reflector 4 1 4r15.0 2r0.0 1

end coup reflector 3 1 4r13.7 2r0.0 1

squarepitch 1.6 0.79 1 3 0.94 2 0.82 0 end reflector 5 1 Sro.0 0.8 1

more data res=7 cylinder 0.395 dan (7 h 0.991436 end more reflector 3 1 5r0.0 20.0 1

4-18x18 assenbtles separated by 0.65-cm-thick Boral plates and 3.6 cm unit 12
'of water, plate-to-assenbly distance of 0.8 cm, assemblies separated cylinder 5 1 0.500 38.45 0.0 j
'from stainless steel reflecting watts by 1.68 cm of water, 51.55 cm cubold 0 1 4p0.800 38.45 0.0 '

' water height unit 13
read parm rm=yes gen =405 npg=600 nsk=5 nub =yes end perm array 5 3*0.0

reflector 814ro.112r01
read geom reflector 614ro.43 2r01

unit 1 reflector 8 1 4r0.11 2r0 1
cylinder 7 1 0.395 38.45 0.0 unit 14
cylinder 0 1 0.410 38.45 0.0 cubold 0 1 2.0 0.0 30.1 0.0 38.45 0.0
cylinder 2 1 0.470 38.45 0.0 mit 15
cuboid 0 1 Ap0.800 38.45 0.0 array 6 3*0.0
unit 2 unit 16
cylinder 1 1 0.39". 51.55 0.0 cubold 0 1 62.2 0.0 2.0 0.0 38.45 0.0
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'from stainless steel reflecting watts by 3.95 ce sf water, 61.S4 cm
| unit 17 ' water height

array 7 3*0.0 read para run=yes gen =405 npg=600 nsk=5 rub =yes end para
reflector 0 1 4ro.23 2r0.0 1

reflector 4 1 4r15.0 2r0.0 1 read geen
reflector 0 1 4r13.7 2r0.0 1 unit 1global unit 18 cylinder 7 1 0.395 28.16 0.0
array 8 3*0.0 cylinder 0 1 0.410 28.16 0.0
end geen cylinder 2 1 0.470 28,16 0.0

cubold 0 1 4p0.800 28.16 0.0
read array
ara =1 nux=1 nuy=1 nuz=3 fitt 4 3 2 end unit 2

cylinder 1 1 0.395 61.84 0.0
fitt
ara =2 nux=18 nuy=18 nuz=1 fitt 6 16r5 6 18r5 15q18 6 16r5 6 end cylinder 0 1 0.410 61.84 0.0

cytinder 2 1 0.470 61.84 0.0
fitt
ara =3 nux=3 rusr=1 nuz=1 fitt 7 8 7 end ctbold 3 1 Ap0.800 61.84 0.0

unit 3
ara =4 nux=1 nuy=3 nuz=1 fitt 9 to 9 end cylinder 9 1 0.470 0.25 0.0fitt

cytinder 3 1 0.500 0.25 0.0
fItL etboid 5 1 4po.800 0.25 0.0
ara =5 nux=18 nuy=18 nuz=1 fitt 12 16rt 12 18rt 15q18 12 16rt 12 end unit 4
ara-6 nux=3 nuy=1 nuz=1 fitt 13 14 13 end cylinder 9 1 0.470 1.95 0.4fitt

esboid 3 1 Ap0.800 1.95 0.4

era =7 nux=1 nuy=3 nuz=1 fitt 15 16 15 end cuboid 5 1 Ap0.800 1.95 0.0fitt

unit 5
fitt
ara =8 nux=1 nuy=1 nuz=2 fiti 11 17 end array 1 3*0.0

unit 6g
w fitt cylinder 5 1 0.500 64.04 0.4

end array cuboid 3 1 4p0.800 64.04 0.4-

|end data cuboid 5 1 4p0.800 64.04 0.0
|end unit 7

array 2 3*0.0
pat 80ss2 reflector 8 1 4r0.11 2r0 1

reflector 6 1 4ro.43 2r0 1
=csas25 reftector 8 1 4r0.11 2r0 1
pat 80ss2 unit 8 -

44 group latticecett
uo2 1 den =10.38 1.0 293 92235 4.742 92238 95.258 end cuboid 3 1 2.0 0.0 30.1 0.0 64.04 0.4 ;

ctbold 5 1 2.0 0.0 30.1 0.0 64.04 0.0 1

unit 9
artsnag5 2.70 4 0 0 1 13027 98.85 12000 0.47 14000 0.43 26000

end array 3 3*0.0
0.22 2 1 293 end unit 10

h2o 3 1.0
arbmst 7.80 3 0 0 1 26000 99.64 6012 0.14 14000 .20 4 end cuboid 3 1 62.2 0.0 2.0 0.0 64.04 0.4

arbmss 7.90 3 0 0126000 72.00 2400018.00 2800010.0 5 erd cubold 5 1 62.2 0.0 2.0 0.0 64.04 0.0

arbrrborat 2.6189 3 1 0 0 5000 22.20 13027 71.64 6012 6.17 6 end
unit 11

uo2 7 den =10.38 1.0 293 92235 4.742 92238 95.258 end array 4 3*0.0
end reflector 3 1 4rd.50 2r0.0 1 > |h at 8 den =2.651 reflector 4 1 4r15.0 2r0.0 1

Q at 9 1.0 reflector 3 1 4r13.7 2r0.0 1 @end
o

end reflector 5 1 Sr0.0 0.8 13 end corep
Esquarepitch 1.6 0.79 1 3 0.94 2 0.82 0 reflector 3 1 Sr0.0 20.0 1p more data res=7 cylinder 0.395 dan (7)=0.991436 end more R*unit 12e

@ 4-18x18 assenbtles separated by 0.65-cm-thick Borat plates and 3.6 cm

$ 'of water, plate-to-assembly distance of 0.8 cm, assenbtles separated cylinder 5 1 0.500 28.16 0.0 p



. _ _ _ _ _ _ _ _ . -

.

-

-

-

;

g esbold 0 1 4po.800 28.16 0.0
mit 13 uo2 5 0.930 293 92235 5.70 92238 94.30 end >

$ array 5 3*0.0 artmagined 9.91 3 0 0 1 47000 79.60 49000 15.17 48000 5.08 6 end

)"o reflector 8 1 4r0.11 2r0 1 end cony

8 reflector 614ro.43 2r01 squarepitch 1.4224 0.9068 1 3 0.9931 2 0.9169 0 end 13;c reflector 8 1 4ro.11 2r0 1 more data dan (5)=.927954 res=5 cyt .4534 end sore x
& unit 14 Core of 453 fuel rods, 6-1.024-ca-diam Ag-In-cd rods, 88.27 cm water >' heighty cuboid 0 1 2.0 0.0 30.1 0.0 28.16 0.0

mit 15 read para rm=yes gen =405 npg=600 nsk=5 ntb=yes end parm-

array 6 3*0.0

unit 16 read seem
mit 1ctboid 0 1 62.2 0.0 2.0 0.0 28.16 0.0

unit 17 cylinder 1 1 .4534 45.72 0.0
array 7 3*0.0 cyttnder 0 1 .4585 45.72 0.0

cylinder 2 1 .4966 45.72 -1.27reflector 0 1 4r2.50 2r0.0 1 ctbold 3 1 4p.7112 45.72 -1.27reflector 414r15.0 2ro.0 1 mit 2reflector 014r13.7 2ro.0 1
global smit 18 cylinder 1 1 .4534 0.635 0.0
array 8 3*0.0 cylinder 0 1 .4585 0.635 0.0
end geom cylinder 2 1 .4966 0.635 0.0

cuboid 4 1 4p.7112 0.635 0.0
unit 3read array
cylinder 1 1 .4534 36.34 0.0ara =1 nux=1 nuy=1 nuz=3 fitt 4 3 2 end cylinder 0 1 .4585 36.34 0.0fitt
cylinder 2 1 .4966 36.34 0.0ara =2 nux=18 nuy=18 nuz=1 fitt 6 16r5 6 18r5 15q18 6 16rs 6 end esboid 3 1 (p.7112 36.34 0.0U fill
tmit 4N ara =3 nux=3 nuy=1 nuz=1 fill 7 8 7 end cylinder 5 1 .4534 92.964 88.27filt
cylinder 0 1 .4585 92.964 88.27ara =4 nux=1 nuy=3 nuz=1 fill 9 to 9 end cylinder 2 1 .4966 93.979 88.27fiti
cuboid 0 1 4p.7112 93.979 88.27ara =5 nux=18 nuy=18 nuz=1 fitt 12 16rt 12 18r1 15q18 12 16r1 12 end toit 5

fitt
cytinder 6 1 .5118 45.72 -1.27ara =6 nux=3 nuy=1 nuz=1 fitt 13 14 13 end esboid 3 1 4p.7112 45.72 -1.27filt
init 6ara =7 nux=1 nuy=3 nuz=1 fill 15 16 15 end cylinder 6 1 .5118 0.635 0.0fill
cuboid 4 1 4p.7112 0.635 0.0ara =8 nux=1 nuy=1 nuz=2 fiti 11 17 end unit 7

fitt
cylinder 6 1 .5118 36.34 0.0 )end array
cuboid 3 1 4p.7112 36.34 0.0end data
talt 8end
r~ flinder 6 1 .5118 93.979 88.27
cuboid 0 1 4p.7112 93.979 88.27m3269a
toit 9

=csas25 array 1 3*0.0

w3269a reflector 312r11.2776 2r18.3896 2r01
reflector 4 1 Sr0 3.175 144grotp latticecett
reflector 3 1 2r3.7224 3r0 6.35 1uo2 1 0.930 293 92235 5.70 92238 94.30 end reflector 4 1 Sr0 5.08 1ss304 2 1.0 end toit toh2o 3 1.0 end array 2 3*0.0at 4 1.0 end reflector 412r11.2776 2r18.3896 2r01
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reflector 3 1 2r3.7224 4r0 1 read geon
unit 11 unit I
array 3 3*0.0 cylinder 7 1 0.3772 35.88 0.00
reflector 3 1 2r15. 2r18.3896 2r0 1 cylinder 0 1 0.3894 35.88 0.00
unit 12 cylinder 8 1 0.4300 35.88 0.00
array 4 3*0.0 ethold 6 1 4p.5525 35.88 0.00
reflector 0 1 2r15. 2r18.3896 2r0 1 mit 2
reflector 4 1 4r0 1.27 0 1 cuboid 500 1 (p.5525 35.88 0.00
global smit 3
unit 13 cylinder 4 1 0.4191 35.88 0.00
array 5 3*0.0 cubold 6 1 4p.5525 35.88 0.C0
end geon unit 4

ctbold 6 1 4p.5525 35.88 0.00
read array unit 5
era =1 nux=27 nuy=17 nuz=1 fill cylinder 7 1 0.3772 1.27 0.00
113r1 5 7rt 5 7rt 5 199rt 5 7rt 5 7rt 5 113r1 end fitt cylinder 0 1 0.3894 1.27 0.00
ara =2 nux=27 nuy=17 nuz=1 fill cyt tr*r 8 1 0.4300 1.27 0.00
113r2 6 7r2 6 7r2 6 199r2 6 7r2 6 Tr2 6 113r2 end fill ctbold 5 1 4p.5525 1.27 0.00
ara =3 nux=27 nuy=17 nur=1 fIL1 unit 6
113r3 7 Tr3 7 7r3 7199r3 7 7r3 7 Tr3 7113r3 end fitt cuboid 500 1 4p.5525 1.27 0.00
ara =4 nux=27 nuy=17 nuz=1 fit 1 mit 7
113r4 8 Tr4 8 Tr4 8 199r4 8 Tr4 8 Tr4 8 113r4 end fill cylinder 4 1 0.4191 1.27 0.00
era =5 nux=1 nuy=1 nuz=4 ctbold 5 1 4p.5525 1.27 0.00
fill 9 10 11 12 end fitt unit 8
end array etbold 5 1 4p.5525 1.27 0.00y

p end data unit 9
W end cylinder 7 1 0.3772 18.26 0.00

cylinder 0 1 0.3894 18.26 0.00
u3269b1 cy1inder 8 1 0.4300 18.26 0.00

cuboid 6 1 4p.5525 18.26 0.00
=esas2x unit 10
v3269b1 cuboid 500 1 4p.5525 18.26 0.00
44 group tatticecell unit 11
uo2 1 0.950 293 92235 3.70 92238 % .30 end cylinder 4 1 0.4191 18.26 0.00
ss304 2 1.0 end cuboid 6 1 4p.5525 18.26 0.00
h2o 3 1.0 end unit 12
arbmegined 9.91 3 0 0 1 47000 79.60 49000 15.17 48000 5.08 4 end ctboid 6 1 4p.5525 18.26 0.00
al 5 end unit 13
h2o 6 end cylinder 9 1 0.377 121.92 55.41
uo2 7 0.950 293 92235 3.70 92238 % .30 end cylinder 0 1 0.389 121.92 55.41
ss304 8 1.0 end cylinder 8 1 0.430 121.92 55.41

- uo2 9 0.950 293 92235 3.70 92238 % .30 end cuboid 0 1 4p.5525 121.92 55.41
end coup unit 14
squarepitch 1.1049 0.754 1 3 0.8555 2 0.7788 0 end cuboid 500 1 4p.5525 121.92 55.41

h more data dan (7)=.301909 res=7 cyl .3772 unit 15
g dan (9)=.924574 res=10 cyl .3772 end more cylinder 4 1 0.4191 121.92 55.41 >
3 Core of 2221 fuel rods, 12-0.838-cm-diam As-In-cd rods, 55.41 cm water cuboid 0 1 4p.5525 121.92 55.41 y
y ' height unit 16 rn

g read para rm=yes gen =405 npg=600 nsk=5 nub =yes end para cuboid 0 1 4p.5525 121.92 55.41 S,
w mit 17 E!*
$ array 1 3*0.0 y

i
'

._

+ , ,
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Z reflectar 6 1 2r19.8882 2r26.5176 0 10.16 1 ara =4 nux=53 ruy=53 nuz=1 fill *>-reflector 5 1 5r0.0 2.54 1 9r16 14 33r16 14 9r14 2q53 @unit 18 3r16 6r13 14 33r13 14 6r13 3r16 Sc(53
19r14 15r13 19r14

go erray 2 3*0.0

8 reflector 5 1 4r2.1303 2ro.0 1 3r16 6r13 14 33r13 14 6r13 3r16 Sq53 M
9

;c reflector 612r17.7579 2r24.3873 2ro.0 1 3r16 47r13 3r16 3q53 >& unit 19 3r16 20r13 15 13 3q2 19r13 3r16y arrey 3 3*0.0
3r16 47r13 3r16reflector 6 1 2r19.8882 2r26.5176 2r0.0 1 3r16 20r13 15 Sr13 15 20r13 3r16

-

unit 20 3r16 47r13 3r16array 4 3*0.0
53b1378 end fILtreflector 0 1 2r19.8882 2r26.5176 10.16 0 1 ara =5 nux=1 nuy=1 nuz=4reflector 5 1 4ro. 2.54 0.0 1 fill 171819 20 end fittstobat unit 21 end array

array 5 3*0.0 end dataend geometry end

read array
w3269b2ara =1 nux=53 nuy=53 nuz=1 filt

9r4 2 33r4 2 9r4 2qs3 =csas2x
3r4 6r1 2 33r1 2 6rt 3r4 Sq53 w3269b219r2 15rt 19r2 44 group latticecell3r4 6rt 2 33r1 2 6r1 3r4 8q53 uo2 1 0.950 293 92235 3.70 92238 % .30 end3r4 47rt 3r4 3q53 ss304 2 1.0 end3r4 20r1 3 1 3q2 19rt 3r4 h2o 3 1.0d 3r4 47rt 3r4 end

arbmagined 9.91 3 0 0 1 47000 79.60 49000 15.17 48000 5.08 4 endA 3r4 20rt 3 Sr1 3 20rt 3r4 al 5 1.03r4 47rt 3r4 end
h2o 6 1.053b1378 end fill end
uo2 7 0.950 293 92235 3.70 92238 96.30 endara =2 nux=53 nuy=53 nuz=1 filt ss304 8 1.0 end9r8 6 33r8 6 9r8 2q53 uo2 9 0.950 293 92235 3.70 92238 96.30 end3r8 6r5 6 33r5 6 6r5 3r8 Sq53 end coup19r6 15r5 19r6 squarepitch 1.1049 0.754 1 3 0.8555 2 0.7788 0 end3r8 6r5 6 33r5 6 6r5 3r8 8q53 more data dan (7)=.301909 res=7 cyl .37723r8 47r5 3r8 3q53 dan (9)=.924574 res=10 cyl .3772 end more3r8 20r5 7 5 32 19r5 3r89 core of 2209 fuel rods, 24-0.838-cm-diam Ag-In-cd rods, 64.56 cm water3r8 47r5 3r8 ' height3r8 20r5 7 Sr5 7 20r5 3r8 read parm run=yes gen =405 npg=600 nsk=5 rub =yes end para3r8 47r5 3r8

53b1378 end fill read geom
ara =3 nux=53 nuy=53 nuz=1 filt mit 19r12 10 33r12 10 9r10 2q53 cylinder 7 1 0.3772 35.88 0.003r12 6r9 to 33r9 10 6r9 3r12 Sq53 cylinder 0 1 0.3894 35.88 0.0019r10 15r9 19r10 cylinder 8 1 0.4300 35.88 0.003r12 6r9 10 33r9 10 6r9 3r12 8q53 cuboid 6 1 4p.5525 35.88 0.003r12 47r9 3r12 3q53 mit 23r12 20r9 11 9 32 19r9 3r12 cubold 500 1 4p.5525 35.88 0.009

3r12 47r9 3r12 mit 33r12 20r9 11 Sr9 11 20r9 3r12 cylinder 4 1 0.4191 35.88 0.003rt2 47r9 3r12 cuboid 6 1 4p.5525 35.88 0.0053b1378 end fill unit 4
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ctbold 6 1 4p.5525 35.89 0.00 reflector 5 1 4ro. 2.54 0.0 1
unit 5 globet mit 21
cylinder 7 1 0.3772 1.27 0.00 array 5 3*0.0
cylinder 0 1 0.3894 1.27 0.00 end geometry
cytinder 8 1 0.4300 1.27 0.00
cuboid 5 1 4p.5525 1.27 0.00 read array
unit 6 ara =1 nux=53 nuy=53 nuz=1 fill
esboid 500 1 4p.5525 1.27 0.00 9r4 2 33r4 2 9r4 2q53
unit 7 3r4 6rt 2 33r1 2 6rl 3r4 Sq53
cylinder 4 1 0.4191 1.27 0.00 19r2 15rt 19r2
cuboid 5 1 4p.5525 1.27 0.00 3r4 6r1 2 33r1 2 6rt 3r4 8q53
snit 8 3r4 47rt 3r4 3q53
cuboid 5 1 4p.5525 1.27 0.00 3r4 20rt 3 1 3q2 19r1 3r4
unit 9 3r4 47rt 3r4
cylinder 7 1 0.3772 27.41 0.00 3r4 20r1 3 Sr1 3 20rt 3r4
cylinder 0 1 0.3894 27.41 0.00 3r4 47r1 3r4 53b424
cylinder 8 1 0.4300 27.41 0.00 3r4 6r1 2 1 3 1 3q2 24r1 2 6rt 3r4
cubold 6 1 4p.5525 27.41 0.00 3r4 6r1 2 33r1 2 6r1 3r4
unit 10 3r4 6r1 2 1 3 Sr1 3 25rt 2 6rt 3r4
cuboid 500 1 (p.5525 27.41 0.00 3r4 6rt 2 33r1 2 6rt 3r4
unit 11 3r4 6r1 2 1 3 Sr1 3 25rt 2 6rt 3r4
cylinder 4 1 0.4191 27.41 0.00 3r4 6rt 2 33r1 2 6rt 3r4
cuboid 6 1 4p.5525 27.41 0.00 3r4 6r1 2 1 3 1 3q2 24r1 2 6rt 3r4
unit 12 3r4 6rt 2 33r1 2 6rt 3r4
cuboid 6 1 4p.5525 27.41 0.00 19r2 15rt 19r2g

y unit 13 3r4 6rt 2 33r1 2 6rt 3r4 Sq53
m cylinder 910.377 121.92 64.56 9r4 2 33r4 2 9r4 2q53

cylinder 0 1 0.389 121.92 64.56 end fill
cylinder 8 1 0.430 121.92 64.56 ara =2 nux=53 nuy=53 nuz=1 fill
cuboid 0 1 4p.5525 121.92 64.56 9r8 6 33r8 6 9r8 2q53
unit 14 3r8 6r5 6 33r5 6 6r5 3r8 Sq53
cuboid 500 1 4p.5525 121.92 64.56 19r6 15r5 19r6
unit 15 3r8 6r5 6 33r5 6 6r5 3r8 8q53

,

|

cylinder 4 1 0.4191 121.92 64.56 3r8 47r5 3r8 3q53
cuboid 0 1 4p.5525 121.92 64.56 3r8 20r5 7 5 3q2 19r5 3r8
unit 16 3r8 47r5 3r8
cuboid 0 1 4p.5525 121.92 64.56 3r8 20r5 7 Sr5 7 20r5 3r8
unit 17 3r8 47r5 3r8 53b424
array 1 3*0.0 3r8 6r5 6 5 7 5 3q2 24r5 6 6r5 3r8
reflector 6 1 2r19.8802 2r26.5176 0 10.16 1 3r8 6r5 6 33r5 6 6r5 3r8
reflector 5 1 5r0.0 2.54 1 3r8 6r5 6 5 7 Sr5 7 25r5 6 6r5 3r8
unit 18 3r8 6r5 6 33r5 6 6r5 3r8
array 2 3*0.0 3r8 6r5 6 5 7 Sr5 7 25r5 6 6r5 3r3
reflector 5 1 4r2.1303 2r0.0 1 3r8 6r5 6 33r5 6 6r5 3r8
reflector 6 1 2r17.7579 2r24.3873 2r0.0 1 3r8 6r5 6 5 7 5 3q2 24r5 6 6r5 3r8

Q unit 19 3r8 6r5 6 33r5 6 6r5 3r8 3>
g array 3 3*0.0 19r6 15r5 19r6 @

reflector 6 1 2r19.8882 2r26.5176 2r0.0 1 3r8 6r5 6 33r5 6 6r5 3r8 Sq53 cvp
g unit 20 9r8 6 33r8 6 9r8 2q53 E
t3 array 4 3*0.0 end filt Si'
$ reflector 0 1 2r19.8882 2r26.5176 10.16 0 1 ara =3 nux=53 nuy=53 nuz=1 fitt y

_ . . _

.

g
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9r12 to 33r12 10 9r12 2cg53 u3769b3 >3r12' 6r9 to 33r9 - to 6r9 3r12 Sqs3 44sra, tatticecett @19r10 15r9 19r10 002 1 0.950 293 92235 3.70 92238 % .30 end a

hp 3r12 6r9 10 33r9 10 6r9 3r12 sq53 ss304 2 1.0 endg; 3r12 47r9 3r12 3q53 h2o 3 1.0 - end M
;c 3r12 20r9 11 9 3q2 19r9 3r12 arbmagined 9.91 3 0 0 1 47000 79.60 49000 15.17 48000 5.08 4 end >.& 3r12 47r9 3r12 at 5 1.0 end$+8 3rt? 20r9 11 Sr9 11 20r9 3r12 h2o 6 1.0 endO 3r12 47r9 3r12 53bE24 uo2 7 0.950 293 92235 3.70 92238 % .30 end

3r12 6r9 to 9 11 9 3q2 24r9 to 6r9 3r12 ss304 8 1.0 end
3r12 6r9 10 33r9 10 6r9 3r12 uo2 9 0.950 293 92235 3.70 92238 % .30 end; 3r12 6r9 to 9 11 Sr9 11 25r9 10 6r9 3r12 end coup

'
3r12 6r9 10 33r9 10 6r9 3r12 squarepitch. 1.1049 0.754 1 3 0.8555 2 0.7788 0 end

r 3r12 6r9 10 9 11 5r9 11 25r9 to 6r9 3r12 more data dan {T)=.30W res=7 cyl .3772
3r12 6r9 10 33r9 10 6r9 3r12 den (9)=.9245:4 res=10 cyl .3772
3r12 6r9 10 9 11 9 392 24r9 10 6r9 3r12 end more
3r12 6r9 10 33r9 to 6r9 3r12 Core of 2185 fuel rods, 48-0.838-cm-dian Ag-In-cd rods, 57.00 cm unter

ifr10 15r9 19r10 ' height
3ri2 6r9 10 33r9 'O 6r9 3r12 Sq53 med pra run=yes ger,=405 rpg=600 nsk=5 nub =yes end pere
9r12 10 33r12 to 9r12 2q53
end fILt re ;. seen'

are=4 rum =53 nuy=53 nuz=1 fitt unit 1
9r16 14 33r16 14 9r16 2q53 cylinder 7 1 0.3772 35.88 0.00
Je16 6r13 14 33r13 14 6r13 3r16 Sq53 cylinder 0 1 0.3894 35.88 0.00

19r14 15r13 19r14 cylinder 8 1 0.4300 35.88 0.00U 3r16 6r13 14 33r13 14 6r13 3r16 Sq53 etheid 6 1 4p.5525 35.88 0.000 3r16 47r13 3r16 %g53 unit 2
.3r16 23r13 15 13 3q2 19r13 3r16 cuboid 500 1 4p.5525 35.88 0.003r16 4' 93 3r16 isiit 3
3r16 26. 3 15 Sr13 15 20r13 3r16 cylinder 4 1 0.4191 35.88 0.00
3r4 47r13 3r16 53b424 cuboid 6 1 4p.5525 35.88 0.00i 3 6r13 14 13 ' 15 13 3q2 24r13 14 6r13 3r16 unit 4
3 'a 6r13 14 33r13 14 6r13 3r16 cuboid 6 1 4p.5525 35.88 0.003r16 6r13 14 13 15 Sr13 15 25r13 14 6r13 3r16 unit 5=

j 3r16 6r13 14 33r13 14 6r13 3r16 cylinder 7 1 0.3772 1.27 0.00' 3r16 6r13 14 13 15 Sr13 15 25r13 14 6r13 3r16 cylinder 0 1 0.3894 1.27 0.003r16 6r13 14 33r13 14 6r13 3ri6 cylinder 8 1 0.4300 1.27 0.00
3r16 _6r13 14 13 15 13 3q2 24r13 14 6r13 3r16 cubold 5 1 4p.5525- 1.27 0.00,

3r16 6r13 14 33r13 14 6r13 3r16 unit 6
19r14 15r13 19r14 cuboid 500 1 4p.5525 1.27 0.003r16 6r13 14 33r13 14 6r13 3r16 Sq53 unit 7
9r16 14 33r16 14 9r16 2q53 cylinder 4 1 0.4191 1.27 0.00end fILt ctbold 5 1 4p.5525 1.27 0.003

i ara =5 num=1 nuy=1 nuz=4 fitt 17 18 19 20 end fitt unit 8
i end arrey ethold 5 1 4p.5525 -1.27 0.00end data tailt 9

end cylinder 7 1 0.3772 19.85 0.00
cylinder 0 1 0.3894 19.85 0.00

an32u9h3 cylinder 8 1 0.4300 19.85 0.00
cubold 6 1 4p.5525 19.85 0.00=cses2x unit to
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esbold 500 1 4p.5525 19.85 0.00 3r4 Sr1 3 2 Art 3 23r1 3 4r1 2 3 Sr1 3r4 1q106

unit 11 19r2 15r1 19r2
cylinder 4 1 0.4191 19.85 0.00 3r4 Sr1 3 2 3 1 2q2 21r1 1 3 2q2 2 3 Sr1 3r4

cuboid 6 1 4p.5525 19.85 0.00 3r4 6r1 2 33r1 2 6rt 3r4 4 53
unit 12 9r4 2 33r4 2 9r4 2q53 end fit;

cuboid 6 1 (p.5525 19.85 r era =2 rux=53 ruy=53 nuz=1 fitt
unit 13 9r8 6 33r8 6 9r8 2q53

cylinder 9 1 0.377 121.92 .00 3r8 6r5 6 33r5 6 6r5 3r8 4q53

cylinder 0 1 0.339 121.92 '.00 3r8 Sr5 7 6 7 5 2q2 21r5 5 7 2q2 6 7 Sr5 3r8

cylinder 8 1 0.430 121.97 :7.00 19r6 15r5 19r6
cuboid 0 1 4p.5525 121. 37.00 3r8 Sr5 7 6 4r5 7 23r5 7 4r5 6 7 Sr5 3r8
unit 14 3r8 6r5 6 33r5 6 6r5 3r8 1q106

cuboid 500 1 4p.5525 121.92 57.00 3r 8 Sr5 7 6 7 5 2q2 21r5 5 7 2q2 6 7 Sr5 3r8

unit 15 3r8 6r5 6 33r5 6 6r5 3r8 3q53

cylinder 4 1 0.4191 121.92 5 7.00 3r8 47r5 3r8 14q53

ctbold 01 (p.5525 121.92 57. 3r8 6r5 6 33r5 6 6r5 3r8 3q53

unit 16 3r8 5r5 7 6 7 5 2q2 21r5 3 7 2q2 6 7 Sr5 3r8

ctbold 0 1 4p.5525 121.92 5 7.U. 3r8 6r5 6 33r5 6 6r5 3r8

unit 17 3r8 Sr5 7 6 4r5 7 23r5 7 4r5 6 7 Sr5 3r8 1q106

array 1 3*0.0 .9r6 15r5 19r6
reflector 6 1 2r19.8882 2r26.5176 0 10.16 1 3r8 Sr5 7 6 7 5 2q2 21r5 5 7 2q2 t> 7 Sr5 3r8
reflector 5 1 Sro.0 2.54 1 3r8 6r5 6 33r5 6 6r5 3r8 4q53

unit 18 9r8 6 33r8 6 9r8 2q53 end fitt
array 2 3*0.0 are=3 nux=53 nuy=53 nuz=1 fitt
reflector 5 1 4r2.1303 2ro.0 1 9r12 10 33r12 10 9r12 2q53

U reflector 6 1 2r17.7579 2r24.3873 2r0.0 1 3r12 6r9 10 33r9 10 6r9 3r12 4q53
4 tmit 19 3r12 Sr9 11 10 11 9 2q2 21r9 9 11 2q2 to 11 Sr9 3r12

errey 3 3*0.0 19r10 15r9 19r10
reflector 6 1 2r19.8882 2r26.5176 2ro.0 1 3rt2 Sr9 11 to ar9 11 23r9 11 4r9 to 11 Jr9 3r12
unit 20 3r12 6r9 10 33r9 10 6r9 3r12 1q106

array 4 3*0.0 3r12 Sr9 11 to 11 9 242 21r9 9 11 2q2 10 11 5r9 3r12

ref actor 0 1 2r19.8882 2r26.5176 10.16 0 1 3r12 6r9 to 33r9 to 6r9 3r12 3q53

rei t ector 5 1 Er0. 2.54 0.0 1 3r12 47r9 3r12 14o53
g1obat imit 21 3r12 6r9 to 33r9 to 6r9 3r12 3v3
array 5 3*0.0 3r12 5r9 11 to 11 9 2q2 21r9 9 11 2q2 10 11 Sr9 3r12

end geometry 3r12 6r9 10 33r9 10 6r9 3r12
3r12 Sr9 11 10 4r9 11 23r9 11 4r9 10 11 5r9 3r12 1q106

read array 19r10 15r9 19r10
era =1 nux=53 nuy 4 nuz=1 fitt 3r12 Sr9 11 to 11 9 2q2 21r9 9 11 2q2 10 11 Sr9 3r12

9r4 2 33r4 2 9r4 2q53 3r12 6r9 10 33r9 10 6r9 3r12 4q53

3r4 6rt 2 33r1 2 6rt 3r4 4q53 9r12 to 33r12 10 9r12 2q53 end fitt

3r4 Sri 3 2 3 1 2q2 21r1 1 3 2q2 2 3 Sr1 3r4 ara-4 nux=53 ruy=53 nuz=1 fitt
19r215rt 19r2 9r16 14 33r16 14 9r16 2q53

3r4 Sr1 3 2 4r1 3 23r1 3 Art 2 3 Sr1 3r4 tr16 6r13 14 33r13 14 6r13 3r16 sq53

h 3r4 6rt 2 33r1 2 6rt 3r4 1q106 r16 Sr13 15 14 15 13 2q2 21r13 13 15 2q2 14 15 Sr13 3r16

o 3r4 Sr1 3 2 3 1 2q2 21r1 1 3 2q2 2 3 Sr1 3r4 .ir14 15r13 19r14 >
3 3r4 6rt 2 33r1 2 6rt 3r4 3q53 3r16 Sr13 15 14 4r13 15 23r13 15 tr13 14 15 5r13 3r16 @

3r4 47rt 3r4 14q53 3r16 6r13 14 33r13 14 6r13 3r16 1q106 o

3r4 6rt 2 33r1 2 6r1 3r4 3cg53 3r16 Sr13 15 14 15 13 2q2 21r13 13 15 2q2 14 15 5r13 3r16 Ep
g
sa 3r4 Sr1 3 2 3 1 2q2 21r1 1 3 242 2 3 Sr1 3r4 3r16 6r13 14 33r13 14 6r13 3r16 3q53 F
g 3r4 6rt 2 33r1 2 6rt 3r4 3r16 47r13 3r16 14q53 y

i
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| 3r16 6r13 14 33r13 14 6r13 3r16 3 43 cylinder 0 1 0.5149 32.17 0.00 >
| 3r16 3r13 15 14 15 - 13 2q2 21r13 13 15 2q2 14 15 Sr13 3r16 cylinder 2 1 0.5947 47.17 0.00 "U

.g'

3r16. er13 14 33r13 14 6r13 3r16 ceoid 0 1 4p.762 47.17 0.00 R
c} 3r16 5r13- 15 14 4r13 15 23r13 15 4r13 14 15 5r13 3r16 Iq106 unit 5 h
3 19r14 15r13 19r14 cylinder 4 1 0.5118 72.93 -2.07 M
;c 3r16' 5r13 15 14 15 13 2q2 21r13 13 15 2q2 14 15 5r13 3r16 ceoid 3 1 4p.762 72.93 -2.07 >
& 3r16 6r13 14 33r13 14 6r13 3r16 4 4 3 initt 6

i y 9r16 14 33r16 14 9r16 2$ 3 end fill cylinder 4 1 0.5118 0.63 0.00
ara =5 rum =1 nur=1 nur=4 ceoid 5 1 4p.762 0.63 0.00
fitt 17 18 19 20 end filt. unit 7
and errey cylinder 4 1 0.3118 16.19 0.00
end data ceoid 3 1 4p.762 16.19 0.00;

'

end unit 8
i cylinder 4 1 0.5118 32.17 0.00
| mHgg ce oid 0 1 4p.762 47.17 0.00

unit 9
=cses25 errey 1 3*0.0
v3269c reflector 3 1 4r6.858 2r0 1
44ero, tatticecett reflector 5 1 Sie 1.27 1
uo2 1 0.950 293 92235 2.72 92238 97.28 end reflector 3 1 4r8.142 0 .48 1

j ertsstir2 6.50 4 0 0 1 40000 98.20 26000 0.21 50000 1.4 24000 reflector 5 1 Sr0 5.08 1
0.10 2 end unit 10

; h2o 3 1.0 end array 2 3*0.0
artsmagined 9.91 3 0 0 1 47000 79.60 49030 15.17 48000 5.08 4 end reflector 5 1 4r6.858 2r0 1
at 5 1.0 end reflector 3 1 4r8.142 2r0 1

i U uo2 6 0.950 293 92235 2.72 92238 97.28 end unit 11
J ** end coup array 3 3*0.0

squarepitch 1.524 1.016 1 3 1.189 2 1.0297 0 end reflector 3 1 4r15.0 2r0 1'

more data res=6 cyl .508 den (6)=.948580 end more unit 12'

Core of 945 fuel rods, 16-1.024-cm-dian Ag-In-cd rods, 89.75 cm water errey 4 3*0.0
' height reflector 0 1 4r15.0 2r0 1
read para run=yes gen =405 ryg=600 nsk=5 ne=yes end perm global

unit 13
read gean arrey 5 3*0.0
unit 1 end geen
cytinder 1 1 0.5000 72.93 0.00
cylinder 0 1 0.5149 72.93 0.00 read errey
cy1inder 2 1 0.5947 72.93 -2.07 are=1 num=3; nur=31 nuz=1 fILt
ceoid 3 1 4p.762 72.93 -2.07 31r1 9q31 tort 5 2r1 3q3 9rt 31r1 12r1 5 Art 5 13r1 tort 5 8rt 5
unit 2 11r1
cylinder 1 1 0.5000 0.63 0.00 31r1 1b464 32r1 end fill
cylinder 0 1 0.5149 0.63 0.00 are=2 num=31 nur=31 nur=1 fitt
cylinder 2 1 0.5947 0.63 0.00 31r2 9q31 10-2 6 2r2 3q3 9r2 31r2 12r2 6 4r2 6 13r2 10r2 6 Br2 6
c e oid 5 1 4p.762 0.63 0.90 11r2 ;
unit 3 31r2 1b464 32r2 end fitt |
cylinder 1 1 0.5080 16.19 0.00 ore =3 num=31 nur=31 nuz=1 fitt i
cylinder 0 1 0.5149 16.19 0.00 31r3 9q31 10r3 7 2r3 3q3 9r3 31r3 12r3 7 4r3 7 13r3 10r3 7 Br3 7
cylinder 2 1 0.5947 16.19 0.00 11r3
ceoid 3 1 4p.762 16.19 0.00 31r3 lb464 32r3 end fill )
unit 4 ere=4 num=31 nur=31 nurs1 fIL1

'

cytinder 6 1 0.5000 32.17 0.00 31r4 9$1 10r4 8 2r4 3q3 9r4 31r4 12r4 8 4r4 8 13r4 10r4 8 8r4 8

| >

|
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era =3 mx=1 nuy=1 nuz=2 FILL 3 4 end fitt

11r4 end array

31r4 1b464 32r4 end fitt end data
ara =5 nux=1 roy=1 ruz=4 erd
fitt 9 10 11 12 end fitt
end array u3269s12
end data
end =ceas25

w3269st2

w3Z62s.L1 44 group latticecett end
uo2 1 0.930 293 92235 5.70 92238 94.30 end

sesas25 ss304 2 1.0 end
w3269st1 h2o 3 1.0 end
&& group Latticecelt end at 4 1.0 end

1 0.950 293 92235 2.72 92238 97.28 uo2 5 0.930 293 92235 5.70 92238 94.30uo2
6.50 4 0 0 1 40000 98.20 26000 0.21 50000 1.4 24000 end end conp endartnzir2
0.10 2 end scparepitch 1.4224 0.9068 1 3 0.9931 2 0.9169 0

more data dan (5)=.927954 res=5 cyl .4534 end moreh2o 3 1.0 end core of 27x17 fuel rods, 52.97 cm water heightat 4 1.0 end
5 0.950 293 92235 2.72 92238 97.28 read perm rm=yes gen =405 npg=600 nsk=5 nub: ryes end parauo2

end conp
squarepitch 1.524 1.016 1 3 1.189 2 1.030 0

end
read gecra

more data res=5 cyt .508 dan (5)=.948684 end more unit 12
core of 31x31 fuet rods, 38.58 cm water heignt cylinder 1 1 .4534 45.72 0.0
read para run=yes gen =405 rpgs600 nsk=5 nub =yes end perm cylinder 0 1 .4585 45.72 0.0

cylinder 2 1 .4966 45.72 -1.27
read geom cuboid 3 1 4p.7112 45.72 -1.27g

w unit 2C unit 19 38.58 0.00
cy1Inder 1 1 0.508 array 1 3*0.0

38.58 0.00 reflector 3 1 4r15.0 2ro. 1cylinder 0 1 0.515 38.58 -2.07 reftertor 4 1 5r0.0 3.175 1cylinder 2 1 0.5945 3 8 .51, -2.07
cuboid 3 1 4p.762 reft. tor 3 1 560.0 6.350 1

refIector 4 1 Sec.0 5.080 1unit 2 121.92 38.58cylinder 5 1 0.508 unit 3121.92 38.58cylinder 0 1 0.515 cylinder 1 1 .4534 0.653 0.0
121.92 38.58cyttnder 2 1 0.5945 cylinder 0 1 .4585 0.653 0.0
121.92 38.58etbold 0 i 4o.762 cylinder 2 1 .4966 0.653 0.0

unit 3 ctbold 4 1 (p.7112 0.653 0.0
array 1 3*0.0 unit 4
unit 4 array 2 3*0.0
array 2 3*0.0 reflector 4 1 4r15.0 2r0. 1
globat unit 5 unit 5
array 3 3*0.3 cylinder 1 1 .4534 6.597 0.0

reflector 3 1 4r13.72 2r0 1 csbold 3 1 4p.7112 6.597 0.0y

C"-' reflector 4 1 5ro.0 1.27 1 unit 6 >
h reflector 3 1 4r15 0 0.48 1 arrmy 3 3*0.0 y
c} ref1ector 4 1 Sr0.0 5.08 1 reflector 3 1 4r15.0 2ro. 1 o

end geometry mit 7 $g cylirt'er 5 1 .4534 39.994 0.0 p-y cy1inder 0 1 .4585 39.996 0.0read arrayg ara =1 nux=31 nuy=31 ruz=1 fILt 31r1 30q31 end fILt cy1inder 2 1 .4966 41.009 0.0 y

3 ara =2 nux=31 nuy=31 nuz=1 fi11 31r2 30q31 erd fiILw

. _ - k.d
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,

cthold 0 1 4p.7112 41.009 0.0 errey 1 3*0.0 >. mit 8 unit 5
errey 4 3*0.0 errey 2 3*0.0

,

c) . reflector 0 1 4r15.0 2r0. 1 globel unit 6

n . . reflector 4 1 4r0 1.2701 errey 3 3*0.0 x_,
po globet reflector 3 1 Ar13.72 2r0 1 >& unit 9 reflector 4 1 Src.0 1.27 1y arrey 5 3*0.s reflector 3 1 4r15 0 0.48 1

end seem reflector 4 1 Sr0.0 5.08 1
,-

end geometry ;
reed errey '

are=1 rast=27 nuy=17 nuz=1 fitt 459r1 end filt reed errey [ata=2 num=27 nuy=17 nuz=1 fill 459r3 end fItL ers=1 num=31 nuy=31 nuz=1 fi1l
ara =3 num=27 nuy=17 nuz=1 fill 459r5 end fiIL 310rt ,ere=4 num=27 nuy=17 nuz=1 filt 459r7 end filt 1 ort 3 2r1 3q3 9rt Iera =5 num=1 nuy=1 nur=4 fitt 2 4 6 8 end filt 31:1
end arrey 12r1 3 4r1 3 13r1 <end data 10r1 3 Br1 3 11r1 )end 62r1 '

10rt 3 Br1 3 11r1
u3289u1 12r1 3 4r1 3 13r1 !

31r1 .

=csas25 10rt f, 2r1 3q3 9r1 !

w3269w1
. 341r1 -

44gro g tatticecelt end fill id uot 1 0.950 293 92235 2.72 92238 97.28 end are=2 num=31 nuy=31 nur=1 fitt 31r2 30q31 end fitt i,

4 C artsurir2 6.50 4 0 0 1 40000 98.20 26000 0.21 50000 1.4 24000 era =3 num=1 nuy=1 nuz=2 fitt 4 5 end fill '

O.10 2 end - end errey
h2c 3 1.0 end end data i

at 4 1.0 end end i
uo2 5 0.950 293 92235 2.72 92238 97.28 end *

end coup '

squarepttch 1.524 1.016 1 3 1.189 2 1.030 0 end m3269u2
more data res=5 cyl .508 den (5)=.948684 end more
core of 945 fuel reds,16 water holes, 37.21 cm water height =cses25 ,

read perm rm=yes gen =405 npe=600 nst=5 nub =yes end pers v3269u2 *

44 grow latticecett !
read peam uo2 1 0.930 293 92235 5.70 92238 94.30 and
mit 1 ss304 2 1.0 end
cy1inder 1 1 0.508 37.21 0.00 h2o 3 1.0 end ?

cylinder 0 1 0.515 37.21 0.00 el 4 1.0 end
cylinder 2 1 0.5965 37.21 -2.07 uo2 5 0.930 293 92235 5.70 92238 96.30 end
cuboid 3 1 4p.762 37.21 -2.07 end coup *

unit 2 squerspitch 1.4224 0.9068 1 3 0.9931 2 0.9169 0 end ,

cylinder 5 1 0.508 121.92 37.21 more data den (5)=.927954 res=5 cyl .4534 and more !
cylinder 0 1 0.515 121.92 37.21 core of 27x17 positions: 453 foot rods and 6 water holes, 37.21 cm
cylinder 2 1 0.5965 121.92 37.21 'weter height
eteoid 0 1 4p.762 121.92 ' 37.21 reed para run=yes gen =405 mg=600 nok=5 rue =yes and pers

,

unit 3
,ethold 3 1 4p.762 37.21 -2.07 read seen j

mit 4 mit 1

,
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I >

cylinder 1 1 .4534 45.72 0.0 113r1 5 Tr1 5 7rt 5 199r1 5 Tr1 5 Tr1 5 113r1 and fitt ,

cyiInder 0 1 .4585 45.72 0.0 ere=2 rust =27 nuy=17 nur=1 FILL }

cylinder 2 1 .4966 45.72 -1.27 113r2 6 Tr2 6 Tr2 6 199r2 6 Tr2 6 Tr2 6 113r2 end fitt
; ethold 3 1 4p.7112 45.72 -1.27 ere=3 rum =27 nuy=17 nur=1 fILt

113r3 7 7r3 7 Tr3 7 199r3 7 Tr3 7 Tr3 7 113r3 and fItttmlt 2'
.'are=4 num=27 nuy=1T nur=1 fILtcy1inder 1 1 .4534 0.635 0.0

113r48Tr48Tr48199r48Tr48Tr48113r4.er[fittcylinder 0 1 .4585 c.635 0.0
cylinder 2 1 .4966 0.635 0.0 ore =5 num=1 nur=1 r:ur=4 fill 91011 12 end fitt j

ctbold 4 1 4p.7112 0.635 0.0 end array -
'

end dataunit 3.
cyttnder .4534 5.575 0.0 end

cyiInder i,1 .4585 5.575 0.0
cylinder 2 1 .4966 5.575 0.0 ta3385stl ,

t

ethold 3 1 4p.7112 5.575 0.0
unit 4 seses25 ;

cylinder 5 1 .4534 92.964 51.93 v3385sti ;

cy1inder 0 1 .4585 92.964 51.93 44grotp ietticecel1 i

cylinder 2 1 .4966 93.979 51.93 uo2 1 den =10.1928 1.0 291.0 92235 5.742 92238 94.258 end
cuboid 0 1 4p.7112 93.979 51.93 ss304 2 1.0 291.0 end |

unit 5 h2o 3 1.0 291.0 end L

ctbold 3 1 4p.7112 45.72 -1.27 et 4 1.0 291.0 end ,
'

unit 6 uo2 5 den =10.1928 1.0 291.0 92235 5.742 92238 94.258 end
cubold 4 1 4p.7112 0.635 0.0 et 6 .85 293 end |

unL 7 h2o 6 .15 293 e uf i

esboid 3 1 4p.7112 5.575 e.0 - end coup {
y squarepitch 1.4224 .9068 1 3 .9931 2 9169 0 end ;
w unit 8 '

ctboid 0 1 4p.7112 93.979 51.93 more date res=5 cyt .4534 den (5)=.922095 end more-. Core of 19x19 fuel rods, 83.71 cm water height
unit 9
errey 1 3*0.0 read para gen =405 npg=600 nsk=5 nub =yes run=yes end para

>

reflector 3 1 2r11.2776 2r18.3896 2r0 1
irefIector 4 1 Sr0 3.175 1 read geon

reflector 3 1 2r3.7224 3r0 6.35 1 unit 1 e

reflector 4 1 Sr0 5.08 1 cylinder 2 1 .4966 .635 0 [

unit 10 cylinder 3 1 .5042 .635 0 i

errey 2 3*0.0 cthold 41 .7112 .i112 .7112 .7112 .635 0 i
1

reflector 4 1 2r11.2776 2r18.3896 2r0 1 unit 2 i'

reflector 312r3.7224 4r0 1 cylinder 1 1 .4534 47.625 1.905 j

tmit 11 cylinder 0 1 .4585 47.625 1.905 t

errey 3 3*0.0 cylinder 2 1 .4966 47.625 .635 ;

reflector 3 1 2r15. 2r18.3896 2r0 1 cuboid 31 .7112 .7112 .7112 .7112 47.625 .635 i

unit 12 unit 3

errey 4 3*0.0 cylinder 1 1 .4534 48.26 47.625
Z reflector 012r15. 2r18.3896 2r01 cylinder 0 1 .4585 48.26 47.625
C refiector 4 1 4r0 1.27 0 1 cylinder 2 1 .4966 48.26 47.625 i

h globot cylinder 3 1 .5042 48.26 47.625 f

Q unit 13 ct&old 61 .7112 .7112 .7112 .7112 48.26 47.625 > |

3 errey 5 3*0.0 unit 4 y i

(
y end gece cylinder 1 1 .4534 83.955 48.26 g

!cyttnder 0 1 .4585 83.955 48.26 ag
w read errey cylinder 2 1 .4966 83.955 48.26 R- !

$ ere=1 num=27 nuy=17 nur=1 fitt cebold 31 .7112 .7112 .7112 .7112 83.955 48.26 y |
>

!

i
!

!
'
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7 unit 5 red geom >
cylinder 5 1 .4534 94.869 E3.955 unit 1 '5jy cylinder 0 1 .4585 94.869 83.955 cylinder 2 1 .4966 .635 0 g

c cylinder 2 1 .4966 94.869 83.955 cylinder 3 1 .5042 .635 0 g
6 cubold 01 .7112 .7112 .7112 .7112 94.869 83.955 cuboid 41 1.00584 -1.00584 1.00584 -1.00584 .635 0 x
;c unit 6 mit 2 >
6 cylinder 2 1 .4966 95.885 94.869 cylinder 1 1 .4534 47.625 1.905
y esbold 01 .7112 .7112 .7112 .7112 95.885 94.869 cylinder 0 1 .4585 47.625 1.905

unit 7 cytinder 2 1 .4966 47.625 .635-

cylinder 2 1 .4966 97.155 95.885 cuboid 31 1.00584 -1.0c384 1.00584 -1.00584 4 '.625 .635
cy1inder 0 1 .5042 97.155 95.885 unit 3
ctboid 41 .7112 .7112 .7112 .7112 97.155 95.885 cylinder 1 1 .4534 48.26 47.625
unit 8 cylinder G 1 .4585 48.26 47.625
array 1 000 cylinder 2 1 .4966 48.26 47.625
reflector 3130303030001 cylinder 3 1 .5042 48.26 47.625
reflector 4 1 0 0 0 0 0 2.54 1 etboid 61 1.00584 -1.00584 1.00584 -1.00584 48.26 47.625
reflector 3 1 0 0 0 0 0 6.35 1 tmit 4
reflector 4 1 0 0 0 0 0 5.08 1 cylinder 1 1 .4534 90.865 48.26
ur.i t 9 cylinder 0 1 .4585 90.865 48.26
a&ay 2 000 cylinder 2 1 .4966 90.865 48.26
rrttector 013030303000 1 cubold 31 1.00584 -1.00584 1.00584 -1.00584 90.865 48.26
end geom tnit 5

cylirxfer 5 1 .4534 94.869 90.865
read array cylinder 0 1 .4585 94.869 90.865
ara =1 rux=19 nuy=19 ruz=4 fitt 361r1 361r2 361r3 361r4 end fitt cylinder 2 1 .4966 94.869 90.865

d ara =2 nux=19 nuy=19 nuz=3 fitt 361r5 361r6 361r7 end fitt esboid 01 1.00584 -1.00584 1.00584 -1.00584 94.869 t '.865N ora =3 gbt=3 rux=1 nuy=1 nuz=2 fit t 8 9 end fitt unit 6
end array cylinder 2 1 .4966 95.885 94.869
end data cuboid 01 1.00584 -1.00584 1.00584 -1.00584 95.885 94.869
end unit 7

cylinder 2 1 .4966 97.155 95.885
cylinder 0 1 .5042 97.155 95.855

w3385st2 cuboid 41 1.00584 -1.00584 1.00584 -1.00N'4 97.155 95.885
unit 8

#csas25 array 1 000
w3385st2 reflector 3 1 30 30 30 30 0 0 1
44 group latticecett reflector 4 1 0 0 0 0 0 2.54 1
uo2 1 den =10.1928 1.0 290.3 92235 5.742 92238 94.258 end reflector 3 1 0 0 0 0 0 6.35 1
ss304 2 1.0 290.3 end reflector 4 1 0 0 0 0 0 5.08 1
h2o 3 1.0 290.3 end unit 9
at 4 1.0 290.3 end array 2 000
uo2 5 den =10.1928 1.0 290.3 ?2235 5.742 92238 94.258 end reflector 013030303000 1
al 6 .94 293 end end geom
h2o 6 .06 293 end
end copp read array
swarepitch 2.01168 .9068 1 3 .9931 2 .9169 0 end ara =1 nux=13 nuy=14 nuz=4 fill 182r1 182r2 182r3 182r4 end fittmore data res=5 cyI .4534 dan (5)=.945902 end more era =2 nux=13 rarr=14 nuz=3 fILt 182r5 182r6 182r7 end fittCore of 13x14 foe 8 rods, 90.60 cm water height ara =3 gbl=3 nux=1 nuy=1 nuz=2 fitt 8 9 end filt
read para gen =405 rpg=600 nsk=5 rub =yes run=yes end para end array

end data
,

end

!

|
|
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|

reflector 2 1 5215.2 0.0 1vdr14al2 mit 2
| cibold 3 1 2p36.935 2p36.935 15.2 0.
| #csas25 end geen
I ydr14pt2

44 grog Infhanumedium read array

u-235 1 0 1.1191e-4 end gbt=1 era =1 num=1 nuy=1 nuz=2 fitt 21 end fitt

u-238 1 0 5.4152e-3 end end array

h 1 0 4.5472e-2 end end data

c 1 0 2.1861e-2 end end

f 1 0 2.2109e-2 end

parath2o) 2 1.0 end vdr14 m 2
endplexiglas 3 0.918

at 3 0.062 end =csas25

end crap ydr14un2
2.00 wt% ''N OF.-paraf fin parattelpiped, paraf fin reflected 44 grow infhamandium

read param run=yes gen =405 npg=600 nsk=5 rub =yes fdn=yes end param u-235 1 0 1.3303e-4 end
u-238 1 0 6.4370e-3 end
h 1 0 3.9097e-2 endread geen
e 1 0 1.8797e-2 endmit 1

cuboid 1 1 4p26.835 2p27.145 f 1 0 2.6280e-2 end

reflector 2 1 5*15.2 0.0 1 end coup
2.00 wtX ''N UF.-paraffin parattelpiped, unreflected

unit 2
cubold 3 1 4p42.035 15.2 0.0 read param gen =405 npg=600 nsk=5 nth =yes fdn=yes run=yes end param

end geen
read geon

read array

w nux=1 nuy=1 nuz=2 fitt 2 i end fill cuboid 1 1 28.11 -28.11 28.11 -28.11 61.235 -61.235y

end geenW end array
end dataend data
endend

vdr14ot3
vdr14un3

#esas25
=csas25yde14pl3

44 group infhonenediun ydr14un3

u-235 1 0 2.3494e-4 end 44 group inthonsnedlun

u-238 1 0 7.4999e-3 end u-235 1 0 2.3494e-4 end

h 1 0 3.1341e-2 end u-238 1 0 7.4999e-3 end

c 1 0 1.5067e-2 end h 1 0 3.1341e-2 end

f 1 0 3.0939e-2 end c 1 0 1.5067e-2 end

parath2o) 2 1.0 end f 1 0 3.0939e-2 end

plexiglas 3 0.918 end end coup

at 3 0.062 end 3.00 wt% ''N UF.-paraffin peralletpiped, mreflected
read param gen =405 npg=600 nsk=5 rub =yes fch=yes run=yes end paramend cono

3.00 wt% ''N UF.-paraf fin parattelpiped.peraf fin reflected
Q read param gen =405 g g=600 nsk=5 run=yes nub =yes end param read geen >

cuboid 1 1 28.235 -28.235 28.235 -28.235 43.32 -43.32 @3 end seem o
p read geom Send dataunit 1g

ctbold 1 1 2p21.735 2p21.735 2p43.1950 end R'
w
* >
-

k
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APPENDIX B

Comparison of 44- and 238-Group Results'

a

To address the efTectiveness of the broad-group structure in the 44GROUPNDF5 library, the benchmark calculationsa

were repeated using SCALE-4.3 and the 238GROUPNDF5 library. The calculated k,, values obtained with the two
,

libraries are compared in Tabic B.I. These results indicate that, on average, the fme-group library underpredicts thef

'

critical condition by 0.35% while the broad-group library predicts the critical condition almost exactly. Note,
however, that the additional group structure in the 238-group library enables it to more accurately predict most of the-

; homogeneous uranium critical experiments.
i
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Appendix B

Table B.1 Comparison of 44- and 238-group results

Case Case 44-Group 238-Group Ak,, Case Case 44-Group 238-Group Ak,,
No. designation k,, k,, (%) No. designation k,, k,, (%) j

1 ANS33ALI 1.0027 1.0036 -0.09 48 EPRU65 0.9977 0.9900 0.77
2 ANS33AL2 1.0129 1.0092 0.37 49 EPRU65B 0.9985 0.9965 0.20
3 ANS33AL3 1.0035 0.9991 0.44 50 EPRU75 0.9974 0.9941 0.33
4 ANS33EB1 0.9979 0.9906 0.73 51 EPRU75B 1.0023 1.0004 0.19
5 ANS33EB2 1.0096 1.0073 0.23 52 EPRU87 0.9986 0.9974 0.12
6 ANS33EPl 0.9964 0.9941 0.23 53 EPRU87B 0.9985 0.9968 0.17
7 ANS33EP2 1.0020 0.9984 0.36 54 NSE71H1 0.9982 0.9939 0.43
8 ANS33SLG 0.9964 0.9960 0.04 55 NSE71H2 1.0009 0.9973 0.36
9 ANS33 STY 0.9909 0.9876 0.33 56 NSE71H3 1.0036 0.9979 0.57
10 B1645S01 0.9976 0.9947 0.29 57 NSE71SQ l.0014 0.9959 0.55
11 B1645SO2 1.0007 0.9983 0.24 58 NSE71WI 0.9993 0.9919 0.74
12 BW1231B1 0.9969 0.9936 0.33 59 NSE71W2 0.9976 0.9957 0.19
13 BW1231B2 0.9985 0.9947 0.38 60 P2438AL 0.9951 0.9943 0.08
14 BW1273M 0.9947 0.9943 0.04 61 P2438BA 0.9972 0.9958 0.14
15 BW1484A1 0.9965 0.9948 0.17 62 P2438CU 0.9957 0.9958 -0.01
16 BW1484A2 0.9954 0.9888 0.66 63 P2438SLG 0.9997 0.9954 0.43
17 BW1484BI 0.9973 0.9964 0.09 64 P2438SS 0.9978 0.9987 -0.09
18 BW1484B2 0.9973 0.9940 0.33 65 P2438ZR 0.9956 0.9937 0.19
19 BW1484B3 0.9992 0.9955 0.37 66 P2615AL 1.0004 0.9940 0.64
20 BW1484Cl 0.9937 0.9914 0.23 67 P2615BA 0.9970 0.9961 0.09
21 BWl484C2 0.9936 0.9937 -0.01 68 P2615CD1 0.9985 0.9986 -0.01
22 BW1484SI 0.9981 0.9947 0.34 69 P2615CD2 0.9990 0.9930 0.60
23 BW1484S2 0.9989 0.9980 0.09 70 P2615CU l.0003 0.9968 0.35
24 BW1484SL 0.9966 0.9911 0.55 71 P2615SS 0.9998 0.9969 0.29
25 BW1645St 1.0010 0.9906 1.04 72 P2615ZR 0.9980 0.9940 0.40
26 BW1645S2 1.0035 0.9940 0.95 73 P2827L1 1.0023 1.0006 0.17
27 BW1645T1 1.0062 0.9951 1.11 74 P2827L2 0.9997 0.9964 0.33
28 BW1645T2 1.0068 0.9965 1.03 75 P2827L3 1.0081 1.0088 -0.07
29 BW1645T3 1.0007 0.9924 0.83 76 P2827L4 1.0073 1.0044 0.29
30 BW1645T4 0.9986 0.9888 0.98 77 P2827SLG 0.9948 0.9939 0.09
31 BW1810A 0.9971 0.9945 0.26 78 P2827UI 1.0004 0.9955 0.49
32 BW1810B 0.9980 0.9969 0.11 79 P2827U2 0.9998 0.9979 0.19
33 BW1810C 1.0005 0.9984 0.21 80 P2827U3 1.0018 0.9999 0.19
34 BW1810D 0.9999 0.9962 0.37 81 P2827U4 1.0042 1.0011 0.31
35 BW1810E 0.9976 0.9940 0.36 82 P3314AL 0.9973 0.9944 0.29
36 BW1810F 1.0032 0.9983 0.49 83 P3314BA 1.0002 1.0075 -0.73
37 BW1810G 0.9971 0.9949 0.22 84 P3314BC 1.0008 1.0072 -0.64
38 BW1810H 0.9973 0.9939 0.34 85 P3314BFI 1.0022 1.0055 -0.33
39 BW18101 1.0022 0.9953 0.69 86 P3314BF2 0.9981 0.9985 -0.04
40 BWl81OJ 0.9980 0.9970 0.10 87 P3314BS1 0.9970 0.9965 0.05
41 CR1071AS 1.0207 1.0125 0.82 88 P3314BS2 0.9959 0.9926 0.33
42 CR1653AS 1.0169 1.0097 0.72 89 P3314P.33 0.9972 0.9936 0.36
43 CR2500S 1.0194 1.0129 0.65 90 P3314BS4 1.0005 0.9941 0.64
44 DSN3991 1.0056 0.9973 0.83 91 P3314CD1 1.0001 0.9939 0.62
45 DSN399-2 1.0010 0.9948 0.62 92 P33i4CD2 0.9929 0.9910 0.19

1

46 DSN399-3 1.0024 0.9977 0.47 93 P3314CUI 0.9941 0.9877 0.64
47 DSN399-4 0.9965 0.9910 0.55 94 P3314CU2 1.0005 0.9953 0.52
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Table B.1 (continued)

Case Case 44-Group 238-Group Ak,, Case Case 44-Group 238-Group Ak,,
|No. designation k,, k,, (%) No. designation k,, k,, (%) l

! 95 P3314CU3 0.9972 0.9989 -0.17 141 P3926SL1 0.9942 0.9926 0.16
96 P3314CU4 0.9992 0.9950 0.42 142 P3926SL2 0.9990 0.9928 0.62
97 P3314CUS 0.9938 0.9926 0.12 143 P3926UI 0.9979 0.9939 0.40
98 P3314CU6 0.9958 0.9910 0.48 144 P3926U2 0.9980 0.9931 0.49
99 P3314 SLO 0.9982 0.9942 0.40 145 P3926U3 1.0001 0.9959 0.42
100 P3314SSI 0.9969 0.9946 0.23 146 P3926U4 1.0026 0.9974 0.52
101 P3314SS2 1.0011 0.9960 0.51 147 P3926U5 0.9999 0.9998 0.01 |
102 P3314SS3 0.9990 0.9926 0.64 148 P3926U6 1.0024 0.9970 0.54 i

103 P3314SS4 0.9957 0.9957 0.00 149 P4267BI 0.9969 0.9981 -0.12
104 P3314SS5 0.9944 0.9875 0.69 150 P4267B2 1.0035 1.0010 0.25
105 P)314SS6 1.0003 0.9935 0.68 151 P4267B3 1.0025 1.0053 -0.28
106 P3314W1 1.0015 0.9992 0.23 152 F4267B4 0.9993 0.9977 0.16 |

107 P3314W2 0.9958 0.9927 0.31 153 P4267BS 1.0031 1.0007 0.24 |
108 P3314ZR 0.9978 0.9957 0.21 154 P4267SL1 0.9974 0.9940 0.34
109 P3602BB 0.9988 0.9947 0.41 155 P4267SL2 0.9993 0.9958 0.35
110 P3602BSI 1.0000 0.9928 0.72 156 P49-194 1.0081 0.9981 1.00
111 P3602BS2 1.0001 0.9977 0.24 157 P62FT231 1.0005 0.9958 0.47
112 P3502CD1 0.9988 0.9943 0.45 158 P71F14F3 1.0029 0.9944 0.85
113 P3602CD2 1.0002 0.9931 0.71 159 P71F14V3 0.9973 0.9929 0.44
114 P3602CU1 0.9964 0.9945 0. I 9 160 P71F14V5 0.9977 0.9959 0. I 8
115 P3602CU2 0.9980 0.9926 0.54 161 P71F214R 1.0010 0.9949 0.61
116 P3602CU3 1.0039 0.9938 1010 162 PAT 80L1 1.0031 0.9987 0.44
117 P3602CU4 1.0040 0.9944 0.96 163 PAT 80L2 0.9920 0.9954 -0.34

| 118 P3602 Nil 1.0003 0.9918 0.85 164 PAT 80SSI 1.0004 1.0003 0.01
'

i19 P3602N12 0.9963 0.9943 0.20 165 PAT 80SS2 0.9926 0.9946 -0.20
120 P3602N13 0.9957 0.9939 0.18 166 W3269A 0.9934 0.9920 0.14
121 P3602N14 0.9984 0.9951 0.33 167 W3269B1 0.9963 0.9900 0.63
122 P3602N21 0.999$ 0.9972 0.23 168 W3269B2 0.9964 0.9898 0.66
123 P3602N22 0.9967 0.9972 -0.05 169 W3269B3 0.9948 0.9878 U.70
124 P3602N31 1.0010 0.9966 0.44 170 W3269C 0.9986 0.9946 0.40
125 P3602N32 1.0015 0.9967 0.48 171 W3269SL1 0.9952 0.9919 0.33
126 P3602N33 1.0045 0.9976 0.69 172 W3269SL2 1.0040 0.9947 0.93
127 P3602N34 1.0027 0.9961 0.66 173 W3269W1 0.9957 0.9938 0.19
128 P3602N35 1.0036 0.9960 0.76 174 W3269W2 1.0009 0.9995 0.14
129 P3602N36 1.0009 0.9964 0.45 175 W3385SLI 0.9964 0.9918 0.46
130 P3602N41 1.0002 0.9948 0.54 176 W3385SL2 1.0005 0.9995 0.10
131 P3602N42 1.0019 0.9995 0.24 177 YDR14PL2 1.0011 1.0011 0.00
132 P3602N43 0.9994 0.9967 0.27 178 YDRI4PL3 1.0115 1.0089 0.26

| 133 P3602SSI 0.9978 0.9904 0.74 179 YDR14UN2 1.0047 1.0024 0.23
134 P3602SS2 1.0012 0.9962 0.50 180 YDR14UN3 1.0163 1.0128 0.35'

135 P3926L1 0.9996 0.9966 0.30
136 P3926L2 1.0028 0.9994 0.34 MEAN 0.9994 0.9964
137 P3926L3 1.0017 0.9959 0 58 MEDIAN 0.9993 0.9957
138 P3926L4 1.0055 1.0114 -0.50 STD.DEV. 0.0045 0.0064
139 P3926L5 1.0070 1.0032 0.38 MIN. 0.9909 0.9875
140 P3926L6 1.0026 0.9994 0.32 MAX. 1.0207 1.0129

,
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| APPENDIX C
i

| USER'S MANUAL FOR USLSTATS V1.0

| C.1 Introduction

The ANS/ ANSI-8.1 Standard" recommends that calculational methods used in determining criticality safety limits for
applications outside reactors be validated by comparison with appropriate critical expenments. An upper safety limiti

! (USL) provides a high degree of confidence that a given system is suberitical if a criticality calculation based on the
system yields a multiplication factor (k.,) below the USL. Section 4 describes two different wha for the

i determmation of a USL for criticality based on any set of calculations based on criticality experiments.

| The USMTA 7S computer program uses these two methods [i.e., (1) confidence band with adnunistrative margin and
i (2) single-sided uniform-width closed-interval] to calculate and print USL correlations based on a set of user-supplied

k,, values and corresponding values of a single associated parameter X [e.g., lattice pitch, fuel enrichment, average
energy group causing fission (AEG), etc.], for a set of criticality benchmark calculations. In addition, other statistical
parameters computed as a part of the USL calculation are included in the output. The user is referred to Sect. 4 for
the definition of these factors and for additional details relative to the theory and application of upper safety limit

| calculations.

C.2 Background

The USMTATSprogram is derived from the V_ STATS program,d5 originally developed to calculate and plot the USL
. based on a single-sided, uniform-width, closed-interval approach ** (method 2). Because USL method 1 is
essentially a simplification of method 2, the calculation of USLs via the results of a method 2 calculation are
straightforward. In creating USLSTA7S, the input was simplified semewhat, and the output was completely
redesigned, in order to print only the information required for USL calculations using the nomenclature given in Sect.
4.

C.3 Input Description

| The input required by the USLSTA 75 program is very minimal. The input consists of three sections, all read in a

| free-format fashion. The first line con.tains a title, up to 80 characters. The second line contains problem-
specification parameters: P, (1 - y), a, x., x , ow., and Ak , where

P = proportion of population falling above lower tolerance level,
.

1 - y = confidence on fit, |

n = confidence oa proportion P,
x = minimum value of parameter X for which USL correlations are computed,

i

( x, = maximum value of parameter X for which USL correlations are computed, ;
'

o# = estimate in average standard devi: tion of all input values of k,,,
Ak, = admirdstrative margin used to ensure subcriticality.

<

) The final section ofinput read is the set of values (parameter X, k,,, and, if ow, < 0.0, the value of a corresponding
to k.a) for each of up to 1000 benchmark critical experiments. A minimum of 25 experiments is recommended to

; have a sufficient number of data points to determine the statistical normality of the data. USLSTA7Sreads X, k,,

i
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pairs (or X, k,,, o triplets) until the end-of-file marker is reached. Again, X is the value of an independent parameter |
for which a trend in k,,is known or suspected to exist.

The value of P is typically selected as 0.995. This statistical parameter is used only in the computation of USL by
method 2, and represents the proportion of the population of criticality experiments that will lie above the line
representing one tolerance level below the linear regression fit to k,g. The value 1 - y, used in the Student-t i

calculation of USL methods 1 and 2, is typically assigned a value of 0.95 and represents the desired confidence level
2to be assigned the linear regression fit of k,y values. (It is also used in a x test for normality ofinput data. USL

methods I and 2 are valid only for normally distributed data.) The third statistici.I parameter, a, represents the
confidence on the proportion P, and is also typically assigned a value of 0.95.

The parameters x, and x represent the lower and upper limits, respectively, for parameter X in the USL
correlations of methods 1 and 2. These limit the range in which the USL corre!adon is valid, but a smaller range will
raise the USL. Typically, values of 0.0 are entered for both x, and x ; this instructs the code to use the minimum
r.nd maximum values of X found in the user-supplied data.

The parameter og, is the average standaid deviation estimated for the supplied values of k g. For the results of a
set of deterministic calculations, an average standard deviation of 0.0 may be specified; a positive value may be
supplied to account for modeling and numerical uncertainties associated with the set of values. However,if an
estimate of the standard deviation associated with each value of k,,is available (such as is computed for Monte Carlo
criticality calculations), USLSTEIS may be instructed to read this value for each value of k,,by supplying any
negative value for o !g,.

The final parameter supplied in line 2 of the input file is the administrative margin that is to be included ir. calculation
of the USL by method 1. Based on general experience, a value of 0.05 is most often used in criticality calculations as i
the value for the administrative subcritical margin. A statistically based margin is computed and used in the method 2
approach, and is supplied in output as the " minimum margin of cuberiticality." Typically, this statistical margin is
found to be less than the arbitrary 5% margin; for this reason, tin method 2 USL is generally less restrictive.

A sample input case is given on the following page. In this case, entitled "34. fresh fuel LWR-type criticals," typical
values for P,1 - y, and a of 0.995,0.95, and 0.95, respectively, are given. A value of 0.0 is assigned to both x, and
x_, indicating that the minimum and maximum limits of the USL correlations are to be set as the minimum and
maximum values of X from the list supplied by the user. A value of-1.0 is given for ow , indicating that individual
uncertainties are to be read for each value ofic .g. Finally,34 sets of X, k,,, and o are supplied. (In this case,
parameter X is the AEG computed by KENO V.a based on the SCALE 27-group library group structure.)

l

l
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,

1
Sample input for a USLSTA TS calculation '

l

I34. fresh fuel LWR type criticals
;

! 0.995 0.95 0.95 0.0 0.0 -1.0 0.05
| '-2.26322E+01 .9912 .0010

2.16825E+01 .9953 .0011
| 2.17734E+01 .9919 .0010
| 2.18186E+01 .9949 .0010
I 2.22143E+01 .9904 .0014

2.37713E+01 .9946 .0013 ,

j 2.06628E+01 .9955 .0014 ;

! 2.10962E+01 .9956 .0013
2.20739E+01 1.0071 .0012
2.26189E+01 1.0037 .0010

*

2.26746E+01 1.0072 .0009
2.30862E+01 1.0077 .0015 i

'
2.16605E+01 .9971 .0016

'

2.16390E+01 .9924 .0011
2.35796t+01 .9912 .0014
2.35464E+01 .9927 .0010
2.35761E+01 9924 .0013
2.35623E+01 .9921 .0014 |

| 2.19304E+01 .9970 .0016
! 2.19636E+01 1.0000 .0015
1 2.13056E+01 .9994 .0014 ,

2.20520E+01 .9952 .0011 '

2.09066E+01 .9991 .0012
2.11516E+01 .9940 .0011
1.99756E+01 .9904 .0013
1.82077E+01 .9869 .0012 i

! 2.34646E+01 1.0057 .0022
2.07944E+01 1.0027 .0015 ,

i 2.25639E+01 1.0031 .0017
| 2.28514E+01 1.0040 .0018
i 2.03398E+01 1.0015 .0012
l 2.10385E+01 1.0014 .0018
| 2.18995E+0? .9861 .0016

| 2.34236E+01 .9972 .0011

| |

!
|

t

|
|

|
,

?
t

! |

;

i

,

4

:

1
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Appendix C ]
i

C.4 Output Description J
:

The output generated by USLSTA7S (corresponding to the sample input supplied earlier) is given at the end of this
appendix. The first section lists the filename corresponding to the input file and supplies all input in a descriptive '

2format. The value of x from the x test is printed and compared to the value required for nonnal data. A message is j
printed indicating whether or not the supplied data is normal. Note that if fewer than 25 data points are supplied, a
warning message is also printed indicating that too few points are available for an accurate assessment of normality.

,

The final section of the output supplies the two USLs, together with important input and intermediate parameters used ;

in the calculation of the USL correlations.
'

,

C.5 Ilow to Run USLSTATS
'

The USLSTATS program has an interactive interface to allow the user to specify the location of an input file and to
select the name of the output file. Below is an example of typical USLSTA7Susage. Input and output file names are
limited to 20 characters. Note that text supplied by the user is shown in boldface in the following example.

$ usistats

Enter filename containing input data.
(Enter " test" to generate test case input.)
list 34 usistats.in

"

|
Enter output filename (will overwrite existing file):

,

list 34_uststats.out
S ]

Note that USLSTA7 Swill create a sample input file and will then run using the information in the sample file if the ,

word " test" is given as the name for the input file. This is illustrated in the sample interactive session below. |

$ usistats

Enter filename containing input data. )
(Enter " test" to generate test case input.)
test

Input file named "usl_ test.in" will be created.

Enter output filename (will overwrite existing file):
usi_ test.out

,

'

S

USISTA7S does not require significant computing space or time. It will typically execute in less than I second once
theinteractive input is completed.

|
1

C.6 Ilow to Obtain USLSTA TS I

The USISTA7Sprogram may be downloaded from the World Wide Web (WWW) by accessing the SCALE home
page. A pointer for the SCALE home page may be found at http://www. cad.ornl. gov i

|
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:

,
Sample output from a USLSTA TS calculation

{! '

uststats: a utility to calculate upper subcritical
,

limits for criticality safety applications
|

| ........................................................................

Version 1.2, December 9,1996
Cak Ridge National Laboratory

e.e..................................................**.............=....

Input to statistical treatment from file:ust , test.in

Title 34 Fresh fuel UO2 criticals

Proportion of the population = .999
Confidence of fit = .950
Confidence on proportion = .950
Nunter of observations = 29

| Minimum value of closed band = .00 j
Maxinsa value of closed band = .00 l

.05 )Adninistrative margin =

,

independent dependent deviation |
v:riable - x variable - y in y |

1.48200E+01 9.96470E 01 3.37000E-03
1.48100E+01 9.97760E-01 3.26000E-03

| 1.48300E+01 1.00764E+00 3.11000E-03
1.44400E+01 9.95870E 01 3.65000E-03
1.42800E+01 9.97440E-01 3.27000E 03

,

1.48400E+01 1.00337E+00 3.95000E 03 '

1.47300E+01 9.96090E-01 3.95000E 03
1.50800E+01 1.00108E+00 3.78000E-03 |

1.52000E+01 9.97370E-01 3.25000E 03

| 1.53100E+01 9.84080E 01 3.42000E-03
l 1.52600E+01 9.88710E 01 3.61000E-03

| 1.55000E+01 9.95270E-01 2.92000E 03 !

: 1.54900E+01 9.88040E 01 2.73000E-03 i

I1.43600E+01 1.01363E+00 4.01000E-03
,

| 1.43600E+01 1.01660E+00 4.45000E 03
1.43600E+01 1.00874E+00 4.85000E-03
1.43800E+01 1.01190E+00 4.79000E 03 1

'
1.43500E+01 1.00980E+00 4.98000E-03
1.41000E+01 1.00565E+00 3.97000E 03 J

1.41200E+01 1.01929E+00 4.07000E-03
1.41000E+01 1.00860E+00 4.11000E-03
1.50400E+01 9.94870E-01 4.6?000E-03 ]
1.49000E+01 9.92570E-01 3.82000E-03
1.49000E+01 1.00132E+00 4.50000E-03,

1.49000E+01 9.91540E 01 4.20000E-03
1.54300E+01 1.00028E+00 3.74000E 03

; 1.54400E+01 9.95650E 01 4.13000E-03 l
! 1.54300E+01 9.85740E-01 4.15000E 03 !

1.54300E+01 9.87330E-01 4.16000E-03 |,

:

,
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WARNING **= the test for normal may be unrollable due to insufficient data. ,

chi = 4.2759 (upper bound = 9.49). The data tests normat.

!

Output from statistical treatment

34 Fresh fuel UO2 criticats

Number of data points (n) 29 |

Linear regression, k(X) 1.2267 + (-1.5296E 02)*X
Confidence on fit (1 ganna) (Input) 95.0%

confidence on proportion (alpha) (input) 95.0% ;

Proportion of population fatling above ;

lower tolcrance interval (rho) (input) 97.9%

Minimum value of X 14.1000 ,
.

; Maxinun value of X 15.5000 )

[ Average value of X 14.83414
d Average value of k .99975

Minisua value of k .98408
Variance of fit, s(k,X)*2 3.8263E-05
Within verlance, s(w)*2 1.5455E 05
Pooted variance, s(p)*2 5.3718E 05

i Pooled std. deviation, s(p) 7.3293E 03
C(alpha, rho)*s(p) 3.6627E-02
student t a (n 2,1 sanna) 1.70300E+00
confidence band width, W 1.3223E 02
Minlaun margin of suberiticality, C*s(p) W 2.3404E-02

Upper suberitical limits: ( 14.10000 <= X <= 15.50000)
te... e*eeeeee... e ee. e

|

| USL Method 1 (Confidence Band with
Actninistrative Margin) 1.1634 + (-1.5296E 02)*X (X > 14.818)I

'
.9368 (X <= 14.818)

USL Method 2 (single sided Uniform
,

Width Closed Interval Approach) 1.1900 + ( 1.5296E-02)*X (X > 14.818)
.9634 (X <= 14.818)

)

USLs Evaluated Over Range of Parameter X:
..e. eeeeeeeen eeee eeeee ee ......... ee

X: 14.10 14.30 14.50 14.70 14.90 15.10 15.30 15.50
.........................................................

USL 1: .9368 .9368 .9368 .9368 .9355 .9325 .9294 9263

Ust-2: .9634 .9634 .9634 .9634 .9621 .9591 .9560 .9529
.........................................................

etteteteteneeeeeeeee6****eeetteeteteeeeeeeeeeeeeeeee. eeeeeeeeeettetetetete.

Y

|.

l

|
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